2 Cctober 2006 WD 03/072826 PCT/ US02/ 32067 STAI N DI RECTERobpEsdILAR
ANALYSIS FOR CANCER PROGNGCSI'S AND DI AGNCSI S This application is a
Continuation-in-Part of International Patent Application 5 No.

-PCT/ US00/ 26551, filed 26 Septenber, 2000 and a Division of USA Patent
~Application, Serial No. 10/017,007, filed Decenber 14, 2001, the

di scl osures WP 03826 are hereby |ncorporated by ref er ence. rorrusdlss
invention relates to a conbined nmethod for the early IocatloﬁTg%@szM7
prognosis of tissue containing potentially invasive cancer cells, before
the normal visual appearance of the tissue indicates potential devel opnment
of invasive cancer, thus delayé qgﬁﬂﬁfls of such tissue as
precancerous or cancerous by ¢ q@g{l}) B MOLECUIAR iAN ADYSES

hi stol ogi cal procedures. In an ANGEBRROGNOSIS/ANDI BIACRORISS t0 a
conbi ned nethod for |ocation and 15 detection of tissue containing such
potentially invasive cancer cells, the nornal visual appearance of which

i-s anomal ous, which nmay ITéMppbcwah&)aﬁidmtmb&@d ' i ndj cating
treatnent. BACKGROUND OF THE I NVENTI ON 20 Pat |d;ir?t "3&{% %%P@@ﬂa{? Ra{SBEéPﬂf%@o%

cancer cénsul tati onNooPCIIUSEIEHSS T Wled R VeS| cantly_ higher
rel ati ve hazards of death than do pa?| en%%?vmt%]% fm@ﬁg‘??bﬂvmﬂ’ép [SA Rasent

Cancer, 92[11): 2885A§§ﬁéa’uoﬁ%lN Ndfo17'df ,007 PALY eDréEe%lb%;% rfz%[ne tlriee gll:lslcl?);lllris of

which are hereby incorporated by reference.

g

This invention relates to a combined method for the early location and

10 : . " P
prognosis of tissue containing potentially invasive cancer cells, before the normal

visu i indi i
al appearance of the tissye indicates potential development of invasive cancer
»

thus delayi 1 i i
| laying a diagnosis of such tissue as precancerous orcancerous by conventional

location, excision and histological procedures.

In another respect, the invention relates to a combined method for location and
d 3 ) . » . . - |
etection of tissue containing such potentially invasive cancer cells, the normal visual

appearance of which is anomalous, which méy lead to delay in obtaining a diagnosis

indicating treatment.

BACKGROUND OF THE INVENTION

20 i i ini
Patients who delay in obtaining 4 cancer consultation for at least two months

have significantly higher relatlve hazards of death than do patients with a shorter
deIay (See Cancer, 92[1 1} 2885 2891, 2001). “Thus, if patients are more regularly

subj ected cancer screenmg, coup_lgd with a definitive procedure for making an early




subj ec¢t ed cancer screeni ng, coupled wth a definitive prooaches 2ofsor nmaki ng

an early 2 Cctober 2006 r ~ | WD 03/072826 PCT/ US02/ 32067 2 prognosis or
di-agnosi s, the nortality rate risks of cancer would be reduced.
Accordingly, | provide prognostic and di agnostic nmethods for early

prediction of eventual devel opnent of invasive cancer or for definitive

di agnosi s, i @ & stepw se, rapid, conclusive, and readily adaptable as
a clinical %&5 Ez%? Devel opnent of Pre-Cancerous & CancerRfoSUSR2844e: The
devel opnment of tunors requires two sepa’rate nmut ati onal events. One of

t hese events may occur in the germine and be inherited. The second then
occurs sommtically. Alternatively, the two nutational events may occur
only in the somatiprogrQiseldiagabsiathd msttalityiad risks@R 6 lcerSw bR BE REuEEOCedur es
Conventional Visual Cancer Screening Cellular nutations which are normally
visible are well docunented and may involve thickening, discoloration,
atypi cal noles, or hardening. Several tissue features 15 for

differentiating early g&l anﬁgﬁﬁs fron(]I[ beni gn .mel anocyti c new are known to
those skilled in the #%°F HPLOMfcPTogosks atdiagivgiéc mpfhods fan pabpmediction

PCT/ US02/ 32067 _
: of eventual development of invasive cancer or for definitive diagnosis, which are

stepwise, rapid, conclusive, and readily adaptable as a clinical protocol.

.,
e

Development of Pre-Cancerous & Cancerous Tissue:

The development of tumors requires two separate mutational events. One of
these events may occur in the germline and be inherited. The second then occurs
somatically. Alternatively, the two mutational events may occur only in the somatic

10 -cell of an individual.

Cancer Screening Procedures

Conventional Visual Cancer Screening

Cellular mutations which are normally visible are well documented and may
involve thickening, discoloration, atypical moles, or hardening. Several tissue features
15 for differentiating early melanomas from benign melanocytic nevi are known to those

skilled in the art. For éxaniple:




Feature Benign Ml e Melanoma Asymmetry No Yes Border |nOegyer206N0 Yes
Col or Unifont, tan/brown Variegated, black 5 Dianeter < 6 nm My be > 6mm
However, these normally visible features and their characteristics nmay not
be apparent wuntil the tissue involved is advanced on the normal
progressi on pathway of cancer. Consequently, a sinple, rapid and

relrativel y awousatmascreeni ng nmet hod was needed to enable the clinician to
| ocat e suspect tissue before the nornmal I3y vi si bl e char act er i BET/G¥2/32087 of
cancerous or precancerous tissue appear.” In Vivo Cancer Screening
Procedures For Early Location of Potentially Cancerous Tissue In vivo
screeni ng techni que rhas—rewbeen deve| oped to qui ckly and 15 noni nvasive)Y
identify gross or spEsifd c anat om cal g%wgs of a paiTENt s budy—=are

likely to contain cf[TS WTh The tumerer—eancerous phenot Yg#ome stages
before conventi onafh MLEHA observatlonNQ)f the tissue woul plesreveal such

g re¥e - [

suspect tissue. Theagordérljhtééhl\!,o screen ig-recmrquesto-+e S
potentially cancero 3 Yes

\4. J

Col i
olor Uniform, tan/brown Variegated, black

5 .. Diameter <6 nm May be > 6mm

However, these normally visible features and their characteristics may not be dpparent
ontil the tissue involved is advanced on the normal progressmn pathway of cancer.
C

onsequently, a stmple, rapid and relatively accurate screening method was needed to

. .
nable the clinician to jocate Suspect tissue before the normally visible characteristics

10 1
| of cancerous or precancerous tissue appear.

fz Viv.a Cancer Screening Procedures For Early
ocation of Potentially Canéerous Tissue
In vivo screening technique has now been developed to duick]y and
~neninvasively identify Bross or specific anatomical locations of 2 patient's body are
likely to contain cells with the tumor or cancerous phenotype at stages before
conventional visual observation of the tissue would reveal:such suspect tissue. These
in vivo screening techniques to locate such potentlally cancerous sites, particularly

epithelial cancers , are fast and quite feasible, even for the. .general clinical

20 pract;tloner.

Gross Anatomical Screening:

One i ing is t
example of gross anatomical screening is the Polymerase Chain Reaction




epithelial cancers , are fast and quite feasible, even foocédeecgener al
¢linical 20 practitioner. G oss Anatonical Screening: One exanple of gross
anat omi cal screening is the Polynerase Chain Reaction 2 Qctober 2006 WO
03/ 072826 PCT/ US02/ 32067 4 (PCR) analysis of a sinple saliva sanple.
Saliva contains exfoliated cells that originate fromthe head and neck
region -- a large surface area -- that is a common origin of cancer cells,
especi al | y wo opatzsgnt s who expose these areas to nicotine, pcalgsabeios? and

ot her known or suspected carci nogens. yPCR4anal ysis serves as a gross 5
prelimnary screening procedure, which determ nes whether exfoliated cells
found in a patient's saliva exhibit a cancerous phenotype, indicating the

devel opment of canpPer) ahlidM oF 2 shnSicShIPESsadiHae. WHIGRborRdifPexfbiic £XANRL, See
Spafford, MF., et al, "Detection of Head and Neck Squanous Cell Carci nona

Ros, 2001, Mar - 7R el apdhehTEBbE A s ek Bl oo BRRAC

In Vivo Dye Staining, Selective in vivo tissue-staining techniques known in
the art enpl oy t olulen plecangsr Gellspespreially mypatighly whegEpose Mese aees QUBRFRAPL al
mar ki ng agents to selectively |locate cancerous and precancerous tissue.
United States Pat eadtohd], 32d otB&Tkroenidasinpectgd amdinogenst REREnalysd sSived B gPatsent
5,372,801 to Tucci et al. provide general descriptions of a 15 staining

dye praof ocol nanmegrafh# BRRE Brocédife, VASAD @t ai Rt fHel ex FOHN A CAREHIR] ihR
TBO st ai ning techni ques for detecting and | ocating cancer

patient's saliva exhibita cancerous phenotype, indicating the development of cancer
Y

A
within this gross anatomical area. For example, see Spafford, MLF., et al, "Detection

of Head and Neck Squamous Cell Carcinoma Among Exfoliated Mucosal Cells by

Microsatellite Analysis", Clin. Cancer Res. 2001, Mar, 7(3):607-612.
10 Specific Location Screening By Selective In Vivo Dye Staining

Selective in vivo tissue-staining techniques known in the art employ toluidine
blue O (TBO) dye and other cationic supfavital marking agents to selectively locate
- cancerous and precancerous tissue. United States Patent 4,321,251 to Mashberg and
in the United Stz;tes Patent 5,372,801 to Tucci et al. provide general descﬁptions ofa

15 staining dye protocol named after Mashberg (the Mashbcrg?pfotocol).

Advanéements in TBO staining techniques for dstecting and locating cancer
and precancer are disclosed in United States Patents 6,086:852 and 6,194,573 to
Burkett. Burkett disclosed processes for synthesyzing TBO products and processes
for manufacturing TBO with .improved yield and improved methods for the detection
20 of dysplastic tissue. Qther dyes \;vhich are effective for in vivo cancer location are

disclosed in United States Patent 5,882,627 to Pomerantz and include the dyes, Azure




-and precancer are disclosed in United States Patents 6, Q88ct&e226usd

6, 194,573 to Burkett. Burkett disclosed processes for synthesyzing TBO
products and processes for manufacturing TBOw th inproved yield and

i nproved nethods for the detection 20 of dysplastic tissue. Qher dyes
which are effective for in vivo cancer location are disclosed in United
St at es Pat ewto b3/8886,627 to Ponerantz and include the dyes, Azure 2 Cctober
2006 WD 03/072826 PCT/ US02/ 32067 A, ure B, Azure C, andPEBUSE¥RIG her
oxazi ne and thi azine dyes. Prognosis and Di agnosis Based on Ml ecul ar

Anal ysis Mutations generally result fromintranol ecul ar gene
reorgani zati on, such as a substitution, addition, or deletion of a

nucl eoti de, the su@urﬁ-’-ﬁlre(ﬁsfg\lﬂ@@rﬁddmhminfmtheesmﬁteiaﬁ@tmaziﬁ%%gtIy, however,
geneti c mappi ng has devel oped ways to detect nutations of "nucl eotides
characteristic of cancer and precancer, such as the nethylation patterns
of DNA and RNA, and enzymatic activity, which is a direct consequence of

al terations of theppalosiobhddi r "genetic code". It has also
been determ ned that cancer oué;?@g#?\%gﬁfgléhﬁﬁ@"g“&%@t@& by changes in the -
10 mtochondria. 1. Genetic Mutations DNA Analysis Analysis of DNA

pol ynor phi snms reveal s a significant difference between normal cells and

tumor cells: whereas normal. cells are heterozygous at nmany loci, the 15
tumors are hormpzygous aYlUiEHensesneallyssult frossinedmdledudir @eRSrleorganization, such as a

substitution, addition, or deletion of a nucleotide, the subunit of DNA and RNA

S
n

respectively. Recently, however, genetic mapping has developed ways to detect
mutations of nucleotides characteristic of cancer and precancer, such as the
methylatipn patterns of DNA and RNA, and enzymatic activity, which is a direct
consequence of alterations of the nucleotide sequence or the "genetic code". Tt hag

also been determined that cancerous activity can be detected by changes in the

10 mitochondria,

I. Genetic Mutations

DNA Analysis

Analysis of DNA polymorphisms reveals a significant difference between
- hormal cells and tumor cells: whereas normal cells are heterozygous at many loci, the

15 tumors are homozygous at the same loci (loss of heterozygosity).

Tumor suppressor genes are often associated with the loss of one chromosome
or a part of a chromosome, resulting in a reduction to homo; Zygosity, through
elimination of one allele of a tumor suppressor gene as well?t«}as;;@surrbunding markers.
The remaining tumor suppressor allele is inactivated by eithef an inherited or a

20 ’ i
| . - Somatic mutation. Some examples of well documented tumor suppression genes

include: Adenomatous polyposis of the colon gene (APC), Familial breast/ovarién a




~zYg h') Tunor suppressor genes are often associated w th tdhieero®s of one
throfisone or a part of a chrompsone, resulting in a reduction to
honozyggsity, through elimnation of one allele of a tunor suppressor gene
as wel | wassurroundi ng markers. The remai ning tunor suppressor allele is

i nactivated by either an inherited or a 20 somatic nutation. Some exanples
of well docunented tunor suppression genes include: Adenonatous pol yposis
of the col owogen®s¢APC), Familial breast/ovarian 2 Oct ober RODBSOAB2067

03/ 072826 PCT/ US02/ 32067 6 cancer genes 1 and 2 (BRCA1 and BRCA2),
Cadherin 1 (epithelial cadherin or E- cadherin) gene (CDH), Miltiple
endocri ne neoplasia type | gene (MENl), Neurofibromatosis type | gene

Ret i hobl ast omm gend ?ﬁéﬂéwﬁa‘%%@ﬂ?&ﬂ% R L R B G R 0

von Hi ppl e-Li ndau syn me gene VHL) Thus, .critical chronosone I00| are
predi ctors of the iﬂdBﬁHglg@n%@@H bMWIW%NPé“’FaWPSIaAMP%ka%I@EN DNA
analysis includes Mcrosatellite Analysis for determning nutations or the
instability of "chNenoSowrlatasistyte bperderiNET o Battah kitass A. typeVl ,aipha ategi1btbtye s
are short repetitive sequences of DNA that have been observed to 10 contain
nucl eoti de m spai rgpufit §éle (PRIENE 54), REtiMdBELBR fife &Usfbps%e(rth%ﬂineﬁm%e 11

shortening). Mitations, such as these, are termed m crosatel

et and e PR PIEAE TR RbR M R e THI‘SQ hers o

detecting

\ chromosome loci are predictors of the probable onset of invasive cancer.
2

An exaniple of DNA analysis includes Microsatellite Analysis for determining
mutations or the instability of "chromosomal arms” or "microsatellites".
Microsatellites are short repetitive sequences of DNA that have been observed to
10 contain nucleotide mispairs, misalignments, or nucleotide slippage (looping or
shortening). Mutations, such as these, 'are termed microsatellite instability and have

become associated with a number of epithelial cancers.

!\«,,.r' .

More récept studies have identified new microsatellite markers for detecting
loss of heterogc;niety, before a cell undergoes abnormal morphological ciuange. See
15 Guo, Z., et al, "Allelic Losses in Ora Test-directed Biopsies of Patients with Prior
Upper Aerodigestive Tract Malignancy", Clinical Canc. Res. Vol. 7, 1963 - 1968, July

2001,

- Those skilled in the art understand that there are distinct differences, at the
histologic level, at the genetic level and at the anatomic level in terms of right side/left
20° side, between tumors with chromosomal instability and microsatellite instability. It is

also known that in leukemias and lymphomas, major interstitial deletions and




"l oss of heterogeniety, before a cell undergoes abnormal nosghobai ca

thange. See 15 Quo, Z., et al, "Allelic Losses in On Test-directed

Bi-opsi es of Patients with Prior Upper Aerodigestive Tract Malignancy",

Cinical Cane. Res. Vol. 7, 1963 - 1968, July 2001. Those skilled in the

art understand that there are distinct differences, at the histologic

| evel , at thwoenetse | evel and at the anatomic level in ternms of right

side/left 20 side, between tunors with ghronosonal i nst abi | PE€YUSIRB2067

mcrosatellite instability. It is also khnown that in | eukem as and

| ynphomas, major interstitial deletions and 2 Cctober 2006 WO 03/072826 7
ions occur at the gross chronosomal level. In

PCT/ US02/ 32067 t ra{}%ﬁ%cca{,

various epithelial tumors SO gkthe grnss ehrampesmadewt. HivafiQusesith¥iial ik,
chronosonal arnms haye H%e&(ﬁ%hown &.g%be | ost. Tunors apparently progress
down one pat hway or ¢ he COEIST OFFf di Fenipias majorahomhagypaNews hh%@éeﬂ%é@ﬁﬁ}be
Vol . 9, No. 8, Suppbst. & 0 M5l anal yses 5 generally requires the
use of five MB markers _un%%\'}'\%apﬁo%(r%g PEGET ¢ ensamthwvayred thefutieee butlhdtwalieot i de
repeats. } RNA Analgsi i w possi bl e to. detect one somatic mutant
nMRNA ol ecule in a (%(é:‘ﬁ@? gﬁ%ﬁ&gﬁmﬁﬁﬁﬁs WPl & Nopl Supplac, e 2006SMST bidlyse
techni que neasures enellly 10 expression levels in sanples containing as ?gw
~as 10-20 cells, tod&lHEYY Fiques the ussnfdbyielN(S ynaiodss R AR ORI (A

nmut ati ons at several |oci known to be altered
dinucleotide repeats.

RNA Analysié

It is now possible to detect one somatic mutant mRNA molecule in a
| background of 1000 wild type mRNA molecules. This technique measures gene
10 expression levels in samples containing as few as 10-20 cells, together with the
~capability for detection of somatjc Point mutations at several loci known to be altered

with high ﬁequgncy. Thus, it is possible to observe microheterogeneity in géne

| ) | . expression profiles in smali clusters of cells in dysplasia and cancer

Sequence detection was acgomplished on oligonucieotide microarrays, using a
15 target-directed DNA lf gation step coupled to a Rolling Circle. Amplification (RCA)
unimolecular dctggtion system. The DNA ligation step is adaptable to the detection of
mRNAs containing ﬁoint mutations. Lizardi, P. M., "Messenger RNA Profiling by
Singl¢ Molecule Counting", Yale University, (2000), |

| http://otir.cancer, gov/techlimat__awards.hhnl, (November 28 '2001)

2 0 i ’ - - * N l
- Telomeric DNA and Associative Protein, Telomerase




with high frequency. Thus, it is possible to observe m crohefeer@igeneity in
‘gene” ‘expression profiles in small clusters of cells in dysplasia and
cancer. Sequence detection was acconplished on oligonucl eotide m croarrays,
using a 15 target-directed DNA ligation step coupled to a Rolling Grcle
Anplification (RCA) uninolecular detection system The DNA |igation step
is adaptable to the detection of nRNAs containing point mutations.

Li zardi, P.wblozo/dassenger RNA Profiling by Single Ml eculrETdmms2o6g",

Yal e University, (2000), http://otir.scancer.gov/tech/imat-awards. htnl,
(Novenber 28, 2001). 20 Tel oneric DNA and Associ ative Protein, Telonerase 2
Oct ober 2006 WD 03/072826 PCT/ US02/ 32067 8 Tel oneres are the DNA

sequences, which are they, aBE%teﬁ'a}thﬁgM”gqqﬁéle ?'ﬁ]l}l(glh%e tl'{eegg%%@pgé comgpexesm‘?%he

Tel omerase, the ribonucl eoprotein
i nactive in many adultﬁgﬂ;an cell types, but is highly activated in nost
human cancers. 1t heRdS|98 SROMOEAPES: TReTate,; RedibsnughapEricid thathelps maintain

either the 5 teloneric DNA or telonerase, or the intermediary RNA, can
uncap the tel omer e, telaaerss, mynfaiive e masiaaddrehuinmntde tfphed) builistisghly betivatel mowsost
that a nol ecul ar analysis can detect either abnormal tel omeric nucl eotides

or abnormal = enzymat hgnatédn¥dky Bhas Ee‘éﬁﬁ@f@ﬁﬁiﬁé’d th‘étf‘h &Bruﬁﬁ@n &%ﬁdab&n PﬂSe"‘ifPl%f t?afeed
with the prollferatlon of pre-cancerous cel See, e.9., Kim et

al., "A kow Thresho Y f tem | at e TeI mer ase
RN i Bt s R PR ECTR op PP Ras, o %ﬁm‘% F R, SRR SRR
Vol . 98, No. 14, 7982-7987, (J uI 2001) .

" “causing further damage to the DNA. Thus, it is known that a molecular analysis can
detect either abnormal telomeric nucleotides or abnormal enzymatic activity of
telomerase, which are equally associated with the proliferation of pre-cancerous cells.
See, e.g., Kim, M.M,, et al., "A Low Threshold Level of Expreséion of Mutant-

10 template Telomerase RNA Inhibits Human Tumor Cell Proliferation”, Proc. Natl.

Acad. Sci. USA: Vol. 98, No. 14, 7982-7987, (July 2001).

II. Epigenetic Mutations

Aberrant promoter methylation was recently discovered to be a fundamental
. molecular abnormality leading to transcriptional silencing of tumor suppressor genes,

15 - DNA repair genes and metastasis inhibitor genes, and is'linked to the predisposition

of genetic alterations of other cancer-associated genes.

Somatic epigenetic alterations in DNA methylation are tightly linked to
déveIOpment, cell differentiation and neoplastié transformation. For instance,
hypennéthylation of CpG islands in promoter regions has been increasingly associated

.20 : '. with transcriptional in.activation of tumor suppressor genes in carcinogeness. |

Although techniques to measure methylation in specific DNA segments or in tota] -




tl.. Epigenetic Mutations Aberrant pronoter nethylation vieSctsbeczots! y

‘di scovered to be a fundanental nolecular abnormality leading to
transcriptional silencing of tunor suppressor genes, 15 DNA repair genes
and netastasis inhibitor genes, and is linked to the predisposition of
genetic alterations of other cancer-associated genes. Sonmatic epigenetic

al terations woob)Asgsret hyl ation are tightly linked to devel opnent, cell
differentiation and neoplastic transfogmati on. For instancepPCT/US02/32067

hyper met hyl ati on of CpG islands in pr ofot er regi ons has been increasingly
associated 20 with transcriptional inactivation of tunor suppressor genes

i n carcinogenesis. ]S\INélhhough techni ques to neasure nethylation in specific
DNA segnents or int age Beanotyeilab2d) Yamaor ' 7 .9 DNA
have been avail abl e, Yamanoto devel oped a mfﬁ@ggg?ﬁw@gﬁ% éﬁ%@ﬂa’twn
Sensi tive-Anpli fi ed SensigheBimiiligRg b s’ - AE r_identifying
changes in nethylation in theﬂ*ent F?ﬁ%ﬁ%ﬁ%ﬂ%orﬁgmﬁ&g foﬁldeéfé@%/ﬁgon

(PCR) - based unbi aseg - f i i nting technique permts the
identification of the g cfdcellg\eg %Hérf l[netL]e g’ﬁ'é? BRRHICh Tt Tdymereseydhaini reattion (PCR)-

alterations and sub g%ﬁenglﬁ @! lows the isolation of DNA fragments with
these sites at their®e 1B NASgeprining teclasqe mtmitbiR dddaifieRTintof the"
di fferences in banding pattern, were specifically linked with the tunor

phenot ype. Thus, metlegyageisies thitterhibit DNA pretsiARS aiteaRL NeJamel
oo genetic altorats ona ety a bas' dn8 3hbRBuhly allows the

1solation of DNA fragments with these sites at their ends. Decreases or increases of

. | band intensity, or differences in banding pattern, were specifically linked with the

tumor phenotype.

Thus, methylation alteration provides identification of epigenetic alterations

10 | associated with cell differentiation and cancer. DNA mutation or loss of

heterogeneity can be alternatively detected by measuring DNA methylation. See

Yamamoto, F., Ph.D., "Technology to Detect Genome-wide DNA Methylation

| Changes", Burnham Institute, http://otir.cancer. gov/techjimat_awards.html,

9 (November 28, 2001).

15 i
III. Mitochondrial Mutations

More recently, another cancer detection method was developed, bas;ed on the

finding that mitochondrial DNA (mtDNA) exhibits mutations when derived from

human cancerous cells.

There are an estimated 1000 different proteins in the mitochondria. Defects in

20 such protein 1 ¢ ic di
. h proteins cag be_charactenzed as “metabolic diseases”, causing defects in




10 associated with cell differentiation and cancer. DNA noét@ier 20vs0r | oss of
‘het erogeneity can be alternatively detected by neasuring DNA net hyl ati on.
See Yamanoto; F., Ph.D., "Technol ogy to Detect CGenome-w de DNA Met hyl ati on
Changes", BurnhamInstitute, http://otir.cancer.gov/tech/imt_awards. htm,
(Novenber 28, 2001). 15 II1l1. Mtochondrial Mitations Mre recently, another
cancer detection nethod was devel oped, based on the finding that
m t ochondr ivad ¢5Asisnt DNA) exhi bits nutations when derived fpcgmsohugren
cancerous cells. There are an estimteg 1000 different proteins in the
m tochondria. Defects in 20 such proteins can be characterized as
"met abol i ¢ di seases", causing defects in 2 October 2006 WO 03/ 072826
PCT/ US02/ 32067 10 transpor mechagi.sm; an%&i on channel s, nost notably,
defects in the el eEEBAT R and ipppehangels, oSt aarblyedsiertsinrbe glestrqngransport
Nucl ear nmutations can affect ntDNA replication and repair, transcription,
protein synthesis Fhain aed eradativg phospberyiationmi¥irdiear matations daprafferopdNies of
the mtochondria. See, e.g., Fliss;tal., "Facile Detection of 5
M tochondrial DNA Mgligitionnsd rdpaif tfaRk&iptive, Fothin ¥ynktlcwis #Gthe nidtili€6te@d8hport,
2017- 2019, (2000). Inthis study, DNA was extracted from autopsy-derived
brain sanples fro Mals [RVA L. D6l f .23 d
teated for the thr ag SbabkiRsthe sRNELAE L SRR, HL T BB o)
P aﬂg} o ern O c}@g‘g]fsmgmﬁéﬁg“mtiﬁ Wit and Bodily Pl Setente 289, 3017

2019, (2000). In this study, DNA was extracted from autopsy-derived brain samples
from 14 individuals, ranging in age from 23 to 93 years andtested for the three
mutations by PNA—directed PCR clamping. The ability to detet;t very low levels of
point mutations in mtDNA by PNA-directed PCR clamping, permitted analysis of .thé-
10 presence or absence of, e.g., the A8344G, A3253G and T414G, point mutationsin
tissues from individuals of varying ages. Lung cancer cases corresponded with
mutant mtDNA bands, that were detected using a sensitive oligonucleotide-mismatch

ligation assay and gel electrophoresis.

\a.d/:

Thus,; mutations within the mitochondrial genorhe are still anc;ther method for
15 detecting cancerous activity in human cells. See also Parrella, P, et ai., "Detection of
Mitochondrial DNA Mutations in Primary Breast Cancer and Fine-Needle Aspirates”,
Cancer Res. 61, 7623-7626, (October, 2001). Advantageously,.abnormal
chromosomal expression, associated with cancer, can be detected with common
molecular analysis at very early stages of pathogenic expreé.’sion and with é very few

20 " number of affected cells.

However, given the expanse of the human body's .ce_llular tissue that could

- possibly propagate invasive cancer tissue, diagnostic techniques such as genetic,




10 presence or absence of, e.g., the A8344G A3253G and Jd4dékar 20 nt
mutations in tissues fromindividuals of varying ages. Lung cancer cases
corresponded with nutant mt DNA bands, that were detected using a sensitive
ol i gonucl eoti de-m smatch |igation assay and gel electrophoresis. } Thus,
mutations within the mtochondrial genome are still another nethod for 15
detecting cancerous activity in human cells. See also Parrella, P., et al.,

"Det ection . . ndy t.at i 2 | re .Cancer and
Fi - NeearBEssit oh AR RBAI o M A 0% Bl IR YogBbiiRbacD 100
Advant ageousl y, . abnormal chronosomal expression, associated with cancer,
can be defiStiegy bHPLY thegiidivenssneidbese teehuanss gsedy dapeqdmobtaipipgtissye ges of
pat hogeni ¢ expression and with a very few 20 nunber of affected cells.
However, eimpes frdnethe xpeaifis 6ssoé siteh eortaimagcdlle drich acekdpagating tansgrue t hat coul d
possi bly propagate invasive cancer tissue, diagnhostic techniques such as

genetic, Rdeved@thod@8me bilthe piigeRetictnindihetidds ARGl Rldepitygul ar anal ysi s
are not effective early cancer detection methods, because the

ef T ect 1 venRahe dhes'oP GRfect BAORAYRPHELAEGLNiAERADH LB, ARt BliePRich! Ssue
sanpl es fromthe spec FIC tissue Bites contanl ng cel f's Ich are

propagati ng cancer., Moreover, although_sone of the prjor art screening

met hods aPESUEATRIpICEtisTe ‘f’?ﬁe‘fﬁ‘?“‘?fﬁeﬂ%@ne@g’éﬁlf"i’"?fl@T@EEGHB‘F“*’L]E}?B]@%‘FMC ancer ous and
precancerous tissue, the location and identification of such suspect

ti ssue wasxanhetior of the suspagetiseucasitlyasflighied wiatosogpye SHigrrsti¢hogeaientivaal ol ogi cal
exam nation of the suspect tissue such as lighted m croscopy. Oten, such
convent i oRidological examination indicated that some of the locations identified by prior art

techniques were not cancerous or precancerous, when, in fact, cells from these locations
exhibited the markers for eventual development of cancer at that location, markers which
could have been identified by molecular analysis, i.e., genetic code, (DNA or RNA), epi-

genetic patterns, or mitochondrial DNA (mtDNA), characteristic of cancer cell propagation.

For example, subsequent application of molecular analysis techniques to cells
derived from suspect tissue samples located ‘by mitochondrial dye staining -- cells that
were originally determined by conventional histology to be "false positives" of the

. Mashberg protocol-- revealed that a high proportion of these cells in fact contained markers

that were the earliest indication of the eventual development of cancer at those suspect sites.

(See Example II, below.)

BRIEF STATEMENT OF THE INVENTION

Disclosed herein is an improved prognostic and diagnostic method for




hi st ol ogi cal exam nation indicated that sone of the |ocatpassrpabentified by
prior art techniques were not cancerous or precancerous, when, in fact,
cells fromthese |locations exhibited the markers for eventual devel opnent
of cancer at that |ocation, markers which could have been identified by
nol ecul ar analysis, i.e., genetic %ﬁi , (DNA or RNA), epi- genetic
patterns, or mtochondrial DNA (nt ? characteristic of cancer cel
propagat i ) appl ication.of nmolecular anal ysis
technlquegg?nﬁgér gﬁ?@egy (ﬁy sugbgan?ﬁ§§ﬁgwggﬁf gseTocated by

m t ochondrjal dye_ staining -- cellg'that were originally deternined by
convent i offYPILRESE PIITIORIF gfale{ﬂeor' el lpsaion serpering " dechielesiosnEidHBRPIECH5 ot ocol - -
reveal ed that a high proportion of these cells in fact contai ned markers

t hat wer eprogmsticzant idagnosticidechaclpgies affceltifre neleewlitmblysievel opnent of cancer at

t hose suspect sites. (See Exanple II, below ) BRI EF STATEMENT OF THE

| NVENTI ON  Di scl osed herein is an inproved prognostic and di agnostic nethod
for ----- -------- 2 COctober 2006 12 detecting pre-cancerous and cancerous
growmh in hu ug q general
or specific ' ocang%h ecgﬁﬁtﬁnqﬁ@ eﬂte M P&gqrg‘g&%%tpﬁ% ¥l g{éésgémg%é ognostic
and dlagn stlc t echr; ogles of ceI Iar nol ecul ar I S|s.,ACQord|neg

an as pect bfetgFRe PSS FIRIFIUS ADSRTERIPLFERS HSSH?: SR et %PBE{F‘EWI%{@H’@S"N ¢ met hod

for detectlng and d[agn05|ng cancerous and precancerous tissue, said nethod
conpri si nggmbimatiorcandiit segudnon tersteps of: 60 tppeaitespphing te epiphslid tissu¢ aylye thgi cal | y
applying to epithelial tissue a dye that selectively stains cancerous and
- precancer @ustitelysss chitetoRs addepreddRAmE tidshSHUSate(sBIpeS R Ab) ftParating

- cells from said suspect tissue; and (c) subjecting said cells to molecular analysis to determine

whether said extracted cells exhibit characteristics associated with cell differentiation or

Cancer.

The method disclosed comprises various combinations and subcombinations of up to

three steps: (1) conducting a screening test that subjects saliva to polymerase chain reaction
- (PCR) analysis to determine whether head or neck cancer in this gross anatomical region is

probable; (2) topically applying a stain in vive, which selectively stains cancerous or

precancerous tissue, to a gross anatomical region for visualization of the specific location of

suspect cells, to enable cell extraction or a biopsy of the cells in such specific suspect

location; and (3) subjecting cells obtained from such suspect location to molecular analysis,
~ to determine whether said extracted cells exhibit characteristics associated with cell

.differentiation or cancer.

According to one embodiment of the invention, in vivo topical selective dye-

staining of a gross anatomical location, to locate suspect tissues is combined with molecular




cells fromsaid suspect tissue; and (c) subjecting sai d zetwtsr basnol ecul ar
analysis to determ ne whether said extracted cells exhibit characteristics
associated with cell differentiation or cancer. The nethod discl osed
conpri ses various conbi nati ons and subconbi nations of up to three steps:
(1) conducting a screening test that subjects saliva to polynerase chain
reaction (PCR) analysis to determ whet her head or neck cancer in this
gross anatom cal region is probable; (2) topically applying a stain in
vivo, which selectively stains cancerous or precancerous tissue, to a
gross an¥d® Wﬁﬁﬁﬁﬁyﬁﬂgﬁﬁm? A WEREFY WSS on of the specific |ocation of
suspect cells, to enable cell extraction or a biopsy of the cells in such
specific suspect I|ocation; and (3) subjecting cells obtained from such
suspect location to nolecular analysis, to determ ne whether said

extract ed cel Y& agythérdddbodinefitE iR invehtictSndk&fed Edndtd@itls Wedliva §@éehing test
differentiation or cancer. According to one enbodi nent of the invention, in

Vi vo topi i Y, Qi . i.cal ian, to
(oot o subhed FHEL MR RIS RO} ofe B85S ARRL SR LCRTRRIR" o,

anal ysi s Qe||$ fromthe hus-loc%te suspect tjssue. Yet another enbodi nent
of the | niEA e P ELOR R aelFar Bhabiisiopgell PRSHIHYTESTPSE head and
neck tissues, followed by selective dye staining of said tissues to |ocate
‘speci fic sitgh teegoniifim whethys the spécificaldy; idérsificd swspecbifssnotoatains aellsarigdhy si s of cel s
from such specific suspect sites to confirmwhether the specifically

i denti fi eeknsisip@@éterisisSasooReAvALRAnceLdrtEe WohtGd] deRIdphihtiof GhtRéract eri stics
associated with cancer or the eventual devel opnent of cancer. 2 Cctober
2006




WO 034072826 PCT/ US02/ 32067 13 "Ml ecul ar Anal ysis" As aeadhdieow n, the
‘term "nol ecul ar anal ysi s" means a procedure for identifying cellular
abnormalities which indicate cancer or the probable eventual devel opnent
of cancer. lIllustratively, these procedures include those which identify 5
such abnormalities in the genetic code, i.e. DNA or RNA, in epi-genetic
patterns, orwonmsngmsiochondrial DNA (nt DNA), of suspect cells. Thus,
al t hough countl ess nucl eotides withi nlj’;\nd exterior to a celPCTgsArEdeus can
be observed to detect nutations, the term "nolecular analysis” is limted
to those procedures which determ ne whether a tunor phenotype is present
in the suspect cells. Accordingly, target nucleotides or 10 associ ated
proteins and patterns, as well as the various other detection techniques
known to one skilled in the art, are to be considered within the scope of
the term "nol ecul arMoladusisnalyshi [ e the saliva screening test, Step 1, is
specific to detecting only head and neck cancers, Steps 2 - 3 can be
applied to any cells capabl'e of visual inspection in 15 vivo, including
topical or internal ti ssues that may be observed within an internal cavity -
of the body or indivi dual gA distributed within plasma fluid. Such
combi nation of steps pro Sdlé Iiergp ?@Hél"mnleéallarmmsmbﬁieaﬁéhﬂﬁroﬁéﬁﬂréﬂ ntify
the |l ocations of p@%g? eromis as well as suspect sites, well before onset
of otherwise visi bl Eeniiytecativiensbnognaitioowiichd6ate cancer or the probable eventual

development of cancer. Hlustratively, these procedures include those which identify

. 5 e, . .
/} such abnormalities in the genetic code, i.e. DNA or RNA, in epi-genetic patterns, or in-

m1tochondna1 DNA (rntDNA) of suspect cells. Thus, aIthough countless nucleotxdes

W1th111 and e !
xterior to a cell's nuclens can be observed to detect mutations, the term

"molecular analysis" is limited to those procedures which determine whether a tumor

phenotype is present in the suspect cells. Accordingly, target nucleotides or

10 . .
associated proteins and patterns, as well as the various other detection techniques
| known to one skilled in the art, are to be considered within the scope of the term
“molecular analysis,"
While the saliva screening test, Step 1, is specific to detecting only head and
n .
eck cancers, Steps 2 - 3 can be applied to any cells capable of visual inspection in
is5 -

Vivo, including topical or internal tissues that may be observed within an internal
cavity of the body or individua] cells distributed within plasma fluid. Such
combination of steps provides a stmple clinical protocol that can identify the locatlons

of precancerous as well as suspect sites, well before onset of otherwise visible

indications.




WO 03/ 072826 PCT/ US02/ 32067 14 DETAI LED DESCRI PTI ON OF F&lEotdNyBNTI ON My
‘met hod conprises sequentially exanmining cells to first locate and identify
ti-ssue havi ng suspect cells and then to exanmine cells from such suspect
tissue to detect the presence of a cancerous or tunor phenotype. Tunor
phenotypes include any 5 nutation, e.g: allelic |oss, |oss of

het erogeneity, nutation of tunor suppressor genes, abnornmal DNA

met hyl at i onW001B/0atsaer mal nt DNA, associ ated with cancer. Thepéniukmsosg
detail ed description of these sequenti®l steps are provided to enable
those skilled in the art to practice the invention and to indicate the
presently preferred enbodi nents thereof. This description is not to be

understood as limting 10 th i t i i imted
only by the appended cl ai ns. épéfoﬂ%%@#@g@m&nq)ﬁngNmf% Neck
Cancer 3 Saliva sanples can be collected in a nunber of ways. It is nost
inportant that the collection apparatus conplies wth the requirenments of
pol ymerase chain reaction (PCR) analysis and that the integrity of nucleic
acids is not destroyed bMymmeheheinygisss sefjbentiably BXamiainglcgls ® fitet loadte &id identify
i ncrease or decrease in short repetitive sequences, <called mcrosatellite

DNA. The ni crosat el figshehiiMy S@HEESHRNEI RN cRlnhiRk Bo1RSFRH SN %Eqég shie to detect

| ocati on on the DNA. Mutations in mcrosatellite DNA are foun e npost

comon in epitheli L 0 1Ls a.particularly.
appropriate anal ys?ﬂge%g%g&gcf gpﬁg}?ctg)éﬁgéf fugﬂ)? Bﬁ?ﬂ?tﬁpﬁ' moggﬁelw%m%}nglgaﬁany
descri ptgon of this atnal Si s is.plrovi ded_2 Cctober 2006

) mutation, e.g. allelic loss, loss of heterogeneity, mutation of tumor suppressor genes,
S

abnormal DNA methylation, or abnormal mtDNA, associated with cancer.

The following detailed description of these sequential steps are provided to
enable those skilled in the art to practice the invention and to indicate the presently .
preferred embodiments thereof. This description is not to be understood as limiting

10 the scope of the invention, which is limited only by the appended claims. .
- Step 1: Saliva Screening for Head and Neck Cancer

Saliva samples can be collected in a number of ways. It is most important that
the collection apparatus complies with the requirements of polymerase chain reaction

(PCR) analysis and that the integrity of nucleic acids is not destroyed before analysis.

15 | The PCR analysis detect an increase or decrease in short repetitive sequenceé,
called microsatellite DNA. The microsatellite DNA correspond to-an allele because
of their loéation on the DNA. Mutations in microsatellite DNA are found to be most
c.orjmnon'iﬁ epithelial cancer phenotypes, and so is a particularly appropriate analysis

of exfoliated c_:e__lls found in saliva. A thorough description of this analysis is provided |




‘WD 03/ 072826 PCT/ US02/ 32067 15 by-United States Patent Ngshs: 2606291, 163,
‘to Sidransky, incorporated herein by reference. PCR anal ysis has becone
somewhat automated,-as is described in United States Patent Number

6, 326, 147, incorporated herein by reference. PCRis considered 5 a nethod
for nucleic acid anplification which allows for DNA and RNA sequencing 1

W th a m nut &%@easrms2eof nucl eic acid sequence. Two United States Patents,
5,981, 293 and 6, 241, 689, describe appargatus suitable for colREBUSRG26al | va
sanpl es. Even though a patient may be found to positively exhibit signs of
a cancerous 10 phenotype upon saliva screening, the |location of the cancer
cﬂls m(;st Ithen be h?@g}taéggsg%ﬁﬁmggope; prognois%;rs and treat mentlcan be
effected. Alternativ : quaiiA9e (1163 Sto Sadrk ults in
negative, neaning no cancer indications, the patient hﬁé&%ﬁﬁq{?ﬁ“é&a{eﬁiﬁw&b@bo
a thorough visual exEfirensei on (described in Step 2: Cellular Staining
Location) for comon and recurring cancer types. 15 Step 2: Cellul ar

St.ai ning Location Step 2 enables a practitioner to precisely |ocate and

sel ect suspect cells in vivo, for later in vitro nolecular analysis,
providing the clinician w rql onged view of the suspect site,
enabling the practiti one\?qﬂga’%gﬁgﬁfﬁp%%@lS@@lewb@tsqmwm’tatddehd'is des®@ibed in United
potentially nunerousst%%g%jrtna sites for nolecular analysis during a biopsy
procedure. 2 October M@M@%lmdddﬁ%at&ﬂ%&nbym&mme. PCR is considered

s - .
a method for nucleic acid amplification which allows for DNA and RNA sequenci'nr
g

e

Wi . .
b o 1th a minute amount of nuclejc acid sequence. Two United States Patents
¥

5,981, o .
1,293 and 6,241,689, describe apparatus smfable for collecting saliva samples.

By ) -
| en though a patient may be found to positively exhibit si gns of a cancerous
10 he i nin

phenotype upon saliva scree g, the location of the cancer cells must then be

Identified before PIOper prognosis and treatment can be effected. Alternatively, even

. Patient should still undergo a thorough visual examination (deécribed in Step 2;
) i Cellula; Staining Location) for cormmon and recurring cancer types
15 .
Step 2: Cellular Staining Location
St iti i .
€p 2 enables a practitioner to precisely locate and select suspect cells in vivo,
for 1 - - - » - ’ . |
ater in vitro molecular analysis, providing the clinicjan with a prolonged view of

th - - - - ’ .
¢ Suspect site, enabling the practitioner to precisely select suspect cells among

otenti 1] si
p 1ally numerous abnormal sites for molecular analysis during a biopsy procedure




16 The presently preferred- enbodi nent of the invention egmétgaészcsdge in vivo
‘Mashberg Protocol as it is inproved and described in detail in United
States Patent 6,086,852. The protocol enploys toluidine blue 0 (TBO dye
to selectively stain cancerous and precancerous tissue. This original

di agnostic screening test was 5 described in the United States Patent
4,321,251 to Mashberg and in the United States Patent 5,372,801 to Tucci
et al, incowaoBarzdisherein by reference. Qther cationic dyescres@/is2¢zure B,
Azure C and Brilliant Cresyl Blue, hawwe been identified as useful for

sel ectively marking cancerous and precancerous cells. See, for exanple, US
Patent 5,882,672, to Ponerantz, incorporated here by reference. 10 If the
st ai ni ng technlque i ndi c of cancerous o rec rQus,

ti ssue, surgical excisi O%ﬁ%ﬁg}%@@yﬁfﬁgﬂ% T ?ntpf@gd%vepé ‘E KH a
subsequent' nol ecuINEa[s ysis. , herein descrl bed in "Step3: Nbl ecul ar
Anal ysi s Di agnosi s B@eﬁ% radeco} & it éﬁﬂBleQVGdW@ﬁ%cﬁbqﬁrlﬁg‘ﬁ@&l@mta@ﬁ@@ﬁ Patonit
cancer or eventual devel opnment of cancer, if the nol ecul ar anal ysis

det erm nes that cel b$86.86%n Th@ratono]remﬂoysitemitﬁ:neebme OXPBM ldiyg eadtlectively stain
precancerous. Step 3: Ml ecular Analysis D agnosis-Prognosis Cell sanples

for mol ecul ar anal ysirgeuarkiByrbdsBebrbiO8sae. Vﬂ’ﬁé @r'i@inélfdx%ngﬁﬁtyscrete DRdSPRES
whi ch, in general terns, involve the renoval a sna pl ece o suspect

oo VBB USRSl 3B AR LB S0

sanpl e can conprise_portjONs --- - =--------c-ao & —o-ooooo ooooooo-
OCFE ber 2006 i P::Ft)t é 397'} 801 to Tucci et al, incorporated herein by reference.

)

i

Other cationic dyes, e.g. Azure B, Azure C and Brilliant Cresyl Blue, have
been identified as useful for selectively marking cancerous and precancerous cells.

See, for example, US Patent 5,882,672, to Pomerantz, incorporated here by reference.

10 If the staining technique indicates the presence of cancerous or precancerous
tissue, surgical excision biopsy of the suspect tissue is performed and a subsequent™
molecular analysis , herein described in “Step3: Molecular Analysis Diagnosis-
Prognosis" fo.l.lows, to yield a prognosis/diagnosis of cancer or eventu:%l development -
of cancer, if the molecular analysis determines that cells from the abnormal tissue are

15 malignant or precancerous.
- Step 3: Molecular Analysis Diégnosis—Prognosis

Cell samples for molecular analysis are derived from a variety of biopsy
techniques, which, in general terms, involve the removal of a small piece of suspect
tissue for molecular analysis. The method of tissue removal or extraction varies with

So20 0 the various types.of biopsies. For example, the biopsy sample can comprise portions




WO 03/ 072826 17 PCT/ US02/ 32067 or "skin | esions or isol ategotthogw cells,
‘e.g., erythrocytes, |eukocytes, and |ynphocytes, parathyroid tissue;
salivary gland tissue; nasal nucosal tissue, oropharynx tissue, open |ung
tissue, small bowel tissues, etc. Ml ecular analysis is then perfornmed to
confirm whet her the biopsy sanpl e of suspect tissue is cancerous or 5

pr ecancer ousWOm3#718a¢ get of nol ecul ar analysis, i.e., DNA nRNA DNA

met hyl ation,' telenorase activity, or gt DNA analysis is selHdcVew2Byéed on
access to instrunentation, qualified analysts, or the nature of the cel
sanpl e. The nol ecul ar analysis of the cell 10 sanple entails a choice anong
various procedures. .el ectrophoresis, the polynerase chain reaction

CGe
(PCR) based chemistr¥,® $IPREPT applated bimedicels, et iepnhro€fReAleuliiim! Sul ar
detection system fluorescence tagging, in munohistochem cal “stal ning,

mass spectroscopy, aberpbedytasi pahthyrodd €ssi€Rs: Bhi Y6y, EX s of, effective
mol ecul ar anal ysis procedures. The nature of tﬂg cel %ug’aﬁlrr%ﬁie&uf%gl ussue,

extraction, and 15 rucpirgxaihid, Sheggsid il knfluence the choice of
specific nolecul ar analysis pr ogﬂedur [?sglf‘ ,tsﬁgll BY PP nete-y Modeculap anahysis is -

presently preferred; i of the inyention,. e nolecular analysis
p_rocedure enpl oyed is t eogf1 %%:tg(?ﬁ?‘%mf B’he%ﬁet ?PWFMWmfasmeet tidgstieis FBHdERIUS or

i.e., 20gepetitive §e%%ences of the DNA, via PCR analysis. It should be
underst ood, howeveP, “tH4&°%he method of the invention may include any
reliable nolecular analysis technique for determ ning whether a cell's
constituents exhibit a cancerous or wild- type phenotype.

) . The target of molecular analysis, i.e., DNA, mRNA, DNA methylation,”

te . - . - . .
lemorase activity, or m{DNA analysis is selected based on access to instrumentation

qualified analysts, or the nature of the cell sample. The molecular analysis of the cell

10 i 1 i
sample entails a choice among various procedures. Gel electrophoresis, the

polymerase chain reaction (PCR) based chemistry, Rolling Circle Ampﬁﬁcation
(RCA) unimolecular detection system, fluorescence tagging, immunohistochemical
staining, mass spectroscopy, and colorimetry are representative examples of effective -

molecular analysis procedures. The nature of the cell sample, the extraction. and

- ) 1 5 _' . - - - . .
) nucleic acid digestion will influence the choice of specific molecular analysis

procedure for the optimum analysis. .

In the presently preferred embodiment of the invention, the molecular analysis

procedure employed is the procedure for identifying microsatellite markers, i.e.

P -
repgtltlve sequences of the DNA, via PCR analysis. It should be understood

_however, that the method of the invention may include any reliable molecular analysis

technique for determining whether a cell's constituents exhibit 2 cancerous or wild-

type phenotype,




- omewes- ----- ----s-- 2 COctober 2006 WO 03/072826 PCTI USOeltosz2f66 18 1.
“Polynerase Chain Reaction (PCR), commonly Mcrosatellite Instability (MsSf)
Testing MBI is identified by el ectrophoretic resolution of anplified

m crosatellite DNA sequences. To perform MBI testing, blocks of surgically
resected tunor tissue - 5 either a fresh frozen specinen or a

formalin- fh%é 5 gfraffln enbedded specinen is obtained. The tunor tissue is
mi crodi ssect 8d30&3&&par at e neopl astic tissue from normal  tRCIEURI2/3306d DNA
is extracted from both. Sanpl es of geﬁ§n1c DNA fromthese sanples are
anplified for a panel of specific nono- and di-nucleotide mcrosatellite

| oci using PCR 10 PCR products are then anal yzed by el ectrophoresis.

Addi tional bands inlthe P@@RemeoThaih Beadftion fBCRYRDMINY MakosaeHae Wethbilty VST
normal DNA is scored as instability at that | ocus (or specific site).
According to industIsstisgandards, MSI anal yses require the use of five M5
mar kers, two nononucleotide repeats and three di- nucleotide repeats.

According to the Nati onaMSCarastified sy klediSpraR 8454 cﬁtaﬂ&)gﬁgﬁ'ﬁni&r%sﬂa}i%&
testing, any pair of sanples that display instability at t nor e

five different | ocDNiéssegaaiced Eﬁpdﬂfoﬁhmtestﬁfy b]é@]@sajﬂsﬁpgwﬁwre%&ed famor tissue -
Yamaguchi, K., Sanchez-Cespedes, M, Wstra, Koch Sid ransﬁ
D., "Al 1%lic Lossesclthnraﬁeﬂl'lﬁsztendpdc&néreﬁk Hoopalirefxal pafineiteddéd eE’ﬁﬁcﬁﬁs
Upper Aerodigestive Tract Mlignancy", Cdinical Cancer Res., 7: 1963-1968,
2001. Further det ai 9btaipede Fhb lumagitiesue is microdissected to separate neoplastlc tissue from normal -

tissue, and DNA is extracted from both. Samples of genomic DNA from these
-~) o samplés are amplified for a panel of specific mono- and di-nucleotide microsatellite

loci using PCR.

10 PCR products are then analyzed by electrophoresis. Additional bands in the
PCR products of the tumor DNA not observed in the normal DNA is scored as
instability at that locus (or specific site). According to industry standards, MSI
analysés require the use of five MS markers, two mononucleotide ‘repeats and three di--
nucleotide repeats. According to the National Cancer Institute's consensus statement -

15 on MSI testing, any pair of samples that display instability at two or more of five

) different loci is scored as high MSL. For details, see Guo, Z., Yamaguchi, K.,
Sanchez-Cespedes, M., Westra, W.H., Koch, W.M., Sidransky, D., "Allelic Losses iﬁ |
OraTest-directed Biopsies of Patients with Prior Upper Aerodigestive Tract'
Malignancy”, Clinical Cancer Res., 7: 1963-1968, 206 1. Further detail to enable one

20 | skilled in the art to perform the microsatellite analysis is disclosed in United States
Patent 6,291,163, to Sidransky, incorporated herein by reference. Aufomated PCR
analysis is described in United States Patent Number 6,326,147, incorporated herein

by reference.




20 skilled in the art to performthe mcrosatellite analyotshdrsomi scl osed
‘in United States Patent 6,291, 163, to Sidransky, incorporated herein by
reference. Autonmated PCR analysis is described in United States Patent
Nurber 6, 326, 147, incorporated herein by reference. 2 Cctober 2006 WO

03/ 072826 PCT/ US02/ 32067 19 I1. Cel Electrophoresis Nucleic acid strands
are first sevedshizssbe di gested and then subjected to electrophoresis in
whi ch nol ecul es (as proteins and nucleijg acids) mgrate thrd 23961
(e.g., a polyacrylam de gel) and separate into bands according to size. 5
II'l. RCA Rolling circle anplification (RCA) is a surface-anchored DNA
replication reacti th ?n di spl ay single nol ecul ar recognition events.
RCA successful ly visual %@&%&ﬂé&@lm sequences as snall as 50 nts in
peri pheral blood |Iynphocytes or in stretched DNA fibers. Signal
anplification by RCA can 3 nuclei.c 10 acid hybridization and
mul ti col or fluorescence |mn§£ge?cﬁ%b?(¥ guq‘ﬂ%{)%rgﬁ%%isﬂﬁ?t@ewﬁﬁé@tiiaﬂ‘éﬂlemsabjg@sd ton DNA
within a cytol ogi calgepniext. ar in_singl e DNA nol ecul es, enabling direct
physi cal hapl otypi ng an I'fOI’i‘f’él“%{ﬂé‘fhg‘)@'i‘%016‘?‘11@Sdli‘ﬁa.lt’riot;?imswlnelin'ucc:ﬂélisa abidsPmigrate through a -
cell-by-cell basis. E(gch anplified DNA nol ecul e generated by maybe

| ocal i zed and i nag88 (8- 4 Palyserylmide sellomd sepiite fit@Balds am{i&iﬁg@ gg of a
specific nmol ecular ligation 15 event. Expression profiles nay” be ¢generated
as histograns of single nolecule counts, _

5 . O. RCA

Rolling circle amplification (RCA) is a surface-anchored DNA replication
reaction that can display single molecular recognition events. RCA successfully
visualizes target DNA Stquences as small as 50 nts in peripheral blood lymphocytes

or in stretched DNA fibers. Signal amplification by RCA can be coupled to nucleic

10 acid hybridization and multicolor fluorescence imaging to detect single nucleotide ..
changes in DNA within a cytological context or in singl;’-: DNA moleculcs,’ enab]ing" i
} direct physical haplotyping and the analysis of s'.omatic mutations on a cell-by-cell
) '. ) basis. Each ami)li_ﬁed DNA molecule g;enera'ted by RCA may be localized and
. imagedas a dism_'ete fluorescent signal, indicating of a specific molecular }i gation
15

event. Expression profiles may be generated as histograms of single molecule counts
as well. The United States Patents 6,329,150 and 6,210,884 to Lizardi, are
incorporated herein by reference to provide ample detail to.enable one skilled in the

art to practice the disclosed invention emp]oying RCA techniques.




as well. The United States Patents 6,329,150 and 6, 210, 8Bdctbier koosar di , are
‘incokporated herein by reference to provide anple detail to enable one
skilled in the art to practice the disclosed invention enploying RCA
techni ques. 2 Cctober 2006 WO 03/072826 PCT/ US02/ 32067 20 |V. Southern
Blotting Southern blotting can identify differences between normal and

nmut ant al | el es identify genes that are related in other genones. In a
Sout hern bI%?”B@?gﬂ%d or anplified DNA is digested with a PeEVP26246Gn
enzynme. The |large variety of DNA 5 fraﬁhents is separated according to size
by el ectrophoresis and transferred onto a nitrocellulose filter. The
fragnments are then hybridized with a probe, but only those DNA fragnents
cont ai ni ng sequences honol ogous, or identical in base sequence, to the
probe are detected. Single-base differences between individuals are
detected when thatpyhasegaRgRigtiaat €s or destroys a site for the
restriction enzynme used T0 gest the 10 DNA. Deletions or DNA insertions
that change the size of the fragnment created by the restriction enzyme(s)
may al so be detected-in this manner. United States Patent' Nunber :
5,811, 2391, incorporated herein by reference, describes a nethod for single
base-pai r DNA sequence \3auflern blettigtcer identifyloyffSentes detwebi abrmaVandihouhed kRt
Taggi ng 15 Exact base sequence of a cloned or PCR-anplified DNA fragnment is

~determ ned by a netdndddenaiy geheDiAL :&e%lﬁéulinﬂﬁherlaléﬁmﬁé’sq%B‘Soﬂgleﬂﬁﬁotbaﬁ d or
automated by using differentially colored fluorescent markers for each of

the four | - amplified DNA is digested with a restriction enzyme. The large variety of DNA

fragxnents is separated according to size by electrophoresis and transferred onto a
nitrocellulose filter. The fragments are then hybridized with a probe, but only those
DNA fragments containing sequences homologous, or identical in base sequence, to
the probe are detected. Single-base differences bétween individuals are detected when
that base change creates or destroys a site for the restriction enzyme used to digest the ’
10 DNA. Deletions or DNA insertions that change the size of the fragment created by
_the restriction enzyme(s) may also be detected-in this manner. United States Patent»h:;
Number 5,811,2391, incorporated herein by reference, describes a method for single

base-pair DNA sequénce variation detection by Southern blot.

V. Flourescent Tagging

‘ 1'3 Exact base sequence of a cloned or PCR-amplified DNA fragment is
determined by a method called DNA sequencing. DNA sequencing has been
aﬁtomated by using differentially colored fluorescent markers for each of the four

' DNA bases whereby the fluorescent signal emitted by each of these chromosome

; "paints“ can be read by a sensitive'scanner_and.analyzed by a computer.




DNA-bases whereby the fluorescent signal emtted by eachy @fotdress
‘chrgnosome  "paints" can be read by a sensitive scanner and anal yzed by a
conputer. 2 Cctober 2006 WD 03/072826 PCT/US02/ 32067 21 VI. DNA Probes A
probe is a stretch of DNA or other nucleic acid that has been tethered to a
stable material. The probe is then exposed to a target of free nucleic acid
whose i dentW@®y3irsgisei ng detected (by the probe) through a gébridization
reaction (for 5 terminology, see Phinmster B: Nat Genet 21 [ Bhf{hiS§2/3286%0,
1999). The probe is generally |abeled with a radioactive isotope or a
chem cal than can be detected after the hybridization takes place. For
exanpl e, chem | um nescent_ | abels, e.g. 1, 2-di oxetanes, alkaline phosphate,
or biotin, may be used agﬂﬁ&ﬁﬂﬁﬁization probes to detect nucl eotide

- sequence | adders on nenbranes generated by the sequenci ng protocol of
Church and 10 Gl bert. See Church, GM, Glbert, W, Proc. Natl. Acad.
Sci., USA 81, 1991-1995 (1984). VII. Mcroarrays DNA nucroarrays nmade of

hi gh- speed robotics on inRert, materials, such as glass or nylon, maybe used
to identify genes. and ge%é)r?ﬁﬁﬁ?is%‘?@? of P NACr ohes tugiriobeid that Basiicen eotResEe 4 O
hybri di zati on patterns using a

"target” DNA and L yzed,f
ar ge an SUB§@Q%’E&-}&Xif‘}fQ¢§¥ ZEIF ng[g?c d &9 aigrgst offreamicleiniacid whose

variety of visualization an

strategies. I|dentiii Ik Ok ene tatigns .and the | evel s of
gene’ egpr essi on ¢ anl E@ﬁgl%ﬁdﬁ%&g%)p {he%mr??e) Hgougﬁl a%y ridization reaction (for
5 terminology, see Phimster B: Nat Genet 21{Suppl]:1-60, 1999). The probe is generally

labeled with a radioactive isotope or a chemical than cam%‘e-detected after the
h'ybridizatiqn takes place. For example, chemiluminescen‘t labels, e.g. 1,2-dioxetanes,
alkaline phosphate, or biotin, may be used as hybridization probes to detect nucleotide
sequence ladders on membranes generated by the sequencing protocol of Church and

10 ~ Gilbert. See Church, G.M., Gilbert, W., Proc. Natl. Acad. Sci., USA 81, 1991-1995
(1984).

VIL  Microarrays

) ' o DNA microarrays made of highnspeeFl robotics on i.nert materials, such as
glass or nylon, may be used to identify genes and gene mutations. Preselected probeé
15 | are exposed to "target" DNA and subsequenﬂy analyzed for hybridization patterns |
. using a variety of visualization and information-processing programs and strategies. -
Identification of genes or gene mutations and the levels of gene expression can be

detected and analyzed for many genes simultaneously and more rapidly than by many

other techniques.




~detected and anal yzed for nmany' genes sinultaneously and 1D¢teber 2g06d] y t han
“by nmany other techniques. 2 Cctober 2006 WO 03/ 072826 PCT/ US02/ 32067 22
Vari ous nanes have been given to these m croarrays, such as genone chip,
bi ochi p, DNA chip, DNA mcroarray, gene array, and GeneChip(r)(r)
(registered trademark of "Affynmetrix"). WORKING EXAMPLES 5 The fol |l ow ng

exanpl es il for those skilled in the art a presentl referred
enmbodi ment ‘(la)lb%%‘@zzts?snventi on and are not_intended as a Iimt%‘FTfﬁﬁpl@?%f’he

scope thereof. Exanple |I Location of Sﬁ%pect Ti ssue By Mashberg-type
Clinical Protocol 10 Preparation of Cinical Test Solutions TBO (e.g., the
product of Exanple 1 of U S. Patent 6,086,852), raspberry flavoring agent

(1FF Raspberry | C563457Varis@haniasaaes Bded giveh BYMERHSicRIS$E, Ishch AIRAIme %HP,
H202 (30% USP) preservative (See U. S. Patent 5,372,801), are dissolve n

purified water (U Al B : [ i SD. 18 et hyl .al | . to
produce a TBO 15 tsg%{: hlg bl?ﬁ;A?%hﬁ?’C@g‘\?ﬁﬁig%tlﬂﬁggnr?p%?ﬁ ?‘[glng%/‘}?@tpﬁ@eglﬁerﬂbl e
A. 2 Cctober 2006 Vg) 03£0t7,28 6 23 PCT/ US02/ 32067

trademark of "Affymetrix").

WORKING EXAMPLES

The following examples illustrate for those skilled in the art a presently

preferred embodiment of the invention and are not intended as a limitation of the

scope thereof.

Example I

Location of Suspect Tissue By Mashberg-type Clinical Protocol

sy
b

L ) | 10 Preparation of Clinical Test Solutions
TBO (e.g., the product of Example 1 of U.S. Patent 6,086,852), raspberry
flavoring agent (IFF Raspberry 1C563457), sodium acetate trihydrate buffering agent
and H,0, (30% USP) preservative (See U.S. Patent 5,372,80.1), are dissolved in
| purified water (USP), glacial acetic acid and SD 18 ethyl alcohol, to produce a TRO

i5 . ~ 'test solution, having the composition indicated in Table A:




TABLE A COVROnent Wi t % TBO Product 1.00 Flavor .20 2 6&ctiuf beosi ng Agent
"2.45. "Preservative. .41 Acetic Acid 4.61 Ethyl Al cohol 7.48 Water 83.85
10 100.00 Pre-rinse and post-rinse test solutions of | w.%acetic acid in
purified water, |l sodium benzoate preservative and raspberry flavor are

prepared.- dinical Protocol The patient is draped wwth a bib to protect
“clothing. EXYyedBOrmseé on i s expected, 15 so the patient is provided with a
| 0-0z. cup, which can be disposed of in,an infectious wast&dGHEPWEr or
the contents of which can be poured directly into the center of a sink
drain, to avoid staining the sink. Environmental surfaces or objects which

m ght be stained are draped or renoved fromthe test area. 2 October 2006
WO 03/ 072826 PCT/ US02/ 32067 24

TABLE A
Component Weight %
TBO Product 1.00
Flavor ‘ _ .20
5 | Buffering Agent 2.45
’} Preservative, 41
Acetic Acid ‘ 4.61
Ethyl Alcohol 7.48
Water | 83.85
10 |
| _ 100.00

Pre-rin, ~Ti i ic aci
se and post-rinse test solutions of 1 wt.% acetic acid in purified water, .,

sodium benzoate preservative and raspberry flavor are prepared.

Clinical Protocol

The patient is draped with a bib to protect clothing. Expectoration is expected
1 5 . . - - - - ‘ )
so the patient is provided with a 10-oz, cup, which can be disposed of in an infectious
‘Waste container or the contents of which can be poured directly into the center of 2

sink dr;m, to avoid staining the sink. Environmental surfaces or objects which might

be stained are draped or removed from the test area,




A visual oral cancer exam nation is conducted, w thout usO&tebed Y06
“instruments which might cause nicks or cuts of soft tissues. Notations are
made of the pre- staining appearance of soft tissues and teeth. The patient
rinses the oral cavity with approximately 15 m. of the pre-rinse 5

sol ution for approximately 20 seconds and expectorates, to renpve excess
saliva and rovide a consistent oral environnment. This step is then

repeat ed wiWR ‘384%8%G onal pre- rinse solution. The patient t‘ﬁ@ﬁuw"ﬁé‘)ég and
gargles with water for 20 seconds and Zhxpectorates. 10 The patient then
rinses and gargles with 30 m. of the TBO test solution for one mnute and
expectorates. J The patient then rinses with 15 m. of the post-rinse

sol ution for 20 secondsy vang &m%&&&@%ﬁﬁmmﬁhg SortfutRd! Wi éﬁctﬁ?{?s ﬁg%%%h&ﬂmé%e

patient then rinses and gargles wth water for 20 seconds an

h d ;
e hen e, oe o RS MRS o ORRIATN e e e S

including retraction,, well-balanced |ighti nge@and magni fi cation,
necessary. The | oSRINYE aPRGaARCe phsostfissengynd ksthor and surface 2 Oct ober 2006
WD 03/ 072826 PCT/ US02/ 32067 25

The patient rinses the oral cavity with approximately 15 ml. of the pre-rinse
5 solution for approximately 20 seconds and expectorates, to remove excess saliva and
Jb provide a consistent oral environment. This step is then repeated with additional pre-

rinse solution.

The patient then rinses and gargles with water for 20 seconds and

expectorates.

10 The patient then rinses and gargles with 30 ml. of the TBO test solution for

one minute and expectorates.

The patient then rinses with 15 ml. of the post-rinse solution for 20 seconds

and expectorates. This step is then repeated.

| The patient then rinses and gargles with watér for 20 seconds and -

15 _ -expectorates. This step is then repeated.

. Observations of the oral cavity are then made, using appropriate sofi-tissue
examination techniques, including retraction, well-balanced lighting and

" magnification, if necessary, The location, size, morphology, color and surface




characteristics of suspect l'esions, that have retained bk Oetcenloséati on are
"made and recorded. The patient is brought back after 10-14 days for a
repeat of the above protocol. This period allows tinme for healing of any
ul cerative or traumatic lesion or irritating 5 etiology that was present at
the tine of the first exam nation. A positive stain after the second
examn nati on Vo 03o72gespect area detected in the first examnation is
consi dered an indication of cancerous of5 precancerous ti ssu&CTEAPY 37067
erythroplastic lesions stain blue, often in a stippled or patchy pattern.
However, it normal for the stain to be retained by the irregular papiliar
crevices on the 10 dorsum of the tongue, which is not a positive
i ndi cation. Other SPHACRCE AL suspest lesiohs ehas haerretabiet! bATRoRRAtidOREHIE, AS
positive include dental plaque, gingival margins of =. . each tooth,
di ffuse stain of tFesoxlgflt pal ate because of dye transferred fromthe
retained stain on the dorsum of the tongue, and ul cerative |esions which
are easily distinguished. In all instances, however, where a lesion is
hi ghly suspect, but does not 15 stain positively with this test, it is
- neverthel ess inperativ . a biopsy be taken and subjected to nol ecul ar
anal ysi's. Exanmple I Geeﬁlté‘{?atéleﬂ ‘F@Pﬁﬁﬁ%cm%dﬁr&rdm&rm;mw the aive proddcol.
suspect tissue are.abtained fromvarious clinical sites practicing 20 the
screeni ng procedur IﬁPenga‘?i’ﬁl“@ time for héadingof anynilowativiebiraG@REL leSioRbf i@l
2 Cct obgr 2006 WD 03/072826 PCT/ US02/ 32067 26 :

: etiology that was present at the time of the first eXamination. A positive stain after the

e o )
D, , econd examination of a suspect area detected in the first examination is considered

-an indication of cancerous or precancerous tissue,

Early erythroplastic lesions stain blue, often in a stippled or patchy pattern.

However, it normal for the stain to be retained by the irregular papiliar crevices on the

10 ‘o e L
dorsum of the tongue, which is not a positive indication. Other areas which retain

blue stain, but are not regarded as positive include dental plaque, gingivél- margins of .- . '

each tooth, diffuse stain of the soft palate because of dye transferred from the retained

. ) . stain on the dorsum of the tongue, and ulcerative lesions which are easily

-distfngulshed. _In all instances, however, where a lesion is highly suspect, but does not
" 15 - - - - - -
stam positively with this test, it is nevertheless imperative that a biopsy be taken and

subjected to molecular analysis,

Example II

Genetic Alteration Molecular Analysis

58 samples of suspect tissue are obtained from various clinical sites précticing

20 - i . i
‘ | ‘tl?e screening procedure of Example 1. Itis determined that genetic alteration




~,analysis of two of these sanples is not possible because thatee200s

7] nadequate material on the slides. In the remaining 56 cases neopl astic
cells are carefully dissected (in cases with cancer) fromnornmal tissue or
epithelium (in all other cases) fromnormal tissue using a |aser capture
m crodi ssection scope. This allows isolation of the cells 5 and extraction
of DNA for subseguent mcrosatellite analysis at three critical loci. In
15 cases, tHer%! 9%" 2% nsufficient DNA and further analysis i SPGIPSEERD] e.
Two of the Iloci (DOS171 and DOS736) cH8sen for testi ng are on chronosonal
region 9p21 which contains the pl6é gene. A third marker (D3S1067) is

| ocated on chronobsone 3p2l. All nolecular studies in the remaining 41

cases are done blifdedisWrtbeul ikaowhpiges nojégoﬂblé B&apathgt ﬂﬁh& a LA RRR1

Wthin the study, lesions that are stal ned | ue and l'esions that" are

dont 11 ed hus, Thie piies” B el 38 cioe B FuR O 8 PR Al EREA

stained areas as well as ad acent nonstal ned areas. Mcrosatellife

anal ysi s of these ‘@F‘?St‘?”élb?anﬁﬁrr) frersnqrimabijssug,er epifhelaimyin a2l oder eases)Hems nemal
presence of LOH (chronosonal deletions) in virtually all the cases wth
cancer and- car ci ndmaué mimahserlmpmtctMSeMnycme Thés adlgep isaddtion of ekt colls
and nondysplastic | esions as well as those in the unknown (no pathol ogic

di agnosss) . cat egainy eRlr8ioR T DNA EraiBdeqSR BlidrEst1BR AR ysid 4t ¢ e@Hﬁca‘?ﬁo&z
cancer cases a cl onal genetic change as expect ed Is |de%t| f| e I'n all

four cases of cargig v, asi cIo e also
identified. In 57% 015 a{shgge l(!";)#‘%Hy melngéﬁrf‘?% %ﬁt‘ ‘%yﬁls ng"é(g gt
Wthout dysplasi ) of 14) c| onal tgenetl c changes are found in one
Oor rore of these go 8gﬁ1 319d@95736) chosen for testing are on chromosomal region 9p21 which
contains the p16 gene. A third marker (D381067) is located on chromosome 3p21.

All molecular studies in the remaining 41 cases are done blinded without knowledge

10 of the pathologic diagnosis.

Within the study, lesions that are stained blue and lesions that are biopsied
adjacent to but not within the blue staining areas are separately identified. Thﬁs, in
many cases one is able to test both directly the stained areas as well as adjacent

) | o © nonstained areas. Microsatellife analysis of these critical markers in all of these 41
15 cases shows the presence of LOH (chromosomal deletions) in virtually all the cases
with cancer and carcinoma in situ. In addition, many of the dysplastic lesions and
| nondysplastic lesions as well as those in the unknown (no pathologic diagnosis)

category also harbor clonal genetic changes.

In12 outof 12 cancer cases a clonal genetic change as expected is identified.
20 In all four cases of carcinoma in situ or severe dysplasia a clonal change 1s also
identified. In $7% of cases of dysplasia (4 out of 7) and 85% of cases without

'dyslplasia (12 out _of 14) clonal genetic changes are fouhd in one or more of these




WD 03/ 072826 PCT/ US02/ 32067 27 markers. In cases w th unkeoken2énsst ol ogy
*cl onal” genetic changes are identified in 25% (1 of out 4) of the cases.
Overal |, clonal changes are identified by mcrosatellite analysis in 80%
of the lesions (33 out of 41). This nol ecul ar analysis definitively shows
that approximately 80% of the |esions identified by the Mashberg-type
protocol 5 wpespimsml . Having described ny invention in such ternms as to
enabl e those skilled in the art to undgsstand and practice RGT/U%8206havi ng
identified the presently preferred enbodinents thereof, I CLAIM 2 Cctober
2006 exc.. WD 03/072826 PCT/US02/ 32067 28 1. A prognostic/diagnostic

nmet hod for detecti 2}9 nd ﬁ‘iagnos_i ng cancerous and precancerous tissue,

sai d nmethod conpri ?{E? i ! EefFoyifamkepwahistilogy sional gasdic chitfres bRA8erifed ()
topically applyi ngg%%e(relg{ft hei)igg‘l tissue a dye that selectively stains C5
cancerous and prec out 4)ad tte cages| vt Sl4& | 58 YR aratin
cells fromsaid suspect tissue; and (c) subj ect?%génsggéi %ﬁg’%‘eﬂlg@%gﬁﬁqr %?%ﬁ“&g

anal ysis to det er mandysihiat g0 oSt RsioRX S ells exhibit characteristics
associated with cel|l differentiation o§ 3?%?1@@?6 Thi i analysis definitively

shows that approximately 80% of the lesions identified by the Mashberg-type protocol

5 are cional.

) ) Having described my invention in such terms as to enable those skilled in the

art to understand and practice it, and, having identified the presently preferred

embodiments thereof, I CLAIM:




' ' ' 'by2 cabheraogeest 10
2. The nethod of Claim1l wherein step (a) is preceded S
cancers screening to determ ne' whet her cancerous or precancerous tlssygs
‘gxidt - in head'" and neck tissues and step (a) is then performed on sai
head and neck tissues.

WO 03/072826 PCT/US02/32067

28

1. A prognostic/diagnostic method for detecting and diagnosing
cancerous and precancerous tissue, said method comprising, in combination and in

sequence, the steps of:

(@)  topically applying to epithelial tissue a dye that selectively stains

(. ‘5 cancerous and precancerous tissue to locate suspect tissue;
(b)  separating cells from said suspect tissue; and

() subjecting said cells to molecular analysis to determine whether said

extracted cells exhibit characteristics associated with cell differentiation or cancer.

2. The method of Claim 1 wherein step (a) is preceded by saliva test
10 cancer screening to determine whether cancerous or precancerous tissues exist in head’

and neck tissues and step (a) ié then performed on said head and neck tissues.




