MET RODS OF DETECTING SIGNATURES OF DISEASE OR CONDITIONS IN BODILY
FLUIDS RELATED U.S. APPLICATIONS 1011This application claims the benefit of the filing
date of U.S. Provisional Patent Application Nos. 61/073434, filed on June 18, 2008 and
61/022,033, filed on January 18, 2008, each of which is hereby inewporaled herein by
reference in its entirety for all putposes. FIELD 1021 The present invention relates to methods
of identifying markers of conditions such as gender or a fetus or disease such as tumor
genomic, prolcomic, mclabolotnic, glycomie, glyeoprotemnie, lipidornic and/or lipomoteontic

signatures in cells obtained from_ hodily flui s of.an i \rf . q JND 103] Tumors
originate from normal cell %;é;jl ‘ i &ﬁ ig.alterations. This
multi-step process involvgsirl ng)u! fﬁ e gti terations e t% he‘pfﬁ(% essive

transformation of normal cells to a malignant phenotype. These alterations are comprised of
irreversible changes in DNA sequeRrda (€ Romusations telclipmsstranstocations) and lead to
the activatjon of gncogenes, .inactivation of tumor suppressor genes, and,fusion of S. The
StochastiolLturel By RS YR & RO R P g b e e S pAsehl e
cells molecular fingehpeints (Bay., OHE Brddbrditellwar bompdneiti such asTORNAIRNAgd on
protein, lipid, carhohydrate. Aad teike) DRAIGAY KALEAIGEIBAIAVRREMUNHGYE e in ity
phenotypes. Consequéntly, unique gene set hallmarks/signatures are known to be expressed
by various tumor§tPeor et birufPeE®) Nampo 406:747; Lobenhoferet al. (2001) Health
Perspeo. 109:881; van't Veer ct al. (2002) Nature 415:530 (2002); Liana and Kohn (2003) Nat.
Genet. 33:10; Ginos ci al.(2004) Cancer Res. 6%;1\‘-}5; IIIiu (2005) Proc. Nail. Arad. Sri. USA
102:3531; Grigoriadis et al. (2006) Breast Cancer 12és-earth 8:R56).

(02}  The present invention relates 10 methods of identifying markers of conditions such as

pender of a fetus or discase such as tumor penomic, prolcomic, melabelomic,
glvcomic, glycoproleoric, lipidomic and/or Hpoproleomic signalures in cclls oblained

from bodily fluids of a paticat.

BACKGROUND

(03]  Vamers originate from normal cells upon he accumulation of genctic and epigenetic
alterations, This multi-step process involves moltiple genetic alterations that lead to
the progressive transformation of normat cells to a malignant phenotype,  These
alteralions are comprised of irreversibie changes in DNA sequencs {c.g., inulalions,
deletions, (ranstocations) and fead to (he activation of oncogencs, inactivation of
luimor suppressor pencs, and fusion of mencs. The stochastic nature of thesc cvenls
corfers penetie heterogeneity that gives the transformed celts molecutar fingerprints
(e.g., onc ar more celiular compeonents such as DNA, RENA, protzin, hipid,
carbohydrate, and the like) indicative of cancer that give them wnigue phenotypes,
Conseguently, unique gene set hullmarks/signatares are known to be expressed by
various lumors (Perow ot al. (2000) Nawre 400:747; Lobenhoferet al. (2001) Health
Perspect. TOXBRY, van't Veor ot al. (2002} Natwre 415:530 (2002); Liot and Kohn
{20603) Nar. Gener. 33:10; Ginos oo al (2004) Cancer Res. 04:55; Liu {2005) Proc,
Natl, Acad. Sei. US4 102:353); Grigoriadis ol al. (2000) Breast Cancer Research
BIRE6).



2 1041Both primary and metastatic tumors can lie silent and undetected for years. However,
these dormant and occult turnom, as yell as previously diagnosed primary and metastatic
solid tumors, shed daily into the circulation apprnxi'inately one-to-six million cells per gram of
tumor. A large proportion of these circulating tumor cells, known as tits, undergo apoptosis
and die, whereas distinct cell populations may develop into metastatic disease. Tumor cell

apoptoticﬁ ﬂies A.. nucleosomes, RNA, and prateins are also found,in the blo _?of .
cancer patBiis T b A oL o 4B SEbeS Lo S ek e o i
whether signaturtsssf tigmuret canl heciolk tifieanc wiidthesr thoyosaly hdageestto risteey omd

monitor cancer. eg, Ransohoff Nare ReVIEMs GRICRLSeidd(RA02pa08 Mekeran e5.ak
OM. Chem. 54, 44 (2008). 1051DNA can be easlily transfected into various eukaréotlc cells,

i.e., onee it is int@HEADSE R RF HHSE RIpIWERT oS ibTerapfenG inhess sigcnle bambanpseHe
genome of the hasbeallaforrexampiegbeipiiaehl s dinachephagasicanbie papitlyiandivery
efficiently (50%4{8§°faétransfecied. Pass ge of DNA from pnakaiyoti¢ sg eukaiyotic cells has
10 b oS BT BRSO Beod Bl CE AR LG SR e BB
released from tuibitceds astdnigie trisnShwrndimy hethlityd Addimgsupeangtariivhegicmme:reimn
cultured tumor 31549 RETDRL eelsiCSBIRIRG BRESRIANGS PLAR ARy WiRARIPUDRALIAR 49

those occurring after a transfection with a cloned ms gene administered as a calciim
precipitate. Furthighisyeeiherdsatitpg sadswhereciiaeted with prisind fevh QU MBNBE i EcFats

(therefore contaiging WMQRENAYME:UnosRatisr.gere yasdouss indha Piaefdhgir lung,

cells, i.e., tumor genes have heen transcribed in lung cells. 1061Leukocytes begin as
pluripotent hema 6’&61:3% 48#88Ms in the bone marrow and develop along either the myeloid
lineage (monocytes, macrophages, neutrophils, eosinophils, and basophils) or the lymphoid
lineage (TiAAH BIN¥iptridassdndrazdersdkingy vaim)s Tewmnretorflinctionuoteibimyioidized

lineage cells (e. %nﬂ%’ér&%ﬂi‘ﬁ&?g{@&%{qpm&:@é)d%ﬁ%ﬁ-ﬁ’i‘iﬁ%@ﬂ&slﬁteft HYGEHAHS O dRNiBES,

live unwanted damaged cells, senescent and dead cells (apopietic and necrotic), as well as

the clearing of céflllalBeBKE PR alB AR R HasHD RS 86 Fbideptibneanefhrntly
diploid, i.e., 3 (50%-90%) transfocted. Passage of DNA from prokaryotic to eukaryotic cells has

also been demonsiraled and 15 believed (o occur from cukaryotic to cukaryotic celis.
PNA released from tumar cells has o agh transforming activity. Adding supernatant
medium from cultured lumor cells fo normal cells results in the appearance of as
many transformed foet as those occurring afler a transfection with @ cloned ray gene
administered as 2 calcium precipitate. Furthenmore, when healthy ralg were mgjected
with plasma [rom (umor-bearing rats (lherefore conlaining {wmor DMNA) the lumor
marker gene was found in the DNA of their fung cells, i.¢, tumor genes have been

transeribed i funp cells.

[06] Leukocytes begin as pluripotent hematopoictic stem cells in the bone marrow and
develop alomg either the myeloid lmeage (monocytes, macrophages, neuirophals,
cosinophils, and basophils} or the lymphoid lneage (T and B Jymphecytes and natural
kitler cells). ‘The major function of the mycloid lincage cells (c.p., noutrophils wnd
macrophages} is the phagocytosis of infectious orgamsms, live unwanted damaped
cells, senescenl and dead cclls (apoplotic and necrotic), as well s the clearing of

cellutar debris. Phapgocytes from healthy animals do not replicate and are diploid, i.c,



have a DNA index of one. On averaE,,e, each cell contains <30 ng DNA, <20 lig RNA, and
<300 rig of protein. 1071Distinci gene expression patterns of variation, e.g., those associated
with ea 1ype, gender, age, interindividual differenges and the like, have been recogni2cd in
WBes of healthy donors. ror example, a "lymphocyte-associated" cluster has 55 unique
genes. In neutrophils, significani variability in the expression of 52 unique gene clusters has

also been reported. The genes in this clyster can be grouped into three increasingly spegific
() those Ubiqutolts U ASESE ATy e BT TR L o 1aA
expressed by celisdofifie maydhoiatdineage; and (iii) those specific to granulocytes. 1081 The

lifetime of various WBC subpopulaiions varies from a few days (e.g., neifirophils) lo several
th_nthS_(em?,| inaﬁfﬂ%ﬁ%@n@&*ﬂﬁ&ﬁ&ﬂeﬁ:@@Hlﬁé@ﬁf«}alﬁlﬂi@a&)ﬁtﬁ aﬁﬁeam&mmw}]ty? dig! E}gﬁ,ngfl
their aging process, hutnan plood- and tissue-derive agocytes (e.g., neutrophils) exhibit a
the classic mark&FE G pisty HisHd f‘liégfﬁ?ﬂ(é?f’ 3&‘5&8%%{ ﬁ\”&l%eg%% R "%ec(g?f ivation,
pyknotic nuclei, aficheilinynddimfragiive ntatiople Theétenghits dlsessispla’a awmebdrpBicatine!’
flags (e.g., phosphaticlyiscrine. sugars) on.the extracellular strf thej S I
membranes. Con“?ggifj‘xuenIt]ly]?L qyflwg%@]f 3’35’('3[" ggllggé%%ggffbgamgﬁ% Ec%é%&ts%]pé?eo %l;lg C g&red
from tissues andebkyets Byollier ptragepplicGi N0 ETIRs HpBptodisisr sHade eyt Aceilbitted

following their aﬁﬂ}é?&@ﬁgﬁpEWP@HRHW@I}%%E{:em&lfmﬁﬁyoéérém&ﬁuﬁ@QY\QEUES%EBi@ﬁ
phosphatidylscrine is externalized on the_lrﬁiylasma mgmbrane%i thereby_l(:fadln%; to their fﬂﬁd
phagocylosis by FHARHIRAGERN R ARAHAIHIGHOBRES TR SR BERH SRS (6 var
tumor-cell lines witheipvatmadavalslphosphaticlylserine. 1101 Circulating phagoeytic cells
are known lo engulf live and dead CTCs and fragments thereof, a process that leads to an

increase inyhe D{% (RRd-Rtherceliylay consttugnt canents afdhe Phagoeymsingies!l &
poptolic t

example, umor cells have been shown lo be %\ggo%tpsed by macrophages and
dendritic cells. CoHiepiER: 1 St onanSefAE aRFTPIHESY: mabF gl Sataintakpaifes
prostate cancer patighscbaug:ageicshouhfocanipingiiFaasiiviaibmsebdighericvetioted
prostate-specific antigen 4 (PSA) than macropha obtained from patients with beni
Prostats conditioRBESEH (AN TAPR LIRS S ClicBP S Rep LIOBATRRG TE
al., Prostate 62 2920,(260p)osid)is ischeliegeduipdie avbnsequendaaiphagitylesing: tumertin
cells. Fetal stem cells, nucleated-erythrocytes felal lymphocytes, as well as signifigant .. .
amounts of cell-fﬂcé'érPéﬁ%%f%@CIeiglglgi( S g'%bkﬁcl)ﬁn%fgiéﬁfulateﬁn rﬁaternagl blood. Sﬁé@ Cﬁ%ﬁ'ﬁg
et al., Nat. Genenhmm;[gn@'dy@;g%)_ sugars} on the cxtraceHutar surfaces of their plasma membranes.
Consequently, dying and dead cells and subcellular fragments thereof are cleared

Trom tissues and blood by otlier phagocylic cells.

[09] The apoptosis of phagecytes is acceleraled following their acitvation. For example,
following the engulfinent of & awrens by ncuirophils, phosphatidylserine s
exicrnalized on their plasma membranes, thereby leading to their ramd phagoeylosis
by macrophages. Activated monocytes have also been shown to bind varieus tumor-

cell lines with elevated levels of phosphatidylserine.

[10}  Circulating phagocylic cells are known to engulf live and dead CTCs and frapments
thereof, 4 process that Icads to an increase in the DNA (and ether cellular constituent)
conlents of the phagocytosing coll. For example, apoplotic {umor cells have been
shown 1o be phagocytosed by macrophages and dendritic cells. Consequent o such
phagocytic activity, blood macrophages obtained from prostate cancer patients have

been shown to contain intraccllulary much higher levels of prostate-specific antigen



1111 It has also been shown that when apoptotic bodies (membrane-encapsulated cell
fragments) derived from human Durkites lymphoma cells arc cultured with human monocres
(phag,ocytic) or vascular smooth muscle cells (non-pliagoeytic), the monocytes show a high
percentage of Epstein-Darr virus (EDV)-specific, tumor-genepositive cells, whereas smooth
muscle cells exhibit approximately 0.01% frequency of uptake acid express-ion. | 21Methods
are needed that enable the early diagnosis of the presence qof disease ég.l%.,stum%rsé in
individuals, e.qg., Shet R RRHEIAHE S RAHB6 e RV B B R MFHE h AURG B PR
disease. One objketvif thieaprelantihyemion iSda-fad|itfe (b deiedtidmeiidisebsErapacifii?
(e.g., inmor-speeifie) ers,;.e. roteins, RNA, DNA, carhohydra [ar lipids a e
Eike within su bpeggﬁ Ié[@gé ' oifﬁi\}\‘?ﬁi g %%0(51 ?:% g?\ﬁﬁﬂ%%}“?n“%n%ﬁ%%ﬁ n% ﬂ%%lg@[ﬁ%}qr‘rﬁ%r?%m
SUMMARY [131Eenbethmentdcofetherplissericheintibmatetrise dondh SUSEBA pHAGHSABS to
determine the presenee,Qr ApdenchRfMAKerkAsRRcISA YR certain-iFERIAS SecOmdilins.
According to certain embodiments of thc present invention, phagocytes incorporate cells
and/or fragmentsc'a‘ﬁdﬁﬁ*i“‘c&ﬁiﬁ’én'é%@ﬁ{é &?-circulating in blood that are characteristic of a
particular disease or condition. The contents of the phagocytes provide a marker profile for
the diseasH tir cdhdition|storbesarsipiethtivu g DN Apantior braieingeomemeinigipaditet ccll
through DNA or pratein, eXRIBRRIR M thenaRl HERGPATAR 8RR NASXRICSHARPIOfERRhan

pliagocytic and non-pliagocylic WBC lead to the detection of tumor specific, disease specific
or eonclilion spe&RETORIE S{BMEOREACN BN BB e e LhIIE S S el HlsRaRiEssEY or
UEder-eXIOreSSdeOlfﬂﬂrm?]tfdﬁ)@l';@ﬁﬁﬂH@E‘Iif,]‘cﬁ%ﬁt&@lﬁ%‘!‘&iﬁ%i&ﬁ%imfﬁweﬁﬂiﬂps@f&ﬁé&&eﬁm-g@nm
phagoeytic and non-phagocytic WWI lead to t etectign, of tumor specific. disease specific
or condition spedFE BYORSHT SRR A AN S AOLDE LB TURFe BAhEl 1ot SRR i
or under-expressethin: e nghgekiagocytic cell. Accordingly, in ccrlain embodiments, the
methods of the present invention identify the presence of solid tumors (e.g., primaiy and

metastatic;jesiong).inQ Hdividual susnaaied ot havingisanass andlopidentilydhaingsqege, of

cancer prior to the manifbslation of pathologic, signs and symptoms anéi detect disease
recurrence. AccoRBREtANIEYIENAHofimdReEy itha sehrous 1o 19 e ISR 8 HdCe
ecrlain diseases mrotheneanditinesby idertiftiRg: specific migralutes-drem bloodiecitither the
bodily fluid. 1141 The present.invention.is based in part on the discoyery that blood ce
components, suc%tﬁgugﬂa%%éﬁ% t’é:é:f%cgrﬁa Bﬁ:pﬁ‘é‘g?ki‘/?f%%é‘i s,moufr%‘}r?‘méi{?iﬂfé?%?ghidi{gl@‘
suited for the fachislertitiobyidmtamehdiffe hpntiatioh thé ik ovidpe cilerandaionn af, wbite héesilc
signatures and tt&gﬂgf %ag Eliﬁﬂiﬁlﬂﬁﬁﬁ‘, g{cmgiﬁ%%ﬁ{m{]_of baseline consequent to intrinsic

interinclividuai (e.g., age, génder, ethnic background, health status) and temporal variations in
gene expressions. 1151 In certain exemplary embodiments, methods for the identification of
tumor- and/or other disease-specific signaturssiMissRNe Wfles (obtained from the blood or
other bodily fluids, e.g., urine, stool, saliva, lymph, cerebrospinal fluid and the like) of an
individual bl#Epedietistinavingptdhecrgpioribitstisnmrisee igedr disdbgasdradisgrise s o

conditions are prgyidash EbQURENISHT MRS ThIINGRUIARBIAVIOS RRURRLEPAREG Ee VIS
and are not dependent on population-derived average signature profiles and values obtained

from "healthy" coRtdiOM%e. AREBHERIIRSTARIRFBHATSIIBRIES PISASRL USRI i hHgocytes
genomic, proteoiigfasiaheipnic/aheanien g MeopiienoigHipitorie chndiointidopmotebinic
profile(s) of the individual being evaluated, Embodiments af.the resenttin}/erlli?n rovide a
personalized prellfspUSHSH Y soc'rééé’ﬁilﬁbﬁﬂallarf{g}?\%lgf’s?'a%ﬂd'(ﬁrﬁbﬂﬁﬁtoﬁllﬁcgcg’ 1Sease. phagocyies
provide a marker prefife for the discase or condiion, for cxample through DNA
and/or proteins content in the cell or through DNA or protein expression by the ccll.
Comparison of DNA cxpression profiles of phagoeytic and non-phagocytic WBL fead
to the detection of turnor specific, discuse specific or conditian specific DNA
signatures within phagoeytic cells thal were cither not expressed or under-cxpressed

in the non-phagoeytic cell. Likewise, prolcin cxpression profiles of phagocytic and



1161In certain embodiments and with reference to Figure 1, the present invention is based on
the ability of phagocytic cells to engulf and ingest viable, dying and dead cells (e.g., apoptotic
cells, necrotic cells), microorganisms (e.g., bacteria (e.g., Rickettsia), viruses, fungi, yeast,
protozoa and the like) subcellular particles and/or?ragments thereof (cajal bodies, cell
membrane, cenirioles, centrosomas, gems, golgi apparatus, 6 lysosomes, mitochondria,

nuclear membrane, nuclei, nucleolus, paraspgeckles, promyelocytic leukemia bodies (nth.
podios), nibosomEE TGN BO B dat e e S BT IS TGOS, TACHRISS,
vesicles, mierovesititisrangetifdipe)andigetulas deitris, phogehtamadisnies, BNA {Hholezt
and mitochondrial), exons, geneas, introns. peotains, ori hohydrate-hinging. peoteins.:
glyeopnoleins, |i6§B’r%”t"éﬁ“§é‘nge‘l‘\ﬁ§,"'rﬁ? lr{é?ﬁ?f&?li%%sﬁ&]ap%%% lt?oé%%, r&%ﬂ%%’r’oiﬂegﬁﬁe&gi
exosornes, nuclessiisgcmslyhsorshiedsteipHasprasrjossmiapaskisaitiiotis MmMIcAsS SHiismiy
spreckles, and theikg) (apd gﬂﬁrﬁﬂsﬁﬂg%{gﬁgﬁﬁﬁ chpmRstaristicminnenphageendGeallsing
Accordingly, the analysis of DNA (nuclear, mitochondrial), RNA, m*icrolil_\lAi E),rotg,ifi}ﬁiogs,
carbohydrate bintiitFHFBIEmLIGITE ProRrIST i RIS TSBOPOREIMS (pBBtotE BadIss, iietare:
microvesicles, exfaanes antiRmiuecie dsemelsand/arcexpressiancprobie soaftpdrapoieytieiB.Cs
and their comparieon, uih, hasg fram non:phadaclc cells ablaned from,iheblogd ariglosy
bodily fluids of the same donor pr Vides Ah 1dentitication of tumor- and/or Isease-specific
signatures withinidhaliffiagepstifcelis (patichomgeeficospihel Pkl dreiéither not expressed or
significantly differentially expressed in the non-phagocytic cells (patient-specific noise), Since
both phagprjtic and pRE-RhRAGERYIC kellsarisefiandhrcaneyiy et etiaierlicalhmpihmthe
bone marrow, subtrfacti_or; of the,nor}-t‘umé)r-ass%%%teotllind ced rign? urfﬂ Piriofii_lcei id‘?{‘“ﬂﬁg&n
the non-phagocyt¥ &N dY HEMRY I SIGHARA ARRBTHER T ﬁﬁg%ﬁ’a%o%y et i the
identification of tfimnaehe dadileridissifisetispeaiticdiimattirgstinthersampiecdiahed awicedbr non-
patient as shown, jn Figure 2, Accordi , in.ot i , € ebFis,) ily
fluids is internalift%bg?cﬁ? sﬁ@%@élf‘q]aﬁgtgr%gﬁg ,gﬁd%%@‘%%%@fn%%oﬁ%@f559179{‘th%‘égr%?ng
to one embodime&ArSAHEET e SRy EHEGAMYIURIIE i arm asnéerigire e bichisowrda i lthis
obtained from ang.diyduifiwifuiaebined sampladrelieiagtioth phagocytic and
non-phagocytic cells (e.g., WBCs). Phagocytic cells(s) (e.g., neutrophits, mono eytes,
macrophages dendritic cells, foam cell e then ara m,Nar ocytic (e.g.. T
coll, B ool el S STy g oo e Rk 1. U8 BRI Cnglor

According to the phesdicinventofictrignshanowiteiofhe/ MBS d clitaid ihpehpharpstyicdivof
live/dying/dead %E&/@ phdsuocelniar LRIMERES.INGHEH) aRCHASIHIP AN the like) of an

disease-specific DNA, RNA, protein, carbohydralc and/or lipid present in blood. Phagocytosis
leads to the 7 intediadualtimyinseirbeB G, HHETDRUHSNEE YORISALThY S RAGES #5Eng
cell and possiblyghedniRmralion privmal-cehBNAWR &S Wnarspecificaamatieviktaidos
(or other disease;relaéed mutations) into theéporm I Zhagcg%ﬁti? cell DNA (j.e., i;gs rtrarjs’fccftion
of the chromosoWE&f thesiFqare ety PRE ﬁ%@gﬁﬂ W rBRELANERE Bhfe “ranEre St BRiA
of phagocytic ceisoiiile RNAvehdthddrand|dition Ohdiieidtterrimtdspic thitvs prodiuicdsciground
phenotype differe, (oM AoRDATGRKIRMIGS uk! Bl LORIE iR QP ALRAMUBINAL RO,
g ic, lipidomi

n.Nno

proteomie, metaglgllgitr“g,( lyeomic, ‘glycoproteoin lic and/or lipoproteornic methods
known to those afl sidibivtapriart vfidesmbNamdRN Argirsdeimisnorotipit ek Sie saibnidrerilednss
phagocytic and nQarRRAHOCY G WABRS RSN IEigTe ALARAINBE A an josividuatd
with cancer (and/or one or more oilier diseases) is used to.identify tumor-specific (and/or
disease-specific BiABRAOEHRBItR HEpiNe LR atd) HRIIBH R SRS Kelectively in the
phagocytic cells which confirm the presence of occult tumor(s) (or other diseases or
conditions)tié] théhingiidtuelAdoording:id with pefsemtdnw diion, thbospitsiredtiorcotidnd Oinggd
RNA, protein, caghaiydiaie, PRFRIlBIYRraliRs:aTagand s gelsvian, nopnadome cals

provides a method for the identification (e.g., after genornic, pfoteomic, métabolontie,
glycomie, glycopioEactie MFRSHECTEAII iRl oRSsPRIE ISy obHElTS-Srbc Itk ahtindy
disease-specific),sigRatyiagineLlopehampledand/ aeihablinlogi ol sarmplakeh apariauiar

thercal (cajal bodies, ¢elt membrane, centrioles, cenlrosomes, geins, pelgi apparatus,



[19]in Main exemplary embodiments, phagocylic and non-pliagocylic cells (e.g., obtained from
the blood or one or more ether biological samples (e.g., urine, stool, saliva, lymph,
cerebrospinal fluid and the like), arc separated. Since the phagocythsis of GTO; (and
subeellular fragments thereof) by phagocytic wB¢ leads to the internalization of the tumor
cells into the cytoplasm of phagoeytic cells, the quantity of DNA, RNA, protein, carbohydrate
and/or lipid within phagocytic cells will be higher than t#a}t of' non-phagocytic cells. Therefore,
comparison of th%??ﬁ%%ﬁfy dﬁﬁoﬁﬁt‘}ﬂ@ﬁ’f tﬂgg%tﬂé‘*éoriﬁ‘bg Ehits bgﬁﬁé)'én ‘t%“é?% t%@oé@‘fff&q%ﬁ? 8
non-pliagocytic celsnig:usedadamiidmiicaticicof (Ak! brdsehes, ofibaspars, 8rd@fil irndepiaimic
exemplary embodiginily, Sieaddgndagasion e HERARCSAiALaAEHCENIA g e

individual is provided. The'métho udes the steps of obtaining a first expression profile

from a blood phaidfsdytieeirfdn delirisividuathoreaimgsa Bebbndeipie s MBreMewdila

blood non-phagagyig celhiomtbesindividnal nAemPaKiBeIR ¢t Ade s pearkl S pressieains,
profiles, identifying differential expression of one, or more markers gecific lo,the first

expression profil8PaNaEIidt e SHEPENAL BB e WHE Sr AT 8'm5?ﬁgf§c§3ée¢ ic
to the first expressinmesfiatathenuespiiemaphicancenical ikatiyesmlividualia@di I(PHEANN
%ﬁathu my nﬁ%?{ég%ff‘?ﬂ?égp %&#ﬁfi@rﬁ?ﬁ 0qyige

exemplary embogiments, & method ot deryityin
having cancer is Brovited The théthod includes the ' eps of obtaining a tirs1 expression

profile from a blogghatocylis. calttradimalyinbihidelakisafifiNda feleobrifpradsisdb N A,
expression profilg, fromia,blagd: nan pRagocyliteallio il INM R, NAVING. ARSI Iipids,

comparing the first and second expression profiles, ic_ientifyin}g Ifferential expression of two or

more markers sPERO e MrEteih ROEitsn T filc ATV S g WS TS rARATRT XA IeReA %ot

the two or more GRTKLERRRASHICHRMIYITYLSRARGHIC BIgNatie ifcthecmgividupliduing.caioner.

[221 hi cerlain exemplary embodiments, a method far diagnasing the presence. of a cancer
cell in an individ i ﬁ%&ﬁ??é‘?h%@é’ﬁ&“é‘%rtﬁ%ﬁ‘ﬁfﬁa @?ﬁﬁ%&%@%&?ﬁﬁ}&ﬁgﬁ?ﬁ% i eRers
phagocytic cell lipimddrinatividaat Aadiebtaininga-sendiod dispressipnificofinftornsavblbod the

non-phagocytic cgl| ‘:[%y ,E%ﬂ%‘{gﬁﬁ&ﬂléﬁﬂﬁhf iag?gd!f ) i%tgﬂg i”;?c'.v9?&-&&%&@%@%@;]1@
comparing the first and secon xpres§ on prortiles, | enttl In t%e presence ofa (;lrculat!ng
tumor cell or GulpdtentirHragriessstd aredicspevinibagneicipslleBrosaionssiBRIBoHRY rélifhg

the presence of agiquAtINGdLMY Gel-phsisecalualfagmankinreaghio ghaipsasrneobal
cancer cell in the indjvidual. In certain aspects, an increase in the quantity of a marker in the

first expression Profifé i RoRc ISR Ve SHPEIPRESTBR PRSTITRERRE R B e e B

circulating tumorgefiier adnesiid anfragrmentheresticl 238s)nfeerain esignapiany fnnbbdimbats
and with reference to Figures, 4-6, a methqd far diagnasing the presence of a capcer cell in an
individual incIudiﬁ%ﬂﬁ%}ﬁ%ﬁgl&aﬂ%ﬁti}% 58‘6%;%% félffg‘n‘%s% |§5'o‘%:‘€/c%}i?‘c‘rc£h'é% Fo‘%“g?rﬁﬁ%kﬁﬁ!ﬁa °
and separating 2n pivagoeyitioofdlis framiceizan |pitEgbeytidoet gisTheowdbd ARge duetHo cECrialn
includes the 9y, cmbodiments, cellular debris in bodily fluids is internalized by entosis {ccll

absorption), endocytosis and pinocytosis.

[17]  According to one embodiment of the present invention and with reference to Figure 3,
a blood sample is obtained from an individual with the bleed sample including both
phagocytic and non-phagocytic cells (c.g., WBCs).  Phagooytic cells(s) {e.g.,
newtraphils, monocyles, macrophages dendritic cells, foam cellsy are then separated
frtom nen-phagocytic (e, T cells, B cells, null cells, basophils) cell(s) by various
methods known 1o those of skilt in the arl. According 1o the present invention, the
phenatype of WBCs is altered by the phagocylosis of live/dying/dead CTCs (and
subeellular fragments thereof) and/or tumot- andfor discase-specific DNA, RNA,

protein, catbohydrate andfor lipid present in blood. Phagocytosis leads to the



steps of obtaining a first expression profile front the 2n phagocytic cells, obtaining a second
expression profile from the >211 phagocy tic cells, comparing the first and second expression
profiles, and identifying differential expression of Qne or more markers specific to the first
expression profile. The method also includes the step of relating the differential expression of
the one or more markers specific to she Inst expression pmfile to the presence of a cancer
cell in the individual. PA Irn,cret;"ﬁir] aspects of the methods described herein, markers.include
DNA, RNA, inicroBTeR& e A%?“diifﬁ“&éﬁ%é’béhﬁfﬁﬁ {OECANEET gehe ofictgene. A fuhfor
suppressor geneusol gaysiambirationofithesd) tpratemt!{eldpNa pridieits anpolypepifde emovded
by & cancer gong, AQeAASNG A AL AURRIASE IR AERRGY ALY e RRABR b RS el Bt
carbohydrate and/or any com%lnatlon of these. In certain aspects, a blood phagoeytic cell is a
neutrophil, a madiéphigeramsfistionyes, Hchummeseats £f dbsidsush, €idamids) bspent
combination of thgsgedibEsitain arPeimhsfeiQPd PRAPIFVRRYUS Al isRsT inall, RrBACelhdamell
cell, a basophil or an Qombination thereof. in other aspects, a bﬁ)odtglia%?%‘gc cell and a
blood non-phagd&RELEN 4k 55 e o RIS HIBEENSHE REtRBRE%ASWRYE K%k Wited
in the art, such aghapsibodi&gisstill other aspects, a blood phagocytic cell and a blood
non-pliagocytic cell are isolated fiorn a population of white blood cells using methods know to
those of skikin the,adrsuch as.fliuprescengaactivaied CelhaquintdFARRILILARET aBRAGIR,
the blood pliagocytic cell and the blood non-phagocytic cell are separated using a ligand that
binds to a molecEl&FHREHNBIteXB¥daR Br e BRIERIE REMARLS BOWBE SaaIstichs! IR
yet other aspectsighet bipod phagoritic, pedkand:tiobIngid Banphlagosyit call plmgepaiated

by one or methods including filtgation, gradient-base; cen ifugation l‘u;cion mi rgflui icg. nd
the like. In certaifi%s @'&"’)% 51%%[&? h%g%jﬁe"br fHore o# c‘%@ﬂﬁ%’eiﬁ%gﬁngﬁﬂ LR
undiagnosed, hiddesotawdfeaaledy canceniprelicusty dﬂ'agml)geéﬂpmiiﬁalyln@hmﬂﬁ'm(aﬂdfm'
metastatic Cance({is%b%‘?:{gﬂﬂ?{ﬁsf%?& BRI R %%&nﬁé@pa%r&l%mm@ RIRsRNgs Af

one or more markers to efficacy of a cancer therapy.”'1251 In certain exemplary embodiments,

the above describedhnetsstis ealis ipnbqanfvede Nusrmy oF hshBYRoRS ekt disr sy
infzctioushagent BF Qiﬁﬁﬁ‘%ﬁ%ﬁ%ﬂfi&hﬁﬁiﬁ@ﬁ‘@;rm&ﬂlmgﬁﬁiﬂﬁ ﬁm&&fsﬁiomﬁﬂnﬁiﬁﬁ aﬁm_ag@wﬁf
and nonphagocytic cells to Tetermlne tq Ifferential ex I‘_ SSIon O ‘:éll‘ ISC a[acter tics O
o infocioun notie S G BACS, SRt S PAAEHS AR O BFPCEL AEs vt e
methods describgshhergiocatie ushd jeodiiach thetBNAPRNA, iprotdimtzarfopydfite geadiic,
lipid profiles of pathogens (e.g. v'r‘us_igs* vacteria icke'gt ia, pro i inir
yeasts and the Iiiggjt%r{?jl%t é”?‘%églse’skbﬁ%}g%ﬁélg{ riey eﬁcgn ,Efztﬁ%:&rr%@r?g,ggiei@ngmﬁaﬁggﬁm
failure, atherosclerdsiss hrefirtisogenetitdicodies slione sisshick siggatusiite stihodiseages
prion diseases, %Qﬁdm;e&ﬁi.%iGiﬁﬁgﬁlﬁganﬂﬁélowacgm&ﬁﬁ@%ﬁﬁpﬁm@ﬁf?qﬁé grschiRedr

herein, markers include pathogen , pathogen RNA, pathogen protein, pathogen
polypewide, pati st IaTEn dHigr cirbneashee FiRseE M higdRin aspects, an infectious
agent is a virus, a bacterium, a fungus, a parasite, an infectious protein and any combination
of these. Ifigertain aspentseamathpdoinbluies:the pteguftelatiny tha-plegenda alote de.more
markers 10 he eHiIRRYOEARANMBHIIL Yo b DR SINAURANG.AATPRA O0RMIES IR e

herein, therefore, enable the facile identification of tumor specific signatures'in the blood
sample of a patiéhtivvitheni:degselahpirorfivishuldtbn ldehvise svardge st prsmedasi
values obtained fomThealihy” &%Hmlﬁ.rsnsl_fgjﬁi&ﬁﬂyﬁ.mh@nmeﬁh}oqaiﬁaga@ymnmﬁt’_dmm@leﬁcrih@d

herein can easily and economically: (i) identity. tumor (primary and metastatic esionsg ,
pmsence in an irftheARRIEAEAB I HAYREH EStARSN S DAIRASTIC STRE SHO°SRbBIn G G Y
identify tumor (pgmpiyAnRrctpsiadic, lesipiis)dpiesandennipid indivialyhhguspeciedofdinving

cancer; and/or (|1|)l q]%}et% It‘ulrIpE} rﬂgpigg};lal / and met Rtau lesions) recurnence(;r& an |nd{V|dm1

) ; ua
undergoing/follovbl%g various treatmer s?%f%‘%%%dr‘di%‘flf the' methods an }:8: ngélﬂ ns

described hereirp(i)fénab b dtrecnopimeasie sorgetingloioartberndipeniohe geeytingritsis wid
tumors, especially, at the earliesk H@ﬁr&%ﬁltéhﬁﬂﬁuf@&-‘/e meaningfill intervention(s) to a much

earlier point in the path of tumor progression, thereby forestalling the development of



11 treatment to be closely coupled (e.g., personaliution of anticancer therapy); (ix) provide for
prediction and early detection of tumor type and staging; (x) provide for therapy selection; (xi)
determine whether a tumor is metastatic or not; (xjj) provide methods for the monitoring of
diseases; and (xiii) methods for the prognosis of diseases. BRIEF DESCRIPTION OF THE
DRAWINGS 1291The patent or application Me contains at least one drawing executed int
color. COp@ § > BAenLan patent aﬁé)li%?.f.']?ﬂ 5;‘.41'?!;'[ atin 'tht%%lﬁéf;e aIY]aVHQ E%)c % ncer
provided b ice upon reh esfal aymen e necesEhy oregomg an
other features anetlhdvantagesdizthie pmsém mlfkannwﬁhmdlhlbémrwwtymnﬂa@t-uomm@rﬁlﬂne
following detailed, dgscitian g VARt & RBP QTR (BB | REHABM b thning «

accompanying drawings in which: [30 Flirure 1 schematlcal y depicts af)ropose pathway
leading to acquistient: fftwmrlgpdaﬁ o Amm\lhlﬂﬁ?‘otﬁﬁmwﬂi&&% fragrdy gydividual,

LF){fll\laAgocyttes f0||0\6kﬂﬂﬁwﬂ§l&£ﬂf|i@ﬁﬂh C?Ell\@%'f@&%il?&mﬁqﬁc%l%%sidﬁﬁgmﬁi@lfﬁﬁl\fg?@? Mﬁ?EﬂNA,
, proteins, a I4S release viable or OlIC tumor cells, ote [that on
acomtic core Thr et nR ARG RIS Aot i G CIAT P T2 the
schematicelly degifitscan Anaiyticabmethdd waecdcinithe: icdentificatiani6t cander signatprasion
el e B Y Al e R A B O, 2 e S

schematically depicts a gener owchart alone embodiment of a method of' the invention.

[21] In cerain cxcmplary embodiments, a mclbod for identifying & tumor-specific
signature in an individual having cancer is provided, The method includes the sieps
of ablaining a fisst expression profile from a bload phegocytic cell from an individual
having cancer, obtaining a second expression profile from a bicod non-phagocytic cell
from the individual having cancer, comparing the firsi and sccond expression profiles,
idenfifying differential cxpression of two or more markers specilic w0 the first
expression profile, and relating {he differential cxpression of the twe or more markers

specific to a lumor-specific stgnature in the individual having cancer,

(22]  In cerlain excmplary embodiments, & method far diagnosing the presence of a cancer
cell in an individual mcluding the steps of obtaining a first expression profile from a
blood phagocytic cell from an individuel and obtaining a second cxpression profile
from a blood non-phagocytic cclt {rom the individual is provided.  The method
includes the steps of comparing the first and sceond cxpression prefiies, identifying
the presence of a circulating tumeor cell or subcellutar fragment thercof specific to the
first gapression profile, and relating the prescnec of a circulating tumor ccll o
subceltular fragment thereof lo the presence of a cancer cell in the individual. 1n
corlain aspoeds, an incrcase in the guaniily of a marker in the first expression prefile
relative to the sccond expression profile indicates the presence of a circolating temor

ccl or subecliular fragment thercof,

[23] In certain excmplary ecmbodiments and with reference 1o Figures 4-0, a method for
diagnosing the presence of a cancer cell i an individual including the steps of
jsofating a population of phagocytic cells fiom an individual and scparating 2n

phagocytic ecls from >2n phagoeylic cclis is previded. The method mcludes the



1331 Figure 4 schematically depicts a proposed pathway leading to acquisition of
tumor-specific DNA, RNA, protein and lipid signatures by blood phagocytes following
engulfment of live CTC:s, apoptoiic CTes, fragmented CM, tumor DNA, RNA, proteins and
lipids released by viable and/or apopto tic tumor cells. Note that DNA contents of phagocytes
following phagocytosis is >2n. 12 1341Figure 5 shematically depicts analytical approaches
used in the identification of breast cancer (BC) si n?ﬁér S inlﬁr%;ébe?rig anim As, 3t51 Figure
6 schematically dHER QTGP AMICHAYEST AP B kP ST A A o PR i &

e
invention. 1361 kigurel “depicimgpehdtieefrophire sidapbdysiyof widd, RNArsolatakfom and
LNCaP and LLC | cells. 1371Figure 1is\is Vi dality Riain e
white blood ceIlshmééscfpﬁ’g}fgﬁi%rﬁ%elgbgﬁ%eDngé%@@ gr?ﬁ;%%h%&vﬁr%@%ﬁu ugpp%g&é%%z

fold), cancer relatekgenssdSecietdhrifrseerrophins forfi IEN Capririlndad rislare e Hisceer of

tumor-bearing nugdgpicen A kNG TUMRkidshiNalitiaphis ablaingediemnRulR Riake firs
bearing LNCaP tumors (NT). (C) cells obtained from nude mice bearin_aéLNCaP tumors (TO.

(0) Neutrophils oBXBIREEPTEFR*HE R it RieErEariRb A RMESHAER TNRD el signatures
expressed in tumor cells (A) and in neutrophils from tumor-hearing mice (B), and minimally
expressed ¥ heutroptinfreireeis refuiino risdads glesicd¢d) hamthimmdrrphisgbeptiB T be KSNS).
Expression in Ni wag,z2rfold, thaghatdp fhaRGEsponding to cancer gene, oncogene, a tumor
suppressol gene of any combination of thesc), profein (e.g., & protein or polypoptide
cncoded by a cancer pene, ONCOZENS, a MO Suppresser Eene or any combindtion of
thesc), Jipid, carboliydrate and/or any combination of these.  In cortain aspects, a
blood phagocytic cell is a newtrophil, a macrophage, & manacyle, a dendrilic cell, an
gosinophil, a foam cell or any combination of these. In certain aspects, a blood non-
phagocyiic cell is & T cell, & B cedl, a nul cell, a bagophil or any combination thereof,
n other aspects, a blood phagocytic cell and a blood non-phagocytic cell are isolated
from whole blood using methods known to those skilled in the art, such as antibodics,
In still ather aspects, a blood phagoeytic cell and a blood non-phagoecytic cell e
isofated from a poputation of white blood cells using methods know ta those of skill
in the wt such as fluorescence activated cell serting (FACS). In other aspects, the
blood phagoeytic cefl and the blood non-phagoeytic cell are separated using a ligand
that hinds to a molecular receptor cxpressed on the plasma membranes of WBC
populations. In yoi other aspects, the blood phagocytic cell and the blood non-
phagocytic cell are separated by one or methods including filtration, gradiem-based
centrifogation, chition, microfluidics and the like. In certain aspects, an individual
hes one or more of cooult {e.g., dormand, undiagnosed, hidden or concealed) cancer,
previously diapgnosed primary cancer and metastatic cancer. In certain aspects, a

meihod includes the step of relating the presence of one or more markers 1o efficacy

of a cancer therapy.

125]  In certain exemplary cmbodiments, the above described methods are applicd to deteat,
ideniify or diagnose the presence of an infectious agent or discase olher than cancer

by comparing cxpression profiles of phagocytic and nonphagocytic cells lo determine



[391 Figures 10A-10D depict arrays showing three up-regulated. cancer related genes
detected in macrophages from LNCaP (human prostate cancer) tumor-bearing nude mice. (A)
LNCaP tumor. (B) macrophages obtained from nude mice bearing LNCaP tumors (MT). (C) T
cells obtained Flom nude mice bearing LNCaP tuors (Ti). (D) macrophages obtained from
non-tumor-bearing nude mice (MN). Circled signatures expressed in tumor cells (A) and in
macrophages from tumor-bearing mice (B), and minimally expressed in macrophages from
non-tumor-bearinl) AFERE ARG Rt HAGER, R EETRYE) S LRk AUSEIPHR ABFA 55501
than thai in MN aather TRl féguresyifnditior depict, arraysishavwinigfourtipiseigetated (RRin

fold), cancer related genes. detected inngutrephjils from.L.S1 74 mar ; s
tumor-bearing nude rgrﬁgttiae%A?‘%%]“ 'El“l’ iéﬁ#dr%‘#ﬁéﬁ%#hﬁiﬁ%@%@? %ﬁ%ﬁg’z@ ?c{:%— It‘Jggaﬂliian
LS 7elT tumors (4Hpa@y T golldbeaihed Sisinishieds i ceolsaarig holmihes fgs rrots@)d

Neutnophils obtaiged: fiom,pomstyaesshaasingmytemice NN eirced, Janatuie heds fuifure,
expressed in tumor cells (A) and in neuttophils from tumor-bearing mice é%gé and minimall

expressed in neutHIPIE R nBMEHoRIIEUFiNE RIEE" (F S A T8 SR c'é'ﬁg*%&
Expression was Niisnz@sfatdsthan dhtiodMNisnsd)T. [41]Figures 124-121) depict arrays
showing three up-regulatedfold), cancer related genes delected in macrophages from

1.$174T (hygjan rRlonAARSER AUERARPRRTINA N AR DI R SrubAdh: tEMe Rlhogen DNA,

Macrophages obtained from nude mice bearing LS1747' tumors (MT). (C)f 7' cells obtained
from nude mice HEAbREGL STPATRIIIGRS (PFIei0) RAGOEPhBYEESHian e irgs lipid and any
non-tumor-bearingspudanvicer . Gircledisiggatul s axRARSE A BrUinO i Radiss (Racasiin, a
macrophages fro tumor-beqﬂ,rggq mice[gl?z?g and minim Iﬁ expre se_dl,in mfact:lrl%%ha es from
non-tumor-bearing it {BY &R iAhHESHATORIRE T 1 ?E?).Og%d'r]és'gfb in M is 220"
than that in tvh; angétik, 4 4RihEdgurbsiiSkheldt) dEpibiiagp dysistaniag five: wp rege nek: (912
fold), cancer rela nes, dete in hils from LLC1 (mouse metastatic lung cancer)
é@? qﬁmﬁ% Qﬁk)&fﬁﬁ% i ﬂﬁhﬂtﬁo&‘?

tumor-bearing C57/81 mice. tumor, (8) Neutrctphiis obtained from C571BI mice
bearing LLCI tumors (Ni). (C) T cells obtained fro C%?/S mice bearing 1.1,C turrhors ST?
(0) Neulrophiis odBnatFHsi it (GRIBRASIIHR gIEIST NS PIEE (NS EiF e 84 Ral fodacile
expressed in tumideggfiss(d) atdummeyicophils feanitarho thoddi sgde(BY, :apxdianinivieityat
expressed in neutrophils from non-tumor-bearing mice (D). and in-non- ic.T.cell ).
Expression in NI Whs'S2%a14 B j@%ﬁg{] Tﬁcﬂmga%%rﬁg. ‘Z’ dlE% r@?@rﬂ%ﬁ%ﬁ%&%ﬂgﬁi)frs((%
showing two up-régulted qeradid)Sperifieslhalshe dngtheds dutectapintiveiclophithgdditrem ¢AC|

(mouse metastatic lHpg LANGE, HBE E%ﬁﬁ%i@ﬁ?&ﬁ&rg&i@%aﬂﬁkﬁd—x&lawﬂe%éﬁ)n5) presence
Macrophages obtainéd from C571111 mice bearing LLC.1 tumors (MT). (C) T cells obtained

from C57/131 mié® HeahgSEEPianiSr ST rGyiimphBbe entaees fofsymptoms; (i)
non-tun;]olr-bearinac@tﬁ{)ﬁ?rﬂomjﬁﬁrﬁmmn)@m?ﬁmigrnauﬁm;ﬁxmﬁﬁzmmimmm;@le&l&@amdﬂn
ncutrophils from tumor-bearing mice (13), and minimally expressed in neutrophils from .
on-tumor bearin TGS HEN (O SHER GESIE PR 5 B Rero g e i
;t7:2-fold than thaiiimi#hdamd:idergeing/ollowing varicus (reatracents,

|28]  Accordingly, thce methods and compositions described herein (i) enable the
noninvasive screening of cancer; (1) allow the diagnosts of tunors, especially at the
garliest time points; (1i) move meaningful intervention{s) to a much carlier point in
the path of wmor progression, thereby lorestalling the development of melagtatic
disgase; {iv) monitor the carly response to routine or expenimental freatment(s) (v)
predict response to routine or cxperinenial treatment(s); {vi) facilitate the selection of
effeclive treatment by allowing rapid identification of ineffective treatments whose
side effeels might not be balunced by expected benefils; (vil) minimize patient

inconvenience and incapacitation; {viii} allow fumor detection, diagnosis, and



14 [441 Figure 15A-15D depict arrays showing two up-regulated (>2 fold), cancer related
genes detected in neutrophils from BI6F10 (mouse metastatic melanoma) tumor bearing
C57/131 mice. (A) 1316E10 tumor. (B) Neutrophils obtained from C57/BI mice bearing Bl 6F |
0 tumors (Ni). (C) T cells obtained front C57/131 rHice-bearing BI6F10 tumors (TO. (D)
Neutrophils obtained from non-tumor-bearing C57/131 mice (NN). Circled signatures
expressed in Itimor cells (ﬁg and in neutrophils from tumor-tgear.ing régige g& and1 m.inirsslla(lgl
expressed in ncUtiSHHRE ISP SHERN SRBMAT HG-Bridis ST 2 LA 118 A PRESES ARCkUg &5
Expression in NTpveasi? Zeiopekthaivthaide:hy dackidn a8 ainkigure 16AsEDddpiomanaysion
showing one up-regulated., (152 fo ncer rela enes.detec in.inaclopha f .
RGP0 (mouse HoBa e s et o i e R R v )
Macrophages obtagthadsrém b5 ZEilerine dedisrereHImdoimorsinvdy. fec)the cevershiainéd
from C57/131 migg bearing 1316E10 tumors (to. (I): Macrophages obtained from
non-tumor-bearing C57/B1 mice (MN). Circled signatures expressed in tumor cells (A) and in
macrophages from tumor-bearing mice (B), and minimally expressed in macrophages {Tom
non-tumorbearing mice (D), and BRABH-PHEIRITIONANE (G LEBRAAIBREIN MT was >2-fold
than that in MN and I. 1461 Figure 17A-17D depict arrays showing five up-regulated 2 fold),
cancer relaf&l gerisuisnd ctriisintJHRITSHORT phiras URKIHE RS SHIHEG R SRS, Copics
(squamous cell cgremopaah: (@) NeEmaldirmien slinichirpsyi(Bhlumamtissue bl ReyhtSided
Netilrophils obtaiped. front patient blood (NT). (D) T cell tained from.patient hlood (T1).
Circled signature%’e%r sfl%a }W?ﬂrﬁ%(#ugétllgr?fbi’%ﬁéciﬁ ﬁsié(r?] 1rco'f) 'ﬁfgsﬁrgnm}%atizﬂf: bi5s Eﬂg,aé‘ﬁd
minimally expressgardi:stotmx b sdedinzmoohdicskicséN) toravdinplisl) deynod bdlisyidicrstood
ey o > 1 AU RN AR I, 4] TGP D ERIG! QU o
showing 23 up-regulated (a2 fold),"cancer related genes detected in macrophages from
paticril with ovariegiwtien e Hscmasmvrmagngaraams phulisdobtained floin patient blood
(MT). (13)T cells obtained from patient blood (TT). Circled signatures expressed in
macrophag®y froFfigaatianiciiirarcsminlepadty pprpssepiatrvon-pliaiorwieddeilzByf tumor-
Expression in ML was,2240ld then fhaln T, 49, 148l Giayie A9 deRits amelhad Ao e
identify tumor signaturés in pfiagocyti ceﬁs, IRHIS eX mple; express?ﬁr{’m ndities of cancer
associated genestiguhfisicnd phiales by, tupeplodarfiblanitriar (e W, quarsifiddl doMpdred
to those from T ?ﬁ'j cﬁER[Thﬁ'aeﬁ%?d.E‘?cﬁﬁWB@ﬁlﬁ@%&ﬂ?%_l_Q}f%ﬁE REGARSHIRY RenloWlat only

identified. Next, the intensities of all expressed genes in MT were quantified and compared to
those in macropAgeesbetrb T HE AN SRIIHEPBAK RIY B ARAIE ATRESBIEME genes

overexpressed >2-fold were identified. The genes common to both lists were selected and
compared it thodaanp ra ssddrivylithd s amdcttumonr(siytice draribayl [46d Figbees!@04i20ibh of

depict gene expression intensi SORIN ; Snagrophaags aRialpedifom alde mics
bearing LNCali hﬁgnfcagr'] E’)‘ "ggg{lgtl?gfg‘%%%@?@%l(g %%@%ée%ﬁ%ﬁripthég sgmé animlals (F‘

cellsuca.). (13) MfMd:nr and macrophages obtained from non-tumor-bearing in ice neutmphils
obtained from nude mice bearing 1..,NCaP !'Hunan prostate tumors (NIN(h,p) and I cells from

the same imalFigheelschiag)caRod@)di N gap:an dmatropiiage s:obtaimesh from method of
non-tumor-bearing mice _. Genes in red were overcxpressed >2 fold; those in green
were under-expré S L5981,

[33}  Figure 4 schematically depicls a proposed pathway lcading to aequisition of tumor-
specific DNA, RNA, protein and lipid signatures by blood phagecytes following
engulfiment of tive CTCs, apopotic CTCs, fragmented CTCs, tumor DNA, RNA,
protcing and lipids released by viable and/or apoptolic tumar cells. Nole that DNA

conlents of phagoeyies follewing phagocytosis is =2n,



1.501 Figure 21 lists expression of cancer-related genes within phagocytic neutrophiis (N) and
macrophages (M). 1511 Figure 22 lists cancer-related genes upregulated (>2-fold) in
phagocylic macrophages of a patient with ovarian gancer in comparison to non-phagocytic T
cells. 1521 Figure 23 depicts SDS geJ (10%) elecltrophoresis or protein sample (5.9 mg)
obtained from mouse WBC, I] Figure 24 depicts Western blot analysis of TAG-72 and PSA

expression jn.'1" ¢t |JS an,‘d. onocytes/inacrophages. (VMIN) obtajned from tymorsbeating. mice,
i atrating B prd EHe oA BBy CAl S BT e AT D SERTBRR B
CERTAIN EMBOMENTSr (B hHatihveorditi&isiizased ommhis.cellular content and/ca

expression profiles of phagocytic cells. According to one aspect of the present invention, the

cellular copients apar S RURKHABRLOWGHQ RhagreNligeolirie cermpaiRd KlkpaikMaikars
for a particular dise?hseegﬁﬁe or condition to detect and/or diagnose the particular disease
i

state or conditior™ 1§ t8v4A"S8ditional aspect of' the present invention, the cellular
content and/or expression profile of phagocytie cells is compared to the cellular content and/or
expressior bofild iknoR-pirgo eylisleetarhiorsihanplsys off gisl i patarnd Sapraiieg md
cellular content apgfar gxpression profile from nonphagocytic cells from that of phagocytic
cells creates a cellular content and/or expression profile representative of only the disease

state of th '@divi lual, . According, to gn additiopal.e dim of the pres Al inventio !
phagocytijsclz Il poﬁﬂfa‘f{i%i}]' r'g)r%l%ﬁifr%jﬁ@u ”ﬂg %B}g%lré and" Bgr(]:lremlgirnc%fﬁﬁ'tca%}é’fﬁ hs
expression profilé¥Bpkagocytic cells from the population where the DNA content is greater

than 2n is compared with the cellular content and/or expression profile of phagoeytie cells
from the sgme pPappatiowvhpradhio R4 CARRRLES LR GEotEINg 0 a-stibRyditmbal rclated
embodiment of the present invention, a phagocytic, cel ulation from an indjvjdual is .
obtained and thelbHBT LU b BG Sl e HRHE BENSET o LA FAAE
protein, carbohydrate mna/or lipideatentistargdy thanrogrilsad lncdibirera DINA indesogrester
than | is comparqdydlh e gxniessiqeprofle el ehagaculin.cRlR. TR the.saDereeRy ation,
where the RNA, p%g%lé%n, 1c':art'%o%yd ?ﬁgfnql/orlépp{f content iI:iS‘ hor?r_]al and/or _hg:ve a DNA index
of 1. [56] Such a{Jalierii¥pYeifiwpikibradsinrdrbamn anminamsbgiinbpaftioiee Qivy Circled
population- signatures expressed in wmaor cells (A) and in neutrophils from tumor-learing mice
(8, and minimally expressed in neutrophils from non-tumor-bearing mice {D), and in

non-phagocytic T cells {C). Lxpression in Ny was =:2-{old than that in Ny and T,

[39] Figures 1684-10D depicl arrays showing three up-tegulated, cancer related pencs
detected in macrophages from LNCal (human prosiate cancer) tumor-beating nude
mice. (A) LNCaP tumor, {83} mecrophapes obtained from nude mice bearing LNCaP
wmors {M¢), (C) T cclls oblained from nude mice bearing LNCal® tumors (Ty). {D)
macrapheges obteined from non-tumor-bearing nude mice (My). Cirgled signatures
expressed it tumor cells (A) and in macrophages from tumor-bearing mice (B3), and
minimally expressed in macrophages from non-tunor-bearing niice {13), and in noen-

phagocytic T celbs (C). Expression in My was =2-fold (han (hai in My and 'I'7.

1401  Figrvey HA-JID depict arrays showing four up-regulated (=2 fold), cancer related
genes detected in newtrophils from L8174T (human colon cancer} tumor-bearing nude
mice. {AYLS174T upnar. (B) Neutrophils obtained from nude mice bearing LS174T
nnods (N {C) T cells obtained from nude mice bearing LS174T wmors (Ty). (D}

Neutrophils obtained from non-tumor-bearing nude mice (Ny). Chreled signatures



derived average signature profile for a particular disease or infectious agent, which may
introduce enor into the detection or diagnosis of a particular disease in the individual. Such a
patient specific expression profile for a disease state of the present invention allows detection,
diagnosis and treatment to be personalized to the individual, 157] With reference to Figures
1-3 and according to curtain embodiments of the present invention, the gene expression

profiles of pitagocytic and non-phagogcytic WBCs obtained.from mice bearing approximatel

free woek od hORAEbLU RSO STk ) hOT, PRI IR SEEE i e oy
LSI7411 colon adenpusiigittepiajsed h7muesdiMifors (b38tddmermstatic lelanuinia, non-
administered '”trﬁ}{ﬁé&%l}’w‘%h&- ?&'lﬂ}gﬁmﬁmﬂpﬁﬁﬁ%ﬁrm Wﬁ(‘?h%‘?mﬁ\ﬂ!ﬁﬁd ?me results

demonstrated that néutrophils and maciophages obtained from these tutnor-bearing mice

express varjops oncoge: other cancer-related gene signatures thatare also expressed
o each of WL BRHb RHAFL. Uit TNGLBETe il TS PGS R B TR B
and oncogenes (ecgcsERBBR] Jumydeagiainsy dmwmbieXprelSsmahorcatenminingyuexprassec

by (i) non-pliagoeyii ells;i ted.fr r , 1) Kieutrophils: ’
myaclrophag(;s obqt%{tllér'?e %&r?ﬁ&%ﬁ%ggggyﬁgé%bﬁ%d%’r%&?n%%?gﬂ%%f;t J%%g‘&%%@“&%\%

from tumor-bearih§ Midetware fodnd 6-blpreds abisisrkFenfrproninsdederdqured 2amnmi

24. CTCs am/or{@!’ﬂ%ﬁ%@iﬁﬁb%ﬁ%ﬁﬁ&f %ﬂﬁ‘%ﬁh—ﬁl&&'%@rﬁf fthﬁcmiﬁ&W%}. Circled
phitgacyloscd and sonic of the tumar-cell DNA, with its fumor-specific nutations and_genes,

was integrated, RSP RFH SFRIRSSEDH (HRSS SEHSERGTAG 1 HaCHUTRRCE R SH T ok T
phagocyte DNA, {Bnsetibaot tntidyRibkeaod itranslaigchiptofmatedn-thitibhaafe renee 1o, and

Figures 1-3 and according to certain exemplary emhbodi ntsg;.h resent inyention, the

. eyt SEOPEES e B FInygouoR,ine
gene expression brSHEV BRI S hoR RHENTE e SHeA G Ao PATLALS with
head and neck tumors or with ovarian cancer were also compared. the results demonstrated

that nenuidfiils dRereactopHGb daitbmerTHipvHesEsRE Bt i BusBrREb T Ed
and other cancergtplatertigane sionaliteesihatare AT empsesseskineachofthemespeativa-
tumors. See Figyres.17- d 22. These, cancer-rel enes and oncogenes ot
expressed or Wel!" T }régﬁ %%Siéask&ﬁﬁq%ég cytic "Frgg"?sh’l &téi'é%g%rrﬁ t‘?‘ujﬁg{g%[:nwém
individual patientl:@Nharid/61 tunmorssfedifidONAcatisl fded thenblOBH T thecpatizntawdr€ |

phagoeytoscd a’lgn%&@i%%&thﬁ:!vP\?&Fﬁ%&&]ﬁfﬁ;'\&ﬁfﬁﬂ%% N m,%a*ﬂngﬁ.ﬁemﬂg%%;@;wég;m s

and genes, was integrated, likely through transfection (without intending ound .
theory), into norrhdlGaHEENED NTardser NEWI I RN AN el i frRe pratenesops

With r_efe_rence t%ﬁé@‘{[ﬁ? i lﬁﬂﬁlaﬁﬂﬁ%q'ﬂ%gdcﬁ{ Eﬁ,‘iﬁ‘u%}ﬁﬁm;pﬁﬁfﬂﬂ ﬁH}pﬂﬁiH}QﬁﬁiﬂE%Ecc (D3,
guantitative analysis of DNA (nuclear and/or mitochondria!), RNA, tnicroRNA, protein, and/or

lipid expression pFSFIlBSGT FRaBRETC t&rE 4%y, ﬁa&%ﬁ%@%mﬁﬁ%&%ﬁﬁ% Bitiod Of
one or more otheimhiviogical samples (e.g., urine, stool, 18 saliva, lymph, cerebrospinal fluid
and the like) whose (1) DNA content is >2),

[43}  Fipures 14A-140 depicl arrays showing two up-regulated (=2 fold), cancer related
genes detected in macrophages from LLCE (mouse metasiatic lung cancer) tumor-
bouving CS7/BL mice.  (A) LLC] tomor.  {B) Macrophages obdained from C57/131
mice bearing LLC1 tumars (My). (C} T cells obtained (rom C57/Bl mice bearing
LLCT tumors (Te). (13) Macrophapes obtained from non-tumor-hearing C57/Bl mice
(M), Crrcled sipnatures expressed in tumor cells (A) and in neutrophils from tumor-
bearing mice {13}, and minimatly expressed in neutrophils from non-tumor-beasring
mice ([2), and in non-phagocytic T cells (C). Expression in My was =2-0ld than that
in My and Tr.



or (2) RNA, protein, carbohydrate and/or lipid content is larger than normal, i.e., cells that
have phagocytosed no; and/or their subcellular fragments or DNA/RNA/lipids (i.e.,
tumor-specific signatures or other disease-specifi&signatures) and/or have a DNA index
greater than one, and their comparison with the same phagocytic cell population (e.g.,
macrophages) whose (1) DNA content is 2n (P,2), or (2) RNA, protein, carbohydrate and/or

lipid content is noymal, i.e,, cells that have not phagoc toscd__C.}T s and/or.their subcellylar
ftagments G40 A B T UL SRS IS B Rl (SRR T e e o B
disease-specific_)g’gmati;maswithinnm-ﬁihﬂﬂcﬁltm(@lféﬁﬂsbneiﬁg ;lignqt)tﬂhamammhérlmﬁr
expressed or minima %@f@ﬁ%‘%ﬁ‘ tlgf?] '?é'i%ﬁﬁi_'%(ﬁé’{'e?Eﬁ&%ffﬁ@%ﬁmﬂ%l} IEIRIQReRIEP

Figure 6, the subtraction of the NA, protein, and/or lipid petits of Pn=2 from those of
Ptin as shown in Figefe®ipeotitfdd & twaenb N o dEmily (8l chinard Ao wr i geisiraring
protemnic, nrietaBolINMic,el¥EOMiIS, lyrRRl@GIMICRIdQINIe Midietlinerteieng) Tsanslyses)
tumor-specific (and/or disease-specific and/or condition Spiﬁfi{;@ Si r_lature;s ir;lﬁ b‘iood sample
(or one or more ek iAITGTCSHEEAMSR RIFSAT AL HEOTEREs YR AN ARy A A B or
a human with caneerifandiar tiyease and:anlbodilyrcondifions)mmehaighifintherphesenteschy
occult tumor(s) and/or, 1gliher ise%se nd/or otqelgeﬁglee'tio}g? ;H!Alﬂj?iﬁhﬁ-,%khgﬂfru‘i'&?ﬂi%%
y ¢, 9

above in which tﬁiéi%ce om*%'é, p')ir]'o[{ertl)' ‘ﬁ%%?ﬁ}edt’gbo omic, éﬂ comic, glyeuproicomiG, lipidomic
and/or lipoproteoid:ptafilEs of phagocytic cells are compared with those of non-phagocyfic
cells, the major advantages of this analytic detection method according to the present
invention gux{i) irytzes ssraglaiphiageaytic selksubpapulptiopascd $ohirted)f taecer related
"tumor-specific” (e.g., Pft--.2 macropha egﬁgn "normalnon-specific” (e.q., Pt2, macraphage)
signatures, i.e., é%cl%c%ﬁlﬁ%c%delgd%é”ﬁﬁéa eﬂ érh%%llze?%rh g(fiictr%ﬁts%%é%urpee!g%%n&?mtan%i
cellsP"-,2 neutrophibimre fdiilmied wWith hidsd thanitey dBbivpissqbepts stdkiand fieerd ol !

have not acquireqﬁ%ﬁ&%@%@@ﬁfanfﬁﬂgmma.th&rf—@félaf9 ofthAT I GdADR IR LARLWAing

reference to Figures 4-6 and according to certain exemplary embodiments, the quantitative
analysis of phagdt\id Qéﬂ@(@ﬁgﬂrﬂac%@pﬁ‘é@@gy’}ﬁtﬁéi ﬁ’g@ﬁ"@ﬁ"l RE e BB IE B bré Other
biological samplegias ALY diiskiesGnning coppQiksahvanimph: carehaPnaliipid s dine
like) whose intracellular content consequent to. goeytosis, Qr internalization of other live,
dying, or dead (o'GE JSPBNCBI-R QN BRI DO RSB U
exosoines, nuelepsomemimitichand fianengbplasitic Tetidis @), dixhbthaibkdnidigreatarifail
that of the same mg%c‘)iﬁyﬂmgl‘lnﬂoipuIation (e.g., macrophages) with normal intracellular
contents (NO, i.e., cells that have not pliagocytosed any of the above mentioned cells
and/cellular debris (patient-specific noise), provides a method to detect tumor-specific (or
other dised8®l-sp&iticcof BinEFstaitibn Bl ey g raYaraa R4 doh S Oby rascEidiated
increased intracelbilgr ganteatithit:thstinracihannatexpiesdetd nioininaly Sypiassed.Hl
the phagocytes with .a normal intracellular contents. (patient-specific noise). With referencg.to
Figure 6. the subtPEEIGIT e BIICER ATSH i SF i (rAr B HASE S oo o
Pric as shown inRiguregislprovidesdaimethoddo idkntfyie)g. (8itel enbsortorelgbnonTiationt
proteomic, meta 16, gly G rot fomlTeY G Iat\li i S)
tumor-specific (a?%%i1 @é%agg{é%%é%ﬁ%%% astﬁ{r}eug Fﬁi %ﬁg‘%ﬂgd& s%&gp%}((ﬁggﬁep ;f)%rgr{r%)%ﬂgmé??
biological samplestiablesde(g), suderisdumiygrisysrdeaniharimsticdabicarrsrebitdn ddeake
and signify the pqﬁ%ﬁ@wﬁ%eﬁE%ﬂ;i_rnsar@)xﬁmg%gﬁhﬂ,-mﬁeggefnunlimﬂb@ ethadskin,

o

described above in which the genoinic, proteomic, inetabolornie, glycomic, glycoprotemnic,
lipidomic, apgd/or Jipopirdeornic profiles of phagocytic cells are, campar ith.those of

o piag e L e A e PR et AR (o s ol sl
present inventiorgares {tittsilize seasinglephagocytidcae ivEh bl tarres{adstoresbee.
"disease-specifii ﬁm}aﬁ]m@mﬂ?e&ﬁﬁﬂ%nmw@s@ﬁ OF (81 o BlRGIRGHOPRRGE)

signatures, i.e., both sharé thé same baseline genotype; and (ii) the signature-acquiring cells
(e.g., hie neutrophPPiafEmol GiltRled Wiesaliirde FRIEHSIe' R IRPHABHEFO S RYTRb e
have not acquiregkidaad Qsepandiariragmenigdhared teil. (IBNiEneutsaphiis iS5 be-fold

than that in Tr.



should enable the deteclion of tumor-specific (and/or other disease-specific) and
normal-nonspecific signatures present within a blood sample (or other biological sample such
as, e.g., a bodily fluid); and (ii) eliminate the "ineqqglity of baseline" that is known lo occur
among individuals due to intrinsic (e.g., age, gender, ethnic background, health status and the
like) and temporal variations in gene expression. Accordingly, in certain aspects, the invention

provides nopsinvasive asgays for the 20 early, detecti f occult primary and metastatic
famors (anitE) OBEG it Fef R R BB S e
can be diagnosediby wondatrampstssiragirigratipnidres (. gssRETIMRIGOT andrdnbaies)ramd,

therefore, DfOVidQﬁrﬁﬂi{F&qﬁHg@J%dm%@[,e»gcﬂf’&!éinﬂﬂ‘uE‘ﬂ%ﬂﬂz@ﬁﬂ?ﬁh’ﬁ&cﬂﬁ%xﬂeﬁgéﬂ%m the

strategies for intervention, prevention, and treatment of individuals with cancer. 1621 As used

herein, the term "or8Hatiid hrarrad Boite MRS, bif-Ilhridrnitietto, dsatorthe
more cellular commpoingiits sUct aspaaar pante MNA seavancesfienear baaigaRN Ay those in

sequences, One or morg proteins, one or more polypcptides, one. or mote lipids and the like,
in cerlain aspects?lgc{ﬁmgg%’pé’ﬁﬂé“ arf rr“isnﬁrnéggﬁ%ir?bgﬁ'é"& HB?@@C/@%"@U@H%S%‘FMEM“
example, a neutroptitx pressck opHaglerandiderai GehdFitie poslls [B31mks uska lhbssincthedimead
"cancer related 9gRes, {8IGLS 19 @S&e&ﬁ&ﬁﬁb@%ﬁﬁﬁ%@&Lﬁ%n?(%%ﬁé@ﬁ%&?’ (lmogene&

and/or tumor suppressor genes, that have altered expression (e.g., increased expression or
decreased,expresgion when compared to a noncancerous cell) in a cancerous cell (e.g,, a
WEG vt 8 fof B B CFAASE: SRGOPATENE G OIS APt
relaled genes arexdaowid irvthetelt ntancer itgl dibd gehesdnghrdatornexamiplie byl are Netlls
limited to, ERBBZ, JUN,,RBL, SUPP1, MDMe, MAP2KI, ALVP2, PDGER. PLAUR, KG!

vveLl, BLvwn iR e e e UL ol Pl e e Bkpar e e from
124FI1, EOT2, KITHRSHBr GROD: GROM G RO KA & uam ik ebxgir Fynnmy micRBSng

MASJ, RAM, MYGléap, filvhan MRS, ivthicks BRAEMGe. BYRATYAS Ik MXE of2Gs VA
V2, DAM, PET, HMS, SP!I, 1?ELA, SEA, EMS!, Eni, KRAS2, ERBBS, GU, ELT, BRCA2, RBI,

FOS, AKTI, ELK$*#paam Apd ¢ Sivariodapasienises] abpinsd fopgmo-INpprbetien gies)

RIND, JUNB, AfEN,J,RSA, MMicAKT 2 RSB oERAS kR HIR 21 ERBA LZecB Rézrdhdad .2,

KIS2, ERG, AIME; YLJ@S}?@%SZ MIS, SNO, RMYC, BAIYC, HRASP, 712 |, TIM, PH-I, JAK,
E

one or members%@ﬁ% amily (sec, e.g., Thou et al. (2001) Gene 264:105), PSA, MUC-16

and the like. 1641 As used herein, the term "cancer" refers to various types of malignant
neoplasmd™hostdsattich dih HnEgaEuMotRaRrgelyst dsnantithiy et sinateaifs dht
sites (see, for examplRcRPRMagipal Dictionary, 1st edition (1995), incorporated herein by
reference in its entirety for all purposes). The terms "neoplasm™ and "tumor" refer 21

|51} Figure 22 lisls cancor-relaled penes uprepulated (>2-fold) in phspocytic macrophages

of a patient with ovarian ¢ancer in compatison (o non-phagocytic T cclis.

{52] Figuare 23 depicts SDS ped {10%) clectrephoresis of protein sample (5.9 pg) oblained

from mouse WBC.

[53]  Fignre 24 depicts Western blot analysis of TAG-72 and PSA cxpression in T cells
and monocytes/nacrophages (M/M) eblained from tumor-bearing mice, mlustrating

the presence of signalures in phagocytic cells only,

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

i8] Embodiments of the present invention arc dirceted 1o a melhod of providing a patient-

specific cxpression profile of markers assoctaled with discases, infeclious agents and



to an abnormal tissue that grows by cellular proliferation more rapidly than normal and
conlinues to grow after the stimuli that initiated proliferation is removed. Id. Such abnormal
tissue shows partial or complete lack of structural lgrganization and functional coordination
with the normal tissue which may be either benign (i.e., benign tumor) or malignant (i.e.,
malignant tumor). 165] Examples of general categories- or cancer include, but are nol limited
to, carcinomas (i.e. .ll“nali nt?.nt tumors derived from eigi_theli I ciells uch as, for exam £

i fﬂn :h-:ins wsed ot the cellular conlent ” and/ar .cx]n‘chmPn g {ek of
common forms o?% st, prostate, fung and colon cancer), sarcomas (i.€., malignant tuimars

derived from conpiegtivgitissolisor hesatiopymatcelsyetymphbmpesrd. immatigmantiesdérived
from hematopoiegjg,gﬁlﬁankﬁ&k&fa}&wrﬁprg@ﬁé%&%nﬁg&gﬁéim ficamharaignoiaia GellRbrs

germ cell tumors (i.e., tumors derived from totipotent cells. In adults most often found in the
testicle or ovary; #or fathesis kg i sn S YHuURY EHtiveR, thastshandan stesnomset o dyhifitithe,
particularly at theitip.ef she: tailRaim)eR] asHEALRPIS Mntad BHvRICaly-MATIRapEdsanvehih,
resembles an immature or embryonic tissue) and the like. 166] Examples of the types of
neoptasms ntendia FUE B HLLE By 1S AR HIR e o SRR LS t
those neoplasms:elbdeciatednvitidtanapraseionquiedi¢isSuen hitkad ferininttiBsuetlbrelast] skin,

bone, prostate, oyaries, Hssﬁﬁ(r‘éi&ihl%’%ﬁc'E;&%rkeﬁf%ég(ﬁ yJAIRCAGY, PRARGLERS RERIM.

parathyroid, thyroid; adrenal gland, immune system, neck, colon, stomach, bronchi,

and/or kidneys. [BiFjaerEevtairiiex@am Sl cphBukAEHs, ik cresremnfeiilus eityst andior
compositions degcpRedhgirinateAnRliediie delsstadenibs andiordindnepgigorders

associated with the presence of fetal chromosomal abnormalities (e.g., Down's syndrome,
autism an?é{%at%jcgéjrgﬁ{%%) ecx”a‘éﬁh%{:? qrd%ﬁ} QI%H[: !:}r}gﬂrtéJUtrQ:%E1llr}?f$fetqg OnAE Eﬁlﬁ%%ﬁ:ﬁiiu cell
syndrome ‘and pérvasivetevelopmental disorder-not otherwise specitie 3} Sickle Celranemia,
thalassemia and fheliknconseguantitaltat iprelsencd efddhs edlidamammpandfbinciiennal
blood. SCfeen'ng;m}ﬁe%@gng@s@&@fc@ﬁ@f%ma%eﬁmm URQIRESIFRA bERERY Met Lt

the methods and/or compositions described herein to deleci one or more chromosomal
markers, e.g., DR &RBORORIS Arith the FREHitwisRABd R BRsesimaged e abnecoy i sdls in
certain exemplarg@mbedisnestsopERIRIMAEEEN#INqUN AndicsompBSitions:gesesinadaheain

be applied to test the gepder of a f ithi t by detecting th
oresoncs of rel S LHUE FTORARTRE R A A GBI lAat rEL ORMASR G2 B he

pregnant womanindssiéital Stenbedtlis] nudledite doanpihiracypesti fetal Intmzoonytescids eth athe
significant amounts aof cell-fr I eic.acids are to Girc| ' ternal.blood,
According to thepr%'¢1=|l'ﬂ1ﬂct)cl§é1 aveﬁé%%ieggd eréiﬁ’,gtﬁé bghllﬁihngﬁ%eﬁ?ﬁé{rﬁﬁﬁge%@siohn P oéfile of

phagocytic cells fiptsorhpedde e aHaNbnder eoetientindlos esgrasaionibrimexgpossion profile
non-phagocytic il ﬁﬂgil’&@i&%ﬁi hPGIRAWRRAMRUBRC N he: cRl I35 CRRIRRIe
e

and/or expression profile front non-phagocylic cells from that of phagocyte cells creates a
cellular conient H¢/BF Epddresuran BrsrealdpkechintodoMHadsa8ddr of the fetus being
carried by the pregnant woman. 169) in certain exemplary embodiments, one or more
methods dad]or Sothpopitisnsspesifitaeg rsvieinrcailbeliosadt ts etdepidentifpandiarslation-
diagnose d'““%&i@é&%%‘%@_ wgmn&_ RESERO GG A RUIRAAHNI GRQRIOL ORRQIG THRAY S kich

signatures within blood of subjects having or at risk of developing cardiac disease (e.g.,
myocardial infardfienh [eEaneE KR mifutae delsatidie preditensdady edvdacdisradedin had

the like) by detegimgitiRipresans plcayineiinask froepryi e o Fragmenttibarent (Ledent

DNA, proteins and the like), Screening. and diagngsi% of one or more, of these disorders ils
performed using &8s UHHTSr CORBORiSHERSE ABE d HAIBI o Be S PEHOBF R the
matters, e.g., DNadasghBRNA, protein and the like, within blood phagocytic cells. 1701 In
certain exemplary embodiments, one or more methods and/or compositions described herein

can be useghio ogtpetJRleniifly anFfanciagnosg qmmrg RS8N R PESHRGE Qbn

proteornic, lipidoinic, and/or genemie signatures within blood of subjects having or at ris%gf
5

developing atheFB¥ETRINES o HEBE SR8 SFRNF R RE I RERHM 4 A OGS RTFEP S W
aneurism, and thavikesdSesaening baditiegiesthgatithgse:disardsShanpesiammadusiig:the

iwmors (proslaic LNCaP adenocarcinoma or LS1T747T colon sdenocsrcinomal or



23 assays that detect molecular hie markers for diagnosing and managing transplanted organ
rejection is useful in management of transplant recipients by (a) detecting a pre-rejection
profile that will allow therapeutic interventions bel re rejection causes graft dysfunction, (h)
improving the sensitivity and specificity of rejection diagnosis, (c) developing new
classification systems for rejeclion that will improve prognosis-, and (d) providing information
for designing individualized immun ressivc regimens dial could preyent rejection whi
minimizing arug SRy CEREL JRLO TR Softa A BBy S0 AT e SF s
methods and/or ¢ompesitionsidesdriek Wwereionpmbe HeddnHeteotpidentify thrtthaumesa!s

disorders aSSOCi%M%ﬁ%@ﬁ?ﬁ%ﬁ@ﬁ&ﬂﬁ&%ﬁu%ﬁ-%@iﬂ%aga&%g%ﬁﬁ@he&g&%%%%w@”

blood of subjeels having undérgone %gan transplants by detecting one or more markers, e.g.,
DNA, RNA, proteidoptirs |acaitilntstosnp gyt fird1mhtodiorarspind diseechebithom

failures of the milgghendéiansall inky angeyen reldratniplioyhhiseases:aibe gencs and
mitochondria appear to cause the most damage to cells of the brain, heart, liver, skeletal

muscles, kidney SREPEIECE KRB it i s Arn I SYSRRM LGNS 85 BABEIR R SARERSRY
complications, sdiguieapivdiresmeds Hisdisapldsudafibeatingprobliem sikxctiod agosisirophils
developmental delays.. tibility to infecti n cer,. -Accardi in.certai
exemplary embog |%1yenr'f%sgy§§ n%%g? r{%fﬂen ér?e?ﬁ}o]gg ig%n &gfogrﬁ%b%sgtﬁi% ﬁ%dqu@rl%ge%%%ﬁe%ﬁ@%hﬁe
used to screen, dibutgstcanielior Greelnitadivoritiianticctse, BHadtEriigeie BMeforrecilic

genornic, mitochgndig:a SRR GHIGRE N And 8K E S R QAR RBEQRY ISR IBloi HhJRiRSTAIN

exemplary embodiments, one or more methods and/or compositions described herein can be

used to screen, digHBeE Sl PisterApMERRESYsad SaRAldP B &SRS b)Y Béte ity Bne
or more markerspgh-{pdbiiRNAatprel elfdagshéedike inaaiinine Bl dialiphag oeyiifedtils (Wifldut
Systemic lupus erythematosus (SLE) is.a complex autoimmune di r.that affects varigus
organs andt syetal S ARE 5 By e e e e RIS
and/or cornpositionstaesktivedtheroirican be used to screen, diagnose 24

[58]  With reference to Figures -3 and aceording (o cerlain cxemplary embodinents of (he
present inveniion, the gene expression profiles of phagoeytic and non-phagocylic
WBCs oblained from paticnts wilh bead and neck tumars ar with ovatiar cancer were
alsa compared. The results demonstrated that neutrophils and macrophages obiained
from these palienis express various oncogencs and other cancerrelated gene
signatures that are also expressed in cach of the respeciive tumers., See Fipures 17-18
and 22, These cancerrelated genes and oncogenes were nol expressed or were
minimally expressed by non-phagocytic T cclls isolated from the same individual
patient. C1Cs andior tumor-specific DNA and ENA in the blood of ihe patient were
phagocytosed and some of the tumar-cell IINA andfor RNA, with its tumar-specific
murtations atd genes, was inlegrated, likely throngh transfection {without intending to
be bound by theory), into nermal phagocyte DNA, transcribed into RNA, and

translated into profein.

{59]  With reference to Figures 4-6 and according to certain exemplary embediments, the
quantitative analysis of DNA (nuclear and/or mitochondrial), RNA, microRNA,
protein, andfor lipid cxpression profiles of phagoeylic cetls (e.g., macrophapes)

obtained from the blood ot one or more other biological semples {(c.g., vrinc, stool,



and/or detect SLE by detecting one or more markers, e.g., DNA, RNA, lipids, protein and the
like, within blood phagoeytic 1771In certain cxemplaiy embodiments, one or more methods
and/or compositions described herein can be used.to screen and/or detect genomic and/or
proteomic signatures useful in the development ot therapeutic and/or imaging molecules by
detecting one or more markers, e.g., DNA, RNA, protein and the like, within blood phagocytic

QC:11S. 781 In cariain exgimplany cmbodimants, gne TSRS ”gﬁﬁ?ﬂi%ﬁ%%h%& 20gitions
described herein’can be used 1o screen, diagnose and/or Jet8et Hiteration h genomie,” *"
proteomic and/orotigtidihis igrtaturestudefitin delectiont chaisatdsdszmdipatwivgics:., cells

conseduent (0 ong.pLVPEXIEMALECINE ANISHLY (ituifily bRRSXRPBE fadRlON

exposure, chemical exposureg, radiotherapy, radiopharmazeutical administration, therapeutic
molecule exposubie:-rdHBRTESTSEE 1 &T8TelEEt0R e RBES Hiec s BIEEN © X HRS e H R W Il F Y
detecting one or mmere imrkKergaROhddNA RINA thywtelmlipicoandithadikeamithingleott coll
phagocytic cells. [79]. As used herein, the term 'organism.’ includes, but is not limited t

urman cividuat SHBHRR 1 FHFRSRBOR Col e N EE ok Bodh 0 i 8 g i
a rabbi.t, a mouse&:-.am?at, aaglﬂmjt,‘i:atfrqgu,danowidnd:?altnan’sgemim&med:@esf tredise bl Hevtermmt
“organism” foth‘frﬂlL%?waS&E@ EOSREPIHER ISR IRAH SlRthoat! BR VIS EIRnA RRIPORSH,

such as a parasite, a yeast cell, a yeast tetrad, a yeast colony, a bacterium, a bacterial colony,
a virion, a viroso8Y W&irasuikéqsh HicKeEat MPEditiarsdief @Ryodithdis s el ik gorny
certain exemplarypedimerisihfassaymdaecinng NRGIR eARPRHRAEINS datarNR Of

an infectious agent and/gr,the diagnosis of a disorder assqciated with an infection of a cell,
tissue, organ or tHEHEEEDy h hectiftil dBeifnEaHIGIMASHe o A RIS ol hi B o the
agent and/or the villagreasis«fthediBoidenasspeirieddnitbrdipit ipotion isf Perddrore dwsing the

methods andor composiions descrioed ferein g elech ong.of mors, Dieelious agent,

markers, e.g., DIQI‘K ﬁNA, pro%elns, ﬁplds and he Plffe, rom oﬁg Simiore Thiectious agents. 25

[81]As used heragirgitiamtarmeliffelotivaszigemicinglydespisonis, nopitmitedus!/ watipogriemic
analyscs) lumor-specilic (and/or discase-gpecific and/or canditian specific) sipnatures
in & Hood sample {or ene or more other biotagical samples such as, ¢.p., other boadily
fluids} of an animal andfor s human with cancer (andfor disease and or hodily
conditions) and signify the presence of occult tumor(s) and/or other disease andior
olher condifions. TUnlike the methods described above in which the genomic,
proteomic, metabolomic, glycomic, glycoproicomic, Hphdomic andior lipoproteomic
prefiles of phagooylic colls are compared with those of non-phagocylic cclls, the
major advantapes of this anslytic detection methed according to the prosent invention
ere: (i) i wiilizes & single phagooytic ocll subpopulation as a sowrce of the “fumor-
specific” (e.g., Pu-2 macrophage) and *“normal-non-specific” (e.g., Py-2 macraphage)
signatures, i.e., both share the same baseline genotype; and (i) the sighature-acquiring
cells (e.g., Pz neutrophil) are nod diluted with those that have not phagoeylosed, and
therefore have not acquired, dead CTCs andior frapmenis thereol (ey., Pu-

ngutrophils),

6] With reference to Figures 4-6 and according to ceviain exemplary embodiments, the
quantitative analysis of phagocylic cells (e.g., macrophages} cbtained from {he biood
or one or more other biclogical sumples or bodily fluid (e.g., urine, stool, saliva,

lymph, cercbrospinal fluid and the like) whose intracctlular content conscquent to



organisms such as viruses, bacteria, fungi, parasites, infectious pioteins and the like. 1821
Viruses include, but are not litnited to, DNA or RNA animal viruses. As used herein, RNA
viruses include, but are not limited to, virus familie} such as Picornaviridae (e.g., polioviruscs),
Reoviridae (e.g., rotaviruses), Togavirielae (e.g., éncephalitis viruses, yellow fever virus,
rubella virus), Orthomyxoviridae (e.g., influenza viruses), Paramyxoviriclae (e.g., respiratory

syncytial virus, measles virus, mumps Mirus, %r{ainruenza virus), %qagda%vi idae (e ﬁgnrabies
|

virus), Coronaviritiae” @ﬁ?l’%}gv?ﬁd'éﬂe, A ae, el ]énililrllv ae,},&'r havirf ae, 'liiyﬁyaQ/firr A6 and
Retroviridae (e.gdeurnen &zl dpopphistropibovirweek:iF ek dssinandmescons deficiensymes,

viruses (HIV)). A%n‘i’l%@ﬁnﬂ&ﬂ?!”cn@%é%‘ésf‘c?iéﬂﬁ!}ﬂ?%ﬂLlihéﬁ‘?kg%'igié%tﬁga:tﬁm\{iﬁ‘ﬂ%ﬁfﬂmﬂi@%ﬁgh

as Papok)aviridae (e.g., papilloma viruses), Adenovirielae (e.gd., aticilovirus), llerpesvirielue
(e.g., herpes simplagasrtis et ArpwuiRnythe-(Sgcreninsrsvinide apTad) daees B o RRIKS B
are not limited togjrain pesityR:backeNiagaIN pegatiyefaciariasnaid-Tasbasienicoand Hes
like. 1841 As used herein, gram ositive bacteria include, bit are n?ét gmit d to, -
Actinomedurae, ABTABTHJEA S8 RERCT BT R AHUAFACHS Bk R R9e 8 el egpesific
boadinum, ClostridiunhdflistiescGlasifidimnthadring @i, Glodikpisimatans 2yiGorghe pbagtecis,
Enterococcus facgalls, Ltsteria mo cardia, Propipnthucierium. €Sy
Staphylococous SIS s i ST R I e nimaty
pneumoniae andaudited [B5IAG Dl hveiyidrainpaudtipd iathdlin saolone, batirespegific
limited to, Afipia fglis. BagtarielissnRADINENR DagiiATRNN foRaridelfamneriussivoRalrahiar:

burg:dm:fere, recurrentis, Bruce/la, Calymmatoll.acterium granulomatis, Campylobacter,

Escherichia coil, Erishrretiies qiirandem diass ol dng paghem iistsohimeyidsydiatod to
Haemophilius dupieyifHaemopifiiusialldenziae, pelemcterawdaric, metabolomic, ghycomic,

glycoprotcomic, lipidomic, andfor lipoproteomic analyscs) lumor-specifie (andios
disease-specific) sipnatures in a blood sample {or one or more other biological
samples such as, ey, other bodily fluids) of an ammal with caneer or ofher discase
and signify the presence of occult tumor(s) and/or other discase. Unhike the methods
deseribed  abowe in which the genomic, proteomic, metabolomic, glycomic,
glycoproteomic, hipidomic, andfor lipopioteormic profites of phagocytic cells sre
compared with those of non-phagocytic cells, the mujor advantages of this analytic
detection method according to the present invention arc: (i) it utilizes a single
phapocytic cell subpopulation as a sowrce af the “discasc-specific” (c.g., Poc
macrophage) and “normal-non-spectfie” (c.g., Pric macrophage) signatures, i.¢., both
share the same baseline genotype; and (i) the sipnaiurc-acquiring cclls {c.g., Puc
neutrophil) are nof diluted wilh those that have not phagocytosed, and therefore have

not acquired, dead CTCs and/or fragmenis thereof (¢.g., Pxic neutrophils),

[61] The methods described herein (i) have high specificity, sensitivity, and accuracy and
should enable the detection of tumor-specific (and/or other disease-specific) and
normat-nomspecific signatures present within a blood sample (or other biotogical
sample such as, e.g., a bodily Nuid); and (i) chiminale the “incqualily of baseline™ that
is known 10 cccur among individuals duc io intrinsic (e.g., ape, gender, ethmic
backpround, health slatus and the like} and {emporal variations in pene expression.

Accordinghy, in certain aspects, the invention provides non-invasive assays for the



Legionella pneunsophila, Leptospira interrogans, Neisseriu meningitidia, Ikuphyromonas
gingivalis, Prnvidencia sutra, Rseudomonas aeruginosa, Salmonella enteridis, Salmonella
vphi, Saimaa marcescens, Shigella boydii, Streptqliacillus 26 numilifOrmi.s., Streptococcus
pyugencs, Theponerna pallidunt, Vibrio cholerae, Yersinia enterocolitica, Yersinia pestis and
the like. J86 1As used herein, acid-fast bacteria in chide, but are not limited to, Alyobacterium

avium,Myobacrerium kpnie, Alyobacterium tubercylosis and the like. 187jAs used herein
other bacteria not A RIPHRE: R PR bR RRS LI SR Tty ot

Barronella honseiieséaantydidiigsigy aci paidamydea thethembtisdi@oxiebarbbiendtiignosed by
Mycoplasma pne i | i i, Rickettsia-prowazekil, Rickeltsia yickattsil, . .

Rickettsia istasugggﬁggt%ﬂﬁﬁﬁgggg%?@ﬁl,ugrgé Slasmd urelgllggcum{chjploco’feas’ Creore:
pneumouiac, Endighidate: dpyisatefte foedevueerhcleiionmpaitgoseletivant® thieelipgeds and

strategies for intervention, prevention, and freaiment of individuals with cancer.

[62] As used herein, the term “umor specific markee™ is intended {o include, bur is ned
fimited 1o, one or more celhular components such as onc or more 1IPNA scquences. one
oF moare KNA scquences, one of more proteins, ong or more polypeplides, onc or
more lipids and the like. In certain aspects, a tamor specific marker is present in one
or more WBCs such as, for example, a neulrophil, a macrophape andfor a dendritic

celi.

[63]  As uscd herein, the term “cancer related genes™ refors to genes such as, for example,
cancer penes, oncogencs and/ar (umor supprossor genes, that have altered expression
{c.g.. increased cxpression or decrcased expression when compared o a non-
cancerous cel) in & cancerous cell {e.g., a WBC such as, for example, a macrophage,
a neutraphil, a T cell or the like). Many cancer reluted genes are known in the art,
Cancer reluted genes include for example, bul are nol Himiled to, FRBB2, JUN, BB,
SUPPL, MDM2, MAP2K !, MMP2, PDGFB, PLAUR, FGR, MYCLI, BLYM, NRASY,
PEI SKI, TRK, ABL2, MYON, RABI, REL, RALB, LCO, ERBE4, RAF], ECT2, KT,
FOGES, GROJ, GROZX, GROZX, FATE, PIM, KRASIE, FYN, MYB, ROST, MAST, RALA,
MYCLK !, GLI3, ARAF2, MET, BRAF, MOS, LYN, MYBLI, MYC, OVC, VAV2, BMI{,
RET, HRAS, SPIl, RELA, SEA, EMS!, ETS1, KRAS2, ERBB3, GLI, FLT, BRCA2,
RBl, FOS, AKT!, ELK2, FES, MAF, TP53, CRK, ERBAJ, NFi, EVI2, ERBEB2,
INTS, BRCAL, YESI, JUND, JUNB, MEL, LPSA, VAV1, AKT2, FOSB, RRAS, HKRJ,
HER2, ERBALZ, SRC, MYBL2, EIS2, ERG, ARAFI, YUASA, HS2, INT3, SNO,
RMYC, BMYC, HRASP, TC21, TIM, PTI-1, JAK, onc or members of the CEA family
(sce, o.g., Zhou ot al, (2001) Gene 264:105), PS4, MUC-16 and the like,

641 As used herein, the term “cancer™ refers to various types of malignant ncoplasms,
most of which can invade surrounding tissues, and may metastasize (o different sites
{see, for example, PDR Medical Dictionary, 15l edition (31995), incorpovated herein

by veference in s entivety for all pwrposes). The terms “neoplasm™ and “lumor™ ofer



1881 As used herein, fungi include, but are not limited lo Aspergilll, Candidae, Candida
alb/cans, Coccidioldes Munitis, Cortococei, and combinations thereof. 189]As used herein,
parasitic microbes include, but are not limited to, l;;lalautidium coil, Gyptasporidium potion,
C.),,clospora eayatanensis, Encephalitozoa, Entatnoeba histolytica, Entemcytozoon bierteusi,
Giardia famblia, teishmaniae, Plasmodii, Toxoplasnra gondii, Trypanosomae, trapezoidal
amoeba and the |ike. 1901As used herein, pargsites include.worms (e.q., helminthes),
particularly paras’i"ﬁél Wo %ﬁ'é"fﬁgtﬂ'ﬂfhcgﬁﬁuf* ot ﬁr??i’tggf g‘,“ e’{r%}g oae :(rglﬁr]%wg}w:\é'%a'aﬁm pial
whipworms, hoolanbrrmslipinwerms;vastarids; flanwls twmtl itheakike rélestorien (e ggmapelvoims)

1911 As used heggig, INGCHIONS; ISR INAS) RIQRS, IIROILRTS FANSE L DY REORSI DGl UAR

but are not limited to, human disorders such as Creutzfeldt-Jakob disease (CJD) (including,
e.g., iatrogenic Cletsi#Eri ki Rse 26Eh DY RO DHE vs SHITR At ke L5 Hise 458 RIDHYC-
familial Cretitzfel@h@gkmwg&ﬁsﬁaﬂkgm,(a@‘g;ﬁméﬁaipi@f@gyt,zfeldt-Jakob disease (sOD)),
Gerstinann-Straussler-Scheinkcr syndrome (GSS), fatal familial insomnia (TO, sporadic fatal

insomnia (8H), kytu, and the like, as well.as disor in.ani ch.as.sera pie nd
goats), bmﬁ%i sgc’)%ﬂgw%?\%ﬂf cegh%lo%gifﬂ?ﬁ(fgs% %%%%ﬁ%%ﬁté:;%lsﬁrﬁ %s?g?e%niﬁ?nc% g%’cé% ﬁzslﬁlj(?lﬁéagtlhy
(TME) (mink), chfohichséstirg diseasaleiubitencribididesty farfcaspbngrempie rommon

encephalopathy (Gats) oeXRlicunssiate eiserh@lenathy. deliHiryala: cayX, SRR tumors
spongiforin encephalopathy of the ostrich and the like. 1921In certain exemplar

Yy . .
embodiments, mAfHEAS BPTSAATTH RE L IRTRCI AL LR dymihomas {i.c. malignancics

derived {rom hemutopeictic cebls), leukemias {i.c., malighancics derived from
hematapoictic cclls), gorm cell umors (iLe., tamors dertved from tolipolent cells. In
adults most often found in the festicle or ovary; in fetuses, babies and young children,
most often found on the body midkne, particularly at the tip of the taitbeneg), blastic
wmors {i.c., a typicatly malignant temor which resembles an immature or embryonic

tissue) and ihe like.

|66] lxamples of the types of neoplasms infended to be cncompassed by the present
invenlion inciude but are not fimited to those neoplasms assecialed with cancers of
neyral tissue, blood forming tissue, breast, skin, bone, prostate, ovaries, uterus, cervix,
liver, lung, brain, lorynx, gallbludder, pancreas, rectum, parathyroid, thyroid, adrenal

gland, immune sysictn, head and neck, cobon, stomach, bronchi, and/or kidneys.

[67] In certain exemplary embodiments, onc or mere methods and/or compositions
deseribed herein are applied to detect, identify and/or disgnosc disorders asseciated
wilh the presence of fotal chromosontal abnormalities {c.g., Down’s syndrote, nntism
and related autism speclrum disorders (including, but not limited to, Asperger's
syndrome and pervasive developmental disorder-not otherwise specified), sickle cell
uncmia, thalassemia and the like) consequent la the presence of fetal cells and DNA
within maternal blood, Screening and diagnosing of one or more of these disorders
can be performed using the methods and/or compesitions described herein to delect
one or more chromosomal markers, cg., DNA and RNA, and the like, within

muternat blood phagoeytic cells.



sequences (e.g., DNA, RNA and the like), proteins, polypept ides, lipids polysaccharides and
the like in a biological sample are provided. As used herein, the term "nucleic acid" is intended
to include DNA molecules (e.g., cDNA or genomig DNA) and RNA molecules (e.g., inIZNA)
and analogs of the DNA or RNA generated using nucleotide analogs. The nucleic acid
molecule can be single-stranded or double-stranded. [931 As used herein, the term "amino
acid" inclut@orqflnci:%rcorin%oggd% cont 'ning bolt1h a basic amino rl?u§_andéan acidic c;zi\rbo_xyl
group. Incilifed Wit B ArehaPAI ARG adids Te. G oE.-AIRS S niSHmed Uiy
unusual amino acidsHbed. hdpamindaeigdiant (Ssatinire atids) adsiweltidsranting@eidsonich
are known to ocqyr yglagigallyn,fiee o %H”?H'llﬁkﬁﬂ?cf%&ﬂ DR USHRLY R AR% OCaAR Qjﬁ%ﬁﬂ%-

Natural protein octurring amino acids include alanine, arginine, asparagine, aspartic acid,
eysteinc, glutatnid$AEreRutEHIReLIgREIAE, st oRkraiie, 46 uldind, Yipancelivofrirbinied,
ny | a] aninc, scrigeiifi8atngsNpiRhdEyRIOPRARRIAJiRRmanvalinguhtatural R gtein
amino acids include,arginosuccinic acid, eitrulline, cysteine sulfinic acid, . .
3,4-dihydioxyphclSiiSriE> HEFnSEyEleih & b aéermaﬂawﬁ?ﬁ - 3ANGHEIBEJR S thods
3,5-diiodotryosinds35:d- i cda thhyr anindsranet3,8 2yl Srtetraiesiothyrefiinef Mogidrdorctls is
nusual amino aglfs,fele ReAIR AR ARV ISIDR S YR B phagocytic cets

N-Cbz-protceted amino acids, 2,4-diaminobutyric acid, homoardinine, norleu
N-methylatninobii§ic Heidlentbethylapatimeniphemiglye fdiraipha. thticrjipi]inentar- die
4-aminocyclohexylalaniag, MorletB mRAbRILIARISAE TPHdrMRINPragacytic cells creates a
N,N-dimethylarnivoglycine, N-inethylaminiaglyeinc, 4-aminopiperidine-4-carboxylic acid,
6-arninocaproic el HaFRO Rt BRI Ry dMER B ER R e ofcibie Bonder gldfhe Fetus
4-(aminomethyl) bbiepwigraddy thamineayclopaatanecarboxylie acid,
1-aminocyciopropancearboxylic acid, and 2-benzy1-5-aminopentanoic acid. 28 molecular

weight of Igag thap Q&QQP:QJ@BBFJ&E%@W;QQO(}M‘%’Pum‘?ﬁ;l?%ﬁémﬂﬂszxﬁ’ng%x% ARNRsitifis

term "peptide” also includes compounds containing _bothhggpnrle and non-peptide _
components, sudFsssibsbirisentidle o pbsidetfimisliatitsimdéys drannse Abrdsingsasiated
components. SugfiRaRPALRGRCaNtaRREhROIAPEPlisR:A MAR-PeNIERLARANERSIFEVLT

also be referred to as a "peptide analog." f9.51As used herein, the term. "protein” inc‘#Jdes
compounds that BRI @f‘ P¥if§5 HiBE BhaRGERPiRfIFeSs Erstc &jolﬂ% BhiRppRon:
peptide bonds betwizen baaricérixmey|:suhersim inoug rdlapeofadjioent daideedch desicdids) by
1961As used hergj Jpids, include: theti atirally-occutring compou

which are gener:gll(l%;l/g gﬁgéﬁéﬁiﬁégﬁ%ﬁf? gﬁ?g%%ﬁ)re.%_glﬁlé%mtyp%a yE’co?ngbr?{s% %"E]y‘éﬁog%?ﬁé
component and #tkixiRsphdiie biepdneanimxend plagniphisahensor, iporcarbtheselgitosdets is
fatty acids, neutraliats,RNQFRD Al AYEe IRt ANHMNEHKS 108 Horsh RS IR A dREMipid

composition" refers to a composition which comprises a lipid compound, typically in an
aqueous mediuﬂ?%ﬁﬁrﬁ%aﬁﬂrﬁﬁ&i%ﬁ@ﬁfﬂﬁ&'& [ &%’%P]ﬂ?ﬁ@ﬁ“@“gﬂgﬁéﬁ“sions,
emulsions, vesicle compositions and the like.

M0} In ceriain cxemplary embodiments, one or more methods and/or compositions

deseribed herein can be used to doteet, identify and/or diagnose disorders associated
with the preserice of proteomie, lipidemic, and/or genomic signatures within Mood of
subjects having or at risk of developing atherosclerosis conscquent lo coronary artery
narrowing, abdeminal sortic ancurism, and the like, Screening and diagnosing of
these disorders can performed using the metheds andior compesitions deseribed
hercin to detecl one or more markers, c.g., DNA, RNA, protein and the like, within

IHood phagocylic cells,

[71]  DBiopsy-confirmed rejection, one method for diagnosis of altopraft rejection, is

invasive and subject fo sampling orrars. Therelore, the devclopmoent of nonimvasive



1971 An exemplaiy method for detecting the presence or absence of a poiypopiidc or nucleic
acid corresponding to a marker of the invention in a biological sample involves obtaining a
biological sample (e.g., a bodily fluid sample (e.qg.,.blood) and/or tumor sample) from a test
subject and contacting the biological sample with'a compound or an agent capable of
detecting one or more markers (e.g., DNA RNA, protein, polypeplide, carbohydrate, lipid or
the like). [981 Detection Jme htodis de Cri her[z%']? fﬁ %Iusiedq&to detﬁ:]t1 one.ormore., . 4
markers (e.g., Dﬁ%\aﬁl\w % é“m“‘Bo %%lp ge.car ra%% ?lpl& T"ké? i & bi oﬁ’oglcal
sample in vim) as!\gmil:asahan\rs)uﬁxﬁmieuamp&g;mvtmf tmﬁnimesdpmmbzmm@mmw\pm-
include Northern gyichzatients @i sitb OVREIdAIRNR RS lashalauas s elecianal &

pelypeptide corresponding to a marker of the invention include enzyme linked immunosorbent

assays (ELlSAs)dmfegfélmi Klordmpriingolbee toprbian < ah aRrR RO Ml SRSHOA " ER YAt o (<)

techniques for def@clion:Hf ﬂaﬁemraMm%@ﬁrSmrthgraihyhﬁﬁhmpnq;rﬁwtbﬁrgn@m, iR
vivo techniques for 29 d tectrofn of aé)o}ygiptrde corresp aé‘ to a marker of the illVeiliOE1
include introducir@rﬁ‘i%"’ g R R T B BT VER PGS
example, the antibaidyydepiredathejectiwitiviaicadiometiie: thakexwhpse presence and location
in a subject Can be detected by standard imaging techniques. 1991Methods for analyzing
lipid conteptain a RigladirghsSampieAis KAQWpIMhG ABLRRAE- en&aﬂgﬂ@n@@s& BiQthim.
lliophys. Aria. 1128:267; Weylandt etal (19 6) Lipids 31:977; J. Schiller et mS1999 hu

Birwhein. 267:46°02H151EoRT BBBB RN 410 REalE 49, s JECABBO SR B %64)
Prog. Lipid Re.v. aﬂaaét%)i Ahleﬂemrﬂarmamlneﬂmmimd:arﬂa}ymsasdcgmcmacmmrmsfmm:mm
biological samplel Su Ior%fﬁrm m tcr}aglg)é 2.1 nq@an?@tﬁ‘ c?CQHOOS"/{{Ebut Iated
hydroxytoluene ( f i an IOXI ﬁl eparegfar{ty acl meth Sters were (e g., R
DE3-rnethanol reagtm‘),, <agd lqnanwngmwmy Geibikmetithiebierd plrazgudntisidl.(e.g., by
HPLC, TLC, by gas chromatography-mass spectroscopy using commercially available gas
chnomatogmp;m&mmtmﬁrﬁsmqrr@mq@m@aa@mrhwmmmarogﬁapm?smé even
spectrometers). Fatt ass is determi ring areas of varigus analyzed fatt
atids 0 that of 2 B LR e 8 MR B GeEra I M poee 1
diagnostic and poolinagtithassmys, |m\zaﬂuehxprepacﬂmglamambbe dideacton hixtondatramamayd
contain a marker (359 Qne gr more gf DN F§1N'A£I BF&EQ;'” dgﬂ mg{;g]q‘ratemgmgﬁ

and the like) and a e under approprlate condltlons an for a t| e suf cient to allow the
marker and probélftburm@rabﬂaﬂ%.rreruﬂi@enrormwgl&e&ﬁﬂﬁréy@ tadesin Bevpianwoat ARl
detected in the rg NN Sn hBGSE ARPaNR&an be conducted in a variety of ways. 11011
For example, one method to conduct such an assay would involve anchoring the marker or

probe ont olid phase Sup ort Iso referred to as.a ubs ate, and detectin
marker/pri@ comc%‘eiéa"nc jored ‘"" xt3me‘ddr)f)hi:arg',‘tema e éngloft e‘F’e“é"éntr%{ﬁ%gan““"’“’
embodiment of scmhm'-metrmdpmshwdpi@rﬁmntt‘arsdmeu&edvhrerﬁmqwbefugsayedmdmrm&e

and/or concentrafian, At MANElE2%, b8, ANFHAGH QIR 2 SRS A5 RIIdPIRRE SHRAEbcited

another embodiment, the reverse situdtion is possible, in which the probe can be anchored to
a solid phase anB¥s amierywithia blaséeheearric &alitved to react as an unanchored
component of the assay.

{75} In coitain cxemplary embodiments, enc or miore methods andfor composilions

described herein can be used to scrcen, diagnose and/er detect Adzheimer’s disease
and/or dementis by detecting one or more markers, ¢.g,, DNA, RNA, protein and the

like, within blood phapocytic cells.

[7&] Systemic lupus erythematosus (SLE) is & complex autoimmune disorder that affeots
various organs and systems. Accordingly, in cortain cxemplary embodiments, ong or

mare methads and/or compositions deseribed herein can be used {o screen, diagnose



30 11021 Them are many established methods for anchoring assay components to a solid
phase. These include, without limitation, marker or probe molecules which arc immobilized
through conjugation of biotin and stroptavidin. Such biotinylated assay components can be
prepared from biotin-NFIS(N-hydroxy-succinimide2)¢using techniques known in the art (e.g.,
biotinylation kit, Pierce Chemicals, Rockford, IL), and immobilized in the wells of

streptavidin-coared, 96 well plals. (Pigrce Chemical). In certain embodi .ihe.surfaces with
mobilized asodP LB SOHE L SUEIBb AT PG AHEREnd Spi s tR S Edble
carriers or solid phaskcdilppeitsifobisudiplagsaysdrclisde any malerial capable of binding the
class of molecule to which the marker or probe belongs. Well known supports or carriers
include, bytare nat LRited tQcHlHEsy ROMIVERAR s NN ROMBRORMISRRINYIRNaP A HAKIERSs
clextran, amylases, nag%sca#l] and modiggd celluloses, polyaprylgmides, ﬁjabbms,d?nd ma%netjte.
11.041 In order t9CEMRILSERL BT MREQUBVETRINIBHEE SPprbaCHRE (hgnd/or protebmic
non-immobilized dgrapoae nidfhdel elicteldhdmolichp hd shapentivhaokl/thesegondrociorpbnelt is
anchored. After the reaction is complete, uncompl Qn may.be removed (8:.9..:by
washing) under c%%‘a%%%gns{'ugh ha %%ﬁéghg'@kg)ﬁ o?r%%%%lﬂﬁ%ﬁaﬁ%%im%%%ﬁ%ﬁ %‘pgﬁg‘% te
solid phase. Theldesstitin estimarker/probe complexes anchored to the solid phase can be
accomplished in a number of methods oullined herein. 11051 In certain exemplary
embodimeft, thenpeehsinvwdiemiilisthenthodnaharechassey sempandnidcamdierlaheipdddoihe
purpose of detection ncA Leadout of the eadgf?i% %ghe({igiﬂ%qtly 9 “i}rll_dtir%%ttl ltV\{th deitecg%bll%ic
labels discussed HEFEIT AN Whith are Wall-KRown 16 ORe Skiffad 1 the art. 11061 Tt f&arso
possible to directiyctistent andibehpirisipecs pmploreformbdion dvititoon el theraseanipUfatioriogics
labeling of e'ther&%&f&g&aﬁ%(m@%ﬁrr.y?&@r% ndPLEXRTRIE B‘édﬂ&"{é%& tEi?aT %Sk}moa%&fum
fluorescence energy transfer (See, for example, U.S. Patent Nos, 5,631,169 and 4,9613,103).
A fluorophore laBéfigHahe Frdosyshordhidlelile REBRIBRed DM et Yupoid HRBIBHRAT SR
incident light of appraREiAigoAMRIAREIN: inaRied iaresceonerEkivl Benalsorbge v
fluorescent label on a second ‘acceptor' molecule, which in turn is able to ﬂuoreﬁﬁfﬁi}m

t

the absorbed enROYRREHRIEHRF, the ol BYOTEHFCHE S8 S SIS titfiB e

fluorescent energyotfitiypiciohaniretildy esiiiabkrisdgreaghogrn-éhiat emit different wavelengths
of light, such that the ‘acceptor' molecule label may be differentiated from that of the ‘donor'.
Since the gficiency af &narovransierhetveen.iis1ahelsds related RN GEIRIANGS FeRasRing

the molecules, spatial relationships between the molecules can be assessed, In a situation in
which binding octdi¥iBetlva BRTHRTHEIBHIES: the s ra¥eet HitiEsifdh i Ead @98t oal: 4
molecule label inribpiRssameRoHIehbe MadiNRloE) kiotdindingenahiaspbasanvedieniflic
measured through standard _flu,oim l etric de gctioip means well known ir&.theﬁr} getq.i U{S‘W%a
fluorimeter). 11071 n SROtHER efHEDE MeHE GEHRR RSP IRE By s ProBd {gntied o,
recognize a markgragangdesaceanplishedewithonst laiehng eitherdssayconuhene ntlniohiemr
marker) by uiizigg & G a0i00Y, RUaNd: LA IO JSRUIBLIN R achaP ANBs Bt ey
(see, e.g., Sjolander, S. and Urbaniczky, C.., 1991,,fnat Chem."63:2338 2345 and Szabo et at,
1995, Cun Opin.{BtarAndeisi like99 705). As used herein, "13IA" or "surface
plasinont'esona“ce" is a technology for studying biospeeific interactions in real time, without
labeling afgoof the irnteddanisdsgy, dadAtammsOhangesinithaiinalskeatithesbibding:dubiate:
(indicative of a binding, cvany fesull il allcralions ol e elractlve ndex ALIGNL DGR NS
surface (the optical pnenomenon al sur E piasmon reschance f§ ﬁ{% resulting in a
detectable signahvidnidbnaain sellisshasoagrinoicheidiiobyaal itfainactions Betede Bioksdical
molecules. [108) Afteatively. itaNBReL eI RRiPan: nansous firgnesticardrpanastic

assays can be conducted with marker and probe as solutes in a liquid phase. In such an
assay, the complaR&mdrker S ptoreardredpahadiaamaior reatmilliore Fetmpuhanteibyo
any of a numberptstandasedpehniciasingidiRguirutnaklimited, wndifferaocia) npiakifugation,
chromatography, .electrophoresis and immunoprecipitation, In differential centrifugation,
marker/probe compt ﬂ?ﬁ)‘? 'b@osrgﬁ Rl n\5\S/icomplexed assay components through a



32 molecules front uncomplexed ones. For example, gel filtration chromatography separates
molecules based on size, and through the utilization of an appropriate gel filtration resin in a
column format, for example, the relatively larger complex may be separated from the relatively
smaller uncomplexcd components. Similarly, the Feﬁatively different charge properties of the
marker/probe complex as compared to the uncomplexed components may be exploited to
differentiatg the complex fiom uncomplexed components, %x mple through the utilization
of on-exctlibe AMHABEA I ERN I SRS e R oD A e A arE
well known to onergkilleddmitiesanti{ses, Rag:rhlcagaapddkiog) NotiReqogrinslid 41 iHage
and Tweed (1997)). Chromatogr. B, thorned. Sci. App!. 12:499). Cicl cleetrophoresis may also

be employggh{o separalecAMP sxes ARSANERNRO TSRS AR MNROYRC.HARPORNIR(5RSe8;T
Ausubel et at, ed., Current Protocols in Molecular Biol%gy, John Wiley & Sons, ork,

. ( rB lew York
1987 1999). In thiSYBCKIHER FsTBHSmbHE Alscalt Bl ﬁ’lr}i@%sfaﬁitﬂ‘%‘eﬁ%t‘é“d}%lﬁ%’&%ﬁdﬂﬁe
Or charge, for exangplenhicordatdn Ranidifadhepindingdnietsctineturingdhie.gleenogheliie
process, non-denaturing gel matrix materials and.conditions in the absence of reducin ent
e ypealy prefa e RS AT O T b LT L e s s
will be well knowiieoremeoskilied ifcthe arspiraiogn &M@'ﬁi@iin‘fémmmw@.émﬁi@éinwntm&mt'@el
of tuRNA COWGSHQ.?QH}%%P%ﬁg%[‘?@&:ﬁ%&%&%&%ﬁﬁ]}_@ﬁﬂcé'Uﬁ%%}?!ﬁl&iﬂ&@l&ﬁé?E?QML%J»%MHE?

formats in a biological sample using methods known in the art. Many expression detection
methods use isoF&ENES HEfaH RS rittrbtiedan Armarisehi and SeHrg(Ean 55 Bo dU BT
Se:fcz against thel'iE@ﬂﬁt%@ﬁhﬁ?i%ﬁﬂb%iﬁ@ﬂﬁﬁﬂﬂiﬁlﬁQ’;lfﬁfumBr@iw#ﬂlmﬂamlﬁfym;@]mﬂﬂ?@pdﬁs
cells (see, e.g., Ausyhel et al,.ed., Current Prozocpl:s. in Molecular, Biology, 1 Wiley &
o, New vork T8 e, S QR 8 G5 m iP5 LT Hfor S T ey
be processed usifigrteahiridoes Vegll knpupil kerthoserofasdill ivdhesaitideachiasg, foredrampie),
the single-step RNA isqlation proc , ' N b s " LDR).
{1101 Isolated ni ﬁnﬁtﬁqa‘?\}@é: gé%d?ﬁ%%;b%% igtglo%}\{ntqti?rlé?a?F:Iﬂ E?f?c%tfoﬁr{“g{sgskg%%%ﬁrﬁﬁg%m are
not limited to, Southern or Northern analyses, palym erase chain reaction analyses and frobe
arrays. In &Qlain%?é‘fﬂﬁlé?ﬁiﬁ‘?ﬁbc?&frﬁgﬁt&f’é Hfﬁﬁ?@éﬂc RERTh S TN th 285 tre fBHL A BV
mIZNA levels invielvrsigariadind-:beiizalaietdiRNA with a nucleic acid molecule (probe) that
can hybridize lo the iInRNA encoded by the gene being detected. The nucleic acid probe can
be, for exlmﬁ'e, afulidenat, cQNA R RORoRIBRERESHARAS AR PHFRAYS! MM AlALIRaSt
7,15, 30, SO, 100, 250 or 500 nucieotides in length and sufficient to specifically hybridize
under stringent cOffATHBIESD BHFAINBRBHHE B BIN ATEHEYaIKG &t KeYOFTHR Srigdrpn,
invention. Other syifaRleRIARER-R! Usaindie: Jlagnngtie: as3axs it ecaxe QD Re crerium,
described herein, Hybridizatio Pff.n }%RNA with the probe | d{ca}es at thefm{;}r‘ker in
question is beingré’ RELSEE A in R 1O A e PN AT I i o S BRC T L8 tiace
and contacted wifipipiehecfor exarmipte by-armilegdaherdsolapélt itk N Aoepaaagarosengaland
translating the inRNA,from. the gel m such as nitrocellulose. In an alternative
format, the probe% %%é{f%%&%%é}gn&%%gﬁ? Eg'ﬁface and the mRNA is contacted with the
probe(s), for example, in a gene chip array. A skilled artisan am readily adapt known tnRNA
detection rl#éihod“sv'faf%*shwﬁraee@wm&w@ﬁmmm’&dén8&&@5@Mﬁa’ KBrBPherss:
present inventiorBd3d2AN Bliernatiie mathipe:hor, deserniinin pthedesel Bimakd Nbvgdorferi,
corresponding to.a marker of the present jnvention in a.sample involves the pracess,of nucleic
acid ampliicatiot eE g e AP B e, CPER R
4,683,195 and 4 £83:202)¢ COLD-PER:{idiet di/2O08) Naerired:/ il BToYdligasHwmainkiiins
reaction (Barany,, %;'fuﬁr%mgﬁﬁ%@dd L3S A BRI S AUNANCRBIENCE pviori,
replication (Guatelfi'ét al., 1990, Proc. Natl.'Acad. Sal. USA 87:1874), transcriptional ~~
amplification syste#{raNoli d arHEsiP ol Berid SYveLsan seV ey Q- Bkt s tidia,
Repliaise (Lizardpglah(:938) iallachaol oGkl r dnialivg irslecienlicationdtd. SaResna

No. 5,854,033) or any other nuclejc acid amplification method, followed ne detection of the
oot molo T o RSt ARG GG BT e SR AR



34 amplification primers are from about 10 to 30 nucleotides in length and flank a region from
about 50 to 200 nucleotides in length. Under appropriate conditions and with appropriate
reagents, such primers permit the amplification of a nucleic acid molecule comprising the
nucleotide sequence flanked by the primers, 11134 For in situ methods, inlkNA does not need
to be isolated from the sample (e.g., a bodily fluid (e.g., blood cells)) prior to detection. In such

methods, a cell or tis{?{ﬁ? samg%q is ‘pre_gred/quqegse ,p’sing knownﬂhféstologj;l;ql me}lh ds.
The sample is th&WTREBi ’(‘jﬂ’émé‘tf}ﬁﬁoffg W5y ‘2 HAEL i e 4R theh' Contattéd Wi
a probe that can hybndizennenitiNdhbireindodesithedtarkée. 0141 As an alternalive to
making delerminations based on the absolute expression level of the marker, determinations

may b(|9 beﬁ@l 0mﬂ@@@m&@@%%%&%&imdﬁweﬂ;@m}@ mﬁlrkﬁf;@(g%ﬁ%@ﬁd?ﬁ%@!ﬁ{@eﬁmu
normalized by correcting the absolute expression level of a mayker by, comparing its
expression to thé‘E‘%ﬂ?é%é?d’ﬁ%f’é"@’e"ﬁ@*ﬁ’f’aﬁ O Fﬁ%ﬁ’rﬁf , ’.‘J‘.’ 5 ﬂé@éa ping gene that is
constitutively expressed. Suitable genes for normalization include housekeeping genes such

as the actiffgenetrorugithstia, nispueifie bl doe trantiu bl sHe T BRI RSO of

the expression leygl,ip; 3ipALENL SRMRIGHNR MANS SO LR A ALAURRL SEMRIR. IR A0RHEL:S,
source, e.g., to compare a pIiago%tic blood cell from an individual to a non-phagoeytie blood

cell from the indifiBtia 4485 SHeMEFERABIAI EtfoBIRAERE FarbrdiR st BomHaptiie”
corresponding tofdcmarker i detestedrioatiainexempla e midktimentsnahi agehedplasmia
detecting a polypeptide. of the invention is an antibody,capable of binding tg a polypeptide
Coresponing 10 el o M RO N 4 AL GG e g
Antibodies can b&fpuhgioral, «od Migdkpreferably, monoclonal. An intact antibody, or a
fragment thereof (e.g., Fab or F(ab)2) can be used. The term "labeled," with respect to the

probe or af#ipodyssintemded ta.spchnpasdireet lRbalne:okiha proparoiantinedy Q¥ndida
coupling (i.e., physically linking ,a,{del,ectab!e ubstance to h%@frobe or a\ntib y, as well as
indirect labeling & %ﬁ'&'%r BEGF AT SUU e R TG oitR LEROMEFHERS MY th5t is directly
labeled. Examples of indirect labeling include detection of a primaly antibody using a
fIuorescen[ﬁ?]abé‘iéd'@édéﬂﬁﬁ&ry’afﬁﬁ%dyiﬁmﬂiﬁﬁﬂéﬁﬂ-Fétﬁe‘lfﬁg“éfé’@ﬂ#\‘&ré‘ﬁéﬁ“ﬁﬁﬁ"ﬁb@'ﬁfﬂ
such that it CEICERg igiemtadwilliluaressaniiabelad sipniayidincd Gl aiamabesa

formats can be employed to determine whether E| sam’pﬁacontain_s a Ipr,o ein that b;nds lo a
given antibody. EXHRAPIES of&SERETRRALS ERTE, oifren SPifftea tsisemspite Plasmodi,
immunoassay (EfAysfasiainyamiiodssamiRihkWMesteciibl atraobdysid ipnHiame linked
irmnunoabsorbant assay (HASA) and the like. A skilled arisan can readily adapt known

protein/aniggdy deRgeionmethadsdrs use kdsierminiag Wiskshrshs (oo iuidic
cells such as blood cells) express a marker of the present invention. ]
worms including, but not limited {o, Nemaioda (roundworms, c.g., whipworms,

hookworms, pinworms, ascarids, filarids end the like), Cestods {e.g., lapeworms)

99}  As usced herein, infectious proteins inchude prions, Disorders caused by prions
inchude, but are nod Himited (o, human disorders such as Creutzleldi-Jakob discase
{CID} (including, c.g., ilatrogenic Creutzfeldt-Jakob disease {iCID), variant
Crowtefeldi-Jakob discase (vCID), familial Creutzfeldt-Takob disease (fCHD), and
sporadic  Creutzfeldt-Jakob  disease  {(3CIDYY,  Gersimann-Straussler-Scheinker
syndrome (GS58), falzl familial insomnia ((F1), sporadic fatal insomnia (5F1), kury,
and the like, as woll a2 disorders in animals such as sorapic (sheep and poats), boving
spongifonn encephatopethy (BSE) (cattle), transmissible mink cncephatopathy (TME)

{mink), chronic wasting disease (CWD) (elk, mule deer), feline spongiform



11171 In one format., antibodies, or antibody fragments, can be used in methods such as
Western blots or immunofluorescence techniques to detect the expressed proteins. In such
uses, it is generally preferable to immobilize eithef the antibody or proteins on a solid support.
Suitable solid phase supports or carriers include any support capable of binding an antigen or
an anlibody. Well known supports or carriers include glass, polystyrene, polypropylene,

polydhylene, dextran, nylon, amylases, natural and modified celluloses, poly ctylamidgs,r .
Gabbros, magne 7S EHERE KA Dher e CHIB IR AR ORHT e Ay B S
carriers for bindirgdntihedyitrentigen; doghivilldiehaliertehadd phsiith support for use with the
present invention. For example, protein isolated from cells (e.g., bodily fluid cells such as
blood cellgngpn he fui@eacRevae MRINEE Ge), plefirap brierisRR RrERRIaet ontdea: Seltd

phase suppori such as nitrocellulose. The suppori can th e washed with, suitabje buffers
Followed by 1rcat M e GRS bl et a oIy nE G pn RS SEH: ol fer

be washed with thelysaéidirde caddhiinige inre biokgivsdbaompd: antipacyddheramsuiniotibothed
label on the solid support can then be deiee cqnyentional means, 11 certain. .,
1 rrernud 15 d.l.-]g’ AN IIIgLI'IEL{{qg R%!ﬁac E%Qa\ Iﬂ%lﬂﬂlﬁg ﬁlﬁyj:rﬁgg?]ﬂgh {Elr %ﬂmﬁmm

exemplary embodiments, diagnostic assays are provid n exempla etecting

the presence or &B%4nheadof B bawpadesdiion nhdideasd annar aisbrieNdsap it asitited
cancer, an infectigis, agentoand/rAqethergiseagein aRiclpuealsample yRIvasAMaINKY a
biological sample from a test subject and contacting the biological sample with-a compound or
an agent capabl@@*@%‘t‘éf?t‘i‘ﬁﬁd-36 one or more of the markers of a disease and/or disorder
associated with cancer, an infectious agent, and/or another disease or condition, e.g., marker
nucleic aci@3k.g AmRedAiegancinid<bi Amimarkad pisplides(erginisalypeptickds orrotin)both a
marker lipid encagled by the Markal el ACItANGNINAL NG HESE W B AN R MBI OHEGA

acid or marker peptide encoded by the nucleic acid’is delected in the biological sample. in one
embodiment, an gt foidé Edctihy HARKET TR RAdTRGermrupialenaing apEf i fudhsiithiesd

probe capable of;pyRrighzing immarkainRNARIIIGNOMRIGE NAdT RewRUCIRIC REVRrebeEaR:
be, for example, afill-lenath marker nucleic acid or a portion theivol Other suilable probes for
é§ér

use in the diagnd¥REEEERY LT IUANRGI AL IR IRIRCT PSTI AR RIGHE o Natural
detecting markerpepiide.ganing aniantiaddly ieapdblelalibi)ding-iaco mpikesipepigaisuatiias
an antibody with a de.tectalPIe label. m;ﬁodies can,be. Eolt))ée!lonal or, mP”Q%!;? Ih.mA}Q: [ tact |
antibody, or a fracg}’h"%(élﬁf’th%?’é%'fl’@a?,l ‘%?‘E{Ebéi%%‘ Ay é*“'d%','é‘a’. THe tem "'I§be1ed,' Fith
regaled to the prolsthamantipbetyylidintendaditotbroompdseiredt ypbeiig. pithecpmabeabine.
anlibody by COU%Qggﬂhenoﬂ'-}‘/r%'l%ﬂl'yallﬂh}!“%m AeleRlab G SHBSEARRE Belfe AR ??F{;'c@ﬁgy’

as well as indirect labeling of the probe or antibody by reactivity with another reagent that is
directly labeled. B3lHplesiat iddtrddb-BEHREIYEH R S tbefEAYSRE BridRIRP RS o B EING-a

fitioreseently labalgd.seeapgasyantiopdyanshanskiabeling of. ail3iAuprapaavithRiotin such.
that it can be detected with tluorescently labeled streptavidin. 11211 As is d herein, the term

"biological samplEUHCFRENERHNG in 5ds ob st crging gty declidrs, SR IRagotic
cells, 2n cells, >2ydoitslasidelhe kildp anddinto gictilyiasetecd . amboleditbo &, AMBed rabd b
like) isolated from asuﬂ'}ectt as well astr' sues, ¢ I_§n e la:%ﬂ%%ﬂ l_Eicc_: cglllaf,) ng )—,c\)l/rg}%ﬂ :EXH:?
cells, 2n cells, >21£11E|'ce]s%%ddj’twg]ﬁke}]%nc tT)o[‘(irily uids fe.q., urlngwhofe Iood, es and
the like) present mhithinglysislsject. iTiat-isandelsctiontereltisihof thé-mvientdpricdeniedaused to
detect marker pq{)’ﬂ%ﬂﬁhﬁ%&f&?&ﬁb, carbohydratg. lipid qligosaechagde JmBRlaa MictpRii,

gcnomic DNA Hilld the [ike in a biological sample n vitro as well as in vivo, in one )
embodiment, thebiBrskikanssiprreodami phingide bR Afits GfiBpcaproic acid,
oligosaccharides i iigiasheuliscyAeraaivaliveibedbiaingical sampleican aiaimmNA

molecules from the test subject and/orgenomic DI\LA olecuées from 37 ]
enz0IG acid, |-aminpoydiopentanecarboxylic acld, l-aminceyelopropanccarboxylic

acid, and 2-benzyl-S-aminopentanoic acid.

[94]  As used hercin, ihe term “peptide” includes compownds thal consist of two or more

amino acidg thal are linked by moeans of a peptide bond. Peptides may have a



the test subject. In one embodiment biological sample is a serum sample, saliva sample or a
biopsy sample isolated by conventional means from a subject. 11221 311 another
embodiment, the methods further involve obtaining a control biological sample from a control
subject (e.g., non-phagocytic cell or 2n cell), contacting the control sample (e.g.,
non-phagocytic cell or 2n cell) with a compound or agent capable of detecting marker

polypcptide, protein lipid, oligesaccharide, iInRNA, micieRNA, genoini and the.like is
detected in the befH@%f ) E“gj’ﬁqc@fﬁbé i gﬂtﬁ%‘l Pa%e ‘&"gﬁd?'h?aﬁﬁ@ﬁgg%%p%’éf’b%ﬁ &in
lipid, oligosacchatjae) thiRbiA, Grdomin Tk dthtbheilikbdoscameisdmplizsuithghehregenice
of marker polypepti rotein lipid. oligosaccharide, rri tni . ke in the
test sample (e.g.,E)?J gggé%' |(1:1E}:Ee%oodrm>$égﬁq§§"l Isq.l%t!ﬁrr{5 a&%@%’%{’ﬁ%%g%g{eg RI(E:‘@{)O'%}1 ﬁrﬁgrllg;%ﬁlr&ﬁép &
polypeptide, proteihaipienaivjog it H0enammRNA, HeheraiBoNE R e MReDRiltHe peide and
sample (e.g., phageeyisigelpipateRIhspnRecompareth with infpiadiaagga database or
on a chart to result in detection or diagnosis. 11231 The invention also encompasses kits for
detecting tig presence,pf o0, ofmpre, Malioers asspialedwith canser andiar anJisetiua
agent in a Biological samp?e. or examplg,t e kit can comprise a labeled compound or agent
capable of detectitrgnsatken Fobapshtieinoristivied lpis toidospenitsrtadmiRipsc s crgg v
genomic DNA ang, the.lile inaRiglgical RmBIE « BepamRs determining the amount of

marker in the sample; and means for comparing the amount of marker in the sample with a

standard (e,9., a pon-ph agacytic cell or.a 211 cell). The compound or.agent can be packaged

ina suitabfggéont"gﬁ'n'é%drwgci]& ct:!écn(i?ﬂ’ﬁhtle'ﬁ’ @orﬁﬁzﬁéae&?ns t'}ﬁ'c iSns Ei?“Jg}ﬁg%céi Kit¥o Setec s

marker peptide owhigbleic aricerilp 4inhhipethaines drivsiempaihlso dinigidssiypoghostiopgsays

are provided. The, diagnaricmEMIERS AR GIRRANGERID SARIED TR WilRERdRHColy
[

subjects having a‘condition or devéloping a disease and/or disorder assoma_ted with
cancer and/or arthsfeetibmstedintasy aridinardiablyer thesehidenh el lidb anddiediks. As

upregulMed (or dewniRaMAlRE ) SHOFRRRIABAhAIGAr RaR f thamarkars danchiReshherain.
For example, the assays described he[?in, such as the pr _cedin%%i%%rilostic assays or the
|

following assays €4 BERHZEG IR AR SBAROEAIRY B a el AV ST HO
disease and/or diselgtky asseciaiad witsdancesansiarsaminfeotinusagienicesitiamesaid thore
other disorders dgscribed herein. 11251 The prognostic assays described herein can be used
to determine whethér a subject can be administered an agent (e.g., an agonist, antagonist,
peptidomiinctic, protein, peptide, nucleic acid, small molecule, or other drg?%candidate to treat

a disease Hd/orMissraBw e nribed RthdSHrLE A Brarrit et itRiS MG e, B RO BHE P
more other disorggmefessidbeshheraiidingsarciatafiih seorinonaef thesnaniaikdesatiped

herein. For example, such methods can be,used to determi ether a subject can.be
eitoctivel ool NIRRT CHIG PASHE, SIMEHang B GBI e Bt
associated with cameer s#&fpis) tfrempresest ingrdiomprovidesingetho dsdopoetesmmipingwith a
whether a sublect g RucSRlEli IRt WA AN AgeBh (LA AP ASRARKOL dBRACRNA,
associated with cancer and/or an“infectious agent, and/or one or more other disorders
described hereinpra®en rherpitidto e otlid aioydntibr Eahie be used to detect genetic
alterations in a marker gene, thereby determining if a subject with the altered gene is at risk
for developiay a Diseasen anelkldisasdticassodiatad withseancderndiae an infectionis:agent.,
and/or one orm ther disorders described. herein characterized by, mi latjon | narker
arotein actvity ob N Atel S BB S AR HEtaet B AT e
methods include detelstirgirasaiblies ok célis (Bog. ooty finidiellsameuas oo sty of
from the SUbleCt'rPJ?\mB{%?'ﬁ{?&@r@érﬂﬁﬁ‘?H?ﬁn‘&ﬁﬁlﬂﬁﬁ%ﬂﬁ AErRUOR, RhAIAGIE 200 RBhniques
n

alteration affecti e integrity of a gené encoding a marker péeptide and/or a malicer gene.
ror example, sucktyERSEHORET i OAY Re iR erstedteviBy deck itivifig thae dryemiandistodss!
one of 1) a deletigg.ghene gnLeare nuglaaides&eM ONRLYE MOTEDISHKS! Jen@sisghan adisiijon
of one or more nucleotides to,one or more marker genes; 3);\ sybstitution of one Qrmore
nucleotides of orf& B ARBFEHREFKEP B L S LIS B E Hal e A ANt eMERt oI 0 & BF b

earrangement of one or more
genomic DNA include Southern hybridizations. Furthenmore, & vive techniques for



39 inappropriate post-translational modification of one or more marker proicins. As described
herein, there are a large number of assays known iii the art which can be used for detecting
alterations in one or mare marker genes. 11271 I) certain embodiments, detection of the
alteration involves the use of a probe/primer in a polyinerasc chain reaction (PCR) (sec, e.g.,
U.S. Patent Nos, 4,683,195, 4,683,202 and 5,854,033), such as real-time Pat, COLD-PCR,
anchor PCR, recyrsive PCR or RACE PR, or, alternatively, in a ligation chain reaction R)
(see 0.0, Landet B Bl ol Fofe) b e OO e e e ] S PO} DR
Eng. 5:827; and Nakducinvg otk (UBR4) PlobsinlitnAbad) SctctdSA8B36HY, thbyaedaf Firich

can be paftic“'?“léf«ﬁjﬁﬁf&"éﬂ!ﬂﬁfﬁ&%ﬂgancﬂ@tlmé&@ﬂ%ﬁ D AdMALkEE GENSCSERAPAYANRShLA
(1995) herucleic Acids Rey. 23:675

S R ! . This method can include the s:E;Ps of collecting a sample
of cells from a sUBREECHBAEMYSHEIBIBRSIETEQLYgEHSHTR RN BT from the cells of
the sample, contacting the nucleic acid sample with one or more primers which specifically
hybridize t8] mavikehgsferumder.ognidiibnensine irthdtbipridizatigrieand ampiifivctho mo{ Hae,
marker gene (I RigoeRbh 29 4P ADgiecling e pesenas 412paRneaal AR RPIlicawar)

pioduct, or detectiing the Size of the amplification pfoduct and comparing the length to a

control sample. IEigidhtidifdted thahPlorRrhnd /0P ORIy Hecdegirdblets domagthal. (2001
preliminary amplificationsteR AR, RRIUNHoR Yoy, a5 Ahthe E@.Cfqusﬂifiegﬁm Aetestingo),
mutations described herein. 11281 Alternative amplification methods include: self sustained
sequence replicatiBiFTRSERAEN BEUPd @obBY Sroe Wl 'ACH S I tig g g payosical sample
transcriptional amiptificatiap syistmoidcwabieial., (2989 )Rrect)Nadnibonc: SEOMSA 361:LED),
Q-Beta Replicas (Lizard] et al, ).Rio-Technology 6:1197). or any other.nucleic aci
ampiication mel OOy Tt -t v s, S R S
well known to thddérofXkitmatthachrecTinath dotectivntdvhamie uiiespadiaiytinefeitfor thie
detection of nuclgifAtildnalECLlgSbSUCNITIOIGRMIES AR RISREALINAMIAYANEINGSS- 29)
In an alternative embodiment, mutations in one or more marker genes froma sample cell can
be identified by ApEraKEriEy Fealablors HrRa SR Mg M HHIBFALOTGIEXAfBIE ceathsriand
control DNA is isglaigtloapitgnaliyramplifiethotigRRiRdraih Riemds of dorkmieattistiainnaring

d I ,and f t length si lglermined b | electroph ' d
compared. DT RREL AR RN USe bEn oAl cAl B s SRS i

mutations in the sandpté. DNA. Moreover, the use of sequence specific ribozymes (see, for
example, U.S. Pat. No. 5,498,531) can be used to score for the presence of specific mutations

by developpognt ar geﬁaﬂf;ﬁiri%wm&@me%ﬁ@%% Qs@?@_%ﬁﬁ&@%ﬁ'ﬁﬁﬂlﬁa@%@%le
erein can pe iaentirl

mutations in one or more of the markers describe ed by hybridizinl% a
sample and contPbITHRIH HErRe S BRACCRHERA T RYh E8nF I 298 8ot diNAg BNA,
hundreds or thoysawils phighgpidicleatidesdaneptpiGiahincelilal) (hi Wpdbimanddyl upptignife
244; Rozal et al. (4 986) Naure, Medieine £:153), Far oample, enalc mulatons. o & matler
nucleic acid can fie Identea i two dimensiona arrays conltalnlng |d1nr?-genera ed B

probes as descrithes for@mningnhpiexethal con frard o, adirst dwbirtcizatibn wadipoiproles
can be used to span. QAN long JERiches AfRNAD & le and control to identify base
changes between the sequences by making linear arrays ot sequential overlapping probes.
This step aéﬁws the identification o‘f#goié]t mutaﬁions. This step is followed rbxra second B
hybridization drr&y tHAPERSW i HAPACIR (FRAMIBR SHEhaBifETRL IR By USinG ShRHNE, e
specialized probsatray sicprpieondmtaryotat gihvselamipet, nmisaticirsrabtecteds Bactirateitatidn
array is composed,glparallel Atahe sEisnens somplemenian.lodieihiee sanc.aad s
other complementary to the mutant géne. T3 IR yet another embo |r+1ent, any of a variety
of sequencing regstients Kicwn fntledinridad Bt satctbodire ctipalsdiemcesainsakikehigbieland

detect mmations,RY;¢QMRAHRIHIEREUEREE LA RAAMIG MAREIRRR WithiBRicd onto &
corresponding wild-type (control) sequence, Examples of sequencing reactions include thgse

based on techniGHREEHSUIBEL A IR fSBRh and GRVEREH FEPRIIBIEN: Nif FRessf Shpatianis
74:560) or Sangasdihey 1) Rigeh MarbreadaSed. 4Sréd RASIMiE ishalsasaaniemapiaiatbial

sulyect can be allowed to react as an unanchored component of the assay.



41 (1996) Adv. Chromatogr. 3(i:127-162; and Griffin et al. (3993) App!. lllochenr. Biorechnol.
30:147). 11321 Other methods for detecting mutations in a malier gene include methods in
which protection from cleavage agents is used to Qﬂetect mismatched bases in RNA/RNA or
RNA/DNA heteroduplexes (Myers et at. (1985) Science 230:1242). In general, the art
technique of "mismatch cleavage" starts by providing hcieroduplexes formed by hybridizing

or DA o ATAbe 1EFR A CBAE SSRGSl AT A AT

agent which cleaTésssingladirartiodt rﬁgiﬂﬂ&mfuﬁm&duptamﬁmh:ﬂ&w_lhﬁchmdh enci soehund tozed
base pair m'smaﬁfﬁ'ﬂ&@%%%rﬁ@gﬁ&? &PQ&EH[I;%%I/ K R Sirands, %@&Iﬂfiﬁ@&%ﬁb‘é&?ﬁpﬁmm

duplexes can be treated wi ase and NA hybrids treated with Si nucleaseto
enzymatically digeastipfyrtsparaisinitchieti o ical-xdsorarsapsaomide rdne IGRRIONEA ORI AR

RNA/DNA duplexgs gande, tiestaciniéh RUJmoxda e Rb RS M idietr oxideranshwidBilizcd in
piperidine in order to digest mismatched regions, After digestion of the mismatched regions,
the resulting mat&faMETReRf sUFRIATAY BP0 ot aerihediite p@&?ﬁ‘&ﬁzy@ﬁlgiﬁﬂﬁels t vertan
determine the siteypfatintatinnHBesy farexaihplenGbitondeiaby(koBdpfitas . dialbeArapar&btn
USA 85:4397; Saﬁeat?‘%cet“%l. l%g 2) Methods. &Izmir)). 217:286. In one embodiment, the
central DNA or RNA'Can be Tabéled for detection. 11331 In still another embodiment, the
mismatch cleavage reaction employs one or more proteins that recognize mismatched bas
pairs in ol st R ta%'lem|%%mﬂ%%mw@we’f%ﬁ@h'zm)l USRS Stns
for detecting anddJajapRiRg i iutatiensonpRIw: @D dbiatadd faprobiriienef Calldl
For example, the, mutY enzpyme of E. coil cl _a\ée Ata&tr C/At rﬁillsnrp ttcﬂheia%nd the tb{)émic“n% 0
DNA glycosylasel‘ff'%‘ﬁ{] HUERE RS BRI Bt it i natenes thel &5 ﬂfﬂ%ﬁj}) » yiot.
Carenrogenesis 16t$85Fyichccorgliog toalyedikgnmplaisembodimeises prebeabased onodificd
marker sequencewﬁigwgs‘%%ﬂpﬁamﬂ{&e%mﬂg%g,ﬂﬁ iidized to a cDNA or other DNA
product from a lest cell(s). The dtiplex Is treated with a DNA mismatch repair enzyme, and the
cleavage products, if any, can be detected from elcctrophoresis protocgols or the like, See, for
cxamplb, DGHIpA AN, §AS088. 13 S indPEHoBUIHEN, ARRIRITGRS e nor
electrophorctic mobildyilidbdoeampehtatidantiidedutatidns iidakesgenes. Fotdxahplescomyle
strand conformation. polymarphi SCP) may b d.to &Wei differen in
elecirophorctic m((:)?bl ﬁ'g%%%%bgﬁ&r@ﬁ%héﬁg wi d?)%ééﬁr(?ﬁclﬁei‘if:%gng%gt ﬁ%ﬁ%ﬁ%ﬁ“{’lﬁ%’g %ﬁgq
Natl. Acad. Sc!. UBA BaTe6:ds@aalby Gt ) 1003 )cmutisioiReuclpBBLERE cantp krgidemmed
(1992) Genet. Angh TRph:ARRIATBk SN altansiss PAA frapieninalspElaanssaneo

marker nucleic acids will be denatured and allowed to Denature. The secondary structure of
singles1randed rigeiEk e aecharrds adibraliforirsettiehrcacapraIibhiodif Lemdhib e fmethods
electrophoretic mmpiiydaiRebies the detection of even a single base change. The DNA
fragments may be labeled or detected with labeled probes. The sensitivity of the assay may
be enhancgdyy HoigENALAHERNARBYAIG WP e SERORCRY SKLCEHIRIDIE sy
sensitive tO a change In sequenice. In ‘one embodiment, the'subject method utilizes
heteroduplex an&ifSRPtE Se sarabe dbshid Sfathaammneierofuslekinoresuieadertné thasis oy
changes in electigphergfiscmobiitidieen, ofalk (LA240E ends GeRetsd MNeda3RAdIRURY are
another embodiment the movement of mutant or wild-type fragments in polyacrylamide gels
containing a gradtéHeedEHaeRs Ak cddedbe 8lising denaturing gradient gel electrophoresis
(DOGE) (Myers et al. (1985) Nature 313:495). When DOGE is used as the method of
analysis, DNWwill Beatsodifisthiotingirs thalcicelonerhanvohipleriycy doarativnfoidnahiprehpy
adding a GC claggaf AR Un A0 SPRLBIALRIHEg Ghaliel DNAREP IR o itber

embodiment, a temperature gradient is used in place of a denaturing gradient to identi
differences in thé%'c%ﬁiﬂtij‘ﬁﬁ%‘S’t‘ﬁfmca‘?fcﬂé‘&mfﬂ@‘wcﬁﬁbé'@ﬁﬁcébFﬁeéng@”iif‘éi%@ﬁ@’ HagPytent
Biophys. Chem. RG5: 523 3)0 P4, Sasropleofishaihiachitales dor fieteaiv@doitecule i
mutations include;,lbut éll’e ot limited to,.s.g?leptive_t Ii%onéjelteﬁtrildle ?ybridizati{onwggé'e%t%a e
amplification or SEISEH e‘“'ﬁ? gffte%’gﬁs%h', tﬁlgpe'"y(hr’lnp (—:-1, %rhgé‘hhe Yol ok s aikaTeh ma)‘/: » T
cmilied fluorescent energy will be absorbed by a {luorescent label on a second



43 number of different mutations when the oligonucicotides are attached to the hybridizing
membrane and hybridized with labeled target DNA. 11371 Alternatively, allele specific
amplification iochnology which depends on selectji\lle Pelt amplification may be used in
conjunction with the instant invention. Oligonticledtides used as primers for specific
amplification may carry the mutation of interest in the center of the molecule (so that
amplification depends on,diff?re tial gﬁaridizatio%égibbs 1gzt al. (1989) Nulc[. Acid F%es. .
37:2437) or at the*S5aPHh ™ Eftto 51 gHnEP € MRy ESrERTiAe KorRited coersy-
mismatch can preéuentaedyv.ediaCegroly merage iaxtenscomiP rdsphentilioo ) chubrecloi 1 11@38)cmh
addition it may be desirable tq i uce a no stricti ta| reg f the imitation.to
create eleavagc- ’5";&55 %ﬂ% ggﬂ%] %%s%?e{%ﬁl e%%l% 1%%%?%%% @‘gﬁﬁ%ﬁégﬂ%@ ﬁ‘%?l% gﬁ |ciE§{ed

that in certain enisbéimshtanibificesorern aypeesd colahsd marmka BEgragdidase foit of the
amplification (Barggy,fL9%%)Brme. dNati-nerds SalrkiSA8a188nlRSUER tasesidigalien Wil

occur only if thereis a perfec_t match at the 3' 1er]dr of ther51 seguence making it possible to
detect the preserEHaF S IRBHIR M AL S5 SRUHIE EiL PR IORKRIG Y prelanics g be
absence of amplificaties. 11384 Mus:tpeinndeistopadingt eiembasimantscofiiheqiesettic

invention which haue beeh describe &e-m%ﬁ%jﬁéyaﬁi% a%fc??”t‘ﬁc%fs%‘ge %Bﬁ!?@éi%ia%ﬁ’ d&he
principles of the present invention. Numerous'modifications may be ma by those skille n
the arc based updn &l dishinggerprt senfeddaaremonith otdadeind riivietrb arbod Rusimesin

scope of the invegtion; Fhe.eantenis,hall Felf sRAes: RRIRRIS Mk AVRNished patent

applications cited throughout this applicaiion are heréby incorporated by reference in their
entirety for, gﬂ% urposes. 11331 The folﬁ&owin examé)é ate,set forth as being representative
of the preddht i BT EEe LR B TP ROTT bUr: AR EE TR TRE o b TP e
invention as thesemibd athenpiihiuhle ibermbdding migoilhiseyappapentrin (piehe ofrtheures dnt
isclosure, figurg -1I§J&g%%%_9f;n§§%¥'@&ﬁ' Ims1- i ML R REBRI RN AR Med o,
the Separation o agoeytie Cells from Non-
¢.g., Sjolander, S. and Urbaniczky, C., 199}, Anal. Chem. 63:2338 2345 and Szabo et
al., 1995, Cuer. Opin. Struct. Biof. 5:699 705).  As used herein, “BIA™ or “surface
plasmon resonance” is a technology for studying biospecilic indcractions in real time,
without labeling any of the interactants (c.g., BlAcere), Changes m the mass at the
binding surface (indicative of & binding event) vesull in alicrations of the refraclive
index of light ncar the surface {the optical phenomenan ol surface plasmon resonance

{SPRY), resulling in a deteciable signal which can be used as an indication of real-time

reactions between biolopical molscules.

(108} Altcrmatively, in another emboediment, analogous diagnostic and prognostic assays can
be conducted with marker and probe as solutes ik 2 liguid phase. In such an assay, the
complexed marker and probe are separated from uncomplexed components by any of
a number of standard techmiques, including bul not lumiled to:  differeidial
centrifugation, chromatography, clectrophoresis and  immunoprecipitation,  In
differential contrifupation, marker/probe  complexes may be  scparated  from
uncomplexed assay components through a series of centrifugal steps, due to the
different sedimentation equilibria of complexes based on their different sizes and
densilics (sce, for example, Rivas and Miston {1993) Trendy Bivchem. Sci. 18:284),

Standard chromatographic icchniques may also be utilized to separate complexed



Phagoeytie Cells and the Analysis of Expression Profiles 11401 |. With reference to Figures 2
and 3, coat plates with avidin. 11411 2. Add biotinylatod antibody to non-phagocytic blood cell
(e.g., | cells) to the wells, incubate for 30 inin at It; wash wells. 11421 3, Add magnetic beads.
1143) 4. Add WBC Wood sample. 11441 5. Incubate at 37 't (30 minutes - 1 hour), 1145] 6.
Following phagocylosis of beads by phagocytic cells and binding of avidin-biotinantibody to

non-phagocytic cell plate on to agnet and wash (the oevytic cells that
internalized the mag%(’p %’h%a s'and 1t]llll’:le"Jr{f%%1 p%agoqeyflec%%ﬁgqgoﬁggﬁt% et}é"éngtgb Ha Vi Iak
all other cells W|Ilhbmwashml@m]ay)bt[&%ﬂn%iﬁzemdv@ma@n@bandwdimnbhagoﬂmeIgﬂf

(1471 8, Isolate BNA sﬂ%enmfa@r&ﬁ%@gfus:%uﬁmﬁunﬁté%%m%gﬂﬁ-?&epﬁa%ﬁ%ﬁ@ be

non-phagocytic cells ( qa those cells attached to the bottom of the wélls via t
antinen-phagocy#ePaEcsinipmn e LirtBGH) -SORIE DM I afer BRI RN (sEo

differentiate gen%mwa&lam(@:ge NRale,gans Ry oy man K PpRERI GGt Yehphalipgaaylic
and non-phagoe c ceII 11481 9. Isolate DNA from each cellgt.@gﬁgle and identi

tumor-DNA sign %’&%8 e SRR RS BE 0B feloa HHDN }Bhﬁﬁ‘g@y?ésf‘“m
compare the profilssrigi»edholenpenatarrfiys cDdiplnutatiors trdigilBNids oiftameckihanpe

phagocytic and “%lBHﬁ%%%Xﬁ'i%y%%ﬂﬁ?s Such resing and chromatographic technigques are well known
io one skilled in the ant (sce, c.o., Plocgaard (1998) /. Mol Recognit. 11:141; Hage
and Tweed (1997) .4, Chromatogr. B, Biomed. Sei. Appl. 12:499). Gel clectrophoresis
may also be employed ta separate complexed assay components {rom wunbound
components (sce, e.g., Ausubel ct al., ed., Cuwrrent Protocels in Molecilar Biofogy,
John Wilcy & Sons, Now York, 1987 1999). In this tcchnigue, protein or nucleic acid
complexes are separaled based on size ar charge, for example, o order to maintain
{he binding intoraction during the oleetrophoretic process, non-denaluring pel mairix
malerials and conditions in the absence of reducing agend are typicelly preferred.
Appropriste conditions to the particular assay and components thereof will be well

known fo one skilled in the arl.

[109] In certsin exemplary embodiments, the level of mRNA corresponding 1o the macker
can be determined either by & sine andfor by in vitre lormats 1 a biological sample
using molhods known in the al. Many cxpression detection methods use isolated
RNA. For in vitre methods, any RNA isolation technique that does nol select apainst
{he isolation of mRNA can be ulilized for the purification of RNA from blood cells
(sce, e.g., Ausubel et al, ed., Current Protocols in Molecular Biology, John Wikey &
Sons, New York 1987 1999}, Addittonally, large numbers of cells annd/or samples can
readily be processed using techniques well known 1o those of skill in the ant, such as,
for example, the single-step RNA isolation process of Chomezynski (1989, U.S.
Patent No. 4,843,155},

{110 isolatcd mRNA can be used in hybridization or amplification assays that include, but
are not limiled o, Southern or Norihern analyses, polymerase chain resction analyses

and probe arrays.  In cerfain exemplary embodiments, @ disgnosiic method for the



1149] 10. Isolate protein from each cell sample, run Western blots using antibodies to known
pmteins overoxpressed by human tumors (e.g., PSA and PSMA in prostate cancer; CFA in
colon cancer; and CA 125 in ovarian cancer), and, compare the profiles 45 obtained in
phagocytic and nnn-phagocytic cells.Alien | atively, use mass spectroscopy to identify Ihe
11501 Il. Isolate lipids from each cell sample and compare quantity and quality, for example

using HPLC. EXAMPLE 2 Re ntagive !\/I thod 11 for the Se % oe |e CeIJ
from Non- Phagoey%ze“e]eﬂgaﬁé‘?’%ﬁc%n"aﬁv’s‘?s of i‘ﬁ?‘%rs'" ReT m ﬁqﬁ%’fﬁyre eFé‘hce
to Figures 2 and Biclyset REG ) bloodsmadndiedize 1o ihe mR'\P. cncadcd by the gene being

detected.  The nucleic acid probe can be, for cxample, a full-length cDNA, or 4
portion thoreof, such a3 an oliponucleotide of a1 least 7, 15, 30, 50, 100, 250 ar 500
nucleotides i length and sufficient to specifically hybridize under strinpent
conditions to an mRNA or genomic DNA encoding a marker of the present invention.
Other suitable probes for use in the diagnostic assays of the invention are describad
herein.  I3ybridization of an mRNA wilth the probe indicates that the marker in

queslion is boing exprossed.

{111] In one formal, the mRNA is immobilized on o solid surface and contacted with a
prabe, for example by wunning the isolated mRNA on an agargse gelb and transfarring
the mRNA from lhe gel to a membrane, such as nitrocellulose. In an alternalive
format, the probe(s) are immobilized o & solid surlace and the mRNA is contacled
with the prabeds), for cxample, in & gene chip array. A skilled artisan cun readily
adapl known mBNA detection mefhods for use i detocling the lovel of mENA

encoded by the markers of the presenl invention.

IEE2]  An altermative method for determining the lovel of mRNA corresponding to a marker
of the present invention i a sample involves the process of nucleic acid amplification,
.., by ttPCR {the experimental embodiment set forth in U.S. Palent Nos, 4,683,195
and 4,683,202), COLD-PCR (L et al. (2008) Nar. Med. 14:579), Hgase chain reaction
(Barany, 1991, Proc. Nad. Acad. Sci US4, BB:189), scif sustained scquence
replication {Guatelli o al., 19490, Froc. Natl, Acad. Sci. U554 811874), transeriptional
amplification sysicm {Kwoh of al. {1989) Proc. Nedl, Acad. X¥oi. /54 8361173, (-
Beta Rep!icase (Lizardi ot al. {1988) Hiofechnology 6:1197), volling circle
replication {U.S. Patent No. 5,854,033) or any other nucleic acid amplification
method, followed by the detection of the amplified molecules using techniques well
kniown to those of skill in the art. These detection schemes are cspecially useful for
the detection of mucleic acid molecules if such molecules are prosent in very low
numbers, As used horciy, amplification primers arg defined as being a pair of nucleic
acid molecules thal can anuneal to 5' or 3' regions of a gene (plus and minus strands,

respectively, or vice-verse) and contsin a short region in between,  In gencral,



11521 2. Cytospin WBC on glass slides. 11531 3. Fix cells in acetonehnethanol (-20 C for 5
minutes). [1541 4. Stain with hernatoxylin and eosin stain and anti-T cell antibody. 11551 5.
Isolate T cells (hon-phagocytic) and macrophage§4(phagocytic) using laser capture
microscopy (LCM). 11561 6. Isolate RNA from pliagoeytie cells and of non-pliagoeytic cells,
prepare cDNA, elINA and use to differentiate genetic profiles (e.g., whole gene arrays and/or

cancer gene arrayg),ofphadoeytic and pon-ehagagvieelis, LISl £ fsolate A Iom. gagh
cell sample, run arrays,‘and compare the profiles’(e.g., whole gene‘arrays,
mutations and/orf8NPsoubiHirte 2 palgotides amdenath-p hbgoc yisreptisic1aBgilignd seid e ith

protein from each cell SAMRIE, fH V%ﬁ,ﬁ%mﬂa&@ HeinehanHPRAIEsiN KR WILRIOtRI RS otccnte

overexpressed by human tumors (€. A and PSMA in prostate cancer; CEA in colon
cancer; and CAIZSWPHyaEdhecaskadasaeairpiralehEs bt adatined in phagocytie and
non-phagoeytie cells. Alternatively, use mass spectroscopy to identify the proteins. 46
EXAMPLE|IBI3| ior & sire methods, mRNA does not nead to be isolated from the sample {e.g., a

bodily fluid {c.g., blood cells)) prior 1o detection.  In such methods, 2 cel or tissue
sample is preparcd/proccssed using known hislological methads. The ssmple is then
mamobilized on a support, typically a glass slide, and then contacied with & probe that

cin hybridize to mRMNA thal encodes the marker.

1114} As an allernaiive to making determinations based on the absolate expression fevel of
the marker, determinations may be based on the normalized expression level of the
marker. Expression levels are nomnalized by correcting the absolute expression level
of a marker by comparing its expression to the expression of a gene that is ool
market, .., 4 housckeeping gene that is conslitutively cxpressed. Suitable genes for
normalization include housckecping genes such as the actin pene, or epithelial cell-
spocific genes, This normalization allows the comparisan of the expression level in a
patieni sample from one soeurce lo a paticnt sample from another source, cg., fo
compare a phagocytic blood cell from an individual to & non-phagocytic blood cell

from the individual.

[115] 1n another excraplary cmbodimeni, # prolein or pelypeptide corrcsponding o a
marker s detected.  In cerlsin exemplary embodiments, an agent for deiecling &
polypertide of the invendion is an anlibody capable of binding to a pelypeptide
comresponding to a marker of the invention, such os an aniibody with a defectabie
fabel.  Antibodics can be potyclonal, or mare preferably, monoclenal, An intact
antibody, or a frapment thereof (.., Fab or F(ab:) can be used. The term “lsbeled,”
with respect to the probe or antibody, is intended to encompass direct labeling of the
probe or anfibody by coupling {i.c., physically linking) a detectable substance to the
probe or antibody, as wel as indirect labeling of ihe probe or antibody by reactivily
with another reegent that is directly labeled. Examples of indireet {abeling incltude

detection of a primary antibody using & fluorescently labeled secondary antibody and



Representative Method Il for the Separation of Phagocytie Cells from NOB- Phagocytic Cells
and the Analysis of Expression Profiles 11601 1. With reference to Figures 2 and 3, lyse RBC
from a blood sample. [161] 2. Use magnetic antibQdy-conjugated beads to isolate
non-phagocyticP1' cells) and phagocytic cells (e.g"j'f neutrophils and/or macrophages and/or
monocyles) from whole blood. 1162] 3, Isolate RNA from each cell sample, prepare cDNA,

clINA and use to differentiate genetic profiles (e.g., cancer gene array) of I;%go lie and
non-pliagocric ceﬁgg%l% B84 Hsat %Nﬂrﬂg'n‘ﬁélﬁh%:‘gflnsém Ie[,'i’brﬁDN' a g},/"é(r‘fa witlh
compare the profilesreqtaitie ¢ iniphsiggeytidiand non-pliagocytic cells. 11641 5. isolate protein
from each cell sample, mu Western blots using antibodies to known proteins overexpressed

by human jygpran&ehich Y aithESMA RRERSIBIR LA CRIGTRA IHIRAIRP FaRARNC RGN, 2P
in ovarian cancer), and compare the profiles gbtained in phagocyt efand npn-[l)h ggcnppells.
Alternatively, usei4a8 %EEWS&%&%F&IU@HEN‘&J&W 80 T%%Jﬁ BITSGIARE Hﬁ"rd a8t 8ch

cell sample and donirarengungiity:aimtheumbitgafo (Eampdisisingktkisy: EXAY Pivesdm blot
analysis, cnzyme linked immunoabsorbant assay (ELISA)Y and the Lke. A skilled
srtisan can readily adapt known protcin/antibody detection methads for use in
determining whether cctis (c.g.. Ledily fluid cefls such sy bleod cells) express a

marker of the present invention,

[117] 1n anc format, antibodies, or unttbody fragments, cun be used in methods such as
Weslern blots or immunofluorescence techniques to detect the expressed prodeing. In
such uses, 1t is eoncrally preferabic to immaebilize cither the antibody or proteing on a
sotid supporl. Suitable solid phase supports or carricrs include any support capable of
binding an antipen or an antibody. Well known supports or carriers include plass,
polystyrene, polypropylene, polvethylene, dextran, nylon, amylases, natural and

maodified celluloses, polyacrylurnides, gabbros, magnetiie and the like.

[118] One skilled in the art will know many other soitable carciers {or binding antibody or
antigen, and will be able 10 adapl such support for usc with the present invention. For
example, protein ivolated from cells (e.g., bodily flutd cells such as blood cclls) can be
run on & polyacrylamide gel clectrophoresis and immobihzed onfo a solid phase
suppott such as nitroceltuiose. The suppori ean then be washed with suitable buffers
followed by treatment with the detectably labeled antihody. The solid phase support
can then be washed with the bufier & sccand time to remove unbound antibody, The
amount of bound label on the solid support can then be deieeted by conventional

WSS,

[£19] In cerlain exemplary embodiments, diegnostic assays are provided. An cxemplary
method for detecting the presence or absehce of a bodily condilien, a discase and/for
disorder mssocisted with cancer, an infectious agent, and/or anciher discase in a
biological samplc invelves cbtaining & biclogical sample from a fest subject and

contacling the biological sample with & compound or an agent capable of detecling



Representative Method IV for the Separation of ‘Magary& Cells from Non- Phagneytic Cells
and the Analysis of Expression Profiles 11661 1. With reference to Figures 2 and 3, stain
WBC with fluorescent antibodies specific against g particular cell subpopulation (e.g.,
neutrophils, macrophages, monocytes, cells and the like). 11671 2. Sort the cells (e.g., by
FACS). 47 [1691 4. Isolate DNA from each cell sample, run DNA mays, and compare the

profiles obtained incpha oc%/tiq. a|nd non- hapoc(ytic cells. UN 5. hf?lm robe'ln frorp each cell
ftm nB are of the wmuokers of & discase andior disoraer associa 08 Wl p] CRENCOr, &
sample, run Western blots using antibodies to Known proteins overcxpressed by human

tumors (e.g., PSAn&et RS Manin prdstatectancbseGE Arincodioncancemake GWeleRSaindoimgian
cancer), and co esthe.profi aj ' ie lj ] i
liernatively, use mf?&é’mgﬁgﬁ%%ﬁ% i}ggl r%t%f@‘{%?g %Sr)g%:e%n s&?? %@Hggli%gtge%ﬁi% g g Iﬁ?gir%c(‘agg r’ft

cell sample and CORPEFLY eyl srerleifticiforushdhapBeuarignree R sl gesicid or

marker peptide encoded by the nuckeic acid is detecied in the biological sample. In
ome embodiment, an agent for detecting marker mRENA or genomic DNA 15 g labeled
rucleic acid probe capable of hybridizing to marker mRNA or genomic DNA, The
nucleic acid probe can be, for example, a full-length marker nucleic scid or a portion
therent.  Other suilable probes for use in the diagnostic assays of the inverlion are

described hercin,

{120) An agent for detecting marker peptide can be an antibody capable of binding o a
marker peptide, such as an antibody with a deicciable label.  Antibodics can be
palyctansl ar monoclonal,  An intacl anlibody, or a fragment thercof {e.g., Fab or
F{ab"z) can be used. The tenm “labeled,” with regard to the probe or antibody, is
intenided 10 encompass dircet labeling of the probe or aniibody by coupling (L.,
physically linking) a deleclable substance o the probe or anlibody, as well as mdirect
labeling of the probe ov antibody by reactivity with another reagent that is directly
{abeled. Examples of indireet labeling include detection of a primary antibody using a
finorescently labeled secondary antibody and end-labeling of & DNA probe with

biotin such that it can be detected with fluorescently labeled streptavidin,

[121] Az used herein, the term “biclogical sample” is intended fo inchede tissucs, cells {c.g.,
phagocylic cells, non-phagocytic cells, 2n cells, >2n cells and the like) and biologica)
fluids {e.g., whole blood, WICs and the like) isolated fram g subject, as well as
tissues, cells (c.g., phapocytic cells, non-phagocytic cells, 2n cells, =2n cells and the
like) and bodily fluids {¢.g., uring, whole Bood, WBCs and the like) present within a
subject. That is, the detection meoithod of the invention can be used 1o detoot marker
polypeplide, protein, carbohydrate, lipid, oligosaccharide, mBNA, microRNA,
genomic DNA and the like in a bological sumple i vitre as well as fn wve, 1n one
ginbodiment, (he biclogical semple contains protcins, polypeptides, lipids andfor
cliposaccharides from {he {est subject.  Allemnatively, the biotopical sample can

contain mRNA molecules from the test subject end/or genomic DNA molecules from



Representailve Method V for the Separation of Phagorytie Cells from Non- Phagocytic Cells
and the Analysis of Expression Profiles [172] 1. With reference to Figures 5 and 6, stain WBC
with fluorescent antibodies to each cell subpopul%gon neutrophifs, macrophages, monocytes,
and T cells), and then stain with DNA dye (e.g., propidium iodide). 11731 2.Sort the cells
(FACS) into T cells, neutrophiis (2n), neutrophils (>2n), macrophages (2n), macrophages

(>2n), monocytes, Zn%, and.mon cylesg nlg.,ll741 3. sqlat RNA from | cells, neul ophils,
et et e e e e R R
differentiate genatimpirofiled:(epgy, seanteisglanel airay) wiipbaedacsdis &od nenipltagocytic cells.
1175] 4. I1solate DNA from T coils, neutrophils (>2n), macrophages (>2n), and monocytes
(>2n). Run BMA araysirRd sesanacatheomfile P hinkie d-indpliteaciis andaenenseasitis
cells. 11761 5. isolate protein from T celglils, n@rj&mphils {;én%;\ﬂmacr pha%eséﬂr%}%, tan‘fj il
monocyies (>21 7Bt VOB e AYEIBLS VY HikinSareR R Wrﬁﬁo‘f&ih BRlr eSO PRELEE A 1Ry
human tumors (eguBSiantt RSMAnmpriagiateticanderoCEA ddidokar cancerpant OA 4@3in
ovarian cancer), and.compayre, the profiles obtgined.in pha pcytiﬁ: 2 d ] _np@ e tie ]%ggqsﬂ
Alternatively, use ?ﬂ%@é’ sﬂp?eg%%ggé" i yn}dosiigér{jt%?ﬁ%lg?bt Jfr%s{fnllfﬁg 8?%%&?3#&}/’5 from T
cells, neutrophilsigisPel} Naaosiizg 32 ondnbenibaoeyletsgsdnt denielreigelasiplingnd
quality of lipids, fRL £XaMPIGLSIBGRNG marker potypeptide, protein lipid, oligosaccharide, mRNA,
genomic DNA and (he like in control sample wilh the presence of marker polypeptide,
protein lipid, oligosaccharide, mRNA, genomic DNA and the like in the st sample
(c.g., phagocytic cell or =2 cell). Alwrnatively, the presence of marker polypeptide,
profein lipid, oliposaccharide, mRNA, genomitc DNA and the like in the test sample

{e.2., phagoeylic cell or >2n cell) can be compared with information in & database or

on a chad to result in detection or diagnosis.

[123} The invenlion also cncompasses kits for detecting the presence of onc or more
trarkers associated with cancer and/or an infectious agent in & biologicat sample. For
cxample, the kit can comprisc 4 labeled compound or agent capable of detecting
marker polypeptide, protein lipid, oliposaccharide, mRNA, microRNA, genomic
DNA and the like in & biologicat sample; means for determining the amount of marker
in the sample; and means for comparing the amouni of marker in the sample with a
standard (e.g., a non-phagocytic cell or a 2n cell). The compound or agent can be
nackapged in o suitable contaimer, The kit can further comprise instructions for using

the kit to detect marker peptide ar nucleic scid.

[[24] In certain exemplary embodiments, prognostic assays wre provided. The diagnostic
methods described herein can furthermore be ulitized to identify subjects having a
condition or at risk of developing & discase and/or disorder associaled with cancer
andfor an infectious agent, or another disorder described herein associated with
upregutated {or downreguinted) expression of one or more of the markers desenbed
herein.  Tor example, the assays described herein, such as the preceding diagnosiic

assays or the following assays, can be uiilized to identify a subject having or at risk of



EXAMPLE 6 Representative Method VI for the Separation of Pitagocytic Cells and the
Analysis of Expression Profiles 11781 1. With reference to figures 5 and 6, stain WBC with
fluorescent antibodies specific against one or morg phagocytic cells neutrophils,
macrophages, or monocytes) and then stain with DNA-binding dye (e.g., propidium iodide),
[1791 2. Sort the cells (EACS) into 2n and >2n phagocytes. [1801 3, Isolate RNA from each of

the 2n and >2n ph E%F%'g}}(j[es Pre are% NA, cRNA and use | tq!dlfferentl %ene |%\Froflles
0

(e.g., cancer gen bf ii‘f'% K op tfsl\lg'ffocy ¢ TL8T" aﬂ RGTAE BRIR 8"

each of the 2n ammlpbagwt&hcﬂmrﬁmmdaﬂa@s@mmmpare the profiles obtained
from 2n-phagocylic and >2n-pliagocytic cells. 11821 5. Isolate protein from each of the 2n and

>211 phaggeyiesriunaiRsiar F!ﬁh%%éﬁﬂﬁﬂ:@ﬂ@@ﬁiQﬁﬂ%&ﬂﬁﬂmt@rﬂﬁ&lﬁﬁiw&f@mﬁﬁﬁaﬂ)j@m
human tumors (es., NAﬁ]d PSM rostaée cancer; CEA in colon cancer, and C

ovarian cancer), S EoR BRI RE p%fﬂ%‘énb TAngl AEAR SN RSB nReEH 8”>“§mm (5"0{‘3
cells. 11831 6. Ispiptadipidsiioneachiefthecirender 2niphatiogytessiGoepargquantieasd

qualily of lipids, fgﬂcﬁxﬁﬁ“ Pc:l?dgrsﬁgg)cm}g' with' :Ea):(:,'ﬁ‘ll\/lumhgrén infectious ageni, and/or one or more
olher disorders described herein associated with one or more of the markers described
herein. For crxample, such metheds can be used to determine whetlier a subject can be
effectively trealed with an agent for (reating, amclicrating or reduging one or rmore
symploms associated with cancer, Thus, the present invention provides methods for
detcrmining whether a subject can be offectively treated with an agent for a disease
and/or disorder associated with cancer and/or an infectious agent, and/or one or more

other disorders described herein,

f126] The methods of the invention can also be used to detect genelic allcralions in & marker
gene, thereby delermining if a subjeed with the allered gene is at risk for developing a
disease andfor disorder associated with cancer andfer an infecticus agent, and/n one
or more other disarders desceribed herein characterized by misregulation in & marker
prodein activity or nucleic acid expression, such as cancer. In certain embodiments,
the methods include detecting, in o sample of cells {c.g., bodily Nluid cclls such ax
Blood cclls) from the subject, the presence or absence of a genclic alleralion
charagterized by an alteration affecting the inlegrily of a genc cncoding a marker
peptide and/or & marker gene. For example, such genctic alteralions can be detected
by ascerdaining the cxistence of al least onc of: 1) a defetion of onc or more
nucltentides from one or more matker penes; 2} an addition of ene or more nucleotides
i0 one or morc marker genes; 3) a substitution of one ar morc nucleolides of one or
more marker genes, 4) o chromosomal rearrangement of one or more marker genes; 3)
an alteration i the level of & messenger RNA franscript of one or more marker gencs;,
6) aberrant modification of one or more marker genes, such as of the methylalion
pattern of the penomic DNA; 7) the presence of a non-wild type splicing pattern of a
messenger KNA transcript of one or more marker genes; 8} a non-wild type Jevel of &

one or more marker proteins; 9) aliclic loss of one or more marker genes, and 10)



Detection of Tumor-Specific Gene Signatures in Phagocytes Obtained from Tumor-Bearing
Mice 11841 According to embodiments of the present invention, methods are provided to
differentiate between "normal non-specific noise" gand "tumor-specific" and/or
"disease-specific" signatures in blood or other bodily fluids. The gene-expression profiles of
blood monocyies/macrophages and neutrophils Own tumor-bearing mice were compared

with that of non- R tic T cells fro the fF nor mice to identify tum eC|f|c
Signattres it DS BOLEUE e SN AL Pl o o PRSP
differentially exprissetcn lngmphbgooytic defis: ﬁmmhtheaﬁamwukmwbemnlmgamwlahd:émm
non-tumor-beari P L ;11851 Athymic nude mice-
q&ﬁwmtﬁeﬁs«lm&.dt(aﬁt%t?uw%ﬁ’@%%ﬁ% GRS

5) were injected subcutaneously (s.c.) with human prostate I.Neal) cancer cells. Twenty-seven
days later or.size = -0.4 cm), the e were y cardiac punc Urn in
DA cont g A ST RGN HEVEARY O s Aok PR RS,
and neutrophils, mamr@pl}mge&camﬂahnceldsmenema(@d usigg, UespPetive \WNantidnsndes,
ticutrophil-, ma‘"&% 3352 A aPhe X iﬂ?ﬂ“@oﬁa%?{‘e}éﬁa%é%ﬁgst%}'ﬁWé‘ﬁ Ispla 1@?1 %‘E n

each cell sample (Triazor). ua’llty \Was determined ag Shown in Figure 3.

yield is shown in IPMQBF@UNA{%@ B6th st ad cermirelo RINA B e ehgireprartion FHaly,

the eRNA-B samplgs gretmmtg@teqwth(@@@ K9S PYMpEy MiproadAYs (RIS E Akay(r)
Human Cancer Pat hwayFinder Microarray - OHS-033 - Su erArmy Bioscienee). FoIIowmﬂ

hybridization, theffﬁéffﬂ fed %éit}@a%ﬂ%&m%tatnga%hﬁ’*émdw affcithe Bhoiphat
and the genes weielagieosiadhitirgnobepatitenings aerRe O dayding pdintmanaliGit i T Ga@!ﬁﬂ

Adenocareinoina Irgjbm &8 Hﬁrcﬂv!,%%r%lna%m?]%%l)l hngl%EF.;IPnN %‘?ﬁe M?J?P)Om?}&e}nctlmd can
include the sieps of collecting a sample of cells from a subjeet, isdating nueleic acid
{c.g., penomic, mRNA or both) from the cells of the sample, contacting the nucleic
acid sample with ane or more primers which specifically liybridize 1o a marker gene
undey conditions such that hybridization and amplification of the marker gene (if
preseni) occurs, and detecting the prescnee or absence of an amplification preduct, or
detecting the size of the amplification product and comparing the lengih o & conirol
sample. W s anticipated that PCR andfor LCR may be desirable to use as a
preliminary amplification step in conjunclion with any of the technigues used for

detecting mutations described herein,

[128] Alternative amplification methods include: self sustained sequence replication
(Guatelli et al, {1990) Proc. Natl Acad. Sci. USA B7:1874), transcriplional
amplification system (Kweh ot al., (1989} FProc. Nawl, Acad. Soi. US4 861733,
{)-Bela Replicase {Lizardi o al. {1988} Bio-Techaofogy 6:1197), or any other nucleic
actd amplification method, fellowed by the detection of the ampiificd molecules using
techniques well known 10 ihose of skilt in the art.  These detection schemes are
capeciatly uselul for the detection of nucleic acid molccules if such melecules are

present int very low numbers.

[129} In an altemnative embodiment, mutations in one or more marker gencs from a sample
ccll can be identified by alierations in resiriction enzyme cleavage palterns, For

cxample, sample and conlrel DNA i3 isolated, optionally amplificd, digested wilh ane



11.861 Similar experiments were carried out with cells isolated fit= athyrnic nude mice (a - 5)
injected s.c. with human L8174T colon adenocarcinoma tumors (tumor size cm), 07131 mice
(n - 5) injected S.C. with Lewis lung mouse LLC1 ¢arcinoma cells (tumor size = -0.6 cm), and
0781 mice (ii = 5) injected intravenously 22 days earlier with 106 B161:10 mouse melanoma
cells (when the tumor cells were of mouse origin, the cRNA-13 samples were hybridized with
the Oligo GEArra @ Mouse Cancer Pathwa Finde glllcroar fMM -033 - Su y
I3toscionce). RN RS A Gl HOHY SR en e ot Bt D S o TSR G 2o
LNCaP cells in culeatecphel ¢sennmertingpinid, Matrepbagesianddchliziselateddrenen sample
non-tumorbearing, GSafikANSENARRIREs ARG SANRETSIRBIELIRNS RIGHERNSIR we of

determined. [1871 According to thi . data obtained from these experiments and shown in
Figures 9-17, nedBie wfaiﬁfaehem@eéﬁ%&aﬁf@@tﬂwin%cledrn}é%tédﬂﬁ\ﬁéﬁﬁhmrbﬁ used
prostate or colonwm@mqallsmdcfg@i&mm.aw'nﬁummq;w@aaﬁ@ﬁmoémka@pm%urw@
various cancer-relai ene signatures that are also found in their respective tumor cells.
These cancer- reI&E%" &&were not expressed or were minimally expressed by (i)
non-phagocytic T cells isolated from tumor-bearing mice; and (ii) phagoeytic neutrophils and
macrophad&30bbiaiRetigrbasimantioetnetr ﬁ@l?ﬁit@wﬂimsa@ PomeRamplhcnvetreshilesdteded
from the blood ofiude mice.Reanngd NGabhumaR PEQ{%&Q%E@%@&S&H&?@F@E@%@@ Ee‘{ﬂf@l
human tumor gene Filénatures (Human Cancer Fathwa %/Flnder Microarray) that were also

expressed in LNER Réndq st hr o SPuapsRuBlgHs Lok t‘)f’ F-pigonugliqrdes
were either not expresséthaiiminixalysssprassee infarlls 'Dbmemamhbmmqr}Mrwgzmtce

or netiimphils isol fI0| gmlce se proflles in Figures. 9C an 9D imilar
AR e 0 b B

ar. Cxg chHelic NYIETIoNS 1f 17341 acid 'can
nentrophils isolated oM of Mhicebe ing Ko mouse’lung cancer calfs express

several mouse turmtiffedaisidwaidies Nt caGancenPating it et vigwatPis testweres
expressed in LLGLeaHS {GOPRAR, I%Ofl*eét%i s 1B fiavresakiAAntibaiin 1489 LA NGRS

genes were either not expressed or minimally expressed in T cells dbtained from

tumor-bearing mie® §F H&ttieRmL ﬁ&mwéd%mrﬁtﬁkmfrm&\@b% Bremteand s Trigeesy
13C and 13D). Fisially cthe a2 ays waie ﬁﬁﬁm%@deﬂtk% Im?nﬁutmm@;em@(@ea@dguaarlfleéa&mm

the software providet the compapy, and those rexpresscd selectivel )
ohagocytic cals RISHRRRE CHBtun T 5HELo08 A DB ERIUNELoD PR BIHGE the irer

signatures acqumedhﬂndf{tiiﬁgremmtyd yhiiitediby EhayghagﬂhmmwmmMiuumrebe.ﬁﬂ'ﬁ@iﬁc
mice. As ShOW”' ‘%ﬂ%gum@g‘XmﬂEP%Qﬁ[Q%%”%?él%%@.% ediny emeh%éy'%ﬁ LE2A0d 4

were detected an e ex res S|mul aneously in m crop ages an
neuirophils. 1190&@5?9& @ﬁte@tqﬁ ﬁ)wbewiﬁq@@t@d"ﬁub‘eméwﬂwﬂm&ﬂﬁbm@hﬂsqmgmc

mouse carcinomagglis el HYSENARYFAEMINGMNIGE WRES 2RFINRNASH, ABCHRIEH Rint

cardiac puncture (approximately 1 mL/mouse) into an EDTA-containing tube. Following
centrifugation at 860 ipm for 5 minutes at room temperature, the bully coat was iransferred

to a tube and washed with PBS. 51
1131} In yet ancther embodiment, any of 2 varicty of scquencing roactions knowin in the art

can be used do dircelly scquenec a macker gene and deleet mutalions by comparing the
sequence of the sample marker gene with the commesponding wild-type {conirol)
sequence,  Examples of sequencing reactions include these based on lechniques
developed by Maxam and Gilbert ({1977} Proc. Nad. dcad, Sci. USA 4:560% or
Sanger {(1977) Proc, Natl. Acad. Sci. US4 74:5463), 1t is alsa contemplated that any
of & variety of aulomated scquencing procedures can be wtilized when performing the
diagnosiic assays {(1995) Biptechnigues 19:448), including sequencing by mauss
spectromelry {see, e.p., PUT International Publication No, WO 94/16101; Cohen ct al.



11911 Antimouse macrophage/monocyte rat Ig(i antibodies (monoeytettnaeropliage marker -
F4/80 IgG2b from AbD Serotee, Raleigh, NC) were incubated (room temperature for 30
minutes) with anti-rat IgG antibody magnetic beads (DYNABEA sheep anti-rat Ig(i from
INVITROGENTm, Carlsbad, CA). The anti- macrophagehnonocyte beads were then washed in
PBS and stored on ice. 11921 Antl -mouse neutrophil nit IgG (Neutrophil Marker NIMP-R14 -

IgO2a - Santa Cr |ot Sant z bated ( rafure, for 30
minines) with an[ﬁe P§ ant 88 %ne@ éiaI ’(IﬂVﬁl lDL@) fg‘gﬁmr{? r%? d%"‘ HaHi.
INVITROGEN1- Bﬂmwa@haﬁummas and stored on ice. IT 931 DYNABFA1P mouse Pan T
(Thy1.2) beads (INVITROGENTmM) were also washed in PBS and stored on ice. 11941 Mouse

blood maCfPﬁ]aQﬁﬁﬁ'}ﬁchﬂpM%ﬁtWﬁg'%ﬁlﬁiﬁ&hérﬁmlt%:%%ﬁbﬁl@@ﬁ&éoﬁlﬂfﬁﬂ@rﬂ%ﬂmve
using the anti-macrophagehnonocyte beads. In essen , the beads were addegﬁﬁ

sample and fo||ow.ﬁ'§%}rfrﬁ8uBlgﬁbffsw%féwsﬁ%.w EOFt L e DA% B
were isolated usiny a/isigretanduplaskho@iyis BBB{IMG‘Q ﬂmesca’mﬂsmrE}j dmgicaerhi, 9&1an

Mouse T cells wer thenl ated from th rerqa;nl BC qQuse.T ce
Ff \R?!j?; Ismatch E pdg[V\é) m I%HY ﬁ@ f&i}p& MOR ﬁ::n% SJ tWe T

beads were addedc 0 ﬁ1e us ension, t e samp ate minutes
cell-bound beadély\h‘er@mmaiehbmeMgﬁMwasmd1W|thW@ Witd Steie SarReee 1ithe1

Finally, mouse ngyiraphils WRLR IRtaleH FRA &ﬁ}ﬁlﬁ%‘ﬁwg WEE sameleTih g imaasd

ileum:Oil magnetic beads were added to the cells and the sarapie,s were incubated (4.t for 30

minutes). The nefHPYEHH- BB UG HERHY tereciorkisl %aﬁaﬂa'mé@ﬂaﬂwagﬁ@aiw %@P&‘ﬁd
stored OD 1E:C.5:dQ44d xﬂfﬂzﬁ Wﬂﬁdﬂ%ﬁ@lﬁfﬁﬂiff alig) ﬁﬁ&h&%&]ﬂb@l@lﬂiﬂﬂﬁ@di@iﬂand sample

INVITROGENIm, Car|sba The R as,determined as sho Figure 7. The
R.NA yield is shdc\}vﬁnf# Fig ?5 é‘T\FéS%P C’%ﬁ&%ﬁdﬁrﬁﬁl gfﬁbWEre ?)brepareaa,v qlhcigggfgda(t 'C
overnight) with cnééMydhe Idmdn mistahrrayis GOMOCBEARRAN M malan! Gadigsting  the
PathwayFinder igcaauia QMMA33. BUBRIA TNUBIESHIRICE B RclinRA MO RlBIRO

hybridization, the membrane ere washed and stained with avid in-a kallneéohosphatasc and
the genes detectdepiespctendamiranmihadde Ardexoituy fimey, osmium tetroxide and with piperidine

in order 1o digest mismatched regions. Afler digestion of the mismatched regions, the
resulting materjal is then separated by size on denaturing pelyacrylamide gels to
determine ihe sile of mutation. Sec, for example, Cotlon el al. (1988) Proc. Narl.
Acad. Sci. USA 85:4307, Saleeba ot al. (1992) Methods Enzymol, 277286, In one
cmbodiment, the contrel IDNA or RNA can be tabeled {for delection.

[133] In still ancther cmbodiment, the mismatch cleavape reaction employs one or mare
proteins that recognize mismalched base pairs in double-stranded DNA (so called
“DNA mismaich repair” cnzymes) in defined systems lor delecting and mapping
point mutations in marker cDNAs obtained from samples of ¢ells, For example, the
mutY enzyme of £ coff cleaves A at G/A mismaiches and the thymidine DNA
glycosylase from Hela celis cleaves T at GfT mismaiches {Hsu et al. (1994}
Carcinogenesis 15:1657). According lo an exomplary embodiment, a probe based on
a marker scquence, e, & wild-type macker segnence, 18 hybridized to 2 cDNA or
olher DNA product from a test cell(s). The duplex is trealed with & DNA mismaich
repair enzyme, and the cleavage products, if any, can be detected from clectrophoresis

pratocols or the like, See, for example, ULS. Patend No. 5,459,039,



Il urnan LS175T Colon Aclenocarelnotna Tumors, LLCI. Carcinoma and 11116F110 Mouse
Melanoma Cells 9981 Similar experiments were carried out with cells isolated from alhymic
nude mice (n = 5) injected s.c. with human L5174T colon adenocareinorna tumors (tumor size
=-0.3 cm), C57/131 mice (n = 5) injected s.c. with Lewis lung mouse LLC1 carcinoma cells
(tumor size = -0.6 cm), end CS7B1 mice (ii = 5) injected intravenously 22 days earlier with 106

01010 mo langoma cells, (when the tumor, cells were of mouse origin, the RNA-B, .
camplos whEhy B 8. P RS On g RS R CRRGH b A b doatisy
Mieroarray - 01viMu@RBs BupaikrayBiodSaereanfihesirttie stumar sovBnavefibw mdapnargingthe
Oligo GEArra? Huig r inder-Mi rFAY.+ 033, ; \

also isolated fro ley%gg%eﬁl%lqa?ﬁﬁ g@r%}v%?%{#?g@%f&{?@éf%ﬁ@ﬁgﬁ% ﬁ@gﬁﬁggﬁgﬁ%ﬁ%ﬁe
and from neutropifswiithbrpp Rugels apdsT e ¢56latdasi b onYismbraedftn &6 #837%nd

nude mice, and thaincancekdR aies ppne.prefileswerssdetarmingd 199 Aceardingdo 1Hes.
data obtained from these_experiments and shown in Figures 9A-91), 10A-101), 11A-11D

12A-120, 13A-1355PE 4RI DS T8 IR-HERdaE RN A S sihis mmle o fopab o (e aidde
from mice injectedid4tiviluteatprosidie:draboonitumenaents aia: fiermthiceskheating of eingé:-

lung cancer or meil,ané)ma had varigus ca,ncer-relﬁted gene signatuggs that were, ﬂléso found in
: . stranded  fucicic acl Sl"-’ﬁlhﬁs &CCOr I!!e% SC(&I NeC, & Tesyt ITI% I’Htlﬂa 1T
their respective tumor cells (Figure 21). These cancer-related genes were not expressed or

were minimally exipetrebbertiic (inelihiprasgbleyribeTdetapiisopfteddomstighb Rbeasingsnicégnd
(i) pliagocytic neﬁmph%?:ﬁ&%ﬂﬁﬂ%h@@&éd&d?H@&Féﬂ?%iﬂ?!’aﬁl&ﬁ@%‘&%@:ﬂ“Q‘I{Biﬁﬁmﬁ%@@]&for

example, neutrophils isolated from the blood of nude mice beann}gklj{_ CaP human prostate
cancer cells expréSSsHFESNbR SRR BB Sgrdithesr A cEebich Shasprisger
Microairay) that wesenats s enpikesansliive WNCaRigelln (Reimpace prafiles:abatiaysnikighpsoA
and 9B). These genes wer either no/ expressed or mlnlmallmfxtg}rqﬁgeg in i;L\ge‘ls obg;unled

from tumor-bearig Mce S AUt Gt Hidin RoPRRETHG ETHEAG SYBRRSS i ERiTR g

and 91)). Finally rthizarkayen 3B:weris stacedsthie ickensi:ottachogiie Jlemtifiediugldg the
software provide?}%x{ﬁhg@gxgmpgyy, and those genes overex pressed selectively by phagoeytic
cells identified as shown in Figures 19 and 20. Figures 21 and 22 list the gene signatures

acquired and differentially exhibited by the Pha oeytic WBCs of tumoréb@ ring n}ice. As .
<hown in Flgdle 1Rt BHESENELTET ERBEATIRN o IR A AR R B
were expressed gilyutianenidsydl maciophages@haneliiophitar(showning thagemesiuring
highlighted in gregn). EXAMPLE 8 Detecti tunpr-Specific ignatires, i _
Phagocytes Obt ﬁég&?&ﬁ Llccll:'mppmmm Mﬂ; 'fﬂﬁrcm X af. (%E?f:‘%ﬂguc. ALy j}’). When
DGGE iy used as the method of analysis, DNA will be modified to insure thal if docs
not completely denature, for example by adding & GC ¢lamp of approximately 40 bp
of hiph-meling GC-rich DNA by PCR. In a further ¢embodiment, a temperature
gracdient is used in place of 2 densturing gradient to identify differences in the
mobility of contro} and szmple DNA (Roscnbaum and Reissner (1987} Siopiys.

Chem, 205:12753).

[136] Examples of oiher lechniques for detecting poini mutations include, buf are not
limited 1o, selective oliponuckeoiide hybridization, selective amplification or seleclive
primer extension, For examyple, oligonuelcotide primers may be prepared in which
the known mutation is placed centraily and then hybridized to farget DNA under
candilions which permil hybridization only if & perfect match is found {Saiki et al.
{1986) Nature 324:163; Saiki et al. (1989) Proc. Neawtl, Acad. Sci. USA $6:0230). Such

allele specific oligonucicolides are hylwidized to PCR amplificd tarpet DNA or o



Cancer Patients 12011 According to certain embodiments of the present invention, the
gene-expression profiles of blood monocytes/macrophages and nentrophils from cancer
patients were compared with that of non-phagocytie T cells from the same donor individuals to
identify tumor-specific signatures within the phagocytic cells that were either not expressed or
significantly differentially expressed in non-phagocytic cells. Patients with Head and Neck

Tumors 12021 Ten q%illilit S dﬁfrve oggumgod Waﬁacr)lbii line .(into in DTA-con aini%g Egbﬁ?c

. IIINRCET, O OTC s W £ lili onucleoiides Bﬁ'f-‘ M1 El‘.ah
from patients known to have squainous cell carcinoma of neck and scheduled Tor surgery.

Following centrifligbitidixiag noodromafel 15 nihacd sathrbbaictbiaperBiire, the huffy coat was
transferred to a tube and washed with PBS. 12031 The cells were separated employing t cell-,
noutrophil{1and inacrephadge/aRROGKIRIAL aMLBHERAMINLEHIRMBAORGIR ByRateadsshentve
INVITROGENTr@ rl—srtﬂa}(?ﬁ %A. In essence, thﬁ beads Werel.addepl (0 secutively to th

WBC sample and fo Iofllvn?g it ‘?,“3(51 Hinute i‘ﬁ%:ubélﬁoﬁ%?-‘fﬁléz e I'S”-,‘ ne]ﬁtrérb%?f‘sm%‘ﬁc on.
rnacrophages/mdéhamytedebtdmncbabaispnamssidotaied sinyrd ivagmeteapn dagshe dwith (RBS

three times. 120 ; i ] Ia ASIL 17O ; -
INVITROGEN 1r¢ﬁ1 %@g\ﬁ: %Q#ﬁ%&%@ﬁ?ﬁ@;ﬁﬁ@ R %ﬁ#ﬁ\%?agg%%@%% o Serantil

and biotinylatcd SRNIMiARINAEINepbabr ¥t e se RNAUS senpitis svaioindutisted
(60C overnight) witBreanGREORNe ) UMER Aped)atiay solfdl e $ Fiviav® o2 fuRaNd: 3RRE
PathwayFinder Miﬁé)array OHS-Q33 -- Su'PerArr%&?i%scienc LE’%% erick, MO), Following

n itt

hybridization, the YR ah&& FaIWELRSEEd &iith alklifEHHBS o J1E¥e Pand
the genes were dieséatde wsimgocdhern hnihesgeade (Miray thn)edizd 16 hacoonging to thee

data obtained frop hese expeUmenis, ellophils and macsaphagesapiained iam e
and neck cancer patients) had various cancer-related gene signatures that were also foupd in
their respective tiffieitatsistihasecsiticsfnbsiditaangenaphiierti omax priss Ja rorfvened using
minitnally expresggd i RORMALAGEENHELBYSrany (1991) Prac. Natl. Acad. Sci. 1S4 88:189), In
such cases, lipation will occur only if there is a perfeel maich at the 3' end of the §'
sequence making it possible lo detect the presence of a known muldatton st a specific

sitc by looking for the presence or absence of amplification,

[138] Jtis lo be understood that the embodiments of the present invention which have been
described are mercly ihustrative of some of the applications of the principles of the
present invention. Numcrous modifications may be made by those skilled in the art
based upon the teachings presented horein withoui deparing from the true spiri{ and
scope of the invention. The contends of all relerences, patents and published patont
applications cited threughout this applicaiion are hereby incorporaled by reference in

their entivety for all purposes.

[139] The following examples arc set forth as being representative of the present invention,
These cxamples are not to be coastrued as limiting the scope of the invention as these
and olher equivatenl embodimenis will be apparenl in view of the present disclosure,

figures, and accompanyinge claisms,



12061 For example, neutiophils isolated from the blood of one such patient expressed four
human tumor gene signatures (Human Cancer PathwayFinder Microarray) that were also
expressed in the tumor biopsy obtained from the same patient (compare profiles of arrays in
Figures 17B and 17C). These genes were either not expressed Or minimally expressed in
normal skin biopsy and in 'l' cells isolated from the same blood sample (see profiles in Figures
17A and 17D, respectively). Hualily, the arrayls%ﬁ/ : ined, the intensity of each gene
guantified using the software provided by the Wgﬁ nd the following genes that were
overexpressed (>2-ipid) selgRHVRVRARACREYIG §§U§r‘ﬁ\i%ﬁ onifise 2B Halanaeasne
homolog (ETS2), FIV-1 Tat Ms’%ﬂ%@@mmdm Harsid b iianhiagiation and

chemotaxis), Jun otuzigene (JUN), ‘and matrix metalloproteinase 9 (MMP9). Ovarian Cancer
Patients 1204 Simijsriexperineraere; Cadies, eutiwlth-eoltthisoldied from a patient with
ovarian cancer. According to the data obtained from these experiments, neutrophils and

macrophagegfoblaingg ifom HrdisAased WomARLeReRRdJ Ay an denss IRRINSiRRO!

expressed or were minimally ‘expressed by non-phagoeytic T cells. 12081 For example,
macrophages isofe i §ps tHEMIGHE bf etoWaHan cancer patient expressed 23 human
tumor gene signatures (Human Cancer PathwayFinder Micnoarray) that were either not
expressedibdFhirimally exepregsddads.1' cells isolated from the same blood sample (compare
profiles in Figures 18A and 18B). Finatly, the arrays were scanned, the intensity of each gene

quantified pRg heseftwaie prvdadpRS by the company, and the intensities of each
cancer-related gene in each cell type determined. The list of 23 cancer-related genes

differemial r ated/ov piessed.in macrophages as well as the macrophage-to-T cell
e R

intensity ratios are own in re ote that a total of five oncogenes were detected
(shown in md_in Figure 21). EXAMPLE 9 Detectign of Tumor-Specific Protein Signatures in

Phagocyteld Bbtdind@Hroriwmasanaeiiy ¢ Grtdh BBt R e $ulhErdiyhgr dvidin-biotin-

antibady to non-phagoeytic cells, place plalc on fep of magnet and wash (the
phagoeylic colls thatl internalized the mapgnetic beads and the non-phagocylic cells

bound o the antibody will stay; all olher cclis will be washed away),
j146] 7. Remove magnet and collect phagocyiic cells.

{147] #. lIsolate RNA from phagocytic cells {e.g., cclls bound to a magnetic bead) and of
non-phagoeylic cells {e.g., those cells attached 1o the bottom of the wells via the anti-
non-phagecylic cell biotinylaied anlibody-avidin bound), prepare cDNA, cRINA and
usc 1o differentiste gonctic profiles {o.g., whole gene arrays andfor cancer genc arrays)

of phapocyiic and non-phapocytic cclls.

148} . Isolatc DNA from cach cell sample and identify tumar-DNA sipnatures sclectively
present in phagocytes (i.e., absent in non-phagocytes), compare the profiles (c.g.,
whole gene arrays, DNA mulations and/or SNPs obtained in phagocytic and non-

phagacytic cetls),

f149] 10. Isolaic protein frem cach cell semple, run Western blots using antibodics 1o
known proleins overexpressed by human fumors {c.g., PSA and PSMA in prosiate

cancer; CEA in colon cancer; and CA 125 in ovarian cancer), and compare the profiles



Human Colon LSI 74T Tumors 12091 A protein purification kit (Norgen, thcorporaled, Product
(t. asoo) was used to isolate and purify pi:Meths from mouse W13(18, '1 cells, and
macrophages. The assay was very simple and fast.(approximately 30 minutes) and the
isolated proteins, which were of high quality and eXcellent yield (117.6 10.60 )4; per 4 ml.
blood, n = 5), could be used in a number of downstream applications, such as SDS-PAGE
analysis as show{qhitn.lf[ ure 23!ar‘1d Western blots. ZJloliEro'_teliir] san‘&[ﬁgs were iSO'Qéed‘i from
pliagoeytic (monocyi[“els*’ma{gm%huéﬁ%%'fcan‘l 'noHBHé‘g‘%’%@‘ﬁ’c't‘l’-ﬁ’crﬁphoéy S8y celis obtihed Hom
mice bearing LNGpdRtamdop L &Ity drs marenselected for these studies since the former cell
line expresses PSA (Denmeade et al. (2001) Prostate 48:1; Lin et td. (2001)J. Viol. 166:1943)
and the Jajexigxhibits el OipRRE Glis StHEP RIQIEiR TR Gnil othpieh sualeey | anweightyndein
(Coleher et al. (1981) Proc. Na}%{@gad. Sc!l. USA 78:3199); Colcher et al. (1984) Cancer Res.
44:5744; Kassis &t4 .‘Fi@@%}ﬁ. ~'Medi 37:343. Western blot analysis was carried out with
16 lig oldie purified pmtein samples. In essence, each sample was mixed with two volumes of
SDS loading buffer and run on 10% SDSPAGE:alRfs with unstained precision plus protein
standards (Biorad) in Tris-glycineSDS huller (pH 8.4) at 200 volts. The proteins were
transferred to a nitratgitdasesrenMcaioat HViesnilya b ep H@iwis Pk ddoak TicaDaiBloh(Bianad)
apparatus and a transfer Btffgscyoiat@ieling bl hel\ ifalgsip el Eipik8dan MrgKleine, and 20%
methanol. The membrane was blocked with 5% nonfat rhy milk (60 min at room temperature
(R1)) and iné&Hatdd MiHdERRES disrme? W%Eﬁvrﬁéié@mﬁ%ﬁéﬁmlamibody against
human TAG-72, or ER-PR8, a mouse monoclonal antibody against human Sri PSA. The blots
were washB&dnd theridrgnbEEd wuitabzuwbidesStar Goat Anti Mouse--1-11W conjugate
(Biorad), a second iii antibody specific to mouse IgG, and developed by incubation (5 min,

Rill) with agjshmixturg, efiminelaaidtionand paroxida bukiarRiorad), followed by
autoradiography. 12111 The data clearly indicated that phagoeytic cells from LNCaP

tumor-beatr| ice yere itive for PSA. whereas.this protein could.not be detected in
non-phagolie%g]ﬁ'cgf,@'}%ph&ﬁth%“éig’ ¥ é’grﬁtf‘ima/ié s“"arfsﬁs"})':\}\I}rﬁP i ttlggliglﬁ%? ﬁ%‘p |r‘n”ilarly, TAG-72 was
expressed by monocytes/macrophages obtained from LS174T tumor-bearing mice and was
completelyl la-%‘éerfr iR sRHA(heR-BhFsecHHih I MHESR R RO BRGTT SR ey capture
"acquisition" and@ipsessionIatimmor-specific protein signatures by phagocytic cells. 12121
While these data are specific to animals with cancer and phagocytic and nonphagocytic cells

obtained figakthe DIRRAA AGe 1105 ARsEtiRee MalhadP A RAlSAUREIA HINMABR A AR A
diagnosis and/or detection of one or more other disorders and/or dis€éases and with
phagoeytie and ridi¥ghtifbasritr cliflsioptigin agrebmpathts e dih e e Anaps mdigr cancer

Profiling ExperimgnisdsalatianshRlent RAreacisHals: cclls.

{157] 7. Isolate DNA from cach call sampte, run DNA arrays, and compare the profiles
i ¥ P tE
(e.g., whole gene aprays, IDNA mutations andfor SNPs) obtained in phagocytic and

non-phagocylic cells.

[158] E. Isolate protein from each cell sample, run Western blots using antibodies 1o known
proteins overexpressed by human tumors (e.g., PSA and PSMA in prostate cancer,
CEA in colon cancer; and CAlL2S5 in ovarian cancer), and compare the prefiles
obtained v phagocytic and non-phagocytic cclls.  Alternatively, use mass

spectroscapy 1o identify the proteins.

[1591 9. isclate lipids from cach cell sample and compart quantity and quality, for cxample
using HPLC.



12131 A sample of blood is obtained from a patient. The blood (-5 nil") will be transfened to a
50-ml, tube containing 50 pl, 0.5 M EDTA (final EDTA concentration mM). The tube will be
vortexed gently and 25 rnl, RBC Lysis Buffer (Norge", Incorporated) will be added. The tube
will be vortexed gently again, incubated at room témperature until the color of the solution
changes to bright red (3-5 min), and centrifuged at 2,000 rpm for 3 min. Following careful
aspiration of the supernatant, the Wiles will be washed with 40 niL Ca/Mg-free 0.1 M PBS
(containing 2% FIBS, 2 mM EDTA, and 20 nik‘/ﬁ@ﬂ?:’o'sg’)?and the cells (1 06/m1,) will then be
incubated (30 min, 4 t". in the dark) with -Staini o inipg fi jable
e s P R i
monocyles/macrophages monoclonal antll!.)o y '(Alexg Iuoié"p647-conjugate; Ern= 57 668

tun), which regogniaeaitherfivman FligRantiaen axrasedby eitsdatiagpic.
monocytesirnacrophages, and (iii) the anti-human ncutmphil monoclonal antibody

(RPE-conj ;4hu =5 ), Which,re ' Cj ting. ! U Th Avill
tnen be wAEh A 2o L A B A R Le oyl
monocytes/macrapthaieroey el ¢RAS 15, ean ettty iendferarsiseiess e renesyis) from
Profiling 12141 Hexpan:whgele-genotne gene profiling will be performed. For RNA samples
obtained from human tumor cells or neutrophils (NE,.2, N"-...2) and monoeytesimacropliages

(vi/Mr2, 1 1(1;& vi,0.2), th eChip Hinn nome U133 |§ 2{AHTaY: ﬁﬁyﬂ?ﬁ@ﬁt‘ i
Incmporatl }ill %sl) ﬁ(gléicgf IS gr:?raf ‘g:rga[fgfzié%gtwgc ’efrﬁ gé%sfbﬁ _e\‘/é:rgcl)} over %,OQO itrgnéc'r{ilp(is
and variants, inclgiieiiy 38560 (vell-chrneicietizethiibph ahrgeridis sndgunephianrataxeiibied
RNA will be used to determine the expression profiles of human genes using the

above-mentika)ed anayatt AX@NsUreaEak refi ol itvn @sh sarmpleand| doepsafikhd profiles
triplicate and the ex eri en}lrege?ted anee. The mi marray data will be filtered for
o }fP 10 ik C-g’ f

. . ific and son-phagocytic celig’ . " .
cancer-induction‘Tefaté genesa He8E eI ahd validated using quantitative real-time,

reverse transcriptase, polymerase chain reaction (lRT-PCR). Upregulallon/Bownreattlation of
cancer-Indlftlont Rbrindnaugiadrom each cell sample, run Western blots using antibodies lo known

proteins averexpressed by human tumors (c.g., PSA and PSMA in prostate cancer;
CEA in colon cancer; and CAJ235 In ovarian cancer), and compare the profiles
oblwined in  phapocyiic and non-phagocytic cetls.  Alternalively, use mass

spectroscopy 1o identify the proteins,

[165) 6. lsolaie lipids from cach ecll sample and compare quantity and quality, for cxample

using HPLC.

LEXAMPLE 4

Representative Method IV for the Separation of Phagocytic Cells from Non-
Phagacytic Celis and the Analysis of Expression Profiles

1166] 1. With reference fo Figures 2 and 3, stain WIRC with fluorescent antibodies specific
against b particular cell subpopulation {e.g., newtrophils, macrephages, monceytes, T

cclls and the like).
[167] 2. Sorithe cells {c.z., by FACSE).

[168] 3. Tsolate RNA from cach ccll sample, prepare cDNA, ¢cRNA and use io differentiate

genelic profiles (e.g., cancer gene array) of phagoeytic and non-phagocytic cells.



12151 RNA will be isolated using Triazol (Invitragon, Incorporated) and purified using the
cartridges provided in the kit. The RNA quality and quantity will be assessed with the
Bioanalyzer 2100 (Agnelli Technologies, Incorporated, Palo Alto, CA) and Degradotneter
software version 1.41 (Worldwide Web: dnaarrays.org). These experimental results will help in
distinguishing the molecular pathways perturbed consequent to the presence of tumors.

Analysis of Mjeroarrav Expgriments 12161 The analysis qf the large scale/high throughput
otenuinr HbecGio R E SO ERL S 5 ASRIy B A AR SR G aHegrobies
differentially expragseddnpiiagocytic cellsowwvitihdaii calirtent >2, (i) annotate the identified
genes, and (iii) 55 assign die annoiated genes to those specifically expressed by a specific
tumors. Stptaficad analyrisRtdherraicraakiayidataranhendans: L Rmpiiushesthedehip
package which easily,apcommoda}'geg thii type of I%ente list co ért](ucti ghi{}}i]ts ‘ .
"Analysis/CompafE SHh S HERTA R S S G R inEHin B8 6%%}% VoheloPTiE G
Chips and associafizd methinesomiltdve a1 Rs aiscextatarthensuslityof tvenyame ither gastdys
data (Gautier et 3}, (200) Binipfarmaties 20,307 Priheimore. yeriokshackaigund.orreglion
and normalization procedures'wi Fbe utlllzea to arrive at an optimal protoco orhormalization
and summarizatiépeeftereprapédsetsytbogrisgtiee expression values) (Huber et al. (2002)
Bioluformatics 18(Suppl. 1):S96; Wu et al. (2004) Journal of the American Statistical
Associatiofi 98 9a9 1 scadcliys dd tiftaanfr 0 63RipR ged fHeiiial Biovniormates|#i39%E) ckarple
two-step filtration ap rl%giil, we will compare the gene profiles of P,,..2 to those of P,2 and
construct a list of éngessea genes and then compare these genes to the tumor-specific
genes identified for each tumor cell line - post filtration of P"..2 gene piofile as shown in Figure
S. For example, (i) blood will be oblaincd fromsrgagigarcer patients; (i) neuirophils (n>2 and
n-2) will be isolated and their gene profiles determined in triplicate; (iii) the mean (from the 3
samples) of each idBrfifiesjetie:die it d5faaiecsspanaided ef itn{(SEY tivilnlsdatoudied for
each gimp (1\1,2 and NnEhagndrithe(cidlseunk phe sematy pisofll #spfatsio Ry ofiéasps will then be
compared and a list (L-1) of expressed genes identified on the basis of an absolute ?2-fold log
change (1SF72INI - BYithcebramts to Hhetwrlomnhbditee Wil presenhaikodisn e cach
expression profilegiofibdfopuan@dialofhirashas e taing diinroytam T tmadoRast
tissue biopsies) will. be co red and a list (L.-2) of expressed genes identified; and (vi)
breastcancer-spé’gﬁhvﬂgh@%%ﬁé{ﬁp "tﬂlﬁpﬁ% B[’edéﬁ%cquired/expressed by Nip2 will be
identified by comparing the genes in L-1 and L-2 ("Analysis/Compare Samples/Combine
Comparisdhd¥ déhipPafd fikeialy ctadh dned. Prbteimpiemite 18101 mryashgnel=2w),

hundred microgramggfiie detal Rrateiniiam eas, Mpselesiisdyihedsaaiwed-ard reduced
with iris-(2-carboxyethyl)phosphinetrypsin (I rnM) and 0.02% sodium dodecyl sulfate at 60 C

for | hour. i b ntly pl d and total protein is di Wi nat.3/C
for 12,16 HoLIL Trd P UL i P e ie 718 e h
for 1 hour (4-plex-@m3-pThsndpseriding Bk (il Ndrmivdr efcctsl| yiherstdabe Lamii auy il 6hEng
labeling, the sep@}gﬁg@}y&@gg%ﬁﬂg{g@j@ﬁggmgmgg@%gcijmgqgg_into an Agibent 1200

|

Series El PLC system equipped with a strong cation exchange column (Applied Biosystems

4.6 x 100 E’ I us%. lh? 96 cqllected rirac iqns arcﬁ‘_}ﬁn§ oled into 4jfrai£i s, and each
fraction is rl‘u?é ted into e 1-C PR g%ﬂ RSP TR 88 Con ?33?‘1&18?{’“:”1%
fractionation underZrovekse-fids euganditione (G dokipgdilts chrindd ipmlapatyiicalicbiomn).
The reverse-ph ﬁug@:éq}gr&ﬂe spotted directly onto the target plate using an LC Packings
Probot and are analyzed with mass spectrometry (Applied Biosystems 4800 Plus Proteomies
Analyzer). Following data acquisjtion, the spectra are ptoccssed usjng the Protein Pilot
software aazélagvé-( ﬁ%H‘EH%&J&?&FFs%Bé‘%’B%} e T D BB e
cell types with thgitiglatiie elfaseas dndevelsgrententifie doutingth et rateinRiotjhiseftddre
(the analysis a”ﬁnhdn%ﬁ‘x“ iC%HR”erEf CaRGET APSRAIRIEH, ROOICAMIGRIGNEICT VLIRS SINUAT 10
that outlined in Figure 5 tor th ggého?nlc signatures). I T ’
CA25 in ovarian cancer), and compare the profiles obtained in phagoeytic and non-

phagoeytic cells. Altematively, use mass spectroscopy lo identify the prateins.



60 What is claimed: I.A method for diagnosing the presence of a cancer cell in an individual
comprising the steps of:  obtaining a first expression profile from a blood pliagocytic cell
from an individual; obtaining a second expression poofile from a blood non-pliagocytic veil
from the individual, comparing the first and second expression profiles; identifying
differential expression or one or more markers specific to the first expression profile; and

relating th erentjal expressiqn Ofeih ne or m ers specific to.the.first ex ressiqn
orofile 10 thL Bl GoniE G CHCEPE A T e R 20 S Reod or SRR i
the one or more {Hadie@ommselgmtﬂd}fmmmuy of lipids, for example using HPLL

EXAMPLE 6

Representative Method V1 for ihe Scparation of Phegocytic Cells and the
Anzlysis of Expresstan Profiles

[178] 1. With reference to figures 5 and 6, stain WBC with fluerescent antibodies specific
sgainst onc or more phagocytic cells {e.g., neutrophils, macrophages, or menecytes)

and then stain with DNA-bhinding dye {c.z., propidivm iodide),
{¥79] 2. Sortihe cells (FACSY inlo 2n and =20 phagooyles.

[180] 3. Iselate RNA from cach of the Zn and >20 phagoovics. Prepare cIINA, eRNA and
use 1o differentiate genctic profiles {c.g., cancor gene array) of 2n-phagocytic and

>2n-phagocytic colls.

[181} 4. Isolaie IDNA from ecach of (he 2n and =2n phagoacytes, Run DMNA arrays and
compare the prafiles obtained from 2n-phagocytic and >2n-phagocytic cells.

[182] 5. Iselatc protein from cach of the 20 and >2n phapocyics. Run Western blots using
antibodies to known prolcins overexpressed by human tumos (e.g., PSA and PSMA
in prostate cancer; CEA in colon cancer; and CA125 in ovarian cancer), and compare

thc profiles obizined from 2n-phagocytic und =2n-phapocytic cels.

B3] 6. lsolatc lipids fram cach of the 2n and =20 phagocytes. Compare quantily and
quality of lipids, for example using HPLC,

EXAMPLE 7

Belection of Tumor-Specific Gene Signatures in Phagooyles Obigined fram
Tumor-Bearing Mice

[184] According lo cmbodiments of the present invention, methods ave provided to
diffcrentiate between “normtal nan-gpecific noise” and “Wwmor-specific” andfor
“discase-specilic” signatures in blood ar other bodily fluids, The gene-expression

profiles of blood monocyles/macrophages and newtrophils from tumor-beating mice



group consisting of DNA, RNA, protein, lipid, carbohydrate and combinations thereof. 3.
The method of claim 3, wherein the blood phagocytie cell is selected from the group
consisting of one or more of a neutrophil, a macro{%hage, a monoeyte, a dendritic cell and a

foam cell.

4. The method of claim |, wherein

e blood non-pliagocytic cell is selected

from the group consisting of one or more of a T cell, a B cell, a null cell and a basophil
The method of claim 1, Where n th ood pgga[lig\;}i@%cell ndﬁhe bloo non a oc tic cell

are isolated floin WI%IE“EPB&’& S

Bifor ¢& éb%’é‘b 5, 40RO g o

method of claim ﬁmﬂh@rwmmaﬂoﬁd ptmgnmwmmﬂuanm ﬁﬂa@:lpgﬂcnmﬁhphagmyﬂo:ﬂh_ﬂramet
isolated using a”&ﬁa?g §% or sighith AR P RARALRGAR W R WREH M ENG RAQ0E REAGREHG O

and the blood non-

[185]

1186]

sume fumor-bearing mice and from ton-tumor-bearing animats,

Human Prostate LNCal* Cancer Cells

Athymic nude mice {# = 5) were injected subcttancously (s.¢.) with human prostate
LNCaP comcer cells, Tweniy-seven days laler (fumor size = ~0.4 em), the micc were
bled by cardiac puncture (~1 ml/mouse) inta EFTIA-contaimng tubes that were then
ceririfuged. The buffy coal was isolated and washed, snd neutrophils, macrophages,
angd 1 cells were sepaveted using, respectively, anii-mouse neutrephil-, macrophage-,
and T celi-immunomagnetic Dynal3eads, RNA way isolated from cach ocll sample
(Triazot™). The RNA quality was determined as shown in Figure 3. The RNA yicld
s shown in Figure 200 cDNA and biolinylalcd cRNA {cRNA-13) were prepared.
Finally, the cRNA-B samplcs were incubated with cancer-gene human microarays
(Oiigo GEArray® Human Cancer PathwayFinder Microarray — ONS-033 —
SuperAsray Bioscience). Following hybridization, the membranes were washed and
staincd with avidin-alkaline phosphatase, and the gones were detceled using

chemiluminescence {X-ray film).

Human LS174T Colon Adenocarcinoma Temors,
LLC1 Carcinoma Cells, 316510 Mouse Melanoma Cells

Similar experiments were carried out with cells isolated from athymic nude mice (# =
5yinjected s.. with human LS174T colon adenocarcinoma tumers (tumor size =~8.3
em, C57 mice {n = 5) mjected s.¢. with Lewis lung mouse LLC1 carcinoms cclls
{tumor size = ~0.6 cm), and C5781 mice (r = 5) injected intravenously 22 days eartier
with 10° B16F10 mouse melanomms cells {when (he tumor cells were of mouse origin,
the cRNA-B samples were hybridized with the Oligo GEAmay™ Monse Cancer
PathwayFinder Microarray — OMM-033 — SuperArray Bioscience). RNA was also
isotated from expomentially growing L8174, LLCI, BleF10, and LNCaP cells in
culture and from ncutrophils, macrophages and T cells isolated from non-tumor-

bearing CSTBE and nude mice, and their cancer-related gene profiles were determined,

5.



phagocytie cell are separated by fluorescence activated cell sorting. Is The method of
claim 5, wherein the blood phagocytic colt and the blood nonphagocytie cell are separated
using a ligand that binds to a molecular receptor eﬁ>[<pressed on the plasma membranes- of
WBC populations. 9. The method of claim 5, Wherein the blood phagocytic cell and the
blood nonphagooytic cell are separated by one or methods selected from the group consisting

of filtration dient-based centrifugation, elution, inicrofluirlics. 10. The method of claj
! whorein KB BloBt B IR AR TE D158 JSHE RABBE R AR R S
population of whitexslophilsedisl macrdihxgre-nubthioddbfrotaimidd inadearemithduiploodprostate or

phagocysie cell angfe, BigedoANAIGY it ColarR dsRlalee HRINGANPO0 RS anond 2 18

method of claim 10, wherein the blood phrt[pcytic ce OMphagocytie cell are
separated by one#iqHnLaTPRItHIHS S SRSt StERRRF R rd plss NSt dhotPRiioisseelie temor

activated cell sortipg, fifthaliopa@radientbased ceriiigairrsclvionandinisioll wdiessdPolhe
method of claim 10, wherein the bloodqﬁltagoc%étic cell and the blgood non- phagocytic cell are

separated using SliGARTHAEI B (EHIOIEEIREH r ST RS LI LSe PEf R ptiE misocytio

membranes of WiRGupepildatidnsacrophages obtained ficm nen-umor-bearing mice.

[188} For cxample, ncutrophils iseiated from the biood of nude mice bearing LNCaP human
prostate cancer cclls expressed several human tumor gene sigoatures (JFJuman Cencer
PathwayFinder Microarray) that were also cxpressed in LNCal cells {(compare
profiles of armays in Figures 9A and 9B). These genes were cither not expressed or
minimelly cxpressed in T colls ablained from (umor-bearing mice or noutrophils
isalated from normal mice {see profiles in Figures 9C and 95}, Similerly, ncutrophils
igolated from the blood of mice bearing LLCT mouse hung cancer cells expressed
several mouse tumar gene signatures (Maouse Cancer PathwayTFinder Micrearay) that

were exprossed in LLC) cells (compare profiles of arrays in Figures 13A and 13B).

{189] These genes weore cither not expressed or minimally expressed in T cells obtained
from (umor-bearing mice or neulrophils isolated from normal mhice {sce profiles
shown in Figures 13C and 131)). Finally, {he arrays were scanned, ihe intensity of
¢ach gene quantified using the software provided by the company, and those genes
overexpressed selectively by phagocytic cells identified as shown in Figures 19 and
20. Figures 21 and 22 {ist the gene signatures acquired and differentially exhibited by
the phagocytic WBCs of tumor-besring mice.  As shown in Figure 21, many
oncogenes (gencs depicted in red, e.g., ZREB2 and Jun) were detected and ofien they

were expressed simullaneousty in macraphages and neutrophils.

1199 C57B1 mice {n = 5} were injecied subculancously with TEG Lewis lung mousc
carcinoms cells {LLCI. Twenty doys later, the mice were ancsthetized and bled by
cardiac puncture (approximately 1 mL/mousc) intoe an EDTA-containing fube.
Following centrifugation at 2,000 wpm for § minutes at room temperature, the buffy

coal was Iransicrred to a wibe and washed with PBS.



H.The method of claim 1, wherein the individual has one or more of occult cancer, previously
diagnosed pritniuy cancer and metastatic cancer. 15. The method of claim 1, further
comprising the step of relating the presence of one Or more markers to efficacy of a cancer
therapy. 16. The method of claim 1, wherein the marker is sclecicd from one or more of
DNA, RNA and mieroRNA corresponding one or more of a cancer gene, an oneogene and a

tumor suppr ssor gene. 62 . The method of{;a %é herein the arkerl one or. both
of a proteimL AN 2R e S GHE SP M B LA B BERAS B SRS eng B
a tumor su ppressd?@@elgmb]lmrﬁmmmmuiom iBa htifig@ oo mspeaific (signatargimague

ndividual having geer ORI E.SIEAR Oy SV RAKSL X seaTiomaile o o

blood phagocytie cell from an havirig cancer, taining a second expression

profile from a blowﬂlﬂehiﬁﬁd"gbﬁ)lﬁ&’éféﬁ%#ﬁﬂé ﬁﬁ"\?ma%vﬁ@%aw:mml’“dbﬂ*'“mﬂﬁﬁ}%

beads were then washed in PBS and stared on ice.

[192] Anti-mouse neutrophil rat 16 (Neutrophil Macker NIMP-R14 - JpG2a - Santa Cruz
Biotechnalogy, Santa Cruz, CA) was incubated {room (emperalure for 30 minutes)
with anti-ral 1gG antibody magnetic beads (DYNABEAD® sheep anti-rat IgG -
INVITROGENT™Y, washed in PRS, and stored on ice.

193] DYNABEADY mouse Pan T {Thyl.2) beads (INVITROGEN™) were alse washed in
PBS and stored on ice.

[194] Mousc blood macraphages snd monocytes were isolated from the WBC suspension
prepared above wsing he anli-macrophape/monocyte beads. In essence, the beads
were added to the WIRC sample and following their incubation {4 °C for 30 minutcs),
the macrophage-bound beads were isolated using a magnet and washed with PBS

three Hittes and stared on ice.

[895] Mouse T celly were then isolated from the remaining WRC. Bricfly, the anti-mouse T
cell beads were added te the WBC suspension, the samples incubated {4 °C for 30
minutes), the T cell-bound beads were isolated using a magnet, washed with PBS, and

slared on ice.

[196] Fiuelly, mouse nowtrophils wore isolated from the remaining WBC sample. The anti-
mouse neptrophil magnetic beads were added to the cclls and the samples were
incubated (4 “C for 30 minutes). The veutrophil-bound beads were tsolated using a

magned, washed with PBS, and stored an ice.

[197] TNA was then isoluled from cach sample (using TRIZOLY, INVITROGEN™,
Carlsbad, CAY. The RNA guality was determined as shown in Figure 7. The RNA
yicld is shown in Figore 8. Nexi, cDNA (biotinylated) were prepared and incubated
(60°C overnight) with cancer-gene human microatrays (OL1GO GEARRAY® Human
Cancer PathwayFinder Microarray OMM-033, SupcrArray Bicscience, Frederick,



comparing the first and second expression profiles; identifying differential expression of
two or more markers specific to the first expression profile; and relating the differential
expression of the two or more markers specific to@ tumor -specific signature in the individual
having cancer. 19. The method of claim 18, Wherein the two or more markers arc
selected from the group consisting of DNA, RNA, protein, lipid, carbohydrate and
combinations thereof. .. .. 20. The method of claim 18, wherein the two or more, markers,are
DNA or RNA cortdsHo g BB roI2e G HERES: SSCoREns T s ag-
genes or combinalfiatiscthissgfarase a2d thithemethadiof ckaimch8nineieincthect(Vo 1B More
markers are proteins or polypeptides encoded by two or more cancer genes, oncogcnes,

tumor suppressor genegs or %?gijr%\%,tipns] thereof. . 2%. A r,lgl?thﬂ%(g fﬂ{ %ila rj}gallrlw nme
pesence of a cancer ARG AU R A s

1198]  Similar experiments were cartied oul with eclls isolated from athymic nude mice (# =
3) injected s.c. with human LS174T colon adenocarcinoma tumors {lumer size = ~£.3
em), CS7/131 mice {1 = 5) injected s.c. with Lewis lung moouse LLC] carcinoma cells
(tumor size = ~0.6 em), and C57B! mice (# = 5) injected intravenously 22 days carlier
with 10° B1611¢ mouse melanmma cells (when the tumor cells were of mouse origin,
the cRNA-B samples were hybridized wilh the Oligo GEARRAYY Mousc Cancer
PathwayFinder Microarray — OMM-033 - SuperArray Bioscience {when the tumors
wore of human origin, the Olige GEAreay® Human Cancer Pathwaylinder
Microarray — OHS-033 — was used). RNA was also isolaled from cxponcolially
growing L8174T, LLC1, BI6F10, and LNCaP cells in culture and from neutrophils,
macraphages and T cells isolated from non-tumor-bearing C57151 and nude mice, and

their cancer-related pene profifes were determined,

$199) According o {he data oblained from ihese experiments and shown in Figures 9A-91),
10A-1013, 11A-11D, 12A-1213, 13A-13D, 14A-14D, 15A-15D, F6A-16D, neutrophils
and macrophages (abtained from mice injected with human prostate or colon tumor
cells und from mice bearing mouse hing cuncer or melanmna) had vanous cancer-
refated gene signatures that were also found in their respective twmor cells (Figure
21} These cancer-related penes were not expressed or were minimally expressed by
{i} non-phagocytic T cells isclaled from tumor-bearing mice; and (ii} phagocytic

nentrophils and macraphages oblained from non-tumor-beanng miee.

1200] For cxample, ncutophils isolated from the blood of nude mige bearing LNCaP human
prostute cancer cells expressed seven human tumer gene signaturss (Human Cancer
PathwayFinder Microarray) that were also expressed in LNCal cclls {compare
profiles of arrays in Figures 94 and 9B). Thesc genes were either not expressed or
minimally expressed in T cells oblained frem tumor-bearing mice or neutrophils

isolated from normal mige (sce profiles in Figures 9C and 213}, Finally, the amays



obtaining a first expression profile from a blood phagocycie cell from an individual; obtaining a
second expression profile from a blood non-phagocytie cell from the individual, 63 comparing
the first and second expression profiles; identifying the presence of a circulating tumor cell
Or subcellular fragment thereof specific to the first 'expression profile; and relating the
presence of a circulating tumor cell or subeellular fragment thereof to the presence of a

cancer cell in the‘jr%gé\(idu‘a}l. 41 cZ?iicTh?rmFthad of claimt2[‘2, Wherﬂg an é'tr:crg—:-asle [ trgo?‘ 1
guantity of a marker i he ?Iréi ]exlbrené‘é n ﬁr“c? il cr"eciélff\i}g'(’)cméméléc Shd “b“ﬂéé%%”ﬁ% e
indicates the presengernt eng thedzatbnof exeioylatngl tvhoihedil anphassuptekalby iftagifients

thereof. — 24. Thg metbpgh glclaim,adwhereindhe markeyis _ﬁn%'%?ﬁ%%ﬁﬁ’ﬂh?@?a%%ﬂ@#h%m

consisting of DNA, RNA, protein, lipid, carbohydrate and combinations thereof

method of claim S5Terpatiadly enbibiadidsr e qdesdin SR e hromprduadinginiost PrbomA
microRNA and cemhinaionribeiekeatl eSRONMES QA JARCRE GRS QREQIRAGHA WRET
suppressor gene or a combijnation thereaf. 26. The method of claim éﬁ wherein the
marker is a protefATPFEEH SUBY fg‘%}’i'{:’[fdé‘d AL UAIREES GEAS AN OGRS EHEY a inily genes
suppressor geneloghdigiombimgti@nthereof.

EXAMPLE &

BPelection of Tumor-Specific Gene Signatares in Phagocyies Oldained from
Cancer Patients

[201] According to cerfain embodiments of the present invention, the gene-expression
profiles of blood monocytes/macrophages and neuirophils from cancor palients were
compared with that of non-phagocytic T cells from the same donor individuals to
identily {umor-specific signatures within the phagocytic cells that were cither not

expressed or significantly differentinlly expressed in non-phegecytic cclls.

Paticrts with Head and Neck Tumors

[202] Ten milliliters of venous blood was obiained (inte an EDTA-contaiting tube) fram
paticnls known to have squamous cell carcinama of the neck and scheduled for
surgery. Following centrifugation at 2,000 rpm for 5 minutes st voom temperature,

{he bully coal was transfemred 10 a tube and washed with PBS,

203 The colls were sepamied employing T ceHl-, newtrophil-, and macrophage/monocyte-
rat anti-human immunomagnetic DynaBeads® from INVITROGEN™, Carlsbad, CA,
In cssence, the beads wore added consecutively o the WBC sample and following
individual 4 °C, 30 minute incubations, the T cells-, neutrophils-, and
macrephages/monocytes-bound beads were isolated using a magnet and washed with

PRBS three lmes.

[204] RNA was then isolated from cach sample (using TRIZOLY, INVITROGENT,
Curtsbad, CA). The RNA quantily and quality was delermined and ¢DNA and
biatinylated cRNA (eRNA-B) were propared.  Finally, the cRNA-B samples were

incubated (60°C overnight) with cancer-gene human microarrays (Oligo GRAray”



27. A melliod for diagnosing the presence of a cancer cell in an individual comprising the
steps of isolating a population of phagocytic cells from an individual; separating 2n phagocytie
cells from >2n pliagocytic cells; obtaining a first eﬁgression profile from the 2iiphagocytic cells;
obtaining a second expression profile from the >2n pliagocytic cells; comparing the first and
second expression profiles; identifying differential expression of one or more markers

specific to the first expression profile; and relating the differential expression of the one or
more markers spEERCHE T RREREC IER BYORENIRthe SLEAGE of SURAL RLITITRET™®

individual. oi  Frederick, MI>}). Following hybridization, the membranes were washed and stained
with  svidin—alkuline  phosphatase, and the genes wore  delecled  using

chemiluminescence (X-ray litm).

12(05] According {o the dala obtained from these experiments, newtrophils and macrophages
{obtained from henad and neck cancer paticnis) had wvarious cancer-related gene
sipratuves that were alse found in their respective tumor cells, These cancer-related

genes were nol expressed or were minimally expressed by non-phagoeytic 1" cells.

[206] For example, noutrophils isolated from the blood of one such patient expressed feur
huenan {umor pene signatures (Human Cancer PathwayFinder Microarray) that wete
also expressed in the tumor biopsy oblained from the same patient (compare profiles
of arrays in Figures 178 and 17C). Thesce genes were cillier not expressed or
minimally expressed in normal skin biopsy and in T cells isolaied from the same
blood sample {sce profites in Figares 17A and 17D, respectively). Finaly, the arrays
wote scanned, (he intensity of cach gene quantified using the soflware provided by the
company, and the following penes that were overexpressed (=2-fold) selectively by
phagoeytic cells were identified: E26 viral oncogenc homeleg (ETS2), HIV-1 Tat
interactive prolein (HTATIP2), 1L8 (neutrophi]l activation and chemolaxis), Jun
oncogene {JUN), and matrix melalloproteinase 9 (MMP9),

Ovarian Caicer Pailents

[207] Similar experiments were carried out with cells isolaled from a palicnt with ovarian
cancer,  According 1 {he data obtained from these experiments, neutrophils and
mucrophages (obtained from the discased woman) cxprossed many cancer-related
gones that were not expressed or were minimally expressed by non-phagoeytic T

cells.

[208] For example, macrophages isolated {rom the blood of the ovarian cancer paticnt
cipressed 23 human fumor gene signalures (Human Cancer PathwayFinder
Mictoarray) that were cither no! expressed or minimelly expressed in T celis tselated
from the same blood sample (eompare profites in Figures 18A and 1813). Finafly, the

arrays were scenned, the intensity of each gene quantificd wsing the software provided



2Ft.The method of claim 27, wherein the one or more markers are selected from the group
consisting of DNA, RNA, protein, lipid, carbohydrate and combinations thereof. 29. The
method of claim 27, wherein the one or more markers are selected from the group consisting
of DNA, RNA, micro RNA and combinations theredt corresponding to two or more cancer
genes, oncogenes, tumor suppressor genes CI' combinations thereof. 30. The method of
claim 27, wherein the one or more markers are proteins or polypeptides encoded by two or

more cancer genB¥ BRESHEIEE, MithSSUBPRELES B BRERYTEERHisaRo Hrartarell tag

The method of claiginvnerginidhe pload-phagesyiiaeallisemeniaghiamiieagmuessed in
consisting of a nentrogqil, a macro ha%e, a mongggtg, : dg_rinidri?ilc o Il,g.foa{n Qbelltiaqd any.
combination ther&BF P82 $nEG &t B &iaf" '7,?N rein the Brodt ]Bfwalécoc'fl ic°call s

isolated from whdligiriodd, ulifeds Meo's salalaplyfmphooraemeirespndtfiaidd (shown in red in

Fipurs 213

EXAMPLE 9

Deteetion of Tamor-Specific Protein Signatures in Phagocyles Obiained from
Mice Bearing Human Prostate LNCal* Tumors anit
Hinan Colon LS174T Tuinors

[209] A protein purification kit {Norgen, Incorporaled, Praduct # 23500) was used to isolate
and purifly profcins ltam mouse WBCs, I cells, and macrophages. The assay was
very simaple and fast (approximately 30 minutes) and the isolated profeins, which were
of high quelity and excelient yield (117.6 4 10.60 pg per 4 ml blood, n = 5}, could be
used in a number of downstream applications, such as SDS-PAGE analysis as shown

in Figure 23 and Western blots.

[213] Protoin samples were iselated from phagoeylic {monocytes/macrophages) and non-
phagooyiic {T-lymphocyies) cells obtained from mice bearing LNCal® and [LS174°F
tumors were selecled for these studies since the former cell line expresses PSA
(Denmeade ot vl 2001) Prasiate 48:1; Lin ¢l al. {2001) J. Urel 106:1943) and the
latler cxhibils a {umor-specific glycoprotein (TAG-72), a high melecular weight
mucin {Colcher et al. (1981) Proe. Nedl. Acad. Sci. USA 78:3199); Colcher el al.
(1984) Cancer Res. 44:5744; Kassis et al. (1996) ./ NMuel Mead, 37:343. Western hlot
analysis was carricd oul with 16 pg of the purified jwotein samples. In essence, cach
sample wis mixed with two volumes of SIS toading buffer and mun on 10% SD5-
PAGE along with unstained precision plus prolein standsrds (Biorad} in Tris-glycine-
SDS buf¥er (pH 8.4) at 260 volts. The protems were transferred 1o 3 nitroccHulose
menbrane {overmight at 4°C) using & Minl Trans-Blot (Biored) apparatus and a
iransler bufler containing 25 mi Tris, pH 8.4, 192 mM plycine, and 20% methanol.
The membrane was blocked with 5% nonfst dry milk (60 min at room lemperaiure
(R'T)) and incubaled (1 howr, RTY with cither BY2.3, a mouse monoclonal antibody

agaimst buman TAG-72, or ER-PRE, a4 mousc monoclonel antibody against human



33. The method of claim 32, wherein the blood phagocytic cell is isolated using antibodies.
34,The method of claim 32, wherein the blood pliagocric cell is separated using One or
methods selected from the group consisting of fluorescence activated cell soiling, filtration,
gradient-hasod centrifugation, elution and microfidfclics. 35. The method of claim 32,
wherein the blood phagoeyiie cell is separated using ligand that binds to a molecular receptor
expressed on thirglasma membranes of Wile populations. 36. A method for diagnosing

the presence of ArhfedtfbISia gtk walmhfmehaﬁw=58m15h§ﬂ¢}'ma‘@fgbé*ﬁrf&ﬁta%m et
expression profilgifprba;hlerd Rhaghcyticeal firp mmauidivieiigd; to mouse IpG, and developed

by incubation (5 min, R'TY with a 1:1 mixture of fumine! solution and peroxide buffer

{Biorad), followed by autoradiography.

{28F] The data cleady indigated that phagocylic cclls fiom LNCaP tumer-bearing mice
were posilive [or PRA, whereas this protein could nod be detecled in non-phagoeytic T
cells from the samic animals as shown in Figure 24, Similarly, TAG-72 was cxpressed
by monocytes/macrophages oblained from LS174T tumor-bearing mice and was
camplietely absent in 1 cells from the same antinals. These findings demonstrale the

“acquizition”™ and expression of tumor-specific protein signaturcs by phagocytic echs,

[212] While these dala are specific {0 apimals with cencer and phagocylic and non-
phagocytic cells oblumed from the blood of mice, the described methods are also
useful in humans and in the disgnosis andfor detection of one or more other disorders
and/or discases and wilh phagocytic and non-phagocytic cells obimncd from other

bodily fluids,

EXAMPLE 16

Profifing Experiments

Isolation of Blood Phagecylic Cells

1213} A sample of blood is obtained from & paticnl. The blood {~5 mL} will be transferred
0 & 30-mi tube containing 50 pl 0.3 M EDTA (final EDTA concentration = ~4.8
mM}. The tube will be vortexed gently and 25 mL RBC Lysiz Builer {Norgen,
Incorporated) will be added, The tube will be voriexed gontly again, incubated at
room lemperature until the color of the solution chanpes to bright red {3-5 min}, and
centrifuged af 2,000 rpm for 3 min. Following careful aspiration of the supcrnatan,
the WRCs witl be washed with 40 mL Ca/Mg-frcc 0.1 M PBS (containing 2% FBS, 2
mM EDTA, snd 20 mM ghucose), and the cells (10°/mL) will then be incubated (30
min, 4 *C, in the dark) with a cell-siaining solution containing {t) the DNA, viable
cell-permeable stain Hoechst 33342 (4 pg/ml; Em = 483 nm), (i) the anti-human

maonecyles/macrophages moenoclons! antibody (Alcxa Fluor® 647-conjugate; Em =



obtaining a second expression profile front a blood non-phagocytic cell from the individual;
Comparing the first and second expression profiles; identifying differential expression of
one or more markers specific to the first expmssion profile; and relating the differential
expression of the one or more markers specific to’the first expression profile to the presence
of an infectious agent in the individual. 37. The method of claim 36, wherein the one or

more markers are selected form the grou consilstin of:patho'bgrﬁin DNA, athg%en R[\IA% )
pathogen protein??)%tﬂBﬁeﬁ"%@p@ﬁ?ﬁ@f%am%éﬂq%id]ém‘? B fOMS Tirerest, cireuigdne

The method of clainm@gawiheraibiagenfesi diis) agenins- betect ed:dranhthergemepeadnsisibod of
a virus, a bacteri a fungus, a.parasite.and.an infectious protein. 39. ethod for ..
identifying an inféc i(%ﬁgﬂgbgéﬁ%ér%%iﬁc %?ggngt Fe“irhué%n E‘r’g Oe}é'tﬁezgﬁl m%éjluc?gr@é&iﬁ%u? u§ %tlg'ps

of:  obtaining Arselspriission promeshushnrdoioter dIRig IS daltkrotn andrieabitid(N.-),

individual; neutrophils (N2l monacylesimacrophages (M/M, -}, and monocytes/macrophages
(M/Mye).

Gene Proftling

t214] Human whole-genome gene profiting will be performed. For RNA samples oblained
from human tumor eells or neetrophils (Ny.g, Nies) and monocyles/macrophages
{M/Mp2, Mheo), the GeneChip® Muman Genome UL33 Plus 2.0 Aray by
Aflfymetrix, Incomorated will be used. This array analyzes the expression level of
over 47,000 transcripts and vanants, including 38,500 well-characterized human
genes.  In gencral, the extracted RNA will be used to delermine the expression
profiles of human gencs wsing the above-mentioned amay.  To cuosure array
reproducibility, cach sample will be profiled in triplicate and the experiment repoated
ance.  The microarray date will be filtered for cancer-induction-related genes ax
deseribed below and validated using quantitalive real-lime, reverse trapseriptasc,

polymerase chain reaction {RT-PCIL).

Upremulation/Downrenulation af Cancer-Indueiion-Related Genes

|215] RNMA wil be isolaled using Triazol (Invilropen, Incorporated) and purified using the
cartridges provided in the kil, The RNA quality and guantity will be assessed with the
Bicanalyzcr 2100 {Agilent Technolegics, Incorporaicd, Palo Alto, CAY and
Degradometer soflware version 141 (Worldwide Web: dnaarrays.org).  These
gxperimental results will help in distinguishing the molecular pathways perturbed

consequeit to the presence of timors,

Analvsis of Microarray Experiments
f218] The analysis of the large scale/high throughput moleeutar expression dats generaled
will rely heavily on the ability to {i) identify penes differentially expressed in

phagacytic cells with & DNA content =2, (ii) annotale the identified genes, and (if)



obtaining a second expression profile from a blood non-phagocric cell from the infected
individual; comparing the first and second expression profiles; identifying differential
expression of two or more markers specific to the first expression profile; and relating the
differential expression of the two or more markerssgpecific to an infectious agent-specific
signature in the infected individual. 40. The method of claim 39, wherein the two or more
markers are selected form theﬂg'goup consisting of pathogen DNA, pathogen RNA, pathogen

pnotein, pathogeft*HélySepittia R dFBRH Il EMa CBRBIbAETIHSTEbIYe8 PO, HRTS.
method of claim 3&tishateainthdsdnictidank ageaiissselectéd fom the gronylcanbigtihg dfap
virus, a bacterium, 8 [UROUR; A PSS A0RADINECURYS DRRIBIP pene list construction i its
“Analysis/Compare Saraples” menu.  When using Alfymetrix GeneChips, one or
more Gene Chips and associated methods will be applicd to ascertain the quality of
{the raw microarvay dala {Gautter ¢t al, (2004) Biainformatics 20:307Y, Furthermore,
vartous background correclion and nermalization procedures wiil be utilized to arrive
at an optimal protocel for normalization and summarization of the mobe sets (to
produce expression values) (Huber of al. (2002) Aioinformarics 1R(Suppl. 1):590; Wy
et al. {2004y Jowrnal of the American Statisticel Associafion 99:909; Seo and
Hoffman (2006) RivMed Central Rivinformaricy 7:395).  In a two-step Hitration
appranch, we will compare the gene profiles of Py.; to those of Puep and construct 4
list of expressed genes and then compare these gencs to the umor-specific genes
identified for cach tomor cell line — post filtration of Pu-z gene profile as showa in
Fipure 5. Por example, (i) blood will be oblained fiom breasi cancer patients; (i)
neuirephils (02 and n=2) will be isolated and their penc profiles determined in
{riplicaic; {11} the mean (from the 3 samples) of each identified gene and ils respective
standard crror (SE) will be caleulated for each group (Nu-; and Nu-p); (iv) the genc
expression profiles of the two groups will then be compared and a list {L-1) of
cxpressed genes identificd on the basis of an absofite =2-feld log chanpe (Ny=2/Ny-2),
aceotding to the Welch modified two-gample t-lost; {v) the poue expression profiles of
N,-2 and {hat of breast cancer (obtained from tumor and normal breast tissue higpsics}
will be compared and a iist {L-2) of expressed gones identified; and (vi) breast-
cancer-specific gene signatures that have been acquired/expressed by Np.p will be
identified by comparing the genes in L-I and L-2 (“Analysis/Compare

Samples/Combine Comparisons,” dChip) and filtering comman genes.

Protein Profiling

[217} Fifly o onc hundred micrograms of the tolal protein from cach type of cells will be
denatured and reduced wilh tris-(2-carboxyethylyphosphinetrypsia {1 mM) and 0.02%
sndium dodecyl sulfate al 60 °C for 1 hour. Cysicines are subsequently blecked and
iolal protein is digested with trypsin at 37 °C for 1216 hours. The resulting peptides



42. A method for diagnosing the presence of an infectious agent in an individual comprising
the steps of:  obtaining a first expression profile from it blood phagocy tic cell from an
individual; obtaining a second expression profile from a blood non-phagoeytic cell from the
individual; comparing the first and second expression profiles; identifying the presence of
a circulating tumor cell or subccilular fragment thereof specific to the first expression profile;

and relating_thg [ESENCE O ir . lafi ;mjnlolrfijf or Put I(hgla fragment there _t) ct:.:he
presence of an m"i’dglljlgﬁéqra}ag tf@?%éf #1"?11 o, 3 % %ﬁi 05 cﬁg%n@smﬁxtﬁé '
presence of an infeeticlig:agettdimamivdividel eqmaprising ¢hasteds offadolainegl e piogy |alion
g;ﬁsh;agocy"c cellg fomAnddaualh REPAINGALRNAYORYLG IR AR RN RERE ¥R o5
IIPLC system cquipped with a strong cation exchange colunn {Applied Biasystems
4.6 x 100 Porous). The 96 collected fractions are then pooled into 14 Tractions, and
cach fraction is injected into the LC Packings Ultimate HPLC Sysiem for a sccond
roung of fractionation under reverse-phase conditions {L.C Packings 15 cm x 75 pm
analytical column). The reverse-phase fractions are spotted directly onto the target
plate vsing an LOC Packings Probot and are analyzed with mass spectrometry (Apphied
Biosystems 4800 Plus Prateomies Analyzer). Following data acquisition, the spoctra
are processed using the ProteinPilot software package (Applicd Biosysiems MDS
Sciex), and the individual prateing in cach of the cedl fypes with their relative
cxpression levels are identified using (he ProteinPitot™™ soflware (the analysis and
identification of cancer-associated proteamic signatures will be similar to that

autlined in Figoure 5 for the genomic signalures).



obtaining a first expression profile from the 2n phagocy tic cells; obtaining a second
expression profile from the >2n phagocytic cells; comparing the first and second expression
profiles; identifying differential expression of one or more markers specific to the first
expression profile; and relating the differential®xpression of the one or more markets
specific to the first expression profile to the presence of an infectious agent in the individual.
44. The method of claim 43, wherein the one or more markers are selected form the group
consisting BfphthelgErEBNA, pathogen RNA, pathogen piotein, pathogen polypeptide,
pathogen lipid and combinations thereof. 45. The method of claim 43, wherein the
infectious agent i, seleciechitbod the ghogposogsisting oicacviclf, @ bacterivb, i fungudivatual

parasite ang an infecfigus pratein.
obtaining o first expression profile from a blood phagocytic cell from an individual;
obtaining a second cxpression profife fram a blood non-phagocytic cell {rom the
individual;
comparing the first and sccond expression profiles;
identifying differential expression of one or more markers specific to the first
expression profile; and
relating the diffcrential cxpression of the one er more markers speeific o the first

expression profike 10 the presence of a cancer cell in the individual.

2. The method of claim 1, wherein the ane or more markers arc selected from the

group consisting of DNA, RNA, protein, lipid, carbohydrate and combinalions thereof.

3. The methed of ¢claim 1, wherein the blood phagoeytic cell is selected from the
group consisling of onc ot more of & neutrophil, a macrophage, a monocyte, a dendritic ccll

and a foam coll.

4. The method of claim I, wherein the blood non-phagocytic cell is selected from

the group consisting of one or more of a T cell, & B cell, a null cell and a basophil,

S The method of claitn 1, wherein the blood phagocytic cell and the blood non-
phapocylic celf arc isolated from whele blood, urine, stool, saliva, lymph or cerchiogpinal

Muid.

6. The method of claim 5, wherein the blood phagocytic celi and the blood non-

phagocytic cell are isolaled using antibodics,

7. The wmethod of claim 5, wherein the blood phagoceytic cell and the blood non-

phagocytic cell are separated by fluorescence activated ccll sasting.



67 46. The method of claim 43, wherein the blood plaagocytic cell is selected from the
group consisting of* a nentrophil, a macrophage, a monocyte, a dendritic cell, a foam cell and
any combination thereof. 47. The method of clalm 43, wherein the blood phagoeytic cell is
isolated from whole blood, ri n e, .stool, saliva, Iymph of cerebrospinal 48. The method of
c.taim 47. wherein the blood phagocytie eel/ is isolated using antlbodles 49. The method

of claim 47, wherein the blood tic cell js se one.or eth s selegted
from the group CéhSlStlH{f %Pﬁﬂ%}‘fgféﬁ‘/ P\!E{SHP(% @8”#1 ﬁf’r%{’ﬂg" rgr %%?%?88@ fot-
centrifugapbng@iptio naindnaigratizid mrr@@.!ﬁ@atmﬂaﬁtmmﬁ Obamnémpmuermqﬂhedﬂansted on
pllagoeytlcﬂ%e Hlﬁ%rﬁ § %’ﬁﬁ?gﬂ&%ﬁgﬁﬂc populations.

4, The method of claim 5, wherein the blood phagocylic cell and the biced non-
phagocytic cell arc separated by onc or methods selected from (he proup consisting ol

filration, gradient-based contrilugation, clulion, microfluidics,

14, The method of elnim 1, wherein the blood phagocytic cell and the blood non-

phagocytic coll are isolaled from a pepulation of white blood cells,

11, The methed of claim 10, wherein (he blood phapocytic cell and the blood non-

phagocytic ccll arc isolated using antibodies.

12, The method of claim 10, wherein the blood phagocytic cell and the blood non-
phagoeytic cell are separated by one or more methods selected from the group consisting of
fluorescence activaled ccll sorling, filiration, gradient-based cenirifugation, clution and

microfluidics.

13, The method of claim 10, wherein the bload phagocytic ¢ell and the blood non-
phagacytic cell are separated using a ligand that binds 1o molecular receptors expressed on

the plasma membranes of WBC populations.

14.  The method of claim 1, wherein ihe individual has one ar more of acculd

cancer, previously diagnoscd primary cancer and metastatic cancer.

15, The method of claim 1, further comprising the step of relating the presence of

one or more markers to efficacy of a cancer {herapy.

16, The methed of claim I, wherein the marker i sclecled fram ane or more of
DNA, RNA and microRNA ¢orresponding onc or tnote of 4 cancer peng, an oncogene and a

LBHIGT SUPPIESENT LEme,



ligand that binds to a molecular receptor expressed on the plasma membranes of WBC
populations, One or more markers of a condition differentially expressed between
phagoeytie cells and nonphagooytie cells from a ¢ogmmon source. 52. one or more markers
of a condition differentially expressed between phézgocytie cells having a DNA content of 20
and phagocytie cells having a DNA content of greater than 2n from a common source.  53.

The one or more markers of claim Sj qr 52 being DNA, RNA, atieroRNA, protein, lipid, or
carbohydrate or dgmbin]jﬂ:oﬁ@ Wgrgéﬁa”ngﬂf. B8 Eonﬁ%?%‘ﬁw%{ﬁé)fsb(?ﬁ}:li'a{?ﬁ\g‘é?t’lgr%]ﬂ A

wherein theoplpagodyticrodid Byeneotraphils] macrap page sihomagytesyabn driticrceligrossor
foam cells E%g_ombinations thereof. 68

18, A method for identifying a tbmor-specific signature in an individual having
cancer comprising the steps of:
oblaining = firsi expression profile from a blood phagocytic cell from an individual

having cancer;

abtuining ¢ second expression prefile from 4 blood non-phagocytic cell from the
individual having cancer,

comparing the firsi and sccond expression profiles;

identifying differential expression ol lwo or more markers specific to the first
cxpression profile; and

relating the differential expression of the two or mere markers specific to a twmor-

specific signaiure in the individual having cancer.

19, The method of claim 18, wherein the two or mmore markers arc sclecied from

the group consisting of BNA, RNA, prelein, Hipid, carbobiydrate and combinations thereof,

20. The meibod of claim 18, wherein the two ar move markers are DNA or RNA
corresponding 10 two Or more cancer genes, oncogencs, MO SUPPressor genes or

combinations thereof,

21.  The method of claim 18, wherein the two or more markers are proicins or
polypeplides concoded by two ar mGre cancer gones, ONCOENSs, uTor SUPPIessor genes of

combinations thereof,

22. A method lor diagnosing ihe presence of a cancer cell in an individual
comwiging the steps of:

obtaining a first expression profile from a blood phapocytic cell from an individual;

obtaining & second cxpression profile from a bloed nen-phagocytic cell from the

individual;



55. The one or more markers of claim 51 wherein the nonphagocytic cells are T cells, B cells,
null cells, or basophils or combinations thereof 56. Proiein profile, DNA profile, RNA
profile. metabolite profile, glyeonle profile, glycopratein profile, carbohydraie profile, lipoprotein
profile or lipid prOfite specific to blood phagocytie Cells compared to blood tionphagocytic cells
from a common sourCe. 57. Protein profile, DNA profile, RNA profile, metabolite profile,
glycorne profile, glycoprotejn profile., carbohydrate, profile, lipoprotein profile or lipid profile
specific to blood 5‘?15@]*38%@%&%‘ mmﬁﬂgﬁﬁwcéﬁﬁéﬁ?g’?ﬁgeater than 24 compared to blood
phagocytic cells fdvitigiagDhAcentent &2 cifrolniagcomomorc baured:cellut8lrgkitdothereot

demoting t,h% ] fﬁﬁg%&ﬁ.}; t]q,:r}l:e Qr more rﬁﬁr,ka%? associated with cancer and/or an infectious

agentin aBio ogical sample, Whereir t e kit comprises a labeled compound or agent for
detecting a markedaislypeprittecnoesia Hpidingdsamee kakigs subralnlandrapsrent Ao geicofiic
DNA, and g-standayel sush.ps.a manphageeutic cell or a 2n cell to compare the amount of
marker in the sample with the standard,

23, The method of claim 22, wliercin an increase in the quantity of a marker in the

first expression profile relative to the sgeond cxpression profile indicates the presence of one

or both of a circulating twmor celi and a subeeliutor frapment thereof.

24, The method of claim 23, whercin the matker is selected froon the group

consisting of DNA, RNA, protein, lipid, carbohydrate and combinations thereaf,

25, The method of claim 23, wherein the marker is sclected from the group
consisting of DNA, RNA, microRNA end combinations thereol corresponding to a cancer

EENE, a7 ONCOECRE, & LUMOT SUPPLessor gene or a combination thereod,

26.  The method of claim 23, wherein the marker s & prolcin or polypeptide

encoded by & cancer gene, ai ONCOEENCS, & WNor suppressor gene o a combination thercof,

27. A melhed for diaprosing the presence of a cancer cell in an individual
comprising the steps of;

1zolaiing a population of phagocytic cells from an tndividual;

separating 2n phagocytic cells from =2n phagocytic celly;

obtaining s first expression profile fvom the 2n phagoeytic cells;

obtaining & second expression profile from the =2n phagoeytic cells;

comparing the first and sccond expression profiles;

identifying differential cxpression of onc or more markers specific o the firs
expression profte; and

relating the differential cxpression of the onc or more markers speeific 10 the first

cxpression profile to the presence of a cameer cell in the individual.
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28, The method of claim 27, wherein the one or more markers are sclecled fram

the group consisiing of DNA, RNA, protein, lipid, carbohydraie and cembinations {hercof.

29, The mettiod of claim 27, wherein the one or more markers are selecled from
the group consisting of DNA, RNA, microRNA and combinations therco! corresponding teo

two OF MOre CANCEr genes, ONCoEenes, Wmor suppresser poncs ar combinations thereof,

30, The method of claim 27, wherein the one or more markers are proteins or
polypeptides encoded by two or oSG CANCEr RENCS, ORCOEZERes, IO SUPPICSSOU enes or

any combination thereof,

31, The meihod of claim 27, wheicin the biond phagocytic cell is selected from
the group consisting of a ncutrophtl, a macrophage, a monocyte, a dendritic cell, a foam cell

and any combination thereof.

32, The method of ciaim 27, wherein the bloed phagoceytic cell is isolated from

whale blaad, uring, stool, saliva, lymph or cerebrospinal fluid.

33.  The method of claim 32, wherein the blood phagocytic cell is isolated using

antibadics.

34,  The methoed of claim 32, wherein the blood phagocytic cell is separated using
onc or methods sciected from the group consisiing of fluorescence activated cell sorting,

filiration, gradient-based contrifugation, clution and micrefluidics.

35.  The method of claim 32, wherein the blood phagocytic cell is separated using

a ligand that binds to & molccular receptlor cxpressed on the plasima inembrancs of WBC

populations.

35, A method for diagnosing the presence of an infections apgent in an individuel
camprising the steps of:

obtaining 2 first expression profile from a Bood phagocytic ccll from an individual;
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oblaining & second expression profile from a blood nen-phagouytic ccl {rom the
ndividual;

comparing the first and second expression profiles;

identifying differeniial expression of one or more markers specific to the first
cxprossion profile; and

relating the differential expression of the one or more markers specific {o the Tivst

expression profile 1o the presence of an infeclious agent in the individual.

37.  The methoed of claim 36, wherzin the one or mare markers wre selected form
the proup consisting of pathogen DNA, pathogen RNA, pathogen protein, pathogen

nalypeptide, pathogen lipid and combinations thereal.

38, The method of claim 36, wherein the infoctious agent is sclected from the

groupr consisting of a virus, a bacterium, a fungus, & parasile and an infectious protein,

39, A method for identifying an infectious agent-specific signalure in an infecled
individual comprising the steps of:

obtaining & first expression profile from a blood phagoeyiic ocll from an infected
individual;

obtaining & second expression prolife from a bleod non-phagocytic cell from the
infectod individual;

comparing the first and sccond cxpression profiles;

identifying differential expression of two or more markers specific to the first
expression profile; and

relating the difforential expression of the two or more markers specific to an

infectious agent-specific signature in the infected individual.

440. The method of claim 39, wherein the two or more markers are selecled form
the proup consisting of pathogen DNA, pathopen RNA, pathogen protein, pathogen

polypepide, pathopen lipid and combinations thengod,
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41, The mothod of claim 39, wherein the infectious ageni is selected from the

group consisting of a virug, a bacierium, & fungus, & parasite and an infeetious protein.

42. A method for diapnosing the presenee of an infectious agent in an individual
comprising the aleps of:

obtaining a {first expression profile from a beod phagocytic cell from an individual;

obtaining a sccond expression profile from a blood aon-phagocylic cell from the
individual;

comparing the first and second expression profiles,

identifving the presence of a circulating tumor cell or subecllular fragment thercof
specific to the first expression profile; and

relating the presence of a circulating wmor et ar subcelbular fragment thereof to the

prescnce of an hilectious apent in the individuoal.

43, A method for diagnosing the presence of an infectious agend in an individual
comprising the steps of:

isolating, a population of phagocylic cells from an individual;

separating 2n phagocytic cells from =2n phagocytic cells;

oblaining a fiest exprossion profile from the 2n phagocylic cells;

olbtaining a second expression profile from the >2n phagocytic cells;

comparing the first and second expression profiles,

identifying differential cxpression of one or more markers specific lo the first
cxpression profije; and

relating the differential expression of the one or more markers specific to the first

expression profile to the presence of an infectious agent in the individual.

44, The mcthod of claim 43, wherein the one or more markers sre selected fonn
the proup comsisting of patkogen DNA, pathogen RNA, pathogen prolcin, pathogen

palypeptide, pathogen Hpid and combinations thercof.

45.  The method of claim 43, whetcin the infections agend is selecled from the

group consisting of a virus, 4 bacterium, a fungus, 4 parasite and an infectious protein,



o7

46.  The method of claim 43, wherein the blood phagocytic cell 18 selected from
the proup consisting of s newtrophil, a macrephape, 3 monocyle, a dendritic cell, a foam cell

and any combination thereof.

47.  The method of clairn 43, wherein the blood phagocytc cell is isolaled rom

whode bleod, urine, stoal, saliva, bymph or corebrospinal fluid.

A8, The mcthod of ctaim 47, wherein the blood phagocytic call s isolated using

antibodiny,

49, The method of claim 47, wherein (e blood phagoeoytic cell is separated using
emte o methods selected from the group consisting of fluorescence activated cell seiling,

f(iliration, gradient-based contrifugation, ehution and microfluidics.

50, The method of claim 47, whorein the blood pliagoeytic celb ts scparated using

a ligand that binds to 4 molecular receptor expressed on the plasma membranes of WiBC

populations.

51, Onc or mwore markers of 4 condition differentially expressed between

phagocytic ceils and nonphagoeytic colls from & common source.

32, (e or more markers of 2 condition differentially oxpressed between
phagocytic celis having a DNA comlent of 2n and phagoeytic cells having a DNA coment

of greater than 2n from a common source.

53, The one ar more markers of claim 50 or 52 being DNA, BNA, microRNa,

protein, lipid, or carbohydrate or combinations thereof,

54, The one or more markers of cltaims 5] or 52 wheretn the phagocytic cells

are neatropluls, macropliges, monocytes, dendritic cells or Toam cells or combinations

thereod,
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53 The one or more markers of claim §1 wherein the nonphagocytic cells are 7

celly, B cells, null cells, or basaphils or combinations thereof.

50, Proler profile, DINA profile, RNA prolile, metabolite profile, glycome
profile, glycoprotein profife, carbohydiate profile, lipoprotin prefite or lipid profite
specilic to blood phagocytic colls compared (o blood noaphagocyvtic cells from a commen

source.

57. Urotein proftle, DNA prefife, RNA profile, metabolite profile, glycome
profite, glycoprotein profile, carbohydrate prefile, lipoprotein profile or fipid profile
specific 1o blood phagoceytic cells having a IDNA content of greater than 2n compared to

blood phagosytic cells having a DNA content of 20 Gom a common source.

58, A kit for detecting the presence of one or more murkers associated with
cancer amllor an infectious ageat in a biclogical sample, wherein the kit compriscs a
labeled compound or agent {or delecting a marker polypeplide, profein  liped,
cligosaccharide, inRNA, microRNA, or genomic DNA, and a standard such as a non-

phagocytic cell or a 2n cell to compare the amownr of inarker in the sample with tiw

slandard.



