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(57) ABSTRACT

The present invention provides methods and compositions
involving detecting the presence of and/or assessing the risk
of cancer in a subject. These methods include methods of
detecting and diagnosing cancer in an individual; methods of
identifying individuals at risk of developing a cancer; and
methods of staging a cancer. The methods generally involve
detecting a palladin gene nucleotide sequence alteration that
has been found to be associated with cancer and/or detecting
a level of a palladin mRNA and/or protein in a biological
sample. The present invention further provides nucleic acid
probes, nucleic acid primers, and antibodies, as well as kits
comprising one or more of the same, for use in a subject
method.
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SEQ ID NO:1

6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941

cetgagteac
agcccgetge
ggagagccga
gaggccggceg
cecgecgecgce
atgagcgcegce
gegegececa
ceggecteca
ttcggecegeg
tggggetect
gecectteecgg
ggacaggcgt
gectteoetea
ctgcccaagg
gcctecgatyg
cttcgcttca
atggctcgtce
gaggaaacag
atagagtaca
gatgtgecctg
atctttgagg
atctattggt
agagatctcg
aattatacaa
gtacaggctg
agaaggcctce
ttcttcagac
tgcagaatgg
ggaaagcccg
tctctgatca
aaccgageag
aaaccccectg
cggctggaat
gaatcactca
tgcctgctca
aatgaagcag
cagtcacaga
tcggaccagg
acactgaata
gaaacactga
cagaaacata
cttgatatac
aaaatacaca
atgccaaaat
agtgccttta
gggagttgta
cagtgaacca
aaatgcecttg
aaatgttaat
ttetttatgt

¢cggeggdeyg
agctccecgcet

gggaccctcet

ctecggcagece
ccgecttecce
tggceteceg
agcagttcat
gccecagete
cececeegtgeco
cctegecgte
tgccegacgt
ceccactgete
gcegetetget
gtgtcaccce
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FIG. 1A

aggtataaag
cgectceggac
gaagctccag
tcegecagece
cgagctegeg
ctecgeccee
cgecgegeag
gteccagecte
gceccttegeg
gececegece
gttcccactg
gtegeetgece
gcecctegoay
cgcaggattt

aggaaattca
aggaggacct
gactgctaqgg
ctaatcagga
gdctagaaag
tggaaaatgg
gaatgccagt
ttaaagatgg
atgggacctyg
ttatggctgce
tcaaccaaag
gttctagatc
ctcacttctt
actgcaaagt

aggcacaaag
cctgaacaat
tgctgacagt
atacaaagtc
gtectcetgtyg
aatggcacca
aactttcaca
gaagcagatc
cteccectecat
aaaccctcag
aggtcgaagt
aagggacagt
gcaggctecct

cagtgggtta

tacgccectga
tagagccagt
gacagaacte
tgtttattga
gtcgtgtatt
ctcacagcac
ttcagggagc
ggattgtgtc
gcaccaagcce
gactagacat
ctgcecttggt
aacagccatt
cctttgacta
caaacttagt
tttactgtcc
actaaaggaa
aacacaagat
ccacaaacag
agtgcaatat
teotttgcaaa
atcaaaagag
gtagtgtttt

cagtgctcac
cacgtcacgt
attcagectg
gaagctccaa
gggagtgcca
tgaccgagtg
cacaaaagaa
ctgtactgcc
aaaaaaagta
caaagcagcg
agaaagtgag
gcettgacca
taagaaatta
ttaagtagat
aatttaaaac
atcaattgtt
ataggtgctyg
tactacaatg
gtaaggatga
tgtttttata
ttttctaaca
catgctacct

cecgataccet
gcggaatcyg
caactccaga
ccgecgecageg
gecctgcacgce
gccatgcagt
aaccteqggge
ccgtegecca
cagccctteg
cecgeecacecee
ccgcecgecac
acccgetteg
ccgecegecygy
ccaaagaagqg
gatgctgtta
ggccagccga
gcaactgtcet
tccagctgtyg
gatgaatcag
ttttttgaga
tgtagagtygg
tctccaaaga
accacagcct
ggccgcatca
ccececggtete
ggagacgaaa
ggagatctga
ccaaccccag
aagatgctgg
gatgccggcea
gagettgtyy

gccecgegec
gcagcagcgg
accaaatccg
cgcegeectce
cgccegegtce
cecteeggete
cegegtegygyg
tgtcecegac
gecgcetgagec
cggtcttcag
caccgecget
gccacggeca
cggecgtcaa
ccagtagaac
ttcaagacct
ggttaacata
ttaatattca
aacagagact
gtgatgaagt
tgaagctgaa
ctggaaatcc
gtgatcacta
ccaccetaga
gttgtactgg
cctcaggceca
atgaaccaat
ctgttcaaga
atctaagctg
tgcgtgagaa
tctacacatg

ttgetgetaa

aacacaggag
ccacctcaga
agcatgcacc
gatgctgggt
aggctggacy
cggecectecag
ttccaacctg
gacctgtaat
acatattccet
aaaaaaaaca
aatgctaata
tttggaattg
cacaggtaac
tgtagectga
attctgaagc
aagaagaaga
ttaaatcata
aggttaatac
tggtaggaaa

ttgctgatgg
tattttggaa
aggacaacca
ggtatactgt
tttacaccca
ccagtcgceta
aggccaacecce
ccagcattect
ttgtcacatt
ccaaaataat
caaatataca
ctgtgattaa
tacaatttgt
tagtgtgaaa
acagtgtatt
gatgacaaag
aggaaggaac
cttagttctt
cttatttaca
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cggtecgegy
gaggcggcecec
actggagcag
gcececcette
ccecggagecec
cttcaactac
ccacggcacqg
gcegaggcay
cgaggccceqg
cccdcacgget
cccgageceg
gacgccegeg
cgecetgggy
tgctagaata
ggaacgaaaa
cgaagaaaga
ggagccagaa
catcagtgaa
tcagtatgga
acattacaag
aaagccaaag
caccattcaa
tgatgatggg
acggctaatg
tccteatgte
tcaggagcga
aggaaaactc
gcaactagat
cggggtgeac
tatagctacc
agaagcacac
gtacccagtg
gaaagaaaat
cggetacate
gtcagccaag
gtggcatcag
tgcagcactt
atctcacctyg
tgttaaaget
atgtaaaagg
atttttctta
cattgcacag
agtgatcaaa
attatctaca
tgtttaatga
cagacagata
aaatccaagt
tacttgcctt
aacatttttt
aaccatatta
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3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321

aaaggctaat
gttcattecca
ggaatcaggg
atagtgtgtt
toctttggttt
agggccagcet
gtgtgtctca
gattgagact
gaagtggaga
caccaagatg
ttaagaaggt
tgcatatgat
tcggaaccga
aggctttaat
tatctttecat
tttttaaaat
gtacagcttt
cttgagcace
atatgcattg
attgtagaat
ctgatttgcet
aaaaaaaadgt
tttaacatca

ttaaatataa
cagaaagcat
gtttggaagg
caattagata
tcttcaaaca
ggaagtgtgg
ggtttgtgta
gcatggtggce
cataaggaga
tggtaaatga
gctggattec
tttgcatcag
taaattttaa
ggtactttge
tatttataag
aattttatat
ctacttettt
gggtggcaga
ctaatatgga
tatgacttat
gggtttggga
actatcaatce
ataaatattt
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FIG. 1B

ataatataaa
ccaaaccacce
agtagggagyg
aaagtagaaqg
taggtgaaaa
agcacacatg
gtagtggaag
ataaatgaga
gacaaaaaca
asattattag
aaggtttgta
ctagactgag
aaaggagaaa
tatgaaaaga
tggecetetet
ctgtgtacca
gtaagaacac
tgttctatge
atttaagata
gtcttacttg
ttaactagca
aatcatacta
gacaaat

gtgctctgaa
caaatgacca
agaatgaagg
gcacaggaga
aaacactgcc
ctgtggagea
attttaggta
aattgcctgt
ggtttgtgce
ttcacttcee
aaggcatcte
ttgattctga
aaataatttg
aaacactgta
tagctcagtt
ccccatatat
caaccaacca
agtgtggttc
ccatacacag
gcaaattttt
ttattttgece
ctttggattg

taaagcagaa
aggcatatat
aaaatgcaac
ggtagcaaag
attcacaagt
cacatgetgt
tgtagagcaa
agcatctagt
ataaagtatt
tgctgecatyg
ggtaaagact
ccagacttga
acctagtagt
ttceottatyge
actcaattca
ttcatattac
aggtttaagt
aagtttoettt
tctetecatgg
ctgaatgtga
acctttatat
ttgtgetggt
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atatattaca
agtatttgga
cagcatgatt
gccaggettt
caaggaaccc
ggagattgca
gttgaaaatg
ctacttgaag
ttttcaaaga
aaactttgcce
gotttttgaa
tggttttaag
ataaaacatg
aaaacacatyg
tacgtagtat
tgtttcacat
gattaatagg
gaccgcactt
acctatctet
cotttttttg
tgtatttata
gtaatgtgga
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FIG. 2

Cancer B
FPaniN 3 (B
PaniN 2 [5]
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FiG. 5

Human S @ T P A A F
Chimp S Q T P A A F
Mouse S Q T P A A F
Rat S Q T P A A F
Chicken G Q S P A A F
ZebraFsh C Q T P P A P
Family X S Q T it A A F
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FIG. 6
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FIG. BA

Actinin Actin

Mutation
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Palladin Isoforms
200 kD 1 PR1 PR2 4 &
140 kD PR1 PR2 4116
sokp| |PR2 4116
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FIG. 10

621 ggacaggcgt cccactgctce gtegectgec acccgetteg geccacggecca gacgteccogeg
gccttectca geogctetget goectegeag ccgecgecgg cggecgtcaa cgececctgggg 780
(SEQ ID NO:63)

Forward primer: 5’-ggacaggcgtccactgete-3” (SEQ ID NO:64)

Reverse primer: 5’-ccccagggegttgacggeeg-3° (SEQ ID NO:65)
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FIG. 11

BAA76836 palladin protein

PESPGGRGIKPDTCPAPGPRSPLOLPLAPDAESGSSGRRPGEPR
DPLKLQQOLONQIRLEQEAGARQPPPAPRSAPPSPPFPPPPAFPELAACTPPASPEPMS
ALASRSAPAMOSSGSFNYARPKQFITAAQNLGPASGHGTPASSPSSSSLPSPMSPTPRO
FGRAPVPPFAQPFGAEPEAPWGSSSPSPPPPPPPVFSPTAAFPVPDVFPLPPPPPPLP
SPGOASHCSSPATRFGHGOTPAAFLSALLPSQPPPAAVNALGLPKGVTPAGFPKKASR
TARIASDEEIQGTKDAVIQDEERKLRFKEDLLNNGQPRLTYEERMARRLLGADSATVF
NIQEPEEETANQEYKVSSCEQRLISEIEYRLERSPVDESGDEVQYGDVPVENGMAPFF
EMKLRHYKIFEGMPVIFTCRVAGNPKPRIYWFKDGKQISPRSDHYTIQRDLDGTCSLH
TTASTLDDDGNYTIMAANPQGRISCTGRLMVQAVNQRGRSPRSPSGHPHVRRPRSRSR
DSGDENEPIQERFFRPHFLQAPGDLTVQEGKLCRMDCKVSGLPTPDLSWOLDGKPVRP
DSAHRMLVRENGVHSLIIEPVTSRDAGIYTCIATNRAGONSFSLELVVAAKEAHKPPV
FIEKLQONTGVADGYPVRLECRVLGVPPPQIFWKKENESLTHSTDRVSMHODNHGYICL
LIOGATKEDAGWYTVSAKNEAGIVSCTARLDVYTOWHQQSOSTKPKKVRPSASRYAAL
SDQGLDIKAAFQPEANPSHLTLNTALVESEDL (SEQ ID NO:99)
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FIG. 12

NP_057165.3 palladin amino acid sequence

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081

msgtsshesf
ekeisqifst
kpamsplltr
sifkaakprn
heygdngdla
rvrwfcegke
iegasstdsd
vhsptsyler
igdspdfril
antencsyes
mgfnaaeret
asrtariasd
fnigepeeet
mklkhykife
stldddgnyt
nepiqgerffr
vrengvhsli
vadgypvrle
wytvsaknea

yds lsdmgee
spaslcehps
psyirslrka
rspngesssyp
vphnrkshpq
lhntpdiqih
seslafksra
pdgtttayfp
gkkprstaep
mgesnndhfq
ngvhpsrgvn
eeiqgtkdav
angeykvssc
gmpvtiterv
imaanpggri
phflgapgdl
iepvtsrdag
crvlgvpppq
givsctarld

skntdffpgl
hketklgeha
ekrgaktpst
dsgylspkng
phsalhfpaa
ceggdlhtli
gampgagkkt
pvitkelgnt
eeictlviae
hfpppppile
glingkansn
igdlerklrf
eqrliseiey
agnpkpkiyw
sctgrlmvga
tvgegklcrm
iytciatnra
ifwkkenesl

saflsgeein
srrpgdnrst
nvkpktphgr
psallsasas
priigklrsqg
iaeafeddtg
tsvsltigss
avaegqvvvl
tfpedagift
tsslelaskk
kslptpavll
kedllnngqgp
rlerspvdes
fkdgkgispk
vngrygrsprs
dckvsglptp
ggnsfslelv
thstdrvsmh

vyisrh (SEQ ID NO:87)

ksldlarrai
pvgplaekgt
kggpgsgled
gspmedggem
evaegsrvyl
rytclatnps
spktgvttav
ecrvrgappl
csarndygsa
pseiggvnnp
sptkepppll
rltyeermar
gdevqgygdvp
sdhytiqrdl
psghphvrrp
dlswgldgkp
vaakeahkpp
gdnhgyicll
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adsetedfds
ksisspvskr
kaanlieelt
erevkspgar
ecrvtgnptp
gsdttsaevf
igplsvpvag
gvgwirggse
tstaglvvts
elglsraalqg
akpklgfpkk
rllgadsatv
vengmapffe
dgteslhtta
rsrsrdsgde
vrpdsahkml
viieklgntg
iggatkedag
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NM_ 016081
Palladin mRNA

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301

gtgaccacqgg
aaaagaagaa
attgaaaaga
cagacacaga
ctatgactcc
tteotgettte
agccgactcc
ttetoctgea
ctcgaggaga
taagagtatc
gececagetac
aaacgtaaag
caaggcagct
cagaagccca
gceegtcagec
ggaaagagag
agtgccacac
acctcgatte
ggagtgtaga
actgcacaac
catagcagag
cggctcagac
cagtgaaagt
aacttetgtt
gattcaacca
acctgatgga
agccgtggeg
geaggtecay
acagaaaaaa
gacttteect
aaccagcact
aatgggagaa
gacaagttcce
tgagttaggce
gaacggagtc
taaatctectt
tgccaaacca
tgaggaaatt
caaggaggac
tcgactgeta
agctaatcag
caggctagaa
tgtggaaaat
gggaatgcca
gtttaaagat
cgatgggacc
aattatggcet
tgtcaaccaa
tecgttctaga
acctecactte
ggactgcaaa
cgtacgecct
catagagcca
aggacagaac
tgtgtttatt
atgtagtgta

accaggcagt
atgctcatct
acacagtttc
gtgcatgaag
ctctcagaca
ctecagecagyg
gaaacagaag
agcctetgtg
cectcaggata
tettcacctg
atccggagec
cccaaaacgc
aatttaattg
aatggggagt
ctgctgagtg
gtcaagtccc
aaccgcaadt
atccaaaage
gtcactggaa
actcctgata
gectttgagg
acaacatctg
ttagctttca
teecttgacaa
ctgtctgtce
accactactg
gaaggccagg
tggtttegge
cctagatcta
gaagatgcag
gcccagetgg
tccaacaatg
ttggagttygyg
ctgagcaggg
catceccagec
ccaacaccag
aaactaggat
caaggcacaa
ctcctgaaca
ggtgctgaca
gaatacaaag
aggtctectg
ggaatggecac
gtaactttca
gggaagcaga
tgcteecctcece
gcaaaccctce
agaggtcgaa
tcaagggaca
ttgcaggcete
gtcagtgggt
gacagtgctc
gtcacgtcac
tcattcagcece
gagaagctece
ttgggagtgce
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FIG. 13A

¢tetaatgaa
gaaattcatc
agaaaacagt
accgtteaaa
tgcaggaaga
aagagataaa
attttgactc
aacatccttc
acaggtcaac
tttcaaagag
tecgaaagge
cacatcaaag
aggagctaac
cctegteace
cctcagceccag
ctggggecag
ctcacccaca
tgaggagccea
accccactec
ttcaaatcca
acgacacagg
ctgaggtgtt
aatcaagagc
taggatcatc
ctgtgcaaca
cctactttece
tggtggttcet
aagggagtga
cagctgaacc
ggatctttac
ttgtcacecte
accacttcca
¢ttcaaagaa
cagcccttca
gtggagtaaa
ctgtcetget
ttccaaagaa
aggatgectgt
atggccagcce
gtgcaactgt
tcteocagetyg
tggatgaatc
cattctttqga
catgtagagt
tctetecaaa
ataccacagc
agggccgecat
gteecceggte
gtggagacga
ctggagatcet
taccaacccce
acaagatgct
gtgatgccqgg
tggagcttgt
aaaacacaqgq
caccacctca

taggcaagge
acctetctgg
ttecagtgec
tatgtecaggyg
aagcaagaat
caagagtett
ggaaaaggag
ccataaggag
acctgtccag
daaacctgcec
tgaaaagegt
aaagggtggce
atccatattt
agacagtggg
ccagagccct
gcattgctac
gcccecacagc
agaagtagca
tcgagtcaga
ctgtgaggga
tcgetacace
cattgaaggt
tggagctatg
atctccaaag
ggttcacagt
tocetgttttt
ggagtgccgg
aatccaagac
tgaggagatt
atgttcagca
agccaacact

cacaacctece
agtcttcaaa
toetggecttce
acctectecec
actgacttcet
gacctggecce
atctcgcaga
accaaattgg
ceteotggeag
atgtcacccce
ggtgcaaaaa
cecccagagcec
aaagccgcaa
tacctgtcectce
atggaagacc
caggacaacc
gcecctecact
gaagggagcc
tggttetgtg
ggggacctcc
tgtttggceta
gccagttcaa
ccacaagcte
acaggggtga
ccaacttcat
acaaaggaac
gtcegtgggyg
tetecagatt
tgcaccctag
agaaatgatt
gaaaactgta

acactttcca
accatetgag
aatgcaattc
tggactgatt
ttcacccact
ggccagtaga
tattcaagac
gaggttaaca
ctttaatatt
tgaacagaga
aggtgatgaa
gatgaagetg
ggctggaaat
gagtgatcac
cteccacccta
cagttgtact
tecetecagge
aaatgaacca
gactgttcaa
agatctaagc
ggtgcgtgag
catctacaca
ggttgctgcet
agttgctgat
gatattttgg

cectecececte
atccagcagyg
aatgctgctg
aacggcaaag
aaggagccac
actgctagaa
ctggaacgaa
tacgaagaaa
caggagccag
ctcatcagtg
gttcagtatg
aaacattaca
ccaaagccaa
tacaccattc
gatgatgatg
ggacggctaa
catccteatg
attcaggagc
gaaggaaaac
tggcaactag
aacggggtygce
tgtatagcta
aaagaagcac
gggtacccecag
aagaaagaaa
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attcteccag
ctgaccaagc
ctactgaaag
atgagtectt
tcecgggecet
ggagagccat
ttttcagtac
gtgaacacgc
agaaacaaac
tgctcaccag
cteccageac
agctgtgtga
agccaagaaa
ctaaaaatca
aaggggagat
aggacttgge
tcecagcetge
gagtttatct
aagggaaaga
ataccctgat
cgaatceccag
cagattctga
aaaagaaaac
ccacagetgt
atctctgccy
tgcaaaacac
cacccectet
tecgaattet
ttatcgctga
atggatcage
gttacgagtc
caatcttgga
tgaacaacce
agagggaaac
ctaacagtaa
cacctetget
tagcctcecga
aacttecgett
gaatggcetcg
aagaggaaac
aaatagagta
gagatgtgcec
agatctttga
agatctattg
aaagagatct
ggaattatac
tggtacaggce
tcagaaggece
gattcttecag
tetgcagaat
atggaaagcc
actctctgat
ccaaccgagc
acaaaccccce
tgceggetgga
atgaatcact
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3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761

cactcacagc
cattcagqgga
agggattgtg
cacaccagga
aaaaagtacg
aagcagcgtt
aaagtgagga
cttgaccaac
agaaattaaa
taagtagata
atttaaaact
tcaattgtte
taggtgctgt
actacaatga
taaggatgaa
gtttttatat
tttctaacaa
atgctacctt
taatataaag
caaaccaccce
gtagggagga
aagtagaaqgyg
aggtgaaaaa
gcacacatgc
tagtggaaga
taaatgagaa
acaaaaacag
aattattagt
aggtttgtaa
tagactgagt
aaggagaaaa
atgaaaagaa
ggcctectett
tgtgtaccac
taagaacace
gttctatgcea
tttaagatac
tettacttge
taactagcat
aatcatacta
gacaaataat

actgaccgag
gecacaaaaqg
tcetgtactg
gaacaaatac
gecctecagece
ccaacctgag
cetgtaatcece
atattccttt
aaaaaaacac
atgctaatac
ttggaattge
acaggtaact
gtagcctgat
ttetgaagea
agaagaagag
taaatcataa
ggttaatacc
ggtaggaaac
tgetctgaat
aaatgaccaa
gaatgaagga
cacaggagag
aacactgcca
tgtggagcac
ttttaggtat
attgcctgta
gtttgtgcca
teacttecct
aggcatctcg
tgattetgac
aataatttga
aacactgtat
agctcagtta
cccatatatt
aaccaaceaa
gtgtggttca
catacacagt
caaatttttc
tattttgeca
ctttggattyg
agttgcagtt
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tgagcatgceca
aagatgetdg
ccaggctgga
ccaacccagt
agtcgctatg
gccaacccat
agcattcttg
gtcacattat
caaaataata
aaatatacac
tgtgattaaa
acaatttgta
agtgtgaaat
cagtgtatte
atgacaaaga
ggaaggaact
ttagttctta
ttatttacaa
aaagcagaaa
ggcatatata
aaatgcaacc
gtagcaaagg
ttcacaagte
acatgctgtg
gtagagcaag
gcatctagte
taaagtattt
gctgecatga
gtaaagactg
cagacttgat
cctagtagta
tecttatgea
ctcaattcat
tcatattact
ggtttaagtyg
agtttctttg
ctctcatgga
tgaatgtgac
cectttatatt
ttgtgetggt
ttgtgaagca

ccaggacaac
gtggtatact
cgtttacatt
ggcatcagca
cagcacttte
ctcacctgac
ttaaagctga
gtaaaaggca
tttttettac
attgcacaga
gtgatcaaaa
ttatctacaa
gtttaatgag
agacagatac
aatccaagta
acttgectta
acattttttt
accatattaa
tatattacag
gtatttggag
agcatgatta
ccaggectttt
aaggaaccca
gagattgcag
ttgaaaatygyg
tacttgaagg
tttcaaagac
aactttgect
ctttttgaat
ggttttaagt
taaaacatga
aaacacatgt
acgtagtatt
gtttcacatg
attaatagge
accgcactta
cctatectcta
ctttttttge
gtatttataa
gtaatgtgga
aaataaatat

cacggctaca
gtgtcageca
tectegacatt
gtcacagagc
ggaccaggga
actgaatact
aacactgaaa
gaaacatacc
ttgatatace
aaatacacat
tgccaaaata
gtgcectttaa
ggagttgtac
agtgaaccaa
aatgeccttgt
aatgttaata
tectttatgtg
aaggctaatt
ttcattecac
gaatcagggg
tagtgtgtte
ctttggtttt
gggccagetg
tgtgtctgag
attgagactyg
aagtggagac
accaagatgt
taagaaggtyg
gcatatgatt
cggaaccgat
ggctttaatg
atctttcatt
ttttaaaata
tacagctttc
ttgagcaccqg
tatgcattgce
ttgtagaatt
tgatttgcetg
aaaaaaaagt
tttaacatca

tcagtttta (SEQ ID N0:20)
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tctgectget
agaatgaagce
aatagtgaac
accaagccaa
ctagacatca
gcettggtag
cagccattgce
tttgactata
aaacttagtt
ttactgtcca
ctaaaggaaa
acacaagata
cacaaacagt
gtgcaatatg
ctttgcaaat
tcaaaagagt
tagtgttttc
taaatataaa
agaaagcatc
tttggaagga
atttagataa
cttcaaacat
gaagtgtgga
gtttgtgtag
catggtyggea
ataaggagag
ggtaaatgaa
ctggatteca
ttgcatcage
aaattttaaa
gtactttgcet
atttataagt
attttatatc
tacttcetttg
ggtggcagat
taatatggaa
atgacttatg
ggtttgggat
actatcaate
ataaatattt
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FIG. 19

AAATGCTTTACTCTTCTCACCCTAAGGG CTGAATTTAGCTTTTTATTACACAGAACC
CAGTAAACTAATTAATGGAAATCTAAAAATTATCCTTCCTCTTCT TAGARAAAGARATATA
TCGTITTTACACTGTATC

R T T r TTTETGCTTTT mram DT T VA T
CTGCATGATGAT GTGCTTTTCGATTTAATGTCACACAA

CTTTCCCTCCZCACAGCCCCAGTCCCAGCCCCAGTCTCECAGTTCCATTCCTTCAGGGCA

F3

ST

GCTTCCATTCTACCGTGAGTTTTTATTGCTTTCCCCTARAACGCTGCCCTGGAGTCGCGT
TGCACATTCT TTACGTCT GTAARGGAALR AAACACCCGAGGAGALATCATCC
TARCRAGCCGACAARCATNICTATGGGCCTAAANAAC AATTCTTTCCCGTTATTAGCA
CTECTCGATCGTTCCAGGAAAGCCCGATTTGTAGC S TGCCCCAG GGGCCTGO
GACCAGARAGATGCAAAGS ;”JGC’“N" AAGGTTACGAGTGGGETGCGE LrGZ»\_?ﬁG CTCCCTAA
CCTGEGEECCECCTCCCAGAGCTCCCAGCCACGCCTCCTCTCTCCCGCCLGCIGLGCCGl
CGGACTCTTAITTITGRAGGGCGGCEGETGAAGGCTCLGAGCCTCCTGAGTCACCIGE

SACCTATAARS

CGEGLGAGET CCCGATACCTGICICGCGCCIGETCCGEGAGLCCECTECAG
CTCCCGCTCGCTCCGGACGCGGRATCGGGCAGCAGCGGCAGGCGECICGCAGAGCCCAGE
TAGGCGCGGGGARTC GTGTGARTTARAGGGAGTGC

Telauie N N N P N, (T O A OGO TOOG O ACACCOT 00 N e T
GCGETGCAGGGIGGECIGUGAGTCGEGAGTECAGGECTCELEACAGEETGEEGEECELGEEAG

alalalslal W el Falealy
SCCCTGAGGCTGGET

AGAAL

AN

GACAAGAGACTCCTCAGCGCACTTTCCACCCEGLCCGETTCCTITCCCGAGCTCTCTCCCT
CCCCEGCICEIGEGAGCACAGAT CCCTGAAAGCGGAG
ATCTTGGCAGEGCCUAGACGGHAGARGATGUTCTGCTGCCACGGACGATCCCTCCCGCTC

TCCTAACTCTICTCTGAACACCTCGCACCCCCACGGCCCCCCGCCCCTCTCTTARTCTTG

CCRGATAGGARATGTCTECATC

GCCACGUTCCITGAGEGETCAGACCTGGEETCLEAGACCAGAGAAAGCGELGUTGLCAGA
GACAGGEGTGAGGGCLGEGAGAGGUGATGACATCAT TCCCTGGLAGCTGGIGEGEAGAGE

GTGGEGACCGAGELGTCCCCCCCACCTGAGCCGAGCCCTCCCTTCCCARGCCCATCTCC
TTTCTTTGCGATCE 'TCBL,~JCCRCCMGGGuLCQ TTCAAAGCGAAGTTTGCS GTAAF'”CC

GGGCGETCOTTICCCOGGCCHELTGCTGTGCCCEGCCCECAGTCEGTET TICTTOTGGECC

TGEGGGCEGCHETEGAGCCEGCHEGUTCAGTCCCCTCAGTCCCAGGLCTTGGCAGTCGCTTT
GTTCRCGCCEEGLGCEEGCCGRACCCGRAACCTCAGUIGCAGCACTGECAGLCGCECACCGG
CCACGCGTGLETTCCOGGCCACGGECEGECCAACAAGGGAGEGETCCCGTGAGCAGCCAGG
CTGGCCCTCCICEGERCTGEETGAGCTCCCAAAGCT CGAGCGCAGGGCTCTAGGCCGEECC
COGCCCUGEEHCTGEHGECTICICGECCCETTTGTCTTATTTTAACTT TTGLGEGIAGTTC
TETCCCGAATGGTGALTGGTCCAGACTCTAGAARGGLGTTTGGTCLCTTGAGTCCGGATT
GAGGCTTGGGACCTTTGCTCTCTTGCTGLLGACGCARGEEGECECECTGLECAGLAGAGT
GCGCETT CC’E"‘LG\ GTCTCCCTGGGCTCCGECATCTTCCCACCCTGCGGAGCCGEETCT
TGCGCTE SCCCCGCARCAG VWCCGAGTCCCL CTGGELCTT

ARTTCCAGGATGRGTGTGCATTCATCAACCTGGGAGTCTCTAGGAGCCAGAGATGACTGG
CTCTACATTTTAATGCGTAATCACAGAGARACTAGCACGAGAARAGLACAGAGGGACCGA
CCCAAGCTTCAGAGACATGGAATAATATCGATCCTCGTITCATAAGCCTTGAAAACTTCCCCO

TCCGLCAGHET TARGCAATGGTGTCACCAGECTTGGCTGTCGAGGATAAT T T TGATIIGT
GTTATGCAGGETCCTGTCAGGRACTETCTCCTTAACT CCCACTACCTAAGGARAAGATAGC
CAGAGAATTGICCAGGGATTTGEETTTGGGTTGCTTCTAGARAGACAGCATCTTTCTTG

T T T A AT CC OO e AANAC AAT T T T I T CCCCCTT
d oy R Y
!

mi
L

S ter el s alantey . Yeuiut
CAGACTTGGCAGACTT

LU A A LA

A

pxt

COCCATGETCTGTT T AGATC ARG
TTGTGTCAGTGTRAGATTTATA
AACCATARACATACGAGATAGACA

CCAATCCOT ARSCTTTACTTAT T T I T T TTACT G
TTCTTGTACTITTGT CATTAGRABALGEAGTCGGETTGCET TTCCCAGTGACCECATTCAT

(SEQ ID NO:110)

TATAGGAGATAGTTT
ACTTGREGGASGC

DA A AR AT AT
AGAGCTAGATAATARACAG
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COMPOSITIONS AND METHODS FOR
DETECTING CANCER

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 60/838,746, filed Aug. 18,
2006, which application is incorporated herein by reference
in its entirety.

BACKGROUND

[0002] Pancreatic cancer is the fourth leading cause of can-
cer death in the United States. It is difficult to detect, early to
metastasize and resistant to treatment. Nearly every person
diagnosed with pancreatic cancer will die from it, usually
within 12 months of diagnosis. Familial clustering of pancre-
atic cancers is commonly recognized, occurring in at least
10% of all pancreatic cancer. The risk of pancreatic cancer
increases further with each family member who is affected.
[0003] Current methods for diagnosing pancreatic cancer
include computed tomography scanning, magnetic resonance
imaging, positron emission tomography scanning, endo-
scopic ultrasonography, laparoscopy, endoscopic retrograde
cholangiopancreatography, percutaneous transhepatic cho-
langiography, and biopsy.

[0004] Early detection and diagnosis are important for the
successful treatment of cancer in general. Despite advances in
detection of various cancers, there is an ongoing need for
diagnostic methods and tools for detection of cancers. In
particular, there is a need in the art for methods of detecting
pancreatic cancer.

LITERATURE

[0005] U.S. Pat. No. 6,642,009; Parast and Otey (2000) J.
Cell Biol. 150:643-655; Mykkénen et al. (2001) Molec. Biol.
Cell 12:3060-3073; Boukhelifa et al. (2001) Molec. Biol. Cell
12:2721-2729; Boring et al. (1994) CA Cancer J Clin 44:7-
26; Hruban et al. (1999) Arnals of Oncology 10 Suppl 4:69-
73; Silverman et al. (1999) British Journal of Cancer
80:1830-7; Eberle et al. (2002) Am J Hum Genet, 70:1044-8;
Ghadirian et al. (1991) Int J Pancreatol 10:183-96; Lynch et
al. (1996) Semin Onocol. 23:251-75; Pohl et al. (2005) Can-
cer Res. 65:1994; Rachlin and Otey (2006) J. Cell Sci. 119:
995-1004; WO 04/016809; WO 03/025138; WO 02/059377;
U.S. Patent Publication No. 2004/0029114; WO 06/017635;
WO 05/094306; WO 06/002433; U.S. Patent Publication No.
2006/0024692; WO 04/031413; WO 04/031410; U.S. Patent
Publication No. 2004/0076955; WO 03/039443.

SUMMARY OF THE INVENTION

[0006] The present invention provides methods and com-
positions involving detecting the presence of and/or assessing
the risk of cancer in a subject. These methods include meth-
ods of detecting and diagnosing cancer in an individual,
methods of identifying individuals at risk of developing a
cancer; and methods of staging a cancer. The methods gen-
erally involve detecting a palladin gene nucleotide sequence
alteration that has been found to be associated with cancer
and/or detecting a level of a palladin mRNA and/or protein in
a biological sample. The present invention further provides

Dec. 25, 2008

nucleic acid probes, nucleic acid primers, and antibodies, as
well as kits comprising one or more of the same, for use ina
subject method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1A and 1B provide a nucleotide sequence
(AB023209; SEQID NO:1) of an mRNA encoding palladin.
Mutations associated with pancreatic cancer are underlined
and in bold text.

[0008] FIG. 2 depicts a pedigree of Family X.

[0009] FIGS. 3A-C depict identification of 4q32-34 genes
differentially expressed in sporadic pancreatic cancer and in
Family X pre-cancer.

[0010] FIG. 4 depicts location and identification of the
Family X mutation.

[0011] FIG. 5 depicts an alignment of actinin binding site
amino acid sequences of palladin from various species (hu-
man, chimp, mouse, rat: SEQ ID NO:103; chicken: SEQ 1D
NO:104; zebra fish: SEQ ID NO:105; and Family X: SEQ ID
NO:106). The Pro—Ser substitution is boxed.

[0012] FIG. 6 depicts a blot of proteins extracted from
various human cells and detected with polyclonal antibody
against palladin raised in rabbit.

[0013] FIG. 7 is a graph depicting palladin expression in
human ductal pancreatic epithelial (HDPE) primary cultures
with neoplastic progression from normal (“HDPE Norm”) to
pancreatic intraepithelial neoplasia stage I (“HDPE PanINT")
to HDPE PanIN stage III (“HDPE PanIN III”) to cancer
(“HDPE PC”).

[0014] FIG. 8A schematically depicts a model of interac-
tion of palladin with actinin and ezrin.

[0015] FIG. 8B schematically depicts various palladin iso-
forms.
[0016] FIG. 9 depicts abnormal protein expression of pal-

ladin and a-actinin proteins in sporadic pancreatic cancer cell
lines.

[0017] FIG. 10 depicts an exemplary palladin target nucleic
acid (SEQ ID NO:63). The sequence corresponds to nucle-
otides 621-780 of a SEQ ID NO:1, and includes a C—T
substitution (in bold and underlined) at a position correspond-
ing to nucleotide 715 in SEQ ID NO: 1. FIG. 10 also depicts an
exemplary primer pair (SEQ 1D NOs:64 and 65) for ampli-
fying the exemplary target nucleic acid.

[0018] FIG. 11 depicts a palladin amino acid sequence
(BAA76836.1; SEQ ID NO:99). Mutations associated with
pancreatic cancer are underlined and in bold text.

[0019] FIG. 12 depicts a palladin amino acid sequence
(NP_057165.3; SEQ ID NO:87).

[0020] FIGS.13A and 13B depict a palladin mRNA nucle-
otide sequence (NM__016081; SEQ ID NO:20).

[0021] FIG. 14 depicts a genomic DNA sequence from
GenBank Accession No. AC080188 (Homo sapiens BAC
clone RP11-635L1; SEQ ID NO:101), including exon 9
sequences (depicted in bold text). Nucleotide 183561 (under-
lined and in bold text) corresponds to nucleotide 1671 of SEQ
ID NO:1.

[0022] FIG. 15 depicts a genomic DNA sequence from
GenBank Accession No. AC084353 (Homo sapiens BAC
clone RP11-592K15; SEQ ID NO:102), including nucleotide
27251 (underlined and in bold text), which corresponds to
nucleotide 2060 of the sequence depicted in FIG. 12.

[0023] FIG. 16 depicts a genomic DNA sequence from
GenBank Accession No. ACO80188 (Homo sapiens BAC
clone RP11-635L1, including exon 2 sequences (depicted in
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bold text). Nucleotide 140301 (underlined and in bold text)
corresponds to nucleotide 715 of SEQ ID NO:1.

[0024] FIG. 17 depicts relative log expression, normalized
to GAPDH and to a standard sample using the ddCt method,
of palladin mRNA in white blood cells from normal individu-
als (“Nor” and “RS”), and individuals with pancreatic cancer
(“PG” or “PA™).

[0025] FIG. 18 depicts the effect of palladin mutation on
cell mobility.
[0026] FIG. 19 depicts the nucleotide sequence of a palla-

din 90 kDa isoform promoter, including a 12-base pair inset-
tion. The promoter sequence is boxed; the 12-bp insertion is
in bold.

DEFINITIONS

[0027] The terms “polynucleotide,” “oligonucleotide,”
“nucleic acid” and “nucleic acid molecule” are used inter-
changeably herein to include a polymeric form of nucle-
otides, either ribonucleotides or deoxyribonucleotides. The
terms refer only to the primary structure of the molecule.
Thus, the terms include triple-, double- and single-stranded
DNA, as well as triple-, double- and single-stranded RNA.
RNA includes, e.g., messenger RNA. The terms “polynucle-
otide,” “oligonucleotide,” “nucleic acid” and “nucleic acid
molecule” also include modifications, such as by methylation
and/or by capping, and unmodified forms of the polynucle-
otide. More particularly, the terms “polynucleotide,” “oligo-
nucleotide,” “nucleic acid” and “nucleic acid molecule”
include polydeoxyribonucleotides (containing 2-deoxy-D-ri-
bose), polyribonucleotides (containing D-ribose), any other
type of polynucleotide which is an N- or C-glycoside of a
purine or pyrimidine base, and other polymers containing
nonnucleotidic backbones, for example, polyamide (e.g.,
peptide nucleic acids (PNAs)) and polymorpholino (commer-
cially available from the Anti-Virals, Inc., Corvallis, Oreg., as
Neugene) polymers, and other synthetic sequence-specific
nucleic acid polymers providing that the polymers contain
nucleobases in a configuration which allows for base pairing
and base stacking, such as is found in DNA and RNA.

[0028] Unless specifically indicated otherwise, there is no
intended distinction in length between the terms “polynucle-
otide,” “oligonucleotide,” “nucleic acid” and “nucleic acid
molecule” and these terms will be used interchangeably.
These terms refer only to the primary structure of the mol-
ecule. Thus, these terms include, for example, 3'-deoxy-2',5'-
DNA, oligodeoxyribonucleotide N3' P5' phosphoramidates,
2'-O-alkyl-substituted RNA, double- and single-stranded
DNA, as well as double- and single-stranded RNA, DNA:
RNA hybrids, and hybrids between PNAs and DNA or RNA,
and also include known types of modifications, for example,
labels which are known in the art, methylation, “caps,” sub-
stitution of one or more of the naturally occurring nucleotides
with an analog, internucleotide modifications such as, for
example, those with uncharged linkages (e.g., methyl phos-
phonates, phosphotriesters, phosphoramidates, carbamates,
etc.), with negatively charged linkages (e.g., phosphorothio-
ates, phosphorodithioates, etc.), and with positively charged
linkages (e.g., aminoalklyphosphoramidates, aminoalky-
Iphosphotriesters), those containing pendant moieties, such
as, for example, proteins (including nucleases, toxins, anti-
bodies, signal peptides, poly-L-lysine, etc.), those with inter-
calators (e.g., acridine, psoralen, etc.), those containing
chelators (e.g., metals, radioactive metals, boron, oxidative
metals, etc.), those containing alkylators, those with modified
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linkages (e.g., alpha anomeric nucleic acids, etc.), as well as
unmodified forms of the polynucleotide or oligonucleotide.
In particular, DNA is deoxyribonucleic acid.

[0029] Throughout the specification, abbreviations are
used to refer to nucleotides (also referred to as bases), includ-
ing abbreviations that refer to multiple nucleotides. As used
herein, G=guanine, A=adenine, T=thymine, C=cytosine, and
U=uracil. In addition, R=a purine nucleotide (A or G); Y=a
pyrimidine nucleotide (C or T (U)); S=Cor G; W=Aor T (U);
M=A or C; K=G or T (U); V=A, C or G; and N=any nucle-
otide (A, T (U), C, or G). Nucleotides can be referred to
throughout using lower or upper case letters. It is also under-
stood that nucleotides sequences provided for DNA in the
specification also represent nucleotide sequences for RNA,
where T is substituted by U.

[0030] The terms “deoxyribonucleic acid” and “DNA” as
used herein mean a polymer composed of deoxyribonucle-
otides.

[0031] The terms “ribonucleic acid” and “RNA” as used
herein refer to a polymer composed of ribonucleotides.
Where sequences of a nucleic acid are provided using nucle-
otides of a DNA sequence, it is understood that such
sequences encompass complementary DNA sequences and
further also encompass RNA sequences based on the given
DNA sequence or its complement, where uracil (U) replaces
thymine (T) in the DNA sequence or its complement.
[0032] Two nucleotide sequences are “complementary” to
one another when those molecules share base pair organiza-
tion homology. “Complementary” nucleotide sequences will
combine with specificity to form a stable duplex under appro-
priate hybridization conditions. For instance, two sequences
are complementary when a section of a first sequence can
bind to a section of a second sequence in an anti-parallel sense
wherein the 3'-end of each sequence binds to the 5'-end of the
other sequence and each A, T(U), G, and C of one sequence is
then aligned with a T(U), A, C, and G, respectively, of the
other sequence. RNA sequences can also include comple-
mentary G=U or U=G base pairs. Thus, two sequences need
not have perfect homology to be “complementary” under the
invention. Usually two sequences are sufficiently comple-
mentary when at least about 85%, at least about 90%, at least
about 95%, or at least about 98% of the nucleotides share base
pair organization over a defined length of the molecule.
[0033] Asused herein the term “isolated,” when used in the
context of an isolated compound, refers to a compound of
interest that is in an environment different from that in which
the compound naturally occurs. “Isolated” is meant to include
compounds that are within samples that are substantially
enriched for the compound of interest and/or in which the
compound of interest is partially or substantially purified. The
term “isolated” encompasses instances in which the recited
material is unaccompanied by at least some of the material
with which it is normally associated in its natural state, where
the isolated compound constitutes at least about 50%, at least
about 75%, or at least about 90%, or more, by weight of the
total protein in a given sample. For example, the term “iso-
lated” with respect to a polynucleotide generally refers to a
nucleic acid molecule devoid, in whole or part, of sequernces
normally associated with it in nature; or a sequence, as it
exists in nature, but having heterologous sequences in asso-
ciation therewith; or a molecule disassociated from the chro-
mosome.

[0034] “Purified” as used herein means that the recited
material comprises at least about 75%, at least about 80%, or
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at least about 90% by weight of the total material. As used
herein, the term “substantially pure” refers to a compound
that is removed from its natural environment and is at least
60% free, at least 75% free, at least 90% free, at least 95%
free, at least 98% free, or at least 99% or more free, from other
components with which it is naturally associated.

[0035] A polynucleotide “derived from” or “specific for” a
designated sequence, such as a target sequence of a target
nucleic acid, refers to a polynucleotide sequence which com-
prises a contiguous sequence of approximately at least about
6nucleotides, at least about 8 nucleotides, at least about 10-12
nucleotides, or at least about 15-20 nucleotides correspond-
ing to, i.e., identical or complementary to, a region of the
designated nucleotide sequence. The derived polynucleotide
will not necessarily be derived physically from the nucleotide
sequence of interest, but may be generated in any manner,
including, but not limited to, chemical synthesis, replication,
reverse transcription or transcription, which is based on the
information provided by the sequence of bases in the region
(s) from which the polynucleotide is derived or specific for.
Polynucleotides that are derived from” or “specific for” a
designated sequence include polynucleotides that are in a
sense or an antisense orientation relative to the original poly-
nucleotide.

[0036] A polynucleotide or polypeptide has a certain per-
cent “sequence identity” to another polynucleotide or
polypeptide, meaning that, when aligned, that percentage of
bases or amino acids are the same, and in the same relative
position, when comparing the two sequences. Sequence simi-
larity can be determined in a number of different manners. To
determine sequence identity, sequences can be aligned using
the methods and computer programs, including BLAST,
available over the world wide web at ncbinlm.nih.gov/
BLAST. See, e.g., Altschul et al. (1990), J. Mol. Biol. 215:
403-10. Another alignment algorithm is FASTA, available in
the Genetics Computing Group (GCG) package, from Madi-
son, Wis., USA, a wholly owned subsidiary of Oxford
Molecular Group, Inc. Other techniques for alignment are
described in Methods in Enzymology, vol. 266: Computer
Methods for Macromolecular Sequence Analysis (1996), ed.
Doolittle, Academic Press, Inc., a division of Harcourt Brace
& Co., San Diego, Calif., USA. Of particular interest are
alignment programs that permit gaps in the sequence. The
Smith-Waterman is one type of algorithm that permits gaps in
sequence alignments. See Meth. Mol. Biol. 70: 173-187
(1997). Also, the GAP program using the Needleman and
Wunsch alignment method can be utilized to align sequences.
See J. Mol. Biol. 48: 443-453 (1970).

[0037] A nucleic acid is “hybridizable” to another nucleic
acid, such as a cDNA, genomic DNA, or RNA, when a single
stranded form of the nucleic acid can anneal to the other
nucleic acid under the appropriate conditions of temperature
and solution ionic strength. Hybridization and washing con-
ditions are well known and exemplified in Sambrook, J.,
Fritsch, E. F. and Maniatis, T. Molecular Cloning: A Labora-
tory Manual, Second Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor (1989), particularly Chapter 11
and Table 11.1 therein; and Sambrook, J. and Russell, W.,
Molecular Cloning: A Laboratory Manual, Third Edition,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor
(2001). The conditions of temperature and ionic strength
determine the “stringency” of the hybridization. Stringency
conditions can be adjusted to screen for moderately similar
fragments, such as homologous sequences from distantly
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related organisms, to highly similar fragments, such as genes
that duplicate functional enzymes from closely related organ-
isms.

[0038] Hybridization conditions and post-hybridization
washes are useful to obtain the desired determine stringency
conditions of the hybridization. One set of illustrative post-
hybridization washes is a series of washes starting with
6xSSC (where SSC is 0.15 M NaCl and 15 mM citrate
buffer), 0.5% SDS at room temperature for 15 minutes, then
repeated with 2xSSC, 0.5% SDS at 45° C. for 30 minutes, and
then repeated twice with 0.2xSSC, 0.5% SDS at 50° C. for 30
minutes. Other stringent conditions are obtained by using
higher temperatures in which the washes are identical to those
above except for the temperature of the final two 30 minute
washes in 0.2xSSC, 0.5% SDS, which is increased to 60° C.
Another set of highly stringent conditions uses two final
washes in 0.1xSSC, 0.1% SDS at 65° C. Another example of
stringent hybridization conditions is hybridization at 50° C.
or higher and 0.1xSSC (15 mM sodium chloride/1.5 mM
sodium citrate). Another example of stringent hybridization
conditions is overnight incubation at 42° C. ina solution: 50%
formamide, 5xSSC (150 mM NaCl, 15 mM trisodium cit-
rate), 50 mM sodium phosphate (pH 7.6), SxDenhardt’s solu-
tion, 10% dextran sulfate, and 20 pg/ml denatured, sheared
salmon sperm DNA, followed by washing the filters in 0.1x
SSC at about 65° C. Stringent hybridization conditions and
post-hybridization wash conditions are hybridization condi-
tions and post-hybridization wash conditions that are at least
as stringent as the above representative conditions.

[0039] In certain embodiments, the stringency of the wash
conditions that set forth the conditions which determine
whether a nucleic acid is specifically hybridized to a probe.
Wash conditions used to identify nucleic acids may include,
e.g.: a salt concentration of about 0.02 molar at pH 7 and a
temperature of at least about 50° C. or about 55° C. to about
60° C.; or, a salt concentration of about 0.15 M NaCl at 72° C.
for about 15 minutes; or, a salt concentration of about 0.2x
SSC at a temperature of at least about 50° C. or about 55° C.
to about 60° C. for about 15 to about 20 minutes; or, the
hybridization complex is washed twice with a solution with a
salt concentration of about 2xSSC containing 0.1% SDS at
room temperature for 15 minutes and then washed twice by
0.1xSSC containing 0.1% SDS at 68° C. for 15 minutes; or,
equivalent conditions. Stringent conditions for washing can
also be, e.g., 0.2xSSC/0.1% SDS at 42° C. In instances
wherein the nucleic acid molecules are deoxyoligonucle-
otides (“oligos™), stringent conditions can include washing in
6x8S8C/0.05% sodium pyrophosphate at 37° C. (for 14-base
oligos), 48° C. (for 17-base oligos), 55° C. (for 20-base oli-
gos), and 60° C. (for 23-base oligos). See Sambrook,
Ausubel, or Tijssen (cited below) for detailed descriptions of
equivalent hybridization and wash conditions and for
reagents and buffers, e.g., SSC buffers and equivalent
reagents and conditions.

[0040] Hybridization requires that the two nucleic acids
contain complementary sequences, although depending on
the stringency of the hybridization, mismatches between
bases are possible. The appropriate stringency for hybridizing
nucleic acids depends on the length of the nucleic acids and
the degree of complementation, variables well known in the
art. The greater the degree of similarity or homology between
two nucleotide sequences, the greater the value of the melting
temperature (Tm) for hybrids of nucleic acids having those
sequences. The relative stability (corresponding to higher
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Tm) of nucleic acid hybridizations decreases in the following
order: RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of
greater than 100 nucleotides in length, equations for calcu-
lating Tm have been derived (see Sambrook et al., supra,
9.50-9.51). For hybridizations with shorter nucleic acids, i.e.,
oligonucleotides, the position of mismatches becomes more
important, and the length of the oligonucleotide determines
its specificity (see Sambrook et al., supra, 11.7-11.8). Typi-
cally, the length for a hybridizable nucleic acid is at least
about 10 nucleotides. Illustrative minimum lengths for a
hybridizable nucleic acid are: at least about 15 nucleotides; at
least about 20 nucleotides; and at least about 30 nucleotides.
Furthermore, the skilled artisan will recognize that the tem-
perature and wash solution salt concentration may be
adjusted as necessary according to factors such as length of
the probe.

[0041] The terms “peptide,” “polypeptide,” and “protein”
are used interchangeably herein, and refer to a polymeric
form of amino acids of any length, which can include coded
and non-coded amino acids, chemically or biochemically
modified or derivatized amino acids, and polypeptides having
modified peptide backbones.

[0042] A “biological sample” encompasses a variety of
sample types obtained from an individual and can be used in
adiagnostic or monitoring assay. The definition encompasses
blood and other liquid samples of biological origin, solid
tissue samples such as a biopsy specimen or tissue cultures or
cells derived therefrom and the progeny thereof. The defini-
tion also includes samples that have been manipulated in any
way after their procurement, such as by treatment with
reagents, solubilization, or enrichment for certain compo-
nents, such as polynucleotides or polypeptides. The term
“biological sample” encompasses a clinical sample, and also
includes cells in culture, cell supernatants, cell lysates, serum,
plasma, biological fluid, and tissue samples. In many embodi-
ments, a biological sample will include cells (e.g., pancreatic
cells; non-pancreatic cells).

[0043] In some embodiments, a biological sample will
include tissue. In some embodiments, a biological sample
willinclude RNA (e.g., mRNA) obtained from cells or tissue;
a cDNA copy of an RNA obtained from cells or tissues; an
amplified copy of an mRNA ora cDNA obtained from cells or
tissues; and the like. In some embodiments, a biological
sample will include genomic DNA obtained from cells or
tissue. The tissue may appear histologically normal, or may
appear histologically abnormal (e.g., neoplastic).

[0044] In some embodiments, a biological sample will
include tissue (e.g., pancreatic tissue; non-pancreatic tissue).
In some embodiments, a biological sample will include RNA
(e.g., mRNA) obtained from cells or tissue (e.g., pancreatic
cells; non-pancreatic cells; pancreatic tissue; non-pancreatic
tissue); a ¢cDNA copy of an RNA obtained from cells or
tissues; an amplified copy of an mRNA or a cDNA obtained
from cells or tissues; and the like. In some embodiments, a
biological sample will include genomic DNA obtained from
cells or tissue (e.g., pancreatic cells; non-pancreatic cells;
pancreatic tissue; non-pancreatic tissue).

[0045] An “indicator cell” as used herein is a cell which is
subjected to analysis for a parameter that is indicative of the
presence of cancer in a subject from whom the indicator cell
was obtained. Where the parameter is the presence or absence
of a palladin mutation, the indicator cell is a cell from blood
or a tissue suspected of containing a pre-cancerous or cancer-
ous cell having a palladin mutation (e.g., pancreatic cell,
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breast cell, head and neck squamous cell, and the like). Where
the parameter is the presence or absence of an aberrant
expression level of palladin, the indicator cell can be a cell
from blood or a tissue suspected of having an aberrant expres-
sion level of palladin or a cell other than a cancerous or
pre-cancerous cell, e.g., a white blood cell. “Indicator cell” as
used herein is most often used in the context of detection of
palladin expression levels in a white blood cell, but could
represent any cell in the body.

[0046] A “DNA-dependent DNA polymerase” is an
enzyme that synthesizes a complementary DNA copy from a
DNA template. Examples include DNA polymerase [ from F.
coli and bacteriophage T7 DNA polymerase. All known
DNA-dependent DNA polymerases require acomplementary
primer to initiate synthesis. Under suitable conditions, a
DNA-dependent DNA polymerase may synthesize a comple-
mentary DNA copy from an RNA template.

[0047] A “DNA-dependent RNA polymerase” or a “tran-
scriptase” is an enzyme that synthesizes multiple RNA copies
from a double-stranded or partially-double stranded DNA
molecule having a (usually double-stranded) promoter
sequence. The RNA molecules (“transcripts”) are synthe-
sized in the 5' to 3' direction beginning at a specific position
just downstream of the promoter. Examples of transcriptases
are the DNA-dependent RNA polymerase from E. coli and
bacteriophages T7, T3, and SP6.

[0048] An“RNA-dependent DNA polymerase” or “reverse
transcriptase” is an enzyme that synthesizes a complementary
DNA copy from an RNA template. All known reverse tran-
scriptases also have the ability to make a complementary
DNA copy from a DNA template; thus, they are both RNA-
and DNA-dependent DNA polymerases. A primer is required
to initiate synthesis with both RNA and DNA templates.
[0049] “RNAse H” is an enzyme that degrades the RNA
portion of an RNA:DNA duplex. These enzymes may be
endonucleases or exonucleases. Most reverse transcriptase
enzymes normally contain an RNAse H activity in addition to
their polymerase activity. However, other sources of the
RNAse H are available without an associated polymerase
activity. RNA degradation mediated by an RNAse H may
result in separation of RNA from a RNA:DNA complex, or
the RNAse H may cut the RNA at various locations such that
portions of the RNA melt off or permit enzymes to unwind
portions of the RNA.

[0050] As used herein, the term “target nucleic acid region”
or “target nucleic acid” or “target molecules™ refers to a
nucleic acid molecule with a “target sequence” to be detected
(e.g., in a method involving nucleic acid hybridization and/or
amplification). The target nucleic acid may be either single-
stranded or double-stranded and may or may not include
other sequences besides the target sequence (e.g., the target
nucleic acid may or may not include nucleic acid sequences
upstream or 5' flanking sequence, may or may not include
downstream or 3' flanking sequence, and in some embodi-
ments may not include either upstream (5") or downstream
(3") nucleic acid sequence relative to the target sequence.
Where detection is by amplification, these other sequences in
addition to the target sequence may or may not be amplified
with the target sequence.

[0051] The term “target sequence” or “target nucleic acid
sequence” refers to the particular nucleotide sequence of the
target nucleic acid to be detected (e.g., through amplifica-
tion). The target sequence may include a probe-hybridizing
region contained within the target molecule with which a
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probe will form a stable hybrid under desired conditions. The
“target sequence” may also include the complexing
sequences to which the oligonucleotide primers complex and
be extended using the target sequence as a template. Where
the target nucleic acid is originally single-stranded, the term
“target sequence” also refers to the sequence complementary
to the “target sequence” as present in the target nucleic acid.
If the “target nucleic acid” is originally double-stranded, the
term “target sequence” refers to both the plus (+) and minus
(-) strands. Moreover, where sequences of a “target
sequence” are provided herein, it is understood that the
sequence may be either DNA or RNA. Thus where a DNA
sequence is provided, the RNA sequence is also contemplated
and is readily provided by substituting “T” of the DNA
sequence with “U” to provide the RNA sequence.

[0052] The term “primer” or “oligonuclectide primer” as
used herein, refers to an oligonucleotide which acts to initiate
synthesis of a complementary nucleic acid strand when
placed under conditions in which synthesis of a primer exten-
sion product is induced, e.g., in the presence of nucleotides
and a polymerization-inducing agent such as a DNA or RNA
polymerase and at suitable temperature, pH, metal ion con-
centration, and salt concentration. Primers are generally of a
length compatible with its use in synthesis of primer exten-
sion products, and are in many embodiments in the range of
between 8 nucleotides and 100 nucleotides (nt) in length,
such as 10 ntto 75 nt, 15 nt to 60 nt, 15 nt to 40 nt, 18 nt to 30
nt, 20 nt to 40 nt, 21 nt to 50 nt, 22 nt to 45 nt, 25 nt to 40 nt,
and so on, e.g., in the range of between 18 nt and 40 nt,
between 20 nt and 35 nt, between 21 and 30 nt in length,
inclusive, and any length between the stated ranges. Primers
canbein the range of between 10-50 nucleotides long, such as
15-45, 18-40, 20-30, 21-25 nt and so on, and any length
between the stated ranges. In some embodiments, the primers
are not more than about 10, 12, 15, 20, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 35, 40, 45, 50, 55, 60, 65, or 70 nucleotides in
length.

[0053] Primers are in many embodiments single-stranded
for maximum efficiency in amplification, but may alterna-
tively be double-stranded. If double-stranded, the primer is in
many embodiments first treated to separate its strands before
being used to prepare extension products. This denaturation
step is typically effected by heat, but may alternatively be
carried out using alkali, followed by neutralization. Thus, a
“primer” is complementary to a template, and complexes by
hydrogen bonding or hybridization with the template to give
a primer/template complex for initiation of synthesis by a
polymerase, which is extended by the addition of covalently
bonded bases linked at its 3' end complementary to the tem-
plate in the process of DNA synthesis.

[0054] A “primer pair” as used herein refers to first and
second primers having nucleic acid sequence suitable for
nucleic acid-based amplification of a target nucleic acid. Such
primer pairs generally include a first primer having a
sequence that is the same or similar to that of a first portion of
a target nucleic acid, and a second primer having a sequence
that is complementary to a second portion of a target nucleic
acid to provide for amplification of the target nucleic acid or
a fragment thereof. Reference to “first” and “second” primers
herein is arbitrary, unless specifically indicated otherwise.
For example, the first primer can be designed as a “forward
primer” (which initiates nucleic acid synthesis from a 5' end
of the target nucleic acid) or as a “reverse primer” (which
initiates nucleic acid synthesis from a 5' end of the extension
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product produced from synthesis initiated from the forward
primer). Likewise, the second primer can be designed as a
forward primer or a reverse primer.

[0055] As used herein, the term “probe” or “oligonucle-
otide probe”, used interchangeable herein, refers to a struc-
ture comprised of a polynucleotide, as defined above, which
contains a nucleic acid sequence complementary to a nucleic
acid sequence present in the target nucleic acid analyte (e.g.,
a nucleic acid amplification product). The polynucleotide
regions of probes may be composed of DNA, and/or RNA,
and/or synthetic nucleotide analogs. Probes are generally of a
length compatible with its use in specific detection of all or a
portion of a target sequence of a target nucleic acid, and are in
many embodiments in the range of between 8 nt and 100 ntin
length, such as 8 to 75 nt, 10 to 74 nt, 12to 72 nt, 15 to 60 nt,
1510 40 nt, 18 to 30 nt, 20 to 40 nt, 21 to 50 nt, 22 to 45 nt, 25
to 40 nt in length, and so on, e.g., in the range of between
18-40 nt, 20-35 nt, or 21-30 nt in length, and any length
between the stated ranges. In some embodiments, a probe is in
the range of between 10-50 nucleotides long, such as 15-45,
18-40, 20-30,21-28,22-25 and so on, and any length between
the stated ranges. In some embodiments, the primers are not
more than about 10, 12, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 35, 40, 45, 50, 55, 60, 65, or 70 nucleotides in length.
[0056] Probes contemplated herein include probes that
include a detectable label. For example, when an “oligonucle-
otide probe” is to be used in a 5' nuclease assay, such as the
TAQMAN™ assay, the probe includes at least one fluorescer
and at least one quencher which is digested by the 5' endonu-
clease activity of a polymerase used in the reaction in order to
detect any amplified target oligonucleotide sequences. In this
context, the oligonucleotide probe will have a sufficient num-
ber of phosphodiester linkages adjacent to its 5' end so that the
5'to 3' nuclease activity employed can efficiently degrade the
bound probe to separate the fluorescers and quenchers. When
an oligonucleotide probe is used in the TMA technique, it will
be suitably labeled, as described below.

[0057] Probes and primers contemplated herein include
those useful in various amplification and/or detection sys-
tems, including those in which primers and probes are pro-
vided as bi-functional molecules. Exemplary amplification
and/or detection systems include Sunrise™ primer-based
systems, Molecular Beacons, the Tagman™ system, an
Amplifluor™ hairpin primer-based system, a Scorpions tech-
nology (e.g.. bi-functional molecules containing a PCR
primer element covalently linked to a probe element), and a
Light Upon Extension or LUX™-based system. Further
exemplary detection systems include those based on a melt-
curve analysis, and using intercalating dyes such as the fluo-
rescent dye SYBR Green.

[0058] As used herein, the terms “label” and “detectable
label” refer to a molecule capable of detection, including, but
not limited to, radioactive isotopes, fluorescers, chemilumi-
nescers, chromophores, enzymes, enzyme substrates,
enzyme cofactors, enzyme inhibitors, chromophores, dyes,
metal ions, metal sols, ligands (e.g., biotin, avidin, strepavi-
din or haptens), intercalating dyes and the like. The term
“fluorescer” refers to a substance or a portion thereof which is
capable of exhibiting fluorescence in the detectable range.
[0059] The terms “hybridize” and “hybridization” refer to
the formation of complexes between nucleotide sequerces
which are sufficiently complementary to form complexes via
Watson-Crick base pairing. Where a primer “hybridizes”
with target (template), such complexes (or hybrids) are suf-
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ficiently stable to serve the priming function required by, e.g.,
the DNA polymerase to initiate DNA synthesis.

[0060] The term “stringent conditions” refers to conditions
under which a primer will hybridize preferentially to, or spe-
cifically bind to, its complementary binding partner, and to a
lesser extent to, or not at all to, other sequences. Put another
way, the term “stringent hybridization conditions” as used
herein refers to conditions that are compatible to produce
duplexes on an array surface between complementary bind-
ing members, e.g., between probes and complementary tar-
gets ina sample, e.g., duplexes of nucleic acid probes, such as
DNA probes, and their corresponding nucleic acid targets that
are present in the sample, e.g., their corresponding mRNA
analytes present in the sample.

[0061] Theterm “assessing” includes any form of measure-
ment, and includes determining if an element is present or not.
The terms “determining,” “measuring,” ‘“‘evaluating,”
“assessing,” and “assaying” are used interchangeably and
includes quantitative and qualitative determinations. Assess-
ing may be relative or absolute. “Assessing the presence of”
includes determining the amount of something present, and/
or determining whether it is present or absent. As used herein,
the terms “determining,” “measuring,” and “assessing,” and
“assaying” are used interchangeably and include both quan-
titative and qualitative determinations.

[0062] The term “binds specifically,” in the context of anti-
body binding, refers to high avidity and/or high affinity bind-
ing of an antibody to a specific polypeptide i.e., epitope of a
polypeptide, e.g., a palladin polypeptide. For example, anti-
body binding to an epitope on a specific a subject deacylase or
fragment thereof is stronger than binding of the same anti-
body to any other epitope, particularly those which may be
present in molecules in association with, or in the same
sample, as the specific polypeptide of interest, e.g., binds
more strongly to a specific palladin polypeptide than to any
other palladin epitopes so that by adjusting binding condi-
tions the antibody binds almost exclusively to the specific
palladin epitope and not to any other palladin epitope, or to
any other polypeptide which does not comprise the epitope.
Antibodies that bind specifically to a polypeptide may be
capable of binding other polypeptides at a weak, yet detect-
able, level (e.g., 10% or less of the binding shown to the
polypeptide of interest). Such weak binding, or background
binding, is readily discernible from the specific antibody
binding to a palladin polypeptide, e.g. by use of appropriate
controls. In general, specific antibodies bind to a given
polypeptide with a binding affinity of 1077 M or more, e.g.,
10 M or more (e.g., 10°° M, 1071 M, 107* M, etc.). In
general, an antibody with a binding affinity of 107° M or less
is not useful in that it will not bind an antigen at a detectable
level using conventional methodology currently used.
[0063] The terms “cancer,” “neoplasm,” and “tumor” are
used interchangeably herein to refer to cells that exhibit rela-
tively autonomous growth, so that they exhibit an aberrant
growth phenotype characterized by a significant loss of con-
trol of cell proliferation. Cancerous cells can be benign or
malignant.

[0064] The terms “individual,” “host,” “subject,” and
“patient,” used interchangeably herein, refer to a mammal,
including human and non-human primates; rodents (e.g.,
mice, rats, etc.); livestock (e.g., bovine, ovine, caprine, por-
cine, etc., mammals); mammalian pets (e.g., canines, felines,
etc.); horses; lagomorphs; etc. In some embodiments, an indi-
vidual is a human.
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[0065] Before the present invention is further described, it
is to be understood that this invention is not limited to par-
ticular embodiments described, as such may, of course, vary.
It is also to be understood that the terminology used herein is
for the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of the
present invention will be limited only by the appended claims.

[0066] Where arange of values is provided, it is understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges,
and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges exclud-
ing either or both of those included limits are also included in
the invention.

[0067] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can also be used in
the practice or testing of the present invention, the preferred
methods and materials are now described. All publications
mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in con-
nection with which the publications are cited.

[0068] It must be noted that as used herein and in the
appended claims, the singular forms “a,” “and,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a nucleic acid
probe” includes a plurality of such probes and reference to
“the nucleic acid primer pair” includes reference to one or
more nucleic acid primer pairs and equivalents thereof known
to those skilled in the art, and so forth. It is further noted that
the claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis
for use of such exclusive terminology as “solely,” “only” and
the like in connection with the recitation of claim elements, or
use of a “negative” limitation.

[0069] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the present
application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publi-
cation dates which may need to be independently confirmed.

DETAILED DESCRIPTION

[0070] The present invention provides methods for detect-
ing and diagnosing cancer in an individual; methods of iden-
tifying individuals at risk of developing a cancer; and meth-
ods of staging a cancer and/or metastases. The methods
generally involve detecting a palladin gene nucleotide
sequence alteration (e.g., a substitution, an insertion, a dele-
tion, a change in methylation status, etc.) that has been found
to be associated with cancer and/or detecting a level of a
palladinmRNA or palladin polypeptide ina cell ortissue. The
present invention further provides nucleic acid probes and
nucleic acid primers, as well as kits comprising same, for use
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in a subject method. It is to be understood that this invention
is not limited to the particular methods and materials
described herein.

[0071] The present invention provides, for example, meth-
ods for detecting and diagnosing pancreatic cancer in an
individual; methods of identifying individuals at risk of
developing pancreatic cancer; and methods of staging pan-
creatic cancer. The methods generally involve detecting a
palladin gene nucleotide sequence alteration that has been
found to be associated with pancreatic cancer and/or detect-
ing a level of a palladin mRNA or palladin polypeptide in a
cell or tissue. The present invention further provides nucleic
acid probes and nucleic acid primers, as well as kits compris-
ing same, for use in a subject method.

[0072] The following observations were made: 1) a C—=T
nucleotide substitution at position 715 of the human palladin
gene is associated with increased risk of developing pancre-
atic cancer; 2) a G—T nucleotide substitution at position
1671 of the human palladin gene is associated with increased
risk of developing pancreatic cancer; 3) a C—T nucleotide
substitution at position 2060 of the human palladin gene is
associated with cancerous phenotype in pancreatic cells; 4)
palladin mRNA, e.g., palladin mRNA that encodes the 90kD
isoform of palladin, is overexpressed in pre-cancerous and
pancreatic cells; 5) the level of palladin mRNA, e.g., palladin
mRNA that encodes the 90 kD isoform of palladin, in a
pancreatic cell increases with neoplastic progression; 6)
lower than normal levels of palladin mRNA in white blood
cells is associated with pancreatic cancer; 7) palladin mRNA
is abnormally expressed in a variety of cancers; and 8§) a
12-base pair insertion in the promoter of the 90 kDa isoform
of palladin is associated with an increased risk of developing
pancreatic cancer.

[0073] Cancers that can be detected and/or diagnosed using
a subject method include, but are not limited to, pancreatic
cancer, breast cancer, and head and neck squamous cell car-
cinoma.

[0074] Methods for detecting a cancerous or precancerous
cell, e.g., a cancerous or precancerous pancreatic cell, as well
as methods for identifying individuals at risk of developing a
cancer such as pancreatic cancer, may involve detecting a
nucleotide substitution in a palladin target nucleic acid (such
as palladin genomic DNA; palladin mRNA; a cDNA copy of
a palladin mRNA; an amplified copy of a palladin mRNA or
c¢DNA) present in a biological sample. Examples of palladin
gene nucleotide substitutions associated with a cancerous or
precancerous cell (e.g., a precancerous pancreatic cell, a can-
cerous pancreatic cell) and/or an increased risk of developing
cancer (e.g., pancreatic cancer) include the following: 1) a
C—T nucleotide substitution at position 715 of AB023209
(see, e.g., FIG. 1A); 2) a G—T nucleotide substitution at
position 1671 of AB023209 (see, e.g., FIG. 1A); and 3) a
C—T nucleotide substitution at position 2060 of
NM_016081 (see, e.g., FIGS. 13A and 13B). Mutations in
palladin, however, are not limited to the ones listed herein.
[0075] Methods for detecting a cancerous or precancerous
cell, e.g., a cancerous or precancerous pancreatic cell, as well
as methods for identifying individuals at risk of developing a
cancer such as pancreatic cancer, can also involve detecting
an insertion in a palladin target nucleic acid (such as palladin
genomic DNA; palladin mRNA; a cDNA copy of a palladin
mRNA; an amplified copy of a palladin mRNA or cDNA)
present in a biological sample. Examples of palladin gene
nucleotide sequence insertions associated with a cancerous or
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precancerous cell (e.g., a precancerous pancreatic cell, a can-
cerous pancreatic cell) and/or an increased risk of developing
cancer (e.g., pancreatic cancer) include an insertion in the
promoter region of the gene encoding the 90 kDa isoform of
palladin.

[0076] Methods for detecting a cancerous or precancerous
cell, e.g., a cancerous or precancerous pancreatic cell, as well
as methods for identifying individuals at risk of developing a
cancer such as pancreatic cancer, can also involve detecting a
change in the methylation status of palladin target nucleic
acid (such as palladin genomic DNA; palladin mRNA; a
cDNA copy of a palladin mRNA; an amplified copy of a
palladin mRNA or cDNA) present in a biological sample. For
example, hypomethylation of a palladin gene promoter asso-
ciated with a cancerous or precancerous cell (e.g., a precan-
cerous pancreatic cell, a cancerous pancreatic cell) and/or an
increased risk of developing cancer (e.g., pancreatic cancer).

[0077] Detection of a nucleotide sequence alteration in a
palladin target nucleic acid can be carried out using, e.g.,
nucleic acid hybridization with a nucleic acid probe specific
for the nucleotide substitution. Detection of a nucleotide
sequence alteration in a palladin target nucleic acid can also
be carried out by firstamplifying a target palladin nucleic acid
that comprises the nucleotide substitution, using a nucleic
acid primer pair; then detecting the nucleotide substitution by
hybridization with a nucleic acid probe.

[0078] For example, detection of the 715 C—T nucleotide
substitution can be carried out using, e.g., nucleic acid
hybridization with a nucleic acid probe specific for the 715
C—T nucleotide substitution. Detection of the 715 C—T
nucleotide substitution can also be carried out by first ampli-
fying a target palladin nucleic acid that comprises the 715
C—T nucleotide substitution, using a nucleic acid primer
pair; then detecting the 715 C—T nucleotide substitution by
hybridization with a nucleic acid probe.

[0079] Methods for detecting a cancerous or precancerous
cell, as well as methods of staging a cancer, may involve
detecting a level of palladin mRNA present in a biological
sample (for example, a cell, or a biological sample compris-
ing a cell). Detecting a level of palladin mRNA present in a
cell may involve nucleic acid hybridization with a nucleic
acid probe that detects a target palladin nucleic acid that is
overexpressed in a cancerous cell (e.g., a cancerous pancre-
atic cell). Detecting a level of palladin mRNA present in a cell
may involve nucleic acid hybridization with a nucleic acid
probe that detects a target palladin nucleic acid that is
expressed at lower than normal levels in an indicator cell, e.g,,
a cell other than a cancer cell. Detecting a level of palladin
mRNA canalso be carried out using any of a variety of nucleic
acid amplification methods, e.g., a quantitative polymerase
chain reaction or other nucleic acid amplification method.

[0080] Methods for detecting a cancerous or precancerous
cell, as well as methods of staging a cancer, may involve
detecting a level of palladin protein/polypeptide present in a
biological sample. Detecting a level of palladin protein/
polypeptide present in a cell or tissue or fluid may involve
protein binding with a antibody probe that detects a target
palladin protein that is overexpressed in a pre-cancerous or
cancerous biologic sample (for example, cancerous pancre-
atic tissue). Examples of methods for protein detection
include, but are not limited, to Western Blotting, enzyme-
linked immunosorbent assays, immunostaining, and in-situ
hybridization. Other methods of detecting polypeptides
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include direct detection through the use of proteomics, such
as mass spectroscopy measurements, and the like.

[0081] As discussed above, subject detection, diagnostic,
and staging methods generally involve nucleic acid hybrid-
ization, and/or nucleic acid amplification, and/or protein
detection. The present invention provides nucleic acid probes
and nucleic acid primers that are suitable for use in such
methods. In some embodiments, nucleic acid probes and
nucleic acid primer pairs are useful for detecting a palladin
nucleic acid comprising a nucleotide sequence alteration that
is associated with pancreatic cancer. In other embodiments,
nucleic acid probes and nucleic acid primer pairs are useful
for detecting a palladin nucleic acid that is over-expressed in
a pancreatic cell. Probes and primers useful in detecting a
palladin nucleic acid comprising a nucleotide substitution can
also be used in detecting palladin expression levels. Kits that
include a nucleic acid probe, a nucleic acid primer pair, an
antibody reagent, or two or more of the foregoing, are also
provided.

Target Nucleic Acids

[0082] Target palladin nucleic acids include palladin
nucleic acids that include one or more palladin gene nucle-
otide sequence alterations (e.g., substitutions, deletions,
insertions, etc.) that are associated with an increased risk of
developing cancer (e.g., pancreatic cancer, breast cancer,
head and neck squamous cell carcinoma, etc.) and/or are
associated with a precancerous or cancerous state of a cell
such as a pancreatic cell and/or are indicative of the presence
of a cancerous cell in the individual. For example, a palladin
gene nucleotide sequence alteration will in some cases be
associated with abnormal levels of palladin mRNA and/or
polypeptide in a pancreatic cell.

[0083] Insomeembodiments, abnormal levels of a palladin
mRNA that, when present in a cell, are associated with a
precancerous or cancerous state of the cell, are levels that are
significantly higher or lower than normal levels of the palla-
din mRNA found in a non-cancerous cell of the same cell
type. In some embodiments, abnormal levels of a palladin
mRNA that, when present in a test cell, are indicative of the
presence of a cancerous cell in the individual from whom the
test cell was obtained, are levels that are significantly higher
or lower than normal levels of the palladin mRNA typically
found in the test cell in an individual who does not have
cancer.

[0084] An abnormally high level of a palladin mRNA that,
when present in a cell, is associated with a precancerous or
cancerous state of the cell, is a level that is at least about 25%,
at least about 50%, at least about 100% (or 2-fold), at least
about 3-fold, at least about 5-fold, at least about 10-fold, at
least about 25-fold, or at least about 50-fold, or more, higher
than the level of the palladin mRNA ina non-cancerous cell of
the same cell type.

[0085] For example, an abnormally high level of a palladin
mRNA that, when present in a pancreatic cell, is associated
with a precancerous or cancerous state of the cell, is a level
that is at least about 25%, at least about 50%, at least about
100% (or 2-fold), at least about 3-fold, atleast about 5-fold, at
least about 10-fold, at least about 25-fold, or at least about
50-fold, or more, higher than the level of the palladin mRNA
in a non-cancerous pancreatic cell.

[0086] An abnormally low level of a palladin mRNA that,
when present in a cell, is associated with a precancerous or
cancerous state of the cell, is a level that is about 75% or less,
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about 60% or less, about 50% or less, about 25% or less, or
about 10% or less, than the level of the palladin mRNA ina
non-cancerous cell of the same cell type

[0087] For example, an abnormally low level of a palladin
mRNA that, when present in a pancreatic cell, is associated
with a precancerous or cancerous state of the cell, is a level
that is about 75% or less, about 60% or less, about 50% or
less, about 25% or less, or about 10% or less, than the level of
the palladin mRNA in a non-cancerous pancreatic cell.
[0088] An abnormally low level of a palladin mRNA that,
when present in a test cell (also referred to as an “indicator
cell”), is indicative of the presence of a cancerous cell in the
individual from whom the test cell was obtained, is a level that
is about 75% or less, about 60% or less, about 50% or less,
about 25% or less, or about 10% or less, than the level of the
palladin mRNA typically found in the test cell inan individual
who does not have cancer. As one non-limiting example, it
was found that the level of palladin mRNA in white blood
cells (WBC) from individuals with pancreatic cancer was
abnormally low when compared to the level of palladin
mRNA present in WBC from normal individuals (e.g., indi-
viduals without pancreatic cancer).

[0089] Non-limiting examples of palladin gene nucleotide
substitutions associated with a precancerous or cancerous cell
(e.g., a precancerous pancreatic cell, a cancerous pancreatic
cell) and/or an increased risk of developing a cancer such as
pancreatic cancer include the following: 1)a C—Tnucleotide
substitution at position 715 of AB023209 (see, e.g., FIG. 1A);,
2) a G—T nucleotide substitution at position 1671 of
AB023209 (see, e.g., FIG. 1A); and 3) a C—T nucleotide
substitution at position 2060 of NM_ 016081 (see, e.g.,
FIGS. 13A and 13B).

[0090] It should be noted that in the diagnostic methods
based on detection of palladin mutations or palladin expres-
sion levels, while detection of a palladin mutation and/or
aberrant (abnormal) palladin expression levels indicates the
presence of a cancerous or pre-cancerous cell in the subject,
the detection of the absence of a palladin mutation or the
absence of aberrant (abnormal) expression levels does not
necessarily indicate the absence of a cancerous or pre-can-
cerous state.

715 C—T Nucleotide Substitution

[0091] Target palladin nucleic acids include palladin
nucleic acids that include the 715 C—T substitution; and
palladinnucleic acids that are overexpressed in cancerous and
precancerous cells (e.g., cancerous and precancerous pancre-
atic cells). A target palladin nucleic acid that is overexpressed
in a cancerous or a precancerous cell (e.g., a cancerous or a
precancerous pancreatic cell) may or may notinclude the 715
C—T substitution. In some embodiments, a target palladin
nucleic acid that is overexpressed in a cancerous or precan-
cerous cell (e.g., a cancerous or a precancerous pancreatic
cell) is a palladin mRNA that encodes the 90 kD isoform of
palladin. In some embodiments, a target palladin nucleic acid
that is overexpressed in a cancerous or a precancerous cell
(e.g., a cancerous or a precancerous pancreatic cell) includes
nucleotide sequences found in exon 2 of the palladin gene,
e.g., all or part of the sequence depicted in nucleotides 132
through 803 of the sequence shown in FIG. 1A.

[0092] Insome embodiments, a nucleic acid probe hybrid-
izes to and provides for detection of a palladin nucleic acid
comprising a nucleotide substitution that is associated with
cancer (e.g., pancreatic cancer). In some embodiments, a



US 2008/0318225 Al

nucleotide substitution associated with cancer (e.g., pancre-
atic cancer) is a C-to-T (C—T) substitution at a location
corresponding to nucleotide 715 of SEQ ID NO:1. As
depicted in F1G. 1, the underlined and bolded “C” at position
7151s the wild-type sequence; substitution of the C at position
715 with a T is associated with cancer (e.g., pancreatic can-
cer). In some embodiments, the target nucleic acid is a palla-
dinmRNA, e.g.,aC—T substitution at a position correspond-
ing to nucleotide 715 of SEQID NO:1 is detected in a palladin
mRNA. In other embodiments, the target nucleic acid is a
cDNA, e.g., a C—T substitution at a position corresponding
to nucleotide 715 of SEQ IDNO:1 is detected ina cDNA copy
of apalladin mRNA. In other embodiments, the target nucleic
acid is genomic DNA, e.g., a C—T substitution at a position
corresponding to nucleotide 715 of SEQ ID NO:1 is detected
in palladin genomic DNA, e.g., exon 2 of the palladin gene.
For example, a genomic DNA comprising exon 2 sequences
and including nucleotide 140301 of the sequence set forth in
GenBank Accession No. AC080188 (corresponding to nucle-
otide 715 of SEQ ID NO:1) is depicted in FIG. 16.

[0093] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence that has at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or at least about 98%
nucleotide sequence identity with a stretch of at least about
25, at least about 50, at least about 100, at least about 150, at
least about 200, at least about 250, at least about 300, at least
about 350, at least about 400, at least about 450, at least about
500, at least about 550, at least about 600, or at least about 670
contiguous nucleotides of nucleotide 132 to nucleotide 803 of
SEQ ID NO:1 (or a complement thereof), which is an exon
that includes the C—T substitution at position 715.

[0094] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence of from about nucleotide 132 to
about nucleotide 803 of SEQ ID NO:1 (or a complement
thereof). In some embodiments, the target nucleic acid com-
prises from about nucleotide 132 to about nucleotide 802,
from about nucleotide 135 to about nucleotide 800, from
about nucleotide 140 to about nucleotide 800, from about
nucleotide 150 to about nucleotide 800, from about nucle-
otide 175 to about nucleotide 800, from about nucleotide 200
to about 800, from about nucleotide 250 to about nucleotide
800, from about nucleotide 300 to about nucleotide 800, from
about nucleotide 350 to about nucleotide 800, from about
nucleotide 400 to about nucleotide 800, from about 450 to
about nucleotide 800, from about nucleotide 500 to about
nucleotide 800, from about nucleotide 550 to about nucle-
otide 800, from about nucleotide 600 to about nucleotide 800,
from about nucleotide 650 to about nucleotide 800, or from
about nucleotide 700 to about nucleotide 800 of SEQ ID
NO:1, or the complement of any of the foregoing. In some
embodiments, the target nucleic acid will comprise a C at a
position corresponding to nucleotide 715 of SEQ ID NO:1; in
other embodiments, the target nucleic acid will comprisea T
at a position corresponding to nucleotide 715 of SEQ ID
NO:1.

[0095] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence of from about nucleotide 132 to
about nucleotide 802 of SEQ ID NO:1 (or a complement
thereof). In some embodiments, the target nucleic acid com-
prises from about nucleotide 132 to about nucleotide 802,
from about nucleotide 135 to about nucleotide 750, from
about nucleotide 140 to about nucleotide 750, from about
nucleotide 150 to about nucleotide 750, from about nucle-
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otide 175 to about nucleotide 750, from about nucleotide 200
to about 750, from about nucleotide 250 to about nucleotide
750, from about nucleotide 300 to about nucleotide 750, from
about nucleotide 350 to about nucleotide 750, from about
nucleotide 400 to about nucleotide 750, from about 450 to
about nucleotide 750, from about nucleotide 500 to about
nucleotide 750, from about nucleotide 550 to about nucle-
otide 750, from about nucleotide 600 to about nucleotide 750,
from about nucleotide 650 to about nucleotide 750, from
about nucleotide 700 to about nucleotide 750 of SEQ ID
NO:1, or the complement of any of the foregoing. In some
embodiments, the target nucleic acid will comprise a C at a
position corresponding to nucleotide 715 of SEQ IDNO:1; in
other embodiments, the target nucleic acid will comprise a T
at a position corresponding to nucleotide 715 of SEQ ID
NO:1.

[0096] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence of from about nucleotide 132 to
about nucleotide 803 of SEQ ID NO:1 (or a complement
thereof). In some embodiments, the target nucleic acid com-
prises from about nucleotide 132 to about nucleotide 803,
from about nucleotide 135 to about nucleotide 725, from
about nucleotide 140 to about nucleotide 725, from about
nucleotide 150 to about nucleotide 725, from about nucle-
otide 175 to about nucleotide 725, from about nucleotide 200
to about 725, from about nucleotide 250 to about nucleotide
725, from about nucleotide 300 to about nucleotide 725, from
about nucleotide 350 to about nucleotide 725, from about
nucleotide 400 to about nucleotide 725, from about 450 to
about nucleotide 725, from about nucleotide 500 to about
nucleotide 725, from about nucleotide 550 to about nucle-
otide 725, from about nucleotide 600 to about nucleotide 725,
from about nucleotide 650 to about nucleotide 725, from
about nucleotide 675 to about nucleotide 725, or from about
nucleotide 700 to about nucleotide 725 of SEQ ID NO:1, or
the complement of any of the foregoing. In some embodi-
ments, the target nucleic acid will comprise a C at a position
corresponding to nucleotide 715 of SEQ ID NO:1; in other
embodiments, the target nucleic acid will comprise a T at a
position corresponding to nucleotide 715 of SEQ ID NO:1.
[0097] Insome embodiments, a suitable target nucleic acid
comprises at least the sequence 5'-GACGCCCGCG-3' (SEQ
ID NO:2), or a complement thereof, or at least the sequence
5-GACGTCCGCG-3' (SEQ ID NQO:3), or a complement
thereof, where the bold and underlined nucleotides represent
alternative residues at a position corresponding to 715 of SEQ
ID NO:1. In some embodiments, a suitable target nucleic acid
comprises at least the sequence 5-GCCACGGCCAGACG
CCCGCGGCCTTCCTCA-3' (SEQ ID NO:4), or the
complement thereof, or at least the sequence 5'-GCCACG-
GCCAGACGTCCGCGGCCTTCCTCA-3' (SEQ ID NO:5),
where the bold and underlined nucleotides represent alterna-
tive residues at a position corresponding to 715 of SEQ ID
NO:1.

[0098] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 1, where Target
Region 1 is:

[0099] 5'-ggaccctctgaagetecageaactcea-
gaaccaaatccgactggagcaggaggccggcgetcgg  cagectcegecage-
ccegegeagegegeegecctegecececticccgeegeegeecgecttce
ccgagetcgeggectgeacgecgce-
cegegiceecggageccatgagegegetggecteecgete cgececcgecatg-
cagtcctecggctccttcaactacgegegecccaageagttcatcgeegeg
cagaacctcgggececgegtegggeeacg-
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geacgeceggcctccageeccagetcgtecagectcee cgtegeccatgte-
cecgacgecgaggeagticggecgegeccecgtgeegeccttegegeagec
cttcggegetgageecgaggc-

ceegtgggoctectectegecgtegeeccegeccecgeeacce ceggtet-
tcagececcacggetgecttceeggtec-
cegacgtgttcccactgeegeegecaceac
cgeegeteecgageecgggacaggcgic-
ccactgetegtegectgecacecgettcggecacgg ccagacg

Tecgeggecttectcagegetetgetgeccicgeageegeege cggeggecgt-
caac geeetggggetgeccaagggtgteaceeeege-3' (SEQ ID NO:6;
corresponding to nucleotides 132-803 of SEQ ID NO:1, but
including the C—T substitution shown in bold and under-
lined), or the complement thereof.

[0100] Inonenon-limiting exemplary embodiment the tar-
get nucleic acid comprises Target Region la, where Target
Region la is:

[0101] 5'-caccgecgetccegagecegggacag-
gegteccactgetegtegectgecaccegetteggeca cggecagacg
Tcegeggecttcetcagegetetgetgeccicgeagecgeegeeggeggecgte
aacgeectgggg-3' (SEQ 1D NO:7; corresponding to nucle-
otides 641-780 of SEQ ID NO:1, but including the C—T
substitution shown in bold and underlined), or the comple-
ment thereof.

[0102] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 1b, where Target
Region 1b is:

[0103] 5'-gecttccecgg tgeccgacgt gtteccactg  cecgecgecac
caccgeeget ceecgageceg ggacaggegt cecactgete gtegectgee
accegetteg gecacggeca-3' (SEQ ID NO:8; corresponding to
nucleotides 601-710 of SEQ ID NO:1), or a complement
thereof.

[0104] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 1c, where Target
Region Ic is:

[0105] 5'-tgggectect cetegeegte geececgece ccgecaccece
cggtcttcag  ccccacgget  gecttceegg  tgecegacgt  gttcecactg
cegeegecac cacegeeget cecgageeeg-3' (SEQ ID NO:9; corre-
sponding to nucleotides 541-660 of SEQ 1D NO:1), or the
complement thereof.

[0106] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 1d, where Target
Region 1d is:

[0107] 5'-ggacaggegt cccactgete gtcgectgee accegcetteg
gccacggeca gacgteegeg gecttectea gegetetget geectegeag
cegeegeegg cggecgteaa cgecetggge-3' (SEQ ID NO:10; cor-
responding to nucleotides 621-780 of SEQ ID NO:1, but
including the C—T substitution), or the complement thereof.
[0108] Inanother non-limiting exemplary embodiment, the
target nucleic acid comprises Target Region 2, where Target
Region 2 is:

[0109] 5'-ggaccctctgaagctccageaactcea-
gaaccaaatccgactggageaggaggecggegetegg  cagecteegecage-
ccecgegeagegegecegecctegeeccecticecgecgeecgeeegecttee
cegagetegeggectgeacgecge-
cegegiceeccggageccatgagegegetggecteecgcte cgeceecgecatg-
cagtcctecggetecttcaactacgegegecccaageagttecategeegeg
cagaacctcgggeccgegtegggccacg-
geacgeeggectecageeccagetegtecagectee cgtegececatgte-
cccgacgecgaggeagticggecgegeccecgtgeegeccttcgegeagec
ctteggegetgageecgagge-
ceecgtgggactectectegecgtegeeccegeccecgeeacce
tcagecccacggetgectteceggtec-
ccgacgtgttcccactgeegeegecaccac

cgeegetecegagecegggacaggegtc-

ceggtet-
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ccactgcetegtegectgecacecgettcggecacgg ccagacg
Cecgeggecttectcagegetetgetgecctegeagecgecgeeggeggee
gtcaac  gecctggggctgeccaagggtateacceecge-3'  (SEQ ID
NO:11; corresponding to nucleotides 132-803 of SEQ 1D
NO:1), or the complement thereof.

1671 G—T Nucleotide Substitution

[0110] Target palladin nucleic acids include palladin
nucleic acids that include the 1671 G—T substitution palla-
din nucleic acids that are abnormally expressed in cancerous
and precancerous cells (e.g., cancerous and precancerous
pancreatic cells); and palladin nucleic acids that are abnor-
mally expressed in non-cancerous cells that are indicative of
the presence of a cancerous cell. A target palladin nucleic acid
that is abnormally expressed in a cancerous or a precancerous
cell (e.g., a cancerous or a precancerous pancreatic cell) or an
indicator cell may or may not include the 1671 G—T substi-
tution. In some embodiments, a target palladin nucleic acid
thatis overexpressed ina cancerous or precancerous cell (e.g.,
a cancerous or a precancerous pancreatic cell) is a palladin
mRNA that encodes the 90 kD isoform of palladin. In some
embodiments, a target palladin nucleic acid that is overex-
pressed in a cancerous or a precancerous cell (e.g., a cancer-
ous or a precancerous pancreatic cell) includes nucleotide
sequences found in exon 9 of the palladin gene, e.g., all or part
of the sequence depicted in nucleotides 1639 through 1846 of
the sequence shown in FIG. 1A.

[0111] Insome embodiments, a nucleic acid probe hybrid-
izes to and provides for detection of a palladin nucleic acid
comprising a nucleotide substitution that is associated with
cancer (e.g., pancreatic cancer). In some embodiments, a
nucleotide substitution associated with cancer is a G-to-T
(G—T) substitution at a location corresponding to nucleotide
1671 of SEQ ID NO:1, and as depicted in FIG. 1A. As
depicted in FIG. 1A, the underlined and bolded “G” at posi-
tion 1671 is the wild-type sequence; substitution of the G at
position 1671 with a T is associated with pancreatic cancer. In
some embodiments, the target nucleic acid is a palladin
mRNA, e.g., a G—T substitution at a position corresponding
to nucleotide 1671 of SEQ ID NO:1 (GenBank AB023209) is
detected in a palladin mRNA. In other embodiments, the
target nucleic acid is a cDNA, e.g., a G—T substitution at a
position corresponding to nucleotide 1671 of SEQ ID NO:1
(GenBank AB023209) is detected in a cDNA copy of a pal-
ladin mRNA. In other embodiments, the target nucleic acid is
genomic DNA, e.g., a G—T substitution at a position corre-
sponding to nucleotide 1671 of SEQ ID NO:1 is detected in
palladin genomic DNA, e.g., exon 9 of the palladin gene. For
example, a genomic DNA comprising exon 9 sequences and
including nucleotide 183561 of the sequence set forth in
GenBank Accession No. AC080188 (where nucleotide
183561 corresponds to nucleotide 1671 of SEQ ID NO:1) is
depicted in FIG. 14.

[0112] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence that has at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or at least about 98%
nucleotide sequence identity with a stretch of at least about
25, at least about 50, at least about 100, at least about 150, or
at least about 200 contiguous nucleotides of nucleotide 1639
to nucleotide 1846 of SEQ ID NO:1 (or a complement
thereof), which is an exon that includes the G—T substitution
at position 1671.
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[0113] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence of from about nucleotide 1639 to
about nucleotide 1846 of SEQ 1D NO:1 (or a complement
thereof). In some embodiments, the target nucleic acid com-
prises from about nucleotide 1639 to about nucleotide 1846,
from about nucleotide 1639 to about nucleotide 1840, from
about nucleotide 1639 to about nucleotide 1800, from about
nucleotide 1639 to about nucleotide 1750, from about nucle-
otide 1639 to about nucleotide 1700, from about nucleotide
1645 to about nucleotide 1846, from about nucleotide 1650 to
about nucleotide 1846, or from about nucleotide 1660 to
aboutnucleotide 1846 of SEQ IDNO:1, or the complement of
any of the foregoing. In some embodiments, the target nucleic
acid will comprise a G at a position corresponding to nucle-
otide 1671 of SEQID NO:1; in other embodiments, the target
nucleic acid will comprise a T at a position corresponding to
nucleotide 1671 of SEQ ID NO:1.

[0114] Insome embodiments, a suitable target nucleic acid
comprises at least the sequence 5'-atctaagctggcaactagat-3'
(SEQ ID NO:12), or a complement thereof, or at least the
sequence 5'-atctaagctgtcaactagat-3' (SEQ ID NO:13), or a
complement thereof, where the bold and underlined nucle-
otides represent alternative residues at a position correspond-
ing to 1671 of SEQ ID NO:1. In some embodiments, a suit-
able target nucleic acid comprises at least the sequence
S'-ccaaccecagatctaagetggeaactagatggaaageeeg-3' (SEQ 1D
NO:14), or the complement thereof, or at least the sequence
S'-ccaaccccagatctaagetgtcaactagatggaaageecg-3' (SEQ 1D
NO:15), where the bold and underlined nucleotides represent
alternative residues at a position corresponding to 1671 of
SEQ IDNO:1.

[0115] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 3, where Target
Region 3 is:

[0116] 5'-gicagtgggttaccaacccca-
gatctaagctggceaactagatggaaagce-
cgtacgcctgacagtgctcacaagatgctggatocgtoag aacgggotg-
cactctctgatcatagagecagtecacgtcacgtgatgecggceatctacacat
gtatagctaccaaccgagcaggacagaact  cattcagectggagettgtggat-
tgetg (SEQ ID NO:16; corresponding to nucleotides 1639-
1846 of SEQ ID NO:1), or the complement thereof.

[0117] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 3a, where Target
Region 3a is:

[0118] 5'-gtcagtggottaccaaccccagatctaagetgtcaactaga
tggaaagecgtacgectgacagtgctcacaagatgctggtgcgtgaga
acggggtecactctctgatcatagage-
cagtcacgtcacgtgatgceggcatcta-
cacatgtatagctaccaaccgagcaggacagaactc attcagectggagettgtg-
gttgctg (SEQ ID NO:17; corresponding to nucleotides 1639-
1846 of SEQ ID NO:1. but including the G—T substitution,
shown in bold and underlined), or the complement thereof.
[0119] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 3b, where Target
Region 3b is:

[0120] 5'-gicagtgggttaccaacccca-
gatctaagctggcaactagatggaaagc-
cgtacgcectgacagtgctcacaagatgctggtocgtoag aacgggotg-
cactctetgatcatagagecagt (SEQ ID NO:18; corresponding to
nucleotides 1639-1760 of SEQ ID NO:1), or the complement
thereof.

[0121] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 3c, where Target
Region 3¢ is:
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[0122] 5'-gicagigggttaccaaccccagatctaagetgicaactagatg-
gaaagccegtacgectgacagtgctcacaagatgctggtocgtgaga acgggot-
geactctetgatcatagagecagt (SEQ ID NO:19; corresponding to
nucleotides 1639-1760 of SEQ ID NO:1, but including the
G—T substitution, shown in bold and underlined), or the
complement thereof.

2060 C—T Nucleotide Substitution

[0123] Target palladin nucleic acids include palladin
nucleic acids that include the 2060 C—T substitution; and
palladin nucleic acids that are overexpressed in cancerous and
precancerous cells (e.g., cancerous and precancerous pancre-
atic cells). A target palladin nucleic acid that is overexpressed
in a cancerous or a precancerous cell (e.g., a cancerous or a
precancerous pancreatic cell) may or may not include the
2060 C—T substitution. In some embodiments, a target pal-
ladin nucleic acid that is overexpressed in a cancerous or
precancerous cell (e.g., a cancerous or a precancerous pan-
creatic cell) is a palladin mRNA that encodes the 140 kD
isoform of palladin. In some embodiments, a target palladin
nucleic acid that is overexpressed in a cancerous or a precan-
cerous cell (e.g., a cancerous or a precancerous pancreatic
cell) includes nucleotide sequences found in exon 10 of the
palladin gene, e.g., all or part of the sequence depicted in
nucleotides 1833-2175 of the sequence shown in FIGS. 13A
and 13B (se, e.g., GenBank Accession No. NM__016081).
[0124] In some embodiments, a nucleic acid probe hybrid-
izes to and provides for detection of a palladin nucleic acid
comprising a nucleotide substitution that is associated with
cancer, e.g., pancreatic cancer. In some embodiments, a
nucleotide substitution associated with cancer is a C-to-T
(G—T) substitution at a location corresponding to nucleotide
2060 of SEQ ID NO:20 (GenBank NM_ 016081, and as
depicted in FIGS. 13A and 13B. As depicted in FIGS. 13A
and 13B, the underlined and bolded “C” at position 2060 is
the wild-type sequence; substitution of the C at position 2060
with a T is associated with cancer. In some embodiments, the
target nucleic acid is a palladin mRNA, e.g., a C—T substi-
tution at a position corresponding to nucleotide 2060 of SEQ
ID NO:20 (GenBank NM__016081; FIGS. 13A and 13B) is
detected in a palladin mRNA. In other embodiments, the
target nucleic acid is a cDNA, e.g., a C—T substitution at a
position corresponding to nucleotide 2060 of SEQ ID NO:1
(GenBank NM_ 016081) is detected in a cDNA copy of a
palladin mRNA. In other embodiments, the target nucleic
acid is genomic DNA, e.g., a C—T substitution at a position
corresponding to nucleotide 2060 of SEQ ID NO:20 (Gen-
Bank NM__016081) is detected in palladin genomic DNA,
e.g., exon 10 of the palladin gene. For example, a genomic
DNA comprising nucleotide 27251 of the sequence set forth
in GenBank Accession No. AC084353 (corresponding to
nucleotide 2060 of the sequence depicted in FIGS. 13A and
13B) is depicted in FIG. 15.

[0125] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence that has at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or at least about 98%
nucleotide sequence identity with a stretch of at least about
25, at least about 50, at least about 100, at least about 150, at
least about 200, at least about 250, at least about 300, or at
least about 340 contiguous nucleotides of nucleotide 1833 to
nucleotide 2175 of SEQ ID NO:20 (GenBank NM_ 016081,
or a complement thereof), which is an exon that includes the
C—T substitution at position 2060.
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[0126] Insome embodiments, the target nucleic acid com-
prises a nucleotide sequence of from about nucleotide 1833 to
about nucleotide 2175 of SEQ ID NO:20 (GenBank
NM__016081), or a complement thereof. In some embodi-
ments, the target nucleic acid comprises from about nucle-
otide 1833 to about nucleotide 2080, from about nucleotide
1833 to about nucleotide 2090, from about nucleotide 1833 to
about nucleotide 2100, from about nucleotide 1833 to about
nucleotide 2150, from about nucleotide 1833 to about nucle-
otide 2160, from about nucleotide 1850 to about nucleotide
2175, from about nucleotide 1900 to about nucleotide 2175,
from aboutnucleotide 1950 to about nucleotide 2175, or from
about nucleotide 2000 to about nucleotide 2175 of SEQ ID
NO:20 (GenBank NM__016081), or the complement of any
of the foregoing. In some embodiments, the target nucleic
acid will comprise a C at a position corresponding to nucle-
otide 2060 of SEQ 1D NO:20 (GenBank NM__016081); in
other embodiments, the target nucleic acid will comprisea T
at a position corresponding to nucleotide 2060 of SEQ ID
NO:20 (GenBank NM__016081).

[0127] Insome embodiments, a suitable target nucleic acid
comprises at least the sequence 5'-cccagecgtggagtaaat-3'
(SEQ ID NO:21; GenBank NM__016081), or a complement
thereof, or at least the sequence 5'-cccagetgtggagtaaat-3'
(SEQ ID NO:22; corresponding to nucleotides 2054-2071 of
SEQ ID NO:20, GenBank NM__016081), or a complement
thereof, where the bold and underlined nucleotides represent
alternative residues at a position corresponding to 2060 of
SEQ ID NO:20 (GenBank NM__016081). In some embodi-
ments, a suitable target nucleic acid comprises at least the
sequence 35'-ggagtccatcccagecgiggagtaaatggactgattaacgg-3'
(SEQ ID NO:23; nucleotides 2045-2085 of SEQ ID NO:20,
GenBank NM__ 016081, FIGS. 13A and 13B), or the comple-
ment thereof, or at least the sequence 5'-ggagtccatcccage
tgtggagtaaatggactgattaacgg-3' (SEQ ID NO:24; GenBank
NM__016081), where the bold and underlined nucleotides
represent alternative residues at a position corresponding to
2060 of SEQ ID NO:20 (GenBank NM__(016081).

[0128] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 4, where Target
Region 4 is:

[0129] 5'-ccaacactgaaaactgtagttacgagt-
caatgggagaatccaacaatgaceact-
tccaacactttccacctcecectecaatettggagacaa  gttecttggagttggct-
tcaaagaaaccatctgagatccagcaggtgaacaaccctgagttaggcctgag
cagggcagccttcaaatgea attcaatgetgetgagagggaaac-
gaacggagtccatcccage
cgtggagtaaatggactgattaacggceaaagctaacagtaataaatct  cttccaa-
caccagctgtectgetttcacccac-
taaggagccaccacctetgettgecaaaccaaaact (SEQ 1D NO:25; cor-
responding to nucleotides 1833-2175 of SEQ 1D NO:25
(GenBank NM__016081)), or the complement thereof.
[0130] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 4a, where Target
Region 4a is:

[0131] 5'-ccaacactgaaaactgtagttacgagt-
caatgggagaatccaacaatgaccact-
tecaacactttccaccteccectecaatettggagacaa  gttecttggagttgget-
tcaaagaaaccatctgagatccagcaggtgaacaaccctgagttagecctgag
cagggcagccttcaaatgea attcaatgetgetgagagggaaac-
gaacggagtccatcccage
tgtggagtaaatggactgattaacggcaaagetaacagtaataaatct
caccagctgtectgetttcacccac-
taaggagccaccacctetgettgecaaaccaaaact (SEQ 1D NO:26; cor-
responding to nucleotides 1833-2175 of SEQ ID NO:20
(GenBank NM__016081), but including the C—T substitu-

cttccaa-
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tion at a position corresponding to nucleotide 2060 of
NM_ 016801), or the complement thereof.

[0132] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 4b, where Target
Region 4b is:

[0133] 5'-ttcaatgctectgagagggaaacgaacg-
gagtccatcccagecgtggagtaaatg-
gactgattaacggcaaagctaacagtaataaatetett (SEQ ID NO:27; cor-
responding to nucleotides 2018 to 2110 of SEQ ID NO:20
(GenBank NM_ 016081), or the complement thereof.

[0134] Inonenon-limiting exemplary embodiment, the tar-
get nucleic acid comprises Target Region 4c, where Target
Region 4c is:

[0135] 5'-ttcaatgctectgagagggaaacgaacg-
gagtccatcccagetgtggagtaaatg-
gactgattaacggcaaagctaacagtaataaatctet t (SEQ ID NO:28;
corresponding to nucleotides 2018 to 2110 of SEQ ID NO:20
(GenBank NM__016081) but including the C—T substitution
at a position corresponding to nucleotide 2060 of
NM_ 016801), or the complement thereof.

Insertions in a Palladin Promoter

[0136] Target palladin nucleic acids include palladin
nucleic acids that include a palladin gene promoter that
includes a nucleotide sequence insertion, e.g., an insertion of
one or more nucleotides not present in a palladin gene pro-
moter present in a normal (non-cancerous) cell. Thus, the
insertion in the palladin gene promoter is associated with an
increased risk of developing cancer (e.g., pancreatic cancer),
and/or the presence of a pre-cancerous or cancerous cell (e.g.,
a pre-cancerous or cancerous pancreatic cell).

[0137] Insome embodiments, a nucleic acid probe hybrid-
izes to a region of a palladin gene promoter that includes a
nucleotide sequence insertion, e.g., aninsertion of 1 nt to 5 nt,
from 5 nt to 10 nt, from 10ntto 15 nt, from 15 nt to 20 nt, from
20nt to 25 nt, from 25 nt to 30 nt, from 30 nt to 35 nt, from 35
nt to 40 nt, from 40 nt to 50 nt, or more than 50 nt.

[0138] A target nucleic acid can include a palladin gene
promoter of any isoform of palladin. For example, in some
embodiments, the target nucleic acid is a promoter region of
the palladin gene that encodes the 90 kDa isoform of palladin.
FIG. 19 depicts a nucleotide sequence (SEQ ID NO:110) that
includes a promoter for the gene encoding the 90kDa isoform
of palladin, where the promoter region is boxed (e.g., nucle-
otides 501-1987 of SEQ ID NO:110. The promoter region
includes a 12-base pair insertion after nucleotide 704 of SEQ
ID NO:110. The 12-bp insertion is associated with an
increased risk of developing cancer and/or the presence of a
pre-cancerous or cancerous cell. A promoter without the
12-base pair insertion would include nucleotides 501-704 and
717-1987 of SEQ ID NO:110. The 12-base pair insertion is
nucleotides 705-716 of SEQ ID NO:110. An example of a
promoter region of a palladin gene encoding the 90 kDa
isoform of palladin, without the 12-base pair insertion, is
SEQ ID NO:111, which includes nucleotides 501-704 and
717-1987 of SEQ ID NO:110.

[0139] In some embodiments, a target nucleic acid com-
prises a nucleotide sequence that has at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or at least about 98%
nucleotide sequence identity with a stretch of at least about
25, at least about 50, at least about 100, at least about 150, at
least about 200, at least about 250, at least about 500, at least
about 750, at least about 1000, at least about 1250, or at least
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about 1475 contiguous nucleotides of the nucleotide
sequence set forth in SEQ ID NO:111. SEQ ID NO:111
provides a nucleotide sequence of a palladin promoter with-
out nucleotide sequence insertions.

[0140] In some embodiments, a target nucleic acid com-
prises a nucleotide sequence that has at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or at least about 98%
nucleotide sequence identity with a stretch of at least about
25, at least about 50, at least about 100, at least about 150, at
least about 200, at least about 250, at least about 500, at least
about 750, at least about 1000, at least about 1250, or at least
1487 contiguous nucleotides of the nucleotide sequence set
forth in nucleotides 501-1987 of SEQ ID NO:110 (see FIG.
19). In some embodiments, a target nucleic acid includes a
nucleotide sequence insertion, compared to the sequence set
forth in SEQ ID NO:111. For example, in some embodi-
ments, the target nucleic acid includes a nucleotide sequence
insertion at a position corresponding to nucleotide 704 of the
sequence set forth in SEQ ID NO:111.

[0141] Inonenon-limiting exemplary embodiment, a target
nucleic acid comprises the nucleotide sequence of Target
Region 5, where Target Region 5 is the nucleotide sequence
set forth in SEQ ID NO:111.

[0142] In another non-limiting exemplary embodiment, a
target nucleic acid comprises the nucleotide sequence of Tar-
get Region 5a, where Target Region 5a has the sequence:
[0143] 5-CGGGCGAGGTATAAAGCCCGATACCTGC-
CCCGCGCCCGGTCCGCGGAGCCCGCTG  CAGCTC-
CCGCTCGCTCCGGACGCG-
GAATCGGGCAGCAGCGGGAGGCGGCCCGGAG
AGCCGAGG-3' (SEQID NO:112), where the sequence cor-
responds to nucleotides 658-775 of the nucleotide sequence
depicted in FIG. 19 and set forth in SEQ ID NO:110, and
where the 12-base pair insertion is in bold; or the complement
of the sequence.

Sources of Target Nucleic Acids

[0144] Where the detection methods involve detection of a
palladin-encoding nucleic acid, the target nucleic acids are
detected in samples obtained from a tissue comprising cells.
In some embodiments, the cells are obtained from a tissue
suspected of comprising cancer cells. For example, in some
embodiments, the cells are obtained from pancreatic tissue.
As another example, the cells are obtained from breast tissue
and/or axillary lymph nodes. As yet another example, the
cells are obtained from the upper aerodigestive tract (includ-
ing cells, e.g., squamous cells, obtained from the lips, mouth,
tongue, nose, throat, larynx, pharynx, and upper trachea; but
not including cells obtained from the stomach or intestines),
and tissues such as cervical lymph nodes. In other embodi-
ments, the cells are indicator cells, e.g., the cells themselves
are not suspected of comprising cancer cells, but serve as an
indication of the presence of cancer cells in an individual.
Such indicator cells include, e.g., white blood cells. For
example, peripheral blood mononuclear cells are suitable
indicator cells.

[0145] For example, target nucleic acids can be detected in
samples obtained from pancreatic cells, particularly human
pancreatic cells. Pancreatic cells suitable for analysis include,
but are not limited to, ductal pancreatic epithelial cells; pan-
creatic acinar cells; pancreatic stroma and/or extra-cellular
matrix; pancreatic stem cells; and pancreatic islet cells. In
addition, other targets for palladin detection can include, but
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are not limited to, biologic sources of tissue including periph-
eral white blood cells and pancreatic juice.

[0146] Head and neck cancers are malignant growths origi-
nating in the lip and oral cavity, nasal cavity, pharynx, larynx,
thyroid, paranasal sinuses, salivary glands and cervical lymph
nodes of the neck. Squamous cell carcinomas represent more
than 90% of all head and neck cancers, and originate from the
squamous cells that line the upper aerodigestive tract. Suit-
able sources of target nucleic acids in the context of head and
neck squamous cell carcinoma include tissues obtained from
any of: the lip, the oral cavity (mouth), nasal cavity, pharynx,
larynx, thyroid, paranasal sinuses, salivary glands, and cervi-
cal lymph nodes of the neck. Suitable sources of target nucleic
acids include a tissue sample from any of the aforementioned
sources, where the tissue sample includes squamous cells.
Suitable sources of target nucleic acids include cells obtained
by oral rinse; oral swab; and tissue biopsy from any of the
aforementioned sites.

[0147] In the context of breast cancer, suitable sources of
target nucleic acids include breast cells and lymph node cells,
e.g., cells obtained via fine needle aspiration biopsy; cells
obtained via core needle biopsy: cells obtained from lymph
nodes inthe vicinity of the breast (e.g., axillary lymph nodes);
and the like.

[0148] In the context of breast cancer, breast cancers that
can be detected using a subject method include mammary
carcinoma, adenocarcinoma, ductal carcinoma in situ, lobu-
lar (small cell) carcinoma, intraductal carcinoma, medullary
breast cancer, mucinous breast cancer, tubular breast cancer,
papillary breast cancer, Paget’s disease, inflammatory breast
cancer, and hormone dependent tumors of the breast.

Nucleic Acid Probes

[0149] As discussed above, the present invention provides
detection, diagnostic, and staging methods, e.g., methods for
detecting and diagnosing cancer (e.g., pancreatic cancer,
breast cancer, head and neck squamous cell cancer, etc.) in an
individual; methods of identifying individuals at risk of
developing cancer (e.g., pancreatic cancer); and methods of
staging cancer (e.g., pancreatic cancer, breast cancer, head
and neck squamous cell cancer, etc.). The methods generally
involve detecting a nucleotide sequence alteration (e.g.,
nucleotide substitution, a nucleotide sequence insertion, a
nucleotide sequence deletion, a change in methylation status,
etc.), a level of palladin mRNA, or both. In aspects where
detection of the presence of palladin gene having a cancer-
associated nucleotide substitution is desired, a subject
method provides for detection one of more of the following
exemplary nucleotide substitutions: 1) a C—T nucleotide
substitution at a position corresponding to nucleotide 715 (“a
715 C—T substitution”) of a human palladin nucleic acid,
e.g., nucleotide 715 of a palladin nucleic acid as set forth in
GenBank Accession No. AB023209 and depicted in FIG. 14,
where nucleotide 715 is underlined and in bold text; 2) a
G—T nucleotide substitution at a position corresponding to
nucleotide 1671 (*a 1671 G—T substitution”) of a human
palladin nucleic acid, e.g., nucleotide 1671 of a palladin
nucleic acid as set forth in GenBank Accession No.
AB023209 and depicted in F1G. 1A, where nucleotide 1671 is
underlined and in bold text; 3) a C—T substitution at a posi-
tion corresponding to nucleotide 2060 (“a 2060 C—T substi-
tution”) of a human palladin nucleic acid, e.g., a nucleotide
2060 of a palladin nucleic acid as set forth in GenBank Acces-
sion No. NM_ 016081 and depicted in FIGS. 13A and 13B,
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where nucleotide 2060 is underlined and in bold text. In
aspects where detection of the presence of palladin gene
promoter having a cancer-associated nucleotide sequence
insertion is desired, a subject method provides for detection
of, e.g., anucleotide insertion in a promoter of a palladin gene
encoding palladin, e.g., encoding the 90 kDa isoform of pal-
ladin. In other aspects, a subject method provides for detec-
tion of a level of a palladin mRNA in a cell. Both of these
methods (detecting a nucleotide sequence alteration; and
detecting a palladin mRNA level) can be carried out using a
method involving nucleic acid hybridization, amplification,
or both.

[0150] Nucleic acid hybridization can be carried out using
anucleic acid probe that detects: a) a cancer-associated nucle-
otide sequence alteration in a palladin target nucleic acid; b)
alevel of a palladin mRNA that is abnormally expressed in a
cancerous or precancerous cell; or ¢) both acancer-associated
nucleotide sequence alteration in a palladin target nucleic
acid and a level of a palladin mRNA that is abnormally
expressed in a cancerous or precancerous cell.

[0151] For example, nucleic acid hybridization can be car-
ried out using a nucleic acid probe that detects: a) a pancreatic
cancer-associated nucleotide sequence alteration in a palladin
target nucleic acid; b) a level of a palladin mRNA that is
abnormally expressed in a cancerous or precancerous pancre-
atic cell; or ¢) both a pancreatic cancer-associated nucleotide
sequence alteration in a palladin target nucleic acid and a level
of a palladin mRNA that is abnormally expressed in a can-
cerous or precancerous pancreatic cell.

[0152] For example, nucleic acid hybridization can be car-
ried out using a nucleic acid probe that detects: a) a cancer-
associated nucleotide substitution (e.g., a defined by a 715
C—T substitution, a 1671 G—T substitution, ora 2060 C—T
substitution in a palladin target nucleic acid); b) a level of a
palladin mRNA that is overexpressed in a cancerous or pre-
cancerous cell; or ¢) both a 715 C—T substitution a 1671
G—T substitution, or a 2060 C—T substitution in a palladin
target nucleic acid and a level of a palladin mRNA that is
overexpressed in a cancerous or precancerous cell. In addi-
tion, nucleic acid hybridization can be used to detect a nucle-
otide sequence insertion in a palladin promoter. The follow-
ing is a description of exemplary probes that can be used in a
subject method.

[0153] Where the method involves detection of a cancer-
associated nucleotide sequence alteration (e.g., a nucleotide
substitution, a nucleotide sequence insertion, a nucleotide
sequence deletion, a change in methylation status, etc.) in
palladin, suitable nucleic acid probes include nucleic acid
probes that hybridize to and provide for detection of a palla-
din nucleic acid comprising a nucleotide substitution that is
associated with cancer, e.g., a palladin 715 C—T substitution,
a 1671 G—T substitution, or a 2060 C—T substitution; and
nucleic acid probes that hybridize to and provide for detection
of a palladin nucleic acid comprising a nucleotide sequence
insertion that is associated with cancer. Where abnormal
expression of palladin is to be detected, nucleic acid probes
suitable for use include nucleic acid probes that hybridize to
and provide for detection of a palladin nucleic acid that is
overexpressed or underexpressed in an indicator cell, a can-
cerous cell, or a precancerous cell. The present invention
provides such nucleic acid probes.

[0154] Suitable nucleic acid probes are in some embodi-
ments in the range of between 10-50 nucleotides long, such as
101050, 12 t0 45, 1510 40, 20 t0 35, 25 to 30 nucleotides, and
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the like. For example, probes will in some embodiments be in
the range of between 18 to 40, 19 to 35, 20to 30, 21 to0 29, 22
to 28, 23 to 27, 24-25 nucleotides long, and any length
between the stated ranges. Probes of about 20 to 22 nucle-
otides in length are of particular interest in some embodi-
ments.

[0155] A suitable probe may be coupled to a label for detec-
tion. There are several methods and compositions known for
derivatizing oligonucleotides with reactive functionalities
which permit the addition of a label. For example, several
approaches are available for biotinylating probes so that
radioactive, fluorescent, chemiluminescent, enzymatic, or
electron dense labels can be attached via avidin. See, e.g,,
Broken et al., Nucl. Acids Res. (1978) 5:363-384 which dis-
closes the use of ferritin-avidin-biotin labels; and Chollet et
al. Nucl. Acids Res. (1985) 13:1529-1541 which discloses
biotinylation of the 5' termini of oligonucleotides via an ami-
noalkylphosphoramide linker arm. Several methods are also
available for synthesizing amino-derivatized oligonucle-
otides which are readily labeled by fluorescent or other types
of compounds derivatized by amino-reactive groups, such as
isothiocyanate, N-hydroxysuccinimide, or the like, see, e.g.,
Connolly (1987) Nucl. Acids Res. 15:3131-3139, Gibson et
al. (1987) Nucl. Acids Res. 15:6455-6467 and U.S. Pat. No.
4,605,735 to Miyoshi et al. Methods are also available for
synthesizing sulthydryl-derivatized oligonucleotides which
can be reacted with thiol-specific labels, see, e.g., U.S. Pat.
No. 4,757,141 to Fung et al., Connolly et al. (1985) Nuc.
Acids Res. 13:4485-4502 and Spoat et al. (1987) Nucl. Acids
Res. 15:4837-4848. A comprehensive review of methodolo-
gies for labeling DNA fragments is provided in Matthews et
al., Anal. Biochem. (1988) 169:1-25.

[0156] For example, probes may be fluorescently labeled
by linking a fluorescent molecule to the non-ligating terminus
of the probe. Guidance for selecting appropriate fluorescent
labels can be found in Smith et al., Meth. Enzymol. (1987)
155:260-301; Karger et al., Nucl. Acids Res. (1991) 19:4955-
4962; Haugland (1989) Handbook of Fluorescent Probes and
Research Chemicals (Molecular Probes, Inc., Eugene,
Oreg.). Exemplary fluorescent labels include fluorescein and
derivatives thereof, such as disclosed in U.S. Pat. No. 4,318,
846 and Lee et al, Cytometry (1989) 10:151-164, and
6-FAM, JOE, TAMRA, ROX, HEX-1, HEX-2, ZOE, TET-1
or NAN-2, and the like.

[0157] Additionally, probes can be labeled with an acri-
dinium ester (AE). Current technologies allow the AE label to
be placed at any location within the probe. See, e.g., Nelson et
al. (1995) “Detection of Acridinium Esters by Chemilumi-
nescence” in Nonisotopic Probing, Blotting and Sequencing,
KrickaL. J. (ed) Academic Press, San Diego, Calif.; Nelson et
al. (1994) “Application of the Hybridization Protection Assay
(HPA) to PCR” in The Polymerase Chain Reaction, Mullis et
al. (eds.) Birkhauser, Boston, Mass.; Weeks et al., Clin.
Chem. (1983) 29:1474-1479; Berry et al., Clin. Chem. (1988)
34:2087-2090. An AE molecule can be directly attached to
the probe using non-nucleotide-based linker arm chemistry
that allows placement of the label at any location within the
probe. See, e.g., U.S. Pat. Nos. 5,585,481 and 5,185,439.
[0158] Ifasolid supportisusedin the assay (e.g., to capture
amplicons of target nucleic acid using a probe), the oligo-
nucleotide probe may be attached to the solid support in a
variety of manners. For example, the probe may be attached to
the solid support by attachment of the 3' or 5' terminal nucle-
otide of the probe to the solid support. In some embodiments,
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the probe is attached to the solid support by a linker which
serves to distance the probe from the solid support. The linker
is in many embodiments at least 15-30 atoms in length, or at
least 15-50 atoms in length. The required length of the linker
will depend on the particular solid support used. For example,
a six atom linker is generally sufficient when high cross-
linked polystyrene is used as the solid support.

[0159] A wide variety of linkers are known in the art which
may be used to attach the oligonucleotide probe to the solid
support. The linker may be formed of any compound which
does not significantly interfere with the hybridization of the
target sequence to the probe attached to the solid support. The
linker may be formed of a homopolymeric oligonucleotide
which can be readily added on to the linker by automated
synthesis. Alternatively, polymers such as functionalized
polyethylene glycol can be used as the linker. In some
embodiments, polymers such as functionalized polyethylene
glycol are used because they do not significantly interfere
with the hybridization of probe to the target oligonucleotide.
In some embodiments, the linked is polyethylene glycol.
[0160] The linkages between the solid support, the linker
and the probe are normally not cleaved during removal of
base protecting groups under basic conditions at high tem-
perature. Examples of suitable linkages include carbamate
and amide linkages.

[0161] Examples of suitable types of solid supports for
immobilization of the oligonucleotide probe include con-
trolled pore glass, glass plates, polystyrene, avidin-coated
polystyrene beads, cellulose, nylon, acrylamide gel and acti-
vated dextran.

[0162] Probes for use in detection of a pancreatic cancer-
associated nucleotide substitution in a palladin gene, and
probes useful in assessing palladin expression levels are
described in more detail below.

[0163] Probes for Detecting a Cancer-Associated Nucle-
otide Substitutions in Palladin

[0164] Insomeembodiments, a suitable nucleic acid probe
hybridizes to and provides for detection of a palladin nucleic
acid (e.g., genomic DNA; mRNA; cDNA; amplified copies of
any of the foregoing; etc.) comprising a nucleotide substitu-
tion associated with cancer (e.g., pancreatic cancer, breast
cancer, head and neck squamous cell cancer, etc.).

Probes for Detecting a 715 C—T Substitution

[0165] Non-limiting examples of nucleic acid probes that
hybridize to a nucleic acid comprising Target Region 1, and
that detect the presence of the C—T substitution depicted in
Target Region 1 include:

[0166] Probe 1: 5'-CGGCCAGACGTCCGCGGCCTT-3'
(SEQ ID NO:29), or the complement thereof, e.g., 5'-AAG-
GCCGCGGACGTCTGGCCG-3' (SEQ ID NO:30);

[0167] Probe 2: 5-GCCACGGCCAGACGTCCGCGGC-
CTT-3' (SEQ ID NO:31), or the complement thereof, e.g.,
S-AAGGCCGCGGACGTCTGGCCGTGGC-3" (SEQ ID
NO:32);

[0168] Probe 3: 5-CGGCCAGACGTCCGCGGCCTTC-
CTC-3' (SEQ ID NO:33), or the complement thereof, e.g.,
5'-GAGGAAGGCCGCGGACGTCTGGCCGTGGC-3'
(SEQ ID NO:34); and

[0169] Probe 4: 5-GCCACGGCCAGACGTCCGCGGC-
CTTCCTC-3' (SEQ ID NO:35), or the complement thereof,
e.g., 5-GAGGAAGGCCGCGGACGTCTGGCCGTGGC-3'
(SEQ ID NO:36).
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[0170] Any of Probes 1-4, above, or any of the comple-
ments thereof, will in some embodiments include additional
5t and/or 3' sequences. The additional 5' and/or 3' sequences
will in some embodiments provide for hybridization with the
target region. In other embodiments, the additional 5' and/or
3' sequences will provide restriction endonuclease recogni-
tion sites, for cloning the probe into a vector.

Probes for Detecting a 1671 G—T Substitution

[0171] Non-limiting examples of nucleic acid probes that
hybridize to a nucleic acid comprising Target Region 3, and
that detect the presence of the G—T substitution depicted in
Target Region 3 include:

[0172] Probe 5: 5'-ctaagetggcaactagatgg-3' (SEQ 1D
NO:37), or the complement thereof, e.g., 5'-ccatctagttge-
cagcttag-3' (SEQ 1D NO:38);

[0173] Probe 6: 5'-gatctaagetggeaactagat-3' (SEQ 1D
NO:39), or the complement thereof, e.g., 5'-atctagttgccaget-
tagatc-3' (SEQ 1D NO:40); and

[0174] Probe 7: 5'-gatctaagctggcaactagatgg-3' (SEQ ID
NO:41), or the complement thereof, e.g., 5'-ccatctagttge-
cagcttagatc-3' (SEQ ID NO:42).

[0175] Any of Probes 5-7, above, or any of the comple-
ments thereof, will in some embodiments include additional
5" and/or 3' sequences. The additional 5' and/or 3' sequences
will in some embodiments provide for hybridization with the
target region. In other embodiments, the additional 5' and/or
3' sequences will provide restriction endonuclease recogni-
tion sites, for cloning the probe into a vector.

Probes for Detecting a 2060 C—T Substitution

[0176] Non-limiting examples of nucleic acid probes that
hybridize to a nucleic acid comprising Target Region 4, and
that detect the presence of the C—T substitution depicted in
Target Region 4 include:

[0177] Probe 8: 5'-ccatcccageegtggagtaaatgg (SEQ 1D
NO:43), or the complement thereof, e.g., 5'-ccatttactccacg-
getgggatgg-3' (SEQ ID NO:44);

[0178] Probe 9: 5'-cccagecgtggagtaaatgg-3' (SEQ 1D
NO:45), or the complement thereof, e.g., S-ccatttactccacg-
getggg-3' (SEQ ID NO:46); and

[0179] Probe 10: 5'-gtccatcccagecgtggagtaaatggactg-3'
(SEQ ID NO:47), or the complement thereof, e.g., 5'-cagtc-
catttactccacggetgggatggac-3' (SEQ 1D NO:48).

[0180] Any of Probes 8-10, above, or any of the comple-
ments thereof, will in some embodiments include additional
5" and/or 3' sequences. The additional 5' and/or 3' sequences
will in some embodiments provide for hybridization with the
target region. In other embodiments, the additional 5' and/or
3' sequences will provide restriction endonuclease recogni-
tion sites, for cloning the probe into a vector.

[0181] Probes for Detecting Abnormal Expression of a Pal-
ladin Nucleic Acid

[0182] Insomeembodiments, a suitable nucleic acid probe
hybridizes to and provides for detection of a palladin nucleic
acid that is abnormally expressed (e.g., over-expressed or
under-expressed) in a cell (e.g., a cell from a tissue suspected
of comprising a cancer cell; or an indicator cell such as a
white blood cell). In these embodiments, suitable target
nucleic acids includea palladin mRNA; a cDNA copy of all or
a portion of (e.g., a subsequence of) a palladin mRNA; a
nucleic acid amplification product generated by amplifying a
c¢DNA copy of a palladin mRNA; and the like. In some
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embodiments, a target nucleic acid will include all or a part of
an exon (e.g., exon 2, exon 9, exon 10) of the palladin gene,
and may or may not include a nucleotide substitution that is
associated with pancreatic cancer. In some of these embodi-
ments, a nucleic acid probe will comprise a variable nucle-
otide that is associated with pancreatic cancer (e.g., will com-
prise one or more of: a) a nucleotide sequence that includes
eithera C or a T ata position corresponding to 715 of SEQ ID
NO:1; b) anucleotide sequence that includes either aGora T
at a position corresponding to 1671 of SEQ ID NO:1; and ¢)
a nucleotide sequence that includes either a C or a T at a
position corresponding to 2060 of the sequence set forth in
FIGS. 13A and 13B and in NM__016801). In other embodi-
ments, a nucleic acid probe will not include a nucleotide
sequence that includes any of the aforementioned nucleotides
(e.g., ) a nucleotide sequence that includes eitheraCoraT
at a position corresponding to 715 of SEQ ID NO:1; b) a
nucleotide sequence that includes either a Gora T at a
position corresponding to 1671 of SEQ ID NO:1; and ¢) a
nucleotide sequence that includes either a C or a T at a
position corresponding to 2060 of the sequence set forth in
FIGS. 13A and 13B and in NM__016801).

[0183] Exemplary, non-limiting examples of probes that
are suitable for detecting a palladin nucleic acid that is abnor-
mally expressed in a cell include any of Probes 1-10, or a
complement thereof, as described above.

[0184] Further suitable probes for detecting a palladin
nucleic acid that is abnormally expressed in a cell include,
eg.

[0185] Probe 11: 5'-acccgetteg gecacggeca-3' (SEQ 1D
NO:49; corresponding to nucleotides 691-710 of SEQ 1D
NO:1), or the complement thereof;

[0186] Probe 12: S'-gtcgectgec accegetteg gecacgge-3'
(SEQ ID NO:50; corresponding to nucleotides 681-708 of
SEQ ID NO:1) or the complement thereof;

[0187] Probe 13: S'-gecttectca gegetetget-3' (SEQ 1D
NO:51; corresponding to nucleotides 721-740 of SEQ ID
NO:1), or the complement thereof;

[0188] Probe 14: 5'-gecttectea gegetetget geectegeag-3'
(SEQ ID NO:52; corresponding to nucleotides 721-750 of
SEQ ID NO:1), or the complement thereof;

[0189] Probe 15: 5'-gegetetget geectegeag cegee-3' (SEQ
ID NO:53, corresponding to nucleotides 731-755 of SEQ ID
NO:1), or the complement thereof;

[0190] Probe 16: 5'-geectegeag cegeegeegg cggecgteaa-3'
(SEQ ID NO:54, corresponding to nucleotides 741-770 of
SEQ ID NO:1), or the complement thereof;

[0191] Probe 17: 5'-cagtgggtta ccaaccccag-3' (SEQ 1D
NO:55, corresponding to nucleotides 1641-1660 of SEQ 1D
NO:1), or the complement thereof;

[0192] Probe 18: 5'-ccaaccccag atctaagetg-3' (SEQ 1D
NO:56, corresponding to nucleotides 1651-1670 of SEQ 1D
NO:1), or the complement thereof;

[0193] Probe 19: 5'-ggaaagcceg tacgeectga-3' (SEQ 1D
NO:57, corresponding to nucleotides 1681-1700 of SEQ 1D
NO:1), or the complement thereof;

[0194] Probe 20: 5'-cagtgetcac aagatgetgg-3' (SEQ 1D
NO:58, corresponding to nucleotides 1701-1720 of SEQ 1D
NO:1), or the complement thereof;

[0195] Probe 21: 5'-aatgctgctg agagggaaac (SEQ ID
NO:59, corresponding to nucleotides 2021-2040 of the
sequence set forth in FIGS. 13A and 13B (NM__016081), or
the complement thereof;
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[0196] Probe 22: 5'-agagggaaac gaacggagtc catcc-3' (SEQ
ID NO:60, corresponding to nucleotides 2031-2055 of the
sequence set forth in FIGS. 13A and 13B (NM__016081), or
the complement thereof;

[0197] Probe 23: 5'-gtggagtaaa tggactgatt aacggcaaag-3'
(SEQID NO:61, corresponding to nucleotides 2061-2090 of
the sequence set forth in FIGS. 13A and 13B (NM__016081),
or the complement thereof; and

[0198] Probe 24: 5'-gtaaa tggactgatt aacgge-3' (SEQ 1D
NO:62, corresponding to nucleotides 2066-2086 of the
sequence set forth in FIGS. 13A and 13B (NM__016081), or
the complement thereof.

[0199] Any of Probes 11-16, above, or any of the comple-
ments thereof, is suitable for detecting a palladin nucleic acid
comprising all or a portion of Target Region 1, as described
above. Any of Probes 17-20, above, or any of the comple-
ments thereof, is suitable for detecting a palladin nucleic acid
comprising all or a portion of Target Region 3, as described
above. Any of Probes 21-24, above, or any of the comple-
ments thereof, is suitable for detecting a palladin nucleic acid
comprising all or a portion of Target Region 4, as described
above.

[0200] Any of Probes 11-24, above, or any of the comple-
ments thereof, will in some embodiments include additional
5" and/or 3' sequences. The additional 5' and/or 3' sequences
will in some embodiments provide for hybridization with the
target region. In other embodiments, the additional 5' and/or
3' sequences will provide restriction endonuclease recogni-
tion sites, for cloning the probe into a vector.

Probes for Detecting a Cancer-Associated Nucleotide
Sequence Insertions in a Palladin Nucleic Acid

[0201] Insome embodiments, a suitable nucleic acid probe
hybridizes to and provides for detection of a palladin nucleic
acid (e.g., genomic DNA; mRNA; ¢cDNA; amplified copies of
any of the foregoing; etc.) comprising a nucleotide sequence
insertion associated with cancer (e.g., pancreatic cancer,
breast cancer, head and neck squamous cell cancer, etc.).
[0202] For example, in some embodiments, a suitable
nucleic acid probe hybridizes to and provides for detection of
a palladin nucleic acid (e.g., a genomic DNA) comprising a
nucleotide sequence insertion in a palladin promoter. In a
particular non-limiting embodiment, a suitable nucleic acid
probe hybridizes to and provides for detection of a palladin
nucleic acid (e.g., a genomic DNA) comprising a nucleotide
sequence insertion in a promoter of a palladin gene encoding
the 90 kDa isoform of palladin.

[0203] For example, in some embodiments, a suitable
nucleic acid probe hybridizes to and provides for detection of
anucleotide sequence insertion in the nucleotide sequence set
forth in SEQ ID NO:111. A 12-base pair insertion was found
in a palladin gene promoter, and is shown in FIG. 19. In some
embodiments, a suitable nucleic acid probe hybridizes to and
provides for detection of this 12-base pair insertion.

[0204] Non-limiting examples of a suitable probe include
the following:
[0205] Probe25: 5'-GCGGAGCCCGCTGCAGCTCCCG-

3' (SEQ ID NO:113), corresponding to nucleotides 700-721
of the nucleotide sequence depicted in FIG. 19 and set forth in
SEQ 1D NO:110.

[0206] Probe 26: 5-CGGAGCCCGCTGCAGCTCCC-3'
(SEQ ID NO:114), corresponding to nucleotides 701-720 of
the nucleotide sequence depicted in FIG. 19 and set forth in
SEQ ID NO:10.
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[0207] Probes 25 and 26, above, or any of the complements
thereof, are suitable for detecting a palladin nucleic acid
comprising all or a portion of Target Region 5a, as described
above.

Nucleic Acid Primers

[0208] As discussed above, a subject method (e.g., a
method for detecting and diagnosing cancer in an individual;
a method of identifying individuals at risk of developing
cancer; a method of staging cancer) will in some embodi-
ments involve amplification of a target palladin nucleic acid.
For example, a subject method that involves detection of a
715 C—T substitution, a 1671 G—T, or a 2060 C—T substi-
tution in a palladin nucleic acid, or detection of a nucleotide
substitution in a palladin gene, will in some embodiments
comprise amplifying a target palladin nucleic acid, using a
nucleic acid primer pair, forming a nucleic acid amplification
product; and detecting the 715 C—T substitution, the 1671
G—T, or the 2060 C—T substitution, or an insertion in a
palladin gene promoter, in the amplification product. In other
aspects, a subject method provides for detection of a level of
apalladin mRNA in a cell. In some embodiments, methods of
detecting a level of a palladin mRNA in a cell will involve
amplifying a target palladin nucleic acid, using a pair of
nucleic acid primers.

[0209] As noted above, the present invention provides
methods that involve detecting a palladin nucleic acid (e.g., a
palladin mRNA) that is over-expressed in an indicator cell
which is a cancerous or pre-cancerous cell. A palladin nucleic
acid that is over-expressed in a cancerous tissue is a palladin
nucleic acid (e.g., a palladin mRNA) that is present in a
cancerous cell at a level that is at least about 25%, at least
about 50%, at least about 2-fold, at least about 2.5-fold, at
least about 5-fold, at least about 7.5-fold, at least about
10-fold, at least about 15-fold, at least about 20-fold, at least
about 25-fold, at least about 30-fold, at least about 35-fold, at
least about 40-fold, at least about 50-fold, or more, higher
than the level of palladin nucleic acid (e.g., palladin mRNA)
presentin a control cell, e.g., a non-cancerous cell of the same
cell type.

[0210] For example, the present invention provides meth-
ods that involve detecting a palladin nucleic acid (e.g., a
palladin mRNA) that is over-expressed in a cancerous or
pre-cancerous pancreatic cell. A palladin nucleic acid that is
over-expressed in a cancerous pancreatic tissue is a palladin
nucleic acid (e.g., a palladin mRNA) that is present in a
cancerous pancreatic cell at a level that is at least about 25%,
at least about 50%, at least about 2-fold, at least about 2.5-
fold, at least about 5-fold, at least about 7.5-fold, at least about
10-fold, at least about 15-fold, at least about 20-fold, at least
about 25-fold, at least about 30-fold, at least about 35-fold, at
least about 40-fold, at least about 50-fold, or more, higher
than the level of palladin nucleic acid (e.g., palladin mRNA)
present in a control cell, e.g., a non-cancerous pancreatic cell
of the same cell type.

[0211] A palladin nucleic acid that is over-expressed in a
pre-cancerous pancreatic tissue is a palladin nucleic acid
(e.g., a palladin mRNA) that is present in a pre-cancerous
pancreatic cell at a level that is at least about 25%, at least
about 50%, at least about 2-fold, at least about 2.5-fold, at
least about 5-fold, at least about 7.5-fold, at least about
10-fold, at least about 15-fold, at least about 20-fold, at least
about 25-fold, at least about 30-fold, at least about 35-fold, at
least about 40-fold, at least about 50-fold, or more, higher
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than the level of palladin nucleic acid (e.g., palladin mRNA)
present in a control cell, e.g., a non-cancerous pancreatic cell
of the same cell type.

[0212] As noted above, in some embodiments, the methods
provide for detection of a cancer in an individual, where a
palladin target nucleic acid is detected in an indicator cell in
a biological sample obtained from the individual, and where
alevel of palladin target nucleic acid that is lower than normal
indicates the presence of cancer in the individual. A palladin
target nucleic acid that is expressed at lower than normal
levels is expressed at a level that is less than about 80%, less
than about 70%, less than about 60%, less than about 50%,
less than about 40%, less than about 30%, less than about
20%, or less than about 10% of the level present in an indi-
cator cell from an individual not having cancer.

[0213] In general, primers provide for amplification of a
palladin target nucleic acid to produce a palladin target
nucleic acid amplification product (also referred to as an
“amplicon”). Primers will in some embodiments be used in
conjunction with a nucleic acid probe. 5' primers generally
bind to a region to provide for amplification of the target
nucleic, and in many embodiments bind to a 5' portion of the
target sequence, as shown in FIGS. 10 and 14-16. 3' primers
generally bind to a sequence that is complementary to a 3'
portion of the nucleic acid generated by extension from the 5'
primer, as exemplified in FIGS. 10 and 14-16.

[0214] Targetnucleotide sequences to which 5' and 3' prim-
ers hybridize will be separated from one another by from
about 10 nucleotides to about 650 nucleotides, e.g., from
about 10 nucleotides to about 20 nucleotides, from about 20
nucleotides to about 30 nucleotides, from about 30 nucle-
otides to about 40 nucleotides, from about 40 nucleotides to
about 50 nucleotides, from about 50 nucleotides to about 60
nucleotides, from about 60 nucleotides to about 70 nucle-
otides, from about 70 nucleotides to about 100 nucleotides,
from about 100 nucleotides to about 150 nucleotides, from
about 150 nucleotides to about 200 nucleotides, from about
200 nucleotides to about 250 nucleotides, from about 250
nucleotides to about 300 nucleotides, from about 300 nucle-
otides to about 400 nucleotides, from about 400 nucleotides
to about 500 nucleotides, or from about 500 nucleotides to
about 650 nucleotides.

[0215] The amplification product that is generated will
have a length of from about 30 nucleotides to about 670
nucleotides, e.g., from about 30 nucleotides to about 50
nucleotides, from about 50 nucleotides to about 100 nucle-
otides, from about 100 nucleotides to about 150 nucleotides,
from about 150 nucleotides to about 200 nucleotides, from
about 200 nucleotides to about 250 nucleotides, from about
250 nucleotides to about 300 nucleotides, from about 300
nucleotides to about 400 nucleotides, from about 400 nucle-
otides to about 500 nucleotides, or from about 500 nucle-
otides to about 670 nucleotides.

[0216] In certain embodiments, primers are designed so as
to have a sequence complementary to one or more variant
nucleotides within a target region sequence and/or to have a 3'
end adjacent a variant nucleotide of a sequence of a target
region. In some embodiments involving amplification-based
detection, probes are designed so as to have a sequence
complementary to a sequence flanked by the sequence(s)
complementary to one or more primers used for amplifica-
tion.

[0217] The amplification product will in many embodi-
ments have a length in a range of from about 30 nucleotides
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(or base pairs, bp) to about 1000 nucleotides (or base pairs),
e.g., from about 30 bp to about 50 bp, from about 50 bp to
about 60 bp, from about 60 bp to about 70 bp, from about 70
bp to about 80 bp, from about 80 bp to about 90 bp, from about
90 bp to about 100 bp, from about 100 bp to about 150 bp,
from about 150 bp to about 200 bp, from about 200 bp to
about 250 bp, from about 250 bp to about 300 bp, from about
300 bp to about 350 bp, from about 350 bp to about 400 bp,
from about 400 bp to about 500 bp, from about 500 bp to
about 600 bp, from about 700 bp. from about 700 bp to about
800 bp, from about 800 bp to about 900 bp, or from about 900
bp to about 1000 bp (e.g., about 1 kb).

[0218] In some embodiments, the primer sequences are in
the range of between 10-75 nucleotides in length, such as 10
to 70 nucleotides, 12 to 65 nucleotides, 15 to 60 nucleotides,
20 to 55 nucleotides, 25 to 50 nucleotides, 30 to 45 nucle-
otides, and the like. In some embodiments, primers are in the
range of between 18 to 40, 19 to 35, 20 t0 30, 21 10 29,22 to
28,23 to 27, 24-25 nucleotides long, and any length between
the stated ranges. Primers of about 20 to 22 nucleotides in
length are of particular interest in some embodiments.
[0219] In some embodiments, the first and/or the second
primer comprises a detectable label. Suitable labels include
fluorochromes, e.g. fluorescein isothiocyanate (FITC),
rhodamine, Texas Red, phycoerythrin, allophycocyanin,
6-carboxyfluorescein  (6-FAM),  2',7'-dimethoxy-4',5'-
dichloro-6-carboxyfluorescein ~ (JOE), 6-carboxy-X-
rhodamine (ROX), 6-carboxy-2'.4",7'4,7-hexachlorofluores-
cein (HEX), 5-carboxyfluorescein (5-FAM) or N,N,N'N'-
tetramethyl-6-carboxyrhodamine (TAMRA); radioactive
labels, e.g. **P, *°S, *H; etc. The label may be a two stage
system, where the amplified DNA is conjugated to biotin,
haptens, etc. having a high affinity binding partner, e.g. avi-
din, specific antibodies, etc., where the binding partner is
conjugated to a detectable label. The label may be conjugated
to one or both of the primers. Alternatively, the pool of nucle-
otides used in the amplification is labeled, so as to incorporate
the label into the amplification product.

[0220] In one non-limiting exemplary embodiment, where
the target nucleic acid comprises Target Region 1d, where
Target Region 1d is:

[0221] 5'-ggacaggegt cccactgete gtcgectgee accegcetteg
gccacggeca gacgteegeg gecttectea gegetetget geectegeag
cegeegeegg cggecgteaa cgecetggge-3' (SEQ ID NO:63; cor-
responding to nucleotides 621-780 of SEQ ID NO:1), or the
complement thereof, a suitable primer pair is:

[0222] Primer pair A:

[0223] primer 1: 5'-ggacaggegtecactgete-3' (SEQ 1D
NO:64); and

[0224] primer 2: 5'-ccccagggegttgacggecg-3' (SEQ ID
NO:65).

[0225] Target region 1d, and a suitable primer pair for

amplifying a target nucleic acid comprising Target region 1d,
are depicted in FIG. 10.

[0226] Primer pair A is suitable for use in methods of
detecting a nucleotide substitution that is associated with
pancreatic cancer. Primer pair A will in some embodiments be
used to amplify a palladin nucleic acid comprising Target
Region 1d. In some embodiments, the amplification product
generated using Primer pair A and a nucleic acid target com-
prising Target Region 1d will then be analyzed using a nucleic
acid probe that hybridizes to an detects a nucleotide substi-
tution that is associated with pancreatic cancer, as described
above. For example, any of probes 1-4 are suitable for use.
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[0227] Primer pair A is also suitable for use in a method of
detecting a palladin nucleic acid that is overexpressed in an
indicator cell that is a cancerous or precancerous cell (e.g., a
cancerous or precancerous pancreatic cell) or that is under-
expressed in an indicator cell that is a white blood cell.
[0228] In other non-limiting exemplary embodiments,
where the target nucleic acid comprises Target Region 1,
where Target Region 1 is:

[0229] 5'-ggaccctctgaagetccageaactcea-
gaaccaaatccgactggagcaggaggecggegetcgg  cagectcegecage-
cecegegeagegegecegecctegeeecectteccgecgeegecegecttee
ccgagetegeggectgeacgecgce-
cegegteecececggageccatgagegegetggectecegete cgeececgecatg-
cagtcctecggetccttcaactacgegegecccaageagtteatcgecgeg
cagaacctcgggeccgegtegggccacg-
geacgecggectccagecccagetegtecagectee cgtegeccatgte-
ccegacgecgaggceagttcggecgegeccccgtgeegeccttegegeagee
ctteggegetgageecgaggc-
ceegtgggoctectectegeegtegeecccgeeceecgecacce
tcagceccacggetgectteceggtac-
ccgacgtgtteccactgeecgeegecaccac
cgeegeteecgagecegggacaggegtc-
ccactgctegtegectgecaccegettcggecacgg cecagacg Lecgeggect
tecteagegetetgetgecctegeagecgeegecggeggecgtcaac
geectggggctgcccaagggtgtcaceccege-3' (SEQ IDNO:6; corre-
sponding to nucleotides 132-803 of SEQ ID NO:1, but
including the C—T substitution, shown in bold and under-
lined), or the complement thereof, suitable primer pairs
include:

ceggtct-

[0230] Primer Pair B:

[0231] 5-GGACCCTCTGAAGCTCCAGC-3' (SEQ ID
NO:66); and

[0232] 5-GCGGGGGTGACACCCTTGGG-3' (SEQ ID
NO:67), where

[0233] Primer 1 of pair B corresponds to nucleotides 132-

151 of SEQ ID NO:1; and Primer 2 of pair B corresponds to
the complement of nucleotides 784-803 of SEQ ID NO:1.

[0234] Primer Pair C:

[0235] 5-GGACCCTCTGAAGCTCCAGC-3' (SEQ ID
NO:68); and

[0236] Primer 2:5-CCGTGGCCGAAGCGGGTG-

GCAGG-3' (SEQ ID NO:69), where

[0237] Primer 1 of pair C corresponds to nucleotides 132-
151 of SEQ ID NO:1; and Primer 2 of pair C corresponds to
the complement of nucleotides 685-707 of SEQ ID NO:1.

[0238] Primer Pair D:

[0239] 5'-CCTCGCCGTCGCCCCCGCCC-3' (SEQ ID
NO:70); and

[0240] Primer 2:5-CCGTGGCCGAAGCGGGTG-

GCAGG-3' (SEQ ID NO:71), where

[0241] Primer 1 of pair D corresponds to nucleotides 551 to
575 of SEQ ID NO:1; and Primer 2 of pair D corresponds to
the complement of nucleotides 685-707 of SEQ ID NO:1.

[0242] Primer Pair E:

[0243] 5-CCTCGCCGTCGCCCCCGCCC-3' (SEQ ID
NO:72); and

[0244] 5-CCGTGGCCGAAGCGGGTGGCAGG-3'

(SEQID NO:73),

[0245] where Primer 1 of pair E corresponds to nucleotides
551 to 575 of SEQ ID NO:1; and

[0246] Primer 2 of pair E corresponds to the complement of
nucleotides 685-707 of SEQ ID NO:1. Primer pair B is suit-
able for use in methods of detecting a nucleotide substitution
thatis associated with cancer (e.g., pancreatic cancer). Primer
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pair B will in some embodiments be used to amplify a palla-
din nucleic acid comprising Target Region 1. In some
embodiments, the amplification product generated using
Primer pair B and a nucleic acid target comprising Target
Region 1 will then be analyzed using a nucleic acid probe that
hybridizes to and detects a nucleotide substitution that is
associated with pancreatic cancer, as described above. For
example, any of probes 1-4 are suitable for use.

[0247] Primer pair B is also suitable for use in a method of
detecting a palladin nucleic acid that is overexpressed in a
cancerous or precancerous pancreatic cell. Primer pairs C, D,
and E are suitable for use in a method of detecting a palladin
nucleic acid that is overexpressed in a cancerous or precan-
cerous pancreatic cell.

[0248] Primer Pair F:

[0249] 5-AGGTGTCACTTCTCTTTTTCCCCCC-3'
(SEQ ID NO:74); and

[0250] Primer 2:5"GGGGAGGGAAGTGGAGGAC-
CGCGG-3' (SEQ 1D NO:75),

[0251] where Primer 1 of pair F corresponds to nucleotides
139671 to 139695 of the genomic sequence depicted in FIG.
16; and where Primer 2 of pair F corresponds to the comple-
ment of nucleotides 140401 to 140425 of the sequence
depicted in FIG. 16.

[0252] Primer pair F is suitable for use in methods of detect-
ing a nucleotide substitution that is associated with cancer.
Primer pair F will in some embodiments be used to amplify a
genomic palladin nucleic acid comprising exon 2 (e.g., as
shown in bold text in FIG. 16). In some embodiments, the
amplification product generated using Primer pair F and a
nucleic acid target comprising palladin exon 2 will then be
analyzed using a nucleic acid probe that hybridizes to an
detects a nucleotide substitution that is associated with can-
cer, as described above.

[0253] Primer Pair G:

[0254] 5'-cagtgggtta ccaaccecag-3' (SEQ ID NO:76); and
[0255] S'-gtgcacceegttetcacgea-3' (SEQ ID NO:77).
[0256] Primer 1 of pair G corresponds to nucleotides 1641-

1660 of SEQ ID NO:1; and Primer 2 of pair G corresponds to
the complement of nucleotides 1721-1740 if SEQ ID NO:1.
[0257] Primer pair G is suitable for use in methods of
detecting a nucleotide substitution that is associated with
cancer. Primer pair G will in some embodiments be used to
amplify a palladin nucleic acid comprising Target Region 3.
In some embodiments, the amplification product generated
using Primer pair G and a nucleic acid target comprising
Target Region 3 will then be analyzed using a nucleic acid
probe that hybridizes to and detects a nucleotide substitution
that 1s associated with cancer, as described above.

[0258] Primer pair G is also suitable for use in a method of
detecting a palladin nucleic acid that is overexpressed in an
indicator cells that is a cancerous or precancerous cell (e.g., a
cancerous or precancerous pancreatic cell), or that is under-
expressed in an indicator cell that is a white blood cell
[0259] Primer Pair H

[0260] 5" TCTTGTACTACTGAAGGAGGAATTTATGC
(SEQ ID NO:78); and

[0261] &' TTTTCCGTATTGGTTAGTAATGTA-
GAATTAG (SEQ ID NO:79),
[0262] where Primer 1 of primer pair H corresponds to

nucleotides 183428-18356 of BAC RP11-635L1 (GenBank
Accession No. AC080188; as depicted in FIG. 14), and
Primer 2 of primer pair H corresponds to the complement of
nucleotides 183798-183828 of BAC RP11-63511 (GenBank
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Accession No. AC080188; as depicted in FIG. 14). Primers 1
and 2 of primer pair H are underlined in the sequence set forth
in FIG. 14.

[0263] Primer pair H is suitable for use in methods of
detecting a nucleotide substitution that is associated with
cancer. Primer pair H will in some embodiments be used to
amplify a palladin nucleic acid comprising palladin exon 9 (as
shown in bold text in FIG. 14). In some embodiments, the
amplification product generated using Primer pair H and a
nucleic acid target comprising palladin exon 9 will then be
analyzed using a nucleic acid probe that hybridizes to and
detects a nucleotide substitution that is associated with can-
cer, as described above.

[0264] Primer Pair I:

[0265] 5'-gggaaac gaacggagte catcec-3' (SEQ ID NO:80);
and

[0266] 5'-agcaggacagetggtgttge-3' (SEQ ID NO:81).
[0267] Primer 1 of pair I corresponds to nucleotides 2034-

2056 of the sequence depicted in FIGS. 13A and 13B (NM_
016081); and Primer 2 of pair I corresponds to the comple-
ment of nucleotides 2111-2130 of the sequence depicted in
FIGS. 13A and 13B (NM__016081).

[0268] Primerpair]is suitable for use in methods of detect-
ing a nucleotide substitution that is associated with cancer.
Primer pair G will in some embodiments be used to amplify a
palladin nucleic acid comprising Target Region 4. In some
embodiments, the amplification product generated using
Primer pair G and a nucleic acid target comprising Target
Region 4 will then be analyzed using a nucleic acid probe that
hybridizes to an detects a nucleotide substitution that is asso-
ciated with cancer, as described above. For example, any of
probes 8-10 are suitable for use.

[0269] Primer pair I is also suitable for use in a method of
detecting a palladin nucleic acid that is overexpressed in a
cancerous or precancerous cell.

[0270] Primer Pair J

[0271] 5" CACAACACAGGGATTCTCAGAAGA (SEQ
ID NO:82)

[0272] 5" AGCTGGTGTTGGAAGAGAIT (SEQ ID
NO:83),

[0273] where primer 1 of pair I corresponds to nucleotides

26927-26950 of the genomic DNA sequence set forth in BAC
RP11-592K15 (GenBank Accession No. AC084353; as
depicted in FIG. 15), and Primer 2 of primer pair J corre-
sponds to the complement of nucleotides 27294-27313 of
BAC RP11-592K15 (GenBank Accession No. AC084353; as
depicted in FIG. 15). Primers 1 and 2 of primer pair J are
underlined in the sequence set forth in FIG. 15.

[0274] Primer pair J is suitable for use in methods of detect-
ing a nucleotide substitution that is associated with cancer.
Primer pair J will in some embodiments be used to amplify a
palladin nucleic acid comprising at least a portion of palladin
exon 10. In some embodiments, the amplification product
generated using Primer pair J and a nucleic acid target com-
prising at least a portion of palladin exon 10 will then be
analyzed using a nucleic acid probe that hybridizes to and
detects a nucleotide substitution that is associated with can-
cer, as described above.

[0275] Primer Pair K

[0276] 5-CCCCGCGCCCGGTCCGCGGA-3' (SEQ ID
NO:115), corresponding to nucleotides 685-704 of the nucle-
otide sequence depicted in FIG. 19 and set forth in SEQ ID
NO:110; and
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[0277] 5-CGCGTCCGGAGCGAGCGGGA-3' (SEQ ID
NO:116), corresponding to the complement of nucleotides
717-736 of the nucleotide sequence depicted in FIG. 19 and
set forth in SEQ ID NO:110.

[0278] Primer pair K flanks the 12-base pair insertion
depicted in FIG. 19; and is suitable for amplifying a target
palladin nucleic acid that includes a nucleotide sequence
insertion in a palladin promoter.

Internal Control Nucleic Acids

[0279] In certain embodiments, an internal control (IC) or
an internal standard is added to serve as a control to show that
any negative result is not due to failure of the assay. The use
of the IC permits the control of the separation process, the
amplification process, and the detection system, and permits
the monitoring of assay performance and quantification for
the sample(s). The IC can be included at any suitable point,
for example, in the lysis buffer. In one embodiment, the IC
comprises phage nucleic acid. Where a solid support is used
in the assay, the solid support may additionally include probes
specific to the internal standard (IC probe), thereby facilitat-
ing capture when using the IC probe. The IC probe can
optionally be coupled with a detectable label that is different
from the detectable label for the target sequence. In embodi-
ments where the detectable label is a fluorophore, the IC can
be quantified spectrophotometrically and by limit of detec-
tion studies.

[0280] In another embodiment, an IC, as described herein,
is combined with RNA isolated from the sample according to
standard techniques known to those of skill in the art, and
described herein. The RNA is then reverse-transcribed using
a reverse transcriptase to provide copy DNA. The cDNA
sequences can be optionally amplified (e.g., by PCR) using
labeled primers. The amplification products are separated,
typically by electrophoresis, and the amount of radioactivity
(proportional to the amount of amplified product) is deter-
mined. The amount of mRNA in the sample can then calcu-
lated where desired by comparison with the signal produced
by the known standards.

Synthesis of Primers and Probes

[0281] Primers and probes described above are designed
based on the sequences disclosed herein and are readily syn-
thesized by standard techniques, e.g., solid phase synthesis
via phosphoramidite chemistry, as disclosed in U.S. Pat. Nos.
4,458,066 and 4,415,732, incorporated herein by reference;
Beaucage et al. (1992) Tetrahedron 48:2223-2311; and
Applied Biosystems User Bulletin No. 13 (1 Apr. 1987).
Other chemical synthesis methods include, for example, the
phosphotriester method described by Narang et al., Meth.
Enzymol. (1979) 68:90 and the phosphodiester method dis-
closed by Brown et al., Meth. Enzymol. (1979) 68:109. Poly
(A) or poly(C), or other non-complementary nucleotide
extensions may be incorporated into probes using these same
methods. Hexaethylene oxide extensions may be coupled to
probes by methods known in the art. Cload etal. (1991)]. Am.
Chem. Soc. 113:6324-6326; U.S. Pat. No. 4,914,210 to Lev-
ensonetal.; Durand etal. (1990) Nucleic Acids Res. 18:6353-
6359; and Horn et al. (1986) Tet. Lett. 27:4705-4708.

Compositions

[0282] The present invention further provides composi-
tions comprising a nucleic acid suitable for use in a subject
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method (e.g., a nucleic acid probe as described above; a
primer pair as described above). Compositions comprising a
subject nucleic acid will in some embodiments include one or
more of? a salt, e.g., NaCl, MgCl, KCl1, MgSO,, etc.; a buff-
ering agent, e.g., a Tris buffer, N-(2-Hydroxyethyl)pipera-
zine-N'-(2-ethanesulfonic acid) (HEPES), 2-(N-Morpholino)
ethanesulfonic acid (MES), 2-(N-Morpholine)
ethanesulfonic acid sodium salt (MES), 3-(N-Morpholino)
propanesulfonic acid (MOPS), N-tris[Hydroxymethyl]
methyl-3-aminopropanesulfonic acid (TAPS), etc.; a
solubilizing agent; a detergent, e.g., a non-ionic detergent
such as Tween-20, etc.; a nuclease inhibitor; and the like. In
some embodiments, a subject nucleic acid is lyophilized.

Antibodies

[0283] Detection of a precancerous or cancerous cell (e.g.,
a cancerous or precancerous pancreatic cell, breast cancer
cell, head and neck squamous cell carcinoma, etc.) can also be
accomplished by detecting a palladin protein that is encoded
by a palladin nucleic acid comprising a mutation associated
with cancer, or by detecting a palladin protein that is present
in an indicator cell at an abnormal level. For example, where
the palladin gene mutation associated with cancer (e.g., pan-
creatic cancer, breast cancer, head and neck squamous cell
cancer, etc.) results in a mutated palladin polypeptide, e.g., a
palladin polypeptide that differs in amino acid sequence from
“wild-type” palladin, the mutated palladin polypeptide can be
detected. Detection of a mutated palladin polypeptide in a
biological sample indicates the presence in the biological
sample, or in a cell or tissue from which the biological sample
was derived, of a precancerous or cancerous cell (e.g., a
precancerous or cancerous pancreatic cell, precancerous or
cancerous breast cell, head and neck squamous cell carci-
noma, etc.).

[0284] As another example, the presence or absence of
cancer in a subject is assessed by detecting an abnormal level
of palladin polypeptide in an indicator cell (e.g., an elevated
level in a pancreatic cell, breast cell, upper aerodigestive tract
cell, axillary lymph node cell, etc., relative to a normal (non-
cancerous) palladin polypeptide level; or decreased in a white
blood cell relative to a normal white blood cell palladin
polypeptide level in white blood cells of a non-cancerous
subject). In this example, detection of a level of palladin
polypeptide provides for detection of a cancerous or pre-
cancerous cell in the subject from whom the indicator cell was
obtained.

[0285] The present invention provides antibody reagents,
including isolated antibodies, which bind specifically to a
palladin polypeptide, e.g., a palladin polypeptide comprising
an epitope that includes an amino acid substitution encoded
by a palladin gene mutation associated with pancreatic can-
cer. A palladin-specific antibody is useful for detecting a
palladin polypeptide (including a mutant palladin polypep-
tide), and therefore finds use in certain embodiments in diag-
nostic methods, e.g., methods involving detection of pancre-
atic cancer. In certain embodiments, a palladin-specific
antibody is isolated, e.g., is in an environment other than its
naturally-occurring environment. Suitable anti-palladin anti-
bodies include antibodies of any isotype; single-chain Fv;
Fab; Fab; Fv; F(ab'),; artificial antibodies; and the like. In
some embodiments, the antibody is other than the 1E6 anti-
body described in Rachlin and Otey (2006) J. Cell Sci. 119:
995-1004.
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[0286] Suitable antibodies are obtained by immunizing a
host animal with peptides comprising all or a portion of a
palladin protein. Suitable host animals include mouse, rat
sheep. goat, hamster, rabbit, etc. The host animal will gener-
ally be from a different species than the immunogen where
the immunogen is from a naturally occurring source, e.g., a
human sample, where representative host animals include,
but are not limited to, e.g., rabbits, goats, mice, etc.

[0287] The immunogen may comprise the complete pro-
tein, or fragments and derivatives thereof. Generally, immu-
nogens comprise all or a part of the protein, where these
residues contain any post-translation modifications found on
the native target protein. Immunogens are produced in a vari-
ety of ways known in the art, e.g., expression of cloned genes
using conventional recombinant methods, preparation of
fragments of a subject deacylase protein using well-known
methods, etc.

[0288] For preparation of polyclonal antibodies, the first
step is immunization of the host animal with the target pro-
tein, where the target protein can be in substantially pure
form, comprising less than about 1% contaminant. The
immunogen may comprise the complete palladin protein,
fragments or derivatives thereof. To increase the immune
response of the host animal, the palladin protein may be
combined with an adjuvant, where suitable adjuvants include
alum, dextran, sulfate, large polymeric anions, and oil-and-
water emulsions, e.g. Freund’s adjuvant, Freund’s complete
adjuvant, and the like. The palladin protein may also be con-
jugated to synthetic carrier proteins or synthetic antigens. A
variety of hosts may be immunized to produce the polyclonal
antibodies. Such hosts include rabbits, guinea pigs, rodents,
e.g. mice, rats, sheep, goats, and the like. The palladin protein
is administered to the host, e.g., intradermally or intramuscu-
larly, with an initial dosage followed by one or more, usually
at least two, additional booster dosages. Following immuni-
zation, the blood from the host will be collected, followed by
separation of the serum from the blood cells. The Ig present in
the resultant antiserum may be further fractionated using
known methods, such as ammonium salt fractionation,
DEAE chromatography, and the like.

[0289] Monoclonal antibodies are produced by conven-
tional techniques. Generally, the spleen and/or lymph nodes
of an immunized host animal provide a source of plasma
cells. The plasma cells are immortalized by fusion with
myeloma cells to produce hybridoma cells. Culture superna-
tant from individual hybridomas is screened using standard
techniques to identify those producing antibodies with the
desired specificity. Suitable animals for production of mono-
clonal antibodies include mouse, rat, hamster, guinea pig,
rabbit, etc. The antibody may be purified from the hybridoma
cell supernatants or ascites fluid by conventional techniques,
e.g. affinity chromatography using protein bound to an
insoluble support, protein A sepharose, etc.

[0290] The antibody may be produced as a single chain,
instead of the normal multimeric structure. Single chain anti-
bodies are described in Jost et al. (1994) 1.B.C. 269:26267-
73, and others. DNA sequences encoding the variable region
of the heavy chain and the variable region of the light chain
are ligated to a spacer encoding at least about 4 amino acids of
small neutral amino acids, including glycine and/or serine.
The protein encoded by this fusion allows assembly of a
functional variable region that retains the specificity and
affinity of the original antibody.
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[0291] Anti-palladin antibodies also include “artificial”
antibodies, e.g., antibodies and antibody fragments produced
and selected in vitro. In some embodiments, such antibodies
are displayed on the surface of a bacteriophage or other viral
particle. In many embodiments, such artificial antibodies are
present as fusion proteins with a viral or bacteriophage struc-
tural protein, including, but not limited to, M13 gene IIT
protein. Methods of producing such artificial antibodies are
well known in the art. See, e.g., U.S. Pat. Nos. 5,516,637,
5,223.409; 5,658,727, 5,667,988; 5,498,538; 5,403,484
5,571,698; and 5,625,033.

[0292] Antibody fragments, such as Fv, F(ab'), and Fab
may be prepared by cleavage of the intact protein, e.g. by
protease or chemical cleavage. Alternatively, a truncated gene
is designed. For example, a chimeric gene encoding a portion
of the F(ab")2 fragment would include DNA sequences
encoding the CH1 domain and hinge region of the H chain,
followed by a translational stop codon to yield the truncated
molecule.

[0293] Expression vectors include plasmids, retroviruses,
YACs, EBV derived episomes, and the like. A convenient
vector is one that encodes a functionally complete human CH
or CL immunoglobulin sequence, with appropriate restriction
sites engineered so that any VH or VL sequence can be easily
inserted and expressed. In such vectors, splicing usually
occurs between the splice donor site in the inserted J region
and the splice acceptor site preceding the human C region,
and also at the splice regions that occur within the human CH
exons. Polyadenylation and transcription termination occur at
native chromosomal sites downstream of the coding regions.
The resulting chimeric antibody may be joined to any strong
promoter, including retroviral LTRs, e.g. SV-40 early pro-
moter, (Okayama et al. (1983) Mol. Cell. Bio. 3:280), Rous
sarcoma virus TR (Gorman et al. (1982) PN.A.S. 79:6777),
and moloney murine leukemia virus LTR (Grossched] et al.
(1985) Cell 41:885); native Ig promoters, etc.

[0294] An anti-palladin antibody will in some embodi-
ments be detectably labeled, e.g., with a radioisotope, an
enzyme which generates a detectable product, a fluorescent
protein, a chromogenic protein, and the like. An anti-palladin
antibody may be further conjugated to other moieties, such as
members of specific binding pairs, e.g., biotin (member of
biotin-avidin specific binding pair), and the like. An anti-
palladin antibody may also be bound to a solid support,
including, but not limited to, polystyrene plates or beads,
magnetic beads, test strips, membranes, and the like.

[0295] Insome embodiments, the anti-palladin antibody is
detectably labeled, either directly or indirectly. Direct labels
include radioisotopes (e.g., **°I; *°S, and the like); enzymes
whose products are detectable (e.g., luciferase, $-galactosi-
dase, horse radish peroxidase, alkaline phosphatase, and the
like); fluorescent labels (e.g., fluorescein isothiocyanate,
rhodamine, phycoerythrin, and the like); fluorescence emit-
ting metals, e.g., ">*Eu, or others of the lanthanide series,
attached to the antibody through metal chelating groups such
as EDTA; chemiluminescent compounds, e.g., luminol, iso-
luminol, acridinium salts, and the like; bioluminescent com-
pounds, e.g., luciferin; fluorescent proteins; and the like. Indi-
rect labels include second antibodies specific for palladin-
specific antibodies, wherein the second antibody is labeled as
described above; and members of specific binding pairs, e.g,,
biotin-avidin, and the like.

[0296] In some embodiments, an anti-palladin antibody
comprises, covalently linked to the antibody, a protein that
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provides for a detectable signal. Suitable proteins include, but
are not limited to, fluorescent proteins and enzymes (e.g.,
[-galactosidase, luciferase, horse radish peroxidase, alkaline
phosphatase, etc.). Suitable fluorescent proteins include, but
are not limited to, a green fluorescent protein (GFP), includ-
ing, but not limited to, a GFP derived from Aequoria Victoria
or a derivative thereof, a number of which are commercially
available; a GFP from a species such as Renilla reniformis,
Renilla mulleri, or Ptilosarcus guernyi, as described in, e.g.,
WO 99/49019 and Peelle et al. (2001) J. Protein Chem.
20:507-519; any of a variety of fluorescent and colored pro-
teins from Anthozoan species, as described in, e.g., Matzet al.
(1999) Nature Biotechnol. 17:969-973, U.S. Patent Publica-
tion No. 2002/0197676, or U.S. Patent Publication No. 2005/
0032085; and the like.

[0297] In some embodiments, an anti-palladin antibody is
specific for a particular isoform of palladin. For example, in
some embodiments, an anti-palladin antibody is specific for
the 90 kD isoform of palladin. In other embodiments, an
anti-palladin antibody is specific for the 140 kD isoform of
palladin. In some embodiments, an anti-palladin antibody is
specific for wild-type palladin, e.g., where “wild-type” pal-
ladin has an amino acid sequence that does not include muta-
tions associated with pancreatic cancer.

[0298] In a particular embodiment, an anti-palladin anti-
body suitable for use in a diagnostic or detection method
binds specifically to an epitope comprising amino acid 239 of
the amino acid sequence depicted in FIG. 11. A diagnostic
method could involve use of a first anti-palladin antibody
specific for an epitope comprising amino acid 239 of the
amino acid sequence depicted in FIG. 11, where amino acid
2391s Pro; and a second anti-palladin antibody specific for an
epitope comprising amino acid 239 of the amino acid
sequence depicted in FIG. 11, where amino acid 239 is Ser.
[0299] In another embodiment of interest, an anti-palladin
antibody suitable for use in a diagnostic or detection method
binds specifically to an epitope comprising amino acid 557 of
the amino acid sequence depicted in FIG. 11. A diagnostic
method could involve use of a first anti-palladin antibody
specific for an epitope comprising amino acid 557 of the
amino acid sequence depicted in FIG. 11, where amino acid
5571s Trp; and a second anti-palladin antibody specific for an
epitope comprising amino acid 557 of the amino acid
sequence depicted in FIG. 11, where amino acid 557 is Cys.
[0300] In another embodiment of interest, an anti-palladin
antibody suitable for use in a diagnostic or detection method
binds specifically to an epitope comprising amino acid 617 of
the amino acid sequence depicted in FIG. 12. A diagnostic
method could involve use of a first anti-palladin antibody
specific for an epitope comprising amino acid 617 of the
amino acid sequence depicted in FIG. 12, where amino acid
617 1s Arg; and a second anti-palladin antibody specific for an
epitope comprising amino acid 557 of the amino acid
sequence depicted in FIG. 12, where amino acid 617 is Cys.

Diagnostic and Detection Methods

[0301] The present invention provides various diagnostic
and detection methods relating to cancer (e.g., pancreatic
cancer, breast cancer, head and neck squamous cell cancer,
etc.). The invention provides methods for detection of the
presence or absence of a pre-cancerous cell in a subject;
methods for detection of the presence or absence of a cancer-
ous cell in a subject; methods for identification of individuals
at risk of developing cancer; methods for staging of cancer
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cells; and methods for assessing response to a treatment for
cancer. The presence or absence of a cancerous or pre-can-
cerous cell can be detected either directly (e.g., by assessing
a cell suspected of being cancerous for a palladin mutation or
aberrant palladin expression level) or indirectly, by assessing
a palladin expression level in a white blood cell.

[0302] For example, the invention provides methods for
detection of a pre-cancerous pancreatic cell; methods for
detection of a cancerous pancreatic cell; methods for identi-
fication of individuals at risk of developing pancreatic cancer;
methods for staging of pancreatic cancer cells; and methods
for assessing response to a treatment for pancreatic cancer.
Nucleic acid probes and/or primers as discussed above can be
used in a subject diagnostic or detection method. Similarly,
anti-palladin antibodies are discussed above, and can be used
in a subject diagnostic or detection method. These methods
are described in detail below.

Detection and/or Diagnostic Methods Involving Assessing a
Palladin mRNA Expression Level

[0303] The present invention provides methods of diagnos-
ing a cancerous or precancerous cancer (e.g., pancreatic can-
cer, breast cancer, head and neck squamous cell cancer, etc.)
condition by detecting abnormal levels of palladin mRNA in
a biological sample. The present invention provides methods
of detecting a cancerous or pre-cancerous cell in a biological
sample.

[0304] A subject method of diagnosing cancer, or detecting
a cancerous or pre-cancerous cell in a biological sample,
generally involves detecting the level of palladin mRNA in a
cellina biological sample, where a level of palladin mRNA in
the cell that indicates that the palladin mRNA is overex-
pressed in the cell indicates that the cell is cancerous or
pre-cancerous. In some embodiments, detection of a cancer-
ous or precancerous cell indicates that an individual has can-
cer; and thus provides a diagnosis of cancer. In other embodi-
ments, a subject method of diagnosing cancer involves
detecting a level of a palladin mRNA in an indicator cell
obtained from an individual, where a level of palladin mRNA
in the indicator cell that is abnormally low indicates the
presence in the individual of cancer.

[0305] For example, a subject method of diagnosing pan-
creatic cancer, or detecting a cancerous or pre-cancerous
pancreatic cell in a biological sample, generally involves
detecting the level of palladin mRNA in a pancreatic cell ina
biological sample, where a level of palladin mRNA in the cell
that indicates that the palladin mRNA is overexpressed in the
cell indicates that the cell is cancerous or pre-cancerous. In
some embodiments, detection of a cancerous or precancerous
pancreatic cell indicates that an individual has pancreatic
cancer; and thus provides a diagnosis of pancreatic cancer. In
other embodiments, a subject method of diagnosing pancre-
atic cancer involves detecting a level of a palladin mRNA in
an indicator cell obtained from an individual, where a level of
palladin mRNA in the indicator cell that is abnormally low
indicates the presence in the individual of pancreatic cancer.
[0306] Insome embodiments, mRNA is isolated from pan-
creatic tissue or other biological sample obtained from an
individual; the mRNA is reverse transcribed to generate a
sample comprising a cDNA copy of a palladin mRNA; and a
subject method involves detecting the level of palladin cDNA
in the sample. In other embodiments, mRNA is isolated from
pancreatic tissue obtained from an individual; the mRNA is
reverse transcribed to generate a sample comprising a cDNA
copy of a palladin mRNA,; the palladin ¢cDNA is amplified
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using a nucleic acid primer pair, generating a palladin ampli-
fication product; and a subject method involves detecting the
level of palladin amplification product in the sample. In other
embodiments, a probe that binds to a palladin nucleic acid
that is overexpressed in pancreatic cancer is used, where a
level of probe binding is correlated with a level of palladin
expression.

[0307] Where a subject detection method detects the pres-
ence of a cancerous or precancerous pancreatic cell in an
individual, in some embodiments the individual will undergo
one or more confirmatory tests for pancreatic cancer. Where a
subject detection method detects the presence of a cancerous
or precancerous pancreatic cell in an individual, in some
embodiments the individual will be treated for pancreatic
cancer.

[0308] Treatments for pancreatic cancer include: surgery
(e.g., pancreaticoduodenectomy; Whipple procedure; total
pancreatectomy; partial pancreatectomy; distal pancreatec-
tomy; etc.); radiation; chemotherapy; and combinations of
two or more of the foregoing. Chemotherapy treatments
include, but are not limited to, gemcitabine (Gemzar®)
monotherapy; gemcitabine+erlotinib (Tarceva®; an epider-
mal growth factor receptor tyrosine kinase inhibitor); 5-fluo-
rouracil; gemcitabine+erbitux; gemcitabine+bevacizumab;
gemcitabine+oxaliplatin; gemcitabine+cisplatin; etc. Gem-
citabine is 2'-deoxy-2',2'-difluorocytidine; see, e.g., U.S. Pat.
Nos. 5,464,826 and 6,555,518.

[0309] Where a subject detection method detects the pres-
ence of a cancerous or precancerous breast cell in an indi-
vidual, in some embodiments the individual will undergo one
or more confirmatory tests for breast cancer. Similarly, where
a subject detection method detects the presence of a cancer-
ous or precancerous cell in the upper aerodigestive tract in an
individual, in some embodiments the individual will undergo
one or more confirmatory tests for head and neck cancer.
[0310] Where a subject detection method detects the pres-
ence of a cancerous or precancerous breast cell in an indi-
vidual, in some embodiments the individual will be treated
for breast cancer. Similarly, where a subject detection method
detects the presence of a cancerous or precancerous cellin the
upper aerodigestive tract in an individual, in some embodi-
ments the individual will be treated for head and neck squa-
mous cell carcinoma.

[0311] Detection methods can also be performed to moni-
tor progression of a cancer. For example, a biological sample
is taken from the individual and tested at a frequency of once
per week, twice weekly, once per month, bimonthly, once
every three months, once every four months, once every 6
months, or once a year, depending on various factors. The
biological sample is tested for the level of palladin mRNA.
The rate of increase in the level of palladin mRNA is an
indication of the rate of progression of the cancer.

[0312] As an example, detection methods can also be per-
formed to monitor progression of pancreatic cancer. For
example, a biological sample is taken from the individual and
testedata frequency of once per week, twice weekly, once per
month, bimonthly, once every three months, once every four
months, once every 6 months, or once a year, depending on
various factors. The biological sample is tested for the level of
palladin mRNA. The rate of increase in the level of palladin
mRNA is an indication of the rate of progression of the
disease (e.g., pancreatic cancer).

[0313] Detection methods can also be performed to assess
response to therapy, e.g., therapy for pancreatic cancer,
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therapy for breast cancer, therapy for head and neck squa-
mous cell carcinoma, etc. For exaniple, where the pancreatic
cancer is associated with an elevated level of palladin expres-
sion, the levels of palladin expression during the course of
and/or following therapy can be assessed, thus providing an
indicator of response to therapy. Measurements of palladin
mRNA levels can be used to determine whether a patient is
responding to treatment. In some embodiments, palladin
mRNA levels are measured before and after a treatment, e.g.
surgery or a drug treatment, to determine if the treatment is
efficacious. In other embodiments, palladin mRNA levels are
determined during the course of the treatment, to determine
whether the treatment slows the progression of the disease,
and to what extent the treatment slows the progression of the
disease. For example, a reduction of at least about 10%, at
least about 20%, at least about 25%, at least about 30%, or at
least about 40% or more, in the rate of increase in the level of
palladinmRNA in response to a given treatment indicates that
the treatment is efficacious in treating pancreatic cancer.
Detection and/or Diagnostic Methods Involving Assessing a
Palladin Polypeptide Level and/or Detecting Mutant Palladin
Polypeptide

[0314] Methods of diagnosing cancer, and methods of
detecting a cancerous or precancerous cell, as described
above, can also be carried out by detecting palladin polypep-
tide levels. Thus, the present invention provides methods of
diagnosing cancer, and methods of detecting a cancerous or
precancerous cell, where the methods generally involve
detecting a level of palladin polypeptide in a biological
sample. An abnormal level of palladin polypeptide in an
indicator cell of a biological sample from an individual indi-
cates the presence or absence of a cancerous or precancerous
cell in the individual. For example, an elevated level of pal-
ladin polypeptide above normal levels in a cell suspected of
being cancerous or pre-cancerous can indicate that the indi-
vidual has cancer. In another example, a decreased level of
palladin polypeptide in a white blood cell of an individual
relative to a normal level of palladinin a white blood cell of an
unaffected subject can indicate that the individual has cancer.
The source of palladin protein can be the same as the source
of palladin nucleic acid. Sources of palladin nucleic acids are
discussed above.

[0315] Forexample, methods of diagnosing pancreatic can-
cer, and methods of detecting a cancerous or precancerous
pancreatic cell, as described above, can also be carried out by
detecting palladin polypeptide levels. Thus, the present
invention provides methods of diagnosing pancreatic cancer,
and methods of detecting a cancerous or precancerous pan-
creatic cell, where the methods generally involve detecting a
level of palladin polypeptide in a biological sample. An
abnormal level of palladin polypeptide in a biological sample
from an individual indicates the presence in the biological
sample, and/or in the individual, of a cancerous or precancer-
ous pancreatic cell. For example, an elevated level of palladin
polypeptide above normal levels may indicate that the indi-
vidual has pancreatic cancer.

[0316] Methods of diagnosing cancer, and methods of
detecting a cancerous or precancerous cell, as described
above, can also be carried out by detecting mutant palladin
polypeptide. Thus, the present invention provides methods of
diagnosing cancer, and methods of detecting a cancerous or
precancerous cell, where the methods generally involve
detecting mutant palladin polypeptide in a biological sample
suspected of containing a cancerous or pre-cancerous cell,
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where the mutant palladin polypeptide is encoded by a palla-
din nucleic acid comprising one or more mutations associated
with cancer. Non-limiting examples of mutant palladin
polypeptides that provide for diagnosis of cancer and/or
detection of a cancerous or precancerous cell include: a) a
palladin polypeptide comprising a Pro—Ser mutation at a
position corresponding to amino acid 239 of the sequence
depicted in FIG. 11 (GenBank BAA76836.1); b) a palladin
polypeptide comprising a Trp—Cys mutation at a position
corresponding to amino acid 557 of the sequence depicted in
FIG. 11 (GenBank BAA76836.1); and ¢) an Arg—Cys muta-
tion at a position corresponding to amino acid 617 of the
sequence depicted in FIG. 12 (GenBank NP__(057165.3).
[0317] Forexample, methods of diagnosing pancreatic can-
cer, and methods of detecting a cancerous or precancerous
pancreatic cell, as described above, can also be carried out by
detecting mutant palladin polypeptide. Thus, the present
invention provides methods of diagnosing pancreatic cancer,
and methods of detecting a cancerous or precancerous pan-
creatic cell, where the methods generally involve detecting
mutant palladin polypeptide in a biological sample, where the
mutant palladin polypeptide is encoded by a palladin nucleic
acid comprising one or more mutations associated with pan-
creatic cancer. Non-limiting examples of mutant palladin
polypeptides that provide for diagnosis of pancreatic cancer
and/or detection of a cancerous or precancerous pancreatic
cellinclude: a) a palladin polypeptide comprising a Pro—Ser
mutation at a position corresponding to amino acid 239 of the
sequence depicted in FIG. 11 (GenBank BAA76836.1); b) a
palladin polypeptide comprising a Trp—Cys mutation at a
position corresponding to amino acid 557 of the sequence
depicted in FIG. 11 (GenBank BAA76836.1); and c) an
Arg—Cys mutation at a position corresponding to amino acid
617 of the sequence depicted in FIG. 12 (GenBank
NP_057165.3).

[0318] The palladin polypeptide that is being detected may
be isolated, but need not be. In some embodiments, palladin
polypeptide is isolated from a biological sample obtained
from an individual. In other embodiments, palladin polypep-
tide is detected in crude cell lysates, in whole cells, or in
partially purified preparations (e.g., total protein isolated
from a biological sample). The biological sample is contacted
with an anti-palladin antibody (e.g., an antibody that specifi-
cally binds palladin); and binding of the anti-palladin anti-
body to a protein in the sample is detected. Binding of the
anti-palladin antibody to protein in the biological sample
indicates the presence in the sample of palladin protein.
[0319] Insome embodiments, the anti-palladin antibody is
specific for the 90 kD isoform of palladin. In some of these
embodiments, the anti-palladin antibody detects a level of
palladin 90 kD isoform in the biological sample. In other
embodiments, the anti-palladin antibody is specific for the
140 kD 1soform of palladin. In some of these embodiments,
the anti-palladin antibody detects a level of palladin 145 kD
isoform in the biological sample.

[0320] Where a subject method involves detecting palladin
polypeptide levels, palladin polypeptide levels can be mea-
sured using any standard method, including, but not limited
to, immunoprecipitation, Western blotting, enzyme-linked
immunosorbent assays (ELISA), radioimmunoassay, etc.,
where antibody specific for palladin polypeptide is
employed. The anti-palladin antibody can include a detect-
able label, as described above. In some embodiments, a sub-
ject method that provides for detection of a palladin polypep-
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tide level detects a level of wild-type palladin. Alternatively,
the polypeptide can be detected using proteomic methods,
such as mass spectroscopy. In other embodiments, a subject
method that provides for detection of a palladin polypeptide
level detects a level of palladin polypeptide containing one or
more mutations associated with pancreatic cancer. In other
embodiments, a subject method that provides for detection of
a palladin polypeptide level detects both a level of wild-type
and a level of mutated palladin.

[0321] Where a subject method involves detecting mutated
palladin (e.g., palladin polypeptide comprising one or more
mutations associated with cancer), the method will in some
embodiments involve contacting a biological sample with
one or more of: a) an anti-palladin antibody that binds spe-
cifically to an epitope comprising amino acid 239 of the
amino acid sequence depicted in FIG. 11; b) an anti-palladin
antibody that binds specifically to an epitope comprising
amino acid 557 of the amino acid sequence depicted in FIG.
11; and c) an anti-palladin antibody that binds specifically to
an epitope comprising amino acid 617 of the amino acid
sequence depicted in FIG. 12.

[0322] In some embodiments, a subject method will
involve detecting both wild-type and mutant palladin
polypeptide. For example, a detection or diagnostic method
will in some embodiments involve contacting a biological
sample with: a) a first anti-palladin antibody specific for an
epitope comprising amino acid 239 of the amino acid
sequence depicted in FIG. 11, where amino acid 239 is Pro;
and a second anti-palladin antibody specific for an epitope
comprising amino acid 239 of the amino acid sequence
depicted in FIG. 11, where amino acid 239 is Ser; b) a first
anti-palladin antibody specific for an epitope comprising
amino acid 557 of the amino acid sequence depicted in FIG.
11, where amino acid 557 is Trp; and a second anti-palladin
antibody specific for an epitope comprising amino acid 557 of
the amino acid sequence depicted in FIG. 11, where amino
acid 557 is Cys; or ¢) a first anti-palladin antibody specific for
an epitope comprising amino acid 617 of the amino acid
sequence depicted in FIG. 12, where amino acid 617 is Arg;
and a second anti-palladin antibody specific for an epitope
comprising amino acid 557 of the amino acid sequence
depicted in FIG. 12, where amino acid 617 is Cys.

[0323] Where a subject detection method detects the pres-
ence of a cancerous or precancerous cell in an individual, in
some embodiments the individual will undergo one or more
confirmatory tests for the cancer. Where a subject detection
method detects the presence of a cancerous or precancerous
cellin an individual, in some embodiments the individual will
be treated for the cancer.

[0324] For example, where a subject detection method
detects the presence of a cancerous or precancerous pancre-
atic cell in an individual, in some embodiments the individual
will undergo one or more confirmatory tests for pancreatic
cancer. Where a subject detection method detects the pres-
ence of a cancerous or precancerous pancreatic cell in an
individual, in some embodiments the individual will be
treated for pancreatic cancer.

[0325] Detection methods can also be performed to moni-
tor progression of pancreatic cancer. For example, a biologi-
cal sample is taken from the individual and tested at a fre-
quency of once per week, twice weekly, once per month,
bimonthly, once every three months, once every four months,
once every 6 months, or once a year, depending on various
factors. The biological sample is tested for the level of palla-
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din polypeptide, e.g., the level of mutant palladin polypep-
tide. The rate of increase in the level of palladin polypeptide
is an indication of the rate of progression of the disease (e.g.,
pancreatic cancer).

[0326] Detection methods can also be performed to assess
response to therapy. For example, where the pancreatic can-
cer is associated with an elevated level of palladin expression,
the levels of palladin expression during the course of and/or
following therapy can be assessed, thus providing an indica-
tor of response to therapy. Measurements of palladin
polypeptide levels can be used to determine whether a patient
is responding to treatment. In some embodiments, palladin
polypeptide levels are measured before and after a treatment,
e.g. surgery or a drug treatment, to determine if the treatment
is efficacious. In other embodiments, palladin polypeptide
levels are determined during the course of the treatment, to
determine whether the treatment slows the progression of the
disease, and to what extent the treatment slows the progres-
sion of the disease. For example, a reduction of at least about
10%, at least about 20%, at least about 25%, at least about
30%, or at least about 40% or more, in the rate of increase in
the level of palladin polypeptide in response to a given treat-
ment indicates that the treatment is efficacious in treating the
cancer (e.g., pancreatic cancer, breast cancer, head and neck
squamous cell carcinoma, etc.).

Diagnostic Methods Involving Detection of Palladin Nucleic
Acid Having a Cancer-Associated Nucleotide Substitution

[0327] The present invention provides methods of deter-
mining the likelihood that an individual has or will develop
cancer, the methods generally involving detecting a nucle-
otide substitution associated with cancer in a palladin target
nucleic acid of the individual, e.g., a C—T nucleotide substi-
tution at position 715 in a palladin nucleic acid, a G—=T
nucleotide substitution at position 1617 in a palladin nucleic
acid, or a C—T nucleotide substitution at position 2060 in a
palladin nucleic acid, as described above. The mutations in
palladin, however, are not limited to the ones listed herein.
[0328] For example, the present invention provides meth-
ods of determining the likelihood that an individual has or
will develop pancreatic cancer, the methods generally involv-
ing detecting a nucleotide substitution associated with pan-
creatic cancer in a palladin target nucleic acid of a pancreatic
cell of the individual, e.g., a C—T nucleotide substitution at
position 715 in a palladin nucleic acid, a G—T nucleotide
substitution at position 1617 in a palladin nucleic acid, or a
C—T nucleotide substitution at position 2060 in a palladin
nucleic acid, as described above.

[0329] Detecting a nuclectide substitution associated with
cancer in a palladin target nucleic acid can involve contacting
the palladin target nucleic acid with a subject palladin probe
under stringent hybridization conditions, where the subject
palladin probe hybridizes only with a target palladin nucleic
acid that comprises a nucleotide substitution associated with
cancer; and detecting hybridization between the probe and
the target. Hybridization between the probe and the target
indicates that the individual has a palladin nucleic acid that
includes a nucleotide substitution associated with cancer; and
that the individual either has cancer, or has an increased risk
of developing cancer compared to an individual who does not
have a palladin nucleic acid that includes the nucleotide sub-
stitution.

[0330] Detection of a nucleotide substitution associated
with cancer in a palladin target nucleic acid can involve use of
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a primer pair (which can be used with or without a probe),
where the primer pair provides for amplification of a target
nucleic acid such that the amplification product is produced at
levels above background when a target palladin nucleic acid
having the nucleotide substitution is present.

[0331] Detection of a nucleotide substitution associated
with cancer in a palladin target nucleic acid can also be
accomplished using a combination of primers and probes. For
example, primer and probes described herein can be adapted
for use in a detection system that provides for amplification
and detection of the nucleotide substitution, e.g., in a real-
time PCR assay. Exemplary systems, discussed in more detail
herein, include Tagman™ systems, Amplifluor™ hairpin
primer-based systems, Scorpion systems (e.g., bi-functional
molecules containing a PCR primer element covalently
linked to a probe element), Sunrise™ primer-based systems,
Molecular Beacons, and a Light Upon Extension or LUX™.-
based systems.

[0332] Substitution can also be detected using any test that
detects a change in the palladin sequence, including, but not
limited to, restriction enzyme digestion or lack of digestion at
the location of a substitution in palladin DNA or cDNA. For
example, a nucleotide substitution can provide a sequence
that is cut by a restriction endonuclease such as HindIII or
Pvull, while the non-mutated sequence is not cut by the
restriction endonuclease.

[0333] In some embodiments, the target palladin nucleic
acid is palladin genomic DNA. In other embodiments, the
target palladin nucleic acid is palladin mRNA, a cDNA copy
of palladin mRNA, or an amplification product of palladin
genomic DNA, palladin mRNA, or palladin cDNA.

[0334] Where the diagnostic method indicates that the indi-
vidual has an increased risk of developing cancer, the risk that
the individual will develop cancer is at least about 25%, at
least about 50%, at least about 2-fold, at least about 2.5-fold,
at least about 5-fold, at least about 10-fold, or at least about
20-fold, or more, higher than the risk that an individual with-
out the nucleotide substitution associated with cancer.
[0335] Forexample, where the diagnostic method indicates
that the individual has an increased risk of developing pan-
creatic cancer, the risk that the individual will develop pan-
creatic cancer is at least about 25%, at least about 50%, at
least about 2-fold, atleast about 2.5-fold, atleast about 5-fold,
at least about 10-fold, or at least about 20-fold, or more,
higher than the risk that an individual without the nucleotide
substitution associated with pancreatic cancer.

[0336] Where the diagnostic method indicates that the indi-
vidual has an increased risk of developing cancer, in some
embodiments the individual will be tested for the presence of
cancer. Where the diagnostic method indicates that the indi-
vidual has an increased risk of developing cancer, in some
embodiments the individual will be monitored on a regular
basis (e.g., monthly, bimonthly, twice a year, once a year, etc.)
for cancer.

[0337] Forexample, where the diagnostic method indicates
that the individual has an increased risk of developing pan-
creatic cancer, in some embodiments the individual will be
tested for the presence of pancreatic cancer. Where the diag-
nostic method indicates that the individual has an increased
risk of developing pancreatic cancer, in some embodiments
the individual will be monitored on a regular basis (e.g,,
monthly, bimonthly, twice a year, once a year, etc.) for pan-
creatic cancer.

Diagnostic Methods Involving Detection of an Altered Palla-
din Gene Promoter

[0338] The present invention provides methods of detect-
ing a cancerous or precancerous cell (e.g., a cancerous or
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precancerous pancreatic cell), the methods generally involv-
ing detecting an alteration in a palladin gene promoter. In
some embodiments, the alteration being detected is in the 90
kDa isoform palladin gene promoter.

[0339] Alterations include, but are not limited to, insertions
of nucleotide sequences, duplications of nucleotide
sequences; deletions of nucleotide sequences; inversions of
nucleotide sequences; and alterations in the methylation sta-
tus of a promoter.

[0340] For example, the present invention provides meth-
ods of determining the likelihood that an individual has or
will develop pancreatic cancer. the methods generally involv-
ing detecting a nucleotide sequence insertion associated with
pancreatic cancer in a palladin target nucleic acid of a pan-
creatic cell of the individual, where the nucleotide sequence
insertion isina palladin gene promoter, as described above. In
some embodiments, insertion of'a 12-bp sequence in the 90
kDa isoform palladin promoter provides for detection of a
cancerous or precancerous cell.

Methylation Status

[0341] The methylation status of a palladin gene promoter
provides for detection of a cancerous or precancerous cell.
For example, the methylation status of the 90 kDa isoform
palladin promoter provides for detection of a cancerous or
precancerous cell. Hypomethylation of the 90 kDa isoform
palladin promoter indicates a cancerous or precancerous cell.
[0342] Any of a variety of methods can be used to detect
DNA methylation status, where suitable methods include, but
are not limited to, methylation-specific polymerase chain
reaction (MSP; see, e.g., Herman et al. (1996) Proc. Natl.
Acad. Sci. USA 93:9821-9826); MethylLight (Eads et al.
(2000) Nucl. Acids Res. 28:F32; and U.S. Pat. No. 6,331,
393); HeavyMethyl (Cottrell et al. (2004) Nucl. Acids Res.
32:e10); MethylQuant (Thomassin et al. (2004) Nucl. Acids
Res. 32:¢168; and the like.

[0343] A number of methods involve treatment of a target
DNA with a bisulfite reagent, which converts unmethylated
cytosines to uracils, leaving only methylated cytosines
unchanged (see, e.g., WO 05/038051). Following bisulfite
treatment, individual cytosine positions can be detected by a
primer extension reaction (Gonzalgo and Jones (1997)
Nucleic Acids Res. 25:2529-31; and WO 95/00669) or by
enzymatic digestion (Xiong and Laird (1997) Nucleic Acids
Res. 25:2535-4). Alternatively, following bisulfite treatment,
a methylation-specific polymerase chain reaction (PCR) can
be carried out, using primers that bind either to methylated or
unmethylated DNA only and that therefore selectively
amplify only DNA with a defined methylation. MethylLight
is a variation of MSP, and involves use of a methylation-
specific real-time detection probe (MethyLight), which
makes the assay both homogenous and quantitative.
HeavyMethyl is also a variation on MSP. In the HeavyMethyl
method, the priming is methylation specific, but non-extend-
able oligonucleotide blockers provide this specificity instead
of the primers themselves. The blockers bind to bisulfite-
treated DNA in a methylation-specific manner, and their
binding sites overlap the primer binding sites. When the
blocker is bound, the primer cannot bind and therefore the
amplicon is not generated. When the blocker is not bound, the
primer-binding site is accessible and the amplicon is gener-
ated. HeavyMethyl in combination with real-time detection
with methylation-specific fluorogenic probes provides sensi-
tive and specific detection of DNA methylation.
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[0344] In some embodiments, a methylation-sensitive
restriction endonuclease (e.g., a restriction endonuclease that
recognizes and cleaves a nucleic acid having a particular
nucleotide sequence only when the sequence is unmethy-
lated), and/or a methylation-insensitive restriction endonu-
clease (e.g., a restriction endonuclease that recognizes and
cleaves a nucleic acid having a particular nucleotide
sequence, regardless of the methylation status of the nucle-
otide sequence); are used. The term “methylation-sensitive
enzyme” refers to a restriction enzymes that does not cleave
DNA (or cleaves DNA poorly) if one or more nucleotides in
its recognition site are methylated. Suitable methylation-sen-
sitive and methylation-insensitive restriction endonucleases
that are suitable for use include, but are not limited to, Mbol,
Dpnll, Hpall, BsmBI, Sau3A, and Clal.

[0345] Various methods can be used to determine the
methylation status of a target DNA. For example, indirect
methods for DNA methylation pattern determinations at spe-
cific loci that have been developed rely on techniques that
alter the genomic DNA in a methylation-dependent manner
before an amplification event. Two exemplary methods that
can be used to achieve this methylation-dependent DNA
alteration include: 1) digestion by arestriction enzyme that is
affected inits activity by 5-methylcytosine in a CpG sequence
context. The cleavage, or lack of it, can subsequently be
revealed by Southern blotting or by PCR; and 2) the treatment
of genomic DNA with sodium bisulfite. Sodium bisulfite
treatment converts all unmethylated cytosines in the DNA to
uracil by deamination, but leaves the methylated cytosine
residues intact. Subsequent PCR amplification replaces the
uracil residues with thymines and the 5-methylcytosine resi-
dues with cytosines. The resulting sequence difference can be
detected using standard DNA sequence detection techniques,
e.g., PCR.

[0346] An exemplary method involves use of a bisulfite
treatment-based method followed by a PCR reaction to ana-
lyze a target nucleic acid There are two principally different
ways in which the sequence difference generated by the
sodium bisulfite treatment can be revealed. The first is to
design PCR primers that uniquely anneal with either methy-
lated or unmethylated converted DNA. This technique is
referred to as “methylation specific PCR” or “MSP”. See,
e.g., U.S. Pat. No. 5,786,146. The method used by all other
bisulfite-based techniques (such as bisulfite genomic
sequencing, COBRA and Ms-SNuPE) is to amplify the
bisulfite-converted DNA using primers that anneal at loca-
tions that lack CpG dinucleotides in the original genomic
sequence. In this way, the PCR primers can amplify the
sequence in between the two primers, regardless of the DNA
methylation status of that sequence in the original genomic
DNA. This results in a pool of different PCR products, all
with the same length and differing in their sequence only at
the sites of potential DNA methylation at CpGs located in
between the two primers. The difference between these meth-
ods of processing the bisulfite-converted sequence is that in
MSP, the methylation information is derived from the occur-
rence or lack of occurrence of a PCR product, whereas in the
other techniques a mix of products is always generated and
the mixture is subsequently analyzed to yield quantitative
information on the relative occurrence of the different methy-
lation states. A method such as described in U.S. Pat. No.
7,186,512 is also suitable for use.

[0347] Insomeembodiments, the methods involve contact-
ing a genomic sample of DNA with a modifying agent that
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modifies unmethylated cytosine (e.g., sodium bisulfite), to
produce a converted nucleic acid; (b) amplifying the con-
verted nucleic acid by means of oligonucleotide primers in
the presence of one or a plurality of specific oligonucleotide
probes, where the one or the plurality of the oligonucleotide
primers or the specific probe(s) is/are capable of distinguish-
ing between unmethylated and methylated nucleic acid (e.g.,
a CpG-specific probe capable of distinguishing between
unmethylated and methylated nucleic acid); and (¢) detecting,
in real-time during the amplification, the methylated nucleic
acid based on amplification-mediated probe displacement.
See, e.g., U.S. Pat. No. 7,112,404. Amplification and detec-
tion can occur simultaneously as measured by fluorescence-
based real-time quantitative PCR (“RT-PCR”) using specific,
dual label TagMan® oligonucleotide probes. The displace-
able probes can be specifically designed to distinguish
between methylated and unmethylated CpG sites present in
the original, unmodified nucleic acid sample. Sodium-
bisulfite readily reacts with the 5,6-double bond of cytosine,
but not with methylated cytosine, to produce a sulfonated
cytosine intermediate that undergoes deamination under
alkaline conditions to produce uracil. Because Taq poly-
merase recognizes uracil as thymine and 5-methylcytidine
(m5C) as cytidine, the sequential combination of sodium
bisulfite treatment and PCR amplification results in the ulti-
mate conversion of unmethylated cytosine residues to thym-
ine (C—=U—T) and methylated cytosine residues (“mC”) to
cytosine (mC—mC—C). Thus, sodium-bisulfite treatment of
genomic DNA creates methylation-dependent sequence dif-
ferences by converting unmethylated cytosines to uracil, and
upon PCR the resultant product contains cytosine only at
positions where methylated cytosine occurs in the unmodi-
fied nucleic acid.

[0348] In some embodiments, the specific primers are
designed to be substantially complementary to each strand of
the genomic locus of interest. Typically, one primer is
complementary to the negative, (=) strand of the locus (the
“lower” strand of a horizontally situated double-stranded
DNA molecule) and the other is complementary to the posi-
tive (+) strand (“upper” strand). In some embodiments, the
primers are designed to overlap potential sites of DNA methy-
lation (CpG nucleotides) and specifically distinguish modi-
fied unmethylated from methylated DNA. This sequence dis-
crimination can be based upon the differential annealing
temperatures of perfectly matched, versus mismatched oligo-
nucleotides. In some embodiments, primers are typically
designed to overlap from one to several CpG sequences. In
other embodiments, e.g., in a quantitative embodiment, the
primers do not overlap any CpG sequences.

Staging Methods Involving Analysis of Palladin Expression
Levels

[0349] The present invention provides methods of staging
cancer, the methods generally involving determining a level
of palladinmRNA in a cell; and, based on the level of palladin
mRNA, assigning the cell to a cancerous stage.

[0350] Forexample, in some embodiments, where the level
of palladin mRNA in a cell is from about 2-fold higher to
about 5-fold higher than the level of palladin mRNA in a
normal, non-cancerous cell of the same cell type, the cell is
designated stage I.

[0351] In some embodiments, where the level of palladin
mRNA in a cell is from about 5-fold higher to about 10-fold
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higher than the level of palladin mRNA in a normal, non-
cancerous cell of the same cell type, the cell is designated
stage 11.

[0352] In some embodiments, where the level of palladin
mRNA in a cell is from about 10-fold higher to about 50-fold
higher than the level of palladin mRNA in a normal, non-
cancerous cell of the same cell type, the cell is designated
stage I1I.

[0353] These stage designations can be applied to any can-
cer associated with abnormal expression of palladin, e.g,,
pancreatic cancer, breast cancer, head and neck cancer, etc.
[0354] For example, the present invention provides meth-
ods of staging pancreatic cancer, the methods generally
involving determining a level of palladin mRNA in a pancre-
atic cell; and, based on the level of palladin mRNA, assigning
the pancreatic cell to a cancerous stage.

[0355] Forexample, in some embodiments, where the level
of palladin mRNA in a pancreatic cell is from about 2-fold
higher to about 5-fold higher than the level of palladin mRNA
in a normal, non-cancerous pancreatic cell of the same cell
type, the pancreatic cell is designated stage L.

[0356] In some embodiments, where the level of palladin
mRNA in a pancreatic cell is from about 5-fold higher to
about 10-fold higher than the level of palladin mRNA in a
normal, non-cancerous pancreatic cell of the same cell type,
the pancreatic cell is designated stage 11.

[0357] In some embodiments, where the level of palladin
mRNA in a pancreatic cell is from about 10-fold higher to
about 50-fold higher than the level of palladin mRNA in a
normal, non-cancerous pancreatic cell of the same cell type,
the pancreatic cell is designated stage I11.

[0358] Stage I disease could be considered local cancer
(within the organ that contains the cancer). Stage 11 disease
could be considered regional (cancer extending beyond the
organ of origin into the adjacent structures and lymph nodes),
Stage 1II disease could be considered widespread or meta-
static disease (spread of the cancer to areas remote from the
organ of origin). Thus, the present methods provide for stag-
ing cancer metastasis.

Hybridization and Amplification Methods for Use ina Detec-
tion or Diagnostic Method

[0359] The diagnostic, detection, staging methods
described above will in many embodiments involve nucleic
acid hybridization with a nucleic acid probe, nucleic acid
amplification with a nucleic acid primer pair, or both. Nucleic
acid hybridization and nucleic acid amplification methods are
known to those skilled in the art. Exemplary nucleic acid
hybridization and nucleic acid amplification methods are dis-
cussed in detail below. The following provides detail of exem-
plary nucleic acid-based methods for detection, and examples
of how such can be adapted for use in the methods of the
invention.

Detection and Diagnostic Methods Using Hybridization with
a Nucleic Acid Probe

[0360] As discussed above, where a subject detection or
diagnostic method involves detecting a nucleotide sequence
alteration (e.g.,a C—T nucleotide substitution at position 715
in a palladin nucleic acid), the method will in some embodi-
ments comprise hybridizing a target palladin nucleic acid
with a nucleic acid probe. Also as discussed above, where a
subject method involves detecting alevel of a palladin nucleic
acid in a cell, the method will in some embodiments comprise
hybridizing a target palladin nucleic acid with a nucleic acid
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probe. Nucleic acid hybridization methods that are suitable
for use in a subject method are described below.

[0361] Insome embodiments, a subject method for detect-
ing a nucleotide sequence alteration associated with cancer
involves contacting, under stringent hybridization conditions,
a subject nucleic acid probe with a target palladin nucleic
acid, where the subject probe hybridizes only to a target
palladin nucleic acid that comprises a nucleotide sequence
alteration associated with cancer (e.g., a nucleotide substitu-
tion as described above; a nucleotide insertion as described
above); and detecting hybridization between the probe and
the target. Hybridization of the palladin nucleic probe to the
target palladin nucleic acid indicates that the target palladin
nucleic acid comprises a nucleotide sequence alteration that
is associated with cancer.

[0362] For example. in some embodiments, a subject
method for detecting a nucleotide sequence alteration asso-
ciated with pancreatic cancer involves contacting, under
stringent hybridization conditions, a subject nucleic acid
probe with a target palladin nucleic acid, where the subject
probe hybridizes only to a target palladin nucleic acid that
comprises a nucleotide sequence alteration associated with
pancreatic cancer (e.g., a nucleotide sequence alteration as
described above); and detecting hybridization between the
probe and the target. Hybridization of the palladin nucleic
probe to the target palladin nucleic acid indicates that the
target palladin nucleic acid comprises a nucleotide sequence
alteration that is associated with pancreatic cancer.

[0363] Insome embodiments, a subject method for detect-
ing a cancerous or pre-cancerous cell involves contacting,
under stringent hybridization conditions, a subject nucleic
acid probe with a target palladin nucleic acid in a sample; and
detecting the level of palladin mRNA in the sample. Where
the detected level of palladin mRNA indicates that palladin
mRNA is overexpressed in the cell, the cell is considered
cancerous or precancerous. In some of these embodiments,
the palladin target nucleic acid is first amplified using a sub-
ject primer pair.

[0364] For example. in some embodiments, a subject
method for detecting a cancerous or pre-cancerous pancreatic
cell involves contacting, under stringent hybridization condi-
tions, a subject nucleic acid probe with a target palladin
nucleic acid in a sample; and detecting the level of palladin
mRNA in the sample. Where the detected level of palladin
mRNA indicates that palladin mRNA is overexpressed in the
cell, the cell is considered cancerous or precancerous. In
some of these embodiments, the palladin target nucleic acid is
first amplified using a subject primer pair.

[0365] A number of methods are available for analyzing
nucleic acids for the presence and/or level of a specific nucleic
acid in a cell. The mRNA may be assayed directly or reverse
transcribed into cDNA for analysis. The nucleic acid may be
amplified by conventional techniques, such as the polymerase
chain reaction (PCR), to provide sufficient amounts for analy-
sis. The use of the polymerase chain reaction is described in
Saiki, et al. (1985), Science 239:487, and a review of tech-
niques may be found in Sambrook, et al. Molecular Cloning:
A Laboratory Manual, CSH Press 1989, pp. 14.2-14.33.

[0366] Insomeembodiments,the method involves contact-
ing the sample under stringent hybridization conditions with
a subject palladin nucleic acid probe and detecting binding, if
any, of the probe to a nucleic acid in the sample. A variety of
nucleic acid hybridization methods are well known to those
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skilled in the art, and any known method can be used. In many
embodiments, the palladin nucleic acid probe will be detect-
ably labeled.

Detection and Diagnostic Methods Using Amplification with
Nucleic Acid Primer Pairs

[0367] As discussed above, where a subject detection or
diagnostic method involves detecting a nucleotide sequence
alteration, which is associated with cancer, in a palladin
nucleic acid, the method will in some embodiments include
amplification of a target palladin nucleic acid, forming a
palladin amplification product; and hybridizing the palladin
amplification product with a nucleic acid probe that detects
the nucleotide sequence alteration. Also as discussed above,
where a subject method involves detecting a level of a palla-
din nucleic acid in a cell, the method will in some embodi-
ments include amplification of a target palladin nucleic acid,
forming a palladin amplification product (and may further
include a step of hybridizing the palladin amplification prod-
uct with a nucleic acid probe).

[0368] Insomeembodiments, the method involves contact-
ing a sample (e.g., under stringent hybridization conditions)
with a subject nucleic acid primer pair, where the primer pair,
under conditions that permit primer-initiated nucleic acid
amplification, amplifies any target palladin nucleic acid
present in the sample, generating an amplification product
(where amplification product is generated when target palla-
din nucleic acid present in the sample).

[0369] Conditions that permit primer-initiated nucleic acid
amplification and catalytic nucleic acid activity are well
known to those skilled in the art, and include the presence of
a DNA polymerase; deoxynucleotide triphosphates; and
magnesium ions. Suitable reaction conditions are well known
to those skilled in the art of nucleic acid amplification. Exem-
plary, non-limiting reaction conditions are described in the
Examples. The DNA polymerase is generally one that has
high affinity for binding at the 3'-end of an oligonucleotide
hybridized to a nucleic acid strand. The DNA polymerase is
generally one that has little or no 5'—3' exonuclease activity
so as to minimize degradation of primer, termination or
primer extension polynucleotides. The DNA polymerase is
generally one that has little to no proofreading activity. In
many embodiments, the DNA polymerase is thermostable,
e.g., 1s catalytically active at temperatures in excess of about
75° C. DNA polymerases that are suitable for use in a subject
method include, but are not limited to, DNA polymerases
discussed in U.S. Pat. Nos. 5,648,211 and 5,744,312, which
include exo™ Vent (New England Biolabs), exo™ Deep Vent
(New England Biolabs), Bst (BioRad), exo-Pfu (Stratagene),
Bea (Panvera), sequencing grade Taq (Promega); thermo-
stable DNA polymerases from Thermoanaerobacter thermo-
hydrosulfuricus, and the like. In some embodiments, the reac-
tion mixture includes an RNAse H.

[0370] Magnesium ions are typically present in the reaction
mix in a concentration of from about 1 mM to about 100 mM,
e.g., from about 1 mM to about 3 mM, from about 3 mM to
about 5 mM, from about 5 mM to about 10 mM, from about
10 mM to about 25 mM, from about 25 mM to about 50 mM,
from about 50 mM to about 75 mM, or from about 75 mM to
about 100 mM.

[0371] Usually the reaction mixture will comprise four dif-
ferent types of dNTPs corresponding to the four naturally
occurring bases are present, i.e. dATP, dTTP, dCTP and
dGTP. In the subject methods, each ANTP will typically be
present at a final concentration in the reaction, ranging from



US 2008/0318225 Al

about 10 uM to 5000 uM, e.g., from about 10 pM to about 50
uM, from about 50 uM to about 100 uM, from about 100 uM
to about 200 uM, from about 200 uM to about 500 uM, from
about 500 uM to about 1000 uM, from about 1000 uM to
about 2000 pM, from about 2000 uM to about 3000 uM, from
about 3000 uM to about 4000 pM, or from about 4000 uM to
about 5000 pM. In some embodiments, each ANTP will be
present at a final concentration in the reaction of from about
20 uM to 1000 uM, from about 100 uM to about 200 M, or
from about 50 uM to about 200 uM.

[0372] The amplification reaction mixture typically
includes an aqueous buffer medium that includes a source of
monovalent ions, a source of divalent cations and a buffering
agent. Any convenient source of monovalent ions, such as
KCl, K-acetate, NH,-acetate, K-glutamate, NH,Cl, ammo-
nium sulfate, and the like may be employed. The divalent
cation may be magnesium, manganese, zinc and the like,
where the cation will typically be magnesium. Any conve-
nient source of magnesium cation may be employed, includ-
ing MgCl,, Mg-acetate, and the like. Representative buffer-
ing agents or salts that may be present in the buffer include
Tris, Tricine, HEPES, MOPS and the like, where the amount
of buffering agent will typically range from about 5 to 150
mM, usually from about 10 to 100 mM, and more usually
from about 20 to 50 mM, where in certain embodiments the
buffering agent will be present in an amount sufficient to
provide a pH ranging from about 6.0 t0 9.5, e.g.,pH 7.3 at 72°
C. Other agents which may be present in the buffer medium
include chelating agents, such as EDTA, EGTA and the like.
[0373] Each primer nucleic acid is present in the reaction
mixture at a concentration of from about 50 nM to about 900
nM, e.g., the 3' primer and the 5' primer nucleic acid are each
independently present at a concentration of from about 50 aM
to about 75 nM, from about 75 nM to about 100 nM, from
about 100 nM to about 150 nM, from about 150 nM to about
200nM, from about 200 nM to about 250 nM, from about 250
nM to about 300 nM, from about 300 nM to about 400 nM,
from about 400 nM to about 500 nM, from about 500 nM to
about 600 nM, from about 600 nM to about 700 nM, from
about 700 nM to about 800 nM, or from about 800 nM to
about 900 nM.

[0374] A detectable label may be included in an amplifica-
tion reaction. Suitable labels include fluorochromes, e.g.
fluorescein isothiocyanate (FITC), rhodamine, Texas Red,
phycoerythrin, allophycocyanin,  6-carboxyfluorescein
(6-FAM), 2',7'-dimethoxy-4',5'-dichloro-6-carboxyfluores-
cein (JOE), 6-carboxy-X-rhodamine (ROX), 6-carboxy-2',4',
7',4,7-hexachlorofluorescein (HEX), 5-carboxyfluorescein
(5-FAM) or N\N,N'N'-tetramethyl-6-carboxyrhodamine
(TAMRA), radioactive labels, e.g. **P, **S, *H; etc. The label
may be a two stage system, where the amplified DNA is
conjugated to biotin, haptens, etc. having a high affinity bind-
ing partner, e.g. avidin, specific antibodies, etc., where the
binding partner is conjugated to a detectable label. The label
may be conjugated to one or both of the primers. Alterna-
tively, the pool of nucleotides used in the amplification is
labeled, so as to incorporate the label into the amplification
product.

[0375] In one embodiment, a subject method involves
amplifying nucleic acids from a sample, which amplifying
step follows a reverse transcription step to provide a cDNA
template for amplification. If a diagnostic nucleic acid is
obtained, the presence or absence of a nucleotide substitution
associated with cancer (e.g., pancreatic cancer, breast cancer,
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head and neck cancer, etc.) can be indicated, where the pres-
ence of a nucleotide substitution associated with pancreatic
cancer indicates an increased likelihood that the individual
from whom the nucleic acid was obtained has or will develop
cancer (e.g., pancreatic cancer, breast cancer, head and neck
cancer, etc.). In other embodiments, the level of a palladin
mRNA can be indicated, where overexpression of a palladin
mRNA indicates a cancerous ot precancerous cell. In general,
amplification-based methods involve reverse transcription of
mRNA in a sample and amplifying the resulting cDNA from
the sample using a primer and at least one other primer, as
described above, and assessing the amplified nucleic acids.

[0376] Asisknownin the art, an amplified nucleic acid may
be assessed by a number of methods, including, for example,
determining the presence or absence of the nucleic acid,
determining the size of the nucleic acid or determining the
abundance of a nucleic acid in relation to another amplified
nucleic acid. In most embodiments, an amplified nucleic acid
is assessed using gel electrophoresis, nucleic acid hybridiza-
tion, sequencing, and/or detection of a signal from a label
bound to the amplified nucleic acid. Methods of amplifying
(e.g., by polymerase chain reaction) nucleic acid, methods of
performing primers extension, and methods of assessing
nucleic acids are generally well known in the art (e.g., see
Ausubel, et al, Short Protocols in Molecular Biology, 3rd ed.,
Wiley & Sons, 1995 and Sambrook, et al, Molecular Cloning:
A Laboratory Manual, Third Edition, (2001) Cold Spring
Harbor, N.Y.) and need not be described in any great detail.

[0377] For example, primers and probes described above
may be used in polymerase chain reaction (PCR)-based tech-
niques to detect palladin target nucleic acid (e.g., to detect a
nucleotide substitution associated with pancreatic cancer; to
detect a level of palladin mRNA; etc.) in biological samples.
PCR is a technique for amplifying a desired target nucleic
acid sequence contained in a nucleic acid molecule or mixture
of molecules. In PCR, a pair of primers is employed in excess
to hybridize to the complementary strands of the target
nucleic acid. The primers are each extended by a polymerase
using the target nucleic acid as a template. The extension
products become target sequences themselves after dissocia-
tion from the original target strand. New primers are then
hybridized and extended by a polymerase, and the cycle is
repeated to geometrically increase the number of target
sequence molecules. The PCR method for amplifying target
nucleic acid sequences in a sample is well known in the art
and has been described in, e.g., Innis et al. (eds.) PCR Proto-
cols (Academic Press, NY 1990); Taylor (1991) Polymerase
chain reaction: basic principles and automation, in PCR: A
Practical Approach, McPherson et al. (eds.) IRL Press,
Oxford, Saiki et al. (1986) Nature 324:163; as well as in U.S.
Pat. Nos. 4,683,195, 4,683,202 and 4,889,818, all incorpo-
rated herein by reference in their entireties.

[0378] In particular, PCR uses relatively short oligonucle-
otide primers which flank the target nucleotide sequence to be
amplified, oriented such that their 3' ends face each other,
each primer extending toward the other. The polynucleotide
sample is extracted and denatured, e.g. by heat, and hybrid-
ized with first and second primers which are present in molar
excess. Polymerization is catalyzed in the presence of the four
deoxyribonucleotide triphosphates (ANTPs-dATP. dGTP,
dCTP and dTTP) using a primer- and template-dependent
polynucleotide polymerizing agent, such as any enzyme
capable of producing primer extension products, for example,
E. coli DNA polymerase I, Klenow fragment of DNA poly-
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merase I, T4 DNA polymerase, thermostable DNA poly-
merases isolated from Thermus aquaticus (Taq), available
from a variety of sources (for example, Perkin Elmer), Ther-
mus thermophilus (United States Biochemicals), Bacillus
stearothermophilus (Bio-Rad), or Thermococcus litoralis
(“Vent” polymerase, New England Biolabs). This results in
two “long products” which contain the respective primers at
their 5' ends covalently linked to the newly synthesized
complements of the original strands.

[0379] The reaction mixture is then returned to polymeriz-
ing conditions, e.g., by lowering the temperature, inactivating
a denaturing agent, or adding more polymerase, and a second
cycle is initiated. The second cycle provides the two original
strands, the two long products from the first cycle, two new
long products replicated from the original strands, and two
“short products” replicated from the long products. The short
products have the sequence of the target sequence with a
primer at each end. On each additional cycle, an additional
two long products are produced, and a number of short prod-
ucts equal to the number of long and short products remaining
at the end of the previous cycle. Thus, the number of short
products containing the target sequence grows exponentially
with each cycle. PCR is typically carried out with a commer-
cially available thermal cycler, e.g., Perkin Elmer.

[0380] RNAs encoding a deacylase of interest can be
amplified by reverse transcribing the mRNA into ¢cDNA, and
then performing PCR (RT-PCR), as described above. Alter-
natively, a single enzyme may be used for both steps as
described in U.S. Pat. No. 5,322,770. mRNA may also be
reverse transcribed into cDNA, followed by asymmetric gap
ligase chain reaction (RT-AGLCR) as described by Marshall
et al. (1994) PCR Meth. App. 4:80-84.

[0381] The fluorogenic 5' nuclease assay, known as the
TAQMAN™ assay (Perkin-Elmer), is a powerful and versa-
tile PCR-based detection system for nucleic acid targets. For
a detailed description of the TAQMAN™ assay, reagents and
conditions for use therein, see, e.g., Holland et al., Proc. Natl.
Acad. Sci, US.A. (1991) 88:7276-7280; U.S. Pat. Nos.
5,538,848, 5,723,591, and 5,876,930, all incorporated herein
by reference in their entireties. Hence, primers and probes
derived from regions of a palladin nucleic acid as described
herein can be used in TAQMAN™ analyses to detect the
presence of a nucleotide substitution associated with pancre-
atic cancer and/or to detect a level of palladin mRNA in a
biological sample. Analysis is performed in conjunction with
thermal cycling by monitoring the generation of fluorescence
signals. The assay system dispenses with the need for gel
electrophoretic analysis, and has the capability to generate
quantitative data allowing the determination of, for example,
the level of palladin mRNA (e.g., to detect the presence of a
cancerous pancreatic cell; to detect the presence of a pre-
cancerous pancreatic cell; to stage a pancreatic tumor; etc.).
[0382] The fluorogenic 5' nuclease assay is conveniently
performed using, for example, AMPLITAQ GOLD™ DNA
polymerase, which has endogenous 5' nuclease activity, to
digest an internal oligonucleotide probe labeled with both a
fluorescent reporter dye and a quencher (see, Holland et al.,
Proc. Natl. Acad. Sci. USA (1991) 88:7276-7280; and Lee et
al., Nucl. Acids Res. (1993) 21:3761-3766). Assay results are
detected by measuring changes in fluorescence that occur
during the amplification cycle as the fluorescent probe is
digested, uncoupling the dye and quencher labels and causing
an increase in the fluorescent signal that is proportional to the
amplification of target nucleic acid.
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[0383] The amplification products can be detected in solu-
tion or using solid supports. In this method, the TAQMAN™
probe is designed to hybridize to a target sequence within the
desired PCR product. The 5' end of the TAQMAN™ probe
contains a fluorescent reporter dye. The 3' end of the probe is
blocked to prevent probe extension and contains a dye that
will quench the fluorescence of the 5' fluorophore. During
subsequent amplification, the 5' fluorescent label is cleaved
off if a polymerase with 5' exonuclease activity is present in
the reaction. Excision of the 5' fluorophore results in an
increase in fluorescence which can be detected.

[0384] In particular, the oligonucleotide probe is con-
structed such that the probe exists in at least one single-
stranded conformation when unhybridized where the
quencher molecule is near enough to the reporter molecule to
quench the fluorescence of the reporter molecule. The oligo-
nucleotide probe also exists in at least one conformation when
hybridized to a target polynucleotide such that the quencher
molecule is not positioned close enough to the reporter mol-
ecule to quench the fluorescence of the reporter molecule. By
adopting these hybridized and unhybridized conformations,
the reporter molecule and quencher molecule on the probe
exhibit different fluorescence signal intensities when the
probe is hybridized and unhybridized. As a result, it is pos-
sible to determine whether the probe is hybridized or unhy-
bridized based on a change in the fluorescence intensity of the
reporter molecule, the quencher molecule, or a combination
thereof. In addition, because the probe can be designed such
that the quencher molecule quenches the reporter molecule
when the probe is not hybridized, the probe can be designed
such that the reporter molecule exhibits limited fluorescence
unless the probe is either hybridized or digested.

[0385] Accordingly, the present invention provides meth-
ods for amplifying a target palladin nucleotide sequence
using a nucleic acid polymerase having 5' to 3' nuclease
activity, one or more primers capable of hybridizing to the
target sequence or its extension product, and an oligonucle-
otide probe capable of hybridizing to the target sequence 3'
relative to the primer. During amplification, the polymerase
digests the oligonucleotide probe when it is hybridized to the
target sequence, thereby separating the reporter molecule
from the quencher molecule. As the amplification is con-
ducted, the fluorescence of the reporter molecule is moni-
tored, with fluorescence corresponding to the occurrence of
nucleic acid amplification. The reporter molecule is in some
embodiments a fluorescein dye and the quencher molecule is
in some embodiments a rhodamine dye.

[0386] The palladin target nucleic acids described herein
may also be used as a basis for transcription-mediated ampli-
fication (TMA) assays. TMA provides a method of identify-
ing target nucleic acids present in very small amounts in a
biological sample. Such nucleic acids may be difficult or
impossible to detect using direct assay methods. In particular,
TMA 1is an isothermal, autocatalytic nucleic acid target
amplification system that can provide more than a billion
RNA copies of a target sequence. The assay can be done
qualitatively, to accurately detect the presence or absence of
the target sequence in a biological sample. The assay can also
provide a quantitative measure of the amount of target
sequence over a concentration range of several orders of
magnitude. TMA provides a method for autocatalytically
synthesizing multiple copies of a target nucleic acid sequence
without repetitive manipulation of reaction conditions such
as temperature, ionic strength and pH.
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[0387] Generally, TMA includes the following steps: (a)
isolating nucleic acid from the biological sample of interest
(e.g., pancreatic tissue; pancreatic cell(s); tissue adjacent
pancreatic tissue; etc.); and (b) combining into a reaction
mixture (i) the isolated nucleic acid, (ii) first and second
oligonucleotide primers, the first primer having a complexing
sequence sufficiently complementary to the 3' terminal por-
tion of an RNA target sequence, if present (for example the
(+) strand), to complex therewith, and the second primer
having a complexing sequence sufficiently complementary to
the 3' terminal portion of the target sequence of its comple-
ment (for example, the (=) strand) to complex therewith,
wherein the first oligonucleotide further comprises a
sequence 5' to the complexing sequence which includes a
promoter, (iii) a reverse transcriptase or RNA and DNA
dependent DNA polymerases, (iv) an enzyme activity which
selectively degrades the RNA strand of an RNA-DNA com-
plex (such as an RNAse H) and (v) an RNA polymerase which
recognizes the promoter.

[0388] The components of the reaction mixture may be
combined stepwise or at once. The reaction mixture is incu-
bated under conditions whereby an oligonucleotide/target
sequence is formed, including DNA priming and nucleic acid
synthesizing conditions (including ribonucleotide triphos-
phates and deoxyribonucleotide triphosphates) fora period of
time sufficient to provide multiple copies of the target
sequence. The reaction advantageously takes place under
conditions suitable for maintaining the stability of reaction
components such as the component enzymes and without
requiring modification or manipulation of reaction conditions
during the course of the amplification reaction. Accordingly,
the reaction may take place under conditions that are substan-
tially isothermal and include substantially constant ionic
strength and pH. The reaction conveniently does not require a
denaturation step to separate the RNA-DNA complex pro-
duced by the first DNA extension reaction.

[0389] Suitable DNA polymerases include reverse tran-
scriptases, such as avian myeloblastosis virus (AMV) reverse
transcriptase (available from, e.g., Seikagaku America, Inc.)
and Moloney murine leukemia virus (MMLV) reverse tran-
scriptase (available from, e.g., Bethesda Research Laborato-
ries).

[0390] Promoters or promoter sequences suitable for incor-
poration in the primers are nucleic acid sequences (either
naturally occurring, produced synthetically or a product of a
restriction digest) that are specifically recognized by an RNA
polymerase that recognizes and binds to that sequence and
initiates the process of transcription whereby RNA tran-
scripts are produced. The sequence may optionally include
nucleotide bases extending beyond the actual recognition site
for the RNA polymerase which may impart added stability or
susceptibility to degradation processes or increased transcrip-
tion efficiency. Examples of useful promoters include those
which are recognized by certain bacteriophage polymerases
such as those from bacteriophage T3, T7 or SP6, or a pro-
moter from E. coli. These RNA polymerases are readily avail-
able from commercial sources, such as New England Biolabs
and Epicentre.

[0391] Some of the reverse transcriptases suitable for use in
the methods herein have an RNAse H activity, such as AMV
reverse transcriptase. In some embodiments, an exogenous
RNAse H, such as E. coli RNAse H, is added, even when
AMYV reverse transcriptase is used. RNAse H is readily avail-
able from, e.g., Bethesda Research Laboratories.
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[0392] The RNA transcripts produced by these methods
may serve as templates to produce additional copies of the
target sequence through the above-described mechanisms.
The system is autocatalytic and amplification occurs auto-
catalytically without the need for repeatedly modifying or
changing reaction conditions such as temperature, pH, ionic
strength or the like.

[0393] Another method of detection involves use of target
sequence-specific oligonucleotide probes, which contain a
region of complementarity to the target sequence described
above. The probes may be used in hybridization protection
assays (HPA). In this embodiment, the probes are conve-
niently labeled with acridinium ester (AE), a highly chemi-
luminescent molecule. See, e.g., Nelson et al. (1995) “Detec-
tion of Acridinium Esters by Chemiluminescence” in
Nonisotopic Probing, Blotting and Sequencing, Kricka L. J.
(ed) Academic Press, San Diego, Calif.; Nelson et al. (1994)
“Application of the Hybridization Protection Assay (HPA) to
PCR” in The Polymerase Chain Reaction, Mullis et al. (eds.)
Birkhauser, Boston, Mass.; Weeks et al., Clin. Chem. (1983)
29:1474-1479; Berry et al., Clin. Chem. (1988) 34:2087-
2090. One AE molecule is directly attached to the probe using
a non-nucleotide-based linker arm chemistry that allows
placement of the label at any location within the probe. See,
e.g., U.S. Pat. Nos. 5,585,481 and 5,185,439. Chemilumines-
cence is triggered by reaction with alkaline hydrogen perox-
ide which yields an excited N-methyl acridone that subse-
quently collapses to ground state with the emission of a
photon. Additionally, AE causes ester hydrolysis which
yields the nonchemiluminescent-methyl acridinium carboxy-
lic acid.

[0394] When the AE molecule is covalently attached to a
nucleic acid probe, hydrolysis is rapid under mildly alkaline
conditions. When the AE-labeled probe is exactly comple-
mentary to the target nucleic acid, the rate of AE hydrolysis is
greatly reduced. Thus, hybridized and unhybridized AE-la-
beled probe can be detected directly in solution, without the
need for physical separation.

[0395] HPA generally consists of the following steps: (a)
the AE-labeled probe is hybridized with the target nucleic
acid in solution for about 15 to about 30 minutes. A mild
alkaline solution is then added and AE coupled to the unhy-
bridized probe is hydrolyzed. This reaction takes approxi-
mately 5 to 10 minutes. The remaining hybrid-associated AE
is detected as a measure of the amount of target present. This
step takes approximately 2 to 5 seconds. In some embodi-
ments, the differential hydrolysis step is conducted at the
same temperature as the hybridization step, typically at 50 to
70 degrees Celsius. Alternatively, a second differential
hydrolysis step may be conducted at room temperature. This
allows elevated pHs to be used, for example in the range of
10-11, whichyields larger differences in the rate of hydrolysis
between hybridized and unhybridized AE-labeled probe.
HPA is described in detail in, e.g., U.S. Pat. Nos. 6,004,745,
5,948.899; and 5,283,174, the disclosures of which are incor-
porated by reference herein in their entireties.

[0396] TMA is described in detail in, e.g., U.S. Pat. No.
5,399.491, the disclosure of which is incorporated herein by
reference in its entirety. In one example of a typical assay, an
isolated nucleic acid sample, suspected of containing a deacy-
lase-encoding nucleic acid as described herein, is mixed with
a buffer concentrate containing the buffer, salts, magnesium,
nucleotide triphosphates, primers, dithiothreitol, and spermi-
dine. The reaction is optionally incubated at about 100° C. for
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approximately two minutes to denature any secondary struc-
ture. After cooling to room temperature, reverse transcriptase,
RNA polymerase, and RNAse H are added and the mixture is
incubated fortwo to four hours at 37° C. The reaction can then
be assayed by denaturing the product, adding a probe solu-
tion, incubating 20 minutes at 60° C., adding a solution to
selectively hydrolyze the unhybridized probe, incubating the
reaction six minutes at 60° C., and measuring the remaining
chemiluminescence in a luminometer.

[0397] Oligonucleotides will in some embodiments be
used in nucleic acid sequence-based amplification (NASBA).
This method is a promoter-directed, enzymatic process that
induces in vitro continuous, homogeneous and isothermal
amplification ofa specific nucleic acid to provide RNA copies
of the nucleic acid. The reagents for conducting NASBA
include a first DNA primer with a 5' tail comprising a pro-
moter, a second DNA primer, reverse transcriptase, RNAse-
H, T7 RNA polymerase, NTP’s and ANTP’s. Using NASBA,
large amounts of single-stranded RNA are generated from
either single-stranded RNA or DNA, or double-stranded
DNA. When RNA is to be amplified, the ssRNA serves as a
template for the synthesis of a first DNA strand by elongation
of a first primer containing an RNA polymerase recognition
site. This DNA strand in turn serves as the template for the
synthesis of a second, complementary, DNA strand by elon-
gation of a second primer, resulting in a double-stranded
active RNA-polymerase promoter site, and the second DNA
strand serves as a template for the synthesis of large amounts
of the first template, the ssRNA, with the aid of a RNA
polymerase. The NASBA technique is known in the art and
described in, e.g., European Patent 329,822, International
Patent Application No. WO 91/02814, and U.S. Pat. Nos.
6,063,603, 5,554,517 and 5,409,818, all of which are incor-
porated herein in their entireties.

[0398] The target palladin nucleic acids described herein
are also useful in nucleic acid hybridization and amplification
techniques that utilize branched DNA molecules. In a basic
nucleic acid hybridization assay, single-stranded analyte
nucleic acid is hybridized to a labeled single-stranded nucleic
acid probe and resulting labeled duplexes are detected. Varia-
tions of this basic scheme have been developed to facilitate
separation of the duplexes to be detected from extraneous
materials and/or to amplify the signal that is detected. One
method for amplifying the signal uses amplification multim-
ers that are polynucleotides with a first segment that hybrid-
izes specifically to the analyte nucleic acid or a strand of
nucleic acid bound to the analyte and iterations of a second
segment that hybridizes specifically to a labeled probe. The
amplification is theoretically proportional to the number of
iterations of the second segment. The multimers may be either
linear or branched. Two general types of branched multimers
are useful in these techniques: forked and combed. Methods
for making and using branched nucleic acid molecules are
known in the art and described in, e.g., U.S. Pat. No. 5,849,
481, incorporated herein by reference in its entirety.

[0399] As is readily apparent, design of the assays
described herein is subject to a great deal of variation, and
many formats are known in the art. The above descriptions are
merely provided as guidance and one of skill in the art can
readily modify the described protocols, using techniques well
known in the art.
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Kits

[0400] The invention further provides a kit for use in a
subject method. Kits provide components for detection of
palladin nucleic acid and/or palladin polypeptide.

Kits for Detecting Palladin Nucleic Acid

[0401] A subject kit comprises a pair of nucleic acids
(primer pairs), one or more nucleic acid probes, or both,
where the primer pairs and probes are suitable for use in a
subject method, as described above. The nucleic acids will in
some embodiments be present in a suitable storage medium,
e.g., buffered solution, typically in a suitable container. The
kit includes the primers and/or probes, and may further
include a buffer; reagents (e.g., for polymerase chain reaction
(e.g., deoxynucleotide triphosphates (dATP, dTTP, dCTP, and
dGTP), a thermostable DNA polymerase, a buffer suitable for
polymerase chain reaction, a solution containing Mg>* ions
(e.g., MgCl,), and other components well known to those
skilled in the art for carrying out a polymerase chain reac-
tion)). The kit may further include instructions for use of the
kit, which instructions may be provided in a variety of forms,
e.g., as printed information, on a compact disc, and the like.
The kit may further include reagents necessary for extraction
of DNA (or mRNA) from a biological sample (e.g., pancre-
atic tissue; pancreatic cells; ductal pancreatic epithelial cells;
lymphocytes: peripheral white blood cells; etc.) from an indi-
vidual. The kit may further include reagents necessary for
reverse transcription of an mRNA, to make a cDNA copy of
the mRNA.

[0402] The kit may further include positive and negative
controls. An example ofa positive control is a palladin nucleic
acid that includes a region that will be amplified by primer
pairs included in the kit. An example of a negative control is
a nucleic acid (e.g., an albumin-encoding nucleic acid) that
will not be amplified by nucleic acid primers included in the
kit. The kits are useful in diagnostic applications, as described
in detail above. For example, in some embodiments, a subject
kit is useful to determine whether a given DNA sample (or an
mRNA sample) obtained from an individual comprises a
nucleotide substitution associated with pancreatic cancer. In
other embodiments, a subject kit is useful to determine
whether a palladin mRNA is present at higher or lower than
normal levels in a pancreatic cell or other cell.

[0403] A kit will in some embodiments provide a standard
for normalization of a level of a palladin polynucleotide to a
standard, e.g., a level of a glucose-6-phosphate dehydroge-
nase polynucleotide (e.g, a GoPDH mRNA or cDNA copy of
a G6PDH mRNA).

[0404] Exemplary kits include at least one primer, at least
two primers (a 5' and a 3' primer), or at least two primers and
aprobe, as described above. Also included in the subject kits
may be buffers, AINTPs, and controls, (e.g., positive and nega-
tive control nucleic acids) for performing the subject meth-
ods. Primers in the subject kits may be detectably labeled or
unlabeled).

Kits for Detecting Palladin Polypeptide

[0405] A subject kit for detecting palladin polypeptide
comprises one or more anti-palladin antibody reagents. For
example, a subject kit will include one or more of: a) an
anti-palladin antibody specific for the 90 kD isoform of pal-
ladin; b) an anti-palladin antibody specific for the 140 kD
isoform of palladin; ¢) an anti-palladin antibody that binds
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specifically to an epitope comprising amino acid 239 of the
amino acid sequence depicted in FIG. 11; d) an anti-palladin
antibody that binds specifically to an epitope comprising
amino acid 557 of the amino acid sequence depicted in FIG.
11; and e) an anti-palladin antibody that binds specifically to
an epitope comprising amino acid 617 of the amino acid
sequence depicted in FIG. 12. In some embodiments, the
anti-palladin antibody will comprise a detectable label. In
some embodiments, the anti-palladin antibody will be bound
to an insoluble support, e.g., a bead (e.g., a polystyrene bead,
a magnetic bead, etc.); a plastic surface (e.g., the well of an
ELISA plate); a membrane (e.g., a test strip; a polyvinylpyr-
rolidone membrane; a nitrocellulose membrane; etc.); and the
like.

[0406] A subject kit can further include, if desired, one or
more of various conventional components, such as, for
example, containers with one or more buffers (e.g., wash
buffers), detection reagents or antibodies. Printed instruc-
tions, either as inserts or as labels, indicating quantities of the
components to be used and guidelines for their use, can also
be included in the kit. In the present disclosure it should be
understood that the specified materials and conditions are
important in practicing the invention but that unspecified
materials and conditions are not excluded so long as they do
not prevent the benefits of the invention from being realized.

[0407] A kit will in some embodiments provide a standard
for normalization of a level of a palladin polypeptide to a
standard, e.g., a level of an actin polypeptide, a level of a
GAPDH polypeptide, etc. A kit will in some embodiments
further include negative controls, e.g., antibodies specific for
a non-palladin polypeptide; and the like.

[0408] Kits may also include components for conducting
western blots (e.g., pre-made gels, membranes, transfer sys-
tems, etc.); components for carrying out ELISAs (e.g,
96-well plates; plates containing wells in multiples of 96);
components for carrying out immunoprecipitation (e.g. pro-
tein A); columns, especially spin columns, for affinity or size
separation of palladin polypeptide from other (non-palladin)
polypeptides or separation of a first palladin isoform from a
second palladin isoform (e.g. gel filtration columns, antibody
columns, size exclusion columns, membrane cut-off spin col-
umus etc.).

EXAMPLES

[0409] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how to make and use the present
invention, and are not intended to limit the scope of what the
inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (e.g. amounts, tem-
perature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is weight average molecu-
lar weight, temperature is in degrees Celsius, and pressure is
at or near atmospheric. Standard abbreviations may be used,
e.g., bp, base pair(s); kb, kilobase(s); pl, picoliter(s); U, units;
s or sec, second(s); min, minute(s); h or hr, hour(s); aa, amino
acid(s); kb, kilobase(s); bp, base pair(s); nt, nucleotide(s);
im., intramuscular(ly); i.p., intraperitoneal(ly); s.c., subcuta-
neous(ly); and the like.
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Example 1

Identification and Characterization of a Palladin
Gene Mutation

Summary

[0410] A large kindred (Family X) was identified, which
inherits pancreatic cancer in an autosomal dominant fashion
with high penetrance. In order to identify living affected
familial members prior to the onset of cancer, an endoscopic
surveillance program was developed that assists in the detec-
tion of pancreatic pre-cancer (also called pancreatic intraepi-
thelial neoplasia or PanIN). Family X includes 18 cases in 4
generations of either cancer (n=9) or histologically proven
pre-cancer (n=9) (FIG. 2). In FIG. 2, nine members of this
family were diagnosed with pancreatic cancer, and nine with
pancreatic precancer (five with carcinoma in situe (PanIN 3);
and four with low-grade dysplasia (PanIN 2)).

[0411] A pancreatic cancer susceptibility locus was
mapped to 4q32-34. Identification of the gene of interest in
this region represented a considerable challenge because of
the size (16 MB) and the number of genes localized to this
region (approximately 250). To narrow the region, a custom
microarray of the genes and expressed sequence tags located
at 4932-34 was created. Palladin, one of the candidate genes
that showed the highest up-regulation in the array analysis,
was assessed further and a C to T base pair substitution was
identified in the highly conserved region of palladin in all of
the affected family members. The Palladin gene is highly
conserved through evolution; it is a cytoskeletal protein and a
component of actin-containing microfilaments that control
cell shape, adhesion, and motility.

Methods
Tissues and RNAs

[0412] Pancreatic adenocarcinoma tissue samples were
collected from the University of Washington, Cleveland
Clinic, and University of Pittsburgh with authorized IRB
approval. Details of tissue collection, RNA preparation and
RNA labeling for microarrays were previously described
(Pogue-Geile et al. (2004) Cancer Genomics and Proteomics
1:371-386). Normal pancreas samples were obtained com-
mercially from Stratagene, Clontech, Biochain, Chemicon,
and Ambion and from normal pancreatic surgical specimens
obtained through the University of Washington. In case of the
surgical specimens, the histologic normalcy of the tissue was
ascertained by pathologist Dr. Mary Bronner and for tissues
obtained at the University of Pittsburgh by pathologist at the
University of Pittsburgh.

Microarray Construction Hybridization and Analysis

[0413] Unigenes were identified using the UCSC genome
maps (available on the internet at genome.ucsc.edu; Kent et
al) and NCBI maps. 243 unigenes clones mapping between
markers D45413-D45299 were identified. Seventeen clones
were included as housekeeping genes and 25 additional
clones were included because of their location in a region of
the genome thatis frequently lost in pancreatic cancer. Clones
were acquired from Research Genetics, (now Invitrogen) and
from RZPD (German Resource Center for Genome
Research) and from University of Pittsburgh Genomics and
Proteomics Core Laboratories. Identification of all clones and
accurate location on chromosome 4q was confirmed by
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sequence analysis using Big Dye. Clones were amplified,
purified and arrayed onto glass slides as previously described
(Pogue-Geile et al. (2004) Cancer Genomics Proteomics
1:371).

[0414] Slides were scanned with the GMS 418 scanner
(Genetic MicroSystems). The Cy-5 was and Cy-3 images
were overlaid, and raw data was generated for both channels
using the ImaGene program United (Bioinformatics Inc, Cal-

gary AB).
QRT-PCR

[0415] QRT-PCR was carried out using the 5' nuclease
assay and an Applied Biosystems 7700 Sequence Detection
Instrument (TaqMan). Tissues used for expression analysis
utilized whole tissues. Palladin expression was measured
relative to the endogenous control, GAPDH, using the com-
parative C, method described previously (Godfrey et al.
2000). cDNAs were generated at 2 different RNA input con-
centrations (10 ng/pl and 4 ng/jul) and TagMan reactions with
the endogenous control were run in duplicate from both RT
reactions. Palladin TagMan reactions were carried out in trip-
licate using RT reactions with 10 ng/l reactions. A calibrator
RNA, composed of 50 ng/ul universal reference RNA (Strat-
agene, catno 40000-41) and 50 ng/pl colon RNA (Ambion cat
no 7986) was included on every amplification plate to allow
comparison of samples run at different times. RT-negative
controls were run on each plate to ensure that no amplification
occurred in the absence of cDNA.

Statistical Analysis

[0416] Microarray analysis was performed using the Gene
Expression Differential Analysis tool (caGEDA) a web appli-
cation specifically developed for cancer microarray data
analysis at http://bioinformatics(dotjupme(dot)edu/GE2/
GEDA(dot)html (Patel and Lyons-Weiller). The J5 test was
used; and the data were normalized with log2 and Z transfor-
mation.

Sequence Analysis

[0417] A restriction enzyme assay can be used to detect the
specific family X mutation. First, PCR was performed with
Fast Start Taq from Roche using 30 pg genomic DNA, with
200 uM dNTPs, 20% GC-rich solution, 0.04 U/uL Taq poly-
merase, 1x Buffer, 200 nM forward primer, 200 nM reverse
primer. Forward primer: 5'-CCGACGTGTTCCCACTGC
(SEQ ID NO:84; corresponding to nucleotides 140200 to
140217 of Homo sapiens BAC clone RP11-635L1; see FIG.
16) and reverse primer: 5'-CGCACGGAGAGAAATGTGTG
(SEQ ID NO:85; corresponding to the complement of nucle-
otides 140510 to 140529 of Homo sapiens BAC clone RP11-
635L1; see FIG. 16 (SEQ ID NO:100)). Conditions were as
follows: 5-min denaturation step at 95° C., 40 cycles of 30s at
95°C.,30s of annealing at 54° C., and 30s extension at 72°C.,
followed by a final extension for 7 min at 72° C. The 330 bp
PCR products were separated on 1.5% agarose gels and visu-
alized with syber green and UV light. Ten pLL of each PCR
product was digested using Aatll from NEB in 1x digestion
buffer for 1 hour at 37° C. Amplicons containing the C to T
mutation cut once giving 102 bp and 228 bp bands, while the
amplicons from wild type DNA will not be cut by this restric-
tion enzyme. This 330 bp fragment can also be sequenced
using the PCR primers listed above.

Constructs and Transfection

[0418] The human wild-type (WT) palladin construct was
made by PCR-cloning the entire coding sequence from a
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human palladin cDNA clone (human cDNA clone hk07554)
into the sites of EcoRI and BamHI of phrGFP IIN vector
(Stratagene), downstream of, and in frame with, the green
fluorescent protein (GFP) tag. To create the Family X mutant
construct (FX), Quick-Change Multi Site-Directed Mutagen-
esis (Stratagene) was used, with primers centered at the Fam-
ily X mutation (P2398), according to manufacturer’s proto-
col. Briefly, (1) 100 ng of WT construct was added as a
template to a PCR cocktail containing 2.5 ul of 10x mutagen-
esis buffer, 100 ng of mutagenesis primer containing the
Family X mutation, 250 pM each dANTP, 1 pl QuickChange
enzyme blend and 1 pl QuickSolution. The PCR cycling
parameters were one cycle of: 1 min at 95° C., followed by 30
cycles of  minat 95°C., and 15 min at 65° C.; (2) the parental
template DNA was treated with Dpnl (10 U) at 37° C. for 60
min; (3) 4 ul of this reaction was transformed into XL10 Gold
Ultracompetent cells (Stratagene); and (4) several clones
were chosen for PCR and/sequencing to confirm the incorpo-
ration of the mutation.

HeLa Cell Transfection

[0419] Transfection was performed using a Fugene kit
(Roche Diagnostics) on human cancer epithelial cell lines
(HeLa cells) according to the manufacturer’s protocol.
Briefly, (1) one day before the transfection, the cells were
distributed into a six-well plate so that they would be approxi-
mately 70% confluent the next day; (2) 3-6 ul of transfection
reagent was mixed with 94-97 ul of DMEM and left for 5 min;
(3) then 1 pg of construct (either WT or FX mutant construct)
was added to the complex and left for 10 min; (4) the complex
was then added to the cells in a dropwise fashion; and (5) the
expression of the GFP construct was observed the next day.
Fluorescence staining was performed on cells fixed in 3.7%
formaldehyde and permeabilized with 0.1% Triton X-100.
The cells were then stained with 50 pg/ml of TRITC-phalloi-
din (Sigma) for 40 min. followed by washing with PBS.
Finally, DAPI (Sigma) was added at 10 pg/ml to stain the
nucleus, and antifade reagent (Invitrogen) was used to pre-
vent auto-color bleaching. The construct/transfection experi-
ments were run in triplicate and assessed blindly.

Analysis of Protein Levels

[0420] Size fractionation (SDS-PAGE) was performed on
20 pg of protein from each pancreatic cell line sample. The
samples were individually loaded onto a gel, separated
through electrophoresis, and then blotted onto a nitrocellu-
lose membrane according to manufacturer’s protocol (Amer-
sham Biosciences, Piscataway, N.J., United States). The
polyclonal palladin antibody (ab 621; Otey et al. (2005) Int
Rev Cytol. 246:31-58) was used. A 1:2,000 dilution was used
for Western blotting. The ECL plus kit (Amersham Bio-
sciences) was used to detect protein in the Western blot.

Results

[0421] It was hypothesized that a mutated gene is best
detected in very early pre-cancerous tissue, where the
mutated gene has initiated neoplastic progression but before
the genetic chaos of cancer has occurred. Using RNA from
the pre-cancerous pancreatic tissue from a Family X member,
the gene expression in the 4q32-34 region was profiled on a
custom microarray. The custom array was created using 243
sequence-verified Unigene clones located between markers
D4S2976 to D4S415, a region slightly larger than the region
identified as the pancreatic cancer susceptibility locus (be-
tween markers D4S413-D4S2991). Unigenes represent a
non-redundant set of gene-oriented clusters of cDNA clones
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assigned to a unique gene and genomic location. In addition
to the Family X pre-cancer RNA, 10 different sporadic pan-
creatic cancers and 2 normal donor pancreata were also pro-
filed. Samples were spotted in sextuplicates (6x) (FIGS.
3A-C). Comparative expression in Family X and the 10 pan-
creatic cancer samples were rank ordered by their degree of
over or under-expression. Two Palladin clones were shown to
be the most highly differentially expressed in sporadic pan-
creatic cancers and were also over expressed in Family X,
using a JS analysis which was used previously. Patel et al.
(2004) Appl. Bioinf- 3:49-62. The J5 test compares the differ-
ence in mean expression for a given gene to the magnitude
(absolute value) of mean difference in all of the genes on an
array. Palladin clones were also shown to be among the most
differentially expressed genes when Family X gene expres-
sion was analyzed by N-fold analysis.

[0422] To validate the findings on the custom microarray,
commercially available primers directed toward exons 9 and
10 were used to measure gene expression of the Palladin gene
(FIGS. 3A-C). Expression analysis via quantitative RT-PCR
(qRT-PCR) was performed in a) 16 sporadic pancreatic can-
cers, b) 4 pre-cancerous tissues (2 from Family X and 2 from
other familial pancreatic cancer families) ¢) 9 histologically
normal appearing tissues adjacent to sporadic pancreatic can-
cers (normal adjacent) and d) 6 normal pancreas samples.
Although the sample size was small, a significant difference
was detected between all cancer and pre-cancer groups and
normal pancreata (One way-4 group ANOVA F(3,35)=5.86,
p=0.003). All possible pair-wise tests using Least Significant
Difference test (p<0.05) showed significant differences
between all cancer and pre-cancer groups (cancer, normal
adjacent, PanIN) compared with normal. Palladin was over-
expressed in most of the cancerous and precancerous pancre-
atic tissue, as well as in the histologically normal appearing
tissue adjacent to the cancers, when compared to normal. This
expression analysis indicates that Palladin is likely over-ex-
pressed very early in the development of pancreatic cancer—
including both Family X and sporadic forms of the disease.

[0423] FIGS. 3A-C. Identification of 4q32-34 Genes Dif-
ferentially Expressed in Sporadic Pancreatic Cancer and In
Family X Pre-Cancer. A). The Gene Discovery Array, a cus-
tom 4q32-34 microarray was interrogated using RNA derived
from 10 sporadic pancreatic cancers, 1 pre-cancerous pan-
creas from an Family X individual and 2 normal donor pan-
creas samples. cDNAs were spotted six times. B). The top 2
most differentially expressed genes among 10 sporadic pan-
creatic cancers and the corresponding differential expression
in Family X are shown. C). Average expression of Palladin
using commercially available probes to Palladin exons 9 and
10. Samples tested included 6 normal pancreas samples, two
from Stratagene and one each from Ambion, Biochain,
Chemicon and Clontech, 4 PanIN III tissues (2 Family X
individuals and 2 non-Family X individuals), 9 histologically
normal tissue adjacent to cancer and 16 pancreatic cancer
tissues. Error bars indicate 1 standard deviation above and
below the average.

A Base Pair Substitution in Palladin Tracks with the Affected
Members in Family X and Causes an Amino Acid Change in
the Actinin Binding Site.

[0424] Palladin is an extremely large gene spanning 432
Kb, with a total of 31 exons, up to 9 probable alternative
promoters, and at least 8 alternatively spliced transcripts. The
published literature has described at least 3 major different
isoforms of Palladin ranging in molecular weight from 140
kD, 120 kD and 90 kD. The smallest isoform (90 kD) is a
constituent of the larger isoforms.
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[0425] Twenty-nine individuals from Family X were avail-
able for mutational testing of Palladin: 9 unaffected, 12 with
pancreatic cancer or pre-cancer, 9 known to be unaffected,
and 8 with unknown status. Sequence analysis of Palladin
identified a C to T base pair substitution in exon 2 of all 12
affected family members and none of the 9 unaffected family
members. The C to T transition causes a proline (hydropho-
bic) to serine (hydrophilic) amino acid change at position 715
in Palladin RNA (FIG. 4).

[0426] FIG. 4. Location and identification of the Family X
mutation. Top black bar indicates the genomic location of the
Family X mutation between microsatellite markers, D4S413
and D48299, on chromosome 4 (Eberle et al. 2002) Am. J.
Hum. Genet. 70:1044). Center line designates the location of
the palladin transcript, AB023209, with vertical boxes and
lines indicating exons. At the bottom a small portion of the
DNA sequence is shown with a C to T transition at position
715 (indicated with an arrow) which causes a proline (hydro-
phobic) to serine (hydrophilic) amino acid change at amino
acid 236.

[0427] Themutationdiscovered in Family X is contained in
the cDNA clone AB023209 (FIGS. 1A and B), which encodes
a4,349 nucleotide transcript, containing 12 exons and encod-
ing a 772 amino acid protein (90 kD isoform).

[0428] The mutation occurs in exon 2 of this Palladin iso-
form (peptide beginning MSALA, 126 amino acids down-
stream 90 kD start site).

[0429] This base pair substitution is not a known single
nucleotide polymorphism, nor was it detected in the blood of
294 of 295 non-pancreatic cancer controls (589 of 590 alle-
les). One control blood sample revealed the mutation; unfor-
tunately, the medical history of this individual is unknown.
The Family X mutation occurs in a region that is highly
conserved across species (FIG. 5).

[0430] FIG. 5. The binding site of Actinin to Palladin is
highly conserved across species. The mutation in Family X
causes a proline (hydrophobic) to serine (hydrophilic) change
in the amino acid sequence.

The 90 Kda Isoform of Palladin is the Major Isoform
Bxpressed in Human Pancreatic Epithelium.

[0431] As shown in FIG. 6, at least three major isoforms of
palladin are known, with molecular weights of 200 kDa, 140
kDa, and 90 kDa. The smallest isoform (90 kDa) is a compo-
nent of the larger isoforms. Western blot analysis suggests
that the 90 kD is the major isoform expressed in human
pancreas (FIG. 6).

[0432] Western blotting and a polyclonal antibody (ab 621)
were used to assess the protein isoform expressed in pancre-
atic ductal epithelium. The results indicated that the 90 kDa
isoform is the predominant form of palladin in pancreatic
ductal epithelium and in pancreatic cancer cell lines.

[0433] FIG. 6. The 90 kD palladin is the major isoform
expressed in human pancreas. Shown here s the western blot
of the proteins extracted from various human cells detected
with polyclonal antibody against palladin raised in rabbit (Ab
621). The major isoform expressed in human pancreas tissue
and cultured epithelial cells (HPDE: human pancreatic ductal
epithelial cell line) is the 90 kD isoform (e.g., arrow in
“HPDE” lane). In the control sample (MSC: human mesen-
chymal stem cells), besides the major 90 kD isoform, the 140
kD isoform is also detectable (arrow in “MSC” lane).
Palladin does not Fit the Model of a Classical Tumor Sup-
pressor Gene.

[0434] Loss of heterozygosity (LOH) studies have shown
that a region in 4q32-35 is lost in many different cancers,
including cancers of the pancreas, breast, colon, liver. Com-
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parative genomic hybridization of pancreatic cancers using
c¢DNA microarrays defined 3 different regions of LOH
located between 4q32-35, suggesting that tumor suppressor
gene might be localized to this region. Tumor suppressor
genes lose activity when both alleles are inactivated: in many
classical familial syndromes, one allele is inactivated through
an inherited mutation and the second allele subsequently
becomes lost, initiating neoplastic progression. To determine
whether Palladin has genetic characteristics consistent with a
classical tumor suppressor gene, a search for loss ofa Palladin
allele was conducted. A custom-made copy number chip
(Nimblegen) was used to measure the number of alleles in
pre-cancerous (PanIN Il and I1T) pancreatic tissues from Fam-
ily X members. The entire Palladin gene was interrogated and
the copy number was 2 in every instance. In addition, two
Palladin SNP probes with a minor allele frequency greater
than or equal to 0.47 were used in TagMan SNP analysis to
test 21 sporadic pancreatic cancers for evidence of LOH. Ten
sporadic pancreatic cancer tissue samples were heterozygous
and thus, informative. None of these 10 samples showed loss
of either allele in the tumor. These findings suggest that
mutated Palladin is probably not a tumor suppressor gene, but
rather may act as an oncogene.

Palladin is Increasingly Over-Expressed In Ductal Epithelial
Cells with Neoplastic Progression.

[0435] Pancreatic cancer tumors are a mixture of tumor
cells and a variety of other cell types due to the strong des-
moplastic change common to pancreatic cancers. To deter-
mine whether the Palladin gene is expressed in the epithelial
cells, the expression in primary human ductal pancreatic epi-
thelial (HDPE) cells was examined with qRT-PCR. Epithelial
cells were isolated from pancreatic tissue and grown in pri-
mary culture. Little to no expression could be detected in cells
from a normal pancreatic ductal epithelium; in contrast,
increasing expression was seen in epithelial cells derived
from 2 different affected Family X individuals who had pre-
cancer, but not cancer. The greatest expression was seen in
ductal epithelial cells taken from an individual with a case of
sporadic pancreatic cancer. The overexpression of Palladin
increased as the epithelial cells became increasingly neoplas-
tic (Pan I<PanIN IlI<Cancer) (FIG. 7).

[0436] FIG.7. Palladin expression in human ductal pancre-
atic epithelial (HPDE) primary cultures increases with neo-
plastic progression from normal (HPDE Norm) to PanIN I to
PanIN III to cancer (HPDE PC). Each bar represents HPDE
epithelial cultures from one person. The PanIN T and PanIN
1II lesions are from affected members of Family X. The
pancreatic cancer epithelial cells are from a sporadic cancer.
[0437] Palladin is an actin-binding binding protein that
controls cytoskeletal formation and cell movement. As
depicted schematically in FIG. 8 A, palladin binds other key
proteins including actinin (the site of the Family X mutation),
and ezrin. The pro—=ser mutation identified in Family X
occurs directly in the binding site for actinin (codons 243-
258). FIG. 8B presents a schematic depiction of various pal-
ladin isoforms (90kDa, 140 kDa, and 200 kDa). Proline-rich
domains are designated PR1 and PR2, and the immunoglo-
bulin-like (Ig-like) domains are numbered 1-5. The arrow
marks the location of the Family X mutation.

Palladin and Alpha-Actinin Proteins are Abnormally
Expressed in Sporadic Pancreatic Cancer Cell Lines.

[0438] Protein expression analysis of sporadic pancreatic
cancer cell lines was performed, using protein (“western™)
blotting. The sporadic pancreatic cancer cell lines analyzed
were PaTul, PaTu2, Panc-1 (American Type Culture Collec-
tion (ATCC) accession number CRL-1469), FA6 (Morgan et
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al. ((2006) Mol. Cancer. 5:1), MiaPaca2, and HPAF-II (ATCC
CRL-1997). PaTul and PaTu2 are described in, e.g.. Missia-
glia et al. ((2004) Int’l. J. Cancer 112:100-112); FA6 is
described in, e.g., Morgan et al. ((2006) Mol. Cancer 5:1).
Abnormal palladin protein levels were detected in five of the
six cell lines.

[0439] The 90 kDa palladin isoform co-localizes in stress
fibers with several cytoskeletal components, such as actin and
alpha-actinin. Protein expression of these cytoskeletal com-
ponents in pancreatic cancer cell lines was examined using
Western blotting and a polyclonal antibody (ab 621) to pal-
ladin. As shownin FIG. 9, of seven sporadic pancreatic cancer
celllines (FA6, HPAF, IMIMPC2, SUIT2, HS766T, PANC-1,
and PATU2), five showed clear protein overexpression of
palladin. Cell lines FA6, HPAF, IMIMPC2, SUIT2, and
PATU2 overexpress palladin protein compared to the mini-
mal expression in normal HPDE; alpha-actinin was also
abnormally expressed in some of the pancreatic cancer cell
lines, especially in PANC-1, a line that did not show overex-
pression changes in palladin protein.

[0440] These data suggest that abnormal expression of pal-
ladin or its binding partner, alpha-actinin, is present in six of
the seven pancreatic cancer cell lines tested.

[0441] FIG. 9. Abnormal protein expression of palladin and
a-actinin proteins in sporadic pancreatic cancer cell lines.
Human mesenchymal cell lysate (hWMCL) was used as a posi-
tive control for palladin overexpression. FA6, HPAF, IMI-
MPC2, SUIT2, and PATU2 are sporadic pancreatic cancer
cell lines that overexpress palladin protein compared to the
minimal expression evident in normal HPDE. Alpha-actinin
is also abnormally expressed in some of the pancreatic cancer
cell lines compared to normal pancreas—especially PANC-1,
one of the few pancreatic cell lines that does not show expres-
sion changes in palladin protein.

Overexpression of Mutant Palladin Results in Different Cel-
lular Cytoskeletal Phenotypes

[0442] It has been previously shown that palladin (90 kD
isoform) colocalizes in the stress fiber with several cytoskel-
etal components, such as actin, actinin, ezrin, and Ena/
VASP>"®, To investigate if the mutant form of palladin
exhibits abnormality in this function, the human 90 kD iso-
form sequence was cloned into vector with GFP downstream,
designated as wildtype construct. Site-directed mutagenesis
was used to create a mutation of C to T at position 715 bp,
resembling the Family X mutation, designated as FX con-
struct. These constructs were transfected into Hela cells to
study the overexpression phenotypes. Cells transfected with
wildtype construct display well organized actin bundle, while
GFP-palladin (wildtype) completely co-localize in the stress
fiber with actin. When cells were transfected with FX con-
struct, cells often exhibit almost normal actin bundle, how-
ever, GFP-mutant palladin frequently forms aggregates in
these cells. Perhaps the most distinct phenotype for FX con-
struct transfection is the presence of cells with multiple small
blobs that do not colocalize with actin. In contrast, cells
transfected with GFP empty vector exhibited green in the
whole cells. These results suggest that mutant palladin may
lose its ability to participate in regulating the actin networks,
thus may impair the organization of normal cytoskeleton
given the important role of palladin in the cytoskeleton.

Example 2
Additional Palladin Gene Mutations

[0443] Additional palladin gene mutations were identified:
one in a pancreatic cancer cell line, a second in a family,
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designated Family U (or Utah Family 1); and a third in two
other kindreds (Utah Family 2 and Seattle Family2).

Materials and Methods
Mutant Palladin Construct

[0444] The human wild-type (WT) palladin construct was
made by PCR-cloning the entire coding sequence from a
human palladin cDNA clone (human ¢cDNA clone hk07554)
into the sites of EcoRI and BamHI of phrGFP 1IN vector
(Stratagene), downstream of, and in frame with, the green
fluorescent protein (GFP) tag. To create a construct with the
G—T mutation at position 1671, Quick-Change Multi Site-
Directed Mutagenesis (Stratagene) was used with primers
centered at the G—T mutation at position 1671, according to
manufacturer’s protocol. Briefly, (1) 100 ng of WT construct
was added as a template to a PCR cocktail containing 2.5 pl of
10x mutagenesis buffer, 100 ng of mutagenesis primer con-
taining the G—T mutation at position 1671, 250 uM each
dNTP. 11 QuickChange enzyme blend and 1 pl QuickSolu-
tion. The PCR cycling parameters were one cycle of: 1 min at
95°C., followed by 30 cycles of 1 min at 95° C., and 15 min
at 65° C.; (2) the parental template DNA was treated with
Dpnl (10 U) at 37° C. for 60 min; (3) 4 pl of this reaction was
transformed into XL10 Gold Ultracompetent cells (Strat-
agene); and (4) several clones were chosen for PCR and/
sequencing to confirm the incorporation of the mutation.
[0445] Transfection of Hela cells was performed as
described in Example 1. The transwell migration assay was
performed essentially as described in Example 1.

Analysis of Protein Levels

[0446] Size fractionation (SDS-PAGE) was performed on
20 pg of protein from each pancreatic cell line sample. The
samples were individually loaded onto a gel, separated
through electrophoresis, and then blotted onto a nitrocellu-
lose membrane according to manufacturer’s protocol (Amet-
sham Biosciences, Piscataway, N.J., United States). The
polyclonal palladin antibody (ab 621; Otey et al. (2005) Int
Rev Cytol. 246:31-58) was used. A 1:2,000 dilution was used
for Western blotting. The ECL plus kit (Amersham Bio-
sciences) was used to detect protein in the Western blot.

Results
1) Pancreatic Cancer Cell Line

[0447] The palladin gene in cell line PaTu2 was analyzed.

The Palladin Gene in PaTu2 Contains a Mutation.

[0448] Itwas found that a mutation occurs in the following
sequence:

(SEQ ID NO:86)
GTCAGTGGGTTACCAACCCCAGATCTAAGCTGNCAACTAGATGGAAAGCC

CGTACGCCCTGACAGTGCTCACAAGATGCTGGTGCGTGAGAACGGGGTGC
ACTCTCTGATCATAGAGCCAGTCACGTCACGTGATGCCGGCATCTACACA
TGTATAGCTACCAACCGAGCAGGACAGAACTCATTCAGCCTGGAGCTTGT
GGTTGCTG,

[0449] where N=G/T at position 1671 of AB023209 in the
ninth exon (see, e.g., GenBank AB023209; and FIGS. 1A and
1B). The wild-type sequence at position 1671 of AB023209 is
G; themutant has a T at position 1671. The G—T substitution
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results in a change in codon sequence of TGG—TGT, leading
to a Trp—=Cys mutation at amino acid 557 of palladin (see
GenBank Accession No. BAA76836.1; and FIG. 12; SEQ ID
NO:87):

[0450] VSGLPTPDLSXQLDGKPVRPDSAHKM-
LVRENGVHSLIIEP (SEQ ID NO:88).

[0451] The Trp—Cys mutation occurs in a conserved
region, the Ig2 domain of palladin:

Human
(SEQ ID NO:89)
VSGLPTPDLSWQLDGKPVRPDSAHKMLVRENGVHSLIIEP

Mouse
(SEQ ID NO:90)
VSGLPTPDLSWQLDGKPIRPDSAHKMLVRENGVHSLIIEP

[0452] Primers suitable for use in amplifying a sequence
containing the G—T substitution at 1671 of AB023209
include the following:

Forward primer:
5' TCTTGTACTACTGAAGGAGGAATTTATGC;
and

(SEQ ID NO:91)

Reverse primer:
5' TTTTCCGTATTGGTTAGTAATGTAGAATTAG.

(SEQ ID NO:92)
[0453] The position of the forward and reverse primers in
genomic DNA is shown in FIG. 14, where the nucleotides
corresponding to the primer sequences are underlined, exon 9
1s shown in bold text, and the G—T substitution is underlined
and in bold. The sequence amplified by these primers corre-
sponds to nucleotides 183428 to 183828 ofthe Homo sapiens
BAC clone RP11-635L1 as set forth in GenBank Accession
No. AC080188.

[0454] The above forward and reverse primers result in an
amplification product that contains either wild-type G at posi-
tion 1671 of AB023209 or mutation T at position 1671 of
AB023209. An amplification product containing the G—=T
mutation can be cut with HindIII; an amplification product
containing the wild-type G at position 1671 of AB023209 is
not cut with HindIIL

The W557C Mutation Alters Palladin Function.

[0455] An expression construct was made that includes a
nucleotide sequence encoding the 90 kD isoform of palladin,
and including the G—=T mutation at position 1671, resulting
in a Trp—=Cys substitution at amino acid 557 (W557C). The
expression construct included a green fluorescent protein
(GFP)-coding sequence in-frame with the palladin-encoding
nucleotide sequence. The construct was transfected into
Hel a cells. Hel.a cells expressing the mutant palladin/GFP
protein exhibited cytoskeletal abnormalities. Hel.a cells
expressing the W557C mutant palladin/GFP protein exhib-
ited a 200% increase in mobility in a transwell assay, com-
pared to HeL a cells containing a control expression construct
that included a nucleotide sequence encoding wild-type pal-
ladin 90 kD isoform.

2) Utah Family 1 Mutation

[0456] A family, referred to as “Utah Family 1.” was ana-
lyzed for the presence of mutations in the palladin gene. A
mutation occurs in the following palladin sequence:
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(SEQ ID NO:93)
CCAACACTGAAAACTGTAGTTACGAGT CAATGGGAGAATCCAACAATGAC

CACTTCCAACACTTTCCACCTCCCCCTCCAATCTTGGAGACAAGTTCCTT
GGAGTTGGCTTCAAAGAAACCATCTGAGATCCAGCAGGTGAACAACCCTG
AGTTAGGCCTGAGCAGGGCAGCCCTTCAAATGCAATTCAATGCTGCTGAG
AGGGAAACGAACGGAGTCCATCCCAGCNGTGGAGTAAATGGACTGATTAA
CGGCAAAGCTAACAGTAATAAATCTCTTCCAACACCAGCTGTCCTGCTTT
CACCCACTAAGGAGCCACCACCTCTGCTTGCCAAACCAAAACT,

[0457] where N+C/T at position 2060 of NM_ 016081 in
the tenth exon (see GenBank NM_ 016081; and FIGS. 13A
and 13B). The wild-type sequence has a C at position 2060 of
NM_016081; and the mutant has a T at position 2060 of
NM__016081. The C—T substitution results in a change in
codon sequence of CGT—TGT, leading to an Arg—Cys sub-
stitution at amino acid 617 of palladin (see GenBank Acces-
sionNo. NP__057165.3; F1G. 12 (SEQ ID NO:87); and FIGS.
13A and 13B (SEQ ID NO:20)):

(SEQ ID NO:94)
NTENCSYESMGESNNDHFQHFPPPPPILETSSLELASKKPSEIQQVNNPE

LGLSRAALQMOFNAAERETNGVHPSXGVNGLINGKANSNKSLPTPAVLLS
PTKEPPPLLAKPK.

[0458] The Arg—Cys mutation occurs in a conserved
region of palladin, the poly-Pro region:

Human: AERETNGVHPSRGVNGLINGKA (SEQ ID NO:95

Mouse: AERETNGVHPSHGVNGLINGKA.

[0459] Primers suitable for use in amplifying a sequence
containing the C—T substitution at position 2060 of
NM_ 016081 include the following:

(SEQ ID NO:96)
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Forward primer:
5' CACAACACAGGGATTCTCAGAAGA;
and

(SEQ ID NO:97)

Reverse primer:

5' AGCTGGTGTTGGAAGAGATT. (SEQ ID NO:98)

[0460] The position of the forward and reverse primers in
genomic DNA is shown in FIG. 15, where the nucleotides
corresponding to the primer sequences are underlined, and
the C—T substitution is underlined and in bold. The sequence
amplified by these primers corresponds to nucleotides 26927
to 27313 of the Homo sapiens BAC clone RP11-592K15 as
set forth in GenBank Accession No. AC084353.

[0461] The above forward and reverse primers result in an
amplification product that contains either wild-type ¢ at posi-
tion 2060 of NM__ 016081 or mutation T at position 2060 of
NM_ 016081. An amplification product containing the C—T
mutation can be cut with Pvull; an amplification product
containing the wild-type C at position 2060 of NM_ 016081
is not cut with Pvull.

3) Utah Family 2 and Seattle Family 2 Mutation

[0462] A family, referred to as “Utah Family 2.” was ana-
lyzed for the presence of mutations in the palladin gene. A
12-bp insertion was found in the putative promoter region of
the 90 kD isoform of palladin. Utah Family 2 had three
members with pancreatic cancer, all cousins, as well as a
family member with esophageal cancer and a member with
breast cancer.

[0463] The same 12-bp insertion was detected in one of
nine Seattle FPC kindreds tested, but was absent from 198
palladin alleles from normal control DNA. FIG. 19 presents a
nucleotide sequence showing the promoter of the palladin
gene encoding the 90 kDa isoform of palladin (boxed
sequence), with a 12-bp insertion (bold sequence).

[0464] Table 1, below, presents a summary of mutations
associated with pancreatic cancer.

TABLE 1

Nt GenBank nt Position
substitution (GenBank Amino acid  (Figure;
(Codon) Position protein) substitution SEQID)  Protein
C—T cDNA cDNA Pro—=Ser aa 239; 90 kD
CCC—TCC nt715 AB023209 FIG. 11 isoform

(FIG. 1; BAAT6836.1 (SEQID

SEQID genomic NO: 99)

NO: 1) AC080188

Exon 2 Nt139718-

Boundaries: 140388

nt132-803 TIG. 16

Genomic

AC080188

Nt 140301

FIG. 16

(SEQID

NO: 100)
G—=T cDNA cDNA Trp—=Cys aa 557 90 kD

nt 1671 AB023209 FIG. 11 isoform

(FIG. 1; BAAT6836.1 (SEQID

SEQID genomic NO: 99)

NO:1) Ac080188

exon 9 Nucleotides
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TABLE 1-continued
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Nt GenBank nt Position
substitution (GenBank Amino acid  (Figure;
(Codon) Position protein) substitution SEQID)  Protein
boundaries: 183529-
1639-1846 183736
genomic FIG. 14
nt 183561 (SEQID
FIG. 14 NO: 101)
(SEQ ID
NO: 101)
C—T cDNA cDNA Arg—Cys aa 617 140 kD
nt 2060 NM_ 016081 FIG. 12 isoform
(FIG. 13; (NP_057165.3) (SEQ ID
SEQID genomic NO: 87)
NO: 20) AC084353
exon 10 FIG. 15
boundaries: (SEQID
1833-2175 NO: 102)
genomic
nt 27251
FIG. 15
(SEQ ID
NO: 102)
Example 3

Palladin Gene Expression in White Blood Cells

[0465] Palladin mRNA levels were assessed in white blood
cells (WBC) from normal individuals (e.g., individuals with-
out pancreatic cancer), and from individuals with pancreatic
cancer. The levels were normalized to the level of glyceral-
dehydes-3-phosphate dehydrogenase (GAPDH) mRNA
present in the cells and to a standard sample following the
ddCt method described previously (Pogue-Geile et al. (2004)
Cancer Genomics and Proteomics 1:371-386). The data
shown in FIG. 17, show the level of palladin mRNA in WBC
from normal individuals (Nor-M1, -F1, F2, F4, RS28, RS45,
RS48, RS72, and RS98) were higher than that in WBC from
individuals with pancreatic cancer. The level of normalized
palladin mRNA in WBC from individuals with pancreatic
cancer was from about 0.4 to about 1.2 log lower than that in
individuals without cancer. Thus, the level of palladin mRNA
in WBC from individuals with pancreatic cancer (PG6, PGS,
PG9,PG10,PG14,PG18,PG19,PG21, PA17, and PA25) was
abnormally low.

Example 4
Palladin Expression in Various Cancers

[0466] Various cancer tissues were tested for reactivity
with 1E6, a monoclonal antibody specific for the 90 kDa
isoform of palladin. Rachlin and Otey (2006) J. Cell Sci.
119:995-1004. The data, shown in Table 2, below, indicate
that palladin is over-expressed in at least breast cancer and in
head and neck squamous cell cancer. The “1E6 grade” indi-
cates, on a scale of 1°-3*, the level of antibody binding and
thus the level of palladin protein over-expression.

TABLE 2

Cases positive 1E6 grade  Cancer type

0/31 — Lung cancer, both small cell and

non-small cell types

TABLE 2-continued

Cases positive 1E6 grade  Cancer type

0/15 — Renal cell
2/15 1" Lobular breast cancer stroma
3/7 1* Ductal breast cancer stroma
1/18 — Colorectal cancer
0/18 — Ovarian cancer

13/15 1*to2*  Head and neck squamous cell

cancer stroma

8/12 1"to 3* Pancreatic ductal cancer stroma
0/15 — Melanoma
0/15 — Gastric cancer
Y15 — Urothelial cancer (note:

epithelial cells stained)

Example 5
Effect of Palladin Mutation on Mobility
Cell Migration Assay

[0467] HeLa cells were first transfected with constructs of
WT, FX, and empty vector respectively for 24 h, and then
sorted for GFP-positive cells. The sorted cells continued to
grow for 2 d before they were seeded onto a transwell plate for
the migration assay. Migration assays were performed on
24-well Transwell cell culture chambers (Corning Costar
Corporation, Cambridge, Mass., United States) fitted with
multiporous (8-pm pore size) polycarbonate membranes. The
upper chambers of the membrane were coated with fibronec-
tin (10 pg/ml in PBS) 24-48 h before the assay. The upper
chamber was then filled with 40,000 cells in suspension with
4001 of medium (DMEM with 10% FCS), and the lower
chamber was filled with 500 pl of the same medium. Plates
were placed in a humidified CO, incubator at 37° C. for 17 h.
Membrane inserts were then removed, fixed by immersing in
ethanol five times with 1 s durations, and stained with 0.5%
crystal violet dye (Sigma; #C3886) in 20% methanol for 30
min. After gentle rinsing with water, the nonmigratory cells
on the upper surface of the membrane were removed with
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cotton swabs, leaving only the migratory cells within the
membrane. The membrane insert was left to dry overnight
and then placed in a 96-well plate. The dye was extracted with
30% acetic acid and the plate was placed on a shaker for 10
min to allow the dye to dissolve completely. The calorimetric
absorbance was assessed at 590 nm. A transwell without cells
was used as a background control. To correct for the cell
numbers seeded in each transwell experiment, the optical
density of all the original cells in the transwell (migrated and
nonmigrated) was measured for each transfected cell type
sample. By comparing the optical density from each sample
type, a correction factor was provided for any variation in
starting cell number between samples. Each sample was done
in triplicate.

[0468] Mobility is Increased in Cells that Express Mutant
Palladin.
[0469] It was hypothesized that the cytoskeletal changes in

the cells containing the mutated Family X construct might
provide a cancer phenotype, specifically increased cell motil-
ity. The cytoskeleton is essential for cell movement, and cell
mobility is important for the invasive nature of cancer cells.
HeLacells transfected with one of three constructs of palladin
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(FX, WT construct, or an empty vector) were individually
plated onto a fibronectin-coated membrane in a transwell
chamber, and a migration assay was performed in a standard
fashion. Hu et al. (2006) FASEB J. 20:1892-1894.

[0470] The cells transfected with the FX construct encod-
ing P239S mutant palladin outpaced the other cells at every
time point. As shown in FIG. 18, on average, 33% more cells
with the FX construct migrated through the transwell than the
cells with WT construct and 40% more than the cells with the
empty vector. Therefore, P239S palladin expression induces
increased cell motility, consistent with a proposed oncogenic
function.

[0471] While the present invention has been described with
reference to the specific embodiments thereof, it should be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a par-
ticular situation, material, composition of matter, process,
process step or steps, to the objective, spirit and scope of the
present invention. All such modifications are intended to be
within the scope of the claims appended hereto.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1llé

<210> SEQ ID NO 1

<21l> LENGTH: 4347

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 1

cctgagtcac ccggegggeg aggtataaag cccgatacct geccegegece cggtcecegegy 60

agccegetge ageteceget cgctceggac geggaategg gcageagegg gaggeggeco 120

ggagagccga gggaccctet gaagetccag caactccaga accaaatceg actggagcag 180
gaggceggey cteggcagee tcegecagece cegegecageg cgecgeccte gecceectte 240
ccgeegeege ccgecttece cgagetegeg gectgecacge cgecegegte ccecggagecce 300
atgagcgege tggcectceeceg ctecgeceee gecatgcagt ccteeggete cttcaactac 360

gecgegeecca agcagttcat cgcecgegcag aacctceggge ccgegteggg ccacggcacy 420

ccggecteca gecccagete gtecagecte cegtegecca tgtceccegac gecgaggcag 480

tteggecgeg ccccegtgee geccttegeg cagecctteg gegcetgagee cgaggcececceyg 540

tggggctect cctegeegte geccccgece cecgeccaccee cggtettecag cecccacgget 600
gectteeccgyg tgcccgacgt gtteccactg cecgecgecac caccgeceget cccgageceyg 660
ggacaggcgt cccactgcte gtegectgece accegetteg gccacggcca gacgeccgey 720

gecttectea gegetetget geectogeag cegecgecgyg cggccgtcaa cgecctgggy 780

ctgcccaagg gtgtcaccee cgcaggattt ccaaagaagg ccagtagaac tgctagaata 840
gectecgatyg aggaaattca aggcacaaag gatgctgtta ttcaagacct ggaacgaaaa 900
cttegettcea aggaggacct cctgaacaat ggccagecga ggttaacata cgaagaaaga 960

atggctcgtc gactgctagg tgctgacagt gcaactgtct ttaatattca ggagccagaa 1020

gaggaaacag ctaatcagga atacaaagtc tccagctgtg aacagagact catcagtgaa 1080
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-continued

atagagtaca ggctagaaag gtctcctgtg gatgaatcag gtgatgaagt tcagtatgga 1140
gatgtgcctyg tggaaaatgg aatggcacca ttttttgaga tgaagctgaa acattacaag 1200
atctttgagg gaatgccagt aactttcaca tgtagagtgg ctggaaatcc aaagccaaag 1260
atctattggt ttaaagatgg gaagcagatc tctccaaaga gtgatcacta caccattcaa 1320
agagatctcg atgggacctg ctccctccat accacagcct ccaccctaga tgatgatggg 1380
aattatacaa ttatggctgc aaaccctcag ggccgcatca gttgtactgg acggctaatg 1440
gtacaggctg tcaaccaaag aggtcgaagt ccccggtcte cctcaggcca tcctcatgte 1500
agaaggccte gttctagatc aagggacagt ggagacgaaa atgaaccaat tcaggagcga 1560
ttcttcagac ctcacttctt gcaggctcct ggagatctga ctgttcaaga aggaaaactc 1620
tgcagaatgg actgcaaagt cagtgggtta ccaaccccag atctaagctg gcaactagat 1680
ggaaagcceyg tacgcecctga cagtgctcac aagatgetgg tgegtgagaa cggggtgcac 1740
tctctgatca tagagccagt cacgtcacgt gatgccggca tctacacatg tatagctacce 1800
aaccgagcag gacagaactc attcagcctg gagettgtgg ttgctgctaa agaagcacac 1860
aaaccccctg tgtttattga gaagctccaa aacacaggag ttgctgatgg gtacccagtg 1920
cggetggaat gtegtgtatt gggagtgeca ccacctcaga tattttggaa gaaagaaaat 1980
gaatcactca ctcacagcac tgaccgagtg agcatgcacc aggacaacca cggctacatc 2040
tgectygetea tteagggage cacaaaagaa gatgetgggt ggtatactgt gtcagecaag 2100
aatgaagcag ggattgtgte ctgtactgece aggetggacyg tttacaccca gtggeatcag 2160
cagtcacaga gcaccaagece aaaaaaagta cggeccteag ccagtegeta tgeageactt 2220
teggaccagyg gactagacat caaagcageg ttecaacctyg aggecaacce atctcacctyg 2280
acactgaata ctgeccttggt agaaagtgag gacctgtaat ccagcattcet tgttaaaget 2340
gaaacactga aacagccatt gecttgacca acatatteet ttgtcacatt atgtaaaagy 2400
cagaaacata cctttgacta taagaaatta aaaaaaaaca ccaaaataat atttttcectta 2460
cttgatatac caaacttagt ttaagtagat aatgctaata caaatataca cattgcacag 2520
aaaatacaca tttactgtecc aatttaaaac tttggaattg ctgtgattaa agtgatcaaa 2580
atgccaaaat actaaaggaa atcaattgtt cacaggtaac tacaatttgt attatctaca 2640
agtgccttta aacacaagat ataggtgcetg tgtagectga tagtgtgaaa tgtttaatga 2700
gggagttgta ccacaaacag tactacaatg attctgaage acagtgtatt cagacagata 2760
cagtgaacca agtgcaatat gtaaggatga aagaagaaga gatgacaaag aaatccaagt 2820
aaatgccettyg tetttgcaaa tgtttttata ttaaatcata aggaaggaac tacttgectt 2880
aaatgttaat atcaaaagag ttttctaaca aggttaatac cttagttctt aacatttttt 2940
ttectttatgt gtagtgtttt catgectacct tggtaggaaa cttatttaca aaccatatta 3000
aaaggctaat ttaaatataa ataatataaa gtgctctgaa taaagcagaa atatattaca 3060
gttcattceca cagaaagcat ccaaaccacc caaatgacca aggcatatat agtatttgga 3120
ggaatcaggy gtttggaagg agtagggagyg agaatgaagyg aaaatgcaac cagcatgatt 3180
atagtgtgtt caattagata aaagtagaag gcacaggaga ggtagcaaag gccaggettt 3240
tectttggttt tettcaaaca taggtgaaaa aaacactgcec attcacaagt caaggaaccce 3300

agggccagcet ggaagtgtgg agcacacatg ctgtggagca cacatgetgt ggagattgca 3360
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-continued

gtgtgtctga ggtttgtgta gtagtggaag attttaggta tgtagagcaa gttgaaaatg 3420
gattgagact gcatggtggc ataaatgaga aattgcctgt agcatctagt ctacttgaag 3480
gaagtggaga cataaggaga gacaaaaaca ggtttgtgcc ataaagtatt ttttcaaaga 3540
caccaagatg tggtaaatga aaattattag ttcacttccce tgctgccatg aaactttgece 3600
ttaagaaggt gctggattcc aaggtttgta aaggcatctc ggtaaagact gctttttgaa 3660
tgcatatgat tttgcatcag ctagactgag ttgattctga ccagacttga tggttttaag 3720
tcggaaccga taaattttaa asaggagaaa aaataatttg acctagtagt ataaaacatg 3780
aggctttaat ggtactttgc tatgaaaaga aaacactgta ttccttatgc aaaacacatg 3840
tatctttcat tatttataag tggcctctct tagctcagtt actcaattca tacgtagtat 3900
tttttaaaat aattttatat ctgtgtacca ccccatatat ttcatattac tgtttcacat 3960
gtacagcttt ctacttcttt gtaagaacac caaccaacca aggtttaagt gattaatagg 4020
cttgagcacc gggtggcaga tgttctatgc agtgtggttc aagtttcttt gaccgcactt 4080
atatgcattg ctaatatgga atttaagata ccatacacag tctctcatgg acctatctct 4140
attgtagaat tatgacttat gtcttacttg gcaaattttt ctgaatgtga cctttttttg 4200
ctgatttget gggtttggga ttaactagea ttattttgee acctttatat tgtatttata 4260
aaaaaaaagt actatcaatc aatcatacta ctttggattg ttgtgctggt gtaatgtgga 4320
tttaacatca ataaatattt gacaaat 4347
<210> SEQ ID NO 2

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 2

gacgecegcey 10
<210> SEQ ID NO 3

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 3

gacgtcegey 10
<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 4

gccacggeca gacgecegeg gecttectea 30
<210> SEQ ID NO 5

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 5

goecacggeca gacgteegeg gecttectea 30
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<210> SEQ ID NO 6
<211> LENGTH: 672
<212> TYPE: DNA
<213> ORGANISM: H. sapiens
<400> SEQUENCE: 6
ggaccctetyg aagctccage aactccagaa ccaaatccga ctggagcagg aggcecggegce 60
teggecagect ccgecagece cgcgecagege gecgeccteg ccccecttec cgeegeegec 120
cgecttecce gagetegegg cctgecacgee geccgegtee ccggagecca tgagegeget 180
ggccteocege teegecceceg ccatgecagte ctecggetece ttcaactacg cgegecccaa 240
gcagttcate gcecgegecaga acctcegggec cgegteggge cacggcacgce cggcctecag 300
cecccageteg tecagectee cgtegeccat gtcecccgacyg ccgaggecagt teggeegege 360
cececegtgeceg cecttegege ageecttegg cgctgagocee gaggececgt ggggetecte 420
ctcgeecgteg ceceegecce cgccaccece ggtettecage cccacggetg cctteceggt 480
gcecgacgtyg tteccactge cgecgecace accgeegete ccgagecegg gacaggegte 540
ccactgeteg tecgectgeca ccecgettegg ccacggecag acgtecgegg ccttectcag 600
cgctetgetg cectegeage cgecegecgge ggccgtcaac gecetgggge tgcccaaggyg 660
tgtcacccee ge 672
<210> SEQ ID NO 7
<211> LENGTH: 140
<212> TYPE: DNA
<213> ORGANISM: H. sapiens
<400> SEQUENCE: 7
caccgecget ccegageceg ggacaggedgt cecactgete gtegectgee aceegetteg 60
gcecacggeca gacgteegeg gecttectea gegetetget geectegeag cegeegeegyg 120
cggecgteaa cgecetgggy 140
<210> SEQ ID NO 8
<211> LENGTH: 110
<212> TYPE: DNA
<213> ORGANISM: H. sapiens
<400> SEQUENCE: 8
gectteocegg tgeccgacgt gtteecactg cegeegecac caccgeeget ceccgageeceg 60
ggacaggegt cccactgete gtegectgee accegetteg gecacggeca 110
<210> SEQ ID NO 9
<211> LENGTH: 120
<212> TYPE: DNA
<213> ORGANISM: H. sapiens
<400> SEQUENCE: 9
tggggetect cctegeegte geeccegeee cegecaccee cggtettcag cceccacgget 60
gectteocegg tgeccgacgt gtteecactg cegeegecac caccgeeget cccgageeceg 120

<210> SEQ ID NO 10
<211> LENGTH:
<212> TYPE: DNA

<213> ORGANISM: H. sapiens

120

<400> SEQUENCE: 10
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ggacaggcgt cccactgete gtcecgectgec acccgetteg gceccacggceca gacgteegeg

gccttectea gegetetget geectegecag cegecgeegyg cggccgtcaa cgecctgggyg

<210> SEQ ID NO 11

<211> LENGTH: 672

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 11

ggaccctetyg aagctccage aactccagaa
teggcagect ccgccageec cgcgcagegce
cgecttecce gagetegegg cctgecacgece
ggcctecege teegeccceeg ccatgcagte
gcagttcate gcecgegcaga acctegggec
cecccageteg tecagectece cgtegeccat
cececegtgeceg cecttegege ageecttegyg
ctegeegteg ccecegecee cgecaccece
gecegacgty tteccactge cgecgecace
ccactgeteg tecgectgeca cccgettegyg
cgetetgety ceetegeage cgeagecgge
tgtcaccece ge

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 12

atctaagetg gcaactagat

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 13

atctaagetg tcaactagat

<210> SEQ ID NO 14

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 14

ccaaccccag atctaagetg gcaactagat
<210> SEQ ID NO 15

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 15

ccaaccecag atctaagety tcaactagat

ccaaatccga
gcegeectey
gccegegtee
ctceggetece
cgegteggge
gtceceegacy
cgctgagecee
ggtcttcage
accgecgete
ccacggecag

ggeegteaac

ggaaagceceg

ggaaagccey

ctggagcagyg
ceececttece
cecggagecca
ttcaactacg
cacggcacge
ccgaggeagt
gaggcceecegt
cccacggcetyg
cegageeegy
acgcecgegy

gceetgggygce

aggccggege
cgecgeegee
tgagcgeget
cgegececaa
cggectecag
tcggeegege
ggggctecte
cctteeeggt
gacaggegte
ccttectcag

tgeccaagyy

60

120

60

120

180

240

300

360

420

480

540

600

660

672

20

20

40

40
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<210> SEQ ID NO 16

<211> LENGTH: 208

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 16

gtcagtgggt taccaacccce agatctaagce tggcaactag atggaaagcc cgtacgcect

gacagtgcte acaagatgct ggtgcgtgag aacggggtge actctctgat catagagceca

gtcacgtcac gtgatgccgg catctacaca tgtatagcta ccaaccgagce aggacagaac

tcattcagce tggagettgt ggttgcetg

<210> SEQ ID NO 17

<211> LENGTH: 208

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 17

gtcagtgggt taccaacccc agatctaage tgtcaactag atggaaagcc cgtacgcect

gacagtgcte acaagatgct ggtgcgtgag aacggggtge actctctgat catagagceca

gtecacgteac gtgatgecyg catctacaca tgtatageta ccaaccgage aggacagaac

tcattcagce tggagettgt ggttgcetg

<210> SEQ ID NO 18

<211> LENGTH: 122

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 18

gtcagtgggt taccaaccec agatctaage tggcaactag atggaaagec cgtacgecct

gacagtgete acaagatget ggtgegtgag aacggggtyge actetetgat catagageca

gt

<210> SEQ ID NO 19

<211> LENGTH: 122

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 19

gtcagtgggt taccaaccec agatctaage tgtcaactag atggaaagec cgtacgecct

gacagtgete acaagatget ggtgegtgag aacggggtge actctetgat catagageca

gt

<210> SEQ ID NO 20

<211> LENGTH: 5809

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 20

gtgaccacgy accaggeagt ctctaatgaa

aaaagaagaa atgctcatct gaaattcate

attgaaaaga acacagtttc agaaaacagt

cagacacaga gtgcatgaag accgttcaaa

taggcaagge

acctetetgy

ttecagtgee

tatgtcaggy

cacaacctec attcteccag

agtcttcaaa ctgaccaagce

tetggeette ctactgaaay

acctecteece atgagtectt

60

120

180

208

60

120

180

208

60

120

122

60

120

122

60

120

180

240
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ctatgactce ctcectcagaca tgcaggaaga aagcaagaat actgacttet tccecgggect 300
ttctgecttte ctecagccagg aagagataaa caagagtctt gacctggcec ggagagecat 360
agccgactcee gaaacagaag attttgacte ggaaaaggag atctcgcaga ttttcagtac 420
ttctectgca agectetgtg aacatcectte ccataaggag accaaattgg gtgaacacgce 480
ctcgaggaga cctcaggata acaggtcaac acctgtccag cctetggcag agaaacaaac 540
taagagtatc tcttcacctg tttcaaagag gaaacctgce atgtcacccece tgctcaccag 600
gcccagcectac atccggagece tcecgaaaggce tgaaaagegt ggtgcaaaaa ctceccagceac 660
aaacgtaaag cccaaaacgc cacatcaaag aaagggtggce ccccagagec agetgtgtga 720
caaggcagct aatttaattg aggagctaac atccatattt aaagccgcaa agccaagaaa 780
cagaagccca aatggggagt cctegtcacce agacagtggg tacctgtctce ctaaaaatca 840

gcegtecagee ctgctgagtg cctcagecag ccagagecect atggaagacce aaggggagat 900
ggaaagagayg gtcaagtccc ctggggccag gcattgctac caggacaacc aggacttgge 960
agtgccacac aaccgcaagt ctcacccaca geccccacage gecctecact tceccagetge 1020
acctcgattc atccaaaagc tgaggagcca agaagtagca gaagggagcc gagtttatct 1080
ggagtgtaga gtcactggaa accccactee tegagtcaga tggttetgtyg aagggaaaga 1140
actgcacaac actcctgata ttcaaatcca ctgtgaggga ggggacctcc ataccctgat 1200
catagcagag gectttgagg acgacacagg tegetacace tgtttggeta cgaatceccag 1260
cggeteagac acaacatetg ctgaggtgtt cattgaaggt gecagttcaa cagattetga 1320
cagtgaaagt ttagetttca aatcaagage tggagetatg ccacaagete aaaagaaaac 1380
aacttetgtt tecttgacaa taggatcate atctecaaag acaggggtga ccacagetgt 1440
gattcaacca ctgtcetgtee ctgtgcaaca ggttcacagt ccaacttcat atctetgeceyg 1500
acctgatgga accactactg cctactttece tectgttttt acaaaggaac tgcaaaacac 1560
ageegtggeg gaaggecagg tggtggttet ggagtgecegg gteegtgggg cacccectet 1620
gcaggteccag tggtttegge aagggagtga aatccaagac tcteccagatt tecgaattet 1680
acagaaaaaa cctagatcta cagctgaacc tgaggagatt tgcaccctag ttatcgetga 1740
gactttecect gaagatgcag ggatctttac atgttcageca agaaatgatt atggatcage 1800
aaccagcact gcccagcetgg ttgtcaccte agccaacact gaaaactgta gttacgagte 1860
aatgggagaa tccaacaatg accacttcca acactttcca ccteccecte caatcettgga 1920
gacaagttece ttggagttgg cttcaaagaa accatctgag atccagcagg tgaacaaccce 1980
tgagttagge ctgagcaggg cagcccttca aatgcaattce aatgetgetg agagggaaac 2040
gaacggagtce catcccagece gtggagtaaa tggactgatt aacggcaaag ctaacagtaa 2100
taaatctett ccaacaccag ctgtectget ttcacccact aaggagecac cacctetget 2160
tgccaaacca aaactaggat ttccaaagaa ggccagtaga actgetagaa tagcectecga 2220
tgaggaaatt caaggcacaa aggatgctgt tattcaagac ctggaacgaa aacttegett 2280
caaggaggac ctecctgaaca atggccagec gaggttaaca tacgaagaaa gaatggeteg 2340
tcgactgeta ggtgetgaca gtgcaactgt ctttaatatt caggagccag aagaggaaac 2400
agctaatcag gaatacaaag tctecagetg tgaacagaga ctcatcagtg aaatagagta 2460

caggctagaa aggtctectyg tggatgaate aggtgatgaa gttcagtatg gagatgtgec 2520
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tgtggaaaat ggaatggcac cattctttga gatgaagctg aaacattaca agatctttga 2580
gggaatgcca gtaactttca catgtagagt ggctggaaat ccaaagccaa agatctattg 2640
gtttaaagat gggaagcaga tctctccaaa gagtgatcac tacaccattc aaagagatct 2700
cgatgggacc tgctcecctec ataccacagce ctccacccta gatgatgatg ggaattatac 2760
aattatggct gcaaaccctc agggccgcat cagttgtact ggacggctaa tggtacaggce 2820
tgtcaaccaa agaggtcgaa gtccccggtce tccctcagge catcctcatg tcagaaggcece 2880
tegttctaga tcaagggaca gtggagacga aaatgaacca attcaggagc gattcttcag 2940
acctcacttc ttgcaggctc ctggagatct gactgttcaa gaaggaaaac tctgcagaat 3000
ggactgcaaa gtcagtgggt taccaacccc agatctaagce tggcaactag atggaaagcc 3060
cgtacgccct gacagtgctc acaagatgct ggtgegtgag aacggggtgce actctctgat 3120
catagagcca gtcacgtcac gtgatgccgg catctacaca tgtatagcta ccaaccgagce 3180
aggacagaac tcattcagcc tggagcttgt ggttgctget aaagaagcac acaaaccccc 3240
tgtgtttatt gagaagctcc aaaacacagg agttgctgat gggtacccag tgcggctgga 3300
atgtcgtgta ttgggagtgc caccacctca gatattttgg aagaaagaaa atgaatcact 3360
cactcacage actgacegag tgageatgea ccaggacaac cacggctaca tetgectget 3420
cattcaggga gccacaaaag aagatgctgg gtggtatact gtgtcagcca agaatgaagc 3480
agggattgtyg tectgtactyg ccaggetgga cgtttacatt tcetegacatt aatagtgaac 3540
cacaccagga gaacaaatac ccaacccagt ggeatcagea gtcacagage accaagecaa 3600
aaaaagtacyg gcectecagee agtegetatg cageacttte ggaccaggga ctagacatca 3660
aagcagegtt ccaacctgag gccaacccat ctceacctgac actgaatact gecttggtag 3720
aaagtgagga cctgtaatcc agcattcttg ttaaagectga aacactgaaa cagccattge 3780
cttgaccaac atattecttt gtcacattat gtaaaaggca gaaacatacce tttgactata 3840
agaaattaaa aaaaaaacac caaaataata tttttcttac ttgatatacc aaacttagtt 3900
taagtagata atgctaatac aaatatacac attgcacaga aaatacacat ttactgtcca 3960
atttaaaact ttggaattgc tgtgattaaa gtgatcaaaa tgccaaaata ctaaaggaaa 4020
tcaattgtte acaggtaact acaatttgta ttatctacaa gtgcctttaa acacaagata 4080
taggtgctgt gtagectgat agtgtgaaat gtttaatgag ggagttgtac cacaaacagt 4140
actacaatga ttctgaagca cagtgtattc agacagatac agtgaaccaa gtgcaatatg 4200
taaggatgaa agaagaagag atgacaaaga aatccaagta aatgecttgt ctttgcaaat 4260
gtttttatat taaatcataa ggaaggaact acttgcctta aatgttaata tcaaaagagt 4320
tttctaacaa ggttaatacc ttagttctta acattttttt tectttatgtg tagtgtttte 4380
atgctacctt ggtaggaaac ttatttacaa accatattaa aaggctaatt taaatataaa 4440
taatataaag tgctctgaat asagcagaaa tatattacag ttcattccac agaaagcatce 4500
caaaccacce aaatgaccaa ggcatatata gtatttggag gaatcagggg tttggaagga 4560
gtagggagga gaatgaagga aaatgcaacc agcatgatta tagtgtgttc atttagataa 4620
aagtagaagg cacaggagag gtagcaaagg ccaggctttt ctttggtttt cttcaaacat 4680
aggtgaaaaa aacactgcca ttcacaagtce aaggaaccca gggccagetg gaagtgtgga 4740

gcacacatgce tgtggagcac acatgctgtg gagattgcag tgtgtctgag gtttgtgtag 4800
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tagtggaaga ttttaggtat gtagagcaag ttgaaaatgg attgagactg catggtggca 4860
taaatgagaa attgcctgta gcatctagtc tacttgaagg aagtggagac ataaggagag 4920
acaaaaacag gtttgtgcca taaagtattt tttcaaagac accaagatgt ggtaaatgaa 4980
aattattagt tcacttccct gctgccatga aactttgcct taagaaggtg ctggattcca 5040
aggtttgtaa aggcatctcg gtaaagactg ctttttgaat gcatatgatt ttgcatcagce 5100
tagactgagt tgattctgac cagacttgat ggttttaagt cggaaccgat aaattttaaa 5160
aaggagaaaa aataatttga cctagtagta taaaacatga ggctttaatg gtactttgcet 5220
atgaaaagaa aacactgtat tccttatgca aaacacatgt atctttcatt atttataagt 5280
ggcctctett agctcagtta ctcaattcat acgtagtatt ttttaaaata attttatatc 5340
tgtgtaccac cccatatatt tcatattact gtttcacatg tacagctttc tacttctttg 5400
taagaacacc aaccaaccaa ggtttaagtg attaataggc ttgagcaccg ggtggcagat 5460
gttctatgca gtgtggttca agtttctttg accgcactta tatgcattgc taatatggaa 5520
tttaagatac catacacagt ctctcatgga cctatctcta ttgtagaatt atgacttatg 5580
tcttacttge caaatttttc tgaatgtgac ctttttttge tgatttgctg ggtttgggat 5640
taactagcat tattttgceca cctttatatt gtatttataa aaaaaaaagt actatcaate 5700
aatcatacta ctttggattg ttgtgctggt gtaatgtgga tttaacatca ataaatattt 5760
gacaaataat agttgcagtt ttgtgaagca aaataaatat tcagtttta 5809
<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 21

cecageegty gagtaaat 18
<210> SEQ ID NO 22

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 22

ccecagetgtyg gagtaaat 18
<210> SEQ ID NO 23

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 23

ggagtccate ccagecgtygg agtaaatgga ctgattaacg ¢ 41
<210> SEQ ID NO 24

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 24

ggagteocate ccagetgtgg agtaaatgga ctgattaacy g 41
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO 25

LENGTH: 343

TYPE: DNA

ORGANISM: H. sapiens

SEQUENCE: 25

ccaacactga
actttccace
catctgagat
tgcaattcaa
gactgattaa

cacccactaa

aaactgtagt
tcececteca
ccagcaggtg
tgctgetgag
cggcaaagct

ggagccacca

<210> SEQ ID NO 26
<211> LENGTH: 343

<212> TYPE:

DNA

tacgagtcaa
atcttggaga
aacaaccctyg
agggaaacga
aacagtaata

cctetgettyg

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 26

ccaacactga
actttecace
catctgagat
tgcaattcaa
gactgattaa

cacccactaa

aaactgtagt
teceecteca
ccagcaggtyg
tgetgetgag
cggcaaaget

ggagecaccea

<210> SEQ ID NO 27
<211> LENGTH: 93

<212> TYPE:

DNA

tacgagtcaa
atcttggaga
aacaaccctyg
agggaaacga
aacagtaata

cetetgetty

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 27

tgggagaatc
caagttectt
agttaggcct
acggagtcca
aatctcttee

ccaaaccaaa

tgggagaatc

caagtteett
agttaggcct
acggagteca
aatctettee

ccaaaccaaa

caacaatgac
ggagttgget
gagcagggca
tececcagecgt
aacaccagct

act

caacaatgac
ggagttgget
gagcagggca
teccagetgt
aacaccaget

act

cacttccaac

tcaaagaaac

gcccttcaaa

ggagtaaatyg

gtcctgettt

cacttccaac

tcaaagaaac

gccecttcaaa

ggagtaaaty

gtectgettt

ttcaatgetg ctgagaggga aacgaacgga gtccatccea gecgtggagt aaatggactg

attaacggca aagctaacag taataaatcet ctt

<210> SEQ ID NO 28
<211> LENGTH: 93

<212> TYPE:

DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 28

ttecaatgetyg ctgagaggga aacgaacgga gtccatccca getgtggagt aaatggactg

attaacggca aagctaacag taataaatet ctt

<210> SEQ ID NO 29
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 29

cggecagacy teegeggeet t

60

120

180

240

300

343

60

120

180

240

300

343

60

93

60

93

21
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 30

aaggccgegg acgtetggece g

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

<400>

SEQ ID NO 31

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 31

gccacggeca gacgtceegeg gectt

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

<400>

SEQ ID NO 32

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 32

aaggcegegyg acgtetggee gtygge

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

<400>

SEQ ID NO 33

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 33

cggccagacg tcegeggect tecte

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

<400>

SEQ ID NO 34

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 34

gaggaaggee geggacgtet ggeogtgge

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

<400>

SEQ ID NO 35

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: synthetic probe

SEQUENCE: 35

goecacggeca gacgteegeg gecttecte

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

SEQ ID NO 36

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

21

25

25

25

29

29
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<220> FEATURE:
<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 36

gaggaaggce gcggacgtet ggcecgtgge

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 37

ctaagctgge aactagatgg

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 38

ccatctagtt gecagettag

<210> SEQ ID NO 3¢

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 39

gatctaaget ggcaactaga t

<210> SEQ ID NO 40

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 40

atctagttyge cagettagat ¢

<210> SEQ ID NO 41

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 41

gatctaaget ggcaactaga tgg

<210> SEQ ID NO 42

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 42

29

20

20

21

21

23
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ccatctagtt gccagcttag atce

<210> SEQ ID NO 43

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 43

ccatcccage cgtggagtaa atgg

<210> SEQ ID NO 44

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 44

ccatttacte cacggctggg atgg

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 45

cecageegty gagtaaatgyg

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 46

ccatttacte cacggetggg

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 47

gtccatceca geegtggagt aaatggactg

<210> SEQ ID NO 48

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 48

cagtecattt actccacgge tgggatggac

23

24

24

20

20

30

30
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<210> SEQ ID NO 4%

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 49

acccgetteg gecacggeca

<210> SEQ ID NO 50

<211> LENGTH: 28

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 50

gtcgectgee acccgetteg gecacgge

<210> SEQ ID NO 51

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 51

geettectea gegetetget

<210> SEQ ID NO 52

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 52

gecttectea gegetetget gecctegeag

<210> SEQ ID NO 53

<211> LENGTH: 25

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 53

gegetetget geectegeag cegee

<210> SEQ ID NO 54

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 54

geecteogeay cecgecgeagg cggoecgtcaa
<210> SEQ ID NO 55

<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

20

28

20

30

25

30
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<220> FEATURE:
<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 55

cagtgggtta ccaaccceccag

<210> SEQ ID NO 56

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 56

ccaaccccag atctaagetg

<210> SEQ ID NO 57

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 57

ggaaageceeg tacgecctyga

<210> SEQ ID NO 58

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 58

cagtgctcac aagatgetgg

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 59

aatgetygetyg agagggaaac

<210> SEQ ID NO 60

<211> LENGTH: 25

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 60

agagggaaac gaacggagte catcc

<210> SEQ ID NO 61

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 61

20

20

20

20

20

25
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gtggagtaaa tggactgatt aacggcaaag

<210> SEQ ID NO 62

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 62

gtaaatggac tgattaacgg ¢

<210> SEQ ID NO 63

<211> LENGTH: 120

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 63
ggacaggcgt cccactgete gtcecgectgec acccgetteg gceccacggceca gacgteegeg

gccttectea gegetetget geectegecag ccegecgeegyg cggcecgtcaa cgecctgggyg

<210> SEQ ID NO 64

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 64

ggacaggegt ccactgete

<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 65

cececagggeg ttgacggeeg

<210> SEQ ID NO 66

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 66

ggaccctety aagetecage

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 67

gcgggggtga cacceettggyg

30

21

60

120

19

20

20

20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 68

ggaccctetyg aagctccage

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

<400>

SEQ ID NO 68

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 69

ccgtggecga agegggtgge agg

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

<400>

SEQ ID NO 70

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 70

cetegeegte goeceegecee

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

<400>

SEQ ID NO 71

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 71

cegtggeega agegggtgge agg

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

<400>

SEQ ID NO 72

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 72

cetegoegte geeceegeee

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

<400>

SEQ ID NO 73

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 73

ccgtggecga agegggtgge agg

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

SEQ ID NO 74

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

20

23

20

23

20

23
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<220> FEATURE:
<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 74

aggtgtcact tctettttte cccce

<210> SEQ ID NO 75

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 75

ggggagggaa gtggaggacc gegg

<210> SEQ ID NO 76

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 76

cagtyggygtta ccaaccecay

<210> SEQ ID NO 77

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 77

gtgcacceeg ttetcacgea

<210> SEQ ID NO 78

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 78

tettgtacta ctgaaggagyg aatttatge

<210> SEQ ID NO 7¢

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 79

ttttecgtat tggttagtaa tgtagaatta g

<210> SEQ ID NO 80

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 80

25

24

20

20

29

31
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gggaaacgaa cggagtccat ccc

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

<400>

SEQ ID NO 81

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 81

agcaggacag ctggtgttgg

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

<400>

SEQ ID NO 82

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 82

cacaacacag ggattctcag aaga

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

<400>

SEQ ID NO 83

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 83

agetyggtgtt ggaagagatt

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

<400>

SEQ ID NO 84

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 84

cegacgtgtt cccactge

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

<400>

SEQ ID NO 85

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic primer

SEQUENCE: 85

cgeacggaga gaaatgtgty

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 86

LENGTH: 208

TYPE: DNA

ORGANISM: H. sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: 33

OTHER INFORMATION: n = A,T,C or G

SEQUENCE: 86

gtcagtgggt taccaaccce agatctaage tgncaactag atggaaagec cgtacgecct

23

20

24

20

18

20

60
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gacagtgcte acaagatgct ggtgcgtgag aacggggtge actctctgat catagagceca 120
gtcacgtcac gtgatgccgg catctacaca tgtatagcta ccaaccgagce aggacagaac 180
tcattcagee tggagecttgt ggttgetg 208
<210> SEQ ID NO 87

<211> LENGTH: 1106

<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 87

Met Ser Gly Thr Ser Ser His Glu Ser Phe Tyr Asp Ser Leu Ser Asp
1 5 10 15

Met Gln Glu Glu Ser Lys Asn Thr Asp Phe Phe Pro Gly Leu Ser Ala
20 25 30

Phe Leu Ser Gln Glu Glu Ile Asn Lys Ser Leu Asp Leu Ala Arg Arg
35 40 45

Ala Ile Ala Asp Ser Glu Thr Glu Asp Phe Asp Ser Glu Lys Glu Ile
50 55 60

Ser Gln Ile Phe Ser Thr Ser Pro Ala Ser Leu Cys Glu His Pro Ser
65 70 75 80

His Lys Glu Thr Lys Leu Gly Glu His Ala Ser Arg Arg Pro Gln Asp
85 90 95

Asn Arg Ser Thr Pro Val Gln Pro Leu Ala Glu Lys Gln Thr Lys Ser
100 105 110

Ile Ser Ser Pro Val Ser Lys Arg Lys Pro Ala Met Ser Pro Leu Leu
115 120 125

Thr Arg Pro Ser Tyr Ile Arg Ser Leu Arg Lys Ala Glu Lys Arg Gly
130 135 140

Ala Lys Thr Pro Ser Thr Asn Val Lys Pro Lys Thr Pro Hig Gln Arg
145 150 155 160

Lys Gly Gly Pro Gln Ser Gln Leu Cys Asp Lys Ala Ala Asn Leu Ile
165 170 175

Glu Glu Leu Thr Ser Ile Phe Lys Ala Ala Lys Pro Arg Asn Arg Ser
180 185 190

Pro Asn Gly Glu Ser Ser Ser Pro Asp Ser Gly Tyr Leu Ser Pro Lys
195 200 205

Asn Gln Pro Ser Ala Leu Leu Ser Ala Ser Ala Ser Gln Ser Pro Met
210 215 220

Glu Asp Gln Gly Glu Met Glu Arg Glu Val Lys Ser Pro Gly Ala Arg
225 230 235 240

His Cys Tyr Gln Asp Asn Gln Asp Leu Ala Val Pro His Asn Arg Lys
245 250 255

Ser Hisg Pro Gln Pro Hisg Ser Ala Leu His Phe Pro Ala Ala Pro Arg
260 265 270

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

Tyr Leu Glu Cys Arg Val Thr Gly Asn Pro Thr Pro Arg Val Arg Trp
290 295 300

Phe Cys Glu Gly Lys Glu Leu His Asn Thr Pro Asp Ile Gln Ile His
305 310 315 320

Cys Glu Gly Gly Asp Leu His Thr Leu Ile Ile Ala Glu Ala Phe Glu
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325 330 335

Asp Asp Thr Gly Arg Tyr Thr Cys Leu Ala Thr Asn Pro Ser Gly Ser
340 345 350

Asp Thr Thr Ser Ala Glu Val Phe Ile Glu Gly Ala Ser Ser Thr Asp
355 360 365

Ser Asp Ser Glu Ser Leu Ala Phe Lys Ser Arg Ala Gly Ala Met Pro
370 375 380

Gln Ala Gln Lys Lys Thr Thr Ser Val Ser Leu Thr Ile Gly Ser Ser
385 390 395 400

Ser Pro Lys Thr Gly Val Thr Thr Ala Val Ile Gln Pro Leu Ser Val
405 410 415

Pro Val Gln Gln Val His Ser Pro Thr Ser Tyr Leu Cys Arg Pro Asp
420 425 430

Gly Thr Thr Thr Ala Tyr Phe Pro Pro Val Phe Thr Lys Glu Leu Gln
435 440 445

Asn Thr Ala Val Ala Glu Gly Gln Val Val Val Leu Glu Cys Arg Val
450 455 460

Arg Gly Ala Pro Pro Leu Gln Val Gln Trp Phe Arg Gln Gly Ser Glu
465 470 475 480

Ile Gln Asp Ser Pro Asp Phe Arg Ile Leu Gln Lys Lys Pro Arg Ser
485 490 495

Thr Ala Glu Pro Glu Glu Ile Cys Thr Leu Val Ile Ala Glu Thr Phe
500 505 510

Pro Glu Asp Ala Gly Ile Phe Thr Cys Ser Ala Arg Asn Asp Tyr Gly
515 520 525

Ser Ala Thr Ser Thr Ala Gln Leu Val Val Thr Ser Ala Asn Thr Glu
530 535 540

Asn Cys Ser Tyr Glu Ser Met Gly Glu Ser Asn Asn Asp His Phe Gln
545 550 555 560

His Phe Pro Pro Pro Pro Pro Ile Leu Glu Thr Ser Ser Leu Glu Leu
565 570 575

Ala Ser Lys Lys Pro Ser Glu Ile Gln Gln Val Asn Asn Pro Glu Leu
580 585 590

Gly Leu Ser Arg Ala Ala Leu Gln Met Gln Phe Asn Ala Ala Glu Arg
595 600 605

Glu Thr Asn Gly Val His Pro Ser Arg Gly Val Asn Gly Leu Ile Asn
610 615 620

Gly Lys Ala Asn Ser Asn Lys Ser Leu Pro Thr Pro Ala Val Leu Leu
625 630 635 640

Ser Pro Thr Lys Glu Pro Pro Pro Leu Leu Ala Lys Pro Lys Leu Gly
645 650 655

Phe Pro Lys Lys Ala Ser Arg Thr Ala Arg Ile Ala Ser Asp Glu Glu
660 665 670

Ile Gln Gly Thr Lys Asp Ala Val Ile Gln Asp Leu Glu Arg Lys Leu
675 680 685

Arg Phe Lys Glu Asp Leu Leu Asn Asn Gly Gln Pro Arg Leu Thr Tyr
690 695 700

Glu Glu Arg Met Ala Arg Arg Leu Leu Gly Ala Asp Ser Ala Thr Val
705 710 715 720

Phe Asn Ile Gln Glu Pro Glu Glu Glu Thr Ala Asn Gln Glu Tyr Lys
725 730 735
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Val Ser Ser Cys Glu Gln Arg Leu Ile Ser Glu Ile Glu Tyr Arg Leu
740 745 750

Glu Arg Ser Pro Val Asp Glu Ser Gly Asp Glu Val Gln Tyr Gly Asp
755 760 765

Val Pro Val Glu Asn Gly Met Ala Pro Phe Phe Glu Met Lys Leu Lys
770 775 780

His Tyr Lys Ile Phe Glu Gly Met Pro Val Thr Phe Thr Cys Arg Val
785 790 795 800

Ala Gly Asn Pro Lys Pro Lys Ile Tyr Trp Phe Lys Asp Gly Lys Gln
805 810 815

Ile Ser Pro Lys Ser Asp His Tyr Thr Ile Gln Arg Asp Leu Asp Cly
820 825 830

Thr Cys Ser Leu His Thr Thr Ala Ser Thr Leu Asp Asp Asp Gly Asn
835 840 845

Tyr Thr Ile Met Ala Ala Asn Pro Gln Gly Arg Ile Ser Cys Thr Gly
850 855 860

Arg Leu Met Val Gln Ala Val Asn Gln Arg Gly Arg Ser Pro Arg Ser
865 870 875 880

Pro Ser Gly His Pro His Val Arg Arg Pro Arg Ser Arg Ser Arg Asp
885 890 895

Ser Gly Asp Glu Asn Glu Pro Ile Gln Glu Arg Phe Phe Arg Pro His
900 905 910

Phe Leu Gln Ala Pro Gly Asp Leu Thr Val Gln Glu Gly Lys Leu Cys
915 920 925

Arg Met Asp Cys Lys Val Ser Gly Leu Pro Thr Pro Asp Leu Ser Trp
930 935 940

Gln Leu Asp Gly Lys Pro Val Arg Pro Asp Ser Ala His Lys Met Leu
945 950 955 960

Val Arg Glu Asn Gly Val His Ser Leu Ile Ile Glu Pro Val Thr Ser
965 970 975

Arg Asp Ala Gly Ile Tyr Thr Cys Ile Ala Thr Ash Arg Ala Gly Gln
980 985 990

Asn Ser Phe Ser Leu Glu Leu Val Val Ala Ala Lys Glu Ala His Lys
995 1000 1005

Pro Pro Val Phe Ile Glu Lys Leu Gln Asn Thr Gly Val Ala 2Zsp Gly
1010 1015 1020

Tyr Pro Val Arg Leu Glu Cys Arg Val Leu Gly Val Pro Pro Pro Gln
1025 1030 1035 1040

Ile Phe Trp Lys Lys Glu Asn Glu Ser Leu Thr His Ser Thr Asp Arg
1045 1050 1055

Val Ser Met Hisg Gln Asp Asn His Gly Tyr Ile Cys Leu Leu Ile Gln
1060 1065 1070

Gly Ala Thr Lys Glu Asp Ala Gly Trp Tyr Thr Val Ser Ala Lys Asn
1075 1080 1085

Glu Ala Gly Ile Val Ser Cys Thr Ala Arg Leu Asp Val Tyr Ile Ser
1090 1095 1100

Arg His
1105

<210> SEQ ID NO 88
<211> LENGTH: 40
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<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 11

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 88

Val Ser Gly Leu Pro Thr Pro Asp Leu Ser Xaa Gln Leu Asp Gly Lys
1 5 10 15

Pro Val Arg Pro Asp Ser Ala His Lys Met Leu Val Arg Glu Asn Gly
20 25 30

Val His Ser Leu Ile Ile Glu Pro
35 40

<210> SEQ ID NO 8%

<211> LENGTH: 40

<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 89

Val Ser Gly Leu Pro Thr Pro Asp Leu Ser Trp Gln Leu Asp Gly Lys
1 5 10 15

Pro Val Arg Pro Asp Ser Ala His Lys Met Leu Val Arg Glu Asn Gly
20 25 30

Val Hig Ser Leu Ile Ile Glu Pro
35 40

<210> SEQ ID NO 90
<211> LENGTH: 40
<212> TYPE: PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 90

Val Ser Gly Leu Pro Thr Pro Asp Leu Ser Trp Gln Leu Asp Gly Lys
1 5 10 15

Pro Ile Arg Pro Asp Ser Ala His Lys Met Leu Val Arg Glu Asn Gly
20 25 30

Val Hig Ser Leu Ile Ile Glu Pro
35 40

<210> SEQ ID NO 91

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 91

tettgtacta ctgaaggagg aatttatge 29
<210> SEQ ID NO 92

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 92

ttttecegtat tggttagtaa tgtagaatta g 31
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<210> SEQ ID NO 93

<211> LENGTH: 343

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: 228

<223> OTHER INFORMATION: n = A, T

<400> SEQUENCE: 93

ccaacactga aaactgtagt tacgagtcaa
actttccace tccececteca atecttggaga
catctgagat ccagcaggtg aacaaccctg
tgcaattcaa tgctgctgag agggaaacga
gactgattaa cggcaaagct aacagtaata
cacccactaa ggagccacca cctetgettg
<210> SEQ ID NO 94

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 76

,Cor G

tgggagaatc
caagttectt
agttaggcct
acggagtcca
aatctcttee

ccaaaccaaa

caacaatgac cacttccaac
ggagttggcet tcaaagaaac
gagcagggca gcccttcaaa
tecccagengt ggagtaaatg
aacaccagct gtecctgettt

act

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 94

Asn Thr Glu Asn Cys Ser Tyr Glu
1 5

Hig Phe Gln His Phe Pro Pro Pro
20 25

Leu Glu Leu Ala Ser Lys Lys Pro
35 40

Pro Glu Leu Gly Leu Ser Arg Ala
50 55

Ala Glu Arg Glu Thr Asn Gly Val
65 70

Leu Ile Asn Gly Lys Ala Asn Ser
85 90

Val Leu Leu Ser Pro Thr Lys Glu
100 105

Lys

<210> SEQ ID NO 95
<211> LENGTH: 22
<212»> TYPE: PRT

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 95

Ser Met Gly
10

Pro Pro Ile
30

Ser Glu Ile
45

Ala Leu Gln
His Pro Ser
75

Asn Lys Ser
95

Pro Pro Pro
110

Glu Ser Asn Asn Asp
15
Leu Glu Thr Ser Ser
Gln Gln Val Asn Asn
Met Gln Phe 2Asn Ala
Xaa Gly Val Asn Gly
80

Leu Pro Thr Pro Ala

Leu Leu Ala Lys Pro

Ala Glu Arg Glu Thr Asn Gly Val His Pro Ser Arg Gly Val Asn Gly

1 5
Leu Ile Asn Gly Lys Ala
20

<210> SEQ ID NO 96
<211> LENGTH: 22

10

15

60

120

180

240

300

343
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<212> TYPE: PRT
<213> ORGANISM: mouse

<400> SEQUENCE: 96

Ala Glu Arg Glu Thr Asn Gly Val His Pro Ser His Gly Val Asn Cly
1 5 10 15

Leu Ile Asn Gly Lys Ala
20

<210> SEQ ID NO 97

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 97

cacaacacag ggattctcag aaga 24

<210> SEQ ID NO 98

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 98

agetggtgtt ggaagagatt 20
<210> SEQ ID NO 9%

<211> LENGTH: 772

<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 99

Pro Glu Ser Pro Gly Gly Arg Gly Ile Lys Pro Asp Thr Cys Pro Ala
1 5 10 15

Pro Gly Pro Arg Ser Pro Leu Gln Leu Pro Leu Ala Pro Asp 2la Glu
20 25 30

Ser Gly Ser Ser Gly Arg Arg Pro Gly Glu Pro Arg Asp Pro Leu Lys
35 40 45

Leu Gln Gln Leu Gln Asn Gln Ile Arg Leu Glu Gln Glu Ala Gly 2la
50 55 60

Arg Gln Pro Pro Pro Ala Pro Arg Ser Ala Pro Pro Ser Pro Pro Phe
65 70 75 80

Pro Pro Pro Pro Ala Phe Pro Glu Leu Ala Ala Cys Thr Pro Pro 2Ala
85 90 95

Ser Pro Glu Pro Met Ser Ala Leu Ala Ser Arg Ser Ala Pro Ala Met
100 105 110

Gln Ser Ser Gly Ser Phe Asn Tyr Ala Arg Pro Lys Gln Phe Ile Ala
115 120 125

Ala Gln Asn Leu Gly Pro Ala Ser Gly His Gly Thr Pro Ala Ser Ser
130 135 140

Pro Ser Ser Ser Ser Leu Pro Ser Pro Met Ser Pro Thr Pro Arg Gln
145 150 155 160

Phe Gly Arg Ala Pro Val Pro Pro Phe Ala Gln Pro Phe Gly Ala Glu
165 170 175
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Pro Glu Ala Pro Trp Gly Ser Ser Ser Pro Ser Pro Pro Pro Pro Pro
180 185 190

Pro Pro Val Phe Ser Pro Thr Ala Ala Phe Pro Val Pro Asp Val Phe
195 200 205

Pro Leu Pro Pro Pro Pro Pro Pro Leu Pro Ser Pro Gly Gln 2Ala Ser
210 215 220

His Cys Ser Ser Pro Ala Thr Arg Phe Gly His Gly Gln Thr Pro Ala
225 230 235 240

Ala Phe Leu Ser Ala Leu Leu Pro Ser Gln Pro Pro Pro Ala 2Ala Val
245 250 255

Asn Ala Leu Gly Leu Pro Lys Gly Val Thr Pro Ala Gly Phe Pro Lys
260 265 270

Lys Ala Ser Arg Thr Ala Arg Ile Ala Ser Asp Glu Glu Ile Gln Gly
275 280 285

Thr Lys Asp Ala Val Ile Gln Asp Leu Glu Arg Lys Leu Arg Phe Lys
290 295 300

Glu Asp Leu Leu Asn Asn Gly Gln Pro Arg Leu Thr Tyr Glu Glu Arg
305 310 315 320

Met Ala Arg Arg Leu Leu Gly Ala Asp Ser Ala Thr Val Phe 2Asn Ile
325 330 335

Gln Glu Pro Glu Glu Glu Thr Ala Asn Gln Glu Tyr Lys Val Ser Ser
340 345 350

Cys Glu Gln Arg Leu Ile Ser Glu Ile Glu Tyr Arg Leu Glu Arg Ser
355 360 365

Pro Val Asp Glu Ser Gly Asp Glu Val Gln Tyr Gly Asp Val Pro Val
370 375 380

Glu Asn Gly Met Ala Pro Phe Phe Glu Met Lys Leu Lys His Tyr Lys
385 390 395 400

Ile Phe Glu Gly Met Pro Val Thr Phe Thr Cys Arg Val Ala Gly Asn
405 410 415

Pro Lys Pro Lys Ile Tyr Trp Phe Lys Asp Gly Lys Gln Ile Ser Pro
420 425 430

Lys Ser Asp His Tyr Thr Ile Gln Arg Asp Leu Asp Gly Thr Cys Ser
435 440 445

Leu His Thr Thr Ala Ser Thr Leu Asp Asp Asp Gly Asn Tyr Thr Ile
450 455 460

Met Ala Ala Asn Pro Gln Gly Arg Ile Ser Cys Thr Gly Arg Leu Met
465 470 475 480

Val Gln Ala Val Asn Gln Arg Gly Arg Ser Pro Arg Ser Pro Ser Gly
485 490 495

His Pro His Val Arg Arg Pro Arg Ser Arg Ser Arg Asp Ser Gly Asp
500 505 510

Glu Asn Glu Pro Ile Gln Glu Arg Phe Phe Arg Pro His Phe Leu Gln
515 520 525

Ala Pro Gly Asp Leu Thr Val Gln Glu Gly Lys Leu Cys Arg Met Asp
530 535 540

Cys Lys Val Ser Gly Leu Pro Thr Pro Asp Leu Ser Trp Gln Leu Asp
545 550 555 560

Gly Lys Pro Val Arg Pro Asp Ser Ala His Lys Met Leu Val Arg Glu
565 570 575

Agn Gly Val Hig Ser Leu Ile Ile Glu Pro Val Thr Ser Arg Asp Ala
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580 585 590

Gly Ile Tyr Thr Cys Ile Ala Thr Asn Arg Ala Gly Gln Asn Ser Phe
595 600 605

Ser Leu Glu Leu Val Val Ala Ala Lys Glu Ala His Lys Pro Pro Val
610 615 620

Phe Ile Glu Lys Leu Gln Asn Thr Gly Val Ala Asp Gly Tyr Pro Val
625 630 635 640

Arg Leu Glu Cys Arg Val Leu Gly Val Pro Pro Pro Gln Ile Phe Trp
645 650 655

Lys Lys Glu Asn Glu Ser Leu Thr His Ser Thr Asp Arg Val Ser Met
660 665 6§70

His Gln Asp Asn His Gly Tyr Ile Cys Leu Leu Ile Gln Gly Ala Thr
675 680 685

Lys Glu Asp Ala Gly Trp Tyr Thr Val Ser Ala Lys Asn Glu 2la Gly
690 695 700

Ile Val Ser Cys Thr Ala Arg Leu Asp Val Tyr Thr Gln Trp His Gln
705 710 715 720

Gln Ser Gln Ser Thr Lys Pro Lys Lys Val Arg Pro Ser Ala Ser Arg
725 730 735

Tyr Ala Ala Leu Ser Asp Gln Gly Leu Asp Ile Lys Ala Ala Phe Gln
740 745 750

Pro Glu Ala Asn Pro Ser His Leu Thr Leu Asn Thr Ala Leu Val Glu
755 760 765

Ser Glu Asp Leu
770

<210> SEQ ID NO 100

<211> LENGTH: 1080

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 100

tgagagtgaa atgggcgage atacttcact gacttagege ttggtecaga atgaactget 60

ggceccacac ttgggectge taacgtgtge cegtteectg ggtgttetet geagetggece 120

taagtgccaa gcgatgteca caagetgage tcactcetgg aatacacgtt ccotggecgtt 180
ccatetctga aggtgtcact tetettttte ccceccaggga cectetgaag ctecagcaac 240
teccagaacca aatcegactyg gageaggagg ccggegeteg geagecteeg ccageecage 300
geagegegee geectegeee cccttecege cgeegecege ctteecegag ctegeggect 360
gcacgecgee cgegtecceg gagoccatga gegoegetgge ctecegetee geeecageca 420
tgcagtecte cggetectte aactacgege gecccaagea gtteategee gegecagaace 480
tegggoecge gtegggecac ggeacgeegg cctecageee cagetegtee agectecegt 540
cgeceatgte ceegacgeey aggcagtteg geegegecee cgtgecgece ttegegeage 600
cetteggege tgagecegayg geccegtyggg getectecte geegtegece cegeeeeage 660
caccecoceggt cttecagecce acggetgect tecceggtgee cgacgtgtte ccactgecge 720
cgecaccace geegeteceyg ageccegggac aggegtecca ctgetegteg cetgecacee 780
gctteggeca cagccagacg cccgeggect tectecagege tcotgetgece tegeagecge 840

cgecggegge cgtcaacgee ctggggetge ccaagggtgt caccecegeg tgagtaaccg 900
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cecgeggtect ccacttecct gecectecge ctegggtoge cctgggacte ccacatctec 960
atacacgcgce tcccatcage ctgcaaccca gagcgcccca gtaacatttc acacatttcet 1020
ctcecgtgega tgtaaaaatt cttaacggca atttgactca gtgattcecttg cgtagecact 1080
<210> SEQ ID NO 101

<211> LENGTH: 410

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 101

agccacctcet tgtactactg aaggaggaat ttatgcagac ttcttagcta ccagtgattt 60
cactctgttt taatacaaaa atttacatgt atttctttta tgatttaggt cagtgggtta 120
ccaaccccag atctaagetg gcaactagat ggaaageccg tacgecctga cagtgctcac 180

aagatgctgg tgcgtgagaa cggggtgcac tctctgatca tagagccagt cacgtcacgt 240
gatgccggea tctacacatg tatagctacc aaccgagcag gacagaactc attcagectg 300
gagcttgtgyg ttgctggtag gctcatetgt gaatcecttge tetctgacag aatgaacatce 360
agacttacaa atgtaaacta attctacatt actaaccaat acggaaaata 410
<210> SEQ ID NO 102

<211> LENGTH: 480

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 102

tgegteagat gagagcagea caatcaccte ttetttaaca acttceacaca acacagggat 60
tetcagaaga ctetgacagt gtgaaatcac ttgttgaact agtggeatet tettatgttt 120
ttectetett toecettect tagecaacace tgaaaactygt agttacgagt caatgggaga 180
atccaacaat gaccacttee aacactttee acctecccet ccaatettgg agacaagtte 240
cttggagttg gcttcaaaga aaccatctga gatccagecag gtgaacaacce ctgagttagg 300

cetgageagyg geagecctte aaatgcaatt caatgetget gagagggaaa cgaacggagt 360
ccatcccage cgtggagtaa atggactgat taacggcaaa gctaacagta ataaatctet 420
tccaacacca getgtectge tttcacccac taaggagcca ccacctetge ttgecaaace 480
<210> SEQ ID NO 103

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 103

Ser Gln Thr Pro Ala Ala Phe

1 5

<210> SEQ ID NO 104
<211> LENGTH: 7

<212» TYPE: PRT

<213> ORGANISM: chicken

<400> SEQUENCE: 104
Gly Gln Ser Pro Ala Ala Phe

1 5

<210> SEQ ID NO 105
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<211>
<212>
<213>

<400>

LENGTH: 7
TYPE: PRT
ORGANISM: zebra

SEQUENCE: 105

fish

Cys Gln Thr Pro Pro Ala Pro

1

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

<400>

5

SEQ ID NO 106
LENGTH: 7
TYPE: PRT

ORGANISM: H. sapiens

SEQUENCE: 106

Ser Gln Thr Ser Ala Ala Phe

1

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

<400>

5

SEQ ID NO 107
LENGTH: 19
TYPE: DNA

ORGANISM: H. sapiens

SEQUENCE: 107

cagccagacyg tcegeggee

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

<400>

SEQ ID NO 108
LENGTH: 6
TYPE: PRT

ORGANISM: H. sapiens

SEQUENCE: 108

Ser Gln Thr Pro Ala Ala

1

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

<400>

5

SEQ ID NO 109
LENGTH: 6
TYPE: PRT

ORGANISM: H. sapiens

SEQUENCE: 109

Ser Gln Thr Ser Ala Ala

1

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

<400>

5

SEQ ID NO 110
LENGTH: 2695
TYPE: DNA

ORGANISM: H. sapiens

SEQUENCE: 110

aaatgcttta ctetteteac

cagtaaacta attaatggaa

ctgcatgatyg atttgtgett

cttteecetee ccacageccee

gcttecatte taccgtgagt

ttattggaca ctetttagte

taacaagccg acaacatatc

cttetogate gttccaggaa

cctaaggget

atctaaaaat

ttegatttaa

agtcececagee

ttttattgct

tgtaaaggaa

tatgggecta

agccegattt

cctgaattta

tatcectteet

tgtcacacaa

cecagtetege

ttcecectaaa

aaaaacacaa

aaaaacttaa

gtagettygge

gctttttatt
cttettagaa
tegtttttac
agttecatte
acgctgecct
acacecggagy
attctttcce

tgccecagga

acacagaace
aagaaatata
actgtatgty
cttecagggea
ggagtegegt
agaatcatce
gttattagca

aggggcectgce

19

60

120

180

240

300

360

420

480
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gaccagaaayg atgcaaaggg cgggacaagg ttacgagtgg gtgcggggaa gcctccectaa 540
cectgggggee gegteccaga gectgegagee acgectecte tcecteccegeee gecgegecege 600
cggactctta ttttgaaggg cggcgggtga aggctcecggag cctectgagt caccecggegyg 660
gcgaggtata aagcccgata cctgcececcege geccggteeg cggageccge tgcagcetecce 720
gectegeteey gacgeggaat cgggcagceag cgggaggegy cceggagage cgaggtagge 780
gcggggaate ggccctgagg ctggtggaag aaatgtgtga attaaaggga gtgcagegtg 840
cagggtggge cgcgagtegg gagtgcaggg ctegggacag ggtgggggeg gggaggacaa 900
gagactcgte agegcacttt ccaccecggec ggttecttee cgageectet ccctecceeg 960
gccecgceggga gcacagatce ctgaaagcgg agctccagat aggaatgtet gcatcatcett 1020
ggcagggccece agacgggaga agatgctctg ctgccacgga cgatcectec cgetetecta 1080
actcttctet gaacaccteg cacccccacg gccccecgee cctetettaa tcttggecac 1140
gctecectgayg gggtcagace tggggtggga gagcagagaa ageggggctg gcagagacag 1200

gggtgagggce cgggagaggc gatgacatca ttccctggea getggegggg agagggtggyg 1260

gacggagggy tceecccegac ctgagecgag cectecctte ccaageccat cctectttet 1320
ttgggatggt tcaccccacc tgggcgccat tcaaaggaag tttgegegta actcggggeg 1380
tectttecee ggecgggtge tgtgeccgge cegeagtegg tgtttettet gggectgggy 1440
geggegtgga geeggegget cagteccecte agteccagge cttggcagece getttgttea 1500
cgecgggege gggecgaace cgaaccteag ctgcageact ggeagegege accggecacy 1560
cgtgggttee cggecacgge cgggecaaca agggagggte cegtgageay ccaggetgge 1620
cctecoeggy cotgggtgay cteccaaage tggagegeag ggetetagge cggeccegee 1680
ceggggetgy gggetteceg ceegtttgte teattttaac ttttggggge agetetgtee 1740
cgaatggtga gtggtecaga ctetagaaag gggtttggte gettgagece ggattgagge 1800
ttgggacctt tgetetettg ctggggacgg aagggggcege getgggcagg agagggggcyg 1860
teteggtegy gteteccetygyg getegggeat ctteccacee tgeggagecy ggtettgege 1920
tgegtgecee gaacaggeece gggcacaccg agtecegtta ctggtetteca ggcgaaatte 1980
caggacgggt gtgcattcat caacctggga gtctctagga gccagagatg actggetcta 2040
cattttaatg cgtaatcaca gagaaactag cacgagaaaa ggacagaggg accgacccaa 2100
gettcagaga catggaataa tatgatcctg gttcataage cttgaaaage tcececteege 2160
caggttaagg aatggtgtca ccagecttgg ctgtgaggat aatttettga tttgtgttat 2220
gcaggctect gtcaggactg tctecttaac teccactace taaggaaaag atagecagag 2280
aattgtccag ggatttgggt ttgggttgcet tctagaaaga cagcatcettt cttgetattt 2340
tttttttcac atcecececccaa aacaattttt ttceccectte agacttggca gactttgatt 2400
tagataagag gtttgagtta atttgatttt ccccatgtct gtttagatca atggatatag 2460
gagatagttt gaagctaatg tacccctatg cctttgtgty agtgtaagat ttataacttg 2520
agggaggcag ttaataaata gcacatcctt gaaccataaa catacgagat agacaagagc 2580
tagataataa acagtttttc ccccaatcce taagetttac ttattttttt tactgattet 2640

tgtactttgt cattagaaaa aggagtgggg ttggtttcce agtgaccgca ttcat 2695

<210> SEQ ID NO 111
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<211> LENGTH: 1475
<212> TYPE: DNA
<213> ORGANISM: H. sapiens
<400> SEQUENCE: 111
cgggacaagg ttacgagtgg gtgcggggaa gectccectaa cctgggggece gegteccaga 60
gctgegagee acgectecte tcetecegeee geocgegeege cggactetta ttttgaaggg 120

cggcgggtga aggctcggag cctectgagt caccecggcegg gcgaggtata aagcccgata 180
cectgeceege geceggtecg cggatccege tegetceecgga cgcggaateg ggcagcageyg 240
ggaggcggece cggagagceeg aggtaggcege ggggaatcgyg ccctgagget ggtggaagaa 300
atgtgtgaat taaagggagt gcagecgtgca gggtgggccg cgagtcggga gtgcaggget 360
cgggacaggyg tgggggceggg gaggacaaga gactcgtcag cgcactttec acceggecegyg 420
ttecctteceg ageectetee cteoeccecegge cegegggage acagatccect gaaagceggag 480
ctccagatag gaatgtcectge atcatcttgg cagggcccag acgggagaag atgctcetget 540
gccacggacy atcccteceg ctetectaac tettetetga acacctegea cccccacgge 600
ceecegeeee tetettaate ttggecacge teectgaggy gteagaccety gggtgggaga 660
gcagagaaayg cggggctgge agagacaggg gtgagggcceyg ggagaggcga tgacatcatt 720
cectggeage tggeggggay agggtyggga cggaggggte ceceegacet gagecegagece 780
ctecettece aageccatee teetttettt gggatggtte accecaccty ggegecatte 840
aaaggaagtt tgegegtaac teggggegte cttteccegy cegggtgety tgeceggece 900
geagtegygty tttettetgy geetggggge ggegtggage cggeggetea gtececteay 960
teecaggeet tggeagecge tttgttcacyg cegggegegg gecgaacceeyg aaccteaget 1020
geageactgy cagegegeac cggocacgeg tgggttecey gecacggecyg ggecaacaag 1080
ggagggtece gtgagcagee aggetggece teceegggee tgggtgaget cccaaagetyg 1140
gagecgcaggg ctectaggeeg gecccgecee ggggetgggyg gettecegee cgtttgtete 1200
attttaactt ttgggggcag ctetgteceg aatggtgagt ggtcecagact ctagaaaggy 1260
gtttggtege ttgagcecgg attgaggett gggacctttyg ctetettget ggggacggaa 1320
gggggcgege tgggcaggag agggggegte teggtegggt ctecetggge tegggeatet 1380
tecccaceety cggageeggyg tcottgegetyg cgtgeccega acaggecegyg gcacaccgag 1440
teceegttact ggtettecagg cgaaattcca ggacg 1475
<210> SEQ ID NO 112

<211> LENGTH: 118

<212> TYPE: DNA

<213> ORGANISM: H. sapiens

<400> SEQUENCE: 112

cgggegaggt ataaagcceg atacctgece cgegeccggt cegeggagee cgetgeaget 60
ccegeteget ccggacgegy aatcgggecag cagcgggagg cggcccggag agecgagy 118
<210> SEQ ID NO 113

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: synthetic probe
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<400> SEQUENCE: 113

gcggageceyg ctgcagetee cg

<210> SEQ ID NO 114

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic probe

<400> SEQUENCE: 114

cggagcceege tgcagctecce

<210> SEQ ID NO 115

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 115

cecegegeae ggteegegga

<210> SEQ ID NO 116

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 1lle

cgegteegga gegageggga

22

20

20

20

1. A method of detecting a pre-cancerous or cancerous cell
in a biological sample, the method comprising detecting a
palladin target nucleic acid comprising a nucleotide sequence
alteration that is associated with cancer.

2. The method of claim 1, wherein the nucleotide sequence
alteration is a nucleotide substitution, and wherein the nucle-
otide substitution is a C—T substitution at position 715 of a
human palladin nucleic acid, a G—T substitution at position
1671 of a human palladin nucleic acid, or aC—T substitution
at position 2060 of a human palladin nucleic acid.

3. The method of claim 1, wherein said detecting comprises
nucleic acid-based amplification, and wherein an amplifica-
tion product is generated.

4. The method of claim 3, wherein said amplification prod-
uct comprises the nucleotide substitution that is associated
with cancer.

5. The method of claim 1, wherein said detecting comprises
hybridization with a palladin nucleic acid probe.

6. The method of claim 1, wherein the pre-cancerous or
cancerous cell is a pancreatic cell, a breast cell, an axillary
lymph node cell, and a squamous cell of the upper aerodiges-
tive tract.

7. A method of identifying an individual at risk of devel-
oping cancer, the method comprising the method comprising
detecting a palladin target nucleic acid comprising a nucle-
otide sequence alteration that is associated with cancer.

8. The method of claim 7, wherein the nucleotide sequence
alteration 1s a nucleotide substitution, and wherein the nucle-

otide substitution is a C—T substitution at position 715 of a
human palladin nucleic acid, a G—T substitution at position
1671 of ahuman palladin nucleic acid, or a C—T substitution
at position 2060 of a human palladin nucleic acid.

9. The method of claim 8, wherein the target palladin
nucleic acid is genomic DNA.

10. The method of claim 8, wherein said detecting com-
prises nucleic acid-based amplification, and wherein an
amplification product is generated.

11. The method of claim 10, wherein said amplification
product comprises the nucleotide sequence alteration that is
associated with cancer.

12. The method of claim 8, wherein said detecting com-
prises hybridization with a palladin nucleic acid probe.

13. The method of claim 8, wherein the cancer is pancreatic
cancer, breast cancer, or a head and neck cancer.

14. A method of detecting a pre-cancerous or cancerous
cell in a biological sample, the method comprising detecting
a mutated palladin polypeptide in the biological sample.

15. The method of claim 14, wherein the mutated palladin
polypeptide comprises a Pro—>Ser mutation at position 239 of
a palladin polypeptide, a Trp—Cys mutation at position 557
of a palladin polypeptide, or an Arg—Cys mutation in a
palladin polypeptide.

16. The method of claim 14, wherein said method is an
immunological assay.
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17. The method of claim 14, wherein said detecting com-
prises contacting the biological sample with an antibody spe-
cific for palladin, and detecting binding of the antibody to a
protein in the sample.

18. The method of claim 17, wherein the antibody com-
prises a detectable label.

19. A method of detecting a pre-cancerous or cancerous
cell in a biological sample, the method comprising detecting
a palladin target nucleic acid that is abnormally expressed in
a cell in the sample.

20. The method of claim 19, wherein the method comprises
detecting a palladin target nucleic acid that is over-expressed
in a cancerous or pre-cancerous cell.

21. The method of claim 1, wherein a detected level of
palladin target nucleic acid that is at least about 2-fold higher
than a control level of the palladin target nucleic acid indi-
cates that the cell is pre-cancerous or cancerous.

22. The method of claim 19, wherein said detecting com-
prises hybridization with a palladin nucleic acid probe.

23. The method of claim 19, wherein the pre-cancerous or
cancerous cell is a pancreatic cell.

24. A method of detecting a pre-cancerous or cancerous
cell in a biological sample, the method comprising detecting
an abnormal level of a palladin polypeptide in a cell in the
sample.

25. The method of claim 24, wherein said method is an
immunological assay.

26. The method of claim 24, wherein said detecting com-
prises contacting the biological sample with an antibody spe-
cific for palladin, and detecting binding of the antibody to a
protein in the sample.

27. The method of claim 26, wherein the antibody com-
prises a detectable label.

28. The method of claim 24, wherein a detected level of
palladin polypeptide that is at least about 2-fold higher than a
control level of the palladin polypeptide indicates that the cell
1§ pre-cancerous or cancerous.
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29. The method of claim 24, wherein the cancerous or
pre-cancerous cell is a pancreatic cell, a breast cell, an axillary
lymph node cell, and a squamous cell of the upper aerodiges-
tive tract.

30. A method of detecting cancer in an individual, the
method comprising:

detecting a level of a palladin target nucleic acid in an

indicator cell from the individual, wherein the indicator
cell is other than a cancer cell,

wherein detection ofa level of a palladin target nucleic acid

that is lower than normal levels in the indicator cell
indicates the presence in the individual of cancer.

31. The method of claim 30, wherein the indicator cell is a
white blood cell.

32. The method of claim 30, wherein the cancer is pancre-
atic cancer, breast cancer, or a head and neck cancer.

33. The method of claim 30, wherein a level of a palladin
target nucleic acid that is at least 2-fold lower than normal
levels in the indicator cell indicates the presence in the indi-
vidual of cancer.

34. A method of staging a pancreatic cancer cell, the
method comprising determining the level of a palladin
mRNA in the pancreatic cancer cell, wherein the level of
palladin mRNA in the cell indicates a stage of neoplastic
progression.

35. The method ofclaim 34, wherein said pancreatic cancer
cell is a pancreatic ductal epithelial cell.

36. The method of claim 34, wherein the level of palladin
mRNA indicates that the cell is a pancreatic intraepithelial
neoplasia (PanIN) pre-cancerous cell.

37. The method of claim 34, wherein the level of palladin
mRNA indicates that the cell is a pancreatic intraepithelial
neoplasia (PanIN) cancerous cell.

38.-51. (canceled)
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FIG. 1A

SEQ ID NO:1

gag agg a9
ggagagcoga gggaccctot ac
gaggocggeg cteggoagoe
a goo
a aaccteggge cegegteggg ccacggoacg
a acgcccgeg
© Cggcogtoaa cgocetgggd
ctgcccaagg gtgtcaccee cge
goctecgatg aggaaattca ag: 2
g e ggt
atggotcgte gactgotagg tgotgacagt toa
o to getgtg gtgaa
atagagtaca ggctagaaag gtotcotgtg gatgaatcag gtgatgaagt toagtatgga
gatgtgootg gaga tgaageotg
ga gt aa; tgtagagtgg ctggaaatcc
atctattggt e g
aga
agt
agaaggcote gttctagatc
ttottcagac ctcacttett gocagg =
tgcagaatgg actgcaaagt cagtgggtta ccaaccccag atctaagetg
tacgocotga cagtgotcac aagatgotgg tgogtgagaa
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at
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