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GENES AFFECTING HUMAN MEMORY PERFORMANCE
by

Andreas Papassotiropoulos and Dietrich Stephan

FIELD OF THE INVENTION

[0001] This invention relates to DNA sequences associated with human memory
performance. This invention further relates to (i) methods for screening tor diseases and
pathological conditions affecting human memory, (i1) methods tfor identifying agents useful for
treatment of diseases and pathological conditions attecting _hu'man niem ory, and (ii1) agents and

compositions useful for treatment of diseases and pathological conditions atfecting human

memory.

BACKGROUND OF THE INVENTION

[0002] Human memory is a polygenic cognitive trait. Heritability estimates of
approximately fifty percent (50%) suggest that naturally occurring genetic variability has an
important impact on this fundamental brain function. (G. E. McClearn et al., Science 276, 1560
(1997)). Recent candidate-gene association studies have successtully identified some genetic
variations with significant impact on human memory capacity and human memory performance.
(D. J. de Quervain et al., Nat. Neurosci. 6, 1141 (2003); A. Papassotiropoulos ef al., Hum. Mol
Genet. 14, 2241 (2005)). However, the success of such hypothesis-driven studies strongly
depends upon pre-existing information, which limits their potential to identity novel genes and
molecular pathways. (N. J. Schork, Adv. Genet. 42,299 (2001); J.R. Kelsoe, Int. Rev. Psychiatry

16, 294 (2004)). To date, an unbiased hypothesis-free search of the whole genome for human
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memory-controlling genes has not been performed. Therefore, there is a clear unmet need in the

art to identify genes and genetic variations associated with human memory.

SUMMARY OF THE INVENTION

[0003] The present invention arises from whole-genome genetic association studies
performed in two particular human populations to detect specific single nucleotide

polymorphisms within genomic regions implicated in human memory function.

[0004] In one aspect of the present invention, genomic regions encoding the neuronal

protein KIBRA and genomic regions encoding the synaptic protein Calsyntenin 2 (CLSTN2), as

well as various single nucleotide polymorphisms within the KIBRA and CLSTN2 genes taught

by the present invention, are used to modulate human memory function.

[0005] In another aspect, methods for screening for diseases and pathological conditions

affecting human memory are provided.

[0006] In an additional aspect, methods for identifying agents useful for treatment of
diseases and pathological conditions affecting human memory are provided. Such agents are

identified based on their ability to modulate human memory function.

[0007] Finally, in yet another aspect of the present invention, agents and compositions
useful for treatment of diseases and pathological conditions affecting human memory are
provided. Such agents are also usetul as lead compounds for designing or searching for

additional drugs and pharmaceutical compositions to treat diseases and pathological conditions

related to human memory function.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following invention will become better understood with reference to the

specification, appended claims, and accompanying drawings, where:

Figure 1. Table describing the influence of single nucleotide polymorphisms (SNPs)

rs17070145 (KIBRA) and rs6439886 (CLSTN2) on verbal episodic memory 1n the Swi1ss

population.

Figure 2. Table describing the influence of SNPs rs17070145 (KIBRA) and rs6439886
(CLSTN?2) on verbal episodic memory in the U.S. population.

Figure 3. Significance of SNPs and haplotypes. Fourteen common SNPs were used to fine-
map the region harboring KIBRA, RARS, and part of ODZZ2. High levels of linkage
disequilibrium (£ < 0.001) were detected between SNPs 2 and 3, between SNPs 4 and 12, and
between SNPs 13 and 14. SNP 8 and the corresponding haplotype yielded the highest
significance levels (P = 0.000004 and P = 0.000008, respectively). Dots rcpresent SNPs,
continuous horizontal lines represent haplotypes, and the dotted line represents the 0.05

significance level.

1: rs1363560. 2: rs7727920, 3: rs2279698, 4: rs11738934, 5: rs6862868, 0: 1$22413068,
7: 1517551608, 8: rs17070145 9: rs4976606, 10: rs3822660, 11: rs3822659, 12: rs3733980, 13:

rs244903, 14: rs10516047

Figure 4. KIBRA expression levels in human whole brain homogenate, hippocampus,
frontal and parietal lobe evaluated by gqRT-PCR and normalized to GAPDH expression levels.
Expression levels of full-length KIBRA in the human brain were low (tigure left). In contrast,

expression levels of truncated KIBRA were high in all brain regions examined, with highest
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levels in the hippocampus (figure right). Three primer combinations were used for the
quantification of expression levels. The first combination recognized only full length KIBRA

transeripts; the second dectected both full length KIBRA and its truncated version (KIAA0869). A

third primer combination was used to rule out genomic contamination.

Figure 5. 'KIBRA allele-dependent differences in hippocampal activation. fMRI was
performed in 30 healthy human subjects (15 7 allele carriers, 15 non-carriers of the 7 allele ot
SNP rs17070145) during episodic memory retrieval. The genotype groups were matched for age,
sex, education. Groups were also matched for recall performance to study genotype-dependent
differences in memory-related brain activity independently of differential performance. in
comparison with non-carriers of the 7"allele, 7 allele carriers had significantly greater memory-

related increases in hippocampal brain activity. Threshold: £ < 0.001. Large activation:

hippocampus, small activation: parahippocampus.

DETAILED DESCRIPTION OF THE INVENTION

Definitions.

[0009] In accordance with the present invention and as used herein, the tfollowing terms
and abbreviations are defined with the following meanings, unless explicitly stated otherwise.

These explanations are intended to be exemplary only. They are not intended to limit the terms
as they are described or referred to throughout the specification. Rather, these explanations are

meant to include any additional aspects and/or examples of the terms as described and claimed

herelin.
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[0010] As used herein, "nucleic acid" includes reference to a deoxyribonucleotide or

ribonucleotide polymer in either single- or double-stranded form, and unless otherwise limited,

encompasses known analogues (e.g., peptide nucleic acids) having the essential nature of natural

nucleotides in that they hybridize to single-stranded nucleic acids in a manner similar to naturally

occurring nucleotides.

[0011] As used herein, the terms "encoding” or "encoded" when used in the context of a
specified nucleic acid mean that the nucleic acid comprises the requisite information to direct
translation of the nucleotide sequence into a specificd protein. The information by which a
protein 1s encoded 18 spéciﬁed by the use of codons. A nucleic acid encoding a protein may
comprise non-translated sequences (e.g., introns) within translated regions of the nucleic acid or
may lack such intervening non-translated sequences (e.g., as in cDNA). As used herein, the
terms “encoding” or “encoded” when referring to a protein or polypeptide of defined sequence
include all nucleic acid sequences that encode the protein or polypeptide ot defined sequence,
including nucleic acid sequences that differ from the naturally-occurring sequence by the
degeneracy of the genetic code, unless such sequences are excluded. Itis well known in the art

that many amino acids are encoded by multiple codons, and that many nucleic acid sequences

can therefore encode the same protein or polypeptide sequence.

[0012] As used herein, "full-length sequence” in reference to a specified polynucleotide
or its encoded protein means having the entire nucleic acid sequence or the entire amino acid

sequence of a native sequence. By "native sequence” is intended an endogenous sequence, i.€., a
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non-engineered sequence found in an organism's genome. A full-length polynucleotide encodes

the full-length, catalytically active form of the specified protein.

[0013] As used herein, the term "antisense"” used in the context of orientation ot a
nucleotide sequence refers to a duplex polynucleotide sequence that 1s operably linked to a
promoter in an orientation where the antisense strand is transcribed. The antisense strand 1s
sufficiently complementary to an endogenous transcription product such that translation of the
endogenous transcription product is often inhibited. Thus, where the term "antisense" 1s used 1n

the context of a particular nucleotide sequence, the term refers to the complementary strand ot

the reference transcription product.

10014] The terms "polypeptide,” "peptide,” and "protein" are used interchangecably herein
to refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residues is an artificial chemical analogue of a corresponding naturally

occurring amino acid, as well as to naturally occurring amino acid polymers.

[0015] The terms "residue" or "amino acid residue” or "amino acid" are used
interchangeably herein to refer to an amino acid that is incorporated into a protein, polypeptide,
or peptide (collectively "protein"). The amino acid may be a naturally occurring amino acid and,
unless otherwise limited, may encompass known analogues of natural amino acids that can
function in a similar manner as naturally occurring amino acids. In a peptide or protein, suitable
conservative substitutions of amino acids are known to those of skill in this art and may be made

generally without altering the biological activity of the resulting molecule. Those ot skill 1 this
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art recognize that, in general, single amino acid substitutions in non-essential regions ot a
polypeptide do not substantially alter biological activity (see, e.g. Watson et al. Molecular
Biology of the Gene, 4th Edition, 1987, Benjamin/Cummings, p. 224). In particular, such a
conservative variant has a modified amino acid sequence, such that the change(s) do not
substantially alter the protein’s (the conservative variant’s) structure and/or activity, e.g.,
antibody activity, enzymatic activity, or receptor activity. These include conservatively moditied
variations of an amino acid sequence, i.e., amino acid substitutions, additions or deletions of
those residues that are not critical for protein activity, or substitution of amino acids with
residues having similaf properties (e.g., acidic, basic, positively or negatively charged, polar or
non-polar, etc.) such that the substitutions of even critical amino acids does not substantially alter
structure and/or activity. Conservative substitution tables providing functionally similar amino
acids are well known in the art. For example, one exemplary guideline to select conservative
substitutions includes (original residue followed by exemplary substitution): Ala/Gly or Ser;
Arg/Lys; Asn/Gln or His; Asp/Glu; Cys/Ser; Gln/Asn; Gly/Asp; Gly/Ala or Pro; His/Asn or Gln;
Tle/Leu or Val; Leu/Ile or Val; Lys/Arg or Gln or Glu; Met/Leu or Tyr or Ile; Phe/Met or Leu or
Tyr; Ser/Thr; Thr/Ser; Trp/Tyr; Tyr/Trp or Phe; Val/lle or Leu. An alternative exemplary
ouideline uses the followmg six groups, each containing amino acids that arc conservative
substitutions for one another: (1) alanine (A or Ala), serine (S or Ser), threonine (T or Thr); (2)
aspartic acid (D or Asp), glutamic acid (E or Glu); (3) asparagine (N or Asn), glutamine (Q or
Gln); (4) arginine (R or Arg), lysine (K or Lys); (5) isoleucine (I or Ile), leucine (L or Leu),
methionine (M or Met), valine (V or Val); and (6) phenylalanine (F or Phe), tyrosine (Y or Tyr),
tryptophan (W or Trp); (see also, e.g., Creighton (1984) Proteins, W. H. Freeman and Company;

Schulz and Schimer (1979) PrinCi.ples of Protein Structure, Springer-Verlag). One of skill in the
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art will appreciate that the above-identified substitutions are not the only possible conservative
substitutions. For example, for some purposcs, one may regard all charged amino acids as
conservative substitutions for each other whether they are poSitivc or negative. In addition,
individual substitutions, delctions or additions that alter, add or delete a single amino acid or a
small percentage of amino acids in an encoded sequence can also be considered “conservatively

modified variations” when the three-dimensional structure and the function of the protein to be

delivered are conserved by such a variation.

[0016] Polypeptides of the invention can be produced ¢ither from a nucleic acid disclosed

herein, or by the use of standard molecular biology techniques. For example, a truncated protein

of the invention can be produced by expression of a recombinant nucleic acid of the invention in

an appropriate host cell, or alternatively by a combination of ex vivo procedures, such as

protease digestion and purification.

[0017] As used herein to refer to a protein or nucleic acid molecule, the terms "isolated”
and/or "purified" are used interchangeably to refer to a state in which the protein or nucleic acid

molecule of interest is typically found in nature, and in which the protein or nucleic acid

molecule of interest is substantially free of other molecules that would interfere with the activity

of the protein or nucleic acid molecule that is being assayed or cmployed.

[0018] For example, the term “purified” can refer to a preparation in which the protein or

nucleic acid molecule of interest is 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97.5%, 997,
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99.9%, or 99.999% pure, or one of still greater purity. Methods for the isolation of protein and

nucleic acid molecules are well known in the art.

[0019] As used herein the term "recombinantly engineered"” or "engincered” connotes the
utilization of recombinant DNA technology to introduce (e.g., engineer) a change 1n the protein
structure based on an understanding of the protcin's mechanism of action and a consideration of

the amino acids being introduced, deleted, or substituted.

10020] As used herein, the terms “single nucleotide polymorphism” or “SNP” are used
interchangeably to refer to a DNA sequence variation that occurs when a single nucleotide (A, T,
C, or G) in the genome is altered. SNPs can occur in both coding (gene) and noncoding regions

of the genome.

[0021] As used herein, the term “haplotype” refers to a set of genes at more than one
locus or a genomic region containing linked polymorphisms which is inherited by an individual

from one of its parents.

[0022] As used herein, the term “linkage disequilibrium” refers to a condition where the
observed frequencies of haplotypes in a population do not agree with haplotype trequencies

predicted by multiplying together the frequency of individual genetic markers in each haplotype.

[0023] As used herein, the term “comprising’ means including, but not limited to,

whatever follows the word "comprising". Thus, use of the term "comprising” indicates that the
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listed elements are required or mandatory, but that other elements are optional and may or may

not be present.

[0024] As used herein, the term "consisting of” means including, and limited to, whatever
follows the phrase "consisting of". Thus, the phrase "consisting of" indicates that the listed

elements are required or mandatory, and that no other clements may be present. By "consisting

essentially of” is meant including any elements listed after the phrase, and limited to other
elements that do not interfere with or contribute to the activity or action specified in the

disclosure for the listed elements. Thus, the phrase "consisting essentially of" indicates that the

listed elements are required or mandatory, but that other elements are optional and may or may

not be present depending upon whether or not they affect the activity or action of the listed

elements.

[0025] One embodiment of the present invention 1s a method for assessing memory
performance in a patient comprising the steps of:
(a) detecting or determining the level of expression in the patient ot a gene
selected from the group consisting of KIBRA and CLSTN2; and

(b) correlating the level of expression of the gene in the patient with memory

performance 1n the patient.

[0026] It should be noted that the methods for detecting or determining the level of

expression in the patient of one or more genes of interest are well known in the art. Such

10
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methods include, but are not limited to, Northern blotting, which detects specific mRNAs by

hybridization.

[0027] Another embodiment of the present invention 1s a method for assessing memory
performance in a patient comprising the steps of:
(¢) detecting the presence or absence of a mutation in one or more genes, the
ocnes selected from the group consisting of KIBRA and CLSTNZ2; and
(d) correlating the presence or absence of the mutation with memory pertformance
in the patient.
|0028] [t should be noted that the methods for detecting the presence or absence of a
mutation in one or more genes of interest in a patient are well known in the art. Such methods

include, but are not limited to, DNA sequencing and restriction fragment length polymorphism

(RFLP) analysis.

[0029] Yet another embodiment of the present invention is a method for assessing
memory performance in a patient comprising the steps of:
(a) detecting or determining the level of activity in th;e patient of a gene product of
a gene selected from the group consisting of KIBRA and CLSTN2; and
(b) corrclating the level of activity of the gene product in the patient with memory

performance.

]0030] [t should be noted that the methods for detecting or determining the level of

activity in a patient of a gene product of one or more genes of interest are well known to a

11
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practitioner of ordinary skill in the art. Such methods include, but are not limited to, Western

blotting for determining the quantity of expressed gene product by immunoassay.

[0031] Another embodiment of the present invention 1s a method for enhancing memory
performance in a subject comprising administering to the subject a compound capable ot
modulating synaptic plasticity by stimulating the synthesis or activity of a gene product of a gene

selected from the group consisting of KIBRA and CLSTNZ.

[0032] Another embodiment of the present invention 1s a method for enhancing memory
performance in a subject comprising administering to the subject a compound capable of
modulating synaptic plasticity wherein the compound 1s a

full-length KIBRA protein wherein the DNA sequence encoding the full-length KIBRA protein
1S
ATGCCCCGGCCGGAGCTGCCCCTGCCGGAGGGCTGGGAGGAGGCGCGCGACTTCGA
CGGCAAGGTCTACTACATAGACCACACGAACCGCACCACCAGCTGGATCGACCCGC
GGGACAGGTACACCAAACCGCTCACCTTTGCTGACTGCATTAGTGATCGAGTTGCCGC
TAGGATGGGAAGAGGCATATGACCCACAGGTTGGAGATTACTTCATAGACCACAAC
ACCAAAACCACTCAGATTGAGGATCCTCGAGTACAATGGCGGCGGGAGCAGGAACA
TATGCTGAAGGATTACCTGGTGGTGGCCCAGGAGGCTCTGAGTGCACAAAAGGAGA
TCTACCAGGTGAAGCAGCAGCGCCTGGAGCTTGCACAGCAGGAGTACCAGCAACTG
CATGCCGTCTGGGAGCATAAGCTGGGCTCCCAGGTCAGCTTGGTCTCTGGTTCATCA
TCCAGCTCCAAGTATGACCCTGAGATCCTGAAAGCTGAAATTGCCACTGCAAAATCC
CGGGTCAACAAGCTGAAGAGAGAGATGGTTCACCTCCAGCACGAGCTGCAGTTCAA
AGAGCGTGGCTTTCAGACCCTGAAGAAAATCGATAAGAAAATGTCTGATGCTCAGG
GCAGCTACAAACTGGATGAAGCTCAGGCTGTCTTGAGAGAAACAAAAGCCATCAAA

AAGGCTATTACCTGTGGGGAAAAGGAAAAGCAAGATCTCATTAAGAGCCTTGCCAT
GTTGAAGGACGGCTTCCGCACTGACAGGGGGTCTCACTCAGACCTGTGGTCCAGCA

12
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GCAGCTCTCTGGAGAGTTCGAGTTTCCCGCTACCGAAACAGTACCTGGATGTGAGCT
CCCAGACAGACATCTCGGGAAGCTTCGGCATCAACAGCAACAATCAGTTGGCAGAG
AAGGTCAGATTGCGCCTTCGATATGAAGAGGCTAAGAGAAGGATCGCCAACCTGAA
GATCCAGCTGGCCAAGCTTGACAGTGAGGCCTGGCCTGGGGTGCTGGACTCAGAGA

GGGACCGGCTGATCCTTATCAACGAGAAGGAGGAGCTGCTGAAGGAGATGCGCTTC
ATCAGCCCCCGCAAGTGGACCCAGGGGGAGGTGGAGCAGCTGGAGATGGCCCGGA

AGCGGCTGGAAAAGGACCTGCAGGCAGCCCGGGACACCCAGAGCAAGGCGCTGAC

GGAGAGGTTAAAGTTAAACAGTAAGAGGAACCAGCTTGTGAGAGAACTGGAGGAA

GCCACCCGGCAGGTGGCAACTCTGCACTCCCAGCTGAAAAGTCTCTCAAGCAGCAT

. GCAGTCCCTGTCCTCAGGCAGCAGCCCCGGATCCCTCACGTCCAGCCGGGGCTCCCT
GGTTGCATCCAGCCTGGACTCCTCCACTTCAGCCAGCTTCACTGACCTCTACTATGA

CCCCTTTGAGCAGCTGGACTCAGAGCTGCAGAGCAAGGTGGAGTTCCTGCTCCTGGA
GGGGGCCACCGGCTTCCGGCCCTCAGGCTGCATCACCACCATCCACGAGGATGAGG

TGGCCAAGACCCAGAAGGCAGAGGGAGGTGGCCGCCTGCAGGCTCTGCGTTCCCTG
TCTGGCACCCCAAAGTCCATGACCTCCCTATCCCCACGTTCCTCTCTCTCCTCCCCCT
CCCCACCCTGTTCCCCTCTCATGGCTGACCCCCTCCTGGCTGGTGATGCCTTCCTCAA
CTCCTTGGAGTTTGAAGACCCGGAGCTGAGTGCCACTCTTTGTGAACTGAGCCTTGG
TAACAGCGCCCAGGAAAGATACCGGCTGGAGGAACCAGGAACGGAGGGCAAGCAG
CTGGGCCAAGCTGTGAATACGGCCCAGGGGTGTGGCCTGAAAGTGGCCTGTGTCTC

AGCCGCCGTATCGGACGAGTCAGTGGCTGGAGACAGTGGTGTGTACGAGGCTTCCG
TGCAGAGACTGGGTGCTTCAGAAGCTGCTGCATTTGACAGTGACGAATCGGAAGCA
GIGGGTGCGACCCGAATTCAGATTGCCCTGAAGTATGATGAGAAGAATAAGCAATT
GCAATATTAATCATCCAGCTGAGTAACCTTTCTGCTCTGTTGCAGCAACAAGACCA
GAAAGTGAATATCCGCGTGGCTGTCCTTCCTTGCTCTGAAAGCACAACCTGCCTGTT
CCGGACCCGGCCTCTGGACGCCTCAGACACTCTAGTGTTCAATGAGGTGTTCTGGGT
ATCCATGTCCTATCCAGCCCTTCACCAGAAGACCTTAAGAGTCGATGTCTGTACCAC
CGACAGGAGCCATCTGGAAGAGTGCCTGGGAGGCGCCCAGATCAGCCTGGCGGAGG
[CTGCCGGTCTGGGGAGAGGTCGACTCGCTGGTACAACCTTCTCAGCTACAAATACT
TGAAGAAACAGAGCAGGGAGCTCAAGCCAGTGGGAGTCATGGCCCCTGCCTCAGGG
CCTGCCAGCACGGACGCTGTGTCTGCTCTGTTGGAACAGACAGCAGTGGAGCTGGA

GAAGAGGCAGGAGGGCAGGAGCAGCACACAGACACTGGAAGACAGCTGGAGGTAT

13
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GAGGAGACCAGTGAGAATGAGGCAGTAGCCGAGGAAGAGGAGGAGGAGGTGGAGG
AGGAGGAGGGAGAAGAGGATGTTTTCACCGAGAAAGCCTCACCTGATATGGATGGG
TACCCAGCATTAAAGGTGGACAAAGAGACCAACACGGAGACCCCGGCCCCATCCCC
CACAGTGGTGCGACCTAAGGACCGGAGAGTGGGCACCCCGTCCCAGGGGCCATTTC
ITCGAGGGAGCACCATCATCCGCTCTAAGACCTTCTCCCCAGGACCCCAGAGCCAGT
ACGTGTGCCGGCTGAATCGGAGTGATAGTGACAGCTCCACTCTGTCCAAAAAGCCA
COTTTTGTTCGAAACTCCCTGGAGCGACGCAGCGTCCGGATGAAGCGGCCTTCCTCG
GTCAAGTCGCTGCGCTCCGAGCGTCTGATCCGTACCTCGCTGGACCTGGAGTTAGAC
CTGCAGGCGACAAGAACCTGGCACAGCCAATTGACCCAGGAGATCTCGGTGCTGAA
GGAGCTCAAGGAGCAGCTGGAACAAGCCAAGAGCCACGGGGAGAAGGAGCTGCCA
CAGTGGTTGCGTGAGGACGAGCGTTTCCGCCTGCTGCTGAGGATGCTGGAGAAGCG
GCAGATGGACCGAGCGGAGCACAAGGGTGAGCTTCAGACAGACAAGATGATGAGG
 GCAGCTGCCAAGGATGTGCACAGGCTCCGAGGCCAGAGCTGTAAGGAACCCCCAGA
AGTTCAGTCTTTCAGGGAGAAGATGGCATTTTTCACCCGGCCTCGGATGAATATCCC
AGCTCTCTCTGCAGATGACGTCTAA

(SEQ D NO: 1),

[0033] Another embodiment of the present invention 1s a method for enhancing memory
performance in a subject comprising administering to the subject a compound capable of
modulating synaptic plasticity wherein the compound is a full-length KIBRA protein comprising
the following protein sequence
MPRPELPLPEGWEEARDFDGKVYYIDHTNRTTSWIDPRDRYTKPLTFADCISDELPLGW
EEAYDPQVGDYFIDHNTKTTQIEDPRVQWRREQEHMLKDYLVVAQEALSAQKEIYQVK
QQRLELAQQEYQQLHAVWEHKLGSQVSLVSGSSSSSKYDPEILKAEIATAKSRVNKLKR
EMVHLQHELQFKERGFQTLKKIDKKMSDAQGSYKLDEAQAVLRETKAIKKAITCGEKE
KQDLIKSLAMLKDGFRTDRGSHSDLWSSSSSLESSSFPLPKQYLDVSSQTDISGSFGINSN

NQLAEKVRLRLRYEEAKRRIANLKIQLAKLDSEAWPGVLDSERDRLILINEKEELLKEMR
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FISPRKWTQGEVEQLEMARKRLEKDLQAARDTQSKALTERLKLNSKRNQLVRELEEAT
RQVATLHSQLKSLSSSMQSLSSGSSPGSLTSSRGSLVAS SLDSSTSASFTDLYYDPFEQLD

SELQSKVEFLLLEGATGFRPSGCITTIHEDEVAKTQKAEGGGRLQALRSLSGTPKSMTSL

SPRSSLSSPSPPCSPLMADPLLAGDAFLNSLEFEDPELSATLCELSLGNSAQERYRLEEPGT

EGKQLGQAVNTAQGCGLKVACVSAAVSDESVAGDSGVYEASVQRLGASEAAAFDSDE

SEAVGATRIQIALKYDEKNKQFAILIIQLSNLSALLQQQDQKVNIRVAVLPCSESTTCLFR
TRPLDASDTLVFNEVFWVSMSYPALHQKTLRVDVCTTDRSHLEECLGGAQISLAEVCRS
GERSTRWYNLLSYKYLKKQSRELKPVGVMAPASGPASTDAVSALLEQTAVELEKRQEG
RSSTQTLEDSWRYEETSENEAVAEEEEEEVEEEEGEEDVFTEKASPDMDGYPALKVDKE

TNTETPAPSPTVVRPKDRRVGTPSQGPFLRGSTIRSKTFSPGPQSQY VCRLNRSDSDSSTL

SKKPPFVRNSLERRSVRMKRPSSVKSLRSERLIRTSLDLELDLQATRTWHSQLTQEISVLK
ELKEOLEQAKSHGEKELPQWLREDERFRLLLRMLEKRQMDRAEHKGELQTDKMMRAA

AKDVHRLRGQSCKEPPEVQSFREKMAFFTRPRMNIPALSADDV

(SEQ ID NO: 3).

10034] Another embodiment of the present invention is a method for enhancing memory
performance in a subject comprising administering to the subject a compound capable of

modulating synaptic plasticity wherein the compound is a truncated KIBRA protein wherein the

DNA sequence encoding the truncated KIBRA protein 18

AAAAAGGCTATTACCTGTGGGGAAAAGGAAAAGCAAGATCTCATTAAGAGCCTTGC
CATGTTGAAGGACGGCTTCCGCACTGACAGGGGGTCTCACTCAGACCTGTGGTCCAG
CAGCAGCTCTCTGGAGAGTTCGAGTTTCCCGCTACCGAAACAGTACCTGGATGTGAG
CTCCCAGACAGACATCTCGGGAAGCTTCGGCATCAACAGCAACAATCAGTTGGCAG
AGAAGGTCAGATTGCGCCTTCGATATGAAGAGGCTAAGAGAAGGATCGCCAACCTG
AAGATCCAGCTGGCCAAGCTTGACAGTGAGGCCTGGCCTGGGGTGCTGGACTCAGA
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GAGGGACCGGCTGATCCTTATCAACGAGAAGGAGGAGCTGCTGAAGGAGATGCGCT
TCATCAGCCCCCGCAAGTGGACCCAGGGGGAGGTGGAGCAGCTGGAGATGGCCCGG
AAGCGGCTGGAAAAGGACCTGCAGGCAGCCCGGGACACCCAGAGCAAGGCGCTGA
CGGAGAGGTTAAAGTTAAACAGTAAGAGGAACCAGCTTGTGAGAGAACTGGAGGA
AGCCACCCGGCAGGTGGCAACTCTGCACTCCCAGCTGAAAAGTCTCTCAAGCAGCA
TGCAGTCCCTGTCCTCAGGCAGCAGCCCCGGATCCCTCACGTCCAGCCGGGGCTCCC
TGGTTGCATCCAGCCTGGACTCCTCCACTTCAGCCAGCTTCACTGACCTCTACTATGA
CCCCTTTGAGCAGCTGGACTCAGAGCTGCAGAGCAAGGTGGAGTTCCTGCTCCTGGA
GGGGGCCACCGGCTTCCGGCCCTCAGGCTGCATCACCACCATCCACGAGGATGAGG
TGGCCAAGACCCAGAAGGCAGAGGGAGGTGGCCGCCTGCAGGCTCTGCGTTCCCTG
TCTGGCACCCCAAAGTCCATGACCTCCCTATCCCCACGTTCCTCTCTCTCCTCCCCCT
CCCCACCCTGTTCCCCTCTCATGGCTGACCCCCTCCTGGCTGGTGATGCCTTCCTCAA
CTCCTTGGAGTTTGAAGACCCGGAGCTGAGTGCCACTCTTIGTGAACTGAGCCTTGG
TAACAGCGCCCAGGAAAGATACCGGCTGGAGGAACCAGGAACGGAGGGCAAGCAG
CTGGGCCAAGCTGTGAATACGGCCCAGGGGTGTGGCCTGAAAGTGGCCTGTGTCTC
AGCCGCCGTATCGGACGAGTCAGTGGCTGGAGACAGTGGTGTGTACGAGGCTTCCG
TGCAGAGACTGGGTGCTTCAGAAGCTGCTGCATTTGACAGTGACGAATCGGAAGCA
GTGGGTGCGACCCGAATTCAGATTGCCCTGAAGTATGATGAGAAGAATAAGCAATT
TGCAATATTAATCATCCAGCTGAGTAACCTTTCTGCTCTGTTGCAGCAACAAGACCA
GAAAGTGAATATCCGCGTGGCTGTCCTTCCTTGCTCTGAAAGCACAACCTGCCTGTT
CCGGACCCGGCCTCTGGACGCCTCAGACACTCTAGTGTTCAATGAGGTGTTCTGGGT
ATCCATGTCCTATCCAGCCCTTCACCAGAAGACCTTAAGAGTCGATGTCTGTACCAC
CGACAGGAGCCATCTGGAAGAGTGCCTGGGAGGCGCCCAGATCAGCCTGGCGGAGG
TCTGCCGGTCTGGGGAGAGGTCGACTCGCTGGTACAACCTTCTCAGCTACAAATACT
TGAAGAAACAGAGCAGGGAGCTCAAGCCAGTGGGAGTCATGGCCCCTGCCTCAGGG
CCTGCCAGCACGGACGCTGTGTCTGCTCTGTTGGAACAGACAGCAGTGGAGCTGGA
GAAGAGGCAGGAGGGCAGGAGCAGCACACAGACACTGGAAGACAGCTGGAGGTAT
GAGGAGACCAGTGAGAATGAGGCAGTAGCCGAGGAAGAGGAGGAGGAGGTGGAGG
AGGAGGAGGGAGAAGAGGATGTTTTCACCGAGAAAGCCTCACCTGATATGGATGGG
TACCCAGCATTAAAGGTGGACAAAGAGACCAACACGGAGACCCCGGCCCCATCCCC
CACAGTGGTGCGACCTAAGGACCGGAGAGTGGGCACCCCGTCCCAGGGGCCATTTC
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TTCGAGGGAGCACCATCATCCGCTCTAAGACCTTCTCCCCAGGACCCCAGAGCCAGT
ACGTGTGCCGGCTGAATCGGAGTGATAGTGACAGCTCCACTCTGTCCAAAAAGCCA

CCTTTTGTTCGAAACTCCCTGGAGCGACGCAGCGTCCGGATGAAGCGGCCTTCCTCG
GTCAAGTCGCTGCGCTCCGAGCGTCTGATCCGTACCTCGCTGGACCTGGAGTTAGAC
CTGCAGGCGACAAGAACCTGGCACAGCCAATTGACCCAGGAGATCTCGGTGCTGAA
GGAGCTCAAGGAGCAGCTGGAACAAGCCAAGAGCCACGGGGAGAAGGAGCTGCCA
CAGTGGTTGCGTGAGGACGAGCGTTTCCGCCTGCTGCTGAGGATGCTGGAGAAGCG

GCAGATGGACCGAGCGGAGCACAAGGGTGAGCTTCAGACAGACAAGATGATGAGG

GCAGCTGCCAAGGATGTGCACAGGCTCCGAGGCCAGAGCTGTAAGGAACCCCCAGA
AGTTCAGTCTTTCAGGGAGAAGATGGCATTTTTCACCCGGCCTCGGATGAATATCCC

AGCTCTCTCTGCAGATGACGTCTAA

(SEQ ID NO: 2).

[0035] Another embodiment of the present invention is a method for enhancing memory
performance in a subject comprising administering to the subject a compound capable of
modulating synaptic plasticity wherein the compound is a truncated KIBRA protein comprising

the following protein sequence

KKAITCGEKEKQDLIKSLAMLKDGFRTDRGSHSDLWSSSSSLESSSFPLPKQYLDVSSQT
DISGSFGINSNNOQLAEKVRLRLRYEEAKRRIANLKIQLAKLDSEAWPGVLDSERDRLILIN
EKEELLKEMRFISPRKWTQGEVEQLEMARKRLEKDLQAARDTQSKALTERLKINSKRN
OLVRELEEATRQVATLHSQLKSLSSSMQSLSSGSSPGSLTSSRGSLVASSLDSSTSASFTD
LYYDPFEQLDSELQSKVEFLLLEGATGFRPSGCITTIHEDEVAKTQKAEGGGRLQALRSL
SGTPKSMTSLSPRSSLSSPSPPCSPLMADPLLAGDAFLNSLEFEDPELSATLCELSLGNSAQ
ERYRLEEPGTEGKQLGQAVNTAQGCGLKVACVSAAVSDESVAGDSGVYEASVQRLGA
SEAAAFDSDESEAVGATRIQIALKYDEKNKQFAILIIQLSNLSALLQQQDQKVNIRVAVLP
CSESTTCLFRTRPLDASDTLVFNEVEWVSMSYPALHQKTLRVDVCTTDRSHLEECLGGA
OISLAEVCRSGERSTRWYNLLSYKYLKKQSRELKPVGVMAPASGPASTDAVSALLEQTA
VELEKRQEGRSSTQTLEDSWRYEETSENEAVAEEEEEEVEEEEGEEDVFTEKASPDMDG
YPALKVDKETNTETPAPSPTVVRPKDRRVGTPSQGPFLRGSTIIRSKTFSPGPQSQYVCRL

L]
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NRSDSDSSTLSKKPPFVRNSLERRSVRMKRPSSVKSLRSERLIRTSLDLELDLQATRTWH
SOLTQEISVLKELKEQLEQAKSHGEKELPQWLREDERFRLLLRMLEKRMDRAEHKGEL
QTDKMMRAAAKDVHRLRGQSCKEPPEVQSFREKMAFFTRPRMNIPALSADDV

(SEQ ID NO: 4).

[0036] Yet another embodiment of the present invention is a method for evaluating the
ability of a compound to affect the expression of a full-length KIBRA protein (SEQ ID NO: 3) in
hippocampus of a subject which comprises the steps of:

(a) administering the compound to the subject

(b) measuring the amount of expression of full-length KIBRA protein in hippocampus of

the subject.

[0037] Another embodiment of the present invention is a method for evaluating the
ability of a compound to affect the expression of a truncated KIBRA protein (SEQ ID NO: 4),
wherein the truncated KIBRA protein is lacking the amino-terminal 223 amino acids of the full-
length KIBRA protein in hippocampus of a subject which comprises the steps of:

(a) administering the compound to a subject

(b) measuring the amount of expression of truncated KIBRA protcin in hippocampus of the

subject; and
(¢) comparing thc amount in step (b) with the amount of expression of truncated KIBRA

protein in hippocampus of the subject.

[0038] Another embodiment of the present invention is a method of treating a subject

with an episod.ic memory defect due to the existence of a disease or condition affecting episodic
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memory, which comprises administering to the subject a compound capabl,e of enhancing
episodic memory, the compound being selected from the group selected from:

(a) truncated KIBRA protein (SEQ ID NO: 4);

(b) a nucleic acid molecule encoding truncated KIBRA protein (SEQ ID NO:
4: and

(C) a compound stimulating the synthesis or activity of truncated KIBRA
protein;
in a quantity effective to enhance episodic memory to thereby treat the subject’s episodic

memory defect.

[0039] It should be noted that the effcctive quantity or range of effective quantities ot a

compound capable of enhancing episodic memory would be well known to a practitioner of an

ordinary skill in the art.

[0040] Yet another embodiment of the present invention 1s an isolated and purified
protein that is a truncated KIBRA protein derived from the sequence of full-length KIBRA
protein (SEQ ID NO: 2), wherein the protein is truncated by the climination of a portion of the
amino-terminal region of the protein such that a number of amino acids from about 100 amino
acids to about 300 amino acids beginning at the amino-terminus of the protein are removed and

wherein the protein retains a C2-like domain, a glutamic acid-rich stretch and a protein kinase C

(PKC)é-interacting domain of the full-length protein.

[0041] Another embodiment of the present invention is a method of enhancing or
modulating memory function in a subject comprising the step of admnistering to the subject a

quantity of a composition containing KIBRA rs17070145 SNP eftective to enhance or modulate

the memory function in the subject.
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[0042] Another embodiment of the present invention 1s method of enhancing or

modulating memory function in a subject comprising the step of administering to the subject a

guantity of a composition containing CLSTN2 rs 6439886 SNP effective to enhance or modulate

the memory function in the subject.

KIBRA Protein

[0043] [n the present invention, novel memory-related functions of the KIBRA gene
were identified. KIBRA is a cytoplasmic protein that is highly expressed in human kidncy and
brain and represents a new member of the family of signal transducer neuronal proteins. (J.

Kremerskothen et al., Biochem. Biophys. Res. Commun. 300, 862 (2003)).

[0044 ] In the present invention, studies have shown that KIBRA alleles were strongly
associated with differential memory performance in two distinct, healthy populations. This fact
suggcsts that KIBRA alleles affect memory performance in humans independent of ethnicity,

age, language and type of the particular memory task used to assess level of memory

performance. It is further suggested that KIBRA alleles affect memory pertformance in humans
by modulating synaptic plasticity. Importantly, the acquisition and consolidation of memory are

thought to depend on synaptic plasticity. (Y. Dudai, Curr. Opin. Neurobiol. 12,211 (2002)).

|0045] Full-length KIBRA comprises 1113 amino acids (aa). A truncated form, which
was found to be expressed in the hippocampus, lacks the first 223 aa and contains a C2-like
domain, a glutamic acid-rich stretch and a protein kinase C (PKC)Z-interacting domain. (K.
Buther, C. Plaas, A. Barnckow, J. Kremerskothen, Biochem. Biophys. Res. Commun. 317, 703

(2004)).
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10046] It was previously established that PKCE is involved in memory formation and in

the consolidation of long-term potentiation. (E. A. Drier ef al., Nat. Neurosci. 5, 316 (2002); T.
C. Sacktor et al., Proc. Natl. Acad. Sci. U. S. A 90, 8342 (1993)). The C2-like domain of KIBRA,
which likely mediates Ca”" sensitivity (J. Rizo, T. C. Sudhof, J. Biol. Chem. 273, 15879 (i998)),
is similar to the C2 domain of synaptotagmin, which is believed to function as the main Ca™
sensor in synaptic vesicle exocytosis. (J. Kremerskothen et al., Biochem. Biophys. Res.

Commun. 300, 862 (2003) ; J. Ubach, X. Zhang, X Shao, T. C. Sudhof, J. Rizo, EMBO J. 17,
3921 (1998)). Importantly, the memory-associated KIBRA haplotype block and the memory-

associated KIBRA SNP described below map within the truncated KIBRA, which contains both

the C2-like and the PKCE&-1nteracting domains.

[0047] Taken together, converging cvidence from independent experiments in the present

study indicates a major role of KIBRA in normal human memory performance.

[0048] Therefore, one embodiment of the present invention 1s a method of enhancing
memory function in a subject, which comprises administering to the subject a compound capable
of modulating synaptic plasticity in a subject in an amount effective to enhance the subject’s

memory function.

[0049] Another embodiment of the present invention is a method ot enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA protein in an amount effective to enhance the subject’s memory function.

KIBRA memory-related SNPs
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10050] The present invention also featurcs KIBRA memory-related SNPs such as the

rs1 7070145 single nucleotide polymorphism. KIBRA SNP rs17070145 1s a common 7'— C
substitution within the ninth intron of KIBRA (encoding the neuronal protein KIBRA).

According to the experiments performed in the course of the present invention, carriers of the

KIBRA 1517070145 SNP demonstrated superior memory performance than non-carriers.

[0051] One embodiment of the present invention is a method of using the KIBRA

rs17070145 SNP taught by the present invention to modulate human memory function.

[0052] Another embodiment of the present invention 1s a method of enhancing memory

function in a subject, which comprises administering to the subject a compound containing

KIBRA rs17070145 SNP in an amount effective to enhance the subject’s memory function.

[0053] These methods of enhancing or modulating memory function can be carried out
by administering a nucleic acid encoding KIBRA rs17070145 SNP or by administering the ‘
protein encoded by KIBRA rs17070145 SNP. Typically, the composition including the nucleic
acid or protein for administration is administered by a route selected from the group consisting of
intralesional delivery; intramuscular injection; intravenous injection; infusion; liposome
mediated delivery; viral infection; gene bombardment; topical delivery; nasal delivery; oral
delivery; anal delivery; ocular delivery; cerebrospinal delivery; and otic delivery. Analogous

methods can be used with other SNPs as described herein,
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[0054] ~ Yet another embodiment of the present invention is a method of using the KIBRA

rs11738934 SNP (Fig. 3, SNP 4) taught by the present invention to modulate human memory

function.

[0055] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which compriscs administering to the subject a compound containing

KIBRA rs11738934 SNP in an amount effective to enhance the subject’s memory function.

10056] . Yet another embodiment of the present invention is a method of using the KIBRA
rs6862868 SNP (Fig. 3, SNP 5) taught by the present invention to modulate human memory

function.

[0057] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA 156862868 SNP in an amount effective to enhance the subject’s memory function.

[0058] Yet another embodiment of the present invention is a method of using the KIBRA

rs2241368 SNP (Fig. 3, SNP 6) taught by the present invention to modulate human memory

function.

|0059] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA rs2241368 SNP in an amount effective to enhance the subject’s memory function.
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[0060] Yet another embodiment of the present invention is a method of using the KIBRA

rs17551608 SNP (Fig. 3, SNP 7) taught by the present invention to modulate human memory

function.

[0061] Another embodiment of the present invention 1s a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA rs17551608 SNP in an amount effective to modulate human memory function.

10062] Yet another embodiment of the present invention is a method of using the KIBRA

rs4976606 SNP (Fig. 3, SNP 9) taught by the present invention to modulate human memory

function.

[0063] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA rs4976606 SNP in an amount effective to modulate human memory function.

|0064] Yet another embodiment of the present invention is a method of using the KIBRA

rs3822660 SNP (Fig. 3, SNP 10) taught by the present invention to modulate human memory

function.
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[0065] Another embodiment of the present invention 18 a method of enhancing memory

function in a subject, which comprises administering to the subject a compound containing

KIBRA 153822660 SNP in an amount effective to modulate human memory function.

[0066] Yet another embodiment of the present invention 1s a method of using the KIBRA

rs3822659 SNP (Fig. 3, SNP 11) taught by the present invention to modulate human memory

function.

[0067] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA rs3822659 SNP in an amount effective to modulate human memory function.

[0068] Yet another cmbodiment of the present invention 1s a method of using the KIBRA

rs3733980 SNP (Fig. 3, SNP 12) taught by the present invention to modulate human memory

function.

[0069] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

KIBRA rs3733980 SNP in an amount effective to modulate human memory function.

]0070] Yet another embodiment of the present invention is a method of using a haplotype

located between SNP 4 (rs11738934) and SNP 12 (rs3733980), such that the genetic distance
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between these SNPs is 51032 base pairs, taught by the present invention, to modulate memory

function.

[0071]  Still another embodiment of the present invention is a method of enhancing

memory function in a subject, which comprises administering to the subject a compound
containing a haplotype located between SNP 4 (rs11738934) and SNP 12 (rs3 733980), such that

the genetic distance between these SNPs is 51032 base pairs in an amount eftective to modulate

human memory function.

|0072] These methods of enhancing or modulating memory function can be carried out
by administering a nucleic acid containing the haplotype located between SNP 4 (rs 11738934)
and SNP 12 (rs 3733980). Typically, the composition includin'g the nucleic acid for
administration is administered by a route selected from the group consisting of intralesional
delivery; intramuscular injection; intravenous injection; infusion; liposome mediated delivery;
viral infection; gene bombardment; topical delivery; nasal delivery; oral delivery; anal delivery;

ocular delivery; cerebrospinal delivery; and otic delivery.

[0073] With regard to the above embodiments, it is further noted that an amount effective
to modulate human memory function will be known to a practitioner of reasonable skill in the

art. Similarly, an amount effective to enhance human memory function will also be known to a

practitioner of reasonable skill in the art.

[0074] Methods of administering nucleic acids, sometimes referred to as “gene therapy”

are generally known in the art and are described in T. Strachan & A.P. Read, “Human Molecular
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Genetics” (2d ed., Wiley-Liss, New York, 1999), pp. 515-543, incorporated herein by this

reterence.

[0075] The KIBRA gene, transcripts (full length and truncated), polypeptides (full length

and truncated), all alleles (including both the T and the C allele defined by rs17070145) and all
SNPs in the KIBRA locus (including rs17070145), which are associated with memory, are usetul
diagnosis and pharmacogenetic applications. KIBRA is a disease-severity modifier for normal
age-related memory loss and amnestic disorders. Amnestic disorders include but are not limited
to Alzheimer's disease: traumatic brain injury; brain injury caused by therapeutic agents, drug
use, environmental conditions, cancer or other pathological conditions such as infectious disease;
epilepsy; learning disabilities; mental retardation (e.g., fragile X syndrome); Down syndrome;
schizophrenia; depression; mild cognitive impairment (MCI); Parkinson's disease; stroke-
induced loss of function; cerebral microangiopathy; and chemo-brain (difficulties with memory,
attention and other cognitive functions that patients may suffer during and after chemotherapy).
Diagnostic applications therefore include evaluation of disease susceptibility, prognosis, and
monitoring of discase or treatment process. KIBRA nucleic acid, protein and SNPs can be used
for facilitating the design and development of various molecular diagnostic tools (e.g.,
GeneChips™ containing probe sets, in vivo diagnostic probes, PCR primers, antibodies, kits,
etc.). In vivo imaging can be used for diagnosis, using fMRI or agents that detect KIBRA. Mass

spectroscopy can also be used to detect KIBRA protein and alleles.

[0076] Pharmacogenetic applications include providing individualized medicine via

predictive drug profiling systcms, €.g., by correlating specific genomic motifs with the climcal
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response of a patient to individual drugs, e.g., for therapeutic decision-making and for selection
of patients for clinical trials. In particular, genotyping and stratification based on KIBRA T or C
haplotype (defined in the rs17070145 SNP) is useful for therapy or clinical trials with agents

designed to treat normal age-related or amnestic disorders.

|0077] In addition, the present invention is useful for multiplex SNP and haplotype
profiling, including but not limited to the identification of therapeutic, diagnostic, and
pharmacogenctic targets at the gene, mRNA, protein, and pathway level. Profiling of splice

variants and deletions/truncations is also useful for diagnostic and therapeutic applications.

[0078] The KIBRA gene, transcripts, SNPs, alleles and polypeptides, described herein,
are also useful as drug targets for the development of therapeutic drugs for the treatment of
normal age-related memory loss and amnestic disorders, and for enhancement of normal
memory. A variety of known methods may be used to identify such compounds. The
compounds can be small molecules, peptides, peptidomimetics, antisense molecules, siRNA, etc.
Compounds that affect the activity, expression, translation, processing, transport, and

degradation of KIBRA are useful as therapcutics.

[0079] With regard to the above embodiments, it is further noted that an amount effective
to modulate human memory function will be known to a practitioner of reasonable skill in the

art. Similarly, an amount effective to enhance human memory function will also be known to a

practitioner of reasonable skill in the art.
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Calsyntenin 2 Protein

[0080] [n the present invention, novel memory-related functions of the Calsyntenin 2

gene (“CLSTN2”) were identified. CLSTN2 is a neuronal protein located in the postsynaptic

membrane of excitatory synapses. (G. Hintsch et al., Mol. and Cell. Neuro. 21, 403 (2002)).

[0081] In particular, CLSTN2 rs6439886 SNP, representing a common 7— C
substitution within the first intron of CLSTN2 (encoding the neuronal protein Calsyntenin 2) was

shown to be strongly affiliated with memory performance in humans. Carriers of the CLSTNZ2

rs6439886 SNP demonstrated superior memory performance than non-carriers.

[0082] One embodiment of the present invention is a method of using the CLSTN2

rs6439886 SNP taught by the present invention to modulate human memory function.

|0083] Another embodiment of the present invention is a method of enhancing memory
function in a subject, which comprises administering to the subject a compound containing

CLSTN? rs6439886 SNP in an amount effective to enhance the subject’s memory function.

10084] With regard to the above embodiments, it is further noted that an amount etfective

to modulate human memory function will be known to a practitioner of reasonable skill 1n the

art. Similarly, an amount effective to enhance human memory function will also be known to a

practitioner of reasonable skill in the art.

Pharmaceutical Formulations and Modes of Administration
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0085} The particular compound that affects the disorders or conditions of interest can be

administered to a patient either by itself or in pharmaceutical compositions where it is mixed
with suitable carriers or excipient(s). In treating a patient exhibiting a disorder of interest, a
therapeutically effective amount of an agent or agents such as these is administered. A

therapeutically effective dose refers to that amount of the compound that results in amelioration

of symptoms or a prolongation of survival in a patient.

[0086] The compounds also can be prepared as pharmaceutically acceptable salts.
Examples of pharmaceutically acceptable salts include acid addition salts such as those
containing hydrochloride, sulfate, phosphate, sulfamate, acctate, citrate, lactate, tartrate,
methanesﬁlfbnate, cthanesulfonate, benzenesulfonate, p- toluenesulfonate, cyclohexylsultamate
and quinate. Such salts can be derived using acids such as hydrochloric acid, sulturic acid,
phosphoric acid, sulfamic acid, acetic acid, citric acid, lactic acid, tartaric acid, malonic acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid,

cyclohexylsulfamic acid, and quinic acid.

[0087] Pharmaccutically acceptable salts can be prepared by standard techniques. For
example, the free base form of the compound is first dissolved in a suitable solvent such as an
aqueous or aqueous-alcohol solution, containing the appropriate acid. The salt 1s then 1solated by

evaporating the solution. In another example, the salt is prepared by reacting the free base and

acid 1n an organic solvent.

[0088] Carriers or excipients can be used to facilitate administration of the compound,

for example, to incrcase the solubility of the compound. Examples of carriers and excipients
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include calcium carbonate, calcium phosphate, various sugars or types of starch, cellulose
derivatives, gelatin, vegetable oils, polyethylenc glycols and physiologically compatible
solvents. In addition, the molecules tested can be used to determine the structural features that
enable them to act on the 0b gene control region, and thus to select molecules useful 1n this

invention. Those skilled in the art will know how to design drugs from lead molecules, using

techniques well known 1n the art.

[0089] ‘Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental anmimals, e.g., for
determining the LDs (the dose lethal to 50% of the population) and the ED s (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and it can be expressed as the ratio LDsy/EDsg. Compounds
which exhibit large therapeutic indices arc preferred. The data obtained from these cell culture

assays and animal studies can be used in formulating a range of dosage for use in human. The

dosage of such compounds lies preferably within a range of circulating concentrations that
include the EDs, with little or no toxicity. The dosage may vary within this range depending

upon the dosage form employed and the route of administration utilized.

[0090] For any compound used in the method of the invention, the therapcutically
effective dose can be estimated initially from cell culture assays. For example, a dose can be
formulated in animal models to achieve a circulating plasma concentration range that includes

the ICso as determined in cell culture (i.e., the concentration of the test compound which achieves

a half-maximal disruption of the protein complex, or a half-maximal inhibition of the cellular
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level and/or activity of a complex component). Such information can be used to more accurately

determine uscful doses in humans. Levels in plasma may be mcasured, for example, by HPLLC.

[0001] The exact formulation, route of administration and dosage can be chosen by thc

individual physician in view of the patient's condition. (See e.g. Fingl et al., 1 The

Pharmacological Basis of Therapeutics, 1975, Ch. 1 p. 1). It should be noted that the attending

physician would know how to and when to terminate, interrupt, or adjust administration due to
toxicity, or to organ dysfunctions. Conversely, the attending physician would also know to
adjust treatment to higher levels if the clinical response were not adequate (precluding toxicity).
The magnitude of an administrated dose in the management of the disorder of interest will vary
with the severity of the condition to be treated and to the route of administration. The severity of
the condition may, for example, be evaluated, in part, by standard prognostic evaluation
methods. Further, the dose and perhaps dosc frequency will also vary according to the age, body

weight, and response of the individual patient.

10092] Depending on the specific conditions being treated, such agents may be
formulated and administered systemically or locally. Techniques for formulation and '

administration may be found in Remington's Pharmaceutical Sciences, 18th cd., Mack

Publishing Co., Easton, PA (1990). Suitable routes may include oral, rectal, transdermal,
vaginal, transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, intramedullary injections, as well as intrathecal, direct intraventricular,

intravenous, intraperitoneal, intranasal, or intraocular injections, just to name a few.
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[0093] For injection, the agents of the invention may be formulated in agqueous solutions,

preferably in physiologically compatible buffers such as Hanks's solution, Ringer's solution, or
physiological saline buffer. For such transmucosal administration, penetrants appropriate to the

barrier to be permeated are used in the formulation. Such penetrants are generally known in the

art.

[0094] Use of pharmaceutically acceptable carriers to formulate the compounds herein
disclosed for the practice of the invention into dosages suitable for systemic administration 1s
within the scope of the invention. With proper choice of carrier and suitable manufacturing
practice, the compositions of the present invention, in particular, those formulated as solutions,
may be administered parenterally, such as by intravenous injection. The compounds can be
formulated readily using pharmaceutically acceptable carriers well known in the art into dosages
suitable for oral administration. Such carriers enable the compounds of the invention to be
formulated as tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions _and the like, for

oral ingestion by a paticnt to be treated.

[0095] Agents intended to be administered intracellularly may be administered using
techniques well known to those of ordinary skill in the art. For example, such agents may be
encapsulated into liposomes, and then administered as described above. Liposomes are spherical
lipid bilayers with aqueous interiors. All molecules present 1n an aqueous solution at the time of
liposome formation are incorporated into the aqueous interior. The liposomal contents are both

protected from the external microenvironment and, because liposomes fuse with cell membranes,
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are efficiently delivered into the cell cytoplasm. Additionally, due to their hydrophobicity, small

organic molecules may be directly administered intracellularly.

[0096] Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to achieve its
intended purpose. Determination of the effective amounts 1s well within the capability of those
skilled in the art, especially in light of the detailed disclosure provided herein. In addition to the
active ingredients, these pharmacéutical compositions may contain suitable pharmaceutically
acceptable carriers comprising excipients and auxiliaries which facilitate proCessin g of the active
compounds into preparations which can be used pharmacecutically. The preparations formulated
for oral administration may be in the form of tablets, dragees, capsules, or solutions. The
pharmaceutical compositions of the present invention may be manufactured in a manner that 1s
itself known, e.g., by means of conventional mixing, dissolving, granulating, dragee-making,

levitating, emulsifying, encapsulating, entrapping or lyophilizing processes.

[0097] Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds 1n water-soluble form. Ad.ditionally, suspensions of the active
compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as
ethyl oleate or triglycerides, or liposomes. Aqueous 1njection suspensions may contain
substances which increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers or
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agents which increase the solubility of the compounds to allow for the preparation of highly

concentrated solutions.

[0098] Pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid cxcipient, optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients are, In particular, fillers such as sugars, including lactose, sucrose, mannitol,
or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agénts
may be added, such as the cross-linked polyﬁfinyl pyrrolidone, agar, or alginic acid or a salt

thereof such as sodium alginate.

[0099] Dragee cores are provided with suitable coatings. For this purpose, concentrated

sugar solutions may be used, which may optionally contain gum arabic, talc, poly'\?inyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and
suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the tablets

or dragee coatings for identification or to charactcrize different combinations of active

compound doses.

[0100] Pharmaceutical preparations which can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as

glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture with
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filler such as lactose, binders such as starches, and/or lubricants such as talc or magnesium
stearate and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols.

In addition, stabilizers may be added.

[0101] Some methods of delivery that may be used include:
a. encapsulation in liposomes,
b. transduction by retroviral vectors,
C. localization to nuclear compartment utilizing nuclear targeting site found

on most nuclear proteins,
d. transfection of cells ex vivo with subsequent reimplantation or

administration of the transfected cells,

C. a DNA transporter system.

[0102] All publications referenced are incorporated by reference herein, including the
nucleic acid sequences and amino acid scquences listed in each publication. All the compounds
disclosed and referred to in the publications mentioned above are incorporated by reterence

herein, including those compounds disclosed and referred to in articles cited by the publications

mentioned above.

EXAMPLES

Example 1.

Whole-genome scan in the Swiss sample.
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[0103] 351 young adults (22.9 + 4.1 years of age) from Switzerland were recruited.

Genetic association studies in outbred populations such as the present one may be prone to false-
positivity becausc non-random genetic heterogeneity within the study sample (i.e. population
structure) can lead to spurious associations between a genetic marker and a phenotype (¥). We
therefore performed a structured association analysis (/0) and found that the allele-frequency
divergence in this population was moderate and that the participants’ genctic backgrounds
formed one normally distributed cluster (P=0.6, see methods). Only ten subjects werc 1dentified
as outliers (i.e. probability of cluster allocation lower than 25%) and were therefore excluded
from the genetic assoéiation studies. The remaining population (n=341) was stratified into 4
aroups according to their performance in a verbal memory task. These quartiles were genotyped
at 502,627 SNPs. Poor performing SNPs were cropped, and both single-point and sliding
window (multi-point) statistical approaches were employed to select SNPs associated with
nerformance at high statistical confidence. Two SNPs were significant with both analysis
strategies: rs17070145 and rs6439886. Interestingly, both SNPs map within genes expressed 1n
the human brain: rs17070145 is a common 7 — C substitution within the ninth intron ot K/BRA

(encoding the neuronal protein KIBRA), rs6439886 1s a common T — C substitution within the

first intron of CLSTN2 (encoding the synaptic protein calsyntenin 2).

Materials and Methods.

[0104] Memory testing and genotyping were performed 1n 351 healthy young Swiss

subjects (240 females, 111 males; mean age 22.8 = 0.2 [standard error] years). After complete

description of the study to the subjects, written informed consent was obtained. The ethics

committee of the Canton of Zurich, Switzerland approved the study protocol. Memory capacity
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was tested during two consecutive days. On the first day, subj cCts viewed 6 series of 5
semantically unrelated nouns presented at .a rate of 1 word per s with the instruction to learn the
words for immediate free recall after each series. In addition, subjects underwent an unexpected
delayed free-recall test of the learned words after 5 min and again after 24 h. Both delayed recall

tests reflect episodic memory (77). In contrast to the 5-min recall, the 24-h recall additionally

requires long-term synaptic changes (29).

Structured association analysis

[(0105] Structured association analysis was performed by individually genotyping all 351
Swiss subjects at 318 unlinked SNPs. Calculation of population sﬁ*ucture was done by the
STRUCTURE program following the developers” instructions (/0). We estimated the ancestry of
study subjects under the a priori assumption of K = 2 discrete subpopulations. Structured
association analysis revealed moderate allele-frequency divergence among populations. Identical

results were obtained under the a priori assumption of 3 = K = 6 discrete subpopulations.

Affymetrix 500K GeneChip SNP genotyping in training cohort

[0106] Individual genomic DNA concentrations of the 351 subjects were determined

using the Quant-iT™ PicoGreen® dsDNA Assay Kit (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. Individuals were designated to cach pool based on their quartile
ranking in performance on the verbal episodic memory task. Groupings were based on 5-min
free recall performance (i.e. bottom 25%, bottom 50%, top 50%, and top 25% performers). Each
individual contributed a total of 120 ng of DNA to the pool and each pool was created de novo a

total of three times. These three pools were then genotyped in duplicate on both the Nsp T and
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Sty I Early Access 500K Mendel array from Affymetrix (Santa Clara, CA). Pools were

composed as follows, bottom 25% (90 individuals, mean genomic DNA concentration of 100.6
ng/ul), bottom 50% (171 individuals, mean concentration of 97.1 ng/ul), top 50% (180

individuals, mean concentration of 95.1 ng/pl), top 25% (136 individuals, mean concentration of
95.4 ng/ul). Once created, each pool was diluted to 50 ng/ul with reduced TE bufter in

preparation for genotyping.

Array-based SNP genotyping

[0107] Samples were processed as described in the Early Access version 2.0 of the

Mendel Array protocol (Affymetrix). Briefly, quality and relative concentrations of the pools and
their replicates were assayed on 2% TAE agarose gel. 250 ng (5 pl) of DNA from each pool and

replicates was digested 1n paréllel with 10 units of Nsp I and Sty I restriction enzymes (New
England Biolabs, Beverly, MA) for 2 hours at 37°C. Enzyme specific adaptor oligonucleotides
were then ligated onto the digested ends with T4 DNA Ligase for three hours at 16°C. Atter

dilution with water, 5ul ot the diluted ligation reactions were subjected to PCR. PCR was

performed using Titanium Taq DNA Polymerase (BD Biosciences, San Jose, CA) 1n the
presence of 25 uM PCR primer 002 (Affymetrix), 350 uM each dNTP, IM Betaine (USB,
Cleveland, OH), and 1X Titanium Taq PCR Buffer (BD Biosciences). Cycling parameters were
as follows, initial denaturation at 94°C for 3 minutes, amplification at 94°C for 30 seconds, 60°C
for 30 seconds and extension at 68°C for 15 seconds repeated a total of 30 times, final extension
at 68°C for 7 minutes. PCR products from ‘three reactions were combined and purified using the
MinElute 96-well UF PCR purification plates (Qiagen, Valencia, CA) according to the

manufacturer’s directions. Samples were collected into microfuge tubes and spun at 16,000 x g
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for 10 minutes. The purified product was recoveredﬁom the tube taking special care not to
disturb the white, gel-like pellet of magnesium phosphate. PCR products were then verified to
migrate at an average size between 200-800 bps using 2% TAE gel electrophoresis. Sixty
micrograms of purified PCR products werc then fragmented using 0.25 units of DNAse I at 37°C
for 35 minutes. Complete fragmentation of the products to an average size less than 180 bps was
verified using 2% TAE gel electrophoresis. Following fragmentation, the DNA was end labeled
using 105 units of terminal deoxynucleotidyl transferase at 37°C for 2 hours. The labeled DNA
was then hybridized onto the respective Mendel array at 49°C for 18 hours at 60 rpm. The

hybridized array was washed, stained, and scanned according to the manufacturer’s (Affymetrix)

mstructions.

Statistical Analysis

[0108] Calculation of a SNP’s allelic frequency was based on the corresponding Relative
Allele Signal (RAS) score, which provides a quantitative index of allele frequencies in pooled
DNA (30). Generally, RAS=A/(A+B), whereby A refers to the median match/mismatched
differences of the major allele and B for the minor allele (Affymetrix Technical Manual). Since
both sense and antisense directions are probed, there are two RAS values, RASI (sense) and
RAS?2 (antisense). Because RAS1 ‘and RAS?2 are independent predictions of allelic frequency
with distinct variability we treated both values as independent experiments. To gencrate RAS
values from the Affymetrix software for the GeneChip® Human Mapping S00K arrays we

developed a PERL script which is freely available on the following website of the Translational

array/).
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[0109] Two different and stringent statistical approaches were combined to select SNPs

of high statistical confidence. Only thosec SNPs meeting the criteria of both approaches were
selected for subsequent individual genotyping. In order to pick out significant physically
contiguous clusters of SNPs, a genome-wide windowing approach was employed. RAS scores
were generated by the Perl script described above followed by a student’s t-test comparing RAS]
and RAS?2 separately across all ~500,000 SNPs for the top 25% vs. the bottom 25% performers
and the top 50% vs. the bottom 50% performers in the Swiss population. Next a median t-test
score at sliding window sizes of 3, 5, 10, 20, and 40 SNPs for both RASI and RAS?2 across the

entire genome was calculated and graphed to identify significant groupings of SNPs at various

window si1zes.

10110} . The second statistical method focused on identifying statistically significant
individual SNPs rather than clusters of SNPs. RAS-derived allelic frequencies were used to
calculate SNP specific xz-values for following comparisons: top 50% vs. bottom 50% performers
~ (entire sample) and top 25% vs. bottom 25% performers (distribution extremes). Because RASI
and RAS? values were treated independently, statistics for each SNP were calculated a total of 4
times. SNPs fulfilling following criteria in at least one of the four comparisons were considered
significant with this method: v * =28, df=1 (corresponding to P = 0.05 Bonferroni-corrected tor

500,000 comparisons), variation coefficicnt of RAS-derived allelic frequencies = 0.2.

Example 2.

Whole-genome scan in the United States sample
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[0111] Both the KIBRA rs17070145 and the CLSTN2 rs6439886 SNPs were further

evaluated in a second, independent population of 256 cognitively normal older participants (54.1

+ 12.0 years of age) from the United States. The KIBRA SNP showed significant association with

cpisodic memory with the same direction of effect: T allele carriers had significantly better
memory scores than non-carriers in the Rey Auditory Verbal Learning Test (AVLT) (/2) and

Buschke’s Selective Reminding Test (SRT) (Z3) (Table 2). This effect was independent of the

pres-enCe or number of the apolipoprotein E 4 (APOFE4) alleles in these older participants

(P = 0.5, data not shown). Importantly, there were no allele-dependent ditterences in the

outcome of the Wisconsin Card Sorting Test and the Paced Auditory Serial Attention Task,
suggesting that rs17070145 did not affect executive functions, attention .and working memory
also in this population. SNP rs6439886 failed to show significant association with episodic
memory in this older population. Besides the possibility of false-positivity in the first sample for
this particular SNP, the lack of significance in the second population may also be related to
differences in ethnicity and mean age between the populations, and thus should not be
completely discounted as relevant to memory performance. Both ethnicity and age may influence
gcnotype-phenotype associations, e.g. as they have shown to influence the association between
APOE4 and Alzheimer’s disease risk (/4, 15). We decided to follow up only on the KIBRA SNP

because of its highly significant association with episodic memory in both populations.

Materials and Methods.

[0112] Memory testing and genotyping was done in 256 cognitively normal subjects (171

females, 85 males; mean age 54.0 £ 0.7 [standard error] years). Participants were recruited

through local newspaper advertisements for a longitudinal study on the impact of gen etic factors
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on cognitive functions. Demographic, family, and medical historical data were obtained on each

individual undergoing genotyping. All individuals gave their written, informed consent, approved
by the Mayo Clinic and Banner Good Samaritan Medical Center Institutional Review Boards. A
complete medical history, the Structured Psychiatric Interview for Diagnostic and Statistical
Manual of Mental Disorders—III-R, the Folstein Mini-Mental State Examination, the Hamilton
Depression Scale and neurologic examination were performed. The Auditory Verbal Learning
Test (AVLT) (/2) and the Buschke’s Selective Reminding Test (SRT) (/3) were used to quantity
verbal episodic memory. Executive functions, attention and working memory were quantified by

the Wisconsin Card Sorting Test and the Paced Auditory Serial Attention Task (/3).

Example 3.

Linkage disequilibrium around the KIBRA locus

[0113] Fine-mapping the genomic region harboring KIBRA and the flanking genes RARS
and ODZ2 with 13 additional common SNPs (Fig. 1) was performed to ensure that the observed

association of K/IBRA SNP rs17070145 with episodic memory was not due to linkage
disequilibrium (LD) with genetic variations in nearby genes. Significant LD levels were detected
between rs7727920 and 1s2279698 (spanning K/BRA 5’-UTR and the first exon), between
rs11738934 and rs3733980 (spanning a haplotype block entirely contained within K/BRA), and
between 15244903 and rs10516047 (spanning K/BRA 3’-UTR and RARS). SNP rs17070145 and
the corresponding K7BRA haplotype yielded the highest significance levels (£ = 0.000004 and

P = 0.000008, respectively, Fig. 1). We conclude that the observed association is unrelated to LD

with adjacent genes.
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Materials and Methods

Individual genotyping

[0114] Genotyping of SNPs rs17070145 (K/BRA) and rs6439886 (CLST: N2) 1n the Swiss

and US samples was done by PyrosequencingTM (Uppsala, Sweden) on a PSQ 96 MA machine.

Primers for KIBRA rs17070145 SNP were: 5’- ACA CCT CTG TGG CTT TTC TCC -3” (SEQ
ID NO: 5) (forward), 5°- ACA AGG CTG TGG AAT CTC TTG A -3° (SEQ ID NO: 0) (reverse,
5’ biotinylated), 5’- CCT TGA TCC TGG ACC -3’ (SEQ ID NO: 7) (sequencing primer).
Primers for rs6439886 were: 5°- GGG GCA GAG ATT GGT ATT GTC -3” (SEQ 1D NO: §)
(forward), 5°- CTA CAG CCC ATT ATG CTC ACC A -3° (SEQ ID NO: 9) (reverse, 5’
biotinylated), 5’- AGT CAC TCA TCA CAG TAATC -3" (SEQ iD NO: 10) (sequencing
primer). Individual fine-mapping of the K/BRA region in the Swiss population was done by the
Amplifluor method (www.kbiosciences.com). Following SNPs were 'analyzed: 1s1363560,

rs7727920, rs2279698, rs11738934, rs6862868, rs2241368, rs17551008, rs4976606, rs3822600,

13822659, 153733980, rs244903, and rs10516047.

[0115] Genotyping of SNP rs1477306 (KIBRA) in the Swiss sample was done by
Pw*osequencingTM (Uppsala, Sweden) on a PSQ 96 MA machine. Primers for KIBRA
1s1477306 SNP were: 5°- CTG ATT TGT GAG CGG GGT TTG -3’ (forward, 5 biotinylated)

(SEQ ID NO: 11), 5°- GGT GCC TTT GAG AGG AAT AGA -3" (SEQ 1D NO: 12) (reverse),

5°- AAT AGA CAC ATC CAG GAG A -3’(sequencing primer) (SEQ ID NO: 13).
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Statistical analysis

[0116] PowerMarker Version 3.22 (www.powermarker.net) was used for the analysis of
linkage disequilibrium and for haplotype reconstruction. Multifactorial analyses of covariance
were done for the simultaneous assessment of the influence of age, sex, education, and genotype

effects on cognitive test performance. All tests were two-tailed.

Example 4.

Gene expression of K/IBRA in the human brain

[0117]  Having cstablished 2 genetic link between K/BRA and human memory
pérformance, expression levels of KIBRA in the human brain and especially in such memory-
related regions as the hippocampus, the frontal and parietal lobe were determined. RT-PCR
amplicons were designed detecting both K/BRA full-length transcript and its truncated form
KIAA0869, which lacks the first 223 amino acids and which is likely formed through an alternate

transcriptional start site (/6). Expression levels of full-length K/BRA in the human brain were

marginal. In contrast, expression levels of truncated KIBRA were high in all brain regions

0

examined, with highest levels in the hippocampus (Fig. 2). Importantly, SNP rs17070145 maps

within the truncated form of KIBRA. KIBRA expression patterns in the human brain are

consistent with a role in memory performance.

Materials and Methods

Gene expression studies

[0118] KIBRA gqRT-PCR was done on an ABI PRISM 7700 TagMan® machine (AB],

Foster City, California USA) using SYBR master mix (Stratagene, Gebouw California,
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Amsterdam, The Netherlands) according to manufacturer’s instructions. cDNA from human
whole brain homogenate, hippocampus, frontal and parietal lobe was purchased from BioCat
(BioCat GmbH, Im Neuenheimer Feld, Heidelberg Germany). Primers were designed by
PrimerDesign' " (v1.9, ABI) using CCDS 4366.1 and full-length KIBRA sequence NM 015238.
A primer pair recognizing a scquence in exon 2 was designed to detect only full-length K/BRA
transcripts (forward: 5°-GCT CAC CTT TGC TGA CTG CA-3" (SEQ ID NO: 14), reverse: 5°-
TCC AAC CTG TGG GTC ATA TGC-3’ (SEQ ID NO: 15)). A primer pair recognizing a
sequence in exon 15 was designed to detect full length and truncated KIBRA transcripts
containing exon 15 (forward: 5°-GGC CTC TGG ACG CCT CA-3’ (SEQ ID NO: 16), reverse:
5-TGG TGA AGG GCT GGA TAG GA-3’ (SEQ [D NO: 17)). An introni¢ primer pair was
designed to detect eventual genomic contamination (forward: 5’-TGG GCT CAA ACA TTC

AAC CTG-3’ (SEQ ID NO: 18), reverse: 5°-ACG CTG GCT CAT GCC TGT A-3’ (SEQ ID

NO: 19)).

Example 5.

KIBRA allele-dependent differences in hippocampal function

[0119] The impact of the KIBRA genotype on memory-related brain functions was
investigated using functional magnetic resonance imaging (fMRI). fMRI is a technique Which
has been used to map brain regions associated with different aspects of human memory (77, 15).
Thirty subjects from the Swiss population (15 carriers of the rs17070145%7 allele versus 15 non-

carriers) underwent fMRI. The allelic groups were matched for sex (5 males and 10 females in

each group), education (P = 0.7), age (P = 0.8), the His452Tyr genotype ot the 5-HT2a receptor

iy

sene (2) (P = 0.4), and for 5-min delayed recall performance (P = 1.0). The reason for matching

O
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senotype groups for memory performance was to study allele-dependent ditferences In Memory-

related brain activity independently of diffcrential performance. Because K/BRA was associated
with human episodic memory which depends on the function of the hippocampus (17, 19, 20)
and because KIBRA expression was highest in the hippocampus, the hypothesis that K/5RA
genotypes might affect episodic memory-related information processing 1n the human
hippocampus was tested. As neuroimaging studies have found that the hippocampus is especially
activated by associative episodic memory tasks (18, 27), the impact of the K/BRA genotype on
hippocampal activations in a face-profession associative task was tested (27). As expected based
on the matching, there were no allele-dependent differences in fMRI retrieval performance (£ = '
0.5). During memory retrieval, non-carriers of the 7" allele showed significantly increased b'rain
activations compared to 7 allele carriers in the medial temporal lobe (local maximum in the right
hiPPQC-ampus at coordinate position [26, -12, -14], P < 0.001, Fig. 3). Non-carriers ot the 7 allele
also showed increased activations in the frontal cortex (local maxima in the right medial frontal
oyrus (Brodmann area 8/9) at coordinate position [30, 42, 42], £ <0.001, and in the left medial
frontal gyrus (Brodmann area 6) at [-24, 10, 56], P < 0.001), and in the parietal cortex (local
maximum in the right inferior parietal lobulus (Brodmann area 40) at coordinate position [50), -
24,301, P < 0.001). In addition to the hippocampus, also these neocortical regions belong to a
network important for episodic memory retrieval (/7). The present findings theretore suggest

~ that non-carriers of the 7 allele neéd more activation in these memory retrieval-related brain
regions to reach the same level of retrieval performance as 7 allele carriers. During memory
encoding, no allele-dependent differences in brain activations were tound, suggesting that the
genotype did not affect episodic memory at this early stage of memory formation. In an

additional working memory task, no allele-dependent differences in brain activation in these
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regions were seen, indicating that the above reported activations in non-carriers were speciﬁc to
episodic memory retrieval. Automated voxel-based algorithms (SPM2) (22) and manual volume
measurements failed to reveal significant allele-dependent differences in the hippocampus or the
parahippocampus (P = 0.1), suggesting that imaging results were not biased by morphological
differences.

Materials and Methods

Subjects

10120] 10 males, 20 females; mean age 22.1+ 0.4 (s.e.) years.

Episodic memory task

0121] There were thrée fMRI time-series (one per learning run) for the intentional
learning of face-profession pairs. Each time-series consisted of the face-profession associative
learning condition and a visual baseline condition. Sixteen face-profession pairs for associative
learning and 24 head contours without physiognomy in the baseline condition were studied. Th.e
instruction for associative learning of the face-profession pairs was to imagine the presented
person acting in a scene of the written profession. Subjects answered by button press whether
they found it easy or hard to imagine a scene. Importantly, subjects were requested to imagine
the same scene for a given face-profession pair during runs 2 and 3 as during run 1. The baseline
task was to decide whether the arca of the left or right ear was larger. Each learning condition
consisted of four blocks. A block contained 4 trials of 6 s each. The baseline condition consisted
also of 4 blocks. Here, a block contained six trials of 4 s each. Consequently, each task block
took 24 s. An instruction slide announced each task block. For retrieval of the previously learned
face-profession associations and faces, a single fMRI time-series was applied. This time-series

neluded the associative retrieval condition and the same visual baseline condition that was used
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for the cncoding time-series. For the retrieval of the associations, the previously presented faces
were shown again (without the professions) as retrieval cues with the instruction to recall each
person’s occupation and to indicate the superordinate professional category by button press:
academic or workman. The retrieval condition consisted of four blocks, each block including

four trials of 6 s each. All task blocks took 24 s and were announced by an 1nstruction slide.

Working memory

[0122] The experiment included one tMRI time-series with a 2-back task for the

assessment of working memory and a baseline task (‘x-target’) for the assessment of
concentration. The 2-back task required subjects to respond to a letter repeat with one
intervening letter (e.g. S — f— s — g). The ‘x-target’ task required subjects to respond to the
occurrence of the letter ‘x’. Fach task was given in five blocks of 26 s each. Blocks were
announced by an instruction slide. Stimuli were 50 upper- or lowercase letters typed in black on

a white backeround. Thirteen upper- or lowercase letters were presented per block for the

duration of 2 s each.

Data acquisition

[0123] MR measurements were performed on a 3T Philips Intera whole body MR
scanner equipped with an eight-channel Philips SENSE head coil. Functional data were obtained
from 32 transversc slices parallel to the AC-PC plane covering the whole brain with a measured
spatial resolution of 2.8 x 2.8 x 4 mm-° (acquisition matrix 80 x 80) and a reconstructed
resolution of 1.7 x 1.7 x 4 mm’. Data werc acquired using a SENSE-sshEPI (37) sequence with

an acceleration factor of R = 2.0. Other scan parameters were TE = 35 ms, TR = 3000 ms, 0 =
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82°. A standard 3D T1-weighted scan was obtained for anatomical reference with a measured
spatial resolution of 1 x 1 x 1.5 mm" (acquisition matrix 224 x 224) and a reconstructed
resolution of 0.9 x 0.9 x 0.8 mm°, TE = 2.3 ms, TR =20 ms, 0 =20°. A 2D T1-weighted
inversion-recovery anatomical scan, oriented perpendicularly to the long axis ot the
hippocampus, was obtained for hippocampal and parahippocampal volumetry over 33-39 slices
with a measured spatial resolution of 0.5 x 0.6 x 1.5 mm"° (acquisition matrix 400 x 320) and a

reconstructed spatial resolution of 0.4 x 0.4 x 1.5 mm°, TE =15 ms, TR =4200 ms, 0 =20°, IR

delay 400 ms, no interslice gaps.

Analysis of fMRI data

[0124] Image pre- and post-processing and the statistical analyses were performed with

realignment, normalization and spatial smoothing (8 mm) (32). On the single subject level, data
were analyzed according to the fixed effects model (SPM2). The six head movement parameters
were included in the model as confounding factors. Data were high-—pass filtered with a specitic
filter-value for each fMRI time series. This value was determined according to ‘2*SOA*TR’. On
the second level, within-subject contrasts were entered into random effects analyses (ANOV As,

T-tests, SPM2) which account for variance between subj ects (33). We also computed
correlations between the within-subject encoding contrasts (learning runl — run3) and behavioral

measures (simple regression, SPM2). Thresholds were set at a p < 0.001 level, uncorrected for

multiple comparisons.
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Analysis of anatomical MRI data

[0125] Based on the 3D-T1-weighted structural MRI images which covered the whole

brain, volumes of the total grey and white matter were computed with SPM2. Images were first
normalized into the MNI T1 templatc ﬁsing a standard bounding box and then scgmented nto
erey matter, white matter and cerebrospinal fluid. Standardized grey and white matter volumes
were then multiplied by the determinant of the linear transformation matrix to obtain grey and
white matter volumes in cm®. Based on the 2D-T1-weighted high resolution structural MRI
images, two independent raters manually delineated the hippocampal formation (/&) (CA
regions, dentate gyrus and subiculum, excluding the fimbria) and the parahippocampal gyrus

using the software Pmod (http://www.pmod.com.). Cerebrospinal fluid was carefully excluded

which resulted in conservative volume estimates. Inter-rater reliabilities ranged between r = 0.8
and 0.98. ANOV As with APOE genotype and sex as independent variables were computed to

determine group differences in brain volumes. Thresholds were set at p < 0.05 level, uncorrected

for multiple comparisons.
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CLAIMS
We claim:
1. A method for assessing memory performance in a patient comprising the
steps of:
(a) detecting or determining the level of expression in the patient of a gene

selected from the group consisting of KIBRA and CLSTN2; and

(b) correlating the level of expression of the gene in the patient with memory

performance in the patient.

2. The method of claim 1 wherein the level of expression is detected or

determined at the level of mRNA.

3. The method of claim 1 wherein the level of expression 1s detected or

b

determined at the level of the expressed protein.

-+ A method for assessing memory performance in a patient comprising the

steps of:
(a) detecting the presence or absence of a mutation in one or more genes, the

oenes selected from the group consisting of KIBRA and CLSTNZ; and

(b) correlating the presence or absence of the mutation with memory

performance in the patient.

J. The method of claim 4 wherein the presence or absence of the mutation 18

detected by DNA sequencing.

0. The method of claim 4 wherein the presence or absence of the mutation 1s

detccted by restriction fragment length polymorphism analysis.
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7. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the

KIBRA rs17070145 SNP.

3. The method of claim 4 wherein the gene i1s CLSTNZ2 and the mutation 18
the CLSTN2 rs6439886 SNP.

9. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the
KIBRA rs1477306 SNP.

10. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the
KIBRA rs11738934 SNP.

11. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the
KIBRA rs6862868 SNP. '

12. The method of claim 4 wherein the gene 1s KIBRA and the mutation 1s the
KIBRA 152241368 SNP.

13. The method of claim 4 wherein the gene is KIBRA and the mutation is the
KIBRA 1517551608 SNP.

14, The method of claim 4 wherein the gehe is KIBRA and the mutation 1is the
KIBRA 154976606 SNP,

15. The method of claim 4 wherein the gene is KIBRA and the mutation is the

KIBRA 153822660 SNP.

16. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the

KIBRA rs3822659 SNP.
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17. The method of claim 4 wherein the gene is KIBRA and the mutation 1s the
KIBRA rs3733980 SNP.

18. A method for assessing memory performance in a patient comprising the

steps of:

(a) detecting or determining the level of activity in the patient of a geﬁe
product of a gene selected from the group consisting of KIBRA and CLST. N2; and
(b) correlating the level of activity of the gene product in the patient with

memory performance.

19. A method for enhancing memory performance in a subject comprising
administering to the subject a compound capable of modulating synaptic plasticity by stimulating
the synthesis or activity of a gene product of a gene selected from the group consisting of K/IBRA
and CLSTNZ.

20.  The method of claim 19 wherein the compound stimulates the synthesis of

the gene product.

21.  The method of claim 19 wherein the compound stimulates the activity of

the gene product.

22. The method of claim 19 wherein the compound is a peptide, a
peptidomimetic, a nucleic acid, a receptor agonist, partial agonist, antagonist, inverse agonist, or

a small molecule.

23. The method of claim 19 wherein the compound is administered by a route
selected from the group consisting of intralesional delivery; intramuscular injection; intravenous
injection; infusion; liposome mediated delivery; viral infection; gene bombardment; topical
delivery; nasal delivery; oral delivery; anal delivery; ocular delivery; cerebrospinal delivery; and

otic delivery.
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24. A method for enhancing memory performance in a subject comprising

administering to the subject a compound capable of modulating synaptic plasticity wherein the

compound is a full-length KIBRA protein (SEQ ID NO: 2),

25. The method of claim 24 wherein the compound is administered by a route
selected from the group consisting of intralesional delivery; intramuscular injection; intravenous
injection; infusion; liposome mediated delivery; topical delivery; nasal delivery; oral delivery:

anal delivery; ocular delivery; cerebrospinal delivery; and otic delivery.

26. A method for enhancing memory performance in a subject comprising
administering to the subject a compound capable of modulating synaptic plasticity wherein the

compound is a truncated KIBRA protein (SEQ 1D NO: 4).

27. A method for enhancing memory performance i a subject comprising
administering to the subject a truncated KIBRA protein derived from the sequence of full-length
KIBRA protein (SEQ ID NO: 2), wherein the protein is truncated by the elimination of a portion

of the amino-terminal region of the protein such that a number of amino acids from about 100

amino acids to about 300 amino acids beginning at the amino-terminus of the protein are

removed and wherein the protein retains a C2-like domain, a glutamic acid-rich stretch and a

protein kinase C (PKC)&E-interacting domain of the full-length protein.

28. The method of claim 27 wherein the number of amino acids removed 1s

from about 150 amino acids to about 250 amino acids.

29. The method of claim 28 wherein the number of amino acids removed 18

223 amino acids.

30. A method for evaluating the ability of a compound to affect the expression

of a full-length KIBRA protein (SEQ ID NO: 2) in hippocampus of a subject which COMPriSes

the steps of:

(a) administering the compound to the subject;



CA 02638802 2008-07-24

WO 2007/120955 PCT/US2007/061112
' 3065-004-WO
PATENT

(b) measuring the amount of expression of full-length KIBRA protein in
hippocampus of the st:bj ect; and

(¢) comparing the amount in step (b) with the amount of expression of full-
length KIBRA protein in hippocampus of the subject in the absence of the compound, so as to
thereby evaluate the ability of the compound to affect the expression of full-length KIBRA

protein in hippocampus of the subject.

31. The method of claim 30 wherein the compound is administered by a route
selected from the group consisting of intralesional delivery; intramuscular injection; intravenous
injcction; infusion; liposome mediated delivery; topical delivery; nasal delivery; oral delivery;

anal delivery; ocular delivery; cerebrospinal delivery; and otic delivery.

32. The method of claim 30 wherein the compound 1s a peptide, a
peptidomimetic, a nucleic acid, a receptor agonist, partial agonist, antagonist, inverse agonist, or

a small molecule.

33. A method for evaluating the ability of a compound to affect the expression
of a truncated KIBRA protein (SEQ ID NO: 4), wherein the truncated KIBRA protein is lacking
the amino-terminal 223 amino acids of the full-length KIBRA protein in hippocampus ot a

subject which comprises the steps of:
(a) administering the compound to the subject;

(b) measuring the amount of expression of truncated KIBRA protein in

hippocampus of the subject; and

(c) comparing the amount in step (b) with the amount of expression of

truncated KIBRA protein in hippocampus of the subject in the absence of the compound, so as to

thereby cvaluate the ability of the compound to affect the expression of truncated KIBRA protein

in hippocampus of the subject.

34. The method of claim 33 wherein the compound is administered by a route

selected from the group consisting of intralesional delivery; intramuscular injection; intravenous
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injection; infusion; liposome mediated delivery; topical delivery; nasal delivery; oral delivery;

anal delivery; ocular delivery; cerebrospinal delivery; and otic delivery.

35.  The method of claim 33 wherein the compound 1s a peptide, a
peptidomimetic, a nucleic acid, a receptor agonist, partial agonist, antagonist, inverse agonist, or

a small molecule.

36. A method of treating a subject with an episodic memory detfect due to the
existence of a disease or condition affecting episodic memory, which comprises administering to
the subject a compound capable of enhancing episodic memory, the compound being selected

from the group selected from:

(a) truncated KIBRA protein (SEQ ID NO: 4);
(b) a nucleic acid molecule encoding truncated KIBRA protein (SEQ ID NO:

4); and

(¢) a compound stimulating the synthesis or activity of truncated KIBRA
protein;
in a quantity effective to enhance episodic memory to thereby treat the subject’s episodic

memory defect.

37. A method of treating a subject with an episodic memory detect due to the
existence of a disease or condition affecting episodic memory, which comprises administering to
the subject a compound capable of enhancing episodic memory, the compound being selected

from the group selected from:

(a) a truncated KIBRA protein derived from the sequence of full-length
KIBRA protein (SEQ ID NO: 2), wherein the protein 1s truncated by the elimination of a portion
of the amino-terminal region of the protein such that a number of amino acids from about 100
amino acids to about 300 amino acids beginning at the amino-terminus of the protein are

removed and wherein the protein retains a C2-like domain, a glutamic acid-rich stretch and a

protein kinase C (PKC)&-interacting domain of the full-length protein;

(b) a nucleic acid molecule encoding a truncated KIBRA protein derived

from the sequence of full-length KIBRA protein (SEQ ID NO: 2), wherein the protein is
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truncated by the elimination of a portion of the amino-terminal region of the protein such that a
mmiber of amino acids from about 100 amino acids to about 300 amino acids beginning at the
amino-terminus of the protein are removed and whercin the protein retains a C2-like domain, a
olutamic acid-rich stretch and a protein kinase C (PKC)&-interacting domain of the full-length
protein; and

(c) a compound stimulating the synthesis or activity of a truncated KIBRA
protein derived from the sequence of full-length KIBRA protein (SEQ ID NO: 2), wherein the
protein is truncated by the elimination of a portion of the amino-terminal region of the protein
such that a number of amino acids from about 100 amino acids to about 300 amino acids
beginning at the amino-terminus of the protcin are removed and wherein the protein retains a C2-
like domain, a glutamic acid-rich stretch and a protein kinase C (PKC)&-1nteracting domain of
the full-length protein; -
in a quantity effective to enhance episodic memory to thereby treat the subject’s episodic

memory detect..

38. The method of claim 37 wherein the number of amino acids removed is

from about 150 amino acids to about 250 amino acids.

30, The method of claim 38 wherein the number of amino acids removed 1s

223 amino acids.

40. The method of claim 36 wherein the compound 1s a compound stimulating
the synthesis or activity of truncatcd KIBRA protein and the compound 1s a peptide, a
peptidomimetic, a nucleic acid, a receptor agonist, partial agonist, antagonist, inverse agonist, or

a small molecule.

41. The method of claim 36 wherein the compound 1s administered by a route
selected from the group consisting of intralesional delivery; intramuscular injection; intravenous
injection; infusion; liposome mediated delivery; viral infection; gene bombardment; topical
delivery; nasal delivery; oral delivery; anal delivery; ocular delivery; cerebrospinal delivery; and

otic dchivery.
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42.  The method of claim 36 wherein the disease or condition affecting

episodic memory is selected from the group consisting of age-related memory loss, Alzheimer's
Disease, amnesia, head trauma, neuronal injury, neuronal toxicity, neuronal degradation,

hippocampal lesion, ischemia, schizophrenia, Huntington’s Discase, and multiple sclerosis.

43.  An isolated and purified protein that is a truncated KIBRA protein
derived from the sequence of full-length KIBRA protein (SEQ ID NO: 2), wherein the protein 1s

truncated by the elimination of a portion of the amino-terminal region of the protein such that a
number of amino acids from about 100 amino acids to about 300 amino acids beginning at the
amino-terminus of the protein are removed and wherein the protein retains a C2-like domain, a
olutamic acid-rich stretch and a protein kinase C (PKC)&-interacting domain of the full-length

protein.

44.  The isolated and purified protein of claim 43 wherein the number of amino

acids removed is from about 150 amino acids to about 250 amino acids.

45. The isolated and purified protein of claim 44 wherein the number ot amino

acids removed is 223 amino acids.

46. A pharmaceutical composition comprising:

(a) a therapeutically effective quantity of the isolated and purified protein ot
claim 43;and

(b) a pharmaceutically acceptable carrier.

47. A method of enhancing or modulating memory function in a subjcct

comprising the step of administering to the subject a quantity ot a composition containing

KIBRA rs17070145 SNP effective to enhance or modulatc the memory function in the subject.

48.  The method of claim 47 wherein the composition is administered by a

route selected from the group consisting of intralesional delivery; intramuscular injection;
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intravenous injection; infusion; liposome mediated delivery; viral infection; gene bombardment;
topical delivery; nasal delivery; oral delivery; anal delivery; ocular delivery; cerebrospinal

delivery; and otic delivery.

49, The method of claim 47 wherein the composition includes therein a

nucleic acid encoding KIBRA rs17070145 SNP.

50. The method of claim 47 wherein the composition includes therein the

protein encoded by KIBRA rs17070145 SNP.

S1. A method of enhancing or modulating memory function in a subject
comprising the step of administering to the subject a quantity of a composition contamning

CLSTN2 rs6439886 SNP effective to enhance or modulate thec memory function in the subject.

52. The method of claim 51 wherein the composition is administered by a
route selected from the group consisting of intralesional delivery; intramuscular injection;
intravenous injection; infusion; liposome mediated delivery; viral infection; gene bombardment;
topical delivery; nasal delivery; oral delivery; anal delivery; ocular delivery; cerebrospinal

delivery; and otic delivery.

53. The method of claim 51 wherein the composition includes therein a

nucleic acid encoding CLSTN2 rs6439880 SNP.

54. The method of claim 51 wherein the composition includes therein the

protein encoded by CLSTN2 rs6439886 SNP.

53. A method of enhancing or modulating memory function in a subject
comprising the step of administering to the subject a quantity of a composition contaming a
haplotype located between SNP 4 (rs11738934) and SNP 12 (rs3 733980), such that the genetic

distance between these SNPs is 51032 base pairs, effective to enhance or modulate the memory

function 1n the subject.
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56. The method of claim 55 wherein the composition 1s administered by a

route selected from the group consisting of intralesional delivery; intramuscular injection;
intravenous injection; infusion; liposome mediated delivery; viral infection; gene bombardment;
topical delivery; nasal delivery; oral delivery; anal delivery; ocular delivery; cerebrospinal

delivery; and otic delivery.
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Figure 1

Influence of SNPs rs17070145 (KIBRA) and rs6439886 (CLSTNZ2)

on verbal episodic memory in the Swiss population

Immediately Words recalled Words recalled
recalled words  after 5 min after 24 h
.............................................................................. (mean+s.e) (meantse) (meankse)
rs17070145*
C/C, n =164 236+ 0.3 7.6 +0.2° 6.7 +0.2°
C/IT&T/T,n=169 24.1+0.3 0.4+ 022 8.0+02°
rs6439886
T/T. n = 265 239+ 0.2 8.4 +0.2° 7.3 +0.2¢
TIC&C/IC.n=76 242+0.4 9.8 + 0.4° 8.4 + 0.4¢

Means with common superscripts are significantly different.
* Genotype calls of 8 subjects failed to pass the quality control criteria.
2. P =0.000004, ®: P=0.0008, ¢: P =0.002, %: P =0.022
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Influence of SNPs rs17070145 (KIBRA) and rs6439886 (CLSTNZ2)

on verbal episodic memory in the US population™

Immediately recalled Words recalled

words (AVLT) after 30 min
(mean % s.e) (AVLT)
....................................................................................................................................................... _(meantse)
rs17070145
C/C. n=126 9.4+ 0.3 8.5+ (.32
C/IT&T/T.n=130 10.0 +0.3 . 9.7+03°
rs6439886"
T/T. n =185 0.7+ 0.2 9.1+0.2
T/IC&C/IC.n=64 99104 902+0.4

Free recall of
words (SRT)
(mean + s.e)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

83.7 +1.2°
90.3 +1.1°

88.4 + 0.9
88.9+ 1.6

Means with common superscripts are significantly different.

* The SRT was completed by 200 participants (98 C/C carriers and 102 C/1

& T/T carriers of rs17070145))

*- Genotype calls of 7 subjects failed to pass the quality control criteria.

- P =0.004, °: P=0.00005
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Significance of SNPs and haplotypes
ODZ2 KIiBRA RARS
--------- ] S — — R — 0 1 - 5 T T T
:
0.00001 - D 4 B A A 2 T 2 TR 2 S 4
0.0001 -
Q.
&
s 0.001 -
= e 3 5
5 X »
“0.01-
.................... - A
12
0.1 1 06 @ ¥ ¥
V] "7 *10,11 1
167'562'000 167'662'000 167'762'000 167'862'000

Distance from pter [bases]

3/5



KIBRA expression levels (normalized to GAPDH

WO 2007/120955

-{CtKIBRA-C{GAPDH
2 ]

6% '
5% -
4% -
3% -
2% -
1% -

Figure 4

0%

Full length KIBRA

CA 02638802 2008-07-24

KIBRA expression levels in human brain

.~
P
~
.~
0
.
'
0 .
..
0
0
0
0
0
0
0
‘e
0
0 .
0
' .
0 .
0
'
0 '
' .
.
.
‘.
.
. .~
o
i
.
0

PCT/US2007/061112

[J whole brain
O hippocampus
B3 frontal lobe

Full length and truncated KIBRA




PCT/US2007/061112

CA 02638802 2008-07-24
Figure 5

WO 2007/120955

oy .r. d
o 3
> ST o s 3 :
e TR e e B s s 7 7 :
PP e S Sh St Etes “,m.m.:.. iSRATY i x T ahn
5 Sobobherrreratori, sant {5 L4 Vo g e e vl e A
w.mw %wo(v wu.o..?..“ u v o 3 o

;
o
435
3
:
LN
b o
<
v
e 3
o
%
-
2
"
>
R
()(

S
7
LAt

2% Yal
. NS o
Ny - >N Sl
A S it AR
7 7 Liricrntr NN
A » Y L 34 N A A
2 s P
Lo e
o o n
.
R
4%
- S N ¥
4
o
(
=
1
4 L4
72 Swrrr
o iaddiddad
i %
£+
144
o
o
g
y
a
A
& ’y
: 7 e . 2
\m P ' N
S
e : 5
e
Y ok Z
IA o
e, ¢

H ZNG.
TR S
o . . Y 4%
4 JECEs v v
“." mim A aatgs
A Lt eI

-~
SICLI AN
ty

S e
BIE RN

et ooy T VA AN .
s e S g
S @vm.\.mﬁnwwxnw«nzﬂsm\ s ea? ; ) -.u.f.wwu“w i
e/, -
S
TV

Arrmla N,

S
AR AT

Sty

> mmv-

W

&y ‘.uhm.rw‘w.... Ww..

gaseas it F
G SRl vw...w

0

5/5

oy
avlrreierver
sreeirereer

(ue m au ¥
v

3
Y
<.
s

(N 2
+
S

iy

5
)
Py

'y,

-

ITENA

SR
%@bwnw?w“ﬁ&«“ e

‘n,mﬁzﬂ).. AETLE Per A

KIBRA allele-dependent differences in hippocampal activation

s :
g ? RO SR 5 ;
P B e L b b 2 77
. S e
uﬂ‘ [ 7 m..a\ W@ > >
BRVA g 3 =
i T
2 \Wa HYA : RN I T PR ;
At iy .\mmww‘m,ﬁ:uur:.v.w B g ris e N RS <
HEsii Ciissmnsiniyi e St :
.\ﬁnw\m@w.w.% v-%v«:&.ﬁm R B R %7 Lo
RpAS m“mmmﬁmmmw fiista e i O L
w.ﬁmﬁw&fﬁﬁ,mﬁ il e
: shecazarl bergarkomtey s 2eiietodl £
ol s RS .
arsTery ..,ww\m ?Trml .\.“Mmm.m...._:.n... i
et h332d] AR H
i e m L G a..;,mx.\w L
BT »\Mm i »Ww.%w»mym AN
e e B D s o
mhw«v_m“w. .“.v.u..&mwm...., 157 w.mﬁwom\.&\..w.\ﬁ. ;
len et i G o =
St s e e R R
: seek? ; TAA
R s N
R e
Av ¢/ ) V“\«\l -~ 7 T »
3 ¥
RPN X
3 \A ~
s R Aw‘vror%llfj\l
A A e e ¢ . SR : ;
Per T SRS B L e e ) RPN . X v - o7 oa
P s 3 s
> - Y \ [ ‘1 -




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings

