1 DESCRIPTION CANCER STEM CELL POPULATION AND METHOD FOR PRODUCTION
THEREOF Technical Field The present invention relates to a cancer stem cell population having a
feature of 5reproducing the hierarchical structure of tancer tissue, 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 method of screening for drugs, using a non-human animal model transplanted with the
cancer stem cell population or a culture systdpESCIRETaOBEr stem cell population under in vitro
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aggéflt 1/262, and it contained many cells besides cancer stem cells (Non-patent Document 2). In
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was a nep;REMPLRASALS RRAHIAKORF M GRIHMRINALLArgS AUAMIMNSSithout a hierarchical structure,
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
25  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
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
30 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
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,
35



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 puriéy of cancer stem cells, it is difficult to elucidate the
properties of cancer stem cells with a hierarchical stfucture using these cell populations. In addition, a
method has been reported for concentrating cancer stem cells by transplanting a human cancer tissue
into an immunodeficient animal followed by repeated 15passage (Non-patent Document 4). The
frequency of most concentrated cancer stem cells by this method was about 1/180 for pancreatic
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cell marker, from a cell line immortalized by introducing a human papillomaviros oncogene into
human cervical epithelial cells were adherently cultured in a medium containing TGFf and
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 form a

hierarchical structure in large quantities, and thus there is a strong demand for its development.
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The inventors established a cancer cell line in severely immunodeficient mice to 15compare and
analyze cancers with or without a hierarchical structure using the established cell line. In addition, due
to the lack of methods for isolating, concentrating, h%mogenizing, 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/gammarn mice which
have no functionsh thB¢ctandafaberatdsiierncedstiduiii €. retvaldRathplilaio2 0858 5595611
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the present application) to establish several human cancer cell lines. These lines can form cancer
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method ferHugr stereceneoprama dHy ah i et s brd et amip AhsiAtarse dUfsh Bt PANHBRER S5without
phemotypicubhangaionrepeateshpassage:af thpadhercniulivremsinmaiseisim-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-fonning ability with a
nearly 10998Hrdgu SnbyingribicrBediemstted tumor with the same histopathological properties
(hierarchical stragiueey et nes OpRiGHalL Bitpasycunornibese celisal exbaaelefides as being
highly pro"ferat!ﬁé*@%%%%‘%{‘%é&%ﬁ%ﬁé%*Eeﬁgr?é‘e?'“éﬁ‘gf'f‘é‘%%&%%éﬁ'ﬁ‘/%%&ﬁ‘&gﬁﬁié&‘fﬁ‘?c% marker Lgrs. In
addition, when injected into the mouse tail vein, Lgrs-positive cancer stem cells with a'high
prdl¥eratieigrasiopdomaba e assierh a5 Searin dhgaha Biserrdy sahymahadivenrshg geabhigheheetey play
an imporigat reieaitiganceleeidstasis. dandhpmler alilei dgroonegative gansab stamiselsaould be
isolated by culturing cancer stem ¢ ‘Iﬁs hat demonstrate hi rgliferation ynder adherent culture
conditoR S T e SR ol B T St i L B R e
with antiesnseestagestt surtehgndhsieead drd SIREnIThasE sals W ShoRdtl s Ingeaticed-foithing
ability. Fudhersmess itwastdemaasiateddhatiowiy proliferative, Lgrs-negative cancer stem cells
trapsform into highly. proliferative, Lgrs-positive cancer stem cells py.i g inn and culiyring again
b acheront SRR ST (PR Oy b atT B 81 S DN HoEAHESE et il and
lowly-protiferiaiiess ngrigai d danvet stureklsilienrelin GtudiiyEiraerl cdlatkotibib, 2408 Hdve
self-transforaung @biinatioresnerificalha tos@mreniNoERiQN Aromdes thide ESkbrIov to as
"NOG mouse" in the present application) to establish several human cancer cell lines. These
lines can form cancer tissue with the same morphology as that of the original cancer tissue 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 1solated
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,



[1] a population of cancer stem cells from which cells with no cancer-fowling ability have been
substantially removed, wherein the population is characterized by reproducing the hierarchical
20structure of a cancer tissue; [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 population of [3], wherein the
epithelial cancer is pancreatic cancer, prostate cancer, breast cancer, skin cancer, gastrointestinal

cancer, Riig/0dn€é}] fefatbtblulRe arcl{on?) cepvited pandenstndomieliizd demerstraigdrian cancer,
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cancer, thyroid cancer, adrenal cancer, kidney cancer, or other glandular tissue cancer; 3Q[5] the
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extfsemegémﬁwfgﬂ HilonARalysis I8 M2D PERIghel . ddiHbe cansemftemy salb RRPHatian:f a8y one of [1]
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OG mouse, or a nude rat; [11] a method of producing a pogglatlon of cancer_stem cells from which
cells witAbHB Y 0cEHERFIBARSHAG HBTIRF AR BEe e bt N A AT D e 4 SivnRs 8aY TR S HEth 8§ Bomprises
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method o erein the ce grog}?t at reproduces the hierarc structuré o 5cancer tissue is
a dancerdipTineBSebisnd P X ReLicuHsR AafTracEsherslacer temscststrrarsratieast one or
more cafigersiemedlenaikars selettethiromupadilBD29, CD34, CD44, CD491, CD56, CD90,

CD117, CD133, Q%%Sém 101 6, 91%4 HCED%Z%ﬁéZD%gg,F@g%q Il,tl((j) S%%%ﬁ%, ABCGS, !_GRS, qnd Msil;
[14] the method of any one oﬁhﬁop[rlig)i wherein the cel gr qu C(Ent ining cancer stein cells is
[1] a population of cancer stem cells from which cells with no cancer-forming 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
buman 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 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 limiting 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  [8] 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;



20allowed to proliferate before performing adherent culture; [15] the method of [14], wherein the cell
group containing cancer stem cells is allowed to proéiferate by spheroid 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, ftethst @aneestaskicebangeragastedimtestsatiddn el Slindrodrisar ddepedduet miathearcinoma,
cervical 3QaaReRL gRdapetial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver
cancer, g{rge duct cancer, blﬁsdder cancer, urinary tract canifﬁr, thyroid cancer, adreq?xa}%éa;ge%er, kidney
cancer, br CTREPHIRNURAF 5 STRUBAHIBEF "B FHERTEHO LGP Ay BTGP TS R
non-hunatheximealds & fkerdet seuss, ta SCIDcmousE;ca RDBESEID mouse, a NOG mouse, or a nude
rat; 35[2h 3 meibashefRearchinedUadaragt malecig of a drug, wherein assessment is performed in
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[10], or if? WU Sy SHEHTBE ealﬁegp%m%%mtﬁaﬁfratﬁsﬁp 6 RO LR by using as an
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transplahtig REReh eEPRERTE8IFRSBHAHIOR OF SRy BriteBr FH td B Yo ighEHIN R AANimal; (2)
colléctingnadissumsegtibilishbwin et sshe sitiatiy renchardicteréstin of @amathodrcdereisgment process
of said Cfdh%?&ﬁf?%ﬁﬁﬁ;?é’%@fi 8 §Qﬁéﬁ’fﬂﬁ§£%819§?éhpc@f§e”y thereof, (3) examining the

tissue section collected mAZ forthe ‘expression of a DNA, RNA, protein, 10peptide, or metabolite; and
(4) identhahda Brodra i L BtasreipdBeidelbr AT SPBIRE A PHTE SEBp G HPBITUEAtdRsrchical
structurerfennddciionmitarearfeet siesmntislls; a cancer development process originating from the

cancer SiPH 1514 Holog Sl RIaRsI At e Gauesn Stem selsynANe faste Spalan; 19LP3) the

method ‘wherein 1 comprises the steps culturing the cancer stem ce
popRilati6PEFESFENS BERIFES Fe8]lBcRstaRlished SbAditRie R PepritrlcePh Rtk eridtiesitiGure of a
cancer deyelopmeidroanss ohiginadios temeakesrssieceadalismor b bioloDza| EioEetyaficancer

stern cellsnor (@) SXAYG G LRIBISON o]  DIVA, ENA PIQIE P ERIED 5 SiRRALS n cultured

cells 20with the repro aracteristic structuré; an
ABCG2, ABCGS, LGRS, and Msil:

[14] the method of any one of [11] to [13], wherein the cell group containing cancer stem cells is

20 allowed to proliferate before performing adherent culture;
[15] the method of [14], wherein the cell group containing cancer stem celis is allowed to
proliferate by spheroid 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] amethod 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



(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 clncer 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 cell marker; [26] a method of assessing a drug,
wherein assessment is performed in a non-human animal model transplanted with the cancer stem cell
populatiprigfany anelok¢klytociiQlf Gicinaaculttme syStprpdhtion cadeeistér cefidioprdabpnsungder in

vitro congitionsa by Lsind. o @it e e I0RIRRRRc kst clire foiRied fron crDoshRiem 56ls. @

cancer development process originating from cancer stem cells, or a biological property of cancer
stem ceSISRH A &1 (DA F[96] CiHe ASiR Rl Qe SECBSHRPAS 6 SRPSHI(1) producing a
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collecting a‘tissue section showing a tissue structure characteristic of a cancer development 7
process BKgthatihg fidthte s Ripstanimstshowing a biological property thereof; (4) observing a
change (2 tbelrRtagasiemcaRUs OVehdiniag eansat develnprokntpraterse i abielogicalqpiopearty
thereof, In e fispug sestions and. (Sl eaniibing (Rmatien efa bistarchjea) siruelye formed from the
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biologicaP bespevising thetisapesrdtencedrstanh#t (idpidhe guyarioiesf aiPNBNRE2BIaKE method of
[26]) wheepindd)emethedirempdses the steps of: (1) culturing the cancer stem cell population of any

one of [1].{0 [10] under o, yjtr ditions to reproduce a characteristic structure of a cancer
evelop T B O R e R e R SRR S Ereer stem
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hierarchigabisttigiuredomeed ftemihe cancer siemicells] propeasdevelopmeriaieeassiptiginating

from the cancer stem cells, or a biological property of the cancer stem cells; and 15(4) identifying a
. tlSSiLle SCCHLORN; L ;
hierarchical structuré formed from the cancer stem cells, a cancer development process originating

frohd theléahtersmhedefi§2 bl abiotbyibalprapalspoiimwtdiceeriai cells, that is inhibited by the test

substange; A8l adpetbedREssiagniaY fep@Ase oIS el 1TIEFHHTA0Y isnBeriarmes doraiieAstman
animal model transpLanted with the cancer gtgar}l"l ggﬂ J%%{)ulation of any one.of l[%gg([%?l or in a culture
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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

20 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;

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 cell marker;
[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 [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 Thierarchical 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



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 fhon-human animal model by transplanting the
cancer stem cell population of any 250ne of [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 process originating from cancer stem cells, or
shows apbiciagiosakprepnertirdhecender stefd pdbserirgvinghalmign i diieagnesr apvfells over time,
cancer [ . ' i reof, | i ion; (5)

oniy g e e it
cancer STEHP8iHS ProBSHESRAEVR B HEMIORSOBRIIAating from cancer stem cells, or a biological

property(5f trneeyisieforaetitil 3fbthrmethod ef-i28kibenein toemmetbeccosmanisendhecairps of:
35(1) culring,ihe ransesiemeell popultion of av.ene o 11 [0} under n v cangltions to
repfoduce a characteristic str _ture_gf a cancer development process orgiating from cancer 8 stem
cells or &b 8iEa pdhdref riehHvkddethetsn subginegating the cultured cells of (1) with a test

substanges] 13 hahbeddna)chargennh hiefisehicalpsisucturafgrmad from cancer stem cells, a

cancer elgpment process. originating from.cancer stem cel r a biological property of cancer
crem e o e e R e P e S RSP R e
formed fieitPdpeeHiclearrien dte sireetiyce tasesedcpariphiesit processoHobnadHBnsasater stem
cells, or adpiclenicat pragRrcafrapeey stedaeelstdaddding method of any one of [26] to [31], wherein

the drug,is an anticancer agent; and.10[33].the met of any one of [21], [23], [26], [28], [29], and
[31], wh«gbri?’jlrrlef’ﬁ‘{eg1 2 %?85%% e(ﬁ%%n(g;(r i VittS é%sﬁa}?%%%“fse spheroid culture. Brief Description of the

DrawingS Figpsérpries s gepiotdaeepbhsem wintsare HE medifioantibsua s sterersclbolonaoasicer lines,
15 PLR1R3:RLRa% poded RizRdhathad deendransrlanisd incamist shansd paririalegical

structurecs sérerrm r to tq se opserved In human tissues, suggesting there was no mouse influence. On
the otheraﬁla}nd,S e Coldn Cancer line PLR357 that had been transplanted into NOG mice showed
mdipholohictnsHanges hsuergb st g ttheluitei somated fitain] éhor ancu séctraerd plantatioer drpelrinmesits. 20Fig.

2 showsprgsuits pfdhaiflonnepiamettisRpalsis L8NG g@&g@&%&%ﬁg&k% fonsslisdhalate
negative for both ﬁ@%ﬁg‘{% class | and the 7-AAD Viability Dye by EPICS ALTRA. Cancer stem cell

marker-f}baéifﬁlg’% SEHIRPIAESncer cell masses formed from colon cancer lines PLR123,
PLR59, B} PiRGRE. dtlederatetyfdifietortiarbdreolonscstmeent is performed in 2 non-human animal

model transplanted with the cancer stem cell 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  oneoffl]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 structare 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



lines, PLR123 and PLR59, generated a mixture of marker-positive and -negative cells, i.e., a
25heterogeneous cell population. A poorly differentiated colon cancer line, PLR325, generated cells
that were all positive for EpCAM, AC133, and Aldeffior 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, PLR59, and PLR325, 95% or more of the cells were negative for mouse
MHC classd afiér dha béshawedigirmeusen€eliscer stetkigeldbpresents a photograph showing an

HE-stair?%thjgﬁﬂl _%Rgsim&{éﬂc@ﬁsfﬂ??ﬁf%%ﬂyﬁ@@@%@Q&E&%—CO'0” cancer lines PLR123 and PLR59

showed a’hierarchical structure. On the other hand, hierarchical structure was not observed in the

poorly difféRAERIEE eABIEa R aM e sEip REFEure [poRrddirm MBSTotemEERaffrfiated colon
cancer |lfes1BbRt23 @b Rt atigoesting:themprese ndés of nohindd gitelspirgleste of cetlcer stem
marger-ggﬁgtiv%d:ells. On the other hand, no LGRS protein was detected in the poorly differentiated

colon cancer line PLR325. Fig. 6 shows results of the flow cytometric analysis sing cancer stem cell
markers(far GeriAN ey s ﬁ?%ﬁ?é‘ﬁé@%t%lééﬁsfwmégfﬁmﬁ?mﬁ@ éBHﬁWé?c%‘lW%ﬂ%’ole colon

cancer liprditclchhbevasma hamageneatscoel bpanulaionsshargierzediothainmesteallse e positive
for the stem cell arke&%. of CaFigr. Joresents a photograph showing an HE-stained tissue specimen.

. Cal prope i3 11 C. . . .
HlerarchlcaP ructure was not o%served in tqﬁe commermallg available colon cancer line HCT116.

10Fig. 88Rbiks meikedmrbiam wenbEXd oy Wieehstrinb BRIAL NS TERECAIGRIASRRS Btected in the

conymergialiyRvatahle eplay eapeelding BIOTLHA, (28], Fig] hpdgsents Aapkatagr apushowiog

LGR5-pgggi\ée. cellt]gobé/ H?iﬁﬁ)u h}/sbriﬁjliezati&)@mwre commercially available colon cancer line HCT116
showed no Eé’ﬁ?g-posﬁlve Celis Py 1y presen?s a photograph showing the morphology of the

moderately differentiated 15colon cancer line PLR123 cultured in vitro. A cell mass called spheroid

was fornpeg onbs iR s fiRalingdStatByinps Fig. 11 shows results of the flow cytometric analysis using

cancer stem cell, maykers for 7-AAD Viability Dye-negative cells by EPICS ALT The moderately
Cfforentiated odibh LATESPIH G E ST ED ARONE LIRS st e SRS S ESTurioh e ol
positive FaRh232 B¢ tbrante M-8l fn driichad Siygn éetivig i abigensves belved putanbne 2. 12 shows

LGRS prefginexpiaagiandmivestrenlotingqasreaseOtibedaRARIRIGIR WM R iRiRciet i tae
mediumOT 4 G TR S S ol PR ST oR SR SN BEmrated by
in vitro cdltowedmarsteripgalbinabatigas, 265G trestninal phitblr dphnerivwingrsEResapositive cells by
in situ h)éQBgllEﬁgQ@ The moderately differentiated colon cancer line PLR 123 that was adherently
Cul%red nvitro Igig. 2 shows results of the flow cytometric analysis using cancer stem cell markers for

cells that are negative for both mouse MHC class I and the 7-AAD Viability Dye by EPICS

ALTRA. Cancer stem cell marker-positive cells were observed in cancer cell masses formed

from colon cancer lines PLR123, PLR59, and PLR325. Moderately differentiated colon cancer

lines, PLR 123 and PLR359, generated a mixture of marker-positive and -negative cells, L.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  PLRI123, PLR59, and PLR325, 95% or more of the cells were negative for mouse MHC class 1
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 PLR59 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



a stem cell medium was all positive for the LGRS probe. Thus, the notintestinal stem cell
marker-positive cells were concentrated by in vitro culture in a stem cell medium, suggesting that all
the cells were homogeneous cells positive for the ndimal intestinal stem cell marker LGRS. 30Fig. 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 obsérteetbdAlsthdmadanedy ddleraasstiédrenbuh francehenwotbRat2lyaditfBidhifateazgettngdacer line

PLR123 adherenibheHiurestdoniiiadon ere Mﬁ@_lgas&éw&@r& a pgraEchical Ritctise sirpdar to those
of human tissues and NOG _established cgncer cell lines was obﬁgrveﬂgghus, the moderately

different&Bseit Sihdetsried it peE S e BrEES 1P FRRSREIESEHBrenty cultured in vitro were all
cancer stem celB gvithspluripetadicynf the flog: dBshetns reslitssoithedtmar sytomettim arkalydis of cells

n69§tiV7m?gth|%§W@§e%a%§ Landihe piAARL iRRility Ry Oy EELGH ARLRA Ksipg fancer

stem cell markers. In cancer cé€ll masses formed from 10 cells of the moderately differentiated colon
cancer IFBsSPRRHSS HAt s R Boransrieatt el Rarstahnrd arsiezeddnha e it ndgative cells

were obgesitbd, ﬁmggesﬁhﬂgdﬂahtﬂﬁ@mntiated cells with_out cancer-for_ming _ability were generated from
cancer stem Ce'i%;%'.:@Rl%ﬁeBEg%@E&@P@?Qﬂ&ﬁ@fﬁ%ﬁ%%&%&@é'%ggciﬁ%‘d? SPRGPSR:N 2
ca asstormed f

second-generatio cer cell rom the moderately ditfferentiated colon cancer line

10PLR 18 sfke Mot GRarEethiviths, cammrsrinly A vaiabi o \9rriences st hifinan tissues and
the griginal candag cgllinewasribsensadexpreskign by Praseniblattable that Bgsptoecfrequency of

cancer cg)ass, QMalign, By AA0 81issn CERIN R GATgetRigR ell populations of the present
in (0] C S

invention an iterature. Cancer formation and hierarchical structure were observed in all
transplantationsfgtfereensaty a sketaraph Pupiing el S-postiycrslbiaydnaty Brodifairishowing
results orntheosnpeeiticitiosefiamichwnandgh mMeTacions shibedies (GRPgetb=Aland 2T15E-2, as
demonstrated by.the, immunofluorescence microscopic ohservation D transfect ith
o Lo o L R R R s IS M
200§/ mcelntseagseSirsiy Micd sebred (gradin sigharBingls fginy whsrobberetpimgdeonlis a
cDNA-centaininggells, but not in the parental and Lgr4 or Lgré cDNA-containing cells. The scale bar

indicates 5 um. ... Fig.19 shows results.on the specificity of anti-human Lgr5 monoclonal antibody
(), 271552 s oINS IS Bk SRty DDA e B b TR A P, o
25Lgr6 dpNADNorhitinsleetadzparerctelhy a0 GandiéBints Theragdettseltedifpisntatedraosm. 2

monoclaopakantibedyanrtbanalyzek by MAGR:-d hgnelckp- antikosiy reaciectwithHgil-efr the
cDNA-containin cellﬁ but did not With.thel%garental and I}9r4 orllggm cDNA-containing cells. Lgr4,

Lgfb, and (Q'C“P Seﬁ])rceesls}gﬁ%kFﬁSthséJ%%ﬁ%?éc antesvere Contirmad yWéstern blot analysis. Fig. 20

presents a photdggaph Showihg RS aheoh brpvissstarbybivesapalPistiorP-dagpse of the LGRS

protein was detected in the moderately differentiated colon cancer lines that were adherently
cultured in viiro 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.

25 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 LGRS probe.  Thus, the normal intestinal stem cell
marker-positive cells were concentrated by in vitro 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
PLR39 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



30TCF1, TCF3, TCF4, and phosphorylated c-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
Lgr5-positive adherent cancer stem cells as compa}gd 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 35derived from one and ten PLR123-derived
Lgr5-positive cell(s) as well as ten PLR123-derived Lgr5-negative cells. All the tumors showed a
hierarchthat steuchdienstiiynisiopathalogioal cid Properties simitdistaithqdergfdizawriginal tumors. The
scale bar '”d'Ca?%%.lf%)sHBF&vf I:ﬁ}flé%l% 8@&‘@’%15%@%@8%5 Mﬁw‘a%ﬁkcn%ggé}@%&fﬁ% ifpgILed

cancer stem cell markers in a ent stem cell$ derived from PLR59 or PCR123 xenografts cultured
for one AYHAthelEvehrafdhoim MBYRSHERITYE By Vilrls; Dotk duh drdne eaprersmindbmeteved from
5PLR59mrcExL_daﬂac3_}\Mﬁm@d$iﬂﬂedf;ﬁrpail Iheﬁmstm@thqrﬁnwﬂ%lgﬁheggbayl'tim_afmates _
fluotescgnee ensip /s LRk ASHINATIRSAINIRG callawithihe ndisaied aniibeciens While the white
indicates fluorescence intensity after staining cells with a control isotype antibody or treating cells with
the ALDPPaRTGRy BTt drifsentiny! oBlsnathe HERNSHOITEHREATANE Y RS gep onastdipBrent
cancer stemegetisiesived 10from PLR59 and PLR123 xenografts after being cultured for one month,
and their injection into- NOG mice.. The number of adhetent cancer stem cells shown in the drawing
vas Ipecton sl R T ity the NGOG
mice. THigcaRSviPRFEREWSaseNReBa dorgesteEeny the rndediahud derratimed prdenieansst Even a

subgutapeeus jaEHRMm O] LOiagdherenteancakaiem &8k causeditimprfennaticaal theukdinjection

sites. Tha%&'i&tgBﬁth’0&?%&{{1%'6%@5}%%0%0&}?%Vtg ors was highly similar to that of the original tumor.
Fig. 24 presents agp]hotograph showing fesults of the Western blot analysis of 11-catenin, TCF1,

TCF3, TCF4, antdiphospiseeplatetiblotng photesrilia traapmeian ealieerfisdtmgsedpeertsearhyckle, and

adherengcrigetisiemcelaRbPYRR L AbdPe RI6IRIB AKX ASSIN SVaIEJARE N IRtedZRin Lgr5-positive
adheren&canceg stem cells as comg.azrﬁ:d with those of thervpr' a% ells. E'AiPDH W %also visualized
4 ¢ ifHiDi T

ancer formation and merarchi cre were obse ans ations of.the cance
as a reference for proPelnaIiloadlng. Ei[él SNOWS growﬁ1 1on grg-ﬁbﬁ ve aaﬁerrent

canéer stem eellporyuikitissds (50 pM) or cardamonin (50 uM) in PLR123 cells. The number of living
cells after three gays oheitueing JpaLihepmiidkiia3os(@raycaly a%laﬁ%ﬁ%iamﬁamﬁiaﬂggumn) is
a

expressed as a 25 percentage relative to the n r.for DMSO alone ite_.column). The results are
the moaR VTS0 B 8 LR AT FH e AT 21 3 S SR CEH T H G the Stancard
deviatiomsmunoffigre2éeshomscopewthidhitsitict ofsLgrbpésiteks adinefericdantel gtén gdlloby FH535

(50 uM) pgeaspamoningEOLNIFIELRRe eeliss The ubenafdiving sl alterthreg Ways of culturing
to%ether with FH535 (gray colun%éyﬂor cardamonin (plack column: |§ expressed as a 30percentage

relative 5% Stor 45916 (WRECBIERIAISn S18pRy 0B tHEGRORFH GBI 2E Cells in the
presenceldN AbseriemoiEdR.dnd £G B hdherertamt égsteam loeifsoerd-cotitniathfprdisee Hays in the
presence Qf.ahsengrflack golumn), The number of living cells is shown as percentage relative to the
number for day O (white column). The results are. the%nea values of three e{periments. The bars at

the top of 35eadh&cdiuMiTEAGHHHE SRAAAPIHEEAR DN -Tuman LerS monoclonal antibody (mAD),
2TI5E-2, as demonstrated by the flow cytometry of DG44 cells transfected with Lgrd, Legr5, or

25  Lgr6 cDNA. Non-transfected parent cells and transfectants were incubated with the 2T15E-2
monoclonal antibody and analyzed by FACS. The 2T15E-2 antibody reacted with the Lgr5
cDNA-containing cells, but did not with the parental and Lgr4 or Lgr6 cDNA-containing cells.
Lgr4, Lgr5, and Lgr6 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 celi(s) as well as ten PLR123-derived

Lgr5S-negative cells.  All the tumors showed a hierarchical structure with histopathological



Fig. 28 shows the growth of PLR59 cells in the presence or absence of EGF and FGF. 12 Adherent
cancer stem cells were cultured for three days in the presence or absence (black column). The
number of living cells is shown as a percentage reldfive to the number for day O (white column). Fig.

29 shows the effects of chemotherapeutic agents on the growth of the Lgr5-positive 5adherent cancer
stem cells and Lgr5-negative floating cancer stem cells of PLR123 cells. The number of living cells
after treatment with 5-FU (10 ug/mL, gray column) or irinotecan (10 lig/mL, black column) is expressed
as a perpemiagesralative tottherwintoesiofilivingisetts clturechivithoutdnatasé @f clmemotherapeutic

agents (white cqlymm).Be FeSUlER ariba meanyalues Qfatﬂfé??cﬁ‘)%[l@'i‘ AL HEPYUSALLe top of

each column show standard deviations, 10Fig. 30 shows the effects of 5-FU (10 u%/mL) or irinotecan

(10 ug/riareFTie Wﬁ%ﬁﬂé%é%@ﬁ@%%%ﬁ% Wahbd! %W%%&@%%GUL‘BF 8gafice floating
cancer stmmtlmelIﬁmsﬁﬂlﬂ%ﬁ@xmeﬂmn%efmzﬂnbenmfztmwn@@hllsihétentreatmest&w%l&-Ehh(@taft@ﬁlumn) or

wmqecafyﬁgig@ %]%Rw‘% Trﬁedfg&sa g%rg&ngggﬁéglgggg\rltv%&% ggegﬁog of Jﬂ@%gjlls cultured in

the absence of the above ag ite column) 15FI% 31ls the Lgrb éxpression in
the ad hé?étﬁa&%ﬁw%@?fgféﬁwet@eaﬁﬁmﬁé%félecaﬁa shtami bR arbBiRe rRgEdiRagents. The
results ofnfibodisgomialietiar eviitedndiddie tippesindicaiesnotch@ratharapeaidlic agdn (oaatbl). The

middle in t [y r I Gray indicates
fluoresce%c i%g?}g)go?%ﬁg % 5?5%?3%@%%%?%%5 {W\‘ﬁ%ﬁ%}e a%??gﬁgg% (ltj%ascrlbed White
indicates 20fluofd8ceheBareRei)SFmIabIS apaiBe oF i R OFRMImEIS catest stamrrledrsveih a
comtrol iseiyprel RithatyPLR 1 Rigc3ddpiasanis aphotagraph shawinmal@rnatekbangesththeadcolon
cancerﬁﬁ%cell he aresult o ure ndlt nd chemotherapeutic agent treatment.
The sensitivity of Lgr@gt%%ﬁf@ee%3%%%%%&8%%%5 %c%)) bR golwnlé?e{é]aeng%ﬁasg ‘2{%%‘.%{3 5 &eth 5-FU

25and irfbtataeeishifietniy ibtbied H@(btwﬁ%ﬁwe SaToE g artititnin dne NO@mEatay
exposureH Grnkigy iHpRiernlcolisuRsisientin heseehametempeytic agenlsanRnearsdn The

morpholo\g)y of the dru e5|st weilﬁeren aggre atlo zﬁt hig&t d(e 'tX he scal angtui]ldlcates 25 Fig.

33 shows resmflltls o‘ﬁh ow c omatric anal ySIS o Cancer stam ce markers a er reatlng the
adherentngegiicarsitesm cEile @ﬁmaﬁmm sl agsttdsniimieLppehigiic srad 8- rUbrbated cells.
The Iowqtei@@igﬁtﬁqdﬂﬂ@tecan -treated cells. Gray indicates fluorescence intensity or ALDH activity
after staining ce]é)l Wé the antlbo ies de crl ed, Whltellndl%:?he?} ence int ens é LDH
activity of an AL B thiBREPAHB P é’ cells ISP e At cflf/1 4 “8HOWs the
Lgr5 mRNA leU&lE %f”ltﬁlfma@ddét@nhwﬂféﬁém dal ﬂ@faﬁngladhammmgll@nﬂmmww)r aisthafter
transfer. cEﬁE%nwgtgﬁt%%ttE@Héé%téﬁmét%m@dh%@mtelﬁr@%@;pﬁegfojﬁ ' trapsfgedrom

ggrentt atln ultu({te The results are t e mean va tLt ree e rlments bars at the top

ch 86 urnn s(n I B AR SR TR TS HTbRE Ils as Coffné’ < prese o‘té’é?gﬁﬂ’ﬁ t7wng alternate
changeﬁ%caﬁ@@lsgt@ﬁl@éﬁﬂdtesmwwq_egﬁﬁ P@@gﬂ\}e%bkm cancer stem cells were dissociated

and cultured in &g 25 shows growth inhibition of Lgr5-positive adherent cancer stem cells by FH535
(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 celis by FH535
(50 uM) or cardamonin (50 uM) in PLRS9 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 in the presence or absence (black
column). The nomber 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 PLR59 cells in the presence or absence of EGF and FGF.



S5flat-bottom plate. Some cells adhered to the plate bottom and became positive for Lgr5, showing a
mesenchymal cell-like morphology (left). Lgr5-positive adherent colon cancer stem cells were cultured
in an ultra-low attachment plate. Some cells stopped-growing and formed a spheroid-like structure.
The scale bar indicates 10 um. Fig. 36 presents a photograph showing results of the Western blot
analysis of E-cadherin 10and Snail in the Lgr5-negative floating cancer stem cells and Lgr5-positive
adherent cancer stem cells of PLR123 cells. The floating cancer stem cells expressed a high level of
E-cadhefidhdrbst adﬂimecxnmaamm\mmmdi&ﬂ@reseedi@hi@hﬁe\;ebgérﬁaail 26saRRKblMals used as a
loading BHFEB! A H[% Qg)}/]\ﬂ 0, c ry W

E- cadhegrln 15 gi-Ih% gﬁ%%:rg?el%in 8E£%P§S1§5m eg] % r'%%ré%% Ve cﬁ%rﬁ%@ggﬁc&e% E%e%r(%]ﬁs and
Lgr5- poé}t’%“eﬁﬂﬁ%ﬁéﬁt cancer stem cells of PLR123 cells. The floating cancer stem cells were
epithelial-like celtipexpressinghrighfienals dichreadnernRndmestanin erohe eeitislfacepdsigve
adhfrent ancefrcstnecrgrg elllf? Were mceﬁegsc erg@l I| XY II L\/,\Ellliglf(l: §n e|1Ina’£|q %3ﬁaﬁ§ri%lo lize |n the
nuclei. The scale bar indicates 25 um-20F resen sap ot grap owmg resu S of

Westerrﬁblﬁb@fr@%’lg‘%Félééﬁﬁeﬂﬁaélﬁé@ﬁaihlﬁ*fﬂe I §reeriadatyeydtmg cansaosten cells and
Lgrs- poﬁg)«ﬁ@@me@m@ m@dﬁaefa%lei%é&@lﬁeﬁmf{eaﬂag&ae&eéﬁﬁemg:e&%%m%aed a
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shown. resents a ra wing results of the histopathological experiments with
tumors |ﬁblserlfg 9 é&iyﬂ‘{ﬁﬁ%%’ﬁ)%gwggﬁ és)(l)?blgugt))aneous tissues. In the lungs, the tumor cells 35showed

undifferentiated kignot sestss thameetivdtianbiatheioegting ithibtedioroslisisbowestatibuiar structure
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intensity or ALDH activity after staining cells with the antibodies described. White indicates
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 calture 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 um.

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 afier staining cells with a control
isotype antibody.

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

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



which cells having no cancer-Miming ability have been substantially removed, wherein the population
characterized by reproducing the hierarchical structure of a cancer tissue. The origin of the cancer
stem cell population of the present invention is not E’)%\rticularly limited, but is preferably a human tumor
tissue. 10A first aspect of the present invention provides a population of cancer stem cells from which
cells having no cancer-Miming ability have been substantially removed, wherein the population
reproduces the hierarchical structure of a cancer tissue. In the present invention, "cancer" typically
refers tocalpirysiologi€ahdanditioninfendromakhehataot@nzeddyutincontibile ceealisprelifier atien, or to a

related RhysiolositAl canditiann LS The MRES AfRaRGEHITIEE IRRentiRveRICRIAGIER.RULiBRS Not

limited to, carcinomas (epithelial cancers), such as pancreatic cancer g%)state cancer, breast cancer,
skin cancer, gasti8inta ShFEPERHEBP T BAHCEHESSTBREIEhAP 5T ShBYh SResh iR Gifcer,
endometniatptaheey, olarianaaricecdhitogpancubercasiten aragiisabcatekimtiverdoantar abile duct

canger. Adgal GANESL IR UARLEANES IO C2R5RPLANALSANGEL 0RY sancer, and other

glandular tissue 20cancers. Sarcomas (non-epithelial carcinomas) include liposarcoma,

leiomyoSBPEGRE? FetsaskTsd srlbitke PEu e, kGO AL B S SPLOR RN ARR RGNt
peripheradiitemec it astroiliesioal gtromatitpiar. deSoeidtlisanppedngssaseomddormed a

osteosarrféi%r%{;}i éﬂggg{&%a{f%qm%%ﬁ”%%R{@B@gm% ﬁyeloma, and other solid organ tumors, e.g.,

melanoma or brain tumor (Kumar V, Fausio N. Robbins and Cotran Pathologic Basis of
Disease. 257th E&&- Ofip1esenehpagabghorinespsial B DGy iermdibritowne Besigh sy
malignaahdSaplipaMbe 26953432200 pating caneeksianctelhpopudatiposafthadiesentdnvantan may

be derived,fr tissues deri from the ve epithelial I Indhe 2nt invention,
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that retagaahilities and degree of differentiation equivalent to those of the parent cells according to the

cell lineage. ii) Ability-of differentiating into multiple t of cancer cee%lis hat constitute.a cancer cell
s, A with oA S e e e L e B B e R UM A SRR o

35t6rm SmdravchapsmicandinighicHhhd-senvegditendleating semker apax edboraihgas Prsicelp
lineage. JtipersieRwAsE: Rraductian PPVRNoYSERES Phednaah el dipsicmcaiearstempiaalliigads 15 to

formation gf a cancer cell ss. haying various properties. Cancer siem cells are cancer cells that
e caELT FHTRT SR B AT ALl D ST i T SSTSTAL stom ells.

In additiomdbrestamagebe positivesfoelativddikereeldy widrérihead Stentcvetl loealkersd walertadliom
CD24, CRRGP84 5 &R44.6D49f, CDS6, CDIO, CD117, CD133, CD135, CD166, CD184, CD271,

inele markors. BIEIGHEBIS A TLRL B SR R RAreeiL CoTe e R CUN S B Ld Gt and
ALDH armgpdsitiven Molegprefegalbly, hedbagtoanomsiviorechsaré iseséivostitiirodh T8 R65EIHESS,
'CD44, apdhALPH A% Regiliverievesmoy %@WM@%'@ME%%%@H%@M keradiselectaetfrom
CD326, zg: e%gn%’c%n[():gfr ét%gldcéﬁ's%tlcp%gsgg glﬂ}/gh M\let&r §If1%{?b|%gk58 C“E!)asgzu%éd as a loading
control.
25 Fig. 39 presents a photograph showing results of immunohistochemistry of xenograft
tissues (derived from PLR123 cells) with anti-LgrS and anti-Snail antibodies. Coexpression of
nuclear Snail and cytoplasmic Lgrs 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 cell.
The scale bar indicates 10 um.
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 lungs, liver, lvmph 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 pm.



CD133, CD44, and ALDH are positive. In addition, the ability of epithelial-mesenchymal transition,
which is a biological activity that can be exhibited by cancer stem cells, may be one of the properties of
cancer stem cells. Noimai and tumor cells are pres fit in various differentiation states in vitro and in
vivo. 15 These differentiation states are regulated at least in part through the integration of complex
signals arising from tissue microenvironment to which the cells belong. Cells (e.g., cancer cells) may
be led to undergo epithelial-mesenchymal transition (EMT) through many genetic perturbations, for
example, through the overexpression of specific factors (e.g., Twist, Snail, TGF-13, or MMPs) or

inhibitior; of agdhgsien RAHQR PIAEINSSHER@s E-cadherin. Regardless 200f what method is used,
cells which aré Ted to EMT express S|m||arr%henotypic_ traits and marker prog{]s (e.g., biomarkers),
|
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tumor formation in vivo from a small number of 25cells, and resistance to specific standard
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targets cancer stern cefls. In one non-limiting e present invention, there is prévided a
method BEIHeERbCHE & prtferrL e BEmeRyHBPBBERsition in order to, for example, generate test cells.
Capicer stem cells figsmaspdiesabisalsiuciusationyhishdheqapetitiiemf calidsratdhecapekofihe
Stepwise, pro %gﬂ% &Eﬁ’gflﬂg%%&gg?%%l Eﬁ?na%%%%lgv% 3 ﬁ?tﬁ‘fa‘?{éx%ﬁ?g &ﬁgdgﬁﬁ%ﬁgréﬁﬁ[%%t'on of a
cancer cell mass having-various characteristics.”On the other hand, cancer-forming cells are cancer
cells haWiRRPHEIPIUTEDEtERES Abrihionishical tBIBImMG SHIREY. B5KhEcancer formation test allows
evaluation of came@dpraaing ARensl:replitating plulie s-aliologicel Anglydes atidanalyses using
diterent e amme el AUoX, FYaRIAN Ol O B IRSIRRGY QAT OnRIEIS AN BicAneRluRie oel.
not only CARGar-Torming ability but a1S0 Self-replicating ability’an pﬁurlpoter?cy should be evaluated.

A déncelbelyprisefisaaerdss feliew phivemion itpldarbrore aphlimegdio sastren s Gnahshsther

like humap duraktigs e parndaalers terapnrsacontitl BrdWitheaneRmcelt e ol bothrEdhan cancer
cells such as stromal and |00£002ﬂ5 and extracellular.mfatrices suc ast%%llltagen and laminin.
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th%éormation of lumens, oc urrence olf. mucous cell ,.ar]ddthcla like are seen in tumors of glandular
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cancer, brebadroansecduagsateriotsatinmmaarenes presstatdibaercerprThenfdrmatibpeoibapithakay e

multilay ey, sy B ARLFEIAINZAIO A6 SERMIB AUMES, Wilhnd SIMABIHSRIbSIFIGIME (Squamous
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be reproduc?d asar sglt 0§5§éou |olo%|ca reactions o (iancer,fahnon-human animal mo'ﬁel to
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hierarchibal stduttunetimeans thatleriveid iestthetebovehamdintbristinofra. cancer tissue is similarly
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and/or i) 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.

i) 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 leads



"Having cancer-forming ability” means that cells or a cell population transplanted to a 25non-human
animal forms a cancer cell mass, preferably, a cancer cell mass having a hierarchical structure.
"Having no cancer-forming ability" means that cells bt a cell population transplanted to a non-human
animal cannot fonn a cancer cell mass. Substantial removal of cells having no cancer-fortiring 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 haveédbeansubStactialy celinowsdiamegnsithatsthepartjaency of formation of a cancer cell mass

formed when supgyianeausly{fansnlanting 4 eelisRes é%éﬂf@ﬂﬂmg‘&ﬂlm}%&?&iﬁﬁs%@é@ah preferably
an NOG mouse, is 60% or higher, preferably 70% or higher, mgre preferably 80% or hlgi_?er, even

more 35PHERISBRY SO6%SEH HRSAURS R RHES: Fe ROEBR) T6BbEHhe MAPUHSHEBENBAY FCHU ¥ &
Smyth Giésitiviertorundtddeine ds n260Q Aag B4 ln2)ké0- Schntktciimawd K 4| RRBHheED #A. et al.,

17 Gell S5, 2910136 B3\ B13:52 598-2060becrmplpied 1 11 MSHiod a0, 100, or 10

cells are trangplanted into an immunodeficient animal and the frequency of cancer cell mass formation
is analyZedsibing &fferite itre: difdBonadaEl dytiave oA BRLY JosHHRIG MapvaLe 509 Aug
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dilution VSBQHD{}‘H Eﬁ%?%igncsetg\{jéh the needs of stem cell assays. ELDA is a limiting dilution
analysis software to grovide mea_n_lan)u confidence intervals for all LDA data sets, including those with
0% or 100% respoédisiopHiehapidititeiseritbet g s A yuad jranshesinglsnis mpethesi, tests for
frequencyelifiereneesbriwerbired ipesiataseaiscand sughbclhese aldliadjorthe artcaapeeoraict an
o L el B AT T R R
anafysis kbetqiotaeriat prptatsioirwesileed alisstivarerelbu By tising gretipresbpeiiiention, cancer
stem celifaanR RespeRaRciRdarge-FiiaRtiias. dn: RERGIRE tRedeBited pRmber gfcancet st cells can

be obtain le) increasing flasks for adherent culture. For example a T150 flask is used, 4 x 107
or more ST BN B AT TR G S REHEl 0O B ks ErBAETe ST08 of more

cells carrgeapreperecioycramplfividitasksht pustexpresiied eilsnbrifiofadiissdargbd wieipared.in the
present iryentios MviEs) s aapsehsieRsal RopratianRbtieresent invention Prefesakixssells

haying no.cancer-forming abjlity have been substaptially removed. Alsq, the population may contain 1
0 A ELHEbl il G2 THEVE P T SEASy I BUEH BTG DA A 106 or
more, eventeror éepgelurabiykers)1 0Tzpestig dhatithenbh Ipredoralily diftero8iatimnares g mddte

preferably Lo LQ9 QR MOre 4R06EE AeEB e Shat cefs SPGRRRIREF BINMESRESS BRI EAION provides a

O o R R e R A QL B ok D e O bace 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



30The 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.b‘?, SV40) or an oncogene such as Ras has been
introduced, or cell lines established from cancer tissues. 35The 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. 18 Preferably, established cancer cell lines prepared by
transplaptingrated yasshgiwgnoascar e parcdueratcaniril| watrobly useckrMaraipgefeilaluestablished
cancer %ﬁyﬁsﬁﬂ[ﬁpgaggg@/ﬂg é}&ﬁg@ogmgg%ﬁ%ﬁer in an immunodeficient animal can be

used. Most preferably, NOG established céll lin repa y transplanting and passaging a cancer
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plate, or GieR S fter e EHAT AR CeURtP RS it RS iy (Q,%llfsm%n%luerlﬁt Ibnr%%ﬁ R LR ched
withPAcoutseand Ipﬁagkagéﬁ@m@ pedveanerspanseiiuvathasiprpibies, b disharshiorltiviueionttend.

t2h5Cultu @é@gﬁuwﬁ@hpmmyseﬂmm#r@?%@fd wq@(gl@&ﬁ%qtmﬁqtﬂam&gmﬁgs@?ko?g as
ey ca e use cers S nventionally-kno asal cu
solutlonr%tzj eﬁfergé%ﬁpg(g wﬁht %éﬁ?fﬁé I—?Gﬁ R@% EN%V—') s eraiki WV},P"IE%%{H%E
insulin, mwmmmmé@eﬂéhj@%bgéémﬁw hw%n%@mcmﬂ)ﬁglmrm@mm a

blcarbone@ﬁulaﬂ?a%%ugtgmg%@amemlm SCEIILYSIGING. IR Ra bk E of RRINGSEFBARE Heed as a
5[} ﬁé)llutlon The concentr 5@%@3 not partlcularly limited but is 0.1-100 ng/mL, preferably

on ﬁfﬁfcglﬁ ﬁji’&f%ﬁbr fmL The concentration of bFGF is not particularly limited
but is 0.1-100 ng‘lhmIqﬂecterglalinerM@qa@tmmtm meones pneferalilyut-20uatpra ke coistentration of

hLIF is nahpariicularly éimﬁﬁﬁ?b%%a% WHENGAMb1 RRRIPTRRY Q18D HHBL, ARdmeLe preferably 1-20
ng/mL The concentra,tlorl 350f HGF is not particularly limited but is 0.1-100 ng/mL, and preferably 1-50

ng/mL. PRE" human anima
“Having cancer-forming ability” means that cells or a cell population transplanted to a

25  non-human animal forms a cancer cell mass, preferably, a cancer cell mass having a hierarchical
structure.
“Having no cancer-forming ability” means that cells or a cell population transplanted to
a 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.,



concentration of NGF is not particularly limited but is 0.1-100 ng/mL, and preferably 1-50 19 ng/mL
The concentration of NSF-1 is not particularly limited but is 0.1-100 ng/mL, and preferably 1-50 ng/mL.
The concentration of TGFI3 is not particularly limitel but is 0.1-100 ng/mL, and preferably 1-50 ng/mL
The concentration of TNFi is not particularly limited but is 0.1-100 ng/mL, and preferably 1-50 ng/mL.
The concentration of heparin is not particularly 5limited but is 10 ng/mL-10 pg/mL, and preferably 2-5
pig/mL The concentration of BSA is not particularly limited but is 0.1-10 mg/mL, and preferably 1-8
mg/mL Thél Sonaeiiaton S apshlin 3. Ryl tiaulakly bmitegloytds 112ARipaatiodandpoeid@bly 10-50

1.1gimLy bamggﬁg@méﬁ ﬁwgﬂ%&iﬁﬁ@mmmll igﬂ%&y%ﬁe% 'aén%-,#?&)&&@ée}tceﬁqgaegegerab'y

50-200 tig/mL The concentration of putrescine is not particular mlteé butis 1-50 tig/mL, 10an
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RPVIT 10 TIER T AT S s B FA T S hs TP Srehit e most
preferabifeoseerite it needidliictosemav ENaEL Detiatsiprie pp dnadradeaithi 2Be2gnalyhit EGF, 10
ng/mL bisGEh4s ook Rerasitchnalid: BEA bebkediluinpwinah A, aim kuimnsieKam dGiRag/mL
putrescinc, 30 gl selenile, 20 Bhbrodesieione, and 2,8 MOIL DLk alucase o 1 Pieferably. the
cell gI‘OL}B conafalﬁlng CaﬂC(Z,‘I‘E%]tgnl’l’;iL ellfs IS aﬁoweae 0 pr%‘lﬁera e |r?a vanceyo aaaneré t cu}i?ure.
30AHowiMgthosks!| (Gf5lp 36 Dtbiferdte efbrsamm foreihampttcal dwmtb idtanghewtyy s pherpitesulture or

by transglputing@Re RassaRinchitie MARRHINANARIER b S/ DR PRI sty dimited thergta .
Spheroid culture[%refers to seedir%ﬁ?and culturi%%ﬁcells in aeg]%atingastate in r_&? -adherent culture flask,
[

plate, or dish wi %Hél%g}%?ﬁ% R HR R AF TR DE GEREFEF TEEE Qggtgﬁ%tétﬂgs.'A cell
mass fofmednisiigech diedrtdgsuthereoiSceatietssph eedicarrbmabahuddficionteasimgal adn fe used as a

non-humap.agimalasdt isdessdilkeiday RS, GapsraiRKtioRIeaCtion PAsanJramumedgficient animal, it
is %6eferred E%rse ano -hléman nimal deficient in functional. T cells &ych asa nﬂde m%lése and rat,
a

antla ndTTHE T HATRRS BBARIEHE USSR P Sha 17 a5ch*ab0a EaRIFRisHS & 4h
NOD-SG@Heparod be. iRargidiatasksmotibes deflciartdin i B s ddIK el lsc(focrexadnipléicapseestely

immunoggfigient

In the cancer s%ém 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.



5 mouse obtained by crossing a SCID, RAG2KO, or RAG1K0 mouse with an IL-2Rgn" mouse, which
includes NOD/SCID/gammacnull mouse, NOD-scid,IL-2Rell mouse, and BALB/c-Rag2"11,1L-2Rgnull
mouse), which shows excellent transplantability, is 1p‘?’referably used. Regarding the age of
non-human animals, when athymic nude mice, SCID mice, NOD/SCID mice, or NOG mice are used,
those of 4-100 weeks old are preferably used. 10NOG mice can be produced, for example, by the
method described in WO 2002/043477, or can be obtained from the Central Institute for Experimental
AnimalsRteifehlacksasiikiakbeatory (MShenipepared b etladplbeitransplpntegimaysbecany types of

cels nclidingagelmass.a fasne ceopn. siaalv.dispaiasflariagrls ulitiied alsrsplpyion, and

cells transplante her animal and 15again isolated from the animal. However, dispersed cells

are prefERRPI DS SRIESHEBECIHEE HARSHIEHBAIEI B F5818r f88deticd: griel MGIHBEPof cells

may be NG plasitchQubiiviaseoesitdrisplaniaiioniscpiedgrable-hecauseof fisssiiple tdSplantation

tec@nique ué@':%weggrustg site of transplantation is not particularly limited and preferably appropriately

selécted ¢ epenalllng on the animal used. The procedure for transplanting NOG 20established cancer

cell lines is not ParteemRaycH RSS! HE U BEABSEHAF T HABTSHEFSH b dcddereld damsd b¥ed.
The cell paprdatiantindhe pregeptangthetaanbenigparedk: for exramplendyr adherenitycubipring a

cancer tisgue collected from.a patient,i rums=fre | Q%J Ip. s(#j)]t at
culture p)cr%?g%nsdg Re %ge}dC%%ﬁﬁ%%&%gfé@%dgt%gﬂé%ﬁ%ratlon’tgeﬁgg the ég];%é%\%t culture.
For exafaplE3 theRéfipéddidtoi ethe p rttethart xR @fEd BB plepakéthBy ahdsid culture of a
canger tissue cotipetedtronr ehpatinntJeleyved ParadhaieniGukdredding paeblantdrassiere cell
medium., In addition, the cell population can also be pyrepared by transplanting and.passaging a cancer
fsoue e O DN T o B e S A A
serum-freewseerrtdlisreeiemedrargie thiseeddtiie diberBDpreferred to prepare the cell population by

transplanting ang@asaasinghisuaMels JBousesaAabegrdinsee bpleaiad i wnaliapteanditaan
mediimi ek s TG o pLrATaN o1 1 Brecei MU Fsh han BELAbieny Sbecr e
quahtitids: Ted.ceflysbpeibiionsofanbpresbhshinddntidhy sanbaniseth evearel foeielthrgem
S s e s e oy g ST Ol
ot IS e G T L RIS L SR DL PO WSy Sk ES e Edmcer stem
cells (e.gancancei Etemncaiwiartfer sharseriSanethifzanblysisaanthasetitsds foeidditifyrsppesteins,
peptides, or metﬁ%@%’%ﬂ%@%&f@@é@gﬂm CROGRMSIERL CRLA 1SRG REISAMIcI iR a8 Nng methods
for iearchlg? for target m Ieg:u(]%es inclu eugethods in YVhIC substances that in |p|t the grovyth of
cafiter S el arans IR EPH O S SRAIPRTSBE SR BN RSB SR AR ticro RNA library, or
RNAI library, usiAdheetngmiithdmbfbitiom cudsain gifter rassahitgtorlls whikinddyiisgdhget toaadbae
revealed,Affeuaaiibpdias.ara Aktaingd thigwghdmumization With-cangerialem selisapinding
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, bFGEFE, 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/mL. The
concentration of bFGF is 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 of hLIF is not particularly limited but 1s
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



10antibodies can be screened by ELISA, or growth-inhibiting antibodies can be screened by cell
growth inhibition assay. After binding or functional antibodies are obtained, their antigens can be

identified to reveal target molecules. The cancéf stem cell population of the present invention can
be used to evaluate the effects of existing drugs and drugs under development on cancer stem cells
and find new 15pharmaceutical effects. Concentrating homogeneous cancer stem cells makes the

following things possible, for example. I. efficiently identifying nucleic acids (DNA and RNA), proteins,
etc. speaifieally eXpeessednnatanosi S8 delief padiellmiyatimi¢ddnctidns0ofthesk, mealecules; 202.

efhclently feniivingougiels aciipdbhio.and AN TRIPIRI e e AREEHIEHIKRIRPRAG {0y GAnCer stem

cells, and searching/scréening fordru%é:an idates that Inhibit them; 3. Using results of biological
functionasaadaresnabivtiatitrediter stbmceren{itas ETSEdnIbRaFLfE aihy BaERY B¥tindices
for prog ﬁ@ﬁﬁ@ﬁ@&@ﬁﬁ[;,_ apé.pusﬁagﬂmsmrs}@fgh'mﬂggid_aalefumﬁﬁnraﬁa_ﬂyséhephﬁeﬁmntlm&@bmhmer stem
cells (nyasivelieass ARdlVRIon @I, AN SR ASIRRCE lprassiycantern and AR selegn for
anticancer agen?s In eac cassﬁ% tion; Bl ing'the prgcess in‘whic concentrated cancer stem
cells proepitewer B Butdnd doHiimetmd tRadmesEraplor banperabsue P eesiEring/8éreening for
anticanGex@geniadcaneruBiBNGeRidhak 34PIEEH NS Deackss:fSA6] etesting/hiologiTiat reactions
characterisiic of cancer Se ool sy %‘%‘#&Eﬁ‘l%r‘f“E‘f‘ﬁﬁe%%‘u‘%”i'oi‘&%cﬁ%)&eﬂ %r?éﬁ%)?e‘?lé%‘*afa?gﬁyge” partial
pressure, huthient conditions, and anticancer agent treatment§ toward ‘poor conditions, and examining

the causts HIne durabilile spesatEH e of caleesaing . nsteeticy BIbidgied dattibhs gy atkeristic of
canger sigipesiisabladiusting sultureRSeonditionsHion canestsie Muepisi@iygglinasiab@rassure,
nutrient conditigns, and anticancer, t treatment) toward poor conditions, and searching/screening
for antich L B D A TR o e Sh e e SR e for cro
target mbteiederTisel présdht dndavasnandialesi o mvethdds epBedrEhiing ffruidig ergemmlaetles, in
5V\:|hich w&&&m@ﬁd Iilﬁipa%rtﬂfmﬂou%m Ea@@g’ﬂ%ﬁ%@@'WQWIMlKgmf@g@@iﬁﬂmonrmncer stfem
cells, a cancer velo €Nt Process .ori Inati ro anceyr.stem ol a,bI10 IC I t
cancer SO SIS ] T o TR e e SRR D, of
thd presentinlen{its, conecotrittinn sysedinor bieadwnets isteph patipdpiiationted i inddnfion under in
vitro congitions, Hal pridtisdpRiooowlien B nombumaRaimal sneded tenshlapked it g wanear stem
cel popylation ' Y5eth, S IHESLAIS PG R SeiRddon e InpiRinuied sigps (1) o )

particularly limited but is 0.1-10 mM, and preferably 1-5 mM. The concentration of

N-acetylcysteine is not particularly limited but is 1-200 pug/ml., and preferably 10-100 pg/mL.

20 The known basal culture solution is not particularly limited as long as it is suitable for culturing
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 include D-MEM/F12 medium supplemented with

25 20 ng/mL EGF, 10 ng/mL bFGF, 4 pg/mL heparin, 4 mg/mL BSA, 25 ug/ml insulin, 100 pg/mL
transferrin, 16 ng/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-buman 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 cultare is called spheroid.

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



(1) producing a non-human animal model by transplanting a cancer stem cell population to a
non-human animal, (2) collecting a tissue section showing a tissue structure characteristic of the
cancer development 15process of a cancer stem célf population or showing a biological property
thereof; (3) examining the tissue section collected in (2) for the expression of DNAs, RNAs, proteins,
peptides, or metabolites; and (4) identifying DNAs, RNAs, proteins, peptides or metabolites that vary
depending on a hierarchical structure formed from cancer stem cells, a cancer development process
originatingh2ofrpentancattstem callsn amcharhidldgicat pnopettyt if perfeeedtemsesilspinhtiedissue
section. i dP dOR MR ORISR UL RUPIRT Aldbe GateaE elamAalARRUIANED Undrkn vilo

conditions IS use ug tartI:jet molecules can be searched for by the following steps (1) to (3): (1)
culturingiéficisniap Stostieanl Jopd BtisAlintrsins A LB a2t AR CRATETteristic structure
of a canpertidevelepmeastyr degsarigifabngdddiKoatisd fstenunels, arsavbielgginal Ribdedivénty of
canger stem_cells; . (2) examink F ' peptice

el SYAMIIAG the RHPTRAROAR. BNORITNO S BIGLAI, Bl 9(%% $lhse,

metabolites in the cultur e repro uced characteristic sfrycture; and identifying DNAS,

RNAs, prétsth beinriOBr SheR Bemeasha ey DEAtHg-Orr Aiterardieal &fucture formed from
cancer mgmlga%whmﬁ@?é‘lﬁmﬁ@); wmebsﬁcﬁﬂgﬁiam@ﬁﬁﬁﬁnﬁlmﬁﬁttgtmmmdsad.
biological property of cancer stem iCEyS_,hIQ ntlg% g}gﬁygﬁg‘gg&.&th%nilpntg&%ég (’:’T]‘fﬁelm'c%f" structures

of tissues or cell IHBS characteristic of a cancer development process can be observed by HE staining
and imMM&@MMF(MQ@)@@W@U@?@i@éﬁeti%%@é%é@?ﬂféﬁéﬁﬁtﬁﬁ@%‘;ﬂkﬁé@% specimen
Erqlparatilon methagls sueh c%‘hAB/}ﬂthhgédbiﬁﬁ%ﬁﬁﬁ@ﬁ@tﬁdﬁi@rmm&éﬁﬁ%bﬁf%mmed shsmv,a
iological property. specifi¢ for the 35 e-mentipn uman tymor tissue is observed in the test
dosue. b L o e R B R B R e, protein,
peptided-ahdraretabdfedtise23 examined. The expression of DNAs, RNAs, proteins, peptides, and
metabolites can Qg Rxamines Mlavviinavtpas ey arliniations MRLaanYeREDRMSXRIESSIOkECtion,

examinatio rr'éathods. RNiAm 1ecu1?l§i cl de.m'ﬁcgo RN%sCailth\ng RI}!&S snRhIlAs mRNAS, and

non-codfigf Egeﬁgg?lgﬁa?hﬁi%f fe'm B '8adH gene s exirac esgﬁzé%cor‘aﬁaél% o el iethod,
an#ss theewranisotiptidirteydhofriavt. gerlevcarrbdinnsesdred Ibypisarpisrrey bridigassrber ®TePER using
this MRINM,2%:8 latemly, 3dditiony 1he axpressianlanshpéeacituent ¢ae femmeaseded using DNA
array technigues, Furthermore, fraﬁtions containlg aﬁ‘l g{)otein enﬁoded b e?ggsg]ﬁg%are collected

e

according to a st BAR R AP RR PR SIS %A e HB e Hon

everof each gene: a.nlb easuired by detecting
the exprassiciesel dicsanivrptbtsiitcnyf dlacindptationis methedisslacty lisnEpamnaeerrbMoreover, the

trans'ati‘&gﬁﬁ)fﬁkﬁé@%@fe%@%&%ﬁ&%@ﬁ@%@ﬁhﬁﬂ%&%‘?ﬁ%@&W&ﬂ@ﬁt@n@@%ﬂtﬁfg&my

Western blotting using an aptjpbody against each protein.,By these methods, et molecules of
antRancE ST CAEE CLAEReH R, Pt g i BT o7 e AR Eh P rarget
moleculgsqereferabiynineludet CD 133, CD44, EpCAM, CD 166, CD24, CD29, and LGR5, which are
specifically expr%&ﬂ&ﬂ%ﬁﬁﬂ%ﬁﬁﬁ%ﬁé&ﬁ%@ﬂﬁ&ﬁ&h&‘cﬁr jnvention assescrilesinidary
Examples.  In the present invention, the above-mentioned drugs mclu‘i , but are ng{t artlcutlarly
limited t&?HHfFfiﬁf?a?ﬁFﬁﬁ’Eéﬁﬁ%\%8?1%?%13&?&6%&% %?Eé‘ﬁf%r’,egrﬁﬁ?)i?a‘fe%‘éﬁ g g‘g}r?ééi%
inhibitorspsteroids; enbtyr@riodyikittrs celhipiotdsyantiistami fiesydainticod quidnis aaoti befeutitiss,
analgesigs, agentaifardreating diahgtes, A48 R I HBAURGRHRELS: AR ImAlIcASCHSpared

20anti-insomnia a%ents, antiemetics, agents for treating migraine, nticoH ulsgnts, antigepressants,
antipsychBRECHHfSHEHEL TRt T tlep's AOUEBLLRIGYEMRY Sty A heimer's
disease,sympatamirfreticsmgelits édivneatiby akitiythtia calitiopdatensive sy shire iosyaaeditijuretics,

a““COagHL%@%aP@ﬁgq}lﬁtf?@sa%ﬂ?g%e%@é‘?ﬁsHz‘%‘_’&%ﬁ@&&l@&ﬂ{‘&55@&&&@%8@5%5&?%&'&9aHae

above drugs’include, but are not particularly limited to, protein agents, 25 nucleic acid agents, small

moleculdNSgAHReSAEYBHEI g JERtE S R 7 Bt LentFesIR I ar JEPHETERI R HARRIL, but are
noBpartieudslydinitedetar erteenduih pepelaaptots; enryhesnipmdhanses giansbifplionofactersyread
nuclear E?s%%@t&gﬁe%g ﬂ%%ez{%lﬁ%ﬁﬂeaﬁﬁ%gﬁ ﬁgﬂ%ﬂfﬁ%ﬁlmﬁng 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 guantities.
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.



Methods for assessing drugs 30The 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 canceristem cells, or a biological property of cancer
stem cells, in a non-human animal model 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. 35In
this method, when a non-human animal model transplanted with the cancer stem cell population of the

present inventiommmme.tmmwmmmm atgpst@ﬁm&t@,(ﬁ»eﬁddgﬁnﬁucing a
non-huran ARG ALK KepfolniiagasanashriemhRalacRUiaion g adrdymanapimat (2)

administering a te stance to the non-human anjmal madel of (1); 5(3) collecting atissue section
showingS¥HsSErd BFkSTIe eng densridtie aralsihasd devaridndsrodsse origiranneeRita cahcer
stem celiscottshioerihiphl biolipgicadpropertyrthtere okli{4kplgarviagrdcghange in cancer stem cells over

time, a cancer developmentaiRsess LA Hislagical PoRS eRRh s e seatign: and

identifying a hierarchical structure formed from cancer stem cells, a cancer development 10process
originatiftPisRreaies i Beirrosith pismigriaier fels6f saseardism cetathmatemidiapy the
test subsgtafieely librdrvhiscroethosl [ibthen arcuNueBysfeosdh theitaneststeiibaednpepaatierignder in

vitro conaolllitggﬂiso*?oy%se tngﬁ'&f %?&%%t%%%%@%%&i etg‘e following steps (1) to (3): (1) culturing a
e

cancer stem cell population under irT vitro conditions to reproduce a characteristic 15structure of a
cancer developridH rEEssHes agrAG SO CaglcEpeten-eans with prorsgissrprePerbinsidancer stem
cells; {RlibeatngahboidivereicsliSOINA) wiiawestibistagaaiibodsQasayiRgoarncdangein a
Nerarchiog\ SRR Ginied o fansenstem sells. Aarnsen develoenanteiboess allanatng from
cancer stem cells, or a biolo |ca]Apropertyo$cancer Stém 208 S;an ideritifying a fierarchical
structurofieriding ie carree fatshindrsuieancer development process originating from cancer stem

cells, or a biologiga! pregerief cansesaigincstit.dpatsainhikited by dhedestsubstancge 2xMethods of
Screenineqtt{a%ﬁsd{)lf'%}%isting drugs and drugs under development on cancer stem cells and find new

15  pharmaceutical effects.

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

20 2. efficiently identifying nucleic acids (DN A 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



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 %%Ils, or a biological property of cancer stem cells,
in a non-human animal model transplanted with the cancer stem cell 30population 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 inkinitite duetydeligsncensbnsorBened 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; 25
(2) administering a test substance to the non-human animal model of (1); (3) collecting a tissue

section MBS A searrdogden e e st BnkiPa cancer development process originating from
cancer stem cellftershowingwaiologicadpiropertyotiraré efarchifxd) b senying@:chahgelies.cancer stem

cellg overiime, 3 GANCRT ASVRIBRMANIMOSESS BuaaPrlogical Rroparvheseolia fe dssue

fragment; an(%%gg) identifying a test substance that inhibits formation of a hierarchical structure foinied

from spetifit tAlicaraisi dand R BN dEoaE L SAIRS (BB brigiHsth e HOM el €68 cells, or a
biologicarppenerty efieansensteits Calls non-humdn thisnaietivad] wheplanctdtuiehsyistem et thexcancer

stem Ce'&e‘?{’ﬁé@%}@% APRRIDLUR ARG 'HE’B?lel%ﬁ‘l%&% §E€&i GRhResrEsnad E’éﬁtpg fllgwing: steps

(1) to (4): turing a caricer stem cell population under in vitro conditions to reproduce a

characteR& B SHBILIB BT dAkHTE£908i S elopment process or a biological property thereof: (2)
treating the cultureghicelstbbdlviithaanteshehistanteal modd) ohsgvingdwaiangencea diarawthical
structure_of .S cells over tim ncer,15devel Rt Yo [ a hiological pyoperty
thereof, in ?qug %ﬁ t_lﬁgre%géiél s; %\?\%%?églﬂglg I’%fll %fa%&%%%rﬁ%&%&%%&gﬁ%ca st c%?égg\ti:%)n% r stem
cells, a ¢AhPEIYERIGMBTIYRER B8E1aL 3 @13@1&&%%@&{5@@1@%@% g iscih RRMEatsy et test
substangen Anticangsnagents can be screened by the above screening methods. The "test

substances® in the methods of the present invention include, but are not 2Qparticularly limited ta, for
example?%icn%[}ec H1 1S3UC SCCUON S 1SSUC § rug Uré characteristic o Cancor Ueve ogmen

e COI%SOUI’I S Sucn as ?l‘gtllrjga? compou_n S, Qrgan_lc compounas, inorganic c mpounds,
prateinsPETEPoefescHEstdEs) apll RaPMEIaBias Skeiies h psing s ritest tetbeeadion products from

gene librayiegasal: exHactisseeloulbdresupematantSopraducisan EmERtatNne AucCHegaNISMS,
extracts f(reog] rergaging1 orga 1itsém%k285|am extracts, prokaryotic cell extracts, unicellular eukaryotic cell
extracts 67 aniral ceeff EXtracts: ?5These may be purified products or may be crude products such as
extracts frbidgplaniagadAisisRNAs, proteins, peptides or metabolites that vary depending on a

hierarchical structure formed from cancer stem cells, a cancer development process originating
20  from cancer stem cells, and a biological property of cancer stem cells, in the tissue section.

In this method, when a culture system of the cancer stem-cell population under in vitro
conditions is used, drug target molecules can be searched for 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 (IHC) 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



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 genetic engineering. 23 The above test samples may be suitably
labeled as needed. Labels include, for 30example, 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
particularhatiimi¢ed DpenghiregstrmthEihesoRha testcseilns arpe desbenddministetedsanrdbadministration
or parerigigl AEiRISHRAIAN A A SUREUIACOLS JNRKERRLS LBRICABUANSHENN Aleiadentera

(rectal) administration can be appropriately sejected., In this method, methods of treating cultured cells

of the cahodr BRIATHSH BoPa ISR RN A% ﬁwsu@%%é‘%ﬁgﬁét E‘M&ﬁa‘?‘ﬂﬁlﬂﬂﬁéﬂ) treatment

can be ddNducteHdryerddpig ehtesiiSampledchtiierculunarsolefiancofdhe; te hsstinthed eethediract. When
the fest ggef%% S FBRIPIEVY B%%?ﬁ‘%‘e%g oG VRCHRLSARIRNNG, RINA, SRECANGINE A REEPERASE,

introduced into a cancer stem cel ulation, or the vector can be added to the cell extract of a cancer

stem ceffpopiatvas sisERG N Ifbt"*dé&%tﬂﬁlpF@%’Eﬁf@%ﬁ&?@rﬂ&%‘e‘tﬁ@&cbﬁ%eféaétedpsrﬁ%% g8iigcan be
used. DNzshsyhsthntpscanfietiessessedhyicemoangiing tpnselaecissbe éﬁssl@rtmsplented
with a cap ﬁ%ﬁ%&%gg%?ﬁl eg%%ﬁét%ﬂhitﬁ%éﬁl%ﬁ%?%% g-0R58MYe éQ&@éﬁ%‘ glalaglgristics

of the transég) anted tissu I by measuring t oglca aracterrstrcs Ina ce culture system.
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assessmenhefiest atgeat%n@ﬁﬁﬁé&%ﬁ@@ﬁ@%ﬁ%@Meyengeth%ﬂaﬂ@ea%y@eﬁ%meﬁrocess of the

transplanted tissue 0 éﬂ culture system | also obs ved in tlé ntrol non-human animal model or

cancer SIEHFRER BBBUIRERET W @I‘fcf%g Pé%%w%%f at8§~°t - SibsY @ewf% cHetR S AHEAR§8\ A5 hent
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25  nucleic acid agents, small molecule agents, and cellular agents. In the present invention, the
target molecules include, but are 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 model 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



observed, and the cancer development process of cancer stem cells is compared between the
non-human animal model or cancer stem cell population which has received a test substance and
35the above control animal. In this case, if any cantér development process unique to human cancer
cells is, as compared to the control animal, not observed in the transplanted tissue or 27 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. Further, more
specifically, the above assessment of test substances can be perfolHied as follows: the biological
properties, of GANGEL StEM GeURIR MG PRI & ASHE-AL SRSV SIGM RiiR AlRRiBRSRIygd i the
control non-human animal model or cancer stern cell population which has received no test substance
to check'kIBBIdRYyREMHoperty unique to human cancer cells can be observed, and the property of
cancer stemdelissisréompaedudetiveendthie non-humananimbhmdeelfgl cancer stem cell population

whigh h?@@o‘i%}!&?‘ the,dest §é€!?%ﬁ"§%8vﬁﬂg g ahays.copval Agimal. i s gﬁr%%r H&%Y%Biﬁég@'ca'
property unique to fuman cancer cells I1s,’as compared to 10the control animal, not observed in the
transplaRteerssetiaprEgtinsyars sl tichesrisgsshiriegisberensisrehsecahe test substance
can be gglesies-ds o @clive fubsiancadiaviiy therapautic @mnpeodbybishie affeetean, lrman cancer
diseases. . Ifnecessary, prophylactically or therapeutically effective substances for human cancer
diseasegngtlg?g%ﬁ%l&)_ gi})tr%_ 5%%%5%0%%%#%5%5%%%’ (&ﬁl (ttne present invention can be further selected
15as mdfe ukatfiviannbirigralisphassecspiid daiBnrerttem selisicanipsetidevsingsites by
conductingiiaiiiiieany arhsalety 1ass as by Lrbeigteidieiagcnicadiateardumant gancer
patientsi %E%Rgg{lgcﬁ?ajtleystosr @S%gggutically effective substances thus selected can also be
producec]fln us né’lly ?hroug‘h chemical synthesis, biochemical synthesis (fermentation), or 20genetic
manipulation, bdsabibm etieore sthen of AW sYteAfdhakmwss stem adipigrudatipefapdatdséftad in the

present speaifisalipnase bersincinosspesaled by eéekanseilExepyiesi2Bhiereinafter, the present
invention will be described in detaiIP th SF Exarg les, but the&xresen{t inventjon is not Iimiteq.thereto.
lrél\%: {1 ] ;40 e\\a 10T LI 0 NCe a ﬁi\ c

unrellgrr atcancer €1l e or?u %m VIIFQ COT dt]OIlS rftgro ce aracten?]l
[Examp reparation and evaluat Oor cancer stem cells and cancer-rorming cells using human

cahéer cetilities ¢1 p Mogsologitairecs] paeimssofreplviiaahoen [hasar avspkedtedrimy rivewd0Colon
cancer sRegiRORS Wareaktainegifrom patients with consent under the approval of the ethics
committg s of the Pharr?aLo(?icz]és I?ﬁf)earﬁlh (?ir%gsag%%) and the Parkway Laboratory Services
(Singap fefl&ﬁﬁ)@evﬁ WEiEad With SELesrEany Fanscgl’anted into the flanks of NOG mice. Human
colon caff¢ebsenowy afthavereimaintaindd dtrsnghype semyedifr O Gt e tpro vidsdabsatiser Central
Institute éeeéaﬁﬁﬁ&mﬁm@és%mﬂg}m&gm Migguges niRiss g RRGI9 hsatgdacankdingta the

animal experimentation guidelines of the PharmaLogicals Research. Colon cancer cell lines

establish&d* ™ RfOG or SCID mice were subcutaneously transplanted into
(4) identifying 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, that 1s

ithibited by the test substance.

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;



28 NOG mice to generate cancer cell masses. The cancer cell masses were excised, fixed for 16-24
hours in 4% parafonnaldehyde at 4C, and embedded by the AMeX method to prepare sliced tissue
specimens. The tissue specimens were HE-stained-Results are shown in Fig. 1. Colon cancer lines
PLR123, PLR59, and PLR325 that had been transplanted into NOG mice 5showed morphological
structures similar to those observed in human tissue, suggesting no influence from NOG mice. The
colon cancer line PLR357 that had been transplanted into NOG mice showed morphological changes,
suggestiay abaidiienog suitsbiebfoatransplantatidmexperimentsidd GG Inice. (2) Preparation of cells

from canger gallMASsaSOGRRCH SOl ASSES HaRLRIROVRE- oM MO & Misk.anttRhysigally minced

with scissors. Subsequently, the tissue was suspended several times in DPB&g(Inv'trogen, Cat. No.
5P

141901 25 SR FEHAEARH M A eI E Lb1 Gt ShoRg Rty it JEnRELY e (Roche, Cat. No.
10 269 68Bdbedr)y anchDiage 11 Rocke sCat cbhlB. dvib284 O 3200L), doltclvpadny Brhoasss @fstirring at

37G Fugila%%%géj%r?}%g@&ggﬁ (B, ggule\lﬁ.%ggl%ﬁg%)ﬂwas added to cells that had been fragmented

15by repeate g to remove mouse erythrocytes. Finally, the cell solution was passed through a
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minutes at on of Rat mAb to mouse MHC class | (Abeam, Cat. No. ab15680). The

cells were washButidiséacihiod FEEs heErardtamowdacernese s ectbpat inmadsitt P tabeled

goat Ab denditilgle 2ankBdo bagendnGatsdand094Q6) GridRGriaheled lgaat(Ap to rat IgG2a (BioLegend,
Cat. No..405407) as a secongdary anti the 7-AAD Viabili ck lter, Cat..No.
o7 704] T B U A R A YU S AR e Ut
human CDBPE{RHEIMIAMISISyCRIpRMLOERCHNS 01 3bloBrisalyrPEXibEP ouse mAD to human

CD133/1(Afedda3) (hilkenyiddioter, (Eat) Nethl3R086b8@ddeor PE-labeled mouse mAb to human CD44
(BD Ph Eﬂ#%%?aé-cﬁon %519198%@%“?%?9%‘(&9%36 e calls.els W%ﬁg‘%ge%’%‘ﬁewé@ FAES butfer and
subjected 10 flow C dmatr anaaflyss. A c}e%y e elfwydrogenase E&IE ) activity was detected using

thd 30AKRRIgoIKIK (Besareedt Prirhgiaz ooty Nisrety ooihscadtaing e iatanufacturer's

recommeyqeshRrosediuiasER IS MeliRAiBeaknanLauiarwassetsior dovevtamepisaanalysis to
analyze cancer stem cell markers fqr cells t re negatjve for mouse C class |- and 7-AAD
Viability}ts(f/((:e(?S éjglﬁry%l(z)a‘froglsc‘r%)%? Eﬁ%fg(é& N a?]%%riss}glr%%égﬁb atr ee_%'-epsj%ss‘f |\|E_}l[§“?:(3e‘?lls were observed in
cancer cell masgesifonvd s caldvecarcaedesIrlaRIP3sEeBYy: methe8P R325. The moderately
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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 genetic 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 administrafion 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



5 react at 4C for 15 minutes after the addition of Rat mAb to mouse MHC class I. The cells were
washed once with FACS buffer, and allowed to react at 4C for 15 minutes with PE-labeled goat Ab to
rat IgG2a as a secondary antibody. Furthermore, tHe cells were washed once with FACS buffer.
Subsequently, mouse cells were removed by cell sorting using EPICS ALTRA or the EasySep Mouse
PE Positive Selection Kit (Stemcell Technologies, Cat. No. 18554) 10 according to the manufacturer's
recommended procedures. Cell purity was analyzed using EPICS ALTRA. Results are shown in Fig. 3.
In cancer teeflsriasses formetfacimiad ¢ blanahncEndinestBER k23, Heldeb® aad R38R, D% or more

of the cells were, negalive (U Mays e MHC alesh hafietdhedemevabal Manse.calisn(R) £a0e6tin,

foimation test of colon cancer lines 15After mouse cells were removed from the above cell solution

preparedOhctEe earvelr Contaning BOMiRsadmieiBecopieRzn e Smgecee iBlom e e were
countedcdtgitpel:Basamdnt MaorranscMaded, tdithtettiacb%otwith HarkisBalartigshmdlitselution, was
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transplanted into NOG mice at 100 4/spot, i.e., 1,000, I00, and 10 cells/spot to evaluate the 20

number of tumorsb FHISHIIRESEATSDS 8BS SpRSGrhY PaenEng thedtaisabiedyisrte (Estiadandisntedncer

lines PLRkRB3 anstEHRBD Jelipes hansgiwhethd @fieallsisde! aidroemekdiansplianigd. The poorly

differentiated col ancer line PLR foimed. cancer when Is/s or.more were transplanted.
e ratic R N B et Bl
Colon c&HEERIiRE$eM-R123, PLR59, and PLR325 contained 25cells with cancer-forming ability at a

ratig of 1/161, 14Q&ialikl 4edesppetively cih aklesijdame at colis iays aliah ilanspaoiation Cancer
formation 5 tio Fr%g{lﬂe 1.000 cells 1(fp ceIL? 0 cellg NOG establéshed %ologu cancer line PLR123
s Ia?g‘ci]%j e ¥ obgerving a

C € SYS cer stem cell populalion under 717 vityo cONditlons
Moderatelfy ifreten g %Belys pop .
hierarchical structure formed from cancer stem cells of the transplanted tissue or culture system

10 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 (THC) 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 unigue 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 1s 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 is 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 control animal, not observed in the transplanted tissue or



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 colon cancer line PLR325 Poorly differentiated 49 days
6/6 6/6 3/6 1/14 (6) Histological evaluation of hieraf¢hical structure foiniation 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 AMeX method to prepare sliced
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35

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.

Further, more specifically, the above assessment of test substances can be performed as
follows: the biological properties of cancer stem cells in the transplanted tissue or culture system
are also observed in the control non-human animal model or cancer stem cell population which
has received no test substance to check if a biological property unique to human cancer cells can
be observed, and the property of cancer stem cells is compared between the non-human animal
model or cancer stem cell population which has received the test substance and the above control
animal. In this case, if any biological property unique to human cancer cells is, as compared to
the control animal, not observed 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.

If necessary, prophylactically or therapeutically effective substances for human cancer
diseases selected by the above screening methods of the present invention can be further selected
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 aiéo be
produced industrially through chemical synthesis, biochemical synthesis (fermentation), or
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]

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

Colon cancer specimens were obtained from patients with consent under the approval of
the ethics committees of the Pharmal.ogicals 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
were treated according to the animal experimentation guidelines of the Pharmal.ogicals Research.

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



5tissue specimens. The tissue specimens were subjected to HE staining. Results are shown in Fig. 4.
The moderately differentiated colon cancer lines PLR123 and PLR59 showed a hierarchical structure,
suggesting that the colon cancer lines PLR 123 an $LR59 are cancer stem cells. On the other hand,
hierarchical structure was not observed in the poorly differentiated colon cancer line PLR325,
suggesting that the colon cancer line PLR325 is cancer-forming cells. 10(7) Detection of noimal
intestinal stem cell marker LGR5 protein After mouse cells were removed from the above cell solution
preparelindi2picetblgsates ot oolonccimessstines TRt RARE; SRB&sany &7 RBASUdizgdrépared using

RIPA buffer (Sigma o NoaB07A830d dhencSRE-BAGERRS YRS ieuRIing Wesecatied out.
Rabbit mAb to human 0PR49 (Abcam, Cat. No. AbYSSS%ﬁasf ,usgd ts%ggle ect LGE; protgg&sﬁllouse 15
mAD to ARSI EAPBRFTIRa CRTIEAE REBERT7S) Wastiest a Sp%@iﬁ%;%s Rt Résitts are
shown i Flign Sat@Rpsdteil 33 PH8EEtedd i TS Afodlet dtelybdiidrentid et dolon WaHdeniknes

PLRI23,and BLRASNasestag liedssansa shioumeldvestnasiemaelmarkeisposiiye cels. No

LGR5 protein w d in the poorly differentiated colon cancer line PLR32 [ xamﬁléé]
I

Charact8HRRsH BPEbRHE RSy alARaBIe e dRfcerRan fifed baf eeffuresPEgHiha
availableniieevifiowah aar-priltipeal Cmpeer ciathyestvag alpdeiin svitoo cambiy Gelttineslawea8ozultured
according 1o a standardmeihed (e.g., at 37C and in the presence of 5% CO2) in a medium
recommended by ATCC 25(http://www.atcc.org/). The fetal bovine serum in all the media used was
inactivated by THEIBHAB LEBBE R S RHRESBRIGhger before use. (2) Detection of cancer stem cell

marker-positive Calksel bellcances celts puttoved frovitldOE reidetach et yisniltheflrsk with Adcutase
(ICT, Cat, No. AT104 ' ! r ' ith the
07 A e T e e o 2 e

stem ceRRASFREHEINCNEHAISHHBGSO RID R CDsmresEmsp R ribsidcrmbosé 1eaB to

human GERIBA/ {ACHIRxearREchbelad Maouse gaAl tnbunai &A% Subsequantiyrthescsitisavere
washed gnce with FACS ubjected to.f. et lysi I
dehydrogenagrén(,)&ﬁ y?%%th%ﬁ&%v s%e@egétﬁe%(? ug?ég\%,g?e%gééﬁgﬁi?}égﬁ%%#% tgog%ggl% an%r*?gturer's

redommenderFHescRiieiens PRI v rrusq BetkinericouktEiivadasel selienisos eptsedetric

analysisttR palze) Ganeell siedheelbnakarsis. ke J4AAR Y iakpityyenegativacaisoRBsS ulis are
- shown in Fi;?ﬁ 6. HCiTl]&B was a homogeneous cell population 5characterized in that most cells were
o renare a cell solution, . . . o
positive i stem cell markers. (3) Cancer formation test of commercially available in vitro cell
lines  (GThaertmcediesnafivsminclitriisreastiched from the flask with Accutase, and confirmed

microscopically o-e sibgle-galismiallaned fyicauaiingrMaiieriBasemers Membremedviatixigiuted
0 38 & Vs"é%'fi‘ﬁlﬁf Sﬁaggg.%ﬁgv%%l OS %gé%%i' %’(? rsnyxfu%gstgt BECPEE: the addition of Rat mAb to mouse
MHC class I (Abcam, Cat. No. ab15680). The cells were washed once with FACS buftfer, and
~ allowed to react at 4°C for 30 minutes with PE-labeled goat Ab to rat IgG2a (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. AG7704) for staining dead cells,
25  or as a cancer stem cell marker, FITC-labeled mouse mAb to human CD326 (EpCAM) (Miltenyi
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 PLR59, generated a

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



1010,000, 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 féPmation was confirmed when 10 cells/spot or more
were transplanted. The ratio of cells with cancer-foiming ability was analyzed using an extreme limiting
dilution analysis. It demonstrated that the ratio of cells 15with cancer-forming ability was 1/9 in
HCT116. [Table 2] Name of cells Days after transplantation Cancer formation ratio Frequency 1,000
cells 10p@slly diffeatisi G TolbG CorvmnBnei&lyRaVailablerateditrolisalidinecd8 dlayssi6ia: 406 BT AM, (4)
Histologicah syalationrafihisianehicakattusiurpiormation, shially ayailaklein 20vitro cell lines

Cancer cell masses formed from_10 cells weye excised, fixed ?or 16-24 hours in 4% paraformaldehyde
at 4C, ahtl eR5BWIBHURE ARTEX FRBBSEHSPEEte sliced tissue specimens. The tissue specimens
were subjected tocHEpstaminpirie sultsiarecsionasinvieig.sispended in FACS buffer, and allowed to

3 react at 4°C for 15 minutes after the addition of Rat mAb to mouse MHC class .  The cells

were washed once with FACS buffer, and allowed to react at 4°C for 15 minutes with PE-labeled

goat Ab to rat IgG2a as a secondary antibody. Furthermore, the cells were washed once with
FACS buffer. Subsequently, mouse cells were removed by cell sorting using EPICS ALTRA or
the EasySep Mouse PE Positive Selection Kit (Stemcell Technologies, Cat. No. 18554}

10 according to the manufacturer’s recommended procedures. Cell purity was analyzed using
EPICS ALTRA. Results are shown in Fig. 3. In cancer cell masses formed from the colon
cancer lines PLR123, PLR59, and PLR325, 95% or more of the cells were negative for mouse
MHC class ] after the removal of mouse cells.

(5) Cancer formation test of colon cancer lines

15 After mouse cells were removed from the above cell solution prepared in (2), the cancer
cells were confirmed microscopically to be single cells, and the cells were 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 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 160 cells 10 cells

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

NOG established colon cancer line

PLR59 49 days 12712 512 0/12 1/193

Moderately differentiated




HCT116 showed no hierarchical structure, suggesting that HCT116 is cancer-forming cells. 25(5)
Detection of normal intestinal stem cell marker LGRS protein RIPA buffer was used to prepare
HCT116 cell lysate for SDS-PAGE and Western blgﬂing. Rabbit mAb to human GPR49 was used to
detect LGRS5 protein. Mouse mAb to human GAPDH was used as a positive control. Results are
shown in Fig. 8. No LGR5 protein was detected in HCT116. 30(6) Detection of cells positive for normal
intestinal stem cell marker LGR5 HCT116 was plated and cultured at 5,000 cells/well on Lab-Tek
Chambenglitlesa3zh¢liRelmeabeeinitfic; Cat. No. 177402). After apout 24 hours, the s|ides were used
for in sjitu hybridizatign, 45 situ hybridization gnalysis was ggpducted uging the QuantiGeng YiewRNA
Plate-Based Assay Kit (Panomics, Cat., No. QVP0010), QuantiGene ViewRNA Plate-Based Signal
Amplification KiePBRABKRE2ESt. No. QVP0200), and QuantaGene ViewRNA GPR495(LGR5) Probe
set (Panomics, Cat. No. VA1-10587) according to the manufacturer's recommended procedures. DAPI

(Invitrogen, Cat. No. D2149 as used for.nuclear staining. Results are shown in Fig. 9. No HCT116
e weard ot o e S L ment of cancor
stem cells (1) irfonesTaherasseuthatevstcinardsiom 8flomdtembsfeesimvsiyabfbnedits 4&-3dherent
culture insRME F95EShformARlSWeIesoUldHRIERARAd Qb slandaedk method (e depatddfedand in the
pre%enctelscglfl 5%6%202% in temsggllsmeecqllxlljm desrcgltzﬁl belg .I'Ege Stem celkneq}gg% é/vﬁ%% pre ared by
155upp|ementg o] / Hnw ro%en, 5t No; 1 %%8 %meélum With KR supplemen
(InvitrogBig; €at. e mada2einyliforeiinitd Relorbhsantiprsiai EG righivitFodeshawad No. 11330032),
10 ng/mi; &ibepilasii@rewt) facianikasicHIMALReMBPINARRKSMS a£BPI RGP 9dd cd WL

Heparin Sodium Salt (Sigma, Cat. No. H314 ma/mL AlbuMax Lipid Rich BSA (lnvitragen, Cat. No.
1610055 20 QTR THAI R FALR SEIGLE 2T SoRSH SoghiTH B0y LoD 13as014),
2.9 mg/retld-tGiudosel SBIBTbF (45N (Sim dh CatlaN s BT H9¥, BRI Anbivke-faming collie
(Inyifrogen, GatidiQed 3240RR) iatdhisiklinahccRiatiqnsrREraecells containing cancer stem cells
were cultured u?éll}g the stern i;ell medium inBa 6-well I%te for @Sﬁh rent culture (BD 0. 353046).

at.
Several days latef el AP Sh & aa TRECH ISR ABYRG LR HOPPOHAR el&(’?iecﬂ ating cells
were rerovid odrdlesonhe¢hbmahBidht e IR Réte adtbidtl RdheneptepetisdgronmRdldohtiience were

5100 L T R B e e e rentogiare,
, , Cat, No, , ,.Cat. No. sks for adherent culture.
Passagé%‘ﬁ@%‘é‘ﬂé’?eﬁ?@éﬁs %B%aebg]ﬁ%uﬁa-gﬁi?gﬁﬁﬁ?ewéé%“% & éeﬁtgsﬁ%é PP A hcer SI8TR cell
malrkersraddasbritved HARDEIGAnS e of théNce lfs WETE Huspensiethinegpesli starageni30 solution,
Bambangeg (Wakoa{sain NPr304-1468R)s andeaiored allE of e'wadiatpnalagy.afitha madgrately

differentiated colon cancer liné PLR 123 cultured in vitro is shown in Fig. 10, A cell mass called

spheroidF W4E BRsT Shig i aHobRng: SEIECH TRERIFSHEE CAneEr etdrrsiirRePbsitive cells
The cancerlogiiscattheresilly ciliude@Ri? pitocein the steeoteéimmiedimarvelidtcletacheticolon cancer

line PLR325.

20
[Example 2] Characterization of commercially available in vifro cancer cell lines
(1) Culture of commercially available in vifro cancer cell lines
Commercially available in vitro cancer cell lines were cultured according to a standard
method (e.g., at 37°C and in the presence of 5% CO») in a medium recommended by ATCC
25  (http://www.atcc.org/). The fetal bovine serum in all the media used was inactivated by
incubation at 56°C for 30 minutes or longer before use.
(2) Detection of cancer stem cell marker-positive cells
The cancer cells cultured in vitro 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
mAb 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.



35from the flask with Accutase, suspended in FACS buffer, and 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 (EpCAM), PE-IabeIe%Ilmouse mADb to human CD133/1 (AC133), or
PE-labeled mouse mAb to human CD44. Subsequently, the cells were washed once with FAGS buffer
and subjected to flow cytometric analysis. Aldehyde dehydrogenase (ALDH) activity was detected
using the AldeFluor Kit according to the 5 manufacturer's recommended procedures. EPICS ALTRA
was usedllfizhflosvietaneticanalydiitpaatialyze cangectstensiog timarkietd unr KA AD:Midibiity the
Dye-negﬁ&?{ﬁ&&ﬂ%&%ﬁ%&ﬁ%é&?i%aadﬁfg,s.11@1&%@%@!@@5?@6&%mﬁ%&)cea!%g@cﬂﬁﬁrtﬂees

PLR123 and PLR59 adherently cultured in vitro were all positive for the cancer stem cell markers,

suggestiRPhorREHs sualEE BOpRARTS RNt S BSRILIHR B ihteeh Q8 cell marker LGRS
protein Dye-Adtatimeaiese. ce]_isssuhﬁe_;fe showedArBiy. the _dédI’Ebltﬁtiwms Rhlaﬁndzg&rﬁeomaslﬂ@eﬂmmmpare
lysaes f%%'%&éﬂ%@ﬂﬁ“&'&’t %&HS{ 3&5’3@%}&8@&99@?&?&&?&? 5y %%F&‘!.PLR%’ colon cancer line

PLR123 adherently cultured in vitro in the stem cell medium, and colon cancer line PLR59 adherently
cultured(ih vifraneeiHergighor dtshd diemisics B apalab o We sehiipfsttng. 15 Rabbit mAb to
human GPR49 was ¢isedrtcetieiattl-&Rb prateirrdMieuss i Ate thuMak GARRttwas usel as a

positive control. ResUlis IS SNOWD IR Eltnd 2. 10cisRSE fIC LERRPTOIRNESHSIGRIRA in the colon
cancer Iines that were adheren y cuﬁure_ In t}1e stem cell medium I%.VIII‘O. THus, the normal intestinal
stem ceMemhearepdsfive Sdnted/sré Conrdhiasiamnaeh SOOIV SfeHRCEEr RGBT, 20(4)
Detgctioppafononmabiniestinakstemicallwianker EaRa4siliveselss subclhasmadepislyldiffetentiated
colon cancer line PLRI at was adher cultured,in the, stern cell medium in vitro was plated and
cultured B0 Qo N B CBir e oha ety SR S S D PR BT e
for in sittrmgssifiizagen. Reslissisridpancn Bdnais Wal €dndictepcasing b atRoBRENZIRWRNA
P|ate-B%R&A@S%Méﬂé{ao%%x@h@éﬂ%@@réﬂgﬂéﬁi{‘é& PIaI&—?&smf Sige adzi&{r%@ﬂﬁelaﬁﬁmﬁg @ity
QuantaGene ViewRNA GPR49 (LGR5) Probe.set according ta the manufacturer's recommen
roceduRs AR A HEal 3 aar SR RS e ol o e el
différentistéccentoniosnoe #pdiIR DS thdiWwhkl &dherently cultured in the stem cell medium in vitro
was confirmed to be all positive for the LGR5 probe. It was demonstrated that the normal intestinal
stem ceﬂf%nﬁker-positive cells were concentrated by in vitro culture in the stem cell medium,
suggest r& ' all the cells were homogeneous_ cells-positive-for.the.normal-intestinal-stem-cell-marker
LGRS5. (b) Cancer formation test of inwititeadherently céitoveciodigion ratio The ca‘\{ncer cells adherently
cultured in vitfiePe Getached fram s, flask with Ageutase 35 @andiwashgskuith DPBS4&V3ral imes.
The cellrsetution-was-passed-throtgh-a40-tum-cett strainer—Fhecetts were continued-microscopically
to be single cellEGhthen colinted. 34 Matrigel Basement Membrane|Matrix, dijuted to 50% with
Hank's Balaneet:shitaSolabion, was4isédyto prepare 10,000,/ 1,066, or 100 ¢#lls/mL solutidns. Each
cell solution was, subgytaneously transplanted into NOG mice at 100 pUspot, i.e.} 1,000, 100, and 10
cells/spette-evatuate-the-rumber-of-tumors-formed—Results are-shown'inFable-3—TFhe-moderately
5differentiated colon cancer lines PLR 123 and PLR59 that were adherently cultured in vitro all foimed
cancer wiien trasplasieel Alhisicle pTunstiated dhatibern taerately dikerentated colailddacer lines

P 23 alnd cl%hl?Sg that were adherently cultured in vitro had cancer-foiming ability. 10[Table 3] Name

of Cells Days after transplantation . _
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.
25  {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 1n HCT116.
30  (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



Cancer fonnation ratio Frequency 1,000 cells 100 cells 10 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 (6) Evaluation of cancer
stem cells established in vitro For comparison of ca@r?cer-fonning ability, the moderately differentiated
colon cancer line PLR 123 that was adherently cultured in vitro was cultured for one additional month
or 15longer. 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

(Thermo Scientific, Cat. No. 177402).  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 {Panomics, Cat. No. QVP0010), QuantiGene ViewRNA Plate-Based
Signal Amplification Kit (Panomics, Cat. No. QVP0200), and QuantaGene ViewRNA GPR49

5  (LGRS5) Probe set (Panomics, Cat. No. VA1-10587) according to the manufacturer’s
recommended procedures. DAPI (Invitrogen, 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 (hereinafter 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%

CQO,) 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 ug/mL Heparin Sodium Salt (Sigma, Cat. No. H3149), 4 mg/mL AlbuMax Lipid Rich
BSA (Invifrogen, 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.
(G8769), 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 celis 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 1n 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,



40-um 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. Exith cell solution was 20subcutaneously
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 4. The moderately differentiated colon cancer line PLR
123 that had been cultured for one month or longer all formed cancer when transplanted. Thus, the
cancer fBiffih{bdididynwasemeint airednan KO0 S2 6n Hp€ mMitrB icuihredandusamedb stemrmetls were

SUCCGSS&M@&B@&@%%Wﬁ@n&%@%&é&14}' lemg plcalisctinus altentansplaniaiorisanger

formation ratlo Frequency 1000 cells 100 cells 10 cells PLR123 adherently cultured in vitro Date of

transplalftsA: 0268 6 B S R ER PR ARt AMIfed MV Sate of
transpladthiion RA1Q0208M39) dayisity was detected using the AldeFluor Kit according to the

5 manufacturer’s recommended procedures. EPICS ALTR A was used for flow cytometric
analysis to analyze cancer stem cell markers in 7-AAD Viability Dye-negative cells. Results
are shown in Fig. 11. The moderately differenfiated colon cancer lines PLLR123 and PLR59
adherently cultured in vitro were all positive for the cancer stem cell markers, suggesting
homogeneous cell populations.

10 (3) Detection of normal intestinal stem cell marker LGRS protein

After mouse cells were removed from the cell solution, RIPA buffer was used to prepare
lysates for the moderately differentiated colon cancer lines PLR123 and PLR59, colon cancer
line PLLR123 adherently cultured in vitro in the stem cell medium, and colon cancer line PLR59
adherently cultured in vitro in the stem cell medium for SDS-PAGE and Western blotting.

15 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. 12.  Increase of the LGRS protein
was detected in the colon cancer lines that were adherently cultured in the stem cell medium in
vitro. Thus, the normal intestinal 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 LGR5-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
Siides.‘ 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
GPRA49 (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.



6/6 616 616 1 35 (7) Histological evaluation of hierarchical structure foiniation in cancer cell masses
formed from 10 cancer cells adherently cultured in yitro The cancer cell 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% parafoinialdehyde 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. 14. In cancer cell masses formed from 10 cells of the moderately
differentidted g Bascaroe MinebrRlcRi 28 anti 1RteR 50 104t wishe adkisrBatip crdtbedicSirlwitvo, was
h'efarchag%h%%%&g@esm\,%b}q wseof feantissuasand estabiishedcancrr wedl lines was

observed. Also, in a cancer cell mass formed from the moderately differentiated colﬁn cancer line

PLR123Hhst{rasonaleiantR) atiad iat i Vit 8vise shi U ahiinsitidfigdrOGhikErear AP rHMHY Bmilar to
those ofdwamate tissuesandNOG estatlished RenuderaceiHines iwdsidbservét e Timd;rid ymoderately
diffgrentigtad & J%&ﬁ&%ﬁfgﬁﬁsa BhR3and RRRObeiwere.Adnareniv culiviediin Vil were all

cancer stem cells with pluripotency. 15(8) Analysis of cancer stem cell markers_in cells prepared from
human GSFEER CaNGSTaLkER KSR 1 EatieBP R Soierdher edrTely if Hhersrtiatedcglien
prepareddiioen kaacel.Rell nagseisRoNtied frora ddheedisl pttiarad dervatel Y differertidteshimglon cancer
lines PLﬁ)Jrg;%and PLR59 that were adherently cultured in vitro were suspended in FACS buffer, and
allowed to react at 4C for 30 minutes after the addition of Rat 20 mAb to mouse MHC class 1. The
cells were washed once with FACS buffer, and allowed to react at 4C for 30 minutes with PE-labeled
goad Ab [parat fJG2a or APC-labeled goat Ab to rat IgG2a as a secondary antibody, the 7-AAD Viability
Dye for Staining dead Cells, or as a carjcer sjem cell marker, Fﬁn%é;'@@%%‘?mm&%e mAD to human
CD326 (EpCAM), REtalselgsd mouse mAD to Auman CD133/4 (?AC - 33)-oFPE-labeled megsadsnAb to
human CD44. Subsequently, 25the cells {e¥ewdived odd@MeirAS slitfer Brglsubjected to flow

cytometrigianalysiseAlde byds-dehygrogenase (AsDH) activigyswas |detgeted usiggthe Aldefluor Kit

accordingtothe lnol_llufat,turelcf,re(,om nendgg'fjpw(,ed res. EPTCSTACTRAWAS &Eed forflow
cytome ri@la]ﬁ%?fgiée‘r%‘%%‘%}‘%rﬁ CAREEY stem C8IFRYArkers in nYouse MHE Glass 1- 47d 7-AA Viability
Dye-negative cells. Results are shown in Fig. 15. In cancer cell masses formed from 10 cells 300f the

moderat@y differeniiaied-calpr cancelnes iR L3 AngBLRS9 that were adherently cultured in vitro,

cancer stem cell marker-negative cells were observed, suggesting that cancer stem cell

marker-negativef Q& IFOWBFE B RESABEF IR ELR Al I I e BTPdRaAkdy. dorroRtaled cpdgesenesr
formatiohiste SLA I8l th s econdigensiatiohiupré pareddrons echumndfocancerddélionassdfitsbgeneration)

formed from 10 agherently cuttraddn.vitro. cancer sells sAfiermeuse selis wersemayed from a cell
solution prepared with the cancer cell mass (first generation) formed from 10 cells of the moderately
differentfsBteomeamasnfied 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 prepare 10,000, 1,000, or 100 cells/mL solutions. Each cell solution was
20  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 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 cells : Frequency
transplantation 1000 celis 1100 celis| 10 calls

PLR123 adherentiy cultured in vitro .
Date of transplantatior: 20100603 35 days 6/6 6/6 6/6 ! § Cultured for
PLR123 adherently cultured in vitro 35 days
Date of transplantation: 20100708 39 days 6/6 6/6 6/ ! ’




36 PLR123 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 18 prepare 10,000, 1,000, or 100 cells/mL
solutions. Each cell solution was subcutaneously transplanted into NOG mice at 100 5ul/spot, i.e.,
1,000, 100, and 10 cells/spot to evaluate morphology and the number of tumors formed. Results are
shown in Table 5. Cancer having a hierarchical structure was formed at 10 or more spots, suggesting
that cellggonktiistelh grictl ecdnodrcefllimassinad seifampt éatingabilitycasceanel nstesws detlaed he ratio

of canceﬁ,gﬁ?%%%u%'&o&@%gé&ﬁ% cancengell mass was 1/95, suggesting that differentiated cells

with no cancer-forming ablllg were generated from 10cancer stem cells adherently cultured in vitro.

[Table 5] Name oPe&r& tshgelanarsas HIpsAtnsh (O sabe rfdhnatrsieratt BiE6URNREI Y08 cells 100
cells 10 celtsrPBy 23 RAPere@tpIRIGIRE nairaiFishgerelation 45 tays 6166246 1498 for

5 16-24 hours m 4% paraformaldehvde 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. 14. In cancer cell masses formed from 10 cells of the moderately differentiated
colon cancer lines PLR123 and PLR39 that were adherently cultured in vitro, a hierarchical
structure similar to those of human tissues and established cancer cell lines was observed. Also,

10 in a cancer cell mass formed from the moderately differentiated colon cancer line PLR 123 that
was adherently cultured in vifro for one month or 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 that were adherently cultured in vifro were
all cancer stem cells with pluripotency.

15  (8) Analysis of cancer stem cell markers in cells prepared from human cancer cell masses
formed from 10 cancer cells adherently cultured in vitro

Cells prepared from cancer cell masses formed from 10 cells of the moderately
differentiated colon cancer lines PLR123 and PLRS59 that were adherently cuitured in vitro were
suspended in FACS buffer, and allowed to react at 4°C for 30 minutes after the addition of Rat

20  mAbD to mouse MHC class I.  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 IgG2a or APC-labeled goat Ab to rat
1g(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 mAb 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 I- and 7-AAD Viability
Dye-negative cells. Results are shown in Fig. 15.  In cancer cell masses formed from 10 cells

30  ofthe moderately differentiated colon cancer lines PLR123 and PLRS59 that were adherently
cultured in vitro, cancer stem cell marker-negative cells were observed, suggesting that cancer
stem cell marker-negative celis 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



(10) Histological evaluation of hierarchical structure formation in a second-generation cancer 15cell
mass formed from cancer cells adherently cultured in vitro A second-generation cancer cell mass
formed from cancer cells adherently cultured in vitréSvere 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 folioed 20from the moderately differentiated colon cancer line
PLR123thAt @athaidivesexdtyreutiyradtinedtboyarhieharcimead stuatucel simidar torthiosedof human tissues
and Noﬁjﬁfmﬁ eesiigltings, wip RleenatdRelRIRICE BXARIR M bAGRRIOIR Xpression

analysis 25(1) Estaolish_ment of cells expressing full-length human Lgrd4, Lgr5, or Lgré Full-length
human 1gket s Gndvith B abinRe anerd S SalBY Perepased ot U8t Witum $P8400
(Lgr4), N1 ©6E0301463nd- gr B chnd NI 00366 25 kgs6) i ahbevslgned génasdiete WKFessechniti) or

withput the, addition of ta e N terminus, The e | I i transfected into the
Ch?r?ese@s (s)?’elr'%i/g’r(}%@éﬁ in’ea(fil&:(?-_?gI %E%I?g%lt n%fﬁg%%nxé%@rﬁ{gi %%ﬁ%g%ﬁgeﬁﬁ e[|;§ ?ﬁ%ﬁ le cell
lines, H/ioegﬁdmdi,qsviytwwb@%wﬁmeégre -G BAE 188 8 dHSERTRTG GHIS YY) Wee fatafGAtof
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Ssuperngtani:aial davasaeiiested-fomasfinity purification of the Lgr5-Fc protein on a Protein
A-Sepharose column (Phanlacia). Lgr5-Fc served as an antigen for protein immunization and EL1SA
screening. (3) Production of anti-Lgr5 monoclonal antibody by immunization with the Lgr5-Fc protein
(W02008b83970) 10Balb/c mice (Charles River Japan) were subcutaneously immunized with 50 pg of
Lgr5-Fc emulsified in g%npg;e Freund's adjisyagied Wo weekslater.cyvaekly Hijgction vv;s repeated for
two weeks using ther ecBmount in Ereund's incompletegdjuvant Threg days beforete@lidusion, 25
lig of Lgr5EC Wagq intravenously injected ir%%ns %ﬁ‘néat]&ﬁﬁ: 3r?’®r(¢1]ﬁ%§r t%:(-)é} ﬁeﬁrsltjpﬁafﬁ%ﬁﬁ immunized.mice
were fus@dliith #BeX6B Ag8irddnoirse myeloma cells (ATCC) by 15 the conventional method (Kremer
L and Marquez Gp{2004). Methods Mol. Biol.?%%@5243-260).%bridomé’%ult re %/L?pernatdﬁ?g were
screened-using-ELISA-for-antibodies-that-show-reactivity-with-stgri-Fe—tgr5=specific motse-mAbs,
2T15E-2 and 2U2E-2, were established. (4) Immunofluorescence staining of cultured cells and
xenograft (issuéi ftoloigiraundivarksceficeaytbiiat sty ¢eroedisoiixac wito dd4p pacafivimi atdebyde and

15 cell mass formed from cancer cells adherently cultured in vitro

A second-generation cancer cell mass formed from cancer cells adherently 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

lmes was observed.

[Reference example 1] LgrS protein expression analysis

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

Full-iength human Lgr4, Lgr5, and Ler6 cDNAs were cloned by PCR based on the

sequences of NM_ 018490 (L.gr4), 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 hne CHO DG44

30  (Invitrogen) using Gene Pulser (BioRad). Stable cell lines, HA-Lgr4/DG, HA-Lgr5/DG, and
HA-Lgro/DG, were selected using G418.
(2) Preparation of soluble Lgr5-Fc protein



20 methanol were incubated with a mouse anti-human E-cadherin (Abeam), rabbit anti-human Snalil
(Abeam), or rabbit anti-human P-catenin (Sigma) antlbody followed by visualization using an
AlexaFluor 488-labeled goat anti-mouse or -rabbit Iﬁ 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 (Abcam) 25antibody. After incubation with a
primary antibody, Lgr5 protein was detected using a goat anti-mouse antibody coupled with
polymer-HRP (C5aK®): Ialiowedioy wisdalizEtio pwithnleadz piess 88 dahie drt yrawmaid enlihviiteolien).
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{Abcam), or rabbit anti-human f-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 Lgr5 (2U2E-2) or rabbit anti-human Snail (Abcam)

25  antibody. After incubation with a primary antibody, Lgr5 protein was detected using a goat

© anti-mouse antibody coupled with polymer-HRP (DAKOQ), 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).

30 (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),

35  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



Number of cells per injection site 1,000 100 10 PLR59 Primary 127121 5/12 0/12 (100) (42) (0)

Floating (Lgr5-) 6/6 6/6 1/6 (100)
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mouse anti-human CD29 (BD Pharmingen) antibodies.

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 stamning.
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 1
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 Lgrd

and 6 which both have high homology to Lgr5 (Figs. 18 and 19).  The inventors used these

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

[Reference example 2] 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 vive. To examine this, the mventors
investigated the tumorigenicity of LgrS-positive adherent cells and Lgr5-negative floating cells.

As a result, tumorigenicity was higher in Lgr5-positive adherent cells than in
Lgr5-negative floating celis.  Both LgrS-positive and -negative cells retained tumorigenicity n
NOG mice. Subcutaneous injection of 10 LgrS-positive cells formed tumors at all the injection
sites (6 of 6 sites). Tumors were formed at 2 sites (PLR123-derived cells) and 1 site
(PLR59-derived cells) of the 6 sites injected with LgrS-negative cells (Table 6).

[Table 6].
Cell line* Specimen’% Number of cells per injection site
1,000 100 10
PLRS9 Primary 12712 5/12 0/12
(100) (42) (0)
Floating (Legr3") 6/6 6/6 1/6
(100) (100) (17)
Adberent (Lgr5") 6/6 6/6 6/6
{100) (100) (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




(100) (17) 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
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{100) (100) (100)

For LgrS-positive cells, of the 12 injection sites in which only a single cell was injected
per site, 2 sites (PLR123-derived cells) and 1 site (PLR59-derived cells) had tumor
reconstruction (Fig. 20). Tumors derived from Lgr5-positive and -negative cells showed almost
the same histopathological 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 LgrS-positive and -negative cells derived from PLRS9
and PLR123 are high-purity colon CSC, and that Lgr5-positive and -negative cells represent two

different states of CSC in colon cancer.

[Reference example 3] Effects of TCF and B-catenin

Western blot analysis was conducted as described below.  Proteins were extracted
using RIPA buffer (Sigma) supplemented with Complete Mini Protease Inhibitor Cocktail
(Roche). Proteins were fractionated in a NuPAGE gel (Invitrogen) and transferred onto a
PVDF membrane. After blocking with PBS containing 1% skum milk, the membrane was
probed with a rabbit anti-human B-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

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).

25

30

35

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

Phosphorylation of c-Jun at the N-terminal region was not detected in Lgrd-positive
cancer stem cells as compared with Lgr3-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 -catenin degradation) on the growth of colon
cancer stem cells. Cell growth was evaluated as described below. Floating and adherent
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-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 adherent cancer stem cells
were seeded at about 100 and 1 x 10* cells per well in 96-well plates, respectively. After
24-hour incubation, 10 ug/mL 5-FU (Hospira), 10 pg/mL irinotecan (Hospira), 50 mM TCF



2/6 (100) (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 (PLR123-derived cells)
and 1 site (PLR59-derived cells) had tumor reconstfiiction (Fig. 20). Tumors derived from Lgr5-positive
and -negative cells showed almost 5the same histopathological features as the original ones (Fig. 21).
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These results suggest that TCF mediates the growth of LgrS-positive cells and that

[-catenin is involved in the survival of colon cancer stem cells.  Interestingly, LgrS-positive

cells grew even without the supplementation of EGF and FGF (Figs. 27 and 28), suggesting that

colon

cancer stem cells have an endogenous autocrine mechanism to activate Wnt signaling for

their growth.

15

[Reference example 4]  Ability of colon cancer stem cells to alternate from Lgr5-positive to

L.gr5-negative

One of the characteristics of cancer stem cells is their resistance to chemotherapeutic

agents. Thus, the inventors investigated the sensitivity of colon cancer stem cells to 5-FU and

20  irinotecan. As described above, LgrS-positive cells grew with a doubling time of about 2. 5

days,

while Lgr5-negative cancer stem cells were in a static state in terms of growth. Treatment

with 5-FU (10 pg/ml) or irinotecan (10 ug/ml) significantly inhibited the growth of

Lgr5S-positive colon cancer stem cells, but had no effect on the growth and survival of

Lgr5-negative colon cancer stem cells (Figs. 29 and 30).  After 3 days of exposing

25 Lgr3-positive colon cancer stem cells to 5-FU (10 pg/ml) or irinotecan (10 ug/ml), some of the

cells became resistant to these chemotherapeutic agents.  Surprisingly, the drug-resistant cells

were negafive for Lgrd and their morphology was altered (Figs. 31, 32, and 33), suggesting

alteration from an Lgr5-positive state to an L.grS-negative state.

30  state,

To examine the alteration of LgrS-negative colon cancer stem cells to an Lgr5-positive

the inventors prepared LgrS-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 Lgr5-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 Lgr5S mRNA level

(Figs.

34 and 35).



Consistent with the Lgr5 expression, protein levels of P-catenin, TCF1, TCF3, and TCF4 were
up-regulated in Lgr5-positive cells, but not in Lgrs- negatlve cells (Figs. 20 and 24). Phosphorylation of
c-Jun at the N-terminal region was not detected in Lér5 -positive 25cancer stem cells as compared with
Lgr5-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
(13-catenin/TCF inhibitor) and cardamonin (Wnt/13-catenin inhibitor that induces P-catenin
degradation) on theSgrdtiNia of calemdaad &y sjemtdetis  Cal-growthbiwasrevalthaiedastdesaribed below.
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in triplicate. 5As a result, ﬁ]gﬁ |ca e growt posmve colon cancer
stem ceRgMifbhe %@é@féﬁt%@é@%ﬂf rIE“@‘FB%’(&:'gatlve colon cancer stem cells (Figs. 25 and 26).
Onjthe athes:-hand, 50 p.M cardamonin reduced the number of living cells to 70% in Lgr5-positive

colon cancer stem.cells f@&l = gﬁggl ol ﬁgﬁsn ells (Figs. 25 and 26).
10Thesa£res&ftcs?%ugges tﬁg(ﬁ g%t{g(éqiég&agrr%w éﬁ%@;% cells and that P-catenin is
involvedReveiscspiiivel 8F €OIOF CaiREbn Sbm/sb s rtatd Stindhy, (S pBsNVe Dells grew even without
the suppiegpgsiation of EGF and FGF (Figs. 27 and 28), suggesting that colon cancer stem cells have

an endogenous, autocri r growth. 15 [Reference
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above, Lgr5-positive cells gr ' ing.time .of ahout e Lgr5-negative cancer
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the QVOWth and ssivivial,pfHarR0e Salive, GRloR CaNeRY &m&%%i%&%ﬁﬁﬁﬁéﬂ@s Sidays of
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were negatigenforsligebenebthaivinnomérsidgyolvas altered (Figs. 31, 32, and 33) suggesting alteration
from an Lgr5-positive state to an Lgr5-negative state.

[Reference example 5] EMT of LgrS5-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, Hlubek F, Kirchner T (2005)
Opinion: migrating cancer stem cells - an integrated concept of malignant tamor 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 LgrS-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 f3-catenin (characteristic of EMT) in Lgr5-positive colon cancer
stem cells (Figs. 36, 37, and 38). On the other hand, LgrS-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 3-catenin was observed. In

35  addition, Snail and Lgr5 were co-expressed in cells that underwent EMT in the budding region of

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



To examine the alteration of Lgr5-negative colon cancer stem cells to an Lgr5-positive 30state, the
inventors prepared Lgr5-negative colon cancer stein cells by irinotecan treatment, and adherently
cultured them again in a serum-free stem cell cultuf® 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 Lgr5-positive adherent colon cancer stem cells were cultured in an ultra-low
attachment plate, the inventors observed that some of the cells 35stopped growing, fooning a
spheroidakikeysivabitre; andshewmadellvery low Lgr5 mRNA level (Figs. 34 and 35). 41 Lgr5

MRNA was exaﬁ}f\k%momﬂéi}ﬁvxﬁ&%a&ém&@%e@%%ﬁg@gﬂ@sﬁﬁeetéarba_%ﬂﬁ%mw&%@vv- |
Specifically, cDNA was synthesized with the First-Strand cONA Synthesis Kit (SABiosciences) using

as a tenpated {aPRNATSHIRIsdsHRsHS RIBS RN KGE iRRTLITRETIDNESS fubtndheden).
Quantitative ¢aaldimefiCR QR TRER) dAnalysiawaswednfieciedd using thlsSiBRrGriglearRox qPCR
(SABiosciences) inth 05P. Real-Time PC t in iQn were
calc%latégangls%%%?tngeﬁ A&@t%n%%ﬁsacf%é%ggﬁdgn %@%@v@é%ggggg%%g%%%gé%ﬂ%gh(g[(?én riments
were coftthedings thiieat and 4Iphe following primers were used as primers for quantitative real-time
PCR analysis to amplify the transcription products of the reaction: 10Lgr5: Forward primer:
5'-AGTT£TA1 T;Cil’! CF%%T%ﬁGTAGTCC-S' (SEQ ID NO: 1), Reverse primer:

5'-CAA ATTGA-3 (SEQ ID NO: 2), GAPDH: Forward primer:
5'-CTCTGCTCC hearentreereides sEaniswesus cas R strarseihapmaposition  in which cells

5'-NC CARC AL Thrcbr Tl e Bora Y SRQuR NBstdntiAG B ekierwiad dHage@k: have not, and which

5-AAGTCCCITGCCATCCTAAAA-3' (S D.NQ: 5), Reverse primer;

S ATOCTR AT A ETOTE B EEB TN OT e T8 S sthgd ool G inventors
concludetpsasion|snabemcendsaiccaliseierad 2 ofidrhircland-gesniasnecan) \cgtbpreg ke state, and
that sulce f@e_il_iQf;éﬁl@éé@i&@ﬁﬂE@aﬂ?ﬁhﬁ&ﬁé@g@fh@bﬁfﬁllﬁgﬁ?é‘imﬁs@:ﬂ\éﬁ_%ﬂa@ﬂﬁ&ﬁi@BE; Lﬁi@lfei.rence”
example 0 -positive colgn cancer.stem cells in vitro and in vi esenchymal-like cells
exproos AT B LA A & EbE O Fe A R cer P R Eh U e
(BribletzontijungsAn Sp adednatisn MiliseroBenteshsen®y 3605 pedpinidhisrpigestiedyteaincer stem cells -
an integraladGeneaph CLMRIGNGN AN MREES 58iAB tNALBEY GBMCaNR sRAG 42:i t@inrrpositive
colon cancer stetg Ce”%oﬁ%;i_? mo&hﬁﬁiga%sinalgr to mesenc m?}lfctells. us, the inve;{ntors
examine HREHHEF SFRSPLYRE P8 A SRR ArE BG UV Al8h o MOBile” CSTOR CARCEr stem
cells. Westerreibtoradahsisiddderhivhsiratbd foost evedexpression of calbeupideaE-cadherin, high-level
expression of Snail, and expression of nuclear localizing fi-catenin (characteristic of EMT) in
Lgr5-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 p-cateﬁ'rﬂh was observed. In 35addition, Snail and Lgr5
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 42 are equivalent to mobile stem
cells. Furthermore, the inventors demonstrated that Lgr5-positive colon cancer stem cells fomnied
tumors in multiple tissues including lungs, liver, 8hd\iiph nodes, and under the skin. 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-ApplicAdtRRFIae I RieTSH SFER dedsingmubiensstis PARRS strscioresia ﬁ@g%ﬁlﬁh%ﬁewhich
cells 10thainmvetaahdey-fanoirng, abiyidobs mohdetistanithilyacoeidst apddhodednatthave not, and
whigh r%%?ﬁ%ﬁfc%f@&&gﬂ%e&%s%ﬁé}i%rs?{l%hical structure; and a production method thereof Gene
expression analysis and proteomics analysis with this clonal (homogeneous) cell population are
expected to enable identification of targets specifically expressed in cancer stem cells and
identification of geiivaiestsignaldsinsgutiiton pditiviays, Fudheimeremibe nyanidn atodsitled
1500ntinig@%sarp@]%%p{glggg%&gf homogeneous cancer stem cells. It is expected that high-throughput
0

analysis rug candidates using the cancer stem cells should significantly increase the probability of

finding drugs and diagnostic markers that are effective against cancer recurrence and metastasis

which arg the mpaE sgriedseMcRMesinicancer patiamswika &l hMSmah. tAnpepisation eéeancer stem

cells frorg whichﬂgqllq with no cancer-forming ability have been substantially removed, wherein the
JFOm epiineliial cand

population is aracterlzegrby reproducing the Shierarchical structure of a cancer tissue. 2. The
cancer stem cell population of claim 1, wherein the cancer stem cells are derived from a human tumor

tissue. 193.The Tapceh&iemeelldponiyation.obclainm whesein the dmantumetissseisedarved from

epithelial cancer. A% The cancer st§m cell QQ%ulation of claim 3, wherein th@ epithelial cancer is
Cer, 81‘08 ate cf'mtcer TCAS %ancer 1 cancef(. ﬁastromteétma cancfer Uny cancer,
pancreaflc cancer, prostate cancer, breast cancer, skifi cancer, gastrointestingt cancer, lung cancer,

15hépatberdtoretiobachorwncervicaicehneeicre pabmetiial cancer covdARResRcdilipiepiahube

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.



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 sub‘%‘fantially 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. 257.The cancer stem cell population of any one of claims 1
to 6, which comprises 1 x 104 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 cqpfaining tangerSem cells »aPuAudh S AR SHe Ak RoRuwatior.ef AR ABS RLGlaIMS Ito 8,

which is produced by a method corﬁgrlsmg the steps of: (1) transplanting a cell group containing
cancer SEMEaHS FACAHBh M AMAEF A BRI gL S A5 BRI Stisdab produce a

cancer cell mass; 35(2) fragmenting the produced cancer cell mass; and (3) adherently culturing the

cellponyigtion oRHARAYIEIRR(ALII 2 SRk BRI, Adr QIR SANCEIRIE ol ARulation of

any one of claims 1t0 9, w n-human animal is a nude mouse, a SCID mouse, a
NOD-SCHSHoERIRERDIE nguE & c6r ARt S s A Fe HBE BRSPS TRy £HBPLiRSHon of cancer
stem celgispmiwhichuegilsavithl pepopnroatataing egnabilityehavgibeen substantially removed, wherein
the method comprises adherently culturing a cell group containing cancer stem cells. U.The method of
claim 11, wherein the cg{l#ﬁgrou containing cancer stem cells reproduces 10the hierarchical structure

of a cand@r tissuere Erthobaheiiay 1ds shmepibe sl & iR eRINGIBE S et g At e medRS 2 chical

strugturerefigcantaitissueiscotansaceelldine. established in a non-human animal, spheroid, or cells
positive for at least one or more cancer stem cell markers selected from CD24, CD29, 15 CD34,
CD44, CD49f, CD56, CD90, CD117, CD133, CD135, CD166, CD184, CD271, CD326, Aldefluor,
ABCG2,1ABCGH hearethiashel vigim 12. whe sietho ecofsipyromatsreramisct thohigaighidin the cell

group cept@ningcfansacstesselis iz allawed tngrelieraibdiaiossmperiaimmingmahe receoiduee. 20 15.
The methqd of claim 14, wherein the cell group containing cancer ste lIs. i proliferate
oy ephefo UL Lo e hh o Bp S ke %Q%feﬁfafr%%eg%%‘ﬁ}?ﬁ%ﬁf%%bemg

trah&plahted4oCiBhd P4SSagEd ta GDRYh-Glrhiah @Rikdal CIYL 3P0 & Rikthodldf $hy-1e bleldiafs 11 to
16, whergjndine,cangerstenpeatis arersrivarNrgm a human tumor tissue.

14, The method of any one of claims 11 to 13, wherein the cell group containing cancer
stem cells is allowed to proliferate before performing adherent culture.

20
15. The method of claim 14, wherein the cell group containing cancer stem cells is allowed

to proliferate by spheroid culture.

i6. 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

canccr.

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,



3018.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,‘%ng cancer, hepatocellular carcinoma, 35cervical
cancer, endometrial cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver cancer, bile
duct cancer, bladder 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, wherein the non-human
animal igidmeydemausey S Gl dubarsessadN@DeSCID mouse, a NOG mouse, or a nude rat. 5 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§opulati_on of any one of clg?i?r%s,l to 10, orina

culture Sfstem ofREEHICAABKPEEIPEBIIRTIOh BrideMiEURTL BEAGRIGHEBY A0 B MMdfidex a
hierarchitahstruSQi® formed frdi0DHCHD stemsceal Bl G(Taneee Iddewedspaient process originating from
canger 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 stém celfBpthedioh SrENIESGRE BrErhmRCCHl P56 iR BoRIERRASSTTRAKE 15 PEOIEEEAg a
tissue sectiashowingaiissuesiclataepbhacdctétistic ofrccasicer délvpippment pfaegsmebsaid
cancer stem cell ulation or i i ical t - Ll | ection
collocto TSy 1 Toe B e B e yin
a DNA, Rming sfcin s isransbiat oiitacivas famed depe samsioiea el srei2iructure formed

frory thedeapepnaienpoels akanassdavelapmentRIocess, aigibaingitrmripercantenstanteells, or a
biological Hgoperty of the cancer stem cells, in the tissue section. 2523.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 griginating: fraahsaneerste M calisromatialegicalopiapery dicarpenstem cells;  (2)

examining the expression of a DNA REA, rotein, pe {id . or metabolite | c%%re%&gl,!%égf/%; the
-, - t i
reproduzg)dpéﬂ‘glr‘ég&%ﬁsr}?él s?[?ﬂ%%ﬂr%r;ﬂénna I?ﬁ?%e?{%ﬁ?ﬁg %H%RFA, &Kﬁ&?%ﬁ‘gt%ﬁ’l, pegﬁ e or metabdlite
thatvariesedefpdniging on 14 iner aahicemstrasigia formed from the cancer stem cells, a cancer
deVE"ODﬁQ%BHé@ﬁﬁg% asgipatingiiemife cancehstenaelishandaiglogicat arepatydihesancer
stem cells, in the culgjred cells. 35 4%6 . . : .
process of said cancer stem cell population or showing a biological property thereof,
(3) examining the tissue section collected in (2) for the expression of a DNA, RNA, protein,
peptide, or metabolite; and
20 (4)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, or a biological property of the cancer stem cells, in 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.



25.The method of any one of claims 21 to 24, wherein the target molecule is a cancer cell marker.
526.A method of assessing a drug, wherein assessment is performed in a non-human animal model
transplanted with the cancer stem cell population of ny one of claims 1 to 10, or 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, 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 stern cell

populatien of anyng o slaims { 309 AR0P hmanaRimalin (2 Adminirteriag:a esicaHbsiance to

the non-human animal model of (1); 15(3) collecting a tissue section showing a tissue structure
charact&f&E'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, of &Q@k@glﬁg'ap&ﬂpée%@?&;@&é&ﬁb&vasg&@%ﬁm%%m@dqgqﬂﬁﬂgg

foimation of a hierarchical structureformed from the cancer stem cells, a cancer 20development

process™BftfhEaREPHBRGNaEdhe sratenstemsc b PasiaHs @i BropRsy (A i thked Pstert Bells, that is
inhibitecthydhes jeains uii shanaeca8Ehedrietpdlaficlaimd26;wikevainritiiel cnethed: comprisemtle steps

of. <1>&HJ&%%%Q?@&%ﬁg%meaeﬁl&ge%@%akwsea%{c%ka&afeﬂo#%ﬁt LNl Qating

25conditions to reproduce a characteristic structure of a cancer development process originating from
cancer dtem eaneehpiamietlgicardrobesyedreapietr eieancairem e8fleating the cultured cells of (1)
witfpa test substance; (3) observing changes in a hierarchical structure formed from the cancer stem

cells, & cancer JRYEIRMETLPIagses CIAAYGIoM, N £AAGEslam cells & & biological property of
orm ro

OG
the 30cancer stem cel%)s; andP C(Pq identifying a hlerarctlﬁ'icaig_strg’cture m the cancer stem cells,
a cancef Qaverb|sinerit rodessasiginalig PshPyHeBsplanl Redhs canscortarbiRab GlearistFetfy oY the
cancer giggveellsntbatisiiohditedibiiheiesisdhstance. 47 in a culture system of the cancer stem

cell popylatian underin. vika.condiions, by isinaas.an Index aligrarghigal structure formed from
cancer stém cells, a cancer development process originating from cancer stem cells, or a biological

praferty(DF eclirasinga fiseet|ScE B0 FhewiacH BlcciGieS, chHamitHe MEtRIFEOMBrSERMRE steps of
(1) prodygingsa dmumnananisaateodel byllsansplanting theleancepsipseeldpestlation of any one
of claim t% 10to a n?n-humaﬁlanimall; gzl)nad inisterirgrgea test sgbst:fmce to the non-human animal
“model O?A( 3); serving a change m the cancer stem cells oVer time, caficer aeveiopment process, or
biological property thereof, in the tissue section; and
(5) identifying 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

30  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



(3) collecting a tissue section that shows a tissue structure characteristic of a cancer development
10process originating from cancer stem cells, or shows a biological property thereof; (4) observing a
change in the cancer stem cells over time, cancer cft—:7velopment 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 15biological property of cancer stem cells. 31.The method of
claim 29pwheileircthesimethbithcompeisesithe Btepsubftion(ldedtaringdherchnicns, $tensoallapapulation of

any oneghlaima LiadAiAder I e condiionntaspiduse 2 chiAdlerisls aulGise.of a cancer

development process originating 20from cancer stem cells or a biological property of cancer stem
cells;  @jareatig e CanareaemIRels @) WinIagke BISENQL cayBBEERMATE% change in a

hierarchical structure formed from cancer stem cells, a cancer development process originating from

canger sigm cellp, 0, iplogical ragety ALEANGS I GSIS AN AS(dGRINiNg a test substance

that inhibits format ierarchical structure form Egecmc cancer stem cells, a cancer

developheREQHBEEES SgHATITE oMY dpedsidymassnianging Bisraics) Yrobesl Reredpiien etehy cells.
32.The methodiafiany anejabclaimashdtmia adisvdherein the drug is an anticancer agent. 30 33.The

thod fclaims.21 26 29 31, wherein th [ t der in vit
mdt@’&?wa% iR e AR S S ARMAL oGICALS

RESEARG roBreting prissus e e sy shoty S oS IR R Shise et st prsps T GRAIORRER <1 20>

CANCER STEN GEdiMASS ANDPROCESS FORRRORMGE AN THERERIsA 30> C1-A1008P
<150>. E 2g10-22630 <151> %010-10-06 <160> 6 <170> Patentl(ﬁ‘n velrsion 3.5 <210> 1 <211> 24
ooSprLig an$%mt ¢ cancer stem cells over time, cancer development Process, of a
<212> I\PA <213>Artificiat Sequénce
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, 206, 28, 29, and 31, wherein the culture system

under in vitro conditions is spheroid culture.



<220> <223> An artificially synthesized primer sequence <400> 1 agtttatcct tctggtggta gtcc24 <210> 2

<211> 23 <212> DNA <213> Artificial Sequence <220> <223> An artificially synthesized primer

sequence <400> 2 caagatgtag agaaggggat tga23 <210> 3 <211> 20 <212> DNA <213> Atrtificial

Sequence <220> <223> An artificially synthesized primer sequence <400> 3 ctctgctcct cctgttcgac20

<210> 4 <211> 20 <212> DNA <213> Artlflc@lﬁég%*?ﬁ}é <220> <223> An artificially synthesized
SEQUENCE LTSTIN

primer sequence _
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<210> 1

<211> 24

<212> DNA

<213> Artificial Sequence

<220> .
<223> an artificially synthesized primer sequence

<400> 1
agtttatcct tctggtggta gtcc 24

<210> 2

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> An artificially synthesized primer sequence

<400> 2
caagatgtag agaaggggat tga 23

<210> 3

<211> 20

<212> DNA

<213> Artificial sequence

<220> o ) .
<223> An artificially synthesized primer sequence

<4G(> 3
ctctgctect cetgttegac : 20

<210> 4

<211> 20

<212> DNA

<213> Artificial Sequence

<220> .
<223> An artificially synthesized primer sequence

<400> 4
acgaccaaat ccgttgactc 20

<210> 5
<Zll> 21
<212> DNA
Page 1



<400> 4 acgaccaaat ccgttgactc20 <210> 5 <211> 21 <212> DNA c1-A1008Psq <213> Artificial
sequence <220> <223> An artificially synthesized primer sequence <400> 5 aagtcccttg ccatcctaaa
a21 <210> 6 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> An artificially synthesized
primer sequence <400> 6 atgctatcac ctcccctgtg20 Page 2

C1-A1l008pPsqg

<213> Artificial Sequence

<220> o _ _

<223> an artificially synthesized primer sequence

<400> 5 .

aagtccettg ccatcctaaa a 21
<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> An artificially synthesized primer sequence

<400> ©

atgctatcac ctcecectgtg 20
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