SINGLE CELL GENE EXPRESSI ON FOR DI AGNOSI S, PROGNOSI S AND | DENTI FI CATI ON OF
DRUG TARGETS CROSS- REFERENCE [ 0001] This application clains the benefit of
U. S. Prowveizormaiss#ppl i cati on No. 61/ 205,485, filed JanuaCy/td291080(395 whi ch
application is incorporated herein by reference. GOVERNMENT RI GHTS [ 0002]
This invention was nmade with Governnent support under federal grants U54 CA
126524 awar de SINGUHFhEENAIGENGGR EXCRESSION ROR PIXAGNOSTe PROGNOSESNIDas certain
rights in this invention. IBANCKERCANDOSFOR BRUG\NVERGEDNS [ 0003] I n recent
years, analysis of gene expression patterns has provided a way to inprove

t he diagnosis and risk stratifi cGROSS-REFERENCEli seases. For exanpl e,
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di seases, is frequently not the result of a single, wel fined cause, but

rat her céi%i% a\waaiﬂdd)yathe Natienad [Cadis dagitgte. dae Go&amwdtlms cditfiherghtstin this
aberrations in informational pathways, which ultinmately result in

appar ent Y8 Q9R: | ar pat hol ogi ¢ phenotypes. Identification of polynucleotides
that are differentially expressed in cancerous, pre cancerous, or |ow

netastatic potential cel |l BACKGRONDORNIHRINVENTEON the sane tissue type
can provide the basis for diagnostic tools, facilitates drug discovery by
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and nature of conplex diseases, and is key to identifying the genetic
factors flﬁ%{?g%?h@d Py € tRsive dETereices MeZenR eSS Ha%lé%?é%@léﬂwwefﬁn%@r%@ opment

of, for H%én%oust ed'Gik él%él f? ﬁos‘tl@fnilé%ﬁﬁﬁét Qlu¥h RIFRALY Pt Opels‘lﬁ‘é‘éf'téc h cation

of gene prod cts that are ntially expressed at various stages, and
in vari oalsoclytpdsmdn‘diffeﬂeh&;limwhob@bﬂmwr@lubdbga‘nerexmasdlm pht@gnostadlo beest s, and
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expressi on i ol ogical activity, and the ik
cause, but rather can be viewed as several diseases, eac caused by different aberrations in
informational pathways, which ultimately result in apparently similar pathologic phenotypes.
Identification of polynucleotides that are differentially expressed in cancerous, pre-
cancerous, or low metastatic potential cells relative to normal cells of the same tissue type
can provide the basis for diagnostic tools, facilitates drug discovery by providing for targets
for candidate agents, and further serves to identify therapeutic targets for cancer therapies
that are more tailored for the type of cancer to be treated.
[0005] Identification of differentially expressed gene products also furthers the
understanding of the progression and nature of complex diseases, and is key to identifying
the genetic factors that are responsible for the phenotypes associated with development of,
for example, the metastatic or inflammatory phenotypes. Identification of gene products that
are differentially expressed at various stages, and in various types of cells, can both provide

for early diagnostic tests, and further serve as therapeutic targets. Additionally, the product

of a differentially expressed gene can be the basis for screening assays to identify
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[ 0006] Early disease diagnosis is of central inportance to halting disease
p(rjog[ gafssi on, and reducing rr;)[ bidity. Angl ysiﬁ 01;) a pa]'Ei ent sanpl es ; 0

i denti fy wyonelspessi on patterns provides e basi s foPcCrarseowpers2sic,
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poses less risk to the patient (e.g., at a tunor is benign) can avoi
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of a part.icular popul ation of cancer cells to therapy [0009] The .
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in the signa in%gpat hways used by these different popul ations of cancer

cel | s wi tapert ¢p thawpignakitgpatioweaysd %tltbexd'esgifgmth@mrwgélgd@mwai-a&gé@ thesec h
popul ation of cells. By tar i all popul ati.g gne could elimnate a
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As anot hgirtiexanpdpriationfof anamet aen dDyedntdbReanaelhpsadftes citoxidiradioPeiaph of the
normal structure of the intestine resulting in problens such as diarrhea,

bl eedi ngarthehemathasanr phs Bish. teaegentfribprersharinie magdg dyg padktte e i on of the
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cells nothing more than relative sensitivity of one sub population of cancer cells, which could

comprise the bulk of a tumor, and may not be important to long term survival. Thus, the

most important clinical variable for assessing treatment response and prognosis may not be

the absolute tumor size but rather the absolute number of a particular population of cancer

cells remaining after treatment. If one could identify differences in the signaling pathways

used by these different populations of cancer cells within a tumor, then one could design

therapies that target each population of cells. By targeting all populations, one could

eliminate a tumor by treating with drugs that affect each different population.

[0010] As another example, inflammatory bowel disease results in disruption of the normal

structure of the intestine resulting in problems such as diarrhea, bleeding and malabsorption.

These problems are caused by destruction of the normal mucosal lining of the gut. The
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reside at the top of the crypt. Wth inflammatory bowel disease, it is not
cl ear which cell popul ations are damaged and the signaling pathways that
are requiweaotonssepai r t he danmaged nucosa. [0011] Met hostsTafS2@omeisgel y
determ ning the nunber and phenotype of cells in disease |esions using
smal | numvessil Hhing @f ke do$omfonguseaif cryptemvdsie dobiet pelxgnesi ]ls dhdpiogsiitor
|dent|f|cat|on of signaling path mays that can. be targeted by specific
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single cel |l gene expression profiling and/or transcriptome analysis. One
met hod pfoyPded herein is a method of identifying different cel
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partitioning individual cell's fromthe tumor into discrete |ocations
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using nucleic acid analysis. The discrete locations can be on a planar
substrate. In some enmbodi NRfing A&ﬁ?15PWQQﬁHRﬂﬁﬂﬁTH9N'n9 is performed in a
m crofluidic system Transcrlptone anal ysi's can conprise anal yzi ng
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si mul t aneousl’y or substantially in real time on all or a subset
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cancer canerpRaRERsRamicRl i TR sk ooBT ek et 5
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bi opsy fron1a subj ect, conprising: rando partitroning cells fromthe

bi opsy i ReREioser &t wMoiEsENesssthe p&méw%hca%s %rﬁaﬁg@wb%prﬁoratﬁawagtmogmn at
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transor B i v G ettt B AL TR00 B8NSt BOR L RRcobly, e
per f or m MeganSérgRomaandgsipedd oy peetdrmed bsitig nidleio hcidwhhighive The dfsc@tecletdtionype. A
characteristic identified can be the presence, absence, or nunber of cancer

cel |'s. ACHEHRE QbR Blpatsubstiate N spmeembedimgnds thiorapdem paitisioping is Ryéumed inr
number  of §¢ SRRl éy%tenf: aflla}{scrlptome analysis can comprise analyzing expressed RNA, non-

expressed RNA, or both. Transcriptome analysis can be whole transcriptome analysis.
Transcriptome analysis can comprise amplifying RNA using a single set of primer pairs,
which in some embodiments are not nested primers. Transcriptome analysis can be
performed simultaneously or substantially in real time on all or a subset of individual cells.
The one or more cell populations can be normal stem cells, normal progenitor cells, normal
mature cells, inflammatory cells, cancer cells, cancer stem cells or non-tumorigenic stem
cells.

[0013] Further provided herein is a method of analyzing a heterogeneous tumor biopsy
from a subject, comprising: randomly partitioning cells from the biopsy into discrete
locations; performing transcriptome analysis on at least 50 genes of the individually

partitioned cells; and using transcriptome data to identify one or more characteristic of the

3-



progenitor cells, initial differentiated progenitor cells, late
differentiated progenitor cells, or mature cells. A characteristic

i denti fi edocan/mb®8 be effectiveness of a therapeutic agemtuseoomkised nati ng
one or nore of the cells. A characteristic identified can also be activity
of a si gnmhdrnghpptHv@ying bep cex berpérforned pathovayriGacichmenttod azelt aypeerA st em
cell, adifferentiated cancer cell, a mature cancer cell, or_ conbination
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the at | east one disease-state cell to transcriptone of: a) a non-di sease
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in the dufrfer esth Iehe&ﬁcaaep of &ify Gelcharabibfistitab didgndseiubiics @aheasderbeacel |,
t hereby identi fy| ng a signaling pathway utilized by a disease-state cell.

The di se&¥¥cs5H3% can be cancer, ulcerative colitis or inflammtory bowel
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transcri ptone anal ys fromthe at |east one disease- state cell” to a
second t therns lﬁastmn@ niscaseaityts icell fa wmsariptome dif soagenstisehee gk lcelltt archaﬁg/rent
diagn05|§g th ﬁenc or .absence of a associ at ed
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col on caeﬁﬁésse&hp@uﬁ& dkBaseQkded £, @f) tho bl seARBEAE VRO afl 6B %Aﬁ(sﬁlonally in

Transcriptone anal ysis can conprise anal yzi ng expressed R non- expressed
RNA, or HBetdifferfniadisess-prasmellabetinps isa gemdiseasatrsite celt.dheeby &eoﬁﬁnwal ysSis.

[0016] Yet noth r QV ded h i-S._a. et for, screening for a
{ ner apeut BUANGORER Dy US0er Rl St et Bl v P ELase. ot o

cel | s t oursLiO# cﬂﬁfs@rﬁlmm@gefylsow@laisaml ng s@m@@ﬁlﬁb(ﬂlﬁ%ﬁ@pﬂﬁ sigwamiig bi opsy
fromthe subject froma region of interest; perform ng transcri ptone
anal ysi sP#RWaY 19 isauiredsiq symaial plgtid disease spiegpllt he het er ogeneous t unor

D00, JASE! LB SRS ASSe o S fhsgaeplal eyl L

ei ther: ¢ondittorsengnidiubndomly partitioning cells from a heterogeneous sample; performing
a first transcriptome analysis on partitioned cells; using transcriptome analysis to identify at
least one disease-state cell by comparing the first transcriptome analysis from the at least
one disease-state cell to a second transcriptome analysis from a non-disease state cell,
thereby diagnosing the presence or absence of a condition associated with the disease state
cell in said subject. The disease state can be breast cancer, colon cancer, ulcerative colitis or
inflammatory bowel disease. Transcriptome analysis can comprise analyzing expressed
RNA, non-expressed RNA, or both. Transcriptome analysis can be whole transcriptome
analysis.
[0016] Yet another method provided herein is a method for screening for a therapeutic

agent comprising: exposing a first subject with disease-state cells to one or more test agents;

obtaining a heterogeneous tumor biopsy from the subject from a region of interest;
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W t hout the disease-state cells; or (ii) the first subject prior to said
exposi ng step; and identifying an agent that affect a transcriptone of
cells frownothw/ase®8 area to be nore |ike those of the secons$2aubpses or the
first subject prior to exposure. The condition can be breast cancer, colon
cancer, pérf@nahg stenscaptotienalykisionfak Rawmaine fiydibiduwal cellifoaade herideae@apeut i c
agent can be an antjbody or. antibody fragnent, small nol ecule, nucleic acid
(for exafiMes bigpsy; whgryin thAoPENGOMERNAS PRGOTIRPIRessasetale g¢lly: ang comaparinge
[0017] T ' r [ : r:piing the
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produci ng a di sease-state expression signature; exposing a second

popul at i emcof, coliog sarcer.gtlearaivealolits,top inflanzgetaty, boyeghdisazsends thhwapeetorggnt
popul ati on of di sease- stat el ls intg,individual .l ocatiaons erein the
Poa v dugth R TERE e PhEe AL el YRieit REF R BRm gD

expr essi GRNAYRINAODNA, REASDNoNehifed, pidteiaCortheptidfr ot ei n from at | east one
of the individual cells fromthe second po&glation;‘and conparing the

expr essi Y917ky&he present disslaswagialsoduiayidesss method of deferninmgribe pefsitiadt i on to the
di sease- r | J: : 1 i .fectiveness
of the_ apiat s TAPREF HlcRbeRO0RM ! Rind RHLERE, SR B ARG i

vi vo. | npsmididnnstdiseaesstatt bels intesindpiqual Batboms awbertinaghs mdondugd dgpatiadsi on ar e
isolated froma sugject, for exanple, a human. The di sease can be cancer,

ul cer at | GRMRiGiE an; idigjdualgalls derarmipipeBaerpresvadew! ofpdedtt erenycleie agd oF t he

protein : : 1 . An
gﬁ}?eld? Srofh SABREENEE the [REWEal AL ?r{é&fbé/ \Fz{)cﬁﬁ}%eiséhséﬁ% K@fe QprdQbR

expr essi evel can be an nmRNA expression one enbodi nent s,
det er mi nkiggattieeexgiihgevsprasispapnlatien ef diseasp siagez:lld &t &Tigeon sofarguprtessi on or

| ack of expression.of 10 or nore nucleicg. acids. An expressjon |leyel can
Lres be SOBbE R et ThE el et BBk Bien s Y BER EhE et o
exposi ngidchGoRARBHIpAké ANirdfvid@ll ksll;IdetedRir ih'é(égiirefssﬁ@{ leSOESFiaf 1@ dn¥ nbtiBRs a
protein present on the individual cells. 70018] Further provided herein is

a et hodagd ogprogaindionnay 1edskend ¢fdbelingfvidual eelpsdiniera thpsegord pypadationpang
t her apeut i c age compri sing.. separat.ing .a ul ation of cell.s froma
subj oot porte by pRRRIn: I oREMR Rk Afu e R R By PlhuiopSlalifn I 80

conpri seddbaskReitd/éxxhuidkionsldnaing tmaf}enﬂdﬂerﬁﬁnih%@l&lefwaﬁvﬁfesi bethé Bghny hghiadt
cells is a disease-state cell; determ ning the expression |evel of at |east
one nucl Biedigased Bie ppoties sep Fyhbaperfamsd hyiso-on some igptarssdhe figt e

o B R Gyl B LS5 By UL Sl Rl
based onThhdiseaspraisbe canckevikkranive toildtisadr ih@ashaonebowe |déieaseacitg muklepr ot ei n.
An-expr egcsiii %P thleep\fgtleincc%tq bB% C%QCCI‘ cell m%)rﬁ(%rr,eascsainggr slte%\ll gfl:ﬂ mlaH«:? 8rn§oth. An
expression level can be an mRNA expression level. In some embodiments, determining the
mRNA expression level comprises detection of expression or lack of expression of 10 or more
nucleic acids. An expression level can also be a protein expression level. The separating steps
can comprise exposing the population of cells to an antibody that specifically binds a protein
present on the individual cells.
[0018] Further provided herein is a method of determining likelihood of a response by a
subject to a therapeutic agent, comprising: separating a population of cells from a subject
into individual locations, wherein the individual locations comprise an individual cell and

wherein at least one of the individual cells is a disease-state cell; determining the expression

level of at least one nucleic acid or protein from at least one of the disease-state individual
-5-



enbodi ments, determ ning the nRNA expression | evel conprises detection of
expression or |ack of expression of 10 or nore nucleic acids. An expression
| evel carwal2sw/dses9a protein expression | evel. The separ @CITu$2600ps2Ean
conpri se exposing the population of cells to an anti body that specifically
bi nds a p¢lt @hereppr ths @andleioncidie prodinvi dtabeteglalterapdéic hfatapedeteemagent can
be an antj-cancer agent. [0019] Another nethod detai]ed herein provides a
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sanple into separate ressable positions; Tysing individual cells, and
di vi di ngemhedimests| diatﬂglihiyagalnaamRNﬂ cx;aessioads‘telmmppmstiet@cmn dfreppictypomg MRNA
or cDNA gﬁ{;i i)’/ed t her ef iﬁg] fromthe individual cel 1 det n| n& ene
expr essi B B STATFEONOf S PbRareI e 4 s At XPEFEPD e A 58 ﬁ‘atPPi %ene
expressi gfprisRhiléRl pTﬁB’deﬁ%Uﬁ%’ BrepoRul o%hip‘ﬁ@e bﬂfd@fn'g&hé fépulaftd dPeEfObEhng
transcri ptone analysis on at Teast one cell in atarget sub-population. In
some net hmdmdy ghat spegdficallg bgrds atprotemsgireseot dmiievindlvidbaloellb.sThe derpaiticz ed.
Cell s can b r ted for e ressmn of at |east one cell surface marker.
Cells an%$ n[zﬁlél ?’?’gf?{p% di scl osed herein can be stemcells, for

exanpl e [mna} omb&ﬁet felo@Re@abd Rerelnrbvides §§ﬂﬂ$@hmlc(b@-ﬂla?ﬁd$§ﬁblrﬁ&hécess t han
106 ceIIs or less than 105 cells. Cells can be sorted for expression of at

| east onatib#ingeme expeessiy from mdwitnal esisoenmrsiing the sispeelk seniraimeaells Ba8x one
or at le rm ned.
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provi deddh&heg theirssudtimgety ek mfo z(I|1@SSﬂv&foypdﬁg01& sinphfyirel Ith\tﬁompcrIi)NAr@nt/éte
steps of: FF‘E E‘ﬁal ning.a ., stemcell transcriptome profile froma sgrrpl e;

and (b) m e It idi G611t (SIRERIIS e CPPISHIIEP e 108 BR%RidaC st em
cell t ra[}z%&t% BLRNTE, WhQbih ke e%e e&?&%ﬁéﬁ Pr‘o‘Pi'I@ IB(IR{Eé bb- g@ﬁlz&f&mﬁfoﬁﬁa@orﬂat aset
obt ai ned fror% at | east abou em ce associ at ed teins. Stem cells

anal yzedamhpﬁrﬁnnmegwtmzmscmpteme(aeallyss ohenkrbopot etli i staeget sei- p@ulatmneéml nal
stemcells, m a, stenncel | s 3.lyn se cells I zed can
ol ude SR WetSgmed De o o4 st Q0! Gl s SRy Enb R cBIoeH

car ci NOMgyy &{@@ﬁ@ﬂ b4t 9Eme HMeafellll s@rfantahikes CaR a%h@@e&%'é'rﬁ&héd%@hs%‘lj&h&' onal
steps of: racting nRNA froma sanple of stemcells; quantitating the

| evel of hopia an bastea ediNafos peaipls hewatopgista sieniretls Eritéghsamples speednprise
sequence ey 0 e the. |l evel
of said rfﬁﬁﬁﬁ‘alsl& cies |26%<§;1Ehralelf1 r(éeﬁce(a;egrsrﬁ f[%n%fﬁorﬁx?remr owka aasr(g(enrlee?fn is a
et hod oDzalane ahiyngIifiaing: émgRTiglERg, X ptdsdbs of htltaiBne SOMMAsSiing(Sh he st eps
of : collecting data regarding a transcriptone using any of the nethods

descr i beBeREPRYiptiGHamse apsogiakes gene st detarpingde Sransgraromaagdyptitserhddan be
connect e aﬁs% gtoﬁf\e%g@gfsng apparatus. Data corresponding to a transcriptone
can furt stored after

[0020] Further provided herein is a method of classifying a stem cell, comprising the steps

of: (a) obtaining a stem cell transcriptome profile from a sample; and (b) comparing the
obtained transcriptome profile to a reference stem cell transcriptome profile. A transcriptome
profile can comprise a dataset obtained from at least about 5 stem cell-associated proteins.
Stem cells analyzed can be cancer stem cells, hematopoietic stem cells, intestinal stem cells,
leukemia stem cells, or lung stem cells. Samples analyzed can include cells from a cancer,
for example a breast carcinoma, or colon carcinoma. Transcriptome profile analysis can also
comprise the additional steps of: extracting mRNA from a sample of stem cells; quantitating
the level of one or more mRNA species corresponding to stem cell specific sequences; and
comparing the level of one or more mRNA species to the level of said mRNA species in a

reference sample.



sendi ng, for exanple the data can be stored on a conputer-readabl e nedi um
whi ch can be extracted fromthe conputer. Data can be transmtted fromthe
conput er wo 21wmss8e | ocation, for exanple, via the intecmats201BRREES

DESCRI PTI ON OF THE DRAW NGS [ 0022] The patent or application file contains
at | east [092¢] dAdw proviexeheitidds b metlaldasf.coleingslatf regdrihgpatanirippompat ent
application publication with color drawi ng(s) will be provided by the

Of fi ce upgRPTERUBESIRNET FaYfitRe dBr r?&@édwgéégaélaqrgpt?@%uﬂ[l@e@z;?f fBF Gisthods

Singl e- CalderiBaNfer e ARES S| bt bl A LoRpRER ffb LRI LRI Or ect Al
cancer stern cell % %@‘% purqlS rom humhn col orectal cancer
tissues m&mamnmﬁ&pghamm M@Eﬁ@ﬁmﬁpnmbegﬁimnmmc#mwﬁkcmhmmﬂhmbéﬁmmﬂhﬁkmerinent
(panel A), 16 singlec s .have been nalyzed for t expJ.essi.o genes,
ber for m <. FugRBEE¢hS 47 i B ongna e HAD GRS A Rflscin b2

exper| m@itrac%@%rﬂﬁ%oﬂ{ﬁﬁ@r Bak LA e IndRitieddion teadlonHulh@®a G@hdei s used in
3 consecutive rows of the reaction matri x, and each gene-specific priner
set is ulsdtiom fo cxemples utitheintahenms, with t he only exception of the first
three where no priners were added; the | evels of gene expression for each

i ndi vidual cell can be g Wﬂl color scale. In the
second experi nent (panéﬁ*@?ﬁbgggﬁﬂ?ﬁ§€%§8§¥g§Eﬂ“&%s asﬁomed, wher eas 16

si ngl e- cf)028] have pixesrorapplioatien fil Ocontdies @X@IsesE dmwmfg ckéagahiscolgrer f or m ng
9 replicates for each cell-gene conbination; in this second case, each nRNA

pr epar at 8Rief PHR SSRGS QF pﬁ‘ltalaréppgq%@n @ulalécfarﬂon vithsodpridiaveing(sh vk Be Pividedus of
t he reac i.f icper set is used in 3
P88 G oo R0 318 AR SERE L 01 52

consecutl eve gene expression for each
i ndi vi du[aﬂOZﬁ]aI Figuxe lchin,g'lesueil gmckxpsssaarsaﬂﬂlmsldsy wsi-tige #CROOfTrunsmal e. 1 n

both cases, the: assay displ, v epro u0|b lity and
Donei ot erciorg eca At care SERe By efmlal}m% pigctal cagediyfiaiese |
gene- ex p&&gﬁkmd@ﬂ NO@/S@IEMmE:@?thmM %Emnqﬁe ﬁf&ﬂ@ﬂa 1%h9(p%ﬁé161&) ¢EBGEle- St em

cells" (Ep h/ CD166+ cel from xenogr af t nB) . figuré each
row i denWHSHme hem amglyeect&rltheam@ma@h of 6lganes, pd‘écnmuﬁg %’ére@hdats& foneachgene.
The inten SSion. i s de usi n ol or ere
dar ker T Ea-poateb iR BiER iy o S Hiedr fp I8nT he Rl enei ¢y,

The anal yﬁa%D &ll@@ﬁde}d 1% BRVAsct@te, rob@%@dleqeadtllibﬁlnﬁatﬁf angehtPEdmenpbcifieper t oi re,
EpCAMhI g 166+ tunor cells can be subdivided intodistinct subsets. Most

i nport anpnsner s Iy ussdy B R e@nseeidtve shso B ithraendr cxgsatien sithe Ain¥ dyse sdpicessi on

Phe oo on§ PRl P el BRACHOS: Lt kST Bk IR P B o e ©
Anhydr as elshzihzeﬂ/hmx9 Bloeksidingraes]biyschig e o the3pcshel axptri@pr(psise]l B, £imiless

| oner | evels of genes encading for candidate intestinal stemcell nmarkers
or genes?RHBYR W& IBHOWRb ddeEgay 1P snelarestls bayg beegaaplygsst for the expression of 16

genes, performing 9 replicates for each cell-gene combination; in this second case, each

mRNA preparation from an individual single-cell is used in 3 consecutive rows of the
reaction matrix, and each gene-specific primer set is used in 3 consecutive columns, so that
the levels of gene expression for each individual cell can be visualized as 3x3 blocks using a
color scale. In both cases, the: assay displays a high level of reproducibility and consistency
within each set of replicates.

[0024] Figure 2. Single-cell gene-expression analysis by real-time PCR of human
"colorectal cancer stem cells” (EpCAMhigh/CD166+ cells, from xenograft #8m3). In this
figure each row identifies a single cell and each column identifies a distinct gene. The
intensity of gene expression is depicted using a color code, where darker red indicates
stronger intensity and darker green weaker intensity. The analysis clearly shows that, based

on their transcriptional repertoire, EpCAMhigh/CD166+ tumor cells can be subdivided into
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(e.g. hTERT, LGR5, Survivin) and vice-versa. [0025] Figure 3A-B. a :
Purification of MINCs |Il'ESA +H2K- fromthe lung cells of breast

t unor - beaw0r2g10NBE¥98ClI D m ce. Top panel gated H2K- Dapi | viPablus2010/02e0%) |

| ower | eft panel gated ESA+ cells for furthering gating of CD2441' cells in
t he | owedistihgRubgeanVod imphieaitlyt ¢atesuBtdts thaashost SooddinaBiNAnd exeiltaneols

H Fl a, Snai | 2,  Zeb2, E-cadherin, Vinmentin, VEG-C, CCR7, Lox, Cox2 in MIC
and non- FIRESSiqn Jegh m}apég%es TR fo5 ferm glabfhfﬁeéfalitla&l%@aﬂfeﬁ Arthg ysis for
i, Cr ORNASOIbfH B3indi %Pl QMRS ADRCDTCE @A aEhantdRRZl Frgese
5A-5D. CDe6a EE a non- tgu ri gen?lc cancer cep}(%mar Ker O& ne?gst cancer.

[ 0028] Fil'gifioid F@rnﬂ@@pgtonii:)mtremotw&pneam@r cxpadsy Biver fvels®f gehds emeogihgforf or
several thousand CNV Sev y associated with nomc instability
and g1 ve TRLET G Ra s L ETaRECaPaoa b O ey B8 SRrogbiergr o 7.
Single Cglé. myy@sﬂ@\ﬁmeﬁm Pid i6d-Pba. [0030] Figure 8. Gene Set
Enrichnment anal ysis of the expression of stem ceII | i nked genes. Cenes

expr essetP0By] sElgure 3Aeli agPurdiastipn PEELICE él K8 H2Kt énnctdk lhengcetl oBbrefst om

normal BB ENEATSEIS ARB, nEhdeh iRl e APl TR bR P

non- t UNDEAE@ABA* REIRORR Fur{HTit) gat:ﬁﬁg FrED2LeLieeklistih eRdoFengsht \Wand. bi Behlfl cantly
overrepresented in the CSCs gene expression signature. A heat \p

over expr 88§ Ryandysis of @RM@V@@@% Flm Ypaild. 4eb AESC@ﬁ]@?‘fﬂlt Vémentin, (VEGFC.i co”
sorting pul ations of cells. Cell popul ations,
such as F@R#‘f %g%?éeé&qnyg%?&%l@ﬁblagge sorted by FACS into 96-well plates,
cont ai ni [(19286] sFiyyire 4c€hd CTGaldes ofareal-tiys @ Ramdhl ¥shefol ysabRNiAS; (dhiks)deekls nt o

two fractions, One fraction of he | ysate is anal yzed for expression of a
set of g%‘?f@ga“%lﬂr%ﬂrﬁg haEMTISSt o be characterized on the basis of

transcri g2y, F{g%trQ SA-$H20DHh hag ok K&h@ﬁ%&nﬁ?‘c%@ér%’eﬂ Markdr!Jf bfdaBahflrS

information, selected |ysates and/or |ysates pooled fromlike cells are
subj ect e[i)(l28] wﬁtgue'e br &lvpg nupbomearanaanagyiss. of[ 18081 samplys fe st eralAhpisonadr i al

Comput o CORFAEEE BRSER BRI 00 PG MePRO UL 5T SPRE:T RN uti 11 ze
singl e cglukip g@ﬁ@stgﬁg%ﬁ§ rpgfhe[arofl ling of primary cells for characterization
of popul ati ons of cel or disease diagnosis, sensitivity to a particular

t her apeut®029] nFigurert |S(I.irgle ﬁﬁlég\rmalmsisciealspmrmmlfons and identification of

novel dr ers enequs. ce le is dIVId atially
Cepar at el DR PR pr CULRECRRRRRD ST TR Srirla by Sl Fd8™

i nterest géfees Sebéyeﬂpfﬁébddﬂjmlﬁﬁﬁévﬁﬁg nHﬁﬁzﬁQ{ms, leuk®@Mh stem cells derived from
Granulocyte/Macrophage progenitors (GMPs) but not by non-self renewing normal GMPs
were analyzed in breast cancer stem cells (CSC) and their non-tumorigenic progeny (NTG).
As predicted, these genes were significantly overrepresented in the CSCs gene expression
signature. A heat map of overexpressed genes is shown.

[0031] Figure 9. A schematic of “in silico” sorting for isolation of rare sub-populations of
cells. Cell populations, such as hematopoietic stem cells, are sorted by FACS into 96-well
plates, containing a single cell. Cells are lysed and the lysate is divided into two fractions.
One fraction of the lysate is analyzed for expression of a set of genes, allowing the cells to
be characterized on the basis of transcription, rather than surface-protein expression.
Utilizing this information, selected lysates and/or lysates pooled from like cells are subjected
to whole-transcriptome analysis.

[0032] Figure 10. A pictorial representation of data collection, storage and transport via

computer.



| ysed and the contents anplified and individually analyzed for expression
of genes of interest. The cells thus analyzed are classified according to
t he genetwo 2giogsatosr es of individual cells. Such cl assi fPcratsean/o2aiskdws an
accurate assessnment of the cellular conposition of the test sanple. [0034]
Conventional nethods of anal yPETAISEEDDESCGRIPTION di agnostic purposes

i ncl ude t use of Coulter counters and flow cytonetry to cqount the nunber

of cel | sI¥B3h Fheasthogsat thedgysptipn utihzesingle sl gissnpesderriofiing af 1 y based

on usin i i : I : . on at
i gpfﬁgl%félb&ﬂ's &S dhQrpelik A% iogﬁl_aﬁox?sr&_cgﬂs Ui @I Wa FBTE, s%%i{iﬁ%%ﬂol 5

t or proteln expres Previ ous exanpl es 0of single ce CR
anal ysi saexitistilar hetapehtésateveengiopeprbgmaytd applidatonss aml 1destifimanbe of odvet diugs and
or genes to provide useful diagnosti.c.jnformation or to provide the ability
Co dsor et & reierretaron se o BaPE s At St Gl Ed Rgki s Mt e,

Ti ssue-  glealpRbRdlyREBOUS proRetidorRAtRA @OLS81S ifUldifs sfrt-RP Sl althgl anbacks
and depend strongly on qualitative judgnents by the pathol ogi st. Mreover,

t hese nebsed arbthe sorteets hinglified andindwaduatly ngalazeshial Exmessivarof gengsanfanet er s.
The net hods _qof -t he present .i nyention,. however, allow the.nmeasure. of at

east 10 In8FeRRRgHa R ER e AR i St BREEY & °) et

200, at hR@58ua308ls. Buchersiifididn aflbwk @ASECUPAO ass@EsniEdE Bf Gk fcignent

paranmeters, where paraneters include mMRNA expressi on, gene expression,
protei n EXBPEHINGH tAhEesty@Pidur t her include cell surface markers in

conbi nat j i / I i . r he
aubj ot [Roaht EonTERiO AR5 ALRI,RhP b BIPFE LA Mk, RELRE . o

i nvent i onsed « Quoiltet ¢dtinteedlandfld e ytopatetryao kaunt eidadnbee bf selBfoftalyg@veanntygnt i on
descri bed bel ow, as variations of the particul ar epbodi nrents may be nade
and st i | FORgYST (leshmpastranatope tarcal ydassd g #thpRiEs (9 wifRee BUEETY Bdbe
understo L & | e p . Of r.L bi ng
par 1 oul o "arpsd st e L AN R O ey S P AR PRSI, fEe
speci f i caf single aelll PCReanajypsrded but diessyerktperfermglidratoofsoraiis duaber daeellsand

"the" inclyude plural reference unless_.the context clearly.dictates

ot her vi S84 §iCi5E8] VY e BSTaEReEnsric R BRUPE Op PP g e P11 SGinder st ood
that eachiskihfiaweMid @ r¥atedQubpspuldti®nt 6Ndels HfithiNe tiske! TREud-BBiniWREthbaIM t
unl ess the context clearly dictates otherw se, between the upger and | ower

limt of usaddty paghedegista peffeadipnpsinelar dragitbaeksoandidependsgiongly apaquabitagive
thatstated ran IS Qnp ed within the invention. .T upper. and | ower
i b5 o cehas oy e pEPSPERE 860alts el RGul iR i G R sl o1
ranges, amgll ai@bél FPaLNEaTP.aZRatethbdshifihd fiesdnb B htieH) howbiredliow eany

specifically excluded limt in the state réﬁge. Where the stated range
i ncl udesMsABIRPL Hdeast HY- af keast| lidppttleast 2Gg daastedt pUIGRTId 0@ at frapt 2010, BideRst of

those | “§{) deflald bl 5 184sE5@), 3P Pecli‘gt‘éf‘e‘ﬁt'ﬂ &P{%é WDRERL S oinerk Q9 gd ! ess
defined o %ermﬁse, al I tec ﬁicgk an SCIEH?I |£’tern§hUS63]%erelﬁ have the
mRNA expression, gene expression, protein expression and may further include cell surface

markers in combination with mRNA, gene and/or protein expression.

[0035] Before the subject invention is described further, it is to be understood that the
invention is not limited to the particular embodiments of the invention described below, as
variations of the particular embodiments may be made and still fall within the scope of the
appended claims. It is also to be understood that the terminology employed is for the
purpose of describing particular embodiments, and is not intended to be limiting. In this
specification and the appended claims, the singular forms “a,” “an” and *“the” include plural
reference unless the context clearly dictates otherwise.

[0036] Where a range of values is provided, it is understood that each intervening value, to

the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between

the upper and lower limit of that range, and any other stated or intervening value in that
-



sanme neani ng as commonly understood to one of ordinary skill in the art to
whi ch this invention belongs. Although any nethods, devices and materials
simlar owoequ/saisent to those descri bed herein can be ®esgaS2oovks2practice
or testing of the invention, illustrative methods, devices and materials
are now sagdraddedis ehO&3idssed Witpiulhd matntamns Thenippaned Ibeedimitastthese

i ncorporated herein by reference for the Purpose of descri bing and

di scl osi HY*HHéNgGH PRV HINEHRHEREN DS iRFuderdn TSl IEbRNEFafNGRE %8s cri bed in
the publ icatin0sd WHHiE theGRIRABENuBiell @My RESEMYRIRQNEG iR theWididy t he
presently&gégggﬁbgﬁﬁ?nvgntlon. T0 E%} Ihznﬁrg?ca Fo% an éngfication of
Cel | s i ntamgPoMHeat the nsitcandnSGuibploped atei oot GFOUO]imTthaapges sectdidgschasure i s
directed, t t hods of c¢lassification of identifying populations and
subpopul BYRREeSF TEbided T s 15G s Rt it 115 Bl o Subpopul ati ons to

di agnose[oB7PYREes afttcalothd® Rt dVietNBEARBYLdiEntiRI @k Susk@hee vk iggns such
as di seases. Diseases can include cancers of any sort (including but not
linmted same moinitg aueammonlyradestoed heete ofcuilioaryckttmrthe by hgywbishdlis,

| eukem a i nf | ammat ory .. bowel di sease,, ulcerative.col.itis, autoi ne

di seases MepRLETITST PSS L EnERRET r Uit AP utle” o5 A ASTN

di scl osuRs@liseripédhdreieSat Bagaatis tadshadtide or ke tingl 5Lthe inv@ha6h, liTudgtitde

subj ect nethods, such as antibody and nucleic acid probes useful in

det ect i ngretigls.glevicapanst HatriRls pge s descEbRA-her ei n, or reagents that nodul ate
the bio S e nI. oprhate | evel
of -t eat RSB £ ANSLBYGiohSfieRb AR R 3 p SELSHEI T R T RORRLERL VR P |
[0042] Spugbe dfelebcriamearekdisdssn®ihe pultétldongohantpodtie dednfior thdi sease

di agnosti c aor prognostjc applications, as wll|l as a research too] to

i dent i f yd‘FFGUB‘FCP I&rtﬁapvt&%@%z WhiCESAERSNGTS g b dped lﬁ&Pwaré?floww1ﬁ%c&h%

Limtati gRgediTaLeg v RLBEn dysfunction, cancer, and the like. In the

nmet hods of thé invention, a heterogeneous cell mxture, e.g. a tunor needle

bi opsy, [008Phnhdentfigatioasind K liisibisstion sfi@aisiiato Hdpuladonspidihibppbpdatistsc. , i s
di vi ded or in.a certain order into,spatially.separated single
Qor 1 970 TP ke Rleserl (R efoiinedt dretefibapdhoedh VeSS EEng o' o

slide. Cgbhat®tn€ ahil@ibpopSi@fonsaiTEell N EHpaIaBRE Afd/@duBpshul by telual Iy
anal yzed for expression of genes of interest. The cells thus anal yzed

ar ecl assifageeseapropnase ngd/ovidehétygherapduticsiigaiafareesdisions sphvis dirghsesel | s, Such
cl assi 11 gaLlon &l | ot a0, AEcHALE AT SRR fhe 1lfeLE LU ALmERTROSIL i o of
t he test sanpl e, I C assessnent \'/ I'n use, or exanp e, 1I'n eterm ni ng

t he i dentadcyr, 361dn REdRENuld cHRAC BIukShRN) i6BhmMatdly Bowelifeasd, Dl@LkiSE Bblisdg t he
identity and nunber of imune-assqciated cells such as the nunber and
speci fi chytpingpune ¢issases, inflapumateiydizeasqsaind mfeetjqus diggapes hehg present digglesyre|

some embod} MR des rdd3En€ Ghdl kKRR Se InrR&icAIALY Z8edt Sndtndds! TRA%s §ATRG. Whi ch

and nucleic acid probes useful in detecting any of the biomarkers described herein, or

reagents that modulate the biomarkers herein. The methods may also determine an
appropriate level of treatment for a particular cancer.

[0041] Isolation of Single Cells

[0042] Single cell gene expression profiling is provided for disease diagnostic or
prognostic applications, as well as a research tool to identify novel drug targets. Diseases of
interest include, without limitation, immune-mediated dysfunction, cancer, and the like. In
the methods of the invention, a heterogeneous cell mixture, e.g. a tumor needle biopsy,
inflammatory lesion biopsy, synovial fluid, spinal tap, etc., is divided randomly or in a
certain order into spatially separated single cells, e.g. into a multiwell plate, microarray,
microfluidic device, or slide. Cells are then lysed, and the contents amplified and

individually analyzed for expression of genes of interest. The cells thus analyzed are
-10-



may be freshly isolated, frozen, etc. However, cells to be analyzed can be
cultured cells. Usually the sanple is a heterogeneous m xture of cells,
conpri si nyoaoplagseBi ty of distinct cell types, distinctPpopsb@bioorssy or

di stinct subpopul ations, for exanple 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,

13, 14, &assiflél actdrdiddo tAOgendlc signamred of éldivitlygiesl]s. ptlcidssifiogionallows
subpopul ations . In sone enbodi nents the sanPIe is a cancer sanple froma
solid tufbreCUragRBRISEEN hiphetrtlareraposifian ehthed§st BBl HVIFR gssesmynt Hayeed| e

bi opsy, ﬁhfiuse, @o@x%ﬁ’iﬂle?ﬁﬁ@t& iﬁi& %ﬁﬁ%&?%ﬁ@%ﬁﬂ)‘%f%a@%ﬁst‘g Weamps, and the

| i ke. Sanpl es may be obtained prfor to agnosi s, may tai ned through a
cour se ofunmaresitdesartjiniag thetitientity kied njrolet 4f ikowunée-ssoaitatedreeds suehlak shef r om

tissue, an rqpriate solution can .be used for dispersion or suspension.
Such sol H’f‘?lg‘%p ISPeCééﬂE‘/r%tjlfﬁ/engedeéﬁﬁ‘QF Srbe & €hf f‘ncg%lleﬁl%’on, e.g. nornal
sal i ne, [843] Haldon%e QabRIaests tBé telPQIMPIE RIbe Blabized GRS RAMYIS WARKeMeNt ed

with fetal calf serumor other naturally occurring factorS, in conjunction
with an aepdptiebhly itnldtédiraaen,|etay Mowmeventaels tobe angbrred add §e fulmedseedls. mvt

Conveni e ffers inclu HEPES, phosphate buffers. |actate ffers, .etc.
The sepal st e o REi fleEhr o BIFR S e9n s hrBiinae SFHES g e

mai nt ai ngypk &lidinabpdputayiodd, of BRtie&!subpopusddidhs, Yoldahiple B K ushien, $f9, ser um at
the bottom of the collection tube. Various nedia are comrercially avail able

and may bb dséd deddrld A ko 19HO sianqe selbfypeh@opelatians, phabePHAiVEND HBSS,
dPBS, RP ' ' t it | f
g%ﬂ%%:rﬁﬁ&ylﬁleﬁts QR%O Ile IR accance]c é?@gf&:ﬁ#d a3HRY }u%nfeﬁlgeeﬂé\%,r lg[rré)ggl%la, ca

serum | n sone e et s, ¢ a sanple ate on’ a
m croar r at¢., which @xabph ejopay, vl ghlngedlabagsntead, d blved eahple forati Gamirmyedsyst em
may utilize mcrowlls each of which is just |arge enough to fit a single
cel | (seBmykam teykerias.gnd tholterSamplesagy he PARPERPHILO HiRsao88 102Y Bfnd

Yamanur aoehindll thrbd@Pr o8 dtidatifdnt dMaMhSTiky, 77: 8050; each herein
specifically I ncorporated by reference). Prior enrichnment of cells of

i nt er est [0044]ic FoaisolbtrorF#{GSlle froot isne swrapprogriatei sslutioh icambé¢ ugddor disgosren

enbodi nents, cells from.a.sa e ar ivided intq discrete | ocations
o Bt Spisn: SHER Rl S W Eerey e 2 fehced Ml R b R P R !
(e.g., bbgedHsAMbLancBE 9NE0IuES, bd., tHiRhlenf@RupReh ey hetHabhycadsehat 8f | nto

distinct positions. Typically, for solid tissue sanples, the sanples are
mechani catheynateiaByroeertiyg fagkady, o cemuyatenivadl anacsepablaboideras lggv, by

treat rmn'E:oﬁlc\:'irsitltrr]at}orny esniepa&fé)/rfrosn(lj gu(%a réi\/P r%()nc%lnierslﬁt l];JfPeng %Cfu%??iﬁ’]éxgp%%hgtleaced

into any ce sortrng vice crofruirdic ce S0 such t hat

i ndi vi dushffes|lh&at@barfesobal B sepaattdasilatandit cdteétes sedilyeppapiriateQiieddiima
pl anar surface. Planar surfaces can have indentations, barriers or other
f eat ur esthahBdpitaps the yiakility of Bre ceHgivgralyhaving q @ishiog of seruen at &g koteahok hen be

el V2RSS LM ac s bl 650 chpa o o
the nature of the cells, including dMEM, HBSS, dPBS, RPMI, Iscove's medium, etc., -
frequently supplemented with fetal calf serum.

[0045] In some embodiments, cells in a sample are separated on a microarray. For
example, a highly integrated live-cell microarray system may utilize microwells each of
which is just large enough to fit a single cell (see Tokimitsu et al. (2007) Cytometry Part A
71k 1003:1010; and Yamamura et al. (2005) Analytical Chemistry 77:8050; each herein
specifically incorporated by reference). Prior enrichment of cells of interest — such as by
FACS or other sorting — is optional and in some embodiments, cells from a sample are
divided into discrete locations without any prior sorting or enrichment. For example, cells
from a sample (e.g., blood sample, biopsy, solid tumor) can be individually isolated into

distinct positions. Typically, for solid tissue samples, the samples are mechanically,

chemically, and/or enzymatically separated (e.g., by treatment with trypsin or sonication).
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[0046] Cells are optionally sorted, e.g. by flow cytonetry, prior to the
separation. For exanple, FACS sorting or size-differential sorting, can be
used to iworensss49Be initial concentration of the cell sPofi/tisnteests by at

| east 1,000, 10,000, 100,000, or nore fold, according to one or nore

mar ker s pepRsfain avaniphecandel plsed figoany Selckordrg svies @.opt mxnallligiceell t ed
according to the presence and/ or absence of cell surface nmarkers

parti cul 37 Wsh ke Byidual s AaH10GHE b P UL Bl PAE P BACIS PP PR PRSPPI 047
Were t h?urﬁa%.' Twlaﬁﬁﬁsdrﬁ%saéaﬁ‘i’xabé%‘&eﬁhté&ﬂsf‘ﬁ&rri@&%rtoEféPfeaEﬁ‘és éﬂﬁhﬂ(@s&aﬁ&*ﬂe
cells may be sorted wth a mcrofrurdic sorter, by flow cytonetry,

m cr oscopfindatidual éellvi dsaddtededllsane thehlbeanelyeahaeoriiig wahehetwds heromt er i s

descri be Fu et al. (1999). ure Bi ot echnol o 7: 1109 and Fu et al.
(5000) _ asteraBiteais 3 shantesnb Bt Phai0 NIeaLtach dartyn ERaars o sDed by
ref erencgg]jsA sanpl e can be sorted with an integrated m crofabricated cell

sorter using nultilayer soft lithography. This integrated cell sorter may
i ncor por 046} afelduare wptewtlysioded ef gabg tfiomnaitometes priontd thdisepgrasioni Eeral ti ¢

, d , it ch | v. ..and i ) d | | f [
purme, IR R STl LY Rl R B RS L e

act uat edcortki@ativn dfliheécdlld o gitat & byaeldastsiQuicen 0060, 106,088, sivable farl, 1 pL, and
the vol une of optical interrogation as small as100 fL. Conpared with
convent i 8FRrdiEEDNRE HGTe snarkdhe Piepet 6P e HllcsuHaess e erledre wptprally

sensitivj “4€0 ] i - I\

cells catsl(;r eéi %@‘g%r?g@zg ﬂ?eré} %?egll: és]?}%dr/]%{&bps)%{s}ﬁgtolk g%}ggfgagé%ar%ggéﬂvﬁ‘}l%wgﬂgﬁor a
m cr oar r afya polgli&im)orfsobpdpuratibe of anatytsi s and/ or mani pul ati on. For exanpl e,
acell p Lation containing hematopoietic stemcells (HSCs) is sorted by
FACS analQidrE Whers %Fﬁﬁ”%ﬁ?ils&éad?r’%é“?: G @oBHioR 61 PHUMHS RGNS Ber om
mat ure Celdel wifl®nf&bhgidf SreP rbgg?g)wl B5OmIBy WeiclosPhRL 88, A ¥5&8raBYcated

appropriate nethods and the |lys s are anal yzed gPCR, m croarray
anal ysi sfluamesteoce-sayaedcel gortdri)d&kribal/bcEs ef dr (189NN auedbibtechmllagy bh

i ncl ude ] crof rui di | | ter L Lsol ates live.cells fromcellular
debr s antReoiel daf EofF el Wiefyra s FRel Shdh Een PR Erub e i ces
can be upgefbRn&ONDkAAI QAN Ve tdttddl Wit AP m&NMatsd Hi@bfabliatéld cell /PRL 8dng

anti bodies to markers for a target popul ati on or subpopulation) from1, 2,

3, 4, 5 owltgeyas sdit{ithageaphy s dhisaategintadasHsortenmayingewsrathesridqua niiggifvidicial

bi ns for_.subsequent. genetic.st,udi es. her upstreanst eps .such as di gesting
the.t unofHSPORR e dumEalre e THE BRes RaPrs REhORERRY BRTEE A Bah P e

cel I's W il ltopereseeedl]l Suidtige JBrKeltsd aayaddematBe edspidhAtTRE attivel Vilsmsyst em
The nunber of cells to be anal yzed depends on the heterogeneity of the

sanpl e, ahactred glpeet us mtegiiehes)! wrteg ean ke wrsmakasrleds apd thenelwaepf e.
Loually ShphBnd o o 0P R0 ALY GRS ARG | oot
| east abetdrofllidic BACS pastidahigher 368itivatly, heasts-adntarhinddsh, aad Idweasbstabout
1010, a[OO|4§jiS %nd?xpiglllgl cgfl slca:l'l’beafgolalltgcfi1 151;[to %ggtlilét positions (e.g., a 96-well plate or a
microarray address) for further analysis and/or manipulation. For example, a cell population
containing hematopoietic stem cells (HSCs) is sorted by FACS analysis utilizing antibodies
capable of distinguishing HSCs from mature cells. The cells are sorted into 96-well plates,
lysed by appropriate methods and the lysates are analyzed by qPCR, microarray analysis,
and/or sequencing.
[0049] Devices for single cell isolation include a microfluidic cell sorter, which isolates
live cells from cellular debris and sorts cells from a single cell suspension. Microfluidic
devices can be used in combination with fluorescent signals (e.g., labeled antibodies to
markers for a target population or subpopulation) from 1, 2, 3, 4, 5 or more different surface

markers, and places them in individual bins for subsequent genetic studies. Other upstream
-12-



1012 , at |east about 1013 , at |east about 1014 , at |east about 1015 , or
nore cells are anal yzed. [0050] In sone instances, a single cell analysis
devi ce (SEaRprovmss4mdul ar and can performthe foll owi ng PCEAS2010/021525
integrated, fully automated fashion 1) Digestion of the tissue. The tissue
i s pl acestepnsuchas dizpstingabe tunddr or kell delvire e obApipraaetlisaipen€oz wive staiairg the
introduced, in the device and flowed to performthe digestign of the

ext r acel FellsarithEQFscentsusagematksroBaPhingoperatesindpis sEitem: 15 na@bsieft i on of
live cel f i : i i

suspensi gﬁlsttﬁ?gh%%%eqﬁnﬁgér?fs Iofﬂllqg? Q&%%Igeﬁg%bgrﬂl& a; L \M%P(g h&%&?%&gﬁﬂ%ﬁ %3{ ng

t he fl ui df elislobmtaeston thergnipte. theialy z2€leadt abdne 1@5c¢11scalresnah&)ed$ﬂ:ta¢aat atgut The

filtered,si ngl e cel] ssuspensi on, i.s tionallys stai ned usi ropriate
Curt ace e RERE PR Lo TBST ReRh10 5a MR St Bl R 0o ol RBRLARI o v ¢
up to five dikieussit 108LKRAS BBY: 108, #3&ktboun1 @BtRidakNBost 10 9Rt Rustiablut

popul at i onuof cancer ce ls. 4) Sorting. The stai nﬁed singl e-cell suspension
is flowed0i mtdeashabontkd a6 nestrabaantO’ oiat tehss ahbetrI6f 1, ai diote @dlyiatreanalyzedr t out

t he canc lls fromthe rest .of the.cells. Vari,us enbodi nents of sorters
are descllOsafy ihriieMisiist £5he fops oo Saca GG FRATG" B0 ResTfe
cel I's catheldsllbwishi\stegbiad dryinkapsaed, ol R aRY &nalonsl) Digéstio s BE tHeQistiINFhe DNA)
and/ or protein conposition of the cells. nmRNA can be captured on_a col umm
of ol i gotitFre peRlaecd ip figcinpet RorR{dls dayees- dhPRRIiC ClyyBce ksdgtradyced f the

t ransfer Ao i . . i NA 0 is.

preanpl i P ?‘g(c:ié %rdla%r t&Bz)%gP%fﬁ?dlé?Sgg{ﬁ%f }@%g?%ghiaﬁgﬁ%no%dwghﬁl}% genone
or transecdll pispemionor2) Sepandiéroor liveerRofrofeheg debriefue skimplodbgrfigaisg af
interest). A polynucleotide sanple can he transferred to a chip for

anal ysi s diggdtgd sanggle GRPEPERY tha%@@é?mﬁ% £i Bﬁtaé‘?at%{ﬁ?’e%&lﬁ%%llod‘ﬁ ProwE e.
[0053] The Aeail s REERHIAB R Qbd bthe E%ti'dl%@.d 3ps@nphy The rii@rudRIPEAL el ns
expressed and/ or nucl eic "aci ds expressed. A nucleic acid sanple includes a
pl ur al i t yuspenspopisloatiowmlyosfaithdstsingctpprmpeiat surface oigrkehsan acamparoieodd thhe

expression ipfarmation of the.phenoty) (amcgeterm ative genes of interest of
the. i ndi UTgaErdeovicea Siaiping it q TR S e RemeRre N RRAT It BHGAT IS i o
acids, enghpuiBNbputdRof eANAy c@LsC 4) &ﬁ&g&ﬁh@ﬁamé@iihgl@%eﬁ@ﬂspgﬁsig@nerat ed by
any conveni ent means for determning differential gene expression between
two sanpflewed tgtheqeahedrparinaat pf/the indrioalvidndoficentRINAt oubithe (carerrRNJS, from

ampli 11 egh RN ue M. Ghfou BANLALL YERER o 20d B 1 ke Exfiyfiubl ect or
patient sanpl e, "8.G., CeIT'S BCOrT ettt Shs tHefest  e"g™ “f1'88Ges, is
assayed. [(830p| EspRELorCPIdfiigbed by any conveni ent nethod, as known in the
art. Additiognally, tunor sanples can be collected and tested to determ ne

t he rel alQ072] eppided alls saw ke prdividyallylused 9 Redersadysé gffesnesin (RAYA datn

bet ween i CROER/ i i

genes/ pr ?)I?Je/%ro‘fae at aéogﬁ?%(&)rﬁgﬂt% e pre iC(E:'JI{i P%/géﬂ?'?r ﬁ@%ﬂé?ﬁg‘rﬁg Gligh-dT
genes/ pr béalks nsvasowradedbdiesrebaads, winedeeseld vt eripriessieand pr ofmateseopyc weait] ude

expression data for
P etc. ptional?y, DNA or RNA is preamplified prior to analysis. Preamplification can be of

an entire genome or transcriptome, or a portion thereof (e.g., genes/transcripts of interest). A
polynucleotide sample can be transferred to a chip for analysis (e.g., by qRT-PCR) and
determination of an expression profile.

[0053] The term “expression profile” is used broadly to include proteins expressed and/or
nucleic acids expressed. A nucleic acid sample includes a plurality or population of distinct
nucleic acids that can include the expression information of the phenotype determinative
genes of interest of the individual cell. A nucleic acid sample can include RNA or DNA
nucleic acids, e.g., mRNA, cRNA, cDNA, etc. Expression profiles can be generated by any
convenient means for determining differential gene expression between two samples, e.g.

quantitative hybridization of mRNA, labeled mRNA, amplified mRNA, cRNA, etc.,
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5, 10, 20, 25, 50, 100 or nore (including all) of the |listed

genes/ proteins. [0054] The sanple can be prepared in a nunber of different
ways, as We2Rnmasm9Bn the art, e.g., by nRNA isol ation fPomus2eiongises cel |,
where the isolated mRNA is used as is, anplified, enployed to prepare CDNA,
CRNA, et quanti@sive POR)ana therlikehe\ slitjdoebepdticat sagxide, @sg) @ils ar tollcbtonsakanpl, e,

see Marcus, et al., Anal._ Chem (20062; 78(9): 3084-89). The sanple can be
pr epar ed®Br &ifiusiys f1sa¥ite SRS argoplissted by By cpnvraient mstipd) andIoMdsidRe f rom a

subj ect . ,An@lYRicRal/, tﬁr??rassd s&3n B8R0 N dSAM £ REd @M fIfEQﬁgre_(lzﬁivg-1

di agnosi s, prognosi’s, ssification, tracking and/ or devel opi ng therapy).
Cel | s nayff@eivendss of @ thepapyon chwimgdiffgsngal ed®3E}wddnencempl asislisgasqarastls.l e may

be generated fromthe initial nucleic acid sa e .usi ng any. conventi onal

oF ol one! Belm s oot 4t e pene: MikfrdPORLP W aare oy s bR ybe on

pr of 1| ©5 @ie8/pkNaWa protWiell ki 1ARR: @ERkGE profiemhy flethalx et i i v
a

gene expression analysis, one representative and conveni ent type of
pr ot ocol 5f B} 28eteblt 1Mprenge éivsiudmgmilopf thedisted gguesiprptetsi ve PCR (QPCR, or

oxanpl &, [ARLEXE IREHE AFLEPERLERY  BonBETCr LR ST Rl sl - 10!

[0056] Ablzeby QRRISAMEEIG@Nfre R seisd e, ihefd the idolen mRelsarmeteadw] Ng assayed,
the expression profile can be conpared with a reference or control profile
to nake amalifigrh681Pkoyep topispats DNYhaRNA <t f asds lowh fredeidifésietml or ot her
desired | S fer r I ' | 1@ X! 3 be

obt ai ned By Syt Gl SREPRLSE MipchS AP ARITALE QT RIAR SPss-£0), T

conpar edsdnapla csi bgprepired éoenas/ e (ed., Plecibh| @ thmootKsae ) rharvesedd firin on
regardi ng .t he phenotype of the ce|ll/tissue being assayed. Alternately, the
obt ai nedﬂé&w-egélﬁldﬁls BEHFi SPEIPLES Fah B BEHIQT MY RUGPRSREC-8r IRSPESIYiPFIedPEft

ref er enceLeitaigh, dMRing &8/dr Qe&b%p}ﬂtlgt}ﬁgg%.idhlg el AUl Rf MR ioP b 4rRBA1II NG

t he phenotype of the aSsayed cell ssu For exanpl e, the obtailned
expr essi 0581 ofTh¢ expressidneproflepeaydet genemtauldson itheeingiati nndgattideamepfearserzc e

rofile to obtain confir i nformati on .regardi ng whet her the cell./tissue
e the BRestRvEnmgrPoidear cuble Rogacy Dl Erar: mufen D et St stiop no

di ffer engR &l #&Rnovn, Buch Ao kR RNIGR thd (i€ BF 8F Rk QftiaPEIWRKPrebiion Profi | es
can be perforned using any conventional nethodol ogy, whére a variety of

met hodol agfless, ane rdprsantative asloavetien kypd ofiprotopel far geapraging expregpion py
conpari ngdi-gi t.al i es ress,) rofil. by .c ari.ng dat abases
of expr egrsolﬁoenS 1%8??@%?8%&@%@’ (pe cribi h%n ayV%1 %jfle %I\é%)géﬁlg%%oerxpr essi on

profi | espéfiiige QPORt cadrte ubidized, ifoil dx@shpleQ as dbsSribddaihendlerhog al. 67, 3G rdofdoand
6, 228,575, the disclosures of which are herein incorporated by reference.
Met hods G1008b%HArIHG expression profiles are al so described herein. [0058]

ot Ll 045U R e 1 SIS AL B UL OB,

anal ysi sproife e ppnipackdasith a reference or control profile to make a diagnosis, prognosis,
analysis of drug effectiveness, or other desired analysis. A reference or control profile is
provided, or may be obtained by empirical methods. An obtained expression profile can be
compared to a single reference/control profile to obtain information regarding the phenotype
of the cell/tissue being assayed. Alternately, the obtained expression profile can be
compared to two or more different reference/control profiles to obtain more in-depth
information regarding the phenotype of the assayed cell/tissue. For example, the obtained
expression profile may be compared to a positive and negative reference profile to obtain
confirmed information regarding whether the cell/tissue has the phenotype of interest.
[0057] Determination or analysis of the difference values, i.e., the difference in expression

between two profiles can be performed using any conventional methodology, where a

variety of methodologies are known to those of skill in the array art, e.g., by comparing
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described in Tibshirani et al. (2002) P.N A S. 99:6567-6572 to conpute the
centroid for each class, then conpute the average squared di stance between
a given ewprepdisstsprofile and each centroid, normali ze®CioyuSRoN©/021525

Wi t hi n-cl ass standard deviation. [0059] The classification can be

pr obabi | diftaCialdgys ofethée a;e;dessvmmqrrefﬁeh,a)wamnpahhg aaibizes engipi¢ssidhnlddtaderci ved. I n
one enbodi nent of _the invention, a probability of about 0.4 can he used to

di st i nguP3ENtsdesasibnegya Al SAMPAIRE TXRIREIOR PsafiPeincide Ryt are pay dinitpd o,

probabil jjy paten@m% sﬁm@dﬁqﬁ@%%' huﬁsc?osﬁfege@% dhiafe RireRORHpGadOr
hi gher. A™™high" probability can be at least a 75, at 'east  about
0.7, at byeefzferead;mdﬂet(hoﬁs ofarongiarihg aspressiomuprofiles arefaldd dmbnhmddtwdanl ity may be

not nore out .0.25, not nore . th many
obonr mooa8T, Aot 3Ry 00 kel Akt BB PR im0 C Ol e Sy S R S ptfong

assayed bﬁth@@&'d?)géﬁ’est Q%PE%@E ﬁ@a@shﬁﬁurﬁceﬂ‘ééﬁuoﬁw}iaﬁ%}s Ry Bél&p;ﬁl@él a$ hOU' d be
treated with a therapy erest and to optim ze t'he dose therein. [0060]

Char act efl¢sgeibédoim ijsm)@ni et%;i@O%?cMPoNs‘% an®®: @ﬁ?p@fﬁ@l tat:pmpste[tm@@ll}mldwfos ol
errbodimsn1 fthelp ntion § ng) v¥| hel | al Sl Sind

i ncl udi ng S WERSAP e & er%ﬁ? SqB?”S §p %B%We%l‘hag&VSPSﬁPIE%Sﬁ%PrO redn

char act eéacll&feh@(ﬁldoﬁorﬁfaﬂﬁéi‘fb}sﬂh@mlﬁﬂi tiasaaaliart agiddenexpr essi on of a cancer
stemcell marker (e. allows for the identification of CSC. There

i s a subf9s8l atTh%ﬁla&SﬂﬁWmﬁa@ hProbabiketiqally defiredymihpresbe sut<if MagRewal and
differen [ I i f.or tunor
i nt enanRireaRePAREE: e PR B RE RS G LB L nB SRR I Gul 2

di f f er entiéedtto ditipgdgiebatwelratuiascent i ihdived pgﬁmm mdrdsmﬁlalmetpraﬂglbﬂhgoﬁrl teria
of cancer st ﬁm cells. Turmrl(gjenllwggt entl is . contained with

subpopul 32U Ao fNESHICKIIZE ajprabal it 40 W highst-¢s gl leéamﬁwk‘-‘él@e&f t he
present |%eRbha75,A81eaRAWBuTEY &t TbastMbbli 61418 RARULBLE @5 QF10%e! | s that
positively express markers for ‘cancer stern cells, there is heterogeneity,
e.g., whprobalpibily may hanotanaerth{gmboueo 2o rnoCbete (h@DO63, pr uetlthere taned.nni ched
for cancer stg{)&el | s tu eni c s are n

t umor i geHt?€Y © EtePﬁn tﬁ@?‘li‘ﬁ&%’i‘?éioﬁfﬁwtt%ﬁ&%‘bﬁﬂ? Ll‘?lfl%ﬁ?aﬁff iSws for
det erm naﬁlFme&{o ;%H&l@pmdétﬁéﬂ R3¢, [s08B&]or PAgeREhsid bt trbfted R@thaltherdby bf
recogni ze that nultiple sequences - representing genes, transcripts and/or
prote|nsﬂﬁﬂ@ﬁﬁn@éJ@Manyﬁdwfkﬁmﬂwﬁg@quences can all ow t he determ nation
and/ or d eptiation  of en cel |.s.. mﬁthln a sanple. [0063]
Mar ker s, 0];661Tﬂ haracterization tf'&eellpiJ~| 1nd ubpopulatio S of nul ti ol e aspects
of a tar gmlponumw aﬂb@nmsmbpﬁmellﬁw‘zdnqan Wol Btamnpe s@fRbRhelfabEarR¥BP! €,

ti ssue source (e.g., neuronal vs. epithelial) or disease state (e.g.,

cancer oudiclusling, githeniaBreiss bregytisances apd epler sangsb Chiragtenzagion of AYIFFEHENG
cell pop t C I
deternlnggﬁéggﬂﬁlgqogxIE%QQU%EE%%ggk?ghhgiégﬁkpgﬂgatD%&%zmgggg%t|ng changes
(e.g., ufentfication of CSC. There is a subpopulation of tumorigenic cancer cells with both self-

renewal and differentiation capacity. These tumorigenic cells are responsible for tumor
maintenance, and also give rise to large numbers of abnormally differentiating progeny that
are not tumorigenic, thus meeting the criteria of cancer stem cells. Tumorigenic potential is
contained within a subpopulation of cancer cells differentially expressing the markers of the
present invention. As shown herein, within the population of cells that positively express
markers for cancer stern cells, there is heterogeneity, e.g., where cells that are negative for
CD66 (CD66") cells, are enriched for cancer stem cells (tumorigenic), while the CD66a*
cells are not tumorigenic. Detection of such heterogeneity within populations allows for

determination of subpopulations.
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down-regul ation) in genes in target popul ations. [0064] Nucleic acids which
are useful in distinguishing one population from anot her popul ati on can be
up-r egul avecdowyvosssn- r equl at ed as conpared bet ween populPaTiusasL/0EBRS
exanpl e, expression of sone nucleic acids are up-regul ated or down

regul at efl062] c @neer skiklis the anowilblecaglieshatsh@iipeablenver-sieprddeftingrgentd, at ed
cells, and cancer stemcells versus differentiated cancer cells. In sone

i nst ance¥3RFSIIPEANHORAINERUT 521 BnastyzgenescicsAugice B oy GF deteHBALe

sub- popu i R L . | e, some nucleic acids
are exprgggggﬂﬁﬁ%%%?%gvhgggﬁgmgﬁﬁg%éﬂﬁgﬁg?mggfF%mggg cancer stemcells, or
cancer sf963teMaskarnloy markKypshelNwah bt chaen ds tixalmsbeof up:iipglgub@cadfar

down-regul ated as.conpared to. another popul ati on ar subpopul ati on, a

par 1 cul Bres GP AR TR BTSSP Bty SYATE e g ot SLATRIREd. expr essi on
level . AhtibRate!dpith¥ig odi@ayzdtite (4.8 ca¥proRs 1. dnhndBibish PO I SARBnCcA

heat map can be created by subtracting the nean and dividing by the standard

devi at i onsefidrfordistingyetheng eedlegpentiéiony (¢.garvdnennsteni edl fromingenalaecl) eandiegned

based on ,the .degree of devi atjon..fr,omthe an. r .exanpl e, . values of +/-1
oo enr deipnEPhse B oG dslosh Rt FpdhRthyedenieu i B 8hefs G YR can bo
further ﬂ@@hm@ﬁﬂmﬁmyhlgﬂgihg@ﬂﬁSp@ﬁﬂmﬁﬁ&"+/-3" range can be used to cluster

di fferent tyﬁes of popul ati ons (e.?,,.cancer‘is gi ven the value "+3" and
normal t [006dk Nyclgiaasiistch geyesetul prdigtingpishingoneg Ipgpylatiomgon| agetiet hm can

om | nsPISER GAPERrAIHEA SPUR £ AEREu Aot Rt 3l an

be used asanpplefdxpessibobf sonpatdddebhéds popplragiland or dswib p@piitat in@ancelr of i | es
can conprise any nunper of ﬁifferen ially exqressed nucl ei ¢ _aci ds and/ or
pr ot ei ns YOIFRY gt cilsestergcellypius differentidtegeelly, angl cancerglemycellpersyy 12 13,

14, 15, df#ferehfiated@anck? cel?sp /Tn 28me A tanses 1:}&(& _dé@n—r_ Q}lﬁ{qn@;g%n&%h%%s@tﬂod S
I a nuc 1 Ze

and/or proteins. In some instances, leic acid uti dtoidentify a

t ar get pdptihatishosubegropslabipopwithinilargecpopubrioss. nFdraxhmpkx prres sedeit acids ti@r get
and a non-target population or non-target subpopul ation. Such simlarly
expr 658 oB LTI AR O G BRGTL P B8 IO FOBUS i BT AbH TR ot her
di fferentgosb| y NeXRIQREREaNYE Iuﬁlrgglﬁ&‘tb&j 8r dwit-Bntdiddyastohipattiio RARHEAL | On or
subpopul ation. [0067] The nethods descri bed herein can be used to anal yze a

het er ogeperiatias] dr spgnputationn paroenlampclauaaé of knqyvn expiespion levigbrotal ti ssue,
solid tupor, gt t hods .can be ed to isolate ze any

e)gpr%:s'sio%ulg\rf]el rT%ltema eé}, dxé en ang%Fléltg.ﬂ?e eXpresgion o?nﬁlgllt‘l%a]? lééér}es, a

cel | popﬂ?%%lon, or exanplfe a pop i"on I'n

het er ogeRauimapopLibede@sd by ssithRoptihatn@i,and dhediaf by efousndaapddvadtioafoor
subpopul ation for the presence of a target cell, cancer or other stem

cel |'s, ofachrgeapindependenidy sbnbudicabylnestaronssignpdhasel op thg degssaefydeviation

from the mean. For example, values of 4+/-1 can represent 2.5-3 standard deviations from the
mean. Such analyses can be further refined, such that genes in the “+/-3” range can be used
to cluster different types of populations (e.g., cancer is given the value “+3” and normal
tissue is given the value “-3” so that a clustering algorithm can discern between them). An
upregulated gene may be a “+” value.

[0066] In some instances, combinations of differentially expressed nucleic acids can be
used as profiles for a particular population or subpopulation. Profiles can comprise any
number of differentially expressed nucleic acids and/or proteins, for instance, at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50 or more
nucleic acids and/or proteins. In some instances, a nucleic acid utilized to identify a target
population or subpopulation can be similarly expressed in a target and a non-target

population or non-target subpopulation. Such similarly expressed nucleic acids will
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[ 0068] The net hods di scl osed herein allow for determ ning new markers which
are associated with a cell population or subpopulation (e.g., normal cells,
cancer ceaeWb2piudiss®asestate cells). Markers can incl ude aoy/uscaomeises
including, but not limted to DNA, RNA and proteins. In sone instances, a
mar ker fgéneaalgaiel utpiepd ira¢dndsinationavige odeodiffefiNAalotx pressehigeie xgdessed in a
given cel] (e. expression of a stemcell gene by a progenitor cell or a
cell exp%déggfyr?gtaﬁﬁeff)‘él?‘%ﬁ%qnd%r SBRPIPRIERS or expression of proliferation
genes by S f i.cal ly, nore
Phan onel R o T B b L h PP ALl KR Slomed MR ER S Y ™01,
12, 13, pdpuldtion fidn ady souk s (el, bi@By, Bmall GssubOsoli6 Gumdf) etc80 Subldmefi@ds 200,
300, 400, 500, 700, 800, 900, 100 e ers. Wiere narkers are
oxpr essetrERALed BhrolbringRalyes Y B Ao Briet e HieSRPRBRS B o and
i ncl udi nghetii@e MR BodHoRD PEFIIRIHER- suB&Qﬁ?a]tloﬁn@héf&'ogerﬁius BYPUISSSH @n patterns
of nucleic aids in certain target cell popul ati oRs or subpopul ations can
lead to s@@npulfaﬁ@afqrdw peseneswoid @ngeat kel sander ohotliesitémgells lor aentirar get

popul at i ﬁ% )| 1?0“ pogu1 5| on fromothers. For exanple, where a uni que
sur f ace- nar K&r ulﬁé)f) AT expressed in a target popul ation or

subpopul Bﬁdrﬁ}ﬁkelansoanéﬂybody whi ch binds to that marker can be devel oped for
use in isolati ng and/or identifying cells of that population or

subpopul H068h The msghodadisclopeddiein aflawifor pieiminipg ngw maslersadgh are

| dentifi I o) Lker cl udes
t he abse%%éélg@d%tr a?ezl I?roélu%gP g or%l}{%gﬁ @Hpop g’tlfogﬁlgi %éru% g%%uﬁgtd?sgg% whi ch
woul d al ktaw debs). Mghtis\en aeheletanpbloﬂdiberpnﬁﬁmngdawhotrmkﬁi@ DNAaRpopul ati on
or subpopul ati on can be determ ned u5| ng the mft hods described herein and

can be uS¥HPTOEHefll 4eMa RENCCH 8 MRATKTIIBhT CHRARY AN AharyEe RBINA B6pul at i ons
or s proﬁ&!n?atll Q:Q e@&\ﬁH ﬁgg)r’lgﬂ cEﬁ‘%é igl gfﬂréés%ngcﬁ@es%erﬁEQI géﬂce é’rhdo)’ cell

expressed in and Dfferenti al pressi on can incl ude
i ncr easesr mcellj@qrﬁamgshﬁfﬂemt[aamamarmrs beegirgssioack poflifenatiors geriepbly enlls @sd/ or

altered regul ati of .expression , a different pattern of expression
' T eapoRaBeT g e Qe A ) T R As G B R BPEAReE b sy B rar ke &
fora cel bxponelati o gr7 salbpgpqhau an pzansai§Q7cpgm9I§@30umtsoom 7ohggh are
present in that cell population or subpopul at’ion ., cancer cells and

cancer sP@nm00el0l 309400020, HOP.NAI0, &), P8Y, 100Aer mor@mar ers. iWhere regrkergiare

t hat h Kk t | at f I
i vi dugror ed BN ARy SPLp ERERP e R ob Sete R MR e iR el'R ©
sonme i nstvabk&gnsdripRor@X pr essed rrRNAs are transl ated |nto pr ot ei ns Whl ch can

be detected by any of a wide array of prote| n detection nethods (e.g.,
i munoas K0$91 \WAsalkypis of prressincpasterns o magleionpigs iheariadt ©Igsh Fdhpepatatioas or

det ect ed ﬁt@%bﬁig&o@ &Gh QY48 1dchfiSRIBR a!f'ﬁﬁ&z &ﬁmﬁw El'sé?ﬁg%llls%vtﬁ.': far

m cr oRNAS Ve as a nmarker for a ce ul'ation where the expre ion of a

parti cul psputatocomaiRNAbpapudition ioheahed. Gor d;emlqﬂasﬂ(kréag{ uaigoeiurfach;matk&, 1. 7,

1.8, 1. gpro%en(lj 1s expressed in a target population or subpopulation, an antibody which binds to that
marker can be developed for use in isolating and/or identifying cells of that population or
subpopulation in the same or other individuals (e.g., by FACS). Identification of population
or subpopulation specific biomarkers includes the absence of certain markers on cell
populations or subpopulations which would allow for negative selection. The presence of
markers in a population or subpopulation can be determined using the methods described
herein and can be used to define a cell population. mRNAs in analyzed cell populations or
subpopulations have shown that certain genes are differentially expressed in normal and
cancer cells. Differential expression can include increases or decreases in transcript level,

lack of transcription, and/or altered regulation of expression (e.g., a different pattern of

expression in response to a stimulus). mRNAs or other markers which serve as markers for
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2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0 or nore fold as conpared
to a simlar cell population. [0071] Determ nation of transcriptones in
cell popuwvathoviss#8d subpopul ati ons [0072] To gain furt rer/Uisediom0nEsRs on
regarding the cells isolated by any of the nethods of the present invention
(e.g., FACSI pepastiini cﬁrrsub;fopuealtlbﬁ chui algd aorppifite mbtadons Wisich awgdedayit ipakidticall
transcrlptlonal anal ysis), it can be advantageous to further analyze cells.

In some PARHAHYLY, S“PR%PI“WIBH 45-2c81ncsr edlsag eCer R gels iyt rotmerygal cefy).

i sol at i opy,efy 'slag i ug%é wﬁleﬂeiségn 0 bkt QEn mafﬂaman%}sregen@mlp gggﬁmt)on g al ysed
and nucl ei c aci I nt er est e g., genomc NRNA, etc.) are

col | ect esinglasndiesionl tbeed et/ may tepenstmkers fia maryaihgh&ichlabf Inssogene or panel

of genes.can be utilize ate or| e the isolated cells jnto groups which
S hou o i BReey tl ehref b RS ESR sl i @R e Ean deee e o

non- st e Gelid Stay Wrbeit dRetiBe nketdad (LY., Irﬂ&ﬁﬁ&assa%zu%steﬁ{ PloiREd. PN can

suggest functlonal di fferences as the genes a cell is transcribing are
tightly H¥SOLi Sxtled nwairkens wihyhfqan@t: ﬁgﬁqcte@m@ctf;ermlcso@iés olngreniezagianags.o
Iike-cell ro | s de sim.lar or jdentica
transor i BUTGRAR vt f ai NG e & F BT 9 dihoblibE ks b & e
conpri si Ba paet@er MUEORNG idai Msrchdedrdrldedieased |b|yS‘ab61i9tr1 hea.durthey; 1@naloyzed at
the transcriptone level. In sone instances |ysates S|ngle cell or

li ke-cel le%é}l%)? 2284 7bp T8 2: Rl PoERES d@éce@Pgred%%Fglﬁml%‘?@lﬂlghput
sequenC|P ?)deflne a portion of the transcriptone of each cell and/or

| i ke-celt "pool's. Transcriptonme information fromindividual cells can be
analyzedﬂmﬂllhDe&mnuhabmoﬁuh&v&hnbmsumﬁmakmnmnamﬂﬁﬁwmbomhﬂnumg the results
fron1|nd|V|g cells with the results fromother |ike cells. Tranpscriptone

i nf or mat [WH2f ¢ Smepindarthen infogmatian regprdiedhe pelsisifed By gy phibeprghods of the
transcri Pfe%&ﬂ%veﬁﬁéﬁ acd. eFABKs %r&foédf“c'@ll@ﬁ@&sa pJpQQJl%L f%ﬁMwE@Hr peRul ation
can be studied in such a manne for exanple cel'l popul ations 8onpr|5|ng
st em cel transctlptlwﬂranaéMs)dlt renbs adwvaetageousric Further stayaecells.sIn sone insthmgs,

cancer SR GE FEIS Fnli dit SHTORE Dk b 1seRbeL sy edn snria ekt

cells - Pﬁ@r énﬁ‘i‘éﬁﬁl@ﬁl? P TysBPhRNMucki € RiGE iiterde e addnbmi@DSEY, ImRRAULRYI on s
a heterol ogous population (e.g., a clinical speC|nen) Subpopul ati ons of

i nt er est aigicoRpaied Aadgeribekhdreipopuisatiptomatanalyses dfgaeae etpaiel ahgenseediod

her el n ( 86 g 11’1265'%0C§at% OOI’I}Z!EDQQ PSO?&B% CCHS 1O, tl% an Cﬁls g\%%tml E{’I'{ttegli I &16 €. g

sur face protern expressi on n somne er’r% HP n{ UC]f'I SOr S are
conpart rreqiraslslozlqdoﬁlegte & .hadnceatdin S@Mst\%dn@ﬂpt@hlaiell@)ﬂ WQH@Ith‘éBfg bbﬁnd)b f ewer
cells, 5 or fewer cells, 4 cells, 3 cells, 2 cells or 1 cell. [0074 I n
some enb8@Phe e inframpdonean yugaesdfustonnl difarencen pothe wenesra Gelrisrpseribiggs .

One port , Y anel of
conet o STl sABchaR (e Rl R e RSl et o0
wi t hi n t est eglBelenivattenimegoils or identical transcriptional profiles), lysates from

individual cells and/or lysates comprising pooled nucleic acids from like-cells can be further
analyzed at the transcriptome level. In some instances lysates (e.g., single-cell or like-cell
pools) are subjected to methodologies (e.g., high-throughput sequencing) to define a portion
of the transcriptome of each cell and/or like-cell pools. Transcriptome information from
individual cells can be analyzed at the population level by comparing and/or combining the
results from individual cells with the results from other like cells. Transcriptome
information from like-cell pools can also be used to define the transcriptional characteristics
of such pools.

[0073] Any cell population can be studied in such a manner, for example cell populations
comprising stem cells. In some embodiments, cells include stem cells, including embryonic

stem cells, adult stem cells — including, but not limited to cancer stem cells, hematopoietic
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popul ation. Lysates fromcells indicated to be in the sub-popul ati on of
interest (e.g., hematopoietic stemcells) are further anal yzed. Lysates
from i ndiwodosloss®Bl s, or pool ed |ysates fromlike-cel | #Cras2due/oarsayl zed.
Determ nation of "like-cell" popul ations can be based on simlarities in
t he expr essie@ils HSAs) add ndkeserbhymal GemZell8;- ald intOcedlBurigélent2tem 381s. 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 100, 200, 300, 400, 500, 600, 700,
800, 9000ehealY-grechmertigheris a Regrsolgrowssrqpalatinn (e84 p cliriH| sREGiBRE). gyub-’

subpopul : ]]Sd?ﬂﬁ)ngfof iﬂ?ér%t%ﬁthlﬁ; iy g% cf\‘ls\ﬂi C E@ﬁtl&{]@aln ggolatgg Lokr all Hié#lﬁ)td' HaRn OF

subpopul ons can conprise ce conprised a por of the original
sanpl e, fwog., EA@SmbHingélak:eordimig(tb] any)rqhﬂ“\iasmhtéﬁﬁ (e224 suBflige p;%elﬁ%prﬁ%on'f%n 8%
9% 10% or ﬁ f the og 8‘1%{? Usi n%tl.t h‘§ rTEt hods desc(ril bed herein,
cel | popﬁﬁfﬁ‘? FIBRLIBENS | Bi58 STt ‘i‘%lﬁé o“ronfﬂ%ftg}e@ FeB&hat 8§08t 1 om

het er oge atﬁﬁm}% isSUANOLRFEr IR, § §OfcALELIROPUEIRL B @B, OlceBUBIPOALY at | ons

can be 5 52% % 54% 55% 56% 57% 58% 59% 60% 61% 62% 63%
64% 5%0056% IIBWC ‘681%(111@91%5 ceUy@reysed a'ﬁQ%SPH@%O tPgr IGYPoRENs. PNey 78%

04 059 BBU" Bl Genodouii higotvudh LAAT SRR ] 4Gt members o

the tar getprpgual) & dedect @hd/sHdipRRAkiale] sﬁ&poﬁ@lailb’l&&hﬁﬁn elappeepat@tbdonom cel |'s
whi ch are isolated fromthe original gopul ation, study of |ike-cell

popul at i BeRUIER. deysatet Ba Gellhawligsiedde Plﬂhélelsyé"@%‘éla‘ﬁ?lb‘?ﬁ inferest (81 s. [ 0076]
Fur t her ﬁ&ﬂ&%ﬁ&émé’éw&%‘ 1 @ m@ﬂﬂ{ﬁeﬁﬁﬂaﬁ&%daﬂ L& f?ckﬁ?[%? ! cgf‘f o?@&olwc' ude
sat es ’|

whol e transcri ptone anal ysi s I nstances onpri se mRNA
whi ch catyshtes &opl llkfel-@(]ls €&n e anag i) Dfeturmamabty sf *Shkearelld ipopahtighsanabyzed

(e.g, nRNA sequencing, .m croarray analy | iLfication_can be
ber {or OR8] CHATHHERSE KRGRRET O Hel-a ¢ T 6 oV i 1 anstr A5t fon,

ligati 0”4?% SN, 85Pl0, 75 Gt 85’@0 100! 2@?”3%)09?1(%)‘3'() W?gﬁ Gl b O&at' on

can be performed in, of with the use o amcro1U|d| Vi ce.
transcri ptoongengnal ysi s can be perfor rred by sequencing pl atforns, such as

t hoseco I vai abIefromII a. - Seq) an i cos, (Digital
Gone. BepPBB8] ohels e BRrtiao e T bR L AL BEtPGEELGEL vt or est
are sequeeg @dpuld@sBer s BlafioRCdafiSo s@selﬁaﬂu@m@(ﬂﬂp@s\édca%ymcmﬂél gel
el ectrophoresi s-based nethods usi g or exanp San ype se%uenm ng.

Al t er nat pmgllnyl sagwtfu Eorcixagpivespllh evhi nwrliseché% B% 8%e4 5%\6& e, Sl ¥,

generati met hod Such "next g er |on ue met h ds inel ude, but
are not ?{)]Znotr &Y 8 o§fhﬁ mal P I‘I%I ik eth°§ fgﬁ%ﬁQ%ﬁeele |feglﬁ8%ssor

i ncl udi ngﬁi@upulﬁ@@nswflﬂlfé&@t da(ﬁ btehﬁ)lz{f&i h@d&e@d}dg@ppaga@iplés SheB eHat B@dsdlﬁted
Margulies et al., Nature (2005) 437:376- 380 §2005.‘)93;Q and US Pat ent Nos.
7, 244, 55p0PufatERs oy gbpopulptansyan be 71 %422 %6 73 %7 3643 Go 0%, 353, 5806 :59%),

Hel i cos BhRS61 BNERE, 3% RS o280, 898, o) 765, FRECTIDEAGD akh S50,
76%, T7%., 18%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97 %, 98%, 99% or 100% free of cells which are not members
of the target population or subpopulation. As lysates are prepared from cells which are
isolated from the original population, study of like-cell populations can be accomplished by
pooling lysates from like-cells.

[0076] Further analysis of cells, populations and/or subpopulations can include whole
transcriptome analysis. In some instances, lysates will comprise mRNA which can be
amplified (e.g., cDNA) for analysis, or directly analyzed (e.g, mRNA sequencing,
microarray analysis). mRNA amplification can be performed by any method known in the
art (e.g, in vitro transcription, ligation-PCR ¢cDNA amplification). In some embodiments,
mRNA amplification can be performed in, or with the use of, a microfluidic device. Whole

transcriptome analysis can be performed by sequencing platforms, such as those
-19-



application Ser. No. 11/167046, and US Patent Nos. 7501245; 7491498;
7,276,720; and in U S. Patent Application Publication Nos. US20090061439;
US2008008%62610/085@8060286566; US20060024711; US20060024@C3/USIBRORBR213770;
and US20080103058; 3) Applied Biosystens (e.g. SOLi D sequencing); 4) Dover
Syst ens (@nfercidpl afitde fronOldnseqRNLiSeq) andhlelidok Ubigal @snddsredshmcbrUs
Patent Nos. 5, 750, 341, 6, 306,597: and 5, 969, 119; and 6) Pacjfic Bi osciences
as descri BEE I-ninsgmesmhedimggs, pelyapdeaiigles of inkerpstaseaytggs, Jarget muclerp 050;
7, 46_2’ 46§éids7 mﬂi @e §%J'enc7€d ogé‘gitioﬁal el%ét@é h%réﬂse’oaggc?fneal%gs U§n§9§1l I cation
Publ i cati on Nos. US20090029385; US2 900686p55; Us20090024331; an
US2008026e%intple, SAngerrtepe scemessnar Altdreateiety, iseqpenpog ataydeygcorepléshed by uséSuc h
met hods apd apparatuses are pr.ovi ded, here by way,of exanpl e and .are not

"t ondedor 5 BRY Tt Bemegeen S o TP eeNs T eI e e Py hg R

per f or negyd 9& ndUirhitdd @ th@RTeRAMhIERIDy! PSR bIRILifeBAERCE idl7Rhd Bt of
different cellular sub-popul ations, including but not limted to: 1)

det ect i njmated to/iheynagifiodgand gppavatts densribed/iwadVlagnliepss abi Nt @805)apEt i es of

subpopul gt/ and/ ranseripti ] r-S,C i thei opnent ;
oy P ova: i CRRAR P Ris AARRRN PrbSrdk PR R 22 L300 il £.aRYR o
Char act er L2img cal oy e o e o e ot arvg
Cargets PelicaRanseeNhl RO W6 INMgHS BHEEHNoS dB0 bISuT A HBR: 7.2 6niikandEner al
popul at i ( : : cel : (¥ 78] Anal ysis of
popul at i ggss' Pglﬁ%} éPﬁgu%g[é@Fgﬁlgﬁ&?eﬁ%??@@?gﬂ%h????ﬁogﬁ{égj%nal ysi s) can

al | ow f otJSLHE60286566; Rp 20060024 M hi ; GIE2D060024638) @$200802E1776; adi ch bel ong to

t he sub- | ation. For exanple, where the nethods reveal a sub-popul ation
speci i 9%255@83899%%; %éﬁphefizgwﬁwr%%(e&e@gldlaéaqwcaﬁgﬁ e Pebiein@moay
synt hesi s,RLBPE FRAe! nHﬁgﬁ 5h fPlhirﬁfﬂh At BeRHBEY O8!Pafent NOD 7 LI A" 8,'3@9???;

popul ation (e.g., patrent Sanple). Additionally, transcriptone pro es can
be used twl 23861 thh age bePacific Bsssciencgsandbsribbd ohUS datepeNos &ch @2t 52dent i fy

pat | ont <77 b076] B Eeod DS % 48 BP0, BBy It EAdBh T Por Pinds use

in the preVERIARlicadde@ibiRiton NES EX2000002038 3 IE0DD00I¥ES5:ANY200000243300,
i ncluding cancer, inflammtory di seases, autoi mune di seases and

i nf ect i oArd UBR(IMOLEGT (Y Allapteeancenart hideipinesippetes, bypsgfreensas Sughbimgthodpr ai n,

| ung, breast. bone, and skin cancers. .Exanples.of infla ory,;.conditions
i nobude FREIPABREhafaro S GRS Sl of PRERRE Ra tsylof i SR Ehel iSRG,

aut oi MU7d] sPassrhmehpdme@RaIGHD can B paasthed lfoipusltipRNdadehawasch diosease.
For exanple, the invention finds use in the prevention, treatnment

det ect i oRrer ehargesgreationof fifisraghseldarsrepoprationsanebiding by ent Ligitedhioe &t of

e ey RPNl i, P o Ao T
and/or transcription factors controlling their development; 2) locating and/or characterizing
surface markers which may be used to purify the sub-populations (e.g. by FACS sorting);
and 3) detecting and/or characterizing cellular genes and/or gene products as potential drug
targets for disease which distinguish the sub-population from the general population (e.g.,
cancer stem cells vs, normal tissue).
[0078] Analysis of populations and/or subpopulations (e.g., by transcriptome analysis) can
allow for the refining of techniques for isolating cells which belong to the sub-population.
For example, where the methods reveal a sub-population specific surface antigen, antibodies
developed by any available antibody synthesis method can be used to isolate such cells from
a heterologous population (e.g., patient sample). Additionally, transcriptome profiles can be

used to develop gene expression panels which can be used to identify cells from other

populations (e.g., samples from the same or different patients).
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prostate and testes; gynecol ogical cancers, such as cancer of the ovaries,
cervix, endonetrium uterus, fallopian tubes, vagina, and vulva; head and
neck cancwop1864¥8as hypopharyngeal , | aryngeal, or ophargmgsaéiovarse®r s,
lip, mouth and oral cancers, cancer of the salivary gland, cancer of the

di gesti vi)07Ohc Diapndstiis aud pognogics nmet astati c cancer; sarconas; skin cancer;
urinary hﬁ@@t cancers i n¢l udi ng bl adder, kidney and urethral cancers;

endocrin ki &g byppdnstinds fsp 1%@6@%@@?%11 6‘1‘33%%“ RIFFBPRIOT 5P 1§ ANy, nd
adr enal ]ﬁﬁqi?ﬁj aNAoRGH L 081]
Met hods are a s?)I{&g)hrd(:l){%dﬁﬁ)l g&c gﬁﬁ%ﬂé’? Elldr)nﬁllzcﬁén%sﬁshgg%lp % dléel%?és‘s?a %g?%%%tllé‘ngc ation
of i ndi vEdaaplegef ¢amcemndud<ammlsteate,qmdc1ba:s edlonnbmmatungl brssitfhapat andrskin

i nformation, e n te the Y,..dos t.r eat nent dality,
ot i CHICHS: FrSBle Bhan B RaPOHER I oBbGLER T s BoyeIor e and

anti - pr oljcb@fiaé EMRist ERAMPROGE i&o&ﬂﬁ;ﬂéﬂﬂ@%&és@ﬁﬂlﬁdet@ﬁﬁﬁﬁ s@leh®, 1uphd, la8d
mnimzing undesirable toxicity. The treatnent is optim zed E)y sel ection
for at réiaawermsetahet Fqnqxampk?eﬁleunwgpn élbdeu&eox itlesd myvemmhm teeapncml diitengiohor
effeCtlve aI'nI'tISEB FC 1 {O a?l yestr?a;c C uc-ﬁra canc Oftrc{l a leO S el?ato affeCt
only a sib¥df*% htH a8 %%ﬁ{) ehizy Cunten St%‘ﬁ 810 PR &Y is

sel ect edgilivadddef, lsesifh @&s, atnhaectaﬂaoglém@%(mni@s:andehsamnla@uincéP/of thepénit,han
about O. 5% | ess than about 0.2% |ess than about O. 1% | ess than about
0.05% | B®stafenN tateueyecopgical esershash apeanceiefighopvasiesi@ner. of the cells
L oLhe SRR bROREs SR ARPIHES b0y GO ha EARLELfookOuRl o
expressi on patlfler’n of one nor é genes or otEIns i a si ngl e céll that
i ndi cat ebyfidphaynhgsenagngéal coropiudyrigealncanéers,difs afoustt @ arell dansdrgrahder ef den

refer to an expr si on fattern of one or nore genes and/or proteins whose
expr essi FHVRY $lARf: ARG BT OF diecelyfc®rct SRLHPREFICHhBIEE FHE CshT BB Atune o

i nf | ammagigh Yokl lurﬁh%c\:' Eﬁlcéf%flﬁélﬁdlh &%ﬁ&skﬁ‘lﬁ Qﬁd REQLQ 1AM &ocrine
expression is | ndi cati ve of an autoi ne or l'ammatory cel | signature. A
si gnat ur eys«m;]m czma:emmlahraedartqersmfahd thgroid, mial[ttlryoﬁndaad]la’ladigblhds asldtly a

signature wil| t Sﬂn*graigﬁe gepe and/ or protein expression information from at
| east abBYTHUGEHE PO BT BPE s, at | east about 10 genes and/ or

prot ei ns[o08l) | RASKABA aldPp 9O fAUMiRTizIRE HePdgISby fitst kRASticARAWE 20 genes
and/or proteins, at |east about 25 genes and/or proteins, at |east about 50
genes anmde\rldlgﬁlécléﬂ ing, sagpld, élaébasa@omtha?51agsef1@9é,103mfp6natpmoﬁfé¢q4img thg | east
about 100 enrea (rjz{ Ord(psléottrell’rl’]lesﬁt 1’1’10 a1 ?lOC:ﬂtO 1 1Z e&]&%n%/tla b rgé[nel ns,
at | east “RIBAULH éjgh RiRl pro elyns S8t &nesand/ or
pr ot ei nsdelafery &t arﬁbp*dhfe%&egﬁa@ﬁerﬁ fdlthe fun@ésatBle ﬂ!z&getaiellls edtile rﬁﬁh@rﬂiznfgoo
genes and/or_ proteins, or nore genes and/or proteins. Were a subset of the

dat aset Padegisahle taiatys thsdreapmagnt soprsiised bipselesgion Aeretieiene thy GHALRIEEU| at ed
rini cal At %W%%fﬁ&&%ﬁf&%mﬁ%éoﬁ%ﬁél%@“%%@bﬁ%?%tgﬁ% G0, FRMRLECd"

cancer sbemlaedd o,affehieormieh hottkst ofehe celbdd a sample. In some instances a therapy is

selected that affects less than about 5%, less than about 1%, less than about 0.5%, less than
about 0.2%, less than about 0.1%, less than about 0.05%, less than about 0.02%, less than
about 0.01%, or fewer of the cells in the sample.

[0082] A signature for a condition can refer to an expression pattern of one or more genes
or proteins in a single cell that indicates the presence of a condition. A cancer stem cell
signature can refer to an expression pattern of one or more genes and/or proteins whose
expression is indicative of a cancer stem cell phenotype. An autoimmune or inflammatory
cell signature refers to genes and/or proteins whose expression is indicative of an
autoimmune or inflammatory cell signature. A signature can be obtained from all or a part
of a dataset, usually a signature will comprise gene and/or protein expression information

from at least about 5 genes and/or proteins, at least about 10 genes and/or proteins, at least
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herein can be used to isolate and/or analyze any cell popul ation, including
but not limted to nornmal cells of any tissue (e.g., normal stemcells,

nor mal prwoeniomss498el | s, and norrmal mature cells), viralPCy/tusaéieseesads cel | s,
inflammatory cells, progenitor cells, cancer cells (e.g., tunorigenic

cel I's, natout UFQEnGant/or pﬁjtdalﬁs, ac Ragebost Xrgened drsl/orginokethisf ft@¢anitioat 281 cancer
cells), disease-state cells cancer, cells, inflanmmt orsyg bowel di sease

cel I's, uPeWsand/QePoRnY ?glee%@l)@ﬂ SBgenss and{os PEwFias. af lraskabPralS sanghaad/or
protist) l Jis
PLOLL St ) RIS a1 R abdiD0 SR BRI 0L oY ool 19 SAPCEIUEGE o

st at e or leastrathptti 200. geh &085] orl protsimneat devisoadbione3(sgants advkoln proentsi @rcast wubunber
of CSC i no@ GFati ecgt sanpl e @an be d%bﬁrm ned el ati.ve to the total, nunmber
of cancefrOL&fIesan 8;1)@%9 casg gpqul PP gy aB Op BRI B0k &°e8 31 UPed and
anal yzedpfodin & XWhess @Bs@bof %Qia@.{setq@h&d”ﬁlé'%ﬁbs'éﬂﬂfag)rcoﬂbﬁ&eelhﬁl?eghfh%dcg%hbé/ e of
a cancer ceII and cells that exhibit the CSC phendtype are quantitated

Al t er nat ébyn- r@lﬂfaed:mﬂeedtr@cromnaplanﬁhemﬂfar popul ations or subpopul ati ons of
CSCs can@ sed i tlbody) screens for the
populatlg f  Suplysis t f FSCt eens can be used to
quantit a[(E)S'EI]leAfMdBﬁJgf th@ﬁeé‘cﬁbh&n béﬂwl f@alsles/on Bar@eeatflcePL HEENEROE Wsciiled | S

i ndi cative of the potential for continued self-renewal of cells with the
cancer pheRistsppde ursktoderipeindor e aegeell populpian. évludngmpitact imitpé o
conpar ed Sit t f tient
sanpl e sn&ﬁnagg gsdbfamég &Qgp%é nglggzrﬁes%ggiﬁ%h%rﬁﬁfgmﬁgg@rrr%%% ag(ilc. 2 sone
enbodi mentagire t¢iB), oty iiifatted veldf infSRin Soyeeflqpeendor detlg, dahesreelly @g:. of

treatment, where the nunber .of .cancer cells an theﬁg{ercent age of such

cel I's t hBtmogsniesells nendymarignig edls peanseretery 67l{snanddidercatingd Capgenpelisy a
course OfjitReraRYcell Q‘%égr ablo¥y célﬁel'hﬁgﬁﬁn{a%rg%%l &19ea§@9éif%ru1§&§m&&hit§ results
in a decrease in thet nunber, and/ or percentage of CSC in a patient
sanpl e. pAOB8EEL.), Therd@sd (bmnemé, fudgilprbh@ﬁceb}ys ¢theThup Hendstaiyerovitddd usegpect to

D ot erane AT cous N Wres e itsiof il s MRE parl PV BEA g Beette cel

with reageRts csp@ebAi ¢ for the markers of interest. The cells to be
anal yzed na¥ be viable cells, or may be fixed or enbedded cells. [0087] The
pr esencell8Sh Esmrmerﬁrabqsbmie@ﬁpf ﬁ@nme@tlea,rthan@@b@@fiﬁﬁﬂ ma@tw@nbﬁant at age

of the c " bre cancer ,, prastat e cang
a1 once deratt S ELEER B BuFRTies PR R b P BT HLRIR 2T b ol ey ana
to aid i fanpslegrRasdisted TNE aftl &8 T6EexPlestiof of afie @ﬁmdl%trﬁRNlAﬁ,Q&id)@y pepe@ing i tating

the cells having the phenotype of the stemcell. In addition to cell
surface PBHERSYSPE hepncey Ceﬂﬂwdl&‘éﬂﬁ@é‘f qnhibibthg G PReapeyDe REs ntigtedn a sanpl e

et e R TR R 3 M O BB g

Vi vo, e. thddvolop affémiogleaf tantibod)) sci@atuk fohehel pob&latlor? or subpopulation and such
affinity screens can be used to quantitate the number of cells. Typically, a greater
percentage of CSC is indicative of the potential for continued self-renewal of cells with the
cancer phenotype. The quantitation of CSC in a patient sample can be compared to a
positive and/or negative reference sample, e.g. a patient sample such as a blood sample, a
remission patient sample, etc. In some embodiments, the quantitation of CSC is performed
during the course of treatment, where the number of cancer cells and the percentage of such
cells that are CSC are quantitated before, during and as follow-up to a course of therapy.
Desirably, therapy targeted to cancer stem cells results in a decrease in the total number,
and/or percentage of CSC in a patient sample.

[0086] The CSC can be identified by their phenotype with respect to particular markers,

and/or by their functional phenotype. In some embodiments, the CSC are identified and/or
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[0088] dinical sanples for use in the nmethods of the invention nmay be
obtained froma variety of sources, particularly blood, although in sone

i nst ancesweanplmss49such as bone marrow, |ynph, cerebrospiPoaluskéwioeis2synovi a
fluid, and the |ike may be used. Sanples can include biopsies, or other

cl i ni cal isspegi byesisdiagnd tereh gvitakhgentsSpatfis fsqrhemadenpsf isersal Tl delisws s or
portions thereof. In instances where cell nmasses are to be assayed, such

masses _(:Q‘?\al?)aéyzt?fi_é%%’c'?ea‘fi%]ﬁ? 65 Isafymay pe &6?4%@?@&%C%Hom inthe art (e.g.,
enzymat i goghpeghl p&se&@%?h@'c - eAiRh sg%m QUG SRR ST ¢ QSRR ed by
e ensity gra I's,

centrifugation, utriation, i ent separation, aphere

af fi ni t ycaekeetd. daykepanirernyt cdnaGSproseud canfergaln aiditwint Hetbitpaoui€;S@tan bepr i or
to analysis, and.usually a nononuclear. fraction (BBMC) is u In this
rmnner . Rrigko P teaporke fy (R S5 BT U (b PGENCR1 T rkarrs SRGaCHRT Bhal yzed

for diffgseitined b@gRmieARLIBSEIN halisls e SHABSHE bPIRTRNAAA] Vifiaddi@dndgscr i bed
herein. [0089] Once a sanple is obtarned, it can be used directly, frozen,

or mai nt e¢lheuiace pagnotypprg, atreaxd wsgfw torgeingitaté the csHoint a perplothat bavetd me.

Var i di b d ' ' | 1.s. Th I .
obt af ned D250 G BACH AR B4y Huc Graf et E IBUER PN Br b 000

veni punctdlf-fene®! tol di€e 1Hédi®.tuhBrsSR Mo eAP.AdaNRAb S aft nciiRITAhE thei 1ide, cOnpri se at
| east about 102 cells, nore usually at |east about 103, 104, 105 or nore

cel I's. TIQO88hI (inicahamplasdpedsedn shef pethpdiofdhe paentn may he ebfaingh fi9n1 #ral

del e . . ¢ { ne. . dent .
rodel s ok B ol AR, ML B ShAfeC AN B L e, Todent
be used fmarrodi, Spepls canbiokpisashadsyooviolf fliad caldlthshitgmey bSuedd. Sahpldsaan wi | |

generally be a, bal anced salt solution, e.g.. norpal_saline, PBS Hank'
bal anced"sHde bipsissi ptheg cinical SPRGBIN B FRNYNEE 5B TS WAL EHCHRRILSF Seléff f

serum or o h by PHiAAhEX L CHUREARYs HAELQUER mdsBesGROMRCEs @23%%#1'6\:/[9 nfSses

acceptabl e buffer at |ow concentration, generally fron1%- Conveni ent
buf f er s tachadiesolaRES)y qlyapphvptietebudane ksowh acthatg (bgf, Eerynatetdigds6oR 1]

Anal ysis _of .cel | st.aini can pbe perfornmed using conventional. nmet hads.
Toohn: queysabupagn B sRapER seberran s GlutPRER o Lok Re e b0t oo
cel | sortRbfent WhfelofHPphBRYE, AMARYY RdediRE! BR8Nl FACBN S Gaidawitguch as

mul tiple color channels, |ow angl'e and obtuse |ight scattering detecting
channel sHypapyedetaduia thapradysss. apd gsuaitlia neesjonyclagiyfrastion éPBWCa ds wagdi hsthidead

cells by _enpl oyi,ng,dye sociated with dead cells (e.q. opidi um i odi de) .
[G0o2) THENw T PR ERIRRE S hEDPE Lk el Rl BrandieoPulpr TR RIRAIAL Tt e

cel | surbatexprlssonhegot Mgiscasemeahlyss at Besedbéd heddint 0 anti body reagents,
pepti de-MHC antigen and T cell receptor pairs may be used; peptide |igands
and recefl089k; Osfe asampple sebtained pt G bsowredtdiressly. eeen: prempin@anedAnt | bodi es

and T Ceh}gprBﬁﬁzﬁQ LQbfe Hﬁ)ﬁiu?r? tIFRA&% b&%s of 'Eirr[%(.)l\ya(fio(ag'ﬁledia can be employed to

maintain cells. The samples may be obtained by any convenient procedure, such as biopsy,
the drawing of blood, venipuncture, or the like. In some embodiments, a sample will
comprise at least about 10° cells, more usually at least about 103, 104, 10° or more cells.
Typically, the samples are from human patients, although animal models may find use, e.g.
equine, bovine, porcine, canine, feline, rodent, e.g. mice, rats, hamster, primate, etc.

[0090] An appropriate solution may be used for dispersion or suspension of a cell sample.
Such solution will generally be a balanced salt solution, e.g. normal saline, PBS, Hank's
balanced salt solution, etc., conveniently supplemented with fetal calf serum or other
naturally occurring factors, in conjunction with an acceptable buffer at low concentration,
generally from 5-25 mM. Convenient buffers include HEPES, phosphate buffers, lactate

buffers, etc.
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and may be produced by transgenic animals, imunized animals, imortalized
human or aninmal B-cells, cells transfected with DNA vectors encodi ng the
ant i body W0 20100085498r ecept or, etc. The details of the prepanstélon2mks

anti bodies and their suitability for use as specific binding nmenbers are
wel | - knojoo9p whalseis ok ctll adining dahde peiforniQ083]g Aneedppnbacthods t he use of
anti bodies as affinity reagents. Conveniently, these antibodjes can be
conj ugat e8CRHAUSS ArqviHiBg agyrate s meatLiarlife gHorepcenes EUVAlCHsaR SRS abel s

known. I nywhilh &ﬁqla@@%rkﬁqgﬂg re@éj(gf s%?ﬁshéa@ohe&cﬁ Qs nﬁrl?tgﬁg&;l& aﬁlﬁgéls, lmiaﬁgleal | ow
for direct separation, |0§| n, wh clh can be renoved with avidin or
st r ept avaal obthseunght tattarisgipggecting dhhed o ahpatmess chahnak et@nltzecells ethywict h a

fl uorescence activated cel] sorter, or the |like,. .t |l ow for ease of
Copor o Seed S Rt s by SRBlo e Bls HhPeiated S frad ctitle's PrdiE’ el ude
phycobi | iJuiRyei ns, e.g. phycoerythrin and all ophycocyanins, fluorescein and

Texas red. Frequently each antibody is |labeled with a different
f 1 uor ochf®92] tbe pimity tredgenie peayderpesitic réaaptofoer ligands fontheaell spdag4]

i bodi be,.add i [ ls, i ed f
oot oo iy S Bnetdeel . B SRR b SELSR oM IPEBER DS e

i ncubat i edll méptotisaindlohay trensad; ﬂe?ﬁ&é ligdhas indrodbmbisesffedtst dduadebior! ess than
about 30 mnutes. It is desirable to have a sufficient concentration of

ant i bodi 8¥lqchlespadthaliks. ontihodiagrad TsqelHeeaptars My be ranerlepgher pplycipmal,
separat i i I m . i . a L

concent rg@} %%y :ngr éi!tu g%&ﬁ%%%%éﬁgﬁlﬁfﬂs?%ﬁﬁa%éd Erlr%; ?llljsmﬂﬁﬁﬁ%lﬁ%ﬁ%%l Re"Cells are
separ at eaninfl Bryellgrdl v tratdiadtedmith DN A sedthig evica@ding iheyintbodyhe Ttalll iscepine

medi um whi ch_can he utilized is phosphate buffered saline containing from
0.1 to 0%6o¢BSACaspl Beorspaenian of anoRis e Heinsudgitipaior BseidPrdlC be used

accor di nginlith ot BENBAL WeSvAl-khdifh ©Ehbs skiialiydlieng, Dul becco’ s Modified Eagle
Medi um (dMEM®, Hank's Basic Salt Solution (HESS), Dul becco's phosphate

buf f er ed[008B] nOn¢ dPBBIch IRAM yselof antiteddsesme dffumiyy rPBSntsi tGonsSemdhtEDM&se et C. |

frequently.s | enented with fetal | f ser BSA, etc. Th bel ed
el s cafttidi sat Bhssvitiuiha fosT e St atian bibeldnt Sds iroebiar ker s
as previ Ry indk@s aftiiResling, HAPRdt 1HhiteCoMPas At Dels, Anithiadieteast di@dct Progeni t or
anal ysis obtained froma patient sanple, and a reference differenti al

progeni t eapagatighylipen.gdriclheandeciomel ¢E el apidin orestigpavisin Bainddbleuppadict i on
pr ot ocol ﬁu%r./é% Dk CWich sl atd sthcal, compart.s %”a%uvé?t%&cdﬁsoc 2 the ke, {8 th a
ref erence | erenti a progeni r anal ySi' s rom nornal ce |S, celTs from

sim | arl ylsl s@assdoftdepst€on 6Mtle phrgichlakesll §p8 Miicrviitemanthandhd ade igsugé t he
di sease staging. A database of reference differential progenitor analyses
can be cBRysobBirotans.ing IPhxsasTwhripand aliqphygogyppias.dioreseeip Rad Aexastipént , " e. g.

B e R s L

provi de datiegforeactomarker.
[0094] Antibodies can be added to a suspension of cells, and incubated for a period of time
sufficient to bind the available cell surface antigens. The incubation will usually be at least
about 5 minutes and usually less than about 30 minutes. It is desirable to have a sufficient
concentration of antibodies in the reaction mixture, such that the efficiency of the separation
is not limited by lack of antibody. The appropriate concentration is determined by titration.
The medium in which the cells are separated is any medium that maintains the viability of
the cells. One medium which can be utilized is phosphate buffered saline containing from
0.1 to 0.5% BSA. Various media are commercially available and may be used according to
the nature of the cells, including Dulbecco's Modified Eagle Medium (A(MEM), Hank's Basic
Salt Solution (HESS), Dulbecco's phosphate buffered saline (dPBS), RPMI, Iscove's

medium, PBS with 5 mM EDTA, etc., frequently supplemented with fetal calf serum, BSA,
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acceleration prior to onset of clinical synptons, and therefore allow early
therapeutic intervention, e.g. initiation of chenotherapy, increase of
chenot heraipyotase4oschangi ng sel ecti on of chenot her apeut PCTArSagLo/02r5d5 t he

| i ke. [0096] Tunor classification and patient stratification . [0097]

Met hods &iIS@&\, atcsThprabeliedeells cn thgt benduantigtddne tamy, expsesion sf cetl sasfacd i cat i on,
and based on that information, selecting the appropriate therapy, dose,
treat nenfnaﬁlﬁa%ﬂsiﬂrfrv,lo‘éstlﬁfieiﬁﬁp% optinizes the differential between delivery
of an. anfggBf olrh{ E4@bdii6n bf &aliTEHijal ArolbbitdtAARILIE BBlahcl HoUEh pEilrk Samb! | @
m ni m zi ng undesirable toxicity. T]he treatnment "1s optim zed By sel ection
for a treat amfitrendeatiffoieniiah pegsenitndesiysatiae be axcanplishedby the use of/swdliablg f or

effectiv nt.i-proliferative activity. [0098] In one aspect, .the disclosure
or ovi des driPttr Pirderel oA T iSuf kel ahBsohs of: °f Edptnas ot e

di sor der ggrpaHt@Bprod&idr fall ik BomAImhNetSLs HePY RioRDsiilarl § Hlsdddel Yik A8, and
patients, apcordllang to the single cell (including CSC)" gene expression

si gnat ur the liker casxupyean ingimation of the slifepsecstagingradidagbaselut geferseec ent age of
cancer st cel] s car. a.hi gher, risk .of tast asi s and deat.h nd

Charet or BHRGplSopahlof afyiied Rl of &8p Bl TR RREAR TR idhes PB4
type. Thpsienanad. ¥isthe chfonkOmd b il@Rems steeel RO alskak] QIR tht @SRMratidh ¢f pat i ent
sanple can be utilized to characterize the status of a disease, nonitor

t r eat nenflispasgiinehtsvan @y ¥t caaiigsp Thp arendstof ehedpyingiae meayidg dsedionphe sanpl e

reat nenliregingnsnanel o herast 99 USYPPhe sampl
ol asei f1 SacisEionafiel kEORe) QAR R AbnR kR Sl il U IhERbeldecd' | 651 one

can t henimavatloact.gdinfttwiopaf thethdqhirhmy) indieada of cheasithagay ddeothasgingi cal

trial of a t,he;)?peutiﬁ where a ho eneous patient population is desired.
The cl as&$Gtioawf sherpetherapeticdnie. A8 ™4 186 be used in assessing the efficacy
of a t,he[(gl%rt TEmbPcidsedBbR RN BRMS RRlirRAoPOPUl ation. Thus, conparison of
an individual'S expression proffte to the popul ation profile for

di seasec[®93] f Mzaltads nrepasaprosideth éorspltievting thepapyd by figi clhfsificatigs, ord etsérer

t herapeutic regi nens that .are expected to be safe and efficacious faor a
par t 1 cal 8% b iTap. Bikerah e HBpPAEI oo ppy dore. GegmsnbmoHsi eni®havi ng
the sameopiyipePihe Gaif&ehidal behvRSH Ublived) bPih £ANpRAIRARRArQAMdMI BxpPr essi on (or
| ack thereof) of 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, pudeszsble gogetzslls, aduilepmninggingrundeniabledexicity Bt deatmanyis oppnedi ns.

[ 00100] D agngsi Pr ognasi Assessment of . Therapy (Therametrics and
VanageneRt “r B agr e B uRa AL ST Fes i e REARY nhif BSTRR L Rhee
herein, agi-pRlliferasvd ftgivitygene products and correspondi ng genes and gene
products, are of particular interest as genetic or biochem cal narkers
(e.qg., i HOBbol e aspacsibe isglpgire wrovidesdpemethproldassifeigg lesiniiges WMehg a

di sease lesions, immune disorder samples, and the like, and thus grouping or “stratifying” patients,

according to the single cell (including CSC) gene expression signature. For example, tumors
classified as having a high percentage of cancer stem cells carry a higher risk of metastasis
and death, and therefore may be treated more aggressively than tumors of a more benign
type. Thus, analysis of populations or subpopulations present in a patient sample can be
utilized to characterize the status of a disease, monitor treatment regimens and/or develop
therapeutic approaches.

[0099] The sample of each patient in a pool of potential patients for a clinical trial can be
classified as described above. Patients having similarly classified lesions can then be
selected for participation in an investigative or clinical trial of a therapeutic where a
homogeneous patient population is desired. The classification of a patient can also be used
in assessing the efficacy of a therapeutic in a heterogeneous patient population. Thus,

comparison of an individual’s expression profile to the population profile for disease
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pat hway (e.g., a carcinogenesis pathway, inflamuatory pathway, etc.),

and/or to nonitor the efficacy of various therapies and preventive

i nt er ventwore10/4880802] Staging is a process used by phy®cCtitsasiongisdescri be
how advanced the cancerous state is in a patient. Staging assists the

physi ci asdlaksifich@ibe peinfitsde selpstpgrosiesgn pf @nps ogothérahémphiticasginevathaedreng t he
results of such treatnent, Staging systens varg with the types. of cancer,

. oL, : | Y. .
but genePHECIFditn s Fafe aRheficasiPEifon g ParfiQiier BB AY PatisRt RIPYEItieR (1§ nbEroup

i ndi cate N a??[g:et as| des,
i ndi cat egf ]E%/ﬁeill\l-ltﬁs hﬁﬁy\;\ﬁe% er y? ﬁgf:(éed%ﬁéc@fcl ag@%&t@ gg%ﬁ% lt%aged@t8 %E}%yoerx Eyegﬁgltl g%t
parts of lach¢hebadyof 1,2dBcated, by, M 10dhelallByl4,ilb, kb, d@ntied 9 20,a6) 30, 35,

det ect ablgisn 6he area of th grd'/mar%/ | esion without having spread to any

| ynph nod&s™r £V PEMEL 1ug 1%?%@%9 Or{rPteins. has spread only to the closest
l'ymph nogsra00] Didgho&! Preehorlsa@8sekiment bf Pha@py [ THerarhdifcH 3HNVIaktBem@pNGT al |y
spread to the T'ynmph nodeS Tn near proximtiy to the site of the prinary

| esi on. Dmeedars that have spread to a distant part of the body, such as the

i , b i .- 0t.h ite, h d d :
(00203 RRGORETL e Finghdnc RiBeh@REe o el AL oF o EARNG G Re°

stagi ng porasessdily géideahd EateNGodltes, a@UTeagicubn @asreRfas @ef@RCE biocBeical he
netastatic potential, as well as the q%resence in different areas of the
body. Thingrkess @tgaga blqodcasiisates Wihatwill datecs dierqadipst ianessghenas ¢igease hi gh

met ast at | [ . : i I
turor ¢ oPSnEFEEEE, PhaEAREGlests AREy S AIRARG o, SO0 AR Rombh RS ., |,
t he pr esefficacyodf varipos ghermpiesanhd geeventyrd ihtervegtiand. ower net astatic potenti al

al | ows re conservative staging of a tunor. [00104] For exanple, a breast
cancer b g3l Pragineds gp&zjéssmseﬁgwmwle%é taary P8 OBy b AR HERhGRISBBS cr i bed
herein. Jhe brea a{tieﬁ@r@tgéing%é’sisl?@thgl ﬁ?ﬁ&ifah ﬁfjdélémﬁﬁing '&g)ré%d?)kﬂhplﬁi?ﬁi tatic

pot enti al dependi ng upon the expregs on profile(s) "determned from a

pati ent' gegmlchsandBvakiatiag theatdultg ophnchitchBmenta§tagee sgsteims ivafyorittathe dypeso nor e

aggressively treat the patient. t he e would without the further
A < L R S L RN S A R PR o
al so pr oy} dewhpher iBhRRr RiL Mehaiilal tohefi8lPmpiPhodds Uddichea BPW; 8d 9.
tunorigenic cells froma patient expressing a drug target). [00105]
Devel opnehethantie carast hiy metpstatizagfto Tse diséant parss of thobadysin distMods and
CONpos| t} %nesraﬂesi alii:zpn%g 'rs]eolfl icﬂ:tcc?a%lebgl th Earleiazo e]c ?’fmt h?esgo%ve'l ﬁo%?ﬁarlltinor
i dentifi cCation o newrt]heraYpeuffl C agen%s anar SrPPEYY M ng YOI | s‘fl%g
t her api espreddio aﬁ?’zaﬁﬁblﬁ?nod&iiﬂg csligid tegecie| IF itaaakpreddSonl  xPhestdsent 1yanpt i | es for
target cell popul ations ﬁe.g. cancer stemcells, cancer stemcells and

n

di f f er entpdaseldiscatiedtagell I Streed]ls thercanter Aregrnettyspreada Gy lymph pedes
anal y tzedn% Reaf floRfhicP & G0 he pHRKDy fe@on! CRRAREHN! FaRUFREE o PALEAL pA

targets
of the body, such as the liver, bone, brain or other site, are Stage IV, the most advanced

stage.

[00103] The methods described herein can facilitate fine-tuning of the staging process by
identifying the aggressiveness of a cancer, e.g. the metastatic potential, as well as the
presence in different areas of the body. Thus, a Stage II cancer with a classification
signifying a high metastatic potential cancer can be used to change a borderline Stage I1
tumor to a Stage III tumor, justifying more aggressive therapy. Conversely, the presence of
a polynucleotide signifying a lower metastatic potential allows more conservative staging of
a tumor.

[00104] For example, a breast cancer biopsy from a Stage II patient is analyzed by the
methods described herein. The breast cancer may be classified as having a high metastatic

potential depending upon the expression profile(s) determined from a patient’s cells. Thus, a
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include, without limtation, particular biomrkers and m s-regul ated

pat hways. Targets of interest can include markers or pathways specific to
the cell wopoleasson(s) of interest. [00107] |In one instaotaS2aeloks2Hf a
target popul ati on or subpopul ati on can be anal yzed for expression of

nucl ei ¢ aeitthy physidaaaidyned shdr aformadonl et @oie apgwstivély arear the pstionatich hean be
targeted for treatnent. For exa articular cell surface nolecule

. ple, a )
expr essedheexetld yithepythe futhes elél?sqg%aéwvc efesminadies of Hierererestion gt eutictdcer
cells ca i i ad: r t i gl P C o t
(o g, Camaerd QKGR F6L A0 LSBTl ArEl BRI IR SREIRORE | &
t oxi n or cdisHerm s paticre ekpretsing a dwigttirgstpeci ficity for the surface nol ecul e).

I n ot her | ces, targe el |. popul ati ons can be anal yzed for

m s- regu[@ﬁﬁ%ﬂbéﬁﬁ%ﬁ%%?éi&!%&gg‘ﬁiﬁé@M' processes (e.g., |oss of
control Fﬁ_OIQGj IThé ¥etiodd aRBESh ARt e &ABEE here B dafidbe ubALEVRY ShelRRNelopabrde,
without limtation, activators and/or repressors of gene expression,

expr essi onidoftifpcation efihew thyeanegtioagents andésir refemes of emglingdheagionpfax, gl obal
pat hways. Therapeutic agents.that target such.m s-requl ati ca

bot ent1 aPfyaABme GRS PP S p RS s MRkl e as

associ at eghcw# §témtchis, can@ette@elel s and\ifRrfpda@d RIRRS LAR, dindEeRMAXYd threApPEUt i C
agents can result in up- or down-regulation of the nucleic acid. In some

i nst anceSs!st pabenanalyzed tedatecs patsariyrtages fipj Gempeiticeene Beteptnl dargeier apeut i ¢
agents c S [ 1 i fi . i i L tat e
o casi DR Hhol BoRURLETANR iPHEkRS SR Bk AL Bcdchfor
expr essi oneroft caelidchelychekéerebapatwgengsciic o tharcetl @opiiatiory§) dfamerancer ous
cells). [00108] Using the nethods and conpositions descrihed herejin, target
cel | _popEﬂ aff?bhgorz?alﬁst%eafréﬁsﬁ 84 REPORI PR AT BBPRYSHYHCOeGHaYEE 161 e

nucl ei c rBSion bR NElARTE AL s Pbed e ANB/dRecf £VeGE NG &RRidh cfn BYENT S can
i nvol ve analyzing a target cell population (e.g., colon cancer stemcells,
br east ctangeed foekiestment. cEor exemdlet & paitinelancad] sirfacamotisulsteixplresexiexbliusivalyt er ed

expression profiles as ed to "normal " cells. Such cells can be

QT | 2ed i Gheg st Bl emioR A e i AP SEUnTE BedivSiEgied fad B6H At essi on
of t hesepaapkiQth@ifearic Bg&ﬂt@é.%., Aoy oL 3MeshiRGink Sial eht@lafy of the
target population to candidate agents and testing for altered expression of
t he genesorjagatesivyitly asoepo euetaer {ugh effegtomhavithsppaitisitidios theogweldchaplecnlegal al so
be uti|liz6d, 10,808 ¥ze, LAPLSLIGELS Of popmouds Wi ehaldeat aerdal n
cel | ul ar “prenotypes, 9nc u%ﬂhg 0t “Hot® 1imted t'd" ne expgbsgfgn, pat hway
f uncti oninglved i diseelploceyses (8@, lodEdtTcopabhyrayl-@xlitiinhMen&y e sscpaddivRYS) ,
and or cell type or norphol ogy. Thus, conpounds which affect such,

phenot ypPatheryy epariaelpdg. iveﬁloehﬁmﬁéﬂ% artipatds pl/aidgpicrons efo2che expressidiy of

anal yzin : t j e E npl e,

anal yei o 9o SRR MR GLAR o By B el ARG b Rl FEE ™Y oy
col on celThaapswic rmaéntb rreasiget ehdhsmisaagaetiorcenl tensinBymifedt ltagetcaic eraler em

expression of nucleic acids associated with the target cells. Altered expression induced by
therapeutic agents can result in up- or down-regulation of the nucleic acid. In some
instances, treatment of cells and/or a subject with one or more therapeutic agents can result
in expression of nucleic acids which imitates the expression in non-disease-state cells (e.g.,
treatment results in expression of cell-cycle related genes similar to that of non-cancerous
cells).

[00108] Using the methods and compositions described herein, target cell populations can
be analyzed for altered expression of one or more nucleic acids. The development of new
and/or refined therapeutic agents can involve analyzing a target cell population (e.g., colon
cancer stem cells, breast cancer cells, etc.) to determine nucleic acids which exhibit altered

expression profiles as compared to “normal” cells. Such cells can be utilized to screen
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cells, etc.) exposed to one or nore test conpounds can perforned to analyze
the effect(s) of the test conpounds on gene expression or other desired
phenot ypeso0O(e10gss498ar ker expression, cell viability). Sech/use@bopsssscan be
useful for multiple purposes, for exanple cell cycle research or analysis
of knownpetentid kinoapeupebgsmayfor eff6Ak] 0h eAgrestican dfahdve aadel yhetnidd¢ic patdeby i al

t herapeutic val.ue can be any conpound, small nolecule, protein, |ipjd,

car bohydfsRasingrsinted eell@qf dheotarsst Repulaierie capiddsp recternddpsting dPdiRG ¢ use.

| sol at ed r I can be exposed to libraries of
potentiafﬁﬁhgggggﬁﬁi%gggg%¥§9?%#€£%ﬁghtibody i braries, small nolecule

li brari ef00109] Tb¢ erettiode dstloest Iserain cge nlso bx ptikzsslitoanand the effedt of/i abi lity.

In sone instances . a.capdidate therapeutic agent will specifically target
e’ ool | BRI MORETGH e hteaigs e I PrElekRsT iR bat PO Gt P. 28081 yor's. t he
exi st enC@xﬁEssﬁqn"]féitﬁ&vh?ﬂm‘éﬂbﬁHg (Sg PE@B&Ring TRIRT §ehwa§| dxddaki€e JressCancer stem
cells and/or differentiated cancér cells) is reveal ed, a candidate

t her apeupitbwagenndeacell ypgetr mdrphatogyat Tiow. cdmpaiodewhivhtasliectesich phawtygde cel | s
can be exposed.t. siqgje-ﬁpli.aqﬁh sus to petq;nipe.effects of,thF -

candi dat &4 KEFRHSHEIC Y EREES I ST TRECSL B SE TG F NS OB BT & PEEREY of

i nt er est agnthefipeid 8Lhe KUt cki@ple! ANRSBIY dTlcAAByes [1VOdklkpladsion ek taegapodi ment s

of the invention, agents are targeted to a di sease-state cell popul ation or
subpopul BeRWHIB egpderpilcokingilpdiorgalbragst rells. eanceiotebp ridgm 6pllsoFanear #ens

present. o0t e ) LREAES (PORU G0 PLoRHRRGRULAL] Rlch SORE.SRDANARIL,  Lhe

agents inc es or antigen- ing derivatives there ecific
for a matheaest oompouris patgendexqiressmke fosher dbdied phesotgpdsi(enanlaykes erpregadred t o
a cytotoxic noiety. Such approaches n be used to deplete the target

popul at i 67 ¥APIEEHp SHER HABRS £ 1&3@5g?ftm%lélpgénuws%é?reexeaw cellgyein cel |

popul at i sl B0nkAlsis F&hBRE Yk LfinREgNbatREARENI N Assays [00113] Cells
(e.g., disease-state cells) expressing a rarker or conbination of nmarkers

are al so[09d&0LAgEws ta be analyzed dsgaystiahdiesipewemnahg dao bdehg compawtdorimalhnd

chenot her apeuti c ents . that are active an differentiated.cancer cell.s

andl or | CBREGH<s D Eaind capehFa Sl afflcepte AL Gp s Biysy o

agents tHat 19618ted iVt aQRreBUPEPUI KRN cEn bAeXpoied ¥AI Rl dFfpoRbBalEeAputRe used

for this purpose, including |nnunoassa%§1;or rotein binding; determ nation
tar

of cell &g (6,2 dinfibedyelthrpags, smalhmgldcy ies) todatgryiingeffqsisoriuganeon of

factors; ear}gss}orrlle nld} l§%elﬁ élea%ﬂite' ﬁl omBailngtsnceg 2219:9112 ida{te the’r\élatelltic:ca ne%?{v'll nst. 94:2;
78). In other Eod mEnt € %o 8 por VPR ptides e orTSpdndihg™t'o a narker

or conbi gakifRallptarg@rkess @pulakien Br BE@Bd. FoveRkip) upbe siugRidél]l anflyslk ug:
screeni ng assays. ?%0l14] In screening assays for biologically active
agents, &FPIDGSQS|q Mgt yRichg presend i target gelises. anGer sigpigeetls aiad/pr

composi t L difiaeAhAGE il i, 39aRidRE HlMRIAS hoenPlhh taflRe BlelfGha S

In some instances, treated cells can be exposed to single-cell analysis to determine effects of
the candidate therapeutic agent(s) on the expression of one or more genes of interest and/or
effects on the transcriptome.

[00111] In other embodiments of the invention, agents are targeted to a disease-state cell
population or subpopulation by specific binding to a marker or combination of markers
present on the target population or subpopulation. In some embodiments, the agents include
antibodies or antigen-binding derivatives thereof specific for a marker or combination of
markers, which are optionally conjugated to a cytotoxic moiety. Such approaches can be
used to deplete the target population or subpopulation in a patient (e.g., deplete cancer stem

cell populations).
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t he agent assessed by nonitoring output paraneters on cells, such as
expression of markers, cell viability, and the |like; or binding efficacy or
ef fect orwenaywmssiss or receptor activity for pol ypepti desT/usesiopxesedpl e, a
breast cancer cell conposition known to have a "cancer stemcell”

expressi f01p2pThémpdsicexgrasSdetéin@Ak@st agent and exposed cells are

i ndividually anal yzed as described herein to determ ne whether the test
agent al f@rlial ERES ExprE eSS als s EPESSIES APMITET of Sombinational Barkes s, Any
i sol at ed ] i rei

descri be ﬁg%gﬁﬂgﬁgihﬁgq?%giﬁﬁigﬁggpgfg39E§5F9§§§§?%ggﬂéﬁ%§‘Fﬁg;ﬁﬁﬁgred,
and t he thakere athee aredifferantinted eammey celbramdfor ahdogr stadeeBsl Vaparandlsr inferest onal
cul tures: e %,” split nto inggpendent %ﬁ$tureslangﬁgromm.und r distinct
condi ti oRE,SCEPINERETYT ETAREHS Bt e RBLR OB cqlly fnidsVadeN Ok 2Ry aBaince
of Cyt0kb8€§ﬁﬁ6rG@ﬂ&hgﬁkL@H@d%%}ﬁ@ﬁ&ma&ﬁﬁsﬁ@ﬁﬂﬁﬁnbﬁl - @BtefiRinhor §5RANd tO
an agent (e.g., a peptide, si , small nolecule, etc.), particularly a
phar macokyite, differentiationgind dinrgionpleactivity; godictipe shianwes and thedikei(pggoe-gant

quant 11 88116 GORTARELCHP ot S5 2k hch Fpbeghisthe bl AT °

accur at ebyrrdtpasdin@ed a i@rket BS¢cmtsiRatioh o nitrRdts bhihe pedpattin SattioR e iepAmRMEL F
can be any cell conponent or cell product including cell surface

det er mi NG SCICEBIBEABTAYS.pr ot ei n or conformational or posttransl ational
nodi fi cat e iR I o4 Not I | ecul e,
nucl ei c ggﬁgff2%%ﬁ%%ﬁﬁkkgéﬁﬁeﬁééggn%ﬂ§%&ggf'%%%Qég#?@g%ﬂg?ggggﬁb a cel
conponeninacier oo argatceld nsmpbdti@ois .coractee xatihe agann obinereviiznditieestfect bSol at ed
cells as described herein are contacted with one or nore agents. and the

| evel of NEASPRISEISSIFIdTY BOMIRINGI QR PHABIT hRFE Kt SYCR a8 SXRIP T M. MGt s

whi ch al tarhbeinesRd &p%sﬂkféf‘oxoﬁin&iﬂg eFIRLEFbLLHEh Bh St Ot Scep®r Setivit e the
cells exhibit an expression pattérn nore simlar to a nondi sease state
cel |, capolypeftides.hiEor exampiez e tircastrcan¢re calp eanposifpat lemtvirato. havih i [“‘eangeisdtem
paraneters,.(e.qg.,. rri or pratein expressjon 111 pravide a quantitative
P endout - “iih <Shfkstipheiekle b abuais & Glatnt i) oot siiaFie B AP 8T oS
accept abhedesBeRANE SN MR YetbiAGhs dBeReSthB HWsEadat SRR Xplebdfon Plofitdys | Nl ude
mean, mnedi an value or the variance, etc. aracteristically a range of

par amet efompaigkd et nopatrepses Gedls o Bnaiisedated enll papetntion dasesibed héreuraraprediced pyi ci ty
of the sgne says. Variability. i ected, and a range af yal uyes for each
of the SOFmRgERentRl pBRe by bt Tl Ragey My Be SRAkAY alGellche S

met hods Viké.hTie &ORERINbS Edtitohbically iRtvded vals@es $falgadvilees eRglspliviataies.
[00116] Agents of interest for screening include known and unknown
conpound¥idependertrudiisa $8d AT BidisT dienqtcandibpas Sarexamplenith P wishgini

ol ecul egr Ui Gl FBYnLO6! HHENQHRIEAbE LnBRAREN fiSeord ARE kS EGUENCES,
etc. An Inportant” aspect of the inventionis to evaluate candi dat e dr ugs,

i ncl udi nghidhxdets tegpdreistoian@gerarielgt, h@eptidee siRNA, small molecule, etc.), particularly a

pharmacologic agent, including the timing of responses, is an important reflection of the
physiologic state of the cell.

[00115] Parameters are quantifiable components of cells, particularly components that can
be accurately measured, for instance in a high throughput system. A parameter can be any
cell component or cell product including cell surface determinant, receptor, protein or
conformational or posttranslational modification thereof, lipid, carbohydrate, organic or
inorganic molecule, nucleic acid, e.g. mRNA, DNA, etc. or a portion derived from such a
cell component or combinations thereof. For example, in one embodiment, isolated cells as
described herein are contacted with one or more agents and the level of expression of a
nucleic acid of interest is determined. Agents which alter the expression of the detected

nucleic acid(s), e.g., where the cells exhibit an expression pattern more similar to a non-
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[00117] In addition to conpl ex biological agents candi date agents include
organi ¢ nol ecul es conprising functional groups necessary for structural

i nt er act iwoepiop@s498cul arly hydrogen bondi ng, and typi calPCy/useehmds2at | east
an am ne, carbonyl, hydroxyl or carboxyl group, frequently at |east two of
t he functisessalstaeheii, cal begfuatipsanalized tanibraisduec poentis. Gdhilecmofrpasenetats! i cal
carbon or heterocyclic structures and/ or aromatic or polyaromatic

st r uct ur &s2-sBSY PUPTRE MM SIS Bill REfviregt AHapHtabBe (AP Unitt OB AN S tBHE 8 Bs .
Candi dat g hiiafod fretQUNd: ATBAGLIR! MERIGRUNSS inclilaiftiglg pept i des,
polynuclég?eﬁgs asacgﬁg JR v a t@ acﬁ%s,'steroi%§;§gﬁfgﬁé§ z%yrlnldlnes
deri vat i dgsimigéd urdtluroalmaanactlmyfsmean cotbinnalieanshd heraeod, etd. Khsmnteristrstlances,
t est conpounds n%y have nomm functi ons e..9: relleffof oXi ilve%fhress)
but may &EPEERF BYGMCR T et PRHPeI B A bR gReah oA PHG G ekt
[00118] Lfped ded, Na@laﬁﬁgi m bQ& &R d MndE b VRBudItHSSich Se RS byt active

mol ecul es, etc.” Conpounds of |nterest i ncl ude chenot herapeuti c agents,

hor nones parmhigrnp ebaited gomig standardtstatissed msitady wath pbrammer statistisal rna@edut S
SU|tabIe f I tﬁg§(§§v ntion are those described in, "The Pharmacol ogi cal
Basi s of "fHdP ARaldS é%gc Vel84man and G Iman, McGraw Hill, New York, New
York, (1RRA16] Mgeﬁtb o thtdre @ flor ﬂéfﬁéﬁi’nghﬁ@u@eﬁl@idv@ﬂﬁ}d Wkhewn c&ﬂbélﬁld@mﬁhﬂ ons;
Drugs Affecting Renal Function and El ectrol yte Metabolism Drugs Aﬁfectlng
Gast r oi nEREOMAIA] NGHeYS e mich Elptchat ipdrily Pragni melcaylepivdiesmay Inchidot her apy
of Neopl At n. Bl and
Por nonp %&gg%%a@t%qﬁaéﬂlghg&%m %ec’}l%g%egl %tgy %{Cl 58#5&&%(9%3% Qﬂ'ﬂé qu6‘8&6&%‘%§
incorporaﬁﬂdﬁhemmmnmb&mggﬁmﬂﬁnﬁgumkhqaeﬁm@lmdameake tOXInS and b|olog|cal
and che warfare agents, faqr exanple see mani , (Ed ), "Chem ca
War f ar ewkﬁﬁa?lsl itipreipicompleadiologie) agspik ca fbgf*z‘; agmlil u dggeganiconpounds

i ncl ude ﬁbhxﬁks%&% &ﬂ§§ﬁ§u8&ﬂgﬁhﬁﬁHE&%&Q%%ﬁ%hﬁ&ﬂu@%ﬁ&%ﬁmﬂﬂd £ﬁ&ﬂ&¥§ther
conpri se sanples o unknown co terest are conplekXx m xtures of
nat ur al | yyctrogmbdnldglgc@mbtypwdﬁy d@ﬁudeetdlerastcamananurcatbosyﬂuhp@sxgmha@sxyil ant s,
fungi, bacterjia rotlst [ | es wa | ri se
compoundgo teausPIgH B8 polBimediopslheSicT Bhugs s 0 atidrts S FvEp) o
sol vent B@M @4&&@&1 a%alyefiheté@emﬁ%uq&uwataﬁa/@%ﬁroln{a@& 'é@'?o §B\nfaeieent al
sanples, e.g., ground water, sea water, mning waste, bi ol ogi cal
sanpl es, stéucgure$ watl@sedpwpamee@ hergrpf éhecﬁé)svve funstoreal gsma;pse@an@ﬂ@te agents can

manufact time.course durin epar.ati on

ohar macelit? Bar e tforder iy RUREReRtlRs BeRhEOR B e Togren ity i o
and the hdilg stedoids, pubfFR pRERIiRS] MgivaEseS &a;ttdralranlaﬁig@ Bl t@hbinhhesR RBEHC
value, i.e., drug candidates). [00120] Sanples or conpounds can al so

i ncl ude Huwmg laﬁanceéotﬁMﬁmpgndermy kavshppendengsione i s icHel ofppidéive t he i onic
S”engthstré%ttﬂ 8{‘ aR AL B ARG W AL dn s m&r Gict dlarPAHn bR Rar g&he sanpl es

may be trea to ac I eve” at east artlﬁj]s fractionation or oncentration.
[00118] Included are pharmacologically active drugs, genetically active molecules, etc.

Compounds of interest include chemotherapeutic agents, hormones or hormone antagonists,
etc. Exemplary of pharmaceutical agents suitable for this invention are those described in,
"The Pharmacological Basis of Therapeutics," Goodman and Gilman, McGraw-Hill, New
York, New York, (1996), Ninth edition, under the sections: Water, Salts and Tons; Drugs
Affecting Renal Function and Electrolyte Metabolism; Drugs Affecting Gastrointestinal
Function; Chemotherapy of Microbial Diseases; Chemotherapy of Neoplastic Diseases;
Drugs Acting on Blood-Forming organs; Hormones and Hormone Antagonists; Vitamins,
Dermatology; and Toxicology, all incorporated herein by reference. Also included are
toxins, and biological and chemical warfare agents, for example see Somani, S.M. (Ed.),

"Chemical Warfare Agents,” Academic Press, New York, 1992).
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Bi ol ogi cal sanples may be stored if care is taken to reduce degradation of
t he conpound, e.g. under nitrogen, frozen, or a conbination thereof. The
vol une ofweanplmss4ssed is sufficient to allow for measur ablrasdeveetsedn, for
exanple fromabout 0.1 m to 1m of a biological sanple can be sufficient.
[00121] [OoMpOLTES coimpolnddiingudaaitiofttat elasgent moleatles dbicabeksbdve candacawi de
variety of sources including |ibraries of synthetic or natural c¢onpounds.
For exanBi'Ber fIRRY SIamREa S UaFovavenfabl 8f f%?reffta"lfﬁdm%lwanw@éPéaatgsﬂHf/hes. s

of a W dg.q; %‘fiﬁg un@f 8aVe FRATR HB&’§ r&é%(‘shg@hé”ﬁiﬂaﬁ's CHH?% eﬁé&'té??a Pfo'ﬁ% s gl ”9

expression o andom zed ol i gonuc eotl es an gopept ernatively,
librari esnlofalsna»{x’hﬂatnanpaqmplnsjwﬂl mmlbresefcompnmrﬁdsbasoletwlalsphcﬂ smgpibs thot ant and

ani mal tracts are avai e or ced, Additionally, natural or
Tt et | BerRSRe G BN ol P S b s Bl SR les PE e MRt 1 od ¢ e ough
convent i giatonalRatil Sah lePQ)@Sl g%@&ndasﬂﬂelb's&@xkl@t@} %hm@%@d@% e@ngldi@iczb%arﬁﬁl%@' to
produce conbi natori al i braries. Known phar macol ogi cal agents may be

subj ect ed gt kyszewﬂercp@dd ﬁpanaﬂERaﬁﬁ@héﬁmQ]&B atpdinhiufactiong sangpleh egstimey| at i on,
al kyl ati on enl‘lfl catdoond g ac a#l on @ c.brto pro Otrjr(lzeoﬁ rur(ét uagl;lo
anal ogs. T%Eﬁ e Ry ety afion, 4f %Ilmﬂ ﬁ'é ‘o> BFEROEPEEF YOMAIIRIRUET Y t he
agent t oadlydigand tRNkeand., esmpblindsdelglk séddyfoppoteidl t}feadpahecsyalué gal,ly in
conjunction with cells | acki ng the agent. The change in paraneters in

r esponsedfig capdidatgent i s measured, and the result eval uated by conparison

o ot RANE S APy o AR DA ABARARAC o i ARE

sol uti oncomporfeasdhityffecd thbicnid aremgtht th toeal peateinrvondenaatids etd) Iﬁlaﬂﬂlube The
agents y be f\dded in a flowthrough system as a stream intermttent or
cont i nuolll, saBPlea Mg bedtaaird (9 Acges Hdeau! BottdTasHORRION S8 APRFGAAIYE ngl y or

I ncr emnhi’dlb%ﬁcaﬂsﬁ’m f&s ?Pia Ye\Wor&d Flcalel i€ tak8h W felfice de%ra%laﬁ!n%‘f tthQ rc gﬁurﬁiy stem

two fluids e use re one 1s a physiologically neutral tion, and
t he ot hee.gi sndeheltlsagnm fmbmtqrcarcomtmﬂatlbhdldreﬁt The npbuwmecbf adaiel. us&'dhs first
fluid is ssed over the cel foll owed by the secon In a si e

so ut i ons e WS bhGesRritiece SR Bhsaimd e rosaBd Tt e Ubfiae of
medi um SHfoﬂdgltkthilsa{}gplébﬁn s&blrSeiedine overall concentrations of the conponents
of the culture ium shoul d not change significantly with the addition of

t he bol ul)013}] fempeenrdst eluding codidatcagents.raraobthinad fmmgkﬂeﬁ@ﬂhb’opf [ 00124]

Sonme agent for. tions .do i ncl ude a d|t| on gmponen such as
or oser var e intidht REGRSoEShaleRE o R EREOLPRIRE. ERTPRERE, napiti

f or mul at heBns akB WGailablecBr faatomlaat idaB&ed Oy IBhSIs FSLiat Nalhd:ty oof)rganial ol ogically
active conmpound and a physiol ogically acceptable carrier, . water,
et hanol , cORBONdetipcludiggdinapolequlesaineBideLma@rgssion p&cﬂnéowaeﬁ@ugonucleoﬂdes

and oligopeptides. Alternatively, libraries of natural compounds in the form of bacterial,
fungal, plant and animal extracts are available or readily produced. Additionally, natural or
synthetically produced libraries and compounds are readily modified through conventional
chemical, physical and biochemical means, and may be used to produce combinatorial
libraries. Known pharmacological agents may be subjected to directed or random chemical
modifications, such as acylation, alkylation, esterification, amidification, etc. to produce
structural analogs.

[00122] Agents are screened for biological activity by adding the agent to at least one and
usually a plurality of cell samples, usually in conjunction with cells lacking the agent. The
change in parameters in response to the agent is measured, and the result evaluated by
comparison to reference cultures, e.g. in the presence and absence of the agent, obtained with

other agents, etc.
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a solvent, the formul ation may consi st essentially of the conpound itself.
[00125] A plurality of assays nmay be run in parallel wth different agent
concent r avpanr/ass198bt ain a di fferential response to thePganisous/ 021525
concentrations. As, known in the art, determning the effective

concent r f00108] The agbnag@mtbetaxdﬂé:ctml dolutiod £ raadiBngeubdd foemnoathé retivamnss cells
resulting from1; 10, or other gg scale, dilutions. The concentrati ons may

be furt h8r WS nBe agepty mayheadded et Hlew-thpough pyGmy s a sfpame@icsmfapt or
Typi cal | Yo 2i8ulbr Lﬂfaﬁaw%gnﬁ&ahg g%b R9f %ﬁ@oaﬁd,%l%%gaﬁh Iﬁn&%hg%an :
el e of detection of t

at zero concentration or eve e agent or at or
bel ow t hethcnmscestamcamlmmmflnaghm thronegh ystes, bt flgidy arcansdételdrabheischange in

t he pheno 6] Various hods can be utilized. f uanti f g the
br esoncenbraetal debal htr i heger sabs S atpiiRish e S Snppinle) o
that is piRaeNthe fRstTRYRPabRH o'\Tf'@IttIHQgellssleBvJeﬁ%'th@sd&Bﬁ&Cw ﬁsﬂ%lé Bol@tion
detect abl e noiety, which nmay be fluorescent, |Um nescent, oactive,

enzymat i gwthog, ab@luvef thettest comppeunidds hdderdyo @qml@nﬁbémsqbem a‘urﬂ@uﬁ@rlg bhendr ng to

t he para er W th Fl uorescen ti

avai | abt ErorE sl e o P BERES L IR bl e Reh ST el | ¢y pe.
[00127] l:lraﬁlga@ﬂ‘ghmﬁa@;ewnh tlﬁﬁhcﬁlﬁtirﬁlsofctﬁé’lbcklﬁs Wi besieed tHewalsﬂﬂltlﬂﬁi inaflywt 0
specific proteins but also specific conf or mat i ons, cl eavage products, or
site modiFeesiimeied| i ke phosphoryl ation. |ndividual peptides and proteins

can be e@ﬂit ng&?el %ge %r%{dlé{%rnﬁ% fot fnchide Q%crlﬁéﬁ’aﬁ%&% B&nish%@h g dreen

fl uoresc |rreras I nsi Iew see Jones et. al.
(1999) TpesedsatBics}f thathnoy hav]:Zl(slg?h)lfléhﬁ?eﬂéc)t on Theusverdhforfodties. Thits, bech
geneticallynpdified to provide a fluore cent dye as part of therr

struct ur @f“@ﬂ@%?%ﬁls&%ﬁmf% qf gbég! oaﬁaive%rtwsa?aﬁ%wf@ eRfypie! Or%aélﬁr ed

usi ng ot Q&Vegtraﬂl%rbafriér'oé SSERAL eh@RF! BMSS eRY RN e!, IFTLORAGRRAY id1 \V‘i’tﬁ@ét as

radi oi mmunoassay or enzyme 1inked |nnunosorbance assay (
hom)gene@aslvenghaéommiumaa@ammsamwﬂlatoédlermmp@nmj/rtaftlf c technr ques. The

quantita ei ¢. aci ds speci al | ssenpger RNAs, is al so of

Mt or est (0825 bl 58 Biey ERREE L bt SaB D g eeRt oibe SirtPalioni ques
that depgpdinoitBRnESUGES QfthOVEidRk CoRéntlatisti! @Qt kalRen inltBEBAI ques i ncl ude
pol ymerase chain reaction nmethods as well as gene array techni ques. See

Cur r ent Fbrt@rrmnmlgsf,hcr effogsive concgntrBian Sy, agmtsmmiérll}emseaa rangd ©f consigntragydnsy &

Sons, w_Yor 000;,, Freema t al B ot echni

2601 : 11 0BRE el 1460 S AP s By s e eSS My heter fefincdhen o
al . (1998)thG@aeedHdceribsléiiludidas, Zﬂnecfsﬂﬁryeﬂé}lmaﬁ§ or{eQﬁll?e%}: chileabasas séifves
Expression Profiles and Data Anal ysis [00129] Al so provi ded are databases

of gene 8%XpPESEVOROEFAbfiic alzest cosprEationtos helod the leyshofgiatrstion of therageitorand
uses thergafpeiow Gl HRLARATES otMdeht h¥PdR@hbYeiCOTREERHIEXRERSSA B2 Profiles

phenotype.

[00126] Various methods can be utilized for quantifying the presence of the selected
markers. For measuring the amount of a molecule that is present, a convenient method is to
label a molecule with a detectable moiety, which may be fluorescent, luminescent,
radioactive, enzymatically active, etc., particularly a molecule specific for binding to the
parameter with high affinity. Fluorescent moieties are readily available for labeling virtually
any biomolecule, structure, or cell type.

[00127] Immunofluorescent moieties can be directed to bind not only to specific proteins
but also specific conformations, cleavage products, or site modifications like
phosphorylation. Individual peptides and proteins can be engineered to autofluoresce, e.g.
by expressing them as green fluorescent protein chimeras inside cells (for a review see Jones

et. al. (1999) Trends Biotechnol. 17(12):477-81). Thus, antibodies can be genetically
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derived fromvarious cell subpopul ations, such as cancer stemcells, cancer
non-stemcells, normal counterparts to cancer cells, disease-state cells
(e.qg., invbamassrg bowel cells, ulcerative colitis cel PEr/useomabisgs
infected cells, early progenitor cells, initially differentiated progenitor
cel I's, | afodifthdft ereaiide @fledeengdRi ds part ©F tHes, stab@raTaDepeading|upsn thEHebel
expression profiles and dat abases thereof may be provided in a variety of
medi a t oChosER RafaRpeters mayybe agasurefuging othes thandlyogesgentdahgrsabing ' hat

cont ai ns;h e, &X R ASH PR b OFddl G W BERRS 1) Qf eh Agn A8 M nlAYERbARR. The
dat abasels o?nﬁ%e yg(r eéle te I nventﬁnonncaﬁgi)g rgcoreg%}gnon conput er rea@abl e
medi a, eagay &flylSediamegeheduscanyheimeadoaseys.andesisted dnreaeyhytidy a
computer, Such ia include,. but . are not lipited to: neti c storage

e 5, SISERTENCY |5y E et of el Grede Singrallk Mrstanasn Nana indGREL M itipe;
optical g PpadRRRIATResS e b Mmetdhr & h@rRELkibE ¥HchilgREAUE: IBEhPoSHeh as RAM
and ROM and hybrids of these categories such as magnetic/optical storage
medi a. Osgueficeginufrlejcractdreucirotidesant achaidi¢syinglpgde pelyaceashobmiangacodn t he

present | ngwn conput er readabl e nedi u can,be used .0 create. a

Dot act gt Rs SRRk el 483 s S R L e B TSR 8B REB BTt on.

" Recor dedusitef efd., t@s, dohi VGRS K F6tis, Ble@r Yok, NIY., 000® tHr&mmt aRmgoer readabl e
medi um usi ng any such nmethods as known in the art. Anae/(é'conveni ent data

st orage Biqtednigues gl ):hE2-ehpdeaanie atalod P ReCeroarsRessUd2r B3ckedsd t he
stored i i [: .2 (ha r prograns and formats can be
used forM&%?’?@’e@?ﬁ@‘%@%%@i%gg?ﬁgfg{%%?@?%l e, database format, etc.
[00130] pH128kDatubnek bf EXpressisrpPioéiteshad EttsXailesit refers to the hardware
means, software nmeans, and data stgrage neans used to anal yze the

nt or mat |28} Atseerpridedie it BCICeRC HP BT Heir vianeeT siem gféls and

conput er ;Ras&d t%/%fésta% 5O thERBF. BES 8BRthbdsBY 1T dyBRaGP BB S & xPr&s 8B hidfiles
processing unit "(CPU), 1 nput means, out put ns,” and data storage neans. A
ski |l | ed deriveddrone amricwsadil lsybyppladonsatecht dsatingm yteonellef canber noursteamtélis,
avai |l abl e conput er-based syste re suitable for.use in the present

vent | oROT T BOULTRIE: B AT el e Ry TP 6 Sa k) TRUPEOTITS SEhnpr i ng a
recor di ngicefatit O EoIRI:RSBNL virlfyoinfRtdiQRIaad Ffdgeﬁ%ﬂ RBNQVSitially dffehERIcd access
means that can access such a manufacture. [00131] A variety of structural
formats pgenike cehplate diterantiafpdtprogeansr ey, 4nd mafery aells.i ewrpeengdonprobiles t he

| nf or mat |, on [0, 0% SOTPUL oF: BASERAY L MR, OF 15 RIESEAL hOYSR! Loy Such
present ation provi des a skrf Ped &t §3A" W Ch &P ankiNg 46t s MY ariti’es and
identifi ggerkbea dRguRewed thal donkadd thy egPBistdmn@dfilenfR@ati @B BX Press@i on
profile.. [001325‘ Various nethods for analysis of a set of data may be

uti| i zedNVERi¥hdhe Apigbasaept the praspredaycaHon Smbs scaidpg et ceputsr keaddde or mat i on
and nor zak i o . i - tering the
expr o551 BEEH LRI b FALLAOR oIS RRGERY BF o HnREE SRRLEELSD |
each genecorleahgiavenotdintieed tymigdnetiayeragenddid, eadi dsyflappytdives,gankdiacr oss al |

storage medium, and magnetic tape; optical storage media such as CD-ROM; electrical
storage media such as RAM and ROM; and hybrids of these categories such as
magnetic/optical storage media. One of skill in the art can readily appreciate how any of the
presently known computer readable mediums can be used to create a manufacture
comprising a recording of the present database information. “Recorded” refers to a process
for storing information on computer readable medium, using any such methods as known in
the art. Any convenient data storage structure may be chosen, based on the means used to
access the stored information. A variety of data processor programs and formats can be used
for storage, e.g. word processing text file, database format, etc.

[00130] As used herein, “a computer-based system” refers to the hardware means, software

means, and data storage means used to analyze the information of the present invention. The
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arrays), (2) then log-transfornmed (base 2) the resulting ratios, and (3)
then nedi an centered the expression data across arrays then across genes.
[ 00133] PwoO 2000M85498Ccr oarray data, genes wi th fl uorescenPChyuseoldiozests on
signals at least 1.5-fold greater than the | ocal background fl uorescent

si gnal i mitikeint Rirdweread thhemgiterabaReC OREINGaIfelt prdagu aivehtyorn@aspiiseda The
genes are centered by nean value within each dataset, and average |inkage
cl ust er i RPURAPIOEEingUnit (FHEN3BPutANEs) BUPH PR BRR] Hal srags BeiSaken to t he

data analyfédariEel caaedm! ?a{pgﬁ’a%f"’ﬁét%t 4 rJn%'oﬁ‘Eﬂeod?lrr%’flth%1 Q@aiﬁﬁl%%ﬁw?g&?—b‘é?éd“es of

genes can provide a quantitative scoré reflecting the signat or each
CSC. Thesystaghere suittgble forrust at the prasehtisyentioe. iTbe dath heragmntaas neyeobipeise a

reference CSC phenotype.. Simlar correlation can be done fa cell type,
| ncl udi nEmHBARKACEE) GomPris s dT O e Treabeset B pHmAdan gherstssbaboaf; & o

i nf I ammahRimbrPRRBA MP/s ¢l lcdn adBiettRd ne@fRwréi fferentiated cancer cells,
normal stemcells, normal mature cells, etc. A negative correlation val ue

i ndi cat eH0RE] dppoisiv el sbebwl dprmathier therisgiahd ofiput mhensean s iukédctating can

be noved_u I wn from zerg dependi n.the cljnical goal .. For, exanple,
censit  vitdo SRy B eOmRERS 5 Rt SBPOA B gy ieRa St bEiriRsnfRisehy Spek

recurr engRs@i@ivn fiavideea dalleliratR0wvitioh rekaigyoftsihBaitl dnd @ienBaes the de@be + 1
for the correlation score in 0.05 increnents, and the threshold val ue

gi vi ng acbigsiilaety watidnedipthatestexpresgouprodiln, 95% etc. for nmetastasis

predicti e T, I 1.Qnf ] j t he
A Lo R e T

di stri butipeasicfdadi Ssubjedtad td tyanstdrm@Bon sndyeoraiatiteidn. For exeeptbiadiissent , t he
val ues of observed profiles are permuted o create a sequence of .

i st r i bUESTSRECHPY BI5HR ST e S’éHrFfiStfi“eciﬁws%Oé Bk §78a (B Wt?]fln?cﬁ?ﬁrﬁ‘&t@}“ttyher eby

creat i ngnARgARREARE! BER oSRE o] giilh her;gﬁ {Het&%ﬂag@ﬁltéﬁsitg%f il Rhd Qoss all
coefficients (see Tushefg et al” (2001 NAS 98, 5118-21, herein

i ncor por atrad),n) theh srgemasformEdébsel) die rawliingliagos, iabdi{3)ahen medibt eéntedd by :
per mut i nﬁﬁt he val ugs of each profile for all available profiles;

cal cul at PG PR BRAMAASESTUFNS 5 A5FPSE 8891 ci ents for all profile:

cal cul at [gea38PeoORALictdayrad @Bl fohet Wikt udResdnt hBri@iRAd oA Rt least
coefficients for this pernutation; and repeating the procedure for N tines,

wher e N il$-feld giegfer thantherlocal backgrqungddbroragsem gignhleinhaiiedarendsiphpened arcone
cal cul ates_an appropri,ate neasu nean, nedi a etc.) ,of the count 0
corr ol at FobpaPREARINT ealHET T tTRR A BEHENy Bifulu® whif S Hapt

si m | ari hyg avieRade linkaghdladtaetk daigen dte di stribution of experinentally
observed simlarity values at given significance |evel. [00136] The FDR is
the rati P04t AsscalgABaproash mpralse be taked te die datayanalygisi Freermrdo Healset i ons

L R e

gr eat er tigastutelfose®t|ES(I.ethdeghaahe cordlglaatvabre, the more the sample resembles a
reference CSC phenotype. Similar correlation can be done for any cell type, including
normal cells, progenitor cells, autoimmune phenotype cells, inflammatory phenotype cells,
infected cells, differentiated cancer cells, normal stem cells, normal mature cells, etc. A
negative correlation value indicates the opposite behavior. The threshold for the
classification can be moved up or down from zero depending on the clinical goal. For
example, sensitivity and specificity for predicting metastasis as the first recurrence event can
be calculated for every threshold between -1 and +1 for the correlation score in 0.05
increments, and the threshold value giving a desired sensitivity, e.g. 80%, 90%, 95%, etc. for
metastasis prediction can be selected.

[00135] To provide significance ordering, the false discovery rate (FDR) may be

determined. First, a set of null distributions of dissimilarity values is generated. In one
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in the enpirical data (significant correlations). This cut-off correlation
val ue may be applied to the correl ations between experinental profiles.

[ 00137] UsOregiovdses9af or enent i oned di stribution, a | evel eCTasadiodersee is
chosen for significance. This is used to determ ne the | owest value of the
corr el at e@bodiaehf, ited weiiestofiabseexcclgrdfilet he geeaulet] td b@hte\warlutnbave obt ai ned by
chance. Using this nmethod, one obtains thresholds for positive correlation,

negative ’éB‘%bruélP%St (Pf&r?rr@}atlsafﬂefﬁ%pﬁg)bf%@ U PESHErE (thgrebyt Heatiget can filter
the Obseﬁ};fﬁg%ﬁfﬁé W&t Al gﬂt&he res r{égf{log lBLRR &Q?Jefhfsh&”ett%l pehis! i mi nate

t hose t ha not excee Furt er nore, an estinmate of the
fal se poBNASAS, 6&18}2&,&Ierdjai@btm]rataﬂjbymferan@)vé“hesdftroéshbkidmbimuoneach of the

i ndi vi du 'random cor.rel ati tlon can find how.man

obser var PHLE BVt PRETEecAbe Af GEhara TF Sl s FHe BRSE GrET B es a
sequenc e%)élfwi%@ BAtrSatiol @ MRashtafd all @@ofﬂ% %@c%'léim%@l\{é bbaigfdehiigy aAkENSE
provi de the average nunber of potential fal se positives and |ts st andard

devi at i othe dooengsh caqiiicidats dorcthis memgtabprg@pé@ieue@tlmg)qhe @my@dwmsfeldN tingasar chi cal

oo o ohRste N fVRREe dgRL R RAN B, ARSI h RR ok PEntEHTES 1) 2t on 1 s

enpl oyedagsiopritRe fledsir€ (thétg, ARtiahCetc. Fofigie @bUMDIebrrelagoif edefRdiattivatielaiat i X,
e.g. using multidi nmensional scalln enhances the visualization of

f unct i ondIcimaHsE 65seed ithe Yadia ©f é@lb?ﬁév)dh%?éﬁ Phtpiged froesthe gistriugiorehsi onal
| h
scal i ng é%\]@%b%?a“l%%%s&% bi qlah saE é\Rglﬁ’Elg}éﬁcﬁ&e%'ﬁns' ons. [00139] The

anal ysi s enen vvare or a conbi nation of
bot h. | n[(l!ll%}ei?beﬂbmmtheafatlb béthermaerbbr ofithe axpaeaddi fagelly spahéidaat stredlagas medi um
IS provi Eed t he medi um cogﬁrly ng a data storage material encoded with

machi ne (SHBatsArgaths GRHF RHONWHERCLIEAM IS selet IS9P SGFTEIHERY IMANE et of
i nstruct | aa§mi Rl d4sh RemS ﬁhglbeaa@oorﬂeatlee@@%@r @hn dijs péléafwﬁea@soﬁ%r@faume

dat asets and data conparisons of this invention. Such data may be used for
.a var i etnythoempuiqabdas (signifitana sowelatgpnd). s Clow entyoff amad]ytsonsvabie may be apgyiliedns

bet ween cel | ul ar co onents, and t I In sone enbodi nents, the
i nvent i off ﬁlhg O PAGHS E"&eeﬂlr’?XBgﬁﬁ?ﬁ Qrprﬁﬁﬂ(? §rans executing on progranmabl e

conput er {)018PMkingitRDafdrdMi €6 R&PdistriBullgt, A 18V bR R SdANhdsBR Fordi ng
vol atile and non-vol atile nenory and/or storage elenents), at |east one

i nput dewigaiéicanagd Tais is @sest toghsterminehe logeeyi wdue @rtbgﬁ@rmlttmorsﬁlcamlthaéd to

Input datg Lo Be Eésﬁ{t ttwouI ”a%'oBPame%eosyCcrh'aﬁed S?Iggvt%ls NngENGE A8 QUL Put
|nforrrat|on e ou ormatron 1s one oOr nore ou put

devi ces, thréshlsIiQ\br ﬂo@ﬁhb@@rrefﬁh@n Ql@gzm.ﬂe%rrﬁﬁﬁoﬁ)ﬁr bdthr UBHaNRIs@hreshoddk s eeal
conputer, mcroconputer, or workstation of conventional design. [00140]
Each pr oleasit BHeae phistedeintuss of thepaimigs qoaglationceriBeigntsang eligijage t

ori ent ed t@ﬁ%ﬁ%ﬁ%é&%&@é&%@&%sﬁﬁd@ MR G R Te, Yh e tira e QTR filse DS Mate

However,
can be obtained for a given threshold. For each of the individual "random correlation”

distributions, one can find how many observations fall outside the threshold range. This
procedure provides a sequence of counts. The mean and the standard deviation of the
sequence provide the average number of potential false positives and its standard deviation.
[00138] The data can be subjected to non-supervised hierarchical clustering to reveal
relationships among profiles. For example, hierarchical clustering may be performed, where
the Pearson correlation is employed as the clustering metric. Clustering of the correlation
matrix, e.g. using multidimensional scaling, enhances the visualization of functional
homology similarities and dissimilarities. Multidimensional scaling (MDS) can be applied
in one, two or three dimensions.

[00139] The analysis may be implemented in hardware or software, or a combination of

both. In one embodiment of the invention, a machine-readable storage medium is provided,
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can be inplenented in assenbly or machi ne | anguage, if desired. In any
case, the language nmay be a conpiled or interpreted | anguage. Each such
conput er Wwoagreanss49an be stored on a storage nedi a or dePCTAISE@0H2152R0OM or
magneti c di skette) readable by a general or special purpose progranmabl e
conput er thefm¢diorbim@tiking@ datuchtapgs ahierigl dncedabwit rachink esadhbie dstaovidge nedi a
or device is read by the conputer to performthe procedures descrj bed
herein. THEN 43188 & mashipe resaBRIce 3y igeFusHonsiopasingid et gapblgof

COMput er af BAJARL L P i1RENEH i ua G OBRIpBHRAY oM llinde AP Wheh dRbORHA wher e
t he storag iumso configured causes a conputer to operate In specific
and pr ede$dadrfed.anmnatgrof tporpoeesf, swan as kieu d disatvennsnadescof inedadtienebatwer00141] A

variety of structural formats fqr the i t and_out put. neans.can bge used to
U nput antFIBIAT SORPORERS: ARt Miekiieodn SOt ARORGMSFe e PRl o8 FUEIET O e iHe
present Ecﬁkﬂﬁﬁthi B8 gra%%_xéaft_ tonfp?('i gramnfaBlelémpiRas) %oin%ﬁ%i%% Q%Jr@c%@slo’i, Pessessing

varying degrees of simlarity to a trusted profile. Such presentation
provi desstaragkisydtend (mctidggrvohitiihand nemkelatge ofensdrgriahdlpi stprage glechentiarat icfabtes

the degree of simlari contai ned in the,test patt.ern..[.00142] Storing and
Tt ansm s o PR A 16O RuP Bty kS P ipBlim B 5 Pk R 4T o1 0 g
and/ or t pais the ifid@tiods desecAbRLENRKe asESRAGEoutpiitinirMafion. dBliccotphtl ect ed by

t he net hods di scl osed herein. Any conputer or conputer accessory including,
but not Mfeimasignipapphied imere Griacsoytragdedessi bdgovwadpshien. ytha qomynter gnay
practice i t] 0 E franscriptone
ot a) oo BT s R R IR lor b AR SEoflyendoh

i ndi rect bgsigrAddi tional ly, any of thedevices which can be used to sequence
DNA or apal.yze DNA or anal yze transcrjptonme data can be linked to a

conput er lﬂ%sldﬁh Epgluprogragn ¢patbe implamentacriaahigh leyelprecsdpin F oyt osiented

conput er R):g%ﬁﬁlﬁi QarihuRb AR RN IR e Ratha & Lah e o var, ARTRYESMs O

sui t abl eﬁs oragegd%r\?/gl[ucg (e.qg., CD)G.: Data ¢ rll1 aISZo be soentV fro:g?aécorsrputer

t 0 anot hem xomgtreentert indaseantd p ol swthionlapgnage, iidasirmet Hodsy wask] thk temgnagen t he
art (e.g., the internet rou mai | i il). Thus, data collected by
the et hals PaaserPEn oharEp R g diBest oftboPEl A TBBRA S oGl b cal

| ocat i ong@pde HRMata sredR¥ (2N R@M%@ﬁfa%ﬁéﬂ&ﬁkke'tt@ﬁ@ﬁd% by 99441 fBp&XLNPI ary
method is illustrated in Figure 10. I'n this exanple, a user provides a

sanpl e i pupose FegiemeiblgeappHeratfasonftgirmgi and opelating g canputsr vAwaltiezed by
t he sequencin ar at us .whi i.s. connected t.o _a.conputer, .Sof. re .on the
comput oAb RRRER FLS iBnd B RGO Pt BTl st beRAGoR

di spl ayetthé ¥yseen@niZ®Riso®e Bhsi@érb& o 15d ifpl@herdey i LLIom@nell @hdHedtotage anot her
| ocation. As shown in Figure 10, the conputer is connected to the internet
whi ch i smgdium. £aefigused WHRSFOMPYEY Rragsams. Hagie Hisl gorges/medivgy 50 Gopliguisy a

renote ugﬁges( fccgnnplggr 8 §f.a8=j i sp§<ﬁhg ahd ﬁfed%ne@i%%%f o pe&for&%héjﬂﬂgﬁéﬁs()()d

t hat the ta ca e store
described herein.

[00141] A variety of structural formats for the input and output means can be used to input
and output the information in the computer-based systems of the present invention. One
format for an output means tests datasets possessing varying degrees of similarity to a
trusted profile. Such presentation provides a skilled artisan with a ranking of similarities and
identifies the degree of similarity contained in the test pattern.

[00142] Storing and Transmission of Data

[00143] Further provided herein is a method of storing and/or transmitting, via computer,
sequence, and other, data collected by the methods disclosed herein. Any computer or
computer accessory including, but not limited to software and storage devices, can be
utilized to practice the present invention. Sequence or other data (e.g., transcriptome data),

can be input into a computer by a user either directly or indirectly. Additionally, any of the
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and/ or anal yzed prior to transmttal. In sone enbodinents, raw data can be
collected and sent to a renote user who will analyze and/or store the data.
Transm t twD 20em8898ur, as shown in Figure 10, via the i RCEMUSR410/0DERS can
al so occur via satellite or other connection. Alternately, data can be
st ored odewvdcesortyicit edireaaddll €quette WNA&r gnalyfDNiesinyly2¢ onagepaend e and
t he medi um can be shi pped to an_end user (e1i§gq'rfq via mai Ie. The renote user

can be i f PrlitkeAdo 8 FORPYiet PEcThAt e dgirdbHit dde dcPBRuich AR SRIPYIT not

limted i ldi TRRY r [ : ents

ana 1 v s BRI R8s fbs oAl B Bl e o AR
one or noiDy. Gfatd daa addodeasdeisitom bhedmpaten cdsnothdreompbice ot datzagléxtisn poidt kint s

t hereof may var reatly, Reagents of interest incl.ude. ent s

spect {1 cBFTPI el dAaH ™ ibfhe jEa S e B BRIEE GRuE] MEHeA BBGUL HRScTiipegflected

expr essi pp ¢RI AEthb®deQEriRARREY B BedAetled at A HRIL Seodr@PhilM 30Mali6n afi€agent s
can include prinmer sets for genes known to be differentially expressed in a
target pegtkaanyorthargesgilapoipallatdtion. (e. g., reagents for detecting

tunori geg ast cancer gcell.s..can include pri ner.s and probes faor.

expand; n 48! AERaeEPRE P AS G s e gl Wi AR Pe R8RS bt a7,
One typessihple @iganrtqleheihg iapps@ags.idite aldoyledtad hl/@thnhBize @By BeakigcRXPr €ssi on
profiles of target cell populations and subpopul ations is a collection of
gene spedPRyEupWhichiscanpgeted © Heanpierd Sofvass et thewemputsrpllowyfos dats genes,

; ) : ; ) ;. ‘ ‘ it
o more SUHBTHGE 4t EODAN A e AURRALR i AISHpBRonEREPRC! T ©
5, 994, 076¢vi¢d)eand1i/cﬁcsbmu aeothér Mh{lttoln. iAs sheweiimFign@I(pmhieadombdngr if edrmeemnde. O
MU NI T MO AT R
| east 1Ouse}g%g.,zggldgs%iarﬂgcie%st o@gl’lalys%;I I@%un%grsto%gghat%l@pdatég% be %edSQQ 600,

700, 800, 9 genes or nore. e gene specific priner collections can
i ncl ude omil/yr gmal yred pridto tgeFrestabshicogteatbodirhénts riadg@tcap bp ablictagimndr

subpopul ation (e.qg., nutations, kno m s-regul ated gene etc.), or they
el dis ot iy W anar Shlooie il BradRBaE e oGhas

cont r ol s}hol PRI 8Ire TOEvik kftcSinREndc st S4PAIES beduf VRNhIcARe 6ABthbNEdnie@idnhe above
descri bed gene specific prinmer collections. The kits can further include a

sof t war e Aplaariede dp@rcag baisiosed et cemputgsicsdadie madivgy (ergreD phemeryyiersge and
may | nc! gg Sc "% ah§ eern%n(ﬁem%%}l %Q%‘ﬁe ff: o a%aézln(&U|se?ft(if:ng thahr% i?%r OH}aébrierlnioE us(f?}c can
suscepti Py |cty. e "K't may | nePhde reagerlllt S e't%tjl oyed 1'n the various

met hods, béHcihe 83smPbi MiIFRrdn® peQenatic 1dgtidIngRIdindy hieidt lidtiled$o a BMIdHsg.and/ or
rNTPs, which may be either prem xed or separate, one or nore uniquely
| abel ed ERFPEGREARHEY INPPEICEyuch as biotinylated or Cy3 or Cy5 tagged

dNTPs, gﬂi(ﬂ4§f Rﬁﬁée}ﬁﬁranﬁq{i[si cles with different scattering

[00146] Also provided are reagents and kits thereof for practicing one or more of the above-

described methods. The subject reagents and kits thereof may vary greatly. Reagents of
interest include reagents specifically designed for use in production of the above described
expression profiles of phenotype determinative genes. For example, reagents can include
primer sets for genes known to be differentially expressed in a target population or
subpopulation (e.g., reagents for detecting tumorigenic breast cancer cells can include
primers and probes for expanding and detecting expression of CD49f, CD24, and/or
EPCAM).

[00147] One type of reagent that is specifically tailored for generating expression profiles of
target cell populations and subpopulations is a collection of gene specific primers that is
designed to selectively amplify such genes, for use in quantitative PCR and other

quantitation methods. Gene specific primers and methods for using the same are described
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spectra, or other post synthesis |abeling reagent, such as chemcally
active derivatives of fluorescent dyes, enzynes, such as reverse

transcri pyvasen/osb8 pol ynmerases, RNA pol ynerases, and t reTIUsk@o/oeses ous
buffer nediunms, e.g. hybridization and washing buffers, prefabricated probe
arrays, Imbd. PdteprNbeS P, 076, drtdi@iosisagfertiish andrao ineormnitsd by tdferesq. n

col ums, etc. gnal generation and detection reagents, e.

streptav Pér)ﬁrtlarleamtrrestarro%%a%re@f (gerﬁ Rgeitis PrigpEhibps la?dﬁeeeeﬁ% fogpt least 5

chen | U”bpgél%ﬁ%tfteﬁ‘étb?&raﬁ"{y%f R oS, LEKE 1] 0948 bmddli 44,80, Hpsbw, above

conponent s, e subject Kits her I nc Instructions for’

practi ci hg0,1208, ﬂ]@bﬂ@ﬁ;tSOﬁHi(}ﬁ)oa@O Sﬂ)ﬁe%lé) i1 O ganes bmmererra’lihetgnmmérﬂpnmen he
subj ect k s.in a varr %ﬂOf .forr’rfB, one or npre . rr]ﬂ%/ resent in
the ki t. COIREUPLYFHNiIRCT Y PHESE TPh8#10 815°61HE ﬁﬁﬁ%@%ﬁ‘@% “‘?“so as printed
i nf or mat kpopMaos 4. aRLEA ORI KHEN O hiS HS kAL Rne€ i), 0AhBY 8BRS iRludd eces of
paper on which the information is printed, in the packaging of the kit, in

a packageriinesdpr additianal yetes &npt heysekasaing seoed. doseols). conput er r eadabl e
medi um

Tocor quafodas) The kit hiedifeny@legithinal B bBLOETRHAE BB R0BFEE . i e

may be upgfhevidlebtiénsl Mheketat fuirdec@SRdE BoftiwhiRrpaBkdge Todtatatic AN s ofi t €.
Any conveni ent neans nay be present in the kits. [00150] The
above- de8&¢ rlrjeere&rlrarlwpearn%@ﬁw@dﬁwefr‘ﬁéeneﬁ%abel foyscalfulnting thgprgpability

i nstruct ab £ of the
i nvent i o?rpgbinej?&%ﬁ H%h ﬁhf’gﬂ@g‘ﬁe eaé:e%tsggéglg%ov%hﬁeagér[?gﬁper or’nsglgﬁgg means
of sof t warimesdopgerenitisig |tmrgdeﬁhclelfti ids, NPy tet/ooN TRshehichmhor teadithen

appliance or. djgital device. Wen, so enabl ed, the conputer, appliance or
devi ce nasrnrlﬁ%orpseprraﬁemw %esvel%eeérrﬂg@dg%%wﬂd&ré TP W&hpst t he

anal ysi Sbf?)ftmfﬁieﬁ o?t @2? t?g}r%e GNAPR d%dM bhsifeP g&l{léﬂe's (ththlff&%Htes%aﬂté}mghe

manner descri bed ab conparT ng such associ ated val ues

sof t war eSp:e@trp,OneJlti’ler [pag,t sbethbswulbdlnfgmagealt fsuxteas Gmmlaallgracawwgedvdzsmfough a

conmuni Cﬁtron nmedi um such as the internet .or ot @r Wﬁ&)e of c ut er
PO

net wor k. THHESEBLIES SRy IFESUGY & TEHH St Ry Ciipta e progr ans

nay be pg_ 1fyﬁrefm5ls BiXd %qlkervmebﬁﬁém&&ﬁﬁs r U Ty BEdiS Edh a‘?ﬁ%sﬁﬁ% bubRAVPLES
[00151] Thé fol lowi ng examples are offered by way of illustration and not

by way oprefabricatad poabe aBsshibelet: prmraplyﬁicetlei regermés endpeamepringnisi ltkesiphg| e
cells. [0(911152 %\ s:egnnrlfrﬁza t nfarn eeg 0}‘6 rréjnrtr ne bréaz%awdl qll?s] Gant ain
rel ati veF 6% T evi &F so TR ﬁotgtﬁ s1280 YAt hese celI's

may expr pﬁ@spﬁmbrmﬁlgheveiesmﬂﬁomnd@f@eﬁﬁen@ma@rt etbstiate] i the NK&
counter parts LSOISS Single cell gene expression analysis . For the single

cel | gent) aqdifionet s rt':r?érﬁrcgmnenqr%@%ﬁnerqcrjyrrawlcfmherynﬁvéer of | ui di c
chips ( Finlé{rgétm for%rg'cg cﬁlgl\ﬁyg_ mect methods. These instructions may be present in the

subject kits in a variety of forms, one or more of which may be present in the kit. One form
in which these instructions may be present is as printed information on a suitable medium or
substrate, e.g., a piece or pieces of paper on which the information is printed, in the
packaging of the kit, in a package insert, etc. Yet another means would be a computer
readable medium, e.g., diskette, CD, etc., on which the information has been recorded. Yet
another means that may be present is a website address which may be used via the internet to
access the information at a removed, site. Any convenient means may be present in the Kkits.
[00150] The above-described analytical methods may be embodied as a program of
instructions executable by computer to perform the different aspects of the invention. Any
of the techniques described above may be performed by means of software components
loaded into a computer or other information appliance or digital device. When so enabled,

the computer, appliance or device may then perform the above-described techniques to assist
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1 Thyl +CD24+Lin- CSC-enriched cells (TG and "Not Thyl +CD24+" Lin"

nont unorigenic (NTG cells were sorted by FACS into 96 well plates

cont ai ni NYORCR/s5498( Cel | sDirect, Invitrogen) and RNase Palmius2410/021525
(Superaseln, Invitrogen). After hypotonic |lysis we added RT-gPCR enzynes
( Super scthepinalykik oRI¢tPbirtdlmssrs Saihted With b phgality of gatksan Hexhanner daptibédi ng a

pool of |ow concentration assays (pripners/probes) for the genes of interest
(Gcl m  MIPRYS19i0feB CopParties Ui B8B83 2 e, TheosebiwatherinRs oAy be fegdeh -
MrD08401 A0 fixdd thidif oMHRRABH BRI g corfrhBttcaidTABARRhEn I dne ifRENRI 5i°
transcription ?15 m nutes at 5Q0C, 2 mnutes of 950C) was followed by

pr e- anpl pthecgpe ohcdroput@2neP@htke yithe abo{efaturasyacd enbddedm ate @ DT cdmpitaut es
at 600C). Tot al RN@ contr ol 31 were run in I{))aral | el.. Thﬁ resulting anplified
CDNA f r oRTOSE A% PP HEnca dy|8e R O CUPRUE S NS HEP PRS2 8mpl e i nl et s
with Tagman gPCR m x (Applied Bi osysXAVEPLESNdi vi dual assays
(primers/probes) were inserted into the chip assay inlets (2 replicates for
each). THWI1EhI phedlombagledinipdes e effredbyiwnryzofdhisration ded ngtNarvefyl @x,

Fl ui di gn@ an Othen transferred to a reader (Biomark, Fluidign for

t her nocy M ﬁd 4nd fl uorescent quantification. To renmove |ow quality gene

assays, BRafipECRIARIlygeorgaRRPPesOAIR sihBfeReflllr ves showed nonexponenti al
increases. To renove low quality cell s@é%@g dead cells) we discarded cells

that di dl00df2kRpvigmibcany aglinpseficawpietye s sentinBlatiselydow fovelsrd RGY-t |
" ; : . . |
i ngr e Y 6 BHER AR APRREIRO Sl i AOGHAL Bt |10 By RO iRl " @

t unor i geoorapasad taltBOir NIC taumdrpgeni c) froma total of 7 chipruns. A two

sanpl e Kol orov-Smrnov (K-S) statistic was calculated to test if
genesver DUPFE éw&&sz&nﬂ%wfxﬁﬁt e s ot et B REP W Y ener at ed p
val ues by REGTAL DOl PRATBY RurhRRRLS nlitrofuidl s MTRliAND seRIPRINIRG. t he

actual K-S statistic to those 1n the pernutation-deriv nul 17 di stribution.
The p vaMies WerléCDa4 illier C8Oreneichecbely (Bondmehr MNmiThgbdiGRA' | in"tronadj ust f or

| tiple hypothesi i ng. EXAMPL | ysi tification of h
"ol or ot EAEINTCDGRTE BfesoRpt by EaGY 1 Y5 E Rbfesdertite EOR et hod
based on((gisDaksy; GRikoRANEERRLLSHhBRoAMpYBEEn, Tnl #028H] AFRe h$hdeic PCR

met hod al lows the identification, characterization and quantification of
"cancer bYtssrweadded RT-gPhkearyreesl (Onpabeatiptd HitEPlatingmylkns), Inyitregen) degpree of

purity and resol uti.on that S previously not achi evapl ncer stem
el 15, anthERnHeT s iR or 0 o BhPh N ool p AR or T 8
subpopul aitéredt (GtIneavIg®0s caldeSmll hats-Pa0d3asecs el JapaciMmobedeor imi unor s

when transplanted in i nmunodeficient mce. Cancer stem cell popul ations

d
have cur Fertt Mpe@t0lde.ml Hida MmO9redsio_mdr.dinasl-Aal0&387déunlbakeicest i c
and col ORafRAGEL (LR S S ,E:nﬁggt!es Qﬁééoi@mag@olmd%m —'ah‘l

6 i phiftAdh
cancer stem has severa ort ant i cat1ons “for Iragnosi s,
pr ognosi 22 PCRasslek i(@@h icpeiealtided ter5afeditdinutes at 60°C). Total RNA controls were run

in parallel. The resulting amplified cDNA from each one of the cells was inserted into the
chip sample inlets with Tagman qPCR mix (Applied Biosystems). Individual assays
(primers/probes) were inserted into the chip assay inlets (2 replicates for each). The chip
was loaded for one hour in a chip loader (Nanoflex, Fluidigm) and then transferred to a
reader (Biomark, Fluidigm) for thermocycling and fluorescent quantification. To remove
low quality gene assays, we discarded gene assays whose qPCR curves showed non-
exponential increases. To remove low quality cells (e.g. dead cells) we discarded cells that
did not express the housekeeping genes Actb (beta-actin) and Hprtl (hypoxanthine guanine
phosphoribosyl transferase 1). This resulted in a single cell gene expression dataset
consisting of 248 cells (109 tumorigenic and 139 non-tumorigenic) from a total of 7 chip-

runs. A two sample Kolmogorov-Smirnov (K-S) statistic was calculated to test if genes
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targeting of human, cancer. [00155] We describe a novel nmethod for the
identification, analysis and quantification of "cancer stemcells" in human
col or ect awocarnoss498i ssues, based on single-cell gene expcedsian/oarsad ysi s by
real -time polynerase chain reaction (real-tine PCR). W have identified a
novel setvead differradalivhogecssabinthatepomitdiods.f Wer gintiagdd pexqhiadsi permatany be
used as a "signature” to identify distinct cancer cell subsets wthin the
same t unbi® sfmesuabelTHics THoGN T Getndstonepanag harcfun&sS Rotistdedprign fenes
conmmon tPe deatRRLASS L Bt ﬁﬁlrib%ti()ﬁpq;ﬁ@’b_v b &3O fulthe GORPEEd b9 BRGRrAE @t ed to
stem cel I ol ogy TERT, LGRS, Survivin) and genes involved in

t i ssuespeaiddtion ¢tk fdjestdot maltiptrhypathewayesting] BXAMPIOE haliysstdndct cel | ul ar

| i neages (Carboni c Anhydrase |1, MJC2, Trefaqjl. Fam .Fa nd

i 11 o on TS o dREAOCH Gresl L M B Yoo CEAGAM o MY P hdrove

col oni ¢ gRiHWabddon BanedcQnedldexpeplissaniPat tern of this set of genes,
epithelial cells purified fromhuman col orectal cancer tissues and anal yzed
i ndi vi duli01$4adhe SHYTCE-FER methodrallpes thel idedificaaen, chardctetizationraed i n di sti nct
groups, corr.espondi tq re or,. ess advanc stages of differentiation
(e ol RRRO e PaleRr TPl ca Rl PR s G Bl R EaRane ryp
Vs. nor epinfifyahd i&olbfioh $hdt 8@ ped idlslyt iR abiattaom. afadcBeswd el Gdidndaa ber ypt )
and to distinct differentiation |ineages of the colonic epithelium/(e.g.
gobl et cBINYigepisrs R witiatingeallupe TbpepulatacH cgrest peltdhatsan fashtef i ed as
a percen . I I . v 1 hi chnand

et hodol Spathe RS bR AU Sl iy e AABR LD, Ba R BB

ti ssues pGHUNEENRPERe {uBiangdl ®edieidbntidarie dsdast) braildleydr&r sk, fahaientic and
Reaction).[00156] Cur di%covery iﬁ based_on sever al qbservationﬁ”,Hunan

" col or ectPn E3HERr AGtuEHR Teetipadl dghpiticnand BYANGHI Yo oY SEIELE 1875 r om
freshly BakKeshAcSRlhiGHIR! fob URgHes. pRBG: ' FRLUFAMCDIN BdospRuSt 1Y

anal yzed at the single-cell level "(Figure 1). [00157] In huna% col on cancer
xenogr af tasgetmg g hemarldangggne expressi on anal ysis by real-tine PCR indicates

t hat bot / 1+ and CAM / VCD166+ .cancer cells, which.are known to

be-enr s o MISFLN4 drscitic B aLPeihod HoDF EreAr Lo S o ind BRI ERn 6L

further sybeistheeelisn ifthdh& &Nbre6@l tdnkartisstiseised 6 amaret @Il 286l e Mredshi

coordi nated and differential expression of distinct g@gups'of genes

i nvol vedanalysit kynegktime pobinsygseahaindpdction éispi-ame 86 Ror déebaieddentist a novel

:c nterest IseQ%'f enes %&llhlosg Ubosrgij[nasuieh Quq‘ctl dque% nltl(agy?x?ﬂrgsrslleor .clae%g lugedogs ag%lsrzg%stu(raenct(o) ding
or knowtt COFONTC €pf thef Maif far M nar™ & FrREFERial Pon et Ker € e g.

Cyt oker aidetiBMist{H6 balceEATANb sctaw BN the A/ @RS Esdue, TMdGdvelldeebOidnes-am |y
Factor 3) do not express or express |lower |evels of genes encoding for
candi dat BcfudeeBoysakgepingageneetImmen (ealkerthelid relds (@i&fﬁ%\/lt BetpedciacedSBH). f or

andi da . Pherpcliieds (R bt hecas
uggest sy AT SR Bl MIBRe ¢ HERT, LML AL R AP PhER B o

subset s specific differentiation pathways related to the distinct cellular lineages (Carbonic

Anhydrase II, MUC?2, Trefoil Family Factor 3) and differentiation stages (Cytokeratin 20,
CD66a/CEACAMI) of the normal colonic epithelium. Based on the expression pattern of
this set of genes, epithelial cells purified from human colorectal cancer tissues and analyzed
individually as single-cells can be "classified" and clustered in distinct groups,
corresponding to more or less advanced stages of differentiation (e.g. terminally
differentiated cells at the top of the human colonic crypt vs. more immature cells located at
the bottom of the human colonic crypt) and to distinct differentiation lineages of the colonic
epithelium (e.g. goblet cells, enterocytes, immature cells). Each group can be quantified as a
percentage of the total population. We have named this approach and methodology for the
analysis of the cellular composition of biological tissues "SINCE-PCR" (Single Cell

Expression - Polymerase Chain Reaction).
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characterized by different stages of differentiation (Figure 2). [00158]
When purified by neans of fluorescence-activated cell sorting (FACS) and r
e i nject edoiznio/asmenodef i ci ent NOD/ SCI D m ce, CD44+/ CD66RETAISA010/021525
CD44+/ CD66anew " cel |l s display substantially different tunorigenic
properti f¥156j Oor tkeovebdbatddodindeeglabubspoatibad. | himmire haloragalasanédigtepmne
endowed wi th the highest tunori geni c capacity (Table 4). This indicates

: I
that, wi ffisnebpghegbeAlon extametry directydmim dieplgn hagvgded eplid Wmes Bssuensan bes
characte 'p;&ﬂ, i e tihat encode for
differ en%éi at | Sﬁﬁl@%})g&ﬁé@}g? %%%ﬁ%%ve?@gﬁer}z nore "mature" cell
subset) [60157kfuiambdnycaled atniceretepogafih esirede-ofll gemmxpresion acdyachy seal-Gmet he

ot her ha the cell supse i S,ch i t he absence or | ow
el o aPCR, hiEaEs th BHRRPE DM FRERCARLICOIRY ientie tcrtiisn ()
t he nor exndyie) B &riché&d for ﬂkéb%sio}edta‘l c8ilek §t€§@keﬁlﬂ péﬁﬁht%n?@&rﬁbe fafheer stem
cell"™ content. Table 1. Tunorigenic properties of human col on cancer cells

based onsto66d¢CBATANENtesenkas subsets charagorsidriat the coadinhteBpa@ARIfameital  CD44.

Ex i Exp. ago) i d i ' | e T
ake oot Bimel e S e RSP RS PRl D s R 5 T
CD44+/ CDBRRBGEs. | ws(2B@re2(ie] ) colMitlsiBthEA 4180hi k800116 5o RBBECIHE F6CD6 62+

500 0/ 2CD44+/ coee.ane]% |l ow 1,000 3/3 3) UME4 md CD44neg 10,000 0/5 PD107
CD44+/ cDser golowig epitheliehenmimabdisrragatigwnukgoges 4ywkestingOni CD44neg

71275 PSR O RN hy IR UG LTRSTRRN A 3000 351, O30,
0/ 1 EpCAMH G4 Hoviddeaiedf deaws dncObidg Thicandidate ir@atinatxperdetiemirkert begénes vi vo
serial pl%?os\%g t60 l?ef nécgsesa}yunggteéec:gﬁ%{ni:ftiton %es.g.dh"laEsR'lS,OﬂJ(Elgg, Sfu?\rfivicn gﬁ ifice—versa.

This suggests that EpCAM/CD44%/CD166" cancer cells contain distinct cellular subsets

characterized by different stages of differentiation (Figure 2).

[00158] When purified by means of fluorescence-activated cell sorting (FACS) and re-

injected in immunodeficient NOD/SCID mice, CD44"/CD66a" and CD44"/CD66anewl"

cells display substantially different tumorigenic properties, with the CD44*/CD66a"# "
population behaving as the one endowed with the highest tumorigenic capacity (Table 4).
This indicates that, within the EpCAM*/CD44" cell population, the cell subset that is
characterized by high levels of expression of genes that encode for differentiation markers
such as CD66a/CEACAMI (i.e the more "mature” cell subset) is frequently relatively
depleted of tumorigenic capacity. On the other hand, the cell subset that is characterized by
the absence or low levels of expression of differentiation markers such as
CD66a/CEACAMI (i.e the more "immature" cell subset) is enriched in "colorectal cancer
stem cell” content.
Table 1. Tumorigenic properties of human colon cancer cells based on

CD66a/CEACAMI
expression, in combination with EpCAM and/or CD44.

Experiment
Exp. Tumor source® Lin™® sorted populations® Cell dose Tumor Take® code
1) UM#4 m4 CD44"# 10,000 2/10 PD69-
CD44*/CD66a* 450 173
CD44*/CD66a™ ™ 250 2/3
2) UM#4 mb CD44™# 10,000 1/5 PDS8S
CD44*/CD66a* 500 072
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cell purification is reported as follows: m indicates the first round of
tunors obtained fromprimry tunor engraftnment, m the second round of
tunors obweiznmdss49em engraftment of m, nb the third rowoa/ustomonses
obtained fromengraftnent of m, and so on progressively; primry indicates
a primry tunor, dlrectl/Chﬂﬂw@ﬁfﬁﬂ’fron1a sur di'®al specidfen. bAI |l sorted
popul ati ons anmwno be.sconspder ed as negative fwopod i neage awar kers (fbiorneg),
whi ch include nouse CDA5| ahét/fiése H2-Kd in theo®ase of Human tunor
xenografts established i nCREFEED mi ce, and hdff¥nh CD3 an$ CD45 in the case
of primary hurteo t unors CDMWhIS case EpCAM serp@s as a positive eqist-hel i al
sel ection marker) cTunor |tBKERP®areported as: ndMber of t¥nors
obt ai ned/ nunber of injeciFBﬁQCD@ﬂnDr take is c&ﬂgﬁdered q%?uccessful when
no tunor nmass is visiblelafter 5 nonths fol |l owu Exanmpl e 2: CGeneration
and i magithg of*umaf ™ readt: %}Sgﬁ xenograft no %I s with $ul monar y*™>”

met ast ases. [00159] Pati ep bM@é ﬁp@@@t canggs, speci meps (chunks or

TICs) were orthotopicallv ranspl anted into the mammary fat pads of

NOD- SCI D mice. Six xenograft tunmor nodels were generated (1 ER+, 1 Her2+
and 4 tr ploecashgaiciimentBRe PRy MereiRal pass@gelof fho urrncwﬁcemdgelfttusq'xbdseowefgbt ¢aneer

xenogr af tdl meliedtiopsdempontsibous ml iMgates b brshpuasoidsmers obleimoh&em atimaryby | HC
st ai ni nggmor crerHifEENt, pr2ahd feermdrpund offaimlossrobkig® famdn¥fafreattionm{, Vidrhe ®irdi ni ngs.
These datangoligests ebtainhdfrom pagralimglt afivtatndse anIingrfrsmwﬂmwwfammmcatm xTe,

br east t prmary cehdrsdigrtlyHaGestad Gomblsergtcal spddpen. t°dlltshreedrpop gions ar oelvi r onment
and r ecapinsidbad es tegatn fordimeagze gradwtsHLaN D, whiolyinelvdd mousaiCiHS spbmowsn &3 inung
nmet ast asibs cafe@ONBEIn tTiporfxguddriftsgstablghymlanNOLUNA Dseivt.-agqd bwrhdnt @3 and (Ivggn ng  of
human br tastseobpidery Amdamenastaghis cisn Epi 4, setvheashrpesitve cpit@diaiveieetianr ansduced
wi t h fir efikyr) [Tiidr ¢ake Seee@EPas: neinlpn ofj@merswbrinetieuphdRoKiREcli@nt timprrtals i§ noi

50) 4 dayssidficénnsuemebsin vt ontumdt @ass ag visible aferiSmamyhsdpltcev-wper e det ect abl e

wi th weak biolum nescent signals. And one nonth later, both primary tunors
(at the Exasple memmio;a angtinpgie) ofdnuninbreasetastusawgnit mallelseeitkd and

i maged b¥ Gﬁqﬁg VIS 200 systemat the Small Animal |maging Center of

St anf or d! YPRYAN%Sat tunor size or cell nunbers correlated well with
the si gnpjo159f easdnk-MerivddebrafnesRbl GRciands HHhKIbMEEGERkrd JFadtdpicadly

xenograft tunors with nmetastasis provide us feasibility of validating

f unct i ongagsplamiqdNat the memncyy 64t padheinNEPe3SID sugrc eYix Wﬁnqgr&fatqrmprtmiﬂs

pr oposal g%lﬁﬁ%te?d n(l I\él?r erf*yan%rhdtrlp%ade'gg mel?lggi IQIQ§ }’SAﬁ f?u]tl ggg:ﬁmpfy east

MM Cs [O breas irating cells

met ast at h@gaﬁkf&er(d\gﬂ'dfﬁﬁj)evélws';ﬁ%ﬁeddst@ﬁidrb-lm&ﬁzgﬁas):s \deﬂnenstmvddai;em(f rom
breast cancer primary site or pleural effusions. ung nMets were

det ect edSPRIBENHYF&T: PrRItEREON F@H‘gﬁj‘é Kiet @ddY%%f'@&mé{\’g@ W‘llelgBI eRsS¢8ty Roche)
and stai E'L?g%egtgél 1Tt M‘ﬁ&tﬂn@ﬂﬁﬁﬂﬂ%ﬁo@%&%ﬁ@@ce%lce %sﬂt t@rﬂgr &ﬁ oIr RICs are

able to adapt to the mouse microenvironment and recapitulate human tumor growth and

progression with spontaneous lung metastasis.

[00160] To facilitate dynamic and semi-quantitative imaging of human breast cancer and
metastasis in mice, the breast TICs were transduced with firefly luciferase-EGFP fusion gene
via the pHRuKFG lentivirus (moi 50) 4 days after implantation, TICs at the primary site
were detectable with weak bioluminescent signals. And one month later, both primary
tumors (at the L4 and R2 mammary fat pads) and lung metastases were detected and imaged
by Xenogen IVIS 200 system at the Small Animal Imaging Center of Stanford. We
observed that tumor size or cell numbers correlated well with the signal intensity. The
generation and bioluminescent imaging of xenograft tumors with metastasis provide us
feasibility of validating functions of miRNAs in MTICs of human breast cancer in viva in

this proposal.
42-



purifying Ml C popul ati ons (CD44+CD24 /| owESA+H2K , Figure 8a), which grow
orthotopic tunors at a ratio of 5/8 with 200-1000 sorted cells, after
transpl arweadoinss49souse mammary fat pads. [00162] ShownPoy/useewoarseiy
analysis and real-time PCR, HHFl a and H FI regul ated target genes were
differ enEixainlpje BxMi@saady iand YehlGsme PQR aaalybio onhnnianrbremamirlncs unor cells,

i ncl udi n&ﬂigf 151{11 Zeb2, Vipentin, E-cadherin, Lox, VEGE, etc (Fl gure

8B) . 3R bitasprppary upRigdiating sl Gissy %%a%ml%wt%?
i munohi ?é@&b@ﬁﬁwﬁﬁ%ga&e eiEé?s%PJt@d ﬁom%@a@pﬁy&@}ﬂi@% e bOQLG3] By

m cr oRNA" scr eeni ng, expression profil arental Dbreast
cancer sti#micmel DSC@.hIldg m&ttawtlasieterctedam txemograﬂ trs)dels,thgMerb dosodifred withgs wer e

i denti f| For SSI R- s of
00, B At sl SRR R A %m%@%%%%%& ESKE®
shown b opv 4)s f aI es
Shee, St ie pasbacier ST LS, ksl iyl

m R- 199atymare a9) ratinRs Sikawit et 1860 smiteid sk, rﬂiter @f@ﬂ&pﬂmted Mremdateanimaiacyat ed
that m Rfl Qa . was upregulated by up to 27'9 fold, and m R-199a downr egul at ed
by 212- 9" 8% in MII Cs than primary TICs of breast cancer. Exanple 5. CD66a

as a nonfiodeRr SE&MA by %ﬁ&%@ﬁa;ﬁﬁia'lys'f@dnlﬁQéaIQfm@PQRS HICRN&RY Hfo%gﬂ]ateBrtﬁg&t
cancer cells were sorted based on CD44 and CD66a while nbst o he cells

wer e Cngettmwe&dﬂf@rmaléy txmessedpl MitescampaeditommartymoagepadanefceNOD SCl D

d t d_hi te of
tr anspt aht el G, AR G P haTro Goa” by T oy (REERE Coagt ng s
shown i n1o%hmart1@n of H@Dﬁﬁwlﬁ%hhﬁ afdOYRd vieré SNETRA By d@hAYERislo@h&nfry t UnDr
grow h, the tunor size is nmuch smaller and displayed very simlar” flow

profil esstemmgared to CD66- derived tunors. [00165] In Figure 5a, the flow
profile S SPO{mD@asWn CP4.4 and CD66a markers. CD66- CD44+ and
CD66+CD44 ¥R Fe 2848 in vivo tunori geni ¢ assays (100 cells or
1000 cel [m168pPBamhietbRNA Sérdehg, HifferohtilrerpRiyord @ofiRads pantiOb¥eSlt chhd ce) .
As 10b indicated, 5 of 8 inplantations from 100 CD66- cells grew tunors

while 2 gemgeils ard moEstemBEranee|cels isplaipd frasp thedougsowete ddengfigd.” Bor ¢xgMPEDG 6-
| 6
cel | i “{Aﬁﬁhélg{@re% 1‘8}‘1"0PH£%%L1¥111§10%£ 6%@%{9(?@ 5519%6 {HTRE $TEQMPar i ng

the gro |'e tunors mich T owercand smal | er

si zes th&mntﬂlmns)epﬂmatwlﬁdasftrrm C6 ehowaehy @ip(iEatg wrad-tib®) PCR in Figgier4 5d, | OOK
of CD66-CD44 + or CD66+CD44+ cells were infected with firefly Iumferase-
EGFP | enf®p3isen gf mgan 4 ‘iaﬁ]‘eé@f g MTHe Yo wrines dént riRgh (<7 9k BHR cDe6+

‘ée' I's wengy hb%?%ﬁd KRN 0bR P59 09T NRBACAs 1£€4 hSad InBIhAIREnPEITHRIRG ih&iR¥ed 3) -
ut after 1 nonth or 2
that miR-10a was upregulated by up to 27'9 fold, and miR-199a downregulated by 212-9
fold in MTICs than primary TICs of breast cancer.
Example 5: CD66a as a non-tumorigenic cancer cell marker of breast cancer
[00164] Breast cancer cells were sorted based on CD44 and CD66a while most of the cells
were CD244bw. Cells were then implanted onto mammary fat pads of NOD/SCID mice and
tumor growth monitored. CD44/CD66a- cells showed higher rate of transplantation as well
as higher growth rate by bioluminescent imaging as shown in Figure 5. CD66" cells showed
a lower and delayed rate of tumor growth, the tumor size is much smaller and displayed very
similar flow profiles compared to CD66- derived tumors.
[00165] In Figure 5a, the flow profile was shown based on CD44 and CD66a markers.
CD66- CD44" and CD66'CD44" cells were sorted for in vivo tumorigenic assays (100 cells
or 1000 cells implanted to Zid or 41h of mammary fat pads of NOD/SLID mice). As 10b
indicated, 5 of 8 implantations from 100 CD66- cells grew tumors while 2 of 8 from 100

CD66" cells grew. For 1000 cells, 8 of 8 from CD66- cell injections grew but only 3 of 8
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nont hs, CD66- cells showed dom nant bi ol um nescent signals and grew out
pal babl e tunors in the end (day 68). Exanple 6: Optim zation of the gene
i st useawoeoiodsm9sfy and neasure cancer stem cell freqeemnag20p@RGEH] Most
markers used at this tinme to identify both nornmal stemcells and cancer

st em cel hsmaCB66adellk igrdoethinidrs. afo@p syt thalgrattmte ef palpabie tuinasrs, D66 Teells
expression is linked to the particular m.croenvironnment in which the stem

cel | resh¥fe@ugh lopyre apd ppalyr sjzgpthapitse dpRvRs e & RRG- cPs Fogure opmdh mar ker s
that arepiiaglsd QRSN CHAM GRbHEEANL AEs Whiklnibliy YithQirkfi OBk, they
ed. | ] y S 0

are colle 167] Qur approac as been to identi mar ke
cri ti cal ESF@remalitus princto iojestiorsi Ruebigkehfingseergwighals Sranh€DGGT nellsseaat i al st em

cell propert hav used_ our _effarts on renewal pathways. have
Cdent |1 Bt froat ERREEIHES e beany ne e Dol thyfeTor Al hissds

| eukem aphaR CBbbScedlbahovpdd Aniahfthid1HATMRERYEBHAIS ind BlelSout PABaBIE MRHAors
epithelial cancer stemcells, but not by non- self renewing cells in each

respect i wetheiesd (day 68hi s genoni cs anal ysis described in the prelininary
results dentifie nunber enes .t hat . ha evi ously bheen |inked to
tom cot EXGRPIE ¢cRoaflam AR of e RERE o A5 10 RepBE A Hitisrd SHPesrstatREet o
are diffefeqaén@l |y expressed by breast cancer stemcells and
non-tum)riqigni c cancer cells. Evidence denonstrates that several of these

genes ant00pe} Mrgnmargirensed pt thisdime foaigertel both empbyiem galds aganegstenynct i on

i nt enafas o b TuRrd R AeGaTALCR R, TRALe SRl BRI B - oquency

of canceparsitdar e@drb@vimn@ehtinovhidetht seapedilatsioes atithe tite deSbladbh.eThs, the
optim ze the gene list used to identify cancer stemcells. As shown in

Fi gure 1Bl 9ﬁ3@@%@éﬁaﬁ&éﬁtaﬁr%ﬁl sideptfygiinnerlsgan vargnyith fredge {eMoner ase
as a canggfchsh&Muegbliedi@ ker as well as several genes linked to the process
of self renewal”. The tel onerase conponent TERT is only expressed in colon
cancer cH0167WOuhagmoaaimiat been tphdenvify parkehbofewitien] staiREll figictions. Since self

C00160]  BIFHAR R bR e byt REPEH- of e e Ear eEods ot Anshgbed for
the expr gsaivak. owegﬁ{?@ﬁehtiiﬁéﬁerquﬁi@leggemg tha€drk h%%&l{é;é}%s%ﬁ B Hosell Hscgneval .

The self renewal gene |ist isexpanded beyond to maxim ze confidence
t hat a chaukemis sters celin thatldriginpkesl faxp pecashnder eils gaddwniagepithdliabepnicar dem

anal ysi Scéﬁs ?u rntrg% and gancer . st e cel lh?‘ésg)g asur ed..Because canger stem
e a a

on-scif renewing celis cac Cllye TISSye. hl NOomicCS analysi
cells can"pod y arise YI&mCel ther em-cerd t]hastgehas esCaped t he

constr ai aéseribédl @xpapRlifingy rdduRYRI I £RlhbBertofi @bndian® has papeshsiyiegount i ng
mechani sns that limt the nunber of mtoses that they can undergo, the

candi dat Enkghesteat eolk ssifgenave Simibls pieedeidiegandidate microRNAS that are

differentially expressed by breast cancer stem cells and non-tumorigenic cancer cells.
Evidence demonstrates that several of these genes and microRNAs have critical stem cell
functions and that the function of these genes is also critical to hESC and iPSC self-renewal
and maintenance.

[00168] To produce a device capable of measuring the frequency of cancer stem cells in a
tumor cell population, it is desirable to optimize the gene list used to identify cancer stem
cells. As shown in Figure 1B, we have made great progress in doing so, identifying
telomerase as a cancer stem cell marker as well as several genes linked to the process of self
renewal. The telomerase component TERT is only expressed in colon cancer cells with an
immature phenotype. Moreover, TERT is not efficiently-downregulated with differentiation
of some hESC and iPSC lines.

[00169] Both normal and cancerous colon epithelial cells are analyzed for the expression of

genes linked to crypt cell maturation and self renewal. The self renewal gene list is
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normal nmurine HSCs, murine | eukem a stemcells that were derived from a

progenitor cell, and human breast cancer stemcells. The top candi date
genes i dewDi2bioads498 this |ist, all of which have been | Pokas$2410/03tsei cel |
mai nt enance, include BMI| -1D, 1G-BP3, the HOX fam |y nenbers HOXA3,

HOXAS, MetfahdedHSlond EERT, toRuizX2i—ndnSdehES thaV\é cell id a stahicdidt Ehavbtpabssoh dfhese
genes are |linked to cancer stemcell self renewal. To do this, we wll
syst emat PP 9En{IEEY ingRH 3palyels ghprmy ARG Canger terp 6flb ajermeasiedy BSesf of

cancer s Eﬁﬁkﬁﬁéﬂl%eﬂb’ééeﬁg{o&é}lti\ﬁl b8s Rn! aVsQe[fﬂ CEMEHaf Hgssescz{pgg HPdonlh8ints

[
expressi on of genes t regul ate se fe renewal are |inked to the expression
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bet ween HAid#a Weish ghtheps gaved pigilinked i erarersstemmgelf praf iehemial; JieadathisowatdHpar t
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di f f er entviral dnd iexpoesheduesn cancer stem cells and non-tunorigenic cancer

cells. Several m RNA clusters were down-regul ated in nornal tissue stem
cell's bu 00485] The Bxpiestonf ganesdhitdeeyr sel Binewphae R EONG FXRSESS iR

m RNAs, ng&f%@ sﬁe‘tiﬂi@ B3 pRRGIARAIM Ry PHRPIRRSRAKIS QIR a OkerBTRI haNal

carcino cells in vitro, abolishedtheir tunor-formng ability in vivo,
and i nhi bit¢seidaltrheciod. cRugenl enable otermigiag that aelkin thelahalysinisviat p@oriidlesh

m RNAs, and the ot hlgr cl usthglrs e (%ifdenti fied, (i)r ovi de, a nol ecul ar |ink that
connect s SHFHRLANCEARGPIORYe AYIRRIPL A HmAbYRRICSSY SV FOSBiITEPEEOM Fhe

expr essi @Rk ghinRa By The §PRNASH al WahE BMYEI a0 Rl bRIgEhivoreBH{ @It ey, or
down- r egul ateé in tunorigenic cells, are probed in single cells from

undi f f er #heseaeads anfedidntly manated iteeb IESOs e Hults isPSGnewRysealen ednicgt, stem

undi ffere ti at.ed c Ilsbozﬁrltlal sort ed be’ﬁs%%!gl ur face nar. ergllsdiﬁ}ﬂhmt to

pl uri pot ght’ % 1earrﬁSf(::erI0 S suc?lméasls FR°an %Ol}%lf Qr[%gme?ﬁﬁ assessed f'5r ni RNA

expr essi eficdgepic atutaghne il @itengeyie 2Rpte ROELbREdION cahE BdBEk THud, fhevd @y beut come
of teratoma assays in terns of enbryonal carcinoma, m xed enbryonic
car ci nonfif§rencey Brvpesaan ebt leashsrme gopertinked gicpfly coipt Fell @aturatigndetween

O Ao ey L LT AL T Lo T k0

sel ect i o distingaSENIRA 2nelfketesvingédlepoprdtiday ot datkepehet.i ati on. W wil |

exam ne deqgll]e\K(f:eeildlf:gtif\llgdt3r]7i nQH{I\rI]XS %}?art tvv%(rje differentially expressed in cancer stem cells
and non-tumorigenic cancer cells. Several miRNA clusters were down-regulated in normal
tissue stem cells but not in cancer stem cells; moreover, the expression of some miRNAs,
such as miR-200c and miR-183 suppressed growth of embryonal carcinoma cells in vitro,
abolished their tumor-forming ability in vivo, and inhibited the clonogenicity of breast
cancer cells in vitro. These miRNAs, and the other clusters we identified, provide a
molecular link that connects breast cancer stem cells and normal stem cell biology. The
expression of these microRNAs; which were consistently up-regulated or down-regulated in
tumorigenic cells, are probed in single cells from undifferentiated and differentiated hESCs

and iPSCs. Essentially, undifferentiated cells are sorted by cell surface markers distinct to

pluripotent stem cells such as Tra and SSEA subtypes and assessed for miRNA expression,
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popul ations for: 1) mcroRNA profiles indicative of cancer stemcells 2)
gene expression profile (below), and 3) outcone of transplantation/teratoma
assays. WeoenpasstsdBhat cells "resistant to differentiatiPomUS2o100bEsSE

popul ations will form malignant enbryonal carcinona derivatives and
Co- expr esplavimgkeéficernly ai fpbpilendn piradends wndi(blites@abf at@dmeaabdags i ttima
single cells., Exanple 7: Gene expression profile at the single cell |evel.
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W will optimze the gene list for identification of malignant cells in
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i ncl ude H&Q&ﬁvéd’ﬁf@oﬂéﬂpﬂesé mlfkdra@mlfféteﬁaatwan@ﬁndiﬁa@ﬁﬁatsd eMsGeiis kingknd 3)
addi ng genes of differentiated somatic and germcell |ineages (the Fater
remain i fEYst uri potent stemcells resistant to differentiation). W will
then useg C turmri eni c potential of
subpopul a%{m:é[ke%{?g%]eoégggésg@ ﬁﬁsﬁﬁgéﬁg@}e}%@g pot ent i gl basgd on basal
gene exp[@d32pm prpuwtmg!; ef glelipsten @04, €3¢n ﬂwcaﬁaiemsdtﬁm fah? odmsowal vari ants
are linked to instabiljty in pl €Fgetent human stem, Qel | popul ations, with

chr onos ofRSer Balines it Gl 1§ dor@greaits Foyomaleved upesspisty ehasTERTdecehave
addr esseﬁlgfulré‘@r 15 bEBEbH e hzﬂle%sérbé@ﬂ'ﬁh o;!lﬁfa& §0%%f BESPST 1GRR YaiyTOEr at
mul tiple |I"oci.” W propose to adapt our technolo for assessnent of

genone- wildeni€iMarboteexdganousced endeehoys piempotad:ypharkeqs,anem disfeemtiatet |

| i nes; chang refle ubchy onoso tab|I| Initiallly,
we o duBoE b s Shetsal SertoiouRt A BHBRSE B s gELIARHE RO hag
recogni zmadwelmagagre&&sana&ﬁmé o8 RMQTE turhHied e IWehPSI PRk Y B ShYe
observed in our "|'aboratory (Figure 6). The SCAD can accommpdate anal ysis of
up to 1008rfar Kentficatin of malighang a¢118de§E§ﬁT anwggsléytﬂm@%bmdmmna@bms
avai | abl e_and can | at d Wi th 1 nst abj SCs.
Bvampio 8 AR RRL ARG R ENahE St SR R AR A BERTT M cancer

stem cel HSSCESQ@ﬂcFlﬁmzﬁﬁerﬁbﬂy@mBmwﬂ@t&sQQ) t@sﬁﬁérgﬁtﬁﬁig the lisd@ﬂ'gelnf:sytoqﬁﬂﬁ@é stem
cells and calculate their frgguency in tunors based on a conbi nation of

cel | sur heseirphedion § plor idratifenionsk sarass plem. cellsh ﬁ@d traddys genry eld
mar ker/ 98gtd i RabMlS eSS RAdiMELS  (The 18eSieMalith kG % ehBcdged to

resistant to differentiation). We will then use immune deficient mouse assays to assess

tumorigenic potential of subpopulations diagnosed according to malignant potential based on
basal gene expression of single cells.

[00173] CNV analysis. Chromosomal variants are linked to instability in pluripotent human
stem cell populations, with chromosome loss and gain frequently observed. However, few
studies have addressed finer structure, high-throughput methods to assess copy number at
multiple loci. We propose to adapt our technology for assessment of genome-wide CNV
number in independently-derived pluripotent stem cell lines; changes in CNVs will reflect
subchromosomal instability. Initially, we can design specific probe sets for addition to our
gene/loci list that recognize duplications across the genome, including those previously

observed in our laboratory (Figure 6). The SCAD can accommodate analysis of up to 1000
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identify cells with malignant potentia, based on co-expression of markers
of the differentiated and undifferentiated state in single cells. This
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rel ati vePignyp éﬁrrblmrt@afw@dhff@rem spefagemaskers, ped BiRgisdhern i idendyal s foio i | t er
out the gﬁ%g% gédeaé sty@fes EDkeE hgﬂfeahlss% ts'u aso(ilﬁé:s‘?llngl%het REEHUPLAER this

by fl ow ng ested tissue suspensi croflurdric
" et amat erotahina cahlsﬁdpeaéibmmmi ﬁﬁ)ilnlﬂgtthcﬂgellshﬁt}f ﬂwrelsoentf duofacamarkech mgy bo t he

size of incorporated in this system. How the system is used for tumor analysis is illustrated here:
Once the biopsy is obtained, the physician will place the sample in the input port of this
system. Utilizing a user friendly computer interface, the physician will set the necessary
parameters in the sorting and genetic analysis such as the number and type of surface
markers, the number of PCR cycles needed etc, and the machine will perform the rest of the
steps without human intervention. Based on previously demonstrated technologies, the
system will allow a sorting throughput of at least 30 cells/second.
[00176] A single cell analysis device (SCAD) can be modular (Fig 7) and will perform the
following steps in an integrated, fully automated fashion: 1) Digestion of the tissue: The

tissue is placed in the input port of the device. Appropriate enzymes are introduced in the

device and flowed to perform the digestion of the extracellular matrix in order to obtain a
47-



the particles. 3) Staining: The filtered single cell suspension is stained
usi ng appropriate surface markers in a different conpartnment of the

m cr of | uisocoss498. Staining with up to five different PeRrusSess/ onesys be
useful in obtaining a high purity popul ation of cancer cells. 4) Sorting:
The st ai sdtsspagicer lSkpats@estiivercells frbmanedebrist Tht hespaeskdn ypitply t ment  of
the mcrofluidic device to sort out the cancer cells fromthe rest of the
cel I's. POPHYBAIING el with as aygiaes ter Mohitie ledricemsiery andidshids mAtriabvih fihat
only 2,0 , SanRcse to

det ect t\é\’%%%l sggoqﬁan esﬁ?ﬁgﬁgr%gﬁ%eaﬁ&gg gﬁﬁ%ﬁ%té&lggﬁ{egh%gngaﬁg}\}ge | evel
of 99% Bigblrompsredltd hnunetitsr t}mfefmehtllscnmaiwfﬂtglr ad theateadh enasayral 6ot eéfidierei ent | y
using flowc as the_ initi eeded for around
one o 11 RBeER P ST e maund sty APETRufe diefsted Srie uPehuat Bieudt g
for cycl iigofhididen&ehhe SMSPRRRA Qﬂoxlv@ﬂ;ﬂft!m‘% &@'fb(udlélﬂa{ﬂz RbérdlnedPlhe digodrat ed
smal | “vol une environnment that will not e cells. [00177] FI ow based

m cr of | uthgiparticdds) %ﬁtw@ng ﬂlmﬁﬂtﬂrcﬁ $ingldicell @@pbnss@rltsetanwdtthm atpmocpugwput of
nearly 50 gells/ E "g ITDI’tlS ated fﬁhf? ﬁ twere f% at

hi gh spedd TRt EHSEH% S ERRP %"’él APt TRdig ‘“’“E Ej%‘”bg PAs BP ? 1445-
1449), afide tiftRr&k atailedreehal ibg memp@ obeligag adhignshran ?bpma@bn dfash@i cells. 4)

el ectronics and nore efficient inmaging equi prent allow an inprovenent of

t he t hr o0gHivat Tlm/st@me%waélﬁ gt Sﬁ@@amweﬂow 819 e pextispmpgrtastirdiith sorting
tinme to [ ti I S

bei ng de\l}lgffgg{ég ase t%&gg]gttstg? %%%%{%Hs I%H?s? eggﬁ%ﬂ c@ﬁs go %%grSFazlg{%f

m cr of | uel the Maid €ado simatlatoan itdcdte thavoly 21009- m;mmeaﬁ&d ctls gedes bdB and 7C

above). The cells are ro into the sorter array and are captured by
mi cr of abfirediiB grdsadyg dle g@%@%mé@eé £85 Ht B COREST femeirdhst R ad to have

more t hag, pRg& RAIro9%. GRRLUHBIGkIEE 6AGNs cﬂrr@ntfgf&lﬁh&t del s%%c'i‘gff§}b%9§”s' on

(Di carlo et al., supra). After all the baskets ar
m cr of | unslhg floatayesametrye as theseitial sangple hiee aecetdatjr fcirfAGZ&gseadomsiumlg rmﬂiammﬂlls

desi gned er cantr.ol tics or esc oIors.needed to
oot WPy A0hTiRe nSpf Bl Stk fling By i Bhedb s SiRiote:
i magi ng, 1ﬂ€i@flﬁ1&1?¥}¥arpﬁ1@\ﬁ?hﬂl s6fdddd dnsidieve @ﬁl&onmﬁlpnﬁ{ @gynotm@tel daptified

tunorigenic cel are owed into the next nodule for lysis, while the rest
of the cE}(11§7hFl@“f baso thigafluigic eehlesorthi: g mipiuidisged epiterspith ethraughpwsof

wor ki ng wi t i |t| er of, cel l ceIIs can be
cycl ed nﬁ%af S a/rrslrée O%Fllere %epedgvm rate(f grem%sltsév(fre%%’rcg%tthl glirw dic

chip tect}ﬂ@lg@wwdrlb@m (s Iblocaﬂoa&al NE&¥ CiipD06@0! 4ah- 1t41a9§an@t}@r§eme$econ a 3x3
cm area, which can be rapidly mterrogateg Si ngle shot) using state-of-the

art i magHeRf wasfetected ang @ngyeedy Jagtehglertr Qi %nmré FEFHCTS yBARIAY CTHP@eRtg| |
sorter wyjly Qﬁ‘}/[ﬁ%ﬁ%v&%%@ %Peé%m%f hpRHY % o??@er3ﬁ 'Iﬁa%ﬁg&e? Wi‘uc I%ﬂm?ac{&%ge of

usi ng the para sorting e as-opposed to-t Iow ase sorter
is that thesgiting tth torigssebart fen gniames. PCR can be perfornmed by the sane inmager,
thus all ﬂy(\flgg] Parahgl s[)r%magt gcell sorter is being developed based on capturing the cells on a

dense, 2-D array of microfluidic chambers that can be individually addressed (Figures 7B

and 7C above). The cells are flowed into the sorter array and are captured by

microfabricated baskets. Such baskets were previously demonstrated to have more than 50%

single cell capture efficiency in a freely flowing suspension (Di carlo et al., supra). After all

the baskets are filled, the microfluidic valves are closed, and the array is imaged using

custom designed, computer controlled optics in all 5 fluorescent colors needed to identify

tumorigenic cells. This new chip also allows phase contrast imaging, which may prove

useful to study cell morphology. The identified tumorigenic cells are flowed into the next

module for lysis, while the rest of the cells are flowed out of the chip. This new cell sorter

allows working with extremely small initial number of cells, as the cells can be cycled many
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fl uorescence and norphol ogy data to genetic data of individual cells.
[00179] Cell lysis and nRNA capture: Sorted cancer stemcells are flowed
into the woxpiomssusBe for |lysis in individual chanbers. rREASa@Ey/ORBS28apt ur ed
on a colum of oligo-dT beads, reverse transcri bed on the beads as already
denonst r dined alfdviettisre etill abot bwadtedCh@unretd 06 cro8luRD8dhi B 0RAholagy alpsvacesteed of f
chip via a new gene seguenci ng protocol devel oped for the Heliscope, or may

be transPEre B0 UDUPEE 1RRsE SISTEN (RN 2 P EP BLoRi WRICh CaBRAPAIY PR S ¢ h:
reagents gsgfggépgm lild HatB-of She ﬁ iégfgggé st ds Qi &gelfsg? Eﬂﬁiui(ﬁi g{gﬁgla

Preanpl i sanples are tran to a nodu ar Flf ui di gm
Dynam c aystaay. Chis pelil evrtaWiPGRvam throeghpnnofirenilp 30 ofllY/segend: adoeadvah@pe ol |

tent. [.00180 d. | ysi f | t d . bl ood. st
Col | o s MegbrlBl o g ShaPHBER O by Buet GLAUET ISBHITETS e
nave | deiifd Qifk HOMRER ShE Gk Ghlod 859 cindkf dhAQIbiplusb keS|

possible to accurately and unequivocally identify and count” cancer stem
cel | s i nflbprgpespcespucnomphelogn daeud Lematid dotanfiipbvidnal estlem cel | popul ati ons.

25, 8 PRl 0B AR QR L

col on cap@atleget lySisfil A eakdl ¥hialssa IR RN 60K &t captesidail d &ihadn bf eIlgc2dT
different patients. These markers all ow an approximtely 3-5 fol

enr i chnehgadsfreypotiansgibast onsthe eads|ap glreadyclsmopsiraied (Myighs ¢f afeArEEhsOs pect ed
o . . . . ; P ed
t hat Ca”g@aﬁg@-ég gg{l:(gﬁﬁo%stsgd LACHS \H?E'ﬁ%}ﬁ}g5@52@&%@%@&4@0@@&' che

for CoCS sin gene expressi on sequen

t unor i gefurchd Melsdcupd, @8 nthgroensinsfatred td@inatmodepit WEI6 Ghick ftel rangapard milells ar e
a mxture of CoCSCs and non-tunorigenic cells and that this assay can be
ised to HercABTY terrspampldE AP f Sehes fpﬁgwwestf PrEsESes Prwnﬁléli%psy

speci meng [hes st Rdh&eted lo ARBIYE %ﬁni[a‘?)(@éﬂe%lﬁd@r?bﬁ{&%i}c%gﬂa% g?%ﬁq’f}f’@‘g?nt al

structure of colon cancer cells that is rem ni'sce on
crypt. NBCRbing detwemfnatidn phete tdneemnsbest celhpattemte cells in the col on tunor

expr ess C onent. of the telonerase.conmplex that is critical for
ong ¢ or MUTEPh Barrabamgmay gl m e Hoor Srest G ehar e S rmm
col on st gy £Rk! Snd bréastbfiRet dthic8lls, bR HaVERdHlifled & hbwol sﬁxgm%ntars@azt&hat%pes
expressed by maturing colon crypt cells including MJC2, " CK20, -2, and

especi al thg feEgeRe makes ibrprsbisodichyracsy anl ungguivdenliygdentidy axpe@ms caneamt ur e
cell markers, ,nost. notabl.y TERT, This est hat -t hese cell | i ke nor nal
at uri g EpEHST PP Sr ety A o AU PRRRLR Al PR P R by iR of
under go gxh@Epis] We applicdIBiS asdaf @& el anaMxihefuendlE aslsp baitkeetlcDaBatb this, we
(differentiated colon cancer cells) and CD66a’' " colon cancer cells into

i munodePiediHeS i st CREB P /clncage elpmrernceurrbis Sropbeasty BIspage SEROEMEY whi | e
Co00: et 00 0SB ST Lo ol st
st em cel brichineint bestl@dcdanaert doem icattutdSdsE inentuntod.u e mickekpectkldass camsul t s
demonst r gélles igoqz?'tted with these markers were only partially enriched for CoCSCs. The single cell
gene expression analyses and subsequent tumorigenicity studies demonstrate that indeed
CD66"CD44 ' Lineage- cells are a mixture of CoCSCs and non-tumorigenic cells and that this
assay can be used to more accurately identify the frequency of CoCSCs in a biopsy
specimen. The single cell analysis reveals a hierarchical developmental structure of colon
cancer cells that is reminiscent of a normal colon crypt. Notably, we find that the most
immature cells in the colon tumor express TERT, a component of the telomerase complex
that is critical for long term maintenance of a tumor. Expression of LGRS, which marks
normal colon stem cells, is also limited to immature cells. By contrast, genes expressed by

maturing colon crypt cells including MUC2,'CK20, CA-2, and especially CD66a were

expressed by cells that do not co-express immature cell markers, most notably TERT. This
49-



single cell gene expression analysis enables identification and
quantitation of cancer stemcells in biopsies and cultures. Exanple 9: A
gene expreonmssisggnat ure shared by normal stem cel |l s amrdTasa@en2852EM
cells, in both blood and manmary epithelial tissues. [00181] It has becone
appar ent suggeste aantheyeedls, likeatormahoeturiag epitiedial arypedellartiase lifdiato dif @eent
cell compartnents. Sone likely arise froma nutant stem cell that has | ost

the consPPEPHOINGFFE0Exi5aHYS Bifosss. dpdeedt wapvs transpjgnted Q%ﬁs@#f?@%ﬂ%t%m a
nore dif I:(ﬁ()ﬁ eﬁﬂc@f ggls %{d @D@é?’g&ﬂbﬂ e ncgleé n]ts)tnlﬁag Hfﬁﬁo!lecf§ﬁenk E‘ﬁ' 66angells

mechani smthat nornma restricts the nu mtoses t ey can
under go. ﬂﬂﬁwd@mn@e(Snﬁﬁyuaﬁmmhbwhmi®966 @ﬂb@bhmHKOOfSMQukﬁmmh5hmdaﬂpehls

that ari fro a stem cel | ro 0 e differe Regar dl ess
R LA Rt A A R e T PR R A LA e
sel f rengym ééﬁs R8s %%@ it BRtindnhurdodefidi&@!nYoulsB alodep MEheQf rdsies RdHARYE thdpat
regul ate self renewal in cancer stemcells arising fromeither the stem

cel | con@lagltermﬂgem e@rfpﬁalromaaalws dinftiesridentifpeen prdograniitatipe ob¢pacedbtesnt h each
ot her and ﬁh E AL (1#§uﬂ3 To test this hypothesis, we analyzed whether
genes exﬁH 44 5mﬁ A%t R House HSCs and nurine | eukenia stem cel |'s arising

from progeamipts 9: qaegbﬁe ElpressiditdigndtaReyared BP Mekmbl S188) cells ind @An¢ed s
progenitor cells (i.e. non-self renewi ng popul ation) are al so expressed by

hunan br eellss inchethdloag and mammanry gpitheliak tisspes. nont unori geni ¢ counterparts.
Remar kabjggygi % hﬁ%’ﬂ%n‘?i@[sb%?{] ggﬂlergée%?géa??:thlﬁ%aél)@g}wﬂ%klﬁs &9’!&1@9&6&96”' ¢

counterp rts OVEr expre e gene al'so generated 2
ot her g edﬁfelrem teall tanpdendnts. ySahd Bkelpatientrorala matack stkath esll tha) hagdogeshexpr essed
by breast cancer stemcells and normal breast stemcells, but not by

non- t urpFPERAIE U FERANSIEB|Of dhegttergel peolh Qe arss from ampre silbgemiaieheady) | s,
ii) geneﬁho%ﬂlﬁtﬁ%éﬁqlawammﬁ& mﬁmg nké%%m?rﬁ%i@%ﬁﬂal@h%&ﬁhs?ﬁé“ﬁ&ﬁbéto?m cel I's

but not | ood progenitor S or non-tunorigenic breast cells
[00182] Nh?uwyesahattt}n@scamgmdagohélf@omse,rmzlmyﬂcfehle markeed ¢f caperewaleulerdiactancer .

These inc the nsulin growth fact ndi art GFBP. t he HOX
Ty iR s am s Sn e b ey AR S e O e BRL LRSS T o) e
ETSI, ETS4g mFiMeanﬁle s?eéﬁﬁt%us Whll i/é@a'in t&%ﬁﬂ whelihRhew hevd feadtned ik i@ fact or
STAT3 i s a bona fide cancer stemcell re Yator STAT3 plays a role in the

mai nt enahk‘é}’diat b@thE@ecpéthl\@yaﬁ@t Hs@blte seHeregrevd it eancanu¢y selodrishg fhiornrouse

and hunman. R er ells reﬁe%j§d t hat, many STA 3 a tlvat
ther stent 201t €6m ar e OBa pfu;r_tlla 1 erentla ed A Rrageny are w% ik
transcrlp&s Wor'e OVEer expresse ancer c én me

exam nedochefmmnﬁﬁmﬁdmmalmhﬁ t8ik hopRB&ks, wrﬁﬁamsjzémwh@{mg%nppéxptmsmi cells
tended to be concentrated on the invasive edge of the cancer and the
prot ei n Wagome maues HSEs tape nmyping Iykeméy dernicalleyigingolepmgpreganiter ¢edls (ke

interior eﬁﬁre ?l\ﬁﬂlg ;}og{IB{lén %EB&?& n)érm%*b‘féﬁnﬁ&eceﬁmé nBRls ﬁ?&’én%ah@' bitors of

STAT3. Suc rs can be teste cancer stemce The effect
of population) are also expressed by human breast cancer stem cells but not their non-

tumorigenic counterparts. Remarkably, the human cancer stem cells, but not their non-
tumorigenic counterparts, overexpress these genes (Fig. 8). We have also generated 2 other
gene lists to identify other potential candidates: 1) genes expressed by breast cancer stem
cells and normal breast stem cells, but not by non-tumorigenic cancer cells or mature breast
epithelial progenitor cells, i1) genes expressed by normal human HSCs and human breast
cancer stem cells but not human blood progenitor cells or non-tumorigenic breast cells.
[00182] Many of these genes have been linked to self renewal and cancer. These include
the insulin growth factor binding partner IGFBP3, the HOX family members HOXA3,
HOXAS, MEI1ST1 as well as transcription factors like ETS1, ETS2, RUNX2 and STAT3. It
was tested whether the transcription factor STAT3 is a bona fide cancer stem cell regulator.

STATS3 plays a role in the maintenance of both ES cells and HSCs. The genomics analysis
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the STAT3 inhibitor cucurbitacin on the clonogenic ability of nurine breast
cancer stemcells was tested. A short, 24 hour exposure to the inhibitor
reduced twe 2nuwisersof col oni es by -50% (p<0.02, t test) PCThSs@NEEHRSt S
suggest that STAT3 plays a critical role in at |east sonme breast cancer
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(ki nase) inhiRIK of( KT Nﬁ§.e$uch|-16ﬂ-1%1t6ﬂ%'c@ﬁ-%@}esteﬁ%kﬁlcewﬁ liniRre) THEERRE of
(tyrosi ne phosphatase), MAFF (oncogene), RRAS2 (related to RAS), NFKB,
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Exanpl e 10: Whol e transcri [l)t one anal ysis of hematopoietic stemcells.

[00185] p¥me hieasterageppiemgeliseek to use transcriptone anal ysis of
hemat opo t t IS, wn in
Fi gure Qtﬂlsgltaﬁ%@g e|n§ °£xﬁ§%§w ME&%EUME?S%%)J%%E%%@ )gésrpec b&%@m
conpri si b@ohaﬁmbapms&trm Cells;t Enkaseialsen sellssaldireskt tametr aemneslls. sGbjegict . Cel | s
are then prepared for FACS anal ysis b ,exaggéslitrégtthe cell popul ation to

[ t

f 1 uor esc&Hflics ARyerdaradhat XRiserT PleMkd 1eiFRsh IR Fhe Sl renewatish
Thyl, et ﬁta}nte&ﬁjsé of U n§1%atl %ﬁ)o'drﬁe?h 9@@1’5%11 |the)‘?1l Bh&Snic %Hﬁﬁerﬁg% I@I@ﬁ? I&le

contains no nore than a single cell. [O | sol ated single cel
| ysed anccgulate brgsatasenstemdicllireiesyal. nto tvvo portl ons. The first portion is

subj ecte i.ngl e-cell gene expr.essi on anal real -tine PCR
coonnt 1 o848 PRBRR R inie e GHBER PR R Bl PR T B Wpmch
al I ow f ogeidliigdibao0iasN] Gamemzt@% amiyfmg ), PAKDNRMaby, bm@dl or
presence of expression CD34+, CD19-

After identi
Wi t hi n t dengsep 3 @malsv)sﬁgéwmmt(h@am) @T@@W@lned@ﬁmhﬁt@@ b%/A i ng
HSCs are ooI ed af i f si ng
standard ?%engl% @T&@@m&% kﬁsghNgfé%uegfh(%/l}gﬁﬁ (ac}lwagtg%(%?geh ra %E’"

nmet hod sPLR3E0RDYCRELINGSES IJETSD] BEFIS heiESTATING wanuaIDEeT Inkaagigsi pt ome
is then anal zed to determ ne whether unique genes and/or surface markers
are presé&Hdidatgengy pvaretnrasiethby Fasat stemncatls by nof nermgl preaceslipdickiste RGStue to

HSCs, a“b'A*iPé],' INERE B BBene) WT1 (oncogene), SNAI2, FGFR2, MEIS2, 101,103, ID4 and
FOXCI1.
Example 10: Whole transcriptome analysis of hematopoietic stem cells.
[00185] In this example we seek to use transcriptome analysis of hematopoietic stem cells.
A general outline of this embodiment is shown in Figure 9. In the present example a
population of cells suspected of comprising hematopoietic stem cells is isolated from a test
subject. Cells are then prepared for FACS analysis by exposing the cell population to
fluorescent antibodies to known hematopoietic stem markers (e.g., CD34, Thyl, etc.). Cells
are sorted into 96-well plates, such that each well contains no more than a single cell.
[00186] Isolated single cells are lysed and the lysates are divided into two portions. The
first portion is subjected to single-cell gene expression analysis by real-time PCR, essentially
as described in Example 1, using a selection of genes which allow for distinguishing

between HSCs and non-HSCs, either by level or presence of expression (e.g., CD34+,
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specifically bind to the surface markers are prepared by comrercially

avai |l abl e techni ques. The specificity and effectiveness of the anti bodies
are confiwoediomss4gs, binding to isolated and/ or reconbi ramtuspeioeisej. The
anti bodies are then | abeled with a fluorescent noiety. FACS sorting and/or
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specific nucleic acids) previously identified. [00189] Target cells are
separ at espdcitcellnlihdds shehiuefapowiatkegge prappred biyrrgmanes¢tinldy evagleble techingques ol at ed
cells are, then.exposed .a librar andi dat e t herapeutj.c ents,(e.g.,
ant1 boar 8¢ MRS BB medi Bat u f PisuPboG LR P ATERE e AEMBa 1.2
col | ect eghdditreadtabivid@brbtein) JERECaRdHRS aieOthed RibRH MG thaiMdescesd thoiiyabi | i ty.
Successful candi date therapeutic agents can be those which target the cells
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to expression patterns fromnon- ease state ce posure of a % arget
cell to Examplh tiatendlhsis aptheraperdigegensan result in alteration of nucleic
acid expressjion pattern(s) whjich nore clqgsely resenble the pattern(s) of
nor mal ([90é§5,31_ Ho %Soqxgglggfeﬁéf:%@)?fe@fr@%%w Baticuds eenief BpeIce- dgEst s” whi ch
show pr 08311%%9%?., c8ioh lcht@r Hemhe D1 bRELREr &8k | ifRFcRihRE areXReR& ad0 nor mal

cells to de mne their potential use as a therapeutic agent (e.g., if the
candi dat enagredtat ficlsirgld eallgetel e lésribedlabvoye ndhrgeetdlls ard tepeareddeorexdiopded as

i bl f ul t). CLAL I | IMED | S, 1. A t hod of
dones 1y PG TR PEABRRTLY BREOE A ot AR s S B Bttt
sanpl e, GRETId HkiB8dies AN H6rRAEAt1AHPR} BYtak Qlic¥l] dptabficClcSc hdign sai d t unor

into discrete |locations; performng transcriptonme analysis on a plurality
of genespeiioubly ifdendifigildual |y partitioned cells in the discrete |ocations;

ond P2 B4Rt L AN RO LR RE S0l
not enri gBREEdUllS hretthers&ipdsdibdotal IiHr@fyioi@andidate therapeutic agents (e.g., antibodies,
toxin-conjugated antibodies, small molecules). Cells are then collected and analyzed for
gene expression patterns and/or cell viability. Successful candidate therapeutic agents can
be those which target the cells for death. Alternately, candidate therapeutic agents can alter
expression of genes known to be mis-regulated (e.g., up- or down-regulated) compared to
expression patterns from non-disease state cells. Exposure of a target cell to a candidate
therapeutic agent can result in alteration of nucleic acid expression pattern(s) which more
closely resemble the pattern(s) of normal (i.e., non-disease-state) cells. Candidate
therapeutic agents which show promise in killing or altering target cells are then exposed to

normal cells to determine their potential use as a therapeutic agent (e.g., if the candidate

agent kills target cells and normal cells, it can be excluded as a possibly useful agent).
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3. The method of claim1l1l, wherein said transcriptone analysis is perforned
on at least 1000 individual cells sinmultaneously. 4. The nethod of claiml1,
wher ei n swiodotves®sri pt one anal ysis is performed using ROTIUS2@0ALiSAS
analysis. 5. The nmethod of claim1, wherein said discrete | ocations are on
a planar substrate. 6. The nethod of CtlAdM$ 1, wherein said random
partitionin erformed in a mcrofluidic system 7. The nethod of claim
1, vvhereWHgg CE) |§t one anal ysis conprises anal yzi ng expressed RNA,

non- expr essed ARNGy, 0@ bf ﬁ@ﬁ%x% dlﬁfgr%nf@l%guﬁtloﬁé Al rﬂe%ero%%&%‘ Dligdlor

transcri ptone analysis iIs e transcri ptone an ysis? 9. The nethod of

cl ai m 1, sasygde giomps@ing: t r anscri pt ome anal ysi s conpri ses arrpl i fying RNA using
a single set of priner pairs e hod of claim rein said
primer pairs ar deBtly R 18@“%?‘?%&935 quEh agkRiey inde 8’(?93? P52 9Rfrer ei n
said transcrip @HErnﬁH@'trﬁﬁé tomdPafafylsBech Sih Ak @{T’g%a@%f}’th@'incﬁﬂbﬁlﬁml ally in
real time on all a subsep of said individual | s. 12. The net hod of

claim1, P%melﬁeqdmeﬁauldtheldescmte lpgateonsedrid popul at i ons are normal stem cells,
nor mal progenitor. cel i nfl to cancer

Lol Progen ppliatfiay PusBRh B LK Beffty ot ph Aok TR IR SiFon i §E "o

anal yzi ng a.hghehRegRa’ ¢kihUMheRirDRsYindHaidad c8tlire 6t encioRa pridri@said andom y
partitioni ng@nel | s fromthe biopsy into discrete |ocations; performng
transcri pUYHeUIAGal ysis on at | east 50 genes of the indivi dual | y partitioned

cells; and éJs'rggmefllﬁﬁ%‘%r {aﬁ%ﬁ”‘%&%ﬁ aﬁ&’%%%‘%ﬁohﬁé aﬂgﬁﬁgqﬁo%n(ég%haqe%t' stic

of sald t urior alm erein ormng s

done wi t hOQQ indiviidral ed”]l’slsﬁhlmlfﬂmbowsﬂya cell type. 15. The nmethod of claim 13
wherein the characteristjic is the p ence, absence,. or rrber of cancer
cel ls. 16. hansaerod Belands i qrgin LT PR RAP TP TEd Pang e
presencenuégggglgednglgmgunber of stemcells, early progenitor cells, initial
differentiated progénitor cells, late di fferentiated progeni tor cel | s, or
mat ur e cel I5. Thd mefivd afetaiod, wlhemhasamd diS¢retgHecations deenchydame selrsitmtel ¢ i S
effectlvene erapeutic.a ent%ﬁ{aﬁgl i mnating .one _or mor e of the

cel I's. n 3R R SRR dr T v B RingiS PaET  IeAR g
char act efm&{)ﬂﬁld}(psyglﬂeﬁgnose sai d

7. The method of claim 1, wherein said transcriptome analysis comprises analyzing
expressed RNA, non-expressed RNA, or both.

8. The method of claim 1, wherein said transcriptome analysis is whole transcriptome
analysis.

9. The method of claim 1, wherein said transcriptome analysis comprises amplifying
RNA using a single set of primer pairs.

10. The method of claim 9, wherein said primer pairs are not nested primers.

11. The method of claim 1, wherein said transcriptome analysis is performed
simultaneously or substantially in real time on all or a subset of said individual cells.

12. The method of claim 1, wherein said one or more cell populations are normal stem
cells, normal progenitor cells, normal mature cells, inflammatory cells, cancer cells, cancer
stem cells or non-tumorigenic stem cells.

13. A method of analyzing a heterogeneous tumor biopsy from a subject, comprising:
randomly partitioning cells from the biopsy into discrete locations;
performing transcriptome analysis on at least 50 genes of the individually

partitioned cells; and

using transcriptome data to identify one or more characteristic of said tumor.
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subject with cancer or a cancer stage. 19. The nethod of claim 13, wherein
the characteristic is activity of a signaling pathway. 20. The nethod of

cl ai m 19,weotrerogissmogai d si gnal i ng pathway is specific toraTasa@e02seeEm cel |,
a differentiated cancer cell, a mature cancer cell, or conbination thereof.
21. A net hod. Ghe heididfylaig 18, sheeal the gefaintingytep is ddnz edthoyt priehi Sease- st at e
cell, conprising: randomy partitioning cells froma heterogeneous sanpl e;
per f or mi ﬁ‘l}j“"thfl%gew ploi¥Be-anal ysis on said partitioned cells; using

transcript Olrﬁ?arﬁé‘ﬁle&ﬁ;id%ftc&iﬁlq@%h%%inathe k?ﬁ%&e%tigihg 2 et MLn&ELL ;

conmparing said transcriptonme analysis of sal t one di sease-state
cell to twabhsoficptameeltf: a) a non-di sease state cell; b) a different

di sease-state. cell: an di sease:-state stem.cell; and identifying a

ol gnat i ng. ot hegeiedtt el SRR PR e B GeatnRieat G ¢ (115 the
di sease- ghab& ctisRM &8ls! carBNFoddnitb) cAR! inARA Hifféréﬂﬁiaﬁeﬁ%r@%énft@f &, late

di sease-state cell, but not inh a non-di sease-state celT, thereby

i dent i f yiitgrentisiedmadgengopestlnverynatuicldeled by a di sease-state cell. 22. The
met hod of cl-aiyn 21 rein . said disease state i.s cancer, ulcerative

ol 1415 or Tl ARy Bifter e EldBe R G B Eese PLEHBY e o o
sai d si ghgnk gelPaintveYoreSormesibiof @ ceng. survival of said disease state cell.
24. A nmethod for diagnosing a subject with a condition conprising, randomy

partitioni ng- §&¢ msthodichindBefislenesnrisitgying 9éd ehoraniaiigtia tq dingpose said
transcri B#b é@wﬁ‘{ﬁaéa}{fé'r%r%%@cﬁ Et]a%é oned cells; using transcriptonme anal ysis
[ at -

to ident east one di sease-state cell by conparing said first
t ranscri pt orfe Taa aleytoidf kladim 1Sawterain the asdraaaéstidiis sasey sif atsinakhgd pdtoway.

second transcrj ptonme anal ysi.s froma non-di sease state cell, thereby
di agnosi ng Thépresiedad CB‘ﬂmalés_%(H%rémogF‘ldaSl%‘&ﬁlfégﬁ’?@r‘?’aéié%ﬁ’@f“éféa \FARYET $&Md
di sease sliph€ig&khtididl SRk SHPA Babure Cahce 41, BRENInRfonGhaksr 24, Wherein

said disease state Is breast cancer, colon cancer, ulcerative colitis or
i nf | ammat or3i. Bowethod bEelastEyi26 sigimdingphthocdy ofilict¢dbym Qikcasetierecall, sai d
transcri ptone _analysis conprises anal yzi ng expressed RNA, non-expressed
RNA, or both. C%Pngf’% met hod of claim21, wherein said transcriptone

anal ysi s is whelRlohllRP&€ikibRie¥Blls from a heterogeneous sample;
performing transcriptome analysis on said partitioned cells;
using transcriptome analysis to identify at least one disease-state cell;
comparing said transcriptome analysis of said at least one disease-state cell to
transcriptome of:
a) a non-disease state cell;
b) a different disease-state cell; and
¢) a disease-state stem cell; and
identifying a signaling pathway that is expressed in (i) the disease-state cell, (i) the
disease-state stem cell, and (iii) optionally in the different disease-state cell, but not in a
non-disease-state cell, thereby identifying a signaling pathway utilized by a disease-state
cell.
22. The method of claim 21, wherein said disease state is cancer, ulcerative colitis or
inflammatory bowel disease.
23. The method of claim 21, wherein said signaling pathway is required for survival of
said disease state cell.
24. A method for diagnosing a subject with a condition comprising,

randomly partitioning cells from a heterogeneous sample;
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anal ysis. 28. The nethod of claim 21, wherein said disease state cell is a
breast cancer stemcell. 29. A nethod for screening for a therapeutic agent
conpri si YO 20884989 a first subject with di sease-st at ePCEIUSIOWO2132E Or
nore test agents; obtaining a heterogeneous tunor biopsy fromthe subject
froma regi onpafornih@s éisdt traperipanms aglysisonsgaitigdineteeldnal ysi s on at | east
one individual cell from said_heterogeneous tunor, biopsy, wherein said

bi opsy conpr i 4888 JABSEIPLGTBT %naér%%@slée@tfa@éleé& qug: dlséﬁ%? %‘iﬁ?ﬁp O g OBRRENE

transcri E’atl@ﬁ?slﬁ%ﬂ-%]c}‘@ do?né é}lagysisrf?&ﬁ%&lil% RA% o%‘ézdi*lsl\é sfte[tQEélF{otah&E nd1) a second

subject w't I sease-state cells; Irst sulect prior to
sai d exposniwgpwiremnabng fioe ahoh-yisegseamtagah therdtat diadnosing the prasmce pt one  of
cells fromthe(bftest area to.be nore .like those of. th S cond subject or the

first subfEBte Prd GRAtenainsEidenitainid ASGRCREEE B BStErHPiFng the potenti al

ef fecti venessTaE nRtHdaer RREHDUCWASRH saROALAISE statedt BRAGRan&PRIdrSdanser,
separating a first population of di sease- state cells into individual

| ocat i onglcenatiee ewlnlssmmﬂammmrdeeud@@@ae; ons conprise an | ndl vi dual cell;

determnin SSi of at, | east rotein
from at | o 1Bs EeBoRdT chimad) §herdln Ay fip fE aBFF stbiie] GhyAhg

di sease- Silﬁéﬁe@RNAe%hQﬁpﬁﬂs@ﬂéRNlAeortﬁ)ﬂpOSI ng a second popul ati on of di sease
state cells to an agent; separating said second popul ati on of disease-

state cel | 27 hhomethwdaf glasm 2l owheietiaid Ganseaptams analysin i whele 4rnicsgmiions
conpri se Ea” Jindi vidual cell; determning the expression |evel of at |east
one nucl &l'cacid or prot ei n fromat |east one of said individual cells from
sai d second@8p@pelhetiodruf chuivel @0 nwaemﬁgaﬁhdﬁdeaee( paessll ona bewelcafice Blegadedl.

i ndi vi dual cel | from sai d sec? opulation to sajd di sease-state

expr essi on S Griactipe forsHEFRIBY fefet OFIRPFHUSFSENS BTN B veness of sai d agent

agai nst said d'eiﬁ@sﬁ% a kst s&h&t TR a QL 5L 1M t%QmeW@%{o?é ﬂastségeﬂtseXpos' ng

step is perforne Vi vo. The nethod of claim3 in said first
popul ati on and obanrdngehcmd)gpnqwb almmblapw fr(smﬂwtwtijef:trﬁwma rsgibp e€inter83; The
nmet hod of claim re| n said s net hod of

B A A RN R N A RIS

i nfl amat or yhQ¥einedi S@A®R biopay, The method of claim 30, wherein said

nucleic acid or Said proteinis a cancer stem
wherein said biopsy comprises one or more disease state cells; and

comparing said transcriptome analysis to a transcriptome derived from either:
(1) a second subject without the disease-state cells; or
(i1) the first subject prior to said exposing step; and
identifying an agent that affect transcriptome of cells from the test area to be more
like those of the second subject or the first subject prior to exposure.
30. A method of determining the potential effectiveness of a therapeutic agent against a
disease, comprising:
separating a first population of disease-state cells into individual locations, wherein
said individual locations comprise an individual cell;
determining the expression level of at least one nucleic acid or protein from at least
one of said individual cells, thereby producing a disease-state expression signature;
exposing a second population of disease state cells to an agent;
separating said second population of disease-state cells into individual locations,
wherein said individual locations comprise an individual cell;
determining the expression level of at least one nucleic acid or protein from at least

one of said individual cells from said second population; and
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cell marker. 36. The nmethod of claim 30, wherein said expression level is
MRNA expression |level. 37. The nethod of claim33, wherein determning said
NMRNA exprwenovisbe8el conprises detection of expressi onPoi/usacik/oofs2s
expression of 10 or nmore nucleic acids. 38. The nethod of claim 30, wherein
sai d expressi orolm@wienhg $asd @pe¢Rion levd fieasdaddindbndlal cABfrorhhaideetdeld of claim
30, wherein said separating steps conprise exposjng said popul ati on of

cel I's to an BRRYASSAYO tHA AISERESHFT SHITFYy108; Shaetue.dRIERY detppaivsthon said

i ndi vi dual C&hkﬁvaﬁ@smﬁmﬁﬁgﬂﬂgqﬁhmgﬁﬁﬁﬁﬁh%kﬂg | i kel i hood of a response by a
ent

subject to a therapeutic a ,_ conprising: separating a popul ati on of
cells from3&. $hbmedtodiafictimi@i whekaal saldegosiog stepwhearfsirmed i divondi vi dua

ocats one, TRFLRE.R ALY Bhesl PR, SRSISLR 1 L 28 IPe SRy

of at |east opglapdict&h sabjest. or protein fromat |east one of said

di sease-state individual cells, wherein said nucleic acid or protein is a
target of a3t Hbe agthediod chgudl; wherdindetdesubjast ivg Hunkeel | hood of a response by
a subj ect S on .t he .expressi on | evel .of said at l|least one .nucleic acid
or “protei n. aine FRatoEy EEnoP” kel el o Bieind eaTSRB0H | vel s
MRNA expr essi giflahfvAbry tbdiel dR€aseet hod of claim 41, wherein determning said
MRNA expression | evel conprises detection of expression or |ack of

expr essi on Bf Thomsthogf glaym Slehergin @id nuekeic a¢d ofEaith BEPIYR i gANGEUECMwher ef n
sai d expressign, leyel is protein expression |evel.44. The nethod of claim
42, wherein said separating step conprises exposing said popul ati on of

cell s to arBGaihe hechodidiatairaB3ecivhererl dajd dxpndsioa IgprebisahRNpr &peditiontevedi d

i ndi vi dual c¢ells. 45. The-nethggeof | ai m 40, wherein said therapeutic

agent is ar ‘ahbs metivdet Cﬁ'ﬁf@ﬁ?’é rein determining said mRNA expression level
comprises detection of expression or lack of expression of 10 or more nucleic acids.

38. The method of claim 30, wherein said expression level is protein expression level.
39. The method of claim 30, wherein said separating steps comprise exposing said
population of cells to an antibody that specifically binds a protein present on said
individual cells.
40. A method of determining likelihood of a response by a subject to a therapeutic agent,
comprising:
separating a population of cells from a subject into individual locations, wherein
said individual locations comprise an individual cell and wherein at least one of said
individual cells is a disease-state cell;
determining the expression level of at least one nucleic acid or protein from at least
one of said disease-state individual cells, wherein said nucleic acid or protein is a target
of a therapeutic agent; and
determining likelihood of a response by a subject based on the expression level of
said at least one nucleic acid or protein.
41. The method of claim 40, wherein said expression level is mRNA expression level.
42. The method of claim 41, wherein determining said mRNA expression level
comprises detection of expression or lack of expression of 10 or more nucleic acids.

43. The method of claim 42, wherein said expression level is protein expression level.
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44. The method of claim 42, wherein said separating step comprises exposing said
population of cells to an antibody that specifically binds a protein present on said
individual cells.

45. The method of claim 40, wherein said therapeutic agent is an anti-cancer agent.
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