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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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aaaggctaat 
gttcattcca 
ggaatcaggg 
atagtgttgtt 
totttggittt 
agggccagot 
gtgttgtctga 
gattgagact 
gaagtggaga. 
caccaagatg 
ttaagaaggt 
tgcatatgat 
toggalacc g a 
aggctittaat 
tatictittcat 
tittittaaaat 
gtacagctitt 
cittgag cacc 
atatgcattg 
attgtagaat 
ctgatttgct 
aaaaaaaagt 
tittaa.catca 

ttaalatataa. 
Cagaaag cat 
gtttggaagg 
caattagata 
tcttcaaaca 
ggaagttgttgg 
ggitttgttgta 
gcatggtggc 
cataaggaga 
tggtaaatga 
gctggatticc 
tittgcatcag 
taaattittaa 
gg tactittgc 
tatttataag 
aattittatat 
c tactitctitt 
gggtgg Caga 
ctaatatgga 
tatgactitat 
gggtttggga 
actatotaatc 
ataaatattit 
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FIG 1B 

ataatataaa 
cCaalaccacc 

agtagg gagg 
aaagtagaag 
taggtgaaaa 
agcacacatg 
gtagtggaag 
ataaatgaga 
gacaaaaa.ca 
aaattattag 
aaggitttgta 
Ctag actgag 
aaaggagaaa. 
tatgaaaaga 
tggcctictot 
ctgttgtacca 
gtaagaacac 
tgttctatgc 
atttaagata 
gtc.ttacttg 
ttaactagoa 
aatcatacta 
gacaaat 

gtgctctgaa 
Caaatgacca 
agaatgaagg 
gCacaggaga 
aaacactgcc 
Ctgtggagca 
attittaggta 
aattgCCtgt 
ggtttgttgcc 
titcact tcc.c 
aagg Catcto 
ttgattctga 
aaataatttg 
aaac actgta 
tagctcagtt 
CCC catatat 
Calaccalacca 
agtgttggttc 
c catacacag 
gcaa atttitt 
ttattittgcc 
Ctttggattg 

taaag cagaa 
agg catatat 
aaaatgcaac 
ggtag caaag 
attcacaagt 
Cacatgctgt 
tgtag agcaa. 
a gCatctagt 
ataaagtatt 
tgctgcc atg 
ggtaaag act 
cCagacittga 
acCtagtagt 
ttCct tatgc 
actica attca 
ttcat attac 
aggittta agt 
aagtttctitt 
tctict catgg 
Ctgaatgttga 
acctittatat 
ttgttgctggit 
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at at attaca 
agtatttgga 
Cag catgatt 
gcc aggctitt 
Caagga accc 
ggagattgca 
gttgaaaatg 
Ctactitgaag 
ttittcaaaga 
aaactittgcc 
gCtttittgaa 
tggittittaag 
at aaaa.catg 
aaaacacatg 
tacgtag tat 
tgtttcacat 
gattaatagg 
g accgc actt... 
acct atctot 
cctttittittg 
tgtatttata 
gtaatgtgga 
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FIG 2 
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FIG 5 

Human S Q 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 
Zebra Fish C Q T P P A P 
Family X S O T A A F 
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FIG 11 

BAA76836 palladin protein 
PESPGGRGIKPDTCPAPGPRSPLOLPLAPDAESGSSGRRPGEPR 
DPLKLQOLONOIRLEQEAGAROPPPAPRSAPPSPPFPPPPAFPELAACTPPASPEPMS 
ALASRSAPAMOSSGSFNYARPKOFIAAQNLGPASGHGTPASSPSSSSLPSPMSPTPRQ 
FGRAPVPPFAOPFGAEPEAPWGSSSPSPPPPPPPVFSPT.AAFPVPDVFPLPPPPPPLP 
SPGQASHCSSPATRFGHGQTPAAFLSALLPSOPPPAAVNALGLPKGVTPAGFPKKASR TARIASDEEIOGTKDAVIODLERKLRFKEDLLNNGOPRLTYEERMARRILLGADSATVF 
NIOEPEEETANOEYKVSSCEQRLISEIEYRLERSPVDESGDEVQYGDVPVENGMAPFF 
EMKLKHYKIFEGMPVTFTCRVAGNPKPKIYWFKDGKQISPKSDHYTIORDLDGTCSLH 
TTASTLDDDGNYTIMAANPOGRISCTGRLMVQAVNORGRSPRSPSGHPHVRRPRSRSR DSGDENEPIOERFFRPHFLQAPGDLTVOEGKLCRMDCKVSGLPTPDLSwgLDGKPVRP 
DSAHKMLVRENGVHSLIIEPVTSRDAGIYTCIATNRAGONSFSLELVVAAKEAHKPPV 
FIEKLONTGVADGYPVRLECRVLGVPPPQIFWKKENESITHSTDRVSMHODNHGYICL 
LIQGATKEDAGWYTVSAKNEAGIVSCTARLDWYTOWHOOSQSTKPKKVRPSASRYAA 
SDQGLDIKAAFQPEANPSHLTLNTALVESEDL (SEQ ID NO: 99) 
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cacticacago 
Catt Cagg ga 
agggattgttg 
cacaccagga 
aaaaagtacg 
aag cagogtt 
aaagtgagga 
Cttgaccaac 
agaaattaaa 
taagtagata 
atttaaaact 
totaattgttc 
taggtgctgt 
actacaatga 
taag gatgaa 
gtttittatat 
tittctaacaa 
atgctacctt 
taatataaag 
CadalcCaCCC 
gtagg gagga 
aagtagaagg 
aggtgaaaaa 
gCacacatgc 
tagtggalaga 
taaatgagaa 
acaaaaacag 
aattattagt 
aggtttgtaa 
tag actgagt 
aaggaga aaa. 
atgaaaagaa 
ggcctetctit 
tgtgtaccac 
taagaacacc 
gttctatgca 
tttalagatac 
tottacttgc 
taactagoat 
aatcatacta 
gacaaataat 

act gacc gag 
gcc acaaaag 
to Ctgtactg 
gaacaaatac 
gcc.ctcagoc 
cca acct gag 
cCtgtaatcc 
at attcc titt 
aaaaaaa.cac 
atgctaatac 
ttgga attgc 
acaggta act 
gtagcct gat 
ttctgaa.gca 
agaagaa gag 
taaatcatala 
ggittaatacc 
gg tagga aac 
tgctctgaat 
aaatgaccala 
gaatgaagga 
cacagga gag 
aac actgcca 
tgtggag cac 
ttittaggitat 
attgcct gta 
gtttgttgcca 
tcact tccct 
agg Catctog 
tgattctgac 
aataatttga 
aacactgtat 
agctcagtta 
cc catatatt 
alaccalaccala 
gtgttggttca 
catacacagt 
Calaatttitt c 
tattittgcca 
Ctttggattg 
agttgcagtt 
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FIG. 13B 

tgag catgca 
aagatgctgg 
cc aggctgga. 
ccaa.cccagt 
agtc.gctatg 
gccaacccat 
agcattCttg 
gtcacattat 
Caaaataata 
aaatata CaC 
tgtgattaaa 
acaatttgta 
agtgttgaaat 
cagtgtatto 
atgacaaaga 
ggaaggaact 
ttagttctta 
ttatttacaia 
aaag caga aa 
gg catatata 
aaatgcaacc 
gtagcaaagg 
ttcacaagtic 
acatgctgtg 
gtagagcaag 
gcatctag to 
taaagtattt 
gctg.cCatga 
gtaaag actg 
cagacittgat 
Cctagtagta 
toctitatgca 
Ctcaatticat 
toatat tact 
ggtttalagtg 
agtttctttg 
citct catgga 
tgaatgttgac 
Cctittatatt 
ttgttgctggit 
ttgttgaag Ca 

ccaggacaac 
gtggtatact 
cgtttacatt 
ggcatcagca 
Cagc acttitc 
citcacctgac 
ttaaagctga 
gtaaaaggca 
ttitt tottac 
attgcacaga 
gtgatcaaaa 
titat citacala 
gtttaatgag 
agacagatac 
aatccaagta 
acttgc citta 
acatttittitt 
accatattaa 
tatattacag 
gtatttggag 
ag catgatta 
ccaggcttitt 
alaggaaccCa 
gag attgcag 
ttgaaaatgg 
tactitgaagg 
tittcaaagac 
aactittgcct 
citttittgaat 
ggttittaagt 
taaaac atga 
aaacacatgt 
acgtag tatt 
gttt cacatg 
attaataggc 
accgcactta 
ccitatctota 
citttittittgc 
gtatttataa 
gtaatgttgga 
aaataalatat 

cacggctaca 
gtgtcagc.ca 
tctogacatt 
gtcacagagc 
gg accaggga 
actgaatact 
aacactgaaa 
gaalacatacc 
ttgatatacc 
aaatacaCat 
tgccaaaata 
gtgcc tittaa 
ggagttgtac 
agtgalaccala 
aatgc cittgt 
aatgttaata 
tctittatgtg 
aaggctaatt 
titcattccac 
gaatc agggg 
tagtgttgttc 
citttggttitt 
gggcCagctg 
tgttgttctgag 
attgag actg 
aagtggagiac 
accalagatgt 
talaga aggtg 
gCatatgatt 
cggalacc gat 
ggctittaatg 
atctittcatt 
ttittaaaata 
tacagcttitc 
ttgag caccg 
tatgcattgc 
ttgtagaatt 
tgatttgctg 
aaaaaaaagt 
tittaa.catca 
toagttitta (SEQ ID NO: 20) 
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totgcctgct 
agaatgaagc 
aatagtgaac 
acca agccala 
ctaga catca 
gccttgg tag 
Cagc cattgc 
tttgactata 
aaacttagtt 
ttactgtc.ca 
Ctaaaggaaa 
acacaagata 
cacaaacagt 
gtgcaatatg 
ctittgcaaat 
to aaaag agt 
tagtgtttitc 
taaatataaa 
agaaagcatc. 
tittggaagga 
atttagataa 
Cttcaaacat 
gaagttgttgga 
gtttgttgtag 
catggtggca 
ataagga gag 
ggtaaatgaa 
Ctggattcca 
ttgcatcago 
aaattittaaa. 
gtactittgct 
atttataagt 
attittatato 
tactitctttg 
ggtgg Cagat 
taatatggaa 
atgacittatg 
ggitttggg at 
actatcaatc 
ataa at attit 

---. 
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COMPOSITIONS AND METHODS FOR 
DETECTING CANCER 

CROSS-REFERENCE 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 1 1/840,112, filed Aug. 16, 2007, which appli 
cation claims the benefit of U.S. Provisional Patent Applica 
tion No. 60/838,746, filed Aug. 18, 2006. These applications 
are incorporated herein by reference in their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002 This invention was made with U.S. government Sup 
port under grant numbers GMO61743 and NS043253, 
awarded by the National Institutes of Health. The U.S. gov 
ernment has certain rights in the invention. 

BACKGROUND 

0003 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. 
0004 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. 
0005 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 

0006 U.S. Pat. No. 6,642,009; Parast and Otey (2000).J. 
Cell Biol. 150:643-655; Mykkanen 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) Annals 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) IntJ 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 

0007. 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 
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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 
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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 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. 
0009 FIG. 2 depicts a pedigree of Family X. 
0010 FIGS. 3A-C depict identification of 4q32-34 genes 
differentially expressed in sporadic pancreatic cancer and in 
Family X pre-cancer. 
0011 FIG. 4 depicts location and identification of the 
Family X mutation. 
0012 FIG. 5 depicts an alignment of actinin binding site 
amino acid sequences of palladin from various species (hu 
man, chimp, mouse, rat: SEQID NO:103; chicken: SEQID 
NO:104; zebra fish: SEQID NO: 105; and Family X: SEQID 
NO:106). The Pro->Ser substitution is boxed. 
0013 FIG. 6 depicts a blot of proteins extracted from 
various human cells and detected with polyclonal antibody 
against palladin raised in rabbit. 
0014 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 PanINI) 
to HDPE PanIN stage III (“HDPE PanIN III) to cancer 
(“HDPE PC). 
0015 FIG. 8A schematically depicts a model of interac 
tion of palladin with actinin and ezrin. 
0016 FIG. 8B schematically depicts various palladin iso 
forms. 
0017 FIG. 9 depicts abnormal protein expression of pal 
ladin and O-actinin proteins in sporadic pancreatic cancer cell 
lines. 
0018 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 SEQIDNO:1. FIG. 10 also depicts an 
exemplary primer pair (SEQ ID NOS:64 and 65) for ampli 
fying the exemplary target nucleic acid. 
0019 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. 
0020 FIG. 12 depicts a palladin amino acid sequence 
(NP 057165.3: SEQID NO:87). 
(0021 FIGS. 13A and 13B depict a palladin mRNA nucle 
otide sequence (NM 016081; SEQID NO:20). 
0022 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. 
0023 FIG. 15 depicts a genomic DNA sequence from 
GenBank Accession No. AC084353 (Homo sapiens BAC 
clone RP11-592K15; SEQID NO:102), including nucleotide 
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27251 (underlined and in bold text), which corresponds to 
nucleotide 2060 of the sequence depicted in FIG. 12. 
0024 FIG. 16 depicts a genomic DNA sequence from 
GenBank Accession No. AC080188 (Homo sapiens BAC 
clone RP11-635L1, including exon 2 sequences (depicted in 
bold text). Nucleotide 140301 (underlined and in bold text) 
corresponds to nucleotide 715 of SEQID NO:1. 
0025 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" O “PA). 
0026 FIG. 18 depicts the effect of palladin mutation on 
cell mobility. 
0027 FIG. 19 depicts the nucleotide sequence of a palla 
din 90 kDa isoform promoter, including a 12-base pair inser 
tion. The promoter sequence is boxed; the 12-bp insertion is 
in bold. 

DEFINITIONS 
99 &g 0028. 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 
normucleotidic 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. 
0029. 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 
lphosphotriesters), those containing pendant moieties, such 
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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 
linkages (e.g., alpha anomeric nucleic acids, etc.), as well as 
unmodified forms of the polynucleotide or oligonucleotide. 
In particular, DNA is deoxyribonucleic acid. 
0030 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 (CorT (U)); S-C or G; W=A or 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. 
0031. The terms “deoxyribonucleic acid” and “DNA” as 
used herein mean a polymer composed of deoxyribonucle 
otides. 
0032. 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. 
0033. 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. 
0034. As used 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 sequences 
normally associated with it in nature; or a sequence, as it 
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exists in nature, but having heterologous sequences in asso 
ciation therewith; or a molecule disassociated from the chro 
OSOC. 

0035 “Purified as used herein means that the recited 
material comprises at least about 75%, at least about 80%, or 
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. 
0036) 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 
6 nucleotides, 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 oran antisense orientation relative to the original poly 
nucleotide. 
0037. 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 ncbi.nlm.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). 
0038 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, 
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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 
related organisms, to highly similar fragments, such as genes 
that duplicate functional enzymes from closely related organ 
1SS. 

0039 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 0.1 xSSC (15 mM sodium chloride/1.5 mM 
Sodium citrate). Another example of stringent hybridization 
conditions is overnight incubation at 42°C. in a solution: 50% 
formamide, 5xSSC (150 mM. NaCl, 15 mM trisodium cit 
rate), 50 mM sodium phosphate (pH 7.6), 5xDenhardt's solu 
tion, 10% dextran sulfate, and 20 g/ml denatured, sheared 
salmon sperm DNA, followed by washing the filters in 0.1 x 
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. 
0040. 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 MNaCl 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 
6xSSC/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. 
0041 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 
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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 
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. 
0042. 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. 
0043. A “biological sample' encompasses a variety of 
sample types obtained from an individual and can be used in 
a diagnostic 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). 
0044. In some embodiments, a biological sample will 
include tissue. In some embodiments, a biological sample 
will include 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 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. The tissue may appear histologically normal, or may 
appear histologically abnormal (e.g., neoplastic). 
0045. 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). 
0046. An “indicator cell as used herein is a cell which is 
Subjected to analysis for a parameter that is indicative of the 
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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, 
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. 
0047. A “DNA-dependent DNA polymerase' is an 
enzyme that synthesizes a complementary DNA copy from a 
DNA template. Examples include DNA polymerase I from E. 
coli and bacteriophage T7 DNA polymerase. All known 
DNA-dependent DNA polymerases require a complementary 
primer to initiate synthesis. Under Suitable conditions, a 
DNA-dependent DNA polymerase may synthesize a comple 
mentary DNA copy from an RNA template. 
0048. 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. 
0049. 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. 
0050 “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 Hactivity 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. 
0051. 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. 
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0052. 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 
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. 
0053. The term “primer' or “oligonucleotide 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 nt to 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, 22nt 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 
can be in 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. 
0054 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. 
0055. 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 
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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 
product produced from synthesis initiated from the forward 
primer). Likewise, the second primer can be designed as a 
forward primer or a reverse primer. 
0056. 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 nt in 
length, such as 8 to 75 nt, 10 to 74 nt, 12 to 72 nt, 15 to 60 nt, 
15 to 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. 
0057 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 
TAQMANTM 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. 
0.058 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 SunriseTM primer-based 
systems, Molecular Beacons, the TaqmanTM system, an 
AmplifluorTM 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 LUXTTM-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. 
0059. 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. 
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0060. The terms “hybridize” and “hybridization” refer to 
the formation of complexes between nucleotide sequences 
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 
ficiently stable to serve the priming function required by, e.g., 
the DNA polymerase to initiate DNA synthesis. 
0061 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 in a 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. 
0062. The term “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. 
0063. 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 specifica 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 107M or more, e.g., 
10 M or more (e.g., 10 ° 10'M, 10' M, etc.). In 
general, an antibody with a binding affinity of 10 Morless 
is not useful in that it will not bind an antigen at a detectable 
level using conventional methodology currently used. 
0064. 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. 
0065. The terms “individual,” “host,” “subject,” and 
"patient used interchangeably herein, refer to a mammal, 
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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. 
0066. 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. 
0067. Where a range 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. 
0068. 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. 
0069. 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. 
0070 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 

0071. 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 
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palladin mRNA or palladin polypeptide in a cellor tissue. The 
present invention further provides nucleic acid probes and 
nucleic acid primers, as well as kits comprising same, for use 
in a subject method. It is to be understood that this invention 
is not limited to the particular methods and materials 
described herein. 
0072 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. 
0073. 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. 
0074 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. 
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, 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 
cDNA) 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, how 
ever, are not limited to the ones listed herein. 
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 
an insertion in a palladin target nucleic acid (such as palladin 
genomic DNA; palladin mRNA; a cDNA copy of a palladin 
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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 
precancerous cell (e.g., a precancerous pancreatic cell, a can 
cerous pancreatic cell) and/oran 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. 
0077 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). 
0078 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 first amplifying 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. 
(0079. 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. 
0080 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 can also 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. 
I0081 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 
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linked immunosorbent assays, immunostaining, and in-situ 
hybridization. Other methods of detecting polypeptides 
include direct detection through the use of proteomics, such 
as mass spectroscopy measurements, and the like. 
0082. 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 

0083 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. 
0084. In some embodiments, 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 
CaCC. 

0085. 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 in a non-cancerous cell of 
the same cell type. 
I0086 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, 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 
in a non-cancerous pancreatic cell. 
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I0087 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, 
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 cell of the same cell type 
I0088 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. 
I0089. 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 in an 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). 
0090. 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->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). 
0091. 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 

0092 Target palladin nucleic acids include palladin 
nucleic acids that include the 715 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 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. 
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0093. 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 (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 FIG. 1, the underlined and bolded “C” at position 
715 is the wild-type sequence; substitution of the Cat position 
715 with a T is associated with cancer (e.g., pancreatic can 
cer). In some embodiments, the target nucleic acid is a palla 
din mRNA, e.g., a C->T substitutionata 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 SEQID NO:1 is detected in a cDNA copy 
ofapalladin 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 SEQID 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 SEQID NO: 1) is depicted in FIG. 16. 
0094. In some 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. 
0095. In some 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 SEQID 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. 

0096. In some 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 
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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 
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 SEQID 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. In some 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 SEQID 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 SEQID NO:1; in other 
embodiments, the target nucleic acid will comprise a T at a 
position corresponding to nucleotide 715 of SEQID NO:1. 
0098. In some 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 NO: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' (SEQID NO:5), 
where the bold and underlined nucleotides represent alterna 
tive residues at a position corresponding to 715 of SEQ ID 
NO:1. 

0099. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 1, where Target 
Region 1 is: 
0100 5'-ggaccctctgaagctccagcaacticca 
gaaccaaatcCgactggagcaggaggccggcgctcgg cagcCtcc.gccagc 
CCC2CgCagcgCgCCgCCCtcgCCCCCCttCCC2CCgCCgCCCgCCttCC 
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CCgagctcgcggCCtgcacgcc.gc 
CCgCgtCCCCggagccCatgagcgcgctggCCtCCCCtC CgCCCCCgCCatg 
CagtCctCCggctCCttcaactacgcgcgCCCCaagCagttcatCgCCgCg 
CagaacCtcggg.ccc.gcgtcgggccacg 
gCacgCCggCCtCcagcCCCagctCgtCcagcCtCC CgtCgCCCatgtc 
CCC2acgcc.gaggcagttcggcc.gcgCCCCCgtgcc.gcCCttcgc.gcagcC 
CttcggcgctgagcCCgaggc 
CCC9tggggctCctCCtcgCCgtCgCCCCCgCCCCCgCCaCCC CCggtot 
toagcCCCaCggCtgCCttcCCggtgC 
CCgacgtgttcCCaCtgCCgCCgCCaCCaC 
cgcc.gctcCCgagcCCgggacaggcgtC 
CCaCtgctCgtCgCCtgCCaCCCgCttCggCCaCgg CCagaCg 
Tccgcggcct tccticagcgctctgctg.ccctcgcagcc.gcc.gccggeggcc 
gtcaac gccctggggctg.cccaagggtgtcaccccc.gc-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 
underlined), or the complement thereof. 
0101. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 1a, where Target 
Region 1a is: 
0102 5'-caccg.ccgcticccgagcccgggacag 
gCgtCCCaCtgCtcgtCgCCtgCCaCCCgCttCggcca CggCCagaCg 
Tccgcggcct tccticagcgctctgctg.ccctcgcagcc.gcc.gccggeggcc.gtc 
aacg.ccctgggg-3' (SEQ ID 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. 
0103) In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 1b, where Target 
Region 1b is: 
0104 5'-gcct tcccgg tgcccgacgt gttcccactg. ccgcc.gccac 
Caccgcc.gct CCC2agCCCg ggaCaggCgt CCCaCtgctC gtCgCCtgCC 
accc.gctitcg gccacggcca-3' (SEQ ID NO:8; corresponding to 
nucleotides 601-710 of SEQ ID NO:1), or a complement 
thereof. 
0105. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 1c, where Target 
Region 1 c is: 
0106 5'-tggggcticct cetc.gcc.gtc gccccc.gccc ccgccacccc 
CggtCttCag CCCCaCggct gCCttCCC9g tgCCCgacgt gttcCCaCtg 
ccg.ccgccaccaccgcc.gct cecgagcccg-3' (SEQID NO:9; corre 
sponding to nucleotides 541-660 of SEQ ID NO:1), or the 
complement thereof. 
0107. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 1d, where Target 
Region 1d is: 
0108 5'-ggacaggcgt cccactgctic gtc.gcctgcc accc.gctitcg 
gCCaCggcca gacgtcCgCg gCCttCctica gCgCtctgct gCCCtcgcag 
ccg.ccg.ccgg cggcc.gtcaacg.ccctgggg-3' (SEQID NO:10; cor 
responding to nucleotides 621-780 of SEQ ID NO:1, but 
including the C->T substitution), or the complement thereof. 
0109. In another non-limiting exemplary embodiment, the 
target nucleic acid comprises Target Region 2, where Target 
Region 2 is: 
0110 5'-ggaccctctgaagctccagcaacticca 
gaaccaaatcCgactggagcaggaggccggcgctcgg cagcCtcc.gccagc 
CCC2CgCagCgCgCCgCCCtcgCCCCCCttCCC2CCgCCgCCCgCCttCC 
CCgagctcgcggCCtgcacgcc.gc 
CCgCgtCCCCggagccCatgagcgcgctggCCtCCCCtC CgCCCCCgCCatg 
CagtCctCCggctCCttcaactacgcgcgCCCCaagCagttcatCgCCgCg 
CagaacCtcggg.ccc.gcgtcgggccacg 
gCacgCCggCCtCcagcCCCagctCgtCcagcCtCC CgtCgCCCatgtc 
CCC2acgcc.gaggcagttcggcc.gcgCCCCCgtgcc.gcCCttcgc.gcagcC 
CttcggcgctgagcCCgaggc 
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CCC9tggggctCctCCtcgCCgtCgCCCCCgCCCCCgCCaCCC CCggtCt 
toagcCCCaCggCtgCCttcCCggtgC 
CCgacgtgttcCCaCtgCCgCCgCCaCCaC 
cgcc.gctcCCgagcCCgggacaggcgtC 
CCaCtgctCgtCgCCtgCCaCCCgCttCggCCaCgg CCagaCg 
Cccg.cggcct tccticagcgctctgctg.ccctcgcagcc.gcc.gccgg.cggcc 
gtcaac gccctggggctg.cccaagggtgtcaccccc.gc-3' (SEQ ID 
NO:11; corresponding to nucleotides 132-803 of SEQ ID 
NO:1), or the complement thereof. 

1671 G-sT Nucleotide Substitution 

0111 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 
that is overexpressed in a 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. 
0112. 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 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 SEQID 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 SEQID 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 SEQID 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 SEQID NO: 1) is 
depicted in FIG. 14. 
0113. In some 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 
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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. 
0114. In some embodiments, the target nucleic acid com 
prises a nucleotide sequence of from about nucleotide 1639 to 
about nucleotide 1846 of SEQ ID 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 
about nucleotide 1846 of SEQID NO: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 SEQID NO:1. 
0115. In some 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 SEQID NO:1. In some embodiments, a suit 
able target nucleic acid comprises at least the sequence 
5'-ccaaccccagatctaagctggcaactagatggaaag.cccs-3' (SEQ ID 
NO:14), or the complement thereof, or at least the sequence 
5'-ccaaccccagatctaag.ctgtcaactagatggaaag.ccc.g-3' (SEQ ID 
NO:15), where the bold and underlined nucleotides represent 
alternative residues at a position corresponding to 1671 of 
SEQID NO:1. 
0116. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 3, where Target 
Region 3 is: 
0117 5'-gtcagtgggttaccaacccca 
gatCtaagctggcaactagatggaaagC 
CCgtacgCCCtgacagtgctCacaagatgctggtgCgtgag aacggggg 
CactCtctgatCatagagCCagtCacgtCacgtgatgCCggCatctacacatgtat 
agctaccaaccgagCaggacagaact CatticagcCtggagcttgttggttgctg 
(SEQID NO:16; corresponding to nucleotides 1639-1846 of 
SEQ ID NO:1), or the complement thereof. 
0118. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 3a, where Target 
Region 3a is: 
0119 5'-gtcagtgggttaccaaccccagatctaagctg 
toaactagatggaaag.cccgtacgCCCtgacagtgctCacaagatgctggtgCg 
tgaga acgggggCactCtctgatCatagagc 
CagtCacgtCacgtgatgCCggCatcta 
CacatgtatagctaccaaccgagCaggacagaactic attCagcCtggagcttgtg 
gttgctg. (SEQID NO:17; corresponding to nucleotides 1639 
1846 of SEQID NO:1, but including the G->T substitution, 
shown in bold and underlined), or the complement thereof. 
0120 In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 3b, where Target 
Region 3b is: 
0121 5'-gtcagtgggttaccaacccca 
gatCtaagctggcaactagatggaaagC 
CCgtacgCCCtgacagtgctCacaagatgctggtgCgtgag aacggggg 
cactictetgatcatagagccagt (SEQ ID NO:18; corresponding to 
nucleotides 1639-1760 of SEQID NO:1), or the complement 
thereof. 
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I0122. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 3c, where Target 
Region 3c is: 
0123 5'-gtcagtgggttaccaaccccagatctaagag 
toaactagatggaaagCCCgtacgCCCtgacagtgctCacaagatgctggtg 
cgtgaga acggggtgcactictetgatcatagagccagt (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-sT Nucleotide Substitution 

0.124 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). 
0.125. 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 Cat 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 SEQID 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. 
I0126. In some 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 
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nucleotide 2175 of SEQID NO:20 (GenBank NM 016081; 
or a complement thereof), which is an exon that includes the 
C->T substitution at position 2060. 
0127. In some 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 about nucleotide 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 ID NO:20 (GenBank NM 016081); in 
other embodiments, the target nucleic acid will comprise a T 
at a position corresponding to nucleotide 2060 of SEQ ID 
NO:20 (GenBank NM 016081). 
0128. In some embodiments, a suitable target nucleic acid 
comprises at least the sequence 5'-cccagcc.gtggagtaaat-3' 
(SEQ ID NO:21; GenBank NM 016081), or a complement 
thereof, or at least the sequence 5'-cccagctgtggagtaaat-3' 
(SEQID 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 5'-ggagticcatcccagcc.gtggagtaaatggactgattaacgg-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'-ggagticcatcccagc 
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 SEQID NO:20 (GenBank NM 016081). 
0129. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 4, where Target 
Region 4 is: 
0130 5'-ccaacactgaaaactgtagttacgagt 
CaatgggagaatcCaacaatgacCact 
tecaacacttitccaccticccccticcaatcttggagacaa gttccttggagttggct 
toaaagaaacCatctgagatcCagCaggtgaacaacCCtgagttaggcCtgagc 
agggCagCCCttcaaatgca attcaatgctgCtgagagggaaac 
gaacggagtCcatCCCagC 
CgtggagtaaatggaCtgattaacggcaaagctaacagtaataaatct CttCcaa 
caccagctgtcctgctttcacccac 
taaggagccaccacctctgcttgccaaaccaaaact (SEQID NO:25; cor 
responding to nucleotides 1833-2175 of SEQ ID NO:25 
(GenBank NM 016081)), or the complement thereof. 
0131. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 4a, where Target 
Region 4a is: 
0132 5'-ccaacactgaaaactgtagttacgagt 
CaatgggagaatcCaacaatgacCact 
tecaacacttitccaccticccccticcaatcttggagacaa gttccttggagttggct 
toaaagaaacCatctgagatcCagCaggtgaacaacCCtgagttaggcCtgagc 
agggCagCCCttcaaatgca attcaatgctgCtgagagggaaac 
gaacggagtCcatCCCagC 
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tgtggagtaaatggaCtgattaacg.gcaaagctaacagtaataaatct CttcCaa 
caccagctgtcctgctttcacccac 
taaggagccaccacctctgcttgccaaaccaaaact (SEQID NO:26; cor 
responding to nucleotides 1833-2175 of SEQ ID NO:20 
(GenBank NM 016081), but including the C->T substitu 
tion at a position corresponding to nucleotide 2060 of 
NM 016801), or the complement thereof. 
I0133. In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 4b, where Target 
Region 4b is: 
0.134 5'-ttcaatgctgctgagagggaaacgaacg 
gagtCcatCCCagCCgtggagtaaatg 
gactgattaacggcaaagctaacagtaataaatcte tt (SEQ ID NO:27: 
corresponding to nucleotides 2018 to 2110 of SEQID NO:20 
(GenBank NM 016081), or the complement thereof. 
I0135) In one non-limiting exemplary embodiment, the tar 
get nucleic acid comprises Target Region 4c, where Target 
Region 4c is: 
0.136 5'-ttcaatgctgctgagagggaaacgaacggagticcatcccagc 
tgtggagtaaatggactgattaacggcaaagctaacagtaataaatctet t (SEQ 
IDNO:28: corresponding to nucleotides 2018 to 2110 of SEQ 
ID NO:20 (GenBank NM 016081) but including the C->T 
substitutionata position corresponding to nucleotide 2060 of 
NM 016801), or the complement thereof. 

Insertions in a Palladin Promoter 

0.137 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). 
0.138. In some embodiments, a nucleic acid probe hybrid 
izes to a region of a palladin gene promoter that includes a 
nucleotide sequence insertion, e.g., an insertion of 1 nt to 5 nt, 
from 5 nt to 10 nt, from 10nt to 15 nt, from 15 nt to 20 nt, from 
20 nt 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. 
0.139. 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 (SEQID 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 pairinsertion would include nucleotides 501-704 and 
717-1987 of SEQID 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 SEQID NO:110. 
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% 
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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 
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. 
0141. 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 SEQID 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 SEQID NO:111. 
0142. In one non-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 SEQID NO:111. 
0143. 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: 
0144) 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 
0145 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. 
0146 For example, target nucleic acids can be detected in 
samples obtained from pancreatic cells, particularly human 
pancreatic cells. Pancreatic cells Suitable for analysis include, 
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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 
are not limited to, biologic Sources of tissue including periph 
eral white blood cells and pancreatic juice. 
0147 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 
callymph 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. 
0.148. 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 in the vicinity of the breast (e.g., axillary lymph nodes); 
and the like. 
0149. 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 

0150. 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. 1A, 
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 FIG. 1A, where nucleotide 1671 is 
underlined and in bold text; 3) a C->T substitution at a posi 
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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 GenBankAcces 
sion No. NM 016081 and depicted in FIGS. 13A and 13B, 
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., a nucleotide 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. 

0151. Nucleic acid hybridization can be carried out using 
a nucleic acid probe that detects: a) a cancer-associated nucle 
otide sequence alteration in a palladin target nucleic acid; b) 
a level of a palladin mRNA that is abnormally expressed in a 
cancerous or precancerous cell; or c) both a cancer-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. 
0152 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 inapalladin 
target nucleic acid; b) a level of a palladin mRNA that is 
abnormally expressed in a cancerous or precancerous pancre 
atic cell; or c) both a pancreatic cancer-associated nucleotide 
sequence alteration inapalladin target nucleic acid and a level 
of a palladin mRNA that is abnormally expressed in a can 
cerous or precancerous pancreatic cell. 
0153. 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, or a 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 c) 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. 
0154 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->Tsubstitution, 
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 
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cerous cell, or a precancerous cell. The present invention 
provides Such nucleic acid probes. 
0155 Suitable nucleic acid probes are in some embodi 
ments in the range of between 10-50 nucleotides long, such as 
10 to 50, 12 to 45, 15 to 40, 20 to 35, 25 to 30 nucleotides, and 
the like. For example, probes will in some embodiments be in 
the range of between 18 to 40, 19 to 35, 20 to 30, 21 to 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. 

0156 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 sulfhydryl-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 Spoatetal. (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. 
0157 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. 
0158. 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, 
Kricka L.J. (ed) Academic Press, San Diego, Calif.; Nelsonet 
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. 
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0159. If a solid support is used in 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, 
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. 
0160 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. 
0161 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. 
0162 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. 

0163 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. 

0164 Probes for Detecting a Cancer-Associated Nucle 
otide Substitutions in Palladin 

0.165. In some 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 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 
0166 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: 
0167 Probe 1: 5'-CGGCCAGACGTCCGCGGCCTT-3' 
(SEQ ID NO:29), or the complement thereof, e.g., 5'-AAG 
GCCGCGGACGTCTGGCCG-3 (SEQ ID NO:30); 
(0168 Probe 2: 5'-GCCACGGCCAGACGTCCGCGGC 
CTT-3' (SEQ ID NO:31), or the complement thereof, e.g., 
5'-AAGGCCGCGGACGTCTGGCCGTGGC-3' (SEQ ID 
NO:32); 
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0169 Probe 3: 5'-CGGCCAGACGTCCGCGGCCTTC 
CTC-3' (SEQ ID NO:33), or the complement thereof, e.g., 
5'-GAGGAAGGCCGCGGACGTCTGGCCGTGGC-3' 
(SEQID NO:34); and 
(0170 Probe 4: 5'-GCCACGGCCAGACGTCCGCGGC 
CTTCCTC-3' (SEQID NO:35), or the complement thereof, 
e.g., 5'-GAGGAAGGCCGCGGACGTCTGGCCGTGGC-3' 
(SEQID NO:36). 
0171 Any of Probes 1-4, 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 1671 G->T Substitution 
0172. 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: 
0173 Probe 5: 5'-ctaagctggcaactagatgg-3' (SEQ ID 
NO:37), or the complement thereof, e.g., 5'-ccatctagttgc 
cagcttag-3' (SEQID NO:38); 
0.174 Probe 6: 5'-gatctaagctggcaactagat-3' (SEQ ID 
NO:39), or the complement thereof, e.g., 5'-atctagttgccagct 
tagatc-3' (SEQID NO:40); and 
0.175 Probe 7: 5'-gatctaagctggcaactagatgg-3' (SEQ ID 
NO:41), or the complement thereof, e.g., 5'-ccatctagttgc 
cagcttagatc-3 (SEQID NO:42). 
0176 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 
0177. 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: 
0.178 Probe 8: 5'-ccatcccagcc.gtggagtaaatgg (SEQ ID 
NO:43), or the complement thereof, e.g., 5'-ccatttacticcacg 
gctgggatgg-3' (SEQID NO:44); 
0179 Probe 9: 5'-cccagcc.gtggagtaaatgg-3' (SEQ ID 
NO:45), or the complement thereof, e.g., 5'-ccatttacticcacg 
gctggg-3' (SEQID NO:46); and 
0180 Probe 10: 5'-gtccatcccagccgtggagtaaatggactg-3' 
(SEQ ID NO:47), or the complement thereof, e.g., 5'-cagtic 
catttacticcacggctgggatggac-3' (SEQID NO:48). 
0181 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. 
0182 Probes for Detecting Abnormal Expression of a Pal 
ladin Nucleic Acid 
0183 In some embodiments, a suitable nucleic acid probe 
hybridizes to and provides for detection of a palladin nucleic 
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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 include a 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 
cDNA copy of a palladin mRNA; and the like. In some 
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 
either a C or a Tata position corresponding to 715 of SEQID 
NO:1; b) a nucleotide sequence that includes either a Gora T 
at a position corresponding to 1671 of SEQID NO:1; and c) 
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) a nucleotide sequence that includes either a C or a T 
at a position corresponding to 715 of SEQ ID NO:1; b) a 
nucleotide sequence that includes either a G or a T at a 
position corresponding to 1671 of SEQ ID NO:1; and c) 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). 
0184 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. 
0185. Further suitable probes for detecting a palladin 
nucleic acid that is abnormally expressed in a cell include, 
C.2. 
0186 Probe 11: 5'-acccgctitcg gccacggcca-3' (SEQ ID 
NO:49; corresponding to nucleotides 691-710 of SEQ ID 
NO:1), or the complement thereof; 
0187 Probe 12: 5'-gtcgcctgcc accc.gctitcg gccacggc-3' 
(SEQ ID NO:50; corresponding to nucleotides 681-708 of 
SEQ ID NO: 1) or the complement thereof; 
0188 Probe 13: 5'-gcct tcctica gcgctctgct-3' (SEQ ID 
NO:51; corresponding to nucleotides 721-740 of SEQ ID 
NO:1), or the complement thereof; 
0189 Probe 14: 5'-gcct tcctica gcgctctgct gccctcgcag-3' 
(SEQ ID NO:52; corresponding to nucleotides 721-750 of 
SEQ ID NO:1), or the complement thereof; 
0190. Probe 15: 5'-gcgctctgct gccctcgcag cc.gcc-3' (SEQ 
ID NO:53, corresponding to nucleotides 731-755 of SEQ ID 
NO:1), or the complement thereof; 
0191 Probe 16: 5'-gccctcgcag ccg.ccg.ccgg cgg.ccgtcaa-3' 
(SEQ ID NO:54, corresponding to nucleotides 741-770 of 
SEQ ID NO:1), or the complement thereof; 
0.192 Probe 17: 5'-cagtgggtta ccaaccccag-3' (SEQ ID 
NO:55, corresponding to nucleotides 1641-1660 of SEQ ID 
NO:1), or the complement thereof; 
0193 Probe 18: 5'-ccaaccccag atctaagctg-3' (SEQ ID 
NO:56, corresponding to nucleotides 1651-1670 of SEQ ID 
NO:1), or the complement thereof; 
0194 Probe 19: 5'-ggaaag.cccg tacgccctga-3' (SEQ ID 
NO:57, corresponding to nucleotides 1681-1700 of SEQ ID 
NO:1), or the complement thereof; 
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0.195 Probe 20: 5'-cagtgcticac aagatgctgg-3' (SEQ ID 
NO:58, corresponding to nucleotides 1701-1720 of SEQ ID 
NO:1), or the complement thereof; 
0196. 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; 
0.197 Probe 22: 5'-agagggaaacgaacggagtic 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; 
0198 Probe 23: 5'-gtggagtaaatggactgatt 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 
0199 Probe 24: 5'-gtaaatggactgatt aacggc-3' (SEQ ID 
NO:62, corresponding to nucleotides 2066-2086 of the 
sequence set forth in FIGS. 13A and 13B (NM 016081), or 
the complement thereof. 
0200 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. 

0201 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 

0202 In some 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.). 
0203 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. 
0204 For example, in some embodiments, a suitable 
nucleic acid probe hybridizes to and provides for detection of 
a nucleotide sequence insertion in the nucleotide sequence set 
forth in SEQID 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. 
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0205 Non-limiting examples of a suitable probe include 
the following: 

Probe 25: 
5'- GCGGAGCCCGCTGCAGCTCCCG-3 '' (SEO ID NO : 113) 

corresponding to nucleotides 700-721 of the nucleotide 
sequence depicted in FIG. 19 and set forth in SEQ ID 
NO:110. 

Probe 26: 
s' - 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:110. 

0206 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 

0207 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 
a palladin 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. 
0208. 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) 
presentina control cell, e.g., a non-cancerous cell of the same 
cell type. 
0209 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%, 
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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. 
0210 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 
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. 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 
a level 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. 
0212. 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. 
0213 Target nucleotide 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. 
0214. 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, 
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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. 

0215. 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. 

0216. The amplification product will in many embodi 
ments have a length in a range of from about 30 nucleotides 
(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). 
0217. 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 to 30, 21 to 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. 
0218. 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. 
0219. In one non-limiting exemplary embodiment, where 
the target nucleic acid comprises Target Region ld, where 
Target Region 1d is: 
0220, 5'-ggacaggcgt cccactgctic gtc.gcctgcc accc.gctitcg 
gCCaCggcca gacgtcCgCg gCCttCctica gCgCtctgct gCCCtcgcag 
ccg.ccg.ccgg cggcc.gtcaacg.ccctgggg-3' (SEQID NO:63; cor 
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responding to nucleotides 621-780 of SEQID NO:1), or the 
complement thereof, a Suitable primer pair is: 
Primer Pair A: 

0221) 

primer 1 : 
5'-gga caggcgt.ccactgct c-3"; 
and 

(SEQ ID NO: 64) 

primer 2: 
5' - ccc.cagggcgttgacgg.ccg-3". 

0222 Target region 1d, and a suitable primer pair for 
amplifying a target nucleic acid comprising Target region1d. 
are depicted in FIG. 10. 
0223 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 
prisingTarget Region1d 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. 
0224 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. 
0225. In other non-limiting exemplary embodiments, 
where the target nucleic acid comprises Target Region 1. 
where Target Region 1 is: 
0226 5'-ggaccctctgaagcticcagcaacticca 
gaaccaaatcCgactggagcaggaggccggcgctcgg cagcCtcc.gccagc 
CCC2CgCagcgCgCCgCCCtcgCCCCCCttCCC2CCgCCgCCCgCCttCC 
CCgagctcgcggCCtgcacgcc.gc 
CCgCgtCCCCggagccCatgagcgcgctggCCtCCCCtC CgCCCCCgCCatg 
CagtCctCCggctCCttcaactacgc.gcgCCCCaagcagttcatCgCCgCg 
CagaacCtcggg.ccc.gcgtcgggccacg 
gCacgCCggCCtcCagcCCCagctCgtCcagcCtCC CgtCgCCCatgtc 
CCC2acgcc.gaggcagttcggCCgcgCCCCCgtgcc.gcCCttcgc.gcagcC 
CttcggcgctgagcCCgaggc 

(SEO ID NO : 65) 

CCC9tggggctCctCCtcgCCgtCgCCCCCgCCCCCgCCaCCC CCggtCt 
toagcCCCaCggCtgCCttcCCggtgC 
CCgacgtgttcCCaCtgCCgCCgCCaCCaC 
cgcc.gctcCCgagcCCgggacaggcgtC 
CCaCtgctCgtCgCCtgCCaCCCgCttCggCCaCgg CCagaCg 
Tccgcggcct tccticagcgctctgctg.ccctcgcagcc.gcc.gccggcggccgtcaac 
gccctggggctg.cccaagggtgtcacccccgc-3' (SEQID NO: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: 
0227 Primer Pair B: 
0228 Primer 1: 5'-GGACCCTCTGAAGCTCCAGC-3' 
(SEQID NO:66); and 
0229. Primer 2: 5'-GCGGGGGTGACACCCTTGGG-3' 
(SEQID NO:67), where 
0230 Primer 1 of pair B corresponds to nucleotides 132 
151 of SEQID NO:1; and Primer 2 of pair B corresponds to 
the complement of nucleotides 784-803 of SEQID NO:1. 
Primer Pair C: 

0231 Primer 1: 5'-GGACCCTCTGAAGCTCCAGC-3' 
(SEQID NO:68); and 
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0232 Primer 2: 5'-CCGTGGCCGAAGCGGGTG 
GCAGG-3 (SEQID NO:69), where 
0233 Primer 1 of pair C corresponds to nucleotides 132 
151 of SEQID NO:1; and Primer 2 of pair C corresponds to 
the complement of nucleotides 685-707 of SEQID NO:1. 

Primer Pair D: 

0234 Primer 1: 5'-CCTCGCCGTCGCCCCCGCCC-3' 
(SEQ ID NO:70); and 
0235 Primer 2: 5'-CCGTGGCCGAAGCGGGTG 
GCAGG-3 (SEQID NO:71), where 
0236 Primer 1 of pair D corresponds to nucleotides 551 to 
575 of SEQID NO:1; and Primer 2 of pair D corresponds to 
the complement of nucleotides 685-707 of SEQID NO:1. 

Primer Pair E: 

0237 Primer 1: 5'-CCTCGCCGTCGCCCCCGCCC-3' 
(SEQ ID NO:72); and 
0238 Primer 2: 5'-CCGTGGCCGAAGCGGGTG 
GCAGG-3 (SEQID NO:73), 
0239 where Primer 1 of pair E corresponds to nucleotides 
551 to 575 of SEQ ID NO:1; and Primer 2 of pair E corre 
sponds to the complement of nucleotides 685-707 of SEQID 
NO:1. 

0240 Primer pair B is suitable for use in methods of 
detecting a nucleotide Substitution that is associated with 
cancer (e.g., pancreatic cancer). Primer pair B will in some 
embodiments be used to amplify a palladin nucleic acid com 
prising Target Region 1. In some embodiments, the amplifi 
cation 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 can 
cer, as described above. For example, any of probes 1-4 are 
suitable for use. 

0241 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. 
0242 Primer Pair F: 

Primer 1: 
5'-AGGTGTCACTTCTCTTTTTCCCCCC-3' 
and 

(SEO ID NO : 74) 

Primer 2: 
5'-GGGGAGGGAAGTGGAGGACCGCGG-3' (SEO ID NO : 75) 

0243 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. 
0244 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 
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analyzed using a nucleic acid probe that hybridizes to an 
detects a nucleotide Substitution that is associated with can 
cer, as described above. 
0245 Primer Pair G: 

Primer 1: 
5' - cagtgggitta ccaa.ccc.cag -3"; (SEQ ID NO: 76) 
and 

Primer 2: 
5'-gtgcaccc.cgttct cacgca-3". (SEO ID NO : 77) 

0246 Primer 1 of pair G corresponds to nucleotides 1641 
1660 of SEQID NO:1; and Primer 2 of pair G corresponds to 
the complement of nucleotides 1721-1740 if SEQID NO:1. 
0247 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 is associated with cancer, as described above. 
0248 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 

Primer Pair H 

0249 

Primer 1: 
5' TCTTGTACTACTGAAGGAGGAATTTATGC; 
and 

(SEO ID NO : 78) 

Primer 2: 
5' TTTTCCGTATTGGTTAGTAATGTAGAATTAG, 

0250 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 BACRP11-635L1 (GenBank 
Accession No. AC080188; as depicted in FIG. 14). Primers 1 
and 2 of primer pair Hare underlined in the sequence set forth 
in FIG. 14. 
0251 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 palladinexon9 (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. 
0252 Primer Pair I: 

(SEO ID NO : 79) 

Primer 1: 
5'-gggaaac gaacggagt c catcc.c-3"; 
and 

(SEQ ID NO: 80) 
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- Continued 
Primer 2: 
5'-agcagga cagctggtgttgg-3". (SEQ ID NO: 81) 

0253 Primer 1 of pair I corresponds to nucleotides 2034 
2056 of the sequence depicted in FIGS. 13A and 13B (NM 
0.16081); 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). 
0254 Primer pair I 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. 
0255 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. 
0256 Primer Pair J 

Primer 1: 
5 CACAACACAGGGATTCTCAGAAGA (SEQ ID NO: 82) 

Primer 2: 
5' AGCTGGTGTTGGAAGAGATT, (SEQ ID NO: 83) 

0257 where primer 1 of pair J 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 
BACRP11-592K15 (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. 
0258 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. 

Primer Pair K 

0259 Primer 1: 5'-CCCCGCGCCCGGTCCGCGGA-3' 
(SEQ ID NO:115), corresponding to nucleotides 685-704 of 
the nucleotide sequence depicted in FIG. 19 and set forth in 
SEQID NO:110; and 
0260 Primer 2: 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 SEQID NO:110. 
0261 Primer pair K flanks the 12-base pair insertion 
depicted in FIG. 19; and is suitable for amplifying a target 
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palladin nucleic acid that includes a nucleotide sequence 
insertion in a palladin promoter. 

Internal Control Nucleic Acids 

0262. 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. 
0263. 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 
0264. 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. Cloadet al. (1991).J. Am. 
Chem. Soc. 113:6324-6326; U.S. Pat. No. 4,914,210 to Lev 
ensonet al.; Durandet al. (1990) Nucleic Acids Res. 18:6353 
6359; and Hornet al. (1986) Tet. Lett. 27:4705-4708. 

Compositions 

0265. The present invention further provides composi 
tions comprising a nucleic acid suitable for use in a subject 
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, KC1, MgSO, etc.; a buff 
ering agent, e.g., a Tris buffer, N-(2-Hydroxyethyl)pipera 
Zine-N'-(2-ethanesulfonic acid) (HEPES), 2-(N-Morpholino) 
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ethanesulfonic acid (MES), 2-(N-Morpholino) 
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 

0266 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.). 
0267 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. 

0268. 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. 

0269 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 
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human sample, where representative host animals include, 
but are not limited to, e.g., rabbits, goats, mice, etc. 
0270. 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. 
0271 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. 
0272 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. 
0273. 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) J.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. 
0274 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 III 
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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. 
0275 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'), fragment would include DNA sequences encod 
ing the CH1 domain and hinge region of the H chain, followed 
by a translational stop codon to yield the truncated molecule. 
0276 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 occurat 
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 LTR (Gorman et al. (1982) P.N.A.S. 79:6777), 
and moloney murine leukemia virus LTR (Grosschedl et al. 
(1985) Cell 41:885); native Ig promoters, etc. 
(0277. 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. 
0278. In some 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, B-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. 
0279. In some embodiments, an anti-palladin antibody 
comprises, covalently linked to the antibody, a protein that 
provides for a detectable signal. Suitable proteins include, but 
are not limited to, fluorescent proteins and enzymes (e.g., 
B-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, 
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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., MatZetal. 
(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. 
0280. 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. 
0281. 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 
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. 
0282. 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 
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. 
0283. 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 is Arg; and a second anti-palladinantibody 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 
0284. 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 
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. 
0285 For example, the invention provides methods for 
detection of a pre-cancerous pancreatic cell; methods for 
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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 
0286 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. 
0287 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 
cell in a 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. 
0288 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 in a 
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. 
0289. In some 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 
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. 
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0290 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 
CaCC. 

0291 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 R) 
monotherapy; gemcitabine-Herlotinib (Tarceva R; an epider 
mal growth factor receptor tyrosine kinase inhibitor); 5-fluo 
rouracil; gemcitabine-HerbituX; 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. 
0292. 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. 
0293 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 cell in the 
upper aerodigestive tract in an individual, in some embodi 
ments the individual will be treated for head and neck squa 
mous cell carcinoma. 
0294 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, bi-monthly, 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. 
0295. 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, bi-monthly, 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). 
0296 Detection methods can also be performed to assess 
response to therapy, e.g., therapy for pancreatic cancer, 
therapy for breast cancer, therapy for head and neck squa 
mous cell carcinoma, etc. For example, 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 
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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 
palladin mRNA 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 
0297 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 palladin in a white blood cellofan 
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. 
0298 For example, 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. 
0299 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, 
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 
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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 muta 
tion at a position corresponding to amino acid 617 of the 
sequence depicted in FIG. 12 (GenBank NP 057165.3). 
0300 For example, 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 
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 c) an 
Arg eCyS mutationata position corresponding to amino acid 
617 of the sequence depicted in FIG. 12 (GenBank 
NP 057165.3). 
0301 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. 
0302) In some 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 isoform of palladin. In some of these embodiments, 
the anti-palladin antibody detects a level of palladin 145 kD 
isoform in the biological sample. 
0303. 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 
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 
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a palladin polypeptide level detects both a level of wild-type 
and a level of mutated palladin. 
0304. 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. 
0305. 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 c) a first anti-palladinantibody 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. 
0306 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 
cell in an individual, in some embodiments the individual will 
be treated for the cancer. 
0307 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. 
0308) 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, 
bi-monthly, 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 polypeptide, e.g., the level of mutant palladin 
polypeptide. 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). 
0309 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, 
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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 
0310. 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. 
0311 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. 
0312 Detecting a nucleotide 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. 
0313 Detection of a nucleotide substitution associated 
with cancer in a palladin target nucleic acid can involve use of 
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. 
0314 Detection of a nucleotide substitution associated 
with cancer in a palladin target nucleic acid can also be 
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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 TaqmanTM systems, AmplifluorTM hairpin 
primer-based systems, Scorpion systems (e.g., bi-functional 
molecules containing a PCR primer element covalently 
linked to a probe element), SunriseTM primer-based systems, 
Molecular Beacons, and a Light Upon Extension or 
LUXTTM-based systems. 
0315. 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 
PvulI, while the non-mutated sequence is not cut by the 
restriction endonuclease. 

0316. 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. 
0317. 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. 
0318 For example, 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, 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 without the nucleotide 
Substitution associated with pancreatic cancer. 
0319. 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. 

0320 For example, 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 

0321. The present invention provides methods of detect 
ing a cancerous or precancerous cell (e.g., a cancerous or 
precancerous pancreatic cell), the methods generally involv 
ing detecting an alteration in a palladin gene promoter. In 
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some embodiments, the alteration being detected is in the 90 
kDa isoform palladin gene promoter. 
0322. 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. 
0323 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 is inapalladingene 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 
0324. 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. 
0325 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:E32; and U.S. Pat. No. 6,331, 
393); HeavyMethyl (Cottrell et al. (2004) Nucl. Acids Res. 
32:e10); MethylGuant (Thomassin et al. (2004) Nucl. Acids 
Res. 32:e168; and the like. 
0326. 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 WO95/00669) 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. 
Heavy Methyl is also a variation on MSP. In the Heavy Methyl 
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. Heavy Methyl in combination with real-time detection 
with methylation-specific fluorogenic probes provides sensi 
tive and specific detection of DNA methylation. 
0327. In some embodiments, a methylation-sensitive 
restriction endonuclease (e.g., a restriction endonuclease that 
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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, 
DpnII, HpaII, BSmBI, Sau3A, and ClaI. 
0328. 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 a restriction enzyme that is 
affected in its 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. 
0329. 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. 
0330. In some embodiments, the methods involve contact 
ing a genomic sample of DNA with a modifying agent that 
modifies unmethylated cytosine (e.g., Sodium bisulfite), to 
produce a converted nucleic acid; (b) amplifying the con 
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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 (c) 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 TaqMan(R) 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 Taxi 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. 
0331. 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 

0332 The present invention provides methods of staging 
cancer, the methods generally involving determining a level 
of palladin mRNA in a cell; and, based on the level of palladin 
mRNA, assigning the cell to a cancerous stage. 
0333 For example, 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. 
0334. In some embodiments, where the level of palladin 
mRNA in a cell is from about 5-fold higher to about 10-fold 
higher than the level of palladin mRNA in a normal, non 
cancerous cell of the same cell type, the cell is designated 
stage 11. 
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0335. 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 III. 
0336. 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. 
0337 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. 
0338 For example, 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 I. 
0339. 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. 
0340. 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 III. 
0341 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 III 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 in a Detec 
tion or Diagnostic Method 

0342. 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 

0343 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 a level 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 
probe. Nucleic acid hybridization methods that are suitable 
for use in a subject method are described below. 
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0344. In some embodiments, a subject method for detect 
ing a nucleotide sequence alteration associated with cancer 
involves contacting, understringent 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. 
0345 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. 
0346. In some 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. 
0347 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. 
0348. 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. 
0349. In some embodiments, 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 
skilled in the art, and any known method can be used. In many 
embodiments, the palladin nucleic acid probe will be detect 
ably labeled. 
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Detection and Diagnostic Methods. Using Amplification with 
Nucleic Acid Primer Pairs 

0350. 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). 
0351. In some embodiments, 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). 
0352 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., is catalytically active attemperatures 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), 
Bca (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. 
0353 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. 

0354 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 dNTP will typically be 
present at a final concentration in the reaction, ranging from 
about 10 uM to 5000 uM, e.g., from about 10 uM 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 
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about 500 uM to about 1000 uM, from about 1000 uM to 
about 2000 uM, from about 2000 uM to about 3000 uM, from 
about 3000 uM to about 4000 uM, or from about 4000 uM to 
about 5000 uM. In some embodiments, each dNTP 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 uM, or 
from about 50 uM to about 200 
0355 The amplification reaction mixture typically 
includes an aqueous buffer medium that includes a source of 
monovalentions, a source of divalent cations and a buffering 
agent. Any convenient source of monovalent ions, such as 
KCl, K-acetate, NHa-acetate, K-glutamate, NHCl, 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 to 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. 
0356. 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 presentata concentration of from about 50 nM 
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 
200 nM, 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. 

0357. 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. 
0358. 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, 
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 
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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 or 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. 
0359. As is known in 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, etal, Short Protocols in Molecular Biology, 3rd ed., 
Wiley & Sons, 1995 and Sambrook, etal, Molecular Cloning: 
A Laboratory Manual. Third Edition, (2001) Cold Spring 
Harbor, N.Y.) and need not be described in any great detail. 
0360 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. 
0361. 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 (dNTPs-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 
merase I, T4 DNA polymerase, thermostable DNA poly 
merases isolated from Thermus aquaticus (Taq), available 
from a variety of sources (for example, PerkinElmer). Ther 
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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. 
0362. 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., PerkinElmer. 
0363 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. 
0364 The fluorogenic 5' nuclease assay, known as the 
TAQMANTM assay (Perkin-Elmer), is a powerful and versa 
tile PCR-based detection system for nucleic acid targets. For 
a detailed description of the TAQMANTM assay, reagents and 
conditions for use therein, see, e.g., Holland et al., Proc. Natl. 
Acad. Sci., U.S.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 TAOMANTM 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.). 
0365. The fluorogenic 5' nuclease assay is conveniently 
performed using, for example, AMPLITAQ GOLDTM 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. 
0366. The amplification products can be detected in solu 
tion or using solid supports. In this method, the TAOMANTM 
probe is designed to hybridize to a target sequence within the 
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desired PCR product. The 5' end of the TAQMANTM 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. 
0367. 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. 
0368 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. 
0369. 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 is an isothemal, autocatalytic nucleic acid target ampli 
fication system that can provide more than a billion RNA 
copies of a target sequence. The assay can be done qualita 
tively, 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. 
0370 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 
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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. 
0371. 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) for a 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. 
0372 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). 
0373) 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. 
0374 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 
AMV reverse transcriptase is used. RNAse H is readily avail 
able from, e.g., Bethesda Research Laboratories. 
0375. The RNA transcripts produced by these methods 
may serve as templates to produce additional copies of the 
target sequence through the above-described mechanisms. 
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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. 
0376 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-methylacridinium carboxy 
lic acid. 

0377. 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. 
0378 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, which yields 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. 
0379 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 
approximately two minutes to denature any secondary struc 
ture. After cooling to room temperature, reverse transcriptase, 
RNA polymerase, and RNAse Hare added and the mixture is 
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incubated for two 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. 
0380 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 of a 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 dNTPs. 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. 
0381. 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. 
0382. 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. 

Kits 

0383. 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 
0384. A subject kit comprises a pair of nucleic acids 
(primer pairs), one or more nucleic acid probes, or both, 
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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. 
0385. The kit may further include positive and negative 
controls. An example of a 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. 
0386 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 G6PDH mRNA or cDNA copy of 
a G6PDH mRNA). 
0387 Exemplary kits include at least one primer, at least 
two primers (a 5' and a 3' primer), or at least two primers and 
a probe, as described above. Also included in the subject kits 
may be buffers, dNTPs, 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 
0388 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; c) an anti-palladin antibody that binds 
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 
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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. 
0389. 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. 
0390. 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. 
0391 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 
umns etc.). 

EXAMPLES 

0392 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): 
i.m., intramuscular(ly); i.p., intraperitoneally): S.c., Subcuta 
neous(ly); and the like. 

Example 1 
Identification and Characterization of a Palladin 

Gene Mutation 

Summary 

0393 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 
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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 (Pan IN3); 
and four with low-grade dysplasia (Pan IN 2)). 
0394. 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 4q32-34 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 

0395 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 
0396 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 D4S413-D4S299 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 that is 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 
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). 
0397 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 
0398 QRT-PCR was carried out using the 5' nuclease 
assay and an Applied Biosystems 7700 Sequence Detection 
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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/ul and 4 ng/ul) and TaqMan reactions with 
the endogenous control were run in duplicate from both RT 
reactions. Palladin TaqMan reactions were carried out in trip 
licate using RT reactions with 10 ng/ul reactions. A calibrator 
RNA, composed of 50 ng/ul universal reference RNA (Strat 
agene, cat no 40000-41) and 50 ng/ul 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 
0399 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(dot)upmc(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 

0400. 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 luggenomic 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 
(SEQID 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., 30 s 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 
visualized with Sybergreen and UV light. TenuL of each PCR 
product was digested using AatI 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 228bp 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 

04.01 The human wild-type (WT) palladin construct was 
made by PCR-cloning the entire coding sequence from a 
human palladin cDNA clone (human cINA 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 (P239S), according to manufacturer's proto 
col. Briefly, (1) 100 ng of WT construct was added as a 
template to a PCR cocktail containing 2.5ul of 10x mutagen 
esis buffer, 100 ng of mutagenesis primer containing the 
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Family X mutation, 250 uM each dNTP 1 QuickChange 
enzyme blend and 1 ul QuickSolution. The PCR cycling 
parameters were one cycle of 1 min at 95°C., followed by 30 
cycles of 1 minat 95°C., and 15 minat 65°C.; (2) the parental 
template DNA was treated with DpnI (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 

0402 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 Jug 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 lug/ml of TRITC-phalloi 
din (Sigma) for 40 min, followed by washing with PBS. 
Finally, DAPI (Sigma) was added at 10 ug/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 
0403. Size fractionation (SDS-PAGE) was performed on 
20 ug 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 

04.04. 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 
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 
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be the most highly differentially expressed in sporadic pan 
creatic cancers and were also over expressed in Family X. 
using a J5 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. 
04.05 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 Palladingene 
(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) c) 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. 
(0406 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 Pan IN III tissues (2 Family X 
individuals and 2 non-Family Xindividuals), 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 PalladinTracks with the Affected 
Members in Family X and Causes an Amino Acid Change in 
the Actinin Binding Site. 
04.07 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. 
0408 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 
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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). 
04.09 FIG. 4. Location and identification of the Family X 
mutation. Top blackbar indicates the genomic location of the 
Family X mutation between microsatellite markers, D4S413 
and D4S299, 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. 
0410 The mutation discovered in Family X is contained in 
the cDNA clone AB023209 (FIGS. 1A and B), which encodes 
a 4.349 nucleotide transcript, containing 12 exons and encod 
ing a 772 amino acid protein (90 kD isoform). 
0411. The mutation occurs in exon 2 of this Palladin iso 
form (peptide beginning MSALA, 126 amino acids down 
stream 90 kD start site). 
0412. 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). 
0413 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 
Expressed in Human Pancreatic Epithelium. 

0414. 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). 
0415 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. 
0416 FIG. 6. The 90 kD palladin is the major isoform 
expressed in human pancreas. Shown here is 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. 

0417 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 
cDNA 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 of a Palladin 
allele was conducted. A custom-made copy number chip 
(Nimblegen) was used to measure the number of alleles in 
pre-cancerous (Pan IN II and III) 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 TaqMan SNP analysis to 
test 21 sporadic pancreatic cancers for evidence of LOH. Ten 
sporadic pancreatic cancertissue 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. 
0418 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-Pan IN III-Cancer) (FIG. 7). 
0419 FIG.7. Palladin expression in human ductal pancre 
atic epithelial (HPDE) primary cultures increases with neo 
plastic progression from normal (HPDE Norm) to PanIN Ito 
PanIN III to cancer (HPDE PC). Each bar represents HPDE 
epithelial cultures from one person. The PanINI and PanIN 
III lesions are from affected members of Family X. The 
pancreatic cancer epithelial cells are from a sporadic cancer. 
0420 Palladin is an actin-binding binding protein that 
controls cytoskeletal formation and cell movement. As 
depicted schematically in FIG. 8A, 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 (90 kDa, 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. 
0421 Protein expression analysis of sporadic pancreatic 
cancer cell lines was performed, using protein ("western’) 
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blotting. The sporadic pancreatic cancer cell lines analyzed 
were PaTu1, PaTu2, Panc-1 (American Type Culture Collec 
tion (ATCC) accession number CRL-1469), FA6 (Morgan et 
al. (2006) Mol. Cancer. 5:1), MiaPaca2, and HPAF-II (ATCC 
CRL-1997). PaTu1 and PaTu2 are described in, e.g., Missia 
glia et al. (2004) Cancer 112:100-112); FA6 is described in, 
e.g., Morgan et al. (2006) Mol. Cancer 5:1). Abnormal pal 
ladin protein levels were detected in five of the six cell lines. 
0422 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 shown in FIG.9, of seven sporadic pancreatic cancer 
cell lines (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. 
0423. 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. 
0424 FIG.9. Abnormal protein expression of palladin and 
C.-actinin proteins in sporadic pancreatic cancer cell lines. 
Human mesenchymal cell lysate (hMCL) 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 

0425. 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/ 
VASP7. 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 Tat 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 actinbundle, 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, 
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thus may impair the organization of normal cytoskeleton 
given the important role of palladin in the cytoskeleton. 

Example 2 
Additional Palladin Gene Mutations 

0426. Additional palladin gene mutations were identified: 
one in a pancreatic cancer cell line, a second in a family, 
designated Family U (or Utah Family 1); and a third in two 
other kindreds (Utah Family 2 and Seattle Family 2). 

Materials and Methods 

Mutant Palladin Construct 

0427. The human wild-type (WT) palladin construct was 
made by PCR-cloning the entire coding sequence from a 
human palladin cDNA clone (human cINA 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 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 LL1 
of 10x mutagenesis buffer, 100 ng of mutagenesis primer 
containing the G->T mutation at position 1671,250 uM each 
dNTP, 1 ul QuickChange enzyme blend and 1 ul QuickSolu 
tion. The PCR cycling parameters were one cycle of 1 minat 
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 
DpnI (10 U) at 37° C. for 60 min; (3)4 ul of this reaction was 
transformed into XL 10 Gold Ultracompetent cells (Strat 
agene); and (4) several clones were chosen for PCR and/ 
sequencing to confirm the incorporation of the mutation. 
0428 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 
0429. Size fractionation (SDS-PAGE) was performed on 
20 ug 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 

1) Pancreatic Cancer Cell Line 
0430. The palladin gene in cell line PaTu2 was analyzed. 

The Palladin Gene in PaTu2 Contains a Mutation. 

0431. It was found that a mutation occurs in the following 
Sequence: 

(SEQ ID NO: 86) 
GTCAGTGGGTTACCAACCCCAGATCTAAGCTGNCAACTAGATGGAAAG 

CCCGTACGCCCTGACAGTGCTCACAAGATGCTGGTGCGTGAGAACGGG 
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- Continued 

GTGCACTCTCTGATCATAGAGCCAGTCACGTCACGTGATGCCGGCATC 

TACACATGTATAGCTACCAACCGAGCAGGACAGAACTCATTCAGCCTG 

GAGCTTGTGGTTGCTG, 

0432 where N=G/Tat 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; the mutant has a Tat position 1671. The G->T substitution 
results in a change in codonsequence of TGG->TGT, leading 
to a Trp->Cys mutation at amino acid 557 of palladin (see 
GenBank Accession No. BAA76836.1; and FIG. 12; SEQID 
NO:87): 
0433 VSGLPTPDLSXQLDGKPVRPDSAHKM 
LVRENGVHSLIIEP (SEQID NO:88). 
0434. The Trp->Cys mutation occurs in a conserved 
region, the Ig2 domain of palladin: 

Human 

(SEO ID NO: 89) 
WSGLPTPDLSWOLDGKPVRPDSAHKMLVRENGVHSLIIEP 

Mouse 

(SEO ID NO: 90) 
WSGLPTPDLSWOLDGKPIRPDSAHKMLVRENGVHSLIIEP 

0435 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: 
s' TTTTCCGTATTGGTTAGTAATGTAGAATTAG. 

0436 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 
is 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 of the Homo sapiens 
BAC clone RP11-635L1 as set forth in GenBank Accession 
No. ACO80188. 
0437. The above forward and reverse primers result in an 
amplification product that contains either wild-type Gat 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 HindIII. 

(SEQ ID NO: 92) 

The W557C Mutation Alters Palladin Function. 

0438 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 
HeLa cells. HeLa cells expressing the mutant palladin/GFP 
protein exhibited cytoskeletal abnormalities. HeLa cells 
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expressing the W557C mutant palladin/GFP protein exhib 
ited a 200% increase in mobility in a transwell assay, com 
pared to HeLa cells containing a control expression construct 
that included a nucleotide sequence encoding wild-type pal 
ladin 90 kD isoform. 

2) Utah Family 1 Mutation 
0439 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: 

(SEO ID NO: 93) 
CCAACACTGAAAACTGTAGTTACGAGTCAATGGGAGAATCCAACAATG 

ACCACTTCCAACACTTTCCACCTCCCCCTCCAATCTTGGAGACAAGTT 

CCTTGGAGTTGGCTTCAAAGAAACCATCTGAGATCCAGCAGGTGAACA 

ACCCTGAGTTAGGCCTGAGCAGGGCAGCCCTTCAAATGCAATTCAATG 

CTGCTGAGAGGGAAACGAACGGAGTCCATCCCAGCNGTGGAGTAAATG 

GACTGATTAACGGCAAAGCTAACAGTAATAAATCTCTTCCAACACCAG 

CTGTCCTGCTTTCACCCACTAAGGAGCCACCACCTCTGCTTGCCAAAC 

CAAAACT, 

0440 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 Cat 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 
sion No. NP 057165.3; FIG. 12 (SEQ ID NO:871; and 
FIGS. 13A and 13B (SEQID NO:20)): 

(SEQ ID NO: 94) 
NTENCSYESMGESNNDHFOHFPPPPPILETSSLELASKKPSEIOOVNN 

PELGLSRAALOMOFNAAERETNGVHPSXGVNGLINGKANSNKSLPTPA 

WLLSPTKEPPPLLAKPK. 

0441 The Arg->Cys mutation occurs in a conserved 
region of palladin, the poly-Pro region: 

Human: AERETNGWHPSRGWINGLINGKA (SEO ID NO: 95) 

Mouse: AERETNGWHPSHGWINGLINGKA. 

0442. 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) 

Forward primer: 
5' CACAACACAGGGATTCTCAGAAGA; 
and 

(SEO ID NO: 97) 

Reverse primer: 
5 AGCTGGTGTTGGAAGAGATT. 

0443) 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->Tsubstitution is underlined and in bold. The sequence 
amplified by these primers corresponds to nucleotides 26927 

(SEO ID NO: 98) 
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to 27313 of the Homo sapiens BAC clone RP11-592K15 as 
set forth in GenBank Accession No. ACO84353. 

0444 The above forward and reverse primers result in an 
amplification product that contains either wild-type cat posi 
tion 2060 of NM 016081 or mutation Tat position 2060 of 
NM 016081. An amplification product containing the C->T 
mutation can be cut with PvulI; an amplification product 
containing the wild-type C at position 2060 of NM 016081 
is not cut with PvuI. 

3) Utah Family 2 and Seattle Family 2 Mutation 

0445. 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. 

0446. 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). 
0447 Table 1, below, presents a summary of mutations 
associated with pancreatic cancer. 

TABLE 1. 

Nt Amino 
substi- GenBank nt acid Position 
tution (GenBank Substi- (Figure; 
(Codon) Position protein) tution SEQID) Protein 

C-T cDNA cDNA Pro->Ser aa 239; 90kD 
CCC-e intf15 ABO23209 Figure 11 isoform 
TCC (Figure 1: (BAA76836.1) (SEQID 

SEQ ID genomic NO: 99) 
NO: 1) ACO80188 
Exon 2 Nt 139718 
Boundaries: 140388 
nt 132-803 Figure 16 
Genomic 
ACO80188 
Nt 140301 
Figure 16 
(SEQID 
NO: 100) 

G->T cDNA cDNA Trp->Cys aa 557 90kD 
nt 1671 ABO23209 Figure 11 isoform 
(Figure 1: (BAA76836.1) (SEQID 
SEQ ID genomic NO: 99) 
NO: 1) AcO80188 
exon 9 Nucleotides 
boundaries: 183529 
1639-1846 183736 
genomic Figure 14 
nt 1835 61 (SEQID 
Figure 14 NO: 101) 
(SEQID 
NO: 101) 

C-T cDNA cDNA Arg->Cys aa 617 140 kD 
nt 2060 NM O16081 Figure 12 isoform 
(Figure 13; (NP 057165.3) (SEQID 
SEQ ID genomic NO:87) 
NO:20) ACO843S3 
exon 10 Figure 15 
boundaries: (SEQID 
1833-2175 NO: 102) 
genomic 
nt 272S1 
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TABLE 1-continued 

Nt Amino 
substi- GenBank nt acid Position 
tution (GenBank Substi- (Figure; 
(Codon) Position protein) tution SEQID) Protein 

Figure 15 
(SEQID 
NO: 102) 

Example 3 

Palladin Gene Expression in White Blood Cells 

0448 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 normal 
ized palladin mRNA in WBC from individuals with pancre 
atic 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, PG8, PG9, PG10, PG14, PG 18, PG19, PG21, PA17, 
and PA25) was abnormally low. 

Example 4 

Palladin Expression in Various Cancers 

0449 Various cancer tissues were tested for reactivity 
with 1 E6, 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 

O.31 Lung cancer, both Small cell and 
non-Small cell types 

Of 15 Renal cell 
2.15 1+ Lobular breast cancer Stroma 
3/7 1+ Ductal breast cancer stroma 
1.18 Colorectal cancer 
Of 18 Ovarian cancer 
13,15 1 to 2 Head and neck Squamous cell 

cancer Strona 
8,12 1 to 3 Pancreatic ductal cancer Stroma 
Of 15 Melanoma 
Of 15 Gastric cancer 
1.15 Urothelial cancer (note: 

epithelial cells stained) 
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Example 5 
Effect of Palladin Mutation on Mobility 

Cell Migration Assay 

0450. 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 2d 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-um pore size) polycarbonate membranes. The 
upper chambers of the membrane were coated with fibronec 
tin (10 ug/ml in PBS) 24–48 h before the assay. The upper 
chamber was then filled with 40,000 cells in suspension with 
400 ul of medium (DMEM with 10% FCS), and the lower 
chamber was filled with 500 ul 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 
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 
minto allow the dye to dissolve completely. The colorimetric 
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 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 116 

<21 Os SEQ ID NO 1 
&211s LENGTH: 4347 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 

<4 OOs SEQUENCE: 1 
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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. 
Mobility is Increased in Cells that Express Mutant Palladin. 
0451. It was hypothesized that the cytoskeletal changes in 
the cells containing the mutated Family X construct might 
provide a cancer phenotype, specifically increased cell motill 
ity. The cytoskeleton is essential for cell movement, and cell 
mobility is important for the invasive nature of cancer cells. 
HeLa cells transfected with one of three constructs of palladin 
(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. 
0452. 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. 

0453 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. 

Cctgagt cac ccggcgggcg aggtataaag cc.cgatacct gcc.ccgc.gcc cqgtc.cgcgg 60 

agc.ccgctgc agctic cc.gct cqctic.cggac goggaatcgg gCagcagogg gaggcggc cc 12O 

ggaga.gc.cga gggaccctct galagct C cag caacticciaga accalaatc.cg actggagcag 18O 

gaggc.cggcg ct cqgcagcc to cqC cagcc cc.gc.gcagog ccc.gc.cct C gcc.cccCttic 24 O 

cc.gc.cgc.cgc cc.gc.ctt CCC cagctcgcg gcctgcacgc cgc.ccg.cgt. C cc.cggagc cc 3 OO 

atgagcgc.gc tiggcct c ccg ct cogcc.ccc gc catgcagt cotc.cggctic cttcaactac 360 

gcgc.gc.ccca agcagttcat cqc.cgc.gcag aacct cqggc cc.gcgt.cggg cc acggcacg 42O 

ccggcct coa gCCCC agctic gtc.ca.gc.ct C ccgt.cgc.cca totcc.ccgac gocgaggcag 48O 

titcggcc.gcg ccc.ccgtgcc gcc.ct tcgcg cagc cct tcg gCdCtgagcc caggcc.ccg 54 O 

tggggct cot cotcgc.cgt.c gcc.ccc.gc.cc cc.gc.cacccc cqgt ctitcag cc ccacggct 6 OO 

gcct tcc.cgg toccgacgt gttcc cactg. cc.gc.cgc.cac caccgc.cgct cocgagc.ccg 660 
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<210s, SEQ ID NO 29 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 29 

cggc.ca.gacg tcc.gcggcct t 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 30 

aaggcc.gcgg acgtctggcc g 

<210s, SEQ ID NO 31 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 31 

gccacggcca gacgt.ccg.cg gcc tt 

<210s, SEQ ID NO 32 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 32 

aaggcc.gcgg acgtctggcc gtggc 

<210s, SEQ ID NO 33 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 33 

cggc.ca.gacg tcc.gcggcct tcct c 

<210s, SEQ ID NO 34 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 34 

gaggaaggcc gC9gacgt.ct gcc.gtggc 

<210s, SEQ ID NO 35 
&211s LENGTH: 29 

50 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 35 

gccacggcca gacgt.ccg.cg gcct tcctic 

<210s, SEQ ID NO 36 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 36 

gaggaaggcc gC9gacgt.ct gcc.gtggc 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OO > SEQUENCE: 37 

Ctaagctggc alactagatgg 

<210s, SEQ ID NO 38 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 38 

c catctagtt gccagottag 

<210s, SEQ ID NO 39 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 39 

gatctaagct ggcaactaga t 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 4 O 

atctagttgc cagcttagat c 

<210s, SEQ ID NO 41 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

51 
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- Continued 

<4 OOs, SEQUENCE: 41 

gatctaagct ggcaactaga tigg 23 

<210s, SEQ ID NO 42 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 42 

c catctagtt gccagottag atc 23 

<210s, SEQ ID NO 43 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 43 

c catcc cagc cqtggagtaa atgg 24 

<210s, SEQ ID NO 44 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 44 

c cattt actic cacggctggg atgg 24 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 45 

cc.ca.gc.cgtg gagtaaatgg 2O 

<210s, SEQ ID NO 46 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 46 

c cattt actic cacggctggg 2O 

<210s, SEQ ID NO 47 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 47 

gtcCatcc.ca gcc.gtggagt aaatggactg 3 O 
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<210s, SEQ ID NO 48 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 48 

Cagt cc attt act coacggc tigggatggac 

<210s, SEQ ID NO 49 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 49 

accc.gctt.cg gcc acggc.ca 

<210s, SEQ ID NO 50 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 50 

gtc.gc.ctgcc accc.gctt.cg gcc acggc 

<210s, SEQ ID NO 51 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 51 

gcct tcctica gcqctctgct 

<210s, SEQ ID NO 52 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 52 

gcct tcctica gcqctctgct gcc ct cqcag 

<210s, SEQ ID NO 53 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 53 

gcgctctgct gcc ct cqcag cc.gc.c 

<210s, SEQ ID NO 54 
&211s LENGTH: 30 

53 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 54 

<210s, SEQ ID NO 55 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OO > SEQUENCE: 55 

Cagtgggitta cca accc.cag 

<210s, SEQ ID NO 56 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 56 

c caa.ccc.cag atctaagctg 

<210s, SEQ ID NO 57 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OO > SEQUENCE: 57 

ggaaagcc.cg tacgcc ctga 

<210s, SEQ ID NO 58 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 58 

Cagtgct cac aagatgctgg 

<210s, SEQ ID NO 59 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OO > SEQUENCE: 59 

aatgctgctg agagggaaac 

<210s, SEQ ID NO 60 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

54 
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<4 OOs, SEQUENCE: 60 

agagggaaac gaacggagtic catcC 

<210s, SEQ ID NO 61 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 61 

synthetic probe 

gtggagtaaa tigactgatt aacggcaaag 

<210s, SEQ ID NO 62 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 62 

gtaaatggac tattalacgg C 

<210s, SEQ ID NO 63 
&211s LENGTH: 120 
&212s. TYPE: DNA 

synthetic probe 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 63 

ggacaggcgt CCC actgctic gtc.gc.ctgcc accc.gct tcg gcc acggcca gacgt.ccgc.g 

gcct tcctica gcgctctgct gcc ct cqcag cc.gc.cgc.cgg C9gcc.gt caa cqc cctgggg 

<210s, SEQ ID NO 64 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 64 

ggacaggcgt. C Cactgctic 

<210s, SEQ ID NO 65 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

synthetic primer 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 65 

CCCC agggcg ttgacggc.cg 

<210s, SEQ ID NO 66 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

synthetic primer 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 66 

ggaccctctgaagctic cagc 

synthetic primer 

55 
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<210s, SEQ ID NO 67 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 67 

gcgggggtga CaccCttggg 

<210s, SEQ ID NO 68 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 68 

ggaccctctgaagctic cagc 

<210s, SEQ ID NO 69 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 69 

<210s, SEQ ID NO 70 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 7 O 

<210s, SEQ ID NO 71 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 71 

<210s, SEQ ID NO 72 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 72 

<210s, SEQ ID NO 73 
&211s LENGTH: 23 

56 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 73 

<210s, SEQ ID NO 74 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 74 

aggtgtcact tct ctittitt c ccc cc 

<210s, SEQ ID NO 75 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 75 

ggggagggala gttggagga CC gC9g 

<210s, SEQ ID NO 76 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 76 

Cagtgggitta cca accc.cag 

<210s, SEQ ID NO 77 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 77 

gtgcaccc.cg ttct cacgca 

<210s, SEQ ID NO 78 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 78 

tcttgtact a citgaaggagg aattitatgc 

<210s, SEQ ID NO 79 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

57 
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<4 OO > SEQUENCE: 79 

ttitt cogt at tdgittagtaa totagaatta g 

<210s, SEQ ID NO 8O 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 80 

gggaaacgaa cqgagt cc at CCC 

<210s, SEQ ID NO 81 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 81 

agcaggacag Ctggtgttgg 

<210s, SEQ ID NO 82 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 82 

caca acacag ggattcticag aaga 

<210s, SEQ ID NO 83 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 83 

agctggtgtt ggalagagatt 

<210s, SEQ ID NO 84 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 84 

ccgacgtgtt cocactgc 

<210s, SEQ ID NO 85 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 85 

cgcacggaga gaaatgtgtg 

58 
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<210s, SEQ ID NO 86 
&211s LENGTH: 2O8 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
&222s. LOCATION: 33 

<223> OTHER INFORMATION: n = A, T, C or G 

<4 OOs, SEQUENCE: 86 

gtcagtgggit taccalacc cc agatctaa.gc tigncaac tag atggaaagcc cqtacgc.cct 6 O 

gacagtgctic acaagatgct ggtgcgtgag aacggggtgc act ct ctgat catagagc.ca 12 O 

gtcacgtcac gtgatgc.cgg Catct acaca totatagcta C caaccgagc aggacagaac 18O 

t cattcagcc tigagcttgt ggttgctg 2O8 

<210s, SEQ ID NO 87 
&211s LENGTH: 1106 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OO > SEQUENCE: 87 

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

Met Gln Glu Glu Ser Lys Asn Thr Asp Phe Phe Pro Gly Lieu. Ser Ala 
2O 25 3O 

Phe Lieu. Ser Glin Glu Glu Ile Asn Llys Ser Lieu. Asp Lieu Ala Arg Arg 
35 4 O 45 

Ala Ile Ala Asp Ser Glu Thr Glu Asp Phe Asp Ser Glu Lys Glu Ile 
SO 55 6 O 

Ser Glin Ile Phe Ser Thr Ser Pro Ala Ser Lieu. Cys Glu. His Pro Ser 
65 70 7s 8O 

His Lys Glu Thir Lys Lieu. Gly Glu. His Ala Ser Arg Arg Pro Glin Asp 
85 90 95 

Asn Arg Ser Thr Pro Val Glin Pro Leu Ala Glu Lys Glin Thr Lys Ser 
1OO 105 11 O 

Ile Ser Ser Pro Val Ser Lys Arg Llys Pro Ala Met Ser Pro Leu Lieu. 
115 12 O 125 

Thir Arg Pro Ser Tyr Ile Arg Ser Lieu. Arg Lys Ala Glu Lys Arg Gly 
13 O 135 14 O 

Ala Lys Thr Pro Ser Thr Asn Val Llys Pro Llys Thr Pro His Glin Arg 
145 150 155 160 

Lys Gly Gly Pro Glin Ser Glin Lieu. Cys Asp Lys Ala Ala Asn Lieu. Ile 
1.65 17O 17s 

Glu Glu Lieu. Thir Ser Ile Phe Lys Ala Ala Lys Pro Arg Asn Arg Ser 
18O 185 19 O 

Pro Asn Gly Glu Ser Ser Ser Pro Asp Ser Gly Tyr Lieu Ser Pro Llys 
195 2OO 2O5 

Asn. Glin Pro Ser Ala Leu Lleu Ser Ala Ser Ala Ser Glin Ser Pro Met 
21 O 215 22O 

Glu Asp Glin Gly Glu Met Glu Arg Glu Val Lys Ser Pro Gly Ala Arg 
225 23 O 235 24 O 

His Cys Tyr Glin Asp Asn Glin Asp Lieu Ala Val Pro His Asn Arg Llys 
245 250 255 
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- Continued 

Ser His Pro Gln Pro His Ser Ala Lieu. His Phe Pro Ala Ala Pro Arg 
26 O 265 27 O 

Phe Ile Glin Llys Lieu. Arg Ser Glin Glu Val Ala Glu Gly Ser Arg Val 
27s 28O 285 

Tyr Lieu. Glu. Cys Arg Val Thr Gly Asn Pro Thr Pro Arg Val Arg Trp 
29 O 295 3 OO 

Phe Cys Glu Gly Lys Glu Lieu. His Asn Thr Pro Asp Ile Glin Ile His 
3. OS 310 315 32O 

Cys Glu Gly Gly Asp Lieu. His Thr Lieu. Ile Ile Ala Glu Ala Phe Glu 
3.25 330 335 

Asp Asp Thr Gly Arg Tyr Thr Cys Lieu Ala Thr Asn Pro Ser Gly Ser 
34 O 345 35. O 

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

Ser Asp Ser Glu Ser Lieu Ala Phe Llys Ser Arg Ala Gly Ala Met Pro 
37 O 375 38O 

Glin Ala Gln Lys Llys Thr Thr Ser Val Ser Lieu. Thir Ile Gly Ser Ser 
385 390 395 4 OO 

Ser Pro Llys Thr Gly Val Thr Thr Ala Val Ile Gln Pro Leu Ser Val 
4 OS 41O 415 

Pro Val Glin Glin Val His Ser Pro Thr Ser Tyr Lieu. Cys Arg Pro Asp 
42O 425 43 O 

Gly. Thir Thr Thr Ala Tyr Phe Pro Pro Val Phe Thr Lys Glu Lieu. Glin 
435 44 O 445 

Asn. Thir Ala Val Ala Glu Gly Glin Val Val Val Lieu. Glu. Cys Arg Val 
450 45.5 460 

Arg Gly Ala Pro Pro Lieu. Glin Val Glin Trp Phe Arg Glin Gly Ser Glu 
465 470 47s 48O 

Ile Glin Asp Ser Pro Asp Phe Arg Ile Lieu. Glin Llys Llys Pro Arg Ser 
485 490 495 

Thr Ala Glu Pro Glu Glu Ile Cys Thr Lieu Val Ile Ala Glu. Thir Phe 
SOO 505 51O 

Pro Glu Asp Ala Gly Ile Phe Thr Cys Ser Ala Arg Asn Asp Tyr Gly 
515 52O 525 

Ser Ala Thir Ser Thir Ala Glin Lieu Val Val Thir Ser Ala Asn. Thir Glu 
53 O 535 54 O 

Asn Cys Ser Tyr Glu Ser Met Gly Glu Ser Asn Asn Asp His Phe Glin 
5.45 550 555 560 

His Phe Pro Pro Pro Pro Pro Ile Lieu. Glu. Thir Ser Ser Lieu. Glu Lieu. 
565 st O sts 

Ala Ser Lys Llys Pro Ser Glu Ile Glin Glin Val Asn. Asn. Pro Glu Lieu 
58O 585 59 O 

Gly Lieu. Ser Arg Ala Ala Lieu. Glin Met Glin Phe Asn Ala Ala Glu Arg 
595 6OO 605 

Glu Thir Asn Gly Val His Pro Ser Arg Gly Val Asn Gly Lieu. Ile Asn 
610 615 62O 

Gly Lys Ala Asn. Ser Asn Llys Ser Lieu Pro Thr Pro Ala Val Lieu. Lieu. 
625 630 635 64 O 

Ser Pro Thr Lys Glu Pro Pro Pro Leu Leu Ala Lys Pro Llys Lieu. Gly 
645 650 655 
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Phe Pro Llys 

Ile Glin Gly 
675 

Arg Phe Lys 
69 O. 

Glu Glu Arg 
7 Os 

Phe Asn. Ile 

Wall Ser Ser 

Glu Arg Ser 
7ss 

Wall Pro Wall 
770 

His Tyr Lys 
78s 

Ala Gly Asn 

Ile Ser Pro 

Thr Cys Ser 
835 

Tyr Thr Ile 
850 

Arg Lieu Met 
865 

Pro Ser Gly 

Ser Gly Asp 

Phe Leul Glin 
915 

Arg Met Asp 
93 O 

Glin Lieu. Asp 
945 

Val Arg Glu 

Arg Asp Ala 

Asn. Ser Phe 
995 

Pro Pro Wall 
1010 

Tyr Pro Val 
1025 

Ile Phe Trp 

Wall Ser Met 

Lys 
660 

Thir 

Glu 

Met 

Glin 

Cys 
740 

Pro 

Glu 

Ile 

Pro 

Lys 

Luell 

Met 

Wall 

His 

Glu 
9 OO 

Ala 

Gly 

Asn 

Gly 

Ser 

Phe 

Arg 

His 

Ala 

Lys 

Asp 

Ala 

Glu 
72 

Glu 

Wall 

Asn 

Phe 

Lys 
805 

Ser 

His 

Ala 

Glin 

Pro 
885 

Asn 

Pro 

Lys 

Lys 

Gly 
965 

Ile 

Lell 

Ile 

Lell 

Lys 
1045 

Glin 

Ser Arg Thr Ala 
665 

Asp Ala Val Ile 
68O 

Lieu. Luell Asn. Asn 
695 

Arg Arg Lieu. Lieu. 
71O 

Pro Glu Glu Glu 

Glin Arg Lieu. Ile 
74. 

Asp Glu Ser Gly 
760 

Gly Met Ala Pro 
775 

Glu Gly Met Pro 
79 O 

Pro Lys Ile Tyr 

Asp His Tyr Thr 
825 

Thir Thir Ala Ser 
84 O 

Ala ASn Pro Glin 
855 

Ala Wall Asn. Glin 
87O 

His Val Arg Arg 

Glu Pro Ile Glin 
905 

Gly Asp Lieu. Thr 
92 O 

Val Ser Gly Lieu. 
935 

Pro Val Arg Pro 
950 

Wal His Ser Lieu. 

Tyr Thr Cys Ile 
985 

Glu Lieu. Wal Wall 
1OOO 

Glu Lys Lieu. Glin 
1 O15 

Glu Cys Arg Val 
103 O 

Glu Asn. Glu Ser 

Asp Asn His Gly 

Arg 

Glin 

Gly 

Gly 

Thir 
73 O 

Ser 

Asp 

Phe 

Wall 

Trp 
810 

Ile 

Thir 

Gly 

Arg 

Pro 
890 

Glu 

Wall 

Pro 

Asp 

Ile 

Ala 

Ala 

Asn 

Luell 

Luell 
1OSO 

Tyr 
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Ile Ala Ser Asp 
67 O 

Asp Lieu. Glu Arg 
685 

Gln Pro Arg Lieu 
7 OO 

Ala Asp Ser Ala 
71s 

Ala Asn. Glin Glu 

Glu Ile Glu Tyr 
7 O 

Glu Val Glin Tyr 
765 

Phe Glu Met Lys 
78O 

Thr Phe Thr Cys 
79. 

Phe Lys Asp Gly 

Glin Arg Asp Lieu 
83 O 

Lieu. Asp Asp Asp 
845 

Arg Ile Ser Cys 
860 

Gly Arg Ser Pro 
87s 

Arg Ser Arg Ser 

Arg Phe Phe Arg 
91 O 

Glin Glu Gly Lys 
925 

Thr Pro Asp Leu 
94 O 

Ser Ala His Lys 
955 

Ile Glu Pro Wall 

Thir Asn Arg Ala 
99 O 

Ala Lys Glu Ala 
1 OOS 

Thr Gly Val Ala 
1 O2O 

Gly Val Pro Pro 
1035 

Thir His Ser Thr 

Ile Cys Lieu. Lieu. 

Glu 

Lys 

Thir 

Thir 

Tyr 
73 

Arg 

Gly 

Luell 

Arg 

Lys 
815 

Asp 

Gly 

Thir 

Arg 

Arg 
895 

Pro 

Luell 

Ser 

Met 

Thir 
97. 

Gly 

His 

Asp 

Pro 

Asp 
105.5 

Ile 

Glu 

Luell 

Wall 

Luell 

Asp 

Wall 

Glin 

Gly 

Asn 

Gly 

Ser 

Asp 

His 

Trp 

Luell 
96.O 

Ser 

Glin 

Gly 

Glin 
104 O 

Arg 

Glin 
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106 O 

Gly Ala Thir Lys Glu Asp Ala 
1075 

Glu Ala Gly Ile Val Ser Cys 
1090 1095 

Arg His 
1105 

<210s, SEQ ID NO 88 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 11 
223 OTHER INFORMATION: Xaa 

<4 OOs, SEQUENCE: 88 

Val Ser Gly Lieu Pro Thr Pro 
1. 5 

Pro Val Arg Pro Asp Ser Ala 
2O 

Wal His Ser Lieu. Ile Ile Glu 
35 

<210s, SEQ ID NO 89 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 89 

Val Ser Gly Lieu Pro Thr Pro 
1. 5 

Pro Val Arg Pro Asp Ser Ala 
2O 

Wal His Ser Lieu. Ile Ile Glu 
35 

<210s, SEQ ID NO 90 
&211s LENGTH: 4 O 
212. TYPE: PRT 

&213s ORGANISM: mouse 

<4 OOs, SEQUENCE: 90 

Val Ser Gly Lieu Pro Thr Pro 
1. 5 

Pro Ile Arg Pro Asp Ser Ala 
2O 

Wal His Ser Lieu. Ile Ile Glu 
35 

<210s, SEQ ID NO 91 
&211s LENGTH: 29 
&212s. TYPE: DNA 

62 

- Continued 

1065 1OO 

Gly Trp Tyr Thr Val Ser Ala Lys Asn 
108O 1085 

Thir Ala Arg Lieu. Asp Val Tyr Ile Ser 
11OO 

= Any Amino Acid 

Asp Lieu. Ser Xaa Glin Lieu. Asp Gly Lys 
1O 15 

His Llys Met Lieu Val Arg Glu Asn Gly 
25 3O 

Pro 
4 O 

Asp Lieu. Ser Trp Gln Lieu. Asp Gly Lys 
1O 15 

His Llys Met Lieu Val Arg Glu Asn Gly 
25 3O 

Pro 
4 O 

Asp Lieu. Ser Trp Gln Lieu. Asp Gly Lys 
1O 15 

His Llys Met Lieu Val Arg Glu Asn Gly 
25 3O 

Pro 
4 O 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 91 
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- Continued 

tcttgtact a citgaaggagg aattitatgc 29 

<210s, SEQ ID NO 92 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 92 

ttitt cogt at tdgittagtaa totagaatta g 31 

<210s, SEQ ID NO 93 
&211s LENGTH: 343 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
&222s. LOCATION: 228 

<223> OTHER INFORMATION: n = A, T, C or G 

<4 OOs, SEQUENCE: 93 

c caacactga aaactgtagt tacgagt caa tdggagaatc caacaatgac cact tccaac 6 O 

actitt.ccacc ticc ccctic ca atc.ttggaga caagttcctt ggagttggct tcaaagaaac 12 O 

Catctgagat C cagdaggtgaacaa.ccctg agittaggcct gag cagggca gcc Cttcaaa 18O 

tgcaattcaa tigctgctgag agggaaacga acggagt cca t cc cagongt ggagtaaatg 24 O 

gactgattaa cqgcaaagct aac agtaata aatct ct tcc aacaccagot gtc.ctgctitt 3OO 

cacc cactaa gogagccacca cct ctdcttg ccaaaccaaa act 343 

<210s, SEQ ID NO 94 
&211s LENGTH: 113 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 76 

<223> OTHER INFORMATION: Xaa = Any Amino Acid 

<4 OOs, SEQUENCE: 94 

Asn Thr Glu Asn Cys Ser Tyr Glu Ser Met Gly Glu Ser Asn Asn Asp 
1. 5 1O 15 

His Phe Glin His Phe Pro Pro Pro Pro Pro Ile Lieu. Glu. Thir Ser Ser 
2O 25 3O 

Lieu. Glu Lieu Ala Ser Llys Llys Pro Ser Glu Ile Glin Glin Val Asn. Asn 
35 4 O 45 

Pro Glu Lieu. Gly Lieu. Ser Arg Ala Ala Lieu Gln Met Glin Phe Asn Ala 
SO 55 6 O 

Ala Glu Arg Glu Thir Asn Gly Val His Pro Ser Xaa Gly Val Asn Gly 
65 70 7s 8O 

Lieu. Ile Asin Gly Lys Ala Asn. Ser Asn Llys Ser Lieu Pro Thr Pro Ala 
85 90 95 

Val Lieu. Leu Ser Pro Thr Lys Glu Pro Pro Pro Leu Lleu Ala Lys Pro 
1OO 105 11 O 

Lys 

<210s, SEQ ID NO 95 
&211s LENGTH: 22 
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212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OO > SEQUENCE: 95 

Ala Glu Arg Glu Thir Asn Gly Val His Pro Ser Arg Gly Val Asn Gly 
1. 5 1O 15 

Lieu. Ile Asin Gly Lys Ala 
2O 

<210s, SEQ ID NO 96 
&211s LENGTH: 22 
212. TYPE: PRT 

&213s ORGANISM: mouse 

<4 OOs, SEQUENCE: 96 

Ala Glu Arg Glu Thir Asn Gly Val His Pro Ser His Gly Val Asn Gly 
1. 5 1O 15 

Lieu. Ile Asin Gly Lys Ala 
2O 

<210s, SEQ ID NO 97 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OO > SEQUENCE: 97 

caca acacag ggattcticag aaga 

<210s, SEQ ID NO 98 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 98 

agctggtgtt ggalagagatt 

<210s, SEQ ID NO 99 
&211s LENGTH: 772 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 99 

Pro Glu Ser Pro Gly Gly Arg Gly Ile Llys Pro Asp Thr Cys Pro Ala 
1. 5 1O 15 

Pro Gly Pro Arg Ser Pro Lieu. Glin Lieu Pro Lieu Ala Pro Asp Ala Glu 
2O 25 3O 

Ser Gly Ser Ser Gly Arg Arg Pro Gly Glu Pro Arg Asp Pro Lieu Lys 
35 4 O 45 

Lieu. Glin Glin Lieu. Glin Asn Glin Ile Arg Lieu. Glu Glin Glu Ala Gly Ala 
SO 55 6 O 

Arg Glin Pro Pro Pro Ala Pro Arg Ser Ala Pro Pro Ser Pro Pro Phe 
65 70 7s 8O 

Pro Pro Pro Pro Ala Phe Pro Glu Lieu Ala Ala Cys Thr Pro Pro Ala 
85 90 95 

Ser Pro Glu Pro Met Ser Ala Leu Ala Ser Arg Ser Ala Pro Ala Met 
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1OO 105 11 O 

Gln Ser Ser Gly Ser Phe Asn Tyr Ala Arg Pro Lys Glin Phe Ile Ala 
115 12 O 125 

Ala Glin Asn Lieu. Gly Pro Ala Ser Gly His Gly Thr Pro Ala Ser Ser 
13 O 135 14 O 

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

Phe Gly Arg Ala Pro Val Pro Pro Phe Ala Gln Pro Phe Gly Ala Glu 
1.65 17O 17s 

Pro Glu Ala Pro Trp Gly Ser Ser Ser Pro Ser Pro Pro Pro Pro Pro 
18O 185 19 O 

Pro Pro Val Phe Ser Pro Thr Ala Ala Phe Pro Val Pro Asp Val Phe 
195 2OO 2O5 

Pro Leu Pro Pro Pro Pro Pro Pro Leu Pro Ser Pro Gly Glin Ala Ser 
21 O 215 22O 

His Cys Ser Ser Pro Ala Thr Arg Phe Gly His Gly Glin Thr Pro Ala 
225 23 O 235 24 O 

Ala Phe Lieu. Ser Ala Leu Lleu Pro Ser Glin Pro Pro Pro Ala Ala Wall 
245 250 255 

Asn Ala Lieu. Gly Lieu Pro Llys Gly Val Thr Pro Ala Gly Phe Pro Llys 
26 O 265 27 O 

Lys Ala Ser Arg Thr Ala Arg Ile Ala Ser Asp Glu Glu. Ile Glin Gly 
27s 28O 285 

Thir Lys Asp Ala Val Ile Glin Asp Lieu. Glu Arg Llys Lieu. Arg Phe Lys 
29 O 295 3 OO 

Glu Asp Lieu. Lieu. Asn. Asn Gly Glin Pro Arg Lieu. Thir Tyr Glu Glu Arg 
3. OS 310 315 32O 

Met Ala Arg Arg Lieu. Lieu. Gly Ala Asp Ser Ala Thr Val Phe Asn. Ile 
3.25 330 335 

Gln Glu Pro Glu Glu Glu Thir Ala Asn Glin Glu Tyr Lys Val Ser Ser 
34 O 345 35. O 

Cys Glu Glin Arg Lieu. Ile Ser Glu Ile Glu Tyr Arg Lieu. Glu Arg Ser 
355 360 365 

Pro Val Asp Glu Ser Gly Asp Glu Val Glin Tyr Gly Asp Val Pro Val 
37 O 375 38O 

Glu Asin Gly Met Ala Pro Phe Phe Glu Met Lys Lieu Lys His Tyr Lys 
385 390 395 4 OO 

Ile Phe Glu Gly Met Pro Val Thr Phe Thr Cys Arg Val Ala Gly Asn 
4 OS 41O 415 

Pro Llys Pro Lys Ile Tyr Trp Phe Lys Asp Gly Lys Glin Ile Ser Pro 
42O 425 43 O 

Llys Ser Asp His Tyr Thir Ile Glin Arg Asp Lieu. Asp Gly. Thir Cys Ser 
435 44 O 445 

Lieu. His Thir Thir Ala Ser Thr Lieu. Asp Asp Asp Gly Asn Tyr Thir Ile 
450 45.5 460 

Met Ala Ala Asn Pro Glin Gly Arg Ile Ser Cys Thr Gly Arg Lieu Met 
465 470 47s 48O 

Val Glin Ala Val Asn Glin 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 
SOO 505 51O 



US 2011/0104694 A1 May 5, 2011 
66 

- Continued 

Glu Asin Glu Pro Ile Glin Glu Arg Phe Phe Arg Pro His Phe Leu Gln 
515 52O 525 

Ala Pro Gly Asp Lieu. Thr Val Glin Glu Gly Lys Lieu. Cys Arg Met Asp 
53 O 535 54 O 

Cys Llys Val Ser Gly Lieu Pro Thr Pro Asp Lieu. Ser Trp Gln Lieu. Asp 
5.45 550 555 560 

Gly Llys Pro Val Arg Pro Asp Ser Ala His Llys Met Lieu Val Arg Glu 
565 st O sts 

Asn Gly Val His Ser Lieu. Ile Ile Glu Pro Val Thir Ser Arg Asp Ala 
58O 585 59 O 

Gly Ile Tyr Thr Cys Ile Ala Thr Asn Arg Ala Gly Glin Asn Ser Phe 
595 6OO 605 

Ser Lieu. Glu Lieu Val Val Ala Ala Lys Glu Ala His Llys Pro Pro Val 
610 615 62O 

Phe Ile Glu Lys Lieu. Glin Asn Thr Gly Val Ala Asp Gly Tyr Pro Val 
625 630 635 64 O 

Arg Lieu. Glu. Cys Arg Val Lieu. Gly Val Pro Pro Pro Glin Ile Phe Trp 
645 650 655 

Llys Lys Glu Asn. Glu Ser Lieu. Thir His Ser Thr Asp Arg Val Ser Met 
660 665 67 O 

His Glin Asp Asn His Gly Tyr Ile Cys Lieu. Lieu. Ile Glin Gly Ala Thr 
675 68O 685 

Lys Glu Asp Ala Gly Trp Tyr Thr Val Ser Ala Lys Asn. Glu Ala Gly 
69 O. 695 7 OO 

Ile Val Ser Cys Thr Ala Arg Lieu. Asp Val Tyr Thr Gln Trp His Glin 
7 Os 71O 71s 72O 

Glin Ser Glin Ser Thr Llys Pro Llys Llys Val Arg Pro Ser Ala Ser Arg 
72 73 O 73 

Tyr Ala Ala Lieu. Ser Asp Glin Gly Lieu. Asp Ile Lys Ala Ala Phe Glin 
740 74. 7 O 

Pro Glu Ala Asn Pro Ser His Lieu. Thir Lieu. Asn. Thir Ala Lieu Val Glu 
7ss 760 765 

Ser Glu Asp Lieu. 
770 

<210s, SEQ ID NO 100 
&211s LENGTH: 108 O 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 1.OO 

tgagagtgaa atgggcgagc at actt cact gaCttagcgc titggit coaga atgaactgct 6 O 

ggc.cccacac ttgggcctgc taacgtgtgc ccgttcc ctg. g.gtgttctict gcagotggCC 12 O 

taagtgcc aa gcgatgtc.ca caa.gctgagc ticact cotgg aatacacgtt CCtggcc.gtt 18O 

c catct ctoga aggtgtcact tct citttitt.c ccc cc aggga ccctctgaag ctic cagdaac 24 O 

tccagaacca aatc.cgactg gag caggagg ccggcgctic gcagc ct cog C cagcc.ccgc 3OO 

gcagcgc.gcc gcc ct cqc cc ccct tcc.cgc cqc.cgc.ccgc Ctt CCCC gag ct cqcggcct 360 

gcacgc.cgcc cqcgt.ccc.cg gagcc catga gcgc.gctggc Ctc.ccgctcc gcc.ccc.gc.ca 42O 

tgcagt cct c cqgctic ctitc aactacgc.gc gcc ccaa.gca gttcatcgcc gcgcagaacc 48O 
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<210s, SEQ ID NO 104 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: chicken 

<4 OOs, SEQUENCE: 104 

Gly Glin Ser Pro Ala Ala Phe 
1. 5 

<210s, SEQ ID NO 105 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM; zebra fish 

<4 OOs, SEQUENCE: 105 

Cys Glin Thr Pro Pro Ala Pro 
1. 5 

<210s, SEQ ID NO 106 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 106 

Ser Glin. Thir Ser Ala Ala Phe 
1. 5 

<210s, SEQ ID NO 107 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 107 

Cagc.ca.gacg tcc.gcggcc 

<210s, SEQ ID NO 108 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 108 

Ser Glin Thr Pro Ala Ala 
1. 5 

<210s, SEQ ID NO 109 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 109 

Ser Glin. Thir Ser Ala Ala 
1. 5 

<210s, SEQ ID NO 110 
&211s LENGTH: 2695 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 110 

aaatgctitta citcttct cac cctaagggct c ct gaattta gctttittatt acacagaacc 

68 
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- Continued 

<4 OOs, SEQUENCE: 112 

cgggcgaggt ataaagcc.cg atacctgc cc cc.gc.ccggit cc.gcggagcc cqctgcagct 6 O 

CCC9ct C9ct CC9gacgcgg aatcgggcag cagogggagg C9gc.ccggag agcc.gagg 118 

<210s, SEQ ID NO 113 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 113 

gcggagc.ccg Ctgcagct Co. c9 

<210s, SEQ ID NO 114 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic probe 

<4 OOs, SEQUENCE: 114 

cggagc.ccgc tigcagctic cc 

<210s, SEQ ID NO 115 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 115 

cc.ccgc.gc.cc ggtc.cgcgga 

<210s, SEQ ID NO 116 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 116 

cgcgt.ccgga gcgagcggga 

What is claimed is: 
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, wherein the nucle 
otide sequence alteration is a nucleotide Substitution, and 
wherein the nucleotide substitution is a C->T substitution at 
position 715 of a human palladin nucleic acid, a G->T sub 
stitution at position 1671 of a human palladin nucleic acid, or 
a C->T substitution at position 2060 of a human palladin 
nucleic acid. 

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

3. The method of claim 2, wherein said amplification prod 
uct comprises the nucleotide Substitution that is associated 
with cancer. 

22 

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

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

6. A method of identifying an individual at risk of devel 
oping cancer, the method comprising detecting a palladin 
target nucleic acid comprising a nucleotide sequence alter 
ation that is associated with cancer, wherein the nucleotide 
sequence alteration is a nucleotide Substitution, and wherein 
the nucleotide 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 a C->T 
substitution at position 2060 of a human palladin nucleic acid. 

7. The method of claim 6, wherein the target palladin 
nucleic acid is genomic DNA. 
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8. The method of claim 6, wherein said detecting comprises 
nucleic acid-based amplification, and wherein an amplifica 
tion product is generated. 

9. The method of claim 8, wherein said amplification prod 
uct comprises the nucleotide sequence alteration that is asso 
ciated with cancer. 

10. The method of claim 6, wherein said detecting com 
prises hybridization with a palladin nucleic acid probe. 

11. The method of claim 6, wherein the cancer is pancreatic 
cancer, breast cancer, or a head and neck cancer. 

12. 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, 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 indicates that the cell 
is pre-cancerous or cancerous. 

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

14. The method of claim 12, 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. 

15. The method of claim 14, wherein the biological sample 
comprises pancreatic ductal Stroma. 

16. The method of claim 12, wherein the palladin target 
nucleic acid is a palladin mRNA that encodes the 90 kD 
isoform of palladin. 

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

72 
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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 of a levelofapalladin target nucleic acid 
that is lower than normal levels in the indicator cell 
indicates the presence in the individual of cancer. 

18. The method of claim 17, wherein the indicator cell is a 
white blood cell. 

19. The method of claim 17, wherein the cancer is pancre 
atic cancer, breast cancer, or a head and neck cancer. 

20. The method of claim 17, 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. 

21. 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. 

22. The method of claim 21, wherein said pancreatic cancer 
cell is a pancreatic ductal epithelial cell. 

23. The method of claim 21, wherein the level of palladin 
mRNA indicates that the cell is a pancreatic intraepithelial 
neoplasia (PanIN) pre-cancerous cell. 

24. The method of claim 21, wherein the level of palladin 
mRNA indicates that the cell is a pancreatic intraepithelial 
neoplasia (PanIN) cancerous cell. 

c c c c c 


