WD 03/ 057918 PCT/ US02/ 32073 LI GHT- DI RECTED MOLECULAR ANALYSI S FOR CANCER
PROGNCSI S AND DI AGNOSI' S This application is a Division of USA Patent

Appl i cat iwo,038sTn@l No. 10/017,007, filed Decenber 14, 2@QT/usvke2073

di scl osure of which is hereby incorporated by reference. This invention
relates to a conbined nethod for the early |ocation and prognosis of

ti ssue containing potentially invasive cancer cells, before the nornal

vi sual appﬁar agcle of tﬂ%ﬁ,t_ d%}ﬁﬁbéﬁﬁg@@tﬂﬂﬁg@ oprent of invasive
cancer, thus delayin . [ ancerous or
cancerous by conventi mdé @ﬂgﬁ%‘%ﬁﬁﬁ %ﬁﬁ"‘m‘%ﬁgu cal procedures.

I n anot her respect, the invention relates to a conbined nmethod for |ocation
and detection dhistgpplcationdne Bivisinn o§ S Prserd finpdication, 8¢@aliNee cancer cel | s,
t he normal visual appearance of which is anomal ous, which may lead to

del ay i n oh0@ilnj00g, fediDegsnisdrd 4, 200d| thatdisetpstirearftwirel is hBABKHOIINERtEF THE

| NVENTI ON Pati ents who delay in obtaining a cancer consultation for at

| east two goRidsnchave significantly higher relative hazards of death than
do patients"wth a shorter delay. (See Cancer, 92[11]:2885-2891, 2001).
Thus, if patients are nore regularly subjected cancer screening, coupled
with a definitive procedure for making an early prognosis or diagnosis,

the nortality rate risks of cancer woul d be reduced. .
This invention relates to a combined method for the early location and

prognosis of tissue containing potentially invasive cancer cells, before the normal
visual appearance of the tissue indicates potential development of invasive cancer,
thus delaying a diagnosis of such tissue as precancerous or cancerous by conventional

location, excision and histological procedures.

In another respect, the invention relates to a combined method for location and
detection of tissue containing such potentially invasive cancer cells, the normal visual
appearance of which is anomalous, which may lead to delay in obtaining a diagnosis

indicating treatment.

BACKGROUND OF THE INVENTION

Patients who delay in obtaining a cancer consultation for at least two months

have significantly higher relative hazards of death than do patients with a shorter

delay. (See Cancer, 92[11]:2885-2891, 2001). Thus, if patients are more regularly
subjected cancer screening, coupled with a definitive procedure for making an early

prognosis or diagnosis, the mortality rate risks of cancer would be reduced.



WO 03/ 057918 PCT/ US02/ 32073 -2 Accordingly, | provide prognostic and

di agnostic nethods for early prediction of eventual devel opnent of

i nvasi ve warses79es for definitive diagnosis, which are strepuiss®320rapi d,
conclusive, and readily adaptable as a clinical protocol. Devel opnent of
Pre- Cancerous & Cancerous Tissue: The devel opnent of tunors requires two
separate nutational events. One of these events nmay occur in the gernline
and be inherited. The second then occurs somatically. Alternatively, the
two nutational events may occur only in the somatic cell of an individual.

Cancer Screeni ng, Prog r . s ) | I 10g. Cel | ul ar
mut auti ons whic cg?é&?f ’%&??V%vﬁégﬁsgggﬁ%dg%ﬁ#ﬁaocuqurogcﬁtf%rs%glﬁg)%nd]ﬁ@mg?nvol ve
t hi ckeni ng, .di scol gration, atypical noles, or hardening., Several tissue
features PEFVEIHA dpusienmat ﬁémaa%lwcq%?raméﬁra 1SR Heeniogs WichAGcyti ¢ nevi
are known to those skilled in the art. For exanple: WO 03/057918

PCT/ US02/ 328@p®ises Bipkk aonnlesiBe andyreadily adapbleasmeclinkstprotdcoly No Yes Border
Integrity No Yes

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

cell of an individual.
Cancer Screening Procedures
Conventional Visual Cancer Screening
Cellular mutautions which are normally visible are well documented and may
involve thickening, discoloration, atypical moles, or hardening. Several tissue features

for differentiating early melanomas from benign melanocytic nevi are known to those

skilled in the art. For example:



Col or Uniform tani browmn Variegated, black D anmeter <6 nm May be > 6mm
However, these nornally visible features and their characteristics may not
be appar ewD 03051918 the tissue involved is advanced on t he paarusat/32073
progressi on pathway of cancer. Consegently, a sinple, rapid and rel atively
accurate screening nethod was needed tg@- enable the clinician to | ocate
suspect tissue before the normally visible characterstics of cancerous or

precancer f1SSue appear. TH_VLV ncer Screembn Procedures For|Early
Location of Bhfentially Cancef R?P&gn sue In vivolSEPBER ng t echni qués have
now been dkM@%ﬁﬁ?d to quickl ysspd nonlnva5|vely wqentlfy gross or $pecific

anat om cal poecetronsvofepatyentisodyare ey o ont e s with
the tunor |oBordsahisaripus phenot yPe at stages bef or ¢ Yetonvent i onal V|sual

- ‘\MI\NT\/V\MWV\IV{\/WV\/\NV\/\NW & .
observatio Cgr the tissue wou gm eVQ%% such suspect ., t&?M These in vivo
screenlng . QLIE 0 Qcal. & - = sakeka e
parti cul al’|]y1am£efil t heI i aI canceksmm are fast and Mapeeiﬁﬁﬁl bI e, evelLu for
t he general—crinical practioner. W 037057918 P 0S0 0 —4- 3 0SS

Anat om cal Screening: One exanple of gross anatom cal screening is the
Pol yner ase Chain Reaction (PCR) analysis of a sinple saliva sanple. Saliva

contai ns exfoliated s..f hat |nat tt'sead and .neck region --
a large su WEYer, ﬁag(sj nntaHgtwsfbs}e gea elrc aracterls 1S may not be apparern

until the tissue involved is advanced on the normal progression pathway of cancer.
Consegently, a simple, rapid and relatively accurate screening method was needed to
enable the clinician to locate suspect tissue before the normally visible characterstics

of cancerous or precancerous tissue appear.

In Vivo Cancer Screening Procedures For Early

Location of Potentially Cancerous Tissue

In vivo screening techniques have now been developed to quickly and
noninvasively identify gross or specific anatomical locations of a 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 potentially canerous sites, particularly

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



origin of cancer cells, especially in patients who expose these areas to

ni coti ne, alcohol, and other known or suspected carcinogens. PCR anal ysis
serves aswe 0gns®3ss prelimnary screening procedur, which aetrarsoe/sms3 whet her
exfoliated cells found in a patient's saliva exhibit a cancerous
phenotype, indicating the devel opnment -ak cancer wthin this gross
anatom cal area. For exanple, see Spafford, MF., et al, "Detection of
Head and Neck @Y Rukstofi¢dl Sepdetain@ma Anong Exfoliated Micosal Cells by
Mcrosatellite Analysis", Cin. Cancer Res. 2001, Mar. 7(3):607-612.

Sel ective Light In Vivo Cancer Screening Procedure Tissue containing tunor
phenot ypes, which may indicate the eventual devel opnent of invasive

cancer, can be jdentifjed and | ocated in vivo.b i sual | Jddentifying
cel lul ar nut at pé‘ﬁeé?ml’légg SHSS ?lﬂﬁag%’Fe@BHg&%tqe#%gaﬁ (élfﬁm ?f&rlnoﬂati ons.
For exanmple, U.S. Patents 5,179,938 and 5, 329,938 to Lonky describe using
an endosc@IR) imbsiswiesimple selpacample. Sglivpeatains exfoliatededls|thati nescent
|l ight source, to elimnate the disadvantages of using hot white |ight
sources, t@rigkaRifften tdthehdad Seck segPecta lhigs Stdsce. ardaoA kit & d ¢ogivhosour ce
radiates in the visible green, blue, and red spectruns, with spectral

peaks at 4§ggint anc%f'?elfé?&pg?%t fients W8 APPSR e aF8S & hibSihedy LOnky can

be applied e surfaces cavities, such as mucousal WD 03/057918
PCT/ US02/ 3207 -5 tjssues and as |l as_epi i al  di r The
advant ages agf’ﬁ?}s?l}qdjtii‘fﬂr O‘é’Hé’ﬁisﬁﬁ’ﬁftﬁ g%@ﬁ%‘?@g%@i@& iyg & S?%% ?ﬁ%%gﬁoﬁse
elimnation of a hot |ight source which can . i

preliminary screening procedur, which determines whether exfoliated cells found in a

patient’s saliva exhibit a cancerous phenotype, indicating the development of cancer
within this gross anatomical area. For example, see Spafford, M.F., 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.

Selective Light In Vivo Cancer Screening Procedure

Tissue containing tumor phenotypes, which may indicate the eventual
development of invasive cancer, can be identified and located in vivo by visually
identifying cellular mutation or lesions, using selective in vivo light examinations.
For example, U.S. Patents 5,179,938 and 5,329,938 to Lonky describe using an
endoscopic instrument or speculum equipped with a chemiluminescent light source, to
eliminate the disadvantages of using hot white light sources, to examine and locate
suspect tissues.. Lonky's light source radiates in the visible green, blue, and red
spectrums, with spectral peaks at 450, 550, and 580 nanometers. The methods

described by Lonky can be applied to the surfaces of body cavities, such as mucousal



cause the patient disconfort, cellular danmage, reduction of visual
interference, such as shadow ng, and, nost inportantly, the selective

col or at i owoaB/oatmor mal ti ssue which readily distingui sheecirtusoe/sorad] acent
normal tissue. Chem | um nescent solutions and the processes for

manuf acture of the solutions and devi cgs have been described by United
States Patents 5,122,306 and 5,194, 666. WO 03/ 057918 PCT/ US02/ 32073 -6

Prognosi s ﬁgﬂeg@d&%élﬁ?s%@ﬁﬁaia@aisb@drg&u!me aOhaltaeet 61 Miigdheons general |y

result fromintranol ecul ar gene reorgani zati on, such as a substitution,
addition, or deletion qf nucl.eof | . [ ]W@iﬂ

respecti vef 'm@grélgﬁ%c'e%t’chggg%u?}ééer1?19%1%%@%6{1:191%%%?#3 atrlllggfl eve Iggg’é‘ %%1 to
detect nutations of nucleaqti deﬁ ch({i\r acteristic (%f .caﬁcer and precancer,
such as t heausgthanakientshscamierscglulay dasmgreatsduetion ol Yirya bR RETCe SUEH 1 ¢y,
which is a direct consequence of alterations of the nucleotide sequence or
t he "genet slmdowile, and, mdstiBnpaatasty,bheselettive coforasign of ainormakiéssvewhigdt i vi ty
can be detected by changes in the mtochondria. |I. Genetic Mutations DNA

Anal ysi s Afb%hﬁ? R tagi NAIFRInY AUEENE S6fnd] Gveel hemiugitictaasslutdsfandence
between normal cells and tunor cells: whereas normal cells are

et er 02y gopy cheﬁ?éMon{{f} ufadtll® of HEBhRioRS End @VRAY 42 b3h dblifive@pR | OCi

(l oss of he 0zyQgosl
United States Patents 5,122,306 and 5,194,666.



Tunmor suppressor genes are often associated with the | oss of one chronosone
or a part of a chronpbsone, resulting in a reduction to honozygosity,

t hrough wbiogios®i$ on of one allele of a tunor suppressor gemaisag3wes| as
surroundi ng markers. The remaining tunor suppressor allele is inactivated
by either an inherited or a somatic myation. Sone exanples of well
docunent ed tunor suppression genes include: Adenomat ous pol yposis of the

col on gene . N . i genes 1 and 2 (BRCAl1 and
BRCA2) , Ca&f%@gl ﬁlslgfdggﬁﬁéflggﬁg@a@ﬁw%&%}r @ﬂggéheri n) gene (CDH1),

Mul ti pl e endocrine neoplasia type 1 gene (MEN1), WO 03/057918

PCT/ US02/ 32073 -7 Neurofibromatosis type 1 gene (NFl), Protein kinase A
type 1, alpha, regulatory subunit gene (PRKARLA), Retinoblastoma gene (RB
1), Serine/t hr edniatienkgangedly rasultdeoneinggmicierylar gent reongaRzgsinesuchrad au
syndronme gene (VHL). Thus, critical chronosone |oci are predictors of the

pr obabl e onrsgkdtitgtfon], BAdHE N, @r dalBEET of Aucteodidp) the QfbublAf N yrd RNiA)cl udes
Mcrosatellite Analysis for determining mutations or the instability of

" chr Omso”ﬁésg@ét{%'i .Ofiec;:eﬁﬂl[)%gl%%%{zéﬂ dnbfiSy 33%1%315&&%5#%& 2s R RyROr ¢

repetitive sequences o t hat " have served'to ontai n nucl eoti de

m spairs, msalignnents,.or nucleotide sli e (looping or, shortening).
VUt | ons, TRRHPr phgidds elstieifi ofeSis LR e -8 HERAB M Ty “and hace
beconme acssociated with a nunber of epithelial cancers. Mre recent studies

have i dent imetedatipaypaticensed ANeA pnd BNdaeRré erzymtic geti b iwhiph is a direct

consequence of alterations of the nucleotide sequence or the "genetic code". It has
also been determined that cancerous activity can be detected by changes in the

mitochondria.

1. Genetic Mutations

DNA Analysis

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

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 homozygosity, through
elimination of one allele of a tumor suppressor gene as well as surrounding markers.

The remaining tumor suppressor allele is inactivated by either an inherited or a

somatic mutation. Some examples of well documented tumor suppression genes
include: Adenomatous polyposis of the colon gene (APC), Familial breast/ovarian
cancer genes 1 and 2 (BRCA1 and BRCA2), Cadherin 1 (epithelial cadherin or E-

cadherin) gene (CDH1), Multiple endocrine neoplasia type 1 gene (MEN1),



| oss of heterogeniety, before a cell undergoes abnormal norphol ogi cal
change. See @uo, Z., et al, "Allelic Losses in Ora Test-directed Bi opsies
of Pati emwe oaios191$ri or Upper Aerodi gestive Tract Ml i gnamcy/usotzsions cal
Canc. Res. Vol. 7, 1963 - 1968, July 2001. Those skilled in the art
understand that there are distinct differences, at the histologic |evel,
at the genetic level and at the anatomc level in terns of right side/left
si de, bet j W id ] n ' lite

st abi 1 1o e b A e e L or
interstitial deleti trans] ocati ons roat e gross chronosonal
ovel -1 s esne i8R 4. K AGh 65 Gire pene 8L sinelih ot g Buse 1
differently, as major chronosomal arns have been shown to be |ost. Tunors
appar ent | y gpned§AEdd), doduvon Feped inday sprdreme gencnefHbuhaseribealh. WO

03/ 057918 PCT/ US02/ 32073 -8 (Oncology News International, Vol. 9, No. 8§,
Suppl . 2, Augmod&ae]ochvViie preditipaast thegobabdé biyset efimvisiee ddneeruse of five M
mar kers - two nononucl eotide repeats and three dinucleotide repeats. RNA
Analysis It is now possible to detect one somatic nutant nRNA nolecule in a
background of 1000 wild type nRNA nol ecul es. This techni que neasures gene

W Lh the  capal PEHer DRAGERon B e At slis AraBtar bty or o

| oci known to be altered . _ )
mutations or the instability of "chromosomal arms" or "microsatellites".

Microsatellites are short repetitive sequences of DNA that have been observed to
contain nucleotide mispairs, misalignments, or nucleotide slippage (looping or
shortening). Mutations, such as these, are termed microsatellite instability and have

become acssociated with a number of epithelial cancers.

More recent studies have identified new microsatellite markers for detecting
loss of heterogeniety, before a cell undergoes abnormal morphological change. See
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 éide/left
side, between tumors with chromosomal instability and microsatellite instability. It is
also known that in leukemias and lymphomas, major interstitial deletions and
translocations occur at the gross chromosomal level. In various epithelial tumors such
as, the changes occur differently, as major chromosomal arms have been shown to be

lost. Tumors apparently progress down one pathway or the other but not both.



wi th high frequency. Thus, it is possible to observe m croheterogeneity in
gene expression profiles in small clusters of cells in dysplasia and
cancer. SaqQuefnsm®igiet ecti on was acconpli shed on ol i gonucl eecCrdsomsmroarr ays,
using a target-directed DNA |igation step coupled to a Rolling Circle
Anplification (RCA) uninolecular detecgion system The DNA |igation step
is adaptable to the detection of nRNAs containing point mutations.

Li zardi, P.cOMcologMRewe Met&maftih, V&Il 61NN, Bipp1 D, 1002 2060)eFish Gndppidst i ng”,

Yal e University, (2000), http://otir.cancer.gov/tech/ i mat-awards. httnl,
(Novenber .Tel.oner.i n sociative Protein el rase
Telonores AonefY tggieeS a5 R of 670 RS BRSSP bl uFteph B Goeal B2, (e
ends of chronosones. Tel onerase, the ribonucl eoprotein that hel ps maintain
WD 03/ 0579 180ys¢eptidastereaso73 -9 teloneres, is inactive in many adult human
cell types, but is highly activated in nost hunman cancers. It has been
determ ned that a disruption or nutation in either the telonmeric DNA or

tel onerase, or the internmediary RNA, can uncap the telonmere, causing
further dan@ug Agalydie DNA. Thus, it is known that a nolecular analysis can
detect either abnormal teloneric nucleotides or abnormal enzymatic activity
of telonerase, which are equally associated with the proliferation of

pre-cancerous cells. See, e.g., Kim MM, et al., "A Low Threshold Level
of Expression . Mut ant -, engiate Tel onerase RNA Inhibits Human Tunor Cel
Proliferation". IfBRow peggible to detect one somatic mutant A moleculein a

background of 1000 wild type mRNA molecules. This technique measures gene
expression levels in samples containing as few as 10-20 cells, together with the
capability for detection of somatic point mutations at several loci known to be altered
with high frequency. Thus, it is possible to observe microheterogeneity in gene

expression profiles in small clusters of cells in dysplasia and cancer.

Sequence detection was accomplished on oligonucleotide microarrays, using a
target-directed DNA ligation step coupled to a Rolling Circle Amplification (RCA)
unimolecular detection system. The DNA ligation step is adaptable to the detection of
mRNASs containing point mutations. Lizardi, P. M., "Messenger RNA Profiling by
Single Molecule Counting", Yale University, (2000),

http://otir.cancer.gov/tech/imat_awards.html, (November 28, 2001).

Telomeric DNA and Associative Protein, Telomerase

Telomeres are the DNA sequences, which are the specialized complexes at the

ends of chromosomes. Telomerase, the ribonucleoprotein that helps maintain



Acad. Sci. USA: Vol. 98, No. 14, 7982-7987, (July 2001). Il. Epigenetic
Mut ati ons Aberrant pronoter nethylation was recently discovered to be a

f undanmentwib o3mstoegul ar abnornality | eading to transcripti eealusse/bmngi ng of
tunmor suppressor genes, DNA repair genes and netastasis inhibitor genes,
and is linked to the predisposition ofggenetic alterations of other
cancer-associ ated genes. Somatic epigenetic alterations in DNA nethyl ation

are tight!l %elohfRiQdistidactide HELARIER L hub@hn! ceﬂ kSRR L 1?%1'&9 BeRMbdIRRsAST | C

transformation. For 1nstance, ~ hypernet hyl ation of i slands in pronoter
regi ons has_been _increasi ngl ssaci ated wi,t h t.ranscriptional, i nactivation
of Ot unor  sUBBTEReRy o foadibetn BRaRTREL Rl sl SRR bR R R o
measure methylation_in specific DNA segnments or in total DNA have been
avai | abl e, tv%m&%ﬂ%ev Iperases Ofbe paecdiars BNASaR yneap; the telomere,
Sensitive-Anplified Fragment Length Pol ynorphi smi (M5-AFLP) for identifying
WO 03/ 0579 1Bu#ag fdobePdB8R4pe3o thelDNAh dFigesit istknoehhiydtatmhelacular dohlysieoan r e
genonme. This polynerase chain reaction (PCR)- based unbi ased DNA

fingerpri ntidngt iefh AbdiRa PRI R dubRolgRM: hbhGalal &yRfatit B&tiviglgavage sites
that exhibit DNA nethylation alterations and subsequently allows the

i solation qf r j i.1:e thel.r. ends. Decreasgs or
| noreases oPorbaRg FAIEHS ot atedBRabub e Blotbiiiin S BHENE
ecifically link ith the. tunor pheno e.
spect T glee, elz.g., m\imM.M., et al., "A Low hresho}dy ]E)evel of Expression of Mutant-
template Telomerase RNA Inhibits Human Tumor Cell Proliferation", Proc. Natl.

Acad. Sci. USA: Vol. 98, No. 14, 7982-7987, (July 2001).
I1. Epigenetic Mutations

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

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
development, cell differentiation and neoplastic transformation. For instance,
hypermethylation of CpG islands in promoter regions has been increasingly associated
with transcriptional inactivation of tumor suppressor genes in carcinogenesis.
Although techniques to measure methylation in specific DNA segments or in total
DNA have been available, Yamamoto developed a method called "Methylation

Sensitive-Amplified Fragment Length Polymorphism" (MS-AFLP) for identifying



Thus, nmethylation alteration provides identification of epigenetic
alterations associated with cell differentiation and cancer. DNA nutation
or | oss oWwomaesmiogeneity can be alternatively detected bycmameusiongy DNA
nmet hyl ati on. SeeYamanoto, F., Ph.D., "Technol ogy to Detect Genone-w de DNA
Met hyl ati on Changes”, Burnham I nsti tute;
http://otir.cancer.gov/tech/imt-awards. htrnl, (Novenber 28, 2001). I11.

M t ochondr éigngddih3hdtRASioManh hd @RROEdndmeA MHidedlyBeaseehattica@ionqPCRY hod was
devel oped, based on the finding that mtchondrial DNA (ntDNA) exhibits

mut ati ons M&@@uﬂﬁ%@dﬁﬁﬂﬁfﬁ@ﬁg@ﬂ%@@@%ﬁ@ﬁ% ?ég'ﬁqit%@#el i ntiftGfi6h 5f fean estimat ed

1000 different proteins in S'1n such proteins can
be characteri zed as '"netabolic, di seases”, causing, defects.i transport
mochani esOEHEEE SHs R HEPY DA dheligtinn Jtersiops artsbseairatedliosts B
transport chain and oxidative phosphorylation. Nuclear nutations can
af f ect nt Dislavign 08DDBY HagneGTwitstiRse 2itsp3t theirends Blactrasdson irmmerseseqfai r |,
transcription, protein synthesis in the matrix, protein inport, and other
properti esbgid ihfedsify, bodiffersitdsdn baeding Patfern, wdrk Sgecifiallplinked Wil tHee Det ecti on
of Mtochondrial DNA Miutations in Tunors and Bodily Fluids", Science 287,
2017- 2019 this study, DNA was extracted from aut opsy-derived
gt Bidorn

brain sanp i ndi viduals, ranging in age from23 to 93 years and
tested for the three

Thus, methylation alteration provides identification of epigenetic alterations
associated with cell differentiation and cancer. DNA mutation or loss of
heterogeneity can be alternatively detected by measuring DNA methylation.
SeeYamamoto, F., Ph.D., "Technology to Detect Genome-wide DNA Methylation

Changes", Burnham Institute, http://otir.cancer.gov/tech/imat_awards.html,

(November 28, 2001).

II1. Mitochondrial Mutations

More recently, another cancer detection method was developed, based on the
finding that mitchondrial DNA (mtDNA) exhibits mutations when derived from

human cancerous cells.

There are an estimated 1000 different proteins in the mitochondria. Defects in
such proteins can be characterized as “metabolic diseases”, causing defects in
transport mechanisms and ion channels, most notably, defects in the electron transport

chain and oxidative phosphorylation. Nuclear mutations can affect mtDNA



mut ati ons by PNA-directed PCR cl anping. The ability to detect very |ow

| evel s of point nmutations in ntDNA by PNA-directed PCR cl anping, permtted
anal ysi s wbD m3log791pr esence or absence of, e.g., the A8344GrCAARSI&0aNd
T414G, point nmutations in tissues fromindividuals of varying ages. Lung
cancer cases corresponded with nutantimt DNA bands, that were detected
using a sensitive oligonucleotide-msnmatch |igation assay and gel

el ect rophohigggqogjﬁgggqa@{rgﬁgcﬁgg%ﬂé\ﬂgm&ﬁ siitBedi QBEHMALN, plotganmpertare still

anot her ne eéting rous activity in human cells. See al so

ot bt LB b A IR R P

(Cctober, 2001). Advantageously, abnormal chrogpsomsl .expression,

associ at edMitachordsisé OBNA tpas %?@@P@&HWWW%@éWCg@S?a#&QhaI ysis at
very early stages of pathogenic expression and with a very few nunber of
affected cebls (20D)e\rithis gusdgDNAewaxpdmsted Glont ortsyrder vesbeipinssagwlasul ar
tissue that could possibly propagate invasive cancer tissue, diagnostic

techni ques gSUCTY ARIGANE kngingdi hEEREHI23.10 98 yeirk asdeeddifed thewirecul ar
anal ysi s are not e%fectl ve early cancer detection nethods, because the

effectiveness of th t.echnj S 4Ll ARl

PCT/ US02/ 3?63%;10“?%’?'%'3}%&%9%?30 %agllle‘; 112%#&%@?{3??%(3? G sBe%f?Z tissue sites
containing cells which are ropagatin cer. Moreover,. althou some of
the prior g peint gRitations ﬁg‘nf”@\ﬂ‘ﬁ(%éf -glrectgd ﬁéﬁ cefamplng, permﬁ{ed analysis cglj?he

presence or absence of, e.g., the A8344G, A3253G and T414G, point mutations in

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.

Thus, mutations within the mitochondrial genome are still another method for
detecting cancerous activity in human cells. See also Parrella, P., et al., "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 expression and with a very few

number of affected cells.

However, given the expanse of the human body's cellular tissue that could
possibly propagate invasive cancer tissue, diagnostic techniques such as genetic,
epigenetic, or mitochondrial molecular analysis are not effective early cancer

detection methods, because the effectiveness of these techniques directly depend on



capable of identifying specific sites of suspect cancerous and precancerous
tissue, the location and identification of such suspect tissue was,

her et of orwp ogesmual |y foll owed by conventional histol ogi ealr/tsezsionati on of
t he suspect tissue such as lighted mcroscopy. Oten, such conventional

hi st ol ogi cal exam nation indicated thatlzone of the |ocations identified
by prior art techniques were not cancerous or precancerous, Wwhen, in fact,
cel I' s from dltaiamg|tisewt sanmpeseidm tietspecifib dssm@rsitey @ontmn%wmmbh devel opment

of cancer at that |ocation, markers which could have been identified by

ol ecul ar %bé/g%hﬁ%NA cBr. Mgf‘e'a%ﬂ Gt gﬂ soth DA Drior ’scr@&im BLLS LRat terns,

or mtochondrial , characteristic ancer propagatl on.
For exanpl e ation of nol ecul ar si s technl gques to
cel I dor %8 %ﬁi?iﬁfn&éﬁﬂéﬂ%%? e?lf%élﬁ%? U PeuarLd g%ﬁ?%eww?,éhe dye

staining -- cel]ls that  were ori gil nal | y- determ ned by conventi onal

hi st ol ogy tlgcaitonandjidentifisation;af sue WPQ%BSSwaqOﬂUI@@anW foglopredt ocol - -
reveal ed that a high proportion of these cells in fact contained markers
that were tthecosaenticast histolbigirat examindtionhd tleveaispecatisshe vedtoprtimtedof  cancer at
t hose suspect sites. BRI EF STATEMENT OF THE | NVENTI ON | have now di scovered

an i npr ovedntQgaRst UReA el baERAG A hﬁﬁﬁ&ﬁ&l%&nm‘i&&ﬁﬁfdiéagdﬁﬁ%ﬁ s6/gCerous
and cancerous growth in hunman ti ssue whi ch I nes vant ages of
pri or_art SEULERbyfols@ltisich B5BbOR: REAS G Whre hSSROLON &AL S5, Jr 05S VO
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 dye-staining 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.

BRIEF STATEMENT OF THE INVENTION

I have now discovered an improved prognostic and diagnostic method for
detecting pre-cancerous and cancerous growth in human tissue which combines the

advantages of prior art selective light "location screening” technologies and/or gross



anat om cal screening techniques, such as saliva testing, with the precise
prognostic and diagnostic" technol ogi es of cellular nol ecul ar anal ysis.
Briefly, wposestogl conpri ses various conbi nati ons and subeomiisazsioohs of
up to three steps: (1) conducting a screening test that subjects saliva to
pol ynmerase chain reaction (PCR) anal ysgs to deternm ne whet her head or
neck cancer in this gross anatomcal region is probable; (2) illum nating
a 0r0Ss anghAghtal sk egflolrdidhos) dudfibs Ltva RRHAE! bt il bl gBbhqcOf the
Su e ce xtracti

specific location o ect tissue, to ena n or a biospy

of the cells. in such, ci.fi.c suspect | ocation; and (3) subjecting cells
obt ai ned f%@?ﬁﬁ‘?ﬁ%gug%g%‘fb@%%# eﬁplla{ wo%ﬁ%ﬁﬁqlazhm%nal ysis, to determ ne
whet her said extracted cells exhibit characteristics associated with cell
differentiation or cancer. According to one enbodi nent of the invention,
in vivo selective light examnation of a gross anatom cal region is
conduct ed to i daidflyf myspeahod canmisspeaationd dopsbirations ad subgcsmbinagorsafbi ned

wi th nol ecul ar analysis of cells fromthe thus-located suspect tissue. Yet

anot her errggqlg, REd st&s: Kfe)%oh&ﬁéﬁﬂé EQ&eErﬁﬁ%%ﬁﬁaﬁﬁ'BjEd%tsbﬂ% L) &y%ﬂlniléf@se screeni ng

test to determ ne whethér the patient y or has” devel oped Hhead/ neck

cancer, fol]owed i.n vi selective |light exam nation of the head and neck
Fegion to clgnzractign(hOR) SRLEs ta fegmpme vistierged ek GYEHIIER ar

anal ysis of cells fromspecific suigect sites to confirm whether, the

speci fi cal Bjosp gexemiqabrpeiaisp arobables 1)dllemHating 8 2wss emtomishwepaithso2/ 32073

light for selective visualization of the specific location of suspect tissue, to enable cell
extraction or a biospy 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 selective light
examination of a gross anatomical region is conducted to identify specific suspect
tissue location(s), is combined with molecular analysis of cells from the thus-located

suspect tissue.

Yet another embodiment of the invention includes conducting a saliva
screening test to determine whether the patient may or has developed head/neck
cancer, followed in vivo selective light examination of the head and neck region to
specifically locate suspect sites, followed by molecular analysis of cells from specific

suspect sites to confirm whether the specifically identified suspect tissue contains



-14 cells which exhibit characteristics associated with cancer or the

event ual devel opnent of cancer. According to still another enbodi nent of

t he i nvenwioaa/ostyes sel ective |ight exam nation of a grosspamatsozsmas regi on
is followed by topical application of a selective staining dye to the
suspect tissue location, to further cenki-rmthat it is suspected of
cont ai ni ng cancerous or precancerous cells and to provide additional tine
to view t heeBiwRRGlexhib%SdharaclRAkiRk AsRRBTalcd Wikl S el QRS YehRiaPiRidpnteat | s for
nol ecul ar anal ysis. "Ml ecul ar Anal ysis" As used herein, the term
"nDIecuIaro?ggk%§is" means a procedure for identiflying cellular
abnormalities I'ch indicate cancer or the probable eventual devel opnent
of cancer. Illustratively, these procedures include those which identify
such abnorrmalities in the genetic code, i.e. DNA or RNA, in epi-genetic
patterns, or in mtochondria) DNA (ntDNA), of suspect cells. Thus,

al t hough count | Agwrding tesill awther embddimentinaf thx toention the seleatwklight nucl eus can
be observed to detect nutations, the term "nolecular analysis" is limted

to those pres@iiafies ofhfils Biiihidhnegivh el dEbwad by iical BHRRAENMDEFd S Present
in the suspect cells. Accordingly, target nucleotides or associated

prot ei ns a@Qleglﬁwlfelt sﬁ%ﬁﬁ? r(]ﬂfté ﬁd"ﬁl% lskls‘:fﬁctttﬁgl%e\élﬂgz-{tfbﬂsto filr Cgﬁilv 'F]l%aﬁ ﬂti%]ec hni ques

known to one e ar are e cbnsi dere e Sscope of

—

the term "nol ecyl ar gnal ysis. . -
suspecteH o? cor%almr}é cancerous or precancerous cells and to provide additional
time to view the suspect tissue, before performing a biopsy to obtain cells for

molecular analysis.

"Molecular Analysis"

As used herein, the term "molecular analysis" means a procedure for
identifiying cellular abnormalities which indicate cancer or the probable eventual
development of cancer. Illustratively, these procedures include those which identify
such abnormalities in the genetic code, i.e. DNA or RNA, in epi-genetic patterns, or in
mitochondrial DNA (mtDNA), of suspect cells. Thus, although countless nucleotides
within and exterior to a cell's nucleus 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
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."



WO 03/ 057918 PCT/ US02/ 32073 -15 Wiile the saliva screening test, Step 1,
is specific to detecting only head and neck cancers, Steps 2 - 3 can be
appl i ed twoamyps™es | s capabl e of visual inspection in viveCTiusob/smihg
topical or internal tissues that may be observed within an internal cavity
of the body or individual cells distri-hgted within plasma fluid. Such

conbi nation of steps provides a sinple clinical protocol that can identify

the | ocations WhilptecaAReLsRemingdsstyBibp 1A spettett detdctig onlilehd fief ore onset
of otherwise visible indications. DETAI LED DESCRI PTI ON OF THE | NVENTI ON \%Y%

et hod comruésamésqyf%@g%aglcg%gé%ﬂah@a@&mgf; IS el é](ffsxﬂsdapﬁl &apng, | dentify

ti ssue having suspect en to €xamn rom suspect
ti ssue to detect B ence o{ ceroug th unor, heno %'Eel Tunor
phenot ypes ety 3? 1031 RrRieH, tl%suﬁs 4 gy Pgobsgeed Wi Yer ogenei ty,
mut ati on of tunor sup&tessor enes abnor mal DNA net hyl atlon or abnor nal

mt DNA, asssevis efthapody erindwidualoedls ﬂwmmdw‘qlt@éttﬁﬁsnwdhuésﬁwhpt i on of these

sequential steps are provided to enable those skilled in the art to
practice t hembinatiohiofstepsisoties neinpdd elirdidyd protee fHalt yan jdestife thiecldcaivpedi ment s
thereof. This description is not to be understood as limting the scope of

the invent 'o@Brec%k!e?&ls' & whllThd Sp QP kiYes OWell B&o%ﬁ%@t@ﬁ}s@lslﬁéep 1: Saliva
Screening for Head and Neck Cancer WO 03/ 057918 PCT/ US02/ 32073

indications.
DETAILED DESCRIPTION OF THE INVENTION

My method comprises sequentially examining cells to first locate and identify
tissue having suspect cells and then to examine cells from such suspect tissue to detect
the presence of a cancerous or tumor phenotype. Tumor phenotypes include any
mutation, e.g. allelic loss, loss of heterogeneity, mutation of tumor suppressor genes,

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

the scope of the invention, which is limited only by the appended claims.

Step 1: Saliva Screening for Head and Neck Cancer



-16 Saliva sanples can be collected in a nunber of ways. It is nost
inportant that the collection apparatus conplies with the requirenents of
pol ymer aswoakasT1s eacti on (PCR) anal ysis and that the integrisoy3mi3 nucl ei c
acids is not destroyed before analysis. The PCR anal ysis detect an increase
or decrease in short repetitive sequendes, called mcrosatellite DNA. The
m crosatellite DNA correspond to an allele because of their |ocation on

the DNA. Mt at iSaliva kiinple tastEd @lleétbe i N urabe of awagsl It 6 DBstiMPbrtard @WION I N
epithelial cancer phenotypes, and so is a particularly appropriate analysis

of exfolia Firkd; d L | 1L (el

anal ysi s i gﬁ%i o%#ﬂéi%gﬂb%%n{b@? e%%@%l élseé %Q%%#%ﬁ%@@%&%gﬁ&f%m %}%)0%

Si dr ansky, rporate erein by. reference, PCR anal ysjs .has hecomne
somenhat ” adbEREAERYE S5 B8t B Buring RIS s isra: BSToRS Bt runlaer

6, 326, 147, incorporated herein by reference. PCRis considered a nethod
for nucleic acid anplification which allows for DNA and RNA sequenci ng
with a mnute anobunt of nucleic acid sequence. Two United States Patents,

5,981, 293 and GIIRPACKRAMKklydedeedthe inppRas at drae inndhogt rkpstitivobdq@endesg sal i va
sanpl es. Even though a patient may be found to positively exhibit signs of

a_cancer oug, 1 aNLbMRALIEINTA S Fhb Hcrs SRR PNA doiRspdadb Bf?gllélé bbdi§sEancer

cells must then be identified before proper prognosis and treatnment can be
effected. Alternatively, . e h a patiept..s iva.sc nresults in
negative, SEER Scﬁi?ncoélﬁg%ﬁﬁ]%'dwg#]l%%g{Igfcﬁ%sa eé)]gf’i@% %ﬁi%ﬂ?%%gqel rl“?&under go
a thorough visual exam nation (described in Step, 2: ) i

common in epithelial cancer phenotypes, and so is a particularly appropriate analysis

of exfoliated cells found in saliva. A thorough description of this analysis is provided

by United States Patent Number 6,291,163, to Sidransky, incorporated herein by

reference.

PCR analysis has become somewhat automated, as is described in United States
Patent Number 6,326,147, incorporated herein by reference. PCR is considered a
method for nucleic acid amplification which allows for DNA and RNA sequencing
with a minute amount of nucleic acid sequence. Two United States Patents,

5,981,293 and 6,241,689, describe apparatus suitable for collecting saliva samples.

Even though a patient may be found to positively exhibit signs of a cancerous
phenotype upon saliva screening, the location of the cancer cells must then be
identified before proper prognosis and treatment can be effected. Alternatively, even
though a patient's saliva screen results in negative, meaning no cancer indications, the
patient should still undergo a thorough visual examination (described in Step 2:

Cellular Staining Location) for common and recurring cancer types.



Cel lul ar Staining Location) for comon and recurring cancer types. WO

03/ 057918 PCT/ US02/ 32073 -17 Step 2: Location by Sel ective Light

Exam nat i wo (Soep12 enabl es a practitioner to precisely | ocatrasamsosel ect
suspect cells in vivo, for later nolecular analysis, providing the
clinician with a view of the suspect siitze, enabling the practitioner to
sel ect suspect tissues fromsurrounding normal tissue to direct the biopsy

procedure for obtaini ngt&ged Bodation bHySelRtife Lidit BAMiMation Step 3. Anot her
enbodi ment of the invention enploys the in vivo Mashberg Protocol or

simlar dye-staining selective |location protocols as a further adjuct to
the initial, selective light location step. These sel ective dye-staining

protocols are dvant ageousl| y .enpl oyed .t ive the practicioner a nore
sust ai ned vi ew %F’P ?ﬁ@g@%?)g@pﬁg r rP‘GEFﬁHP‘Yf@tetaPE%IS‘?t SUPRSELISLS FakVei t at i ng
t he bi opsyLﬁgr ocedure. The Mashberg dye-staining protocol is described in
detail in Uaflated n®tlequdar anflysismrodddgehadiniciamwithaotior of therspspeyissiteol ui di ne
blue 0 (TBO dye to selectively stain cancerous and precancerous tissue.

Thi s ori gi reabbléligafe paictitoss e esledi Gudpeattisvvas frofesafdunaihgindrhilaistiy foed St at es
Pat ent 4, 321,251 to Mashberg and in the United States Patent 5,372,801 to

Tucci et algirel e HRYS E $orbbRnif & LATSGOF fre 310G i es, e.g.
Azure B, Azurree C alrflbg’ %?ﬁéféﬂgnt Cres%/lfIEB?luse, ﬁgve E‘gjeanr |é§%’?’i$ﬂg%’ as useful
for selectively marking cancerous and precancerous cells. See, for
exanple, US Patent 5,882,672, to Ponerantz, incorporated here by

r ef erence. ) i )
Another embodiment of the invention employs the in vivo Mashberg Protocol or

similar dye-staining selective location protocols as a further adjuct to the initial
selective light location step. These selective dye-staining protocols are
advantageously employed to give the practicioner a more sustained view of the

suspect and surrounding tissue, thereby facilitating the biopsy procedure.

The Mashberg dye-staining protocol is described in detail in United States
Patent 6,086,852. The protocol employs toluidine blue O (TBO) dye to selectively
stain cancerous and precancerous tissue. This original diagnostic screening test was
described in the United States Patent 4,321,251 to Mashberg and in the United States
Patent 5,372,801 to Tucci et al, incorporated herein by reference. 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.

After the dye-staining step is perform, surgical excision biopsy of the suspect

tissue is performed and a subsequent molecular analysis , herein described in “Step3:



After the dye-staining step is perform surgical excision biopsy of the
suspect tissue is performed and a subsequent nol ecul ar analysis , herein
descri bedwor3vStep3: WO 03/ 057918 PCT/ US02/ 32073 -18 Ml ecalo2/swad ysi s
Di agnosi s- Prognosi s follows, to yield a prognosis/diagnosis of cancer or
eventual devel opnent of cancer, if theiwml ecul ar anal ysis determ nes that
cells fromthe abnormal tissue are malignant or precancerous. Step 3:

Mol ecul ar  AnaleyslaS ARAFEE D choflE PIsSES" E8lldwss kRS ﬂr@%nd&l’@&‘gﬁbﬁé oftnal ysi s

are derived froma variety of biopsy techniques, mhlc in general terns,

| nvol ve the 5@&%}1%%{8&@# ﬁﬁé@&w&'o?«?&c?ﬁ 1fché&t%Fetcu Vs A QmiiR s‘%ﬁ&!' A

anal ySI S. ue renova rac 1 on al’l €s V\A

various type f opsi es. . For exa t he bi opsy sanpl e can corrprl se
portions ﬁ%&PW & abpprmabissug gredp n@bﬁ“ﬁmd’éﬁr‘??é’? €0USe. g., erythrocytes,

| eukocytes, and | ynphocytes, parathyroid tissue; sallvary gl and tissue;
nasal nucosal tissue, oropharynx tissue, open lung tissue, small bowel
tissues, etc. Mlecular analysis is then performed to confirm whether the

bi opsy sanpl e of suspetep Bsmweduasmq@myﬁ@mag%smmmgmr ous. The target
of nol ecular analysis, i.e., DNA DNA net hyl ation, tel enorase

activity, or ntDNA analysis is select ed based on access to instrunentation,
qual i fied anal ysts, or the nature of the cell sanple. The nol ecul ar

anal ysi s of the ﬁf 158 Ieleniallﬁ a chaqice ng var ¥%(Procedures Ge
el ectr OphOI’ esi s §ﬂ§np e mo ccular analysis arc acrive Oom a varie 10pSy

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
the various types of biopsies. For example, the biopsy sample can comprise portions
or skin lesions or isolated blood cells, e.g., erythrocytes, leukocytes, and
lymphocytes, parathyroid tissue; salivary gland tissue; nasal mucosal tissue,
oropharynx tissue, open lung tissue, small bowel tissues, etc. Molecular analysis is
then performed to confirm whether the biopsy saniple of suspect tissue is cancerous or

precancerous.

The target of molecular analysis, i.e., DNA, mRNA, DNA methylation,
telemorase activity, or mtDNA analysis is selected based on access to instrumentation,
qualified analysts, or the nature of the cell sample. The molecular analysis of the cell
sample entails a choice among various procedures. Gel electrophoresis, the
polymerase chain reaction (PCR) based chemistry, Rolling Circle Amplification
(RCA) unimolecular detection system, flourescence tagging, immunohistochemical
staining, mass spectroscopy, and colorimetry are representative examples of effective

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



pol ymerase chain reaction (PCR) based chem stry, Rolling Crcle
Amplification (RCA) uninolecular detection system flourescence tagging,

i mrunohi swoak@siseal st ai ni ng, nMass spectroscopy, and col eCTTEDe/§20a3 e
representati ve exanpl es of effective nolecular analysis procedures. The
nature of the cell sanple, the extractdien, and WO 03/057918 PCT/ US02/ 32073
-19 nucleic acid digestion will influence the choice of specific nolecul ar

anal ysi s prekediid®digestion elldpilhdidatanhbies oS spekificelepilasantysi pref erred
enbodi ment of the invention, the nolecular analysis procedure enployed is

t he proced t n ' satellite markers, i.e., repetitive
sequgnces g[{rgcedﬂfem&ﬁféobﬁ > aﬁgln);sfs;)m s. It should be understood, however,
that the nmethod of the invention may include any reliable nol ecul ar

anal ysis technique for determ ning whether a cell's constituents exhibit a
cancerous or mﬁld type phenotype 1. Polynerase Chain Reaction (PCR,
commonl y Mcros I|te n b|||t NS estin IS, i i ed by

el ectrophoreti c &ﬂr‘?ff’fl &’é‘%?nlrpf: é‘b‘fegﬁ?& ‘?@%ﬁﬁi‘ﬁﬁes
perform MSI testing, blocks of surglcally resected tunor tissue - elther a
fresh frozemnoendats eremoyad ig tHeqraeddiure i identifyngrmictasateBivp sxidesss, $peci nen i s
obtained. The tunor tissue is mcrodissected to separate neoplastic tissue

f rom nor mal repdtiivg 8equetted dDMfe DEIAG X1 RCR athl§din nTtabilid bSanptewodf genom ¢ DNA
fromthese sanples are

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

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

type phenotype.
L. Polymerase Chain Reaction CR). commonly Microsatellite Instabilit S
Testing

MST is identified by electrophoretic resolution of amplified microsatellite DNA
sequences. To perform MSI testing, blocks of surgically resected tumor tissue - either
a fresh frozen specimen or a formalin-fixed, parafiin-embedded specimen is obtained.
The tumor tissue is microdissected to separate neoplastic tissue from normal tissue,
and DNA is extracted from both. Samples of genomic DNA from these samples are
amplified for a panel of specific mono- and di-nucleotide microsatellite loci using

PCR.

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

analyses require the use of five MS markers, two mononucleotide repeats and three di-



anplified for a panel of specific nono- and di-nucleotide mcrosatellite

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

Addi ti onawvolmang®i1g n the PCR products of the tunor DNA notecalissezs®d3in t he
normal DNA is scored as instability at that |ocus (or specific site).
According to industry standards, MsSI -&tal yses require the use of five M
mar kers, two nononucl eoti de repeats and three di WO 03/057918

PCT/ US02/ 320itRotid@®peate| Aotardimgite fead¥aionddcacdi Ingfituts'stdepsdiats stateher@ancer
Institute's consensus statenment on MS|I testing, any pair of sanples that
di spl ay i nsaeMSI testing any peir @f sam:rl@s tbat dlspl@/ m@tﬁblilafféﬁwommom ef &¢ored as
high MSI. For_ details, see Sanchez- Cespedes M,
Westra, W Hiiff G%EIHCI lwsmred & lag%héfkly FODdetaIISAﬁﬁfEeG% Z.o%apagychi, K

Vel | gancy"Sin qz LS VO s A S, T 2
i acl osed 1 et elel EiaB PR b8 Pk BPod SRR e or hor at e
herein by rghg gsg gﬁgfcﬁf@&f@r RER 7. gﬂﬁ g 2b§1 d? dr ey t@ﬁr&[ﬂ»‘lé@% States

Pat ent Number 9, I NCor por at ed " herei i erence

El ectr ophor gy iNue! f't o pflofin $hd AGSsailifie fah£1§§1T ﬁ%ﬁ:‘?&sle& &l YnHéPealed and

then subjected to ectrophoresis In ecul es (as proteins and
nucl ei ¢ acipifint N6, 2012163, (S AUARKR 1ncorporated herein by reference. Automated PCR

analysis is described in United States Patent Number 6,326,147, incorporated herein

by reference.

II.  Gel Electrophoresis

Nucleic acid strands are first selectively digested and then subjected to
electrophoresis in which molecules (as proteins and nucleic acids) migrate through a

gel (e.g., a polyacrylamide gel) and separate into bands according to size.

Io. RCA

Rolling circle amplification (RCA) is a surface-anchored DNA replication
reaction that can display single molecular recognition events. RCA successfully
visualizes target DNA sequences as small as 50 nts in peripheral blood lymphocytes
or in stretched DNA fibers. Signal amplification by RCA can be coupled to nucleic
acid hybridization and multicolor fluorescence imaging to detect single nucleotide
changes in DNA within a cytological context or in single DNA molecules, enabling

direct physical haplotyping and the analysis of somatic mutations on a cell-by-cell



gel (e.g., a polyacrylam de gel) and separate into bands according to size.
I11. RCARolling circle anplification (RCA) is a surface-anchored DNA
replicatiwoo3nemesi on that can display single nolecular recagrsiot/smn events.
RCA successfully visualizes target DNA sequences as small as 50 nts in
peri pheral blood |ynphocytes or in styxtched DNA fibers. Signa
anplification by RCA can be coupled to nucleic acid hybridization and

nul ticol or BdsiiorBsbentsificd N A gndleculiet@etatel YOk €A} BOlobazed ah@nges in DNA
within a cytological context or in single DNA nolecules, enabling direct

Cel - by- col TG B é‘%ﬁ%%ﬁ%%??%%éﬁfﬁ%%@ﬁ%??%a% T

nol ecul e generated b be.l ocal i zed ,and dlscrete

T uor escent SEt dbrobiohreaien o be Foduues 1 Berbb el malePUR Sodion:
Expression profiles may be generated as hi stograns of single nol ecul e
counts, asasietl . TimUn@ﬁdS s$tatanéss6, B2, Byt end0.220,884 Ligards 2210, 884 to
Lizardi, are incorporated herein by reference to provide anple detial to
enabl e one iskopbectdiherdihbdy refefentctopravitie srapleldetislits ehatiednd skikked inaine

enpl oyi ng RCA techniques. N Southern Blotting Southern blotting can
identify di ogh%q{@ and identify genes
that are re%ﬁ%%%ééﬁgﬁg%ggﬁ&eégﬁbn@ﬁ 1 out her n Jgﬁo ‘cloned or anplified
DNA is digested with a restriction enzyne. The |arge varlety of DNA

IV. Southern Blotting

Southern blotting can identify differences between normal and mutant alleles
and identify genes that are related in other genomes. In a Southern blot, cloned or
amplified DNA is digested with a restriction enzyme. The large variety of DNA
fragments 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 between individuals are detected when
that base change creates or destroys a site for the restriction enzyme used to digest the
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
Number 5,811,2391, incorporated herein by reference, describes a method for single

base-pair DNA sequence variation detection by Southern blot.



fragnents is separated according to size by el ectrophoresis and transferred
onto a nitrocellulose filter. The fragnents are then hybridized with a
probe, buwoamaloydihose DNA fragnents contai ni ng sequences PROMS0ODWES, OF
identical in base sequence, to the probe are detected. Single-base

di fferences between individuals are detepted when that base change creates
or destroys a site for the restriction enzyne used to digest the DNA

Del eti ons oiV.DNAliunsseeritiTanginghat change the size of the fragment created by
the restriction enzyne(s) may also be detected in this manner. United
States Patent Nunber 5,811, 2391, incorporated herein by reference,
describes a nethod for single base-pair DNA sequence variation detection

by Sout hern bl o 03/ 057918 .PCT/ US02 073..-22- V. Flourescent Taggi ng
Exact base sequtéE%(%éé\g3§e quB?l}?ﬁ%a%ﬂﬁfiﬂtféﬁ%rWl@&gmfﬁagmw i's

det er m ned é’ a et hod cal | ed DNA sequenci ng. DNA sequenci ng has been

aut onat ed ba teanipgd by ¢ msthodicalied PNAosegrenting. JINAseewncingrieebserf or each of
the four DNA bases whereby the fluorescent signal emtted by each of these
chronpsone atitpmiiet Y using dbieremtiadlylvplodedfngbicbman st el ier cashdf dRadbyzed by a
conputer. VI. DNA Probes A probe is a stretch of DNA or other nucleic acid

that has bePNA BikewReebPiR fliidk@bbR sTRLEGhifbd b%T E&gg{fﬁfgﬁaéﬁfgﬁéﬁn§§§°t§ﬁ§ to

a target of free nucleic acid whose ‘dentity
probe) througha Ryl 'rgidzb%rta{ sitiF8ELan 0 aﬁi%alyzed by a computer.

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
identity is being detected (by the probe) through a hybridization reaction (for
terminology, see Phimster B: Nat Genet 21[Suppl]:1-60, 1999). The probe is generally
labeled with a radioactive isotope or a chemical than can be detected after the
hybridization takes place. For example, chemiluminescent 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
Gilbert. See Church, G.M., Gilbert, W., Proc. Natl. Acad. Sci., USA 81, 1991-1995,
(1984).

VII. Microarrays

DNA microarrays made of high-speed robotics on inert materials, such as glass

or nylon, may be used to identify genes and gene mutations. Preselected probes are



term nol ogy, see Phinster B: Nat CGenet 21 [Suppl]: 1-60, 1999). The probe
is generally |labeled with a radioactive isotope or a chem cal than can be
det ect ed wbtoasmdhe hybridi zati on takes place. For exanpl @CT/US02/32073
chem | um nescent | abels, e.g. 1,2-dioxetanes, alkaline phosphate, or
biotin, may be used as hybridizati on prdbes to detect nucleotide sequence
| adders on nenbranes generated by the sequenci ng protocol of Church and

G | bert. Seexposed oHtargstNDNCuddaibkequdntly Riabyeed Nathybridigatbn [Reterns usiad a81,
1991-1995, (1984). VII. Mcro arrays DNA m croarrays made of hi gh-speed
robotics onyifgy ' : used to
identify ge¥1es a%%ﬂgigﬁgﬁ?un?gg ?%'%is]m %@%ﬁ%&? ggrdg%gggnd;@eﬁt%sm/ 057918

PCT/ US02/ 32017 3..~- 23 exposed to "target" and subsequently anal yzed for
hybri di zat i @ﬁg%%‘fat%érrl RS RGSH W‘S‘Fﬁ%ﬂsﬁ“g%%‘éfa%?f SEIF CBRTesHqn oan be
information-processing prograns and strategies. ldentification of genes or
gene nut at i %?t%@dI%IYP@‘/g’F ;agy ggegsipwlirneaushondiaptesapidiycharbemanyd

anal yzed for many genes sinultaneously and nore rapidly than by nmany ot her
t echni ques. othartechusqueanes have been given to these microarrays, such as
genone chip, biochip, DNA chip, DNA mcroarray, gene array, and
GeneChip(r)(r) (registered trademark of "Affynetrix"). Having described ny
invention in such terns as to enable those skilled in the

Various names have been given to these microarrays, such as genome chip,
biochip, DNA chip, DNA microarray, gene array, and GeneChip®® (registered

trademark of "Affymetrix").

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 CLATM:



art to understand and practice it, and, having identified the presently
preferred enbodinents thereof, | CLAIM WO 03/057918 PCT/ US02/ 32073 -24
1. A progwosBios7sd$ agnosti cnet hod for detecting and di agho®CmgiSOABEs OUS

and precancerous tissue, said nethod conprising, in conbination and in
sequence, the steps of: (a) illum nat+2y-a gross anatom cal area of tissue
with a light that selectively distinguishes cancerous and precancerous
tissue from noriml tAgsogostic/didgnestictmetiodosdisaeeifig ahd iaprssifgdans&@pay at i ng
cells fromsaid suspect tissue; and (c) subjecting said cells to nol ecul ar
analysis to \ €L SR ; LA I Sk

associ at ed mﬁt]€%ﬁ$?€g¥@§g§eﬁ??g%?ggggkbggﬁgg??b%¢ﬁ@ﬂg€%%?ﬁ%%h%%§&1aiWIL
wherein ste@wg%%sgg preceded by saliva test cancer screening to determ ne
whet her cancCerotis or precancerous tissues exist in head and neck tissues
and step (a) is then perforned on said head and neck tissues. 3. The nethod
of Caiml1, wherein step (a) is followed by topical application of a

sel ective staining dye to said suspect tissue, to further confirmthat it
i's suspected of (zont Hlumingingangresscmstoaricqireaafitissuewaticelifls thaad t o provi de
additional tinme to view the suspect tissue to aid in biopsy of the suspect

tissue, befgitipeldasifbwishesc@ftetdls-and precancerous tissue from normal tissue, to

locate such suspect tissue;
(b) separating cells from said suspect tissue; and

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

cells exhibit characteristics associated with cell differentiation or cancer.

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

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

3. The method of Claim 1, wherein step (a) is followed by topical
application of a selective staining dye to said suspect tissue, to further confirm that it
is suspected of containing cancerous or precancerous cells and to provide additional
time to view the suspect tissue to aid in biopsy of the suspect tissue, before

performing step (b).



