WO 2009/097136PCT/US20091000593 METHODS AND COMPOSITIONS RELATING TO
CARCINOMA STEgl}}/I CELLS GOVERNMENT RIGHTS [0001]This invention was made with
Government swgpzor?/ﬁsﬁéseﬁr contract CA104987 awarded by the NIH Natf§ra B Pistitute. The

Government has stRioBgAHTOIRFHORRNINS RAGKRBIUNRAINGME SYERNERA [0002]Breast

cancer is the most common malignancy in US women. Although therapies currently available can
produce shrinkage in metastases, these effects are transient and the vast majority of people with stage
4 breast cancer succumb to it. Traditional FASHFEMFRE'SHYS including radiation therapy, chemotherapy
and horriiénd] thetapy inanddneermdlsefulebwtihredovitechdnyt thapporergeiite mitreatniantaosistant

cancer cellguNeuaRPirafiaSNaiRASasakdP AsiRrt antderlBrRRshCARCREAIANR KR |any other

types of solid tupwors, the major cause of mortality is the spreading of the cancer from the site of origin
. Invenuon. . .. . . . .

to distant organs and tissues. This is a result of invasion of cancer cells from the initial tumor into the

surrounding breast tissue as well as tissue lymphatic and blood vasculature. The invading cancer cells

then form new tumors that eventually BapairtheviLorctigniofesritiaal organs to which the cancer has

spread s e dyatoliad R RPIRANLHABNAINGRIES 1ha e INRRBIANineillig e major

cause o from breast cancer is from dissemination of the cancer to other organs, one must

ortalit ( : :
either prev&Hfrﬁ‘i‘gys?)‘@?B B P RATREIERSBINRAR R RTREAM SRR SHESHIBFdRATRS A Rfval,
[00041A tuisst Baieiie sfieepsls admpiagsctRinedrepnganiigenbyodttdmadiigesiinedgceiteethat acquired
the capacitindaringlesinitoprpkiariiensntmgbra i ok famHEMIS)) haive thiss igvsfof Butlgnor as an
abnormal ofeiag, ey R aariaahaleasad Ry caR PRADBISRIHSISL HodRksignd how

tumors dev%lﬁ and disseminate. Many observations suggest that analogies between normal stem
cells and tUfRGHRHEN RN SR GSRpriate. Both normal stem cells and tumorigenic cells have
extensivid(®dliferbtieasoreritial bindsthbsalidlitymorgitie maictocaese tiomantalityriatrosprediingsiies.
TumorigenigEelfceandae tosigéiafram cannasierune iniGSkthahundarae aroabessdt and poorly
requiated PERRESSAIOMAANWERE ARARIRS R CIRAKNG! SHEM: GRIBE 4 BGL Mg, and normel

tissues are composed of heterogeneous combinations of cells, with ditfferent phenotypic characteristics

and differe MIFaT& 8RR P R8TeRI G0 5 11y AVad0R FATSRE LEE thyReBidoBu e h HATETS: BAty a small

subset of cargrévaily|gpair the function of critical organs to which the cancer has spread such as the
liver, lung, or brain and eventually cause the death of the patient. Since the major cause of
mortality from breast cancer is from dissemination of the cancer to other organs, one must
“either prevent the spread of tumor cells or eradicate distant tumors in order to improve
survival. )

[G004] A tumor can be viewed as an aberrant organ initiated by a tumorigenic cancer cell that
acquired the capacity for indefinite proliferation through accumulated mutations. In this view
of a tumor as an abnormal organ, the principles of normal stem cell biology can be applied to
better understand how tumors develop and disseminate. Many observations suggest that
analogies between normal stem cells and tumorigenic ceils are appropriate. Both normal
stem cells and tumorigenic cells have extensive proliferative potential and the ability to give |
rise to new (normal or abnormal) tissues. Tumorigenic celis can be thought of as cancer stem
cells (CSC) that undergo an aberrant and poorly regulated process of organogenesis
analogous to what normal stem cells do. Both tumors and normal tissues are composed of
heterogeneous combinations of cells, with different phenotypic characteristics and different
proliferative potentials.

[0605] It was found in acute myeloid leukaemia that only a small subset of cancer cells is
responsible for the fumor-initiating potentiaf and maintains the abiiity fo self-renew. Because

the differences in clonogenicity among the leukemia cells mirrored the differences in
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responsible for the tumor-initiating potential and maintains the ability to self- renew Because the
differences in cIonogéenrcrt among the leukemia cells mirrored the differences in

2009/097136PCTATES058/000593 clonogenicity among normal hematop% é‘%ﬁc"‘é’é’ﬁ’g‘}%e clonogenic
leukemic celmyeHBiesaribay %rlﬁb&kmﬁi@m&ﬁl&uﬁ hag algshbgatcsiwenier setil eapreers that

the cels arg agnanicaletaisengoup AR Al shal BiRPRLian ohgels g uorioenic

and can self-renew In vivo. Just as in t e con ext emic stem cells, these observations led to the

hypothesis RREIEAFH SLER8ERERE R AE DAY R it REPRITRE S Rﬁﬂ@@ﬁ%‘?f&?ﬁi& M
non-tumorigemisipopelatiorgoof st asticdrcemtetiotankalss bersotisethézesebematnns eldeession of

cell surfacanpaketised MABK ¢ AFRTMINASH GRICSLisPMBFRaltarbRopulafion of cells had the

ability t B new tumors Breast cancer tumors fro many b trenscontarn Eﬁsubﬁ)o ulag n of
E ﬁu{l: um enrc and _non-turnort alc Ecg) ujations © reﬁ%s ?H ells
cancer hat can m tumors In immurfodefi mice whi e other cancer ceI cannot. As few

as 100 tumEPIgiEAiEassA QY RN SARECEHID ©f ASHTUTRABIBANRER if)<ERY AT hAhRIABSHERE  mice and
the resultamhtymersitsutaupetitbe ghetiotymicalyabiiterodeneoes popuiativessotduoeotigenic and

nontumorigenie ﬁaﬂgerae%ef%rrré;m W%@@&Uyﬂta%&{ '%ﬂ@aHHQOEeEQOWJF%&h%@N'Q&HSQ fgr the
existence of CSC s eeurrng in so s has bee found cf tEentral DR SYSE%Q rlI}:IeS)

? | fa eri;I Is cann S fe
maIrgnancres Sing culture tec nrques srmla 0 thoSe used to culture normal néuronal stem cells it

has been stRIRFhAPIFe i &P GNP AAIREEET dHeaim R WIelalpBpUNNE PBF dARCEF RN that are
clonogenictimweits ccameinetiabe tpimoospicallyohswrnitgdhestsmemiatjore|sfinwnertgenior alel neirhave these

properties. thrmg,g Iyamg BEIRGHRIRS ,gftﬁé%gngg iRindagy fiave great applicability in the understanding
of the b

Ela cancer tu 4 ﬁ sence of can er stem cc_‘ ells hasf?irol‘jound

|mpI|ca |o or caHTRFRAPERTS K S R& 'r? SOPS g ﬂ%cr‘r‘é"ﬂyﬁré‘a‘fﬁf%r\/g‘r%fes 2R EEPLET tumor are
treated as gfotigHaNsEm svEahkRTEUpHigHarsiese Pt arltdadeshN eI BBIRGE téPPletastasize.
For many yeassideweved, iichamileganiecnigrizesh thedrssalviunabersaindissasinatigdaairser cells can

be detected afsites iSRRI RTINAINLINRLRS raparee&%%heqxar%%eﬁtmtmw flisease.
One possrbrlrt is.that most cancer cells lack the abrlrtﬁ to.form_a new tumaqr such, that on%r the

disseminatiof oWPd?e“cearrr%'g? s S I Lo a&%\‘f?cta?gga%é’ PEIERE e‘”f Dnam’ ?herapy
must be to REBFIERE MGRM 8§15 LelReegiengieal W%ﬁ%'%@@%éﬁﬁ@’@ﬁéﬁ%@ﬁ@% Efeen
developed tesgstlysagainstdie bulk population of tumor

{0008] The presence of cancer stem celis has profound implications for cancer therapy. At
present, all of the phenotypically diverse cancer cells in a tumor are treated as though they
have unlimited proliferative potentiali and can acquire the ability to metastasize. For many
years, however, it has been recognized that small numbers of disseminated cancer cells can
be detected at sites distant from primary tumors in patients that never manifest metastatic
disease. One possibility is that most cancer cells lack the ability fo form a new fumor such,
that only the dissemination of rare cancer stem cells can iead to metastatic disease. Hence,
the goal of therapy must be to identify and kil this cancer stem cell population.

H009] Existing therapies have been developed largely against the bulk population of tumor
cells, because the therapies are identified by their ability io shrink the tumor mass. However,

- because most cells within a cancer have iimited proliferative potential, an ability to shrink a
tumor mainly reflects an ability to kill these cells. Therapies that are more specifically directed
against cancer stern cells may result in more durable responses and cures of metastatic
tumors. _

{0019] MiRNAs are small noncoding regulatory RNAs that regulate the translation of mRNAs
by inhibiting ribosome function, de-capping the S'cap struclure, deadenyiating the polyA tail,

and degradation of the target mRNA, MiRNAs are able to regulate expression of hundreds of
2



cells, because the therapies are identified by their ability to shrink the tumor mass. However, because
most cells within a cancer have limited proliferative potential, an ability to shrink a tumor mainly reflects
an ability to kill these cells. Therapies that are more specifically directed against cancer stem cells may

result in morg AUraRle, [BREONSES ARY FHIESBhMGastalicMA S HOUPMIBNAS ARSIl noncoding

regulatory RNAs that regulate the translation of mMRNAS by inhibitlg ribosome function, de-capping
the 5'cap R 8ehy NG FESHERE taANdfifeegiaiaion JPie Phrgit M AMIRNAS are
able to regliRiaexprersipCaitnnslieiis efsyamiMAs simalianzeusbdand gebstieonte)sisvariety of cell
functions includin I proliferation, stem cell maintenance and differentiation..One.of the best studied
miRNAS, (B0 A oS SR A RS Ay e SR B a0 i
defects inkggvé&lopriental tIMRYA SeivsessieatipnDidenctioas iBistiticauls awajiansyieribf MIRNA
processingaiigSHRCleRIBiGaT RIdbRYSAtIANSdesHl i embiyanin elbalty sprditeplatigamolstem cells.
In addition, tissue s eC|f|fc deletion of Dicer affects se I—re(pewal of embryonic stem cells, development
of B lymp @ TR G e A D R BrABI TR RRTH o PP RO U
developnmils,D@wti_ﬁasoéDmSganmher H_eytbﬂzyri_re ﬁmﬁRﬁRN@sppdti@siﬁog,twsel@mem@il_encing of
self-renevsl gies h BERE A AL A dfsssaralian A brse {opinandemgesaipfiabmiRNAs are

critical regulators of tissue maintenancé and differentiation. Recent studies have shown that many of
the commiGi CRIGHBISBRREP AMPBIRAABISSIHY deletibirecstiatiom cdheassEritgm Irmataresting
sequencegaanifNA S areontiBl Ay limciio nhagssneogairsrantgnoidsuifiereatatigendsadeat example,

dysregulalipn; of Ine IRk A HSES 3L/ AAHERR-SolbEABRoma and downsrediahon.of let-7 is

. §3> aqT?F!;' %%“
associated with tumor progression and poor prognosis of lung cancer patients. Expression of let-7 also
prevents &RABIBEABEE ToRPRAABHORMIE Ladbed RAaYeAsESNANSEAlmOMERIBN R BRGHOMAS xenograft

tumor asm&@ﬁﬁégrﬁmﬁ_b}egmam&@@&l(e@!.gtseyt@@%@cépﬁy%%mwaﬂg rﬁfF(DWIEIQBNA; in ]
cancer ste ells. The ability to prospectively identify an enriched po tion of ste ells, enables the
oo AT (1800 e Gl P T o A B BB RelPbiars G
[0012]Cartgmos ewgosiscr erdigpusseodgnotis ekunplearRardsitendd. (2ep®shiab Réletantser 3,

895-902; Reva il al kel Abhbatiedlitn 10%khBeanst & Rick (HSE) NadMahRiy 40=n fl-Haij et al.
(2003) Proc Nail Acad Sci U S A 100, 3983-8; Dontu et al. (2004) Breast Cancer Res 6, R605-15;

Singh et AV@YINE{HE'3595%Y6-401. SUMMARY

[0011] The subject invention is related to detection and manipulation of microRNAs in
cancer stem celis. The ability to prospectively identify an enriched population of stem
cells enables the interrogation of these cells for clues to the molecular regulators of key
stem cell functions. '

[06012] Cancer stem cells are discussed in, for example, Pardal et al. (2003) Nat Rev
Cancer 3, 895-002; Reya et al. (2001) Nature 414, 105-11; Bonnet & Dick (1997} Nat
Med 3, 730-7; Al-Hajj et al. (2003} Proc Natll Acad Sci U S A 100, 3983-8; Dontu et al.
(2004) Breast Cancer Res 6, R605-15; Singh et al. (2004) Nature 432, 396-401.



[0013]MicroRNA markers of breast cancer stem cells (BCSC) are provided herein. The markers are
polynucleotides that are differentially expressed in BCSC as compared to normal counterpart cells and
as compared to non-tumorigenic cells found in breast cancer. Uses of the markers include use as
targets for therapeutic intervention; as targets £0f, griig,development, and for diagnostic or prognostic
methaods relating to breast cancer and BCSC cell populations. [0013a]in one aspect, there is provided
a meth9d 3br ideMiFARNEamasiefeph Lars CERRERSHIGSHIRERNG @) sarrpIevidrd Reagientshfiat quantify
expressiomienels afcspeiiccotRibAS canps sifgaitall 4xprEsbA7in BB 2s3pompR-dd 83,

miR-199a*; MiR-409-3p; MiR-125b: MiR-146b: MmiR-199b: miR-222: miR-299-5p: MiR-132: miR-221;
miR-31; %}?@fﬂﬁzﬁ%ﬁ%@ i -1%’6@%?%??&3%%- B SRR %isz;f?hpfﬁﬂ%’z{?ﬁ%hlze*;
miR-223; PATREI30b'SAHFRf §Bh MATeS2 NCHIAR-4139; 28iFE0EEH faniDargge iR 96T YAIRICPO G,
MiR-200caifs 1 d iRt o P2 Qi RPiRiRsR08: MYbgreiticanars SlarISRls S pEgss altered
levels of the miRN@s%rc%aétive ﬁo norllé_umorigenic cells. [0014] In some embodiments of the disclosure,
methods 5?@%%9 ed for rcéeé f?lod)ﬁ Y&Bcancer, the method comprising providing microRNA acitivity,
e.g. tliﬁ@dgh]intrcbnlmﬂi%_rﬁ@mtebkwesi;iowqéd&ﬁ er die@m@rﬁwiéﬂmﬁfﬂim@cmbm_Ri@CSéﬂs_MicroRNAs
of interestfon Rregulalipn-arg S ﬂa%m&@&@mm%ﬁ%%%@é& RN e pithout

limitation, microRNAs in the 200¢-141 cluster (miR200¢, miR141); in the 200b-200a-429 cluster
(MiR200bT A EATRRRAS ST Ritd 1n TR -185. SURTAS %A Y RnifiPes 2 Rt 8, ik 48Y:3p015] In
other embighnmasits, mgthads,ofiRaibey:;breidsreancaiRape P By idaiRvbererfifcLoRNABXPTeSSIon is

downreg d..MicroR| igterest far dewn-regulation inclyde, withous limitation, miR214,
miR-127%r§F§%3¥-gﬁﬁu -13’5.@ ﬁwéﬁzf{%gt%wm{ﬂ?i%%’m%gé%; %ﬁ%ﬁ’-ﬂgﬁggf&m* Some
embodiméRE oMifeldB RS Mrethifdi%Ry PRkt MIRiAASifoERd A3 dnifcAB3taniRP6f cancer,
whefreI ?reamrmb_ ,&Eﬁg@b@&,sﬁﬁrfalﬂeﬂrﬂdiﬂﬂﬂvezf?fr_ﬂiRlQU@él,fg%F@Z%ﬁ‘iﬁ—@@w,emﬁﬁ?@t}éﬁﬁee?té}ging is
useful for grognosis and treatment. In somg em ents .of the disclosure, a tumor sample is
analyzed #}?ﬁg?ogheexr%g?ﬁ/,%&%ﬁ?dl \@e%?nénp&?o'wg@ggéa@[ﬁt{%récfotHWﬁfgﬁ%{ﬁ&?,"%nd the like, for the
preselffd 4if suclincetivhavihgdiberdasbthexjselosiowr oftieodiRNAT ddisietifiied iheatiy. Biaespresence of
such cellsipdicates DR RERSEAREREBGRGRIAGhRISRRANSARAILOD Bl BGRGRicdRmains in the

primary tumor, as well as cells in lymph node or distant metastases. ldentifying BCSCs by phenotype
unique to FASHPPESHRRYSrinbRE Shedimadtin ofanicaRiAtBF Beralfise &, BieEFibodiment of
the disclokureratsnijatavides atmeanssediprediatitgwisegskaiptbpr E&GRI, selhpseudnddesetopment of
drug resisfghea,, [0017]in another embodiment of the disclosure, the miRNAs or their targets may be
used, for example, in a method of screening for a compound that incredse b the expression of such
MIiRNAs or to decrease the expression of their protein targets in cancer stem cells. This involves
combining the compound with a cell population expression with a low expression of the miRNAs, and
then determining any modulatory effect resulting from the compound. This may include examination of
the cells for activity or detection of certain protein targets, viability, toxicity, metabolic change, or an
effect on cell function. Methods are also provided for administration of therapeutic agents that target
cancer stem cells that are related to the functions of miRNA disclosed herein. BRIEF DESCRIPTION
OF THE DRAWINGS
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[0018]Figure 1. Profile of Human Breast Cancer Stem Cell miRNA Expression (A) Breast cancer
MIRNA screen. The details of the screen used to identify the 37 miRNAs differentially expressed by
the CD44+CD24 110w lineage- tumorigenic cancer cells (TG cells) and the remaining lineage-
non-tumori Ancer,ce ce Is) ar schy matlcall (B ression profile of 37
mMiRNAs nﬁ rl gnf& @%ﬂ RS %’H%%Q ﬁ%e’ﬂ ['\‘ﬁa)% e%ofb'a égétt‘é’“ﬁ? cells and
NTG cells(‘ﬁ‘tﬁﬁﬁﬁﬂfﬁgﬁ%éﬁﬁ%cé%ﬁhi%%ﬁ 19" fﬂ‘f@%@ﬁomﬁ%@ RN A3éxpression
(Ct vd¥@3Sh 100iscrteer ceinbediouidsyasctidyzel ttaatngltipkact|gantitatare reaividee RERe Numbers
representitheaiffékeageredRinvidugswpres)pintainetitaRNAS osflmandsNTde aelim-(6ufusehematic

representaiipiief e BueRMERHI IR 2O0AIRITABERRTAI SRO0ARAG533 netuistessslowiregulated in
tumorlgemgwwqg@gs‘;ﬂ% T, %Ils The mMiRNAs sharing the same seed sequence (from2to 7

base are arked b t e sam ( IRNA e ionin Ter Icarcmoma cells
as co pa d torP RUman breas c%%%tsaroce %ZI |ﬁlfe?1s"ff/ﬂ£'f) ﬁ? RN @?é 8§§ cfé'ﬁrbells of
Tera-2 cefl§ WB@%W@@E&%@%@W@&@%HWW%@ EEW@%@F%WB&%%@C%@@?W@ and NTG
cells (BC RESESE By Rfitipleheqabivitatiiedieal idrieahe For Thegnesialaes disatinedtfionseme 11 sets of
breast carodrctinent NTBectiislvsere, averagedaNpimbeasaspeesey hibie difienetgeicdi@ivglues (aCt)
obtained framufiens aallsisiymansaressienneon T thaseomearsdite Niserrlses [QQIOLAigure 2.
Profile of w@s&w%g}@ésﬁh%@méﬂm NRrabansbMalioRAntM, %@?ﬁ@%%ﬂ?&n Cells (A)
Dlstrlbutlo 4Rj ﬁ?’?)l (R4 Oa7p ouse me rgn(’ha% Fnu?oaanP% eir expression of
CD24 an E{ 0 Ulation enrlcﬁﬁed or mammary STem call CE?—'B? %P&genltors
that do nd'f'r 5&(&% rtHg?ﬁ Q?y‘”bffgl‘?é iFRURA 89 @(B?@?sﬂfrpﬁ?ﬁ RREARSIASERR USSR BHMEpared to
MaCFCs.BfnelexprddigsatypeneniamNabemviiondriAdaaretapssifigearesiuhrmdsruestioanter cells
was analyizethen Rtustaern im=ofodisetdHsydianpsyte mistrp fogiten@rmabnzoofseredatimgary fat
pads. Theilleyedoprofrddbiaxpetasiendnd O MipWeand Magesmmsemeasured by quantitative
real-tigpg1PLR. Th%ﬁﬂﬂl&?@rﬁ\tﬁﬁ:ﬁ@%qw'gﬁc@&&i%”QH@%WW?@&%% SdehyP@drom

mdependenﬂg |&Qlate)gig ulaj;lons“QLMB.Us,an‘ MaCF bers rep resent. nheﬁqlljfnerence of Ct
values obtaingd ft rom Us and.| "'&E% Jooz“b l‘f“"I R’ 2(5‘(')c””|1 rgets SOX?2 K)Fﬁ%é%hematlc
representatiol Sﬁﬂe RSBl s&gdenc ‘?Nﬁﬁﬂ‘iefﬁ%%“ E’fﬁﬁ It BaRy Eleotides

(correspoffiiRg S iEatISEHRIe 6T5ﬁd IBVORIRCO OB Sy Sy ERMPRIBEE Vi tiFe SRl TIRRAIEIX2. The
numbers Pi@iEaRiahevibgitiow ekmmesaipciabtitesriiktihtsrefodches ditbnyprirsegue noesi(®dvy 003106).
(B) Activitgfiebtheshitiigrase ¢enediniechtd MesthblRnofl8O%anTihetp6 bitficathiiikiferanayeporter
plasmids yidetbeishldtypaam muteﬁeeb%é@ﬁzaa@mywpfrﬁ@%%m%%@@%@Weﬁﬁ@efsé%cted into
HEK293TecpioRine) ireiAdaenil bl eiRamePRi e A RGImBNe B oL LpcliRaae el illes were
measureq after 4% hc!),usrts nglmﬁapa% trrgE % %Jlt?nfr?m tpengeo tt@;ﬁb ey control vector
was set as ﬁ? %2; Cﬁ1 gn}a are mean and separa etran ﬂ’gi'r?s gl @ 'sox2 protein
expression by embryonal carcinoma cells. Tera-2 embryonal carcinoma cells infected by the indicated
mMiRNA expressing lentivirus wer&BEKtSS By oWy TomBRIVEINGTays after infection. Lysates from
30,00006&08led Téige@ecdllsHrtleted Witinarc @ttt ebaivars Sea |EwivimiReApEEgssigithe (Adicated
mMiRNA waredeaciettén earNAg au BRX3-xi es3iRNsvasansbaes iBynifesterablairgdExpression
of 13- aCt'BlMéﬁ‘éHﬁ%ﬁ? @ﬁﬁé@feeg%y(%Démw@b@W%@Q%%%%a&r@t%&meﬂ@OHE G cancer
cells isolaiggl a4 ArIpaan AN Breast acel Rample. A prITRY LeasLcgncet sample
was dissociat 3% 4+ A50W linea enic cancer cells an8 R remamln
non-tumori ’Ia'i?] B G ESRonsRIRE 8?)??@ STIEW RS NWren %a%ncer
2009/097% @PB‘FYU 97()%5@3’%?&&96%%6@&%%#@% ﬁaemme‘a‘thqm SRPSOX2
expressiotRiees sanipiasd(BE WiesBEi biofthey 2FrprdssioniBNG-axtiressas Usdvakie) Gontad].
[00211Figure=d. cGrawthcBippressioniafddniyryaoidbEarqinamaivellehymiK 200c anhiuR-

represent the difference of Ct values (ACt) obtained from TG cells and NTG cells. (C) A

schematic representation of the three miRNA
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183. (A) Images of miRNA-expressing embryonal carcinoma cells. Tera-2 cells infected with the
indicated miRNA eﬁgressmg lentivirus were collected by flow cytometry four da‘}/s after infection.
Tera-2 cells wiR IS for 19 days and stained with Giemsa Wright st & 81%% Eottsh. (B) MiR-200c

an% miR- é&&a@&mdﬁ?@ea%I@?wr.gmmxgn?b%M%&gi%rsJ qlftﬁe %lﬁﬁuﬁf@i%ﬁg Apd Colfcted
as descri W stain WI [l antl agalns e ear oS 1(0) marker
es%% exa léeé-‘fab 0 BPO §ary SRt o%y r} i s ol gf)w'ﬁ A

Tujl follo led Secon elis wefe Counterstame AP' ©
MiR-200c ﬁ’fﬂ’?ﬁﬁ@ﬁ@fﬂﬁr&?&"ﬂ@@#ﬁ%%%ﬁﬂﬁ'?y%ﬁ%‘&?d’ PHIAAUBAS RISAN 28O0 Tisra-2 cells

expressing hednewiigrahtheateB niRkbiessene poliettedlasti@scribantin (A} anthparitdred irea 96-well
plate. _TOtahﬁﬁmﬂl&}Q@sﬁ%d’Vﬁr%@H&I@‘éﬂﬁh%M brekaiaRAdk? - Theseuidsche gy@’f% #ngyS.D. from
three Inde r‘ nt Wel EtJt(l)VOezr Fﬁ)lﬁlr%é Eak EinaT;es talnealé]ﬁ ﬁ%el%ssgps ijg nicit Of

MMTV- Wnﬁf ur| e reast ancer he incidence o ony fOrmaton b -Wnt-1
breast candé&t eaﬁw@@@m@mwg@eedawwﬁmwmm Wgveitfarenes sf (%n‘@éllﬂ%”eﬂé%re
dissociatethaintidintagd pasitbas ellmaresedapaios Usiag dapasdormeins 359100 breast cancer cells

were Infsig(l Y i J00CBISJ RO ARSI RIS, ADE SIS A B ol BT eeder aver

ina24- welM%late fter 6 da%s of incubation, the number o olonles with more tha positive

cells was cHaRBHY e é’hbw§tm§t‘80éﬂfaﬁg4§rﬁp§1[99?39??81'5? ﬁdaﬁ%%@ﬁﬂf\'@'i% 8]
Immunofluéseasiigcioitiggesxofassionies SkadethiafiboMBY dyainsoryittkeratirichéd 197 and 8/18.

The GFP pesiivargaieniesiveraatriedrnstsiained with ssimanegaihadiesagansypdekeratins
folowed by, exsr 435 SR A ARRAIR IR S0 xrgaqm%%?&e%m ST aed wih

DAPI. [00231F|%5Ar Tumor Grovvtho Embryonal Carcinoma Cells Expressing miR-200c and

miR-183 if YR Oﬂ’qéﬁé‘?&ﬁé{il%ﬂﬁfﬁmﬁﬁmﬁ@é%@% %Iﬁ“?ér%”?"@ﬁﬂn’f&%%%’?&noma
cells. Teralfagéils inptetedfogtdombyyiiaadtnlifrare droniRNmossp rewsimpte gl redsanththée @F Bf-expressing

cells were sassteghrsisiariiav oy ARG RHERLHCS TR eiar eollginisntadavih- ke pdigated

lent th
monitored 13 I e B 3@?%?8?5%%‘ et R R G T L AR

confirmed B59'758 RFRESE1. 2hMYR 208 MASHGR indiihree Wﬁ?ﬂ%@)&?@?ﬁ%"f&’a‘?“t‘?@lls Three
out of thre@%@'ﬁ%ffmﬁm&inffe'dﬂ%“?éra 2 cells developed tumors after three months. No miR-200c

or MiR{BBREXPresgingsl enr-2002!Palgan ebRAYR) Aenbhf 16 kS SUpABANE Ohifepdadependent
erpresson o b s VRS ST EHIEN B L Bl ™
[0025]Befd?& e’ éﬂﬁ%& ﬁt%r‘i"%‘ed%ﬁ%%df‘fm?h%PTﬁs"fosﬁ)é(%mJéﬁ%t’ﬁiﬁﬁpﬁﬁ%t“iﬂ@qmg}?tlon is not
limited to thésﬁkﬁﬁr@fdlw weipoiinscntbofdesiveoviioirdesrrilsedeb eV, (88 \eBiatidnaatfithefparticular
embodimettis magagenyade anckatibiabvethiRike senpe ofrihe Ropenay daimnmest isgbserto be
understood ke BITHIOBEY GIPGY G I8 Pepuness gl deseriien parkulgopggiments

and is not Intended to be limiting. t a e scope of the present invention be established by the

appended LEAMFS'SH PR EFECH tF(? Saﬂﬁ”%é‘"%ﬁeﬁﬂ%’&acf&ﬁ’ﬁ%’a?ﬁerﬁﬁ?&ﬁfa?ofoi’ﬁ{g’aﬁm"% and "the"
include pluretiferRsrepcivitietoserehmersuiestatierad itivtateShetiveransd. {e0REINM¥Here theacaje of values is

provided, itrimsradlegstgosimiconeb inseptewiig sslue, toothe. terth witshgreinileahthrdagver imit unless
the context glamly dRRIERANILaF. RS'WERD Madipast a0t oo LHBLGTINaL (Adgs, and any other

stated or i erven value in that stated range, is encompassed e Invention upper and

jower limitd GPRETE YRNGN SPTFANMER TR MRTERSEN R E@tﬁﬁ’cmw.ﬁm{s%mlﬁéwva@y&reand are also
encompasSegsiathiy flow iexiemstm ssubiueelteainjesiciflosies fednu8ei 0D isonend st daiange. Where
the stated rangedineiugesreaeanibeib af dhadiviis ciprgemexsusingrihsranbah ddbase included

limits are aégg,‘i%“lg%%g %QE g%%@s?d?\ was analyzed by Westemn blotting. Expression of B-actin
was used as a confrol. (D) Differential expression of SOX2 protein in TG and NTG cancer
cells isolated from a primary human breast cancer sample. A primary human breast cancer
sample was dissociated and CD44"CD24"" lineage tumorigenic cancer cells and the

remaining non-tumorigenic lineage. cancer cells were collected by flow cytometry. Lysates
5



[0027]Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood to one of ordinary skill in the art to which this invention belongs. Although
any methods, SQIEELERY materials similar or equivalent to those descrffediietei %8s be used in the

practice or {Rsiingne %é@vsélg%t@%Qaetemeéamﬂmdan@%&%se%%t%tﬁttaLS A5 gescribed.

[0028]All p%llcatl s mentioned herein are incorporated herein by reference for the purpose of
describing A0 diad SEIH% SRR IEATHONERASEP ATiRRRRIon that are described in the
publicati®#d ]} whidfigcorbdsremts Rightebsianseitimayome Coninvitia tBelpresenfyzdaseribedkAavention.
0029)a5 sum@uz@ag@emnmsam%my@mﬁoma@ew tagsth@ghg @fc@gs%mm.mf cancers,
aswellasr, or use racticing the su me s. The methods ma

determine ﬁ@gﬁ%&%@é‘%ﬁ treat ienf Yor a%eé'?tlgﬁi'a?q%gnb OY(DG%WIE% ous g% ?@%rprowded
for optimizifite B?agﬁr*& ﬁf’§§ ALERifitiisH, Fahdbdaruase tharpdominftismas Btiahl sinigpropriate
therapy dmtt@eatfﬁém!lm@@ai|m@mtm&mwmnmzm{§aﬁaetﬁmer@nmmmme:ardahwycelfsan

eemen s U8 s Best el U eI, T
seanents GG ESHR L0 ARSI e,
antibody. Celis were counterstamed W|th DAPL (C) MiR-200¢ and miR-183 tnhlb:ted the
growth of embryonal carcinoma cells /n vitro. 3000 Tera-2 cells expressing a control or
indicated miRNA were collected as described in (A) and cultured in a 98-well plate. Total cell
numbers were counted on day 7, 12 and 19. The result is the average and S.D. from three
independent wells.

10022] Figure 5. Effect of miR-200c and miR-183 on Clonogenicity of MMTV-Wnt-1 Murine
Breast Cancer Cells (A) The incidence of colony formation by MMTV-Wnt-1 breast cancer
cells expressing miR-200¢ and miR-183. MMTV-Wnt-1 breast cancer cells were dissociated
and lineage positive cells were depleted using flow cytometry. 15,000 breast cancer cells were
infected by the indicated miRNA-expressing lentivirus and cultured on irradiated 3T3 feeder
layer in a 24-well plate. After 6 days of incubation, the number of colonies with more than 10
GFP positive cells was counted. The resull shows the average and S.D. from four
independent wells. (B) Immunofiuorescence images of colonies stained with antibodies
against cytokeratin 14, 18, and 8/18. The GFP positive colonies were marked and stained
with primary antibodies against cytokeratms followed by Alexa-488 and Alexa-594 labeled
secondary antibodies. Cells were conterstained with DAPI,

[0023] Figure 6. Tumor Growth of Embryonal Carcinoma Cells Expressing miR-200c and
miR-183 in vivo (A) A representative tumor in @ mouse injected with Tera-2 embryonal
carcinema celis. Tera-2 cells were infected by the indicated miRNA-expressing lentivirus and
the GFP-expressing cells were coilected using flow cytometry. 50,000 GFP* Tera-2 celis
infected with the indicated lentivirus were injected subcutaneously into immunodeficient
NOD/SCID mice. Tumor growth was monitored for three months after injection. The
expression of miRNAs by the infected Tera-2 cells was confirmed by real-time PCR analysis.
(B) Tumor incidence of miRNA-expressing Tera-2 cells. Three out of three control lentivirus
infected Tera-2 cells developed tumors after three months. No miR-200¢c or miR-183
expressing Tera-2 cells formed a tumor. The result is a summary of three independent tumor
injection experiments.



[0031jThe invention finds use in the prevention, treatment, detection or research of carcinomas, e.g.
breast carcinomas. Carcinomas are cancers comprising neoplastic cells of epithelial origin. Epithelial
cells cover the"SdEHEI Kfrface of the body, line the internal cavities, anbB5H ?ﬁ"éﬂﬂ?ﬁ?fg of glandular
tissuesggzaflults FepreiROMRAS BSEi AR 835 EREUN R fdM:Af 6aRF&kCarcinomas include the a variety
of adenocarcinomas, for example in prostate, lung, etc.; adernocartical carcinoma; hepatocellular
carcinoma; renal cell carcinoma, ovarian carcinoma, carcinoma in situ, ductal carcinoma, carcinoma of
the breast, basal cell carcinomaPstiefFRGFS R AR BrREMBRRETOFRI cell carcinoma; colon
carcinopizsnasotton geakobkinavaitiow sl agidabeystictrenak Gellicassinpawmstoed eadt cRECinoma,

large cell lyng: GREciaaBRsRRalke Sd YnBHEaRF IBEIS KM S B GHICMAR FBAHOS IBUA A dp Rragtrate,

pancreas, colon, bralp éusual] s secondary metastases), lung, breast, skin, etcaJOOBZ%Certain
phenotypic A0t § %'gﬁfﬂ% EX Eﬂ?%ﬁ/&shm B4R &Eﬁbsé'ﬂ TR R 128 8RRy ShRide markers
such as C3ersEpggme s aspipche Fearsiopd bet irdainiaieop aneloyekisiasibs seppseific marker
combinatiosisdasgiphe patiqes anosresiins dntbisexempleidatbd injieinintRAa3)HRaspedive
dentifcationel LEIPIIGERIENAAS! cansRaeall, ROBNAACIARE! 1 518000968 foaoh et al.

(2004) identificatjon of human brain tumour initiating cells. Nature 1; Dalerba et al. (2007)

Phenotypi? BRI 7R o "B HIAHER 205 et talflarelr NERNES PHGY fefRIsnead@asus A 104,
10158-63; CyEexs/eary digtaes plenisrin colon cancer cell capable of initiating tumour growth in

immungsiefgient wices bladHge; it tareLlsabrd 286 i dentdigatio afa sshopRriNaHRPR Ohicellewith cancer
stem cell p{ﬁ’e‘_’?eﬂ{ﬁ%ﬂhgﬁi]ﬁ% %P%Q%‘%&ﬁezﬁl@m@sc&@ %gﬁ QPO T&%&A\J%“d%%%i%?'blén%ﬁ each of

which is herein specifically incorporate erence e teachings of cancer stem cell marker
phenotyped S HRESHANS REIJIMERE L8} (RSt FRARSH SDERSH e SHPFIISRIESRI4R RS RERSh with the
detection oBngierdRMLCRPAsHeS. JOOBGIMhdnwentivtcaiberustesn aadldovas heiinetl theseinmaifers to a
subpopulatigiyed tsangsRieeanc secrltvdthibota selkilenangtansheitierendintinsrppacdy. These
tumorngenie g3 IERRAN SIRedh LR Y MAKIRNANaR AR AR MY SRS 12lalos AL of

abnormally differentiati _rogené/ that are not tumorigenic. These cells were able to Initiate tumor

ng p NC C \
growth at asﬁéesderﬁ?%omg%'%ﬁtof PEARN H e SR Pos208RE, FsBi o REN L eBidihd'St%east a 100
fold increadwiitieditoitsinigcaisryipridediin ternyanionto the CD44 negative tumor cells. CD44 positive

stainingoatte cellmassniarmag atewsstanirliniion scansamstemseldairidomalnhinsamgimary
tumor. The-iSRRNGE ol SHERIAIABANS BiseiiinAadnens el sRleaanome Rermary and
metastatic sites, Where increased numbers of such microdomains Is indicative o tumors with a greater
capacity foP3FRHSrieReL PRESELRALSoARVIERR oPRdn R Ak IR REwRlo StheieRt {antBRRFenic.
progeny; giiesdiibeddhalsitogamlBedifferk inidted pravioe200 60T 36 REST BAR00/ 080 B_Bred
nontumorigestisof OfiRitgs and siferartiminexpiessideast one stem cell-associated gene. A

populatj f can .cells may be enriched by selecting for.cells that express the cell surface
i1 M e b e s S S P T e
possess thel HRTFIRNEBILARELYPe dhrarRIEShPUBRENFNE RESHAV SRERR 3 RiedRssriRedrin da)
self-renewatbiivdtidifée nenitiatiomrendrtsrmighti §e eubist dhogpoab diiter odthntaen srédsatiba desidilecancer
diagnosis. jhfMgigapulation has higher tumorigenic capacity when compared with other cancer cell
subset . as shown by the use of murine xenograft assays, The lineage el will usually include
reageni%(%p cifici?o?urwénr ré?FE%o gr'?(\)"ﬁ‘n{aﬁ}eIgthl}l?g((::yi evs,n i ?6%%?5 gf,egrr%%?ﬁ%haﬁ %%qsag wé ?abjfjgeq{s, etc.
10034j" MiGUIRRI S WAk REVSPISUS 8RS '8 1R HSh INREEida® theRieabes B fon B8 S IR As that are
believed tozs alepdetantive mranypnplegicalgrddessesthiougharibgudatiancef gene expression. They are

single siapfed RNABOIGEUIRS Mhalitands: Bhirnaiy i abaytrd (g.abuligR, Bhdatiekas from about
21toa ou&ﬁ24.n e.

., 22 or 23 nt. These noncodjng RNAs that can play impartant roles in
developmen?tb?%aﬂrrn %&m%crﬁn sﬂa’%easpgﬁ‘og%%gir{glc%&%g 33?1@%{?8‘”&35/\7&09%18)(? Kre i\‘Stﬁ of
productive%éﬁ@%%igﬁ ifigRsAlR PeivesnrRBER 20 g Penigeative treatrapricadhmiRnpsisabip

abundanceaoget espondilrgrinializias Ladéestbtie tpratyin Tedirgtgenes. spilkidAs Bressiotde giranded RNA
molecules that range in length from about 20 to about 25 nt, such as from about 21 to about 24 nt,
e.g., 22 or 23 nt. 100351In some embodiments, the miRNA markers are differentially expressed as a
level reduced relative to a comparable non-tumorigenic cell, and may be reduced at least 2X, at least
3X, at least 4X, at least 10X or more. 100361The present invention provides methods of using the
markers described herein in



diagnosis of cancer, classification and treatment of cancers, particularly carcinomas. The methods are
useful for characterizingq CSC, facilitating diagnosis and the severity of the (:ancerée.éy?.:i tumor grade,
tumor burden,‘%%éaf'ﬁ@ Ilﬁseﬁ) in a subject, facilitating a determination of th%cﬁ%%%%‘ 405t% subject, and
assessingdheasponsyanasizet theisshiset txitherape DA delgesiosraatdass gtdiveriavention can be
conductedagﬁwtgro or in vivo, on isolated cells, or in whole tissues or a bodily fluid, e.g., blood, lymph
node biopsy samples, and the like. 100371 As used herein, the terms "a miRNA that is differentially
expreé@%li/n a cHifcd srtiencEndsaHer dp dgn REgEeRIgS tHERAE Gitte G BIRN e Rp rERSE8EF 2 cancer
stem cell" caminused, interokasigeathoheseiacidogesenal lyarefas toapsipgusieptick thels refpresents or
‘correspongsut@aiBigINA Balisidiffeisntaly exprassed iR asanceniepGelinhen Gampared with a
cell of the saa%ne caer!%%rr)e [[;aﬁi%no tqrp‘grilgggic .9, rgclj?ul éA i%r%oryndaat Il%vt Is n% I gsr% at())out 25%, at
least abodtB0%% t0'about 759, &t fedst about 3%5% aPIeas about frg-fo?d, at16ast apout f fold, at
least aboUPmfofi, @RSt SBGIRCSAS|dNAtde 88 o OBfI- Rfl RIS PeRAE RO 50 (P 5 B5 @ Brithore,
different. MEtE20099 941t 36 RATIAS2O0S/RO05E3 H8R88¢AlIslabjertinuiRN Aenshydiedidentiied” by a

polynuclegiigi:if SarRORMAUSIRATER. GPURSRRRES LarahsrRI EaRBIRME dNtRdNAeddh asgsancddentifying
sequence” is a minimal fr%gtrjgergef?f a seguence, of CPQ%%UOU@ nucleotides th?tnuniqué%IX igentifies or

defines a ﬁ%rﬁ}rﬁ%na?éoﬁgléasequence o‘zrélrt% 85nn%blgr?\ne§ﬁf 059 j%aéc{g?rrﬂa;big?ocblgézla samB]e“'
encompad¥SSPRAPATRSSY 6RSHRIPRe BleRamElr A Pl GRyaRRAT AR celhBETSEg-iff¥iagnostic or
monitoringelSisay .catvinteray b asse sdrbtachanetothEarliguidasanayl s Gidnidlogicadtatagin, solid

tissue sampiRfAUEHRS BNQDSY-RPESSaesa5{anuaeaityem s, srlisdeines:therefrom and the

proge reof, The term encompasses samples that have been manipulated in, any way after their
P oclIAN. oL RRHEL BATNERCY TS 2L REoTa G SR 2UP SRR PR BB components.
The term eRéaApasdede MaikrEarYampicClit ABdIRchiRS EENPTh Rty CRIFE; 2ad “igdmatants, cell
lysates, sms._plmmpbk)ldgknﬂcﬂwqgam@d tissmsmm)lesd [@ﬁd&ﬂ@ﬁ@a&sm@e&ﬁ;rme in the
methods o the IV NIRLNEYaP e84 BRA JRM ANaHIR LA RISQUIRSS iRl EriathcRiRRsYsamples,
although in sorﬁe_,lnstanc,_es.S%ngles,sup as blood, bone marrow, Ixmghl cerebrosglnal fluid, synovial
fluid, and tH&IRE'MET e TUsed Such’sampies 2AIT &' sEparated By Centifugation, elutfiation, density
gradient stpHtilRtReHEls sNaturffit? sEedioh Dplerhirey 2F A8Y7 ) A RLG R AR A8¥que, etc.
prior to arnzlyssarGoiecatsanpler isabizine trocddat Beadsed digathn4roztss-63; adritaintal.in
appropriaedudiireu MRS eBn 05 RIP ElRHRSS LSRR NARIERIRSIM GRIMARR5RR MR HR-gnaintain
cells. Theﬁa)im ,I%s.may pe oﬁ(b% eFI b ANy conyenie tdorqctedur(;, sych as the drawin o{ blood,

. At rince ‘et al I‘Fb der‘/ﬁl caion o1 a suﬁp 8&.!6 10N © Cie S wﬁ% Ca{'t(j-%’ Stel'li?céﬂ
venipuncture, blopsy, or the like. Usually a sample will'’comprise at 1east about 102 cells, more usually
~ at least at5RREI(RS defiéad I Rordr ABHETOUS £816 B iiRePeRcalise NAYiAeRy thel Shmpre®fiidhe from
human patitiatsisaitiieingipenifinaly inockels atway dyncfasmce . fprabeirachioyinef, porcinefaramile, feline,
rodent, e.ehdRiGeHESHRBNSIR BB L RIMdRAK] hE RREFEENIBIRSAMEIRAPIRY BELYSEGHfor
dispersioncorg.l?%%gggégp ogéh%i?%"o%?nrpc?l% usch slgéution will generally be a balanced salt solution,
e.g. norma?ganne, rﬁ [?s BaIAnced salt sgﬁﬁloh, etc., conveniently supplemented with fetal calf
serumi¥F38ther MTairENy ocOEEhFRIBITRISIN ESnARTEEBNMRIEarfeiREe aBlSHRIRerAIRsWO!
concentratiatorigetie Hya‘:roqﬂ@ﬁﬁ ot .fsé}bzmmkﬂmhb mmmnqdmdedﬂEREShph@Wgebmfferg, !actate
buffers, etgd QA2 BRabS ISl ool RaHNAG RN HSHE FUEPRaL RS Rtk 6Chilamesproviding

accurate eqtumeraition includ fll{Joresc nce aCtiV.atq% cell erters wgicp can hayve varying degrees of
.. iiterentia F]\gagr%qemﬁfua ane no tumonI%errlc. 25a Ca SdNeB% able 1o initate tumor growih .
SOphIStIC&?IOI’I, suc ultiple color channels, [ow angle and obtuse light scatteringdetecting

channels, ahff8a st EBn aapI S0 ctelis RbeEIR MRS BlssaRaibiPagalipstravdinealiess aiffloying dyes
~ associatewitivdesal isallsée igitiptiopiditentisidideh4@043 | Bé [Lirtid ulagdtverestos thiss USE®HT antibodies

as affinity Jea8RSirra HeREIDMmERASBne aliows the definition of cancer stem cell microdomains
in a primary tumor. The presence of such microdomains is useful in diagnosis of cell
-carcinomé in primary and metastaiic sites, where increased numbers of such microdomains is
indicative of tumors with a greater capacity for tumorigenesis. These cells form tumors in vivo,

self-renew to generale tumorigenic progeny, give rise to abnormally differentiated,
8



antibodies are conjugated with a label for use in separation. Labels include magnetic beads, WO
2009/097136PCT/US2009/000593 which allow for direct separation, biotin, which can be removed with
avidin or strep%?/izd’ﬁ?/ BStHd to a support, fluorochromes, which can be L%%%Wﬂqgﬁ}%r%rescence
activated celiaadeigerithadieyiamllawdenfaseisepar aine HldkeRatirdiabasibiypse. A

I h find include ph 1lj ' .0L._phy: hri lloph ins,
Miorcacein S LAl FEALE R oy A el & SRRl 0 RS perm

independerftSBFRMRAISF SR AMIARE CATON AT TR SARABDARY Arihiytie dH4 CRAENdiBIs 3 Cells, and
incubated forraipirioebedain thauffigientripdsied tiecamcailateim celbsuffactantigerys Theancebation will

usually be giclpash abRareRANEHE SiasdiEsNYes B IRamRe Wstdoniwiesrdbbmd@sitakledo have a

sufficient concentration, of antlsb ies in tliwa% Jeaction mixture .such that the (?11‘f|0|enc§; of dﬂJw separation

is not limited '9/ aC egng gﬁﬁg%dy. ﬁg%ﬁzpropna e é%necre%rt?grt‘i%enml%c@@?&r‘%%eﬁ‘ﬁ?ﬂ Fation. The medium

in which th&B#/IS2AFE" o SHRSISWAHI BSTRP RSN RS #Pgt ShAvaMESIRI AR BRGYST THE BRIRIEA preferred
medium is phresprititesbaiffemiligaliregentaspangidrém Ddiker) SV BBA. leiadoyissn Bofizblusts,
commercialyayaiiabla:a0dnaxde, weed according to the nature of the cells, including Dulbecco's
Modifie le Mediu M nk's Basic Salt Solution (HBSS), Dulbecco's phosphate buffered
saline (). RO RS R S e P E S BT R LS IE Bt with feta
calf serum RS AreLPslievat: tor e FapeTEa! cBIRFNAPiteFicBE RiprATERR AT as forssialigh @E 8ffof cell
surface_ m@@m%p@p&%ﬁd@&@b@ﬁmngmmwwtﬁmm hmrgat'rnfgmmemﬂly pciades
determinatign, @t sURIGH SStsreRRlBY 19 diRease ¥ fliserdessdgtermination.ag e wether a

subject is presently affected by a disease or disorder, prognosis, of a subject affected by a disease or
Cisorier (S B LT ST R L QA EET b TR P SS20ER S B By ihcer o
therapy), aRerESEbFRRVAIN STTEREEIL ForREHE R EATS[ates CORERIBN Y PRRMRETMFSH#Rfon as to the

effect or effi6agyredstitenapyoddORIAY e tesmsrdtrest srerdSpStrdiating aiftcaat! Yand teedikeiare used

herein to 9eékﬁﬁ@'b\éﬁéi.ernﬁﬁ%ﬂh@é‘?&’@n@l@'@ﬁ&%@h@fm@&%% %@(Qﬁd@wﬁ&'&giﬁ&ﬁ gebul e effect may
be prophyl?gggcllg Iz%rpgs, Qf,,co,rqlpl,e,tej Q. cr)t%l(}_/_pxeyen_tlng .a disease or symptom thereof and/or may

T, SYCH as 1om aoout 21 a.ni, £.9., << O . .
be therapeutiC'In tefms oOf a partial or complete’s abilizaifoli’ 6F CUre’tor a disease and/or adverse effect

attributd¥idSio thdrdrsaeemIedmnenisnthasiBAM Hardipre Aierdiferpniatitraupnesses ASch s a
mammal, pedicstanyatvaumaroaipdratiuctesi@pmyeverEngaie misers eeausyimpteas fIxn iccurring in

a subject which-may be.pigdisRosed dQ the,gdigease or symptom but has not yet been diagnosed as
havingoiitgiegt%iinhibitin the dlsease; symgt_om, i.e.f arresting its (t:ievelopment; or %:%lgﬁeevjn? the disease
symptom ., ca&?n%?&ﬁ}‘egé’u‘ifﬁ%? fviiER JERIEsy R pTERS. 0 S 206E PTI98 2B09/000593
[00471Thedigsnesisirrdiorngat, "clasijeetion” nodt reatrae afcrancerse ddriiewian mastininierefme

methods are useful for characterizing CSC, facilitating diagnosis and the severity of the

cancer {e.g., umor grade, tumor burden, and the iike) in a subject, facilitating a determination

of the prognosis of a subject, and assessing the responsiveness of the subject to therapy.

The detection methods of the invention can be conducted in vifro or in vivo, on isolated cells,

or in whole tissues or a bodily fluid, e.g., blood, lymph node biopsy samples, and the ike.

{0037] As used herein, the terms "a miRNA that is differentially expressed in a cancer stem

cefl," and "a polynucleotide that is differentially expressed in a cancer stem cell”, are used

interchangeably herein, and generally refer to a polynucleotide that represents or corresponds

to a miRNA that is differentially expressed in a cancer stem cell when compared with a cell of

the same cell type that is not tumorigenic, e.g., mRNA is found at levels at least about 25%, at

least about 50% to about 75%, at least about 90%, at ieast about 1.5-fold, at least about 2-

fold, at least about 3-fold, at least about 5-fold, at least about 10-fold, or at least about 50-fold

or more, different.



and refer to any mammalian subject for whom diagnosis, treatment, or therapy is desired, particularly
humans. [004%é£h85t9%§|61"1 as used herein, refers to a microorganism or.a eukaryotic cell or cell line
cultured as a Uhicenula? entity which can be, or has been, used as a recucﬁe[r?ts’%é])?9 ¥&edmbinant vector
or othefgpappfer polxiyelRokfiegAaRd jnslidriIthenpEOasNY% OfdhARIBINA! GelnwhichNasBeRn
wansfected, i shnlersioad thatlie pradencalie single cellmay et necessarly be complstely
identical in morphology or in genomic or tota A comp?ement ad e 5 glna?parent, dUedo natural,

accidental, GRS ePhtd SRALENSA. OopolioHRERaputitelifay dbet By el ddpatitesr YerRipPERICt that,
upon modutetivnaddtslastyignte.or. itbgamptbntation of expression, biological activity, and the like), can

providerfgagnodulafionph HR GRSAIAMEIPNSIBNPS LS S5 A EPUgl @tt%;aégo%&'@ﬁ@@?r&?n@ﬁant to refer

to an increase or a degrease in th@éi indicated phenomenaon (e. ation of a biologjcal activity

. |
rofors to ar RN 2" e o T M e T

can . L
ease in a I%?O IC
CARCINOME {08 it sastis i dralmbaincentithiishun agRiza cHuh eSalerensretatting one in
eight women thsingthasdiveseIRiskivtar tetloniagdireasbganc eare.iMatcasadineastazcases, such

as having & gRpRUSAIPARINHORAL SR NG EMALP BREAL0n BR GAZ dety ifas cancer

carcinoma,\"'\’jg‘s referred to herein, refers to %E)lthella tumors that develop from cellS lining ducts or

lobules. Théy are A0 ot P GrandbIF TSGR Y R PR BRIRAIP Nt ]I FORT TS And invasive
cancer. [00BT{e2hr@mBIfaant SHeridelysiestirsfiatiorret edivcer edliRupathfieaisceebivetate &R without
invasion ofpdtenms; Hisisgiealiole \ser] Csv@inamalds. Situ may also become invasive. Breast cancer

nvadespeall andiseseadhibaly IOWORIRLUANS! MDA BARRSHRIPRASIRAM AR
Metastatic breast cancer may affect almost any organ in the body-most Commonly, lungs, liver, bone,

brain, and LRI 00321 RO BPa sy SRR 8R4 B RYRH R (B BBEE AR RS2 resence of
lumps, andPifeds @andiseerye MnelichessPrsiinglafidd ssieerialfisidegudr dbkttkgiffere igatsdsenign
lesions frorBucaneenpldéesnas 3868418008/ iSRHARAGKR] s BIRSY iRhsyadisperiossaeklicst. Biopsy
can be neegle A4acisiffial RIGERLET LIRIUEREE SAREISIOWRhP IR JOOBRIFBR4Pqst Patients,
primary ”e%t.g?{?s?st. IS 8%369’@%&2 \i,gl gbrtgg}lgcy,oirt] E:g%rangUsed directly, frozen, or maintained in
appropriate culture medium for short periods of time. Various media can be employed to
maintain cells. The samples may be obtained by any convenient procedure, such as the
drawing of blood, venipuncture, biopsy, or the like. Usually a sample wili comprise at least
about 107 cells, more usually at least about 10° cells, and preferable 10°, 10° or more cells.
Typically the samples will be from human patients, although animal models rﬁay find use, e.g.
equine, bovine, porcine, canine, feline, rodent, e.g. mice, rats, hamster, primate, etc.
{6041} An appropriate solution may be used for dispersion or suspension of the cell sample.
Such solution will generally be a balanced sait solution, e.g. normal saline, PBS, Hank's
balanced salt solution, efc., 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 HMEPES, phosphate buffers, lactate buffers, efc.
[0042] Analysis of cell staining may use conventional methods. Techniques providing
accurate enumeration include fluorescence activated cell sorters, which can have varying
degrees of sophistication, such as multiple color channels, low angle and obtuse light
scattering detecting channels, impedance channels, efc. The cells may be selected against
dead cells by employing dyes associated with dead cells (e.g. propidium iodide).
[0043] Of particular interest is the use of antibodies as affinity reagents. Conveniently, these
antibodies are conjugated with a label for use in separation. Labels inciude magnetic beads,
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Chemotherapy, hormone therapy, or both may also be used, depending on tumor and patient
characteristics. For inflammatory or advanced breast cancer, primary treatment is systemic WO
2009/097136PErIEY368/000593 therapy, which, for inflammatory bredSt CHHEE 1S3 Iowed by
surgery andwrachadiRw tRerairs: Seraesios, wrialwirchNaIRfub ftaddanced sanqes, QRp4lGaR patients
with invasiveeaacers EMANRIARYOLASMARS heragy (s usually Dagua san alter sirgery and
continued for months or years; these ﬁwera’ples elay or grevent recurrencs in almost & patients and

prolong surdRAE i PsBnm & hirafRPere Al rRaaiy e ifeprredarcsidppp s Siamresomasthotrexate,
5-fluorouradtiadoxbrsbicinysie syaibififrosiim migle) e aftdrirnzoe aiffpofvethansa Sioglserug.
1:32551;]/%%@@@ feas mekasagicash fﬁﬂiﬁ?rﬂé iﬁs)é%‘asﬁﬁr{ﬁ%ﬁz@?eﬁyﬂfjé!@lc%%e!%@ 59‘*@”“0?{“5}
although re i es (e emotherapy) may palliate symptoms and improve quality o
life. Choicelgéléf{ e¥§%§ %oé@)%ﬁi%arﬁr?éaﬁ(grr'mone-receptor status of the tumor, length of the
diseasel$Pd8linterVAF GRIRPYRSATB REdRA itah FuRaRT AN Aetastad degubaindfer epaiiststdimesites and
organs affestéfiieantb fanieiités avislabparetiod state sariitesispatieniscubidtiay wiitassalic reetariatic disease

are treated yyihr 3y AiRMIS BRESHM NS MARLEREMBIRRTARY. SOTBSHRIRNS Hiv0s REftRaIment of

metastatic breast,cancer, arctab% %cit%péne g.oxoru incin % ?Iudin% é&fl(}lﬂ%osomal formulation),

B8 3l BRI EORR SIS AND

gemcitabing?g?r?at{ﬁe axanes p'{?\cflr%axef,e3 éo@é‘té& Hrant Vi
TARGETS TR RIRE RN SRk O'Niidady ENeperein auernisaipo ififeiaminat RyRigtis mifeN As) for
use in the subgizrt inethiod e theisrare stipardtd wdie tb ase thafiaretdiffieant alytexprpasedime CSC

relative to nistuRFgERL (RYFHUMIR QRNARRIBLHIREERd UGN FROHRN I eRse R FeRCtions in
the cell by @arggélsn%é £ messages of roteln-codlng ﬁ‘%g%s forc eava(%e or repressjon of productive
eres

|
translation. In certain éafn%g imen & Dé.arﬁﬂ,l& 8f'h g H?&ge‘r’fﬁ%’ 1 s hﬁllg}a&gﬁlméaﬁlated in
BCSC. Thethlfe|dBirtirgeubntasoMadiitss &agien dindiHmilkMAN)ofHatkie fasie HeltideltionTable 1.
Other sequtisR).cPiltierest atedistet inufFiged adiBe wires mikkiNh SdeslsdaraiiRm 1RBRRHLE7;

MiR-142- 3R MR A0 AR A Al Gl R 980 IR:227; MR- 29815p; MIR-132;
m!R-ZZl; mcl é’éil_li;_miL -4%2; m_LR;4%5; r_nj‘R-,l_50; miR-155: miR-338: miR-34b: miR212; mlR_-1_46a;
miR-126; mfﬁ-Zﬁ?mﬁ- ?Of)‘fdririﬁ'ﬁ-?[(é b; [ronlrﬂ?S ;”ﬁ%ﬁ%%;"ﬁ%‘.F?‘-’f@%%;'?ﬁfﬁi’éaﬁsnﬁfﬁl’%fs%uR-zoOa;
miR-200c; AFRPEY; miR-182; miR-200a; miR-200b, [0057]Table 1: a partial listing of MicroRNAs that
are diff¢éesijally éRprosstx irtumasiyanicvergassran-tinboagenislreasitoancsr eelkubject's

susceptibility to a disease or disorder, determination as to whether a subject is presently

affected by a disease or disorder, prognosis of a subject affected by a disease or disorder

{e.g., identification of cancerous states, stages of cancer, or responsiveness of cancer to

therapy), and use of therametrics (e.g., monitoring a subject's condition to provide information

as to the effect or efficacy of therapy).

10046] The terms "“treatment”, "treating”, "treat” and the like are used herein to generally refer

to obtaining a desired pharmacologic and/or physiologic effect. The effect may be prophylactic

in terms of completely or partially preventing a disease or symptom thereof and/or may be

therapeutic in terms of a partial or complete stabilization or cure for a disease and/or adverse

effect attributable to the disease. "Treatment' as used herein covers any treatment of a

disease in a mammal, particularly a human, and includes: (a) preventing the disease or

symptom from occurring in a subject which may be predisposed to the disease or symptom

but has not yet been diagnosed as having it; {b} inhibiting the disease symptom, i.e., arresting

its development; or (c) relieving the disease symptom, i.e., causing regression of the disease

or symptom.
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Table 1 miRNA sequences stem loop sequence mature sequence miR-200a SEQ ID NO:1

ccgggccccugugagceaucuyaccggacagugcuggauuuccca
gcuugacucuaé%ga%ﬂoa%’%ﬁaéguaacgauguucaaaggugaccc gc SEO ID NO:2 %%T&J:%Zgﬂa%{’gaggz'guaacgaugu

WO ZOQ%QQV13%FWQQ&M@§9%UE&@4%§S@Qa@ N;Qi%nt," used interchangeably herein
CO9CCOgCCeigqas %ug:nuu%%a ua %%gg&u&gggfu‘%ggr%udia nosis trgﬁ en_Jj ﬁrdhgrapy is desired,
aauugugaagcuccuaacactgucugguaaagauggcucccggg uagqUUC B :

uaacacugulAYGHARAFANYF mMIR-200b

[0048] A "host cell", as used herein, refers to a microorganism or a eukaryotic cell or cell line
cultured as a unicellular enfity which can be, or has been, used as a recipient for a
recombinant vector or other transfer polynucleotides, and include the progeny of the original
cell which has been transfected. It is understood that the progeny of a single cell may not
necessarily be completely identical in morphology or in genomic or total DNA complement as
the original parent, due to natural, accidental, or deliberate mutation.

[0049] "Therapeutic target" refers to a gene or gene product that, upon modulation of its
activity (e.g., by modulation of expression, biological activity, and the like), can provide for
modulation of the cancerous phenotype. As used throughout, "modulation” is meant to refer
to an increase or a decrease in the indicated phenomenon (e.g., modulation of a biological
activity refers to an increase in a biological activity or a decrease in a biological activity).

BREAST CELL CARCINOMAS

[0050] Breast cancer is the most common malignancy in US women, affecting.one in eight
women during their lives. Risks for developing breast cancer are increased in certain cases,
such as having a genetic predisposition by carrying the mutated BRCAT or BRCAZ2 gene.
“Breast cancer carcinoma,” as referred to herein, refers to epithelial tumors that develop from
cells fining ducts or lobules, They are also often glandular in origin. Cancers are divided info
carcinoma in situ and invasive cancer,

[0051] Carcinoma in situ is a proliferation of cancer cells within ducts or lobules and without
invasion of stromal tissue. However, carcinoma in situ may also become invasive. Breast
cancer invades locally and spreads initially through the regional lymph nodes, bloodstream, or
both. Metastatic breast cancer may affect almost any organ in the body-most commonly,
lungs, liver, bone, brain, and skin,

[0052] Symptoms of a possible breast malignancy include fibrotic changes, presence of
lumps, and unusual discharge. if such sympiom arises, testing is required to differentiaie
benign lesions from cancer. When advance cancer is suspected, a biopsy is usually
performed first. Biopsy can be needle or incisional biopsy or, if the tumor is small, excisional
biopsy.

[0053] For most patients, primary freatment is surgery, often with radiation therapy.
Chemotherapy, hormone therapy, or both may also be used, depending on tumor and patient
characteristics. For inflamratory or advanced breast cancer, primary treatment is systemic

12



SEQ ID NO:5 ccagcucgggcagccguggccaucuuacugggcagcauuggaug

gagucaggucucuaauacugccugguaaugaugacggcggagcec cugcacg SEQ ID NO:6 )
uaauacugccud’&%é‘gaﬁ%lﬂﬁ% miR-200c SEQ ID NO:6 PCT/US2009/000593

CCCUCYUCUURGRARTRAGHTIS HIRSHERTEUSISBGABHELC I ARIARKOSF 0ARLIRHAGARE BEEHD NO:7

uaauacUgoGARUIANANR MR PR SEQ IR NG e

cgccggecgaugggegucuuaccagacaugguuagaccuggecc ucugucuaauacugucugguaaaaccguccauccgeuge
SEQ IDIRB%Y ua ﬁdﬂﬁ&ﬁg@ﬁh’ﬁ&%&%GW=£%%‘§E€%EYNU‘E@‘°”9 therapy is usually begun
gagcugcuugoeoucitecegeyuacy) caatiggdafppacatbsar years; these therapies delay or prevent

CUQQUJAgUWaRFRESAU GHRAY HUSHRARCHND pFASRY LR 95 JRAIARIGABREAEF 3Rcrl@dEpNO: 11

uuuggcaaugguagaacycacacy rpiR-96 SE(B ID NO'1% o -

Imens eg (ﬂ/c opho%ohaml e, mefhofrexate,  5-fluorouracil:  doxorubicin Lﬁalus

uggccgauuuuggcacuagcacalduuuugcuugugucucuccgc ucupagcaalucaugupcagugccaauauggpaaa
cyclophosphamide) are often more effective than a single drug.

- {0055] When cancer has metastasized, treatment increases median survival by only 3 to 6
months, although relatively toxic therapies {eg, chemotherapy) may palliate symptoms and
improve quality of life. Choice of therapy depends on the hormone-receptor status of the
tumor, tength of the disease-free interval (from dlagnosis to manifestation of metastases),
number of metastalic sites and organs affecied, and patienf's menopausal status. Most
patients with symptomatic metastatic disease are treated with systemic hormone therapy or
chemotherapy. Some cytoloxic drugs for treatment of metastatic breast cancer are
capecitabine, doxorubincin {including its fiposomal formulation), gemcitabine, and the taxanes
(paclitaxel, docetaxel, and vinorelbine).

MICRORNA PRUBES AND TARGETS IN CARCINOMA STEM CELLS
[0056] In some embodiments, microRNAS (miRNAs) for use in the subject method of the
invention include those that are differentially expressed in BCSC relative to non-tumorigenic
cells. MicroRNAs play important roles in regulating essential functions in the cell by targeting
the messages of protein-coding genes for cleavage or represéion of productive fransiation. In
certain embodiments, the miRNA of inferesis presented are usually downregulated in BCSC.
The nucleotide sequences of a subset of human miRNAs of interest are provided in Table 1.
Other sequences of interest are listed in Figure 1B, which miRNAs include miR-214; miR-127;
miR-142-3p; miR-199a; miR-409-3p; miR-125b; miR-146b; miR-199b; miR-222; miR-289-5p;
miR-132; miR-221; miR-31; miR-432; miR-495; miR-150; miR-155; miR-338; miR-34b; miR-
212; miR-146a; miR-126; miR-223; miR-130b; miR-196b; miR-521; miR-429; miR-193b; miR-
183; miR-86; miR~-200a; miR-200¢; miR-141; miR-182; miR-200a; miR-200b.
[0057] Table 1. a partial listing of MicroRNAs thai are differentially expressed in tumorigenic
versus non-tumorigenic breast cancer cells.
" Table 1 miRNA sequences

stem loop sequence mature sequence
miR-200a SEQ ID NO:1 SEQ 1D NO:Z
cocgggecccugugageaucuuacsggacagugeuggasuuuccca | uaacacugusugguaacgaugu
geULgacUCUaacacuguUCUgguUaacgalguucaaaggugacce

gc
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SEQ ID NO:13 uuuggcacuagcacauuuuugcu miR-183 SEQ ID NO:14

ccgcagagugugacuccu uucuguguauggcacugguagaauu
cacugugaaca %6%36’ c%&ugaauuaccgaagggccauaaa capapcagagacap%%gﬁ%’ageg‘éa ID NO:15
uauggcacugguagaauucacu 10058]The miRNAs include those that are not |dent|cal in sequence to the

ecandneliide

disclosed nuete .quc.u
eletions.
are affected by the do

additions or
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process of self-renew
[0060]ZFHX1B is a tra
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of epithelia
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f8H5e%n
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processes
Q 200b are
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%ﬁ@fmﬁmnlon of miR- 200b relieves the rept

NI-RNU-apoptotic Processes.
Baic@yoBaciticr®ctanyviccheaomiZb sbiveyaal]
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ggggegaggacucagecggeac

eSO BPZFHX1B. The activity of
AP HFEELSSER2RTEBL |BCL-2 family

eulmsaRUggUagaacucacacu

miR-98 SEQID NO:12 SEQ 1D NO:13
uggccgauuuuggeacuagoacauLuugoUuguguclcuceges | uuuggeacuageacauuuuugey
ucugagcaaucaugugcagugecaauaugggaaa .

miR-183 SEQ ID NO:14 SEQ ID NO:15

cegcagagugugacuccuguucuguguauggcacugguagaauy
cacugugaacagucucagucagugaayuacegaagggccauaaa

uauggeacugguagaauucacy

cagagcagagacagauccacga

[0058]

The miRNAs inciude those that are not identical in sequence {o the disciosed nucieic

acids, and variants thereof. Variant sequences can include nucleotide substitutions, additions

or deletions.

[0059]

In some embodiments, target proteins whose expression and regulation are affected

by the downregulation of the miRNA presented above are provided to be used in the subject

methods.

members,

This group of proteins include anti-apoplotic proteins such as the BCL-2 family

transcriptional regulators, proto-oncogenes,

oncogenes, and other proteins

involved in the process of self-renewal. Some of the target proteins are described in more

detail below.
[0060]

ZFHX1B is a transcriptional repressor involved in the TGFB signaling pathway and in

processes of epithelial to mesenchymal transition (EMT) via regulation of E-cadherin. ZFHX1B

and miR-200b are regionally coexpressed in the adult mouse brain. Overexpression of miR-

200b leads to repression of endogenous ZFHX1B, and inhibition of miR-200b relieves the

repression of ZFHX1B. The activity of the E-cadherin promoter is found to be regulated by
both miR-200b and miR-200c¢.

[0061]

BCL-2 family members either facilitate pro- or anti-apoptotic processes. Among those

that are involved in anti-apoptosis inciude Bel-2, Bed-XL, Bel-w, Mcl-1 and A1. They are known

to regulate apoptosis via the permeability of the mitochondria membrane. High level
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to regulate apoptosis via the permeability of the mitochondria membrane. High level WO
2009/097136%(;/%98/{%0}(1)9/000593 expression of this protein family is im Ii(%ated i/r(1 carcinogenesis and
the self-renewal ot hormal stem cells. [00621Another group of proteins t ot gﬁé{'{)gré'g?%:’of the miRNAs

disclosed withirdsishMAK RITRTERHP iPIRIRIReL IO LaIeRh RRlAasNmdaHb isermikwenpr ismadel
chromatin Sé{g}% ggﬁé transcription factors cannot bind to promoter sequences in DNA. The polycomb
family proteins regulate critical events as cells undergo either renewal or senescence. One such family

membeli&BiMI1, Mo SrRyesciapirieise dhiahaesidamgislyot dbr aplRY e fBxdospe dsinBv Ies found to
be downreguigtechingnaup- proeirg ePisician tefooglis {OO6e3fartie rctar gatoos iniikinatincludhetdly B

Proto-onCcogeReSFAEH s ERRIaRRR: BRIRSemMIPSARRIEln erlllings BRJHRIGRIISERISY are
thought to be aﬁgmraﬂtjea with %he regeL‘liIatlo of gr&lﬁgﬁraﬂon apd differentiation 100641I¥I c-family
I

proteins ard SANRICaTAt th TUROHGENGaTs HHiP R L8l GERE T GURRISREYE . RRAVSD AT like

growth factBtBiRefifyHbtelfesseRMS fget peugrsals HighlnrpisaneetmaertosefieinBMiders and
may also béoteg utetie ddwnragkikbds irf 006 9fAndtizeicfamiyr @blzroteins that may be regulated by miRNAs

© the K3y Bihaadeies: RARATRAGERAYEBRMAARSIAL TANRCHEINLANG ety proliferation.

In many carcinoma cases, accumulation of K-ras proteins correlates with an underlying K-ras

gene-mutatiH YR ﬁ%‘kf&ﬁ%saﬂ‘sﬁsdﬁ"(l‘l?ﬁ%%‘f)&?ﬁ% BRUCBLIRRigPERGRIER HiB e &8 AIBIved in the

early of proliferation and differentiation.

j0bo4] Myc-family proteins are implicated in tumorigenesis and stem cell gene reguiations
{e.g. NMYC). Insulin-like growth factor binding proteins, such as iIGFBP1, are also found fo be
linked to certain cancers and may also be regulated by miRNAs.

[6065] Another family of proteins that 'méy be regulated by miRNAs is the Ras family of
oncogenes. Ras oncogenes modulate signal {ransduction and cellutar preliferation. In many
carcinoma cases, accumulation of K-ras proteins correlates with an underlying K-ras gene-
mutation.

[0066) Forkhead box 01A (FOXO01A) is one essential transcription factor involved in the early
steps of celiular differentiation and cell fusion. it also plays an important role in stem cell

- maintenance.

{6667 Another target of miRNA regulation is the SRY-related HMG-box (SOX) family of
transcription factors, This family is involved in the regulation of embryonic development and in
the determination of cell fate. S0OX2, a member of this family, acts as a transcriptional
activator after forming a protein complex with other proteins. It also plays a role in cell repair
and DNA recombination.

{0068] These polynucleotides, polypeptides and fragments thereof have uses that include, but
are not fimited to, dlagnostic probes and primers as starting materials for probes and primers,
as immunogens for antibodies useful in cancer diagnosis and therapy, and the like as
discussed herein.

[60469] Nucleic acid compositions include fragments and primers, and are at least about 15 bp
in length, at least about 30 bp in length, at least about 50 bp in length, at least about 100 bp,
at least about 200 bp in length, at least about 300 bp in length, at least about 500 bp in length,
at least about 800 bp in length, at least about 1 kb in length, at least about 2.0 kb in length, at
teast about 3.0 kb in length, at least about 5 kb in length, at least about 10 kb in length, at
least about 50 kb in iength and are usually less than about 200 kb in fength. In some
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steps of cellular differentiation and cell fusion. It also plays an important role in stem cell maintenance.
[0067]Another target of MIRNA regulation is the SRY-related HMG-box Soxgam?i}'}/ of transcription
factors. This f%l%’?gf?ﬁvgfved in the regulation of embryonic developm LRI e G termination of

cell fate. SQxBodirmeaRIRAFIiBIE JpE My AR ARG MISTHIIP ORI RAHY IS SHIRTLIEBHAY Agyotein

complex wi ins. It alsq plays a role.in cell.repair and DNA recombination. 100681 These
po|ynuc|eot‘.’3°;%‘§%§’2§%°é’§? B e S A TR R RO B RETTAled (0
diagnostic fAOBEE Shd peiateesida piayleddereitsepfoliaeman pritRarens ifsmibndmens for
antibodies ggefal itharagiceasiagmo S8 rwidkierdipyn anidditeatikat 26%jspuseechherika@60dtNucleic
acid compogtnrpeiieiinem ERRIE AL AUDRIIEEsRr 306 B RA418551: 30} b1 3rbRdPIRAGNeAleast about

30 bp in length, at-leastabqut 5 inlen at least gbout 100 bp, at least about 200 bp in length, at
least about 88%8%1 Iié%r%’t%% /°t' I%ggt gé%ﬁt% ?gb %’pn?ﬂrfe?%'gethioiot}fiaasgt%%Topl?tr%cb%baﬁi‘ ?@H‘Eﬁ'ﬁ’, at least
about 1 kb HFREnGREMERicR{st apiftes. G5V ARTengthdeieTeiradh By ties SNl W aisrawn derealegabout 5 kb

in length, as¢aest abouthtOdshiinplemgitiediir cBISRU by ki defugth Msidcate Ju sualbidegsdthan about
20:3 kb iln l&_rggﬁh}g ?ﬁé@ﬁ& WHRL2009/084 136RET WQQ&&QE%%%&%@W%&?%@W of a t
polynucleotide is cQ egu ynucleo so includ; re variants or degenerate
variants of%rs%)aatﬂn E%eagrgggigégrﬁeeqr%iﬁnﬁgg%pélé{ﬂaﬁ?%ezgﬁ?s of gf’E“oTyﬁ'g’E@Jﬁﬂgf %@%téaﬁ%‘ggrein have a

fragment of*88G R hiES e iRiNRERNGI R RSater iR 8BfeaSeaisnae cboniity eantdetsateapinassbabout 70%,
greater thahyhtidizatoalboder 7581 sghegeerythamiiiblea &raixentp80 U, sfe@ter Higieaddddst xbe0t 85%, or

%reatt_er hhan_a a&ﬁg&hg@@%a@%ﬁ@%»@msz@%{g @%@r%&ﬁ&ﬁ%@%@wﬁmm%red t<|> an
identically gjzed,fragmen rovjde . gs determin e -Waterman homology
search algg?ﬁr?rfﬁ' %rﬁﬁér%%t%#in%%’zgézgm’gﬁgw Bgﬁ%racf ﬁ%%aucgﬁfg#?%ug%? 'ngg é}}?aving
sequence SiYIdFRyPELRYSetikte SR RerSPiaizliRin vRTdsksoveRetiprju e eshumeinRs *fr tBkample, at
50 C. and 185 SZ.(0bd i tsatine [BB81d4 Jatiinmieitiate ama s aindz Ustthgdre nhytbgeeteeh to washing

at 55 C. in dorgfsas Sequence identity can be determined by hybridization under high stringency
conditio@%‘,,f r ex ;Qé)Je, at 50 C., orthighe_r,,amd 0,1XSSC (9 mM saline/0.9 mM sodium citrate).
Hybridizatioh methods and CORditions are welt kKRowH T the art, S88, 8% ST P%4 URIB? 5707,829.
Nucleic acieR¥HseI% TrsteanraRy Hrstosedl ftpia. prbgideaysslypgcluptiie sedtrsmen, ef ga allelic
variants, genigtigeiiytakempemersigneviafethBegeineT et probidctn the syravidrddpalymiinotideasequences
under stringenjenyhiictizatianGoRriiens iRfAlE oS RRRRiicILHGRRIRNAS desetbep, hrrein can be
generated %gleggdt@gr 8%'. m%ﬂ%gﬂ%easé? %'Qé:ebsli??lls Ig%jed rein. The#ér%beés ar usugll\g/ a fragment of
a polynucleoti e’sequenc%s’prow ed hereih. FHE ’g? egrcéjﬁrﬁgcg%'t iZed Themie ﬁy%’? can be
generated AANEHGEFPOURRD et e auettetREN A 6§ thehaobrisies idm srayapeted, for
example, witbvdedteveiotive, biotinylated, or fluorescent tag. Preferably, probes are designed based

upon an identifying sequence of any one of the polynucleotide sequences provided herein.

CHARACTERIZATION OF CARGINOMARTEM CE R oma srem ceis

[0671] in carcinomas, characterization of cancer stem cells allows for the development of new
treatments that are specifically targeted against this critical population of cells, particularly
their ability to self-renew, resulting in more effective therapies.

{6072] In human carcinomas, there is a subpopuiation 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. All tumorigenic potential
was contained within the CD44+ Lineage- subpopulation of cancer cells. These celis were
able to initiate tumor growth at a dose of from about 10° cells, about 5 x 10° cells, about 10*
cells, in comparison to while tumor suspension, which required a dose of around about 10°
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[00711In carcinomas, characterization of cancer stem cells allows for the development of new
treatments that are erJecificaIIy targeted against this critical population of cellsé?sgarticularly their ability

to self-renew,%%ﬁﬂ?? %’W?nore effective therapies. [0072]In human cardnomas e s a
SUbpOPUIAGNOLNARSCGRS, CHETARIS WbP R Rl ek AOHEANES BOAR EARgly. These

tumorigenic Cifl s are responsible for tumor maintenance, and also give rise to large numbers of
|

abnormallyctf e?%%sﬁating progeny that are not tumorigenic, thus meeting the criteria of cancer stem

cells. AliidorigeHhe presivanceasieontalisd8eithiarhideotifigd-by thelpgberaipopiitagspest ®ancer cells.
These cellspaitalabieatrels|tiaiedt Byothgiomitbiahal gaseceipkonm abaid dOBeatisnrbaist BostO3 cells,

about 104 %‘?Q%déﬂt%ﬁ‘@ﬁé)é%é@ﬂéé“ﬂg HMHB%ﬁH%R&%@iP@itWF@Q&FﬁQHH@&i@ RAP3heahaNkndrabout 106
WO 2009/097136PCT/US2009/000593 cells to farm a tumor, and a lack of tumor formation by CD44-

Lineage- ceNSEShME RigREPESRIFS AP0 P RIES I BN el S &7 9185 3P4 S 4PE Y dentified

by their pheritaypeavithiriiecenopabedined pnarkeeddecherty. by eneiettnsional prrb o FERN some

embodimenisaijsie BGSE2 aeidgatiiarradiosriasiatedHyrbinding @ thrieelbayitbrreageai® specific for
the marker%%_'B_é_eﬁ‘d?&aﬁ%_c'Eh9?tﬂ?se&an@Sﬁe%ﬂruﬁhéﬁamc%@n%ﬂﬁmgsl&elF%Me e Eels g de

analyzed may initially be viable cells, or may be fixed or embedded cells. In one embodiment, real time
PCR analy@&'8{& ¥Snalyze miRNA expression. High level of a miRNA set forth in Table 1 may be
- indicativédidat theBEsHS are rrenidantitert @anit/cor stersiterizsiv hastdl dtothéavelprassiondieetiveobf CSC.

[0074]BCSmirapdeddamifiedripor. chapdeizesdinans pudbal exprassiandiayasianiRNAS set
forth in Tabé‘%&e&%"&f%%%l%%ﬁ%ﬁ@%'%&J&éﬁb@é&fﬁéﬁlﬂ&i&ﬁ%h@‘#rf;%‘ﬁ-{%%%fggga%%Sn%EF&mSer stem

cells. Normal breast epithe S or non-tumorigenic cancel cells can as a control when

comparing S8(hPELERMAR S BPHRER ALHRHRGERRESHOT SR B MEBAHYRMIENE, the reagents
specificl067%he mérlsersecfrmbiafiosirés ctiantésgeivs grepbtyfondhectidesravdiitherasiyabeatiteotlysor indirectly

labeled. In sepiaincRsgehRIAEiIRA]IES A dlacirttdeugRasiieally BindipraiRis iREgRibFagylated by
specific m'%lé‘%b %%'%;St% ef%?iﬂc%'ﬂyaan%%?é%;l,ot%?g@é*Fggﬁfé%teed%,9% HRUGIRQHIS 0LRRES degeribed

. e
previously can be use
as SO

i
X2.
[0076] The protein or polynucleotide probes described previously can be used fo, for
example, determine the presence or absence of any one of the polynucieotide provided herein
or variants thereof in a sample. These and other uses are described in more detail below.

[0077] Staining or hybridization with the various markers disclosed herein also allows the
definition of cancer stem cell microdomains in the primary fumor. The presence of such
microdomains is useful in diagnosis of squamous cell carcinoma in primary and metastatic
sites, where increased numbers of such microdomains is indicative of tumors with a greater
capacity for tumorigenesis.

DIFFERENTIAL CELL ANALYSIS

[6078] The presence of BCSC in a patient sample can be indicative of the stage or grade of
the carcinoma. Knowing the cancer cell subtypes and the location of BCSC can greatly aid in
diagnosis and freatment. in addition, detection of BCSC can be used o moniior response io
therapy and {o aid in prognosis. Progriostic factors help determine treatment protocol and
intensity; patients with strongly negative prognostic features are usually given more intense
forms of therapy, because the potential benefits are thought to justify the increased treatment
toxicity.
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example, determine the presence or absence of any one of the polynucleotide provided herein or
variants thereof in a sample. These and other uses are described in more detail below. [0077] Staining
or hybridizatiolf %ANHE V4rious markers disclosed herein also allows th&dEFRBAYFCancer stem cell

microdofjgfgs in tﬁﬁaoﬁm%é%ﬁﬁésﬁ‘%ﬂ@éﬁ%ﬁrﬁﬁé%b‘ QiRgnans Hédrl'ﬁ;e%ﬁgr%@g@%?'s of

squamous %(_?II carcin ma |n?pr|m%}¥ and met;statlc sites, where'increased numbers of such

microdomaifts RSHdE catave YRR ith & GAsien ioapelohyRAe ARe B R RE sk R e ERA R AL CELL
ANALYSIS fue7dyiastsoreasamelofiRCisue s sivamicall sheipriecarhish indicheiveteminestageeor grade of
the carcinoregréssiowingitiaetapasiccgihssbiyprssuiddhedosatiaslohBRECangreatoaitsn

diagnosis 2y eaieisnl JaRHLon Aoiecion AbRGGGAN DSHERKL R RIARIO G558 1g therapy

and to aid |n nosis. nostl factors help determine treaiment protocol and intenSity; patients
with stronglf} gﬁvr@o P&gqﬂqgstﬂﬂ Zitures are usually given more intense forms of therapy, because
the poteltfid®bencfine aneted dbgittey pstifgethis incriéakyditizationdat tuxiviBNANGCies disclosed

B 2609/09713%?&3{/@&89@%(@6&5%@906’1&]%%@&@@@ee&h&ﬁﬁ&w@e@etﬁwmﬂ byaguantifying
cells haV'”guéeB'L%@BéBE @%m&ﬂﬁ% é‘i’&ﬁr@eﬁ%ﬂl@. ﬁ %ﬁ%{%ﬂ&% QE?WWF"“Q'
hat racter may

it may be useful to qua In a’sample ave a “"stem cell"

determined BYIHE g?ﬁl‘[%%lg’ﬁ B?S'ﬁI@'%é&?ﬁ’teﬁe%@t'@ﬁ?mWEﬁstﬂéaﬁr@ﬁﬂéﬁ?ﬁmwg%nd target
proteins, orBysurietidelatraiiterioe dtesh abieeialidling toaseitiveneWetsiyvectisiecty tammigtng vivo, e.g. in
a xenograftmgaeethrenadike jerdd0RN1a8e Rrethed thaﬂmﬂyiaememiaﬂ&rﬁwrﬁaébrid;wi@n for the

MIRNA Spetif st EA0REN B (RMARIDEAMLITNIDP I BE/GRUD AL IRy docked nucieic
its

acid (LNA may be used as a probe, given metln temperature, in combination with known

positivel§ hegaﬁ{}%”&%{n?ﬁﬁﬂ??&f‘ etﬁcﬂertﬁfﬁlﬂ% eEf@%eW%lﬁﬁd’f%e?ﬁ?ﬁ'Fé‘s iRiafiRRERPEc b ss a wide
range to detesonieristliee oestiphbiise FdbeGRgvatn ditien chpbgativiceoirsets@ondibiiigeaf Riisto&ched LNA

probes mayRlapsbardaedipteiiFGR), R4 depistnalchernMy Houpdeiactable.Reiecipacristhe mIRNA
disclosed hﬁgg@ ‘L’%AQEE of the indicators of BCSC. 100811 Another approach to determine the

presence o pecies for diagnosis or prognosis is to combine RT-PCR with laser capture
microdid8&tlon. NIGIRRIER Fer-PER BraGeNewR IFERRE M AT IR MARY henGkEingo b eatimiethe
presence ofaniRMk speiigsiiontid0R gangplesse chain reaction), and "Northern" or RNA blotting,

arrays, microarrays, eic, or combinations of such technigues, using a suitably labeled
polynucleotide. A variety of iabels and labeling methods for polynucleotides are known in the
art and can be used in the assay methods of the invention.

[0083] The comparison of a differential progenitor analysis obtained from a patient sample,
and a reference differential progenitor analysis is accomplished by the use of suitable
deduction protocois, Al systems, statistical comparisons, etc. A comparison with a reference
tissue analysis from normal cells, cells from similafiy diseased tissue, and the like, can provide
an indication of the disease staging. A database of reference tissue analyses can be
compiled. The method of the invention provides detection of a predisposition to more
aggressive tumor grow growth prior to onset of clinical symptoms, and therefore allow early
therapeutic intervention, e.g. initiation of chemotherapy, increase of chemotherapy dose,
changing selection of chemotherapeutic drug, and the like.

[0084] In certain embodiments, diagnosis and prognosis of breast cancer carcinoma may
contain cell staining of tissue samples. In certain cases, cell staining may help delineate
cancer cell subtypes within a tumor and locate invasive cancer cells. Analysis by cell staining
may use conventional methods, as known in the art. Techniques providing accurate
enumeration include confocal microscopy, fluorescence microscopy, fluorescence activated
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100821Detection can also be accomplished by any known method, including, but not limited to, in situ
hybridization, PCR (poiymerase chain reaction), and "Northern.' or RNA blotting, arrays, microarrays,
etc, or combin‘gf?c?ﬁggfﬁi’ th techniques, using a suitably labeled polynuBfd&rRi&*A%atety of labels
and labelinggreihads, TQmRAYUCIRANIGE S KaQaRdN dhe ShisRAHN BEHSES RURR@sRY methods
of the invengion. %gotgx%la'rr]h ¢o FD?[’ISOP g{ a C<5:;‘1I,{|t1geren k?e! Ko %nligonr ianalﬁg)lds obtallged f[omta patient
sample, and & réretence titerenta ﬁFoé%nﬁor anar/Ss1s o go?npﬁsshéra ya{ & J98 5P Suitsnle
deduction pf&fotdis MaY SR feiRstediadaiichFeasAR SERIMRIRYING CURSRATORNHNIR HFedeifl® tissue
analysis frota.geropidicelisgidells from similarly diseased tissue, and the like, can provide an indication

of the digRase Stagifigody IRIARARE AldPTBEENERIRSUS APRISES $aBdECBRIEd rifqARethod of the

invention provides detection of a %rifedigg%smqn to more a Egresswe tumor %row growth FFrlor to onset of

clinical symPISRYS S HePRORSH PRI éﬁ/%‘?}%éﬁ?fﬁ# SR BN GIEoRE Ui alibrPBPRABtherapy,
increase of RHBW EIS TP UbSRoTRAVRAGISHE b i oressian SfeiRpe tareeisug lawdEheeHken [00841In
certain embsidimernkAlingeasistrn grpseatnsiBatiorerasibcansan sainasnacig 6pptaiasal| staining of

tissue sampiRs o1, CHHUR GRS G AHAUNR LML SRAFIDEALG FAIC SR SHPIMSRWIN @ tumor

and locate invasive cancer cells. Analysis by cell stalnln% m% use conventional methods, as known in

the art. TecAMRRISE ISy iRl BoelREed AR TR ﬂf@@a??ﬁ?@%s%ﬂyﬁ'lu&?@g&%nce
microscopyefudnestipiseoh i Breeraioy 20aYisies3sE GHUSHEUI0D0 8sBasctbsoifiebdiigich can
have varyingaiegie escafapplisticatinssestkale@m Maliple color channels, low angle and obtuse light

Scaﬂe”W@oﬂatecti9&%&%9‘%%&%@%@%@@Qs'ﬂ%’s%%gg;.%ﬁ%@%ﬁ;@?ﬁé@gﬁ%ﬂ%@dead cells

by employing dyes associat ( S (e.g. propidium 10 51 ody reagents may
be specific fBifTtteiRgitye b TREHIRIRKS G PissiR it psabs Apiaciicets AR N AS
themselvestumey rakss, Bedbeddentiortipadhgerenemnetsed|is suchoritinSertmmsitocontrigigatigh
expression RERMNAJaIgRIS: ORlaipIEL XpEe3siRst ebigi RMAMdcairsdhenpesrageset BeSC.

Antibodies ManGe, WIIPSINGh LR MY DA PARMARAER 8399 3Y. AR SRIGARRY Ay mmunized

animals, immortalized human or animal B-cells, cells trans ) I A vectors encoding the
antibody or #0811 ARRL pTBMEIRNIStRENEE MO o MR Y e pafdtiBH B anliStfe SiarRPIRYT {IdSity for use
as specific bhwdingp Metirferedinssy el deirnied ot scaskiilibddy shectint ff00 86k ady iteragtyibe
performed Inﬁ@mdoghm @imwmi(ﬂmati@nta@aw,sgﬁmtimdw bi{wi,egstmiﬂwe?sg}@ti.m‘s. ﬁ1¢ch analysis
allows idenifigat W B&@%lﬁ@&%ﬁﬂﬂ%%&ﬁeﬁm&wmﬁmana&mp& idemtificatian, of genes

expressed in such cells. Sections for hybridization may comprise one or multiple solid tumor samples,
e.g. using & HRESRM R BRPASF @RSt %ﬁﬁ%éﬁ%@%%&ﬂ%ﬁf%’ Rinr 908y RsiBRiGhy
48(1):22-31thandivrsaesdingdrsinigrii2 605 i kahvorelsistotAcnft Ksstefomiioi. 13(1 ):80-4). Tissue
microarrays (TMAs) comprise multiple sections. A selected probe, e.g. antibody specific for a marker
of interest, is labeled, and allowed to bind tasthe. fi; u}@s%ion, using methods known in the art. The
staining may be combined with other histochemical or imimunohistochemical methods. The expression

of selectt¥ Je MR STRRAUMESH S5 PRIANMBP MGG S0t haFI8RSATEY BF tiRFedNLaccording

to simiIarityrt@taogt@bmgréﬁg:@rela@mMla\s@ﬁﬁtissmeidjmmsearch or drug development. In some
embodiments, screening is performed to discover compounds or cellular factors that increase

the expression of the provided miRNAs or that decrease the expression of their protein targets
in cancer stem cells. This may involve combining a candidate agent with a cell population
expressing low or zero amount of the miRNAs, e.g. a stem cell or cancer stem cell popu!at'ion,
ancd then determining any modulatory effect resulting from the candidate, This may also
include examination of the cells for activity or detection of certain protein targets, viabifity,
toxicity, metabolic change, or an effect on celf function.

{0088} Of particular interest are screening assays for agents that are active on human celis.
A wide variety of assays may be used for this purpose, including immunoassays for binding

protein térgets of miRNAs; determination of cell growth, differentiation and functional activity;
12



Screening Assays [0087) In certain embodiments of the invention, the miRNAs or their targets may be
used in a method of screening for a compound that can aid in research or drug development. In some
embodiments, SRAEEHIRGIE performed to discover compounds or cellulaf &SN Ptrease the

expression glalRiereAde Rl RNAR b lRatenyeaie, R REs SAIOME WAL R G S-atpin cancer

stem cells. This.m cambining a can te agent with a cell population expressing low or zero
amount of tRe’ r:n[ﬁlg rwma,ﬁefs'?e% tf:e o %a{ﬁcer gter%?g}‘ﬁ population, and then determining any
modul&88H) effect %@Wih@ 6t ta credprnaatesThis iy aidtiiagigaks efiaphivdsidaiest tetiscdls for
activity or deteeticanyod eestabaIpsoteimtargeise v inlmis touiaibs pratadaliuriangemrNms estert on cell
function. [0QRB)EY na%w@ﬁaea%%%& %&e%%ﬁ&@%rﬁﬁﬁ%é%e@&%é H@%@{%@%?\%c%%@a” cells. A

wide variety of assays may be used for this pur ose, includ |?ﬁg?|mmunoass$%s for |nd|ng proteln

targets of miEA(AYL! hd&?@ﬁ# IR ERARST IO ST o‘?ﬁ’é‘f'@ﬁf‘a‘ﬁ LERC oD 2RLA9R:
209/097 1369@/@@@@@1@@059@wmummmm@pgnmetmwnm Apeificanya as&aw pray include

analysis of exmrensiontol Rt deatifid belribAshrIRg ARG cHdRRIRNIR NAsadP8Boksreening
may be perfarmed uging ip é(é@%&“!%fﬁﬁl:ﬁ@ué dtg‘a@'abe i5Q &%s&'@nﬁa g@nae%@wea%{ﬁsl 3&” or

animal, puritied mlRNAs urified protein regulated by miRNAs, and the like. In.one embodiment,
screening iSFEHHHE ag't‘@rﬁﬁ‘ﬁfgsﬁﬁ%na‘gt%\r)ﬁ?eo‘?rgtﬁ'ﬁﬁd|88f@pﬁd%‘?1?9\/ﬁﬁ"f‘é%ﬁf@é‘f'?83dﬁgﬁ5§n|ng the

activity of nﬁRNW@&I@@@B?ﬂﬁlﬁ%thsmﬁ% g elatath apleintcutd: y RISAsbEmgalvesp Gafiddateoteins with
a candidatecagpfinddteimativedyse el srayithecentreiedvih epeandigmaagentjoir@grigiéon of

transcription, e/LanIAY 8 Bheatioldh Eng EARIRa IR RYAD AXRRYANIREd T;Mé}%r%' 054 herein

may serve ROSIUVG control for coordinately regulating expression of these I‘Otel S. Com ound

screening @ér‘?ﬁ gy jaises e ﬁ%%‘?ﬂﬁ‘t%?&ﬂ*’/ﬁ{%ﬁﬁ%" N‘ﬂvl%ﬁuﬂﬂtfé’&'ﬁ%@ﬁﬁ%"a??ﬁg%|RNAs
themd$@¥8k. Canditaitdesominragntis @aammeas@rmedamworaexpm@smmspecn’nctemRNAs may

further the wreeratamiing wicanceapielng\onaleang TRNARANIAD the PRMRRBaNUALIRANGER
i e st R e S b e

cells. [0090] The term "agent" as use scribes any mo rotein or pharmaceutical,

with the cagafity ?Jfaéﬁ%hHti“%ﬁ“?ﬁﬁﬁibRﬁfdQ%WEMuEQﬁEHEﬁWH@%&H@?ﬁP& sQigiatRd kinase
correspondgfigtentist nesninss do dhaedtipsesorGeratidhs a Hivicaliyy ofeastdyessixtaresntatidne run in
parallel withsehifferand agRialeeprenlialians:o stiaintarbiferanial IRsRARSEY ihigidmrious
concg&;ﬁyons T %h%?&% § Eth%sg cgr%cs:egtratlons serves as a nega t'VehC?”t,Eg tlﬁ.ea'% Zero
concentration or be Sof dete ion. 091] Candl ate agerits enco %as erous

chemical cl3$28¢ W%‘ifg’f?fyﬁf%f??ﬁeif@r‘b%?@%\'ﬁ|EWB%€G§9§%F@@§!§1&?§H@&WS@BH@B@%pounds
having a méilecFarnkigt biamerouhadrbGD datidres CaTaidatsoag<hs 0@ uatten SurCimdidena:pgents

comprise fungiens) GOURENRIeRSANERN \sﬁww@ﬁéngﬁr@s@i@nyvmar@geﬁeﬂaaam@rmlwbrcbmdrogen
bonding, anglfy &f)é%?"éfaﬁ? hd&able %%c?}‘“:aﬁ% 0,7 31 g%xﬂy%%"y ol gamRoxyl.deup, 8¥‘fherab'y at

least two of the functional c emlca e can ate a s en comprise cyclica carbon or

heterocycl|5”§ﬁ’&8ﬁ5r§§egﬁﬁ%lgé%?ﬁatl 8? peRpdiGRanestiuGlires Qe Siclith 618%r Riore of the
above functieissdoyelit ssuciansidatéongertaiarnsoyirandtznstmgiromoietithesiinduding peptides,

saccharidesadatty aeidsostetRisiral gRBEs PYIHNNR a giRtl/ atly 8B o SHUHT Winbay Blegsigsurymbinations
thereof. [00RB1ARCIpIRAIDls.ALRAXRIIRRY' LB 2 HHRRL IS 8L SQyFRASBe  dlpRuliuaries of
struciural analogs or combinations thereof.
100921 Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for random and
directed synthesis of a wide variety of organic compounds and biomolecules, including
expression of randomized oligonucleotides and oligopeptides. Altematively, libraries of
natural compounds in the form of bacterial, fungal, plant and animal exiracts 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
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synthetic or natural compounds. For example, numerous means are available for random and directed
synthesis of a wide variety of organic compounds and biomolecules, including expression of
randomized olRyBAERGiMes and oligopeptides. Alternatively, libraries of RERFAPYEMHIIBUNdS in the
form of baclgyal sk AR AL AL AL REIAGS.A BV ARDIG, %%{%89#% SybeSth %99& gnally,

natural or s nthetlcally roduced libraries and compounds are r rou onventional
chemical, pﬁy%‘f&q Ad Hi3Ne AIRR e g4 %H"H'T’afbﬁ‘ %%@@?@9?1‘@’@@?/@%?65@7’800593 used
to produce eBvAiRREesw&ldideapiedutensiivaiyiabatrieasobtshlragriatsamay betainefeictod twatieected or
random chesnbalsrmeniBCcaitans: isheaSaeoiaticnoakylading, Rstedisation amiddicatgr&ic. to

produce St ENARAR P RbAIET IR ALAS AR IERFRILIBI AR £B AR aL Os Ut

libraries or combinatorial libraries, for examp erengﬁges 0 omblnatona libraries

and methodS 7 1 dBa ﬁf@’@i&fﬁ&é)ﬁ@&%%\%b"&@nga@ééﬁﬁe}ﬁ“%&i oPVE SripRat O
publicationSHPELo B BV D, 3F/EPOH 198 WD 5/ 35508 AN O D3D5Stfaedos/O 95/30642, each of
whicwigsig)corporateisyain divereigsgane RO lﬁc}(ﬂQ@tM MO dRRgaBtayNashbe:ifged in the
screening g tlﬁﬁé%éﬂg'%%%#&ﬁ%@‘iﬁ o EP R SRR e Ul Ty RRlStg olc et

2? n
are used to% <l[(tate optimal protein-protein and or r uce non-specific or backgro

|nteract|onsoqiig‘ﬁbé’rﬁ??ﬁlﬁf‘?fﬁ'ﬁrcﬂyédm% @ﬁﬂf@né?ﬂbﬁh@%é%%ﬁ?’f&é’n FEeRAEe fRIBRAY nuclease
inhibitors, dfitrasirolial agenve, the afficiisy vdbe Bheamixtehe asf pmﬂepmem’(@aisraddedemany order

that provide;mfsvfabemqm@i&airuyaasIréwbagpraa aseddeTiARELAL BNYoIEIRIRdSMRRIRIYre, typically
between 4 QRS (ﬁ] phh ?pgqﬂgg Berpd§e 0 Ibec d f?r;CcL)]Btl{gum actlv%éhbué ma also b optlmlzed
ra

ns are
to facilitate utscreenl |ca between 5.T OUI‘WI esu C|ent

100941Cer@?f’§@‘€§n?¥§‘?ﬁ h??d‘gqmcﬁv%“gcf' eﬁm TR EBREERMR] AP BRHRSIRA SRS CHE"®Rpression of
proteins targmiét, ByuhiiRN Alsp ehg . PEMIXEd tdViaBitpto teaith bietheyughd uGEBPiinG udlypicetifods
generally imawesondadingselcinaseq,mssays in which test compounds are contacted with one or
mor expressing.the proteins and then detectin and change in leye of ex SSIO of the
arggt&%ﬁrotelnsé (r)gfn% %“f%%?sgare%“e"r orr*n“écg Ritlf Co Y??IC égf]d?? rgongenléoddr 18h r%]umongenlc
properties. {EPESIRPHBLYRHIF LHRA htBERdH I At Eﬁﬂ‘ﬁe%f‘ﬁ( Hroin-repeeThe ek frEBEBN level of a
gene in a c8lidamdibode tgamenatid ibyoyeo binguttagritNresedpeassediinvenical tevitbanpoobeasthat
specmcalIydmw&aeﬁtwaheaoﬁr%%e&ts(@mememe@t@fyﬁe&h@%ﬁld&@&s@%ﬁ%ﬂ&{a& qf the gene.

Probing cap, e&oag}(%lrj Stgelg bé% S|n Qeifeil_l0 eallnd orrkdeugtlr;% Northerp blot Wltbout |¥Rll’é’g the cells
using in situ-hybridization Pechnl s natlvel a protein-can T B dEtET ed using |mmunolog|cal

methods infAYEIPEIERIF RiRR: %’W&ﬂfé"\%/ﬁﬁ’&?fﬂ%dles that specifically bind to the protein. [0096]Other
cell-He8#d assayEaresspodan asshjsci@binamahtize sé ditsaysvergscorduatpa syith setheieiralogous

nucleic aciggonatelstitaah Is@wmwweﬁen%@mﬁm%&@ IPAERRAES BRIBE Hhgt encodes
a detectable r(%duli:th n m er, ﬁ"fd ifferent re orteraenes can b t|||z d Some relp?rteﬁg?re
t

ST BSLER 8 () SBP ST RURLS BB 19t

inherently Jetectable, Kn €xam
fluorescené%etﬁﬁf’%arf’ @’B%t‘é%’ﬂé%?\ﬁﬂﬂd&%%r@éb@ﬁ@e‘%f@@%?“@ﬁ%ﬂk@b@ﬂt%@ﬁe‘?m & detectable
product. Oftéthadidysingptbeteedsavsimniry siteshybridipaptariceniguae. rafionatisahcla geytbutaresaot limited

to, (3-glucuspridaseshd mkiieisRahsRiIgehaRtvhitANSTaRfRaRtRNLAN WRRNGHiLeS4kMature

282:864- 86%)5'&}/}:/(&5(2!3 09(0%7613,9 eCT/U82009/000593

[0096] Other cell-based assays are reporter assays. Certain of these assays are conducted
with a heterologous nucleic acid construct that includes a promoter that is operably linked to a
reporter gene that encodes a detectable product. A number of different reporter genes can be
utilized. Some reporters are inherently detectable. An example of such a reporter is green
fluorescent protein that emits fluorescence that can be detected with a flucrescence detector.
Other reporters generate a detectable product. Often such reporters are enzymes.
Exemplary enzyme reporters include, but are not limited to, B-glucuronidase, CAT

(chloramphenicol acetyl transferase; Alton and Vapnek (1979) Nature 282:864-869),
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luciferase, 13-galactosidase and alkaline phosphatase (Toh, et al. (1980) Eur. J. Biochem.
182:231-238; and Hall et al. (1983) J. Mol. Appl. Gen. 2:101). [0097]In these assays, cells harboring
the reporter oM@ S Contacted with a test compound. A test compdUirdUtHAY: iR9% activates a
promoter by, RiRcigg 9. JhREIIARE Maaskaie %B%%%eﬁgﬁe HIENAGHINERICS G@bSRmeXPression

of the detec{ggl%geﬁ%rt%é 4 elrtatlgeog%eﬁragi‘ps%(rfggqgﬁﬁ@/s ﬁnduct W|th cells that harbor a

heterologous’ construct 2l CBherol’element that activates expression. Here,
too, df¥dknt that'Bittestoasrersasstsiprobrinsoiforarense momsisetivate expastelonits ehéesbporter or
that triggers:thepéonmatioeaf ampaleit it dingsataiihedransenptions sookiglelervenigirdivate

reporter expieRsIANAALARIUE R X dRaRatia ALSIgRl asRon e gqUsy grpression

100981The eéeve] of e ?{pressmn or activity can be comé)are to a baseline value. As indicated above,

the baseliné’ 3L LAH CRAGLRREIST AESIHBILaMME 5715 gt ARt A TR ULFR¥RHative of a
control popihatitip{ess 2 ireasaripinta iernite) eemsrd 48R A tivaiks cxprasstybe kreetinad 4oendells that do
not expressiibenprayvideskpalysupiesidecntpreleisman adRaieoixSEcheeistae Aaiaky: arerpiherwise

substantiali genetalyiRgrAR s AR iRl ke «J AIEhONBIRLY Al iR alaRlls can be

utilized in the reporter assays. Eukaryotic cells may be used and can be any of the ce Is typically
utilized in gEREFStirk d‘%gﬁiﬁ'cl‘ﬁaptaﬂa% g‘?@é@r‘%’%é’ﬁ QEeRERIAL IS st e BlRsh A PRy otic cells

include, butt&peesR®imited to, yeast, and various higher eukaryotic cells such as the COS, CHO and
HeLajggjines. [OfHeOR]Y afioxsentids fanth e £006 b6iashigdan s badhine R SAL/ pdigatiyity is
authentic '”&é‘d@%ﬂ%é“@aﬁyélﬂmﬁ%ilbekéﬁa&é'%”éawg'}c‘ieé%&ﬂ@&'%%é egﬁgoéta‘?{s@éﬁ%%tf% Py not

contacting a cell harborin e reporter construct with test com ounds can a SO be further

validated aSPREEERBLE 8&%@&6&%@8%&9&1&%}% d@%’l%‘%ﬂbsﬁ’&léﬁﬁﬁﬁt*ﬁY%l?rﬁﬁ%IﬁysRientlfled by
any of the fbeeddimisesetoning/snieiolis teineseréastien wotdtdoppitiiatectite appuotansetivity. The

basic forma@ﬁ@umm@a@%@ﬁ@wgﬁa eivistasingiRgatngeidatagaridiordiding va bl screen to
ana that sery nd then determining if a specific mi target
ot rcocth HaD AT O AR A E o BN g SRR Siaie SRl e

mammals. SPEHRY Eﬁéﬁ?ﬁ’lé§‘g?%'hH%B@ﬁﬁl%@'fﬁ&ﬁ@é"bﬁ?'&?é‘ HoeRRRTRII S Ea Rlice, and
rats. [00102¢Certamnhethiedszaic wesigeéd tEx@spiot erlgriktcatslisyirafalte dtcaadiolateitedalter

activity in a apiseekRORLIRHiIERP UKAGIOIEE IO RES RS IEBR BRGNS L slignethods, a lead
Comgﬂws ad”\P'Stere%ﬁgoﬁﬁecﬂogg'ca”@ L{-8-20 animal. typicall %D w.{“?s! Offper fhan a
hum e anlma IS elther preaisp ose evelop invasive carcmoma ITS ene IC ma'keup or by
enV|ronmer‘|’t‘ﬁ|‘1‘§E$oF§‘\fiF‘alr%%{akﬁhé%aﬂﬁlé’tf‘aﬂ’}mo?ﬁ&s mim@r@gmaﬁfmw%w/duos@s

contacting a cell harboring the reporter construct with test compound. Compounds can aiso
be further validated as described below.

[00101} Compounds and cellular substrates that are initially identified by any of the foregoing
screening methods can be further tested to validate the apparent activity. The basic format of
such methods involves administering the candidate identified during an initial screen to an
animal that serves as a model for humans and then determining if a specific miRNA's or
target protein's expression has changed. The animal models ulilized in validation studies
generally are mammals. Specific examples of sultable animals include, but are not limited to,
primates, mice, and rats.

[90102] Certain methods are designed to test not only the ability of a lead candidate to alter
activity in an animal model, bul to provide protection against invasive cancer. In such
methods, a lead compound is administered to the model animal {(i.e., an animal, typically a
mammal, other than a human). The animal is either predisposed to develop invasive
carcinoma by its genefic makeup or by environmental factors or already has the carcinoma.
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Compounds or protein substrates able to achieve the desired effect of decreasing invasive cancer are
good candidates for further study. [001031Active test agents identified Il}/the screening methods
described her®R T8 %Rk as lead compounds for the synthesis of ana ﬂ@gﬁ%%??ﬂ?f Typically, the

analog COW&@J%WQ@S%MM@@&&A&@HWtﬁ&@@éﬁgwéﬁaa WdscrpipgulNaseaformation

similar to that fth I of analog compounds can be performed through
use of technlq?jes E?gﬁogs%gsn c%rsmif’sft%%t}]# %35 éPCF) analysis, configuration interaction (Cl) analysis,

and 8931 mode v art aeanitysrntifiashyher Wﬁﬁ?@ﬁh%?9%@%@9?%6%%’5%5%&1%5 are
available. Sesj eotnpdreits édrathe (1B88)sE o podeg Assisteddslodehivglgf Recspiog ciyemmhdteractions

(Alan Liss, 5}@%@@9;@@@%@@59%@9&%{: [QNEQ4MdIR inventipndiiiesdrovidasngthads for

reducing gr%wt fcan er cells. hF mﬁth r[i)r V|d S for decre smg it}he number, 811‘ sancer cells
cf compoun dentificatio 8 CP % ormed g(
bearing a specific mar ef orrcombination o mar ers provide ereln ecreasing expression of a

gene that |§'6I|Wé?@ﬁﬂ8ﬂyséibré%sﬂﬁﬁs@é?iﬁe?%lI‘fscﬂférlﬁ'@ﬂ‘%le‘?@lfﬁﬁmNﬁl’ml@f) or
decreasingdhayeycdraf asrdialrrieds eysangi@naaetyelty dlanpareerassosidbe dnpiEypeptigléhébBhe method

further '”C|HQ&§|%9%'%£QB(QUC%“’@§ orERyReRtidassbpicyalddeatisadhaRER of
decreasing ance rowtglrﬁ For an\ g gser?\?tlc&o struct encoding a miRNA set forth in Table 1

can be intr u888’ {%ag ' oTcrease te miRNA level in the cell. [00105] The term
MIiRNA may refer to any of the prowded sequences, usually in reference to the provided mature
sequences. Included in the scope of the TesatriieritcodBRMAeris included synthetic molecules with

substanjgilydhe %@f;n%ﬁwaw RARABP pr R MicERRA R GedoumhelisAligpnusirelideahayipg altered
chemistries, afS’ are known n the art. 1001061In r%rac ICI rgﬁ%he S bg)ect methods n eff%ctlve amount of

a miR agerl &PERIREHAISH IR IRARAR AL oIS 5 SRR RS HIHBORE ShR141): in
the 200b-2G0akPetiel e MBHREBOGHS, mm@eéahwmzi@ﬁrwm eeragsencoi g8 efstdhimir1g2,
miR96, miR{li&3)risaintegraeddnia tuntargel, celbring erelany slanikNRaenppssteobfateintrahucing the
agentinto the @69@&&9”&]8%&%%0&/@%@}9 frgelnel-isddstalby TS\?B@W@E‘TH@CMW breast

carcinoma, and more artlcularl mcludln%breast carcinoma, stem cells, for exam le cells havmg the

phenotype SFREIHF RIS AVRORSTERYAUIRRITRR AL PPABTRIAPHERL LIS G, "oRth SR R for
prophylactléfmf@tﬁﬁéfr‘ap‘éﬂﬁ@ SIrYBs e Eonexpele he ganRetin saetivchreripeia 0dBYAosréfertioboth
prevention Thisliseasepanttdtratanend ohpreaxstagistiditroase fhemaRam eeltihatarestention of -

autoimmyggpsiisene @y HRAsAIALIICY b asmDisaton @%@&er&wéwrm dexslgppent of

overt disease. The treatment of ongoing diseaSe, where th etr ment stabilizes QOr im roves the

clinical sympRoPRGP LRI RIS arGhEP T RE S 28° of the term *microRNA™ Is Includ

synthetic molecules with substantially the same activity as the native microRNA, e.g. synthefic
oligonuclectides having altered chemistries, as are known in the art.

[00106} In practicing the subject methods, an effective amount of 2 miR agent specific for,
without limitation, microRNAs in the 200c-141 cluster (miR200c, miR141), in the 200b-200a-
429 cluster (miR200b, miR200a, miR429); and in the 182-86-183 ciluster (miR182, miRS6E,
miR1‘83) is introduced into the target cell, where any convenient protocol for introducing the
agent into the target cell may be employed. The target cell is usually a carcinoma, inciuding
breast carcinoma, and more particularly including breast carcinoma stem celis, for example
cells having the phenotype of being CD44CD24™ lineage™ cells.

[00167] The subject methods are used for prophylactic or therapeutic purposes. As used
herein, the term "reating" is used to refer to both prevention of disease, and treatment of pre-
existing conditions. For example, the prevention of aufoimmune disease may be
accomplished by administration of the agent prior to development of overt disease. The
freatment of ongoing disease, where ‘the treatment stabilizes or improves the clinical

symptoms of the patient, is of particular interest.
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WO 2009/097136PCT/US2009/000593 [001081As is known in the art, miRNAs are single stranded
RNA molecules that range in length from about 20 to about 25 nt, such as from about 21 to about 24
nt, e.g., 22 or B30 grget miR181a may or may not be completely 88?{415?%?%??(5?& to the

ir_ltrcl)duc[:'gM”@gﬁ{lS}\tgI %g@t,mwﬁ Qp{lﬁoﬁgglgﬁﬁbﬁ@g}g:gm@gtg{#?yég tlﬁﬁN,ﬁcmqt ,gﬁs R t nding targtet
viral genome ar, east substantia mplementary, suc amount of mismatches presen
over the Ien%ﬂ?tﬁf% A ?yﬁﬂﬁ?&?ﬁ%’&f’ng rBtmsﬁé%ﬁ gg"tl'oag%tugg&f ﬁ%%h?#&f'e%egé 35%?1?% nt, and
will in certai?%f@ﬁﬂfﬁﬁimgﬁﬁé fBERREEERY AP S BREIRl eogipiaPenBhtiohe isiradreed 0OUROBIThe miRNA
agent may iagee@sdf ondleereaktetih adayidsnehtieg, tiigateRNaiRNA s t&te(éargﬁtmebcwdgéﬁ/hﬁg the agent
is an inhibitgesgeentydt sNELE esactily SbMSFALIBHNIRNA RYr kiR e AMaunLRRIRIRNA
present in the ta'r_getedt%el s,é/pef?hthei%%e cell,mz}/ e %res'%nt in vitro or in vivo. By "reducing the
amount of" i Theant that the fevel o qlantity SIAEIARRARTENR 1h IRty Bt Wl Y8R by at
least about 20 tsaafyHyrmeeeaist epRAdiBerRifinNe ecasl RaVIS Sofont2edold N G-I, E-fold or

more, as compared to a control, i.e., an identical target cell not treated according to the subject

methodsgge] LOMDRiiRiNEJMURNA AIRAIIOCRARGRING ARldRkoINGLaARed IR INA cell. the

amount of miIRNA is mcreaseég%n the'targeted cells, where the tar%%t cell mag present In vitro or in

ed ¢ e the | Il be )
vivo. By 'indRSSZi e YR E More RO M @9&0R ITIPYRiHTE A YL SRR IR the target
cell is incre@¥eadging teasMmapple2iGiRIA sesdy iyt lemetetheriisbwide the latdifold, M&:fedd, 20-fold,

50-fold, 10Qfederoinmare oas camPBETdaaIRHEQircRnt T idantisal trromkaelenst fieairg eiccording to
the subject methgdsHIOL T LIRYITIR ) iohifiiery &ﬂéé%t@ﬁ@??%%:&%%ﬂ&ﬁ%k}ﬂ%&?JQ&P““V'W of

the target miIRNA. The inhjbitory agent may inhibit the activity of the target miR a variety of
different metitihigfs | Hﬁ@&tﬁﬁo ‘??16%&? rertdothe SRRt SR RIRRSSTRRARL D AAETPINE target
miRNA andaridgslieg! &optkiineitiseatail iycoriing s thetaubiesimRIdmhibitory agents include, but are
not limited teojantipeiese LlgammicasisiesnaegstherikaciiiesrgenisdddatanrsiAnpludesibuare not
imited to: NARIAARRIGANG AERXOISH amakmal el sRIPRLNdR.of Wieteshblighdichde
numerous chemical c_IassesLthoug, t y they are organic mo ecdles, pre 2tabi organic

_ al c| h typica ar , sma
compoundsH&ihE é{'Fﬁolgéful%‘frWé@%ft&ﬁ FRPETRANS DS LR %k?éﬁt’?’?ﬂ@d’gmdﬁ%ie@andidate
agents compifieAfimbedaedet rellissitrseeszhby fhisstsbishord|2roitactiotywbiyaplestsinbowdrticdlarly
hydrogen begding.faad 154eea| s & -aiie agioanI RN NEereAKRO Bvh A2eHOXYA QloRREROXY] GFOUD,
preferably aileash %aeqfcgﬂ%‘gwgytgg%lcggr%mé%ltgéoslég%c;l'ggtﬁgg@idate agents often comprise cyclical

carbon or heterocycliC structures and/or aromatic or polyaromatic structures substituted with one or

more oflfd1dhov Y mERSAANYRIapsaeesh A dafE M qEhag ek Rl dTobik thfarl i ahihe daed including
peptides, sauBheridébe fatnpéaid egstérois inhiints, pytiviidindss degettiveSA WOa variety of
2009/097 1 3fiReehi He2RHRROSAZ st biabanalegs e GanmhintigesttRessoinushd @lasyles may be
identified, 300G GG WY S» BESIRIOKAG @r%gr%aﬂ,%e. LSRRG R5RNA IRbHGY B ARtsense
reagent ma%ct?l?dg nESte 2?&? r?oltgl(i)nQilflec}et%t:l a%%is{gseNoiig&rgc(::lgotiﬁ/ssyanr}d et;[':g like. Other agents of
' , . gents o

interest include, but are not limited to: Naturally occurring or synthetic small molecule

compounds of interest, which include numerous chemical classes, though typically they are

organic molecules, preferably small organic compounds having a molecular weight of more

than 50 and less than about 2,500 daltons. Candidate agents comprise functional groups

necessary for structural interaction with proteins, particularly hydrogen bonding, and typically

include at ieast an amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the

functional chemical groups. The candidate agents often comprise cyclical carbon or

heterocyclic structures and/or aromatic or polyaromatic struciures substituted with one or

more of the above functional groups. Candidate agents are also found among biomolecules

including peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives,
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ODN having chemical modifications from native nucleic acids, or nucleic acid constructs that express
such antisense molecules as RNA. The antisense sequence is complementary to the targeted miRNA,
and inhibits its"eXpIESEITR One or a combination of antisense molecule M4FHE 48 Ristered, where

a combinatigR,Bay| %m&gsssrrwﬁm#%twﬁierﬁé}%éﬁ%mﬁae&}@é RARIRRRERAURCHIE S RAY be

produced b exso[iessmn of aII or a Patrt ggrteg gar e&g NA sequence in an appropriate vector, where
the transcrlptlgna |n|t|§i5 Briehted SGEH that AR Hitisense strand is produced as an RNA molecule.

Alternatlf@h} 2ihe ahﬁ%ﬁé%”ﬁﬁd@@ﬁf@ feay Bymiisaossligisnensstides Kb reeisigtnaxmtsiides will
generally beoatieashalkauiicalsivaily Ableasbabeiitd 2umasatigsalynatigasicrbats#icausi@otides in

length, and %Fé@éﬁcﬁhéﬁué&%%e&ﬁé@é’ﬁﬁkmﬁgénf?ééﬁééos%%@n%gaQ‘éSIﬁ&Eﬁx%ﬁtH}J%‘%@ where

the length is gove eff|C|enc of inhibition, specificity, including absence of cross-reactivity, and
the like. [DOFRRAAY U e e VS ot R e

art (see Wa’gﬁéb@@@i’f‘(‘!@g@ﬁswm&e amamainasian seacosanss ypiiefe dieretigmauesesides are
chemicafiyimmdifiegdifsensdhgonative mmssbqﬂ&ﬁ@t%sw@wesm@r@teénttb:ir@f@s@ftwrtmgacellular
e A A A LR LML ORTIE oD BN Qfﬁdﬁﬁm%e&% ifcligrature that

alter the chemistr ugars or hetero ?IC ase mon useﬁ changes in

the backboH?'cﬁ%rﬂ@ﬁ?”ﬁ?eSﬁﬁBgdﬁd?’é’ﬁHB%‘fe%s o mﬂﬁ%teé't%%@ﬁom%ﬁm@%ﬁ -bridging
oxygens arensigbgitistedswittetu Hligopiispideroantitites; ditlyystestigbo itk stersralhydbb aridraghosphates.

Achiral phosphate, denbiptiasasciues 32%@@@%0@@%9@&& @oﬁu@&ﬁa@@snh@r@&hiea&e
e o IRARRBARSS, ik A RRIRIRAIARLA. Borie RS HIAGA: IRBIRGRNS e

ribose phosphodiester backbone wit % (Ggar moditications aré also used to enhance
stability and®3fhiR 9avrE s pachriermer 'I”Hl?&%?nBB%%f'thé{y‘rb‘é”ﬂ%’@c?%&*‘e"tﬁ%’%ﬁ%mﬁverted with -
respect to thedribeuiksl .beta.-anomer. The 21-0H of the ribose sugar may be altered to form

2'4:7-meghpi4r 2' ﬂr@%@aw@mm@myﬂ%Jﬁé@@w@mr%%dw%wmouﬁmﬁmﬁm affinity.
MOdIflcatIO%r? ﬁgp(é‘ygj ésuﬁr)nrgzgnrg ﬁg"} Ry cf,Per bas pal ép%d§ rggulé u substitutions
m

include deoxyurl |ne rdeox e OX c dlne an Omo- d%oxycytldlne for

deoxycytidifE BBy gYRgHes: - %‘Bx%@ﬁ‘?&’%ﬁ&"ﬁ%‘&%ﬁﬁ?ﬂ Siﬂtﬂ’éﬁﬁyt‘!ytﬁiﬁ?é faVRCREsR $M¥vn to
increase affimiegen@rztivificandbidingafimitys Abstitbe b fendemwytfinatndine e dede aepcyitieine,

respectivelyn (RO RlonRIkaR AR 1O B RNRSPbINRIEMINGEIL,BRAGBIE BAR tidhsas described by .
Krutzfe@&ﬁ t, SLApI’a herelp spehuflcally mcgngoratq%bry ref rence. Small mterfﬁrln%do ble-stranded

RNAS (i )engln Sered vith Caram 'drug ke propafes Steh Qs F5° WRiesprorotnicales,
2009/097188PEIIEBRAPE0NHES &%%ﬁaﬁ%ﬁé’d’ﬁr@ﬁﬂ%ﬁg RFVSRISI R{EatHPEieiRS Wi Edffligation for

delivery hapbdsesmcsintuitedo atthievbdbehraipesiticsSilenicingahephesidaganonshireneptoypratel o develop
a pharmacelggismleaPgasd f@f@l@@mmﬁéﬁbwwbmﬁaﬂym%sE& chotassesabconjugated
single- stranqﬁd ﬁNAi ana (?%uﬁﬁ_%o_@pke nta%tgaml §Wer§gc ecvglggs rétFrmetg] ant?%omlrs
Antagomir RNA y be synthesize asim gs Rndar sole8 ase Oe|ll SRudleande syn Athedis protocols.

The RNAs 85’838&’1]?@5%9?69&%?@3?@?0?“% %&Vh‘fﬁ'ﬁ@??ﬁéﬁ)@% ﬁmgﬁﬁﬂﬁﬁrﬁf?a?ésﬁéﬂé%&he at one or
more positienE80 $tebjlaysandfdfitahest e cintairreonizodimdatis/disesR My agentedinwiepeetentative

base is inverted with respect to the natural .beta.-anomer. The 2'-OH of the ribose sugar may
be altered to form 2-O-methyl or 2'-O-allyl sugars, which provides resistance fo degradation
without comprising affinity. Modification of the heterocyclic bases must maintain proper base
pairing. Some useful subsiilutions include deoxyuridine for deoxythymidine; 5-methyl-2'-
deoxycytidine and 5-bromo-2'-deoxycytidine for deoxycytidine. 5-propynyl-2'-deoxyuridine and
S-propynyl-2'-deoxycytidine have been shown to increase affinity and biological activity when
substituted for deoxythymidine and deoxycytidine, respectively.

[00116] Anti-sense molecules of interest include -anfagomir RNAs, e.g. as described by
Krutzfeldt ef af., supra., herein specifically incorporated by reference. Small interfering
double-stranded RNAs (siRNAs) engineered with certain 'drug-like' properiies such as



embodiments, the RNAI agent targets the precursor molecule of the microRNA, known as
premicroRNA molecule. Bﬁ/ RNAI agent is meant an agent that modulates expression of microRNA by
a RNA interfer€Ac&"ME&¢H4Anism. The RNAI agents employed in one em3&difEAPPRE subject

invention arg\smigll BeRESISIH IS EMISAHE AR BIRBRHIRiR FEIUAR A FHIGEBIJAGRUREIC acids),

ie., oligoribpn%%ﬁciotidqgéthat re present in duRIex gtructures, e.q, two distlnc{_ oligoril?onucleotides

hybridized {0 eac 'e\é?her (5?”‘53%?59@ ?fﬁé’?@ligﬁn@cle%rt’laog;?ﬁgf%s umeéna ‘é"r’ﬁallﬁ ha?rplﬁ formafion to
produce a (RiBERSHRSEIEPRPHY FILYISNERD MBS Bativa: rivsAikaBICraRIHieHa clIRBS950k exceed

abobutd100 rrtoi@?:gihsiagldégpm?g Hu%sglgic@mh;:eclggbm&ﬁan} Igengﬁmmbemm@é?a@ﬁ;@n pertain
embodimenigt3.4ees, OUl, &t b 4% & WX stArRRAr S Gl RAstInCt
ribonucleic a]cids P‘%ﬁ;{%d to eachgr}:grt}?lfr,_feﬁ .RﬁfsiRNgf%he tlenr%h 0 tl'lggK oLuglex s?r:\%%lljﬂre typically
ranges front 2otk '8%%5?‘5 (ARSFom bouti%r?octfyfﬁs,% FETSEIRG BB B8 Ut 20 and
29 bps, e.gh22 dphoephpctaiarissitentatintereshrecRitditriémbodiments. Where the RNA agent is a

duplex ghaare clisosioyahanueleieagic thabigipeaenhia sRAIrpiyéatsnaionepesentaiBNA, the

length of the ybridized MERRR AU BRAIKRI LS RISV R SAG AR HRHRHRXIde APy for the
SiRNA type of agent or Ionqqgr %%’4&3 nucleotides. The weight of the RNAI agents of this embodiment
0

typically rarf§&SHEM BBEET'S: Noh296 0B UTSbE0 FREOh I dnBITHRIESy BRIBSHAR it is at
least about TR dIYorRs BN |d-isfRenesb RDFBD0 dakonsRbAE rekssdstempiiyedt P5 @80 daltons.

[00118]Whessoidmeesirible $00ReteasMHRINA s 56Ut iHceacRl nfigedRdn@leergitiasgngation, an
agent may R actshAkeRlldlckic'ag.any of e askied plaonucleglidsadarraggapove with

respect to antisense, e.g. cholesterol conjugates, phosphorothioates linkages, and the like.
Eifa GRS

th |
Alternativel§" ¥ Vo Worlad 2 RUGIRElEh d HREF R iR RN MBI P AR relevant
to the targef@ecigerudeaiidmitipirssiinsed. Joel tajPirgressiinm Ve orofyea@/duelerseith eiuiatrétuce the
target genednjgisosedleSidehis/ ariais parwialkidase ernvesienbrestysticongitemtosaiekngar the

promoter sequepee o RIAVIE JoLde DS HE R AU SR AC IS RIAN e ARIRBREARNRL, cAgSettes may

be prepared com rls.ln%ahlra‘nsqrg)tlon initiation region, the target gene or fragment thereof, and a

transcriptionar & VRS 339 0d Y 14ERETHYS 3669600 SUR T SIHTLHTE P AR R A iBtion
cassettes n#afobyiiiBaddeErtid athairieg . AvelRbrs, By ignatsnaidinee therii s ireciprie picaly
adenovirusramdsthentikeowhers by ckasarenkisote 1arsktly anstailydee mawdainssbin the cells,

usually for gpegioshafiat least,ahoybong day. dppraidssalvfaLaPetioth Ul daari-rboymeyeral days

to several weeks. [00120]The expression cassette will generally employ an exogenous transcriptional
N i | AR
, l.e.

initiation redis B0 JRrid ARSI S TR RE B FOIRS EP SHRR G L LY BRI B SR (HeP T 85 e ceptor in
the normalliPER&RRiNg-cRrehTfd¥brfe PRath Brifmdyisidirsetippréipindidse deipirpirtininatly test cells
targeted bysdmecassetteroviiedoabovetiar ayirelintype ucaddy sermgdripantaneiheastaiés. viti, or as the

result of hoRAURCRURITHRAPARKR! SNEESAMRIARY forlifHiegasHeR! -8R BIRIRARKIS qperably
linked to th%b%ge%gogg%%ﬁnce 0}‘] éh,e autoann%en to produce a translata@lgomRNA transcri

t.
Expression Vectors conver(ﬁrésht?y Will AV FEY E%G té.sitI s"“fo'«?ﬁ?é& br?é’éﬂ Brg?%?grag 8gshce to
facilitate thé"AsEIUBR GPERUESEPRRD Offesdgtfeihaagbout 25,000 daltons.

[00118] Where it is desirable to increase miRNA expression in a cell, e.g. to induce
differentiation, an agent may be a microRNA itself, including any of the modified
oligonucieotides described above with respect to antisense, e.g. cholesterol conjugates,
phosphorothioates linkages, and the like. Alternatively, g vector that expresses a miRNA,
including the pre-miRNA (hairpin) sequence relevant fo the targeted organism, may be
utilized.

[00119] Expression vectors may be used to infroduce the target gene info a cell, Such vectors
generally have convenient restriction sites located near the promoter sequence 1o provide for
the insertion of nucleic acid sequences. Transcription cassattes may be prepared comprising

a transcription initiation region, the target gene or fragment thereof, and a transcriptional
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1001211 Expression cassettes are prepared comprising a transcription initiation region, which may be
constitutive or inducible, the gene encoding the autoantigen sequence, and a transcriptional
termination redi8"H&"&¥pression cassettes may be introduced into a Ve BIYVWEESTs. Promoters of

interest mayheiiRabciRIG A C%@WME%%FW@Q&E%?%}% ARSI PrYIdS, IR IRYRIS, Of
transcription in the vaccine recipient cell

> [ s. The promoter'may be active only in the recipient cell type,
or may be bBrSa8l5 RS TRV G Aitt LR ERISHRE RIERS g\%ﬁﬁﬁ BISHEoR 38 PR AR AR cells are
known in thE3%EHY Q8 Fepthberesiiaietth Promerts., Svaly &umyreanod sfeblensicibest imeriaroglobulin
promoter, horansniegalersd sietosasiaboiatseviral dalR & €iverkh@egr@moters may or may not be

associaff i eraNsRIs-hetee S USRI IR s AU AlYASIO HaIeC Mt Badieular

promoter or assocjated with a different promoter. \ termination region IS provi ' to the
coding regi6?e Whéfe ARERAGHRINBHRRYIGR RAYBY HAlHh dhyssesiindadtvin Theel S5rapie Bgion
domain or rfigyrieara@éyivectfiipgnchroiffenemne sdbeceromalgdie imdiopalindwaisalivwadigideryhesy be
employed véghodrgeteerselyabiestite. exiy essitierTMey swipusdnaninyatiessoina beegrgiad out in
VItro O M s, RS Qe (LILR0 RAARLRIE ARkl JFRolalitlceas  UaRBM Rln.dfcrfgstIting

construct may be cloned, the vector Isolated, ant DNA screened or sequenced to ensure the
correctnessPBTIRECShAPGRPY KRG UBNEE FiaY/ e SRIEEITE Py PESAHAAN SRR ErakiGBiehcing, or
the like. [0OTZBiASkIsdinERY HMsoserinhemiRdsRmgerctardyaneotiucet teethestacen cilés) using
any convenigig ateae \Wienetth edalRineolbwalivMaty iHe RRBHINY MR NReIRH he larget cells are in vitro
or in viv, m jons.c e utilized tq deliver.the dsRNA. into a cell or population of cells
A il At e e S N R e
intracellularfP%/ 8RotROPIYE aPmiBtivsie albg SREram)GRinR AR sHigPTHgpanseeuAfen gad a
administratioanbyiptimraitgectietiofs emgien gT hEenckaiGortzsetieal @Oy )ntitced into a variety
2%0910971816\%@5@S%Qﬁé@@%%r@ﬁyﬁ@r?aﬁmfé%ﬁ%1?&1&%&7&%%&:‘&1@&' Hiﬁétti)&lfti@_é-. Qﬁ%h .
romoso ; - . Other options for cellular delivery include permeabilizing the ce
mombrana BogSd 1EREA IR ;Eﬁ{%'%%%%éfﬁcg B AR O LR BRIN &
transfectiorPGS AP UM IEeaENcet e TRBY PR BN AR b MEsFiTEied geth&pserapy
techniques Manyadgonigeptritieterst fointratioedish el RIAcmienairc die Byt imcbdingrigea. vetal-adinstruct
within a virgsaisiesfabipsignss BRSpFaRAGRISVMBEGIeHEIN FRIMAEEMOhEN SXBFRTBIBRGeNStruCt
e o BRI PR R AL SRR NS SRRP e BERERIER LN ARIR e Do

agent can be fed directly to, injecte e host _orS nism containing the target gene. The agent
may be dird@RrIrdEIRRYTRIRE RN RFSREARA N BisiRroigHes AaRR A ASPRFRS a cavity,
interstitial spiice, dfesamieeimeifation of an organism, introduced orally, etc. Methods for oral ii li

ed ulct_iommlzy_de HrREMENEIOre6IBING ;yvét»ho%zp@‘ @ﬁf fh@%@g\%@@l}oﬁmf@m@%hﬁﬁami rﬂég%wcifng
nucleic acids_in ti rectly into the cell or extracellular.injection into the organism of an
RNA ol B B R B R SRS ooy
per cell. HIGHETABSLTEE of, HidR 4881, 'PBBINaIRT SPaietfoBRYIRS PHaPeKRY w}&%@%ﬁ?ﬁ'&y yield
more effecthfiedtitibitioreskioner doseearivay alsvibdatisesuhtay dpeciidedpplications: [P0125]V¥¢hen
liposomes gegrattitizes SuhsirasRs iRt IEacer! afdFace maRraReHPile Associad with

docytosi h lj t li to. T cell t ilitat take.
endonyosh gnDc a0 LS EFRRE ) QUBICIBANS AL elBgng Bl ke

nclude capsid proteins or fragments thereof that bind to T

cells, antibGOTEESHFEP sPedfc ARPHTHE 1o BEIISSIHERSE pTEReiRE G Paefls P alssHIsERgo 3RAFHRization in
cycling ancsprotenisgiathadiet intracellular localizations within T cells. Gene marking and gene

therapy[gueiarols &y e ad i ARdaisamel alnl(4992) Sai886cd FRSOR- &g (ROKZPIIgertain
embodimegatéy é‘oWQx{%ﬁV B%rtgigo[] %\Ig}g ﬁ‘%idp% cggti)?i\%:tlf%té?yn er;g)etr%:lglgi%n whether the target cells
are in vitro or in vivo. A number of options can be utilized to deliver the dsRNA info a cell or
population of cells such as in a cell culture, tissue, organ or embryo. For instance, RNA can
be directly introduced intraceilularly. Various physical methods are generally utilized in such

instances, such as administration by microinjection (see, e.g., Zernicka-Goetz, et al. (1997)
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employed. Where the agent is a ribonucleic acid, the hydrodynamic ribonucleic acid administration
protocol descrlbed in detail below is of particular interest. Where the agent |sSa deo>(<]¥r|bonucle|c acid,
the hydrodynamlc geoxyrﬁaonuclelc acid administration protocols described 1A 2(%ang et al., Virol.

(2001) 75:3d6iaghtatLiguetia, Fenaddieriach999) £: 1258 LRkémyveiibetoal. 4&&'@%6 &Q&O) 247.
14651468, SR £t S6TGCNET(AR0SNAN (1521 el £ ELEL Ao GSE Fher (1999

7:1344- 134 are of interest. ditional nucleic acid delivery protocols of ihterest mclude but

are not limifBe RESHSE S HEEA8BN An [@C§°@%T@ﬁ??@ldlHﬂi@?ﬁqﬁﬁldﬁé@"@@ﬁt@&?ﬂ% YISAR7 (the
disclosuressetinvtticiziaitenheires phisteor ponataze by resfetdisiue) ; 08r@ 111080y . itatwamliest @in, NavbBiol. (1991)

3:71-81; Hiﬁkﬁwtst.mkoddwah@@eRNl&efnzélg%h 5:B¢ irfrdd&h pRAMMOEb R Al SRIBRNGE (EP90) 247:
14651468, gt oRt aflbeRending e alye ol e anenl, iz pdlie ageniialmay e administered
int

to the host usm g any convenient means ca e of resu t|n Sited modulation of miRNA in the

28 WO 2069')(?@?ir§BWM§QWd%BéfWPWHH§ the agent can be incorporated into a
variety ¢fforhulationsdomtbetapebitii oy aryais ratiba fod aliee iy tic uhdatye dheia gents st bitmigre sent
invention caghRenifeymelakgst %MW@%@%W&@&?%H&&%&Y poslislalierLrely ngate

pharmaceutlgaég/ceucc%aqqa{'arn?rs orcéj\j’;& rg ?pq a\éﬁbe"}‘%r %l%ﬁ,%ﬂér}},% %rfegaratlons in solid,
Su

semi-solid qu Or gaseous grms. $uc es, powders, granules onﬁ?merr?ts
solutions, s’D’ﬁS’H??o?@@ SisddRiones, Topral iyesiusig ﬁ@%%@@dﬂ%’@aéﬁﬂﬂﬁﬂmf@ﬂ%‘ﬂ&? BlogERgents can
be achieveétiysizarioetbadaysirtneiudimoiocic bride alcludetialegiaratitarty it tbp esltoneddadaitoiederrnal,

transdermahéab"ﬂﬁiaeﬁé o%}&zsﬁ%ﬂiﬁmﬁf@ﬂmw@ﬂ@%&ém%@ﬂﬂe Hﬁﬂ&éiﬁb"‘e%gﬁ B?r%oaﬁt%ﬁ&herein
refers to pha}@&g thISCI‘ un tosnsunable as,ynitary dosggesaﬂg Slflg@g %ggj ects each unit
dete uantity of co a% iR Olate

containing a predeter e q mpou eSent invention® ca Pan amount
sufficient tBrEit e theosR a @H}éE?'iﬁ oAfsstyei tibHSRifAVE oS BB ARG ‘é?@@é;fﬁhﬁﬂ@ctﬁﬂuent

carrier or vepptitetionie specifications for the novel unit dosage forms of the present invention depend

on the pyiies]lar ABR A REIRIAY Gkiass! QGSS%Q{%@ﬁ%tb&rﬁ%'%VEé?h&MéQ%QR%%@%%éﬂﬁm'CS

associated W|th each ¢com ound in the ost, [00130] harmaceutlcal table excjpients, such
Jpecetable £Xgp

as vehicles; aafﬂa\}g%tvg'mc%rﬂ%? SRR R eaa V‘e' Arab18 1 fi2%Ht gP&aVer,

pharmacelﬁmaW%Fd&étﬁta%mm@ab’éﬁﬁm @@éﬁ%sﬁﬂﬁ@ﬁﬂ?ﬁﬁﬁ@’%ﬁ%ﬁﬁﬁeéﬁéﬁts, tonicity
adjusting atentenstaixtezd ibansbing Agends anddiiesl ke asedtadihbavaiadaibdaitive prdios
[00131]Thase of @il Indheritgd! rradiliARBrerialsdiat drgedry&Is Canvansas Rdstiep of
localizations within T cells. Gene marking and gene therapy protocols are reviewed by
Anderson et al. (1992) Science 256:808-813.

[00126] in certain embodiments, a hydrodynamic nucleic acid administration protocol is
employed. Where the agent is a ribonucleic acid, the hydrodynamic ribonucleic acid
administration protocol described in detail below is of particular interest. Where the agent is a
deoxyribonucieic acid, the hydrodynamic deoxyribonucleic acid administration protocols
described in Chang et al., J. Virol. (2001) 75:3469-3473; Liu et al., Gene Ther. {1998} 6:1258-
1266; Wolff et al., Science (1990) 247: 1465-1488; Zhang et al., Hum. Gene Ther, (1998}
10:1735-1737: and Zhang et al., Gene Ther. (1999) 7:1344-1349; are of interest.

[00127]  Additional nucleic acid delivery protocols of interest include, but are not fimited to; those
described in U.8. Patents of interest include 5,985,847 and 5,922,687 (the disclosures of which
are herein incorporated by reference); WO/11092;. Acsadi et al.,, New Biol. (1991) 3:71-81;
Hickman et al., Hum. Gen. Ther. (1994) 5:1477-1483; and Wolff et al., Science (1990} 247:
1465-1468; ofc. _

[0G128] Depending n the nature of the agent, the active ageni(s) may be administered to the host

using any convenient means capable of resulting in the desired modulation of miRNA in the
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the specific compound, the nature of the delivery vehicle, and the like. Preferred dosages for a given
compound are readily determinable by those of skill in the art by a variety of means. Introduction of an
effective amoﬁﬁ?&?oﬁ\{%mﬁm agent into a mammalian cell as described gﬁ@\%%%‘ff@% a modulation
of target gengésLaKMIARSIOR. JesHItRY HB REariittalionof (REARWIRMALBROFGeRicelility, thus
providing & ieans. Al raiad acancer Win.admehodhaL tarpels.cancer stem cels, (QP1R21 Reducing
growth of cancer ce S inclt es,cbu & not fitted to, reducing prc?li eration of cancer cel|s, and

reducing tBaERIErIGE T ROTIIREH C¥r 6B RIBANBR WNiABPACRERIEe REGE AP UIFR I IRSPEPHRIRI ction in

cancer celrgrianettohdiubetenaadhieare e forhdated dilto detparsiined usisgidnsekmnewnid, dgséy omcluding,
but not limgeckéns [36HHEy Righn@dnaasRaationsGRYNIMLEEL NYRRaEOViRRSHILd Qfilipes, detecting
and/or measuring a marke assoc};g}enq witla aBr-)Cr:oSs%se %.SL_(')C 1§§Hh& rggesargttinventi?sncgr vides

SUPPOSROTIES, 1N eclfions in S an Lo, 0 [ en e -
methods for%Peatlng caricer, generally comprising administéring to an mdwuﬁ’uaﬁn hedd thereof a

substanceHETYRHUBe YiavEe MENT g rBAAING MBhmBitRTRSuffciaht ReRMe@b cakeesrtensgtowth and
treat the carregervighétimedersab sthadeabredespeoifidcsaationnt of the substance, is effective in treating

cancengsde assRIspA Mﬁin@oeége%w%réqryeefmwme@ém%%@awgct@femg%dgawding, but
g)sydOWO 2 09/8 7136PCT/US2009/000593 contrast radlogaga hic studies, CAT scan,
ndivi

not limited to bi
and detect?gnug_%? I IMOP RRaer SLab AMAIRN BUHCERIFTRR BiBoer BAINEY R FINE Substance
can be adfHATStE EFXPRRITHE NS RERESNY INYSHANY SRjswrierk iy ryoasy suffsigniteriredecy. a
chemothetbpdeticdrifpdthataaduetsroaticer talingrenitizalbaacbeptabgedeckta, atancaneeibid hus, in
mister e T e comple
inistering. X ug- i -poly i upject, wherei X
s specic TR R IPHUR STESE FEn(R IR A R RAE. &R B AT SAE T Ereciuree
cancer cePFHiRRHRC & {aeral SFPRIEK dr&Ri®# in the art and discussed above. Targeting may be
accompobisheld byrneupbngaegicdinkingestipetiyxobidas sakeamalneids, alibentgvalenily ar
non-covalgfibsLAs 10 iyma;AB10 18 MHL AN ICOMBIEX)ER g 1R A0BIHPIL% SRERIIEARLA MIRNA or a

polypeptide gggu'latedubeélt%e MIiRNA, ods of coupling a drug to form a complex are well known in
ich,

A. Methc ) 1 drug to forn X ar
the art andheasd niot BE eRbBrat ﬂl&gr%ﬂ R e 0A9sE T SR B SHBR, it W cification is

hereby inctffibEaReRris ARSIt Afeireastiv rvsiiablely Bierpuliss. 10013611t is to be understood that this
inventin1sinot limdeddiaskiieraastislain reatpdpivedate that dose levels can vary as a function of

the specific compound, the nature of the delivery vehicle, and the like. Preferred dosages for a

given compound are readily determinable by those of skill in the art by a variety of means.

introduction of an effective amount of a miRNA agent into a mammalian cell as described

above results in a modulation of target gene(s) expression, resulting in a modification of the

carcinoma tumorigenic activity, thus providing a means of freating a cancer with a metﬁ'od that

targets cancer stem cells. |

[00132] "Reducing growth of cancer cells”" includes, but is not limited to, reducing proliferation
of cancer cells, and reducing the incidence of a non-cancerous cell becoming a cancerous
cell. Whether a reduction in cancer cell growth has been achieved can be readily determined
using any known assay, including, but not limited to, [*H]-thymidine incorporation; counting
cell number over a period of time; defecting and/or measuring a marker associated with
BCSC, etc. '

[00133] The present invention provides methods for treating cancer, generally comprising
administering o an individual in need thereof a substance that reduces cancer cell growth, in
an amount sufficient to reduce cancer cell growth and treat the cancer. Whether a substance,
or a specific amount of the substance, is effective in treating cancer can be assessed using

any of a variety of known diagnostic assays for cancer, including, but not limited to biopsy,
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protocols, cell lines, animal species or genera, and reagents described, as such may vary. It is also to
be understood that the terminology used herein is for the purpose of describing particular
embodiments‘gr(l)lﬁ?easwaﬁgﬁnot intended to limit the scope of the present %Q/%@%%’E?’Wﬁ:f% will be limited
only by the appesdedishipise L7 L uead hetibibaisinguiaiinemmarker 85bsiaBd viie" include
plural referepis Unless, e, sORIGKL clerrly diciaiee oiisise, Hws Jor SXample, [elereneto a cell
includes a plurality o Such ce IS and refererice 16 "the cUItIre” Includes referencé to one br more
cultures an&’%?féfi\}ﬁf@ws%&er@ﬁﬁvéhown to those skilled in the art, and so forth. All technical and
scientifigitafsls usecuistainehave theheawibameadingiag coshneontydcaerstosll gooate adrobdinary skill

in the art toyhiek: S I RYRUIQRIDEIRRESIHRIGHS ClRatbniBris el iRVBREYHSS o Fdts BRIMRAI TRL
EXAMPLE 1 IDENTIFICATION OF A BREAST CANCER STEM CELLE%S)& NE SIGNATURE.

1001381We p'?’g\?{&%|§’%‘&¢ﬁtﬁi8%P§é_ '535ed .Sti)r?'?tﬁelrn&tﬁrr@gs?o%oaf) 4 5ur9§pﬁlﬁlfﬁf'%%°5eing
CD44+CD 243 G YRuapRidaN o AubletsHasTeia RPcenspirsfiisetPByifindated stifbloesaudated
expression phi@kptidd e #gem{RID6Hs¢IC @RUNE Brid BbeneBéH ddweescisnlates) amitheeatsgast

reduction sgmpies. BY RISHIAHa%ARAINIS delqRikeshing differsptialivayriessed BaRRsLefween
BCSC isolated [rom 6_patients (3 Riimary ma!!
u

) atie s irf&nant pIeLiraI ﬁggsioniaqd 3 human tfreallst tumors
grown as sSfidl 8r‘9<'ér'1r6ér}%ﬁsr|n imfhdiiode |C%Pﬂ°f%?€e3' SN hSi ‘T%Mrﬁ%\ﬁoﬂfg%?teé'ﬁﬁhseqial cells
derived frofs3iPeliEtiBrifHaFHIS S REP IRtk et Blugst qehastiRede spedjfiofor a miRNA or a
2009/097 1 36p(:ptildS2OOXR0N5H3 sefedted bases afrveupwinzfoldraifferfanoeincexpee ssondievel with a

t-test P valygRif4R arrass rlbsanple sibalisedisen\rnsirate (FDR) was controlled using the
Benjamini-Hochberg procedure. With the above criteria, FDR is less than 5% for the genes in the list.

As expected, this cancer stem cell gene signature of 186 genes was sufficient to distinguish breast
cancer K8 elIsEremnyblistpbrilgdtia ghiscipaciisniay iy baecy jrexsatet dilirienesalsdivalidated
the differenéiatirenioe asipirmisdsese 186 genes by performing real time PCR of 14 randomly selected

e M £ R g

]
es by real t y consistent with
‘those obse

ARTHE RSB APPLSRECTT RIfEE /I SPeIY R HeshiPsAs2 g LBRY ¥Bht Expression
patterns of @lRise iehesinsatsieethibahitebttemonomgyressioneprinés rfasf theopurobset edrssrisimbnsistent

with the arrpytitater. éaeediverid. dniyClaike Miinbesactivntaha eene SBigeaiwaMamehusAorigenic
Breast Caf}ﬁﬁ&;@@!ﬁ%@/ﬁh;@%ﬁeh%&cgmgn{{&%umEng'and Journal of Medicine, 356: 217-226,

2007, herein specifically incorporated by reference). 1001391BCSCs and non-tumorigenic cancer cells
from 10[%@}1,[ tmdﬁealgfzéemﬁﬁeynguiar forms "a", "and”, and "the" include plural referents unless

the context clearly dictates otherwise. Thus, for example, reference to "a cell” includes a -
plurafity of such cells and reference to "the culiure” includes reference to one or more cultures
and equivalenis thereof known to those skilled in the art, and so forth. All technical and
scientific terms used herein have the same meaning as commonly understood to one of
ordinary skill in the art fo which this invention belongs uniess clearly indicaied otherwise.
EXPERIMENTAL
EXaMPLE 1
IDENTIFICATION OF A BREAST CANCER STEM CELL GENE SIGNATURE.

{60138] We preViously identified BCSC based on their expression of CD44 and CD24, as being
CD44"CD24™Lineage”. Normal breast epithelial cells, defined by the cell surface marker
expression, ESA” Lineage  (CD64°, CD31", CD140b", CD45"), were isolated from three breast
reduction samples. By microarray analysis, we looked for differentially expressed genes
between BCSC isofated from 6 patients (3 primary malignant pleural effusions and 3 human
breast tumors grown as solid tumor xenografts in immunodeficient mice) and normal human

breast epithelial cells derived from 3 reduction mammoplasties. A set of 186 genes were
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screened for the expression of more than 500 miRNAs using an ABI array. Real time RT-PCR was
used to confirm these results (Table 2). [00140]Based on the result of microRNA e&ressmn MIiRNAs
were found to%l%& A ?ﬁ?ﬁ%rtam role in the regulation of essential BCcscHuKEiBIY? é?oup of miRNA

consisting Cﬁd@b%&%@sé@'&@%wdﬁ%%eﬁﬁﬁ#@%e%!&ﬁ% R @ﬂ@ﬁ@%ud@vmmlated in
reast canc XRr Nn.ora 0 mi S S complet in onic
b z?cr %Sé'ﬁ; & Ea‘F 1009 ”rgtefpﬁwas%oNA g sin %ee'é!er‘%% E’hX

carcinoma ce yut t ey are e norma dy stem ﬁS% These
A

data demort¥ fﬁe AiStdhe g tﬁfﬁ?é'ﬁrf: friting) eah JusuloR Witk Qf‘é’ﬁ?’c‘@llthﬁé ﬁroyfértles in
breast cancepdoiadhitis raRieA stem Ibelluget: axigdigrostid 48 geerapetrisubicsts td 0814djidhe targets
gr these mugéﬂerc]%mw $¥&$r'ﬂléél)éei$&ﬂt \ at&%g(%@ga Eﬂ%{&?&(&ﬂ@iﬁ? @Bﬁteélgtkaé,&%ar&m@@am@ targfetS-

ne target that validated for m is rotein represses ex sipn o
E-cadherin a'n%i \ﬁ?&?al? P:ﬁ’%%rc‘? 2in Bo?ﬁprrl%sr% stem ceJ[FE 8FD §¥.8 I Rﬁuﬁlglfe mercr?gerps of the
anti-apoptofit ;5‘?6?8171@ ifelpRiag e talhify %ﬁs@%ﬁt@&%?@@@rﬁ?réﬁﬂlééﬁ’%ré’éﬁ% of BCL-2
family protespgHeistbesnpimplitatgehsn eqresxgepasimanddhdngetiividnagvwahof sanplat digmeatells.

1001421F0%9fﬁbﬁ3@e?@w&@(m&§temm9mﬂ&?&%@m W@Q%mﬁwe&@l\dwmseplays arole

in the self r newa ofb th n aI stem cells from man tls ues t least some cancer stem cells.
eyl ol bonoaley s g Geechab

COHS! fent ex re SIO ms O enes, an
Importantly, we Fn Rat Bl protein’is ownre% e non umonqgenlé cancer cells found in

many patleﬁﬂg“{ruﬁﬁ‘éfgssf%pﬁé@@toé&%’é%@lﬁ% Bm‘!ﬁ‘ﬁﬁwt%wﬁg’m?yé&fgeﬁ%d-&’c%s% species,
making it likebrkalttifisfadooaéondef tar§etel8i0h4B1© tihen iMtenesgergctdmgets Larttw seelisiRNAS are the

MYB proto-giGedensichity Grnd GRPindiiRoSudud0A RodarexasEhe MYBeanshdiM k&reaenes have

been associate flthir%%r\@.\/rgtez 09/Q9713 PCT/US2009/000593 normal and malignant stem cell
renewal. MYB has recen y implic A breast cancer tumorigenesis. FOX01A plays a role in stem

cell maitféi#4hce. B§§\Fé§ra¢rﬁﬁ t%@@éﬁ@%"ﬁ’ré@ﬂfé’rre%ﬁﬁésgé@ biPthRE TSI 4Bt eV rBkiReys. Several
of these genasaxa differeatiatysoxpressed tRah4b 60| chip AreuBaESDABS anen SRseictitog Rﬂ‘wrmrlx arrays.

Example 2 a5 used to confirm these resutts {Table 2).

[060140] Based on the resuit of microRNA expression, miRNAs were found o piay an imporiant
role in the regulation of essential BCSC functions. A group of miRNA consisting of miR-182,
miR-182, miR-200a, miR-200b, miR-200¢ are consistently downregulated in breast cancer
stem cells. Expression of all & of these miRNAs is completely lost in embryonic carcinoma
cells (EC cells) but they are expressed in normat embryonic stem cells (ES cells). These data
demonstrate the existence of a tumor-initiating cell poputation with stem cell-like properties in
breast cancer, in which miRNA can' be used as diagnostic or therapeutic fargets.

[00141]  The targsts for these miRNAs were then investigated. m200b and m200c¢ are thought
to share the same targets. One target that has been validated for m200b is ZFHX18, a
protein that represses expression of E-cadherin and may pilay a role in both normal stem cell
biclogy and EMT. Multiple members of the antt-apoptotic proteins in the BCL-2 family are also
reported targets. Unregulated expression of BCL-2 family proteins has been implicated in
carcinogenesis and the self renewal of normal stem cells.

[00142]  Four of these mRNAs (m183, m200a, m200b, and m200c) can targst BMi1. BMl1
plays a role in the self renewal of both normal stem cells from many tissues and at least some
cancer stem celis. Importantly, we find that BMI1 protein is downregulated in the non-
tumorigenic cancer cells found in many patients’ tumors. The target sequence in the BM/1
mRNA is highly conserved across species, making it likely that it is a bona fide target.

[66143]  Other interesting targets for these miRNAs are the MYB proto-oncogene, NMYC,

IGFBP1, KRAS, FOX01A and Sox2. The MYB and NMYC genes have been associated with
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j00144]Development of markers that can be used as prognostic and predictive tools on formalin fixed
paraffin embedded (FFPE) tumor specimen. The sequences identified herein as differentially
expressed in BESEHIE ¥ed to generate markers (in situ hybridization poBeRMg Ut mine the

quantity andy@eatiaRohismrsterKCelR mgmaahwé%me&ﬂnﬁmme@od BB} tssugs: Al
breast cancer bné35|es an %&%Etl on s ecjmens are %/%t%% goloegae e?< mination which uses

thin sections Of nTaterial tha R e ee'cT e n?nceara TCAREr Fixafioh i ol R YA AiRh, there
exists a ver§EgerestRttyntat ERiSr ApeTRROHT EEM% Q%Yﬁ(?és%mﬁ%es@ﬁg‘?éaﬂ'ﬁ‘aﬁ*ffﬂtﬂj‘mﬂépartments
throughout theresssaty th&iidan the BE8ddas theahistal bgikfitudlyiobtagsor stem cells and the role that
they play in clinical outcome and response to a%y,egé therapy. [00145]Tissue microarrays (TMAS)
contaw@tﬁ maI ed Para{fln mbedded (FFP h? tumor sam Ies with known clinical outcome are
used to |ne teflvg ERRAY SigMAtsH-L 8f ﬁ?@sgefl &Hg8S #iee ?ﬁtf'%s%rfgr%? OGBSk BF predictive
markers by ©EBAiRRRT BaRiioinkesreh AidRY thopmenesiroenal TellseareaseCsmyigddhemeirother
cancer cellsain difiertuntiaiy ie:xhesesstineds (Gl 468 nusity oy beckzaomarebesifiSil) ayerdemaleped to

evaluate 9eRIAPIE SR B8 AT ASHARIIGS 4P Lt BIGRSS A IGREIRISHIR paRigImately 10
days. These Q S successr te. The IS Htechnlque Is describe St Croix et al and
HRIE TR, SR

lacobuzioDSh &R FIELIRRISSs f\cl eﬁﬁﬂ%?&b@é’wﬁ? RRRETARY RI48E B8 hucleotides
and relies Wéwmmé@a%w'wﬁbamﬁ stisigpriinsiiolveateettvé bpsrrasnvthbeitted in

chromogenisaeififtuafies daaticulistratasinl hege seag emir vikty ernywvere lingepasadtinorrabadasd,
formalin-fixgddissues nﬁﬁ&éﬁﬁ%?@y %é%%%%@ﬁ%@g?%&ﬂﬁl\éﬁ@ﬂ%g%ﬂ?ﬂ@ é%fumé}(}ﬂ gional

antibodies that one ¢ e sense strands or miss-se es as controls. For selected probes,
TP O o FRHGHIESH (9 T8 ISR & HOCR P ERE B0 BB R LR Brkebancer (o
verify the eXQuFeXBIHPIERRONFBOL £FjTieetthamsyare built with up to 500 breast carcinomas can be
represefienis) a single TMAdalask Breass ToAdminglwdenkliNeikeal bipash tissuedaiaroarrays, 2)

Annotated lreast caARRRr asyS ICERRELAY.GURICS JIQJL%W oL, %é%%aa%%cxw idmeRtaingd. 3) 10

study the Val‘labl|l &?between breast carcinomas an speC| Ically the degree wit patlent specific

factors (as SJ558sEE MR FAPIERRIGR Se RIRENRTIG Y Bé?g'ﬁ?\‘fﬁe“?ﬁ[é‘ﬂrse%’n%%cfif E‘i‘f@%u?ﬁ?)er of
tumor stemrsekétiantrecisding deanaksitsal selsnheeas ECPURaRddba ofbre dondth trisistibatomoma
material fromdasdigmisdvith 2 independent breast cancer primaries. 4) To study the WO

e T it SRONIO0aRh e 100 SR e SR A UDRCL A LY e cells in

breast cancer a tissue microarray |s&%enera materia from tI(E,‘I'l'[SxIp represented For

each patierfARE BIAMER e 4etSmdPR Pé%%@rﬁ?e%ef@é%tﬁ?ewwg'@ﬁlﬁo}% RAHh hBERE metastasis
and a metaBtakss heyh asdistess reite SlehiSis techiniqlierg desdibac b%)SAGreast elatcoiatissuromicroarray

containing s;mhneesérqnmﬁmarwh@vraawerbbeas\t.meﬁ@wmaw@i@vmomme%m@e&awéable for all
patients, Wil IOl WHRAS A AISAEUARACP A8 DHSALE) ol BN, BSHG 3R Tl follow-up

includes overall survival, disease-specific survival and time to rst re urrenc etermining

presence of%‘?ﬁﬂ?&'ﬁ%g f&‘é’rﬁsﬁ?&oﬁ%ﬁ%‘eﬁ:t QIFEe RIS, ‘ﬁ%’é‘lé@r&?@eﬂgé’fﬁ?ﬁ’gmﬁm?&r tumor
stem cells. ferpaitdirathdissusitulBibrabesiorefer iR RIVaieekss dyekesbmuritdosciat{sew )ds used,

which has anahschriEphebapitngatan caatinsuttose b Atk iain ol REPBe p bBSHadisHRBIgays are
examined wath knoyya rap&a@xewaﬁgeﬂxﬁomm UL AERNIRNARRECIES RS RIQYGRRY, RT-PCR)

and methodicall g a wide ran%e of melting temperatures in experiments. Negative controls
consisting SPﬁ?@m hRETN RN 8§’?/W1’h”ie %58? PRiEeHRtches are used.

(00147}  The TMAs are built with up to 500 breast carcinomas can be represented in a single
TMA block. Breast TMAs inciude 1) Normal breast tissue microarrays; 2) Annotated breast
cancer tissue microarray. Clinical follow-up for these cases will be obtained. 3) To study the
variability between breast carcinomas and specifically the degree with which patient-specific
factors (as opposed to individual tumor-specific factors) determine the presence of the number
of tumor stem cells in the individual cancer specimens a TMA is generated with breast

carcinoma material from patients with 2 independent breast cancer primaries. 4) To study the
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[00149]A second approach to determine the presence of miRNA species in various components
(tumor cells versus stromal cells) combines RT-PCR with laser capture microdissection. Using as few
as 25 cells, en%ﬂdﬁ“?f?&?éﬁm can be generated after linear amplification {5 GEBAY e guantity of
-500 differestigni BN&&E@E%M&@%@W@%% wmh@r? N?fm&f hﬁnﬁ:ﬁﬂ;\%&@@r@@é&béetw%? laser
capture mic iQn, Analyses of these breast capcer s with the mi markers.enables
determinatiéﬂ%rﬁ%gt{rgo %réec%v%e gavﬁr{((té]? ﬁ}att%gaﬁgg{n E?gt?é"é'? §é%1’6f’e‘e§‘*fg]?5’15 %‘%‘%‘ef) %éﬁﬁways that
render CSCESBLREANPRASHHTRIE BRI IRAFBE DRSS, I RRIBHGIRD AR as/haRdtic
shRNAs are usedstesiarfjenpattisiays statsovhkesCH0s tesistantbinéezitimantabhreediffésem published
?Gelthfgds ar%i@ﬁ?ﬁé? ?@Jﬂ%ﬁfn%@pﬁﬁ%&‘%3 tfl'kﬁ%?ﬁalﬁﬁ@a@v}é &@&hﬁ&mt tﬁ?ﬁl @ﬁe&h)éé@@%-&ﬁdfl Boi|0|s3_26,
-6), conjugati e wi ellgcolagen (se eshita et al. roc Natl Acad Sci
S A 107, 1 B O B0 s, RS e e b st e bomplex
(see Song &1S31PE2568) T\'I’&t@f?)‘l‘é'éﬂ’]ﬁlﬁl‘%@? poeAAurTg. HisBas oty Eah AN iR iy fitlkt can
specifically tergesritee cancer cells. In the latter case, antibodies that specifically bind to CSCs or

antibodigg gt targelAhAhn8ea8re SElRNE tpsted: FIRMSYIRMEIRLIS Ushkia idsniify the
antibodies thatﬂyfwll t%gg% thferC%SCs Sotr all o{ the cancer cells in a particular X[%?E{ngra t tumor.

1001511Xencgratt tumors caabnehes FrSAits zﬁff’eer FOIiBR yRiEaiee B4 FeRsRine

whether sy&efattrysieAra it sisred atbiriehas arerpbthighap netineempesierathanBidmycin) or
radiation th&simylL¥epogeaftitaneordare regiahtsxathiraddvwihemiireyostaehaad Weghtive controls

2009/097136PLIAUHRRAORE0R9 3425 Q6R- By RilReRyiCh AR dicissy 1aPne nbihe fylopxic agents
and either t@%n{?ﬁ%‘?&'r@enﬁl or control sShRNA dﬁllveéed bXFI ?somes, .coné ﬁtlon with jfellocolagen,

i
or one of the TONOIONAN ANTDOUYTRTOAMING COMPIOXeS b’%wsorc%fbsr%@is# SWaLHSE 4-Nidnths post

treatment. PEERSYR et fII GiUEpatianmie ¥t8east 10 mice, and experiments are repeated 3 times.
In additj6148jmora feenvdd miperiahted Widreetiner the pasteator exparRMSNabSBRNA virtuare

removed angAIARR(aBAKE AErBIUDAGR SNEN) donpiRaUIRiEACRe BIRIGAT IBlBIgS! In vivo.
[00152]shRNAs that arget athways such_as BMI1, MYB, PTEN, STAT, miRNAs differentially

expressed By CEEART ol 8y 85ara GaIR ARt el &t HEETFROREURAE and self
renewal of BrAEERRAdE Cstermioe ke THarityelpERthdfescatenjitifo arrsipayitieseriisedcabdes For
example, amnifbbi/Atbailsi s updiy ebprassrair (b Gads Syatesvaathidadivaie dArgetaraimesherapeutic
potential. preast cancer TMAs with the miRNA markers enables determination in a retrospective manner
of the best probes.
Exampie 3
[00150} Targef pathways that render CSCs resistant to standard cytotoxic éhemotherapies.
Exogenous miRNAs or synthetic shRNAs are used to target pathways that make CSCs
resistant to treatiment. Three different published methods are used to deliver the shRNA:
liposomal delivery (see Sorensen et al. (2003} J Mol Biol 327, 761-6), conjugation of the
shRNA with ateliocolagen (see Takeshita et al. (2005) Proc Natl Acad Sci U S A 102, 12177-
82), and conjugation of the shRNA with a monocional antibody/protamine complex (see Song
et al. (2005) Nat Biotechnol 23, 708-17). The third method utilizes an antibody that can
specifically target the cancer cells, In the latter case, anfibodies that specifically bind 1o CSCs
or aniibodies that target all of the dancer cells are tested. Flow cytometry is used to identify
the antibodies that will farget the CSCs or all of the cancer cells in a particular xenograft
tumaor.
[00151] Xenograft tumors established from 6 different patients’ tumors are tested to determine
whether systemic delivery of the shRNA augmenis chemotherapy (cytoxan, taxol and

adriamycin) or radiation therapy. Xenograft tumors are established, and when they reach a
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Example 4 Down-regulation of microRNA Clusters Links Normal and Malignant Breast Stem Cells
[00153] Human breast cancers contain an apparent cancer stem cell population éBOSCO with
properties remmgeERPER ormal adult and embryonic stem cells. Molec WF@@‘B HYr&of self renewal

and differengiafion shaked Byneraakang-saRIONAAt SteMCals RavtxR! desdgssribed: We found that
37 m'RNASeQEéﬁr'r\al'Ar‘; were QQT% %lg%ll E%xg%g s;dogx BeCS:SCs. an .Qon:kuggglgggglc cancer cells.
Three clusters, m b?)rc-ﬂ miR- ‘8%) a-428°and ikl 838 -ﬁévét were do er%é’tﬂl%?%d in normal

breast stenPEIRs MARERNS %M(%ﬂ‘@@?"rﬁéiﬂ”&éﬂ’?é—n&ﬁ‘@hﬁ?%%i%ﬁ?ﬂfﬂﬂ@%@%@IEPER?Jression of
50X2, a knownst tegtisr Eeembxpenmabstangroell setftaienewddand difficentiadiexpwasmodaated by

miR-200c. h@;ﬁ@dg&&mawelsip%dﬁtm@%%aﬁ&mﬁ%léé %QQ&WS ;i&ftﬁ%qr%tﬁmtfl%maryonal f
carcinoma cells In Vifro, shed thelr tumor-forming ability, in viva, and innibjte e genicity o
breast cancer cells ?g?gﬁﬁg%é"f osw%r?rergm%‘f%ar)l B th%s?@ ﬁééniﬁl\maéfus??er%npr{g\?%%g aS%r%g ecular link
that connect@Bregdpiesibe Peisin eldniesstihyiMal stem cell biology. [00154]In this study, we identified
3 clustei@oszhiRNkENRathaeregp eaifically dmwagegmawdanmmammrmmhmﬁmﬂglIs, human
breast cancgy RIEHG 18 SO MHaaaR SBRVARA CaIGI0aRAE s it s Ian.af Jh fRs2RGand

miR-183, miR sﬁAﬁ which are located in 2 Zf the n-regulated clusters, s essed growth of

0 : r
emoryonal B SRbECEE 8 HRAL TR ATl o RO ORI R P EHEh iy FefEER e
clonogenici®pdrbrEasexanesr 2N} igdfrineretermrpierseinitoBeslinfaitarmiyaetyaratfults indicate
that down-régiedaitreniefiheBapd®iiaciusters regulates stem cell self-renewal pathways in both normal
and malignant stem cells. RESULTS [00155] MiNA4ofiling of Human Breast and Embryonal Cancer

Cells. As miRNAs are critical requlators involved in self-renewal and differentiation of normal
embryonic andtisSUe Oﬁéggc}B@%E% 346%@@3@6%%1} IS ORTDERES the miRNA
expresdiH Frofile Hiovar BIe 2l SRITCDAN TR APPEAN Aeirge Store ast canvielior(BISC oeils) and the
remaining lrepgaesnemitisneigs nicraseasticaneenteiicn(\Stémcalls). ibBtany RN witbchreast
cancer, & TiRQURY ARUIAAERLIGP4aicb 4 furlincage neagnenCellis g lurerigeg i
immunodeficient mjce, in comparison to the remaining lineage breast cancer cells. The
CD44+CDZEATWH A4 L1ed B3 e @?ﬁ\%é'?l"’fﬁ('\g\ﬁlrg’ﬁéert?é%egmﬁlﬁ'seé‘gfﬁ?ﬁ??e&)’a?gﬁ&%ﬂ‘?grentiation,
and can refenéyAEIgREIO ABNGAT EaiforTien eaFer. J8IRG0eN$] WREFEASER8F A NS of the
remaining lrdasgersrwitindtgeniguaaset eolisaancast s[o01&Md Multiphexn reebimaeéRwms used to

measure the RXRESSIORRIAGPDIRNAS Bl EeslsabNI S selis Ralated Jramn SPEqpAPRAn breast
tumors. We foundnth }37 miRNAS were ué%-re ulated or down-re,%ulatedlln '!‘Eﬁtof,cells comsgared to NTG
colls i all (b eel seliiengwal and atersniation, wes madhlpleat by iR a0e, 1 AeiHE. AR bressed
miRNAs w&$ fREn2RAsaaRf i BIotapatestedetacositunael PORENSa AN T etrlisandvitis analysis
confirmed thiatiithesahd? maiNAeWerabiideiad differentalbiex e ssatheigtinect Bleddnremeitisters of
MiRNAS, the, iR N2 906 -déinThIBHRCHAL AN £ HIRNRSARR A IRdRaLbe Mifsed0mR0qag 29 cluster

located on ggrgg&g%?en;et 1Q306, an thq mil'%-183-96-1182 cllust?r located on chromosome 7q32, were
consistently d‘own-regu?a‘fea A Rtmar Brasstemrlaerelee cCﬁ?’gure 1C). For example, expression of
miR-20R1BHR -2000biscaier i ime Mdailed S ZiustesartimBiifsweativare sheltdiedinpewadaauted cells.
[00157]t isitheaiehl thaintherédsddr:f Rakd Ouniineargascelliar etaralignaaheounenpants@hal

carcinoma cells, Expression of miR-200¢ and miR-183, miRNAs which are located in 2 of the

down-regulated clusters, suppressed growth of embryonal carcinoma cells in vitro, inhibited
their tumorigenicity in vivo and strongly repressed clonogenicity of breast cancer cells by
impairing stem/progenitor cell maintenance. Our resuits indicate that down-regulation of the 3
miRNA clusters regulates stem cell self-renewal pathways in both normal and malignant stem
cells.
RESULTS

[00155]  MIRNA Profiling of Human Breast and Embryonal Cancer Celis. As miRNAs are

critical regulators involved in self-renewal and differentiation of normal embryonic and tissue
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normal mammary stem or early progenitor cells. Similarly, embryonic carcinoma cells are malignant
cells that arise from %}{ rm cells, which share many properties with pluripotent stem cells. Thus, the
expression of thBSEHENAs was tested in Tera-2 embryonal carcinomat&effes Wf%@3 Tera-2 cells

either fail tosgxpress d@t@e@#&@r@/% GhRaeh SfIhRJBIRNARe bR ARVRLAL R BIRSSIGRRIm st at the
level of detqctlon (Flr%u g]s ﬁgﬁ‘res&% n Iev Is were com, ared to br?ast cancer cells, Tera-2
S0

cells expresSeaiat lesar C?o Fle &% ﬁ@?ﬁ'é(?? a&ecgﬁce%’m@eegllgraﬁ The
mMiRNA seefP8egjuetite(NER/ 8D difech iy At tyitts brRRl ACRargELS REWAYKEPNIatnn of
miR-200c-1a04dli3ed EHditlkegaliRa2@6h-200 a4 2 fightisterareyéoimed imriwvodpigs oficaiRMNAS with

essentially (3886 SGaHSRANGNRS ﬁﬁ@%@@@&é@%l&&%@QMM@%&%&%M%@B@Q&@/WR 141
MiRNAS) (F| ure 1C) yen thIS |m|Iar and he observ Eeﬁfieﬂcﬁ;ress,loné)@ttems down-regulation of

all 3 of the 5\ S FRIRIEAR GRS r%sag caﬁ%g? BORYEER pialse: BnSHNESRERRY &iRbryonal
carcinoma eaﬂg!?étem%ém AsmYan A0StepHsc P PRRitsS rPCeaandsiiel HOUemBMiNgMAIE Xpression
Connects Nemviadbtigeninagniaevelopamamtand Breast Cancer Stem Cell Differentiation. The functional

similariifabpaniele i AOTPER PRSP RRISSUIA el aaliRlsh RlAGAT st cell
self-renewal nd/or |ff§frent|a,t|on 6gathwa\¥§, account for man (‘,Eflﬂl‘3§20 roperties assomate with

malignancié®’ W@qk{g SRTSREPE RN WSS DYNss A38E 1005952 h RN Stem and
progenitor ¢S HertPavTe I slevisredatrdnimisnreisinealizaproganiocelsiinfol threespredsion of the
miRNAs thainakeddiffeigntially. exeresseddn, easte ancareréi el cand NIGririsAldiomgh the

cellular hieragchy.of the EHﬁPéﬁmé&E%@@/uﬁ%hﬁé%@%ﬁH'lﬁ@y %rtQ'IB’tH%%%?QQ%nFrmed

CD24"dCD49r9"CD29h19 a-1- mouse mammar cells are enric or mammar¥ stem cells
with an abilf87td"F8§ete @N§%W8I8 }Hﬁ?ﬁ%ﬁl@ebﬁa}%ﬂnEWBS%(&ﬁrg&téﬁ)thlé“’ee clusters o
CD24medCDiBbAHgHE DIBNAFScodiA0uster Iamtasbis hrRueiomat @rd dnehoiRfepamadmary stem
cells and the2€ R24leig hCRAD]AN! EHatbotAR1 1 BEL 4ékar Tire 1 dHR-aalsofViaC REs)ethadcatesensiched for

more d'ffer%mmegom@%a@wmt@@méegﬁw&wnqsgﬁsé@@%e itV IOLNGhal HhEgf of the

clustered miRNAs that were down-regulated in human breast cancer TO cells were also

down-reguiStdd T TrbJSE RIBTP Ee REUEESIN SL BRI R EFEE Byard SEF-4418 WahoiRdiies that the
differential 8X§Pd¥RINIGHrede @MIRRAICNERESISetween breast cancer TO cells and NTG cells is a

key conpasent oftaaioaghmagimayorslk teyeidpmasiakpatinaye [Q%é%MIBoaQ@ﬁﬁaégﬁts SOX2.
Potential MARRHIRIAFE SLAVE- 20ADCHAGHILP'E RICIGIRMPYT RIS AN Ay A TG potential

targets, we focused on S because it possessed critically onser eot es |n catlve of a

legitimate tg@@f‘a?%&?éﬁ(wmvis Fam.g5BRfalh Yol Stg g@f‘x@ﬁ@ﬁgi%&%.ﬁw@ﬂ%a%f other
stem cell tyfRis; ifadhfycspneasioni siess cafiblATheaistigton THR-260h roregedstvame SAUTR of SOX2

was evaluatethuip méeza&esremteﬁ;aasaxp:dd&lf&@&%mel&ewmcbaﬁﬂ sothexprRIsINERBe0c and
miR-429 anglex@Tsssec Bate deieriale Y 6l BT 2000 PGSk Phstl R aigst sites of

50X2 were cloned into pGL3-Control vec downstream of a luciferase minigene. K2937 cells

were co-traPeFBEEd RitieAP G50 a gr\?e%:l%%ﬂsp?’(‘ﬁrﬁeﬁeaﬁ [ERiEsS %&&8\1 BEH‘?ﬁFR 200c
precursor RNANA% éhan SerdelPanaet it focrésdiie abiwityRMHs seegpreasait s 6080 fodiSCRe(Figure
38); moreoweRNAtationRNAhergetk NReR20keid 28 s et 7egion abragataddhe anfityoobbemiRNA to

repress exa@asampgéqmeqeaﬂ%%m PPRGHIGHY &tm&@%t&swm QL PR GMguUres 3A

2 protein was also tested. To do

and 36). [0 1%(%5? aglété/ 2% % Iate endo%eous

this, we infétted Tera 'ﬂ% 1R gt’@%?gg QR SHBNARRE AR CERS VAR collected
by flow cyt@?ﬁe‘iW“W@@d&rﬁ%l@ﬁﬁﬁQ’%ﬁW@sﬁm SUXPspAstenresrissiohaldtiberestereih cells that
expressed miRN2ODCHEagLicande)Cimetrnzst theaggativeRanteris2 @ilrasiaradcmital&lis did not

modulate Sg%gﬁrg%g,ﬁggrggggpc&t}g&% EXURIBELROX2 expression in tumorigenic
CD44+@D24410 I|ne - cells (TG cel%) and NTG cells collected from a primary human breast

cancer Safe A’E”gﬁl MRGER BrStelfeeuras S6PRRTIE AT | G058 nIvE55t cancer
NTG cells %@Wa%&'t@ﬂm%’eﬂ'é‘e [GoeErialsRiZogesapfc-amR: 18YSuitp ressd dpee Se Growth in
vitro. The alzsersaiest that Saevsasnethustess bmmiFd NS vepeavaioNva/oe gifaiestidsdiopmakayammary

stem cells, i ¢ S cells
plios 36 e bl i ARGl AR AR LAl aSH)



that these miRNAs are regulators of critical stem cell functions such as self-renewal and/or
differentiation. Indeed, it has recently been shown that miR-200 family miRNA?@)revent EMT (epithelial
to mesenchyn%‘é?ﬁ%ﬁ@ﬁ?&?‘?} by suppressing expression of ZEB1 and ZEBSTHS Efﬂﬁﬁ%al repressors

of E-cadheripakvblyisiersiang sRIboraesIsnaldhashentinialb oot o BHans saeshstem cells.
To determing A HPLEEANGA GRS I ELAR-ALIGEIS Sei e, iPged cos i entvinus
vectors that express mi 25608 of miRTSS: The morphology o HERCETEh é’c?e%a\s/vifﬁ”ec’l?ﬁ the
miR-200c oF FFRMESTIE FruAKRONEH fer REAUREM TR HigraTeyfeamamrasureiaiuThisasll, staining
with anti-neanbrpspietifiendiaseaip QT DR " ansbtis shvwed b ataniRaR00¢ patecteslafera-2 cells
preferentially AxRse s6€ rhiRMEA AR LRIQIE asmngw%ewm AHAGH. AbGRY Y Hahthe

MiRNAs had.ind?gtgzola%%%{éac{ g{g%gg%gggﬁén Iﬁgggs %8 D@}O %vag_?efgqucte Igté:rg%‘fléglls infected

with either the c or the'mi virds, but not the control lentiviru tg"‘}‘gwth :

retardation GBRFRAS 205 MG HRr BRI I FROHECRAY SERMESGIRLR R BT Tificeling the
strength of (MMet&iGsifférantiatienrobhse riwdnibigudidferdbtiated 403mhzeynupitseli Nlodewot- Lamurine

breast tumqrigpoBROSAR ¢ bRtk Mnina-an drianiBrlirhirNRaAhARS AN JIRMRINATY stem
cell pool. Wﬁulng%cg%% %/I(l}\/l@é;\@/@té%}@\grl_ge gcr)e&stnqgn%%rt é:(?lls with wR-ZROc or a mlR-1t83
expressing lentivirus. Colony formation yﬁ1e R B G iR DO i R 2 8RS R SR8 st
completely ¥#5tesseguiedbtinfhihEmppates dnbiipsiferoeinl RiPmmRITVICIbgRE By URbfor
mMiR-183 whbrsteantpéwedn drealls dafeeteTGvitbiithand TG delitivkraskéyi gurepbAgnf@D Bo3didarmal breast
stem/progepitpkraNEVRUSopRamasshigRopulating units) and MMTV- Wnt-1 breast cancer stem
cells are hi-phenotypi ressi oth the myoepithelial cell cytokeratin CK14 and the epithelial cell
cytokeri inlgﬁwlé)./f %I/I%c?é(?z eaﬁﬂ%n}gli%%)é 'S e%?gg%‘taifﬁ@?@%@/{aégﬁsoﬁid‘ﬂﬁﬁ?ﬁf’ﬂﬁz_&.“I&Sfoepithelial
cells expred¥syicted byt maticam$5r ERAY Breedenta depeblyvinfeeused\wthSEofres sArgs formed
large colonipsssesdeekphestiedoticivbanddekBidSindfithtion decraionalcalidiadraxpressectdel9 (Figure

5B), wheregsalis infeciaiath {0R -SR03 SHE2006FRretaina i 2dermad onbama!!
aggregates of,,c,e{l)ls gh%} shgi\{,\s/edré%w ,Ie__#al_j Qt.gf‘%f glé%ur 5%’ hese resultszs ow that miR-183 and
miR-200c iffected Bragtt Cance &R NaVe oSN [SEgRIfter SheaHdE 5L ARG Y prEYaIRS mir-183
and miR-200% HifecEsa rroBaTarsAYRLbE It HYE aalsc afidy ditbrat @aneels Wifd-2000 284 MiRiABYession of
Tumorigenieity effaiaydarelCastinabia Eealls bymitRAB0eaadsaik- 1E3310TR dento deteonine the
significancesefihgaiferieh ﬁﬂ&&@%ﬂ%ﬂ}%&:ﬁ%&&gﬂ%&ﬁwmﬁﬁm@%m@é%én ¥RedSra-2
embryonal ggﬁglwr}gr@aogt%llléssyvgr% |n|ftgcte%waltnJ (tzqerlentlwrtus ex| @ﬁfﬁn%_rimR-z Oc or miR-183, or a
control lentivirds, and the Tected Celis were Collectad By idw cytomety” 1HiaH 32 YRR E Tera-2
cells were iAJEEASSPASEHRATEBIAIY WYRERERTHEA SHRIER HCKRODPSTIR YGRS, Feepresieby 806 months
later, we obfse S@N21{ELER, 080 TeracRare hsutafieotet tadtmiconirpbteninzsus: ta negba dbroguidd 3/3 mice

injected, wheseam(/s N GRARIOLHIAGRERALSBAOPANO5 I3 M LRAg Wil BHiR2ARRinfected
and 013 mlR-18%éQ§%§%%§?%%ecse§§ %%g%t)ggnors (Figure 6). 1001651The results reported here
- 1 , IR- _

demonstrated that mi 200c-121, m 00a-429 and miR-183-96-182 were down-regulated in
normal 481 steMe 8t PhuiR=00% daseqdrtecandraeres BOXAPIateimbaRoRiaP desidhorfrdells and
that expresgisnwd BEX2\Tassrpedudaiad byemtiRn200a: 3fasisd mMRMb@s. ofribetddMEidosnain protein

family and fojwsiea BMBIRE MRS THIRBINGLRAKY (Rouaie rRsRPipnand dirasshe atcesses of

self-renewa}:!e%pcééji %ecréii'glilrgrt\ Lr)l( ergwbr oni&u%adn (%ells, aﬂ%s me lineage s;i)\ecifi_c stem cells such as
neural stent cella. Here. We oPseved thal Expession BF mR-200EARF k- 1632418 8 0ipPessed the
growth of eRiBrybhart HENGhAeR Madwsteisfrcerrteirvaigasianiffdhaniusb sranisishad2heir
tumor-formingrafslity in tivorigerdeidbanscibw’ onegmniciis aff breal)canc eITce s sshaxtddhus our
data on diffgeantabmiRAEXBREBRIaR RIMEEe SMACCUIRT InkhevesiLeaneer SBD ¢rilsiand
embryonic gte@sg%”s as ggygs amo gcué?(r:a%%olrm%gﬂfsor the mcreﬁegéum%ngenlcny displayed by
the sub opu’fgtlon ot ‘&EBX& %Zfl?)w‘ﬁ%eage Breast cancer Cariima y 63hents' tumors.
100166 hnalifdis A& rertd A diifere Harippe kpress b/ hiFRMms iharave Tdel obaevatonaltead

the same clusters of miRNAs were down-regulated in normal mammary stem cells,

tumorigenic CD44'CD24™" lineage™ breast cancer cells and embryonal cancer cells implies
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shared the same seed sequences, and yet mapped to two clusters on different chromosomes. The
functional red%ldzzancy of these families of mMIRNAs may reflect a failsafe mechanism, to maintain stem
cell homeostadiS ANd b revent tumors, by ensuring that a single mutatlorf)ﬁgé]g’l%%’%’(g??ﬁrb the

regulation ofrmaira@rgmﬂméagym@m& SR BudhesmiRMb»dssinriauiogr. loAges. spd2 along
with OCTA4, jgessential np) QQAY [OLE ?é e Rl 'ftfeeé‘nes %LV%L}H ma‘H‘ 8@%‘{7‘? ,ﬁf Zgﬁmeng@ %ﬂ] IS0 is a
stem cells (I

core factor in re rammln of somatic cells to Induce pluripote sidering
these obserl#tf gf‘}? %@W?ﬁ@%ﬂ@ﬂ%ﬁf’mkbéf SONOSRIErSABISERe P a i e@dnd®Bdensive
regulatory getrssigtivorkraprdestissob&thachnter sidmisellstand @ihbrygenly Statrhasaleselfinieneival and
differentiaticuamiﬁ)&%@?H&leaﬁu'&%rﬂ&ﬁhe desgsibreide m@%ﬁ@@@ﬁ ma%wmwzsmany
other actorsgdk gly Jpifeaun ohial eAnecLand nemal stam gelldunclion. fecicton
programs such as Targ efscand.2 s gest at there are li e} rﬁan her Gertediing |on ¥ important
for stem celfBYRAPGR Pééﬂﬁaﬁ%ﬁ ﬁ‘h‘NIQ StRe- Y@lmlﬁr?@%eb@ff@%ﬁal@'t%ﬁ&?ﬁlmwi% 182.
10016810t rinéyNvas tiétifidedein (Giguseret alkmaretikely idthamhpestantsicisnasigempicity. For

example, oyslta PRalY si%iBtey SREIRIHARIHTYBE Rrattdy s SXURSSRALIB NG PESARICaRCer stem

cells relativ to th oth r cancer ceIIs N tab% miR-155 was or[?mall |dent|f|ed as theé)roduct of the

oncogenic ocﬂns’t?ncE?eLerﬁ'? ‘Oma e;n?ﬂ‘?'ﬁﬁﬁ RHAARSHTL Y08 BRVESARD B8K88 with poor
prognosis oFW%%ﬁ%ﬁ'ﬂﬂrﬁ%ﬁ%ﬁknts Abnormal proliferation and myelodysplasia is seen when

MiR155[e6q6EiSSIONVéS R udt sHBETEH- theo i aerd B M v IhNGIRIBRY BXIEARNS\IBHIRALSD is also a
hallmark of freast m@%%&at%&ﬁlks s}%%f’g%%é@fa%{ %&99%89%?&&9%(%@%’@ /s

increased prcﬁgg‘gﬁtlon of these cells relative To their non-tumorigenic counterparts

widespread devarspiRE STRNSRE S HRa! Fa eligrdos e ﬁ“ﬁ?ﬁﬁb?f W%Mﬁé@ﬁ@g%ﬂﬁ?ﬁﬁﬂs and is
associated {Fithieerifapathd Phaligieamersanyidl-Yelim cultifgiotest Reoers samtiesedanfebstiown that

expression ofrtesnponenisephiibem Eddils paitwayeigelhgio graMmkhisshighest isbthe @GlR4ksdrRa4av

lineage bre in t fanmily, PN A t uppressed
in human bﬂﬁﬁ“ﬂ%ﬁ’e‘ﬁ.ﬁféﬁ%%%m ﬁﬂ@’%ﬁc%?& L S

suppresses RS HaliAFET of 7181 Bk PR e (TRt QLeERAT SRUR 8. Rﬁﬂﬁ?ﬁlé‘%’?@? Pthe 3UTR
of ZEB1 an8UPEBZ ¢ edHgER D PUMEan TR ROT RSN AR ARIRABF S app Rys$fdn fof FIFB18ANd ZEB2
up-regulatinghexpoesgsin af feteattbato witdtirhibiting EMIuCEIged\sy, these findings demonstrate the

miR-200, (AR MRS Br2deRHAL LA @E%r&%o s @é&%é&éﬂlﬂ%&é&}iﬁmﬂg' tQ%’ﬁW process in

both normal and mall%nant breast stem ce n summa resent fin provide a

strong molellizh RREBCHRAEh NEMaP T &8t E%‘fBPr? B’ﬁn‘?f&’f"c%ﬂ%g tﬁ rCﬁﬂﬁ%%ﬁEiﬂvﬁlheage*
breast cancetakeliatinfekémprgdnmpboiinelirontd crtpkemitio IS thaMaterenéRiDEIGH ca¥iRe20@bBs MiR-200C

and miR-14ditiese Gignicant doundeooiated bpdeinraisubsrt efdesparkhieast sancresells and in
normal margaly Bieak Gl ANl Ak R 0RC SRS RIFEN R B50R.sUdgest el gormal stem

cells and C% 4+CD24- 1?([3%I|nea e- breast cancer cells share common mo ecu ar mechanisms that
{

regulates s tENFIHE s“éiﬂ‘ MR SRLINgh PRI eR B ERIVEReTIR) peseasSeiRES

infected with the miR-183 or miR-200¢ expressing virus formed only small aggregates of cells
that showed low levels of CK14 (Figure 5B). These results show that miR-183 and miR-200¢
infected breast cancer cells have lost the progenitor phenotype and expression of miR-183
and miR-200c¢ induced the differentiation of breast cancer stem cells in vitro.

[00164]  Suppression of Tumorigenicity of Embryonic Carcinoma Cells by miR-200¢ and miR-
183. In order to determine the significance of the effect of miR-200¢c and miR-183 on the
growth of cancer cells in vivo, Tera-2 embryonal carcinoma cells were infected with the
lentivirus expressing miR-200¢ or miR-183, or a control lentivirus, and the infected cells were
collected by flow cytometry. Then the infected Tera-2 cells were injected subcutaneously into
immunodeficient NOD/SCID mice. Remarkably, two months later, we observed that 50,000

Tera-2 cells infected with control lentivirus formed a tumor in 3/3 mice injected, whereas 0/3
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[00171]Cell Culture. Human embryonal kidney (HEK) 293T cells were maintained in Dulbecco's
modified Eagles medium (DMEM) with 10% FBS, 100 U/mL penicillin, 100 ug/mL stre tomycm and

250 ng/mL ampﬂo?erfc“i’ff}1 (Invitrogen) and incubated at 5% CO2 at 37(3)‘31lr Wu%’g?? é‘mbryonal

carcinoma qai&élraec&er 2 Tk 90} Whs-Rdrehased o Al Gifedin SR dBiRgifiadlMeCoy's
medium (In\ﬂ;ro 100 units /m1 of penicillin G, 10Q ig / ml of streptomycin, and 250 ng/ml of
sup

amphoterici Iemented with 15% fetal bovine serum and incubated at 5% CO2 at 37C.
[00172]8eHRatioh et SiHiie et ssprastaetibal Oiftotfeery4 P rivfimPRredSeciicandspecimens
were obtainedRfiandba SO rsen eivpadionita Iraparoscstdyst e Rastareh foimios BBesdssatsptanford

University, apd,tha City:qh 'é':%%ﬁ%ﬂ&?r&m%!@ 9‘?‘9'(95?@&&@9& SPEEHRERS WRIGRIEE nlcaIIy
dissociated and. i cut:géeag with 200 Jliml Ibe(&h Iendz Rocheé ?ell stainin andf
Cytomenty WA DR A G ReTREh o o s RIS R A DL 600 B AR By
mechamcall?c%ﬁés@c?aﬂé’dm iFRAHRIEE @NRW'QWWY‘HI tinsstdbe BleprBAgOs@itoenyaCantistaining
and flow cytaifieadnyaneas ipefamueit ascoesakbeaddpseme Ushagd\ép:200 U 7dR6 ROERH/ BESRA08/000593

[001 73] Trangglamationos @@B&Q%h%@?&%&%z&?&ﬁﬂ%h@%ﬁ%ﬁ M@%&%@é@a%e

(Jackson Iabo ory) were anesthetlzed using 1-3% |s§flurane Embr Ioﬁt%ecarcmoma cells were

suspended i ¥atfg& Bl rgg)cgpls 9Pnffé%?eﬂ1 SRR OGS RejBYeR EPRIFEEY Al
experimentshfefereaiaEtins ARIRY & vive appiovhitet heckneganisiamiéPasicrorr edlsratyie Animal
Care of Stamfarcbltizersiyifo@hid thiRitpisrsressichpeieh assayidr inktrtaisnafsadad 4idnD24-50™"

ineage- (UMGHOSHC GRBAAI AN EAINSAGRNCL LIMTEAC BUBARDICRS! fRNGRESRLS were

lated BD FAC t A profilin formed b
e e e e MR e ey

cancer celldramarteatignts Wm@lﬁjmorlgenlc lineage' cancer cells were double- sorted into Trizol
(Invitrogmo) es)d ROIA wasyextraciardodiaumagriamapriasiurerenre paoésy aegandumisagen) was

used as a captiey Eﬂs esﬁengé@u%@q&ﬁc@g ahd-y3t A p0G f@%ﬂé%@@bmﬁeﬁaﬁﬁ &%égrmed as

described previous ﬁ/ Brief h{ﬂ%utl plex reverse transcription reactions were performe W|th 466 sets of

second strahf S§MIRnaL BrHASREH A SHt ﬂmﬂﬁsp?bW?éﬁﬂYéﬁréeﬁ‘/&éaM%Pi’ﬁ@?iaWﬁ'ﬁ 486 sets of
forward pnm”ergtewétemweﬂsrmevmmmmevenh@mmmmlmmpmm Watatitio dag s times,

aliquoted intat3BAuncthéeagiionplateninndgéte. amindgnatcalRBUXMPR A wasieasingdrigdividually.
Each primey,anchpeebie; coniaingd é@rﬁ%%&&%ﬁb’ﬁﬁ&%@%?@%‘ 'é/eﬁ‘%él%ﬂ%?’ ARSASHENERINA to

increase the sgeclflm %:Of each reaction, so that even small sequence differences in miRNA were

amplified artl HEEBRIBAFYTHY FiRtoich (ESHESHE 15r §RIeE ‘F%a‘hﬁ‘é"m‘fﬁﬁi\@ dRdRHHS e as
miRNA me&tiateheteorr iy (MSRsandansiieringdhespobesvalidantalqre silbsthedpeotadiializZéd by the
amount of skadk ntochesask bbha@xpeeshined GHI boreRbA asgli@ibhboutd nEhmaliffenes afomiRNA

expression bePaRLa PARMARAIR W ete alpuliethana/iCh 5AgEARlized Ct (Umorigenic cells) -

normalized %t (nan- tum enic cells). 1001751Plasmid Vectors and Mutagenesis. The multiple

cloning S pGEM 'ﬁ" V WBESF?E%%gb%f%ﬁ”&fﬁ%Hﬁ@&%ﬁbﬂ“&ﬁ&%@%@@ﬁ BINS the pGL3
control vectbe(heimiegapaniatiendaitsiteaisS 1BdCimal 58Bsirigatens. oPReEOXI@HITR

(corresponding & agjiéananollhidgedl hdiahéne MMKON IAE, Drungaewiiirtdaply (Fpsrng the cDNA
of HEK293 el . RIS AIAEIO0PH R IRRGEM: AR UBELOL I IE LI produc

was cloned at the 3' of the Iumferase gene of pGL3-MC vector roducts were sequenced.
Mutations ofthe putative miR-200c target sequence within the TUTR of 50X2 were generated using
QuikCh#Hdé3bite DreroredNvia idgriifiediin kit Strega gésvay e 561y 8] badiferasetRe porteicaniallysis.
HEK293T celisewsigisandertatahadRaeolindiitanathdd mir-155 is highly expressed in the breast

cancer stem cells relative {o the other cancer cells. Notably, miR-155 was originally identified
as the product of the oncogenic BIC gene locus in B cell lymphoma and high leveis of
expression are associated with poor prognosis of lung adenocarcinoma patients. Abnormal
proliferation and myelodysplasia is seen when miR155 expression' is sustained in the blood

system. Thus, increased expression of miR-155 is also a halimark of breast cancer stem ceils
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48-well plates the day prior to transfection. All transfections were carried out with Lipofectamine 2000
(Invitrogen), a&%og% 99;(1) (the manufacture's instructions. Cells were tranpsée%t 2%@%{%5%%0 ng pGL3
luciferase expression construct containing the 3'UTR of human WO
2009/097136R G4y SRMAH/AER3 B prsderdiong dTRheIK Rapillaidoieraspareeiar-(hrengesa), and 50
nM hsa- leO%ngpg;%cursor (Ambion). 48 h after transfection cells were lysed and luciferase activities
were measured usrn? the Dual-Luciferase Reporter Assay Syste %gromﬁ?ﬁ;a) and normalized to
Renilla & &thse BMIViR 2 AidspiarhSreivens patRmeaay hal mriate el d3568 BB three
independeriisexgretitd @ngend 0019 Hsemtigipdsvhadootimdingigeapi emres ol sidR 200tactidmiR-183

including SteBEdADBISHIE ER:aEHbWA 3D OxBRRaIDAI &8 rPoRLIRaIBY A W RRHeAM MG genomic
sequence "%%ER;E'Q}‘?%Q& ﬁ% 5909 EBD ARk §g7§ e g%r %er SRlls r-ahsf’rea»k%”% RIS Emd“‘:ts

are cloned mtoéqp ites of pLentiLox 0 pro uce e control vec or e U6
promoter s@YFAT0SAY RIRKR 4By %b%ﬂgé)hﬂJPﬁS%t?%&ﬂﬂﬁamE{?@atéWR'reH&ﬂﬂe‘ﬁQ%e and
ligated. LerfiViroereswestis pFod U299 dastyibé th g0 migpesats(BG06anklaidProfotER 1244 245).
10|(|)178]We$®21tﬁz|9§3ﬂ@- REMPiRGIsWE n@dmtwgmsbu dﬁ@ﬁtjmssz@wreﬁﬁimggiﬁélé%@&@dnfected
cells were t man breast e collect ow_cytometry as
described a ovg %I%?f():g Igv?(ggg% (r:Heﬁs were Fuggdg i agbcgfg ﬁe b %er gde q%ID f—?fﬁ |9|%6 8, 2%
SDS, 10% § fc@?srerﬂmre@mtn@@érsr&%*ssrr@wdrersémg%ﬁ?évea B HRBIR 200 Y were
separated oniFSBS Btvpoyatridannthesor| wettephiortsis nebitanisfe thedeid pofyvasyliddethdifluoride
filters (Ameﬁshﬁénanetﬁ@r@kgﬁki;a@hg{igeeﬁf)/geﬁgim milk in 0.05% Tween 20 / PBS, filters were incubated
with 1:2 1000 for rrma breast cer sam s) diluted anti- SO lyclonal antlbo
Milipore) oL 2000 L e £t AR BaR I e L B ARy R TR0 e e

peroxiase- ﬁﬁﬁbé@ﬂﬂ@ﬂﬁ@?ém?'?aﬁﬁm@hg 54ant|"ﬁ?@@gebl"ﬁ@b?ﬁﬂfﬁaﬁeﬂﬁrﬁeﬁ’s?mﬁﬁy%ﬁ*s added
and developadinsie this \WestenfeBlotiag themhididRes geiR-£9abian@Re20B1obadhiniROBE 7 8de Breast

Cancer Celé&@ﬂr@é\w&%maﬂegmxomqw@ MDDk m&%mt&&i%ﬁé%&ﬁm%%;“iml
Liberase Blend ng? ach Se) anq.jd ssqciated as described ho et at 2008 S etma

364-371). Ce 2'we fe staine t%‘ antl- 8‘5%5[””(5[53195'&6% CHIA53 an?% Czhesgges Ilneage posrtlve cells
were deplefé?fbf?ﬂ?waéﬁoﬁ%ﬂyc%‘boo lRSRIG PRt CARSSLItR D RMETPOPRAIRRA BRIR®4ing
lentivirusesnigeismiis e getioegidat@shabemscii loneidris\s itb usatidfranteaGafarEMTours in DMEM/F12
supplementathbuitinveirRS ArgER atdractivated FBS, 1:50 B27, 20 ng/mL EGF, 20 ng/mL bFGF, 10

mg/mL and 10 mg/ mL heparin. The infected ce hed twice with the same medium
and thewl?ﬁﬁned%r;r,t v@g”'r’sprﬁé’éﬁé b elg‘b‘guﬁ rﬁ%g um @[‘:‘YQ a[s ﬁnc?log S) w‘tH‘ B FES. The
infected celyiRrae plaYRif6A BRg'SH, GGQ‘WH@M%M 3ty Md@ﬁ&ﬂgqm Paojginpl@Rua’mb- medium
was replacetepgmingdyy Epiczsd mgaiurmwiibrutiaaumvlbden shafierseeding srdcella wer incubated

for 6 days g RS eRinRyénal WRIFINAN 136RG Y %%P&Q?%&chased from ATCC, and

grown in modified McCoy’s medium (Invitrogen} with 100 units /mi of penicillin G, 100 ug / mi

of streptomycin, and 250 ng/mi of amphotericin B supplemented with 15% fetal bovine serum
and incubated at 5% COQ, at 37°C.

[00172]  Preparation of Single Cell Suspensions and Flow Cytomnetry. Primary breast cancer
specimens were obiained from the consented patients as approved by the Research Ethics
Boards at Stanford University, and the City of Hope Cancer Center in California. Tumor
specimens were mechanically dissociated and incubated with 200 U/ml Liberase Blendzyme 2
(Roche). Celi staining and flow cytometry was performed as described previously. Mouse
normal breast specimens were mechanically dissociated and incubated with 200 U/ml
Liberase Blendzyme 4 (Roche). Cell staining and flow cytometry was performed as described
previously.
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1001801Immunotluorescence. Tera-2 cells were infected by lentiviruses expressing miRNA and
infected cells were collected by flow cytometry. 1 x 104 cells were grown in a well of 24- well plate
andwashed twice With PBS (20 mM potassium phosphate pH 7.4, 150 mR/FIn\E@%’ 81 were fixed with

methanqjaes onerkanéazémﬁ&egfwﬂm @MMQ%}@%W@@@W%@M@W@H XIPBS
qckg with 4%tg&at erum |{; d incu at d WItP c%rlm body (1:750

for 30 min. §
Orato e usin ISO uran rcm
dilution for anti- u11 monRodonal artived ovance a ain washe etlmes in Ween

20/PBS, antiai§eteaided Wlmai”gﬂd'?ﬂu%%ﬁé%):ﬁﬁﬁr'W&Bt%ﬁﬂ%awwmwaé%nbody
(Invitrogen)mBeeadt ogrdercol seve reasiatect ydesitig: thpphication golutidmisiatithinBrBahétlow Kits (BD

Pharmingerﬂ)ibg,g{Wﬁ,ngg]@g gﬂg&ﬂ@m@& 'um in PBS and incubated with primary antibody
(2:200 for ra tanfl tok nce) rat gnfi-cyis EUE! 9, and rat anti-cytokeratin -
6115 AL (S8 AT 8 ) Vel ST DA} ot 0SSR RS 1 0106
Tween 20/PBSHhaREMABHS PRI With mi.meogenméanm@%pﬁmépm%ﬁngmw@mmn@@ antibody
and 1:200 dbiteatsleraschiorsMevanjsigatadraet abirNg Gramiigosys s egendy Thensiained cells
were obseryelianan flugreaee B BIEEASRORD AGTENICORP Bo FHamRls,® RiRsA M. suppresses

normal mammar owth 1001811As shown in Figure 7, miR-2 Ssses normal mammary

ctom ceils. SEN06UB AT R GRS THE AL PSS ASETh By R DBE BB v or
control lentiViviieesid iafsctBiAntvrelcarerriefarfalivnipdathsadanyfrsivensimieiage! middy@asivth of the
GFP-expregsainighgeaywasysseaes\iaaralyz etkOipkeeis dErprieatRantiger evditipistresesnbe

GFP-expresgiRg, magumanies &Q&%‘é@%&&@&%ﬂ) Iyl %uﬁ%&t%&@mwﬁ!ﬁeﬁﬁm by 2/5

branch formations. In contrast, where GFP was exp rﬁsse indicatin ression of miR-200c,

there were WRECHEIRTES #1H &P iﬂéféﬁﬁ?wass‘é?gs RINGSRAIRREE 20 gl RGBoress
human breé@@%‘ﬁﬁ%é{eg?dwﬁ?”m%ﬂm&%ﬁg‘ém&f@mérqumf%é@mr@ﬁgﬁla@éﬁmﬁﬁ'mafman breast
xenograft tmomuiptkiectatRhydniiNaselniessing e sonisaldent\daassenceijesiethistamammary fat

pads of theNOR/RGHR Siskn THAIGA Rsidapse wananalERd EAceRKRALR ;ﬁ@%@%ﬂté.ﬂé@e control
animals, there werde tumors in 4/5 animals, whllgellln the cells %ﬁg%%g miR-200¢ there were 1/5

tumors, and T-AE CETRUERFTR SRAC PRIk T9IRY /R FrsheBiEY TEARAED Y. ¢ A method
for |dent|fy|fﬁj@:fﬁ’ﬁcé9 dhehreenseahprriapee difemnerstifgraRiimpersvampiigerid grigeRmAntify
expression Teiselsppfzpecific spiRilASeorysisiog BfiRvakde MiARAZE; aniR-1iatdp; MiRn09s;
miR-1992*,RiRAGR=S Hﬁ"ﬁzﬁ?éh SRRA6 Y 'B'elt%%@or@éﬁt Z%SmM@nﬁsﬂnm@d%}&hmRﬂt
miR-31; miR- 432 R 4 5 ; MR- 155 J)B %?8{5"% 51% 46a; miR-126%,
MiR-223; niR- E@‘o AR R A 5 R % S”Fn B, etk
miR-200c; mwfﬂﬁmgqurs@,emrzowa RORYIANIRS2 OIS Ca'%ﬁéﬁ@lﬁ%aﬁgérstmﬁgde@ress
altered leveleradrifiiotRNAsSHg s 4N RAUTARigemtceeys.
{00175]  Plasmid Vectors and Mutagenesis. The multiple ¢loning site of pGEM-T-Easy vector

(Promega) was ampiified by PCR and was inserted inio the pGL3 control vector {Promega} at

the Xbal site (pGL3-MC). A 553 bp fragment of the SOX2 3'UTR (corresponding {o positions

o_f 1620-2172 of the NM_003106.2) was amplified by PCR using the cDNA of HEK283T cells

as a template, and cloned into the pGEM-T-Easy vector., The SOX2 3'UTR product was

cloned at the 3’ of the luciferase gene of pGL3-MC vector. All products were sequenced.

Mutations of the pulative miR-200c target sequence within the 3'UTR of SOX2 were

generated using QuikChange Site-Directed Mutagenesis kit {Stratagene).

[00176]  Luciferase Reporter Analysis. HEK293T cells were seeded at 1 x 10° cells per well in

48-well piatés the day prior to transfection. Al transfections were carried out with

Lipofectamine 2000 (Invifrogen), according to the manufacture’s instructions. Cells were

transfected with 320 ng pGL3 luciferase expression construct containing the 3'UTR of human
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2. The method according to claim 1, wherein quantifying of miRNA expression is performed by in situ
hybridization. 3. The method according to claim 1, wherein quantifyin?%_riﬁ%)erformed by real-time

polymerase chETPELRAY 4. The method according to claim 1, whe &?H‘E&?%Pme is from a
human patiggixz, 40 hg PRE-TRERAMAREAEABE JBRAIMmAAE SN SeiheREPMRIDSIRBrachNgan
Undergoing GaneaRsament: vands 16 MAINGG 2bcaring to.GlA. L, frher comprising gpntacting a
sample with a reagent specific for gfec Ing levels of & protein regufate& by said mi %\s, ‘

wherein the'Brstelt? iO @It LEer f5n RERCGRb U SN Sistipry dFTesessp) aRdvivEmaliendotrARRIIAS, Tuj1,
SOX2, ZFHMdf@ade-actiiterimiBvtdrimevB, wiEB fednonZ&E B2jatidate with datdepeiadcooehstem cells
express altgrgshipvels afpdipnsatd proteins relative to non-tumorigenic cells. 7. The method according

to claim ereip the.expression levels of one or more e mMIRNAS. is.alsp altered in normal stem
cotts B e S R B TS HRTER Pl AR Gl R AP EFFELISE lovers
form cluste BH§FeRH AP E36RAIT Chtirisrean PRE favhoeartiraiing PERATYA S2aNRIRIN the

mMiRNAs hawerestaatial\ IR samaebEAbEEGHRARTE or MCTheshaaihadeagtsedimgd erothints 2er 8,
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wherein the’ reagenf’ SPecific Tor aeer?ecﬁng Yev8ls o? a Bro & regula‘ﬁg%y sal %ﬂlﬁN’AS o antibody.
and ligated. Lentiviruses were produced as described (Tiscornia ef al. (2006). Nat Protoc 1,
241-245).

[00178]  Western Blotting. Tera-2 cells were infected by lentiviruses expressing miRNA and
infected celis were collected by flow cytometry. Human breast cancer cells were collected by
flow cytometry as described above. The collected cells were lysed in SDS sampie buffer (50
mM Tris-HCI pH 6.8, 2% SDS, 10% glycerol 5miM EDTA 0.02% Bromophenoc! Blue, 3% p-
mercaptoethanol). Samples were separated on SDS-8% pelvacrylamide gel electrophoresis
and transferred to polyvinylidene difluoride filters {Amersham). After blocking with 5% skim
milk in 0.05% Tween 20 / PBS, filters were incubated with 1:2000 (1:1000 for primary breast
cancer samples) diluted anti-SOX2 poiycional antibody (Millipore) or 1:2000 diluted anti-B-
actin antibody {Santa Cruz Biotech). Then 1:10,000 diluted peroxiase-conjugated donkey
anti-rabbit or sheep anti-mouse IgG antibody (Amersham) was added and d'evetoped using
the Western Biotting Luminol Reagent (Santa Cruz Biotech).

001791  Breast Cancer Ceﬂ Colony Formation Assay. Mouse MMTV-Wnt1 tumors were
digested using 200 U/ml Liberase Blendzyme 2 (Roche) and dissociated as described (Cho ef
al., 2008 Stem Cells 26, 364-371). Cells were stained with anti-CD31, CD45, and CD1403
antibodies and lineage positive cells were depleted by flow cytometry. 15,000 cells were
infected with 20 MO1 of miRNA expressing lentiviruses by spin infection for 2 hours followed
by incubation at 37°C for 2 hours in DMEM/F12 supplemented with 5% BSA, 2% heat
inactivated FBS, 1:50 B27, 20 ng/mL EGF, 20 ng/mL bFGF, 10 ug/ml insulin, and 10 pg/ mL
heparin. The infected cells were washed twice with the same medium and then the medium
was replaced by Epicult medium (Stemcell technologies) with 5% FBS. The infected cells
were plated on the 30,000 irradiated 3T3 feeder cells in the 24-well plate. The medium was
replaced again by Epicult medium without serum 24 hours after seeding and cells were
incubated for 6 days at 5% CO; at 37°C.
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[60186]  Immunofiucrescence. Tera-2 cells were infected by lentiviruses expressing miRNA
and infected cells were collected by flow cytometry. 1 x 10° cells were grown in a welt of 24-
well plate andwashed twice with PBS (20 mM potassium phosphate pH 7.4, 150 mM NaCl).
Celis were fixed with methanol/acetone (1:1), washed twice with 0.1% Tween 20/PBS, and
incubated in 1% Triton X/PBS for 30 min, Cells were blocked with 4% goat serum in PBS and
incubated with primary antibody {1:750 dilution for anti-Tuj1 monocional antibody (Covance)),
again washed three times in 0.1% Tween 20/PBS, and then stained with 1:300 diluted Alexa
Fluor 488-conjugated anti-mouse IgG antibody (Invitrogen). Breast cancer cells were stained
by using the fixation solutions with BrDU Flow Kits (BD Pharmingen). Cells were blocked with
4% goat serum in PBS and incubated with primary antibody (1:200 dilution for rabbit anti-
cytokeratin 14 (Covance), rat anii-cytokeratin 19, and rat anti-cytokeratin 8/18 antibodies
{Developmental Studies Hybridoma Bank, DSHB)), again washed three times in 0.1% Tween
20/PBS, and then stained with 1:200 diluted Alexa Fluor 488-conjugated anti-rat IgG antibody
and 1:200 diluted Alexa Fluor 594-conjugated anti-rabbit IgG antibody (Invitrogen). The
stained cells were abserved using a fluorescent microscope (Leica DMI 6000 B).

Example 5
miR-200 suppresses normal mammary outgrowth

j60i81] As shown in Figure 7, miR-200 suppresses normal mammary stem ceiis. 50,000
normal mouse mammary cells were infected by miR-200c expressing lentivirus or control
lentivirus and injected into cleared mammary fat pad of the weaning age mice. Growth of the
GFP-expressing mammary tree was analyzed 8 weeks after injection. Figure 7 illustrates the
GFP-expressing mammary tree formed by control lentivims infected mammary cells, shown
by 2/5 branch formations. In contrast, where the GFP was expressed, indicating expression
of miR-200c, there were 0/S branches formed.

[00182] It was also found that miR-200c and miR-183 suppress human breast cancer growth.
10,000 tumorigenic cancer (TG} cells were isolated from human breast xenograft tumor, and
infected by miRNA-expressing or control lentivirus and injected into mammary fat pads of the
NOD/SCID mice. Tumor incidence was analyzed 16 weeks afier injection. In the control
animals, there were tumors in 4/5 animals, while in the cells expressing miR-200¢ there were
1/5 tumors, and in the cells expressing miR-183 there were 0/2.
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WHAT 1S CLAIMED IS:

1. A method for identifying cancer stem cells comprising:

contacting a sample with reagents that quantify expression levels of specific
miRNAs comprising miR-214; miR-127; miR-142-3p; miR-19%a; miR-19%a*; miR-
408-3p; miR-125b; miR-146b; miR-199b; miR-222; miR-209-5p; miR-132; miR-221;
miR-31; miR-432; miR-495; miR-150; miR-155; miR-338; miR-34b; miR-212; miR-
146a; miR-126%; miR-223; miR-130b; miR-196b; miR-521; miR-429: miR-193b; miR-
183; miR-96; miR-200a"; miR-200c; miR-141; miR-182; miR-200a; and miR-200b,

wherein cancer stem cells express altered levels of the miRNAs relative to

non-tumorigenic celis.

2. The method according to claim 1, wherein quantifying of miRNA

expression is performed by in situ hybridization.

3 The method according to claim 1, wherein quantifying is performed by
real-time polymerase chain reaction. ‘

4. The method according to claim 1, wherein said sample is from a
human patient.

5. The method according to claim 4, wherein said sample is from a

human undergoing cancer treatment.

6. The method according to claim 1, further comprising contacting a
sample with a reagent specific for detecting levels of a protein regulated by said
miRNAs,

wherein the protein is selected from the group consisting of 1GFBP1,
NMYC, FOXO1A, KRAS, Tuj1, SOX2, ZFHX1 B, E-cadherin, BMi1, MYB, ZEB1 and
ZEB2, and

wherein cancer stem cells express altered levels of the said proteins

relative to non-tumorigenic cells.
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7. The method according to claim 1, wherein the expression levels of one or

more of the miRNAs is also aliered in normal stem cells.

8. The method according to claim 7, wherein multiple miRNAs with altered

expression levels form clusters in specific chromosomal locations.

9. The method according to claim 8, wherein the miRNAs have essentially the

same seed sequence.
10. The method according to claim 7 or 8, wherein the one or more miRNAs is
selected from the group consisting of miR-200c, miR-141, miR-200b, miR-200a, miR-

429, miR-182, miRk-96, and miR-183.

11. The method according to claim 6, wherein the reagent specific for detecting

levels of a protein regulated by said miRNAs is an antibody.

44



