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CDX1 cDNA Sequence (SEQID NO: 1) 

i 

gC gggggal CC 

ta ccccgg CC 
gCCCC gCCCC 

CCCCCCCCCC 

gccgcctacg 

CCCCCt CC ag 
Cagoccct cq 
gagt ggat gC 
aagga Calagt 
cattacagcc 
actiga acºggC 
aa galagaaaC 

L a CCCC agCCC 

841 

96.1 

LO 21 

LO 81 

L141 

Li2O1 

126 L 

321 

L33L 

441 

| b 01 

L5 61 

621 

L 68 

t??t?t???aa 

CCCCCCjaC Ct 

CC gagt ct ca. 
ccccttggcc 

tagaC Cit Citig 
a?gcccca?? 

ta cogitt caga 
atggagCtga 
aaCtCaCaCC 

gccct tcc.ca 
Cactgggtta 
ggagg CCCtg 
caggctgccc 

CaCaCCtcCa 
ttttt Ctt Ct 

CCgCdgCCaC 

CagCCaggCC 

Cgg Cg CCCCC 

CCCCC a CCCC 

CCCCCCCCCC 

a Ctt tagCCC 

CCCCCCCCCC 
gg Cg CagCgt 

aCC gCgtggit 
gitt a Cat CaC 
agg tiga ag at 
ag CagC ag Ca 

gg CCat CCCt 
tgcctgtga a 
ggggaCt CCC 
gcc ctgaCCt 
catt gt gtg C 
ggg gat a agg 
tªggttggggg 

Gg|Ggt GC ag Ct Cg 
aaaagatgga 

tgcct cittct 
gg Ctggata C 

Cagaat Caca 
Cgg ?aggag ag a 

at Cagg gCCC 
Caggt gitt gt 
C??tt?Caaa 

Catgitatgtig 
agCCaCCCtC 

g Cagta CCCC 

CtCCCCCCCC 
CCCCCCCCCt 
CCt CCCCCCC 
cacaccgtcc 

CCCCCCCCC a 

?t-acac?ga? 
aatcCgg.cgg 

Ctig gtt. C Caa 
a CagCCCCCa. 

CCCCCCCCt C 
agaggagttt 
gt gCt CC Cag 
tCt-gg gaCat 
agtaag CCtg 
gagt CCaggg 
ag gggCC tag 

gagg CCt gt g 
atgcttgcag 

gcagcct cac 

taag CaC aaa 
gCCCt catga 

ad CCCCCCC. Ca. 

a CCC a CCCCC 
atatagagtig 

gg CitatgtgC 

gg CCt ggg CC 
gacttct cca 
ccctit CCCtog 
gCCCCCagCC 

CCCCCtcCCC 
t CgCC Cggag 
gg Cgg Cggtig 

???????g?? 

aaat Cagagc 

alla, CCQ QCQ QC 

CagCCgCC ga 

tq t CCCag ca 
Ct gC CatagC 
tgtggctcct 
gigt gg a Calgt 
tt ggatalaag 
tggat gat Ct 
acaaggct Co 

t Qq QJG QJaCC aC 
ag Cat gaCCt 

ctctacct gc 
gCCCait ag Cal 
to attctoag 
gtottoocta 
Cagagga Citt 
gaat Ctcttg 

tigga Calagga 
CggCaaacta 
gctactictoa 
CCCCCaagga 

cagott cqct 

CCCCCCCCCC 

CCC a Call CCCC 

gCalgCggt a a 
tigg ag Ctligga 
tgg ctg Cca a 
CadäqQaqCQ 

tgg CCCaCOa 
a CaCCagCCt, 
cccatgccca 

gt ggg CCC ag 
CaC Citat CC a 

acctit ccagic 

Caat Ct CC Cg 
aggccccacc 

act gat CCt g 
CJagga CCjCja Cj 

CCC Cat Cata 

Ctgg gCt Ctg 

tgaggg Ct Ct 
ccaggttt ct 
tatt CggaCC 
qatt qcaqctt 

1 aggtgag Cog ttgCtCct CC, tC gggg.cggC Cqg Cag Cq.gC ggCt CC aggg CC Cag Cat gC 
61 

121 

181 

241 

3O1 

361 

421 

481 

59 41 

6O1 

661 

21 

titcgc.ccgtg 

CCCCCCCCCC 
CCJtg|CagCCC 

CCaCtCCCCC 
gg Catt CCCC 
CCt CCt CCCC 
CaCCCCCtaC 
gact cqgaCC 
gaaggagtttt 
tctggggctC 
Caaagt gaaC 
CatCacggCC 

CCt CCCC a CC 
gCCtgtgCgC 
gaggt Ct ggt 

CCCt Ct gCat 
tcct gitgittc 

ti ggg Cat Ct C 
t CCt CCt CC8S 

gagaaaaggg 

gaaCgtggt C 
agggCaCtga 

atgg Ct gCt C 
ggatt gagag 

acaCCCCC gC 

a ag Caga gCt 

Caaga at aaa. 
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2281 

2341 

24O1 

2461 

2521 

2581 

26 41 

27 O1 

2761 

2821 

288.1 

29 41 

taaag Cattt 
agaCtctgaC 
aalata Caaaa 

tgaggCagga 

act gCact CC 

CCaaCaQCt a 
Cagagat Cga 

at gag Ctggg 
gaat Cg Cttg 

agt Ctgg Cala 
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CagtCtaaaa 
gaCCatCcta 

Ct-t CCt CCCC 
aa CCCCCC ag 

CagagCalaga 

tctgacct gt act Cttgaat acaagtitt Ct 
aactttaatg aactaactga CagCttCatg 

taattaattt CatCCCaCta aat QaaCtaa 
titcccagatt toaggaaact titttittctitt 

aaatata Ctt tt gt gaacaa aalatt gagaC 
agaCttggga aaCtatt Cat gaat atttat 
t Caat aaaaa tCt gCt Cttt gtataaCaga 

tt g citt cttt 
gC CalaCat Cg 
Cg CaC Ct gita 

CtCCaCattC 
Ct c Catct Ca 

gat aC CaCtg 
aaactgtcCa 

a CC a algg at a 
tgaaa CCCC a 
gt CCCagtta 
CagtgagCCC 
aaaagaaaag 

Cactgt Ctga 
CCalagat Caa 

tÇa CJC att CC 
taagCt at CC 

tg att C titta 
act cittacag 

att gitatggt 
a a a a 

Fig. 2/2 

tct.cccitatg 
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t-tta Cagaaa 
tCtCta Ctaa 

Ct CCCCaCCC 
agat. CQ CaCC 

aaaagaagaC 

gaattt CCaa 
gCagagaaaa 

a atgt Cittgt 

Calattt gata 

tCCt CCCtcC 

aatatagtta ttgCaCaagt 
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CK20 cDNA Sequence (SEQID NO:5) 

L Caaccat Cct 

L ag citt Ccaca 
121 

181 

241 

3O1 

361 

421 

481 

5 41 

6O1 

661 

21 

81 

841 

9 O1 

961 

LO 21 

O81 

L141 

Li2O1 

261 

321 

L381 

441 

L5 OL 

5 61 

L621 

681 

l ii 4l 

L8 O1 

C ag CQ CCt Cg 
tt C Cala Ct CC a 

gitt gg Caat g 
alaggt gC gga 
galadCCad Cg 

CtgCQaagt C 

aat qCtaaac 
CtaaCagtig 

aaaac agat 
gagCat Cag 
qttgatgct 
gaagt Catig 

gitt Citi gCag 

GCCCJC CJCt C 
aaagagtCt 

aa CCt CCag 
gala CCCCaC 

attgctact 

aC CaC CCt C 
gitt agt ggat C 
gCitaC Cag a a 
CtccCtgcaa 

Ct CCCCIt CCC 
aggag Ct CCa 
attactg.cca 
ttt gtagigita 

aCaCCaat CC 
3.3.3.33.33.3 3.3 

aaaaaaaaaa. 

gaagCtaCag 
gaagCCtgag 

CCaCCaCaCC 

CaC a Ca Cggt 
agaaaatggC 
CCCtggagCa 

CCCCCCCCCC 

ag atta agga 

tCCCtcCt Ca 
aagCtgat Ct 
tiggagatit Ca 
ag gaagt C ga 
CtCcaqq CCt 
CCCaga agaa 

aa Caggt CaC 
ga Cg Ca CCt C 

t Cg CaC CaCaC 
CQCtgttgag 
a CalaCgaata 

aC Cg CC gC Ct 
ala CaC a CaCja 

gCaaggt Cgt 
ggagat gCt g 
gaaat Cag CC 

CCCalat CCta 
aattgcct gC 
??t???at?Cat? 

at gitt CCt ga 
at Ctaaattg 
3.3 3.3.33.3.3 3.3 

aaaaaaa. 

gitgCt CCCt C 
citcct cottg 
C ag C gitt talt 
gala Citat ggg 
Cat gCagaaC 
gtccaactCc 
t, ggt C gC gadC 
tgct caactg 
qqaCtt Caga 
CCaag gCCtg 

datt gala Cala 
tigg CCita CaC 

Caa CCtt CCC 
CCtt Caagag 
agt gaat act 
CCagagCctt 

t Ctagag CaC 
Ct Ct Ctggag 
CCat at CCtt 

tCtggaagga 
tataalagaala 
gtCatctgaa 

ctgaggt titt 
atalagaa ag C 

tittat CaqaC 

aaaaat gaaa 
gaagCacat C 
aaattgcaat 
Caalaltaa aCC 

3 3.3 3.3.33 3.3 3 

Fig. 5 

Ctggaat CtC 
CaggCCCCtg 
ggg ggtg Ctlig 

aqCCat Ct. Ca 

Ctaaat gaCC 
aaacttgaag 

tal Cagit gCat 

Caaaat gCit C 
Ct CaagtatC 
aataaggt Ct 
Ct gaat daag 
aag Cat Ctgg 

qt Cat Cat qa 
g????ag??? 

gaagaattaa 
gagat aga aC 

aC Calaig CjC CC 

gCCCaact ga. 
Cttgacataa 
galaga Cgt aa 

aC CaC Cala Cja 

Ct Caaaga CC 
gaaagaaiatt 
aC tatt alata 

tctgt aattg 

tC CagtgagC 

aattacaa gC 
a Cat it it Calait 

acttt Cita at 

3.3 33.3.3 3.3 33 

Caatggattt 
tagtCagtaC 

CaCCCCCCCC 

CagCCCCCCC 

gitt C tagCgag 
tgCaaat Caa 

att a Cag a Cal 
ggt gt gt CCt 

aCact Caga C 
ttgat gacct 

aCC tagCtCt 
gCaaCaCtgt 

at Calaat CaC 
agt. Utga gag 
aaggaaCtga 

t CC agt CCC a 
Ctt aC ag CaC 
tgCagatt CC 
aga CtCgact 

aaact a Caga 
ttaaga Cagt 
tggaagaaaa 
tggctataat 
Ct CtgCagtg 

aatataaat g 
a Ctagalatat 
tgt agacca c 
tat act aaa C 

ttttt cct? t 
3.3.3 3.3 3.3.33 3 

US 2010/0240037 A1 

CagtCg Caga 
agt ggg Catt g 

Cat CCGC at C 
qg aC Cit gtttt 
Citacctagaa 
gCagtggta C 

datt galaga.g 
gCaalatt gat 
agCalataCCt 
aaCCCtaCat 

CCt Caaaaag 
Caatgtggag 

CCaCaact at 
aCagaCt gCa 

ggitt Ca a Cta 
tct Cag Catg 
ccagttagcc 
gagtaa Catg 
tgaa Caggaa 

at at cagtta 
CCt Cg Calagaa 
t?at??t?aaat?a 

cittat citttg 
attaga aggg 

ttitt acticag 
Ut SasaSCSUC 

Ctaatat Cala 

ct cacaaagt 
tt Ct Cgaaaaa 
3.3.33 3.3 3.3.33 
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MART1 cDNA Sequence (SEQID NO:9) 

61 

121 

181 

241. 

3O1 

361 

42l 

481 

541 

6O1 

661 

721 

781 

841 

9 O1 

96.1 

1 O21 

1 O81 

1141 

12O1 

1261 

1321 

1381 

1441 

15O1 

ag Caga Caga 

CaCaagat CC 
CggCt galaga 
tcggCtgttg 

at gitt gg CaC 
dC ag Caddigt 

Cittat gagaa 
gaCaCCtgag 

t citaat gitt C 
gt gittaa aat 
attaaattog 
gitaat gttag 

CCCCC at CCa 
acctitig accg 
ata Ct?t?t?t?a? 

ag Caatgt Ct. 
tatagct citt 

coccatct to 
Ct CCt gag ta 
gtagaga Cgg 

ct gcc ccg cct 

gat Cctatat 
atgctatt ct 
aataagtaaa 

aC Citat CJC Ca 
dat Cataldag 

gg actict cat 
tCaCtt Cat C 

CCC CCCt ggg 
gtattgtaga 
toaatgtgCC 

gt Ct Ctt Caa 
act Ctctgca 
acatgct gaa 
tcctttggaa 
tttagtaggt 
gaaaacticca 

taa at C Catig 
attt Ct Cttt 

acatgaactg 
aggittaagaC 
ctttgtgCtc 
tttittittgag 

g|Ct CaC cata 
gCtgggatta 
ggitttcticca 

cagcct ccca 
Cttaggitaag 
aactaatgac 

ag Ctactat g 
atttacct ct 
gailt CaC agat 

taag gaaggt 
tatggttacc 

at CC gCat CC 
aga CCaalatg 

ttaa Caag aa 
gagdadd a Ct 
gaaCagt CaC 
attattt CC 

t. CCt Ct- a CCa 
CCg Ct aC Cag 
t Caataa atq 
gtgttatttt 

a Ctt gaalatt 
taca Cagaat 
aaagggttga 
taala att Cita 

atggagtitit C 

acct coccct 
CdCCCCCCC 

tgitt ggt Cag 
aagt gCt gga 
aCatatalacg 

aagt attttc 
tact gcctta 
Cttgggtt CC 
tCtg 

Fig. 9 
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gt CCtgtgoc 

CCaagaag Cg 

tiga Cagt gat 
gata CagagC 
gatgCCCa Ca 
gt gdd CCt gt 
Ca CCa CCt ta 

t?CaCa?t??t?? 

aaaat gCaag 
ta Citaat Cat 

ttgcaat gCa 

Ctgagaga Ca 
tggCtaat aa 
tgitt ccagta 
ctggcctatt 
titat act a Ca 

gCttttgttg 
cccagottca 

CC a Ct atg CC 
gCtggtCt Ca 
attacaggcg 
Cagtctaatt 
ta Ctaaa C Ca 

gtgCtgatgC 
Calaat CCCt C 

Ctgaccctac 

gca?gg???? 

CCtgggagtC 
Ctt gat ggat 
agaagggttt 
ggt-UCCCddt 
tit C&CCitta a 

gcitt gaattit 
C Cat Clt Ctaa 

gtgaggaaat 
tqatactat C 
gaatt Caagt 

Calaa Ct agt C 
Citatggagtig 

tat Ctgat Ca 
ataatatatt 

CCCaggCtgg 
agcaattctic 

tiga Ctalattu 
aaCt CCtgaC 
tgagccacca 
a Cattt CaC it 

Caaat U gCta 
Ctgt gtactg 
t CaCaagaat 

US 2010/0240037 A1 

a agat gC Cala 
t Citta CaCCa 

ttactgctica 
aaaagtcttc 
gat Cat C ggg 

g CUC CdC Ct g 
gagCCagCga 

aata CagaCa 
taataagt Ca 
gat gagaaat 

t Ct CCC a CaC 
ggg tatt Ctg 
aggtttt Cga 

ctca Caaagg 
agaacatgt C 
gtaaag at CC 
agtgCaatigg 
ct gCCttagC 

t. gtagittt ta 
Ct Caggt gat 

cg cct gigct g 
t Caaggct Ca 
gaaggattta 

CCittaa atgt 
Ct CCaCaaga 
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2341 

24O1 

2461 

2521 

2581 

26 41 

27 O1 

2761 

2821 

2881 

2941 

3 OO1 

3 O 61 

3121 

3181 

3241 

33 O1 

Ctggagttgg 

gaggaa CCaa 

ttt ct cagaa 
tgitt gat Cta 
gitt gCagttt 
ttaaaaaaCt 

CCt Ctaalaga 
Caggatttgt 

Ct gCCjt Ct gt 
taa CggagaC 
CSC tit Ct CSC 

Ctgg Caac Ct 
atccttgctic 
at CtttggaC 

tigg cactitat 
ta CCC Caaaa 

tCttaaagt t 

catctgttcc 

taagga cita c 

ag Cattt gCC 
tgataatgaa 
tattgCtgat 
tgCaga gat a 
CagCggttat 
taagt gCCag 
CCagCCaqCt. 

tta Ct C ggCt 

a Caaaat gtig 
ag Ctgg CCC a 
ccgtctaata 
taaagtatt C 
tagcttct ct 
gCaatat gitt 
ttt Caaaa C C 
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t CagggCagt 

QCt gatQCgg 
tgtgCggagg 

gg CCC ag at g 
ga CCtggatg 
agCCttggtg 
gggattgaat 
acttitgt Cag 

gttt ccatcc 
t Ctg gitt CCC 
at agt ga Cag 
acgCagCtaC 
tgaC Cagaat 

aaaat ag Cat 
CataaaCitga 

gt CactCCta 
Ctaa aat Cat 

Ctggalaccat 

Cgata ag Cat 
aagaCgatgg 
CCaCtggittC 
ac agcttctt 
tt gat ggtga 
CCtgtggCCa 
gaagt Caagg 

ct gaccctct 
tCgtgCaaCC 

alalagg CtCat. 
gagggtCaCa 
gagCtggaat 
ag CaaagCt C 
t cacgattat 

attct caagt 
atticgc 

Fig. 1 1/2 

gagaaCaagg 

gaat titt Citg 

CCagga ag Ca 

tCCtgt gCg C 
ggaCtCaCtt 
agg Caaagaa 

tCCCatagala 

ag Cittct gct 
gCa gCait ggit 
tt C CaCtgCa 
ctgtcccatt 

tactat gct C 
aCC a CaCt ga 
act gtattgg 
aaattaaatg 

aCtatt Caaa 

US 2010/0240037 A1 

Cattccactg 

gact cct act 
aat ga CtgCt 
t CCgt gg gitt 
ggaCCCaaat 
gitt CagC CaC 
gt CC ag Caga 
ttgt CCg Cct 
aact atttag 
gg Citttgat C 

t CCagt gitt C 
tgta Cagagg 

CCa aat Ctgg 
gCtaata att 
ttt g ggttca 
ttgt agtaaa 
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SCCA1 c)NA Sequence (SEQID NO: 12) 

121 

181 

241 

3O1 

3.6 L 

421 

481 

541 

6O1 

661 

21 

781 

841 

9 O1 

961 

1 O21 

1 O81 

1141 

12O1 

1261 

1321 

1381 

1441 

15 O1. 

15 61 

1621 

1681 

ct Ctct gCCC 
Catgaatt Ca 
aaaat Caaaa 

ggtcctctta 

tCaagtCaca 

tgitt Cat CaC 
CJCtga agat C 

agat gCCat C 
agaagaaagt 
aaaCCt aatt 

Ct attt Caaa. 

ttggCCaaac 
ttittgcct cq 

t Citaa gCait g 
act cact gCt 

Cg att ta CaC 
aaC Catggga 
CC gCogt CtC 
ag CagaagCt. 
tgaag agttc 
Ca U CC - CU - C 

gaaaat gitt C 

gct catattt 
taaaat ag Ca 
tC Cagaaaaa 
?C??C?aaat 

ataC?????? 

C?aaatCC?t 

gtgaCataaa 

accitctgctt 

Ct Cagt gaag 
gagaaCaaCa 

ggagCC alalag 

gagala CaC Ca 

Cagttt Caaa 
gCC aaCaag C 

aag aaatttt 
Cgaaagaaga 

CCt gaaggt a 
ggg Cagt gCg 
aagaataCat 
Ctggaggatg 
attgtgttgC 
gagaaattiga 
ttacctcggt 

at CCtggata 
gtgCtat Ctg 

gCaig CtgCC a 

Cattgt aat C 
tatggCagat 

acct gCagat 
Citt tt Cittt C 

tgcctttctc 

tt Ct CCttga 
ttgaaatata 

ttt gaattta 

Ctt at gt tt C 
at Ca 

CCt Ctaggaa 
CCSS CSC CSS 

t?C???t?3t??? 

????cactg? 

Caggaaaag C 

ag Ctt CitgaC 
t Ctt Cggaga 

a CC ag a C C ag 

ttaa ctc ctg 
at attgg Cag 
agaagaaatt 
acaagtCcat 
tacaggccaa 
tgcCaaat ga 
tggalatggaC 
tCaaagtgga 

t Ctt Caatgg 
gagt CCt a Ca 
CCgCtgtagt 
a CCC ttt C Ct 

t Ct Cat CCCC 

gitt Ct ggtaa 

tCat ctit gat 
t?C?tt????tt 

gga aaa atgt 
attctgtttg 

gCaaCCtaga 

taaattttgt 
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Ca Caggagitt 

gitt Catgitt C 

CCCt at CaCC 
a CalaCagatt 

tg Cala Catat 
tgaatt Caac 
aaaaacgtat 

tgt ggaat Ct 
gg tiggaaagt 
CaataCCaCa 

taat aaag aa 
a Cagat gat g 
ggt CCtiggaa 

aat Cgat ggt 
aagtttgCag 

agaga CCt at 
gg atg CagaC 
caaggcctitt 

aggatt Cgga 
att?C??Cata 

gtagatgCaa 
act gattgct 
gat gat Cgt C 
aataagCCCa 
CCaaaataag 
tgacC tgttt 

aa CaC a Catt 

gatt Citataa 

Fig. 12 
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CCagat CaCa 
gaCCtgitt CC 

atCacat Cag 
aagaaggitt C 

Cat gitt gata 
aaatcCactg 
Ct atttittaC 

gitt gattitt g 
CalaaCgaatg 

tt g gitt Ctt g 
gata Ctalaag 
aggCaataCa 
atal CC at a Ca. 

Ct CCagaag C 
aatatgagag 
gaCCt Caagg 

Ctct Cagg Ca 
gt ggag gitt a 

?Cat CaCC?a 

aggCaaaata 
tt agt Citigt C 

gg CalaCalaCa 

at Cat Caaga 
Catata aatg 
at gaat CaCt 
taaatgaaCC 

tct ttgaatt 
aaCaCat Cat 

t Cgagtit CaC 
aaCagitt Cag 
CattagCJCat 

tt Cacttt ga 

CCt CaCC aaa 
atgCatat ga 
aggaatattt 

Caaat gCt CC 
aaaaaattaa 

tgaacgcaat 
aggaaaaatt 
Cat C????Ca 

aaggCaaaga 

ttgaagagaa 
aga cacgtigt 

a CaC gitt gag 

tCaCCCCCaC 
CaC a CC a CCC 

CUU C a a C - 3 a 

agaC Ca a Cag 

actccatttg 

gatt CtCtt g 

attitaat gat 
ta C??t????t 

taat a CCgta 
aaaC Calaat C 

taggt gata C 
Calat aaaata 
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181 

241 

3O1 

361 

421 

481 

541 

6 O1 

661 

T 21 

781 

841 

9 O1 

961 

1 O 21 

1 O 81 

1141 

1201. 

1261 

1321 

1381 

1441 

15 O1. 

ggCgCCCCCg 

CCCag Ct Cag 
taataatcgt 

QC tQQCtQCC 
ag caaaacct 
gagCgggCt C 

tCjCtggggtC 

Citact ggat C 
ttt gCgga Ct 

Caggt CCt Cg 
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C gitt Cggg Ct 
gaagaatgtg t Ctgt gaaaa 

tct gCttgcc 
Cita Caag Ctg 

Caat gC Cagt 
aaatQgttt QgQg 

gaagggg CC C 

tittaag gCC a 
aCaagaaCaC 

at Cattgaac 
gCaCtt Cagla 

CaCgagtatt 

aaaaact Cag 
aggt gaat CC 
tCtggat CCt 
gCaggigt Cta 
tg galatt gitt 
Catalaaggag 

tatagaagaa 

aCat Ctttga 
gtact caaaa 
gtottatata 

tatt gt gitaa C 
atttgtgatt 
gag Citatgaa 
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Fig. 15/2 
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IDENTIFICATION OF MARKERS IN 
ESOPHAGEAL CANCER, COLON CANCER, 

HEAD AND NECK CANCER, AND 
MELANOMA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional of U.S. patent appli 
cation Ser. No. 11/178, 134, filed Jul. 8, 2005, corresponding 
to United States Patent Publication No. 20060019290, pub 
lished Jan. 26, 2006, and claims the benefit under 35 U.S.C. 
S119(e) to priority U.S. Provisional Patent Application Nos. 
60/586,599 and 60/587,019, both filed on Jul. 9, 2004, each of 
which is incorporated herein by reference in its entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003 Provided are improved cancer diagnostic methods, 
along with compositions and apparatus useful in conducting 
those methods. 
0004 2. Description of the Related Art 
0005 Early detection of cancer typically leads to 
increased Survival rates. Metastatic lesions commonly are 
detected by histological techniques, including immunohis 
tochemical techniques. Metastasized cells typically infiltrate 
the lymph nodes, and, thus in most instances, certain sentinel 
lymph nodes, lymph nodes where metastasized cells typically 
first infiltrate, are recognized for each cancer type and are 
analyzed for the presence of lesions, including microme 
tastases. Trained histologists often can detect metastatic 
lesions visually after tissue from a sentinel lymph node is 
sectioned and stained. Highly trained histologists often can 
visualize micrometasteses, but the ability to visualize such 
lesions varies from histologist-to-histologist. 
0006. In many surgical procedures to remove tumors, 
biopsies of sentinel lymph nodes are taken. The Surgical 
procedure is then halted and the excised lymphatic tissue is 
then analyzed. Once it is determined that the tumor has metas 
tasized, a second, more radical Surgical procedure is per 
formed, removing regional lymphatics. A rapid method for 
identifying tumors is therefore warranted, not only because 
more assays can be performed in a given time period, thereby 
increasing laboratory turnaround, but permitting accurate, 
intraoperative decisions to be made, rather than conducting a 
second surgical procedure. It is therefore desirable to identify 
useful diagnostics for malignancies, especially that permit 
rapid and/or intraoperative detection of lymphatic microme 
ta StaSeS. 

SUMMARY 

0007. The present invention relates to a diagnostic method 
for detecting the presence of cancer cells in a patient by 
identifying the expression of certain markers indicative of the 
presence of cancer cell. 
0008. In one embodiment, the present invention relates to 
a method of identifying the expression of markers indicative 
of the presence of esophageal cancer cells in a lymph node of 
a patient. The method comprises determining if an mRNA 
species specific to one or more of CEA, CK7, CK19, CK20. 
VIL1, TACSTD1, and PVA is overabundant in an RNA 
sample prepared from the lymph node. The overabundance of 
the mRNA species is indicative of the presence of displaced 
cells of the esophagus in the lymph node. 
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0009. In another embodiment, the present invention 
relates to a method of identifying the expression of markers 
indicative of the presence of cells of squamous cell carcinoma 
of the head and neck in alymph node of a patient. The method 
comprises determining ifan mRNA species specific to one or 
more of CEA, CK19, PTHrP, PVA, TACSTD1 and SCCA1.2 
(SCCA1+SCCA2) is overabundant in an RNA sample pre 
pared from the lymph node. The overabundance of the mRNA 
species is indicative of the presence of displaced cells of a 
squamous cell carcinoma of the head and neck in the lymph 
node. 

0010. In still another embodiment, the present invention 
relates to a method for identifying the expression or markers 
indicative of the presence of cells of a squamous cell carci 
noma in a lymph node of a patient. The method comprises 
determining ifan mRNA species specific to PVA is overabun 
dant in an RNA sample prepared from the lymph node. The 
overabundance of the mRNA species is indicative of the 
presence of displaced cells of a squamous cell carcinoma in 
the lymph node. 
0011. In yet another embodiment, the present invention 
relates to a method for identifying the expression of markers 
indicative of the presence of colon cancer cells in a lymph 
node of a patient. The method comprises determining if an 
mRNA species specific to one or more of CDX1, TACSTD1 
and VIL1 is overabundant in an RNA sample prepared from 
the lymph node. The overabundance of the mRNA species is 
indicative of the presence of displaced colon cells in the 
lymph node. 
0012. In still another embodiment, the present invention 
relates to a method for identifying the expression of markers 
indicative of the presence of melanoma cells in a lymph node 
of a patient. The method comprises determining if an mRNA 
species specific to one or more of MAGEA136-plex, 
MART1, and TYR is overabundant in an RNA sample pre 
pared from the lymph node. The overabundance of the mRNA 
species is indicative of the presence of melanoma cells in the 
lymph node. 
0013. In yet a further embodiment, the present invention 
relates to an article of manufacture comprising packaging 
material and one or more nucleic acids specific to one or more 
ofCEA, CK7, CK19, CK20, VIL 1, TACSTD1, and PVA. The 
packaging material comprises an indicia, for example and 
without limitation, a writing, illustration, label, tag, book, 
booklet and/or package insert, indicating that the one or more 
nucleic acids can be used in a method of identifying expres 
sion of markers indicative of the presence of esophageal 
cancer cells in a lymph node of a patient. 
0014. In a still further embodiment, the present invention 
relates to an article of manufacture comprising packaging 
material and one or more nucleic acids specific to one or more 
of CEA, CK19, PTHrP, PVA, TACSTD1 and SCCA1.2. The 
packaging material comprises an indicia indicating that the 
one or more nucleic acids can be used in a method of identi 
fying expression of markers indicative of the presence of cells 
of a squamous cell carcinoma of the head and neck in alymph 
node of a patient. 
0015. In another embodiment, the present invention 
relates to an article of manufacture comprising packaging 
material and one or more nucleic acids specific to one or more 
ofCDX1, TACSTD1 and VIL 1. The packaging material com 
prises an indicia indicating that the one or more nucleic acids 



US 2010/0240037 A1 

can be used in a method of identifying expression of markers 
indicative of the presence of colon cancer cells in a lymph 
node of a patient. 
0016. In still another embodiment, the present invention 
relates to an article of manufacture comprising packaging 
material and one or more nucleic acids specific to one or more 
of MAGEA136-plex, MART1 and TYR. The packaging 
material comprises an indicia indicating that the one or more 
nucleic acids can be used in a method of identifying expres 
sion of markers indicative of the presence of melanoma cells 
in a lymph node of a patient. 
0017. In still another embodiment, the present invention 
relates to an article of manufacture comprising packaging 
material and one or more nucleic acids specific to PVA. The 
packaging material comprises an indicia indicating that the 
one or more nucleic acids can be used in a method of identi 
fying expression of markers indicative of the presence of cells 
of a squamous cell carcinoma in a lymph node of a patient. 
0018. In yet another embodiment, the present invention 
relates to a composition comprising one or more primers or 
probes specific to one or more of CEA, CK7, CK19, CK20. 
VIL1, TACSTD1, and PVA and RNA extracted from the 
lymph node of a patient diagnosed with or Suspected of hav 
ing esophageal cancer, or a nucleic acid, or analog thereof, 
derived from the RNA. 
0019. In a further embodiment, the present invention 
relates to a composition comprising one or more primers or 
probes specific to one or more of CEA, CK19, PTHrP, PVA, 
TACSTD1 and SCCA1.2 and RNA extracted from the lymph 
node of a patient diagnosed with or Suspected of having 
squamous cell carcinoma of the head and neck, or a nucleic 
acid, or analog thereof, derived from the RNA. 
0020. In still a further embodiment, the present invention 
relates to a composition comprising one or more primers or 
probes specific to one or more of CDX1, TACSTD1 and VIL1 
and RNA extracted from the lymph node of a patient diag 
nosed with or Suspected of having colon cancer, or a nucleic 
acid, or an analog thereof, derived from the RNA. 
0021. In yet a further embodiment, the present invention 
relates to a composition comprising one or more primers or 
probes specific to one or more of MAGEA136-plex, MART1 
and TYR and RNA extracted from a lymph node of a patient 
diagnosed with or Suspected of having melanoma, or a 
nucleic acid, or analog thereof, derived from the RNA. 
0022. In another embodiment, the present invention 
relates to a composition comprising one or more primers or 
probes specific to PVA and RNA extracted from a sentinel 
lymph node of a patient diagnosed with or Suspected of hav 
ing a squamous cell carcinoma, or a nucleic acid, or analog 
thereof, derived from the RNA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a listing of a cDNA sequence of the caudal 
type homeo box transcription factor 1 (CDX1) marker (SEQ 
ID NO: 1). 
0024 FIG. 2 is a listing of a cDNA sequence for the 
carcinoembryonic antigen-related cell adhesion molecule 5 
(CEA) marker (SEQID NO: 2). 
0025 FIG. 3 is a listing of a cDNA sequence for the 
cytokeratin 7 (CK7) marker (SEQ ID NO:3). 
0026 FIG. 4 is a listing of a cDNA sequence for the 
cytokeratin 19 (CK19) marker (SEQID NO: 4). 
0027 FIG. 5 is a listing of a cDNA sequence for the 
cytokeratin 20 (CK20) marker (SEQID NO: 5). 
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0028 FIG. 6 is a listing of a cDNA sequence for the 
melanoma antigen gene family A1 (MAGEA1) marker (SEQ 
ID NO: 6). 
(0029 FIG. 7 is a listing of a cDNA sequence for the 
melanoma antigen gene family A3 (MAGEA3) marker (SEQ 
ID NO: 7). 
0030 FIG. 8 is a listing of a cDNA sequence for the 
melanoma antigen gene family A6 (MAGEA6) marker (SEQ 
ID NO:8). 
0031 FIG. 9 is a listing of a cDNA sequence for the 
melanoma antigen recognized by T cells 1 (MART 1) marker 
(SEQ ID NO:9). 
0032 FIG. 10 is a listing of a cDNA sequence for the 
parathyroid hormone-related protein (PTHrP) marker (SEQ 
ID NO: 10). 
0033 FIG. 11 is a listing of a cDNA sequence for the 
pemphigu Vulgatis antigen (PVA) marker (SEQ ID NO: 11). 
0034 FIG. 12 is a listing of a cDNA sequence for the 
squamous cell carcinoma antigen 1 (SCCA1) marker (SEQ 
ID NO: 12). 
0035 FIG. 13 is a listing of a cDNA sequence for the 
squamous cell carcinoma antigen 2 (SCCA2) marker (SEQ 
ID NO: 13). 
0036 FIG. 14 is a listing of a cDNA sequence for the 
tumor-associated calcium signal transducer 1 (TACSTD1) 
marker (SEQID NO: 14). 
0037 FIG. 15 is a listing of a cDNA sequence for the 
tyrosinase (TYR) marker (SEQ ID NO: 15). 
0038 FIG. 16 is a listing of a cDNA sequence for the villin 
1 (VIL1) marker (SEQID NO: 16). 
0039 FIG. 17 is a scatter plot showing the expression 
levels of CEA, CK7, SCCA 12, CK20, TACSTD1, VIL and 
CK19 in primary tumor, tumor-positive lymph nodes and 
benign lymph nodes of an esophageal cancer patient. 
0040 FIG. 18A-O provide scatter plots illustrating the 
ability of two-marker systems to distinguish between benign 
and malignant cells in a lymph node of an esophageal cancer 
patient (negative gray circle; positive—black circle). 
0041 FIGS. 19 is a scatter plot showing the expression 
levels of CEA, CK19, PThRP, PVA, SCCA 1.2 and TACSTD1 
in primary tumor, tumor-positive lymph nodes and benign 
lymph nodes of a head & neck cancer patient. 
0042 FIG. 20A-F provides scatter plots illustrating the 
ability of two-marker systems to distinguish between benign 
and malignant cells in a lymph node of a head & neck cancer 
patient (negative—circle; positive—"+). 
0043 FIGS. 21 is a scatter plot showing the expression 
levels of MART1, TYR and MAGEA136-plex in primary 
tumor, tumor-positive lymph nodes and benign lymph nodes 
of a melanoma patient. 
0044 FIGS. 22A and 22B provide scatter plots illustrating 
the ability of two-marker systems to distinguish between 
benign and malignant cells in a lymph node of a melanoma 
patient (negative—circle; positive—"+). 
0045 FIGS. 23 is a scatter plot showing the expression 
levels of CDX1, CEA, CK19, CK20, TACSTD1 and VIL1 in 
primary tumor, tumor-positive lymph nodes and benign 
lymph nodes of a colon cancer patient. 

DETAILLED DESCRIPTION 

0046 Provided are methods and compositions useful in 
identifying esophageal cancer, colon cancer, head and neck 
cancer and melanoma cells, including micrometastases, in 
lymph nodes. Early detection of metastases typically is 
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related to patient Survival. Very Small metastases often go 
undetected in histological study of lymph node biopsies, 
resulting in false negative results that result in decreased 
chances of patient Survival. The nucleic acid detection assays 
described herein are much more discriminating than are his 
tological studies in most instances (a few, excellent histolo 
gists are capable of identifying micrometastases in lymph 
node sections), and are robust and repeatable in the hands of 
any minimally-trained technician. Although the methods and 
compositions described herein are necessarily presented 
comprising expression of specific mRNA markers, this 
should be understood that it shall not be deemed to exclude 
methods and compositions comprising combinations of the 
specific markers and other markers known in the art. 
0047. To this end, a number of molecular markers are 
identified, that are expressed in certain cancer types, includ 
ing esophageal cancer, colon cancer, head and neck cancer 
and melanoma. These markers are markers specific to the 
tissue from which the particular cancer type arises and typi 
cally are not expressed, at least to the same levels, in lym 
phoid tissue. The presence and/or elevated expression of one 
or more of these markers in sentinel lymph node tissue is 
indicative of displaced cells in the lymphoid tissue, which 
correlates strongly with a cancer diagnosis. As used herein a 
“squamous cell carcinoma’ is a cancer arising, at least in part, 
from a squamous cell population and/or containing, at least in 
part, a squamous cel population including, without limita 
tion, cancers of the cervix, penis; head and neck, including, 
without limitation cancers of the oral cavity, salivary glands, 
paranasal sinuses and nasal cavity, pharynx and larynx, lung; 
esophageal, skin other than melanoma; Vulva and bladder. 
0048. As used herein, the terms "expression' and 
“expressed” mean production of a gene-specific mRNA by a 
cell. In the context of the present disclosure, a “marker' is a 
gene that is expressed abnormally in a lymphatic biopsy. In 
one embodiment, the markers described herein are mRNA 
species that are expressed in cells of a specific tumor source at 
a significantly higher level as compared to expression in 
lymphoid cells. 
[0049] Expression levels of mRNA can be quantified by a 
number of methods. Traditional methods include Northern 
blot analysis. More recently, nucleic acid detection methods 
have been devised that facilitate quantification of transcripts. 
Examples of PCR methods are described in U.S. patent appli 
cation Ser. No. 10/090,326 (U.S. Ser. No. 10/090,326), incor 
porated herein by reference in its entirety. Other methods for 
determining expression levels of a given mRNA include iso 
thermic amplification or detection assays and array technolo 
gies, as are known in the art, Such as, without limitation, those 
described below. 

0050. The improved PCR methods described herein as 
well as in U.S. Ser. No. 10/090,326, and other nucleic acid 
detection and amplification methods described herein and as 
are known in the art permit rapid detection of cancer cells in 
lymph node tissue. These rapid methods can be used intraop 
eratively, and also are useful in detecting rare nucleic acid 
species, even in multiplexed PCR reactions that concurrently 
detect a more prevalent control nucleic acid. 
0051 A typical PCR reaction includes multiple amplifi 
cation steps, or cycles that selectively amplify a target nucleic 
acid species. Because detection of transcripts is necessary, the 
PCR reaction is coupled with a reverse transcription step 
(reverse transcription PCR, or RT-PCR). A typical PCR reac 
tion includes three steps: a denaturing step in which a target 
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nucleic acid is denatured; an annealing step in which a set of 
PCR primers (forward and backward primers) anneal to 
complementary DNA strands; and an elongation step in 
which a thermostable DNA polymerase elongates the prim 
ers. By repeating this step multiple times, a DNA fragment is 
amplified to produce an amplicon, corresponding to the target 
DNA sequence. Typical PCR reactions include 30 or more 
cycles of denaturation, annealing and elongation. In many 
cases, the annealing and elongation steps can be performed 
concurrently, that is at the same temperature, in which case 
the cycle contains only two steps. 
0.052 The lengths of the denaturation, annealing and elon 
gation stages may be any desirable length of time. However, 
in attempting to shorten the PCR amplification reaction to a 
time Suitable for intraoperative diagnosis, the lengths of these 
steps can be in the seconds range, rather than the minutes 
range. The denaturation step may be conducted for times of 
one second or less. The annealing and elongation steps opti 
mally are less than 10 seconds each, and when conducted at 
the same temperature, the combination annealingfelongation 
step may be less than 10 seconds. Use of recently developed 
amplification techniques, such as conducting the PCR reac 
tion in a Rayleigh-Bénard convection cell, also can dramati 
cally shorten the PCR reaction time beyond these time limits 
(see, Krishnan, My et al., “PCR in a Rayleigh-Bénard con 
vection cell.” Science 298:793 (2002), and Braun, D. et al., 
“Exponential DNA Replication by Lominar Convection.” 
Physical Review Letters, 91:158103). 
[0053] As described in U.S. Ser. No. 10/090,326, each 
cycle may be shortened considerably without substantial 
deterioration of production of amplicons. Use of high con 
centrations of primers is helpful in shortening the PCR cycle 
time. High concentrations typically are greater thanabout 400 
nM, and often greater than about 800 nM, though the optimal 
concentration of primers will vary somewhat from assay-to 
assay. Sensitivity of RT-PCR assays may be enhanced by the 
use of a sensitive reverse transcriptase enzyme (described 
below) and/or high concentrations of reverse transcriptase 
primerto produce the initial target PCR template. 
0054 The specificity of any given PCR reaction relies 
heavily, but not exclusively, on the identity of the primer sets. 
The primer sets are pairs of forward and reverse oligonucle 
otide primers that anneal to a target DNA sequence to permit 
amplification of the target sequence, thereby producing a 
target sequence-specific amplicon. PCR primer sets can 
include two primers internal to the target sequence, or one 
primer internal to the target sequence and one specific to a 
target sequence that is ligated to the DNA or cDNA target, 
using a technique known as “ligation-anchored PCR' (Troutt, 
A. B., et al. (1992), “Ligation-anchored PCR: A Simple 
Amplification Technique with Single-sided Specificity.” 
Proc. Natl. Acad. Sci. USA, 89:9823-9825). 
0055 As used herein, a "derivative' of a specified oligo 
nucleotide is an oligonucleotide that binds to the same target 
sequence as the specified oligonucleotide and amplifies the 
same target sequence to produce essentially the same ampli 
con as the specified oligonucleotide but for differences 
between the specified oligonucleotide and its derivative. The 
derivative may differ from the specified oligonucleotide by 
insertion, deletion and/or substitution of any residue of the 
specified sequence so long as the derivative Substantially 
retains the characteristics of the specified sequence in its use 
for the same purpose as the specified sequence. 
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0056. As used herein, “reagents’ for any assay or reaction, 
Such as a reverse transcription and PCR, are any compound or 
composition that is added to the reaction mixture including, 
without limitation, enzyme(s), nucleotides or analogs 
thereof, primers and primer sets, probes, antibodies or other 
binding reagents, detectable labels or tags, buffers, salts and 
co-factors. As used herein, unless expressed otherwise, a 
“reaction mixture' for a given assay or reaction includes all 
necessary compounds and/or compositions necessary to per 
form that assay or reaction, even if those compounds or com 
positions are not expressly indicated. Reagents for many 
common assays or reactions. Such as enzymatic reaction, are 
known in the art and typically are provided and/or Suggested 
when the assay or reaction kit is sold. 
[0057] As also described in U.S. Ser. No. 10/090,326, mul 
tiplexed PCR assays may be optimized, or balanced, by time 
shifting the production of amplicons, rather than by manipu 
lating primer concentrations. This may be achieved by using 
two primer sets, each primer set having a different Tm So that 
a two-stage PCR assay can be performed, with different 
annealing and/or elongation temperatures for each stage to 
favor the production of one amplicon over another. This time 
and temperature shifting method permits optimal balancing 
of the multiplex reaction without the difficulties faced when 
manipulation of primer concentrations is used to balance the 
reaction. This technique is especially useful in a multiplex 
reaction where it is desirable to amplify a rare cDNA along 
with a control cDNA. 

0.058 A quantitative reverse transcriptase polymerase 
chain reaction (QRT-PCR) for rapidly and accurately detect 
ing low abundance RNA species in a population of RNA 
molecules (for example, and without limitation, total RNA or 
mRNA), includes the steps of: a) incubating an RNA sample 
with a reverse transcriptase and a high concentration of a 
target sequence-specific reverse transcriptase primer under 
conditions suitable to generate cDNA; b) subsequently add 
ing Suitable polymerase chain reaction (PCR) reagents to the 
reverse transcriptase reaction, including a high concentration 
of a PCR primer set specific to the cDNA and a thermostable 
DNA polymerase to the reverse transcriptase reaction, and c) 
cycling the PCR reaction for a desired number of cycles and 
under suitable conditions to generate PCR product (“ampli 
cons’) specific to the cDNA. By temporally separating the 
reverse transcriptase and the PCR reactions, and by using 
reverse transcriptase-optimized and PCR-optimized primers, 
excellent specificity is obtained. The reaction may be con 
ducted in a single tube (all tubes, containers, vials, cells and 
the like in which a reaction is performed may be referred to 
herein, from time to time, generically, as a “reaction vessel’), 
removing a source of contamination typically found in two 
tube reactions. These reaction conditions permit very rapid 
QRT-PCR reactions, typically on the order of 20 minutes 
from the beginning of the reverse transcriptase reaction to the 
end of a 40 cycle PCR reaction. 
0059. The reaction c) may be performed in the same tube 
as the reverse transcriptase reaction by adding Sufficient 
reagents to the reverse transcriptase (RT) reaction to create 
good, or even optimal conditions for the PCR reaction to 
proceed. A single tube may be loaded, prior to the running of 
the reverse transcriptase reaction, with: 1) the reverse tran 
scriptase reaction mixture, and 2) the PCR reaction mixture to 
be mixed with the cDNA mixture after the reverse tran 
scriptase reaction is completed. The reverse transcriptase 
reaction mixture and the PCR reaction mixture may be physi 
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cally separated by a solid, or semi-solid (including amor 
phous, glassy Substances and waxy) barrier of a composition 
that melts at a temperature greater than the incubation tem 
perature of the reverse transcriptase reaction, but below the 
denaturing temperature of the PCR reaction. The barrier.com 
position may be hydrophobic in nature and forms a second 
phase with the RT and PCR reaction mixtures when in liquid 
form. One example of Such a barrier composition is wax 
beads, commonly used in PCR reactions, such as the AMP 
LIWAX PCR GEM products commercially available from 
Applied Biosystems of Foster City, Calif. 
0060 Alternatively, the separation of the reverse tran 
scriptase and the PCR reactions may be achieved by adding 
the PCR reagents, including the PCR primer set and thermo 
stable DNA polymerase, after the reverse transcriptase reac 
tion is completed. Preferably the PCR reagents, are added 
mechanically by a robotic or fluidic means to make sample 
contamination less likely and to remove human error. 
0061 The products of the QRT-PCR process may be com 
pared after a fixed number of PCR cycles to determine the 
relative quantity of the RNA species as compared to a given 
reporter gene. One method of comparing the relative quanti 
ties of the products of the QRT-PCR process is by gel elec 
trophoresis, for instance, by running the samples on a gel and 
detecting those samples by one of a number of known meth 
ods including, without limitation, Southern blotting and Sub 
sequent detection with a labeled probe, staining with 
ethidium bromide and incorporating fluorescent or radioac 
tive tags in the amplicons. 
0062 However, the progress of the quantitative PCR reac 
tions typically is monitored by determining the relative rates 
ofamplicon production foreach PCR primer set. Monitoring 
amplicon production may be achieved by a number of pro 
cesses, including without limitation, fluorescent primers, 
fluorogenic probes and fluorescent dyes that bind double 
stranded DNA. A common method is the fluorescent 5' 
nuclease assay. This method exploits the 5' nuclease activity 
of certain thermostable DNA polymerases (such as Taq or Tfl 
DNA polymerases) to cleave an oligomeric probe during the 
PCR process. The oligomer is selected to anneal to the ampli 
fied target sequence under elongation conditions. The probe 
typically has a fluorescent reporter on its 5' end and a fluo 
rescent quencher of the reporter at the 3' end. So long as the 
oligomer is intact, the fluorescent signal from the reporter is 
quenched. However, when the oligomer is digested during the 
elongation process, the fluorescent reporter no longer is in 
proximity to the quencher. The relative accumulation of free 
fluorescent reporterfor a given amplicon may be compared to 
the accumulation of the same amplicons for a control sample 
and/or to that of a control gene, such as B-actin or 18S rRNA 
to determine the relative abundance of a given cINA product 
of a given RNA in a RNA population. Products and reagents 
for the fluorescent 5' nuclease assay are readily available 
commercially, for instance from Applied Biosystems. 
0063 Equipment and software also are readily available 
for monitoring amplicon accumulation in PCR and QRT-PCR 
according to the fluorescent 5' nuclease assay and other 
QPCR/QRT-PCR procedures, including the Smart Cycler, 
commercially available from Cepheid of Sunnyvale, Calif., 
the ABI Prism 7700 Sequence Detection System (TaqMan), 
commercially available from Applied BioSystems. A car 
tridge-based sample preparation system (GenXpert) com 
bines a thermal cycler and fluorescent detection device hav 
ing the capabilities of the Smart Cycler product with fluid 
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circuits and processing elements capable of automatically 
extracting specific nucleic acids from a tissue sample and 
performing QPCR or QRT-PCR on the nucleic acid. The 
system uses disposable cartridges that can be configured and 
pre-loaded with a broad variety of reagents. Such a system 
can be configured to disrupt tissue and extract total RNA or 
mRNA from the sample. The reverse transcriptase reaction 
components can be added automatically to the RNA and the 
QPCR reaction components can be added automatically upon 
completion of the reverse transcriptase reaction. 
0064. Further, the PCR reaction may be monitored of pro 
duction (or loss) of a particular fluorochrome from the reac 
tion. When the fluorochrome levels reach (or fall to) a desired 
level, the automated system will automatically alter the PCR 
conditions. In one example, this is particularly useful in the 
multiplexed embodiment described above, where a more 
abundant (control) target species is amplified by the first, 
lower Tm, primer set at a lower temperature than the less 
abundant species amplified by the second, higher Tm, primer 
set. In the first stage of the PCR amplification, the annealing 
temperature is lower than the effective Tm of the first primer 
set. The annealing temperature then is automatically raised 
above the effective Tm of the first primer set when production 
of the first amplicon by the first primer set is detected. In a 
system that automatically dispenses multiple reagents from a 
cartridge, such as the GeneXpert system, a first PCR reaction 
may be conducted at the first Tm and, when the first PCR 
reaction proceeds past a threshold level, a second primer with 
a different Tm is added, resulting in a sequential multiplexed 
reaction. 

0065. In the above-described reactions, the amounts of 
certain reverse transcriptase and the PCR reaction compo 
nents typically are atypical in order to take advantage of the 
faster ramp times of some thermal cyclers. Specifically, the 
primer concentrations are Very high. Typical gene-specific 
primer concentrations for reverse transcriptase reactions are 
less than about 20 nM. To achieve a rapid reverse tran 
Scriptase reaction on the order of one to two minutes, the 
reverse transcriptase primer concentration Was raised to 
greater than 20 nM, preferably at least about 50 nM, and 
typically about 100 nM. Standard PCR primer concentrations 
range from 100 nM to 300 nM. Higher concentrations may be 
used in standard PCR reactions to compensate for Tm varia 
tions. However, the referenced primer concentrations are for 
circumstances where no Tm compensation is needed. Propor 
tionately higher concentrations of primers may be empiri 
cally determined and used if Tm compensation is necessary or 
desired. To achieve rapid PCR reactions, the PCR primer 
concentrations typically are greater than 200 nM, preferably 
greater than about 500 nM and typically about 800 nM. Typi 
cally, the ratio of reverse transcriptase primer to PCR primer 
is about 1 to 8 or more. The increase in primer concentrations 
permitted PCR experiments of 40 cycles to be conducted in 
less than 20 minutes. 

0066. A sensitive reverse transcriptase may be preferred in 
certain circumstances where either low amounts of RNA are 
present or a target RNA is a low abundance RNA. By the term 
“sensitive reverse transcriptase, it is meant a reverse tran 
scriptase capable of producing suitable PCR templates from 
low copy number transcripts for use as PCR templates. The 
sensitivity of the sensitive reverse transcriptase may derive 
from the physical nature of the enzyme, or from specific 
reaction conditions of the reverse transcriptase reaction mix 
ture that produces the enhanced sensitivity. One example of a 
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sensitive reverse transcriptase is SensiScript RT reverse tran 
scriptase, commercially available from Qiagen, Inc. of Valen 
cia, Calif. This reverse transcriptase is optimized for the pro 
duction of cDNA from RNA samples of<50 ng, but also has 
the ability to produce PCR templates from low copy number 
transcripts. In practice, in the assays described herein, 
adequate results were obtained for samples of up to, and even 
in excess of, about 400 ng RNA. Other sensitive reverse 
transcriptases having Substantially similar ability to reverse 
transcribe low copy number transcripts would be equivalent 
sensitive reverse transcriptase for the purposes described 
herein. Notwithstanding the above, the ability of the sensitive 
reverse transcriptase to produce cDNA from low quantities of 
RNA is secondary to the ability of the enzyme, or enzyme 
reaction system to produce PCR templates from low copy 
number sequences. 
0067. As discussed above, the procedures described 
herein also may be used in multiplex QRT-PCR processes. In 
its broadest sense, a multiplex PCR process involves produc 
tion of two or more amplicons in the same reaction vessel. 
Multiplex amplicons may be analyzed by gel electrophoresis 
and detection of the amplicons by one of a variety of methods, 
Such as, without limitation ethidium bromide staining, South 
ern blotting and hybridization to probes, or by incorporating 
fluorescent or radioactive moieties into the amplicons and 
Subsequently viewing the product on a gel. However, real 
time monitoring of the production of two or more amplicons 
is preferred. The fluorescent 5' nuclease assay is the most 
common monitoring method. Equipment is now available 
(for example, the above-described Smart Cycler and TaqMan 
products) that permits the real-time monitoring of accumula 
tion of two or more fluorescent reporters in the same tube. For 
multiplex monitoring of the fluorescent 5' nuclease assay, 
oligomers are provided corresponding to each amplicon spe 
cies to be detected. The oligomer probe for each amplicon 
species has a fluorescent reporter with a different peak emis 
sion wavelength than the oligomer probe(s) for each other 
amplicons species. The accumulation of each unduenched 
fluorescent reporter can be monitored to determine the rela 
tive amounts of the target sequence corresponding to each 
amplicon. 
[0068] In traditional multiplex QPCR and QRT-PCR pro 
cedures, the selection of PCR primer sets having similar 
annealing and elongation kinetics and similar sized ampli 
cons are desirable. The design and selection of appropriate 
PCR primer sets is a process that is well known to a person 
skilled in the art. The process for identifying optimal PCR 
primer sets, and respective ratios thereof to achieve a bal 
anced multiplex reaction also is known. By “balanced, it is 
meant that certain amplicon(s) do not out-compete the other 
amplicon(s) for resources, such as dNTPs or enzyme. For 
instance, by limiting the abundance of the PCR primers for 
the more abundant RNA species in an RT-PCR experiment 
will allow the detection of less abundant species. Equaliza 
tion of the Tm (melting temperature) for all PCR primer sets 
also is encouraged. See, for instance, ABI PRISM 7700 
Sequence Detection System User Bulletin #5, “Multiplex 
PCR with TaqMan VIC Probes, Applied Biosystems (1998/ 
2001). 
0069. Despite the above, for very low copy number tran 
scripts, it is difficult to designaccurate multiplex PCR experi 
ments, even by limiting the PCR primer sets for the more 
abundant control species. One solution to this problem is to 
run the PCR reaction for the low abundance RNA in a sepa 
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rate tube than the PCR reaction for the more abundant species. 
However, that strategy does not take advantage of the benefits 
of running a multiplex PCR experiment. A two-tube process 
has several drawbacks, including cost, the addition of more 
room for experimental error and the increased chance of 
sample contamination, which is critical in PCR assays. 
0070 A method has been described in WO 02/070751 for 
performing a multiplex PCR process, including QRT-PCR 
and QPCR, capable of detecting low copy number nucleic 
acid species along with one or more higher copy number 
species. The difference between low copy number and high 
copy number nucleic acid species is relative, but is referred to 
herein as a difference in the prevalence of a low (lower) copy 
number species and a high (higher) copy number species of at 
least about 30-fold, but more typically at least about 100-fold. 
For purposes herein, the relative prevalence of two nucleic 
acid species to be amplified is more salient than the relative 
prevalence of the two nucleic acid species in relation to other 
nucleic acid species in a given nucleic acid sample because 
other nucleic acid species in the nucleic acid sample do not 
directly compete with the species to be amplified for PCR 
fºSQUICCS, 

0071. As used herein, the prevalence of any given nucleic 
acid species in a given nucleic acid sample, prior to testing, is 
unknown. Thus, the “expected number of copies of a given 
nucleic acid species in an nucleic acid sample often is used 
herein and is based on historical data on the prevalence of that 
species in nucleic acid samples. For any given pair of nucleic 
acid species, one would expect, based on previous determi 
nations of the relative prevalence of the two species in a 
sample, the prevalence of each species to fall within a range. 
By determining these ranges one would determine the differ 
ence in the expected number of target sequences for each 
species. An mRNA species is identified as “overabundant” if 
it is present in statistically significant amounts over normal 
prevalence of the mRNA species in a sample from a normal 
patient or lymph node. As is abundantly illustrated in the 
examples and plots provided herein, a person of skill in the art 
would be able to ascertain statistically significant ranges or 
cutoffs for determining the precise definition of “overabun 
dance” for any one or more mRNA species. 
0072 The multiplex method involves performing a two 
(or more) stage PCR amplification, permitting modulation of 
the relative rate of production of a first amplicon by a first 
primer set and a second amplicon by a second primer set 
during the respective amplification stages. By this method, 
PCR amplifications to produce amplicons directed to a lower 
abundance nucleic acid species are effectively “balanced 
with PCR amplifications to produce amplicons directed to a 
higher abundance nucleic acid species. Separating the reac 
tion into two or more temporal stages may be achieved by 
omitting the PCR primer set for any amplicons that are not to 
be produced in the first amplification stage. This is best 
achieved through use of automated processes, such as the 
GenXpert prototype system described above. Two or more 
separate amplification stages may be used to tailor and bal 
ance multiplex assays, along with, or to the exclusion of 
tailoring the concentration of the respective primer sets. 
0073. A second method for temporally separating the PCR 
amplification process into two or more stages is to select PCR 
primer sets with variation in their respective Tm. In one 
example, primers for a lower copy number nucleic acid spe 
cies would have a higher Tm (Tm) than primers for a higher 
abundance species (Tm2). In this process, the first stage of 
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PCR amplification is conducted for a predetermined number 
of cycles at a temperature Sufficiently higher than Tm So that 
there is substantially no amplification of the higher abun 
dance species. After the first stage of amplification, the 
annealing and elongation steps of the PCR reaction are con 
ducted at a lower temperature, typically about Tm, so that 
both the lower abundance and the higher abundance 
amplimers are amplified. It should be noted that Tm, as used 
herein and unless otherwise noted, refers to “effective Tm. 
which is the Tm for any given primer in a given reaction mix, 
which depends on factors, including, without limitation, the 
nucleic acid sequence of the primer and the primer concen 
tration in the reaction mixture. 

(0074. It should be noted that PCR amplification is a 
dynamic process. When using temperature to modulate the 
respective PCR reactions in a multiplex PCR reaction, the 
higher temperature annealing stage may be carried out at any 
temperature typically ranging from just above the lower Tm 
to just below the higher Tm, so long as the reaction favors 
production of the amplicon by the higher Tm primer set. 
Similarly, the annealing for the lower temperature reaction 
typically is at any temperature below the Tm of the low 
temperature primer set. 
0075. In the example provided above, in the higher tem 
perature stage the amplicon for the low abundance RNA is 
amplified at a rate faster than that the amplicon for the higher 
abundance RNA (and preferably to the substantial exclusion 
of production of the second amplicon), so that, prior to the 
second amplification stage, where it is desirable that ampli 
fication of all amplicons proceeds in a Substantially balanced 
manner, the amplicon for the lower abundance RNA is of 
sufficient abundance that the amplification of the higher 
abundance RNA does not interfere with the amplification of 
the amplicon for the lower abundance RNA. In the first stage 
of amplification, when the amplicon for the low abundance 
nucleic acid is preferentially amplified, the annealing and 
elongation steps may be performed above Tm to gain speci 
ficity over efficiency (during the second stage of the amplifi 
cation, since there is a relatively large number of low abun 
dance nucleic acid amplicons, selectivity no longer is a 
significant issue, and efficiency of amplicon production is 
preferred). It, therefore, should be noted that although favor 
able in many instances, the temperature variations may not 
necessarily result in the complete shutdown of one amplifi 
cation reaction over another. 

[0076] In another variation of the above-described ampli 
fication reaction, a first primer set with a first Tm may target 
a more-abundant template sequence (for instance, the control 
template sequence) and a second primer set with a higher Tm 
may target a less-abundant template sequence. In this case, 
the more-abundant template and the less-abundant template 
may both be amplified in a first stage at a temperature below 
the (lower) Tm of the first primer set. When a threshold 
amount of amplicon corresponding to the more abundant 
template is reached, the annealing and/or elongation tempera 
ture of the reaction is raised above the Tm of the first primer 
set, but below the higher Tm of the second primer set to 
effectively shut down amplification of the more abundant 
template. 
(0077 Selection of three or more sets of PCR primer sets 
having three or more different Tms (for instance, 
Tm>Tm2Tm) can be used to amplify sequences of varying 
abundance in a stepwise manner, so long as the differences in 
the Tms are sufficiently large to permit preferential amplifi 
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cation of desired sequences to the Substantial exclusion of 
undesired sequences for a desired number of cycles. In that 
process, the lowest abundance sequences are amplified in a 
first stage for a predetermined number of cycles. Next, the 
lowest abundance and the lesser abundance sequences are 
amplified in a second stage for a predetermined number of 
cycles. Lastly, all sequences are amplified in a third stage. As 
with the two-stage reaction described above, the minimum 
temperature for each stage may vary, depending on the rela 
tive efficiencies of each single amplification reaction of the 
multiplex reaction. It should be recognized that two or more 
amplimers may have substantially the same Tm, to permit 
amplification of more than one species of similar abundance 
at any stage of the amplification process. As with the two 
stage reaction, the three-stage reaction may also proceed step 
wise from amplification of the most abundant nucleic acid 
species at the lowest annealing temperature to amplification 
of the least abundant species at the highest annealing tem 
perature. 
0078. By this sequential amplification method, an addi 
tional tool is provided for the “balancing of multiplex PCR 
reactions besides the matching of Tms and using limiting 
amounts of one or more PCR primer sets. The exploitation of 
PCR primer sets with different Tms as a method for sequen 
tially amplifying different amplicons may be preferred in 
certain circumstances to the sequential addition of additional 
primer sets. However, the use of temperature-dependent 
sequencing of multiplex PCR reactions may be coupled with 
the sequential physical addition of primer sets to a single 
reaction mixture. 

0079 An internal positive control that confirms the opera 
tion of a particular amplification reaction for a negative result 
also may be used. The internal positive controls (IPC) are 
DNA oligonucleotides that have the same primer sequences 
as the target gene (CEA or tyrosinase) but have a different 
internal probe sequence. Selected sites in the IPC's optionally 
may be synthesized with uracil instead of thymine so that 
contamination with the highly concentrated mimic could be 
controlled using uracil DNA glycosylase, if required. The 
IPCs maybe added to any PCR reaction mastermix in 
amounts that are determined empirically to give Ct values 
typically greater than the Ct values of the endogenous target 
of the primerset. The PCR assays are then performed accord 
ing to standard protocols, and even when there is no endog 
enous target for the primer set, the IPC would be amplified, 
thereby verifying that the failure to amplify the target endog 
enous DNA is not a failure of the PCR reagents in the mas 
termix. In this embodiment, the IPC probe fluoresces differ 
ently than the probe for the endogenous sequences. A 
variation of this for use in RT-PCR reactions is where the IPC 
is an RNA and the RNA includes an RT primer sequence. In 
this embodiment, the IPC verifies function of both the RT and 
PCR reactions. Both RNA and DNA IPCs (with different 
corresponding probes) may also be employed to differentiate 
difficulties in the RT and PCR reactions. 

0080. The rapid QRT-PCR protocols described herein 
may be run in about 20 minutes. This short time period 
permits the assay to be run intraoperatively so that a Surgeon 
can decide on a Surgical course during a single operation 
(typically the patient will remain anesthetized and/or other 
wise sedated in a single “operation', though there may be a 
waiting period between when the sample to be tested is 
obtained and the time the interoperative assay is complete), 
rather than requiring a second operation, or requiring the 
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Surgeon to perform unneeded or overly broad prophylactic 
procedures. For instance, in the Surgical evaluation of certain 
cancers, including breast cancer, melanoma, lung cancer, 
esophageal cancer and colon cancer, tumors and sentinel 
lymph nodes are removed in a first operation. The sentinel 
nodes are later evaluated for micrometastases, and, when 
micrometastases are detected in a patient's sentinel lymph 
node, the patient will need a second operation, thereby 
increasing the patient's Surgical risks and patient discomfort 
associated with multiple operations. With the ability to deter 
mine the expression levels of certain tumor-specific markers 
described herein in less than 30 minutes with increased accu 
racy, a physician can make an immediate decision on how to 
proceed without requiring the patient to leave the operating 
room or associated facilities. The rapid test also is applicable 
to needle biopsies taken in a physician's office. A patient need 
not wait for days to get the results of a biopsy (such as a needle 
biopsy of a tumor or lymph node), but can now get more 
accurate results in a very short time. 
I0081. As used herein, in the context of gene expression 
analysis, a probe is “specific to a gene or transcript if under 
reaction conditions it can hybrizide specifically to transcripts 
of that gene within a sample, or sequences complementary 
thereto, and not to other transcripts. Thus, in a diagnostic 
assay, a probe is specific to a gene if it can bind to a specific 
transcript or desired family of transcripts in mRNA extracted 
from a specimen, to the practical exclusion (does not interfere 
substantially with the detection assay) of other transcripts. In 
a PCR assay, primers are specific to a gene if they specifically 
amplify a sequence of that gene, to the practical exclusion of 
other sequences in a sample. 
I0082 Table B provides primer and probe sequences for the 
mRNA quantification assays described and depicted in the 
Examples and Figures. FIGS. 1-16 provide non-limiting 
examples of cDNA sequences of the various mRNA species 
detected in the Examples. Although the sequences provided 
in Table B were found effective in the assays described in the 
examples, other primers and probes would likely be equally 
suited for use in the QRT-PCR and other mRNA detection and 
quantification assays, either described herein oras are known 
in the art. Design of alternate primer and probe sets for PCR 
assays, as well as for other mRNA detection assays is well 
within the abilities of one of average skill in the art. For 
example and without limitation, a number of computer soft 
ware programs will generate primers and primer sets for PCR 
assays from cDNA sequences according to specified param 
eters. Non limiting examples of Such software include, 
NetPrimer and Primer Premier 5, commercially available 
from PREMIER Biosoft International of Palo Alto, Calif., 
which also provides primer and probe design software for 
molecular beacon and array assays. Primers and/or probes for 
two or more different mRNAs can be identified, for example 
and without limitation, by aligning the two or more target 
sequences according to standard methods, determining com 
mon sequences between the two or more mRNAs and enter 
ing the common sequences into a suitable primer design 
computer program. 
I0083. As used herein, a “primer or probe' for detecting a 
specific mRNA species is any primer, primer set and/or probe 
that can be utilized to detect and/or quantify the specific 
mRNA species. An “mRNA species” can be a single mRNA 
species, corresponding to a single mRNA expression product 
of a single gene, or can be multiple mRNAS that are detected 
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by a single common primer and/or probe combination, Such 
as the SCCA 1.2 and MAGEA136-plex pecies described 
below. 

0084. In the commercialization of the methods described 
herein, certain kits for detection of specific nucleic acids will 
be particularly useful. A kit typically comprises one or more 
reagents, such as, without limitation, nucleic acid primers or 
probes, packaged in a container, Such as, without limitation, a 
vial, tube or bottle, in a package Suitable for commercial 
distribution, Such as, without limitation, a box, a sealed 
pouch, a blister pack and a carton. The package typically 
contains an indicia, for example and without limitation, a 
writing, illustration, label, book, booklet, tag and/or packag 
ing insert, indicating that the packaged reagents can be used 
in a method for identifying expression of markers indicative 
of the presence of cancer cells in alymph node of apatient. As 
used herein, "packaging materials” includes any article used 
in the packaging, for distribution of reagents in a kit, includ 
ing, without limitation, containers, vials, tubes, bottles, 
pouches, blister packaging, labels, tags, instruction sheets, 
and package inserts. 
0085. One example of such a kit would include reagents 
necessary for the one-tube QRT-PCR process described 
above. In one example, the kit would include the above 
described reagents, including reverse transcriptase, a reverse 
transcriptase primer, a corresponding PCR primer set, a ther 
mostable DNA polymerase, such as Taq polymerase, and a 
Suitable fluorescent reporter, Such as, without limitation, a 
probe for a fluorescent 5' nuclease assay, a molecular beacon 
probe, a single dye primer or a fluorescent dye specific to 
double-stranded DNA, such as ethidium bromide. The prim 
ers may be present in quantities that would yield the high 
concentrations described above. Thermostable DNA poly 
merases are commonly and commercially available from a 
variety of manufacturers. Additional materials in the kit may 
include: Suitable reaction tubes or vials, a barrier composi 
tion, typically a wax bead, optionally including magnesium; 
reaction mixtures (typically 10X) for the reverse transcriptase 
and the PCR stages, including necessary buffers and reagents 
such as dNTPs; nuclease- or RNase-free water; RNase inhibi 
tor; control nucleic acid(s) and/or any additional buffers, 
compounds, co-factors, ionic constituents, proteins and 
enzymes, polymers, and the like that may be used in reverse 
transcriptase and/or PCR stages of QRT-PCR reactions. 
0.086 Components of a kit are packaged in any manner 
that is commercially practicable. For example, PCR primers 
and reverse transcriptase may be packaged individually to 
facilitate flexibility in configuring the assay, or together to 
increase ease of use and to reduce contamination. Similarly, 
buffers, salts and co-factors can be packaged separately or 
together. 
0087. The kits also may include reagents and mechanical 
components suitable for the manual or automated extraction 
of nucleic acid from a tissue sample. These reagents are 
known to those skilled in the art and typically are a matter of 
design choice. For instance, in one embodiment of an auto 
mated process, tissue is disrupted ultrasonically in a Suitable 
lysis solution provided in the kit. The resultant lysate solution 
is then filtered and RNA is bound to RNA-binding magnetic 
beads also provided in the kit or cartridge. The bead-bound 
RNA is washed, and the RNA is eluted from the beads and 
placed into a Suitable reverse transcriptase reaction mixture 
prior to the reverse transcriptase reaction. In automated pro 
cesses, the choice of reagents and their mode of packaging 
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(for instance in disposable single-use cartridges) typically are 
dictated by the physical configuration of the robotics and 
fluidics of the specific RNA extraction system, for example 
and without limitation, the GenXpert system. International 
Patent Publication Nos. WO 04/48931, WO 03/77055, WO 
03/72253, WO03/55973, WO02/52030, WO02/18902, WO 
01/84463, WO01/57253, WO01/45845, WO00/73413, WO 
00/73412 and WO 00/72970 provide non-limiting examples 
of cartridge-based systems and related technology useful in 
the methods described herein. 

I0088. The constituents of the kits may be packaged 
together or separately, and each constituent may be presented 
in one or more tubes or vials, or in cartridge form, as is 
appropriate. The constituents, independently or together, may 
be packaged in any useful state, including without limitation, 
in a dehydrated, a lyophilized, a glassified oran aqueous state. 
The kits may take the physical form of a cartridge for use in 
automated processes, having two or more compartments 
including the above-described reagents. Suitable cartridges 
are disclosed for example in U.S. Pat. Nos. 6,440,725, 6,431, 
476, 6,403,037 and 6,374,684. 
I0089 Array technologies also can facilitate determining 
the expression level of two or more genes by facilitating 
performance of the desired reactions and their analysis by 
running multiple parallel reactions at the same time. One 
example of an array is the GeneChip(R) gene expression array, 
commercially available from Affymetrix, Inc. of Santa Clara, 
Calif. Patents illustrating array technology and uses therefor 
include, without limitation, U.S. Pat. Nos. 6.040,138, 6.245, 
517, 6,251,601, 6,261,776, 6,306,643, 6,309,823, 6,346,413, 
6,406,844 and 6,416,952. A plethora of other "array' patents 
exist, illustrating the multitude of physical forms a useful 
array can take. An "array'. Such as a “microarray' can be a 
Substrate containing one or more binding reagents, typically 
in discrete physical locations, permitting high throughput 
analysis of the binding of a sample to the array. In the context 
of the methods described herein, an array contains probes 
specific to transcripts of one or more of the genes described 
herein affixed to a substrate. The probes can be nucleic acids 
or analogs thereof, as are known in the art. An array also can 
refer to a plurality of discrete reaction chambers, permitting 
multiple parallel reactions and detection events on a minia 
turized scale. 

0090. As mentioned above, PCR-based technologies may 
be used to quantify mRNA levels in a given tissue sample. 
Other sequence-specific nucleic acid quantification methods 
may be more or less Suited. In one embodiment, the nucleic 
acid quantification method is a rolling circle amplification 
method. Non-limiting examples of rolling circle amplifica 
tion methods are described in U.S. Pat. Nos. 5,854,003: 
6,183,960; 6,344,329; and 6,210,884, each of which are 
incorporated herein by reference to the extent they teach 
methods for detecting and quantifying RNA species. In one 
embodiment, a padlock probe is employed to facilitate the 
rolling circle amplification process. (See Nilsson, M. et al. 
(2002), “Making Ends Meet in Genetic Analysis Using Pad 
lock Probes. Human Mutation 19:410-415 and Schweitzer, 
B. etal (2001), “Combining Nucleic Acid Amplification and 
Detection. Current Opinion in Biotechnology, 12:21-27). A 
padlock probe is a linear oligonucleotide or polynucleotide 
designed to include one target-complementary sequence at 
each end, and which is designed such that the two ends are 
brought immediately next to each other upon hybridization to 
the target sequence. The probe also includes a spacer between 
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the target-complementary sequences that includes a poly 
merase primer site and a site for binding to a probe, such as a 
molecular beacon probe, for detecting the padlock probe 
spacer sequence. If properly hybridized to an RNA template, 
the probe ends can then be joined by enzymatic DNA ligation 
to form a circular template that can be amplified by poly 
merase extension of a complementary primer. Thousands of 
concatemerized copies of the template can be generated by 
each primer, permitting detection and quantification of the 
original RNA template. Quantification can be automated by 
use, for example and without limitation, of a molecular bea 
con probe or other probe capable of detecting accumulation 
of a target sequence. By using padlock probes with different 
spacers to bind different molecular beacons that fluoresce a 
different color on binding to the amplified spacer, this auto 
mated reaction can be multiplexed. Padlock probe sequences 
target unique portions of the target RNA in order to ensure 
specific binding with limited or no cross-reactivity. RCA is an 
isothermic method in that the amplification is performed at 
one temperature. 
0091 Another isothermic method, for example and with 
out limitation, is nucleic acid sequence-based amplification 
(NASBA). A typical NASBA reaction is initiated by the 
annealing of a first oligonucleotide primerto an RNA targetin 
an RNA sample. The 3' end of the first primer is complemen 
tary to the target analyte; the 5' end encodes the T7 RNA 
polymerase promoter. After annealing, the primer is extended 
by reverse transcription (AMV-RT, for example) to produce a 
cDNA. The RNA is digested with RNase H, permitting a 
second primer (sense) to anneal to the cDNA strand, permit 
ting the DNA polymerase activity of the reverse transcriptase 
to be engaged, producing a double-stranded cDNA copy of 
the original RNA template, with a functional T7 RNA poly 
merase promoter at one end. T7 polymerase is then used to 
produce an additional RNA template, which is further ampli 
fied, though in reverse order, according to the same proce 
dure. Avariety of other nucleicacid detection and/or ampli 
fication methods are known to those of skill in the art, 
including variations on the isothermic Strand displacement, 
PCR and RCA methods described herein. 

Example 1 

General Materials and Methods 

0092. Identification of Potential Markers. An extensive 
literature and public database Survey was conducted to iden 
tify any potential markers. Resources for this survey included 
PubMed, OMIM, UniGene (http://www.ncbi.nlm.nih.gov/), 
GeneCards (http://bioinfo. weizmann ac it/cards), and CGAP 
(http://cgap.nci.nih.gov). Survey criteria were somewhat 
flexible but the goal was to identify genes with moderate to 
high expression in tumors and low expression in normal 
lymph nodes. In addition, genes reported to be upregulated in 
tumors and genes with restricted tissue distribution were con 
sidered potentially useful. Finally, genes reported to be can 
cer-specific, Such as the cancer testis antigens and hTERT, 
were evaluated. 
0093 Tissues and Pathological Evaluation. Tissue speci 
mens were obtained from tissue banks at the University of 
Pittsburgh Medical Center through IRB approved protocols. 
All specimens were Snap frozen in liquid nitrogen and later 
embedded in OCT for frozen sectioning. Twenty 5-micron 
sections were cut from each tissue for RNA isolation. In 
addition, sections were cut and placed on slides for H&E and 
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IHC analysis at the beginning, middle (between the tenth and 
eleventh sections for RNA), and end of the sections for RNA 
isolation. All three H&E slides from each specimen under 
went pathological review to confirm presence of tumor, per 
centage of tumor, and to identify the presence of any contami 
nating tissues. All of the unstained slides were stored at -20° 
C. Immunohistochemistry evaluation was performed using 
the AE1/AE3 antibody cocktail (DAKO, Carpinteria, Calif.), 
and Vector Elite ABC kit and Vector AEC Chromagen (Vecta 
Laboratories, Burlingame, Calif.). IHC was used as needed as 
needed to confirm the H&E histology. 
0094 Screening Approach. The screening was conducted 
in two phases. All potential markers entered the primary 
screening phase and expression was analyzed in 6 primary 
tumors and 10 benign lymph nodes obtained from patients 
without cancer (5 RNA pools with 2 lymph node RNA's per 
pool). Markers that showed good characteristics for lymph 
node metastasis detection passed into the secondary screen 
ing phase. The secondary Screen consisted of expression 
analysis on 20-25 primary tumors, 20-25 histologically posi 
tive lymph nodes and 21 benign lymph nodes without cancer. 
(0095 RNA. Isolation and cDNA Synthesis. RNA was iso 
lated using the RNeasy minikit (Qiagen, Valencia, Calif.) 
essentially as described by the manufacturer. The only modi 
fication was that we doubled the volume of lysis reagent and 
loaded the column in two steps. This was found to provide 
better RNA yield and purity, probably as a result of diluting 
out the OCT in the tissue sections. Reverse transcription was 
performed in 100-ul reaction volumes either with random 
hexamer priming or sequence-specific priming using a probe 
indicated in Table C and Superscript II (Invitrogen, Carlsbad, 
Calif.) reverse transcriptase. For the primary screen, three 
reverse transcription reactions were performed, each with 
500 ng of RNA. The cDNAs were combined and QPCR was 
performed using the equivalent of 20 ng RNA per reaction. 
For the secondary screen, the RNA input for primary tumors 
and positive nodes was also 500 ng. For benign nodes how 
ever, the RNA input was 2000 ng resulting in the equivalent of 
80 ng RNA per QPCR reaction. 
I0096 Quantitative PCR. All quantitative PCR was per 
formed on the ABI Prism 7700 Sequence Detection Instru 
ment (Applied Biosystems, Foster City, Calif.). Relative 
expression of the marker genes was calculated using the 
delta-C methods previously described and with-glucu 
ronidase as the endogenous control gene. All assays were 
designed for use with 5' nuclease hybridization probes 
although the primary screening was performed using SYBER 
Green quantification in order to save cost. Assays were 
designed using the ABI Primer Express Version 2.0 software 
and where possible, amplicons spanned exon junctions in 
order to provide cDNA specificity. All primer pairs were 
tested for amplification specificity (generation of a single 
band on gels) at 60, 62 and 64° C. annealing temperature. In 
addition, PCR efficiency was estimated using SYBER green 
quantification prior to use in the primary Screen. Further 
optimization and more precise estimates of efficiency were 
performed with 5"nuclease probes for all assays used in the 
secondary screen. 
0097. A mixture of the Universal Human Reference RNA 
(Stratagene, LaJolla, Calif.) and RNAS from human placenta, 
thyroid, heart, colon, PCI13 cell line and SKBR3 cell line 
served as a universal positive expression control for all the 
genes in the marker screening process. 
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0098 Quantification with SYBER Green (Primary 
Screen). For SYBR Green I-based QPCR, each 50 ulreaction 
contained 1x TaqMan buffer A (Applied Biosystems), 300 
nMeach dNTP 3.5 mMMgCl2, 0.06units/ul Amplitaq Gold 
(Applied Biosystems), 0.25x SYBR Green I (Molecular 
Probes, Eugene, Oreg.) and 200 nM each primer. The ampli 
fication program comprised 2-stages with an initial 95°C. 
Taq activation stage for 12 min followed by 40 cycles of 95° 
C. denaturation for 15s, 60 or 62 or 64° C. anneal/extend for 
60s and a 10 second data collection step at a temperature 2-4° 
C. below the T of the specific PCR product being amplified 
(Tom B. Morrison, et al., 1998). After amplification, a melting 
curve analysis was performed by collecting fluorescence data 
while increasing the temperature from 60°C-95°C. over 20 
minutes. 
0099 Quantification with 5' Nuclease Probes (Secondary 
Screen). Probe-based QPCR was performed as described pre 
viously (Godfrey et al., Clinical Cancer Res. 2001 December, 
7(12):4041-8). Briefly, reactions were performed with a 
probe concentration of 200 nManda 60 second anneal/extend 
phase at 60°C., or 62°C., or 64°C. The sequences of primers 
and probes (purchased from IDT, Coralville, Iowa) for genes 
evaluated in the secondary screen are listed in Table B, below. 
0100 Data Analysis. In the primary screen, data from the 
melt curve was analyzed using the ABI Prism 7700 Dissocia 
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tion Curve Analysis 1.0 software (Applied Biosystems). The 
first derivative of the melting cure was used to determine the 
product T, as well as to establish the presence of the specific 
product in each sample. In general, samples were analyzed in 
duplicate PCR reactions and the average C, value was used in 
the expression analysis. However, in the secondary Screen 
triplicate reactions were performed for each individual 
benign node and the lowest C, value was used in the calcula 
tion of relative expression in order to obtain the highest value 
of background expression for the sample. 
0101 Cancertissue-specific studies have been conducted, 
as described in the Examples below, in which a variety of 
molecular markers were identified as correlating with patho 
logical states in cancers including esophageal cancer, colon 
cancer, head and neck cancer and in melanoma. Table A 
identifies genes used in the following studies. Table B pro 
vides PCR primer and TAOMAN probe sequences used in the 
quantitative PCR and RT-PCR amplifications described 
herein. Table C provides RT primer sequences as used instead 
of random hexamer primers. All PCR and RT-PCR reactions 
were conducted using standard methods. For all figures, 
T-primary tumor; PN-tumor-positive lymph nodes (by his 
tological screening, that is, by review of H&E stained tissue 
and, when needed, by IHC, as described above); and 
BN-benign lymph nodes (by histological screening) 

TABLE A 

Accession No. Official Gene Alternative Gene 
Marker OMIN No.* Symbol Official Gene Name Symbol Alias 

CDX1 NM OO1804, CDX1 caudal type homeo box transcription NA NA 
6OO746 factor 1 

CEA NM 004363, CEACAM5 carcinoembryonic antigen-related CEA, CD66e NA 
114890 cell adhesion molecule 5 

CK19 NM OO2276, KRT19 keratin 19 K19, CK19, K1CS, cytokeratin 19; 
148O20 MGC 15366 keratin, type I, 40-kod; 

keratin, type I cytoskeletal 
19; 
40-kDa keratin intermediate 
filament precursor gene 

CK2O NM O19010, KRT20 keratin 20 K2O, CK20, MGC35423 cytokeratin 20; 
608218 keratin, type I; cytoskeletal 

2O 
TACSTD1 NM 002354, TACSTD1 tumor-associated calcium signal EGP, KSA, M4S1, MK-1 antigen; 

185535 transducer 1 MK-1, KS1/4, EGP40, antigen identified by 
MIC18, TROP1, Ep- monoclonal antibody AUA1; 
CAM, CO17-1A, GA733-2 membrane component, 

chromosome 4, Surface 
marker (35 kD glycoprotein) 

VIL1 NM 007127. VIL1 villin 1 VIL, D2S1471 willin-1 
193040 

CK7 NM OO5556, KRT7 keratin 7 K7, CK7, SCL, K2C7, Sarcolectin; 
148059 MGC 3625 cytokeratin 7: 

type II mesothelial keratin 
K7; 
keratin, type II cytoskeletal 
7; 
keratin, 55K type II 
cytoskeletal; 
keratin, simple epithelial 
type I, K7 

SCCA1 NM OO6919, SERPINB3 serine (or cysteine) proteinase SCC, T4-A, SCCA1, Squamous cell carcinoma 
600517 inhibitor, clade B (ovalbumin), SCCA-PD antigen 1 

member 3 carcinoma antigen 1&2 
SCCA2 NM OO2974, SERPINB4 serine (or cysteine) proteinase PI11, SCCA2, LEUPIN eupin; 

600518 inhibitor, clade B (ovalbumin), Squamous cell carcinoma 
member 4 antigen 2; 

protease inhibitor (leucine 
serpin) 
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Accession No. Official Gene 
Marker OMIN No.* Symbol 

PTHrP NM 002820, PTHLH 
168470 

PVA NM OO1944, DSG3 
1696.15 

MAGEA1 NM 004988, MAGEA1 
3OOO16 

MAGEA3 NM OO5362, MAGEA3 
3OO174 

MAGEA6 NM OO5363, MAGEA6 
3001 76 

MART1 NM 00 5511 j MILANA 
605513 

TYR NM 000372|| TYR 
606933 

11 

TABLE A-continued 

Official Gene Name 

parathyroid hormone-like hormone 

deSmoglein 3 (pemphigus vulgaris 
antigen) 

melanoma antigen, family A, 1 
(directs expression of antigen MZ2 
E) 

melanoma antigen, family A, 3 

melanoma antigen, family A, 6 

melan-A 

tyrosinase (oculocutaneous albinism 
IA) 

Online Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov). 

Alternative Gene 
Symbol 

PTHRP, PTHR, HHM, 

PVA, CDHF6 

MAGE1, MGC9326 

HIP8, HYPD, MAGE3, 
MGC14613 

MAGE6, MAGE3B, 
MAGE-3b, MGC52297 
MART1, MART-1 

OCA1A, OCAIA 
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Alias 

parathyroid hormone-related 
protein; 
pth-related protein; formerly 
humoral hypercalcemia of 
malignancy, included: 
pemphigus vulgaris antigen; 
130-kD pemphigus vulgaris 
antigen 
melanoma antigen MAGE-1; 
melanoma-associated antigen 

melanoma-associated antigen 
MZ2-E 

antigen MZ2-D; 
MAGE-3 antigen; 
melanoma-associated antigen 3 
MAGE-6 antigen; 
melanoma-associated antigen 6 
melanoma antigen 
recognized by t cells 1 
Tyrosinase 

TABLE B 

Gene Oligonucleotide Sequence (5'-->3') Sequence Listing Reference 

?I)?1 Forward primer CGGTGGCAGCGGTAAGAC SEO ID NO: 1, bases 516 to 533 
Reverse primer GATTGTGATGTAACGGCTGTAATG SIEQ IID INO : 17 
Probe ACCAAGGACAAGTACCGCGTGCGTCTACA SEO ID NO: 1, bases 538 to 565 

CEA Forward primer AGACAATCACAGTCTCTGCGGA SEO ID NO: 2, bases 1589 to 1610 
Reverse primer ATCCTTGTCCTCCACGGGTT SEQ IID INO : 18 
Probe CAAGCCCTCCATCTCCAGCAACAACT SEO ID NO: 2, bases 1617 to 1642 

CK19 Forward primer AGATCGACAACGCCCGT SEQ IID INO : 19 
Reverse primer AGAGCCTGTTCCGTCTCAAA SEQ IID INO : 20 
Probe TGGCTGCAGATGACTTCCGAACCA SEO ID NO: 4, bases 614 to 637 

OK2 ? Forward primer CACCTCCCAGAGCCTTGAGAT SEO ID NO: 5, bases 915 to 935 
Reverse primer GGGCCT'TCGTCT CO'TCTAGAG SEQ IID INO : 21 
Probe CCATCT (CAGCATOGAAAGAGTC''T'''T'''T''GGAGCA SEO ID NO: 5, bases 948 to 977 

OK ? Forward primer CCCTCAATGAGACGGAGTTGA SEO ID NO: 3, bases 807 to 827 
Reverse primer CCAGGGAGCGACTGTTGTC SEQ IID INO : 22 
Probe AGCTGCAGTCCCACGATCTCCGACACATC SEO ID NO: 3, bases 831 to 858 

MAGEA136 plex Forward primer GTGAGGAGGCAAGGTTYTSAG SEQ IID INO : 23 
Reverse primer AGACCCACWGGCAGATCTTCTC SEQ IID INO : 24 
Probel AGGATTCCCTGGAGGCCACAGAGG SEO ID NO: 6, bases 80 to 103 
Probe2 ACAAGGCTGACCTGGAGGACCAGAGG SEO ID NO: 7 bases 9 O to 104 

MART1 Forward primer GATGCTCACTTCATCTATGGTTACC SEO ID NO: 9, bases 66 to 90 
Reverse primer ACTGTCAGGATGCCGATCC SIEQ IID INO : 25 
Probe AGCGGCCTCTTCAAGCCGTGGTGGT SEQ IID INO : 26 

PTHrP Forward primer GCGGTGTºTCCTGCTGAGCTA SEO ID NO: 10, bases 356 to 375 
Reverse primer T'CATGGAGGAGC:TGATGT"TCAGA SIEQ IID INO : 27 
Probe TCTCAGCCGCCGCCT CAAAAGA SEO ID NO: 10, bases 409 to 430 

PWA Forward primer AAAGAAACCCAATTGCCAAGATTAC SEO ID NO: 11, bases 28 O to 304 
Reverse primer CAAAAGGCGGCTGATCGAT SEQ IID INO : 28 
Probe CCAAGCAACCCAGAAAATCACCTACCG SEO ID NO: 11, bases 314 to 340 

SCCA1.2 Forward primer AAGCTGCAACATATCATGTTGATAGG SEO ID NO: 12, bases 267 to 292 
Reverse primer GGCGAT??T??GCT CATATOSC SEQ IID INO : 29 
Probe TGTTCAT CACCAGTTTCAAAAGCTT CTGACT SEO ID NO: 12, bases 301 to 331 
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TABLE E 
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Two Marker Prediction Characteristics for Esophageal Cancer 

Observed Data Parametric Bootstrap Estimates* 

Classification Classification 
Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy 

CEA -- CK7 95 O .98 .93 .99 .96 
CEA -- CK19 95 O .98 97 .99 .98 
CEA -- CK2O 95 O .98 97 .99 97 
CEA -- TACSTD1 1.O O 1.O .99 1.O .99 
CEA + Villim1 95 O .98 95 1.O .98 
CK7 - CK19 1.O O 1.O .99 .99 .99 
CK7 - CK2O 95 O .98 .93 .99 97 
CK7 - TACSTD1 1.O O 1.O .99 1.0. .99 
CK7+ Willin1 95 O .98 95 .99 .98 
CK19 - CK2O 95 O .98 97 .99 .98 
CK19 - TACSTD1 1.O O 1.O .99 1.O .99 
CK19 + Willin1 1.O O 1.O .99 .99 .99 
CK2O - TACSTD1 1.O O 1.O .99 1.O .99 
CK20 + Willin1 95 O .98 .94 1.O 97 
TACSTD1 + Willin1 1.O O 1.O .99 1.O .99 

1000 parametric bootstrap samples of 41 lymph node marker pair expression levels were generated. For each new sample a new 
decision rule was devised to split the region into 2 zones equal prediction probability (see methods) (total of 1000 decision rules). 
The bootstrap estimates are the average prediction properties from classifying the original 41 lymph nodes 1000 times, 

Example 3 
Head and Neck Cancer 

0103 FIG. 19 is a scatter plot showing the expression 
levels of CEA, CK19, PTHrP, PVA, SCCA1.2 and TACSTD1 
in primary tumor, tumor-positive lymph nodes and benign 
lymph nodes. FIGS. 20A-F provides scatter plots illustrating 
the ability of two-marker systems to distinguish between 

benign and malignant cells in a lymph node. Tables F and G 
provide the raw data from which the graphs of FIGS. 19 and 
20A-F were generated. This data illustrates the strong corre 
lation between expression of CEA, CK19, PTHrP, PVA, 
SCCA1.2 and TACSTD1 markers, alone or in combination, 
in sentinel lymph nodes and the presence of malignant cells 
arising from a squamous cell carcinoma of the head and neck 
in the sentinel lymph nodes. 

TABLE F 

Single Marker Prediction Characteristics -Head and Neck Cancer 

Non Parametric Bootstrap 
Observed Data Estimates 

Classification Classification 

Sensitivity Specificity AUC Accuracy Sensitivity Specificity Accuracy bi?S** 

CEA 1.O 90S 990 950 .974 88O 872 O78 

CK19 .895 90S .917 900 867 88O 872 O28 

EGFR .895 1.O 945 947 873 979 .925 O22 

PTHrP 947 1.O 990 975 .938 .988 .963 O12 

PVA 1.O 1.O 1.O 1.O 1.O 1.O 1.O OOO 

SCCA12 1.O 1.O 1.O 1.O .998 .98S 991 O09 

TACSTD1 1.O 952 997 975 983 ..944 962 O13 

500 bootstrap samples of lymph node expression levels were generated and a new decision rule based on the most accurate cutoff was 
formulated each time (total of 500 decision rules). 500 bootstrap samples of lymph node expression levels were generated and a new 
decision rule based on the most accurate cutoffwas formulated each time (total of 500 decision rules). The optimism in for each bootstrap 
sample is calculated as the difference between the classification statistic applied to theoriginal data and applied to the bootstrap data. The 
average over all bootstrap samples is computed and reported as the bias in the values derived from the observed data (Efron’s enhanced 
bootstrapprediction errorestimate, see Efron and Tibshirani, An Introduction to the Bootstrap, Chapman and Hall/CRC Press Boca Raton, 
1993). 

bias = enhanced bootstrap estimate of optimism, or the amount that classification accuracy is overestimated when tested on the original 
data, 
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TABLE G 
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Two Marker Prediction Characteristics for Head & Neck Cancer 

Observed Data 

Classification 
Sensitivity Specificity Accuracy Sensitivity Specificity 

PWA- 1.O 1.O 1.O 993 1.O 
TACSTD1 
PWA- 1.O 1.O 1.O 1.O 1.O 
PTHrP 
PWA- 1.O 1.O 1.O 1.O 1.O 
SCCA12 
TACSTD 1 -- 947 1.O 975 ..944 1.O 
PTHrP 
TACSTD 1 -- 1.O 1.O 1.O 984 1.O 
SCCA12 
PTHrP + 1.O 1.O 1.O 1.O 1.O 
SCCA12 

Non Parametric Bootstrap Estimates 

Classification 
Accuracy Bias** 

997 OO3 

1.O OOO 

1.O OOO 

.974 OO1 

992 OO8 

1.O OOO 

500 bootstrap samples of lymph node expression levels were generated and a new decision rule based on the most accurate cutoff 
was formulated each time (total of 500 decision rules). 500 bootstrap samples of lymph node expression levels were generated and 
a new decision rule based on the most accurate cutoff was formulated each time (total of 500 decision rules). The optimism in for 
each bootstrap sample is calculated as the difference between the classification statistic applied to theoriginal data and applied to 
the bootstrap data. The average over all bootstrap samples is computed and reported as the bias in the values derived from the 
observed data (Efron’s enhanced bootstrap prediction error estimate, see Efron and Tibshirani, An Introduction to the Bootstrap, 
Chapman and Hall/CRC Press Boca Raton, 1993). 

bias = enhanced bootstrap estimate of optimism, or the amount that classification accuracy is overestimated when tested on the 
original data, 

Example 4 
Melanoma 

0104 FIG. 21 is a scatter plot showing the expression 
levels of MART1, TYR and MAGEA136-plex in primary 
tumor, tumor-positive lymph nodes and benign lymph nodes. 
FIGS. 22A and 22B provide scatter plots illustrating the abil 
ity of two-marker systems to distinguish between benign and 
malignant cells in a lymph node. This data illustrates the 
strong correlation between expression of MART1, TYR and 
MAGEA136-plex markers, alone or in combination, in sen 
tinel lymph nodes and the presence of malignant cells arising 
from melanoma in the sentinel lymph nodes. 

SEQUENCE LISTING 

Example 5 

Colon Cancer 

0105 FIG. 23 is a scatter plot showing the expression 
levels of CDX1, CEA, CK19, CK20, TACSTD1 and VIL1 in 
primary tumor, tumor-positive lymph nodes and benign 
lymph nodes. This data illustrates the strong correlation 
between expression of CDX1, CEA, CK19, CK20, TAC 
STD1 and VIL1 markers, in sentinel lymph nodes and the 
presence of malignant cells arising from colon cancer in the 
sentinel lymph nodes. 

< 16 O > NUMBER OF SIEQ ID NOS : 4 O 

< 210 > SIEQ IID INO 1. 
&211s LENGTH: 1699 
<21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

aggtgagCgg ttgCt Cgtcg tCggggCggC CggCagCggC ggCt CCaggg CCCagCatgC 60 

gcgggggacc cc.gcggccac catgitatgtg ggctatgtgc tiggacaagga titcgc.ccgtg 12O 

taccc.cggcc cagoc aggcc agc.ca.gc.ctic ggcctgggcc cqgcaaact a cdgc.ccc.ccg 18O 

gcc.ccgc.ccc. c9c.gc.cccc gcagtacccc gactitct coa gctact citca cqtggagc.cg 24 O 

gcccccgcgc coccgacggc ctggggggcg cc cttcc ctg cgcccaagga cgactgggcc 3 OC) 

gcc.gc.ctacg gcc.cgggc.cc cqcggcc cct gcc.gc.ca.gcc cagctt.cgct ggcatt.cggg 360 

cc.ccctic cag actittagc.cc ggtgc.cggcg cc cc ctgggc ccggc.ccggg cct cctggcg 42O 

Cagcccctcg ggggCCCggg Cacaccgt cc tcgCCCggag CgCagaggCC gacgccctac 48O 
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- Continued 

< 210 > SEQ IID NO 3 6 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 36 

tgt CaaCaaC aaagatt CCa 

< 210 > SEQ IID NO 3 7 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 oo > SEOUENCE: 37 

tctic.cgaaga gcttgttg 

< 210 > SEQ IID NO 3 8 
< 211 > LENGTH : 1 7 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 38 

agcccatcat tgt tctg 

< 210 > SIEQ IID NO 39 
< 211 > LENGTH : 1 7 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 39 

cgttccattig catalaag 

< 210 > SEQ IID NO 4 0 
&211s LENGTH: 16 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 4 O 

gct C Cagt C c C talagg 

1. A method of identifying expression of markers indica 
tive of the presence of esophageal cancer cells in a lymph 
node of a patient, comprising determining if a first mRNA 
species specific to one of CEA, CK19, CK20, TACSTD1, 
VIL1, PVA and CK7 is overabundant in an RNA sample 
prepared from the lymph node, provided when the first 
mRNA species is CEA, the method further comprises deter 
mining if a second mRNA species specific to CK19 is over 
abundant in an RNA sample prepared from the lymph node, 
the overabundance of the mRNA species being indicative of 
the presence of displaced esophageal cells in the lymph node. 

2. The method of claim 1, further comprising determining 
if one or more additional mRNA species, different from the 
first mRNA species, specific to one or more of CEA, CK19. 
CK20, TACSTD1, VIL1, PVA and CK7 is overabundant in 
the RNA sample, the overabundance of the first mRNA spe 
cies and the one or more additional mRNA species being 
indicative of the presence of displaced esophageal cells in the 
lymph node. 
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3. The method of claim 1, wherein the first mRNA species 
is specific to CK19 and a second mRNA species is specific 
CEA. 

4. The method of claim 1, wherein the first mRNA species 
is specific to CK20. 

5. The method of claim 4, further comprising determining 
if a second mRNA species specific to CK19 is overabundant 
in the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

6. The method of claim 1, wherein the first mRNA species 
is specific to TACSTD1. 

7. The method of claim 6, further comprising determining 
ifa second mRNA species specific to CEA is overabundant in 
the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

8. The method of claim 6, further comprising determining 
ifa second mRNA species specific to CK7 is overabundant in 
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the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

9. The method of claim 6, further comprising determining 
if a second mRNA species specific to CK19 is overabundant 
in the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

10. The method of claim 6, further comprising determining 
if a second mRNA species specific to CK20 is overabundant 
in the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

11. The method of claim 6, further comprising determining 
ifa second mRNA species specific to VIL1 is overabundant in 
the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced esophageal cells 
in the lymph node. 

12. The method of claim 1, wherein the first mRNA species 
is specific to VIL1. 

13. The method of claim 12, further comprising determin 
ing if a second mRNA species specific to CK19 is overabun 
dant in the RNA sample, the overabundance of the mRNA 
species being indicative of the presence of displaced esoph 
ageal cells in the lymph node. 

14. The method of claim 1, wherein the first mRNA species 
is specific to CK7. 

15. The method of claim 1, wherein the first mRNA species 
is specific to PVA. 

16-24. (canceled) 
25. A method of identifying expression of markers indica 

tive of the presence of cells of a squamous cell carcinoma of 
the head & neck in a lymph node of a patient, comprising 
determining if a first mRNA species specific to one of CEA, 
CK19, PTHrP, TACSTD1 and SCCA1.2 is overabundant in 
an RNA sample prepared from the lymph node, the overabun 
dance of the mRNA species being indicative of the presence 
of displaced cells of a squamous cell carcinoma of the head & 
neck in the lymph node. 

26. The method of claim 25, wherein the first mRNA spe 
cies is specific to CEA. 

27. The method of claim 25, wherein the first mRNA spe 
cies is specific to PTHrP. 

28. The method of claim 27, further comprising determin 
ing if a second mRNA species specific to SCCA 1.2 is over 
abundant in the RNA sample, the overabundance of the 
mRNA species being indicative of the presence of displaced 
cells of a squamous cell carcinoma of the head & neck in the 
lymph node. 

29. The method of claim 27, further comprising determin 
ing if a second mRNA species specific to PVA is overabun 
dant in the RNA sample, the overabundance of the mRNA 
species being indicative of the presence of displaced cells of 
a squamous cell carcinoma of the head & neck in the lymph 
node. 

30. (canceled) 
31. The method of claim 25, wherein the first mRNA spe 

cies is specific to PVA and further comprising determining if 
a second mRNA species specific to SCCA 1.2 is overabundant 
in the RNA sample, the overabundance of the mRNA species 
being indicative of the presence of displaced cells of a squa 
mous cell carcinoma of the head & neck in the lymph node. 

32. The method of claim 25, wherein the first mRNA spe 
cies is specific to CK19. 
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33. The method of claim 25, wherein the first mRNA spe 
cies is specific to TACSTD1. 

34. The method of claim 33, further comprising determin 
ing if a second mRNA species specific to SCCA 1.2 is over 
abundant in the RNA sample, the overabundance of the 
mRNA species being indicative of the presence of displaced 
cells of a squamous cell carcinoma of the head & neck in the 
lymph node. 

35. The method of claim 33, further comprising determin 
ing if a second mRNA species specific to PVA is overabun 
dant in the RNA sample, the overabundance of the mRNA 
species being indicative of the presence of displaced cells of 
a squamous cell carcinoma of the head & neck in the lymph 
node. 

36. The method of claim 33, further comprising determin 
ing if a second mRNA species specific to PTHrP is overabun 
dant in the RNA sample, the overabundance of the mRNA 
species being indicative of the presence of displaced cells of 
a squamous cell carcinoma of the head & neck in the lymph 
node. 

37. The method of claim 25, wherein the first mRNA spe 
cies is specific to SCCA 1.2. 

38. The method of claim 25, further comprising determin 
ing if one or more additional mRNA species, different from 
the first mRNA species, specific to one or more of CEA, 
CK19, PTHrP, PVA, TACSTD1 and SCCA1.2 is overabun 
dant in the RNA sample, the overabundance of the first 
mRNA species and the one or more additional mRNA species 
being indicative of the presence of cells of a squamous cell 
carcinoma of the head & neck in the lymph node. 

39. The method of claim 25, comprising quantifying levels 
of the mRNA species in the RNA sample and determining if 
one or more of the mRNA species are overabundant in the 
RNA sample. 

40-47. (canceled) 
48. A method of identifying expression of markers indica 

tive of the presence of cells of a squamous cell carcinoma in 
a lymph node of a patient, comprising determining if a first 
mRNA species specific to PVA is overabundant in an RNA 
sample prepared from the lymph node, the overabundance of 
the mRNA being indicative of the presence of displaced cells 
of a squamous cell carcinoma in the lymph node. 

49. A method of identifying expression of markers indica 
tive of the presence of colon cancer cells in a lymph node of 
a patient, comprising determining if a first mRNA species 
specific to one of CDX1, TACSTD1 and VIL1 is overabun 
dant in an RNA sample prepared from the lymph node, the 
overabundance of the first mRNA species being indicative of 
the presence of displaced colon cells in the lymph node. 

50. The method of claim 49, wherein the first mRNA spe 
cies is specific to CDX1. 

51. The method of claim 49, wherein the first mRNA spe 
cies is specific to TACSTD1. 

52. The method of claim 49, wherein the first mRNA spe 
cies is specific to VIL1. 

53. The method of claim 49, comprising quantifying levels 
of the mRNA species in the RNA sample and determining if 
one or more of the mRNA species are overabundant in the 
RNA sample. 

54-61. (canceled) 
62. The method of claim 49, further comprising determin 

ing if one or more additional mRNA species, different from 
the first mRNA species, specific to one or more of CDX1, 
CEA, CK19, CK20, TACSTD1, and VIL1 are overabundant 
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in the RNA sample, the overabundance of the first mRNA 
species and the one or more additional mRNA species being 
indicative of the presence of displaced colon cells in the 
lymph node. 

63. A method of identifying expression of markers indica 
tive of the presence of melanoma cells in a lymph node of a 
patient, comprising determining if a first mRNA species spe 
cific to a MAGEA136-plex is overabundant in an RNA 
sample prepared from the lymph node, the overabundance of 
the first mRNA species being indicative of the presence of 
melanoma cells in the lymph node. 
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64. The method of claim 63, further comprising determin 
ing if a second mRNA species specific to MART1 is over 
abundant in the RNA sample, the overabundance of the 
mRNA species being indicative of the presence of melanoma 
cells in the lymph node. 

65. The method of claim 63, further comprising determin 
ing if a second mRNA species specific to TYR is overabun 
dant in the RNA sample, the overabundance of the mRNA 
species being indicative of the presence of melanoma cells in 
the lymph node. 

66-87. (canceled) 


