DESCRIPTION CANCER STEM CELL MASS AND PROCESS FOR PRODUCTION THEREOF
5Technical Field The present invention relates to a cancer stem cell population having a feature
of reproducing the hierarchical structure of cancer tlssue, wherein cells having no cancer-forming
ability are substantially removed, and a production method thereof The present invention also relates
to a method of searching for drug target molecules, a method of assessing drugs, and a 10method of
screening for drugs, using a non-human animal model transplanted with the cancer stem cell
population or a culture system of the cancer BERCBER PdPulation under in vitro conditions. Background
Art 15Conventionally, it is considered that in cancer with a hierarchical structure, cancer cells at
various differentiation sta%ée:g\é self-replicate to form a Iaﬁe tumor mass. However, recently, cancer was

found to form fromfe&tr sricet M thathavs 6t %%EQ&PBQHEQHW%W tency at an

early differentiation stage. This is referred to as a cancer stem cell model. The presence of cancer

sterg celi%ﬁl% gﬁgl?lr%eported in various cancers such as blood, brain, 20breast, and colon cancers. It

t in the cancer stem cell model, cancer is constituted from heterog}eneously
dlfferentrated polif&MisIeaL HNETHN Eelntftda M?é“if?éé?@ Gedl peRMERIOBBIY BEIR [t new cancer.
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lacking ém\' Ri6h %15 eﬁ’?tﬁbocumerﬁcﬁ owev eaéé celfs ou‘fdt not be included

in the cm@éﬂm@ﬁn cell because they lack pluripotency and do not differentiate, and therefore should
be simply referred to as cancer-forming cells. Cancer stem cells that form a hierarchical structure
have begn solateg d concentrated by flow cytometry using cancer stem cell markers such as
CD133 g%i(é@%%—g&%)y perfoiming a 35floating culture method using cancer cells and a stem cell
médium containirFEEaal EGE. reidesadhatip hescpratibradigsechiethdthofopreprneaydsidh-purity

intact Cas[ﬂ%h&%r&ﬁ%}l&mgt%cﬁh@& @eqiﬁreﬁweq%l %Hﬁ réﬂﬁr@@@f@@% IS Q&é‘rﬁfy and
CD44 that are useﬁqas cancer stem cell maé<ers are er S rr%l e]é_ %gcrfrc surf @Ters
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Sfrequengy. pfGances stamsalisnvasribayhiide2yanchitconrinedmanyscalladasideseancer stem

cells (Non-patent Document 2
% ( %regst ané colon cancers. It has been proposed that in the cancer stem cell model, cancer is

constituted from heterogeneously differentiated populations, and only a limited type of cells, i.e.,
cancer stem cells, can form new cancer.

Cancer-forming cells such as CML and blood cancer, or poorly differentiated epithelial
cancer, which are constituted of monoclonal cell populations without a hierarchical structure,

25  may also be referred to as cancer stem cells. These cells have a self-replicating ability, but no
hierarchical structure-forming ability (pluripotency). These cells deviate from the above cancer
stem cell model, thus making the definition of cancer stem cell confusing. For example, in
2008, Quintana et al. reported that almost all human melanoma cells could form tumors in an
experiment using severely immunodeficient mice lacking B-, T-, and NK-cells (Non-patent

30 Document 1). However, these cells should not be included in the cancer stem cell because they
lack pluripotency and do not differentiate, and therefore should be simply referred to as
cancer-forming cells.

Cancer stem cells that form a hierarchical structure have been isolated and concentrated
by flow cytometry using cancer stem cell markers such as CD133 and CD44, or by performing a
35  floating culture method using cancer cells and a stem cell medium containing FGF and EGF.

Flow cytometry has problems as a method of preparing high-purity intact cancer stem cells,



In addition, it was reported that a spheroid (cell mass) formed from floating culture contains cancer
stem cells that form cancer having a hierarchical structure. The cell population that constitutes the
spheroid was a non-homogeneous population. It cohtained large quantities 100f cells besides cancer
stem cells, and the frequency of cancer stem cells was about 1/240 (Non-patent Document 3). Thus,
due to the low purity of cancer stem cells, it is difficult to elucidate the properties of cancer stem cells
with a hierarchical structure using these cell populations. In addition, a method has been reported for
concentbatingenizel siendkl dubin i drsplactiugeadndralan CAHCEY 4is5 (B ohandranned cd efinmt
animal fgligweg) H}’a{Eé}%}%%}ﬁ%ﬁéﬁ%ﬁN‘%ﬁ -RUSRLRASHESRL AL Ne freguaneu,afimost

concentrated cancer stem cells by this method was about 1/180 for pancreatic cancer.

additiondwRPRSTEE® ifbd trRass PirTeelbpenaticaIko it Rl preneR, Seteraies W%Qﬂ'i‘er from a
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stem cefiglls (Norspatapi 86 %hown method for preparing high-purity cancer stem cells that foun
a hierarchical strygtide on,|argaupbtidashandsihescibgelisntasiidbghridnmand fontiscoanalapment.
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Vethieul L et[ E_J)\Iat Cglll%ol %% Igluaeyfojtﬁq 4\}%e8rﬂ7%6nl |slzo%vél}?s etcel] c;tell &C,;% ﬁigl 2010 Sep

3; 7(3): Etive of the present| provide a pdpu {ion of cancer stem

cells fronhumdﬁqq tk,@| @Wﬁ@ ﬁé caGeeprorraaly wbhis Merechish STisseanvaing émevell, wherein the
populatiggphagignieatureafifR edueing dhasneskhosse ﬁbﬁ@ﬁ@ﬁiﬁ@dﬁﬁiw@dﬂé@r tneadditionyanother

ObjeCtIV%Of tq rese%t Qventlgcneil%tsg erowde a metho ef r.Br a}ﬂcrhng 23.PO ucli%lon of ?cgncer stem
cells froft WRICH C&li& uavi%hngcf“io cancer- formlng mbmllfthave een substan |aﬁy rémaoved. which

cohiprispssthgedidpropatdiichestmenttdlinglacalitgrouy edmaiieepeaniceiedeancer i oethidtmore,
another@ty%%%@@med%gggmgmgpp%@a&%m@\@ge a method of searching for drug target

animal modeltrhEBEATEA AA AR LA VLIRS LN o8 Br TOR P AT AN Bancer
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20  TNFa (Patent Document 1). These cells do not form a hierarchical structure, and therefore do
not fall into the category of cancer stem cells.
So far there is no known method for preparing high-purity cancer stem cells that forma

hierarchical structure in large quantities, and thus there is a strong demand for its development.
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35 Disclosure of the Invention

[Problems to be Solved by the Invention]



The inventors established a cancer cell line in severely immunodeficient mice to 15compare and
analyze cancers with or without a hierarchical strucrt?ure using the established cell line. In addition, due
to the lack of methods for isolating, concentrating, homogenizing, and mass-culturing cancer stem
cells for cancer with a hierarchical structure that belongs to the cancer stem cell model, analysis and
drug screening using cancer stem cells is compromised, and the inventors attempted to solve these
problems. 20The inventors transplanted a human cancer tissue into NOD/SCID/gammaenulLl mice
which have no fanctigactive, &, thnprastor it ldhtooes so(Fugiiee epahrRéathod{teRe0ge88:459-567)
(hereinafter, thesk Ritenart NRG RIS (NRRSHighN-12Rel dRictIrIg IRy ashie 88, WG MALSe" in
the present application) to estahlish several human cancer cell lines. These lines can form cancer
b S T R K YR

subcutamesber phgsdye of NOBawiteswggestin thavideaanataet dorsterdwetig cantvéagtored in the

cellpopplation., Thus RYBANAaBEeLAlam selsihaheanihieRAsSBERY IRNGE MitsaiR;aNery useful
research tool. The inventors repeatedly greﬁ huBrE@n cancer tissues in NOG mice, and then isolated

cancer CEMOTSACBHBARRRATTS (BB Y RUHTAE ACFH ST SRR HVERIGH F 38 mpleted
by succeslfullyFaktainingea dnothegebeotigeaaitbe psterntceiiauimp dsitigmanidrchatbld taving

Cancef-fs%mﬂgg%kﬂe&gg%@4%&@%&9@%&%&9@%@@1@ dpss natshRiaRtaty caexist by an

adherent culture method using a serum-free stem cell medium, rather than by a rgutine floating culture
method 4t StERe cRPoBiRMR AR thiatehaBsRIaRscdrapty i rasREHTer PRI Fswithout
phehotypisithengsiby refitatedaassagedl tupddiierentdetburérusingditserum-free stem cell medium.
These cells expressed various colon cancer stem cell markers (CD 133, CD44, 4 EpCAM, CD 166,
CD24, CD26, and CD29) reported previously, as well as demonstrated cancer-forming ability with a
nearly 1%%ffﬁefaﬁéﬂl§9?&ﬁ%ﬁl%&§1§ﬁﬁﬂcted tumor with the same histopathological properties
(hierarchical straetynd)casdhbsecfobimal prémanettmoenkireserckilsadrexthaiactetidied. as being

highly prolferatiyg der aihajent e seadlians.ang o.0aaiveaLadRl atiage wmarker Lars. In

addition, when injected Into the mouse tail vein, Lgr5-positive cancer stem cells wit al_ﬁ%
profiferaghignasaiepdoonba e yadeani Bhesha Biserr dddahyaahaanershs sasthbighetettey play
an imporaat rofesiitaRcenaetasiasis. dfondshpdeliterativeing omegative ganees sderimelacould be
isolated by culturing cancer stem cellsthat demonstrage hi reliferation efent culture
conditioﬁ}sx%sﬁfiq%vr%ﬁc vare S%c%][llti‘\jfé‘?‘i ofrofhcea%ceeﬁ sur a%?%r g%é%%%ﬁ%%%%@#%hr%gting them
with antkemseeFlagerd BndslagniplipicenhdHE STCERITHEYE T EHRCEISBCEh SHSH SCATEPeB e -#8Fming

ability. Rughersesg, ditwasceteroepbicatadd patdady. proliferative, LgrS-negative cancer stem cells
transform into highly. proliferative, Lgrb-positive cancer stem cell iIsplatiqn and culiuring again
u?ggr adherent c‘uﬁ)érr%egé%r ﬁ%ﬂgsplr‘%ﬁ%(s?ah%ﬁ}in p?%ﬂ?gaﬁls\sigell_lg%%g@vée@ Ancer ster?rilc%ells and
lowly-protietiatives ngriusigany . darissl raiacellleneelinttuBing istel cSathakibre 28A% Rave
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populatlpl(} (% cancer,‘si%emecells fr m vayé:tri'l ¢ _Ils wt%lrgs%cancer ormin a%lggg)ée@ve beexix %Légstantlally
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removed, wherein %ﬁe popuPaﬁon ISCharacte IZeg Yy reproducmg ennlerarchlc I%Struc ure of a

cancer tlgssecan form cancer tissue with the same morphology as that of the onginal cancer tisstie even
25  after repeated subcutaneous passage in NOG mice, suggesting that human cancer stem cells can
be stored in the cell population. Thus, human cancer stem cells that can be passaged in NOG
mice are a very useful research tool.
The inventors repeatedly grew human cancer tissues in NOG mice, and then isolated
cancer cells for comparing various culture methods.  As a result, the present invention is
30  completed by successfully obtaining a homogeneous cancer stem cell composition in which cells
having cancer-forming ability and cells without cancer-forming ability does not substantially
coexist by an adherent culture method using a serum-free stem cell medium, rather than by a
routine floating culture method.
Cancer stem cells obtained by this method were stably maintained for over a month
35  without phenotypic change by repeated passage of the adherent culture using a serum-free stem

cell medium. These cells expressed various colon cancer stem cell markers (CD133, CD44,



[2] the cancer stem cell population of [1], wherein the cancer stem cells are derived from a human
tumor tissue; [3] the cancer stem cell population of [2], wherein the human tumor tissue is derived
from epithelial cancer; 25[4] the cancer stem cell pdpulation of [3], wherein the epithelial cancer is
pancreatic cancer, prostate cancer, breast cancer, skin cancer, gastrointestinal cancer, lung cancer,
hepatocellular carcinoma, cervical cancer, endometrial cancer, ovarian cancer, fallopian tube cancer,
vaginal cancer, liver cancer, bile duct cancer, bladder cancer, urinary tract cancer, thyroid cancer,
adrenal Epagav, Ki:@mécem,@mmbeﬁ@rama}aeﬂsﬁae wanter 305 e caherosiemedell population

of any ong,CLLLRIAI RN R Ul amagensoed [BLNG sanasL e el o aﬁeﬂon of any

one of [ requency of cancer in extrem |m|t|ng ilution ana yS|s is 1/20
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cancer $elm &el\di3bththel canearsiesn seltaoptiationmianyienenotilite Echdihiab sagproduced by a

method com rlsflnlgﬂ;1 ﬁieﬁgfc%drgg{ e':)&}/ ]ﬁlturfg]g(fad eII gw%%g cont |‘%|rllggc%ncer I stem. f:ells 5 [9] the

cancer é’tem &l popula lon of any one Ris pro ya method. comprising the
steps of e} trasishiasareFasEsT epbe W&bﬁtblgtngl@hméfmaww I@Tﬁl@dat%ﬁrl%%ﬁﬁ'ﬁ Briganshat

belongsdgthe fﬁ@ﬁg@ Qquiﬁefegﬁggeeﬁ@&ﬁ@t%@9%@@@&@@&@@&%&%&68%@@@%&@9 the produced

cancer cell mass, an 3 rentb/ cylturlr]gvthe cell ppe%jl n oht ned |n a stem cell
rolt era Ve CEr '3 1so % g
medium; [10] the Cancer ster ceil SHOn of any one of ereln t e non uman animal is

a nude @ﬂmseS@Is@ﬂjsﬁh@tjéemafﬁwQ@m’mbf@@tlfaﬂmrrﬁf&ﬁieﬂwuéﬁiﬁﬁd‘@iﬂéﬁlonﬁﬂl}ch method of

prquCl%@aﬂ@wiﬁﬁe@v@&W@@&fg@élﬁﬂm whishicallgwithhnoot Bcanagrferming ability have
been substantiall Iy removed, wherein the mgtg%i Brlses h rentl lé|tU£n acell gfro an
containiAgAREEr AGEN SHfd AT {BPRE TSN r? Vherein the caff §f

& th group containing cancer stem
cells rembﬂdmy)esRheﬁﬁﬂemaremtmastd@man@mﬁedéhﬁic@ﬂhﬂsweilfﬁ&}vheim@tmmﬂnmeifem the cell

group L@H@H&S&gﬂﬁﬁﬁﬁ% mg{@rgmﬁf%%ttm 51@%59@6&%%% 365 W@@faﬁeu hﬂ?l estafllshed in
a non-human.animal, spheroid, or cells posi or atle cer stem cell markers
selectec HOH BT O CEIYH Ebse CoObAUDITT D14 EO195" Ch166
CD184, @DaT kj«GD3IPB HAM@M@@WB@@@"%B@GB}@R’S canceMistin. celldl 4fethermaitiod of any one
of [11] to 3l suberein.the £elIraup conning canger stem cells is 20allowed to proliferate before

performing adherent cuIt 5] the method of [14], wherei up containing cancer stem

cells is allowed tS PSR agv Jﬁﬁ%ﬁf@dﬁﬁ?@mﬁé}r%’é Fﬁgtﬁéﬂ E’L[]lga%%erein the cell group is

proliferaiéfizogobelagcrarfsplamtedao acith fiassagadlindlnonthumesnesrifvaining ability have been
substantially removed, wherein the population is characterized by reproducing the hierarchical

20 structure of a cancer tissue;

[2] the cancer stem cell population of [1], wherein the cancer stem cells are derived from a
human tomor tissue;

{3] the cancer stem cell population of [2], wherein the human tumor tissue is derived from
epithelial cancer;

25 [4] the cancer stem cell population of [3], wherein the epithelial cancer is pancreatic cancer,
prostate cancer, breast cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatocellular
carcinoma, cervical cancer, endometrial cancer, ovarian cancer, fallopian tube cancer, vaginal
cancer, liver cancer, bile duct cancer, bladder cancer, urinary tract cancer, thyroid cancer, adrenal
cancer, kidney cancer, or other glandular tissue cancer;

30 [5] the cancer stem cell population of any one of [1] to {4], which is substantially homogeneous;

[6] the cancer stem cell population of any one of [1] to [5], wherein the frequency of cancer stem
cells in extreme Hmiting dilution analysis is 1/20 or higher;

[7] the cancer stem cell population of any one of [1] to [6], which comprises 1 x 10* or more
cancer stem cells:

35 18] the cancer stem cell population of any one of [1] to [7], which is produced by a method

comprising the step of adherently culturing a cell group containing cancer stem cells;



25[17] the method of any one of [11] to [16], wherein the cancer stem cells are derived from a human
tumor tissue; [18] the method of [17], wherein the human tumor tissue is derived from epithelial
cancer; [19] the method of [18], wherein the eplthelﬁal cancer is pancreatic cancer, prostate cancer,
breast cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatocellular carcinoma, cervical
30cancer, endometrial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver cancer, bile
duct cancer, bladder cancer, urinary tract cancer, thyroid cancer, adrenal cancer, kidney cancer, or
other gl@ﬁ}ﬁﬂacﬂm&tﬁaﬂoﬂt pip0]dfirenoihgdnd ahiyl pnel81,[Ebjdb {dBlodvveddy thesatbeadhuman
animal sC %@ID mouse, a NOD-SCID mouse, a NOG mouse, or a nude rat; 35[21] a
method of search for a target molecule of a drug, wherein assessment is perfotined in a non-human
animal rhd d&%ﬁa}%%aﬁﬁeae%wweawgt%%wtﬁgb%ﬂaﬁé%ﬁ BAY-BHEHF MR AREOEIBRE a
culture systensidhe dancentsisrt el popilatiarcamadecdli vii#esconditions, by using as an index a
hiergrch{t%ahsa %ﬁ écgé Iﬁ?c!@d%%%&r Stem £ %“%nﬁ cancer development process originating from
m cells, or

cancer s C og|ca property of cancér stem cells; [22] the method of [21], wherein the

method @8@@?@6@%@@%&%@‘5@9 PrOvAtRg abiRcHdm RrifSHer e 1’l@ﬁ'iﬁ@ﬁﬂantmg the cancer
stem ceflipppiatiaccotaiy @hgopiidton] d0hie amost NUarpanimeti( 2 colgdting.a issug sestion

showmgna dtlsl§l strgcfé@@%igrgctgwﬁ %f@ﬁﬁangfl d%\ggg@ment Lprocess gf sqld cancer stem cell

populatlon ors ov\fng a oglcafl property thereo examlnlhg "the tissue’section collected in (2)
for the edpresaiemied afmrodurngs m%ﬁon@éésﬁa@ HrrresBb Bivs: whigh(@gllsaritiifing a DNA, RNA,

pratgin, m@ﬂmmg@hﬁt@mahawaﬁles@maﬂm&m&@le&aéeéima{esﬁa@g{uaectﬁﬁwé‘rom the cancer
stem cella

cglrﬂ%aveloancr:g Nt proces a?xﬂ maurzg gm th cancer stem cells, or a biological
property o??ﬁe cancer stem in the tesue se %’[’2%? Iq*fe method of [21], wherein the method

comprusé@ﬂﬁb@sﬁé@hqﬁpﬁi)Idumhlﬁmmﬁ@@@Hc@"pgre@ﬁré@mq@@mmmt@nwﬂ}lér@mqw{@m under in
vitro conﬂﬁﬁm@rmﬁgg%ﬁam%g@ﬁg@c structure of a cancer development process originating

from ca tem cell |oI ical of ¢ cer ste cel 2).examining the expressmn
of a DN%%@ e(lin ?p[eﬁzf (% meta oﬁ?{reé/r nt ﬁlure pmﬁn%wﬁh%ﬁlér% %dﬁ%%c Charatteristic
stri&tureanert t(@pm@mlwﬁﬁmeammIMm, peptideropmmeiatd wehmdmrwﬂ@p@mtmg on a
hierarchigasirdeivi: f&'i%@e%@ﬁ%éh@c&ﬁ%ﬁ&ﬁ@ﬁ@&%@e&eﬁ%ﬁ@@!@]W@I@@?@@@AEQinating

2500 Ot 41 B B P e et b doe e method
of any on&ofj214 B ]24] IvHtTeimdidsideget molecule is a cancer cell marker; [26] a method of

assess"pgc@ @L@J&%@@@M@%@%@rﬁ@ 9 pgjownef&ua @Mr@@@%ﬂ%@&%&f@&%@mqg with
e%ﬁganc ste cell ulat%irf‘l of any one of%%l %‘.‘18 or in a culture system of the cancer stem cell

latibn™ 119 HT LofSER VAN Pié uél%Ohlerarc:hlcaI structure formed from
cancer éﬂefrhtbelmt;@mxanﬁé}fﬁewéhrpmdm pdeaesorigitrating forccaioerdiens eblis;edrta biological

property,of icRRaeHSISHR GBI culture;

[16] the method of [14], wherein the cell group is proliferated by being transplanted to and
passaged in a non-human animal;

25  [17] the method of any one of [11] to [16], wherein the cancer stem cells are derived from a
human tumor tissue;
[18] the method of [17], wherein the human tumor tissue is derived from epithelial cancer;
[19] the method of [18], wherein the epithelial cancer is pancreatic cancer, prostate cancer, breast
cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatocellular carcinoma, cervical

30  cancer, endometrial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver cancer,
bile duct cancer, bladder cancer, urinary tract cancer, thyroid cancer, adrenal cancer, kidney
cancer, or other glandular tissue cancer;
[20] the method of any one of [11] to [19], wherein the non-human animal is a nude mouse, a
SCID mouse, a NOD-SCID mouse, a NOG mouse, or a nude rat; '

35  [21] a method of searching for a target molecule of a drug, wherein assessment is performed in a

non-human animal model transplanted with the cancer stem cell population of any one of [1] to



[27] the method of [26], wherein the method comprises the steps of: (1) producing a non-human
animal model by transplanting the cancer stem cellﬁopulation of any one of [1] to [10] to a non-human
animal; 35(2) administering a test substance to the non-human animal model of (1); (3) collecting a
tissue section showing a tissue structure characteristic of a cancer development 7 process originating
from cancer stem cells or showing a biological property thereof; (4) observing a change in the cancer
stem cells over time, cancer development process, or a biological property thereof, in the tissue
section;[&0f o(5) identifidrsysteimafithe oirtristenchitiapepulatire Yodmidd omatraltimsebstesmgells, a

cancer 5deyeloRMLeRIREAGGES QEHUMAUNGHRA fhscancer SIGINCals, 0hABIAgIRAREAPSItLAS the
cancer stem cells, that is inhibited by the tez%%]b]sé%nce; %2% trte method of‘%%], wherein the method
compris%%?@tﬁgs?ﬂ:camémfﬂﬁ%ﬂstﬁé RAHELB SR R BoPUTARGH 8FEh§ ofe of [1] to [10] under in
vitro corj@it]ahs teetlept od(2E] avdivacactbeistigtsiductorpriskatbarstas dévelopment process originating
frory CaE;PﬁSr%Q&E%% qell5 Sudh RiclagicalRsaperly i EARGRISIAM CRllSr siéf) LenPnshibg auitused cells

i u

of (1) with a test substance; (3) observing changes in a hierarchical structure formed from the cancer

stem cef8¢ 81ddh e L HEVE P At L 8 ginating from the cancer stem cells, or a biological
property df dbkbecting ertsterm eetisnahd i@ identiftingtarhiciarshicaitstafctwen dordad frpmetiie cancer

stem ce ?o&&%ﬁ@%&p&%kai%ﬁaﬂﬂﬁiB‘P&Wﬁ%‘A‘5&%}8@&%%%&&1?&8&1a biological

property of the cancer stern cells, that is inhibited b%g the test substance; [29] a method of screening for
a drug, WHETEm R DGR S HIREHda S hIA ShL AR AR AT R SdEl Siarted i the cancer
stam celigpaids)atiencafvahyeomedof [1] to [10], or in a culture 20system of the cancer stem cell

PopUIatof A CONHORSH YIS RGN AINIETRIEDISRL gk ogmed from cancer

stem cells, a canter development process originating from cancer stem cells, or a biological property
of cancatrRcel SISt ©Hsth A8 IEHRRFRETER (e BB SSINBTERR tRERESES of: (1)
producing gnehhtmantanimaktmedelcbysrans piabsisigdhe sances Steacasitpspuatis, af dry 250ne of
[1] to [10] toeaanlrgh,uman animal;  (2) administering a test substance to the non-human animal
model o iz; (%3 coflecting a tissue section that shows a tissue structure characteristic of a cancer

delélopRéhthsroeded it g sreim BameehtbrrBams cHIEHEHs afbiological property thereof;  (4)
observing)achangetit hacancen sighpeplinwveniinme, aancef ldevelopmels piacess;cadaidabiological
property thereof, in the tissue .section: and (5).identifyin ance that inhibi ation of a
hierarchiGal s ?ﬁ%t% fe o?f?neég | Fosrn%%cr%ﬁﬁ g %g%égei?s&tgeyr#@é%‘sé %zt}gglr%%r%ggé?%ﬁ lé?é] r&;?%srcc{%ggs}s
originatifi§ihr 6l sarichislemceb PSRl BIOTBRFEARIBISHY: of cancer stem cells; [31] the method of

[29], whereir shermethrd-corapsisesthestiapgia 3pfdoulupngdbe nantelisiemcaribpapelation of any
On?OOf []\')inttg [ Q elf)rilggtrxcigd\/(i: (&6 Qgé E.%r%%ntl(c):ture; and
(3) identifying a DNA, RNA, protein, peptide or metabolite that varies depending on a
hierarchical structure formed from the cancer stem cells, a cancer development process
originating from the cancer stem cells, and a biological property of the cancer stem cells, in the
cultured cells;
25 [24] the method of any one of [21] to [23], wherein the drug is an anticancer agent;
[25] the method of any one of [21] to {24], wherein the target molecule is a cancer celi marker;
[26] a method of assessing a drug, wherein assessment is performied in a non-human amimal
model transplanted with the cancer stem cell population of any one of [1] to [10], or in a culture
system of the cancer stem cell population under in vitro conditions, by using as an index a
30 hierarchical structure formed from cancer stem cells, a cancer development process originating
from cancer stem cells, or a biological property of cancer stem cells;
[27] the method of {26], wherein the method comprises the steps of:
(1) producing a non-human animal model by transplanting the cancer stem cell population of any
one of {1] to [10] to a non-human animal;
35  (2) administering a test substance to the non-human animal model of (1);

(3) collecting a tissue section showing a tissue structure characteristic of a cancer development



reproduce a characteristic structure of a cancer development process originating from cancer 8 stem
cells or a biological property of cancer stem cells; (2) treating the cultured cells of (1) with a test
substance; (3) observing a change in a hierarchical structure formed from cancer stem cells, a
cancer development process originating from cancer stem cells, or a biological property of cancer
stem 5cells; and (4) identifying a test substance that inhibits foiiiiation of a hierarchical structure
formed from specific cancer stem cells, a cancer development process originating from cancer stem

cells, orpdialogitahpriopeitynhot aateeteatardiceltshi3R e melhgidabbameonehofd2H] to [31], wherein

the drug is ag.anticeqcer agentRnchAQSILINe Rethed gt any.eas gt fa fadl (20 (28], [291, and

[31], whe , ture system under In vitro conditions is spheroid cu Description of the
Drawingd ki8I cH! prepeHistesrritdl iap HEHEWHH A 39 -stained tissue specimen. Colon cancer lines,

15 PLR12BidR2hit 5 caoehiB3 25 2 thiat dreid dag emicansgtanied finte mhiceasbavwagnaelighologiaal

strugtures similar to those observed in n tiss ting there was no mouse influence. On
e e B S D R A o v
morpholtHied] BREGEs; Siagieainbitetblyttheriet suhsBrétor mouse transplantation experiments. 20Fig.
2 shows resultsipédinl oy eylomeatis aralainasingmarcersigepcefl markers for cells that are

negativ lf r‘q(t')th mouse MHC class | and tfn? 7-AAD Viabilit%/ Ve by, PICS ALTRA. Cancer stem cell
‘(})CEJ Uit C C&HCGB stern (a')l opuiation any one }: tg OTun Fi‘ In Vifro con lt}.DBi
marker-positive cefls were observed in"cancer cell masses forred from colon cancer lines 123,

PLR59, #hePMR3Thameigerite (raffeicntiaced s devslameeriiseces RIgBHHE BORSSNgEherated a
mixiure abmakeopeithieand pregativecaliset e iiiieterogeneous cell population. A poorly

differentjated colon.cancer line LRIfo nerated.cells that were all positive for EpCAM, AC 133,
and Aldgﬁﬁéﬁ?%ﬁl %Fﬁé%%fﬁ/%ﬁ%ﬁsé) %25{?%% &ét%%rsnué)’g&eaﬁ}gg’us cell population. Fig. 3 shows results

of the fléW eptsriatEickanssia asivprhbi@bsanatra foreal| S frorthapichemdeseceliisivavesdeen
removedelRiepncet sribRassReAIMERIPMCAIRRLHNRECENINE 2B RMBLES, RbR38: sndSLR325,

95% or more oftthe Cﬁ”.s were negative for mouse MHC class | after the removal of mouse cells.
Fig. 4 prceaélgﬁlig gng,ﬁg 5g?§§h showing an HE-stained tissue specimen. The moderately differentiated
coldn cdrtedditidsipy RiiRBpaidcP RECtstdiwekd fiieraibhivalostrsictores Bre thmathéerekomment

hierarchyj &%M&f&&@é%%&%éﬁ%&iﬁéﬁ%%r& QE&%Y@QI&@I%&E&&%&&B@‘%&HE‘& 3@5’1‘-&%%5 Fig. 5
shows the LGR5, H:tt(%tgegg% resssg)#été}évv_estern blotting. The LGR5 protein was 9 detected in the
t

moderat fiﬂf’l 18R fiffies PLRI23 and PLR59, suggesting the presence of normal
intestindR8femmediochaflssrapositiiercelisiOwhheiothsschane trio neERBosdoie Mnwas dastectedial the

poorly diffsientiztes Galonsaneg! iR ELR3ZRI population of any one of [1] to [10], or in a culture
20 system of the cancer stem cell population under in vitro conditions, by using as an index a
hierarchical structure formed from cancer stem cells, a cancer development process originating
. from cancer stem cells, or a biological property of cancer stem cells;
[30] the method of [29], wherein the method comprises the steps of:
(1} producing a non-human animal model by transplanting the cancer stem cell population of any
25 oneof{l]to[10] to a non-human animal;
(2) administering a test substance to the non-human animal model of (1),
(3) collecting a tissue section that shows a tissue structure characteristic of a cancer development
process originating from cancer stem cells, or shows a biological property thereof;
(4) observing a change in the cancer stem cells over time, cancer development process, or a
30  biological property thereof, in the tissue section; and
(5) identifying a test substance that inhibits formation of a hierarchical structure formed from
specific cancer stem cells, a cancer development process originating from cancer stem cells, or a
biological property of cancer stem cells;
[31] the method of [29], wherein the method comprises the steps of:
35 (1) culturing the cancer stem cell population of any one of [1] to [10] under in vitro conditions to

reproduce a characteristic structure of a cancer development process originating from cancer



Fig. 6 shows results of the flow cytometric analysis sing cancer stem cell markers for 5 7-AAD Viability
Dye-negative cells by EPICS ALTRA. The commergially available colon cancer line HCT116 was a
homogeneous cell population characterized in that most cells were positive for the stem cell markers.
Fig. 7 presents a photograph showing an HE-stained tissue specimen. Hierarchical structure was not
observed in the commercially available colon cancer line HCT116. 10Fig. 8 shows LGRS protein
expression by Western blotting. No LGR5 protein was detected in the commercially available colon
cancer karHEId6 biologigl prppegents cuplrosbgrapiishowing LGR5-positive cells by in situ

hybridizgﬁqpea{igg gremercialyirv@iahleeolongansentlipe HCT116 showed no LGR5-positive cells.
Fig. 10 priggnts a photograph sfhowing the mor hol%g of the moderate diffi{entiated 15colon
I

cancer ffALIOEE1DE RGRAPET T 6 AR R g A h ST AT SRR S By i Abating state.
Fig. 11 seovlspresnltsrofdieofigmayigrietricanslysigusiiy, candeciarpatptioprrkeisciocd-AAD Viability
Dye-negafjve,gglls by EPICS ALTRA. The moderately differentiated colon cancer lines PLR123 and
PLR59 that were adherently cultured. in \ﬁg were all positive for the 20cancer stem ce|l markers,
suggestify ABHBGBAASEY S BESERRS }%ﬁ PIEORS {%lﬂgf%ﬂ@ﬁf%%?%g%’%ﬁ &&%ern
blotting sircifasamcktweinGRI% pratainaydsvd ktpoted inotvssoogsrately Giffe entatstteoteliscanser lines
that Werﬁﬁggﬁﬁ?%@p‘é&@}%{?gﬁbé’ﬁé&}ﬂ &#gtem cell medium. This suggests that the normal intestinal

stem cell marker-positive cells were concentrated by.in vitro culture in a stem cell medjum. 25Fig. 13

presents>3- bIREEGHANh SHEWiINRELE RS0k RRAEIH SRbeHy BRATEES e Hiodtately
differentiasédheatathodndenlnemPby 22} {AA], W2 AR e i@y=cdl{ired whertio theacsteme spskemedium
was all pgsitive @[rghc%ﬁ&%%so@%e}'&gswq%@ormal intestinal stem cell marker-positive cells were
concentrate tby In vitro culture in‘a stem cell medium, suggesting that all the cells were homogeneous
cells positive for the normal intestinal stem cell marker LGR5. 30Fig. 14 presents a photograph
showinggaitfHi=stajnra tissue3peamen. In cancer cell masses formed from 10 cells of the moderately

differentiated C‘?J%-”tﬁ%%%#%!%%ﬁﬂ?iﬁ gﬁﬁ‘dﬁ Fadberanty sliusdin vitre  p higrarghicak

structure similar se o0 OG established cancer cell lines was observed. Also,
in A5canBeREH mRASSfonrd rd 7 thihah bad haranfelaniad diodsish thaveed musnbpREseladherently
culturedgsipnitieefaiane: rahthosRbierdens ahierarchisakstruetting distidar 1o tbhaseust hiflmarctissues
and NOG established cancer cell li W ifferapt} olon cancer
s PL R DL 4 L s e el with

pluripoteheiyed moypiplosi e GanESSuRSSSETHBIBW M DR it aMSI i srse e parfoia®r both
mouse Mieriasss! and the 7-AAD Viability Dye by EPICS ALTRA using cancer stern cell markers. In

e O TR PG HAA D J'esff%)f&hcepq@&%{ca%gmggg%{sag%%%&%g@%%%%m?f% LR123

18,
and PLR59 adhere y cultured in vitro, cancer stem cell marker-negative cells were observed,

suggestireisihatdifferegritite doedinshiaute YHhesiatrhaRg Wi &/ bildrater eRidamcer stern
cells. FigyiIfrpreseniscerRhotogaphshownaas tHissiareahiiasyd spegioterellmasses formed

from colon cancer lines PLLR123, PLR59, and PLR325. Moderately differentiated colon cancer
lines, PLR123 and PLR59, generated a mixture of marker-positive and -negative cells, 1.e., a

25  heterogeneous cell population. A poorly differentiated colon cancer line, PLR325, generated
cells that were all positive for EpCAM, AC133, and Aldefluor and all negative for CD44, i.e., a
homogeneous cell population.

Fig. 3 shows results of the flow cytometric analysis using EPICS ALTRA for cells from
which mouse cells have been removed. In cancer cell masses formed from colon cancer lines

30  PLR123, PLR39, and PLR325, 95% or more of the cells were negative for mouse MHC class |
after the removal of mouse cells.

Fig. 4 presents a photograph showing an HE-stained tissue specimen. The moderately
differentiated colon cancer lines PLR123 and PL.R59 showed a hierarchical structure. On the
other hand, hierarchical structure was not observed in the poorly differentiated colon cancer line

35 PLR32s.
Fig. 5 shows the LGRS protein expression by Western blotting. The LGRS protein was



second-generation cancer cell mass formed from the moderately differentiated colon cancer line
10PLR123 adherently cultured in vitro, a hierarchical structure similar to those of human tissues and
the original cancer cell line was observed. Fig.917 presents a table that shows the frequency of
cancer cell mass formation by 100 or less cells in the cancer stem cell populations of the present
invention and in literature. Cancer formation and hierarchical structure were observed in all
transplantations of the cancer 15stem cell populations. Fig. 18 presents a photograph showing
results afettheedpecHicitiedeaftaintidiiran dtgds-olan ootonaliaetiPDRIERS (AnA FI)R20 22 @atidg2BS5E-2, as

~ demonsirated by, ihe immunofiyoreseanas '?ﬁiﬂlf?e?%%jlﬁi{??é@ﬁ\é?‘“%?tﬂg DgdAnsslisdranstested with

Lgr4, Lgrb, or Lgré cDNA. Non-transfected parent cells and transfectants were fixed and treated with 5
20ug/mPRHHIBIERE dstistig it dhe doereeliffieertisigh srbm s g aBkRlserved in the Lgrs
cDNA-containin§igelshbutsnetindthbé thamtat pioch baid aanbygid ciNArcontatningCellekERd®cale bar
indigates | i S [eSkH Hicity o I - I antibody
(i), 2 R R O o L L L U Lo, o

25Lgr6 HNE. INsHFddferieriranteaius seltrantstiomedwerkireddaidatimerirels e -2

monoclginaianiitedycancanalyaetk&y. FACS. The 2T15E-2 antibody reacted with the Lgr5
cDNA-containing.cells, hut did not with the parental Lard or Lare cDNA-containin lls. Lgr4,
ors, i Lot St B RO SR (G ARG WLRe R o
presentSEEABECHRaPRISISHIYY iehrsonme prdstard BicainpstanserdisgBhih ] BOTCF1, TCF3,
TG4, and phosplgorydatae ¢-GHN piateinciptagsirimanyaeds BRating caneercremreets, wad adherent
cancer s{gggggc&%lllsn féDCI_ORlZésr é:lgﬂs. a@lallﬁg‘?l roieglc% reﬁgié)f}ﬁ:\ﬁxlﬂg up-regulated in Lgr5-positive
adherent cancer stem el 4g'co pare with ﬁ)ose of the primary cells. GAPDH was also visualized
as a reference pritefrptsspisterhisagingh showing FgRS ppyisergslls phidtodraphibsitbudirpresults of
the histopathelegyRiagnagnaibleiomss 3bderved HomianeRRtieRPALERLZ Iwieriwes:Lgr5-positive
cell(s) as well as.ten,PLR123-derived Lgr5-negative,cells. All the tumors showed.a higrarchica,
cruciune with hLpMOIAr HEreRh s e R e RO R R,
indiatesolon e ignePidhbidscrésung ot flovk egtomsriertndismisrofdeasdporedadriser stem cell
markersfipsgdekent stem cells derived from PLR59 or PLR123 xenografts cultured for one month.
Even after one month of culture in vitta, both adherent cancer stem cells deriyed from 5PLR59 or

i \'fé ﬁg I G'%!%mfi ) e cell 7

PLR123 were p ki it IR CEREAPStENY SEPRSTRERS erlesf)sci)srt%sdr.‘ ¥ ﬁ&‘ena?léso’/ fhufca é%af}ﬁ%?eg}éence
intensity’eA ADDFahoityity vsfteestaining sdils Witk ShalihBidatedhe moderately differentiated colon
cancer lines PLR123 and PLR59 that were adherently cultured in vitro were all positive for the
20 cancer stem cell markers, suggesting homogeneous cell populations.

Fig. 12 shows LGR5 protein expression by Western blotting.  Increase of the LGRS
protein was detected in the moderately differentiated colon cancer lines that were adherently
cultured in vitro in a stem cell medium. This suggests that the normal intestinal stem cell
marker-positive cells were concentrated by in vitro culture in a stem cell medium.

23 Fig. 13 presents a photograph showing LGR5-positive cells by in situ hybridization.
The moderately differentiated colon cancer line PLR123 that was adherently cultured in vitro in
a stem cell medium was all positive for the LGR5 probe.  Thus, the normal intestinal stem cell
marker-positive cells were concentrated by in vifro culture in a stem cell medium, suggesting that
all the cells were homogeneous cells positive for the normal intestinal stem cell marker LGRS.

30 Fig. 14 presents a photograph showing an HE-stained tissue specimen. In cancer cell
masses formed from 10 cells of the moderately differentiated colon cancer lines PLR123 and
PLR59 adherently cultured in vitro, a hierarchical structure similar to those of human tissues and
NOG established cancer cell lines was observed.  Also, in a cancer cell mass formed from the
moderately differentiated colon cancer line PLR123 adherently cultured in vitro for one month or

35  longer, a hierarchical structure similar to those of human tissues and NOG established cancer cell

lines was observed. Thus, the moderately differentiated colon cancer lines PLR123 and PLR59



antibodies, while the white indicates fluorescence intensity after staining cells with a control isotype
antibody or treating cells with the ALDH activity by an ALDH inhibitor. Fig. 23 shows flow cytometric
analysis (Fig. 22) of adherent cancer stem cells deriled 10from PLR59 and PLR123 xenografts after
being cultured for one month, and their injection into NOG mice. The number of adherent cancer stem
cells shown in the drawing was injected subcutaneously into the flanks of NOG mice to examine
tumorigenic activity in the NOG mice. This drawing shows results of tumorigenesis determined at 47
days pogtdaneentatibardatigrea tsubtitanreousiapdttioncef &Gradbibyeviticahegrostany.cells caused tumor
formation at all the, LEyeStien.slifSof e Aisioeathialegiealmaseplog: aLie WP asdUGhlY similar

to that of the original tumor. ‘ F{g. 24 presents a hotoq;a h showing results of the Western blot
analysis"\PS- gt ing Erer A B3Viribly Bya Phé&Esher UK Froistrnsel Rk cells,
floating taneeccstedil aeliscafidracthérent OantercdttmmetisrafcRLE S cAll dled prbieicaex@rassions were

Up-teguisfeg, 39%&%@1@@5&% e ubgealy é'ﬂH‘ﬁle{}z?J&"é‘a%%Qf‘rﬁér&gQﬁpﬁE?Qe}lﬁgg%ggz%ec&ﬁ&%%rimary

cells. GAPDH was also visualized ds a reference for protein loading. F shows growth

inhibitio?BLYS-prosavergdherdiffespicdrs eiscaib By emsasiosnpavPEitEargssenm iSO in

PLR123caalsr dibe rember of living cells after three days of culturing together with FH535 (gray

column) or cardgmoninblagicedlymnlis PRIGRECRTE ReRSEsIaga felaive (o fhe number for
ife col}amnﬁ The m :

5
DMSO alone (w resdlts are the rmean values of three é)xperlments? the bars at the

top of edé TSRO LSt 4RE arase dorasgngom the mgdortshodiEepmiaierh RBATOPRBIE 4is2 positive

adberenp CaNoergigifeeelsynfdd 535:(R0 pMaracdoamanit-¢aohaM) 6 BbRYT relisnfiheuaumber of
living cegg dat%%rotxti”e;? ays, ofc%%ltllfﬁgn% ggggtgere\(/yith FH535 (gray column) or cardamonin (black
column)is expresélec?as a 30percéntage rélative to the number for day O (white column). Fig. 27
shows the growthisfIPLIRaEseBtEal184ls that shesenibe reapguicel stRaTahFs Trdhereht Edhcer stem
ce::s wegs Rl uesd f@&ﬁb@@d&@&f&iﬂ tep pﬁﬁﬁ%ﬁ%ﬁ?ﬁ%@?@ﬁ:ﬁblﬂ%ﬁﬁfﬁlm% rr]i%ﬁmlber of Ii;]/ing

cells is shown ercentage relative to the number for day 0 (white column). The results are the mean
values o R e e e s e s SRR one. P
281showstamecgliawititiPRR59 cells in the presence or absence of EGF and FGF. 12 Adherent
cancer stem cells;waresuliied fatomes days Withedresence oLrbarnses(blask alHmn].cfhe
number of livi % c?llsii?)sh.owg as, p&rjcz%nﬁa%%a r t'g\%e_ﬁo thg number for. dgy 0 (white column). Fig.
29 showd TR EHEER O ChEfdther peutic’agents onthe g?(s)w‘fﬁl?ﬁﬁ%ti lr:’é’jrgbesitive 5adherent cancer
stem celiwamdtireersgative Koathopic abservstemsod B 6P et 28 uelistefheithuhgvér Igfrivierg cells
after tfe@ﬁ@f@ﬁm‘lﬁ. 5_'15!3{?(&;%{9%&}!% ﬁﬁ?}?@ﬂ%)ﬂ%dﬂﬁ@%ﬂ@_;%@e%@&%ﬂ@%&ﬁﬁ'%@ﬁbis exptr_essed
as g percentage relatjve e number of living cells cultured wjthout the use of chemotherapeutic
agihts (bw{ﬁ‘g“cﬁﬂ%ﬁ#%ﬂ%‘f’ SRS BT SR O IHFEER P AATE Lok e top of
each cokiph skonestangeetsdbviatidms HOFgRRE shdwgrtherdffettsl b B-Foh(d@iggeelor ifhetecan
(10 pg/nggglglgépg]g{@%g@%lﬁge Lagr5-positive adherent cancer stem cells and Lgr5-negative floating

cancer stem cells of PLR59 cells. The number of living cells after treatment with 5-FU (gray ¢qlumn) or
irinotecan (blac 1&&?,-,?%‘(?&8}&&3& Sgeﬁéfr%gﬁt% @%lﬁ‘lﬂ?@ﬁ&%ﬁ%rﬁﬁﬁ% /0 %%qul red in

the abs&¥icks bfthesalsoven sigeedSfvihitdl calapion cBRg [B14shmils ehavigesdof thellads expression in
the adherent garcer siem. ealiselEd Ries eells allerlratmeant with-qhamaheraneuilcagapts. The
results of flow cytometry are ) .
monoclénal antibody and analyzed by FACS. The 2T15E-2 antibody reacted with the Lgr5
cDNA-containing cells, but did not with the parental and Lgrd or Lgr6 ¢cDNA-containing cells.
Lgrd, Ler5, and Lgro expressions in the transfectants were confirmed by Western blot analysis.
Fig. 20 presents a photograph showing results of the Western blot analysis of B-catenin,

30  TCF1, TCF3, TCF4, and phosphorylated ¢-JUN protein in the primary cells, floating cancer stem
cells, and adherent cancer stem cells of PLR123 cells.  All the protein expressions were
up-regulated in LgrS-positive adherent cancer stem cells as compared with those of the primary
cells. GAPDH was also visualized as a reference protein for protein loading,

Fig. 21 presents a photograph showing results of the histopathology of xenograft tumors

35  derived from one and ten PLR123-derived LgrS-positive cell(s) as well as ten PLR123-derived

LegrS-negative cells.  All the tumors showed a hierarchical structure with histopathological



shown. The upper indicates no chemotherapeutic agent (control). The middle indicates 5-FU-treated
cells. The lower indicates irinotecan-treated cells. Gray indicates fluorescence intensity or ALDH
activity after staining cells with the antibodies descfibed. White indicates 20fluorescence intensity or
ALDH activity of an ALDH inhibitor after staining cells with a control isotype antibody. Fig. 32
presents a photograph showing alternate changes of the colon cancer stem cell phenotype as a result
of culture conditions and chemotherapeutic agent treatment. The sensitivity of Lgr5-positive cancer
stem cefisoisehirEUiatithirio aiesanfwasoeaminachdgoth BhEkbakang indioiesarvsigaificantly inhibited the

growth of Lgr5-pg ?%sﬁ%&%%sﬂﬁ%?ﬁl@él@_\rf{f VB> %?%%hlg gfé: HRnolacan, gglls fesistant to

these chemotherapeutic agents appeare e"morphology of t rug-}r)e3|stant cells was aggregation
at high dew&mys rrslaeismt plepsalbades v fipm %‘fé% @%%@%’sﬁﬂ%%ﬁﬁé HEgEmEensc analysis of
cancer stemicell Frarkatsrafiemaéhtreatingtthe adhete bodantes sie theelSs ehPtdRS Ytk Gffokh or
irinQtecaf. u indicates 5-EU-treatad.cells. The lowerindicates hinotecan-treated cells. Gray
I S L SRR G ST g e U E T St iy 5 Nt
White indidistdes fllisresesteaniasibitg ok APD AcH¥viRlsr siminpcelinmite thyriadisaidng cells with a
control iggtypaisgtiveily (25bkigieIdEbavsiihe deth tmRiAJeYelBotRIR k& neNsiin adharent and
floating cultures hefore (indicated ag 1 a nsfer.F->A indj transfer from floating to
acherer Do Opie e 4 RS BRI B T B feauie are the

mean values of Higed3eslpuritbnts:yitmayaesadltnes tp e ach «bieion stiswr themstembiateridediations.
Figo35 presertRapheicarrphshawngraligtacteishanaerofthie sancsisten asllmgaehetoaye

Lgr5-ne e colon Igﬁncer tem eéé? were dissociated ﬁg\dhcultrllj{g?hgl £ Sflat-bottom C{a&e. Some

cells adhered 10 the plate boton an rg%a‘ﬁﬁgcﬁééfﬁ{?eﬁ%r I_Sgr(gf’ showing it ‘é“ﬁféﬁlfﬂma?cell-like

morpholedgyiefgotgrsiposhiv8aatihefvPEovisecnexeBippiwais grate atitire thithaN (ffanion

attachmeptsniatesomewelis sierpesharouingank armeshasphaioidslikeisiiuatiug Thevsaale bar

indicates 10 p.m. Fig. 36 presents a photograph showing results.of the Western blot analysis of
E-codne AT SR IR o e RO LA U FENS R BRI achorent
cahger sStaeatimiisites PLRICB etistiPhaitobtingrdmhegy stéhe tatiomsrprebsgd ashighetevahafol
E-cadhegip Jihg gdhgrent cancer stem cells expressed a high level of Snail. GADPH was used as a

loading control. Fig. 37 presents a photograph showing results Qf immunocytochemisiry with .
E-cadherin, 15SH& 2ArieS AR AR QST 8%“&&%?%9?&58%{\‘/}85‘??6%@%& %?%éﬁsﬁéﬁ/?c@é%%nd
Lgr5-podifird .abhEe i Tah eer sterspbetid ot # L RU2Bretksn Théhf pating casiterikiam g eliscaretem
epithelialdike GRIISEXRIESSINGP GRS A i-R3INETNNIARE J3ERAIRIRR INE Calk SyiREGialhe

adherent cancer stem cel|s were mesenchymal-like cells wit ﬁg&%ﬂ and, 13-catenin Ioijallzed in the

nuclei. The-SEAROBAN fEfareR 895 TS 5B G . 3 8% SUBBAT P RO P RA B ¥&8tifts of the
Westerrhidtd alysisled BaatdhedinsandiBraidridhprogib-loedatgve floating cancer stem cells and

Lgrs-positive adﬁ%:?g_t SARcELsrem £RlGALE LRES sellRidhe linating canceksiengells expressed a
high level of E-cadherin. The . .
(50 uM) or cardamonin (50 uM} in PLR123 cells. The number of living cells after three days
of culturing together with FH535 (gray column) or cardamonin (black column) is expressed as a
25  percentage relative to the number for DMSO alone (white column).  The results are the mean
values of three experiments. The bars at the top of each column show the standard deviations.
Fig. 26 shows growth inhibition of Lgr5-positive adherent cancer stem cells by FH535
(50 uM) or cardamonin (50 pM) in PLR59 cells.  The number of living cells after three days of
culturing together with FH535 (gray column) or cardamonin (black column) is expressed as a
30  percentage relative to the number for day 0 (white column).
Fig. 27 shows the growth of PLR123 cells in the presence or absence of EGF and FGF.
Adherent cancer stem cells were cultured for three days 1n the presence or absence (black
columm). The number of living cells is shown as percentage relative to the number for day 0
(white column). The results are the mean values of three experiments. The bars at the top of
35  each column show the standard deviations.

Fig. 28 shows the growth of PLRS9 cells in the presence or absence of EGF and FGFE.



adherent cancer stem cells expressed a high level of Snail. GADPH was used as a loading control.
25Fig. 39 presents a photograph showing results of immunohistochemistry of xenograft tissues
(derived from PLR123 cells) with anti-Lgr5 and antit&nail antibodies. Coexpression of nuclear Snail
and cytoplasmic Lgr5 was detected in the budding area of EMT-like cells (left panel), but not in the
tube (right panel). The arrow indicates an Lgr5-positive budding cell. The scale bar indicates 10 pm.
30Fig. 40 shows the tumorigenic activity of adherent cancer stem cells in various organs. 5 x 105
adherena danear sieteraelis ek Rd23 celisdvinerinieated fakibpriaineibr(fhct stdakidence rates

of tumorca]rma !OWHeVr?&{gH%r%r ?@ﬁléjge & s4go%)rls%isaadme'1@§rtﬁ%t'8 ?e%tev%qg%%n mbe'ai’l?o'rél(il'aff fpsents a
photograph showing results of the histopathological experiments with tumors in lungs, Iver. lymph
nodes, aRdi&uBRittaALOUS tissues. In the lungs, the tumor cells 35showed undifferentiated tumor nests.

In the liver and gtiaep@ryaRs, theciprroeeiesbiwes atichidanstouciyeratvnWiiple diffsrgniiatien
stages. The scale bar indicates 100 pm_ 14 Best Mode for Carrying Out t ion..The present
oA B e e S Y R R N e aiiopment
of drugsrionbise afditme aelbr grev ptioreat Wil Ve et Buibe aroscdpasifienilypetrsprétent invention
relates toaapopslltioch RicANGakpietaalis.fRpvhish calls baying AonosncaHiarpingakilithave
been su st?\nt{%lg rem %dmwlag?rein th PO Lﬁlagichntchall'acte ized by rellﬁroduct'g?1 the hie[archi al
structure of & Cancer tisste, < ‘r%’fburll(ffingbfl he“cancer stem ce p‘)aorgﬁasiélﬁeo I@%g%ﬁlte intVention
is not pahieskippimitats; bUtlis praferabhion vinash apwointigeee stodafidsiaspeatsof the present
invgntion providﬁﬁ;ﬁs@%@lﬁy%m&wﬁm@@l@m ¥ihighoellsm haying e Fanest-friming ability
have been iub tantially r g?oved, whqr?ln th ]IEO tlog‘u reproduces the hierarchical iru?:tture ofa
cancer 1ESIE IR BIAUTHGATGH RN Ry PSR o pRYS ISR AITB Sl in
mammal-&3&redierizddbyumborifdliadmeilprdife tetidncot voth feliddphysioiogicat tomditen. 15The
types of gapgealoinilis Rressntirventionibglude. RukREeh et dimitgsio aarcipeurL(erithelializancers),

such as pancreatic, cancer, rosta}e C_%ncelr, brgast cancer, skin cancer, gastrointestinal cancer, lung
cancer, HESAEAIRER A i%%%tﬁ, SRR der, endometrial cancer, ovarian cancer, fallopian tube

cahger, vaginal Eanédrslives chacgrs biléhd dgrianpersdiaddehcadoermkiaaryrtseeet calicef, thyroid
cancer, pdrenal CancatKidm Saneeh Rt oG SaNdYRLISSUeIROCRREE LT R CYBARtry are

(non-epithelial carcinomas) include liposarcoma, leiomyosarcom a, rhabdomyosarcoma, synovial

r
sarcomanSAGiosARSOTRACHIUSAIOM £ BN GSHRHER AR ETAL FRaTR bR GHEHs tRELHE stromal
tumor, desideictdtedhoe]lEwill's lsaraomd castaosatcomsreiehdesardammaiidukeminydyengnoma |

myelomg, gngh-othe( sphy a‘?:‘%gﬁﬂzt_é‘f’%‘%?E%aiﬁiﬂﬁé&%%%eoérﬁfﬁéﬁi@é@&c%%ﬁ?ar\‘f&hﬁ@H?a‘?d%ﬂés Fausio
N. Robbins and Cotran Pathol(aglldc Basis of Disease. o . ,
20 fluorescence intensity or ALDH activity of an ALDH inhibitor after staining cells with a control

isotype antibody.

Fig. 32 presents a photograph showing alternate changes of the colon cancer stem cell
phenotype as a result of culture conditions and chemotherapeutic agent treatment. The
sensitivity of LgrS-positive cancer stem cells to 5-FU and irinotecan was examined. Both 5-FU

25  and irinotecan significantly inhibited the growth of LgrS-positive cancer stem cells.  After
3-day exposure to 5-FU or irinotecan, cells resistant to these chemotherapeutic agents appeared.
The morphology of the drug-resistant cells was aggregation at high density. The scale bar
indicates 25 pm.

Fig. 33 shows results of the flow cytometric analysis of cancer stem cell markers after

30  treating the adherent cancer stem cells of PLR59 with 5-FU or irinotecan.  The upper indicates
5-FU-treated cells. The lower indicates irinotecan-treated cells. Gray indicates fluorescence
intensity or ALDH activity after staining cells with the antibodies described.  White indicates
fluorescence intensity or ALDH activity of an ALDH inhibitor after staining cells with a control
1sotype antibody.

35 Fig. 34 shows the LgrS mRNA levels of PLR123 cells in adherent and floating cultures

before (indicated as 1) and after transfer. F—A indicates transfer from floating to adherent



257th Ed. Unit I: General Pathology, 7: Neoplasia, Biology of tumor growth: Benign and malignant
neoplasms. 269-342, 2005). The cancer stem cell iopulation of the present invention may be derived
from tumor tissues derived from the above epitheliat' cancers. In the present invention, "cancer
stem cells" refer to cells having the abilities of i) and/or ii) below. 30i) Self-replicating ability.
Self-replicating ability refers to the ability of one or both of two divided daughter cells to produce cells
that retain abilities and degree of differentiation equivalent to those of the parent cells according to the
cell lineagkuwit) AilipFahdiffersntiatifier intaradiiptet typBeatheandereell beatodtstititbearsancer cell
mass. As,with Sarmalaiem aelis, MyipietyRes ol ppnealren differantiatedfiamaa arosgbatem cell

35form a hierarchical structure in which the cancer stem cell js at the apex according to the cell

lineage. The stdpfise BrERFHBRRSOGHBAS ) PELEH CEREe - CaNS RSt BCEIRGEr LB PRI leads 15 to
formatiomn@bactegcer lcglh messikavirign exiaas speopstiie s.cCadcergteer asllswreredncer cells that

nave canqeriaghingabiand aassansel iy andsrsanlicalinobibe lise namal stem cells

In addition, they may be positive for at least one or more cancer stem cell markers selected from
CD24, Chrying paysseshmasiidikonephelpgoleiDl| +eEpresiveniag crisess, Brrrsaicen2T1,
CD326, &ltefiuar cARLHS 2n ABLGH]dvGRAckhndnvisiiidut Ssennothecespadlyroeduiraddddom gbsitive for

these mgrﬁg},%sldff{ﬁg%%%lé(ﬂgt Iel?% 9&?ﬁ%ram%§cgt1%rlfgrﬁ1§eIected from CD326, CD 133, CD44, and
ferably '

ALDH are positive. More preferably, at least two or more markers selected from CD326, CD133,

CD44, and ALDFIgaROpBsHives. ERiasoRD shorsian s i hmPs 6 bantdrRis s o Sa bl from
CD3826, £aB 3133, & B4, @t chAddD it dfeapiagitiveceMashprefe rably, @i -pb&Da2aihelant 33n&Dddmand
ALDH are,positi I addition, t ility of epithehal- n it} ich is a
biologichlapsctO?/?i);t 1&1%30%?? e g:%g??e%?%%%gg%%?%%rcnglclf:%hgﬁ?rﬁs%%%% Ioéfq ?ﬁéqg%%we%fgesﬂbf cancer
stem cefldiendhmanraeansbie sl oransresdr mabdvtlofardntistioR SEhtess iksets aderingvo. 15

These diffarentiation states are regulated at least in part through the integration of complex signals
arising from tissue microenvjronment to which the cells belon Celg , er cells) eledto
undergo ep‘ithe?fu%rg]z é%sgﬁys_n? ?Pa(r)] it nS%IWI[Bgt ?%‘%g&ﬁ%ﬁ%“‘g“el‘f tlgct%eerrﬁt%%aﬁﬁﬁsgfggr%g%g%iple,
thrbligh theibwerkprsesinanfsséeifio thelessd (aagativgidea8RaitaTSFsIEn R KIPS) idmRIBItKeN of
adhesiopdrretiofpiataiam $e0h asrERahesins. Rayariless 2Qehwhalmelindisruspaheriisiikbich are
led to EMT, express.similar phenotypic traits.and marker proteins (e.g. _'omarckﬁlrs ,suggesting that
the EM ?si%len%jeosrs lgﬁfr%}glﬁ f%ﬁ?osr;]Og%bcr%%f%%ng%s%ﬁn%y%%ﬁoeng% aSPéqlsa 5 a |38é\(}§r€3%%$at cells
which arasteer BEMTIsHapecmeagneh e pldsaelbsvoficaneié estehaehimblodingdarphessicleof cell
surface markers assariatadwithgancer stem cells, growth in suspension culture, tumor formation in

vivo from a small.number of 25cells, and resistance to specifi ndar emathera tic,agents.
THIL the ctate 61 AHSREARER SO SO By CaT e S Sy S AT CL R
transitioandvbiel is disd-esfencdtival aridsepuisaraborwbitheial-aesentivpdberaniaiffereritation,

‘can be eplQyed (Sidentify artieatraant thalspaeiically Brariasaneaisien ¢elischapaamnomiigiting
embodiment of the present inyention, there.is provided. a meth inducing epithelial-mesenchymal
30transift eTﬁ“(SF&@E %?%Pecfﬁ%%fgfeﬁ%%e%?&%eg ?’c:ie ?sgnm?‘ ggﬁ%%%t‘é%s g?ﬁﬁs %?r%ogqll?grarchical
structuredntyeiich the cancer stem cell is at the apex. The stepwise production of various types of

capger cells from;a. aansetsian seiieadhimiiitation ok 3 cansrmealkibarsRanng Yarousf
characteristics. On th }gthe Eﬁq% caﬂcer-f&rmlngce%Is are ctargcerlcelf! hg\vmg o Iurépotenc and
having JASSHES ?ﬁﬁﬁ(g %t@ cellsy with anti-1.gr5 and anti-Snail antibodies. ~ Coexpression o
nuclear Snail and cytoplasmic Lgr5 was detected in the budding area of EMT-like cells (left
panel), but not in the tube (right panel). The arrow indicates an LgrS-positive budding ceil.
The scale bar indicates 10 pum.
30 Fig. 40 shows the tumorigenic activity of adherent cancer stem cells in various organs.
5 x 10° adherent cancer stem cells of PLR123 cells were injected into the tail vein (n=5). The
incidence rates of tumor formation in various organs on day 40 post-administration are shown.
Fig. 41 presents a photograph showing results of the histopathological experiments with
tumors in Iungs, liver, lymph nodes, and subcutaneous tissues. In the lungs, the tumor cells
35  showed undifferentiated tumor nests. In the liver and other organs, the tumor cells showed a

tubular structure at multiple differentiation stages. The scale bar indicates 100 pum.



35A cancer foimation test allows evaluation of cancer-forming and self-replicating abilities.
Pathological analyses and analyses using differentiation markers allow evaluation of 16 pluripotency.
To demonstrate being a cancer stein cell, not only E%\ncer-forming ability but also self-replicating ability
and pluripotency should be evaluated. A cancer cell mass is a mass formed by cells etc. that are
not separated but adhered to one another like human tumor tissues, and refers to a mass constructed
with cancer cells, cells 5other than cancer cells such as stromal and blood cells, and extracellular
matrices such as collagen and laminin. The hierarchical structure refers to a part of the unique

structur%g&g}%@gﬁﬁi@ﬁ&?%@qﬁk tissue, thatkis histopathologically detected in the structures of a tumor
originating from the nonnal tissue. In general, this hierarchical structure is highly reproduced in
10highly-differer B ERA L EINRIHTSIE, tHRORS! B RSRASHE GELATENCE BP Mticous cells, and
the like affeqeeaiyinstihiorscod glalnguiant vihdodofonitig oxpansi(ecg pstamach ddneesn caloricancer,

pangreati erglive j . | ; rostate
S iR Rnce sheTANCh oI e fenRRT RIERY S ASR NG ARRACRI laeN ARG

cancer). multilayer structure and kératinization are seen in tumors with a

squamoti§ich|Fete hatiies@e GanssuoBEIMERIHERMAE OPSrL TRRIR LRI, EmPVadiNArigtiosa). Lowly
differentaiedcRnceraiosuificlantyepepiodingatibeibierdrchicahsttuntof @adcarei tighly atypical (Kumar

. Abbas AK, Faysig, N Rahine,and Gatian Pataloais Brafs pLRiseRRe. T Eehd Bkl Gensral

Pathology, 7: Neoplasia, ogy of tumor growth: Benign and malignant neoplasms. 272-281; 2005).
Since thigmigdapuhisarstiilire hEPBEFEOFSHIEed as a result of various biological reactions of
canger, a non-huniaa apsoabmpeeléecre prochutenthis-20hierpophicabatofeiecisstightyl iaiwable.
“Reprodycing aSIAIGNICH SIEEAMEARMINALA DS LGNS COBIRGIRTISHERLA RN cer tissue
is S|mlla‘r)Ty Ghserved when transp anted?Fom a donor cancer patient to a non-human animal.

"Having Remdeicrorenry etsiithe memishisat Heneye & e rPEUIEBER transplanted to a 25non-human

animal forms a ¢angepRelnmasenniaierablycra ganesrycelciass having slusiraselidabstiucture.

o S RECIr g AP SRR RLSED ARG Rond AR RaRRlANIad e AR Y
animal Cannot foini a cancer cell mass. u%spant?af)removal? of cel s having no cancer-forming ability
cahde cOrfitynet By BoerdndhtarmpeptorasHim indadsidehersimdiaicd (poitsionshepHaslisten
subjectegfediitinehdilionraibepiesanbitventiatet e dabrasec@elishaxiae nesasiaasstaaning ability
have been subftantiallg re oved"]rp?ans that the freguepgx of forrréatior% of a cancer cell mass foinied

aNCer, 1UT) cr, nepatqce T CarClnoma, corvica ncer, engopietrial cancer, ovarjan
when su‘bcufaheo(ésﬁ%/n rahspian mgLfL céfi per spot In‘an immuno ehcient animal, prerferably an NOG

mouse, B0 folbiigvefitisrefersbly el serighdty sherecerebtiadigtsavsor bighter @psprmore 35
preferably; 28%aichighess, andsnoskrralaiabhalofie: Thennethnds dascsineddidkdu Y- &samyth GK., J

Imejz;réunol Methods.. 2009 A%%(ﬁlfé %&7&}5123&7(:9% aarééi .;]le?]ilziﬁewﬁcl)g&clézash ed ZA. e'%gl., 17 Cell Stem
Cetl. 20f6n§%r|5'3; %f@% 'C(_fn a8 e emp’i%y d T tis hoéthes : i’, fb{nfﬁﬁrorrﬁa cells are
transplarieedimyesticmurtotiefivi miapindabagid Wiediey fdmeserfaande Rlegimass Pbgishnery is
analyze%ﬂﬁsaq%%@mthﬁaﬂ%gim%@pa&%i&tuﬁ(o& SRS GheohiTbateaekMeHa0dS. 2009 Aug
15; 347%—5%1: 70-8). In ége B%res.en mvxié%tlon, a "Qlomoggnrheg{%s can%egrsg%r?u%:&g %Oé)urlgéi%‘; I{{gm
which ¢ cg\?l%cﬂgl ReeFPaf ?ﬁ&p fﬁt@/’h% & PednStsstsh |alﬂy & P

or brain tumor (Kumar V, Abbas AK, Fausio N. Robbins and Cotran Pathologic Basis of Disease.

25 7th Ed. Unit I: General Pathology, 7: Neoplasia, Biology of tumor growth: Benign and malignant
neoplasms. 269-342, 2005).  The cancer stem cell population of the present invention may be
derived from tumor tissues derived from the above epithelial cancers.

In the present invention, “cancer stem cells” refer to cells having the abilities of 1)
and/or ii) below.

30 i) Selfreplicating ability. Self-replicating ability refers to the ability of one or both of two
divided daughter cells to produce cells that retain abilities and degree of differentiation
equivalent to those of the parent cells according to the cell lineage.

ii) Ability of differentiating into multiple types of cancer cells that constitute a cancer cell mass.
As with normal stem cells, multiple types of cancer cells differentiated from a cancer stem cell
35  form a hierarchical structure in which the cancer stem cell is at the apex according to the cell

lineage. The stepwise production of various types of cancer cells from a cancer stem cell ieads



removed means that the frequency of cancer stem cells in this analysis is 1/20 or higher, preferably
1/10 or higher, more preferably 1/5 or higher, even more preferably 1/3 or higher, even more
preferably 1/2 or higher, and most preferably 1/1. Extreme limiting dilution analysis (ELDA) is a
software application for limiting dilution 10analysis (LDA) in accordance with the needs of stem cell
assays. ELDA is a limiting dilution analysis software to provide meaningful confidence intervals for all
LDA data sets, including those with 0% or 100% responses, which includes a test of the adequacy of
the single-foitrhypottdsisatests b frerylenoyeditfopanceenpaigeen multiple data sets, and such. Those

R RS e i S Siptceain it e i s o
mmuno VIetNnods. - -2), (- a N e etno SCIl N e, apove
o R A 5P A T AT e S R B a7 0o, Ty Ty e
http://bigirditiehicect lasysoftwarsald ainByr asimocthieprdsenséraptetibopc i, SiERPcéllg3dan be

preparegii larep ayapiics. dppineiple 7acissiedmvabear B Ganee sienesels aap % obtained by
mcreasglg flasks for adherent cultl@ﬁ%or exsggple, when a T150 flg[?f is used, 4 x 107 or mqre cells
ré84 ¥

can be Zogeherniy BotianéPitan O RS NS R RSTERYd SRS B PRI R &I Can be
preparethése usinkpfive fasksaiiug, lendesikect mmmbendiare ksl candqunePRASH I TES préseht,

invention, j o1 e FBARSE StalbreRantlaton REINER'EREIIYERHAY RIEIRPR (els faving no

cancer-forming ability have been substantially removed. Alsp, the population may contain 1 X 25104 or

more canbarstdn? ¢ dbrE prate RS iox 1BECBMeEr &I elrErp SRS TR BK Hore, even
mare preferablyfiowm 1F3@6NG0é 3 31l Dbt eapdefdrBiblyade ydO8ver mdiest anctanddy, pléfei@bl§2b.x 109 or

more capgahstemaells, 1 A1 flsgeond;aspect of the present invention provides a method for
preparing the éell population of the present invention. 30The cell population of the present invention

can be preparedtffdisiam e abilsaptreihs @itursg L eanigratpithiitfiyitakidrsteth cells. Cell
groups eeritainingcandsr sibivied|lsitbaiccantbe uskd ngiusicoells ihtopadpeltiasgdnamabaseancer virus

(€.9., SV40) oran oncogens SHelas.R: &%ﬁtﬁﬁ%ﬁ%ﬁ?ﬁﬁ?&gﬂ{?ﬁt&ﬁl'&%§ gstablished from cancer

tissues. 35The cell group containing cancer stem cells is preferabag}/ia cell group reproducing the

hidfarchidsssiidrirBtBran st e seen s akifnim puN dbiarbdne drisasin pEsPBR s8ed. 18
Preferabklgnestahilisheflcanceiceldivesvpepacetibyinbsplani tobane passaiing ganaeacdn a
non-hum nimal can be used. More prefer lishe f lines.p r
trzanspla(r:ﬁl%sgl an qﬁ%%s%a%)iﬁa%géﬁ%egﬁﬁlgaiﬁg}r%n r%%%gg |C|e{r§%1ggﬁ%%a1%§#ggl é%%%‘ ‘I%/l%dﬁs?t %%é e)t/Fany, NOG

establisREEEEHiRTS PR sarewly thaprgdhanyamrpasaymgnsdisdariess(fedn BINCGEmouse can
be usedrGE-f; ditheuparer theisrlbaroupiEenta Ningtkansei &iepuet s maydiransphresgieifesmed by

R e T
CD166, PB4 (CD2TerEisms, mersitios hedeEMBoasntorsfasgtimgnn program.  The
present invention relates to a discovery that cells which are led to EMT share many of the
properties of cancer stem cell, including expression of cell surface markers associated with
cancer stem cells, growth in suspension culture, tumor formation in vivo from a small number of
25  cells, and resistance to specific standard chemotherapeutic agents. Thus, the state of cell
differentiation as shown by cells that underwent epithelial-mesenchymal transition, which is also
referred to as mesenchymal or epithelial-mesenchymal transdifferentiation, can be employed to
identify a treatment that specifically targets cancer stem cells, In one non-limiting embodiment
of the present invention, there is provided a method of inducing epithelial-mesenchymal
30  transition in order to, for example, generate test cells.

Cancer stem cells form a hierarchical structure in which the cancer stem cell is at the
apex. The stepwise production of various types of cancer cells from a cancer stem cell leads to
formation of a cancer cell mass having various characteristics. On the other hand,
cancer-forming cells are cancer cells having no pluripotency and having cancer-forming ability.

35 A cancer formation test allows evaluation of cancer-forming and self-replicating abilities.

Pathological analyses and analyses using differentiation markers allow evaluation of



10The source of the cell group is not particularly limited, and it is possible to use those derived from
mammals such as human, monkey, chimpanzee, dog, cow, pig, rabbit, rat, and mouse, but it is
preferred to use those derived from human. NOS established cancer cell lines can be prepared by
methods known to those skilled in the art. For example, the method described in Fujii E. et al., Pathol
int. 2008; 58: 559-567 can 15be used. Such cell lines can be established by physically mincing
surgically-resected human colon cancer, stomach cancer, lung cancer, breast cancer, pancreatic
cancer, pluthsotieecWithTscissnrsstandtailbe uienret siynrasislan ing, antepassaging dbintNRGamice.
NOG estaplished 1anc:ackabr.}]%elIaIIilrae§ maintain the &i&q}rg%%ﬁi%lca of original human cancer tissue even
after passages. I the adherent culture ste , the medium to be used is not particularly limited as long
as 20it is for adHbrEREF AR B asBIERAdBRScTEs G RN dis It eitinisnorefaresipdiBBdhgredrnt culture
refers toauliadageneepRssaging selisswhilend inadshemte asheaneteiamadhampteniugflask,
plate, or dish alter.sceding d.¢;culturing without doptnd cglis cenfliently arown cells are detached
with Accutase and passagedin'a new a fierent Culture mas ) pféfe, or dish 1o continue Culture.
25Culturelbetations tAaiwian be used in the present invention are not particularly limited as long as

they can be usedife iGuliticaNGRIcEIRMGaHSIROp SX3MBlen R GRVMAeRAhkRewRRasad culture
solution supplement ith EGF, bEGE IE F, NGF, NSF-1, TGFf3, TNFcc, heparin, BSA,
s, DAL A HE BB e Do el F s SRS 8 Ny e o i o
bicarbori@HERES, LiyRkarerihéhiahicrarakiealisysriine iohighhiveme éfa0tirese can be used as a

cultyre seliiom fFheaeRcebiREeN ehEGRIHNOtRATEHIRMY limiterRut ds Qrdkeh 00 NgfmtoRIedaLably
0.5-50 n % 3 d more pref rabl¥ 1q§2q n% L. The cancentration of bFGE is not particularly limited
put 5 0. PGB S SreTePARRTES S AL AR OFERAGTABRy 1220 NG REPEgnEe ttation of
laLIF is notqsarticutaehyilirpdtadbliyés GulcQbipdmit qeretarbbdps0 GuBGMbNg sdendaaroreoprafenrdbly
1-20 ng/imbstdibe RReeNtaloR3RefH GFdsmet pariauiat: Wpied-bubisiQd:hQ%naMmbe @R in
preferably 1-50 ng/mL. The concentration of NGF is not1 particularly |Ig| tec‘ but is,0.1-100 ng/mL, and
breforadf 0" ¥ H SRR CBAER A BPACSE P ST RS Ay RHTScSL 28 408 ngimL.
antbpreforaiolal-50mglmiiffEha tund eatkativomef G FR isaptqlarcichlahietimibéckbsitistOrd 4bd0 ng/mL,
and pref&%}é’hﬁ%@y@&@k@%ﬁ?ﬂﬁ%ﬁgﬁiﬂ] Pﬁ%%ﬁ%]ﬁ&ﬂiﬁ%&@@%ﬂ'ﬁ%@i@ fé%g_si's'érpo ng/mL,
and preferably 1-50 ng/mL The concentration of he ar|{'| is notq;iartlcu#arly Slimited but is 10 ng/mL-10
pg/mL, aapErdia -?%%/ﬁ‘i‘%%é’%%’ﬁ&%guié}% B R GREpaHihars v P BUeR - 10
mg/mL, auatl grefenabbjaknds N2GALE THE @Dn cehitrati drisdiimsulinds sotgarticudarhelinyitedubed is 2-100

pg/mL, %H@%@M&s%ﬁbﬁ%ﬁﬁ@&%ﬁ CORGROLF IR PRHARS IGIhIS NP A Yeplady Jimited but is
10-500 %g/mL and preferably 50-200 pg/mL The concentration of putTescine is not particularly limited

buts 1 ’@rﬁﬁ‘}’hﬂﬁ}fﬁ&ﬁﬂ“ﬁr@@%‘i U5Blg/mL. The concentration of selenite is not particularly
limited but is 1-5®RapodndngreferabighR@i4badodhe conobatrationod grogestecimredsematqpaiticularly

limited Qufis.1:R0 AN, ﬁﬁ%&[ﬁ%@&%&%&ﬁ%s e RQNEERIAHON P LAVAOFATSPRE, IS not particularly
limited but is 10 ng/mL-10 pg/mL, and preferably 100 ng/mL-1 pg/mL. The concentration of

D-(+)-gIfe8THRAAEDHeularly limited but is 1-20 mg/mL, and preferably 5-10 15mg/mL. The
concentration of $hdiing dacanbfnate gsahiittparticatanlyaindtactbutcidhdpnl nighrtiampthmeeferably 0.5-2

mg/nL The sonceniratianSihiERER IS 9t paticylanlimited butis AlspQ MM, and g{e%?;ﬁl%' 1-20

mM. The concentration of L-glutarnine is not particularly limited but is 0.1-10 mM, and preferably 1-5
mM. Thé'&8i&Entration of N-acetylcysteine is not particularly limited but is 1-200 pg/mL, and preferably
10-100 pg/mL. 2densnavwahasdbaultyatsitytioncismn digpativliad\dimitgeh Bsidongaaspihigslisable for

Culturingd non-human animal cannot form a cancer cell mass.
Substantial removal of cells having no cancer-forming ability can be confirmed by
30  transplanting to an immunodeficient animal a cell population that has been subjected to limiting
dilution. In the present invention, the phrase "cells having no cancer-forming ability have been
substantially removed" means that the frequency of formation of a cancer cell mass formed when
subcutaneously transplanting 10 cells per spot in an immunodeficient animal, preferably an NOG
_ mouse, is 60% or higher, preferably 70% or higher, more preferably 80% or higher, even more
35  preferably 90% or higher, and most preferably 100%. The methods described in Hu Y & Smyth
GK., J Immunol Methods. 2009 Aug 15; 347(1-2): 70-8 and Ishizawa K & Rasheed ZA. et al.,



cancer cells from which cancer stem cells originate, but includes, for example, DMEM/F12, DMEM,
F10, F12, IMDM, EMEM, RPMI-1640, MEM, BME, Mocoy's 5A, and MCDB131. Of these, DMEM/F12
is preferred. The most preferable stem cell media ihé¢lude D-MEM/F12 medium supplemented with 25
20 ng/mL EGF, 10 ng/mL bEGF, 4 p.g/mL heparin, 4 mg/mL BSA, 25 pg/mL insulin, 100 ug/mL
transferrin, 16 pg/mL putrescine, 30 nM selenite, 20 nM progesterone, and 2.9 mg/mL D-(+)-glucose.
Preferably, the cell group containing cancer stem cells is allowed to proliferate in advance of adherent
culture. 3k Bentingelt.cE groepAo7psplterate wiektstobéangranuale, allawdngethial grawdy spheroid
culture qr,by transplanti nd.passaging. it in a.non-human animal.but is not particularly limited
thereto. LR A LS B S 8 O P B e
culture ffagRapfaés aradierd g exgsveimbitbhideifeenahisihdtisah S usel ¢ 35 dumuiring stem
cells. A seltivassingtieddn surinaling aylturs incalled:snherichr\n miveselicienhanisahcan be
usggl as aelpon-hgrénan, %rg)lnrqal as, it |snlse§s llkela/oto ZOI(E?USQ rej%:%?nhre‘gcggn. é?i% an |mﬁ1unodef|0|ent

animal, I(i IS %?g?errlé’& to USev‘f’ihhc(%ll’](E umg‘ﬁl%lmaclaag?lmgﬁ}lllﬁ%uné gnaﬂ -F cells, su%ﬁnélsa aynude mouse

and rat, EAY ecAGEREA Biifned weksiehtindenttoneslis anthB aullssisueh/a8 ard&iBmouse and a
NOD-SGlbranaitse,/ Rastigiady reoragnseidsficientinnlg1Rr, ardNKose hscionsample asseverely
immunodeficient 5 mpu 8 o?}gineﬁi}%croﬁ ﬁPSC%ID[[?ﬁQC?ﬁKO’ or RAG1KO0 mouse with an
IL-2Rg"fY?Hdﬂ ree,%ﬁ%ﬁi?n\él el ISt ggaS macndirmolse, NOD-scid,IL-2Rell mouse, and
BALB/c-Rag2" ExtraRyjiaiteukblionoh shoWs dkd ¢ iensoiweplanmbittipndqurefertiatdydilsdon
Regarding, hgaaoafneadLrananimatae WALR sHiydRicavdamice. SGIR mice @R/ i mice, or
NOG mice are used, those of 4-100 week%gld aég refer%lglg/ us§d%%ﬁgr%§ mlcet(_:ané)e roduced, for
examplé™ fﬁesf’fg’fﬁﬁ%t?igg%‘ﬁ’gg&’i??% G2 nreals s O EhEEBATS Institute
for ExpetinsentithAhineals00f iespactesomiabonatodg( W8S nfide) adequaCehd teclsenfrrAlsplanted may be
any typespfmels incuding aelhaansertissusasction dingl disnersed gelisn ceiculturad after

isolation, and cells transplanted tq another anjmal and 15again isolated from the animal. However,
dispersel |Ps,ﬂa%np%%tréoﬁ%&?1ﬁﬂ@mma% Banedgrh ﬁiﬁ%ﬁ&%ﬂﬁﬁﬁ&@&@éﬂ&ﬁi PB4 greater
nubdber lefedeits 20D e A3 plani@d! &S biycytaliyvenyuth tramsipldntetioived preferaiidiecsnapsedf its simple
transplagiafion {RCHNIGHESHE SWRYEI iR St AT FERERIPARHAN/ K JRE RericuipRY daited A0,/

preferably appraopriately selected depending onthe animal used. The procedure for transplanting NOG

20established cRAETER I FREESEhBTSE RS T Finit il CERHISARy £ BFRRELED Hhl dran e praitition
proceduhegitanide uskedired nuifiber edlbpopukationciriithapbesdntimethodeambegpfephsdd; for

example, gy, aANGIRALY Cultiing.a,canaehissye LAlSCIEdLam a PaUSNLIRA e ge stem cell

medium. It does not matter what culture process the cell group has undergone for additional

profiter a8t BERPE HHBISHRFRFE R GG e HBIcBR AL TREN b Ui IR P 21D 88 method can
also be prapacddbpysppéraidiasitture Bia, cahetretisaureteoldaidds franba patienrt] falthwpddytadherent
culture ysing.a,serum-free stem cell medium. In addition, the cell population can also be prepared by

transplanting and passaging'a cancer tissue collected from a patient in a non-human animal, and
In the cancer stem cell population of the present invention, preferably, cells having no

cancer-forming ability have been substantially removed.  Also, the population may contain 1 x

25 10° or more cancer stem cells, more preferably 1 x 10° or more, even more preferably 1 x 10° or
more, even more preferably 1 x 107 or more, still more preferably 1 x 10% or more, and most
preferably 1 x 10° or more cancer stem cells.

A second aspect of the present invention provides a method for preparing the cell
population of the present invention.

30 The cell population of the present invention can be prepared, for example, by adherently
culturing a cell group containing cancer stem cells.

Cell groups containing cancer stem cells that can be used include cells into which a gene
of a cancer virus (e.g., SV40) or an oncogene such as Ras has been introduced, or cell lines
established from cancer tissues.

35 The cell group containing cancer stem cells is preferably a cell group reproducing the

hierarchical structure of a cancer tissue. For example, collected cancer tissues may be used.



then adherently culturing it using a serum-free stem cell medium. Furthermore, it is most 30preferred
to prepare the cell population by transplanting and passaging in a NOG mouse a cancer tissue
collected from a patient, and then adherently culturifg a thus produced NOG established cancer cell
line using a serum-free stem cell medium, because the cell population of the present invention can be
efficiently obtained in large quantities. The cell population of the present invention can be used to
search for drug target 35molecules and to assess drugs. Assessment methods for drugs include
screeningdfyraiygesand seeenios e antisanepiegetsadplantin Mel paks Al ngarshingdar target
moleculesinclide. Bt arenoLJmited (R metods. (3t dantiing asnes sufh s BNAS g RNAS
highly expresseg In cancer stem cells (e.g., cancer stem cell markers using ?féﬁ)e-gﬁlp ar‘?/alysis, and
methoddTRosRItTY ity eeigs grangeel o insubedesisiniyimabasderisedanddesierafeaidiusing
proteoniesh&esiNagetheds-épnsaare ingjomiaigehmpiecslasinchidermneihods in wbich
substances that irbhibit the growth of cancer stem cells are screened from a small molecule library,
anti%odﬁfb‘?%?r;c/?nmlg%sﬁ’l\m library, or RNAI library, using cell growth inhibition assay. After an inhibitor
is obtained, its thrgécoantbetie vl athunfrontitribe dietrerr st obtaiis dndi bagrsihenudiFamiard With cancer

stem cel Qm@ilﬂﬂt%%a&ﬂ@_@gltiﬁgrgﬁﬁ &%ﬁﬁljﬁ@&@@o@h@oﬁﬁﬁ&\éﬂbﬂ@mﬁﬁm @éﬂité?@i@ﬁ fﬁn be
screene cell growth inhjbitio a er bindi r | eir
antigensc%@ﬁl%ri‘?%se% ?Fetaésg ?8@(@? ?grsee@éo@d%;&.q) %4’L#ﬁé%?&%%sé&uggeﬁf&%ulaa@f}% gf the
present ¥iVeRtidAlES Weldset (e luated e Alfebisoof skisting AR{gs andkdgmdndsil development
onjgancer stem-gelsapafindmewilopharasepicrbeffgcisnited M@@H@&mmrﬁgameus cancer

stem cells makes the followjng thin ossible, for e ple. 1. efficiently identifying nucleic acids
(ONA RN 7 T P e ke ST HEEF -l O PG the
functionsofishdse inolesflas;oPusftivientlyridedtifyindwmueteic acids (DNA and RNA), proteins, etc.
specifically expreeseddRinanearaiamt 66llSiRRd SPREGHDMSar e Rt iRk e sandidatesthad iphibit

them; 3. using results of hiolggical function analyses of concentrated. canger ste lIs (ipvasiveness,
division 14é"and SLEH"HR/fn Ség%%r%ﬁﬁ‘a@&%&ﬂa ek s%éé%a%?u%on
analysebofsoncehichted] dansarsteeresell (ieddsipdyess] 1 25divisionsratecAhdrssecigdalsumdices to

reclassify, (aNcalS AR ERICISELL AR /oL ANKEANeR! JARALS %hﬁ@r%ﬁtfé%éﬁfﬁé‘f%mé Brslyaying the

process in which concentrated cancer stem cells produce differentiated cells constituting the majority

of cance s M S OSREHARTLE R R G I HCRH AR B g SRR AR Set&Ys) 1ab Sihshress this
processi;306r delidotingriolagichlerdactices charalCteitia dicamcanstensced sty aflgigtiuzgagaiiure

conditions for caperL SIRMERIS (XY IRD, RANALRIGRIY S NUHGN, GONAIIORS Andh AHGRNGEE agent

treatment) toward poor canditions, and examining the causes of the durability of cancer stem cells;
ant7. ditsdhng B ERTEa s ERAPACHE KR 6P LAPREFBEHPEEREbY 45dsting culture

Adherent culture refers to culturing and passaging cells while allowing them to adhere
to an adherent culture flask, plate, or dish after seeding, i.¢., culturing without floating cells.
Confluently grown cells are detached with Accutase and passaged in a new adherent culture flask,
plate, or dish to continue culture.

25 Culture solutions that can be used in the present invention are not particularly limited as
long as they can be used to culture cancer stem cells.  For example, a conventionally-known
basal culture solution supplemented with EGF, bFGF, hLIF, HGE, NGF, NSF-1, TGFf, TNFa,
heparin, BSA, insulin, transferrin, putrescine, selenite, progesterone, hydrocortisone,
D-(+}-glucose, sodium bicarbonate, HEPES, L-glutamine, and N-acetylcysteine, or a mixture of

30 these can be used as a culture solution. The concentration of EGF is not particularly limited but
is 0.1-100 ng/mL, preferably 0.5-50 ng/ml., and more preferably 1-20 ng/mlL. The
concentration of bFGF is not particalarly limited but is 0.1-100 ng/mL, preferably 0.5-50 ng/mL,
and more preferably 1-20 ng/mL. The concentration of hLIF 1s not particularly limited but is
0.1-100 ng/mL, preferably 0.5-50 ng/mL, and more preferably 1-20 ng/mL. The concentration

35  of HGF is not particularly limited but is 0.1-100 ng/mL, and preferably 1-50 ng/ml.. The
concentration of NGF is not particularly limited but is 0.1-100 ng/mL., and preferably 1-50



35conditions for cancer stem cells (oxygen partial pressure, nutrient conditions, and anticancer agent
treatment) toward poor conditions, and searching/screening for anticancer agents that 22 inhibit the
durability of cancer stem cells. Methods of searchiﬁa for drug target molecules The present invention
relates to methods of searching for drug target molecules, in 5which assessment is performed using
as an index a hierarchical structure formed from cancer stem cells, a cancer development process
originating from cancer stem cells, or a biological property of cancer stem cells, in a non-human animal
model tignsflantEhewiihcheraancer SI8M icallnpoprtaticlarbf theipdebenisinviehtidngorla, aulture system of

the cancet alemcelkpapuiatonaline, Iuentian Uedends Vi sendlions, Hindpinmetpdophen a

rﬁr ag?l%/ &
non-human animal mo transplanted with a cancer stem ce ation Is us rug targe

0]
molecul8&/'edn ﬁ@%@ﬁ@ﬁb@%ﬁ%@ﬂﬁ@%ﬂ%ﬁg@t@’wﬂpmﬁ?ﬁ isroefuearical #bnnutisa P Enimal
model by ransplatting. casaneefesibm telh pepulatiomie eohombaearbBhimals is né2peallediing a tissue
section shawi tissue str. re characteristic of th ncer dev ment 15proce f.a cancer
o col B B R e A e R e R B S o
collecte@drticaiady tiaiwddresision oiDnes LRdgrpfeihs | peprdad. or The eassrristionri4)
identifyingBNAsa R NAEOrReINGmiRePtidas o nietabalites thpteranbiepesding/an.a higrarchical

structure formed from cancer stem celle, a canger deyelopment pigeess ofiolngting 20ftgm cancer

IS
stem Ceﬁgl,l%?lll Eglgfé?oglg'g? property Qf cancer s e!n c'e S, In %e tiIssu %ec | )
when a é(Hafle sy/sém dihecsanabpistarniqalisepitat o iurrbewrtirresadnigns Isaisegrdrug target

malgculgsrarbrisgarshed fordy thedolonissmsiensdiadeddd s A3) sutiuling Riganeehatem cell
populati?n5 nder in vitr(% c%diE'anotoI\%epr?gu%enac cnq%rgcter' tic str%tur[eiof atc%gggéld?velopment
process 6rlgirﬁa i%ﬁdfngne(%%nger Steni Cells of a Dio oglca?lﬁgp%(ﬁ%??yeo tancer Sem célis’ (2)

examinitignitee bxpressioml BNAseRNAY, Protemil. anthpeptidesiotimerabutitesarishecigingted cells
with theﬂfﬁm&fﬂmﬂrﬁh@m&x@{m@@Vﬂﬁtur@;%L(%wsmmqu\ﬁgm/ﬁﬁu@]&t&inm@ptides or

metabolites that var ding on a hierarchical structure. Mimed from cancer stem cel cancer
CovelopBRE L0 et S5 oA CELS) kT LA HHLS b IGBCE pURLREy Grscel Lo
cel§, in theroliturBbecwits:entratiom theptose i ¢atamdonissini crntesbiiskmesdbeel ines characteristic
of aca /tﬂ@,’%!ﬂ}%@%a@'f??ﬁ§@ %Q/R@.Ob%@/&gl%%im ingARd i%ﬂﬁ%ﬁh@l&?ﬂﬁﬁ%@ﬁhﬂ HC)
staining.o S"((ffld #zs e speumgns Fi;'ef redé)/(ly known specimen prﬁ)rarftlon methods such as AMeX.
If a hierdRiHit 4 st B et Uh R FERbe 6?)%113 procesL ARSI AT SBIFEHY 588 ic for the
35aboveatentahetrhied drutimtor -tiSsudlisaob seeverdtily thé wal tisSike, thectisaeois ségarded as a
Cancer-ﬁ@Lak%@yf@ék@n@ﬁ%mgsm&gﬁ ek LNVASRNDS, Rrieins. PERIEES RNG TGIaRRlHeS is 23
examined. Thé ex%ﬁ%ﬁ%ﬂ 0 D!\rs, RNAs protei%s, pmetamhtes &at}be eixamlned by,
withbut PARERRAR RSB AR S UBHVR Bt BR R PhiéthGtigadle for culturing
cancer celis from which cancer stem cells originate, but includes, for example, DMEM/F12,
-DMEM, F10, F12, IMDM, EMEM, RPMI-1640, MEM, BME, Mocoy's SA, and MCDB131.
Of these, DMEM/F12 is preferred.
The most preferable stem cell media include D-MEM/F12 medium supplemented with
25 20 ng/mL EGF, 10 ng/mL bFGEF, 4 ug/mL heparin, 4 mg/mL BSA, 25 pg/mL insulin, 100 pg/mL
transferrin, 16 pg/ml putrescine, 30 nM selenite, 20 nM progesterone, and 2.9 mg/mL
D-(+)-glucose.
Preferably, the cell group containing cancer stem cells is allowed to proliferate in
advance of adherent culture.
30 - Allowing a cell group to proliferate refers to, for example, allowing it to grow by
spheroid culture or by transplanting and passaging it in a non-human animal, but is not
particularly limited thereto.
Spheroid culture refers to seeding and culturing cells in a floating state in a
non-adherent culture flask, plate, or dish with the above-mentioned medium that can be used for
35  culturing stem cells. A cell mass formed in such floating culture is called spheroid.

An immunodeficient animal can be used as a non-human animal as it is less likely to



RNA molecules include micro RNAs, siRNAs, tRNAs, snRNAs, mRNAs, and non-coding RNAs. For
example, the mRNA of each gene is extracted acc {))ding to a standard method, and 5 the transcription
level of each gene can be measured by northern hybridization or RT-PCR using this mRNA as a
template. In addition, the expression level of each gene can be measured using DNA array
techniques. Furthermore, fractions containing a protein encoded by each gene are collected according
to a standard method, and the translation level of each gene can be measured by detecting the '
expressionsierataiaarsagivteinisyas Ssropre essisThathsal BithatspH PrReEIaDiEréByer, the
translatigidayelel-aachaanaican hecaraswra Dy Hatestingdhaexpressionaf-pashrpsetein by
Western, blotting. using an antibody. against each in. By thes r??é]%? rget molecules of
antican%é’fgggegﬁfg %‘é’}%ﬁoeméﬁéiraéh%% ?(%ﬁs’ Sucl r%’n-llml |ﬂgsgr%%(%%lmenf%?{?el%a%133é drug target
moleculBarpreterabhnincisésicpn i ICB4ndERK Alls CDrieenmb24 soprdy anedLGREIGMIth are
sp%ifiﬁﬁ{%%%ﬁﬁé H}%@&%@@S@I@Egﬁh@%ﬁ@fdﬁﬁ&@ﬁemm ﬁg@tkoflir%mgﬁmgw #iothe, o
Examples.. . . Inthe invention, the above- tia wnclude, but are not particularly
limited t@%ﬁ%’ti@r‘#&%ﬁﬁ@?@%ﬁ@ﬂfﬂﬁ%un%ﬂ%%ri%@?éésggggéwﬁivfpaciuasa’e%rflé, angiogenesis
inhibitorB AStBroids i\ ind Rtlibiroes selntidivticshamtibistdlvn sepapldotdgitarspeftapfestivds,
ggalg_e_sic& ag_eﬁtégg%ﬂga&mg@ia_b&&%ﬁﬁ%?taﬁﬁﬁfatgﬁms anbriis nanthastBeatic agi%_g,ts,
anti-insomnia agents, antiemetics, agents foy treating raine, anticonvulsants, antidepressants,
antipsychoite |’ﬁ’%8’tl%lsN§) msfot é‘é‘ffﬁ‘rg}%&?ﬁﬁ%ﬁ%@gﬁig&sﬁdﬁgnguflfg?%tgé’ﬁﬁ | Alzheimer's
dig6ase, sympathomimieticspdgantsifoetidatingaarhsthimibs artihyddetenidivd s M@y ehiftitretics,
anticoagylants, VARt Snand SedRtiveSIAW RS« ARISRACATAHRNIS srenRrefgies. Also, the above

drugs include, but are not particularly limited to, protein agents, 25 nucleic acid agents, small molecule
agents, SRPEAREYANRIE AN the present invention, the target molecules include, but are not
particularly limit€atite tortennlarapnecentor deenzyiyies, ddnebhandelpg ansdriptisn ddotors sarihmuclear

receptoQng}gddﬁg%ﬁ%éﬂbdyl@[%&g%{u%& maresEMethodsdor assensineidias 807 hsRreasat

invention relates to methods for assessing drugs, in which assessment is performed uscl?r%g&% an index

a Rierar@Bicarlged o Mt iteth cArR¥r LA BRaISed Sl Er BERIE S men 5 EREE" ing from
cancer stee gelisplanedinindied(Srapesty, bicapterstenmbetisf keHsnoayhemansahinead. model

ransplanted with, 16, cIGEL SIEALRARYIAORAIIS RUERRNINYRAHAN. A pHllig Y stem of the

cancer stein cell population under in vitro conditions. 35In this method, when a'non-human animal

model tri&RaHIaRtRd AT HEc o FeRshl Byttt o A prisbnEmied 68A R&@AMrugs can be
assesse@p)oﬁﬂﬁt@ﬂwmeﬂtee&ﬁﬁ)ﬁg ME_)&n{ﬂn)zhﬁ@dhciﬁ@:amqm&um&sr ata'rr_s@bmi_fmgdﬂ By
trafpplangng; HAGRC e ?ﬁ'é%%@&ﬁggig{@%@&mm@@Jceﬁ%éo%m%sﬁg@%ﬁest

substance to the non-human anima ; 5(3) collecting a tissue section showing a tissue
structur®@saraEes GatideRecdancer development process originating from cancer stem cells or showing
a biological propgityctiesepiilalfbndhsteving enchanigel icataroatsietd, detls:ewepltinbe, dicancey
development Roeess. & ANOHEAARREYINSLRAN NG IspUe paRtely A0fun{5) 1f90IYo0 @
hierarchical stricture formed from cancer sterh ce s, a cancer development 10process originating from

cancer StatfeEakatsREBIoRseTeat Bropeigrenpdns spdasgnceliy, afditienalmpremsindsluc hbstance.

25 adherent culture. For example, the cell population in the present method can also be prepared
by spheroid cuiture of a cancer tissue collected from a patient, followed by adherent culture
using a serum-free stem cell medium. In addition, the cell population can also be prepared by
transplanting and passaging a cancer tissue collected from a patient in a non-human animal, and
then adherently culturing it using a serum-free stem cell medium. Furthermore, it is most

30 preferred to prepare the cell population by transplanting and passaging in a NOG mouse a cancer
tissue collected from a patient, and then adherently culturing a thus produced NOG established
cancer cell line using a serum-free stem cell medium, because the cell population of the present
invention can be efficiently obtained in large quantities.

The cell population of the present invention can be used to search for drug target
35  molecules and to assess drugs. Assessment methods for drugs include screening for drugs and

screening for anticancer agents.



In this method, when a culture system of the cancer stem cell population under in vitro conditions is
used, drugs can be assessed by the following steps (1) to (3): (1) culturing a cancer stem cell
population under in vitro conditions to reproduce a &haracteristic 15structure of a cancer development
process originating from cancer stem cells or a biological property of cancer stem cells; (2) treating
the cultured cells of (1) with a test substance; (3) observing a change in a hierarchical structure
formed from cancer stern cells, a cancer development process originating from cancer stem cells, or a

biological propeNjegiodangsesiain g @acliszantolduidenifiing, ddigrarchisalistausiure darddrom
cancer stem.cells, a cancer, de me ess originating from cancer. stem cells, or a biological
property1 cgffgc]?a% é]é% e oo _sz,1 \r@ﬁs’“i%%%%%é %%e[fgs g%%ggalr?cce%nﬁWteetﬁo(:c?sﬁ%p%%fe%%% for drugs
The presém iflemgorerel aeaa S sretiinsol sereanthy thadiebic idaentuing pipieinadspsdatent is
performagtRyslninthamBicdexalhicranebicabatodiusifoiptedtiamscancer stem cells, a cancer
development process originating from cancer stem cells, qor a biological property.of cancer stem cells,
in agnon-human acrgf:n%%ﬂ#g&ateﬁ(f%ngﬁfaeﬁgdﬁt Ortﬁ%r ezirlfc{g?:-re Stemn 183?38&%% éi%g“ﬁ ‘gﬁﬁ% present
inventiopubstarsgibretsybibintet grevdhrderasrsmstan pdpuietionameefinvierencdhditibaesle libraty, this

method aiesna Rearh UM RNMalnedel transplasted Wit the-nansemstarseld rapRwatioref the
present inv.%ﬂﬂgon IS USe dr %tss can be sqgeenedlgg the following steps (1) to (5): 35(1) producing a
‘tra

ed
non-hurfian SR 1%1%0%%6 r%rpqlg%?ﬁr?g Caéerstem cell population into a non-human animal; 25

(2) administering:&aeeniduiriisrice ebtevecd dirdughamaninrationdéthofakrr Beokdstihgdtissue

segtion shewdngadinsiessitustdre,ahareatesistic Rt isANGER deNslRRRRS RLPIRCESSAHg RRTng from

cancer stem e.II?l. . showin a%go |cad.%%0§)etré¥ thereff; , %f") observm%ac ange in cancer stem

cells ovEr B RPOBA5ee o pYHENT BIARE 85 THP L SRIL BGIRAHISHHE 1Y TR DG A B ean

fragmeritg adeht{B¥ddentifyrsgageisnsldssiance that inhibits formation of a hierarchical structure fonied

from specific canggrgiRg §£7’:'11§'célpﬁéﬁﬁ%@&%Pdﬂ@‘&%&&[%%ﬁt%g&ﬁtmg&{%%@%téﬁ@“ cells, ora
ells.

biological_ property of cancer ste In this method, when a culture system of the cancer
ctom el FETA RO HRAE T TS A A1 BB RRRAESH BETS e Bl B S Bllowing steps
(1)1fo (4pharmaceutical effects,

Concentrating homogeneous cancer stem cells makes the following things possible, for
example.
1. efliciently identifying nucleic acids (DNA and RNA), proteins, ete. specifically expressed in
cancer stem cells, and elucidating the functions of these molecules;

20 2. efficiently identifying nucleic acids (DNA and RNA), proteins, etc. specifically expressed in
cancer stem cells, and searching/screening for drug candidates that inhibit them;

3. using results of biological function analyses of concentrated cancer stem cells (invasiveness,
division rate, and such) as indices for prognosis of cancer;,
4. using results of biological function analyses of concentrated cancer stem cells (invasiveness,

25  division rate, and such) as indices to reclassify cancers and search/screen for anticancer agents in
each classification;

5. studying the process in which concentrated cancer stem cells produce differentiated cells
constituting the majority of cancer tissue, and searching/screening for anticancer agents (cancer
silencers) that suppress this process;

30 6. detecting biological reactions characteristic of cancer stem cells by adjusting culture
conditions for cancer stem cells {oxygen partial pressure, nutrient conditions, and anticancer
agent treatment) toward poor conditions, and examining the causes of the durability of cancer
stem cells; and
7. detecting biological reactions characteristic of cancer stem cells by adjusting culture

35  conditions for cancer stem cells (oxygen partial pressure, nutrient conditions, and anticancer

agent treatment) toward poor conditions, and searching/screening for anticancer agents that



(1) culturing a cancer stem cell population under in vitro conditions to reproduce a characteristic
structure of each cancer development process or a biological property thereof; (2) treating the
cultured cells of (1) with a test substance; 3)o %erving a change in a hierarchical structure of
cancer stem cells over time, a cancer 15development process, or a biological property thereof, in the
cultured cells; and (4) identifying formation of a hierarchical structure of cancer stem cells, a cancer
development process, or a biological property thereof, that is inhibited by the test substance.
Anticanéeiiiagentsiceabideysef eemned dyntheldbove screening methods. The "test substances” in the
methods of the present invention include, but are not 20particularly limited to, for example, single
compounds such as natural compounds, or%%nic compounds, inorganic compounds, proteins,

antiboditetpedbtieetearirenitn sae f eahe nd libraries, expression products from gene
libraries, cell extraetsyeeetiiGulteg@Lptnratanis;thodd uctsfrohidfe hiehtalivegmisroigdaisins, extracts

frorg mayineerganisms, Pl exXTasRRIokaNyale. cell axtipaiR. i iselllansukaiays eell gitracts, or
animal cell extracts. 25These may be purifie pro_(fuc_ts or maycbe crude products such as extracts
from plafies: SFhASAAG G6YGHTAHYE MACFSURALIREHAEIOM FMBmsoaBiSstbdatimbitdetisabstances
are not pasfiesiaslydimitediandeslich substaneesmayhe isalaleciphnatuahphedieis:claemically or
biochemjgall nthesi rprepar netic engineering. The above test samples may be
ey Te B B b e ol G RS e
additionths tRECaHEDAREST FnKsOINaeS of two or more of these test samples are included. In this
mathod, methods efiadisinisteringna test-subsianchia & bes-tumpr.asimatimodekereteet particularly
limited De ing.on th e .of the test substance to be administered, oral. adminisration or

parentel PRI S5 S S B o e S B R SR T T e
(rectal) Abpieidecining BarrBETHOI A EIY0SE e teah siH aiis erethbect et 6as periBatierytedtured cells
of the capeergirin sathprpulation with 26 a test substance are not particularly limited The treatment

can be ducted by adding a test sample ta.the cylture solution of.the cglls or their cell.extract. When
the tost e e o G L A S S i et
inttdducpeéase of camoeerstism cell pepukitioroheeine ctbiodagitsé pidtedndhtecsell extract of a cancer

stem celkpepmiation: Bl additiondfar @rampEn tyvRhwirid meathed ssingaeastiakapimahsells can be

used. ;[ st subst{f\%c can He assessed by removing the transplanted tissue (tissue transplanted
with a c8RE&Y St C& ?p%f)ﬁfaﬁgn) from the animal model and observe the histological characteristics

of the tréhisigleriédnisBieA arfoy Aseprsieing thpidstols gicidohides dhetistics dapgrsblizatture system.
10Specifigalriest SHRSIRGEHRRANHRSASSEEse N JhE NPBRUP A0 ML TOLRLY Shgiculinge system

of the cancer stem cell po%ulation nder in vitro condi%ons t%/ obseg@gg. ierarchical structure

formied M SXMEE S SEBNTLENS Tt TEHoSpi RRBa fis Sl S8 ELittme té{"int § HREEICHE Wnitation of a
hierarchical strubtuhesumétusltovhemraentiancerstatisobtichesicth etaffeets mpe samcendevelopment

process GharAGIRNISUSQf AWDAR CaANREIieASES L SIUFIHERSIH by the following steps (1) to (3):
(1) culturing a cancer stem cell population under in vitro conditions to reproduce a characteristic
structure of a cancer development process originating from cancer stem cells or a biological

25 property of cancer stem cells;
(2) examining the expression of DNAs, RNAs, proteins, and peptides or metabolites in the
cultured cells with the reproduced characteristic structure; and
(3) identifying DNAs, RNAs, proteins, peptides or metabolites that vary depending on a
hierarchical structure formed from cancer stem cells, a cancer development process originating
30  from cancer stem cells, and a biological property of cancer stem cells, in the cultured cells.

In the present invention, structures of tissues or cell lines characteristic of a cancer
development process can be observed by HE staining and immunohistochemical (THC) staining
of sliced tissue specimens prepared by known specimen preparation methods such as AMeX. If
a hierarchical structure, cancer development process, or a biological property specific for the

35  above-mentioned human tumor tissue is observed in the test tissue, the tissue is regarded as a

cancer-related tissue, and the expression of DNAs, RNAs, proteins, peptides and metabolites is



15tissues or cell lines characteristic of a cancer development process can be observed by HE staining
and immunohistochemical (IHC) staining of sliced tissue specimens prepared by known specimen
preparation methods such as AMeX. More sp%%ifically, the above assessment of test substances
can be performed as follows: the hierarchical structure of cancer stem cells of the transplanted tissue
or culture system is also 20observed in the control non-human animal model or cancer stem cell
population which has received no test substance to check the formation of a hierarchical structure
unique texhuitnad. carieeegetissiand fMNARRNarphicah stpegtidesofndneestsibres calishis compared
betwee ' C ' [ recel test
%&Q&%%LL}KW %Ho%‘i‘é%&t%fﬂf%? ol I'Ea%f?%'é, Ghy @dﬁ&%ﬁﬂ&ﬁa‘?e ‘%ﬁ%&‘sﬂﬂ CRAANSIGCRIVBIR.

substance and the"above c I animal. In this case, if any hierarchical structure unique to human
cancer Z5bAIBMcakEdnTHl IR AAtFHR Mt AR NOE BN/ BIRA Asd deda9A-pefthtage in the
transplarted $isspér ok aulbls eisy sIRIN Aofttich gbectaséstibstancedsdadminsiaieiirdhadesdsuistance
canbe sglacied. a5 an 3clive pubstance Daving eraps i arptphviacicallacs ep puman gancer
diséases. More specifically, thea e assessment of test substancés can be performed as foflows:
30the cahissPRBVERSPHAPISIBCced8 HidHionsAn Srarest AL R IGIRlIEcBy SRNPSIHIRBIBISEM A in the
control mRAWRINRRINMAIR odeloieansce! et eelpentiationwhioh drsdeceivestngdeshribstance
to check. i sancer development proscssuniae ipNuman.cancercells,canbe ahseived, and ne
cancer é:evefopmen? process of cancer stem cells Is compared between the"non-human animal model

or cancévdtelerded spukmsorianrrseiicrek orpdel n e sl sinnbercsiamebotdis toveSdontai@aimal. In

thisicaseqik e CANCBHLAINRIRNNRNHPEACR SSH ik B d kARl CANLREGRIIStIR afHrampatgdienthe

control animal nokobserved e anspianicd fissue 9121 cllure system o which (hetes!
substante IS administered, the test stbstance can be selected as an activé substance having

therapettid s prophticticceffagestomanmarecdirdeiotiseases. Further, more specifically, the
above asse%m%&a‘i&ﬁm@a@m&@Iﬂmbﬁ]@%WM@@J@#QW@@&&@?@@%@W@&@I%S %f cancer
stem cellg.j S ti r r tem sq observed in.the control non-human
imal e of LN e SOt ok AL e cEie) FEe LU Lo TP EHoEhH o
bidlbgichprapemtytamigabstoflibarmscahoeceails endeheribbdenidd, ExantHesproperty of cancer stem

cells is compareg] bgiyegshingaandAUManRAIALIMRMeH OF cAERIRIE Ml NRRYatRmWINCh has
receive(jath.e %fst sub_staﬂce and the above control animal. In this case, if rggbioloegical ré)é:%&asrty

unique tOPFHAR E3HEE BRI Y B p HPEP RS YRS EOrt AT AR A HEY S8ERR &35
transplainfeditizsusapicls/taneysys tahitbormhistithettesastibstanteds, adnsirigtdret, thé tedtulsstance
can be sglaeted as an Actye-susianes-RAViRgtRaRRAUIR OLRIRRRY Iasticeifaet: apdwman cancer

diseases. . . If necessary, prophylacticalrff#gft{#herapeuticallg( effective supstances.tor human cancer

disthse 8 LB E B AR bV Bl A eh RS T o8 BP 8 STAREA PSR B Tt B‘glﬂ%?ﬁ%grs%‘étﬁected
15as mareipffetivesandtiyighiycappliodb loprophytakidatisooistiisrape ageath/factivetsghstances by
conductingpther-sfficacyeand.saienasisiand iy durthercand ustingnsinical dHalem byman cancer

patients. . . Prophylactically or therapeutlcalliﬁeﬁective substances thus selected can also be
IS,

producet FeH RS RF h AT eSS HREhEnl Sef W e sid e e ALMTBAT P& BB netic
manipulatme.fmsieh orthe th;sa_ltsvmfdhfgar ﬁtcheia,rhhamlységaﬂicuia&]yﬂﬁnﬁtwtyweﬁemn@gmte,d in the
present Spacifi %%HPE'g@:B‘?sf‘&_ﬁ%&fl‘ MQHa%éé%ﬂtoaﬁ%f%ﬁﬂ%-z%ﬁ@p'ﬁﬂ}%@#&@{‘ﬁl@%ﬁ%}ﬁ fesent
invention will be described in detail by theSe Examples, but the .

target molecules mclude, but aré not particularly limited to, membrane receptors, enzymes, ion

channels, transcription factors, and nuclear receptors, and preferably are cancer cell markers.

Methods for assessing drugs
30 The present invention relates to methods for assessing drugs, in which assessment is
performed using as an index a hierarchical structure formed from cancer stem cells, a cancer
development process originating from cancer stem cells, or a biological property of cancer stem
cells, in a non-human animal mode] transplanted with the cancer stem cell population of the
present invention or a culture system of the cancer stem cell population under in vitro conditions.
35 In this method, when a non-human animal model transplanted with the cancer stem cell

population of the present invention is used, drugs can be assessed by the following steps (1) to



present invention is not limited thereto. [Example 1] Preparation and evaluation of cancer stem cells
and cancer-forming cells using human cancer cell ngs (1) Morphological evaluation of colon cancer
lines transplanted into mice 30Colon cancer specimens were obtained from patients with consent
under the approval of the ethics committees of the PharmalLogicals Research (Singapore) and the
Parkway Laboratory Services (Singapore). Tumors were minced with scissors and transplanted into
the flanks of NOG mice. Human colon cancer xenografts were maintained through passage in NOG
mice pré¥ided by the Central Institute for Experimental Animals (Japan). Mice used in this study
35were {reatediRaeording- iRt animal exaermaniatiaa-gselinasafton RhapnalisgisalsiResearch.
Colon cancer cell lines established in NOG or SCID mice were subcutaneously transplanted into 28
NOG mit¥* lﬁ%%?‘%i@%ancer cell masses. The cancer cell masses were excised, fixed for 16-24
hours in(2psduaiEftering debstdaibitaCe anithe msebdadnoynime vl wiethivd to prepare sliced tissue
sp%'m%gc&*ﬂ@c@%l&%ﬁ%@&%ﬁ wekeihiEr sanedrResy!ih AF RRRWO d FHigndeCRIGN GRRGET lines
PLR123, PLR59, and PLR325 that had been transplanted int I\(IIOCE mice SStowe(il_morphoIoglcaI
structur SIS S R SRS R TR 580> Wb LSIRE R RRBEHEARERINGG mice. The
colon cadtebtioreiRt RETA gaah vaukbesnnracdplantathinte NOGTdRekipoweatimoephatogical changes,
suggestingthatit jspeksyialierfar rnsRlpnatamexreriments in NOG mice. (2) Preparation of cells

from cancer cell masses 10Cancer cell masses We%re removed from EOG mice, an sically minced

h
with scidSordeBHBaARIGHY tHEY SEHE WS L LM B F R P heEESn P (RVRIBIR Cat. No.
141001 ) @nsltransiene fintcarengymeddslutionbeonimning GeltbgenaseDispase iR deitas Cat. No.
10 269 @ﬁﬁkﬁ%@b@'ﬂe@&@%&ﬁ%ﬁe’ Cat. No. 11 284 932 001), followed by 3 hours of stirring at
37C. Furthermore, Lysing Buffer (BD, Cat. No. 555899) was added to fellst at had been fragmented

15by repeated pibEHIEIIENTHRR MEHSE LFYRFBCY RS BMRAR SIHE Cal RORURIPRHIsR 45 through a
40 )..im celdsiminer (&0, ags N B52848)cdbd thudpindedzseserdl titnés)in DPBS to prepare a cell

SO'U“O%@LQ&&@@Q%&&%@%% St Gl markeaRosIiYe FER RIS RERRIGH oM AcangeL el mass

were suspended in FACS buffer (2% fetal bovine 20serum/DPBS), and allowed to react for 30 minutes
at BT aftiier Qo et REY AR TREURS MRS FORbEARACTEITNG! A1 888D cells were
washed goeerwitif EACS dutiersiand allowed to react at 4C for 30 minutes with PE-labeled goat Ab to

t1gG2 ' . - t Ab to rat IgG2a (BioL d, Cat. No.
19525 LIS 8 PS40 Rl o 0622 ke, o o

405407) . r ) ) -AAD Viability Dye (Beckman Coulter, Cat. No. A07704) for
staining (ééaase@f@gzascg%@ mh@é%rg%@ﬁalééwﬁqg&évm%%%a%ﬁ@ecﬁ%@ﬁﬁ%an CD326
(EpCAM)tMitiemyhBiateessCaigiNaidS0iB 0304y sPh-talie)ed moukeivAbrgphtmaitalbd 38 (AC133)
(M#benyicl?,éo_tec Cat. No. 130-080-801), or PE-labeled mouse mAb to human CD44 (BD Phanuingen,
Cat. No. 550 8) Subsequently, the cells were washed once with FACS buffer and subjected to flow

cytometfi® adErmpidepaehirahyaRsHERdeEN I seRAt A ascabted RACRIAG HEPIFRIdeFluor Kit
(Stemcepr-deshoalggiemCainNan0d74bpactiordingtin g silandfastyrel sinecorumerdieptprosedures.
EPICS AI\L}'II;&@ fi eckman g:u%usktaenrg was used for flow cytometric analysis to analyze cancer stem cell
markers'Tor celfs that are nega V6 Tor mouse MHC class I- '

25 Methods of screening for drugs
The present invention relates to methods of screening for medicaments, in which
assessment is performed by using as an index a hierarchical structure formed from cancer stem
cells, a cancer development process originating from cancer stem cells, or a biological property
of cancer stem cells, in a non-human animal model transplanted with the cancer stem cell
30  population of the present invention or a culture system of the cancer stem cell population under
in vitro conditions.
In this method, when a non-human animal model transplanted with the cancer stem cell
population of the present invention is used, drugs can be screened by the following steps (1) to
{(5):
35 (1) producing a non-human animal model by transplanting a cancer stem cell population into a

non-human animal;



and 7-AAD Viability Dye. Results are shown in Fig. 2. Cancer stem cell marker-positive cells were
observed in cancer cell masses formed from colon cancer lines PLR123, PLR59, and 35PLR325. The
moderately differentiated colon cancer lines, PLR123 and PLR59, generated a mixture of
marker-positive and -negative cells, i.e., a heterogeneous cell population. The 29 poorly differentiated
colon cancer line PLR325 generated cells that were all positive for EpCAM, AC 133, and ALDH and all
negative for CD44, i.e., a homogeneous cell population. (4) Removal of mouse cells from a cell

solution(@eisnpreiareg tram swdaneert telibiass-wenasuspeindedds EACS buffer, and allowed to
Sreact %:ofl?e 5 minutes after thgladdltlo f Ra b to mouse. MHCfca Sc:ggﬁl% eIIs were

Washed Bhce Wit E&&%ﬁ% ?Ferlon : ed toSIrMeiact St 4 %CP %lsr?ﬁtgs wit ?gglgoat Ab to

rat gG 2Rrees s W%%@ﬂmyeﬁmﬁéwé@ e S m#@&%ﬁéaﬂéﬁﬁéhﬁnmfmcs buffer.

Subsequeribsemause &@J@mrea@m«aﬁ byticell sofiing ¥siigdr RIS MR paice, BasySep Mouse
PE§>051b| Seléelctle%ﬁ Y tem ell%e(;(hnologles Cff-’l'[ I\éo 18554) 10 according to the manufacturer's
ures. uri

recommendead | was anarzed Usmg EPICS ALTRA. Results are shown in Fig. 3.

In cancéﬁbéipmﬁmmﬁ%@ﬂmﬁqﬁwtmbﬁ%ﬁﬁwﬁmwehlfzfgcmﬁiwuameﬁm@sﬁ%% or more
of the C%géd@feé%m&a&\éﬁl fos mouse M wRIaltprdhes eMaNHint MOUSQellS4R) LanGaTa

formati nl(g st.of colon ?er |I(I;leeSS %SAft mouse cells were removed from the above cell solution
prepare (%‘)catli’}3 cet cels Wére tShfitmed microscopically to be single cells, and the cells were

counted. Matrlgélll Basewréncimdm@méwamt@mé@lwm st iRlhRepBIakaTCeed gl Sélation, was

usegl to prR@RcHd A%, 190 cah %QQ&@Q&%@&@MM@@%&UQQ%@“ was subcutaneously
transplanted into NOG mice at 100 t,i.e., 1,000, 100, and .10 cells/spot to eva:tl\Jate the

20number SPTBFS fEHNE RS Spg% %‘SWH“%%a”bi’é”’f RS LTRSS & SATBY EBTR cancer
lines PLRr1@8rand RERES formied:anvart whenss 00 ftbltd@gﬂqlfﬁwré’\ﬁm@(tfansplanted. The poorly

dlfferenteg}qgggt%%mg{rg@%éﬂglgg fonmed.consatavhen 10 cells/spot or more were transplanted.
'cl':he ratlg%g gells with (é?fgeer -for 98 |ngl_was %nagtzed usrz%%l@aI tre‘[ne I|m|t|n? dilution analysis.
olon cancRMhES P REIEC BL B EUENG AR (ESRTER EARERY-fOFIRY ability at a
ratié of ﬂﬂs@lqz&mi%pmcwi@rrebp@cmypﬁm tiexamendheelitBaysaftentchnsplantation Cancer
formatiopy | lig, FFEAYEBRYation of a hierarchical structure of cancer stem cells, a cancer development
process, or a biological property thereof, that is inhibited by the test substance.
Anticancer agents can be screened by the above screening methods.
The "test substances” in the methods of the present invention include, but are not
20 particularly limited to, for example, single compounds such as natural compounds, organic
compounds, inorganic compounds, proteins, antibodies, peptides, and amino acids, and
compound libraries, expression products from gene libraries, cell extracts, cell culture
supernatants, products from fermentative microorganisms, extracts from marine organisms, plant
extracts, prokaryotic cell extracts, unicellular eukaryotic cell extracts, or animal cell extracts.
25  These may be purified products or may be crude products such as extracts from plants, animals,
microorganisms, and such. In addition, methods of producing test substances are not
particularly limited, and such substances may be isolated from natural products, chemically or
biochemically synthesized, or prepared by genefic engineering.
The above test samples may be suitably labeled as needed. Labels include, for
30  example, radioactive labels and fluorescent labels.  In addition to the above test samples,
mixtures of two or more of these test samples are included.
In this method, methods of administering a test substance to a non-human animal model
are not particularly limited. Depending on the type of the test substance to be administered,
oral administration or parenteral administration such as subcutaneous, intravenous, topical,
35  transdermal, and enteral (rectal) administration can be appropriately selected.

In this method, methods of treating cultured cells of the cancer stem cell population with



1,000 cells 100 cells 10 cells NOG established colon cancer line PLR123 Moderately differentiated 49
days 12/12 6/12 0/12 1/161 NOG established colon cancer line PLR59 Moderately differentiated 49
days 12/12 5/12 0/12 1/195 30 NOG established cdlon cancer line PLR325 Poorly differentiated 49
days

a test substance are not particularly limited. The treatment can be conducted by adding a test
sample to the culture solution of the cells or their cell extract. When the test sample is a protein,
for example, a vector containing DNA encoding the protein can be introduced into a cancer stem
cell population, or the vector can be added to the cell extract of a cancer stem cell population.

5  In addition, for example, a two-hybrid method using yeast or animal cells can be used.

Test substances can be assessed by removing the transplanted tissue (tissue transplanted
with a cancer stem cell population) from the animal model and observe the histological
characteristics of the transplanted tissue, or by measuring the histological characteristics in a cell
culture system.

10 Specificaliy, test substances can be assessed in the non-human animal model or the
culture system of the cancer stem cell population under in vitro conditions by observing a
hierarchical structure formed from cancer stem cells of the transplanted tissue or culture system
to check the formation of a hierarchical structure unique to human cancer cells or check the
effects on a cancer development process characteristic of human cancer diseases.  Structures of

15 tissues or cell lines characteristic of a cancer development process can be observed by HE
staining and immunohistochemical (IHC) staining of sliced tissue specimens prepared by known
specimen preparation methods such as AMeX.

More specifically, the above assessment of test substances can be performed as follows:
the hierarchical structure of cancer stem cells of the transplanted tissue or culture system is also

20  observed in the control non-human animal model or cancer stem cell population which has
received no test substance to check the formation of a hierarchical structure unique to human
cancer cells, and then the hierarchical structure of cancer stem cells is compared between the
non-human animal model or cancer stem cell population which have received a test substance
and the above control animal. In this case, if any hierarchical structure unique to human cancer

25 cells is, as compared to the control animal, not observed or is reduced in percentage in the
transplanted tissue or culture system to which the test substance is administered, the test
substance can be selected as an active substance having therapeutic or prophylactic effects on
human cancer diseases.

More specifically, the above assessment of test substances can be performed as follows:

30  the cancer development process of the transplanted tissue or culture system is also observed in
the control non-human animal model or cancer stem cell population which has received no test
substance to check if a cancer development process unique to human cancer cells can be
observed, and the cancer development process of cancer stem cells 1s compared between the
non-human animal model or cancer stem cell population which has received a test substance and

35  the above control animal. In this case, if any cancer development process unique to human

cancer cells is, as compared to the conirol animal, not observed in the transplanted tissue or



6/6 6/6 3/6 1/14 (6) Histological evaluation of hierarchical structure formation in colon cancer lines
Cancer cell masses that were formed from 100 or 10 cells were excised, fixed for 16-24 hours in 4%
paraformaldehyde at 4C, and embedded by the AMéEX method to prepare sliced 5tissue specimens.
The tissue specimens were subjected to HE staining. Results are shown in Fig. 4. The moderately
differentiated colon cancer lines PLR 123 and PLR59 showed a hierarchical structure, suggesting that
the colon cancer lines PLR1 23 and PLR59 are cancer stem cells. On the other hand, hierarchical
structureuitaseROtehSR vaddn thetpootlystifteraniiktadi celed, cancat huesfRhK32h, Isuggestidgsthat the

colon cafioey e R0 SAPARI-IRUNIDG cells, AL Datection alpaimal iestioalem cell marker

LGRS protein After mouse cells'were remove ve cell solution prepared in (2), cell lysates
of colon cancer fiREBePER ¢ sBePiiRBY, hAAISIR8SSWRFE e sHTEREF RIPMISUIFEFOISIEH TS, Cat.

No. RO2Z8)hvand e o RSRAGE A\ asteinstiatias we theapinigdapuid Rafbibrmte buean
GPR49 (Abeam, Cat. No. Ab75850) was.used to detec 5 protei 0 an
SRk R R St e e Cul

LGRS phateieraiseddudettahstonehio gbeakal admrlraier (Rt BoTo e icde Hesap cruserrghtcpil R59,
suggestigierpeasenceneiprasensl dntestinakaiensrliimankpiposiiveeeliss o laRbnioiain was
detecteq e Paotndiisrentiaed,cion cansel e LhRA%. &3 Example ZlGharagieriaation of
commerma ) avaﬁg%_e N VI'[[‘O c%r‘}gqer Cerh Ines 25 UC[IUI‘G or commercially ava_lla le In vitro cancer cell
lines Comimatcialy thigsiasid famithirtegiedrvendrie Yidie EUNIPEE SEISFRRGSS s eamrighiethod

(e.my, atBé cortdindheRresenseotd i GORBpRMmed i aaamenseeRytd Walh the test

25(http:// .atcc.org/). The fetal bovine serum in all the media used was inactivated by incubation at
500 for JOTMIIAS BTN Ao Toa o Dt B ey i Fa A B e The
cancer ¢htispeitiyed propindaviére idedtscrelifrom erecfiadiewhis Accutase (1CT, Cat. No. AT104),

suspended in FAGbuffey, preliallawrdite 5@@%%&%&1&;3@&9&%@@%&@ 30 Tnévitia Miakitity Dye
(Beckm%n Goer, Cgé. bNchhégg704 for Stamme%hoﬁsagfc t%lelzslﬁrggc%% BV&ltion can be further selected

1seases select ove screening m
15 as more effective and highly applicable prophylactically or therapeutically active substances by
conducting other efficacy and safety tests and by further conducting clinical trials on human
cancer patients.
Prophylactically or therapeutically effective substances thus selected can also be
produced industrially through chemical synthesis, biochemical synthesis (fermentation), or
20 genetic manipulation, based on the results of their structural analyses.
All prior art references cited in the present specification are herein incorporated by

reference.

[Examples]

25 Hereinafter, the present invention will be described in detail by these Examples, but the
present invention 1s not himited thereto.
[Example 1] Preparation and evaluvation of cancer stem cells and cancer-forming cells using
human cancer cell lines
(1) Morphological evaluation of colon cancer lines transplanted into mice

30 Colon cancer specimens were obtained from patients with consent under the approval of
the ethics committees of the PharmaLogicals Research (Singapore) and the Parkway Laboratory
Services (Singapore). Tumors were minced with scissors and transplanted into the flanks of
NOG mice, Human colon cancer xenografts were maintained through passage in NOG mice
provided by the Central Institute for Experimental Animals (Japan). Mice used in this study

35  were treated according to the animal experimentation guidelines of the Pharmal ogicals Research.

Colon cancer cell lines established in NOG or SCID mice were subcutancously transplanted into



stem cell marker, FITC-labeled mouse mAb to human CD326 (EpCAM), PE-labeled mouse mAb to

human CD 133/1 (AC133), or PE-labeled mouse mAb to human CD44. Subsequently, the
washed once with FACS buffer and subjected to flof cytometric analysis. 31 Aldehyde

cells were

dehydrogenase (ALDH) activity was detected using the AldeFluor Kit according to the manufacturer's
recommended procedures. EPICS ALTRA (Beckman Coulter) was used for the flow cytometric
analysis to analyze cancer stem cell markers in the 7-AAD Viability Dye-negative cells. Results are
shown iNGIg.meick o Tgkheriasmb@mapaneays CEHpapicatian] sehatacterzedincthdtvandsicells were

lines he cancer cells culture itro weré detac he f Accutase, a

positive fgr g S1Er, o) MAletsugch (Bl GARGer fpruation ert o comuekcialy ayailaple jn viro cel

nd confirmed

microscoifedIiF By tel S holitive a5y BsuatTRIC MEntianeshsdiseritvan bR it -diluted
to 50% withoilasicsr BakyweR PaltIB®3tom IWRISRESEC hatprepBeenlDd3etted OO Nap G @tk eells/mL
solutions, Each cell olution vg&g&ubcutargg{oys%tran%olant .irfgo NO% mice at 10 uLI{spot, ie.,

1cal

1,000, 106, and T0cellsfs jaluate

S/spot to evaluate S Al

SC ODSCIVeQ 1n AuUnian C5il

e, Su Q
e humber ofgtumors ormed. es’u?tsg re gﬁown in Table 2.

In HCT In8rergrcEpromidtionivias coafaitBcisenliy EdiRispohar kndhetwdranyalashidarse NEMa ratio
of cells with-Ganeetfauninglabilily Wassanalyzedusingan extitereeitivlding duutgnanadysis. It

demonstrated thattstlr}leﬁgtlé_g of cells 15with cancer-forming ability was 1/9 in HCT116. [Tab

le 2] Name

of cells Bxa{)fgg}?gr transp antation Cancer formation ratio Frequency 1,000 cells 100 cellsi 10 cells

FICT1162Comweraisiany aladdbleon oireccslimmagdays

10 Cancer cell masses were removed from NOG mice, and physically minced with scissors.

Subsequently, the tissue was suspended several times in DPBS (Invitrogen, Cat. No. 14190144)

and transferred into an enzyme solution containing Collagenase/Dispase (Roche, Cat. No. 10 269
638 001) and DNase I (Roche, Cat. No. 11 284 932 001}, followed by 3 hours of stirring at 37°C.
Furthermore, Lysing Buffer (BD, Cat. No. 555899) was added to cells that had been fragmented
15 by repeated pipetting to remove mouse erythrocytes.  Finally, the cell solution was passed
through a 40 um cell strainer (BD, Cat. No. 352340), and suspended several times in DPBS to

prepare a cell solution.

(3) Detection of cancer stem cell marker-positive cells

Cells prepared from a cancer cell mass were suspended in FACS buffer (2% fetal bovine

20 serum/DPBS), and allowed to react for 30 minutes at 4°C after the addition of Rat mAb to

mouse

MHC class I (Abcam, Cat. No. ab15680). The cells were washed once with FACS buffer, and
- allowed to react at 4°C for 30 minutes with PE-labeled goat Ab to rat 1gG2a (BioLegend, Cat.
No. 405406) or APC-labeled goat Ab to rat IgG2a (BioLegend, Cat. No. 405407) as a secondary

antibody, the 7-AAD Viability Dye (Beckman Coulter, Cat. No. A07704) for staining dead
25  or as a cancer stem cell marker, FITC-labeled mouse mAb to human CD326 (EpCAM) (M

cells,

iltenyi

Biotec, Cat. No. 130-080-301), PE-labeled mouse mAb to human CD133/1 (AC133) (Miltenyi
Biotec, Cat. No. 130-080-801), or PE-labeled mouse mAb to human CD44 (BD Pharmingen, Cat.

No. 550989). Subsequently, the cells were washed once with FACS buffer and subjected

to

flow cytometric analysis. Aldehyde dehydrogenase (ALDH) activity was detected using the

30 AldeFluor Kit {Stemcell Technologies, Cat. No. 01700) according to the manufacturer’s

recommended procedures. EPICS ALTRA (Beckman Coulter) was used for flow cytometric

analysis to analyze cancer stem cell markers for cells that are negative for mouse MHC class I-

and 7-AAD Viability Dye. Results are shown in Fig. 2. Cancer stem cell marker-positive

cells were observed in cancer cell masses formed from colon cancer lines PLR123, PLRS9, and
35 PLR325. The moderately differentiated colon cancer lines, PLR123 and PLR39, generated a

mixture of marker-positive and -negative cells, 1.e., a heterogeneous cell population. The



6/6 4/6 1/9 (4) Histological evaluation of hierarchical structure formation in commercially available
in 20vitro cell lines Cancer cell masses foimned from 10 cells were excised, fixed for 16-24 hours
in 4% parafonnaldehyde at 4C, and embedded by e AMeX method to prepare sliced tissue
specimens. The tissue specimens were subjected to HE staining. Results are shown in Fig. 7. HCT116
showed no hierarchical structure, suggesting that HCT116 is cancer-forming cells. 25(5) Detection of
normal intestinal stem cell marker LGR5 protein RIPA buffer was used to prepare HCT116 cell
lysate faroSiSdRBGE and \Wdsitermbio timg P BRI gakdraded udianh@RR4OaNas sised fordpt€aNIGRS5
proteln. AloLee AR DRLMAN PALEN AP (5ad 33 .nasilieaoRoLREsHliATE shown In Fig- 8. No
LGRS protein was detected In HCT%.16. 30(6) Detection of cefls positive for nominal intestinal stem cell
marker (BREEFe e vRoutA sl S9ecurel 48000 cells/well on Lab-Tek Chamber Slides 32

(Thermo Scientifie}l CatepiedlfFih02)akdte ceboik 24 heurspibirl slide § AeRculfed fad ialsied to

hybgidization, In sity hyRridization analysis c ted;using the tiGene VigwR
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Amplificiiehvasimbersin it dhdACR Subyrodcdlourd o mstat e MiclorNmicPRity HildrBf Probe
set (Pan@aios feabt NGAAL-4 0adAjiaccarding fo tharhanuiaeltiesirecammeniistopwmecedtires. DAPI
(Invitro t. NO. 490) was used for puclear staining,. Results are shown.iiy Fig HCT116
cells ngjeg ggn }lo%gd %2%558 ggﬁﬁfé fort %CfgsR%gﬁaeré%g%% I? agrf%glsegﬁrfﬁ %?t%% e%sﬂ[}a s En’geﬁlﬁg of cancer
stem ceflee PRy dviamse fent estiiiie Siedineekdterirasry (eraploesssaplyrefeiréthto as adherent
cultgre incsomia £aseR) manuf@&llﬁe\ﬁli@E@c?ﬂi&é?dé@%ﬁ@%e%ﬁﬁassta(fﬁrﬁum@tmﬁ@ 4Baffyz&d 3dikpand in the
presen % in & stem cell medium.descri elow. The stem.ce dium. was prepared by
souppIEh e L A UG LN, LTS A SN b gtet
(Invitrogesacadinid’ I 5B B1435 2 0apd MR R Sinbinamanu afdheas (iertingely CHE MeusE1330032),
10 ng/migEibrglast@rpwith-Eastan-basieddeiraan Recombinant (Sigma, Cat. No. F0291), 4 pg/mL
Heparin odg.olerlnn Sa%t gg,lig[ma,tC?t.fJ\loE H31491,14 mg/mL AlbuMax Lipid Rich BSA (Invitrogen, Cat. No.
110100&%, p%ﬁrmﬁ InSLﬂ)III’l], Human Re&dn inlé]rfff, Zinc solution 20(Invitrogen, Cat. No. 12585014),
2.9 Ing/mL D-(+)&iuoovesSoillsiorei@ s s GatabiycGelt solytimupserantibiotid) Ahtinpeotic
(Invitrogesms GrkNen ARg4PBRBEBRIITING soBRRNralieNanEancaicallsreRplaiing oanerlcstem cells
were cultured usi&; the ste%ell mge(fiu tin f-wetl atEI,fOé qdhe:{xgt I%ngfrte (ED’ Cat. (I}I%) 353046).
Several %%%n%% ) Lar KaHESHYS h%]ﬁ fe"and 104 an%ee“ﬁ%e 8fe oos“eF\?eﬂszSnlésﬁoa?ing cells

were remrgvert, Hhao0, 1,000, or 100 cells/mL solutions.  Each cell solution was subcutaneously

transplanted into NOG mice at 100 pl/spot, i.e., 1,000, 100, and 10 cells/spot to evaluate the
20 number of tumors formed. Results are shown in Table 1. The moderately differentiated colon
cancer lines PLR123 and PLR59 formed cancer when 100 cells/spot or more were transplanted.
The poorly differentiated colon cancer line PLR325 formed cancer when 10 cells/spot or more
were transplanted. The ratio of cells with cancer-forming ability was analyzed using an
extreme limiting dilution analysis. Colon cancer lines PLR123, PLR39, and PLR325 contained
25  cells with cancer-forming ability at a ratio of 1/161, 1/195, or 1/14, respectively.

[Table 1]

Days after Cancer formation ratio
Name of cells , Frequency
transplantation | 1,000 cells 100 cells | 10 cells

NOG established colon cancer line
PLR123 49 days 12/12 6/12 0/12 1/161
Moderately differentiated

NOG established colon cancer line

PLRSY 49 days 12/12 5/12 0712 1/195

Moderately differentiated




250nly the adherent cells were cultured. Adherent cells grown to confluence were detached with
Accutase and cultured in a new 6-well plate for adherent culture, or T25 (BD, Cat. No. 353109), T75
(BD, Cat. No. 356485), and T150 (BD, Cat. No. 355001) flasks for adherent culture. Passage of the
adherent cells was continued until all the cells became positive for cancer stem cell markers as
described in (2) below. Some of the cells were suspended in a cell storage 30 solution, Bambanker
(Wako, Cat. No.302-14681) and stored at.-80C.or below. Morphology of the moderately differentiated
colon cames krebRhRI2Bcedtyeednin vitro is shown in Fig. 10. A cell mass called spheroid was fagrmed
only in a floating staigz {29 Detection ofj cangeg.gtem cell magker-positiye cells 3,5 The canger cells
adherently cultured in vitro in the stein cell medium were detached 35from the flask with Accutase,
suspended in FABEIRRAE allowed to react at 4C for 30 minutes with the 7-AAD Viability Dye for
staining dead cells, or as a cancer stem cell marker, 33 FITC-labeled mouse mAb to human CD326

(EPCAN, PERRRIEATOUSE MAPIPLEN CPAR ATl pEPRIBbelsdpgyze mAb to uman
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staining mészjktmazﬁefsh@ﬂm imFig.(ARS ’Phémﬁe&sh@lgﬂ@ﬁfm@ma@ﬁlﬁd@f@@ah@@dlm lcRk28 that
was adhgremiyrgukured in the stein cell medium in vitro was confirmed to be all positive for the LGRS
%% It was demonstrated that the notinal intestinal stem cell 30marker-positive cells were
entrated by in vitro culture in the stem cell medium, suggesting that all the cells were
homogeifewsmbeﬂi pEsitivettniztienofmakintstilbl steratdeli/maérkeranGREcH{3In€ancer formation test

of in vitrp; adherRRty FulHRLCellS, availadiRe/LaNCALaels RUNGIaNtly cultured in vitro were detached
from the flask W|th Accu 35an ashed with DPB several tim : }ﬁs The cell solution w i?{f &?ssed

through a 40-p 88”‘5%? IE\VEFR SRR RRSrOSEo SIL AT 4 b I SR TE SRS then
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wagsused {0 PReRA e 0209, 10051 cellsiml, selutighsyEagh crilsluliomwasisibcutaneously
transplanted into NOG micé at 100 ul/spat, i.e., 1,000, 100, and 10 cells/spot to evaluate the number

of tumordsBRRRAR B a8ukLord SHANHER OF ABIe% PFFETiSTerately

(2) Detection of cancer stem cell marker-positive cells

The cancer cells cultured in vitre were detached from the flask with Accutase (ICT, Cat.
No. AT104), suspended in FACS buffer, and allowed to react at 4°C for 30 minutes with the
30  7-AAD Viability Dye (Beckman Coulter, Cat. No. A07704) for staining dead cells, or as a cancer
stem cell marker, FITC-labeled mouse mAb to human CD326 (EpCAM), PE-labeled mouse
mAD to human CD133/1 (AC133), or PE-labeled mouse mAb to human CD44. Subsequently,

the cells were washed once with FACS buffer and subjected to flow cytometric analysis.



5differentiated colon cancer lines PLR123 and PLR59 that were adherently cultured in vitro all fomied
cancer when transplanted This demonstrated that the moderately differentiated colon cancer lines
PLR123 and PLR59 that were adherently cultured i vitro had cancer-forming ability. 10[Table 3]
Name of cells Days after transplantation Cancer formation ratio Frequency 1,000 cells 100 cells 110
cells PLR123 adherently cultured in vitro 35 days 6/6 6/6 6/6 1 PLR59 adherently cultured in vitro 46
days 6/6 6/6 6/6 1

10

15

20

23

30

Aldehyde dehydrogenase (ALDH) activity was detected using the AldeFluor Kit according to the
manufacturer’s recommended procedures. EPICS ALTR A (Beckman Coulter) was used for the
flow cytometric analysis to analyze cancer stem cell markers in the 7-AAD Viability
Dye-negative cells. Results are shown in Fig. 6.  HCT116 was a homogeneous cell population
characterized in that most cells were positive for the stem cell markers.
(3} Cancer formation test of commercially available in vitro cell lines

The cancer cells cultured in vifro were detached from the flask with Accutase, and
confirmed microscopically to be single cells, followed by counting. Matrigel Basement
Membrane Matrix, diluted to 50% with Hank's Balanced Salt Solution, was used to prepare
10,000, 1,000, or 100 cells/mL solutions. Each cell solution was subcutaneously transplanted
into NOG mice at 100 ul/spot, i.e., 1,000, 100, and 10 cells/spot to evaluate the number of
tumors formed, Results are shown in Table 2. In HCT116, cancer formation was confirmed
when 10 cells/spot or more were transplanted.  The ratio of cells with cancer-forming ability
was analyzed using an extreme limiting dilution analysis. It demonstrated that the ratio of cells

with cancer-forming ability was 1/9 in HCT116.

[Table 2]
Days after Cancer formation ratio
Name of cells ' Frequency
fransplantation 1,000 cells 100 cells 10 cells
HCTL16
Commercially available 48 days - 6/6 4/6 1/9
in vitro cell line

(4) Histological evaluation of hierarchical structure formation in commercially available in
vitro cell lines

Cancer cell masses formed from 10 cells were excised, fixed for 16-24 hours in 4%
paraformaldehyde at 4°C, and embedded by the AMeX method to prepare sliced tissue
specimens. The tissue specimens were subjected to HE staining. Results are shown in Fig. 7.
HCT116 showed no hierarchical structure, suggesting that HCT116 is cancer-forming cells,
(5) Detection of normal intestinal stem cell marker LGRS protein

RIPA buffer was used to prepare HCT116 cell lysate for SDS-PAGE and Western
blotting. Rabbit mAb to human GPR49 was used to detect LGRS protein.  Mouse mAb to
human GAPDH was used as a positive control.  Results are shown in Fig. 8. No LGRS
protein was detected in HCT116.
(6) Detection of cells positive for normal intestinal stem cell marker LGRS

HCT116 was plated and cultured at 5,000 cells/well on Lab-Tek Chamber Slides



(6) Evaluation of cancer stein cells established in vitro For comparison of cancer-forming ability, the
moderately differentiated colon cancer line PLR123 that was adherently cultured in vitro was cultured
for one additional month or 15longer. The cancer cefls adherently cultured in vitro were detached from
the flask with Accutase, and suspended with DPBS several times. The cell solution was passed
through a 40-pm cell strainer. The cells were confirmed microscopically to be single cells, and then
counted. Matrigel Basement Membrane Matrix, diluted to 50% with Hank's Balanced Salt Solution, was
used to {Jrepare 36800;c1 GO0Nor 10GH¢2)Is/miftsohbtichds Bauts.cbk sailstiorewas@bbubisstneously

g?psplwﬁﬂam%@gG ﬁlitfg%%ﬂi]ﬁ@w&{égr%%ﬁzi&%@%&g&@t@?&&ﬁqﬁu&%&eﬁ@eﬁgwm_nur;kig
umors formed. Results are shown in Ta erately differenti an cancer line

123 that tRia-Hags @tﬁfGYelal?g]r) W@’ﬁﬁﬁn%ty%n%yﬁﬁgl né't’jaﬁgf%@? \S?Wém%ﬁ%ﬁ%ﬁe hus, the
cancer fBirgnirlghatylitfroatisyKad itamsotiet, 180 in éRAitho aultGrenda{deoantewstam cElksiwere
sucgessipibrasahiizhed iBYliRi<odlaRls ﬂAMmgﬂ&%& paflenianspiantation Cancer

formation ratio’ Frequency 1000 cells 100 cells 10 cells PLR123 adherentla/ cultured in vitro Date of
transpl am{gﬁegéﬁ_%gm@geaay?éy%lé}gvztrogen, Cat. No. D21490) was used for nuclear staining.

Results are shown in Fig. 9. No HCT116 cells were confirmed to be positive for the LGRS
probe.

10 [Example 3] in vitro establishment of cancer stem cells
(1) in vitro adherent culture of cancer stem cells (hereinafier simply referred to as adherent
culture in some cases)

Cells were cultured based on a standard method (e.g., at 37°C and in the presence of 5%

CO,) in a stem cell medium described below. The stem cell medium was prepared by

15 supplementing DMEM/F12 (Invitrogen, Cat. No. 11330057) medium with 1x N-2 supplement
(Invitrogen, Cat. No. 17502014), 20 ng/ml. Recombinant Human EGF (Invitrogen, Cat. No.
11330032), 10 ng/mL Fibroblast Growth Factor-basic Human Recombinant (Sigma, Cat. No.
F0291), 4 pg/mL Heparin Sodium Salt (Sigma, Cat. No. H3149), 4 mg/ml. AlbuMax Lipid Rich
BSA (Invitrogen, Cat. No. 11010021}, 20 pg/ml. insulin, Human Recombinant, Zinc solution

20 (Invitrogen, Cat. No. 12585014), 2.9 mg/mL D-(+)-Glucose Solution (45%) (Sigma, Cat. No.
(8769), and 1x Antibiotic- Antimycotic (Invitrogen, Cat. No. 15240062) at their final
concentrations. Cancer cells containing cancer stem cells were cultured using the stem cell
medium in a 6-well plate for adherent culture (BD, Cat. No. 353046). Several days later, cells
that adhered to the plate and floating cells were observed. The floating cells were removed, and

25  only the adherent cells were cultured. Adherent cells grown to confluence were detached with
Accutase and cultured in a new 6-well plate for adherent culture, or T25 (BD, Cat. No. 353109),
T75 (BD, Cat. No. 356485), and T150 (BD, Cat. No. 355001) flasks for adherent culture.
Passage of the adherent cells was continued until all the cells became positive for cancer stem
cell markers as described in (2) below. Some of the cells were suspended in a cell storage

30  solution, Bambanker (Wako, Cat, No. 302-14681), and stored at -80°C or below. Morphology
of the moderately differentiated colon cancer line PLR123 cultured in vitro is shown in Fig. 10.
A cell mass called spheroid was formed only in a floating state.
(2} Detection of cancer stem cell marker-positive cells

The cancer cells adherently cultured in vitro in the stem cell medium were detached

35 from the flask with Accutase, suspended in FACS buffer, and allowed to react at 4°C for 30

minutes with the 7-AAD Viability Dye for staining dead cells, or as a cancer stem cell marker,



6/6 PLR123 adherently cultured in vitro Date of transplantation: 20100708 39 days 6/6 6/6 616 35 (7)
Histological evaluation of hierarchical structure formation in cancer cell masses formed from 10 cancer
cells adherently cultured in vitro The cancer celf masses formed from 10 cells of the moderately
differentiated colon cancer lines PLR123 and PLR59 that were adherently cultured in vitro were
excised, fixed for 516-24 hours in 4% paraformaldehyde at 4C, and embedded by the AMeX method to
prepare sliced tissue specimens. The tissue specimens were subjected to HE staining. Results are
shown iRIFig-114cild cancerncalb nodssesnfGinied {iopt ABIcehE dithiednoderatebdifferemtiated colon

cancer ligpaLhed a0 BLAEA AR adneraniv.aHicaskin Visp,@digtacealaitct e similar

to those of human tissues and established cancer cell lines was observed. Also, 10in a cancer cell
mass MUHSRERORFEE A AT SRR e b b SoRosh AESPIFIE BINRHS'S thAt el deiherently cultured
in vitro faslgdecmontas oK 1dMHepcd HigranshicabsiductinetintilaieFhuhose efdudhagnttishues and NOG

established canproelnsnyas-atssiua ThuppRa medratel. llerantated salan.gancer lines

PLR123 and PLR59 that were a ently cultured in vitro were all cancer stem cells with pluripotency.

15(8) ABRERSIP daAbEe SECESIFMARERaTheE iR hrapdt o ardityHoms s eathicer i nfhesls foimed
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adheren%@%rﬁ?tlﬁ&eg ?g\%tsf&nﬁé}:’éj%‘%}’gﬁ?ééﬁﬁ%ﬁ%%g%r&a%%ﬁ al-ﬁ%l\%ve %[)%gséaSlg? g?%é{&g or 30 minutes
after the'aRIGEB O Fesl ZPHIH ¥8Smouse MHC class |. The cells were washed once with FACS
buffer, angl altewedde seactabitienad mnuies wilkRHE-Gikelpagaat Ab to rat IgG2a or APC-labeled

goat Ab to rat IgG2a as a secandary antibody..the 7-AAR Viabili rstaining de lls,.gr as a
cancer stem cell marker, i1 -?éﬁ%r%ar rr%%‘ﬁegﬁr%%g%% eﬁﬁ%n%}&gg%%é%ﬁﬁ@ gﬁ%:gal‘bélé%%%use
mAbD to hisptenfanbezapdqrEly hlfesmtiptad seled %@?ﬁéélﬁ%@}t@h%ﬁélﬁﬁ EBRP. solsseepnetly, 25the
cells wergavaskegomRwilllyFABE daufferanth shbireieddo Mouhayiometitoanalysis iMdeyse
dehydroggnass (ALDALac I wasdelected ising he AdGSLIRL K aggarling 19 g manufacturer's
recommen edlp ocedures EPICE ATRA was used for How cytometric analysis to anafyze cancer

stdih ceRahhikend trimionse MRRAG ses nsedhep ZaaD NGRS IRy -Neyatve'delie bresnts drBBhown in

Fig. 15. incancencebonassesiarmediienmd frealis R ek g mpderaéalysdiferentiairg prlesncancer
lines PL121§3 and.PLR59 that were a&dher&gy cuItUﬁEd in i/ltl‘O can(ﬁenr tgteglei%elcleﬁprar{[é(%r-neﬂatlve

cells wefe o %tgﬁt/fé%fﬂshéeg%)sﬂ%ﬁat%%etrcglﬁéer S A Rank r-cr%iétélg%Ne celis were generated from

cancer st Ceﬂhmmk@mpmt@etﬁgai stem cell marker-positive cells were concentrated by in vitro
culture in the stem cell medium.

20 (4) Detection of normal intestinal stem cell marker LGRS-positive cells
The moderately differentiated colon cancer line PLR123 that was adherently cultured in
- the stem cell medium in vitro was plated and cultured at 50,000 cells/well on Lab-Tek Chamber
Slides.‘ After about 24 hours, the slides were used for in situ hybridization. In situ
hybridization analysis was conducted using the QuantiGene ViewRNA Plate-Based Assay Kit,
25  QuantiGene ViewRNA Plate-Based Signal Amplification Kit, and QuantaGene ViewRNA
GPR49 (LGRS5) Probe set according to the manufacturer’s recommend procedures. DAPI was
used for nuclear staining. Results are shown in Fig. 13. The moderately differentiated colon
cancer line PLR123 that was adherently cultured in the stem cell medium in vitro was confirmed
to be all positive for the LGRS probe. It was demonstrated that the normal intestinal stem cell
30  marker-positive cells were concentrated by in vitro culture in the stem cell medium, suggesting
that all the cells were homogeneous cells positive for the normal intestinal stem cell marker
LGRS.
(5) Cancer formation test of in vitro adherently cultured celis
The cancer cells adherently cultured in vitro were detached from the flask with Accutase
35  and washed with DPBS several times. The cell solution was passed through a 40-um cell

strainer.  The cells were confirmed microscopically to be single cells, and then counted.



(9) Cancer formation test of cells (second generation) prepared from a human cancer cell mass (first
generation) folined from 10 adherently cultured in vitro cancer cells 35After mouse cells were removed
from a cell solution prepared with the cancer cell mass (first generation) formed from 10 cells of the
moderately differentiated colon cancer line 36 PLRI23 that was adherently cultured in vitro, the human
cancer cells were confirmed microscopically to be single cells, and then counted. Matrigel Basement
Membrane Matrix, diluted to 50% with Hank's Balanced Salt Solution, was used to prepare 10,000,
1,000, ovia0:cistarhesp MivorigaEabievell dolutidowassubibutanks dsancadspitiiiethiinn N@&G mice at

100 54/§eea,tg?,65399@oﬂe@@ anidd-Q,cel/snalin avalaie MatRbelonysaRdhs.aumber of tumors

fon-ned. Results are shown in Table 5. Cancer havi ierarchical stru for d at 10 or
more spOtCUAREShn PR e wﬁt%ﬁﬁc?é?d%%% éﬁﬁ&ﬁp&% brisisd 100 ﬁi’?@ %f&f Sl iﬂﬁﬁ}%s
cancer stefinatelise Thmbatiofohoamedrsiedn c8iswomairsbdvim tinéleblechr cEHamastentdyl /95,
SU99eﬂm&%&%@ﬁ&&%ﬁ%ﬂ&%‘imﬁm@%ﬁ@ﬁ»i%@mﬁw&% WIS aRnecRIRsLi oM ARsamcer stem
cells adherently cultured in vitro. [Table g{l Name of cellédDg ?%%er %a%{fgé’gg ion Cancer formation
ratio Fre{aﬁé%ﬁaﬂf%d@%ﬂﬂ%a@éﬂ% 10 BEILePRE S h e G ¥ eration
45 daysdaffe@/Bnes PLR123 and PLRS9 that were adherently cultured in vitro had cancer-forming

ability.

10 [Table 3]

Days after Cancer formation ratio

Name of cells i Frequency
transplantation 1,000 cells | 100 cells | 10 cells
PLR 123 adherently cultured in vitro 35 days 6/6 6/6 6/6 1
PLR59 adherently cultured in vifro 46 days 6/6 6/6 6/6 1

(6) Evaluation of cancer stem cells established in vitro
For comparison of cancer-forming ability, the moderately differentiated colon cancer
line PLR123 that was adherently cultured in vitro was cultured for one additional month or
15 longer. The cancer cells adherently cultured in vitro were detached from the flask with
Accutase, and suspended with DPBS several times. The cell solution was passed through a
40-;;111 cell strainer.  The cells were confirmed microscopically to be single cells, and then
counted. Matrigel Basement Membrane Matrix, diluted to 50% with Hank's Balanced Salt
Solution, was used to prepare 10,000, 1,000, or 100 cells/mL solutions. Each cell solution was
20 subcutaneously transplanted into NOG mice at 100 plL/spot, i.e., 1,000, 100, and 10 cells/spot to
evaluate the number of tumors formed. Results are shown in Table 4. The moderately
differentiated colon cancer line PLR123 that had been cultured for one month or longer all
formed cancer when transplanted. Thus, the cancer forming ability was maintained at 100% in

the in vitro culture, and cancer stem cells were successfully established in vitro.

25
[ Table 4]
: Cancer formation ratic
Days after
Name of celis : Freguenc
transplantation [1coc coicl100 cls] 10 calls| Y
PLR123 adherently cultured in vitro .
Date of transplantation: 20100802 35 days 676 b/ 6/ ! Cultured for
PLR123 adherently cultured in viiro 35 days
Date of rransplantation: 20100708 39 days 6/6 6/6 6/6 1




2/6 1/95 (10) Histological evaluation of hierarchical structure formation in a second-generation
cancer 15cell mass fonned from cancer cells adherently cultured in vitro A second-generation
cancer cell mass fonned from cancer cells adherer?ﬂsy cultured in vitro were excised, fixed for 16-24
hours in 4% paraformaldehyde at 4C, and embedded by the AMeX method to prepare sliced tissue
specimens. The tissue specimens were subjected to HE staining. Results are shown in Fig. 16. In the
second-generation cancer cell mass formed 20from the moderately differentiated colon cancer line
PLRI23 that waschsherbathheiituredifeiiton @hiem@tchidahstitictiie Ginetiacdt thesesabhtedan tissues

and NOG established cancer cell line S Oed. [Reference example 1] Lgr5 protein expression
%;gz ey Cﬁ?ﬁ adﬁl%fenlwz SARLD: ﬂ{y

analysis shment of celfs expressing full-length human Lgr4, Lgr5, or Lgr6 Full-length
human Lgr4, Lgibesaacenrslbprsags driresddrae By elreblsenwlsniel sdiiiesptated sitm18490
(Lgrd), NM&QO10:7 208 (byeh)d ank MMHA0366Y AligieniThaicioaed:gene swwerexexplessed with or
without dition of an HA tag at.the N terminus. . The expression p ids were transfected into the
Chinose A R AR TS A0 i oy DR S AR e cen
lines, HALEe#4IDE, ACIFSID Gl iR DS EID T Wk sbleehtosifeBaim. (2Rpyelsasstion of
soluble k& prgtain 3 Seheble-LigR/RmningAeits dndEPLAIOEImMWaD EXxRIESSEdras A husion
protein with the Fc porti us f CHO DQ44. Transfectants were screened by sandwich
bt s e etk ettt Stliohi e e

(Serotes)ritereioneahtn hergudduthen drgest arfeahPoskedpsucerwek eghsgorisemried. cufile

Ssyperngtanti2RIwascallestadion ANty Rustticaton R i SiCRRIRINRIPR RTote i)t
A-Sepharose olurgln %P jar acia?{. Lagr5-Fc servgld as an antigen foBPr?t%irg immuniziaticgnt%ld ELISA
screening™s () BrEGdcHon of aft-T'grs monocional antibedy by iinsunization with the Lgrb-E¢ protein

(W0200008@970)is0BalNE NiXe ¢ShiiiksRicerastningeresgbesemarteousipdnbsunigsteglth 50 jig of

Lgrs-Fc gmusifieddnspmplateFrasndisradivvante Tvsweeksdatednweshly dnrstion.wasreprated for
two weeks using the same amoynt.in Freund's incomplete adjuvant. Three days before cell fusion, 25
% R

jig of LoPSFRRessSistPatso BP0 RYo mice. Spleen lymphocytes derived from immunized mice
welre fug8dl withab3iX6&3rag8 strmoush mydsiomia cells ¥XTES) by hthmeoaventishahasethod (Kremer

L and Mayamerz#{ad2004Methads Mel Bifl 4324 43:460)- Hybridoma culture supernatants were
screened using ELISA for antibodies that show reactivity with sLgr5-Ec. Lgr5-specific mouse mAbs,
2T15E-2 and 2 %fﬁP@FSEeg%{Bl@?éﬁr. ¢ ‘ﬁﬁ?ﬁ‘iﬁn’%ﬁ?ﬁﬁ’é&?&@ %‘?ﬁﬁn g’ﬁﬁﬁﬁaﬁf‘é ¥ells and
xenografti fissumeiated colon cancer lines PLR123 and PLR59 that were adherently cultured in vifro were
suspended in FACS buffer, and allowed fo react at 4°C for 30 minutes after the addition of Rat
20 mADb to mouse MHC class 1. The cells were washed once with FACS buffer, and allowed to
react at 4°C for 30 minutes with PE-labeled goat Ab to rat [gG2a or APC-labeled goat Ab to rat
Ig(G2a as a secondary antibody, the 7-AAD Viability Dye for staining dead cells, or as a cancer
stem cell marker, FITC-labeled mouse mAb to human CD326 (EpCAM), PE-labeled mouse
mAb to human CD133/1 (AC133), or PE-labeled mouse mADb to human CD44. Subsequently,
25  the cells were washed once with FACS buffer and subjected to flow cytometric analysis.
Aldehyde dehydrogenase (ALDH) activity was detected using the AldeFluor Kit according to the
manufacturer’s recommended procedures. EPICS ALTRA was used for flow cytometric
analysis to analyze cancer stem cell markers in mouse MHC class 1- and 7-AAD Viability
Dye-negative cells.  Results are shown in Fig. 15.  In cancer cell masses formed from 10 cells
30 of the moderately differentiated colon cancer lines PLLR123 and PLRS59 that were adherently
cultured in vitro, cancer stem cell marker-negative cells were observed, suggesting that cancer
stem cell marker-negative cells were generated from cancer stem cell marker-positive cells.
(9) Cancer formation test of cells (second generation) prepared from a human cancer cell mass
(first generation) formed from 10 adherently cultured in vitro cancer cells
35 After mouse cells were removed from a cell solution prepared with the cancer cell mass

(first generation) formed from 10 cells of the moderately differentiated colon cancer line



For immunofiuorescence cytochemistry, the cells fixed with 4% parafmaldehyde and 20 methanol were
incubated with a mouse anti-human E-cadherin (Abeam), rabbit anti-human Snail (Abeam), or rabbit
anti-human p-catenin (Sigma) antibody, followed b%/lsuallzatlon using an AlexaFluor 488-labeled goat
anti-mouse or -rabbit IgG antibody, respectively. For immunofluorescence histochemistry, slices from
paraffin blocks of the above xenograft tumor were incubated with a mouse anti-human Lgr5 (2U2E-2)
or rabbit anti-human Snail (Abeam) 25antibody. After incubation with a primary antibody, Lgr5 protein
was detetRtoging agedhartineudenattibodycouplecaitbapotyradishHiiR: doAkK@y.dollowed by

I I h
N P S T G i e S

streptavitititerhtntrOgenyrHask %@ﬂiﬂﬁ?@%é@g%évawg@éme@mﬁ BP0 e %B0(5) Flow

cytometeigllamalysiSutions. CMasllm@uhaiﬁwwuaclﬁb@éedsaﬁﬁhﬁqy@wﬁaﬂwwedi uSiegaERICS
ALTRA( ekman ‘;ﬁﬁ Wa&@ bur Bect |ck|n The |bod|e§eys§guwere
human

e nu
abe'lLe oUse ‘an mouse anti-human CD44 (BD
Pharm.rfgéﬁydpni@aa%réu sh@wgéna”ﬁ%h YE@@AMIWM%W%%@)W%fP@ﬁb%Ied
mouse antbPHBAs I, L@@é&&@k&y%mabn@aﬁ;@u@m musﬁoantm@mﬂﬂ cdra4{Bda:iAharmingen),
PE- labEI%q mOLSISCe aCrﬁlEPSQéJnrlnang:D%%é 10, 0 rmln eSQ fn 06 S COII am ?fﬁergglygé? (?'rHI human CD29
(BD Phamge%fan%rbodles uenﬁy ?h &@(‘3 was Incubate with a mouse anti-human Lgrs

antibody“@ T 8E-eandinscha G Rcrapbedret nbithaosanges- (muitreginlianvpedersraletdretaining.
Aldehydg slehyeipoanasaastivity wasraeaswes using the AldeFluor Kit (Stemcell Technologies).
5Mouse cells and human CSC were distinguished by staining with an anti-mouse MHC class |
antibody (Abeam) and a PE- or APC-labeled goat anti-human IgG2a (BioLegend) antibody. Dead cells
were remi@védbith the 7-AAD Viability Dye (Beckman Coulter). These antibodies were highly specific
to Lgr5, but they did not cross-react with Lasdys afe@nd 6 whichchth h%gnlajgllat{aomology to Lgr5 (Figs.
18 and {19). The iMentofseiised these lOantib?dies to demonstrate tgr5ex chblUlI in theauagtherent
cancer stem cells. [Reference example 27 FIREFHon s 1HSH S nillf]? S8 15grs: -negative
colon CSE.rlaschasaetisresticraf zolon cancer stem cell populatlons is Wnt si naling, only qur5-positive
adherent ceIIs caﬂlfsgégﬁ&émgrs in vivo, To eXaffifiie this, theélﬁvemors%jinv stiagte the’”
tumorlg |||u||.y o =gro-postive adherenteells-and '—U'S ||cyauvc fle cu.ing eells- ASa& i’eSUIt,
tumorigenicity was higher in Lgr5-positive adherent cells than in Lgr5-negative floating cells. Both
Lgr5-positive aﬁdton@ﬁiw&eﬂﬁd@tﬁmﬂdwmmﬁﬂgmﬁdwdrﬁoﬂ@e(ﬁoniﬁea Sitbadtgaegusdniesien of 10

Lgrs-po |t mor. Itg&@ n.alle d(g’; S|tes) Tumors were footled at 2 sites
(PI{_%lzg (}é%\%gdis %Q?%a%éql gl‘t%% % LR59 F}P dﬁLﬁ ? ? F?e 6 sites injected with Lgr5-negative
cells (Table 6). [F&BfeTB CBPIREn SPREGRTSHITNEMBER K Eems ssBremedtiviiBrently cultured in

vitro were excised, fixed for 16-24 hours in 4% paraformaldehyde at 4°C, and embedded by the

AMeX method to prepare sliced tissue specimens.  The tissue specimens were subjected to HE
staining. Results are shown in Fig. 16. In the second-generation cancer cell mass formed

20  from the moderately differentiated colon cancer line PLR123 that was adherently cultured in
vitro, a hierarchical structure similar to those of human tissues and NOG established cancer cell

lines was observed.

[Reference example 1] LgrS protein expression analysis

25 (1) Establishment of cells expressing full-length human Lgr4, LgrS, or Lgr6

Full-length human Lgr4, Lgr5, and Lgré cDNAs were cloned by PCR based on the

sequences of NM_018490 (Lgrd), NM 001017403 (Lgr5), and NM_003667 (Lgr6). The
cloned genes were expressed with or without the addition of an HA tag at the N terminus. The
expression plasmids were transfected into the Chinese hamster ovary cell line CHO DG44

30  (Invitrogen) using Gene Pulser {BioRad). Stable cell lines, HA-Lgrd/DG, HA-Lgr5/DG, and
HA-Lgr6/DG, were selected using G418.
(2) Preparation of soluble LgrS-Fe protein



1,000 100 10 PLR59 Primary 12-7121 5/12 0/12 (100) (42) (0) Floating (Lgr5-) 6/6 6/6 1/6 (100)
(100) (17)
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Soluble Lgr5 (amino acids 1-555) protein was expressed as a fusion protein with the Fc
portion of mouse IgG2a of CHO DG44.  Transfectants were screened by sandwich ELISA
using goat anti-mouse 1gG2a (Bethyl labotratories) and HRP rat anti-mouse [g(G2amAb (Serotec).
The clone that produced the largest amount of sLgr5-Fc was named 2D3.  The culture
supernatant of 2D3 was collected for affinity purification of the Lgr5-Fc protein on a Protein
A-Sepharose column (Pharmacia). Lgr5-Fe served as an antigen for protein immunization and
ELISA screening.

(3) Production of anti-Lgr5 monoclonal antibody by immunization with the Lgr5-Fe protein
(W02009063970)

Balb/c mice (Charles River Japan) were subcutaneously immunized with 50 pg of
Lgr5-Fc emulsified in complete Freund's adjuvant. Two weeks later, weekly injection was
repeated for two weeks using the same amount in Freund's incomplete adjuvant. Three days
before cell fusion, 25 pg of Lgr5SFe was intravenously injected into mice.  Spleen lymphocytes
derived from immunized mice were fused with P3-X63Ag8U1 mouse myeloma cells (ATCC) by
the conventional method (Kremer L and Marquez G (2004) Methods Mol. Biol., 239, 243-260).
Hybridoma culture supernatants were screened using ELISA for antibodies that show reactivity
with sLgr5-Fe. Lgr5-specific mouse mAbs, 2T15E-2 and 2U2E-2, were established.

(4) Immunofluorescence staining of cultured cells and xenograft tissue

For immunofluorescence cytochemistry, the cells fixed with 4% paraformaldehyde and
methanol were incubated with a mouse anti-human E-cadherin (Abcam), rabbit anti-human Snail
(Abcam), or rabbit anti-human B-catenin (Sigma) antibody, followed by visualization using an
AlexaFluor 488-labeled goat anti-mouse or -rabbit IgG antibody, respectively. For
immunofluorescence histochemistry, slices from paraffin blocks of the above xenograft tumor
were incubated with a mouse anti-human Lgrd (2U2E-2) or rabbit anti-human Snail (Abcam)
antibody.  After incubation with a primary antibody, Lgr5 protein was detected using a goat
anti-mouse antibody coupled with polymer-HRP (DAKQ), followed by visualization with
AlexaFluor 488-labeled tyramide (Invitrogen). Snail protein was detected with a biotinylated
goat anti-rabbit antibody (VECTOR), followed by visualization with AlexaFluor 568-labelled
streptavidin (Invitrogen). These cells and samples were also stained with DAPI (Invitrogen).
(5) Flow cytometric analysis

CSC was incubated with a labeled antibody and analyzed using EPICS ALTRA
(Beckman Coulter) and FACSCalibur (Becton Dickinson). The antibodies used were
PE-labeled mouse anti-human CD133 (Miltenyi Biotec), PE-labeled mouse anti-human CD44
(BD Pharmingen), FITC-labeled mouse anti-human CD326 (EpCAM) (Miltenyi Biotec),
PE-labeled mouse anti-human CD166 (R & D Systems), PE-labeled mouse anti-human CD24
(BD Pharmingen), PE-labeled mouse anti-human CD26 (BD Pharmingen), and PE-labeled



Adherent (Lgr5') 6/6 6/6 6/6 (100) (100) (100) PLR123 Primary 12/12 5/12 0/12 (100) (42) (0)
Floating (Lgr5-) 6/6 5/6 2/6 (100)
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mouse anti-human CD29 (BD Pharmingen) antibodies.

38

Subsequently, the CSC was incubated with a mouse anti-human Lgr5 antibody

(2T15E-2) and then a PR-labeled rat anti-mouse IgG (Invitrogen) antibody for Lgr5 staining.

Aldehyde dehydrogenase activity was measured using the AldeFluor Kit (Stemcell Technologies).

Mouse cells and human CSC were distinguished by staining with an anti-mouse MHC class |
antibody (Abcam) and a PE- or APC-labeled goat anti-human IgG2a (BioLegend) antibody.

Dead cells were removed with the 7-AAD Viability Dye (Beckman Coulter).

These antibodies were highly specific to Lgr5, but they did not cross-react with Lgr4

and 6 which both have high homology to Lgr5 (Figs. 18 and 19).

antibodies to demonstrate Lgr5 expression in the adherent cancer stem cells.

[Reference example 2]

The inventors used these

Tumor reconstruction ability of LgrS-positive and -negative colon CSC

If a characteristic of colon cancer stem cell populations is Wnt signaling, only

Lgr3-positive adherent cells can form tumors in vivo.

To examine this, the inventors

investigated the tumorigenicity of LgrS-positive adherent cells and LgrS-negative floating celis.

As a result, tumorigenicity was higher in Lgr5-positive adherent cells than in

LegrS-negative floating cells.
NOG mice.
sites (6 of 6 sites).
(PLR59-derived cells) of the 6 sites injected with LgrS-negative cells (Table 6).

Both Lgr5-positive and -negative cells retained tumorigenicity in
Subcutaneous injection of 10 Lgr5-positive cells formed tumors at all the injection

Tumors were formed at 2 sites (PLR123-derived cells) and 1 site

[Table 6]
Cell Iine* SpecimenT Number of cells per injection site
1,000 100 10
PLR59 Primary 1212 5/12 0/12
(100) (42) ()
Floating (Lgrs) 6/6 6/6 1/6
(100) (100) (17
Adherent (Lgr3") 6/6 6/6 6/6
{100) (160) (100}
PLR123 Primary 12/12 5/12 0/12
(100) (42) (0)
Floating (Lgrs) 6/6 5/6 2/6
(100) (83) (33)
Adherent (Lgrs") 6/6 6/6 6/6




(83) (33) Adherent (Lgr5+) 6/6 6/6 6/6 39 (100)(100)(100) For Lgr5-positive cells, of the 12
injection sites in which only a single cell was injected per site, 2 sites (PLR 123-derivedcells) and 1 site
(PLR59-derived cells) had tumor reconstruction (Fiﬁ? 20). Tumors derived from Lgr5-positive and
-negative cells showed almost 5the same histopathologieal features as the original ones (Fig. 21). In
addition, the cell surface marker expression and tumorigenicity of Lgr5-positive CSC showed no
change even after 1 month of subculture (Figs. 22 and 23). ___These results demonstrate that
- Lgr5-positive and -negative cells derived from PLRS8)and PLR 123@t®high-purity calbddCSC, and
that Lgr5-positive and -negative cells represent two 10different states of CSC in colon cancer.
[Reference example 3] Effects of TCF and p-catenin Western blot analysis was conducted as
described below P leteinRofiEie it CledeIsing IR siffe | St duppiéiasrield WAt oeisslete
Mini Projeage:| amrzg@(m@u&wa@ema) Hoteins w&ms‘gaaaﬁaaieﬁu@) adNUBRAGE gel (Invitrogen)
and transferred on ?P\%},/%gé bran fteﬂ' @l%‘% with. l[DBS cgntarnrpgelo/ skim m
[

st
membranéo\lllv%gurc)ro %{rsrtl I»luVr(riran p-ca nlﬁc'(glgméilﬁ1 rabbit antlgﬁuman{) osp % c-JUN

(s|gina)th%medﬁﬁtmﬁﬂr@rpmrﬂ1fe(@éqr9gﬁsﬁmg;;mab@neahﬁlwﬁhn Torddies) Srgedlingasabbit

anti-humaHEE b} £5salb Sigraakine BRI RN ABSkErd CAItEaB)N 0 auSh Ad-Brimana0 E-cadherin
(Abcam), r%&bitfasﬁgéﬁ ma E:Sna%Ab , or mouse anti-human GAPDH (Santa Cruz) antibody.
Reactive bands werée usmg CIP/NBT substrate (KPL). Consistent with the Lgr5
expression, protEhsdevedslisfdemanshipic ﬁ@FM@P&WﬁMﬂ%@Y@ eplydgrivae drmm R positive

ce"s btamm;gﬁmqg yx@ﬁ@ﬁ%&ﬁ@@s&@ andR4)1 BrosbhandatianeberilunaldhephJdarpinal
jﬁ!m detecteg %;:g{ srtrve 25cancer stein cells as compared with Lgr5-negative cancer

RS SHEFAR T G8t& mine whether or not the Wnt signaling promotes the growth
of colon cancer stem cells, the inventors examined the effects of FH535 (P-catenin/TCF inhibitor) and

cardam(ﬁﬁgf&@gggg% gnininhibitgrthatiedueesPeeriaRin degradatlon) on the growth of colon cancer

stem cells. Cell %Eovvth \ggs evz%iyaged asd scrl% gelo %tlr‘rg Oaghewgrte:’é(})q%%rgtce%r stem cells
were seeded at % 1‘69?&% FE: &5‘[ w@ﬁs
using RIPA buffer (Sigma) qupplemented with Complete Mim Protease Inhibitor Cocktail
15 {Roche). Proteins were fractionated in a NuPAGE gel (Invitrogen) and transferred onto a
PVDF membrane. After blocking with PBS containing 1% skim milk, the membrane was
probed with a rabbit anti-human -catenin (Sigma), rabbit anti-human phospho ¢-JUN (Sigma),
rabbit anti-human TCF1 (Cell Signaling), rabbit anti-human TCF3 (Cell Signaling), rabbit
anti-human TCF4 (Cell Signaling)}, rabbit anti-human Lgr5 (Abcam), mouse anti-human
20 E-cadherin (Abcam), rabbit anti-human Snail (Abcam), or mouse anti-human GAPDH (Santa
Cruz) antibody. Reactive bands were detected using the BCIP/NBT substrate (KPL).

Consistent with the Lgr5 expression, protein levels of §-catenin, TCF1, TCF3, and
TCF4 were up-regulated in Legr5-positive cells, but not in LgrS-negative cells {Figs. 20 and 24).

Phosphorylation of c-Jun at the N-terminal region was not detected in Lgr5-positive

25  cancer stem cells as compared with LgrS-negative cancer stem cells (Figs. 20 and 24).

To determine whether or not the Wnt signaling promotes the growth of colon cancer
stem cells, the inventors examined the effects of FH535 (B-catenin/TCF inhibitor) and
cardamonin (Wnt/B-catenin inhibitor that induces [3-catenin degradation) on the growth of colon
cancer stem cells.  Cell growth was evaluated as described below.  Floating and adherent

30 cancer stem cells were seeded at about 100 and 1 x 10 cells per well, respectively, in 96-well
plates. On days 0 and 3, living cells were counted using the Cell Counting Kit-§ assay -
(Doujindo) according to the manufacturer's protocol.  The average absorbance on day 0 was
expressed as 100%. For chemical sensitivity analysis, floating and adherent cancer stem cells
were seeded at about 100 and 1 x 10" cells per well in 96-well plates, respectively. After

35 24-hour incubation, 10 pg/mL 3-FU (Hospira), 10 ug/mL irnotecan (Hospira), 50 mM TCF



plates. On days 0 and 3, living cells were counted using the Cell Counting Kit-8 assay (Doujindo)
according to the manufacturer's protocol. The average absorbance on day 0 was expressed as 100%.
For chemical sensitivity analysis, floating and adhe?@nt cancer stem cells were seeded at about 100
and 1 x 104 cells per well in 96-well plates, respectively. After 3524-hour incubation, 10 p.g/mL 5-FU
(Hospira), 10 ug/mL irinotecan (Hospira), 50 InM TCF 40 inhibitor FH535 (Merck), or 50 mM
13-catenin inhibitor cardamonin (Merck) was added. After 3-day culture in the presence of a drug, Cell
CountingnKisiwES Bddadetokth ecsllsn Vhp-aatenagmiabsorbandecide (Yexpo sed tal@M SOy dethe

medium-a %,.All | S in fuiplic 5As a result,
50 uM F%q%‘%Wﬁ?ﬁ%“ﬁ?ﬁ‘égﬁ%ﬁ%ﬁgﬁﬁﬂoﬁ%ﬁé‘%&iV%’%f?éﬁ%%ﬁ?&%@?&%@,*’%ut ad no

5 significant
effect oﬁ‘fﬁr@@?a?m%smiﬁ@&wa A PARSEr Withh Refiueigons 5van §PESBhaheBiker hand, 50

p.-M carddmbaixpeduead theragotderefilivingstieliseto 70% in Lgr5-positive colon cancer stem cells and

t t 50% i 9:-N€ ' cef. | i 2 I t that
TCF mdiates tAS by N oF b BB S DA S A1 o olon,

cancer SEIFFEEIE fRdraing nogrEssbenithe eane el evenssbistcierstipsreriemnstbn GBI $ScF and
FGF (Figs..3d 26\l 28} giggastingnhacolrsdneonitenicalls havenabendtganossiawaoiae
mechanism ta activate Wnt signaling for their growth. fer 3 ple. 4] Ability of colon cancer
e aol A A R B e
stem cehglls thig rspdRee to chemotherapeutic agents. Thus, the inventors investigated the

sepgitivity of colphcsanaanisteipgestimie SeFlnadthinaatesan. I deseribedabaledibdpositive cells
grew with & (oubling e o1 houl 2.2 days whie Larsegalive cqneer slem qeliswiere n.a statc
state in tefms o growt(h. réatment with 5- ?focjlg mf’f or Irinotecan (ﬁ) pé %C%Qg%lﬁcantly inhibited

the grovelpEIgYBysesitiveotdlba samdenséshcens Bt tebifiofaffags-orf and growireapdisginfal of

Lor5-negativecsalenseancelisiemeasllsiige 28 and 3. Alteraiiay soalaxprsng 2akgrbrpasitive
colon caﬁcer ster’ﬂlcells to 5-FU (10 ug/m1) or irinotecan (10 ug/m1), some of the cells became

resistant 16 tese chemotherapeutic agents. Surprisingly, the drug-resistant cells were negative for

Lgt5 and their morphology was altered (Figs. 31, 32, and 33), suggesting alteration from an
Lgr5-p0E1%1§£@@é&ﬂexbgq5-Mﬁﬂy@ﬁamﬂ Imexanete ftgrationatdarbepegative -ealon cancer

stem cells t'% an L&r}S-positive 30state, the inventors prepared Lgr5-negative colon cancer stem cells
by irinot ebh trédtnent, and adherently cultured them again in a serum-free stem cell culture solution.
The cells becanfénpoditivectorigesiivd shearee stesastiiymbictaldikermoplibioestifFigpesy and 35),

and at thesame tigg, shaieeLIRPEW, L1RQ ptReehandiwhes ol 2-pesitiverahrrent salomgancer
stem cells were cultyred in an yltra-low attachment plate, the inyentors gbserved that some_of the cells
5 8opp IR, IS LA At BT B S 3 OB ] L% FRRA Bvel (i
34 and 38)s,4thile LerS-negative cancer stem cells were in a static state in terms of growth.  Treatment
with 5-FU (10 pg/ml) or irinotecan (10 ng/ml) significantly inhibited the growth of
Lgr3-positive colon cancer stem cells, but had no effect on the growth and survival of
Lgr3-negative colon cancer stem cells (Figs. 29 and 30).  After 3 days of exposing
25 Lgr5-positive colon cancer stem cells to 3-FU (10 ug/ml) or irinotecan (10 pg/ml), some of the
cells became resistant to these chemotherapeutic agents.  Surprisingly, the drug-resistant cells
were negative for LgrS and their morphology was altered (Figs. 31, 32, and 33), suggesting
alteration from an Lgr5-positive state to an Lgr5-negative state.
To examine the alteration of LgrS-negative colon cancer stem cells to an LgrS-positive
30  state, the inventors prepared Lgr5-negative colon cancer stem cells by irinotecan treatment, and
adherently cultured them again in a serum-free stem cell culture solution.  The cells became
positive for Lgr5 and showed mesenchymal cell-like morphology (Figs. 34 and 35), and at the
same time started to grow. On the other hand, when LgrS-positive adherent colon cancer stem
cells were cultured in an ultra-low attachment plate, the inventors observed that some of the cells
35  stopped growing, forming a spheroid-like structure, and showed a very low LgrS mRNA level
(Figs. 34 and 35).



Lgr5 mRNA was examined by quantitative real-time polymerase chain reaction as described below.
Specifically, cDNA was synthesized with the First-Strand cDNA Synthesis Kit (SABiosciences) using
as a template, total RNA isolated with the RNeasy fini Kit including DNase treatment (Qiagen).
Quantitative real-time PCR (QRT-PCR) analysis was conducted 5 using the SYBR Green/Rox gPCR
(SABiosciences) in the Mx3005P Real-Time PCR System (Stratagene). Values of fold induction were
calculated using the 2-AACt method. GAPDH and ACTB were used as references. All the experiments
were conductediigririplRiate was exdhéntadloywpgmiiniesswubienispol paprvaemiorqgudntitative real-time

PCR ar?&%%%% FIRUTY R ANSHIPIBRRIAUCES AEINS IGAGHOR: FALOSR:HA WA RIMEL:s
5-AGTTTATCCT TCTGGTGG IAGTCC-3' (SEQ'ID NO: 1), Reverse primer:

5t-CAAGATEFRicHEAKE G AT TABSEOIRNG i aishpithedivarey YKt including
5'-CTCTBGECEhGCh G C-B U Q2 NGL-Gh L BUREVGFSE ITR)efiial ysis was conducted
5-ACGACC TGAGTC-3 NO: 4), ACTB: rimer;

o RAa R S R RS R e N U T8 Rl Hime P system
5-ATGEHrataRcs TORReTE bl sndagtion ywosabyulated ugiagdlcotr ACABBTBOR sUfed RRETinventors

concludggitha TR laRreaneeh sterereris alterpdnQitprnidRltgroeRosHR deamLgpmegative state, and
that such alterati r%?(/)%uld.reci)uire neither exogenous factors nar. vironrfﬁgntal f;&l{we. L ference
of Lg it

) e
example 5] EM rg&ggg VE'€o %e%%{ﬁsceeraétg_tr%mceéﬁs%%lf%haang?nr%lvgmsencﬁr)}/r?ygff;l ﬁ?e cells
expresshtgphilicldgtiznsetetim Mednesitd Bierrragdtatic cancer 25stem cells that undergo EMT
(Brabletzd-sJung A, Spaderna S, Hlubek F, Kirchner T (2005) Opinion: migrating cancer stem cells -

an integlgatemg %!?1%%%% :og, T\%W?RIFEM %@PA@?&%G% %ﬁg% ﬁ}-mg.). Lgr5-positive

colon cancer stem Cells are morphologically similarto mesenc ‘ &, the inventors
examindtevigesineinesr ndt C4rsCpbitiva Gancarsierayadlislaré Sq Nl toinabile colon cancer stem

cells. Westensiblot analysis 30demonstrated low-level expression of cell surface E-cadherin, high-level

expressjon of Snail, and,e i izing, 13:catenin (characteristic of EMT) in
Lgr5-positiVE CoBH tan eﬁ@ééﬂgﬁggﬁ%%%g%%ﬁﬁ?%gqgh *hand, Lgr5-negative colon
cahter Remewelfsishonedihedigis ot EMICGPEGIHEAN; LB ErfarB-dadherin was expressed at a
high level-&pail was expressed at a low level, and no nuclear localization offi-catenin was observed. In

35additign, Snail and Lgr5, - ed.in gells that un MT in the budding region of

xenogra}(f:’lofi)’?ﬁ@}?g‘éﬁé‘ %@%ﬁé@ﬁ?ﬁﬁ; ﬁ%egl\ﬁﬁeﬁ ﬁg@%@ﬁﬁl@o@n cancer stem cells 42 are
equivaldhttorsmebitecsterd8HE TAT C AGEREIN{drd Ghé idleitardladitbestrated that Lgrs-positive colon
cancer stem celig fQHmadiumers RRULRIR iseiRs INGHANGEIRGS YS! aRGDRRNRAdER2Rd under

the skin.
20 from an Lgr5-positive to an Lgr3-negative state, and that such alteration would require neither

exogenous factors nor environmental niche.

[Reference example 5] EMT of LgrS-positive colon cancer stem cells in vitro and in vivo
Mesenchymal-like cells expressing nuclear B-catenin are mobile or metastatic cancer

25  stem cells that undergo EMT (Brabletz T, Jung A, Spaderna S, Hiubek F, Kirchner T (2005)
Opinion: migrating cancer stem cells - an inteprated concept of malignant tumor progression.
Nat Rev Cancer 5: 744-749.).  Lgr5-positive colon cancer stem cells are morphologically
similar to mesenchymal cells. Thus, the inventors examined whether or not Lgr5S-positive
cancer stem cells are equivalent to mobile colon cancer stem cells. Western blot analysis

30  demonstrated low-level expression of cell surface E-cadherin, high-level expression of Snail, and
expression of nuclear localizing f-catenin (characteristic of EMT) in LgrS-positive colon cancer
stem cells (Figs. 36, 37, and 38). On the other hand, Lgr5-negative colon cancer stem cells
showed no signs of EMT. Specifically, cell surface E-cadherin was expressed at a high level,
Snail was expressed at a low level, and no nuclear localization of f-catenin was observed. In

35  addition, Snail and LgrS were co-expressed in cells that underwent EMT in the budding region of

xenograft tumor tissue (Fig. 39), supporting the view that Lgr5-positive colon cancer stem cells



Interestingly, until at least 40 days after intravenous injection of tumor cells, tumor with an 5epithelial
tube structure was reconstructed in the liver, lymph nodes, and under the skin, but not in the lungs
(Figs. 40 and 41). Industrial Applicability The inverion provides a homogeneous cancer stem cell
composition in which cells 10that have cancer-forming ability does not substantially coexist and those
that have not, and which reproduces the cancer-tissue hierarchical structure; and a production method
thereof. Gene expression analysis and proteomics analysis with this clonal (homogeneous) cell
populatiae ajeiexipectedishénatahe icdiatification of targets specifically expressed in cancer stem cells

and 'dent'flcat'0?&&%&6@&%@ﬁ%ﬁ%&@ﬁ%&&%&@&%&&%@ﬁﬂ@%Eﬁoﬁh@dﬂagﬁa%amﬂgws the

15continuous mass production of homogeneous cancer stem cells. It is expected that high-throughput
analysismeRtirartiaiaEs g tHes dankdinad i e ity sh sur KrRriears; Meraadd the HiBbability of
finding drsgsseindlgiagridstiaatkels hetarnefiestive againshednosmoresiisemeeandinetastasis

whigh arg,; Fﬂh USQMEs104R HOIS: ﬁ#ﬁ“&l%? BRI ﬁ‘ Lapcer stern
celé from Whic Sﬂgs. wit nr% cancer-#)rmlng a[tln]%%y?g]avelgi:$1 substaﬁﬁal‘ﬁlremov erfzti% the
populatiBnhs Bﬁwfa@éﬁzéa #Ardbroducing the Shierarchical structure of a cancer tlssue 2. The
cancer stem cell population of claim 1, wherein the cancer stem cells are derived from a human tumor

tissue. ][Og TQ1 lcgmcgr Slem cell population of claim 2, wherein the human tumor tissue is derived from

epitheli cer stem cell population of claim 3, wherein the epithelial cancer is
pancreatic cancéhepRYSRitENcRNEEFChdHINQEFRENSSKIA ERAGER, Cﬁgs‘f%‘i’tﬁ’fé%ﬁﬁ’él cerieBichsRGscancer,

15hepatageliular caksnamaingeivite, aapcebt eﬁn@k@mmﬂ@d @ﬁﬁ@ﬁl’a@y&{dﬁe gangercfaliopianiid
cancer, vagir raal cancer Ilvsrrtg:sasnc Eb%;ghw t%n r.cancer, url ﬁ%régth?ﬁt L gancer, | thyroid

cancer, Sdrenar cancer, ney cancer, or o e ¢ g andu ar t| sue cancer. e cancer stem cell
populatiexPefsaiv onel v ey QI@@IWCWWGW%SS‘M%@%@W%%W@%&)§€18Pq%a€ﬁﬁ@é? stem
cell powl@&e&&)t@maemwxﬂﬁm&)ﬁ Mﬁr@%ﬁ@ﬂ&ﬁ@lﬁ@é&ﬁﬁ@%&@ﬁ@@ﬁl@&r%@ﬁm &gilsaiiextreme
limiting élut{og an alys s g(a or h?trans ucﬁ'{l;heg ncer st ellgop ﬁl}tlol?l 061;1 ny gne. of laims 1
to 6, whi corﬁprlse S %104 o Mbre cancer sRaPn é‘i@’ 8 he cancer stem ceflopopulaﬁon of any
onESof clairtisots mmmmm@cpmﬂww@mwwﬁsﬂswé%e%ﬁéﬁwmw culturing a cell

group cg&gﬁtﬁm&l(?ﬁﬁﬁm@mq@tsfu%(ba%dm&:@amgrtﬁéam@@ﬂIsmmtp@@mrgyg@ﬁa:@walms 1to8,
which is %Oduceéi Wé?&rﬁg fqlzo@[r)lrls the S oft 1 q{nsgt%n in ! rou%p cotnt%nlrrlg
cancer SBSRTBEIES Y HIER |m ﬁassi fegameof |ﬁeF§r%t %6 Cies 6 p?r%duce a
cancer cetiumeasss @ﬂ@@@mmﬁg&h@pmwos@awmﬂmﬁpanm patients.



(3) adherently culturing the cell population obtained in step (2) in a stem cell medium. 44 10.The
cancer stem cell population of any one of claims 1 to 9, wherein the non-human animal is a nude
mouse, a SCID mouse, a NOD-SCID mouse, a NOB mouse, or a nude rat. 511.A method of producing
a population of cancer stem cells from which cells with no cancer-forming ability have been
substantially removed, wherein the method comprises adherently culturing a cell group containing
cancer stem cells. 12. The method of claim 11, wherein the cell group containing cancer stem cells
reproduces 10the hierarchical structure of a canCerfisg§te. 13. The method of claim 12, wherein the
cell group that reproduces the hierarchical structure of a cancer tissue is a cancer cell line established
in a non-human animal, spheroid, or cells positive for at least one or more cancer stem cell markers

selected from CHPepeipig abcansgstepoddsdionorieehswlie mah nesancerEpamae apisdard 166,
CD184, Kebivsibstabianb; ildefleyrwhdEoReABRED dnGRhantNsill bl4cghewrihdd of any one of

claims ].ﬂl1 Jl%rlgic\g/lhs%glcn '%_ré%le%(lj %ge%%gsq@ammg cancer stem cellslls allowed to prollferatle.before
performing adherent culture. 2 . The method of claim 14, wherein the cell group containing cancer

stem cells is allowed to proliferate by spheroid culture. 16. The method of claim 14, wherein the cell
group ispproliferatesddaydaeieniragisplaitatde 2oanehpasshgethimadaschumnanenimel detitved he
method of any.one of claims 11 to 16, wherein the cancer stem cells are derived from a human tumor
tissue. 3%115%}%%&%%% Ciainn 17, wherein the human tumor tissue is derived from epithelial
cancer. 19.The method of claim 18, wherein the epithelial cancer is pancreatic cancer, prostate

canger, preast caneennskinteancar wastminiastislal s eaiclvngitanaarnhepaiosailidas gaicsoma,
350ervic§I canc&réleﬁ%ometrial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver
|

m 1 1 anCer, . .
cancer, 18 e cancer, Biadder cancer, urinary tract cancer, thyroid cancer, adrenal cancer, 45

kidney cancer, or other glandular tissue cancer. 20. The method of any one of claims 11 to 19,

whereinhe noniideaianimgl i ppdpdRMea Tl ane €| RNeRYSEh At SIHA daodsRainarMES mouse,
oranude rat. 5 : . g
cancer, prostate cancer, breast cancer, skin cancer, gastrointestinal cancer, lung cancer,
15 hepatocellular carcinoma, cervical cancer, endometrial cancer, ovarian cancer, fallopian tube
cancer, vaginal cancer, liver cancer, bile duct cancer, bladder cancer, urinary tract cancer, thyroid

cancer, adrenal cancer, kidney cancer, or other glandular tissue cancer.

5. The cancer stem cell population of any one of claims 1 to 4, which is substantially

20  homogeneous.

6. “The cancer stem cell population of any one of claims 1 to 5, wherein the frequency of

cancer stem cells in extreme limiting dilution analysis is 1/20 or higher.

25 7 The cancer stem cell population of any one of claims 1 to 6, which comprises 1 x 10% or

more cancer stem cells.

8. The cancer stem cell population of any one of claims 1 to 7, which is produced by a
method comprising the step of adherently culturing a cell group containing cancer stem cells.

30
9. The cancer stem cell population of any one of claims I to 8, which is produced by a
method comprising the steps of:
(1) transplanting a cell group containing cancer stem cells into a non-human animal that belongs
to the same or different species to produce a cancer cell mass;

35 (2) fragmenting the produced cancer cell mass; and

(3) adherently culturing the cell population obtained in step (2} in a stem cell medium.



21. A method of searching for a target molecule of a drug, wherein assessment is performed in a
non-human animal model transplanted with the cancer stern cell population of any one of claims 1 to
10, or in a culture system of the cancer stem cell pﬁﬁ)ulation under in vitro conditions, by using as an
index a hierarchical structure fotHied from cancer stem cells, a cancer 10development process
originating from cancer stem cells, or a biological property of cancer stem cells. 22. The method of
claim 21, wherein the method comprises the steps of: (1) producing a non-human animal model by
transplanting the cancer stem cell population of any 150ne of claims 1 to 10 to a non-human animal;

ransplanting the cancer sem cell popula  claims t
procese of shi “?5%‘?@?%%@'?%%2'&%%@%%”8?#09%%%f e o ae e A

‘ | ation or wing a biological property thereo examining the
tissue sEBHBA LoRERUIMPLEY: DO SRPHESSION TP DB FAIRIGE, Hritlhimpaitide 2drtabolite; and

20(4) identifying a DNA, RNA, protein, peptide or metabolite that varies depending on a hierarchical
strugture formed, from th ncer stem cell caneer development process ariginating. from the
Canter qiem coll L e L B 2 e
method eeIPLing sBHeH baeerheen substmpribescmave pebsreipthe snehiag ¢RBeEREr stem cell
populatigimefcany eneehelaines LisudQimsanip vite-conditians.to reproduce a characteristic structure
of a cancer development process originating from cancer stem cells, or a biological property of cancer
stem cells; (2) examining the expression of a DNA, RNA, protein, peptide or metabolite in cultured
cells 30with the Fagragthastodisiaiae teristiecstin chgreclh BB FfaERTT e ecONEITRIAS predncgeptide
or metablitgdhatnasies-depRenging.ené higfarchical structure formed from the cancer stem cells, a
cancer development process originating from the cancer stem cells, and a biological property of the

cancer stem cells, in the cultured cells. 35 46 25.The method of any one of claims 21 to 24, wherein
the targéBmoleclite inethosingierleisll hAarkesreb2 haaelétiodrothatsassitiyes dradisumehesal assessment is

performeghif@oenhiumap @nimal magdebiranspianiedpmihdne cansehstem sallRonrgiatisn alany one
of claims 1 to 10Q,.or in a cplture system of the cancer stem cell po I%tlggéundﬁ?%v&g onditions, by
using aS Al RS KRG Al AP I GRUVE FBRed KBS HLPRAP LEeTh ROt T Bh e oS pment
prdéess Ougih&inddromMAHNCer XteiDeBII§ [ 13 Hidd gitdl proife Pd eahEBiBstnhddls CIB 20, The

method gf flaim 2R pweereNnihe nehrd campiises the steps of: (1) producing a non-human animal
model by transplanting the cancer stem cell population of any one of claims 1 to 10 to a non-human
animal; (2) administering a test substance to the non-human animal model of (1); 15(3) collecting a
tissue sddtion sHowimgthdisstienstructufelohasadtéridtic whercartbecde gtoprrentmogessarniginating
from canger, %@mig%lh%%é@@dﬁeaﬂf%l@iﬁw@b@fﬁ%{%@eﬁ%ﬂ @bserving a change in the cancer

e

stem cells over time, cancer development process, or a biological property thereof; in the tissue
se?:ﬁon; and
15. The method of claim 14, wherein the cell group containing cancer stem cells is allowed

to proliferate by spheroid culture.

16. The method of claim 14, wherein the cell group is proliferated by being transplanted to

25  and passaged in a non-human animal.

17. The method of any one of claims 11 to 16, wherein the cancer stem cells are derived

from a human tumor tissue.

30 18 The method of claim 17, wherein the human tumor tissue is derived from epithelial
cancer.
19. The method of claim 18, wherein the epithelial cancer is pancreatic cancer, prostate

cancer, breast cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatocellular carcinoma,
35  cervical cancer, endometrial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver

cancer, bile duct cancer, bladder cancer, urinary tract cancer, thyroid cancer, adrenal cancer,



(5) identifying formation of a hierarchical structure formed from the cancer stem cells, a cancer
20development process originating from the cancer stem cells, or a biological property of the cancer
stem cells, that is inhibited by the test substance 28°The method of claim 26, wherein the method
comprises the steps of: (1) culturing the cancer stem cell population of any one of claims 1 to 10
under in vitro 25conditions to reproduce a characteristic structure of a cancer development process
originating from cancer stem cells or a biological property of cancer stem cells; (2) treating the
culturedkgéils,ehflpivithoshtestisnthstantsne ¢@oebserving changes in a hierarchical structure formed
from the cancer stem cells, a cancer development process originating from the cancer stem cells, or a
biological property of the 30cancer stem cells; and %) identifying a hierarchical structure fonned from
the can@®r steml BEIReRRGRERRYEVEIBHTHERE flolesd SHGHARMRERSH THE ¥aAEEIdiSA YR, or a
biological prape sy ub thewansel Glasdl s dhat, is Mbbiteeuby, theatesdstivstance. 47 in a culture
system of the cancer stem cell population under in vitro conditions, by using as an index a hierarchical
structure formed from cancer stem cells, a cancer development process originating from cancer stem

cells, ord biologharprehefearsiig ST direebmolsat et Rt T e AT S MR iEH e thod
comprisgsathersteRsefin(drpresidingRpiandumanianinaisnasel &yl thapshlantingde eander stem
cell popation,of apy one o1 clems 1 %8&8{%9&%@&?%&%%@1%@513@& RisIsHng & i8Rt Gbstance
to the non- qman arfl'ma mo 'eflo? ?{3, CcO ectlng a tiss ection that shows a tissue structure
charactdistiingras eairdexdelidmpehisn TopFHEe SQTBIYiNLm GIR6R, HaRces StenSHsHs, or shows a

biglggicalpeapeibniheseads ddyiahsapvingnacehengein tibscanadiisieftceis:puey tmancanaen
development process, or a biological property thereof, in the tissue section; and (5) identifying a test
substan&& that inhibits formation of a hierarchical structure formed from specific cancer stem cells, a
cancer development process originating from cancer stem cells, or a 15biological property of cancer

stem cells. 31.Thgsnathed of elaim 29 weemimthe meibedisprmpsigesdbgssieps of: (1) culturing the
cancer strl m c Il(tjjog(gulatio§ of any onelof C ms }a;oslpaiﬂﬂge{higcva%rco cqtgr%ité%ﬁs :50{? {gndgpe a
charactérisRESHURR PP OF 2 SRR YRI TR BrOCREL Sinatig SOfSMm Sankar stem calls or a
bidibgicakhpropduipef dandetosiernckiigian Rjmaating the cultured cells of (1) with a test substance;

(3) obsepyjngiacangadn.a Hisnsichiedlinl ueiwe farmes dronaaRerti sten eallsrAsansshent
development proces ori%inatin}g fr(ﬁn carlcter stem cells, ora tiioIoC%iicalq%reo etlgg offcancer stem cells;
and 28(B IR 4 ST SIS AS L Tt AR e S ey <

OImatioh of afiararchl fucture footled from
specific Cancenstang telltsareansirdevdpmienipioc sbs cmgmangpiromcanBérstemteslls, or a

biological.prepesi-of:caneer shem cells. 32.The method of any one of claims 26 to 31, wherein the
drug is an anticancer a e#|£\ 3.The method of any one of claims 21, 23, 26,. 28, 29, and 31,
W ein@e‘%ﬁ’lﬂf@&fs& ,?RONSA, protein, peplide or l)r/letgbo 1te lﬁalpvanes glepen ing b a
hierarchical structure formed from the cancer stem cells, a cancer development process
. originating from the cancer stem cells, or a biological property of the cancer stem cells, int the

tissue section.

25 23, The method of claim 21, wherein the method comprises the steps of:
(1) culturing the cancer stem cell population of any one of claims 1 to 10 under in vitro
conditions to reproduce a characteristic structure of a cancer development process originating
from cancer stem cells, or a biological property of cancer stem cells;
(2) examining the expression of a DNA, RNA, protein, peptide or metabolite in cultured cells
30  with the reproduced characteristic structure; and
(3) identifying a DNA, RNA, protein, peptide or metabolite that varies depending on a
hierarchical structure formed from the cancer stem cells, a cancer development process
originating from the cancer stem cells, and a biological property of the cancer stem cells, in the
cultured cells.
35
24, The method of any one of claims 21 to 23, wherein the drug is an anticancer agent.



under in vitro conditions is spheroid culture. C1-A1008Psq SEQUENCE LISTING <110>
PHARMALOGICALS RESEARCH PTE. LTD. CHUGAI SEIYAKU KABUSHIKI KAISHA CIEA
INTERNATIONAL INC. <120> CANCER STEM CHEL MASS AND PROCESS FOR PRODUCTION
THEREOF <130> C1-A1008P <150> JP 2010-226301 <151> 2010-10-06 <160> 6 <170> Patentin
version 3.5 <210> 1 <211> 24 <212> DNA <213> Artificial sequence <220> <223> An artificially
synthesized primer sequence <400> 1 agtttatcct tctggtggta gtcc24 <210> 2 <211> 23 <212> DNA
<213> Atrtificial Sequence <220> <223> An artificially synthesized primer sequence <400> 2

caagatgiag agaqoggggeqﬁggao%%g}zggg oF claims 21 to 24, wherein the target molecule is a cancer cell

marker.

5 26 A method of assessing a drug, wherein assessment is performed in a non-human animal
model transplanted with the cancer stem cell population of any one of claims 1 to 10, orina
culture system of the cancer stem cell population under ix vitro conditions, by using as an index
a hierarchical structure formed from cancer stem cells, a cancer development process originating
from cancer stem cells, or a biological property of cancer stem cells.

10
27. The method of claim 26, wherein the method comprises the steps of:
(1) producing a non-human animal model by transplanting the cancer stem cell population of any
one of claims I to 10 to a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
15 (3) collecting a tissue section showing a tissue structure characteristic of a cancer development
process originating from cancer stem cells or showing a biological property thereof;
(4) observing a change in the cancer stem cells over time, cancer development process, or a
biological property thereof, in the tissue section; and
(5) identifyving formation of a hierarchical structure formed from the cancer stem cells, a cancer
20 development process originating from the cancer stem cells, or a biological property of the

cancer stem cells, that is inhibited by the test substance.

28. The method of claim 26, wherein the method comprises the steps of:
(1) culturing the cancer stem cell population of any one of claims 1 to 10 under in vitro

25  conditions to reproduce a characteristic structure of a cancer development process originating
from cancer stem cells or a biological property of cancer stem cells;
(2) treating the cultured cells of (1) with a test substance;
(3) observing changes in a hierarchical structure formed from the cancer stem cells, a cancer
development process originating from the cancer stem cells, or a biological property of the

3G cancer stem cells; and
(4) identifying a hierarchical structure formed from the cancer stem cells, a cancer development
process originating from the cancer stem cells, or a biological property of the cancer stem cells,
that is inhibited by the test substance.

35 29, A method of screening for a drug, wherein assessment is performed in a non-human

animal model transplanted with the cancer stem cell population of any one of claims 1 to 10, or



<211> 20 <212> DNA <213> Avrtificial Sequence <220> <223> An artificially synthesized primer
sequence <400> 3 ctctgctect cctgttcgac20 <210> 4 <211> 20.<212> DNA <213> Atrtificial sequence
<220> <223> An artificially synthesized primer seqﬂl@nce <400> 4 acgaccaaat ccgttgactc20 <210> 5
<211> 21 <212> DNA c1-A1008Psq <213> Atrtificial Sequence <220> <223> An artificially
synthesized primer sequence <400> 5 aagtcccttg ccatcctaaa a2l <210> 6 <211> 20 <212> DNA

i a culture system of the cancer stem cell population under in vitro conditions, by using as an
index a hierarchical structure formed from cancer stem cells, a cancer development process

originating from cancer stem cells, or a biological property of cancer stem cells.

5 30 The method of claim 29, wherein the method comprises the steps of:

(1) producing a non-human animal model by transplanting the cancer stem cell population of any
one of claims 1 to 10 to a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
(3) collecting a tissue section that shows a tissue structure characteristic of a cancer development

10 process originating from cancer stem cells, or shows a biological property thereof;
(4) observing a change in the cancer stem cells over time, cancer development process, or a
biological property thereof, in the tissue section; and
(5) identifying a test substance that inhibits formation of a hierarchical structure formed from
specific cancer stem cells, a cancer development process originating from cancer stem cells, or a

15  biological property of cancer stem cells.

31. The method of claim 29, wherein the method comprises the steps of:
(1) culturing the cancer stem cell population of any one of claims 1 to 10 under in vitro
conditions to reproduce a characteristic structure of a cancer development process originating
20 from cancer stem cells or a biological property of cancer stem cells;
(2) treating the cultured cells of (1) with a test substance;
(3) observing a change in a hierarchical structure formed from cancer stem cells, a cancer
development process originating from cancer stem cells, or a biological property of cancer stem
cells; and
25  (4) identifying a test substance that inhibits formation of a hierarchical structure formed from
specific cancer stem cells, a cancer development process originating from cancer stem cells, or a

biological property of cancer stem cells.

32. The method of any one of claims 26 to 31, wherein the drug is an anticancer agent.
30
33. The method of any one of claims 21, 23, 26, 28, 29, and 31, wherein the culture system

under in vitro conditions is spheroid culture.



<213> Artificial sequence <220> <223> An artificially synthesized primer sequence <400> 6 atgctatcac
ctccectgtg20 Page 2

<110>

C1-A1008Psq
SEQUENCE LISTING

PHARMALOGICALS RESEARCH PTE. LTD.
CHUGAT SEIYAKU KABUSHIKI KAISHA
CIEA INTERNATIONAL INC.

<120> CANCER STEM CELL MASS AND PROCESS FOR PRODUCTION THEREOF
<130> C1-A1008P

<150> 3P 201(-226301

<151> 2010-10-06

<160> 6

<170> PatentIn version 3.5

<210> 1

<211> 24

<212> DNA

<213> Artificial Sequence

<220> L .

<223> An artificially synthesized primer sequence

<400> 1

agtttatcct tctggtggta gtecc 24
<210> 2

<211> 23

<212> DNA

<213> Artificial Sequence

<220> )

<223> An artificially synthesized primer seguence

<400> 2

caagatgtag agaaggggat tga 23
<210> 3

<211> 20

<212> DNA

<213> Artificial sequence

<220> o ) )

<223> An artificially synthesized primer sequence

<400> 3

ctctgctect cctgttegac ' 20
<210> 4

<211> 20

<212> DNA

<213> Artificial Seguence

<220> o ) i

<223> An artificially synthesized primer sequence

<400> 4

acgaccaaat ccgttgactc 20
<210> 5

<211> 21

<212> DNA
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<213> Artificial Sequence

<220>

<223> An artificially synthesized primer sequence

<400> 5§

aagtcccttg ccatcctaaa a ‘ 21
<210> 6

<211> 20

<212> DNA

<213> Artificial Seguence

<220>

<223> An artificially synthesized primer sequence

<400> 6

atgctatcac ctecectgtyg 20
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