HUMAN CANCER STEM CELLS 100011 This application claims priority
to provisional applications 60/881,497, filed January 22, 2007,
W(ﬁﬂ{&){?gﬂg%@, filed March 23, 2007, 60/924,247, filed May 4, 2%/{}820()8/051739
60/950,714, filed July 19, 2007, 60/972,613, filed September 14, 2007, all
of which are incorporated herein by reference in their entireties. Technical
Field [0002] The invention relates generally to human cancer stem cells
and methods for their isolation, characterization and use. More
specifically, the inverfioVig 0 alBEE o JhethodE ol igdentifying human
cancer stem cells, their uses in therapeutics, target/drug discovery,
{ anti-tumor vaccines and cancer Qiagnos‘island,trre.atment. BackBgroundArt
00611 [hBBSPRIIRTRIFG BRI BIPRHEHTS B 18 LhebRA§ intPBebifdsknuary 22,
2007, Athougkocancerousicelswliferaiedn an sneontoled samessthe aelised july

0 No saril eaf to be "foreign" to the body.and are therefare
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referentargefeditontiretcancer cells and are destructive to a patient's healthy
tissue. Such treatments typically inclu.de X-rays, chemotherapy, proton
therapy, and surgery. Treatments that incite the body's immune system to
Technigshibitid positive immune response against these cancer cells would be
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antigens, they are often able to evade an Immune response because o
isolatiofheih aplieyitatine enhascatdercantgsims o ih ehevienHianassystetes andiofhods of
ideniifﬁﬁgﬁﬂﬁﬁm% 9&%9 AMUIERS ALeNA rﬂgﬁhgﬁgﬂém %&}%ﬂi@%ﬁ@é‘@&?f‘mi—mmor
_ molecules or proteins that the human immune system normally recognizes
vaccings aleied. Camest Xehireaacalso have been reported that are resistant
to current therapies of chemotherapy and radiation. (See, e.g., Targeted
therapy for cancer stem cells: the patched pathway and ABC transporters.
Backengpndiife, (2007) 26(9):1357-60.; Radiation resistance and stem-like
[0003] c@ilsimbrgipaincfisnCapaainCel(BORG) ALRG)ADY:6ai: WN TG 6akepiBus cells

.~ mediates radiation resistance of moyse mammary progenitor cells. Prog,
prolfeS At ot USA! (3007) 10a5) B16.25 RN SD0R T £ woreien (o
body a:iR008/081908RETUS 20085 1 Z3GiQ00G} Foteffectivelitube be insufficiently
targetcfMRHOOELAPUOMIE 1 A LANGEE, 2 BAIBRLIMUSIIRNE 1 2B BN AR

. th, a sufficient number of cancer-reactive lymphocytes that can
typicallpestitife’cance £ bite dhd havereffectormechahismsto desstoytiretoalriveite the
body's £6HRndQQ0RLSABE IBRTApIsR VRdERIBYESIgRoN A6 imed 2L NEIBNIAING 14 be

the immune response in general, and include for example administration
preferrgt chemical messengers such as cytokines (e.g. 1L-2 and/or IL- 12),

[0004] YmRhREVies SPEaicfprdalomerases Raaterial dradie PLAruashalbeashde an

) th1ejmmune system. In_an attempt to make the immune response more
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timor cell fines instea utologous tumor cells. {0 juvants are
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rovoke a positive anticancer immune response in patients. Dendritic cells
mammagy¥ FrSE MHCLlass raneiieedcias s/ Ih rholdlile)¢s) tifrafatnpd 2007 Jan 3.
molecules and adhesion molecules that provide signals for the stimulation
of naive T cells, CD4+ T-helper cells, CD8+ cytotoxic T lymphocytes
(CTLs), natural killer (NK) and thymic derived NK cells (NKT) cells. DCs
have the capacity to take up vaifious types of molecules. Consequently,
DCs can be loaded with tumor-associated antigens (TAAS) in various
forms and administered as vaccines.



[0008] One DC-based approach uses DC-cancer cell hybrids generated

by fusion of cancer cells with dendritic cells to combine sustained cancer
woRnigenexpression with the antigen-presenting and immune stirgtaiaony 051730

capabilities of the DC. In animal models, immunization with DC-cancer cell

hybrids can provide some form of anti-cancer protection or eradicate

established disease. Hybrids of autologous DCs comprised of cancer cell

lines or primary human cancer cells (including breast carcinoma cells)

[6005] Havelfreencshoyenttonimehtber §F Lioresponsas:against autelegdusccanterrovided
< in.vitro. €linical studies,of the treatment of renal ce|l carcinoma.
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have efgiirite cdrwafelydntdscervaht cancecdidimune responses in patients.
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cancer stem cell hypothesis, which states that there IS a small, istinct

generalg gpd gt dpde fler vty Eahiginsripaoiehgroical messengers such as cytokines (e.g.
IL-2 and@08/092908REHMRLQP AR T3 16aRRRIE pfindefinieRalrenewalant, ost the
: of developing into the more adult tumor cell(s), which are relatively limited
ImMMUNGSYSIARD AL ABHERY I OHAS B RYRSTHEBIZES thatcteseicdREdicstenpr colls,
some tieells 4GS might-bermerseresisianido: chamaihermpeticReanisnsadiation; .
osp. oo ot,hert_tq ic congigins, apg '{f‘&ls, persist after.clinical therapies and later

- SN 6™ SRB Ay TS THERA S AR 68 O BB s IEIBR for Fandpsle genes
that enhigls Besn suggested that ©8ECs: tan bise bitheedrondhe-dissuestepicetsere
s e LT SRR o
patienthématoipoiticderhots jdessiisdmoivhiaisonttsefic tamoks: anditheir cells.
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~contain stem cell poEx_u ations. The tumors in these tissues consis
dendritiseqelip fahebirsipophiatibneosit anteeicelie thsnditilsritapkediydn theifive anti-
cancer ARMRAIQRERIErale ANG oM naM BRI s difiefensgdn mRFHerming

ability has been reported for example with breast cancer cells and with
moleculesnifFHerstag syt iermadszdiminn the peaisrit) Hpmel danicar beins Have
stimula@dimifediabilitycie: divide, regaptiiterature suagests hat gpopuiationafr g,

Jtur Igarcemll§,é%med cancer stem cglls? has the exclusive ability to
natural KRN S FRYEREW AN GO G780 bk Slrolinghavrdan canegijy de fgke up
varioustiyatpafvaysithat (egutaietke, sedfsrencheaball aormalisiem salisial@l antigens
.dereg_ulatep or aglt%re in cancer stem cells, resulting in the continuous
(TAAs) 1 vatious forms ﬁn admimsiered as vaceines, .
expansion of seli-renewing cancer ¢efis'and tumor formation. [0011] It has
[0008] pwedSithgestepptivaticancepPatientiprdyhosislisgassocidted fuithrsteicaced cells

ith deRFRONASRIAY; (562,84 Molecularprofiling dentifies Proanostic ...
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and imrmm@mim@uwmwﬁ@g@@@eﬂ%@dpm@@aﬁ@@@am@_f@mﬁwN:si@nr@c-
cancer GEMHAIAQIREIGRIASIS WhiCh.ARCouNS.fan99° &%Ua%lleoﬁha'é%&ft&Qagggished

i Cell Res. (2007) 17:3-14.) It has also been observed that patients wit

disease JfhyickneingielasaBn o semptisad eErsnsenteHSiRtrecd seiraasEhbamoencer cells

(includiRLOGERSEIAR i8R, @18 BRI IR, caneahstemeallsMande R prtettslogous
ople with a precancerous condition from developing the hill-blown ,
cancer %@é%%“é"ﬂa XS M6 BB 40 sransTorusprisslisstarapanedpidgma
have deinspeeitid tishes dnaigioeityiDanpagbis dhiathareg; gsitgatienMainiaining cancer
immun etf{]gsmowgég?na a%[a?-t%;riate developmental and metabolic state. These
T microenvironments ‘are not completely understood, but their disruption by
[0009] genbtivathcknockingadubaw impartant fastdrmeansiesalt intihe distegilation
stem cell homeostasis both during.development and in the adult. In )
o T S B0 i
‘ stem/progenitor cells, many researchers have taken the approach of
deriving serum free culture WQ 2008/091908PCT/US2008/051730
conditions where the medium, substrate and physical environment
produce an optimized environment for maintaining specific fetal and
neonatal tissue stem/progenitor cells (SPC) in a defined state in which the
SPC can replicate, but not differentiate (see for example U.S. Patent Nos.
6,436,704 and 6,416,999). The optimized media and culture conditions

that are dictinet for differant tvvpnece of SPC fran he ceean ac recreatina the



WO 2008/091908PCT/US2008/051730 [00151 The establishment of pure
CSC culmres would be a great advantage in studying and the
wounderstangding of the regulation of tumorgenesis and metastagiSgafch ifsiher 30

discovery and development of CSC-directed therapies for cancer.

Accordingly, there exists a need for methods to identify, isolate, culture

and characterize cancer stem cells. [00161 The invention described

herein overcomes many of the unmet needs and shortcomings mentioned
capablabbivd ehdtproifides:-forl methddselisolation, naintenande @nd:growih oftich are

.o Auman cancer stem cells. The invention also describes a constellation of
el S A Pl I B R A Ry
(C5C) arivbvél populationeof cetlsfrothcolon;iprostate ridngiopancréas|dieastditions,
and thdé“%’éﬂ‘?s?ﬁﬁé}/@?}?ﬂé’%c?%%%%r ?Jt&tgm&rﬁl\’&'ﬁéé&?dg@'ﬁ%%?lﬁ mgias‘tases or be

c_haracterlstlcs of CSCs. 1001/] The present invention‘also provides a
respongifpler, wifgtavddng eiieisremenh S 6ireatmg canedhspfeve tingssuc stem
cells o&@&%edqﬁ?r@bﬂﬁgr%%ﬁ@&%&ﬁfe%ﬂﬂg&'ii%%iﬂx&ﬂ mﬁ@{ﬂ%&%ﬂg QL FANGH i

via administration of the CSC-based vaccines and treatments described

strong g RERIAERRIRY O S EBIREcT Sh GRS sarbbave grovs st esidnigwwn
about sirRA Prestateicarcinepa ok (RRCA) using a defined cell culture
_ edium. [0019] Figure 2 shows a set of CSC colonies derived from basal
100101 G APEHEer (BB GERGAEA R HREE et LeTBB B 98 e
tumors CAIHGSE stent cellityipes  [RA20} Higotie @ phiawsHe SC selaniesswith & Sinilakedly
. . distinctive morphology growing from colon, (panels A-C, F), Merkel Cell .
i their g B A et eI R R ey has
been regderivé dofremnaptolonitbmart grinransidubodesoth dayt 42 rei-cutituresigh) amtbrs.

-« the s re area 3 days later.(B). Note the small round cells that are _
e D e T e D LB
that a pephlae diel @NcFigets.3a shdeeccoion GEE kftehomechassagslighich

extensif@$ DOMBRCOME Almostentirelystem salls Papsls élgge&p&a%fm\%s that

primary cultures where the CSC are beginning to become apparent an
regulatgibefsH-stap sbrh perat Sranectirnt drewitiisd serltcrayingaoeeemm cells,

resultink R 98 GelturRsuWithhsantinued Hessros haveall Recame e Aines el
this invention as indicated: CRCA1 115 (A, B), RECA0515 (C), MCC gD),

[0811} Besdsen THESesIRt R EROF0R (Y [0S Highrs RLRSHE Phatos el
phenotfesirsdermeddinde Nt kigngyr caipsulaotiSe bragiesdon@sigsseeldiatric

. ines. . from 1 Il ch of 2 colon C
gllobla%gglv% ﬁ%gr;[ 5\;3?‘;%%%&2%5”\? g’— Ioergjﬁe%s{oon mn f?l%g&.sf%?lﬁ O?zcol. 82887) 55% 0):1196-
208; Cancer stem cells are cenfral to metastasis, which accounts for 90% of the lethality of

cancer. Cell Res. (20073 17:3-14.) 1t has also been observed that patients with autoimmune
reactions to self-stem cells demonstrate decreased cancer progression. (See, e.g. “immunity to
cancer stern cells may help protect people with a precancerous condition from developing the
full-blown disease” J Exp Med (2007) 204(4).831-40.}

[0012] Tissue stem cells exist in specific niches or microenvironments that are critical for
maintaining them in the appropriate developmental and metabolic state. These
microenvironments are not completely understood, but their disruption by genetically knocking
out an important factor can result in the disregulation of stem cell homeostasis both during
development and in the aduit. In trying to understand the microenvironments that support tissue

stem/progenitor cells, many researchers have taken the approach of deriving serum free culture



7 (A - RECAI208) or 8 (B- RECA0515) weeks. Substantial tumors are
seen in both cases. The middle panels show the tumor formation from

worRinaaks mplanted with 5x104 cells of CRCA1115 colon CSC(E) attafé: 1730
weeks or 10 fold (5x105) more of the non-CSC RECAQ705 (D) after 8

weeks. The white fibrous material in D is from the collagen in the implant;

the highly refractive material is fat. The human DNA outhn ratio for this

tumor is <1.0. The last 2 panels are of kidneys after implantation of 5x105
conditipresthtedumorckils frome:GS6d Pheitsentfo RRGAPIER)Xcall.garived

. _tumards shown after 8 weeks,. These cells clearly grow more. slowl tt%an -

enviro T e el 4 A0 BBt JO TP g S o <
defineccetis: FRirdllyhpdneliisaa kighestafter impliiftation of (R:5xa08ample U.S. Patent

R 0312~ lls-for 5 weeks. No.tumor is visible..Thusthe .. . .
Nos. R L S R RS SRt g it or
differeg R@otericgiafenbdebfooRateriging SisHows:thatithe dntibody knbwncagy in

vivo. I’ﬁl@%‘%e@l%%ﬁ@%ﬁﬁzﬁf?é’&t@o‘ﬁﬁm8?19[éé%ﬁ&?ﬁ?élﬁ}‘?ﬁ&%ﬂ m%%(%@&'g moa%ﬁﬁey

_established in the subrenal capsule of mice, using the colon (CRCA
specitigIvtice] eariberSteRreaIFmeY BHAS!Aventivh[00gs] miguré 6 ishowher cell
types idherefiect ofthe antibody krewn: as K1P24: op-metasiasesi-srReniically.abc.

Merke| Cell cancer that metastasizes to multiple organs including the ]
preferryL RO TG AR (7S SEEAASHELT Hr P StitHEn IS5 AN RRHESATRC population,
even wHbIHHisR(USIp@ theQRGR ferhuRiNAdesabedimthe:Exapiese. The
conditi DIlisglosgr Of_TheeIr)ver!tion OPZ_%%T;hS ﬁ&glqiure relqtes_ to th.e fiaeld V&(f)fits

B Isb RO AN BB 5SS A ILOiAtea Booefaror
mainteganesh stétreelscutexecdedmdtindarftiseeie. The cells may be cultured in
[6013] e Ep),&];ro csr;]féltzri.eort]}t 10e\9 | Ennbra}snodrig}% teh %Vtga(%et&%g]g%%esg 1'0611;[1 %g tissue SPCbhy a
series of mutational events. Data exists to suggest that some tumor cells will “home in” to
specific SPC niches when they move about the body during the process of metastasis. Media
and optimized culture conditions derived to support the survival and growth of SPC might also
be able to preferentially support the growth and survival of CSCs, thus selecting for this type of
cell when the dispersed tumors are put into culture. Such media and optimized culture
conditions may allow for the establishment of pure CSC cultures that would be capable of long-
term or extensive growth and maintenance of the characteristics of the rare CSC phenotype.
{0614] The tumor stem cell has been hypothesized, but there does not yet exist a reliable way of
identifying these cells, nor does consensus exist on all their characteristics. Some researchers
have proposed that cancer stem cells can be identified based on marker expression (see e.g., Al-
Hajj et al. (2003) Proc Natl Acad Sci USA 100:3983-3988; O’Brien et al. (2007} Nature
445:106-110; and Clarke et al. (2006) Cell 124: 1111-5). CD133 has been proposed to be a
marker found in cancer stem cells in brain tumors and in human prostatic epithelial stem cells.
CD44 expression accompanied by no or low CD24 expression was hypothesized to be expressed
by some solid cancer stem cells {(e.g., breast cancer). CD34 is a marker present on the surface of

blood vessels and immature blood cells that has also been associated with hematopoietic stem

cells.



substantially free of serum biomolecules. The cells may be maintained in
culture without senescence or loss of growth capacity for an extensive

wpenipdhofdipne 10024alln one aspect, there is provided a sub Hﬁ"é%(}s 051730
pure population of human solid cancer stem cells isolated from human

tumor tissue, and grown in a nutrient media optimized for their g_ro_wth,
wherein said population of human solid cancer stem cells is su_fﬂmently
free of other cells such that an inocnium of less than 200 cells is capable

[0015]0T floremisigitumarsofishis Bsveaksiasan JaNmHaeieficientmeuse {0829 and the

ande Ih cancer stemlctells oFf this disclosure are useful in drug? screening, as

uneet b%%%?éﬂf%?geﬁéc ICARG BHSTESHHEBTOHARY Rt SiANVD HAd Rsetastand

develogtatus) ﬁCG@&hﬁi&d&iﬁ$l$ue§£ciofdmwﬂva{eﬂbeaﬂﬁ@gl%&%@?ki&ﬁﬁ&iﬁw A methods
- ' tics and imaging of cancer-related antigens, and for the

0 1den%§g%%f§§b%%g§ ;[ﬁglrlagp%%ff%cgélézhct%agﬁ%hsggle{‘: tibodies and drugs. [0026]

[0016] Jibelosedtarednetivdshofisoiating susmangagulatiomet substantialypungings

mentioBUMARARER AL RIS BaL RN AR MANIAINEY N e WAy

- d o7
senescence or loss of growth capacity (ability to seﬁgge%nevﬂl.
cancer Hgtherls ard b asEa s alitudirgtibes humeatetance o @m cadissncant cancer stem

cells, aﬁ@\41{&!1H&ﬂ&tﬁﬁ@ﬂ@%&%ﬁ&i@.&’%@“ﬂ%‘i@%&?&f&z%‘?\%’%*&eéﬂ“ﬁ&}ft&ﬁ&%%’r%‘?'&%tc, lung,
for culturing human cancer stem cells is based on media formulations that”
pancreqy, DEC Bl oMYA b TS GHIf & ¥& < FoWRosT Boitebpbidimirfrliaracteristics
of CSQprogenitor/stern cells. 10026alin one aspect, there is provided a method
isolating the PO ulation of human cancer stem cells as defined above
- Ry e

00171 D 55 LB UG 5 art G A G GERTEERg:yor esting

com
cancer,glaciagithecdissocialedotikcenaf human Gancei St wells dpas et e tancer via

- media that h en optimized for the growth of hum n cancer stem cells;

ddminl%?%ﬁi?@%ﬁi% Qt%taéqﬁ £ ABh s s itants  A55Bbrt the growth
of human cancer stem cells from the source of human cancer stem cells

FisuredNto said nutrient media; and (d) subculturing said population of human

cancer stem cells to obtain said population of human cancer stem cells.
[0018] Figure 1 shows sclective growth of CSC colonies from prostate carcinoma tumor

(PRCA) using a defined cell culture medium.

{0019] Figure 2 shows a sef of CSC colonies derived from basal cell carcinoma (BCCAT®)
cuitured in the defined medium selective for this cancer stem cell type.

[0020] Figure 3 shows CSC colonies with a similar distinctive morphology growing from colon,
(panels A-C, F), Merkel Cell (panel D) and a prostate (panel E) tumor. Panels A and B show
cultures derived from a colon tumor: primary culture on day 42 of culture (A and the same
culture area 3 days later (B). Note the small round cells that are apparent in A (arrow and insert)
are still dividing, while other cells in the culture die (B). Figure 3C shows a colon CSC after one
passage which has now become almost entirely stem cells. Panels A, B, and D-F show primary
cultures where the CSC are beginning to become apparent and the non-stem component of the
tumor are either static, dying, or dead. These cultures, with continued passage, have all become
CSC lines of this invention as indicated: CRCA1115 (A, B), RECAD515 (C), MCC (D),
PRCAO611(E), and CRCA0404 (F).

[6621] Figure 4 shows photos of tumors formed under the kidney capsule of SCID mice from

various cell lines. On the left are tumors formed from 100 cells each of 2 colon CRC grown for



[0027] D?sclosed are methods of characterizing such a population of
substantially pure human cancer stem cells through functional assays.
Srl]JCh methods are known in the art and are suitable for the
characterization of the human cancer stem cells of this disclosure.
7 (A~ RESBhTERY SUERORRGI BT\ BB BT a R WRIBRIE FOPRGY Tomaton i Sa™
The nﬁdcﬁr%rr?] e%)%fﬁé%ﬂﬁmiﬁﬁgrh@ﬁhmm@nﬁrmm implantatioitiofal §hatlls of
uman cancer stem cells. 10028) Also disclosed are hads
CRCAI 1of eﬁhm@ﬁ@i_ﬁ@ﬁiéﬁ%ﬁﬁr?’i’&?](&%&Qrfoéfieé]}%(ﬁﬁ!)cu fr o T ST AoTes
(D) aﬁel.g,h@%gﬁr@fé??i%ggﬂw gdestheapxpressiomofceniéin markérsiirdhidifg high)
~_ butnot limited to 4, a marker that has been previo SSQG '
factivbenAGpaiatc SEHEBIS. T002o] ELAGL Hadbo he metboa ot ek
are of kiGENRTAING: hymanismorxensgratanodelstby intfoducing & popifiationfor

human cancer. stem cells into a.nop-humany- alian fecipien
A (15 o o R WEECK = o) (;I t AY !
PRCAOBEGELEF A E o ds TSing 2 hehgmaﬁéyé%]cgr}g?emm cell (E)Er@ %rg gmei%{t@ Hsbey

than the hIRERQTES amimmancg@niand forksulably Hrovidime EnieBlady chiicdr Y
pancl F S EC 05006, AR AN TPUN0NED pllieseyTethadsarasahd fatdhe No

anti-cancer stem cell therapeutic and diagnostic a .
tumor ismamheﬁbmabsmaw%ﬁi/iam@'@rﬁmhbdiﬁ@b%ﬁwﬁ%ﬁg&fﬁﬁﬁé‘faﬁgﬁ% this
SRC xelg%e#ﬂ@ggggeutically or preverjtatively. A therapeutic vaccine is

q _|n|§tered to a subject having cancer to treat the cancer. In a subé'ect
[0022] Fiavirgrcanoer e VaRgiine Hiap BEaddirohiTHE SubETS bin cancer
stem Cc@g%%%%a{{g %ﬁ%@%ﬂ%&%@ﬂﬁ %bﬁtﬂ&.ﬁﬁ'éﬂﬁﬂ prselklingsid. preéveitathréon

> is administere to a_subject without cancer to reduce the risk of
{CRCA%%L&JW@@‘@BWF‘@I%%&-'nﬁdg& 1fﬁllajﬁg'tg)§bect, there is provided
[0023] %%%&rg% gﬁ&umﬁ?fm@fﬁmemnﬁeuémmﬁw KHOUé im theterAekageidically on

] nedicament for roviding a source of immunogen t I .
Merke ot TS AN LUt oAk A S ea e ona0Ee o
ectablisBROh N Aspeetathepsiik pidvided: arcanterioslingdsing, Qﬁﬁ%rﬁi&@% described
L the Egumaln cancer stem cell as_defined above wherein said vaccine generates

Prs 8%tlvg or therapeutic immune response against a selected cancer
when administered to a mammal at risk for or having the selected cancer.

Disclosure Of The Invention

“

10024} This disclosure relates to the field of tumor biology and cell biology. Disclosed is an isolated population of

cancer stem cells cultured from tumor tissue. The

cells may be cultured in serum-free mutrient medium, and may have cell surfaces that are
substantially free of serum biomolecules. The cells may be maintained in culture without
senescence or loss of growth capacity for an extensive period of time.

{06024a] In one aspect, there 1s provided & substantially pure population of human solid
cancer siem cells isolated from human tumor tissue, and grown in a nutrient media optimized for

their growth, wherein said population of human solid cancer stem cells is sufficiently free of other

cells such that an inocuium of jess than 200 cells is capabie of forming TUMOTS within 8 weeks in

an immune-deficient mouse.
[0625] The cancer stem cells of this disclosure are useful in drug screening, as tools for genomic

and proteomic profiling (in vitro, in vivo and metastatic status) of diseased tissues, for
amlrivalent cancer stem cell vaccines, for diagnostics and imaging of cancer-related antigens,
and for the identification of therapeutic agents such as antibodies and drugs.

(006267 Disclosed are methods of isolating such a population of

substantially pure human cancer stem celis that can be maintained in culture without senescence



10030clIn another aspect, there is provided a pharmaceutical

composition, comprising a cancer stem cell as defined above in a

pharmaceutically acceptable formulation. [0030dIIn another aspect, there
or loss if provitledthetusebdfta wanterestam. cElas defined aﬁ&d&é@;éﬁ theculturing the

manufatctu a medicament fo{h eﬁtl cancer in aasfu ct 1003%1]

hun 5
vl Siseioded’ §r€é?qrﬁ%t?1n s of Iﬁ%?}}alng A Soliree B RURTAR Cancer St celld
nutrientasdoiel 6gicaltcunponents: for devetopiily phm%oemﬂmﬁhd‘mgmimhmnﬁm have

been opn%[%%a RaGe stem &eJ'a?H%H{ es g used as Fam Qf cancer stem cell

ical CO one‘ﬁts Iﬁ h one or more man cancer stem

[002621C€! PiOjRQiGA %@%&%W@p@&%&@@ T98Is Arthe drhgs. that e PE B human

developed. [0031alln one aspect, there is provided a method of providing
cancer gegifbe BrRUMATEEACEMSENEANS %ﬁ@&iﬂ%.&&f@%&%&m&aﬁéﬁ?g%?lﬁm
elis; ({phaunmacauticatdevelapment bfiatileastonedruglscomprising isotaditgithes

been o;ﬁ%e%@ta%@ gthiman cangenstem.cels.as defined above,andusing Saidiv

~ 'human cancerstern cells as tar%its of the drugs under development.
conditiopp gafie BI<EISERATArE HEtHB 3E BIITo Iy %WH*%%&P%?&M“E&T humar
cancer Gttusds far usd inbioassay:develdpmentsdinmaid gancirister loallan cancer

stem cGUIMIES:CaN b psadin pinassays 19 identify factors, agents, or

compounds that can affect the growth and/or survival of the human cancer
%%m&&hlﬁre%&hb@if@cctﬁaﬁa%&mﬁhgd@cm;@wwmlpmmotlon growth arrest,

is, death, ap t05|s change bolls change
‘”‘“b“tamé%ﬂéré’élé?c}ﬂm&ﬂéﬁé) S BROASI R SPSACIGR B ARSI o P lhods are kaow
in the arg mwmﬂmembﬁl|ﬁ)p&thw$rsct@axme>msﬁémﬁdimmmbeeusmm ndivassays

disclos%um (E):I[ked Crg\e/t st%gggners'[%ﬁ s%r um r]g %%{gnq M%QESIS

or estab IS ment, tumor gr metasta5|s
compromised host animals from the implantation of 2 small number of human cancer stem cells.

[0828] Also disclosed are methods for characterization of tumor (cancer)

stem cell cultures. Such characterization can include the expression of certain markers,
inctuding but not limited to CD34, a marker that has been previcusly associated with
hematopoietic stem éeﬂs.

[0029] Further disclosed are methods of generating

human tumor xenograft models by infroducing a population of human cancer stem cells into 2
non-human, mammalian recipient,

[#830] Disclosed are methods using a human cancer

stem cell or fragment thereof as an immunogen and for suitably providing an isolated cancer
stemn cell to serve as ap immunogen. These methods are useful for the creation of anti-cancer
stem cell therapeutic and diagnostic agents, and as vaccine to boost an individual's immune:
response. The vaccine may be used therapeutically or preventatively., A therapeutic vaccine is
administered to a subject having cancer to treat the cancer. In a subject having cancer, the
vaceine may be made from the subject's own cancer cells, or from allogenic cancer cells or tumor
cell lines. A preventative vaccine is administered to a subject without cancer to reduce the risk

of the subject developing cancer.



[00322]In one aspect, there is provid.ed a method of providing a source of

human cancer stem cells in a development of bioassays comprising

isolating the population of human cancer stem cells as defined above, and

using said human cancer stem cells as one or more of the principle
[0oesaponentsrinthealjieassay: (OG8RI hnotherfdspet cnere fprovided recited
ab%v@%thqgeomﬁgﬂgﬁg %@%Uﬁ&%&m%rcﬁ%ﬁ%n SRlls In A xenosadt o o

model comprising isolating the population of human cancer stem cells as
hegrasflnea RIS R HLHG S TP B B as one or more of
iothegrincipleicemnyenentsdin the: Xe pogidfinodeteDethited- DesoripticinOf human

The Invent] nalo ﬁi”)f’rgd EQSVLOMW %&W&M@%@H&%&E‘ Qf]ﬁla?ecizﬂ\!@@q{?eﬁpeuﬁc

y
F%‘F‘S{/i&é’a to aid tﬁ%se skilled in the art in practicing the presen irilv.ept}onér havin
IS EERNEY dBEEFHIF SRt GlASRoY BE GRS it TR Bradan 5
inhyeationsas«ahose of ordinary skill in the art may make modifications of

m%g%ggmbodi%e nisdlisclosed hsrein withaut deparind.fromdhs,spitiiantkoprising a

scope of the present invention. Throughout this disclosure, various
copglivatichl A AreRes 2RALE pub REABE ARAL K ARTTRRIORE AN ferenced
idoypitation. Therdisetosuee, ofidhdserpublications, atentsy antk pablskedned above
PRISHL e Nersy logornaratea B eferenee,n thgieentirety into the

present disclosure. [00341 The practice of the present invention will
[0epIloyisuniessethemviseingicaind -conventionalteehnigues of

immunolo olecular bial | | IQlegy- P wherein human cancer
81‘?&8%1#5i%Sa?xmb@ﬁi&ﬁv&ﬁfgﬁég]r%g%ﬁﬁrﬁﬁgﬁ%ﬁ?gﬁgﬁlﬂ. See, e.g., Molecular hich
st@tortigndnaborm orphranaRad fedmien SamBrIdrosATa Fe8E TR &R " 01 ™
m%’{&%%ﬁ/'le%éfhmﬁ%@&ﬁg@éﬁgyeﬁ-bM 1 ASHRelebabnedss (AOBFYsthef the drugs that are

series Methods In Enzymolog,y"koademic Press, Inc.; PR 2: A Practical
bApprsaciendils. MacPherson, B.D. Elames and G.R. Taylor, eds. (1995),

Antibodies, A Laboratory Manual, Harlow and Lane. eds. (1988), Adult

and Pediatric Urology, J. Gillenwater et al., eds. (2002), and Animal Cell

Culture, R.1. Freshney, ed. (1987). 100351 As used in the specification

and claims, the singular form "a", "an", and "the" include plural references

unless the context clearly dictate otherwise. For example, the term "a cell”

includes a plurality of cell, including mixtures thereof. [0036] As used in

the specification and claims, the terms "cancer stem cell(s)" and "CSC"

are interchangeable and refer to solid cancer stem cells. CSCs are

mammalian, and in preferred

7a



WO 2008/091908PCT/US2008/051730 embodiments, these CSC are of

human origin, but they are not intended to be limited thereto. As u.sed

herein "tumor stem cells" typically refers to cells isolated and cultured from

solid human tumors, and are used interchangeably with cancer stein cells.
[00fe87] CanBersiaifceelicsrs aemisd amPhadcionamisaarses Aldiyaay cancer
stepioaibspbsat efcelisdresmpotismordhpiicaacgiansindefiopabrinVitreundee drug,

appropriate.conditions. (ability -for self-renewal e able-to form tumors.in_ .
o M P T oy e e Mt Bl i

huBHRFaRIEHFE C Y &S FeReo M SRSTodF et exarifiation of cell surface
rkers, transcriptional profile,. and drug response. [0038] In
mﬂzge}irf‘:b'oi imants 6 tﬁttg%?eos?é?ﬁ(t“iﬁd\ﬁ%ion, multiple CSC lines have been
canestablished fubmreniitiphes turhvetypede THera @S Adwhare Giswiestem cell cultures can
be & G‘%gg%@%lﬁf*g el ﬁégﬁﬁe@gyﬁe Q%ﬁ&g &IB%%T)%E%@S{HQ@&@§QH},%}i the growth and/or
embodiments of the CSC lines of this invention ca.n grow indefinitely and
surfihalioRsmeRceoD 668 ilvive iSbAlEEs a6 B pbAtassdElpTomoton, growih

arrdRelasialicinsuhrenal capatieanimal-madels afarholopis xeRpgrafits. changes in
The CSC lines of this invention and cell lines derived from CS

! C o e
PrOYHEESHESES haYS EHAFABEHSHY Eh g RRI GBIMACS HTkargm cells can bevsed in
bhio SXBYeSsIon; sHehas R34 andde4dexpressian. Marker expressioncsiayumor

change with culture conditions and with cell line passage in an animal.

eStA)HO] AP SRR ER 1 EE HEEEibed herein have been examined for

o Sifferentialdisplay of cell sutfacg antigenspatiesnsofcellssurface Rntigeneer
display also differ after fp<':1ssag{;3S of cell IJnges |r11 an?q[rpllmal, | tdlffegemman cancer
st el AN BRI G PG SRR BB PSR P r
sterprimiargstdaietastatic. tandorsinb ubdréwtablesmee sHOMEHBUS FRSSHgESTH of the
pﬁy}éiigg_g,c\emgghmg cells g@gﬁ@jntgined, in the preferred media. as described.
This pattern of cell surface Enyqen an %ell m%_rlk r (f:han\g S are useful }%uman
(00748 htity and HSFATIEHTE HEEARJER & LTS Rishivention. {0040 AR
cantantibodyltisranimegeaioglebltierrroiecutelcapabilerobbitidin g fanantigeser siem
cellB\gsUsed Nersin. thestermencomPaSSas-BoLeRIdNact iR BREAQIUNB principle
molgcul,es} but also ¢ nti-giotypic antibodies, mutants, fragments, fusion
oSt AtimENiZEd Protéins and modifications of the immunoglobulin
Delm@g?ggc Eooﬁ%@'&pm @ﬁ‘%ﬁt@iﬂn rgcognitio? site of tEe required
specificity. [OC  "manoclonal antibody" refers to a homogene - ckilled in the
100 3B OB L R TR RO AT DR S hcn D e sl n oc
art RMMIRSRGISHAaksalyioceuinng Hiid doalndtirallypGoourings) thratbgreonstrued to limit
involved in the selective binding of an.antigen 10clopal antipodies ke the
the ﬁfﬁﬁ?ﬁ@ﬂéﬁﬁ&%gfhﬁgO&ﬁé)ct%%ﬂaﬁgir%%lglgi%gﬁea Ig/rl?tllgg&.e'nic site. The term
embpioResiodatantibddyiencdmpadsestist bty theattiienédigig of the present
vantibodies and fulllength QR clonal,apibediesnbUaMR. and published patent
o 0 BB SS00AIOLLY 50, e e faraot

051730 also fragments thereof (such as Fab, g
speBiiloyt (@bl 2, rEfey caivglexchistH (S cERY, dratarHEctAEresr FYSIOr R ProteRigets, a0
pubclﬁ E‘é%?a'%t@@x%%@&yiﬂ&m%m@g "B@E&%@:@ﬁ@@ﬁp@i@;ﬂ %l}ﬁ.f‘é@@ﬂﬂ@ﬂgc present
chimefic monoclonal antibodies, and any other modified configuration of

disthsdmimunoglobulin molecule that comprises an antigen recognition site of
rooths refuired spagificity-ans the akility talbinghio anaetigencivisnotdicated,
- intended to be limited as re alrdsrto the sour eoﬁ)f the antibody ol e violoov and
CO%%W@FMWF@@%&&%&&?b?H SHAOMA. Phage selection, o
- FEROMbiNBRLExpreSsion widnsgenit dinifals petcded 6QA2 SHameniZed - d

;antibodies refer.to a.molecule haying an anfigen-bindingsife, darived fRMar Biology
Z“"Sﬁai’ﬁ{%f?ﬁg&f’(fb?ulin“ r%}r%nag %%eﬁf (gmg[ndgp%%%egs‘? "a(;% the rema)inigg _ o
F. immunagiobulin structli8of thesmtste i pésbuiipon thestresdrinters. oe: PCR

. §8quence of a human immuneglobuling Theyanligenbmaing.site reay, (1995),

" ‘comprise éithier complete variable domains fused onto constant ddO%?ns_, Uroloar
Angbenly thelabmplemeriery détiimm retfors  EDR ) ff4ftdd ohtg = “roros
1. @RRiapsiate framewqsoregiang in:the varablp/demains. Freshney, ed. (1987}



[0043] The term "antigen" is a. molecule which can include one or a
plurality of antigenic determinants or epitopes to which an antibody can
bind. An antigen is a substance that can have immunogenic properties,
i.e., induce an immune response. Antigens are considered to be a type of
immunogen. As used herein, the term "antigen” is intended to mean
_ full-length proteins as well as peptide fragments thereof containing or.
[0035] Apwpfisiigcomeahies prirant HrEpitted AiglRg niay 4o %%é&e}%%de
plural re@5PIREE @NLgaRic daterminant sites: Os wempiiseraneakipler e agmentscil
such sites, variants of such sites, or peptidomimetics of such sites.

includes gpigehis b De PFOEIRE B BFSRENC br non-proteinaceous. These

[0036] £OMPOUNgs MrYihe.glycasylatashs [0R44lhe iasnssisurfate pntigerssC™ are

, and “cell su_rf%ce ar(léi en" are used iﬂteregﬁwgaeably h%rﬁgglagg drenferr é%ltlhe

interchapgsalle MAFRITARS YShBBRES B el ThasE dBmponents inciude. but
are not limited to, integral and peripheral membrane proteins,
glycoproteins, polysaccharides, lipids, and glycosylphosphatidylinositol
(GPI)-linked proteins. An "integral membrane protein” is a transmembrane
protein that extends across the lipid bilayer of the plasma membrane of a
cell. A typical integral membrane protein consists of at least one
membrane-spanning segment that generally is comprised of hydrophobic
amino acid residues. Peripheral membrane proteins do not extend into the
hydrophobic interior of the lipid bilayer and they are bound to the
membrane surface by noncovalent interaction with other membrane
proteins. GPI-linked proteins are proteins that are held on the cell surface
by a lipid tail that is inserted into the lipid bilayer. WO
2008/091908PCDUS2008/051730 [0045] "Inununogen” refers to any
substance that induces an immune response. A substance that is an
immunogen is described as being "immunogenic”. Induction of immune
response includes but is not limited to activation of humoral responses
(e.g., producing antibodies) or cellular responses (e.g., priming cytotoxic T
cells), inflammatory responses (e.g., recruitment of leukocytes), and
secretion of cytokines and lymphokines. [0046] The term "heterologous”
as applied to a cell used for immunization or transplantation means that
the cell is derived from a genotypically distinct entity from the recipient.
For example, a heterologous cell may be derived from a different species
or a. different individual from the same species as the recipient. An
embryonic cell derived from an individual of one species is heterologous
to an adult of the same species. "Heterologous" as applied to a recipient
means that the recipient is a genotypically distinct entity from the source
of the cells that are being introduced into the recipient. [0047] A cell
surface is "substantially free of serum biomolecules” when at least about
50% of the human cancer stem cell surfaces, more preferably at least
about 75% of the human cancer stem cell surfaces, even more preferably
at least about 90% of the human cancer stem cell surfaces, and most
preferably at least about 95% of the human cancer stem cell surfaces do
not have serum biomolecules derived from serum binding to the cell
surface such that antigenic sites or antibody binding sites are bound or
are unavailable for antigenic recognition by an antibody or a portion of an
antibody. Cell surface can determined by measuring the cell size, either
by microscopy or flow cytometry. For example, synthetic beads of various
known sizes are commonly used for calibration in flow cytometry. A small
quantity of calibrated beads may be mixed with cancer stem cells and the
resultant population is analyzed by flow cytometry. Human cancer stem
cells can then be compared with the size of the calibrated beads.
Calculations of cell surface amount can be accomplished since the sizes
of the beads are known. [0048] "Sepngescence” as used herein refers to the
phenomenon where cells lose the ability to divide. [00491 As used herein,
a "substantially pure population of cells is a population of cells that is
comprised at least about 85% of the cells of interest, preferably at least

about 90%, and even more preferably about 95% or more. {0050]
"Tariim " ac iriced hareain refarce tno the flinnd nhace nf Mmammalian blood



10051] "Serum biomolecules", as used herein, refers to biological
compositions found in serum. Examples include, but are not limited to,
I i 2-globulin, b-globulin, and g- globulin. Serum biomolecules
W%%ﬁj@?ﬁ%ﬁgical compositions, whole or partial, which are eith&r At (51730
found in serum or derived from processing and handling of serum. [0052]
The terms "mammals” or "mammalian” refer to warm blooded vertebrates
which include but are not limited to humans, mice, rats, rabbits, simians,

embo ERAANIBAS; and,p %@h&@ﬂf&ﬁ éﬁ? %ﬁg&bﬁ&@g 9er ?nLQx?cﬁcﬁi] Vt»'é)nB%gHﬁ ted thereto, As

-d hembqgimentg of the present invention, certain antigens
USCC NGB tB R e SGHack BiFthe eelreeiostelin iseliscdisclbseithher éinm FhEg@uman

tumordnehddedneymantigenspevel ntigens,and antigens not previously
associated with tissue gr cancer stem cells. By way of example and not of

10037 iEstbR T ESE AR GEHEs cRib& B 3 (aribiis épimgon)s OBMBsubsct of cells
from attamsfettrin ceceptorifQEkL2I{Polioi v us JGCENIRFelated RrAtEIn 2): el T
renew BRI ECRR, ALCAM (CD166), alpha- Vbeta o, JANS
prioplonyf- oenzyme A CArbEkyiEE Aipha SExibBYYSEpfifassMOther common
appro aggm@)(yp@pti@aisc C3ChipvebeptorpetpoaieinaAMAAME «CEA GRBGEM akers,
transcrﬂﬁf%??z%‘i%lﬂ% receptor klggétz;lm%lgha 2 integrin, and prostatin. Cell lines that
express thesé antigefis are paiticularly preferred for use in the methods of

[0038] thesw mdinerns! [Dosudavisthodstionisalating @8d nhtaining thESEEANGRE] from
multipBtemmseN patioens are,eqny Preferred methods, use. antibodies
. directed%ﬁ%%inst these antié%%&oglfacf%‘g e%%?’éﬁﬁﬁ%&%@&ﬁ@&?@ﬁ%@grﬂ@erg are
distinet  IpRECBIMGERR ST & TRV lincheffbllowing disclesures: BAHH RS ind form
tumors WEn2004/001:381,20d 4456073304 L, Arsticulaly anubody TEST,
. .IPTQ-ZOQB "CDA46 (US 7 148,038, par ic'ular%#al%rg iB%%?/SB%fD&F rpahgjpsule
mal MSTEe A TR e WO dBaSE 01 artibitdnyeatitibedy tAUCAGIderived
from CRT Ar€055): pRA 2IHQGRRIGN (P Shh Q0GB 4L L0 %ﬂ@'&aé%i%g %bg d&chh as
D34 aSPEJQﬁTA-’G‘Qw)’ J@M%(PCT_WO 06/084078, particularly anti p&y‘ )
BACRA* SYPACEETR) Mathahmeriiisam thevgavatopiomessaditions and with
cell linppasieglartyzantibody KID31, PTA-6516), ADAM9 (PCT WO 06/084075,
06397 PaticHl ibody KID24, PTA-5174), and oncostatin M receptor beta
00391 P58 W l%%%g%giésp% f?:%a}’aer‘f?% hoLsF DGR Ppndsbaeytirhdselay of
cell surraititss aies paricularyl usdiut astcancisstenaicelimarkers AESOsINN ines
in an antR@ ieachingshersin, These.antigens are desiraple markers for use
_ cTnin identifying cancer s%ggﬁ?%]g%s}sgérfe}a %f’%lgsoé%\‘}gﬁﬂ‘é" S BAREMF ISt hpnd from
Prmary dg) e KRG dEREyI Ry seRetides uboats ot can gesstem eels suth@e colls are
maintait0S6 MAHAIBHSSHRRRGCNG gt rlavelgpmiental slade specific, The presen
o igyenti‘o’ni discloses WO 2008/(1)91908&?1’%%%%8%&%%%%6 %rg%%%ﬁceﬁ
AR GHNGEh & RYE Hat et A pré Ghtew s taiemastenyioell spbaifidiithusention.
10040] ntbfinomezosfonRroilpa,eslisand Ideing M BIETI eglngss . uicq
herein, (RS May be selected froim .a population, using flow analysis and‘other* "
o pommon’ly%ﬂ%%he?ﬁ?éﬁg, YHEaY BRNaqslebeheanetesying butallsofatteidiotypic
antibodistemueaitmikerandistieechhealn, ialone: ordh ORI AT, WD OGS o ¢ 1,
: markers. Routine experimentation is used to determine the
ImMmuno [B%Wﬂn mao 6C-L1§6 %‘d E IYIPrLS | ¢ t. | dt d ¢ | th : :
resence on a cell strtace of thé AMTERE HEIBB et A reaperhsnecificity.
[0041] Zoneatiohootleeutiigds; cafecerosidmmosltactigemtiogesnint: fon aRatisular
1issugy ek cell cylture J0056] The inventars have identified a set of
monoo. “markers t_hg/at are 6_9resé(§r1%ffo[‘}1ngn8]rgc §‘rr$|lrlla§% aﬁﬁ B OrE ARt apemiEds
occurringl Rk LphGTS I Heswisety indlutiesseine artalbaf WMerntigansHidentified;.
highly sjaReve. bERRY AR ReLeXEIysively prasent only oncancer stem cells, using
the methg%s/_ taught hgerein thsellg%gmﬁa%%%smv&l}ﬁebin e(ttc()”Is%rﬁ%og‘i%?é%ﬁ%tjﬁm‘%"dy
CRCOMPATHFHIR LY B i eBnelonalaitiskeemd dnbictistues nor basghtebails, but
Many of these antigens are present on both normal and cancer stem cells.
Some are present on at least five of the cancer stem cell lines disclosed
herein, such as B711.3 (all epitopes). It is expected that the marker
profiles of solid tumor-derived cancer stem cells will differ from those

derived from hematopoietic cells,



[0057] These antigens are also useful for assessing the surface of cells
over time. In data not shown, a comparison and differential binding assay
ed u.sing a panel of antibodies and three pairs of cancer stem
W?ﬁﬁ)ﬁﬁgﬁﬁe breast cancer stem cell line BRCA1103 was asseSSEH8/051730
passages 11 and 12 to show reproducibility of the assay; rectal carcinoma
cancer stem cell line RECA0515 was assessed at passages 10 and 16 to
show stability of the cell lines, and colorectal carcinoma cancer stem cell
also fiR@GIRGASAITWas Asem to.go! the, par i L a clone from
fusi this line. Thﬁtigen profile do%@tuﬁe?% é%gﬁéﬁg%@%@% $I]_9L%i%ﬁs thereof,
S100 S EATER T BREAT HIS Wiy 9 priivis s idierentcint thet GRIMG ADAO4ric
monodlscloneiastigenprafileoas Bietents (NDRRLAS dSSIoSd NerEi SBla.cute
that 00(1)]; cancer ste{m cell me}rkers are selected to optimize selection of cells Wlfh
desired CharaR SR et b craviarkarcpiafie apddughtditcstigind to an
antigeree lisifrovn inietdstaticod posits a0f gaNgs thakbave-kesnRassaged - ¥i9namner in
which Wilk %(géfgrgn%)frgr% ﬂ%%grofiLQ of cancer stem cells from tissues or _
7 primary cellEulture. J0058 ] Eertain antehSHAMRBE SxpteiepdisRsafnic
animalgedfs of a tumor tissue yet will be present on the cancer stem cells from
n in the field for determining this

th a i ,.-alek N Ao gt e Sr .
[0042) that iymer fetheds;ar ?e%&mom%gé f%% T8 SRSt BRI sieragsived from

. kind of differential expression.
an ImmyaeEEprHE Hethods tisetoseshheksinfd tuserof thegércanee s BRm:catucture of

the moRRIGENS QBN HEIS e combined with other.methods for,.

. ioéenti_fying cl{afgr?:er stﬁn%%ﬁs%ﬁéhQﬁ%g%c?\?éanh&%?ﬁa cel %ﬂ?@%} %’&h&%,

antiger RSB FRIBES & St merainblogyeri006d Fiest paltiouarystant

domairﬁf&%ﬁf@dl@ﬁiﬁﬁﬁ@@é@tgﬁﬁjr@alﬁiﬂﬁﬁﬁmﬁgﬁgmfgpa@gf oK c()j 0 Sopriate

frame vP?fy}'e%l%nE va cme,_%%mbmapm therapeutlc composit on, or as individbial
tRerApetitic SHipEERUIA S8 B evention, treatment, or diagnosis of

[0043] dibeasen Agentathat binttalthesekansershRLaebANIARDE a1 UsRiukfor

determ ?J&%“@% %Qgrgp@uti%.%waé;n stic moietjes to the cancer stem cells.

. ‘?006‘2 Adpelis of thidhUBATBRINEILHTE IS8 attl AAISER A S eThbE BIMs Githt can have

immunegrsepsteerticellimonphaiogy ithatibiad-tpmre. of migraoftheantibediesye » type

o PAZ,LUCA3L SPL I RACA4 KID3 |, KID24, and LIJCA38.
R T S oy L o SRR, s rembaveiin o
well as pefiderGaertoniahigeiscimativinenrvounditiydigand; madeaie dhepitopes.

AntigerRIOAUGHQNQF pytokinges,such ' ic and growth factors. For o
I 1exan%alple, theﬁgncer stem ceﬁ%ﬁ%%%gagr%ﬁrgﬁa}%%%%d) o HBF&iTY Q8¢ or more
Tagmenk-PUGH SUFE IV AN SSSOITh BEBT7OHB: Iidersisessthe sedration ofntigens may
be proteangiegBNiesRniors WEGR RnthMIR: | aipha (& oth,strama cells

0044 ﬁ?d cancer %@rn cel_ls.anE)th TI;S%lsand the an%%%J;R?elﬁgﬁzbg gy er 9iErtffeziis'

I DA e RS FEHEHN 1o hhvesthe Ebny e sesduratsas iokinbapataaysrein
and refeandtbytokineasignainge thispprvdes pevy insight e SI9RRING clude. but are not
limited IMES e%gl?@nsdtheag re capable of driving tumor growth, and cancer sfem _

cells of this inVEHbGH Proviae-ane BT todiasnbiry erswin Hiaetdey. lipids, and
glycosylphtiloiuiesythatsivol (6 ki Hnissegrincstandar digrowhassaysmArsrding to
ans teachir f this, invention, gntibodies raised against antigens present
e B B s T e Sl ey 16 ol A
typical igsgspnirRTib s antilsbusohsintigeh modulates eylekinespignainge Alaroat
general Y MiEY-AECyiQkIn PSSV itable for use in thg practice of this invention
e %re Welﬁklnown in?the art, |§%ﬁ%§t}%na‘é{h{&e%%‘ﬁﬁ e'n%f"}r%1 %‘%‘FES]F“ SHterstsps do

not exte%frg_o[éﬁd@]%ﬁ?@:@ﬁéép@ﬁﬁbﬁdhﬂ_énié,bﬁﬁ%’hwnéﬂl@laﬁﬁmeM@&ﬂf?r@émbrane
surface Bhisgpvantion ﬁﬁ@rﬁ@ﬂ@ﬁ%@ifﬁ%é%ﬁmﬁ%@%g I%I:ﬂbﬁ%ﬁ%& F\]%Q%m

ethods E{e illustrative rather than limiting; other commonly

proteins ?H%‘tﬁ&cd%e enersibrslicete priptceibiwisimseritidimnto the lipid bilayer,

10



WO 2008/091908PCT/US2008/051730 [0065] A solid human tumor tissue
is rinsed with phosphate buffered saline (PBS), preferably several times.
y contain antibiotic ancUor anti-fungal agents such as, but
W%-Etal}igr;%z%a%g gentamycin. The solid human tumor tissue is mifcedtinggrenstre
cubes of approximately | mm, suspended in dissociation media. The
dissociation media is basal media supplemented with a. cell dissociation
agent. A wide variety of dissociation agents can be used including but not

[oo4s]limitecio ERT ARG AnlryRsinandicollaganass-disnase ré%;r%ﬁ%‘?r@%ubstﬁnce that

. . dissociation agent is collagenase dispase used at a concentration that wi
Is an I GRS parfiRr didsbertioerEsreRem théusiinced tmentissuens includes

but is preferied conaeniralion inda8h welghiby valume inhBS L B@di@? S Bitiar
respontP eig inhibitog mag_ also e%'[ "Clugdlﬁg in the dissociation media. A

PO e B TNTEIr 1€ L o A APTBISES T et nt of
leukocgsitabledcaaosntnationdksnasnon-limifihgkexample, one typical suitable
: C ion of, STI is. 10%(v/v). [0066] The, gells are incubated in the )
10046] ﬁ%o%?é&?&crﬁ?é? %83?&‘.1%}{%\2} tg’rﬁ iﬁ%{eu?ﬁ?e%?}allgfnﬂ%lé?‘fé%ﬂ%fé??%i’r]éma“On
means Higethedtt lodsancthé elhaggregatety Theienzyniaticastivityds stopped:

ampWhenthe pogregates are, 19:20. cells in size. The cells are pelleted by ., .
P centrﬁu.gé%t%n and Wa%%%gﬁﬁ%cﬁgg?i%ézﬁ%ﬁ%ﬁ Cﬁ’le 18 é‘%gbyclcrﬂt ndividual
from theeyiRAIGRAGH. 5T ec Sapeivitanbismémniovid;dhdaissudismesuspiendesl it one
speciesiasalanasium, dhen diansfemed dg apulture-dish. [90671 A wide variety of . .

_basal media are used to keep the pH of the liquid in‘a range that promotes
means i e FHINGR Sh sHing earedy stistineetal i St exaniilesdabiutie arc
being ifttedRMEM o HiamigHEa+(Sigma), CMRL-1066, Minimal essential medium

(MEM, Sigma), RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium

10047] gﬁﬁ'\é‘nﬂﬂg 2) ?@ﬁfﬂﬂ@n}twéﬁ@%#@}aﬁmgkéve@waiﬁéﬁ Ehagle™9% of
the hunMediue( MM nrtdiiomanyefihe hasatauiient medisrdessribes iy cer
stem ceg%mfgggs Wallace (197 )‘V\%?th.tllinz., %?:44 Barnes and Sato (1980) Anal.
) loc/rem., 102:255° BrMEtRer B S hi ﬁgt?e/i’tgfﬁfé?‘@@ggfnﬁ%réﬁﬂbﬁ@h
surfacesoaé ivanopTidgubl Cullfuse! aBlendiffRiigs, Newn Yarkssan-AlSe IDeuuses: 4 not
have seSQME; s the.basal media may use fructose as a sugar source,.
e T e
or antibpdpind 826! ct 006BIBAsamadivmibaddeditetincoutivgeidishhand theibody or

a portioHSSUG IgcsRated ot 3£5.4n.8, humidified SRASIE- AN éﬁfgrree deithcr
_ embodiments that promote cancer stem cell surviva and grow ﬁ, ‘a varle}ﬂ//
MICTOSCOPY WrBATE Qe Beidedier sippeinentthidipasalneédiaithukroreating aarc
commonnetrientsnedid uiman : cell,aggr inthi
. rr[EBlLI dia, and, in a referreﬁ?n%lgﬁﬁghtﬁ%gggggg ﬁ?g?gt%é%%%%%dtﬁg%gﬁnay be
mixed "5@% F&a‘é%&f?ﬂio“fﬁé g e aRERoPYS AR Ivpaslyzed by flow cytometry.
Human 2008/094908RCHAGA00S0m) 730 cullure dish arptharsuppligd.anchor
CaleulMAtENAL The remnant of the minced tissues that do not attach to the
culture disn BF S cher HFRBRFIAE PRt BRI es il ey are known,
10048] ‘Hedtsmnchangesaftéraishofttimen phlitraicRd wirdNeek3os086bin:y to
divide. @nother preferred embodiment, cells from human cancer cell aggregates
placed in nutrient media all attach to the culture dish and the huma.n
[0049] Bameed Beerimcellswiowlyidbtaplishrand!giow cinedhgstthepathescell fypesar is
comprisHoF 3 : Ally. the human, cancer stem ¢ ill form
DSl re Pty f Sl ] T S S nEaTH Al Bepever
more prefiyablyabapt %ﬁ’éé}*‘lﬁ@rﬁ-the culture. The culture process and
[0056] eSMﬁQﬂmr_ﬁs\é’dlh@@il@,‘%@@gt{%éqﬁﬂ@%g&%?z[1{1%1‘1'5}{9{?‘}!‘)l%fod tp'at emains after
blood i g?}nta}mlnatln cell types and will promote the survival and growt of the
ood s giiawed {9 9 stern cells so as to generate a substantially pure
popu.lation of human cancer stem cells. The population of human cancer
stem cells is capable of long-tgm growth in culture and is capable of
extensive proliferation and growth without senescence. [0070] The
human cancer stem cells can be grown in tissue culture containers (e.g.,
flasks, plates, etc.) that are either uncoated or coated with different
substrates. Non-limiting examples of substrates that may be used include

fibronectin, laminin, collagen, polylysine, nitrocellulose, nylon, and
nahtetrafliinornethviene The ci7ze nf the ticeci e c1iltlire containare o



WO 2008/091908PCPUS2008/051730 increasing amount of cells.

Alternately, the cells may by split' into several separate tissue culture
wEenigingssgvith fresh nutrient media (also known as "subcultugipg B dlis 1730

manner, a substantially pure population of human cancer stem cells can

be obtained and propagated. [0072) Removal of cells from a tissue culture

container is preferably accomplished by enzymatic treatment to detach the

cells from the surface(s) of the plastic tissue culture containers and/or the

(6051 ]sthstrateivsed:(algs; fibroneictinclaminin etekibtRNRaiRkethund in serum.

mbodiment, an enzyme such as collagengse-dispase is used in an
BB SRBLA & BLBEIE A AR ity R R P Gt &
giobultheSissuetcultutecflasknAndefiéctivecamonnbis thideashsbouh iR 70 wRiekere
iher Iefe Lleast about 1%, and most preferably at least about 0.1%

e e L R BE T r Re e
{0052} stirderts) ofamemdsue Cultare domtainér, thevenzyinedsdvashbh@waiiiitncnde
but arehOARRNMENBuBIGTErADYY the nutrient mediadisclosed nerein, and the

cells are placed in new culture containers with a nutrient rﬁeala? preferably

the nutrient media disclosed herein. The nutrient media can include

ganceggggﬂh@@gtg@@@gscompounds that are found in the nu.trient media
optimized for fetal stem/progenitor cells of the same tissue origin as the

10053 b e RodiRERT Qb daRs 00723 TTheTraiuaris BT Feseibrs hdmericdancir
swfacesiemcellnis depaendeninnibe raiaof nuttenmatabelismaafihacalisdandigens,
the stabilitly of the added hormones and growth factors. The higher rate of

nd a0t R BRI BIS A PR e S PRt KBk el bE et o erays and
not of Imetidcacidityewiltiereastuds BeHs matahelizaopttie0s 48, thendtedia receptor,
ome nutrient media.(e.g., RPMI;1640, DMEM, E etc.) contain

i e e T e e S T
alpha-Wybesa-ft. Jéddhesiauidiv]-Notienhmédialsan thern héaddéd toferitigaciity

hhax SH edi idity that ywill i if romote growth
oo I el A L O L
beta, alghs fdslrgduimneriontineCatdinsstes eurfoscdibviabiliggrforexartiptégrly

prcfcrré’&mart[ﬁl%@ﬁ tlﬂgjgl&%eéqq‘tgcng&lé;ﬂ%tsmedla haS been metabOIized’ Ce”
viability will be poor (e.g., less than 50%). A frequency of feeding that is

[0054] Sfeteoanieréiopt e NDBARRICHIEGEoURR 6¢ hanbarrcarcep s,
Preferr@liseiRoseiwndiaesdefinad-merivmyis aRodhiwice.a ‘Eﬁﬁlﬁp%g%mies

directc {ancer stem cells of this invention are capable of long-term growth in
et R itno Gt SEHESEEREe PRI CBToriL A eatirsmas BB 4RET WO
2004/0¢CRCA)d [08 #4) Haroan petaretial cattineywarsenrtallsm iselaied fsom 45 033,

i o aUman.colorectal garci tissue. Once the t issye is cleaned, .

i B L e AT BT S

antibodgudtdiniAg, RlttieriiNedidanddihe@SES BIOOED AR gRow. phletlattienitibody
dia, | itab) ' includes putrients, optimi for t

S P e B DA PP A0S o,

carboxyjprsfiedred nibiodiWehD 986 o1 21BINEN 15 GrB)dadal PR dRIPA.- Bt pLESA M9
et weh srmemenial AUtTeRts insldac iy NekHimited,to %@%&'ﬁ%ﬁ@{%ﬁﬁ Wheptor beta

epidermal growth factor, selenium, triiodothyronine , ethanolamine,
(PCT “ﬁﬁgéﬁwﬁ%m}ﬁﬁﬂﬁ&w&%ﬁ%ﬁéﬁﬁnm%@ﬁdﬂe@#ﬁﬁ@i@ﬁbﬁé@)ﬂm a
particul BgfatEed ambaeiment, the fRllpuingamewats,of Uiients ate Ltged to

0055 %gmote_humar] colorectal carcinoma stem cell survival and growth: at
00551 st ABURTRO e AT ISII AAA"H GRITHET &P bt aapsgyTiPmsalin cansraly.

discoveprefaabbualout:h0 R/t insidiniafileastahedt dolisl tansterimandis. such
ferrin, more preferably about 10 n/m1

as tiloser]tggtm%r%sj:puaezq‘aboltgt 10§[f:tt%mlt(ansf- Age S Rrrcte iscloses
transterrin: At 1858t SO E06BYTHT P& REF SrowthsRETor ity piydiscloses
not more than 514/m1 EGF, more preferably 5 nem]. EGF; at least Ix1
0-10M selenium and not more than I1x10-6M selenium, more preferably
2.5x10-8M selenium; at least 1. x10-14M tiiodothyronine (T3) and not
more than 1x10-1 M 13, more preferably Ix1 0-12M 13; at least [x10-8M
ethanolamine and not more IXIOAM ethanolamine, more preferably
Ix10-6M ethanolamine; at least Ix10-8M phosphoethanolamine and not

more than IxX10AM phosphoethanolamine, more preferably Ix 10-6M
nhnenhnethannlamine: at leact Iv10-110M hvdroecarticone and not more



WO 2008/091908PCT/US2008/051730 the human colorectal carcinoma
stem cells are grown and passaged on culture dished coated with either
wdRraegymeor laminin. Human Rectal Carcinoma Stem Cells (REGAS)os/051730

[0076] Human rectal carcinoma stem cells are isolated from human rectal
carcinoma tissue. Once the tumor tissue is cleaned, minced and

dissociated, it is placed in a rectal carcinoma stem cell-sustaining nutrient
media and the CSCs permitted to grow. The nutrient media is a suitable

pancls basad poediathatdncludesprettients.optimmized foetnegramthipndenabling a means

_Propagation of human rectal carcingma stern cells. A preferred. o
orpro AR LR PSR (50S0) B BN AR et  Population.
using fBupplemmentaldotiientsninciutielbut motdimitéd tal ins dinptransfetino RS by, all of

. eSelenium, T3, ethanol:amine, phosphoethanolamine, hydrocortisone, .
e st BT ) At (oL B BB
Routinghiafetiowingtamounsiod dotients dre prsechts pronsotbshupraridotantigens
disclosCRITRAMS Hamieel punaralrantharntanat sast BiPu AR ROMLIDSHIR or a

_and not more than about 1 mg/m1 insulin, more preferably about 1
particulfofipstcirisilioy ettleadisbout 1 pg/m1 transferrin and not more than about

[oes6] 19Q ka/midransterinnmeieaisrablviaRaut 0 pelmd, ransierin. ah/eatmber
about 500 pg/ml epidermal growth factor (EGF) and not more than 5

of canciIRTrEEl, Fgte Préfaranty 5 ReTfitaradteasta sl plfenefivmsadentiticd

above. Nicere dhiask dixi - 8Mpseleniumy moremRrefarable 2: 5xdRealE AEIBASE taught

here: Ix10-14N ijodgﬁ)yr%r\ﬂne (T3) and not more than Ix1010M 13, more . _
erein Féf"e‘?};i‘b’\f&?‘f 0PN 0BE BSEY X1 OBRCHHSHO R C Gnd HBtibTRIes. tumos

tissues il dedihethatio]: amine p mMibte: preferablykptL-aMethanalaminenatleast stem

x10-8M phosphoethanalamine and not more than.l x10-4 L

el T o Sy 16 BN RO SBrABH AP

B7H3 (ali Iaziglﬁbglolﬂiﬁl‘ﬂkadﬂﬁfcﬁnﬁﬁbﬂmmrmmw @fhandxi@srMerived cancer stem

cells WW&@&%&%&%GS@@&S\%@E?&%%XMO b%{lilb%%ﬂsfat least 100ng/m1 vitamin

| E and not more than 100 ..tg/m1 vitamin E, more preferably 5 tig/m1

L0057] \Jbapsiand geno oAl tirsf g rowiiskactoeshnayr e addedlte thetmmridntdata not

shown, SRR RIPMRIR; e Grow il AR sivival ot uman reriabCAREINg Ta. SHRies

cells. Such growth factors can include, but not be limited to, pituitary
and threg paes Mo arnmarpitlitargs TRErR&re FaRY Alsmaribiiordtl el that
assesseER KaEwaadn theant: ExamplesRfprafsrabler pitvitary axtractsinelde chkter
?g%not limited to human pituitary extract éHPE&, bovine pituitary extract
steni ce

1y g Portins PitIary CRFESE BB E ) BILPAranR o Bt ) dkersgid ines.

and colisavell knelwonia therrtand ednlibe SRR fartae iselatanapsgrevihrehtal line

he human.cancer stem cells of this invention. 8] One preferaple ...
and o SR L r s FOF ST By SrACC NS Bt o o difeent.
the BR@graim@3qf IjoveipE? piteitavies fndraddid gh2 SIRAKA DB M Naont hetjpituitanfile was
g, airahgd,Nael mixture is pulsed in a chilled food processor a couple of a times
. an _fhen pureed in the food processor for approximately to or until the
[0058] deglredosondisrincyels alctiesediPheathixaniais therlvandferrpdtuza selection of
cells winfakEFANG stiviedena ﬁ}a&g@ﬁﬂﬁe?tﬂﬁ@'h];?fg@}qﬁE)%%@@ﬂg%@cpyaﬁfge%}%%ﬁom

mixture is then transferred into an appropriate tube and centrifuge
metastafiriGRos i 2800 Hiithbat abcpBeanieme stiperialdmn dgreantivighameofile of

cancer SHPEIOAIANHAL2HO00 RIS ASimutes at 4C. Filter the supernatant
through a 0.81..tm filter and then through a 0.45 urn filter and finall

100391 HRERGARIES Tl Heh® PHECSHLERTRISH DP totprbtES el Bilphsgpresent on
the can&antbe delierinetusingostandasimethedskaown[inwheadt. Rrgletably,
dmrmimg Opliiotq{in 80?1%6 tration should be approximately 15mg/m1 of PPE. The
GG PorEhe! PIrLiAR SSRFEY ®n be aliquoted and frozen until

needed. [0079] Porcine pituitary extract prepared in the above-described

method can be added to the nutsient media to promote the survival and

growth of the human rectal carcinoma stem cells of this invention. In a

preferred embodiment, at least 71..tg total protein ofPPE/nil of nutrient

media and not more than 7mg total protein of PPE/ml of nutrient media,

more preferably, approximately 75ttg total protein of PPE/mI of nutrient

media is added for the survival and growth of the human rectal carcinoma
ctem caelle nf thic invventinn



[0080) Antibiotic and/or antifu.ngal agents, such as gentamycin, penicillin,
and/or streptomycin may also be added to the medium, but it is preferred
wdhatagtibigtics/antifungal agents only be added during the |n|%ﬁ£@g§8%1730
culture (e.g., the first 2 to 5 days). 1.00811 The cells can be grown and
passaged in a variety of culture vessels that are well known in the art. A
preferred embodiment is that the human rectal carcinoma stem cells are
cultured in culture dishes that have been coated with a substrate. There
[0066] areeanliiaty af culisresubsttates tTaharednownihibeipdhidpariouatlyrs are
usefull ref elri)reTle m g)d% entl E at the hu an rectal carcmomﬁ stem cells are
8 AR passoag] JBARd RS R 1%8?38%%%&% Sett JaniTIgP using
cell culumixtetten of, fibrosvactint ahphlamine.drumah dupg Carcinoma Stem Cells
[0061] [9908'%%]5) IL%ICI%Q.I u [% 1rt%|§]9115n 2 Sr}‘;e EE@ (?G!L?Lz?b? I\Sfaoclglt ?éj cggtr?bqg@%agmsegtcd i a
carcm ma tiss nce or tissue'is cleane nd
polyvaliigisorsisited Gthtebtts@uel|§11:1Iatfeld1¢rp@ﬁh@ngtm@ucmomau$teduaW®1 apeutic
COi’np0%99§£%$%§€936U§&9%§495&7(§9 21) Cﬁu SCHS&?{!QAD(Q r)&g@ 19611 ?] C‘%% cancer
SCs are allowed to grow. The nutrient media Is a swt asa
stem chatptr&ﬁ@ae@ HERABHES Gptehetheotisig mvﬁﬂh%ffdtﬁr@t@a@@ﬂé@l rbf: apganstem
lung carcinoma stern cells. A preferred embodiment uses F12/DMEIV1
(50:50) basal medium. Examples of supplemental nutrients include, but
[0062] n%tt?ﬁﬂ@&%‘nﬁé‘tﬂﬂ%i%ﬂ%%ﬁtﬁO@@# CaBTERITIA SHH poreire gtuarcell
morph @¥HRGLRRE) @@Wﬁt&ff@@t@tﬁ&b@@ﬁt}@&t mfplmngtm“@?@i 1, Pftcm,
S are us promote human lung carcinoma stern cell surviva
mmlgﬁéﬁ%%\ﬁﬂ‘i{ IaTtJ about 10 ng/m1 insulin and not more than about 1
[0063] Mgéradnostsionnele pfefarablynabauld Aidighwl wsulingat leastabauto} antigens
| tr nsf rrn 0 e tha about /m1 transferrin, mare
v TN i ri e RS ShU500 £00 AP SataGi g erowh
factotsgﬁwvthiiamlm: (Eﬁﬁﬁtfaﬂldttmtdﬂbi:emﬁlag il BEGEcthorecpreferdtiBi B, directed
to an isJRIFEFI AL RANLABOM DAL é}lgf'%g%}%ma%%c? SO A 'W PHlona

selenium, moré preferably 2. xl lum; an
(CCL%bmbmhoﬁmE/mii%a‘md postogiotertheadls? niig to tBE Protedlof mww rpfiored to

herein RIRIE5BINA0R KeI0lAL RIS, Of BR %mb%at%aﬂ%rt@t%m@%ﬂ%t and
agents such as gentamycin, penicillin, and/or streptoimycin may also be
cytoking fisareBgnd Wil Ut i pieteiniscs tever inatbrses/amsrihagatcagonbdc of

dr 1v1ngQﬁﬂﬁ!ob%1@€idEdaQ&| dng-thednitialistagesaheulitse ﬁ)‘?@g'idmﬁcf '£§Hgf%5dentlfy
100831 The cells can be grown and passaged in a variety of

erowth e Bl S W G eI B Pl EipBdifReAtding to the
teacbmﬁ‘q&tfﬂﬁﬁs liveaiolung CeseisomBatainioet sare-au [itied i DU eishRsn cells of

have be n coated with a substrate., There are riety of culture
S e }%ﬁysut;&ta&glﬂ?&ma%

this invehfia ey nic%‘\?v%bt’ﬁ%teoaﬁfeﬁ%t%b
cytokink utmm@t t«tma:@d toreollafemolibroneetin slambhinpyitkene ctinpidatagef this
mvemuapgrcet alﬁ&%\tgul ggreferred embodiment is that the human lung
carcinoma stem cells are grown and passaged on culture dished coated
with fibronectin. Human Pancreatic Carcinoma Stem Cells [00841 Human
pancreatic carcinoma stern cells are isolated from human pancreatic
_ carcinoma tissue. Once the tumor tissue is cleaned, minced and
Isolatigfi supt mrdBtat R prieiid 4a34ne rdetticceifeinoma stem cell-sustaining
[0064] NuFieREMediaaacheGROR A1 REHNIItad IO oW The Authient mediads:d from

a suitable basal media that includes nutrients optimized for the growth and

solid huspap AYRNBH SF hukin PiTdRaic Cart AsAisIEr S Brarimape: other

commo@Mbadiraent uses &rd 2HMEMLR0:ROhasat pradivmvExamples of
supplemental nutrients include, but not limited to insulin, transferrin, EGF,

selenium, T3, ethanolamine, phosphoetbanolamine, hydrocortisone,

cells.

14



WO 2008/091908PCT/US2008/051730 progesterone, forskolin, heregulin
and aprotinin. In a preferred embodiment, the followi amounts of nutrients
wREGHR9EhER promote human pancreatic carcinoma stem cell sppvival ahdos 1730
growth: at least about 10 rig/m1 insulin and not more than about 1 mg/m1
insulin, more preferably about 10 ttg/m1 insulin; at least about 1
ughnitransferrin and not more than about 100 ttg/rnt transferrin, more
preferably about 10 ug/mlitransferrin; at least about 500 pg/ml epidermal
[0065] ghowthl tacton (Ra ) ardJietmaehanopgint BERometeins eferaph Srerably
qwem]n[%rgi El(.?F'?%t east Ix10-1M s%er%ium d not more than Ix 0-6M L
: setenium more PrarsPaBiy 2 B DU SN SAE R AR L ASTHIB TRy but not limited
to genttiiogathyBinine!(d3)and natidsethanmt 0:-d Mit3nmneres preferabiykl Omm,
enen VR 135 At least Ix10-8M ethanolamine and npot more, x10-4M e
e R AR Beforay LD R GiHa oAl ARl s
cell disppeigphivethanofatnide anidtnof dierecthiamIxd G aN4nposulcethahioismine
imi ferably 1x10- ha ine; at x10-I'M.... .
e N SR AL O on e
collagenpstet R} LNE0-9M; carkeagirira cbreMiBragestérote butinbdinerethanof cells
from tHXOrRM1 PERGesteranes mare-preferahly bl 0:8M progester %?%%I&%ai%tpas. The

|IONnM forskolin but no more than 100RM forskolin, more preterably about 5
use of 4 RSP At RAXERSHM ieredidlif (PIREY ptieHermisiéth AnP1eforml trypsin
inhibitdraregulivsandierampeierably) kidaM: hersawin .and atdaast 200 ngMimiting
aprotinin but no more than 500 tig/m1 aprotinin, and more preferably 25
eXamplG e BRI RO BB O A 4génks, such as gentamycin,
[0066] [Tiicdlin aenigkarbsteapiomy iRsBa alsehraddedto temegivite Pubitiss, the
referred that.an 'biotic%gntif ngal agents only be added during the initial
SUSPCDUPR S BIPELIT (OGN firs 2876 Ry s) 4 6085 e LRIl danreped when the
aggreggrown afd paskagedzn avanely af-cuitlsredvesselsitnat.am wellknmam dnth basal
i e e Rl e

stein 'celfs are"curture
basal medbstratenTherdcareddovanetyofdsiiture substrates that are known in the

10067] ¥l RAHFUIAY praigied smbodiment the human ]at?%ﬁrleﬁafgigan ¢ that
carcinoma stem cells are grown and pas aged on cufture dishés ¢oate
promo gty ahedimahecd e patreic chioinoms sterroelcs ultdels can

F12/DNeeNnanitared daily. The ewtiie meginm.gan: Q%EQH%%%%%H&@W%E@,

_ the nutrient media of subsequent cultures. In a prefen-ed embodiment;,t
RPMI-14iiflirdigreaidti Beeronm dasiied dastecaibrdmn G e fieme) cORIBAEEM®
(GIBC@ERY thidi sy andfitered with-2.0.22m fikeentnis.condiionadyedia basal

can?ﬁg added to subsequent culture at a concentration of at least 1% o
nutrieni g ﬁaCBEFEIﬁ‘E?W%W%%?%QW?%WE%@@Qr@?@fétﬁﬁ?}"ﬁ%‘@&%ﬂ195‘0)
Anal. BidDe2008/02F908PGIidE 208 1ARLA30s, TOO8 6L by RN QRRGISAUCC 11 and

Tieene SAICINOMA stem cells form. epithelial-like colonies within.7-10 days of inifial
Tisste o TR ST kS EBIGHBL ST TP BrhHGE: I Casal media

may usqonetivicing stamaitiike eetls 2T hetlhtimaliaphncrdatidrepacinompl steipncan

publi Caggnp\g%s@g@g@%%%ub-cultured. A skilled artisan can determine if the
human pancreatic stem cells are ready for sub-culturing. In a preferred

[0068] Brwbuairdem, itelhuhiarmpantreatiébarsiiomastein ioellbatahdd7°C in a
humidﬁﬁé{péﬁﬂg%ﬁg@.t iﬁ%%&ﬁoﬂ&%%{%&%’éﬁ%'ﬁf&b'?il&%'@l%@&é%ﬂgep&é?ﬁo gll@&r@i%zgl and

days after the initial plating, more preferably 21-24 days after the initial
growth. ARREM M EHEscURGAe tHesHDMRIRCpaMerbatt vartindmacseeingellgutrient
media"“.th%l%ﬂc@&@ﬂQ@H{tl‘%ﬁqgﬂ%@ﬁk%@ﬂ%é@ﬂ?ﬁ?@;ﬂ&if&oe[ﬁdghﬁﬁ 4&Ped

_ratio and more preferably at a 1:3 ratio onto fibronectin-coated dishes.

embodiRERbHRT At BE SR RORF R AYRIFEFhER G Turges grdweghor to the
stimulation is observed from the presence of this growth factor. Human
Merkel Cell Carcinoma Stem Cglls



[00871 Human Merkel cell carcinoma stem cells are isolated from human
Merkel cell carcinoma tissue. Once the tumor tissue is cleaned, minced
wangdigsegiated, it is placed in a Merkel cell carcinoma stem cell _
sustaining nutrient media and the CSCs are permitted to gromﬁ%ﬂgsmﬁgmﬂmo
nutrient media is a suitable basal media that includes nutrients optimized
for the growth and propagation of human Merkel cell carcinoma stern
cells. A preferred embodiment uses F12/DMEM (50:50) basal medium.
cul.tureEdi@Hml%_ﬁi@f SYPD @'é%ﬁf“@lr RYIFeRLS 'ﬂgl}gﬁngﬁt e, %F%geglo I .léél%at do not
tach transferrin, EGF, selenium, T3, ethanolamine, phosphoet ano’lamlne,
attach 18, o CBIHSOAB BT SREMAT BillgiateibRis Bisdigerenpilbaryrexteddly medium
changdRRE): Optionaliyn reneguowth fagtonp (NGF-13) may be added as a
lemental nutrient to the basal media. In a preferred embodiment, the -
10069 Sc‘:’:ﬁ%?r%‘a“%fgﬁ%l 8%‘1}%38{}%8%%%%1&£@6{&8%¥6ﬂﬁﬁ%@ﬁwﬁawmw placed in
nutrierdancifiorraaste et suniival dind growt T ah ieastabout A0 ag/MbiIRsUWiRkblish and
ow ANd netmore than about 1 mg/m| insulin, more preferaply about 10 ug/m1
s o Ao e U e Geer st
cells Wpibfﬁnﬂamﬁntyrﬁmnmm@f&]‘dbi}'oalmﬁutilﬂapcgﬂimdﬂ&ﬁ&f&ﬁfﬁihjiﬁhﬂﬁgﬁieﬂ types will
no lo }f’é}%t§qp F&Q{{Eleepﬂ%réﬂ rowth factor EGE and nopmore than 5 . et

" pg/mli EGF. more p(efer%%rg ]r?é]gr:ﬁf Ezgﬁ%‘éfif)eég%?;‘(fﬁiliﬁ SR Hcigtication
and/or gevinale tRamaR BN selbhioen andorellraferetbith® SxiB8Mhdelenivm;fahe
humanleaglhdiOnl i tigdotayoning.(T 2yand.Aatmare than Ix1011M T3, more

referably_,lxlof 12M Tsé; at least Ix1 Ol'llll\/#gjt%lgrﬁéi %?ﬁg%%%ﬁ%a%%dr%w stem

cells. | beot BiRa b IRMIAR CRIGFS Tiraterlbslis Ikrabéne Bitrmblamines bt leastiure and
is capabid Qf8Mphasphesthanelamine.andnak mare;thag byLo14m
[0070) osphoethanolamine, more preferably 1x10-6M phosphoethanolamine; at

leaSUREGR LI INES 2 60 6781 BOBISE T 1D S 5008705 30 Hyest brtisofesks.
plates, and ot meﬁét]ﬁhﬁnnla’dz@cal\zﬁlrf&yﬁdf@ﬂ@ﬁ@@Hﬂ%r%@@&@%@Woﬁﬁﬂf@x\é;&ﬁmples
of subs/€ast 40NV \f}g{gl{(loflﬁiqu ot more than 500.u M forskolin, more
S S reTerably 135 pRA-FoFRAiR: L RRSSH %M“Bhf@é%%ﬁ@%&%ﬂﬁ&?@eﬁulose»
nylon, shdpakaioteRuprogbsterondhmare pfefenikly LOxh:0-8Mureaesterangiand
the amAHERSL LRSI RLotein of PPE/nd and not more than 750pg.fotal protein

©am of PPE/I’T%IL mqreogﬁg?%rggﬁfngoéﬁ‘f%vﬁg {ota Cp%%lftealﬂlgf’Péégﬁjl?‘b‘fjﬁsﬁ’émay

determigg Bmpeagdrsize theteutisrecwhidmnoofunihersgrowtiestinu atiemisiobsaned tissue
placed HRmNE: RIGEERER.OL iGN fAClor, [00881 In some cases, nerye . ...

. growth factor 3 (NGF-P) may be added to t _e&%gi%ﬁgﬁt Haais 0o st ithin
the tssR SURRR I BEtAR MIBAEIEEEI 1t arsiratiackiamncetis sMber dising\ NGBPmigrate
out anduse:ptleash ORRY/ MENGR=43:nd RRUMIEIHAN LUHIILNGER.MOKE L (obi

ng/ml NGF-P. NGF-p can be omitted from %fye%% ture when turbid.

referably 10 nl NG . { e .
Atthe gisy it 8&%&9@@&&#&%&#8&@&%@%@#&% medirdselicedittis growttlture
containfactorcplatiblotie andienarbiungrlagenisnstieh as.QeRaNGI ALY IGHIR . ooh
ded to the medium, but it is preferred

mediumacprd c{ﬁ)g,l%t{l? %ge }ﬁ: in maaélagsg bggg? al " y i
that antibiotics anttiRgal 9§ents ohil e hoeelt thir ity rriimiialsrdgesnstia
becomestitlid, (e sgnp thenfinstd fa.didays) bIORSRIEhereallscandie Qv @hiners and
hat are well known the art. A

heckedP@SSage4.IA valiety of culture vessels that vell k : L

enee edg@ef%%ge %E%% Odiment I8 %ﬁaﬂﬁqet%)%na?ﬁhf\ﬁéwgf%ll%ﬁ?&ﬁ%%l%t@ﬂtﬂéﬁéﬁ that

have begire eeruretd intealrareydisHes thdrbave bsen daatedewithliavaibistrate.

[0671] CORIRAMEANALIEHS ltire SURsUAles that are kpown inthe art. Ina. .
particularly preferred embodicr%g%z} e ﬁﬁ%a%‘lc erkel ce Il‘é%;ribll‘}%’ﬁ(ih%tgﬁmm

{0 one Of NG S WrAUHTASENEsHg e ehiiturachishesiooatéahwithifioraneatinire

containdr {BAB-IOFORMAIE GITGIBOMASIeells (FRGMN L0Q90)Hyman-pro St?ltsemay be

cansfe céa}:cinorqq, stem cells are isolated from human prostate carcinoma tissue:

ransieneh e INETHRRBI TS 08 45 LRsAEd, (hihceigasicrahss selatad) it issplaveddattothe
a prostate carcinoma stem cell sustaining nutrient media and the CSCs
are permitted to grow. The nutfient media is a suitable basal media that
includes nutrients optimized for the growth and propagation of human
prostate carcinoma stem cells. A preferred embodiment uses F12/DMEM
(50:50) basal medium with no added calcium. Examples of supplemental
nutrients include, but not limited to calcium, insulin, transferrin, EGF,

selenium, T3, ethanolamine, phosphoethanolamine, hydrocortisone,
tactnetearnne and norcinga nitinitaryy aviraect (PPEY ) In a nrefarred



at least 1x10-sIM ethanolamine and not more 1x10-4M ethanolaminc, more

preferably Ix 1 0-6M cthanolamine; at least Ix10-8M phosphoethanolamine
w@nghResmere than 1xX10-4M phosphoethanolamine, more prefey, )%éﬁ%os 051730

106Mphosphoethanolamine; at least Ix10' ‘M hydrocortisone and not more

than Ix10-7M hydrocortisone, more preferably 1.-5x10-9M; at least 50

pg/ml testosterone and not more than 5 ug/rnl testosterone, more

preferably 50 ng/ml testosterone; and at 150ng total protein of PPE/ml and

increagiog moserthancdib0 ligdoatakarotaineflPRE/ M, mare pisferably abaukd Bug.
total §rotein (1)11; ? preferred embodiment no testosterone

culurdotal € PYE/mI,_Jn anot er?g : >mpodiment no, Sl

i AHAEG o the RIRFBREIREANT R SRR G b dbtarmink fydas manner, 2

substagtidiion oftestbstenariaisnadvantageeuscioitha grewthaldhediumansated.

{@@’725’3}5%%'[ 041G Cc{izﬂg E,z;\\nggﬂegliw_’(i,le(_jIIs.itCa__lciur[g levels can also be vari%;q_l in_the i
establishment and maintenance of RUTHAN bFo Bt AP RSP Sabnd by rpzy matic

treatmggiidodachsbs colds dode thealoitare(n) thighnuttient niedincis adyamageausnd/or the

substrd@nihe establ 0 n prostate carcinoma stem cells. In other

subst J&é&e&? Fgﬁ"ltgﬂ\/gﬁ‘ﬁ% gld(gi%& @a c(i:gcrr'r?'ié% a%\gg)hrt%a)rgo%gcéo?%)g CLtEBdH e such

as collggepgfshs prostarschieinbpiadismmoslint Whienusing fowde vets ofsasded!s from

the sidGRIGIHM ieptipedia, dis | oL more than
e e N A L Ty

at leastfBoiy bie- B0 UetsiRinG ik thé tisbordhidiup isermvantiguoad forotheme. After

detachiSEIRHOB-AN oM IHOWHF I MATHRIOSIALe AAIRINGMA SIE T CElIS 100 M chca

| Antibjotic andﬁ%ap?fq‘nqgl agents, such as gcntamycin, penicillin, and/or

away Veife %ﬁﬁ]‘/&ﬁ Jralst b duetrteriHashadisriotseteie brand feegitare placed

in new anlt'tbietdmmei;]fru ﬂf’g&i ggafistsgﬂ ﬁﬂﬁtcb@[b%d&;@%’;ﬁy rﬁﬁkél]lﬁﬁl@i&ﬁgi@lﬁ@g%%i@ged herein.

_ ulture (e.g., the first 2 to 5. days). e cells can be grown and |

e oo B L R S R el S o it i

media greferretifenfbotimerpisghatthechunfaheprostatescaraingma stemeaisancer

Afe cultured in culture dishes that have been coated with a substrate.

There are a variety of culture substrates that are known in the art. In a

[0073] JAribatanyprefdesstinemiodinientetht muneian plostatkwascinomacstémitrient

meta r n : ( i oated with laminin. .

R Lo A e BRSSP DL e e
rate of pufiisbmeahelredhs arerisbratsaiberetilinarddrdas tahréinomaltissudia acidity

will incRacedhe:IumRilisae inglerned apincard anddissaciated, s RIacePin 60,
DMEl\/f f carcinoma stem cell sustaining nutrient media. The nutrient media

VEMs Bl beSur metathatiiichige S AUt dptinsi£dd feliriBagroodin
changesind propagatianehhumiait breasleaIRPMASIR 6el8dARFiBHedcidity of the
existin e&ln(%ogit@gnt uses gllzlpmeM (S(f]; 0) basal medium.. Examples of .
Stpplenmentar ititridiits thefiaB bl Ot iRRRY fosistire it an sfdkrin’ eypively,
a small peleioiund, (13 cethanglamiaepphd sphoath dnalaningyhasRriseNesessed for

11 viRrastaglandin El and porcine pituitary extract (PPE). In a preferred .
e R Ao A Rl AP S proftemetbolized
cell viabilwanbheastedreindnsa thten @6ll. stirfivaleang gf GwthinatiesistabltthlOfor

pro motiﬂ%/ i Qs ang QW & ﬁﬁ%@?ﬁﬁ&:} i /rg:]clﬂg?g llinfu@lgﬁ%cp Gt nreaip r%:dium is
a sze % more

pout 101.1g/m1 insulin; at least about 1 Ughnitransterrin and No

about twiegs apssiit 10T PavaRtaresferkm rebreoprbierabiytitsout tapable of long-term

erowth HONAFaRsiesin: akleastabout 500 pg/ml epidermal growth factor (EGF)
and not more than 5 .t.g/rn1 EGF, more preferably 5 ng/m1 EGF; at least
[x10-1M selenium and not more than Ix10-6M selenium, more preferably
2.5x10-8M selenium; at least 1x10-14M tiiodothyronine (13) and not more
than Ix10-1 M 13, more preferably 1x10-'2M13; at least Ix1 0-8M
ethanolamine and not more Ix | 0-4M ethanolamine, more preferably
1x10-6M ethanotamine; at least 1x10-gM phosphoethanolamine and not
more than Ix10-4M phosphoethanolamine, more preferably 1x10-6M
phosphoethanolamine; at least Ix10-1M hydrocortisone and not more than
Ix10-6M hydrocortisone, more preferably 1-5x10-8M; at least 10 pg/ml
prostaglandin El (PGE1) and no more than 100 kg/m1PGE1, more
preferably 100 ng/ml PGE1; and at least 150 ng total protein of PPE/ml
and more than 150 jig total protein of PPE/ml, more preferably about 15 jig

tntal nroteain of PPE/mMmi Antihiotic and/ar antifiinaal aneante c<rirch ac

stem ¢



100961 Human basal cell carcinoma stem cells are isolated from human
basal cell carcinoma tissue. Once the tumor tissue is cleaned, minced and
wdligsoeiatag, it is placed in a basal carcinoma stem cell sustaigjpg /ﬂ%ﬂ%ﬁ‘isawo
media. The nutrient media is a suitable basal media that includes nutrients
optimized for the growth and propagation of human basal cell carcinoma
stem cells. A preferred embodiment uses F12/DMEM (50:50) basal
medium. Examples of supplemental nutrients include, but not limited to
Humainglalioy dcansfeirim &S salepisdRcathanolamine,
wmél%gsphoe{hgngl mine, hydrocortisone and p_orcine pituitary extract (PPE).
In & preferrda emBoaiBL: S tHE foHoRiRd AHEhML B PRI EFE set sar e ma
tissue. phomate: umani breasttancidomaste andellssoridval and,growths atdgastctal
e out 10 ng/ml.insulin and not more than t 1 mg/ml insulin, more
carin g T R e T bl R b SRer e
media mharaitably elnkole ghgimitiralesiertinmoreiprefer &biyhalou 40and propagation
ligy/ ! in: t 5Q0 nl.epidermal growth ) I
O ey S HIIECE: mOrg DrSTorab L KO G BNEA 5050
basal migdimmvEsaisnianr AP pistes e nhare it 08 Mlsdiehiumjamiond tprieferably

transfe?riﬁ?@ﬁtﬁ%ﬁ?ﬁ@%@ f&?é@,@%ﬁéﬁf&]@f%ﬂ% dJigdothyro mﬁ% gl?’a%n%ﬂagn%) more
“than 1x10- 10M T3, more preferably Ix1 0-12M T3; at least Ix10-8M

phosphagtaaolaming: ARar AR HIGRS 11D AT erhai (ivnen fiore prefarsbhedx |
embodinbM, etbanalaminaratleast i 8-8M phasphesthanlaming.andippi.more
_._than Ix10-4M phosphogethanolamine, more preferably 1x10-6M
carcinogi AR AHOIAI BEEHE HAOEONPRY W GO POR Arhet e than
about 1thayirit1:8e6M Ve PROSHN OS8R CT (152008105 LI RAWYEREartisaR s ransterrin
more Freferabl%/ull x10-8M; and at least 7g total protein of PPE/ml and

and n0tRe thah P8 UGt PrBRIN P PEIIPFABFe Preferably asout Fenpymin: at
least abkiRb poqieim i RREMI {909 1. ApHbiotic) and/oantifungal & g%gf RYEN SR

entamycin, penicillin, and/qr str%%%qmycm may also be added to the

preferalbe At TG i< plesd st A artBistaprtilmgar denivsniy belered more
preferabiyrMextE Mitiakstagestofb auliune (eng 4t kb iR brdays) nIA08LThE, 1x10°

cells can be grown and passaged in a yariety of culture vessels that are
MUTS. R RO tHe ‘A Bttt eHiRodir e RARAARE s

ethanolemicinomaegierfeablls are)Cultutechinaeilivr atdishesdthatnaye Heepcarttchine
ith a substrate, There are a variety of culture substrates that are known
a‘nd nmﬁ%{%ﬁ@gﬁ? ?I’)l( gépal\{%tpcﬁg’r v Ct%féorrae %%Blgb‘?rﬁéﬁ ,‘?ﬁé’ﬂﬁrﬁ?a%reast
phosphestteindemaistem icedisl atd gidvimdmdopassaged oot enivréglishas conted
hydroca’%’zlﬂlbng%‘?&%f%@fya?{z%z’% ;9 1 ?gapy [Hgh 9951%%”%&% & ! Sné??ngogl than 100
Human cancer stem cells of this invention iEolated in the hanner
ng/ml vifigpiodeonithirdfandlsévesandetining Ehatacteristicadrirsttifenuimamts, such
¢ oent AT terneells ﬁf}&-?ﬁ h rac rized. VA eir growth potential (ability to
e se f-ren%w). The ﬁqman c '}l%gaflé?éﬁ%ggeﬁgoagg as‘uf%\get or' SI%LE%%H s
preferreg thagtantielicnidnrhezassinly thehdged iferatioh capddintages of culture (e.g.,
the first(0Q19QHMan cancer stern cells of this invention can be maintained
without losing their proliferation capacity in basal nutrient media
[0075] FhmtsikisanSoe SR SaTSLadER growesy Thepraterratksubdentoadinown in

the art. disglosedheraibdmnanbe BsethtonaHtivetbe:-buman crRRcelSte M el iPylred

o cult vitro. Diff rregt types of substrates or tissue cultgre _plates_can be used to

e S R VSRR b F R S AS TS cHieer@anieisns oTopk e sistrates
that are iswell kntwarto thasepblk eifthinely stk ir-thecRitieS Bk AYd S GOMIARARS, collagen,
fibroneddded t}g)}.ir"}uyiitegée@%gig/lg fur}heaenha ce cell g(owth_. Serum and.other
animal-derived proteins oF edia adtitvd & eBAiaIR SR BlomBRIEmes is that
and it is particularly preferred that the human cancer stem cells of this
invention be grown with none or minimal added serum biomolecules. The
serum-free defined medium proyided herein is optimized to select for

CSCs. The medium provides necessary nutrients and growth factors for
growth of the CSCs, while removing any different signal that may be

present in serum.



[00102] Human cancer stem cells of this invention can be maintained in
long-term culture and sub-cultured. At any selected time and after any
jp.culture, the human cancer stem cells WO ) )
nggg%ggll%i&PCT/U82008/051730 may be used as an immunogElSs8/051730
bioassays, to establish human tumor models in xenog_raft models, or fqr
drug discoveiy and/or development as disclosed herein. Characterlza_tlo_n
of human cancer stem cells using markers [0010_31An.other characterlstlc
the hugfatheohisman &ﬁf@ﬁ%ﬁlﬁt%f@n?ggﬁsojrgjé?o'ﬁf}ﬂ%ﬁcpéﬁ%i?c%';)g)é%fusf”sgpsgcgd coated with
: ecific markers. A wide variety of markers have been reported to'bé
cither ggb‘?‘é%%ﬁ’d%lﬁﬁfﬁ%h cancer ster cells, including CD24, CD34, CD 133
and CD44. In a preferred embodiment, human cancer stem cells gf thl;
inyention express CD34. CD34 is a marker that has been reported to be
Eguﬂla%)?{%e?g%%e(?%}%]l%% 3%&%§§%A§ém cells. Solid human cancer stem
[09‘761cﬁumtmmwtednamemmmmusdycbgﬁez@pﬁ%ﬁy%ﬁ%fé%rgzéa%{l%_};}ntétt%%_
i [ h ression o in solid tu
Once tﬁ%QMgglqgs%ee R@rg c%gl%émrliequco athfﬁééﬁ%ﬁ%g% dﬁ 66 é%fﬁ‘@ér%féfﬁ%@l@l‘qiﬁ@ma stem

cells serves as a marker tor idefit

cell-sugpisisreath himmanedimeet tte@Bcalls:ahthis] m@r@ﬂ@nmn{@g&ﬁq%ﬁ%hked suitable
e . ’ I rization of.-Human Cancer, Stem Cells N
A o b

carcinadiari GIRs bt tHisiintasrtibeniboliitechinithe FrhalindiE tiscloses mé@bﬂe@iﬁﬁa. ;
, ' in, S Is grow in vitro as either. attache
B R P h e

scleniufich fH AR SateePisteireliare. lofatedrtMorphilogindt humancine
pituitargaRGRES{EPESElS i%%%@ﬂﬁﬁ%ﬁﬁm@ﬁ?,lﬁlg_ﬂo%m%) SRSt %ﬁglll r?(la%%na%‘e used

human cancer stern cells in the manner disclosed herein, the human _
10 promot ARPEIL L SR Bl dieirfGisHBE rbindtiscother aiataypésttyl thegfm!

insulin sndalbsize Humamneancefysiamealls can Pé%}gbqwgﬁg{ﬁ.’ 0 E%?rggﬁi suling at least
even ually forming a monolayer culture. When grown as attachied cells,

2bout L HTEHHEE S B R AR e cibida i peaterice pathoughrtibéy abou
10 pg/mapperranee of thechuman /ﬂﬁ%‘}%g}:ﬁ;ﬁgl %Eflgwyt%r%ggp fﬁx?gagdxgg 1%‘%2801'6 than

origin of the tumor from which the human can(]:(}er stem_ C e isol
> hg/m aﬁh’él@mﬁfﬁ‘é%aiﬁménv\ﬁ% ardwert sl {0dpehsiomculiuret horakun 1x 10

M scleSRACOnSIEMGeliHEan ba PR raunded ang eystlik o%(fllursc;(g rl}'?alﬁ?f?;{r]l gé\ggggr{nore
than 1 x§$ H@\/{Cn'ga% p[l%¥(? pers?e?gtt).ll)? gsgi (l)j HnMct"Il%r;lit ﬁ:gg’tr?itle()r"gzi\? Ie‘z}rl]al?olaminc and not more
em cefls
1x10*M ethanolamine, more preferably 1x10°°M ethanolamine; at least 1x10°M
phosphoethanolamine and not more than 1x10°*M phosphoethanolamine, more preferably 1x10
M phosphoethanolamine; at least 1x107' "M hydrocortisone and not more than 1x107'M
hydrocortisone, more preferably 1x10°M; and at least 1 O0ng/m!l vitamin E and not more than
100 [tg/ml vitamin E, more preferably 5 ig/ml vitamin E.
[6077] Other growth factors may be added to the nutrient media to promote the growth and
survival of human rectal carcinoma stem cells. Such growth factors can include, but not be
limited to, pituitary extract from animal pituitary. There are many animal pituitary extracts that
are known in the art. Examples of preferable pituitary extracts include, but are not limited to
human pituitary extract (HPE), bovine pituitary extract (BPE) and porcine prtuitary extract
(PPE). Preparation of pituitary extracts is well known in the art and can be suitable for the

isolation and growth of the human cancer stem cells of this invention.

i9



100105]Another property of human cancer stem cells is their ability to
form tumors in vivo from small number of cells in a xenograft. Several
odels are suitable for functional WO
W%%?)%%%%S%SPCDU82008/051730 characterization of cancer Stef cafe/051730
and are well known in the art. Two preferred xenograft models are
subcutaneous implantation of cells in immune-compromised mice and
implantation of cells underneath the kidney capsule (or renal capsule) of

gomproﬂw;mef@mm@r@mlﬁﬁﬂomb%J@Q&Q@M&%&%@i@%ﬂ%@ﬂﬁcﬁ ers%e%e

s in.a xenograft model, a substrate can be usedfor ease o

grams of DRICINE RITHBECDFRGLd B IES bf %’kﬁt%la@sa“@wa@egama@@awnwle is

pulsednotilirmitked fbo&@iagﬁ;@oﬂ&rﬁdﬂ![ﬂefdﬁr@ﬂ%t!@nﬁ'%ﬁﬂ‘ﬁiﬂ@@@ﬂﬁ%@g&%i of€o0r for
ncer Et 8ells can be encapsulated in the substrate and the

w plommn%uft%g Pug EARBE IAARTSH BRCH ARG YR Nkt Bt is then transferred to
a beak{p@107jOndeimplagtedinto mﬂfoshmmﬁhdﬁ%@ﬂﬂ%ﬂ&é?@ﬁ&ﬁmuﬁ%@ then
re,allowed to rowfor suitable amount of time. If a subcutaneous .
e BT S AL LIRS o PN LA B0 RSB “C. Decan
the su;xuelmﬂam thel antmidhor mlmﬁ&ﬁam&*&uﬂ@bh@xﬁ%}w ML W 2C. Filter the

ft model d, the host animal will be
supern g L A G BRI b HE Va3 ol b sl 2

SaCI'I

pm fi lttﬁtsﬂéﬁednf@ﬁntM@ﬁQﬁﬁﬂﬁa@ 19&&'&5%{%%@&1%9&@%%@%1%;9%?1%{118

or form%tlon are also known in the art and can be suitable. For

meﬂ“’dt“ &r%%i’el Sifitalive BER (PR EarPBEPEAMRMER S teupxsisohtely
1 %mg/lklchfer{E) Ringehumarpspestisi Rimers: e ameunl ohumai RNA LA
be quantified to determine the extent of tumor formation. 1001081Another
method for detecting tumor formation is to excise the tumor and N
[0079] Fietologicalliadetetmingrifithedimmbe %ﬁmddscﬁﬁb@m%&ﬁﬂhk%&fdﬁh'éﬁ to the

n ticularly preferred | tignal information about the
nunlen%u%%{ryp?&%%%ﬁp%ﬁélmE)\()i%%i)r]dtmg%&vo ¥ Auman CEHCE? Eﬁl? firgafgra stem cells of
this inviiondyempreferred embodiment, at least 7iig total protein of PPE/ml of nutrient media

needed.

and not more than 7mg total protein of PPE/ml of nutrient media, more preferably,
approximately 75tg total protein of PPE/ml of nutrient media is added for the survival and
growth of the human rectal carcinoma stem cells of this invention,

[6G80] Antibiotic and/or antifungat agents, such as gentamycin, penicillin, and/or streptomyein
may also be added to the medium, but it is preferred that antibiotics/antifungal agents only be
added during the initial stages of culture (e.g., the first 2 to 5 days).

[0681] The cells can be grown and passaged in a variety of culture vessels that are well known in
the art. A preferred embodiment is that the human rectal carcinoma stem cells are cultured in
culture dishes that have been coated with a substrate. There are a variety of culture substrates
that are known in the art. A particularly preferred embodiment is that the human rectal
carcinoma stem cells are grown and passaged on culture dished coated with fibronectin, laminin

or a mixture of fibronectin and laminin.

Human Lung Carcinoma Stem Cells
[6082] Human lung carcinoma stem cefls are isolated from human lung carcinoma tissue. Once

the tumor tissue is cleaned, minced and dissociated, the tissue is placed in a lung carcinoma stem

20



[00109]A use for human cancer stem cells is as an mununogen. As
disclosed in this invention, the unique serum-free culturing conditions
wallwsthedsell surfaces of the human cancer stern cells to remain free of

serum proteins or serum biomolecules that may bind to the subfati& e
the disclosed serum-free isolation and culturing techniques avoid a
potential problem of antigenic sites that may be "masked" with binding by
serum biomolecules. Accordingly, a panel of antibodies may be generated

cell-siananinavailable antigens.thatwere ;masked’ when FﬁéQ%g%gre fais a

.. ,.cqnditions_containing serum. WO 2008/091908PCT/US20 fl}%%

suiteb i B A U AR ST R TOTited Ardsioned withrthe aethod§ human

lung cdisclosedtberesncan herusedas-aRiRMWRege mz%@%@@?%@%@}%%gz 1 Bivm.

85173()

Exant t}ﬁet%r{pc!ggt’;cius _ret(;i ient. Methods of administrating human cancer stem
fealS as MDY HEE 4 ARtbidioBEu téemieh {Srigride- sinaie ot EGE,

selenilimited tordmepinizationy @dministiatian {edsnembrang; Ry.di @etBAAGL amounts
£ yuch as swabbing or.scratch aratus, administration to mucous
Oy R PARa A i oS IO MG o o e
about Ifhngimizatioimcarl beteitherpassbueior agtive RNt Zatop-Nethed3aft 10 1e/ml
insuliniMmunize ti%rtl an oceur via different routes that include but are not limited
"0 intraperitoneaFinjectidn TNPGERATRIEdtioh *Rsstpd insewtisinaiserin. more
preferdoisaltinjediiony T sultiects of inmunization moay iBeldemamnals. s eGE)
and 1088 mic% T?e é%%geﬁand schedule of immunization are generally in kel%‘ping '
POWItR BSYABITSHEA (P EoRVanEHE Mg e Fo bRy Sariulation Mt lonium
and nopraduekion] Wil xice aig, SRBRIQYER ibEh '§§mh@@@8@ﬁn§ﬂ}’ APy Y%QJJEaﬂig total

. .su %'ect including humans or antibody producing cells therefrom can be
protem R higulated GRRoRffy tetHEgresdses i ohBRRVEhtver tosdvebhs the g total
proteinRASEPROREPS @Ldiﬂ@ﬂ@@c%}m@mmﬁtﬁ@a@)ﬁgéi%@ﬁcﬁ% Ié@ﬁt%mq%‘?ﬁcﬂéﬁ%c%ﬁf and/or

e

strent arejnoculqi:ed intraperitoneally with an immunogenic amount of .
SRR R A ACEr S8 L IR AR B b SYs et RAsfCsird R bantbisticohtgungal
agents immbaedén! dompreteret embedimentumicearg ingcyiated ﬁ@iﬁmpad
(0083] ipjection wit gqun%rglénggenjc ag:,ount‘qf”the human cancer stem cells, '

with Or Without aajuvant: RAt tREn BTt ElaY evisbLhes erthsll known in
the art. idwpeefogeheirhatialternative fhealisngrown OeuReRcBiglagis ak MemIang - d in

,, ] ically implanted intraperitopeally into the hosf mammal,

et 1Sl ot oo e e AP bt
that are deipspted Hivewi.dBysnafies e fihatboostant maelbsuspansitimisd to, collagen,
fibrone : f r in, jon, [00111] Hybridomas are .. .

B o T A B L g o
the h”“"tj’@rf@?&l%ﬁ&%%‘éﬂ%%ﬁﬁ%ﬁtﬁﬁﬁ%é@ﬁﬁ iters agiok ohlev}tBreatishMilsteie] Gith
fibroned#9.75) Nature 256:495-497 as modified by Buck, D. W., et al., (1982) In

Vitro, 18:377-381. Available myeloma lines, including but not limited to

X63-Ag8.653 and those from the Salk Institute, Cell Distribution Center,
HumanSam Biegh; CalifindlsAsmayhaidised in the hybridization. The technique
[0084] j %o%esafucsi_n%%theamgelqn]q cells and lymphoid cells using a fusogen

SUCH A8 BSIVAUIBHAGRIAST BT By LIST i FLEHE Wenarrisnerdettheweinoma
tissue. Gitlethirthearissadtardherfusionnthe sells are separaiediiom the fusiant.

jum, such as HAT medium,

carcinorﬁﬁeﬂamaﬂglg{ﬁol\{vﬂ ir}a&tisgln?%ic\t/&gagm(\fv L%jﬁ?% ﬁ{@‘%?g&%féf:é’sf&ﬁiea’-h & '1& Rutrient

__to eliminate unhybridized parent cells.
media iy fibellseasformudiuting ihybudeo mas habseoreiaimonbelapalratibosigsyation

£1 | lye to th I, fusion technigye, EBV immaqrtali .
O e 0 Do e oo BB GHHE B Uhe BB (50:50)
basal mgd{apiBr ammiehybridutiacais expiantiddcantt sulolonbdiitdesinedand
transferSHlIROTARMR AR @%S%%HJQE%"HFM%%%&%%%%&%Eé’r ﬂlgt{i)%gal
immunoassay procedures (e.g., radioimmunoassay, enzyme ’
immunoassay, or fluorescence immunoassay). [00112] Hybridomas that
produce such antibodies may be grown in vitro or in vivo using known
procedures. The monoclonal antibodies may be isolated from the culture
media or body fluids by conventional immunoglobulin purification
procedures such as ammonium sulfate precipitation, gel electrophoresis,
dialysis, chromatography, and ultrafiltration, if desired. Undesired activity if
nracant can he removed for evamnle by riinninAa the nrenaratinn ovver



cancer stem cells can be generated using the human cancer stem cells of
this invention. Once WO 2008/091908PCT/US2008/051730 monoclonal

w@ntikadiggso cell surface antigens on human cancer stem cells-3r8 3481730
by the method disclosed herein, the antibodies have several uses. '

[00115]The antibodies may be sequenced and cloned for purposes of
generating recombinant antibodies or humanized antibodies. Other uses
of human cancer stem cell-specific antibodies include, but are not Limited

progesterchinlogitaliestingsand purification (e:9. jselativg HuFameancss &8hking

) ells by flow cytometry or panning), therapeutic uses (e.g., promoting or
smoun g AR B it £y BRI B 4RG3 470t EBI <RSIt 7! 2nd
growﬂa_raeﬁti?mga@mwtlﬁ nt@ﬁ@hlsn?‘asm@yxmi @ﬁir@t@dmmﬂaﬁdyrﬁgﬁar@aﬁmumom
prefera%:lf?)fl%gl%?lla q@%%ﬁ;%lt%;(ét' e‘?”t'f't‘%:c?&%olgunoggﬁﬁm?a%@%é'iggﬁ%%%%g%%é%ﬂ %ﬁ? 185t 100

and clinic gnosis (€.9., I %tn Ificati uman
Lg/mi Mastings, [@04162Thsbprasent itveption-comternplatesthedisdosed/ml epidermal

cancer cell vaccines for use in both active and passive immunization.

o e G B e oL Vo ES P08 pBBAF Ll o 1
1x 107 helagtiynfromuin munegenic.peptidés asd:ausel et eaneesraal. The CanClenium:
. 1...CEIL Will be. fram host cangcer cells or from the eqtype.of cancer cells, )
a IC’m\?lvﬁill(:&r\: nlﬁa%)}i 8606 taine ?ﬁ?r%dgpﬁlr%tprﬁ(éit%%‘é’ﬁ ﬁﬁ,@ SM%eo%nnﬁ?)‘ﬁléﬁ{SiS@éfus 1x10
M T3urmbroelis 100 Ll THensubjeet tumoneel lsiarevuseul fongenenatingre ferably

+ 06 I vaccines.,A vari ethods for generating cellular vaccines,
O T D L S R e B T v
phosphzgmsrm@ém 1200 50406140 ah@l% 050260208y dipariculansone! typet
hyms&aaﬂggﬂdmmm@%ﬂx@'&w'ﬂag%&!mte&?c_f%&ﬁtl%&s%%gggQfdmﬁ%%‘ieast

__,Jn the area of cancer immunotherapy. Dendritic cells'are _ .
X107 Mapresgstrare Bt ais o Bun hitePndfireodptigemantopraceisatiis hntiyén

pro gest@%&t&{[t&%l&iﬁl@[@@%{%mﬂﬁ% ARt %th!?o %HQoﬂﬁsrﬁc!rg%%?%f%ly about

and the MHC class H complex. In some aspects, a dendritic cell use
5 UM ferekelibjattamid Mndh istapidind HREValE! botmOD &riT I (Wwrich:Bne and more
fer B’FW%HM%%%%%-T IPRASYAR) AN Gl GRIIS, CYRICD B18 BEMAY!
pre CIahélper T cells). It s’haéuld be underé%ooll t Iﬁtglﬁlflc%%g[ﬁgéglﬁé%@% 866‘1? g}&{l
aprofinpremseming: apéptidle 82 theda frpmetantintermbiizectadtigent danhethatassskich as
ram@Bg class i MHG s denduitic;cell. of the inventign (Steinman, Annu. Rey .
s dm_??_?ﬁ?lll,lim]l. 9&2"%1%%%%9(%&5% .?ﬁgtrfﬁ‘é %%%gg?y, é%%ﬁ?fgﬁ% (g preferred
that anijgqse@rt prasbrents 2rvderrddidténesetb Tinalld sSeverdlcapprobcheshe first 2
to 5 dafigve been adopted to directly load tumor antigens onto dendritic cells,

_including the pulsing of tumor pﬁz&tides onto mature dendritic cells _
[0085] Ihigalh efob8 RevRWYE PIssLainovy)fysoistwerrdritle bellgroagddnown in

the art. WitBrHfsaeE aptigRimenvivenang agrministaredas A SRIMAL VALK REI RAYE cultured
m culture dishes that have been coated with a substrate. There are a variety of culture substrates
that are known in the art. In a particularly preferred embodiment, the human pancreatic
carcinoma stem cells are grown and passaged on culture dishes coated with fibronectin, The
human pancreatic carcinoma stem cell cultures can be monitored daily. The culture medium can
be collected to supplement the nutrient media of subsequent cultures. In a preferred
embodiment, the culture medium of human pancreatic carcinoma stem cells are collected every
third day and filtered with a 0.22 um filter. This conditioned media can be added to subsequent
culture at a concentration of at least 1% (vol/vol} but no more than 80% (vol/~vol) and more

preferably, 20% vol/vol.
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been found to induce protective and therapeutic anti-tumor immunity iii
experimental animals (Timmerman et al., Annu.. Rev. Med. 50:507-529
18]In one aspect, a CSC is allowed to contact in vivo or ex
W%ilvﬁ?%)r)lgﬁa%en presenting cell, such as a dendritic cell. Upon %%Té@%z%ffg/%”w
the antigens of the CSC by the dendritic cell, cellular vaccines are
expected to be generated by other lymphocytic cells to which the antigen
is presented. In addition to dendritic cells, other cells useful for presenting

[0086jagentsipehide byt ate.natdimited dasmasre hﬁ&?a‘-hiﬁ(&%ﬂ%i%&du% Fnrf::?HSdays of

initial flfsted wit %R?SC of the ?resent invention. [00119]In other embodiments,
fHal RETHEPADSUHE BBPOYitER Gelowmisr vaktirasorenwilie thenotheding stromal-like
celis. itethodmobthisdmveniiemisnokan iniast Gtcinsigad ibis apuified goll.q artisan
can de{]&%rﬂ?er?ﬂ% 6;:1IE(L3£<§tra\tion that serves as a vaccine to induce or augment tl1e '
endogenous reaponsatsheYamsril & stsidedor pebsHitrbgefnin thdeaed
embodgnspodiméntsaognsistsaot plasimenmenarane ragments QNNesicleSast 14 days
istered to a patient in such a

afier tRIEferably oriented right side out and admi
s o e R B SRR R Bl Rereeroa e 24
days afiprihed Heahpletinthe Wols thétareuie sbuicenah the mmunogenandsiie cclls.

hey caRalientis QW er.cells.([90 he cells originating the plasma_
e o e o SRt & R e e e erably

a 13 redigypata Bbrgnpatiatyostasiiishetal Antigiens corhmonlyiekioes seeldoytdtmasn no
further @hSharOviGiRAing ipe-Alermatiyeli- iRy souldee fetal tissue, stem cells,

not cancer stein cells. [00121]The cancer cell vaccines wil %yﬁll(:ally be
prepared as iMectables, in the form of suspensions. The cell suspensions

HumamTelgdientixpd withpxeipirns that;are pharmaceutically acceptable and
(0087 %Prgpat' Ieerl%/yjth H1e cells. Suitable excipients include, for example, water,
' ext

e, S ITERPOMAHER D 418 Tk isdd comibinatdisiv rebfdarcinoma

I
saline,
tissue. &uditign, ifidesifed,the ageinelmayicoatain RiRREAMRYMS A AWUANe cell

cinoSlbstances such as wetting or emulsifying agents, pH buffering agents, or
Ca‘Cf“‘fade?v%%s?t S R Creli e b RYRECHYI{B0A BV addinaytient
media igpesairiveitioratyda thinisteed paretterallyihyiestion, derakamplopagation
of hum&lthersubeytaneously or intramusgularly and are administered in a _

o mannler compatible witg %é%acgcg?gag‘&epfrgrtlr%lh gatffg}lifeé?f‘fa‘ziﬂt Y5eh AmGUAENS(50:50)
basal mgglinge WHermpiutiipektastivel anttimminbgento Alienaitively, insulin,

t;‘ailsferim[ﬂﬁp%@léﬂiiﬁﬁgi%,%ftltllﬂﬁo\@ﬁ%@e i lpo%tgr?fqgable' he guanit 10 be coli
_ administered depends on the subj’ep% be treated, ll?l%légﬁ%8?%%%?¥ﬁ’efmsmhn’
Progestaans aifl BpiFEHyStsmMmitne Y&l m Grsymilipsizevantivodieboand teGF-p)
may be de@r@as0f R %%Q&ﬂa@%ﬁﬁ?&t%%&s& Uits qf the tansformed cells

followi reguired \!vil depend to some extent 0%%% %%gﬁ%gfﬁlgﬁfﬁggp?&ﬁ%ﬂ%}n the

otlowing maniyd HlAHS sk ugid foargado Mo WevsE| saitablendsserraciges vival
and growmay hedetasnined from WEiRA/P9L08RET/ U340 P%@?}%ﬁl%guhn, more
preferably about 10 ig/ml insulin; at least about 1 g/ml transferrin and not more than about 100
ug/mi transferrin, more preferably about 10 Hg/ml transferrin; at least about 500 pg/ml epidermal
growth factor (EGF) and not more than 5 yug/ml EGF, more preferably 5 ng/ml EGF; at lcast
1x10 "M selenfum and not more than 1x1 0°M selenium, more preferably 2.5x10®M selenium:
at least 1x107'*M titodothyronine (T3) and not more than 1x107'°M T3, more preferably 1x10°
M T3; at least 1x10*M ethanolamine and not more 1x10™M ethanolamine, more preferably
1x10°M ethanolamine; at least 1x1 O“SMphosphoethanoiamine and not more than 1x10*M

phosphoethanolamine, more preferably 1x10°°M phosphoethanolamine; at least 1x10™'M
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animal models and initial clinical studies. Generally, it is contemplated that
on the order of 10.sup.6 transformed cells will be required.

woleRt3ishdjuvants may be preferred in cases where the host iR as/651730
system is weakened or compromised. A.djuvants commonly used include

agents such as aluminum hydroxide or phosphate (alum), admixture with

synthetic polymers of sugars (Carbopol RIM), aggregation of protein in the

vaccine by heat treatment (e.g. 70-101 degrees C.) Aggregation by
hydrocreastivating withhpepgsim tmBﬁéﬂﬁ(ﬁﬂﬂlbadﬂﬁbad&emw@;ﬂ%fmmﬂﬁﬂxméwiﬂﬂ least 10

terial cells such,as r endotoxms é
nM fm?%r?f Do ntsl[ of %ra%ﬁmn%}gd;aﬂ Bac eﬁ}i e %plﬁ%’t% Fb“;%a%qm at least
1x10° waéqepgakﬂem&gatabte oilsvehicles 8Gsh laegmmude ma@ieteamxmmerg

0
plo,ge@;ﬁ 30 ég’]i Slll?c, VYLth a 20 ? rso L‘fxﬁ'o IQKD%)F m rggtai%?geg;igé?g I 5@‘{5 éno‘icm of

used as a may also be emp oyed
PPE/miyelibkn pwfmbmemid ymkaﬂal In-@etiain Rstances Ak with be easitabliente the

minister multi oses fthe vaccine, ally not exceeding ten
et L 0 L0y AP S EBeNH o A GRSt GRS B gdctor
[6088) usuaﬂ;em@,rrtmlmehvaemnat@r@mrj masnallyibeiab Hemiwetomedia to
Ive we é}‘vvals r[l usually from three to five weeks. Periodic
promo RSt A IE i LS8 SF O 8E SIPUAFL A MR Eluifectsest 100
pe/ml WMB@}BEQ@@&'%EY@O%@N@E@%&G%f@@mﬁ’!’)y 10 6@l NGF-B. NGF-p can
cine Con&gosmons [00125]Pharmaceutical

maceutical Vac
be amif %&.f%%%@ama’mmw@ FEBreE SHREIFRE s preagjrom the presence of
this graadinihisterednpdientenadly nirapesibneatly, kliﬁhaﬁﬁgm&ihdﬁn pcmcﬂ%m and/or
strent nqtr@}r}nlugculrarlyé le 1ACS utica for swtabl a{or inj §%Ctlonj clud [
PR tieous sotions or diSpersione tor o SR RasT 6?85% eV b‘ﬁ }ga
agents solytiens dridispersibnsiitinlali-gases theferia. gn,uﬁb essterde aagsimust be

[0089] q‘“ﬂ] d§&1ﬁ‘&§?’6%e Q AR DAY, rjlgcg%b!ll Iv¥uz 'St mlfes Ef?&c%tafPl? atljrg%a It[lqcnown in
conditions of m hufacture an storage anoymus e preserved agalns
the art. cHrieaieimedi n@mﬁimi@flﬁﬂmb@l@hmmnﬂm @d! basteraantgfungis Trecultured

in cuItu?@'@ff@(e%et‘ﬂapﬁd@éﬁ)&éﬁ@39&39'@%r§'%m§@u%€‘%natz%ry an];%%? ?jﬂ%r% sgbst; ates

water, ethanol, pol.yol (for example, glycerol, propylene gly hqui

that aredgigathyidhe Yy del 2andignaikey dorabRThpdimesterdomaniivdgtteble
carcino@ilstEREBNQREY él%@l&)ﬁﬁ@@@@a@&@'m@éﬁﬁgl E’Bﬁm&%ﬁﬁ W%%@éﬁﬂ as

lecithin, by the maintenance of the required particle size in case of a
dispersion and by the use of surfactants. The prevention of the action of

HumanPeeaigadistiaean beeflesird by @anous antibacterial and antifungal

ents such as parabens, chlor butanol ol, WO
0090) Gt TSSO 0 A HHCHE P S o
Once ﬂmanyoﬂ:aﬁsse iIsaionicdgeints drayl dessncludedit iopexample, Spgars®©tarcinoma

ym chloride, Prolcgpgggda%gg(agﬁg%r%fjtge ztéc able co osmons can

stem cc@ dII}] cr nutiient m zlu ent media is a
e I’OUQ outb e use In the comp (1.)SI Ions o ents b

%u;tablc'dbg@}m@ha fba@m}m&ﬂe natunmlhmmlmmwdélﬂafatgiawmgﬂébmpaeatlon of human
pros stdt(—[ggljc%@ﬁigwﬁi '&ﬁ?tak'ﬁréﬁﬁ U908 B8 ISR %g lp% Eﬁ&r%t{? 9()t)hbd%a1 medium

active compoun sint
with no added calcium. Examples of supplemental nutrients include, but not limited to calcium,

insulin, transferrin, EGF, selenium, T3, ethanolamine, phosphoethanclamine, hydrocortisone,
testosteronc and poreine pituitary extract (PPE). ). In a preferred embodiment, the following
amounts of nutrients are used to promote human prostate carcinoma stem cell survival and
growth: at least about 10 ng/ml insulin and not more than about T mg/ml insulin, more preferably

about 10 ptg/ml insulin; at least about 1 flg/ml transferrin and not more than about 100 [Lg/ml
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required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filtered
wetRilzstianr Generally, dispersions are prepared by incorporakl;,igg/I[@%o&,%173e
various sterilized active ingredients into a sterile vehicle which contains ™
the basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of
ﬂ'allsfeﬁlﬁpaf@ﬁ%fﬁﬁ@aﬁﬁcm@Wﬂ%@ﬁﬂ%ﬁﬁ@ﬁ'ﬁfﬂﬁw@&f%ﬁgm%@ﬁaymfgﬁfh?l%ﬁi
der of the active ingredient plus any additional desired ingredient from

pow
g1”0"""ﬂ“JafC*)Efr iy astinotimeretepfitieimhEfom o012 TiAD sk ddieddi§iF; at least

[x 107 “phanemcautically:assentahleqarfiarsdnciudes,any and sl SoVeNtE*y 1 celenium:
. lcaqtdﬁg@rﬂ\%n _mgdtla, _coatm&s, antibacterial and antifupgal agents, isotonic ) ’
ARSI AbSorpt A O%ialARG Ageirs antrmeeriikan ThEOuSY dPstranisehier s 1x10
"M Taagehts-faxpiirmabeutioaliycactivecsuRstances is el oWR i theatc ferably

1+ 1o-6EXcept insofar as any conventignal media or agent is incompatible with
et AT e b TRESAHE LB USRSt 10
phospheotitem{siatied. Sopplerfedtary actite isgredients.sanmalse berisorporated
hvdrociiR She sompositions. [0 The phrase " harmqpeq__tik%!%acceptaple_" ‘
]3 10i:refers to m%cﬁ%lrceﬁ%l[%iggiﬁm%:&%%c[’nlgf) H:oph%i% duee*di M at least
S0 pe/rallergiciorsimital wnitowarthre actighivihensacotnjsteredierahurn. The
_preparation.qf.an agueoqus.cory itign that contains a proteinas an
o B R S TS i o
PPE/mcompositifmshéyelprepared as4injectallespeither. as lguicksphHORSI Ombodiment
suspensions, solid, forms. suitable for, solution in, or suspension in, liquid
no tcstogllfl%? 8 i?\ J%rgglegr?oc%hﬁ 3}181:101 n(ta rB?ébaa ré\d&fﬁ(gﬁfgfﬁ}éﬁg dgpnined fyle addition of
testosteapne tgiﬁédzn[@@m_om 1olﬁlpmgrcfmmm umh@muﬁﬂiu@@ﬂﬁandw@%iﬁ&ﬁﬂ@i&@r@glm _@aloium
levels cHANOSLCOMPAt I 'Eh, e dosage formulation and in such amount as IS
Sres Ctﬁerapeuticafl%l%é éﬁé:%\%ngpﬁginf%ﬁ é%fé‘%%%%%%%ﬁ@ﬁ‘éﬂ&%ﬁ%ﬂ?é?é@& firgnoma
stem cellgridhysomdosate forndogrefstablyrath injetiablensdlutiondy a fRQL30MFOr the

establisRAYGTGrALAAMIRISFAUCR U A AGNEPUSSOtiaR. for example, the solytio
. ._should be suitably buffereé_if necessar%:/1 an tﬁcg ?fq%ﬁséc%li[ggln%ﬁ?s% Sfadacd
caleiunmy i iaiARERBhIE Rilth cstafidimeaam & Brgluroseicrhese paticetarells. When
using oA 1@@@%@&&@%@(@&%@@%@%@@%i?ﬁé@tmé%QPHﬁv{ %ﬁ@ﬁ%ﬁﬁh‘ lggt more
than méuﬁ\gut‘ neous, intradermal and intraperitoneat administration. In this
BinSetioRP stafie RiGlRselE thiald fidtiean Goenhpisgdd filredadhrrteble to
determithosehofiskiifiodbaarisndight-etthe presentdisclasiieor Qroﬁ?fﬁmﬂ{ﬁm%ﬂ%mstatc
C&minorglps?%gt C(i Id be dissolved in 1 ml of isotonic NaC1 solution and either
added16"1600 ml of hypodermoclysis fluid or injected at the proposed site

[0091] shiftfigionndeeafoifenampleniRantingtonis:Rharmaseutical SERRSES omycin
Editian, pages 1035- 1038 and 1570-1580). Some variation in
may a8 SO RERRS %“fl‘?lsdgﬁe%%?ﬁgf%&ﬁ SR RataH e SGBRERLy be

osage will necessarily' occur
added dpgisgthecidd] Treepefsoliurdponsibielior adndinisteation will, in any event,

0092) Beteun late, dose individua sy‘b'ec‘t.“ reover, for ,
19072 humanéggiﬁgggﬁ%?%ﬁr%%ria%%%gsgs]ﬁ%u%do mceué?ls%ebr?ﬁts C%%ra(%gmeﬁg@,kmwn m

the art. GepafarsarenPasnsuis i Hivdimes roguitedibyioDa Gffice:bf Biokagiosd in
culture (ﬁ%@l@gﬁ{QtSh@EL{Q:Q‘%@Qﬁéﬁ%i@%ﬂs%@?hﬂgé@%@famﬁmﬁg gf‘aﬁ%r%t&@straics

the cells is related to drug d_iscoyery. Because the isolated himan cancer ‘
at are KRG o Bllialibh 8 ARIBEB D &R antberiBendtbsihat followitstbe cinoma

stem celteaghingvof this javertionhave:rotResNpiRvieMsisalated or cultured in
the disclosed manner, they are novel and may display on their surface,
express or secrete proteins that have not been heretofore discovered or
characterized. Previous culturing techniques using serum may inhibit the
display of proteins on the cell surface and/or the secretion of proteins.
Additionally, seru.m proteins grsserum biomolecules may cause a change
in the CSC phenotype, and bind to the cancer stem cell surface and
interfere with raising monoclonal antibodies to endogenous CSC antigens.
Alternatively, proteins may change in function, conformation, or activity as
they are being secreted and interacting with serum biomolecules. Proteins

displayed or secreted by human cancer stem cells grown in a defined
cariim-freae media havve minimal interfearance from <cariim bhinmoleciilac



WO 2008/091908PCT/U S2008/051730 Methods of Treatment
. 1001321Another aspect of the invention involves treating a disease

waonditionsyith a cancer stern cell (entire or partial), or a modulat®fisaoes/os1730
(including but not limited to antibodies) of a target antigen that is present
on the surface of the tumor stein cells of this invention. 1001331In another
aspect, the present invention provides a method comprising administering
to a subject diagnosed with a disease an amount of a radiotherapeutic
HumapdbngsaitecB8@08@modiilaiBRraf4) CSC cell surface antigen. In
0093 %[%Eeg‘g@b%dimentsk the r :iot.helrya eutic agent is selected from the.
[ }group colrlsaisti(:nécg Origéiz(;)tglcﬁti‘\:/eael(ijf’saolt{i)lpsé\)gj e%g%.I ?&%ﬁl} liiﬂi%fi‘%ﬁi%? iggma tissue.
Once tRc1188, Reut 887 iSic83miBEdaR] His3ecamdiradiopttive isetbpes: ehidi)pma stem
celt suUOHORAD; Qe embeREnts, per a9ents, A8 BUNINISIIBds SUGN e

i chemotheranpeutlc agents, toxins such as small molecule toxins or
nuiriengroRAREAEANG 4B R et tine P Baswian Rifgunaplares arimeameriging cclls. A
preferrfacging fragnents andiorwarisntoiherepiligsradicals, glestic £hatgs .

. Ischemia, oxidang injury, heat shock, cardiac hypertrophy, fever, )
nutrients AGHE RS ,“ﬁ?éi%@ﬁ%‘?ﬂ&é‘é%’éﬁ?ﬁf&ﬁ%f oRiEEUBkOW Ftaiplanine,
phosphbemaesles i pathpgens: e g:, pasiesianparasiies, jokaceularPA@Esies Pre). m

ot fungi, ir;éses, Prt-on§,gand viroids), cell-cell interactions, soluble factors,

@ Prete o CRAUNG T 'GARTEGS BPoths LAILES e3P HREaB]ets Puman breast
carcinctreatrrent:ihethods! ead empiby & Uakieipal the mpautic. compasitioRs re than
disc}l%?ed Derein orin ogg ination \@/ith y. known treatment in the art. In

e

o s RS S ARB BEp LIHHBRL ARG Bl | ransforin

mbodinient, tHe anti
and noiedediag suah aptipediesraieftsed fairthe dreatineioat aisease ansferrin: at
leas congition. 00135]In another embodiment, the therapeutic compositions of
cast abgift TRVAHIB HYE SHECHIRNH 1i5IGhGTHE B aseangiedaayée Bé i Hharere
pre fcraBlysﬁ@%ﬂhlﬂ*ﬁ@f@mgi@mgmDﬂ%ﬂ%@mm&%@%ﬁﬁ% é@l@l’%\ﬂ) 1 ﬁi@tr’@»@ﬁ?{leﬂium, more
.. de ell mediated cytotoxicity (ADCC) or other host surveillance )
prters T R Aty dimaat RISt ot GH P 10
M T3, imuentiofeabdyubediiMdombination With Bihethagenisief the semear 1x10*M
) ifferent classification, Thes bination treatments can gcgur in concer or.
e B e T s e
and notgyets thadifferéndinhrpsotiboohpositions apdifiesht tinié Pdints of their
phosphyé%ﬁsmgﬁﬁl%o%??&éﬁ%lﬁwﬂ?&}o%mgoﬁévgrg}tﬁ&MX?A%E&DS{?&. ized

treatment with the therapeutic. compositions of the invention, in which the

hydrocesige @PExpressetvol helisbasdentia b uf a uilsjsetlandio dte e, and no
more th@Rd @h%ﬁ?ﬁf ﬁbﬁ@%l&}t@p‘f%ﬁgﬁm% Qgﬁﬁ&sﬁ@‘éﬂi‘%ﬁ i Pe%E‘E‘?@H'S‘é%%tQ} protein
of PPE/ml and more than 150 ig total protein of PPE/ml, more preferably about 15 pg total
protein of PPE/ml. . Antibiotic and/or antifungal agents, such as gentamyecin, penicillin, and/or
streptomycin may also be added to the medium, but it is preferred that antibiotics/antifungal
agents only be added during the initial stages of culturc (e.g., the first 2 to 5 days).

[0094] The cells can be grown and passaged in a variety of culture vessels that are well known in
the art. A preferred embodiment is that the human breast carcinoma stem cells are cultured in
culture dishes that have been coated with a substrate. There are a variety of culture substrates
that are known in the art. In a particularly preferred embodiment, the human breast carcinoma

stem cells are grown and passaged on culture dishes coated with fibronectin.



WO 2008/091908PCT/US2008/051730 particular subject antigen is then

administered to the subject according to the methods described herein. In
woBRembadiment, the therapeutic compositions of the presentﬁw%%&ma”sﬂ

are used for the personalized treatment. Treatment of Neoplastic :

conditions [001.381Neoplastic conditions include benign or malignant

tumors (e.g., renal, liver, kidney, bladder, breast, gastric, ovarian,

colorectal, prostate, pancreatic, lung, vulva', thyroid, hepatic carcinomas;

[8095]safcomassiglioblastomasiandayarious baadandaeck WIMers)ile vkemias ne

ﬁiozen%E%J%’&”EQO‘d 1Ena__llilgglln%n((gzjjelz; other disorders such as neuronal, glial,
*astrocytat,; RYpothAIAHIc and Sthat 'é]‘l%ﬁlauI%r%‘?ﬁé%?&’b%gﬁﬁe@d}m@em
carcin@trostah andsblastotoeljdidisgroe nsivamnd dafiammaton BRgIAEE NS culture to add
gl T iedisorders and disarders caused by pathogens. Particularly
e o S o
skilled _r*rliléiﬁo_ﬂé\@j'ﬂ]tlbg presentdtvention drearidoplastidcorisitions:f0@laoHhec initial
stage o UARACBRIONAGS IAAGRIR ER! SewsIBLEPRAIG REaRastic candfons.
In certain embodiments, the neoplastic conditions are selec &l from thé

preferred supidenaenhg BUT ROtk i sie el mlard tumdrsp AIDB s daistedge of
cultureGARGBRBwalYaalaR SA R, SALEQMAASHQL Viig U 'R%?’Zbga)gz%%f AN ent

. (squamous cell carcinoma and transitional cell carcinoma), bone cancer
mediun g SHRRGH SME IS AE TSAEY Berhelydbovisie sehion trapacesteasdrcdma)owih
of the Huiaim drdispinalcond sancerss Meiagkatichrain.ivmors, breast cancer,

carotid body tumors, cervical cancer, chondrosarcoma, chordoma,
chromophobe renal cell carcinoma, clear cell carcinoma, colon cancer,

Humaic@eseiotalicancen autafacns bRO@Tihious histiocytomas, desm.oplastic
all round cell tumors, ependymomas, Ewing's tumors, extraskeletal
06 o Rl o A PEH R BER RERDG, cocinome
tissuc. @ympldsiduoichessone, dedibldddercahd:hilé duct-cahcersppestationglsa;
arcinolFQRAQRIastG dise; rm. cell tumors, head and neck cancers, islet cell.
?dmmotumo_rs, Kap(_)gif_'s1 gizgé})gr?]gf]f(%?%f}'can%ie]?%ﬁ%%%lrigéidaé‘?&ﬁ it iﬁ'ﬁﬁiﬁ} P that
includeg g gspéinoray zrsUics iiasrdiptmadenigedipometousduinens cell carcinoma stem
cells. Alppsercoraa/maliasantdRamaisusimarsdiversance! (hepatoblastoma,
hepatocellular carcinoma), lymphomas, lung cancers tsma ceft

supplereliaiyiiraverBikrdHbRRAL Bdrols Wil tareinomaLiaFgectetium, T3,
cthano SAIGHOMA BiCc}h Medivklasiamna.Relangm om&@iﬁﬂiﬂ{é}@%ﬁ‘éﬂ{i@%}z). Ina

ndacripe neoplasia, multiple myeloma, myelodysplastic syndrome,

a
preferme St e I BRI HOPST ATaie Beivcerp pameebitoan breast
carcinogancetsegbpilarg thyidcatcinomas aparathy rRIGUMALS, RROBWIGore than
about ican%%%, @%gphe(al nerve ?heath tumors, WO _

FOBIOSTOBPTIE 268084540 bHSEBERTSHHBCY it 2 pittiith Hefoiorss forrin
and not piogiaieCaRee EPSiesNUsURvEal melanamastarehiemaialogie transferrin; at
isqrders, renal metastatic cancer, rbabdoid tumor, rhabdomysarcoma,

d ,
teast abaul e BiE MR et SO THiSSiRg 68FIorRd Psmesn B TaieaReF, more
preferatgioach CROCE h SynoVial GEeom testiaHlah GARsR! athyTie @%%%%%ﬁ, more

. ;. thyroid. metastatic cancgr, and uterine cancers (carcinoma o
P! @f‘“abm%m,@gﬁ%ﬁ%%ﬁ&‘é%‘iﬁé%, M edesinyoniag (i tarthne rsesrfben 1x10
"M T3,embogisientdy thel odficerous: cells arecselestch famiihe.araup:pf solid v
reast cancer, colop cancer, prostate

.~ dumaors including but not ligited to br Ci .
<eno By LM e B R R el

and not gumedramnd ISR getkphseihamamine, more preferably 1x10°M

phosphoethanolamine; at least 1x107'%M hydrocortisone and not more than 1x10°°M



[00140] Carcinoma of the thyroid gland is the most common malignancy of
the endocrine system. Carcinoma of the thyroid gland includes

wditierenfiatgd tumors (papillary or follicular) and poorly differentiated )
tumors (medu.11ary or anaplastic). Carcinomas of the vagina fci(fef#?08/051730
squamous cell carcinoma, adenocarcinoma, melanoma and sarcoma.
Testicular cancer is broadly divided into seminoma and nonseminoma
types. [00141] Thymomas are epithelial tumors of the thymus, which m.ay

hydro@rmayNaidbe sxtensively. infilrated by;nonneoplastic lymphacytes. The

term thymoma is custg&rSnarily used to d]e‘é%cr?b?&r}%}(%pﬁlggrﬁégtﬁ%%ﬁzw Agd more

than ’?6@@& %@ﬁp%ﬁéf&iﬁﬁéﬁhh@b@ﬂ@ﬁ@ﬁﬂmiﬁ eythelightumobtrats m1.
G697 }eﬁﬂthﬁ&ﬁ!%@W%ﬁ%@lﬁ’@%aﬁyﬁgsﬁ% a'}'%:%g Ir%g!ena:%l%lé?j(% %}I I%?@(/%% sfeeptomycin

specific to the thymus is known as a thymic carcind
may algobe adgrrhioMay ot dhhibiieoprétereie middimenitntiferienten only be

added provigles anmatheg af srealingRreast,canger z%“%:%% a ductal carcinoma
in.duct {issue in a mammary gland, medullary carci c}mas, colloid

100981 BIRIRIMAY RibiaY RaRd hammaEs hifcr iksrarhnmdion breastdariverrExistiigown in

carci
the art..tr ! . amlﬂé@{ meméqﬁ&a%ﬁ%%@gm&{ﬁ %F%%gks are cultured in
culture'H}EﬂuQﬁyﬁ{%@’b égdléitl(t)_ndthe apy, chemotherapy, endocrine therapy, ora
[ ion thereof “THe swﬁféﬁf’ﬂl?épéﬁ‘euﬁ@eé%ﬂﬁéﬂ%ﬁ%’ camBeire substrates

compination

that arcighministetbd aftelitheauijdatlhasdieen tededMith Ay RLIBES ast carcinoma
certain embodiments, the subject

stem Cgfﬁ%@g%%gg%c%ggi%%%Onn(’hl%re%cg'l istarsd ‘gffgrﬁh‘“é’%‘i?ﬁj’éct has been

therapéutic compositions can
treated with one or more chemotherapeutic regimens such as doxorubicin,

CharafXGlORR mide, methotrexate, paclitaxel, thiotepa, mitoxantrone,
, e vincristﬁﬁfg:gg?gglrﬁgiﬁaé ions ﬁlgrg%}%n other embodiments, the subject
10099] {eripetiic wompositions teni becadoinistaredafier the,swbinelbas been have

several HEALSE,With-Qne-of moke agents for endocrine therapy such as tainoxifen, .
" megesftol a.cetatier,lggmi%r?égtfuﬁ[l(aet imide, ﬂc&ﬁn%g’sfﬁgr%f}IB%f)]llfimfé‘?“ZCd by their
growth gakaiialiibARy preehfisomes).\THe2008009908RET AJS2008/088%30r long-term

arowth EQ%H%URL@B%hﬁBﬁqﬁ%ﬂﬂi%ﬂtp}Bﬁ@rﬁ&% %ﬁgg%on provides a treatment

(00100 for gvarian cancer, includin epithelial ovarian tumors such as
JaddABEAPeTRBT s RS by AR e irteprc hecimomithrat s unigyate cheir
proliferfram ¢H@QV@EM HH@FB@‘[@@Q‘}H@@@'f%?i‘ﬁiﬁl’a‘:%ﬂgéﬂ_pj&ﬁmg @@Oe['utﬂ%fr rowth. The

preferreaonrlr}gos%tlong.9%51 tie administered after the subject has been fréated with
7 any of thé €XiHt tres MEHIE MElURRRgSHim bR Fapyurediatiore tverame]ls i
vitro. DiHernotherapyt endnerisethetapy duf: GRmRInaien fRareotIn SRR o wih of
i qquqiir,nen,ts the therapeutic compositions can be administered after’the
some o H%) 180 canber s%em elis. . . .
subject has been treafédwith one or more chemotherapeutic regimens

100101 ] suckras eyldlophosphamide; fetoposidesialtretaminesand iOsAMIN8y Mided o
utrient OiRER ‘?8‘1%%@- he subject therapeutic com qsi,tiqns can be ]

o admi?ﬂistereo_l af%irggtI ‘é‘?gﬁlﬁg‘é%‘gg%&ﬁ*‘t?gﬁgﬁl it BHE B et RGO
media a@ﬁgf‘égv}pag@ﬁw{f;géhlagft@mci)dkfemt{ﬂ)@ﬁﬂé}i@ﬁﬂilmﬁ]ﬂﬁ?}ﬁfgﬂ%dﬁﬁ@m&ﬂmman
cancer sRi0\dEIBSZ MEHOL-RLIERING.FRIVIRR] SANser such as adenocarcinomain.
Th the pervix epitheliall ir?cludi_%qg squa_r%%}lt%l %8 I%%?ﬁ%ﬁ%@%%%ﬁmm iomolecules.

‘he serumyfigs delEiRemadivrh erenigedrbemeinepdivaitable folce fiicabcanRiare dinm

providesSUGRR(CRYOFIGAR] 2rBYIKSRREICITY, Q%%@Pfﬁ@kg@@g CIgsto %}vaing any
di ffel_emlgr?rﬂyp%herap% radiation therapy (external beam radiation %herapy or
ST EL Y e FARY A RACEREHOIRBI Y. In certain embodiments, the subject
[00102) théfapeuticieampositiens sanibeadmiistared afterdhe. subiestnas Pes N e ang
sub-cuinlle t%ﬁﬁv{thgoﬂetg more cﬁe notherapeutic regimens such as Cisplatin,
carboplatin, Rydroxylrea fHHGTEARh PBIRMH e it reribstinmamperey citem cells

ifosfamide, fluorouracil, etoposide, methotrexate, or a combination

28



thereof [00145]The invention also provides a treatment for prostate
cancer, such as a prostate cancer selected from the following: an
wadenosakginoma or an adenocarcinoma that has migrated to the bone.

Surgery, inununotherapy, radiation therapy, cryosurgery, hor SridUS2008/051730

therapy, and chemotherapy are some treatments available for prostate

cancer patients. Some radiation therapy options are external beam

radiation, including three dimensional conformal radiation therapy,
may bmgfﬁ%&ydﬂ%ﬂiﬁ%éﬁ%t|gﬂﬂl§§@% apfheanformal Rroke %8@1@‘; 1 xenograft
mode]rad[ ion therapy. Brachytherapy and cryos_lggery are other possm]le

PnetHOLS U S 18 rBar oS AtElapiBer! Triduipjedtaeiapeutic

compositions can be administered after the subject has been treated with
Chama@h%f glgeﬂse t&eat[nents or a combinatign thereof In certain embodiments,

the suabject%eirkgﬁ)%[ﬂ AEEPORTSHS RiRDE AdRifistered after the subject
[0610Xas Beethtredtedewithiane dicrhorehormenetdieiany FOERSINGIIGING their

e MIGINIZING. hormone-releasing hormone (LHRH) analogs such as _

R prolig e, %%énérg% ?'tr%tg}%% n-and ﬁfs} graelllfr‘?,]l %ﬁ%\’ﬁaﬁﬁﬂ TSheAlerirsbsGepressed in
humangggagss ratie. del lothierudi@x 2008/00L903CCTIR SRD0BIOE 13 preforred
embodSIRPGHRERIS. e, ubiecliberaneylic compositions gan be pdministered.

after the _sub'eact has been su%b'jecitelg tﬁc:)ng{%] ol 'é%bﬁsgg%at%ﬁ E]é?ﬁ‘d?aékm that
has bc%h%@@ﬁ %%%§W@H@Tﬁ9¥1mtﬁﬁg wrohiegtomyelin @hied human cancer stem
cells inesTbRAIMED S AL SIRIGCIINRrapSIYIC Gompsitions canbe administered

.after the subject has been treated with an'a t?—%ndr(%éﬁ%%élr%gﬂlcﬁﬁogg] ¢ present

nventigny ihatithe Bicaamids; BitiRaotshiaerirdterampotlinehts fthédentification of
solid catdjeatiherapeutic SRMPRIIHAAS CAMPS @Q%'@&@B@%@sﬁ%&%ﬁ ﬁ%s‘;
a

detect glaﬁ been ¥ ted with one or more chemotherapeutic agents suc
ctectaple ew% 8@§ . . . . . .
oxorubicin; estfamustine, etoposide, mitoxantrone, vinblastine, paclitaxel,

docetaxel., carboplatin, prednisone or a combination thereof. [00146]The
h resent invention further proyides methods of treating pancreatic cancer
¢ ara{%ﬁc 7%%03& Egﬁg ncglraézllrc\%lﬁ%%Wt@ﬁa@a"c%ﬁﬁﬁ%%iﬁssue and an
mm%dm@mgm f;awp;mgﬁimtﬂﬁydtuiﬁbe &Jﬂf@tb?\@b@lé@@ﬁﬂais invgmig%
isolatcdCAMRARMANS GAD PE AmInIStared after the subject has been treated with
_ ) any of the existing F;%e(gtfgr?éﬁfs ir?c%%ﬁr?ﬁ%h&r%' h?é?gw SHETREmas e w in
VIitro as Gipiialtdedetbof The subiecitherdpeaticcomipesitionsearibef the tumor from
which t@ﬂﬂﬁ&ﬁ%ﬁﬁé@lﬁ@ﬁygggﬁ%cp% & . %[%Q'e L O
chemotherapeutic agents such as 5-f|u&§gugrit§é%, \?g 1%&%%%?}]?111 cells is
small, apgEaR eIt SriBlding iste pidotislehirurbrotacinyor cambinglianshe manner
discIos%‘ﬂ@&figgglﬁzﬁﬂ%lW(gsﬁ&B'9&4@15591%9 I‘(ﬂ\g{q]e%% aggdtﬁgr%ltH]eegg%gscéHt es b
heir s treating bladder cancer such as a transitiona el carcinomain urinary ypes by
thelr Smgth Ster, st AP edreiriB Rl (rarstiiabbskecarcinbmés ) tomoityifotheng a
monolayfotheliad celisdhatdine ihehladdel RIYAMALS.Gel Carginomas,, 1.y

a eaﬂ_aglden?t%arcrint mas, and small cell cancers. In certain embodiments, t% |
PP s A HE P AP & AR RGOS BA SRR AR RSBt Sro-atsrh d cpubjieg on the
origin ofitie lheeor theatedhiiihig RualamMerecN LN QLR ARY AUSANS SYER. 88 i rure
conditiogsac' 3 lg:qlrgvet%g%%egin %BCG , i_nterferons, and glycoproteins. In other

embodiménts, the StBEE HErapSltic UsHP GaRtsh S e R P BIS satiisteregnded
and cystaliter thistsubpdontasdueboctreatadhwith s anagre chemotherapeutic

agents such as thitepa, methotrexate, vinblastine, doxorubicin,

_ cyclophosphamide, paclitaxel, carboplatin, cisplatin, ifosfarnide,

Functiogahshipapnberi sittonesihatomscieraoitfed 1484 Moreover, the present
00105] INVERRLGR L5V ‘ cancer.such as non-small cell lung,
i_ ! cancerggle\l ({%}\I?C[E:lr;%§ W@ﬁ%%ﬁ%ﬂd‘?\%éegg l|Ilr?1gtﬁé)g ga%ugalr%gjﬁéré}”eﬁh@é%iFl()ol%ﬁggfmrs i Vivo
from small anEberah 6pHAdR A raselcelicuntifferertiafethodrbinomasasndsmmalbtional

cell lung cancer. Treatment options for lung cancer include surgery,

immunotherapy, radiation therggy, chemotherapy, photodynamic therapy,

or a combination thereof Some possible surgical options for treatment of

lung cancer are a segmental or wedge resection, a lobectomy, or a

a cuboidal
e



pneumonectomy. Radiation therapy may be external beam radiation
therapy or brachytherapy. In certain embodiments, the subject therapeutic
wEIPositigns can be administered before, after, or concurrenty-withasos/e51739
treatment of a subject with one or more chemotherapeutic agents such as
cisplatin, carboplatin, paclitaxel, docetaxel, gemcitabine, vinorelbine,
irinotecan, etoposide, vinblastine, gefitinib, ifosfamide, methotrexate, or a
combination thereof 1001491 The subject treatment methods can be
characpaticulady effeot iVenincb‘ihi bitihgrgrosithrofa: nedplasticioed ;ﬁﬁiﬁﬁ@h&ﬂyﬂ@gx aft

S lastic cel t hay en reV|ousI exposed to an anticance
models t]l ‘?LEB Qneous 111 % nofe ch g pm qe(% mice ang 1mp dntatfon

agent. The subject ethods can also nmlfflecf ive T maintaining o
of cellin@@sm@@bﬁ lsidseEpﬁmm&y toranmmahtispairickpfherapeutioragentised mlce

[00 1@6[}00 ajﬂé{z‘?mg)ﬂu%‘}%‘{ '93%&1%%}g%af%{%%&%%}g%&'5@8‘5”&5 Natyral ¢ can be
d induce N Uce

immune ef|C|ency states. For example, natural an

used fqmﬁ@wé raridian e stadsinabrieoBeebi (Hrtibody) deididhciadseombinddde, but
are not 1 GlbaRd &)Q%E@FJ!Q&@Y)ﬁ&ﬁﬁ%ﬁ'eﬁug&%ﬁﬁ%ﬁ%@&ﬂﬁgcﬂefﬁgt}wﬁzan cancer

hagocytes complement deficiencies and deficiencies due to the
stem oSl G SRBHRH HSEhLE ARfstHIFEEs AR TvEtHBHE oA isASthatigmlanted directly

into thd0016d]Hhe. therapeutlc compositions of the present invention are
nistere mam preferably a human in accord Wlth known
0107 hBE R H IyPeomtih erow
for a sunfb&icmover & period of tmhagtbyemusammfamm@eﬁ&m@a esulting tumor
fonnatLto 1SN ggsé;agﬂntra(;,{alrne%ros IQa sub utarg)n oﬁys mtr@ @tlcular [fa sub
INtrasynovial- intrathecal. oral. topical S VoS A irRral ehbms- 1f a sub-
renal caﬁnimmag@tﬁt ofaictibodies, !hepmﬁeamhaTheltlberapatﬁhect@ﬁ&pesmmﬁeofmoum

of time Q‘%‘d%%%ﬁ@ﬁé%%ﬂﬁ S 90.19? P@ﬂ{p m%ﬁrg a2 gie S‘,%Hct?ee %f %morefolmdtmnt Other

combination with atherapeu c treatment, e.g.; chemotherapeutic age
methodyled dREFaHE D aijertetarbe agle rkmwedﬂﬁmhé sateiobdifférdht. rates

example! QeiRisHaEeR [PRLSR] The theransniis Uﬁ%’iﬁ‘&[&@@m{% %&iﬁg%ll&%

the treatment Wltht e antigen modulator, or occur simultaneou
specifierprimsgrecte anfouhebhantae r%b%ﬁ@%&éﬁ%d@éw‘g%t@éfé@ﬁﬂwdwmﬂﬁé tumor
formatit@sting. Co-administration includes simultaneous administration, or

consecutive administration of the two agents in either order.

100108} 5 ARG TIEGA AT SO IHAE ARRHIARE G SirpisRaeior and

histologdmilinisitationaat totemor formed is of human celiular origin. This method is

particularly preferred if additional information about the tumor phenotype is important.

Uses of human cancer stem cells

Immunogen

(001091 A use for human cancer stem cells is as an immunogen. As disclosed in this
invention, the unigue serum-free culturing conditions allow the cell surfaces of the human cancer
stem cells to remain free of serum proteins or serum biomolecules that may bind to the surface.
Using the disclosed serum-free isolation and culturing techniques avoid a potential problem of
antigenic sites that may be “masked” with binding by serum biomolecules. Accordingly, a panel
of antibodies may be generated to newly available antigens that were “masked” when using

culture conditions containing serum.
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more agents in the same dosage form, simultaneous administration in
separate dosage forms, and separate administration. That is, the subject
wdhaiapewsig composition and another therapeutic agent can bgdprnaulaiad ;734
together in the same dosage form and administered simultaneously.
Alternatively, subject therapeutic composition and another therapeutic
agent can be simultaneously administered, wherein both the agents are
present in separate formulations. In another alternative, the therapeutic
[00110genticambemdmipistestid jushdallaned by taeothartherapeutic aget iein can
be usediCe, versa. In the separate ad[pir_liattrati ntgflg{togol,\_ the. sgb'eé:g(ét_heripe tic
S OmpoStion and another tRBTAPETHE AgEnt Ay be Kamifkelsd e te
adminiptinutgs apart can@ fetwhodits apartpon@fewidaysapdtizous recipient include but
e nofRRATRSGAIAINA NEOPIARIS SONAIAR Iepiment. dengnding, on e stage
of the neoplastic condition, neop?astlc condition treatment involves ofie or
swabbiagenbinelicw i the followifig thierapiesisurgenpirreniove the heoplastic
adminiU8eHEn .rqgﬁ:g'%ﬁh@ﬁ?\%{ ’i@ﬂ% %Ete mﬂ%@ﬂ}br{ @d% %SQHH Gy am%\“c? %?j %{:Qlfve

) the present invention improve the therapeutic index of therapeutic agents,

immunggitiors WeEnGHE IapY AiRerbiereBY eliB W thd Fetiré iow et e iafflagihvat are not

limitedd@S@R bR @sMInisiered. Ascardinglysthe theraRpitic,metnds,nerein At tion.
especially useful in the treatment of elderly patients and others who do not

The sublsate WRTHRE ST AHY Sife BHBEH b iethBtitsraply anbitirnd schedule of

immuniefastaticodisease whesginadiation therapy hasdinitedivsefPes ues for antibody
1001551 Other.the utic. regimens may pe combinegd with the

sl i PRI RGCARCAF SBRS) B 47, WH AP B BB e ion
subjectandwhiegioitherapeuticiagnisohei exaliplecthedjpatentiohe irenied withrding to
. uch anti;cancer agents may also receive radiation therapy and/or, may

the oS EiG0 Ly JOBAEIFor e praverioh 8 FFCAMArL T HAULE) doms ol
lines. “Bpprepriate dosagecofilar-dherapetitimcoinpositionipenynapantibodyt of the
humanREFELD WHdRRCRM AR Sy L diperst o 08 ealeh andelined abpve.

the severity and course of the disease, whether the agent is nistered
preferr¢drepraRdintie. Srinerapevtidetposéx préviveyitierdfy nhepatiepesic amount
of the IRIIAIGALNSIOLY-ANCLIESROMSE 10:Hh6.AA8NAnd therdisereton gjimgimilar AMOUNts

., .attending physician. The agent is suitably administered to the patient at
of the ig{RIHRETyr Bvalt ATSEHEE O fibaBiNES MR 8IS (DO TSPVt are
surgicaloymubpdions iafthertherapsuticcasmpasiians:of thisipenien Mayde 4edpleen
for administration, In some embé)di ents, therapeutic compositions may .
lymph%é cells fgq&g%gdnﬁ%eatdrc collected a few days after the final boost and a cell siispension

is prepared therefrom for use in the fusion.

{611%] Hybridomas are prepared from the lvmphocytes and immortalized myeloma cells
using the general somatic cell hybridization technique of Kohler, B. and Milstein, C. (1975)
Nature 256:495-497 as modified by Buck, D. W, etal., (1982) In Vitro, 18:377-381. Available
myeloma lines, including but not limited to X63-Ag8.653 and those from the Salk Institute, Cell
Distribution Center, San Diego, Calif., USA, may be used in the hybridization. The technique
involves fusing the myeloma cells and lymphoid cells using a fusogen such as polyethylene
glycol, or by electrical means well known to those skilled in the art. After the fusion, the cells
are separated from the fuston medium and grown in a sclective growth medium, such as HAT
medium, to eliminate unhybridized parent cells. Any of the media described herein can be used

for culturing hybridomas that secrete monoclonal antibodies. As another alternative to the cell
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WO 2008/091908PCT/US2008/051730 In addition to the
pharmacologically active agent, the compositions of the present invention
wonayse@méain suitable pharmaceutically acceptable carriers coppfigii@os 051730

excipients and auxiliaries that are well known in the art and are relatively

inert substances that facilitate administration of a pharmacologically

effective substance or which facilitate processing of the active compounds

into preparations that can be used pharmaceutically for delivery to the site
fusion afcheotipr., Eanexampte]ianl Sxcipient-0ar Qivefodm OMeonsisiensyl Mtaekics of

+as a.diluent. Sujtable excipients includ (gut re not limited to stabilizing
s K BRI SOERIS CANG A g OSMBtr spomstans
are assenchivswiating:agends buffers, land skinpenéirationeshaneers.dures (¢.g.,

radioirffAREISHIabIE formulaions.for pareieral admipisiraion iclude

aqueous solutions of the actlvgcompoun 'in water-soluble form, for

[00112¢x aMphe dnvarer thol nbtd wsaltaicinaatititibes waspensions of thevactiveivo using

known‘fv‘?&@&’&i@g.sﬁ%%ﬁgﬁﬂﬁ?aﬁﬂﬁﬁg{@ﬁ ?a %§R§<§1§r'81@15t}[@%§1%c medig or body
., .administered. Suitable lipophilic solvents or vehicles include fatty oﬂs, for

fluids byepppraligadamarsne gp syiHatie it neme esters Terbescmmpronathysul fate

precipi@igaie QI HigheeHees:sANHROMS RISRHQRSYIRENRIONS MARY-CREH kcsired,

: ,séjggsta,npes_ that increase the viscosity ofbthe‘suspensipn and include, for
Undes gD SO it HarBB ROy Eelt 6388 it AR HaekRiH:at on over
adsorbéaptianadly the SuispansianfayealsoLamaiphstaaiiz ers: krasSemRasCae desired
antib Iso he used to encapsulate the agent for delivery into the cell.
amoqiGHL %Eénﬁﬁlgﬁ%%eutical formulation for systemic administration
[00113accoiding kmthentibediiommaysbéfarmidate e forremieralh parentefad Okuch as

) ical administration,.In , 3lLthree types of formulation may be used
e o e vy bihic S TRt B8 SUT0E PRemene e
mventi@xeipibntsablwel ke fomduletions foupapentevahand onpadertefakdingusing

ligon RIMELY e SEiRTR. in,Reminsion I{gz SOANGR ANA LIACUCE B e e
oneen Pharmag’/ 20th Ed. Macﬁ% Puinthir% %’ggﬁﬁ @&%%ﬁﬁ?ﬁa%‘féoﬁgﬁ%ﬁ Chsayy and
light chpgpppdradifmistiadivihclirre aldted. sbetgdlatinasdpseltesdpills, tabletson
vectorsiNPHAGiNgCoaRted-talblelS) IR S USRERRIANS «RYILPE Ok iPhAladRs and 1 <ter

controlled release forms thereof [00161]Generally, these agents are _

ovary (fdpnutén fradtamistraichbgaretabis iy pivebermareamiobulin protein, to
obtain fiErAYERGUSH, BURE ERALAUMTH JIBY HMMS FYaRYi Rk haltBaugPather farMs s,
uch oﬁ ad inis{ttigtiqn,t(eg.%. org l, muco§al.‘, etc) can be also used. Accordingly,

such as o P alinie O MaRT s 4 & PGB WO HHISHRLL A BRGITh AeBRicAIlf PNA
also magdeepiahieichicles syt as salte;tRingers soly e cdexiase:soktieny and

: and the Iik{—:' WO 2008/091 _}8|P T/U152008/051730 .
light cham constant domains iy place ot the bomologous murine sequences (U.S. Patent No.
4.816,567) or by covalently joining to the immunoglobulin coding sequence all or part of the
coding sequence for a non-immunoglobulin polypeptide. Such a non-immunoglobulin
polypeptide can be substituted for the constant domains of an antibody produced from using the
cells of the invention as an immunogen, or can be substituted for the variable domains of one
antigen-combining site of an antibody produced from using the celis of the invention to create a
chimeric bivalent antibody.

[086114]  In this manner, a panel of novel antibodies to cell surface antigen specific to human

cancer stem cells can be generated using the human cancer stem cells of this invention. Once



[001621The particular dosage regimen, i.e., dose, timing and repetition,
will depend on the particular individual and that individual's medical
W@j%%%(ﬁﬁ@erally regarding antibodies, a dose of at least about 100 ug/kg
body weight, more preferably at least about 250 ug/k-g body WEGHESetes51730
more preferably at least about 750 ug/kg body weight, even more
preferably at least about 3 mg /kg body weight, even more preferably at
least about 5 mg /kg body weight, even more preferably at least about 10
monodNG ko ightJ inistered. [001631Empirical considerations,
such aﬁﬁ?#jﬂ%ﬁgﬁ%ﬁﬁﬁﬁ| ncso[%r%rl SUE TS THE datBHiHafE Ry the
methog sdsiles o) dgsainy catithodies haichvaral cempatible with the human
[B611ANMUNe SYStRM St humani ibadies or fully human antibodies,
antil Hna%/ be used to imﬂ%fhal FIim;f%e@(li%fie'[%1e8gIrgtzl]gg)i(%/)réljﬁuéipt(())g/(ﬁ)f’ré)vgﬁ‘tl?haél“g recombinant
Oaft 6’63&‘/‘8&% fAERed By tHdTidses dhmone systemidrreglieneyiat antibodies
includadministratiohimaybesdaternined:a q,ﬁgﬁ,‘ Is r.the course o ]
stem c{IE"@PY,and is based on Er%qglucin 'ghge numbéﬁ%ﬁ‘gr}fgééfééﬁ’gfggﬁ}& Hman cancel
maintaining the real B S Mo R LEIss Setiucing the broliferationngfcell
growtiobladiic célksyion detayinghe develonment of RRAARIE IR A BIAPLP s by
bindjng%if’tﬁlﬂsgd%qro‘qu% S I%asr:- formulations of a subject therapeutic N
composition maybe ap%rolﬁrl%llé?" HAOGE fsrmulderdHicalion dvidiss foman cancer
stem cefbiavitglsusthihechreledse. A knfvandn HrenartajQQAG4] HRNEI1s),
embodiment, dosages for therapeutic compositions may be determined
Vaccig@gpirically in individuals who have been given one or more
administration(s). Individuals are given incremental dosages of a
(00116}, LB nis e ritpsaiivhoproeiupketasdeberibed bereindDvassess RFiGaCH bot
active AANAHES i @A ific disease, disorder or condition can be
o Ilomwéed. In embo%%ﬁn%h%ﬁvﬁ%g%éd R Tl A S dheLs rergRe
prepat céi) %%%Ttﬁ?éggﬁrg%WWFﬂﬁﬁt% patbatidncocaisuat dbsEhationer cell will
be f;-mirhﬂ?tﬂ@ﬂn&a&ﬂlﬁﬁmﬁfé@f}wgﬁﬁfcﬁ%%W&ﬁ@é’r%@ﬁ&h&,ﬁl]%&%ﬂ technic ues;
approp/lTRIQvement as assessed by direct tumor biopsy and m croscopic™
examination Of e tdRfer Ealesies tHewkealtirement of an indirect tumor
(00117 Imaikier {@rs REAdforrastate-canGeR At ARANLIRN-dentified ageording
methodlAIPEMEROdS described herein, a decrease in pain or paralysis;
impro ion, DIEatRiIng oP Sher tisaprlcablocret awitisthe

. Improved speecn, vision,
ApplicafipndvoineRIS8dacOpetits s 6t (il Jncredsmirs ormitysyf e asimeasHred Y of
antigen BEGERISH tests Qr prolongation of survival. It will be apparent to one of kill
B e LS by SR RAEOH i eh RS Ftect posr
mmunisapystiR eslitisalltecthaye rohmeaplasticcontition cwhptberhe: antigen and

process BROPIASHE &RMAIIoN Ras,begun ta metastasize.to other location in the
indjvidual, and the p:f?land concurre((?r%(’t%?}ézgtr%efeEr)ffg1 bgel?n’g edl2syomplex and

the MHG 658708 9880 P US 20087052730 {00d8510tHersat inulatiangeindludation is able
fo activesuiﬁ@t’d@MWQV&HQ{mﬁll@hoé@’@ﬁﬂﬂéﬁ@rﬁm&gwg’1 1%%)98 tg'(’aé:s Ita%%%? + T cells
(which cfgrrl?rs syc&&s Li osomes. Liposomal preparations include, bu arg %ofr s

" Himited 16, cytorsttns it aheeiabesrsedoaddhmitamesfaryesities presenting
a peptid{0BLEENIsome emhodireentsiMoss than 9NS therepeUtis SEMPeSItion. , .«
ofthe KR GIEREI, S comppeiions My Coniain ot eas) one o east e

at least three, at e 48t 1O\, AF R4St five Uitrerdnt it Bpelitib isonmpositiotendritic

cells can be used to present an antigen of interest to T cells. Several approaches have been
adopted to directly load tumor antigens onto dendritic cells, including the pulsing of tumor
peptides onto mature dendritic ceils (Avigan, Blood Reviews 13: 51-64 (1999)). Isolated

dendritic cells loaded with tumor antigen ex vivo and administered as a cellular vaccine have
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Articles of Manufacture [00167jIn another embodiment of the invention, an
article of manufacture containing the therapeutic composition herein,
inszcombination with a therapeutic or conditioning ag -
W(ﬁ%@%@?(ﬁe article of manufacture comprises a container a??ﬂa%bzg?? J051730
Suitable containers include, for example, bottles, vials, syringes, and test
tubes. The containers may be formed from a variety of materials such as
glass or plastic. The container holds a composition that is effective for
been fdtedtingiviseasecrrdiiomtaigelad andinay haveaisien|eReseRs M himals
(Témmgpr(exqtm le the nta'é%er may be an intravenous solution bag or a vial
G R St pRF pisrcAale By hypoleratic injection needle). The active
[60118aget imthegampasiton isiardnigenmodulator,preferably aniamibedynting
he label gn..or associated with, the container indicates that the |
el o AR bS o 5 Ao T Bios et bR st oot
cellulaghgieweT hes axtielgedf imbnptactarel Will fixthbrogmpyisecsithindhe Samedioen is

eseni@SCRAIALS:; | therapeutl nt ¢ otionally. a . )
Py S T, R RSt s b v
not limgidde raasetntiserand wdrtroskossiution: fuspdy firtheSinciiide ptivent invention.

[o0119Mmatefigisdesiable.ffiom acemmercial.and userstandeging ncluding o0
other buffers, diluents, filters, needles, syringes, and package inserts with

other MALRHR M TR (RIS R éneigrat M i (001881 hinsthentiss dor humarbrane

prepar:CRACAESIBNCANS ifQ iGraate Mwnap Hssie,Medelsiip Honk y&}%re 1o the tumor

. mamr?als. In some embodiments, human cancer stem cells are placed
in & SURlcher! e TBNG) SHpURE t ARG FaTE FOETpidRe ARl aMomee s gedisments or
vesiclenmotfienienboeimne il unian GanceERm CoHs Are Mlacttn such a way as to
induce Sybcutaneously in a reci tien‘t an%imal and allowed to grow. A skilled artisan

can determinB the Sptimai ROMBIESH' P & 2teptish¥adehiasy Higeells that are
the souisolatimg muman ganoet th Ea2008/09E008REG TA11S2008/051730 stem
00120 eII%yes'&gg} e me hods disclosed herein and then | nting them, in the
[ 1;esire'd xergllgglg tdtgl]t} %d%% fninfﬁlé[f S T S h%’??ﬂﬁ?gn%%ﬁbgthe
presentdpapndenshafe xacedin widithdtopiclsitd inaresipientarimalAsskdlied tumors
of the o@i@!ﬁ_@ﬂn%f’@&‘?t%%mg&@mﬁ9‘&!&8 I‘gp @fgf.(%%s@eagt%te %’:\ﬁ%enfo Sc@t?a%ﬁ?%m cells.

‘ first isolating human cancer stem cells using the methods disclosed heréin
100121 ]a ket apinigemaen WiltHendedivder orhopid sitenjExabhplas dfethism of
suspens¥REEHY B-ArSLVYRH SBRMAIN sBeartdncluding: By ey, of eﬁé%j%ggﬁ%caﬂy
ample, placing breast cancer stem cel.l.s in a mammary fat pad.

sccepte it O AL CoNCer Lt o8 (FBlScohsh P PaRS s, watcr, saline,
dextroseqrhiinet] withal sulisiratie. Masysikabiasuhsteates AeE! kRWRID ie
vacciﬂean[ltaand i%clude, but not limited to fibronectin, Matrillgel, collagenand

AN A SRR R RBIER FhARTHATE ORI BT LR SLIHN GRS iy ing
agents, pdndts:iTypically i giaft situdtianahdanomtssas is sinesahle tacatack
[Oﬂlzz]by nggc(rnel%galents immune ﬁr%/%tfﬁm. To al ewategr gr ection, several

are Used. One mEthod 18 to irPAGTALE the rBeiBIERt sietis S ample.

. techniques are used. Oné
either sutytmtbralsioseiofrradiation by adstroydmimishecdaiis:thanmay atteektbevith the

dosace Shalt A ] i 2¢ipient cyclaspoxin or other T cell .
o LG (e, W e ek e LS S AR g
Alternatjgiefay Wi‘?é)?yﬂéﬂrﬁ“éﬁﬁéﬁé aFéhpussibie fonalieviatiegtgealirejprtiony Ore

adminisBY&H MR6thedds Eﬂi@sﬂ‘é?e&ft%é'{}@aw@%ﬁﬁiﬁﬁéf@%‘.{%ﬁe(g %i.%ﬂ?ﬁt\ﬁ%rﬁost’s

. combined immunodeficiency or SCID). Human cancer stem ce _
MU ARSICERCHELEE P 1 stu aykihn Seestmpkivin apidro dgrbwnRresismaorounts
of the trigelincdrugidisgoueny andryetonmeithc cxtent on the j udgment of the practitioner

and the age, health, sex, etc., of the host. However, suitable dose ranges may be determined from
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Bioassays [00171J The human cancer stem cells disclosed herein can be
used in various bioassays. In one embodiment, the human cancer stem
weHsagdgged to determine which biological factors impact the Grawth o o< -0
capacity of the human cancer stem cells. By evaluating cancer stem ce{
in a stepwise fashion in combination with different biological compounds
(such as hormones, specific growth factors, etc.), one or more specific
biological compounds can be found that induce an alteration or change in
animalthﬁ)@ﬂ@wm Qﬁﬂ@dﬂm@xapmaal@éﬂa%ﬁw ManLRARGRFIaIEMIERIL the order of
10, dg Oth r l{‘l a bioassay for cancer stem cells are differential
S iSHIRY 876 7 hﬁfe‘rceqlfff display) and protein-protein interactions
{ﬂmzwsmgcseweted;wdiemsﬁmeﬁ caneet sterrecRlisidRroteiin oteipm is weakened or

Compwgllgr % car Sbeo ggglrlrlnlgkeﬁgd%}%tc?cpgnues uch geast two-hybrid
system. foteins from Kuman cancer st ceﬁ% C41 BETERE BNy o

phosphethérlumiaimyvoteing omdthier el types fhag intéacbuyiti RANCRESHREYation of
plOfCInClﬁ”fﬁE EQ&:?S&WHQ%’ Hc%%g lll?%e yObﬁ)?%g 15(%1 ?’rﬁac;c%ta% fz%:'ljc?n Qf:acltlvatmg

I’OWt actors hormones enzy ES trans Ipthﬂ ransla Iona
with P%%tb‘i@a@ﬁdﬁah%@r%h@bﬁé@@&bumagsmq rwish/ingtnirher s anderstemparvum

or end A8UHADEIHES, BIAEIRFRIISIN IMErAGHONF BESE. ﬁgélﬁlf&%%&@gaﬂ]:%ﬁﬁ?g fs,9f

rotein-protein or even cell-cell contact may be used to determine how

physio géﬂéeifg%#fﬁbmé%ﬁﬁé)é&fa@@ﬁ@ﬁm@ﬁb Yrawim dndformeliot bfracel A) or
emulw@ﬂ RISAN Y Qo lhefHPUiIng SxampRie sHNVide a detaited.desetRion. Of bstitute

|solai0 n, characterization, and use of human cancer stem cells. These
¥ rQHIFREHRBATS A HESPRERUBAN Bg-way. EXAMPLES
[00 124ﬁxambketamlﬁﬁkaﬂ@¢h amdzgmwaagr@zsl@qmgﬁ{ahg@fqmgmewl&(@ﬁ%)accine

. 0173LTdssu rom a co lorectal carcingma was briefly rinsed in sterlle
sty S phate ?ﬁsr‘éa il fne"(PBS)" %Hﬁéff Wik TR ey o LY ARSRYfERab Ly one or
more, Uplafébd\m a0omri Ittssare;munurs uhﬁhnc&mhnm heed it sRalh (m%lﬁ‘dmcck

[ flissue was susp ed rnL of dissoci

renef B e e R B e e ot 5 s,
usually EhiRggemasts enaispase (0% wiivolthiitRBS) terithy s byto af anyipsiicnhiitoemory T
(ST1, 10% (v/v)) and incubated at 37 'C. At 5- minute intervals, the
suspension was pipetted to loosen cell aggregates. Enzymatic activity was
stopped when aggregates of 10-20 cells appeared dissociated from the

PharmHssieal Vaccine Compositions

may a

cells,

[00125]  Pharmaceutical compositions containing the cancer cell vaccine are preferably
administered parenterally, intraperitoneally, intradermally or intramuscularly. Pharmaceutical
forms suitable for injection include sterile aqueous solutions or dispersions for extemporaneous
preparation of the solutions or dispersions. In all cases the form must be sterile and must be fluid
to the extent that casy syringability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms, such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol and liquid polycthylene glycol,
and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained
by the use of a coating such as lecithin, by the maintenance of the required particle size in case of
a dispersion and by the use of surfactants. The prevention of the action of microorganisms can be

effected by various antibacterial and antifungal agents such as parabens, chlorobutanol, phenol,
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[00174] The suspension was washed with F12/DMEM by centrifugation (4
minutes-at 900 rpm) and the resulting cell pellet was resuspended in
wEwiyesmedium (serum free F12/DMEM supplemented with inguing £36hs/o51736
pg/mL), transferrin (10 ug/mL), epidermal growth factor (EGF) (5 ng/mL),
selenium (2.5x10-8M), triiodothyronine (T3) (1x10-12M), ethanolamine
(1x10-6M), phosphoethanolamine (1x10-6 M), hydrocortisone (5x10-8 M),
vitamin E (5 kg/mL), and optionally gentamycin (50 p.g/mL)). [00175]The
sorbic eelll shapensionmwasdidasierieshandsdivided e fivasAypaTlaminin o
examn i_b[:%gg&ti(g}r-ggqaﬁ%eg ilzhe %L_Jl}ure medium was ded.for{gfinal volume of
Pl T Ser dRHER GRS dishBYHERE fEe0m Aty L BeaRiFsiePliauMRstons can be
broughtehditibnshf0dt 76 [Ehewolorédtakcaicinomdesigmeceils grews ifblooseple,
alumint S%%&@{EQ&%V% UK Egpelial cellular morphology. As compared to the
other cells’in cu tureg; the colorectal carcinoma stem cells were much
[001264mallisriin Bikstabld sabraforcwaretiantidy distimpuistiegltbsmg thisompounds in the
requireOFRARIOARL IEAtuEe W ha0 i aky placed dtauiuie, e eslis Jam e

colorectal carcinoma tissue attached quickly (8-24 hoursy to the culture
above, giskramedivivt wasichafgetrdeyibnyigprefaraplylevéispsreiays peerthercd by
incorpaiditHpas observedanoen adnicrasceps Hntiiihe small dansely pasked ains the

. stem cell colonies could be seen. After several weeks, small, loose
basic dYHERIPG BrEStEBh I e RThOStenTEEHd s & oRiBlesTHa BT o ve. In the
case ofoasaiopmadgien cellspramediately hegande giow ailaRexPeetialiaienethods of
eparnd after aboutﬁa_r]_.additi al 2 weeks in culture, the cells could be _
prepared oSy R EHE e B AR RO b AR Eh Sl At eLml e active
ingrediofitqaliorectal khrcind e stenhgalli whishcapheicontinueous!yistbe yhunesh
1:hemm;in the same medium as an established cell line. At this point, the
_ colorectal carcinoma stem cells were split and passaged using standard
[60127techhiques knoiwn rhtine axtwiBindy collagehksexdispase (tol diftatheandlig] feolvents,
dispersmx? rﬁglﬂﬁ[%giﬁﬂgw gg%&c@@x@f%‘ﬂ@ &ﬁtfﬁ% Ei?larl]t;c%ftss, ' t%n%glalg d.%&% piion delaying
colorecta.1 carciroma stem cell culture fias been passaged over 30 fimes

agents yfEtHoal iyridofsensedntedBentd pieigs Solaiomasadetiringiof sebsdnces is
well kn6rEinamaspelis {RE A Q0L 2AITiSave fiomadeatal &y cip er@l"i‘cma%g?eﬂ%ith

rinsed in sterile phosphate buffered saline (PBS) containing 100 ug/m
the actiye igrele; atsdinhs TooRa ssamrpeition disnampiebodmiesmary
active i(@l@ﬂiéﬂ)spjaﬁﬁﬁso-ﬂé(flﬂ%ﬂ?ﬁ@@t%%@ m@%&ﬁﬁgﬁc}@i@ﬁ/ﬁ. in 5 m.L of .

issqciatjon media (F12/DMEM containing 100 ug/mL gentamycin an

100128555 .ipi%ﬂ%ega%g@?&@ﬁ%fxf@%w%ﬁﬁf%@faﬁﬂﬁcg&w@gﬁqmﬁn
compodihibitofa(ST b Qloluyy)-and incubataeh A3 hcwAtbreabistedmiervalsidiered to a
human stﬁ(pelgsiéi_ntyvgs Pipetted to loosen ctell agaregates. Enz matic activity was .

‘stopped when aggregates of 1015 H8its K SEarEa°di $L8 R &8 FoiH e neredient
is well tissusto[@078} The Byspahsionivasmwpashed swwith fra 2 RVMENhfeytables, either as
ST ' ion. (4. minutes. at-:900 rpm). and the,resulting cell pellet was., .. .
i e R S s SRS frdipuia pio
to mjeciigthdrsalin PEopgaTd), Themsfariatia0aag ki) bEGR(S igimL), selenium

{80129](2-%ﬂgi%M)m}Eg‘tﬂﬁjscﬁg{Mﬁs sHhapo miiﬂ?st@zé&%i%Wan1me1' corsipa‘tiblc with the

phosphoethanolamine (1x10-6 M), hydrocortisone (5x.10-N M), vitamin E
dosage fariphaiion apdipsraheprimary & dheiepqriely Piersivstdimrérampbstions are
casily alfREIBkd in a variety of dosage forms preferably as injectable solutions.

[00130]  For parenteral administration in an aqueous solution, for example, the solution should
be suitably buffered if necessary and the liguid diluent first rendered isotonic with sufficient

saline or glucose. These particular aqueous solutions are especially suitable for intravenous,
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[00179] The cell suspension was transferred and divided into five 100 mm
laminin/fibronectin (50:50)-coated dishes. Culture medium was added for
wozlinabyekgne of 10 inL per dish and the WO POT/USZ008/051730

2008/091908PCT/US2008/051730 dishes were incubated at standard

incubation conditions described above for the colon cancer cultures. After

the stern cells had arisen and been selected by subculture in the

described medium the line can be carried as follows. The growth media
intram¥aslehanged.every, azﬁcdayﬁal I’&tﬁﬂthﬁ celisiwvese 80n95% aonflue mﬁi@ladnnec‘tion,
st S P S el o
the pr cﬂagehaéeﬁmsp&seemlhﬁiblﬂqemellssirmmhbbi d:t@lthseod};s&es 1@ féctalic NaCl

@olutxog%r%r}?@ nﬁgxa @Fn?fg'f k?}een %%8 cuq AVR g)rqium%cd ) t‘p Qut S}*%s{:d site of

of senescence tIOI’] an culturlng of ung carcmo astem
mﬁmO@e(l@ctaqumissu%@mm@ﬂm@lﬁadem@@@mhbmwas Igviefid vilsepaies 1035-

1038 aﬁmeooh@ﬁ?h%%n@%tﬁ%w stg%%hm@é@snm%%@d Q{E%wg%ws-“én

laced 00 mm tissue culture Hls and minced into small (<1I'mm)

conditi aib@;%%wﬁv}@ ?ﬁtﬁ@@tﬁtﬁ@ﬁ@iﬁ@m&w@@wm@iﬁ]@mm@wawWédiarmy
event, {ELARMEM ﬁ?)"@)%m&'f@d%QQ 8,0 Imﬁﬁ”@@ﬁ@éﬁm & W@o@é for human
IS

collagenasc- ase (10% wt/vol in,PBS) with soybean trypsin inhibitor

adminiGEH S Q) e LA S0 PARE St FGSAIAISE tRend purity

standaiSdSPeRgioBINESHYpetiettoloRaacel saggregates. Enzymatic activity was
stopped when aggregates of 10-20 cells appeared dissociated from the

tissue. [00181] The suspension was washed with F12/DMEM by
Drug Ieodritergation (4 minutes at 900 rpm) and the resulting cell pellet was

ded in Iture medlum ser fre F12/ EM supplem
e (O N 5 R, S BR8N DoaLse e
isolatepituitancextract(BRE) mmﬁc@?ﬁdﬁt@,&mm peotai rami‘ @PE/@WW@@T&R}W@ the

tcaohm?%%ﬁﬂ%@%ﬁ&a\%% l;%@%f&{ ﬁﬁc@% 1@(99‘[!:%81 (g(%or a@n 18¢ oqedm nner,

bronectin-coated dishes. Culture me um was a a vo ume o
they arq ot et ashdaidethendietieswifass. igubsted saerstgmdaielinSubdion not been

heretofGRNGLQNEJPO1 831 - I e it Media RS- AR08 RV 2 sgﬂﬂﬁTh‘lgylmthlt

the cells were 80-95% confluent and was ready to be subcultured

the disHarpfpiairirearcinbd stefcecmsiverl passaged lRiRl standigdéionally, serum

proteinS@RAiHRRDKAMVIELINENR ArcUsied eRiRgenase-dispasena it thecsile teom.
the cu ég 61%lshes One human lung carcinoma stem_cell culture has been

cancer gL cellEGEY S5 MHELTAMOLC SR BraghRBEL AR Gy doEsous CSC

antigens. Alternatively, proteins may change in function, conformation, or activity as they are
being secreted and interacting with serum biomeolecules. Proteins displayed or secreted by
human cancer stem cells grown in a defined serum-free media have minimal interference from
serum biomolecules and thus, may be more physiologically and topologically accurate.
Therefore, proteins cxpressed, secreted by or displayed on the surface of a human cancer stem
cell are desirable targets for drug development. In one embodiment, drugs are made that target
specific proteins on human cancer stem cells and/or cells treated or differentiated therefrom in
vivo. Binding of the drug may alter the growth capacity of the human cancer stem cells. In vet
another embodiment, human cancer stem cells are used to develop or discover small molecules
or other therapeutic agents that interact with human twmor cells. These small molecules may be

synthetic or natural and can be used to stop, inhibit or promote the growth of human tumor cells.
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WO 2008/091908PCT/US2008/051730 Isolation and culturing of
pancreatic ductal carcinoma stem cells 1001841Tissue from a pancreatic
woigiabsagginoma was briefly rinsed in sterile phosphate buffeped-galiags e51730
(PBS), placed in a 100 mm tissue culture dish, and minced into small (< 1
mm) pieces. The minced tissue was suspended in 5 mL of dissociation
media (F12/DMEM containing 100 ug/rnL gentamycin and 200 u.L.
collagenase-dispase (10% wt/vol in PBS) with soybean trypsin inhibitor
Metho(SIdE ’E%ﬁ(aww) and incubated at 37 C. At 5-minute intervals, the
%Hiuspens jon was O[%e ted to loosen c II ag §rte ate Enzymaélc activity was
toppadt WhaH GGG TegStos SF D6 D1 Caiis SR Ra et MRS RSP S e ancer
stem Letléétmuﬁ)@kﬁﬁifﬁh&@mds]@mﬂa&h@&lgéﬁlwth 2O NGEN ibydies) of a target
f] atlon 4 mlnut sat900r and the cell eIIet was
e o S e G M T B e
100%3’%w|th1mgmrhf(11@<m@ﬁmw nr@mtemm(tl@ul yidE): BEGHEY(S anghmisingeléminimiering
toa sui(?eé)iﬂg&gé}rdt%t@éﬁgéa%y% %IH&HR'@F%‘ @zﬁifdﬁﬁ%pag(}é\@rc agent, and a CSC or a

Psg hoethanolamine (1xle M), forskolin (1-5 p,M), hydrocortisone
medula(ffsz OB srdbasters natiasa. oty fpiaed gubr GRS (108 1Ny amiapeutic agent is

selecte@RFONNIL: (Z2004PH I 10AKBEETHR il suspenaion wes transferred.andz . 156 g
divided into three 100 mm fibronectin-coated (5 tig/mL) dishes. Culture

. SmpedRim whs ARSI TRSPIIGHRE bR 6lRgug a}%@f smaafearRater

agents Werelintiibated alctandrraldncubation conditionsinEvery & dayst thacepenbxins
medium was collectedfé]aé: ered wit h a Or%az um filter, nd added (20%
Or P RRAGBINE TGOl thi Eb: RERBAPETSY it iRty men'

and/or fewaepithelicdflikecolonids, toemed dnd-tess aaleniesdbegan:to, $]|aaealdock
n-divi mal- I| e cells Within another 14 d

st S,
cardmce}]a/{}urgrs]\)lgéfeeve cﬁ%%é gtogu CO gn%gcg?q 111?5{011%41 cytoﬁ}/"icq g1owth
factors filpronectinjcobiednt 0B mmmneslmmgestamdardimamedslmﬁmgn theses,

prions, @[ d @f!%@%@ﬁ‘%[?ﬁk‘t‘& &lﬂﬁﬁ%, %Yﬁﬂ?&’ ?39&?1 ; ,’é‘nﬁe'!:% W& s%tg géﬁﬂ% éz@ other

culture (aftér the second or thlr passage), the use of con |t|one
causes.from previous cultures were no longer necessary One skilled in the art

[00 134rv0 ulelbg,gRig 1R determine.when the\gs, %f&m@krmgrggedwo\eﬁ%%&

onger be required based on observing the growth and appearance of the

disclosgab T oAy rotifi WHERE 181Gd: attbertsHEEmtardHEdiim Whan fabodiment, the

antibod R giewth stisnuhation WRsebsesuedip thenresensesofthisclaedPthe treatment
Subse%ﬁent growth studies indicated a doubling time of 26 hours. One

of a disgaie GuItiti @ctal carcinoma stem cell culture has been passaged over 60
[0601351imda withiotitsighodiofseeschnagckkarpieobitions of this invention are effective in

making the diseased or damaged cells more susceptibic to complement dependent cytotoxicity
(CDC), antibody dependent cell mediated cytotoxicity (ADCC) or other host surveillance
immunity.

[00136] In another embodiment, therapeutic compositions of this invention are used in
combination with other agents of the same or different classification. The combination
treatments can occur in concert or one treatment may precede the other. Subjects in need of
thereof can cycle to different therapeutic compositions at different time points of their treatment.
[00137]  Another aspect of the invention involves personalized treatment with the therapeutic
compositions of the invention, in which the antigen(s) expressed on the diseased cells of a

subject are determined, and then the therapeutic composition of this invention that modulates a
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Isolation and culturing of Merkel cell carcinoma stem cells 100187)Tissue
from a Merkel cell carcinoma was briefly rinsed in sterile phosphate

wahulferag;saline (PBS) containing 100 kg/mL gentamycin, placed in a 100
mm tissue culture dish, and minced into small (<1 ram) pieces’ THES2008/051730

minced tissue was suspended in 5 mL of dissociation media (F12/DMEN4
containing 100 ug/mL gentamycin and 200 ML collagenase-dispase (10%
wt/vol in PBS) with soybean trypsin inhibitor (ST!, 10%(v/v)) and incubated
par‘ricxﬁhﬁ%@ecﬁtﬁﬁﬁﬁ@lﬂi&tﬁz&tﬁéﬁﬂlﬁs@%%@ﬁ@ﬁﬂ@cwg&&iﬁ)ﬁg%g 2100 s ngscribed
herei aq?re at]g]i). gzymatlc activity was stopped when aggregates 0?3. -éié
Teelld %ﬁ EPRESderHEa e e HES HE O OTE B THes suise psiiom wasised for
the pem@shieddvithf2{DN4EM by centrifugation (4 minutes at 900 rpm) and the
resulting cell pellet was resuspended in culture medium (serum free
F12/DMEM supplemented with insulin (10 ug/mL), transferrin (10 kg/mL),
TreatiB@F ¢6Mg/piddiiseleniitng@.5x10-8M), 13 (1x10-12M), ethanolamine (1 x
0. ( oethanolamine (1x1 0-6 M), forskolin (5 MM), ] )
L e R AU G B 5 ittt kidey,
bladdeproivt afPPE)ovSGmecotitures. of Merkep ooll eaicinarpaston oglisdomaktic
carci i (o] e (o)) fter, ulture, has been established. This can be
e e e Tk o o b SR & b Ut Erdrona s
lympheidirelignaciassethe disedenhwdrditionionnbmlébrowtefatioyAdhalamic and

other p(NGH=}3hmaLRe-a0vanAgsos ia the.arowth of the Merkel cell .
carcinoma stem cell cglture. NGF-13 may eSH%%)g Ez:f‘[ %Oﬁg%%’l and inflammatory,

anglogenlt BRIEASH S chstaen tifeltasbeerisshblishde 4061 89 Tiveloall proforred
targets Suispension was trangfesrrd anddivided intofive fib Mﬁ%&%ﬁ%ﬁtlenq e]!'l%%n are
(0]

oo 1ag“§91c9£%??5' Culture medium was added for a final volum mL per
P “élsh an'at e dishes were incubated at standard incubation conditions with

106139k mEiiny eitangerevidey deayssuptitdhesstem eall SRIONIESI RECAY itions. In
A oint of the non-stern cells have

i APRArENt (sec Figures 1-3). At this ost .
cortai R R B A B R U5 b euie e meheigor
tumors SIGINQMA, Sten lture was about 85-95% confluent, the culture was
nom su%-cultured gggi%%ng/HﬁLgéﬁEcﬁ%%%ﬁnﬁ rgﬁgﬁl)tif)dlﬁﬁtca CRENRRYH Beae cancer
(adamap{inems.disAy THaE BN e spilt ¢l ddotnaa &:20srationaependingi@Pinal cord
cancers USR A MRIWEGRNRATRAGES NG AW Iadiyr was changed every 2-3
days. One Merkel cell carcinoma sfem@eﬁ%%%u%l a8 Bce%lnc‘b%%’ Hed

chondroggigogirhesiommdbreiprhebesmas celcardixamplast cell carcinoma, colon

cancer, colorectal cancer, cutancous benign fibrous histiocytomas, desmoplastic small round cel}
tumors, ependymomas, Ewing’s tumors, extraskeletal myxoid chondrosarcoma, fibrogenesis
imperfecta ossium, fibrous dysplasia of the bone, gallbiadder and bile duct cancers, gestational
trophoblastic discase, germ cell tumors, head and neeck cancers, islet cell tumors, Kaposi’s
Sarcoma, kidney cancer (nephroblastoma, papillary renal cell carcinoma), leukemias,
lipoma/benign lipomatous tumors, liposarcoma/mali gnant lipomatous tumors, liver cancer
(hepatoblastoma, hepatocellular carcinoma), lymphomas, lung cancers (small cell carcinoma,
adenocarcinoma, squamous cell carcinoma, large cell carcinoma ete.), medulloblastoma,
melanoma, meningiomas, multiple endocrine neoplasia, multiple myeloma, myelodysplastic
syndrome, neuroblastoma, neuroendocrine tumors, ovarian cancer, pancreatic cancers, papillary

thyroid carcinomas, parathyroid tumeors, pediatric cancers, peripheral nerve sheath tumors,
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isolation and culture of prostate carcinoma stem cells [00191]Tissue from
a prostate carcinoma was briefly rinsed in sterile phosphate buffered
wosalirg{RiBS) containing 100 pg/mL gentamycin, placed in a 18R 008051730
tissue culture dish, and minced into small (<1 mm) pieces. The minced
tissue was suspended in 5 mL of dissociation media (F12/DN1.EM
containing 100 tig/mL gentamycin and 200 pt collagenase-dispase (10%
wt/vol in PBS) with soybean trypsin inhibitor (STI, 10/0(v/v)) and incubated
phacocht@ToQ A5 pitintite inteovalprdb@suspensiontussipipatattellonsen esl
regates. Enzymatic activity was stopped when regates of 10-20
e e S T R S algormns
skin capgshediwith F 12/DMEM e centrifud atiore(dsminute sai 80 Oy mpmi land: the:,
tes‘ticulgg%lém!}g ‘ﬁ%}hB%'&%Rf;‘{?o%{?, %H?ﬁ%ﬁ%e%%(ﬁﬂl}%{é? QEL%%I %gﬂi %—rﬁ%ﬁ‘é eeneﬁﬁ (iilbcers

. calcium free FI2/DMEM supplemented with calcium ), Insu
(carcinggpral freremsiaranderospihtR)CEGTR (S HgliLYselehidm: (2SR 108 ;T3

embodd¥; 1EMhrethanolaming ChelQ8Mdnphrsphoshanaming (xRN but not
hydrocortisone (1x10-8M), testosterone (50 ng/mL), and PPE (about 15pg

limited iy BF A tEAACET- PRI EYF S [0BPO I FEaH SIS pens o HerMrarfel ragfasiatic
cancer,apg-sivideddnio-five darmininccoated 100 mumdishes. Culture medium was
0@g4g§ddéd~for a fin H\glg]mqe.of _Jg_o mL per dish and the dishes were i_ncubateq
(00F20kt stH B EUBRION CSheItNS, RioTea] THE Pt elititecshi pradestene
system cdreinamaacs b dithnotdaitachivenydweli Afiehifree daysd (papliue. MheRcular)
and po%ﬂ‘ﬁ g(%g%é?ﬁe %ﬁ@%ﬁ%é %g%ﬁ(ﬁel%‘elﬁié %121% ?%%%f;ﬂﬂ}g%@%%’%?ﬁ%’g %%gina inchude
squamaslladenasedispaderctheispent cultanermedidraanshcelisaarkr cancer is broadly

divided‘%‘ﬁ%@%ﬂ%ﬁygnt g(irl%%%lﬂ]n&%etl}lz_ (%I'Iet was resuspended in 10 ml of fresh

growth media and plated into in‘a new laminin-coated culture dish. 10 mi
[60141 bf frEamproatmerithaliels eisopidcedthyte oribisabdishpiate swidthistensively

inﬁltratgiﬁby(ﬁ@ﬁé%%%gm‘}tg@hﬁi) Wﬁﬁe&fi@fﬁ% W'%%%ﬁl?%@@?@ describe

every 2-3 days until an established culture of prostate carcinoma stem
neoplasgey|hifab Yenerated aphiradbageitimbiadorsnentas ok phostistersddiabimaor that
exhibit SR CRIS §& RIMEAR INPIHN AV AIRSIAS CRANCES BAIUISS WAR R Al i

weeks. [00195] Figure IA shows a small colony of prostate carcinoma
known gy ihyalis GHEMIRG D IIRRE BREPCEItyEEE®™ culture after about 5
[66142weaksin puitureddehoultuset Mediavs@sahaogedeveridBtays it Hgust
cancer ﬁﬁ:lllqsf wer ugtgf assa ed.or l?gtlitt. As highli%.?teql in %T#gvhite c{iic]e, the i

S5 BN S B BB A R R Pt DERE F BSH TS
colloid caltirenias theininorphologys, Hneyirfieferential lyrgrewan: gt cetonjes antnts

. S ithelial cellular. WO 2008/091908PCOUS2008/051730 ..

sl e R S e o iR erery
chemothenmiromedostermn Gelispywercemonhispaliethinesit e Rind thareftreapertc

co mpos%ggéagcgf%'ﬁﬂ@%%ﬁ' Qﬂcﬁ%c@%ﬁlgph%g 'ﬁgérﬁ%tﬂr% v[f%]a% ]@‘ﬁ%&@ %‘eatmen‘a‘s
establishment of small colonies, it is common that the prostate carcinoma
or a combination thereof. In certain embodiments, the subject therapeutic compositions can be

administered after the subject has been treated with one or more chemotherapeutic regimens such
as doxorubicin, cyclophosphamide, methotrexate, paclitaxel, thiotepa, mitoxantrone, vincristine,
or combinations thereof. In other embodiments, the subject therapeutic compositions can be
administered after the subject has been treated with one or more agents for endocrine therapy
such as tamoxifen, megestrol acetate, aminoglutethimide, fluoxymesterone, leuprolide, goserelin,

and prednisone.
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stem cells will then enter exponential growth phase in the optimized
growth media. Figure | B shows a small colony of prostate carcinoma

watamkeslsgtarting exponential growth phase. Figure IC shows the same
colony of prostate carcinoma stem cells after three days in ex Grietia/051730

growth phase. Figure ID shows the same colony of prostate carcinoma
stem cells after 6 days in exponential growth phase. Eventually, the
prostate carcinoma stem cells formed an isolated, substantially pure

[00140putaiieiat ealis-andkihemihercall ivpes WEFR DRLPIESENLID the culure,
inciud}[gg%.f}\itzgqu?ce a.substantially pure population of prostate carcinoma stem _ ’
CEIPWHS BSTEBIIER LY IHE Tl bt pagéiurausifiy standand tachitiouescinoma

that hakmoigivini therart vsing-collagenasessispase g/ iftribe.eells ff of the culture
com OQIi lgflsl\%%giggna(\fvas < anrgle%‘every %-da. s between passages. One s
PO rostate CarcinOmA St S e HuS Bdan presdagrerovdr sovthas existing
treatmepithivatisiinesiohseneisoeneeraliampieeTapsolation apd s twe ok hasaksel o; »
- inoma st Js. [00198]Tissue from a basal cell carcinomawas
consGBE 1o sl BRSHTURLOR sl S camona e, L
after thsgHAE G Entdeycircaptdosthinmg LOGmentissueheiiuiedishinnd ninced

cyclophipBmAl{ sl mmkpieses. The minced fissue was suspended in 8 nal. of
dig%sociation mgzgila (i:12/DE|l\/IEM gonfa%l%ﬁguf%t\)l\@go/% " GERESHR e g sublect

therapeygig PIMESHE Y 238 brsphsniclaw winohinsRBS) Withbsoybear drypdinne or more

hormonB RISkt 0% vl and dncubated at 37C. At 5- minute intervals, the
ension was pipetted to loosen cell aggregates. Enzymatic activity was

us
1001445, o aligr sy steiob P1o e eI Hopestioentiss oiated dromtbach as
adenoctissuen{ORIA0LIhe: sspensionwas wagheswith.r12/BMENM by

. dc—:nocacx%ﬂ}&fff%aﬂ%n g}gmf'ngtes at 900 r,gg;%anq the resulting cell pellet was
resusperided i talttire Medilm A SeHmPH e 1 e M sUpbtsmidatedsurgery, a
hystercotitmynsodin (Q&Qﬁgﬁmkl):rﬁ’(aﬂ&fﬁxrimﬁlﬂl@@@fﬁﬁy,E@ﬁtﬁéd"@/&cﬁp& &géﬁzﬂilld%eam
radiatio(‘?t@gi X?“%M?)Tél%rﬁh)é%g -]fl\q% %tban%»la'm ine (i -eM)’ i I
phosphoethand mina (1x1 D oM b ESthy Fore i P EPadimeniantye subject
therape]a,ty@ FOBUIGSONES (AL D8 iy iaisthRP B kahbet 75 g Hetakprateieafwith one or more
) 2 ). 008/0 PCT/US2008/051730 [00200]The cell _
RIS b B AR AR 115 AU YR REbeet oy
VINCringhigg. drsiasy Cultireamediufmwasradt et fos alfinat tolumetafckQ boknpelation
thereof.dish and the dishes were incubated at standard incubation conditions. The

00145 medjum is changed every 3 days until the stein cells with a small tightly
{ }paéd&l?ﬁaﬁlﬁﬁa I%V psdferyt fes mayifecometaipparent. satlihis ppint{aas cancer

selecteawithibie: GtRRGARCET APRS:ARE SIBMEES. Pagin 10,9row more rapidly. .
bone S'll;&el% can then &%e subcultured and after a few subclulturegﬂ\!/{/giffabgeﬁﬁéxgcn ;FO the
e

ypzeml%%gl ﬂ@ﬁﬁt‘ﬁ@%ﬂﬂﬁ%?raf}yﬂ cryosurgery, hormone therapy, and

chemotherapy are some treatments available for prostate cancer patients. Some radiation therapy
options are external beam radiation, including three dimensional conformal radiation therapy,
mtensity modulated radiation therapy, and conformal proton beam radiation therapy.
Brachytherapy and cryosurgery are other possible methods used to treat prostate cancer. The
subject therapeutic compositions can be administered after the subject has been treated with any
of these treatments or a combination thereof. In certain embodiments, the subject therapeutic
compositions can be administered after the subject has been treated with one or more hormone
therapy agents including luteinizing hormone-releasing hormone (LHRH) analogs such as

leuprolide, goserelin, triptorelin, and histrelin, and LHRH antagonist such as abarelix. In other
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[00201]Once the basal cell carcinoma stem cell culture was about 85-95%
confluent, the culture was sub-cultured using TrypLE Express (invitrogen)

wdQdifbihgoaells from the culture dish. Alternatively, trypsin or  peg/irs2008/051730

collagenase-dispase can also be used. The cells were splitata 1:3 to a

1.5 ratio, depending on use. In between passages, the growth medium

was changed every 3 days. One basal cell carcinoma stem cell culture

has been passaged over 15 times without signs of senescence. Example
embodBntsolatiensaectiittipgiof breasitareinemac.sien cellsd00RO2HTISaYi8ct has
been sHioM. @ téreasdlfgqégiggg?g was | r‘ieaf'rl_%/rinse In sterile phosphate buffered,

“sdiihe (PBS) contaiming 100 UG g htAMY e PIRREE IR BE iR uding

orchictissye tultther dishpamd-minded:infocsmathf<timmypiecesnd bervineBeinistered
e B R I T D S R i

_containing 1 L gentamycin an collagenase
and nilyggotiim PBS)with seyibesars tpsibintibitor(STg 200%ewit)anah be administered
after tHE %@é&?ﬂa@%@&@r@%ﬁ'&lm%‘%'BP%%%%h@}ﬁcﬁHéﬁ . Qﬁf%naé\é:%% Q{Pc%tg%dd@(ombicin ,

~loosen cell aggregates. Enzymatic activity was stopped when aggregates
estramigging. stpeetid appéatetaiss siibiad fromamEaish e oon03jdreplatin, prednisone
or a coBllsSpansioRwas washed with F12/DMEM by centrifugation (4 minutes at
900 r&_m) and the resulting cell pellet was resuspended in culture medium

[00T46)serlifif HEaCRL BTSN BBl ARSI (A, RINFIEY G anaterAch as
epithcl{dig ugtlﬁmb)mEﬁ(S %@p@@émhﬂiﬁlﬁgimﬁ(ﬁaaiﬁpﬁiM%}@I@é&ﬁéﬁﬁ@iﬁ-% Mhcreatic duct.
thanolamine (1x10 -6M), phosphoethanolamine (1x10 -6M .
The s L RHRERN (RO AL AU EXPOR 15 BTN peshrcted with
any of PP Ex{sthqutdBdignetalchroieir birRRAuy) ki@ 0204] FEhe el suUspensiofereof.
R ansferred and divided into five fibronectin-coated 100 mm dishes. L
e s A T VTS B0 L e Bt wi
one or glistredhoverth et deat stawnders Irbubationit ahditionsitbtuman Beeéshide,

doxoruGSREGINAPASIEM CRIS EAR0G 1280, MHCK o s thercof
o . PR, hi ugu}éwg‘%?ér%%r“é’ fnethods once the

100147,y tdks iy esspidnspeio vHedtfewlig o veliboaind huttinigehbarbackier such as
a transiﬁ@ﬁh‘lr@@lﬁc%ﬁﬂﬁibﬁm%t&frfﬁ?b%ﬁ@?tﬁggﬁmaﬁ%‘?&k&%Oég\({}[g)lmﬁ%zg%eﬂ

.__beneficial to ensure the survival of the human breast carcinoma stein
carcinomand, RGPS HtPthehvlastclirtiheéhg bladday syaacesitatemeaimes.
adenocwitivdelal hovine.seremeaarche 1emoved ansbieplacecdmithservmsfgeusc

dium. Fetal bovine se%bjm is not required or preferred for the continued

me
comPO it 68 B & PRI HEAHLT CAFHBIRA MR RPER IS S AR S B AtieTss
immuncbatayingegteateh thabu2uk B haveChesn Show)) tadeiohibiarystecBigoteins.

of h m&g pr?%g tarcmo%na stern cells. 100 051Human breast

1 orbo oWt of human | i 0021 n breast,
ne e]c%?gﬁolrlﬁgnsiém CeICan REFSUBE TR THHE SPRRE LBl Tragtter the subject

has been treated with one or more chemotherapeutic agents such as thitepa, methotrexate,
vinblastine, doxorubicin, cyclophosphamide, paclitaxel, carboplatin, cisplatin, ifosfamide,
gemcitabine, or combinations thereof.

[66148]  Moreover, the present invention provides a treatment for lung cancer such as non-
small cell lung cancer (NSCLC), which is divided into squamous cell carcinomas,
adenocarcinomas, and large cell undifferentiated carcinomas, and smail cell lung cancer.
Treatment options for lung cancer include surgery, immunotherapy, radiation therapy,
chemotherapy, photodynamic therapy, or a combination thereof. Some possible surgical options

for treatment of lung cancer are a segmental or wedge resection, a lobectomy, or a
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aspirated off and 5 ml of DME/F12 medium was used to wash the cells.
The wash medium was aspirated off and 1 ml of trypsin was added to the

w&elgaangothae cells were incubated at 37 C until the cells detchgﬁ[g%%wgﬂm
plate (approximately 5 minutes). One milliliter soybean trypsin iRhibitor

(STI) was added to neutralize the trypsin and the cells were collected and
centrifuged to pellet. The cell pellet was resuspended in fre_sh g_rowth _
medium and split at a ratio of 1:3 to 1:5 depending on use into fibronectin

pneure@ateshdisiresithe arowih madiiawas.chandedenary 1%'&.;9?36? %gl}?ﬁerapy.
% confluent.

cells were passaged or. sub-cultured when they were 80-90%
In cor'g) SRRRUEY e MG AV SRU i Gl TS e padsaybt Bverabhaines aficr
or conwithedlysigts-ehsgaeseenas; Examplend (ChrraCBEZAHUNPERUMBBts such as

. ,_.cancers cells.[002061Experiments to.characterize human cancer
cisplari (3t &s%gvelépél%le[%%mgeo ?i%}b‘fjrr%:%“r‘% IPSutAeE Biprekiisi Gintirraride.
vinblaseportetltivibhefexpresse thohsomacancarasinaGRddh 534, CD44 and
D lop.analyses of cells identified morphologically.as. cancer
o e et A s o EYOROt 163091 LR et of
neoplagipegiettopnrgretiadkiubivig 2mpl oft0. 26lsColldgerdsetdipasefdy BADIRLEES an anti-
cancer QAU RRIRAISEORAIRO! eicase dlamde (93, Thecells wore late
using a 5 ml pipette to eliminate any cell clumps and thefi transférred to a
suscepYilhy & AN e whhSFUIRWISWESSF 5 minutes at 1200 rpm. The

[001505UPSTNAIRARWSS ﬁﬁiﬂg\é?%@t@g&pﬁ) Gells %R%fﬁ%’f%@ﬁf&?%&llaﬂ?/lgdﬂécd immune
flask or 5 ml/T175 flask of Analysis Buffer (Hank's Balanced Salt Solution

deficichiiripiss B EN) BN warB Ed aritb RS i MeRrdyfisetsriooziog)st, oe 1
(antibotty LACHORAGE S Weben saTee: RIS RMan: AEBOAYRRE GORLEOIS @l thehciencies,
con entra%ion listed below: J. anti-CD24/PE at 100 .11/105 cells (Miltenyi)

defecti\éc. %}ﬁ%ﬁ% 5y IR %@b‘i“iﬁlﬁ%&% wﬁlf&%%enmas due to the administration of

IMMUNOSUPPEESSants,

Methods of Administration

[00151]  The therapeutic compositions of the present invention are administered to a mammal,
preferably a human in accord with known methods, such as intravenous administration as a bolus
or by continuous infusion over a period of time, by intramuscular, intraperitoneal, transmucosal,
intracerebrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or
mrhalation routes. Intravenous administration of antibodies is preferred. The therapeutic
compositions of the present invention can be administered as described above in combination
with a therapeutic treatment, e.g., chemotherapeutic agent. The therapeutic agent can be
administered by the same of different routes of administration.

[00152]  The therapeutic treatment may precede or follow the treatment with the antigen
modulator, or may occur simultaneously. The effective amount of a therapeutic agent can be
determined by routine festing. Co-administration includes simultancous administration, or
consecutive administration of the two agents in either order.

[00153]  Administration in combination can include simultaneous administration of two or
more agents in the same dosage form, simultaneous administration in separate dosage forms, and

separatc administration. That is, the subject therapeutic composition and another therapeutic
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3. anti-CD34/PE at 10 ttl/105 cetts(Mittenyi) 4. anti-CD 133/PE at 2
ul/5x104 cells (Miltenyi) 5. Isotype control 6. FC Block at 100 ul/108 cells

wdMilkemyidekhe cells were then incubated in the dark at 4 degre@sfok 20s/051730
minutes. [00209]After incu.bation, the volume was adjusted to 200 p.1

with Analysis Buffer and spun down for 5 seconds at 1200 rpm. The

supernatant was removed and the cells were resuspended in 200 ut of

fresh Analysis Buffer. 5 p1 of 7-aminoactinomycin-D (7-AAD) or propidium
agent dadigefovanaddeddalibe cells juskprionde analysis fonliveldead gatifigeously.

...The cells were analyzed using a. FACSCalibur or Guava machine.
Altemngy Y TN b St B CLA e dRE DS SN on
simultgheoel idesnarersimrharizetoith Tablechtanck TabiemPRibelpatata thesdations. In
s " denotes a one log or higher shift.in flupres ce intensity, .,

ot R S B L B OB A s
therapqiea€rs logrsinftdrrdlubrdscerteedntedisityidridion denotdstho sshiftdntherapeutic

compo3:kwaFﬁé?@&@&ﬂ@;%@%&%@%%%m{ﬂﬂawd&ﬂi}'ﬁpé%&a%e%_%iﬁﬂ%gfa{ﬂ% ora few

cancer stem cells expressed CD34, a known hematopoietic stem cell
hours apibier HaY K ReBreviously been associated with solid cancer stem

[o0154¢ellR BerausaLRadiisalsadnonndade expressed grendothslial cellsiastic

_..as a control the expression of another endothelial cell marker (CM 41)
conditigi, SRt NBNE BPHHEsY CrisrstamreaIRoBkpratsad Gy falto s,
therapitheymaieruinlikaboie be epsathatialcelsratihematepaietiend chemotherapy. The
treatment methods of the present invention improve the therapeutic index of therapeutic agents,
such as chemotherapy, and thereby allow the reduction of the effective dose to be administered.
Accordingly, the therapeutic methods herein are especially useful in the treatment of elderly
patients and others who do not tolerate well the toxicity and side effects of chemotherapy and in
metastatic discase where radiation therapy has limited usefulness.

[00155]  Other therapeutic regimens may be combined with the administration of the anti-
cancer agents, e.g., therapeutic compositions and chemotherapeutic agents. For example, the
patient to be treated with such anti-cancer agents may also receive radiation therapy and/or may
undergo surgery.

[60156]  For the prevention or treatment of disease, the appropriate dosage of an therapeutic
composition , e.g., an antibody herein will depend on the type of disease to be treated, as defined
above, the severity and course of the disease, whether the agent is administered for preventive or
therapeutic purposes, previous therapy, the patient's clinical history and response to the agent,
and the discretion of the attending physician. The agent is suitably administered to the patient at

one time or over a series of treatments,

Formulations
[00157]  Various formulations of the therapeutic compositions of this invention may be used

for administration. In some embodiments, therapeutic compositions may be administered neat.
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cells. [00212) To study the effects of metastasis on cancer stem cell
markers, CD24, CD34 and CD44 expression analyses were performed on
wEanrarstam cells that metastasized in animal xenograft expefmeptSgos/os1730

Merkel cell carcinoma stem cells and 9926 (pancreatic carcinoma stem

cells) were implanted in the sub-renal capsule of an

immune-compromised mouse host. After about 6-8 weeks the animals

were sacrificed and inspected for tumor formation. In addition to the
In addipmaryhttphanthasitarined enitheasidneyof she hastnwith hethdheMerkelon may
con tainagg gt%? 9%%}6 cells .sgpn(tan_eo%imetast@ses were observed in the body .

CAVIRP OF B REST PR S’ MERLEAEEY W& PRIGVAS iRPLuith pod iFiHE es ther
are welbriginak grointhmmedium rdiierdpecetisohadrgrownup dilicultuiesithe-aellsof a
into prepaite ot thd sereikperinhehtsnarecstimmhafizalt beiowdrtEablec? action. For

examp I&%@J&é\gﬁh{) oih é\{l‘ﬁ{ lﬁ?[lrﬁlgg c%%%gtgﬁwycﬁe&'t tzi;lea Qﬁ{%gtt C%'t!t?ta%? 2 \évxecd St

. pattern of cellular Surface marker expréssion that was different from the
includgyfiss palidie o celllfrom naeristaticisepoditsn Tnénarkedrdalbalts for varying

osmol £RICHRMAlIBEsderived fler-metastases showed high,expression of
CD44, low expression of CD24 and no expression of CD34. By

09158k ompalrisdnaHRUE RS TRRFaFtLEIN (HAPRAR O Bebhanmvrsasbaisd)p! te
active hagpoamexpressiansefiGlR44maexprassienafi&Retnpddngh.expression

af CD see Table 1). Similar results were alsg seen with the 9926
Susp@n%gﬂ%f?ﬁ%% EARCHTOE Tt SAEEE RHET S¥he & Baor R USRI A< g e
adminianctC B3kabkplipssloncovas taw,dneomparisande the paeiA20ple, sesame oil,

. ncreatic carcinoma stem cells that had no CD44 expression and high
or sy T BT <) Dhe SCLEDN S pALES R on
suspengancerastemnteelsuiatkers; 0D doCRShant ©BYdoE Xpressionsanadydasclude, for
examp YUGIAIRCRRARIMEA AN GAGE! Stey Selis aLuvere PassAded IMOUL cusion
xenografts in an animal host. Three human cancer stem‘ce feultures
may alyprsykel e breiohe o SREACUD Brit PRCEAG2%a)white daclypiatediahivery
into thedcApouse host as a xenograft (either in the subrenal capsule or
__subcutaneous), tumors were allowed to form, and then the primary tumors
[00159}e &l RiGvBacaREraLifirRd aH A dox St v aredmisditin soreceridival layipe.
inventiMtebagawichinesdtivesthe.colswera disparsetangihelilovel @6 D8 4hree
. fé[)34 ?nd CD44 expresgion was analyzed using flow cytometry. The
¥pes Ot dQTiie &S s BV PAHEEY BRI OrABIS 2 B s B P e RirRieR strgion of the
active inxpidssiontofipaihsuiface] mafkens weresabspaved:n thRINRWRFMAN drug
1 umors when compared to thejr parents., Cells. from primary tumors from
el R R A1GB G 6 R CoA O Ebtor Bt Meck
Publishgar¢Hvia showed a loss of CD34 expression (as compared to the
ar I C m.cells) a ain in CD4 ression. The cells fro
ERE e S et S R S
pills, tabipg4kpiersiontehtthat. slix CDad pxpressioyuPherredaltgiofthedeontrolled
release BXREIIIERLS suggest that passage through an animal may change the cell
surface expression of markers that had been associated with their

(001614 rf@sspidinghetimesmbten Gamsufoodis piminiemenalyariosgosiiow,
intrapergldapgNgiselliuEs candiians.also, mavhave @ efiect anealbg L{’)rti?é:%o%ns of

.. markers; in the presence of forskolin, breast carcinoma cell line BRCAIIO3
AdminiSAS F0i80 G 1S0BBEOTH) S SOOI SOUEFdwS & HeltiioH et Clympositions
are prefant G R4 iieddseifapamaskars compargdatadherdavelswitbontforakmoling

solution, dextrose solution, and the like.



Table 1, CD24, CD34, CD44 and CD133 expression in human cancer
stem cell cultures Cell 0)34 C044 CD24 CD133 CRCA1115
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[00162]  The particular dosage regimen, i.e., dose, timing and repetition, will depend on the
particular individual and that individual's medical history. Generally regarding antibodies, a
dose of at least about 100 ug/kg body weight, more preferably at least about 250 ug/kg body
weight, even more preferably at least about 750 ug/kg body weight, even more preferably at least
about 3 mg /kg body weight, even more preferably at least about 5 mg /kg body weight, even
more preferably at least about 10 mg/kg body weight is administered.

[60163] Empirical considerations, such as the half-life, generally will contribute to the
determination of the dosage. Regarding antibodies, which are compatible with the human
immune system, such as humanized antibodies or fulty human antibodies, may be used to
prolong half-life of the antibody and to prevent the antibody being attacked by the host’s
immune system. Frequency of administration may be determined and adjusted over the course
of therapy, and is based on reducing the number of neoplastic cells, maintaining the reduction of
neoplastic cells, reducing the proliferation of neoplastic cells, or delaying the development of
metastasis. Alternatively, sustained continuous release formulations of a subject therapeutic
composition may be appropriate. Various formulations and devices for achieving sustained
release are known in the art.

[60164]  In one embodiment, dosages for therapeutic compositions may be determined
empirically in individuals who have been given one or more administration(s). Individuals are
given incremental dosages of a therapeutic composition produced as described herein. To assess
cfficacy antibodies, a marker of the specific disease, disorder or condition can be followed. In
embodiments where the individual has cancer, these include direct measurements of tumor size
via palpation or visual observation, indirect measurement of tumor size by x-ray or other
imaging techniques; an improvement as assessed by direct tumor biopsy and microscopic
examination of the tumor sample; the measurement of an indirect tumor marker {e.g., PSA for
prostate cancer) or an antigen identified according to the methods described herein, a decrease in
pain or paralysis; improved speech, vision, breathing or other disability associated with the
tumor; increased appetite; or an increase in quality of life as measured by accepted tests or
prolongation of survival. It will be apparent to one of skill in the art that the dosage will vary
depending on the individual, the type of neoplastic condition, the stage of neoplastic condition,
whether the neoplastic condition has begun to metastasize to other location in the individual, and

the past and concurrent treatments being used.
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[08165]  Other formulations include suitable delivery forms known in the art including, but not
limited to, carriers such as liposomes. Liposomal preparations include, but are not limited to,
cytofectins, multifamellar vesicles and unilamellar vesicies.

[00166]  In some embodiments, more than one therapeutic composition may be present. Such
compositions may contain at least one, at least two, at least three, at least four, at least five

different therapeutic composition .

Articies of Manufacture

{01671 In another embodiment of the invention, an article of manufacture containing the
therapeutic composition herein, alone or in combination with a therapeutic or conditioning agent,
are provided. The article of manufacture comprises a container and a label. Suitable containers
include, for example, bottles, vials, syringes, and test tubes. The containers may be formed from
a variety of materials such as glass or plastic. The container holds a composition that is effective
for freating a disease condition targeted and may have a sterile access port (for example the
container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic injection needie). The active agent in the composition is an antigen modulator,
preferably an antibody. The label on, or associated with, the container indicates that the
composition is used for diagnosing or treating the disease condition of choice. The article of
manufacture will further comprise, within the same or a separate container, a therapeutic agent
and optionally a pharmaceutically acceptable buffer, such as phosphate-buffered saline, Ringer's
solution and dextrose solution. It may further include other materials desirable from a
commercial and user standpoint, including other buffers, diluents, fiiters, needles, syringes, and

package inserts with instructions for use.

Xenograft Models

[00168]  Another use for human cancer stem cells is to create human tissue models in non-
human mammals. In some embodiments, human cancer stem cells are placed under the kidney
capsule of a xenograft recipient and allowed to grow. In another embodiment, human cancer
stern cells are placed subcutaneously in a recipient animal and allowed to grow. A skilled artisan

can determine the optimal combination in a stepwise fashion, by first 1solating human cancer
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stem cells using the methods disclosed herein and then implanting them in the desired xenograft
site.

[00165]  In another embodiment, the human cancer stem cells are placed in an orthotopic site
in a recipient animal. A skilled artisan can determine the optimal combination in a stepwise
fashion, by first isolating human cancer stem cells using the methods disclosed herein and then
implanting them in the desired orthopic site. Examples of this procedure are well known in the
art including by way of a non-limiting example, placing breast cancer stem cells in a mammary
fat pad.

[6017€] Human cancer stem cells used for xenografts can be first combined with a substrate.
Many suitable substrates are well known in the art and include, but not limited to fibronectin,
Matrigel, collagen and laminin. Suitable recipient mamumals include but are not limited to mice
and rats. Typically in graft situations, donor tissue is vulnerable to attack by the recipient’s
immune system. To alleviate graft rejection, several techniques are used. One method is to
irradiate the recipient with a sub-lethal dose of radiation to destroy immune cells that may attack
the graft. Another method is to give the recipient cyclosporin or other T cell immunosuppressive
drugs. With the use of mice as recipient mammals, a wider variety of methods are possible for
alleviating graft rejection. One such method is the use of an immunodeficient mouse (nude or
severe combined immunodeficiency or SCID). Human cancer stem cell xenografts can be used

to study tumor formation and/or growth in vive or used in drug discovery or development.

Bioassavs

{06171}  The human cancer stem cells disclosed herein can be used in various bicassays. In
one embodiment, the human cancer stem cells are used to determine which biological factors
impact the growth capacity of the human cancer stem cells. By evaluating cancer stem cells in a
stepwise fashion in combination with different biological compounds (such as hormones,
specific growth factors, ete.), one or more specific biological compounds can be found that
mduce an alteration or change in the growth capacity or potential of the human cancer stem cell.
[66172]  Other uses in a bioassay for cancer stem cells are differential display {e.g., nRNA
differential display) and protein-protein interactions using secreted proteins from cancer stem
cells. Protein-protein interactions can be determined with techniques such as yeast two-hybrid

gystem. Proteins from human cancer stem cells can be used to identify other unknown proteins
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or other cell types that interact with cancer stem cells. These unknown profeins may be one or
more of the following: growth factors, hormones, enzymes, transcription factors, translational
factors, and tumor suppressors. Bioassays involving human cancer stem cells and the protein-
protein interaction these cells form and the effects of protein-protein or even cell-cell contact
may be used to determine how these cells contribute to the establishment, growth and formation
of tumors in vivo. The following examples provide a detailed description of the isolation,
characterization, and use of human cancer stem cells. These examples are not intended to limit

the invention in any way.
EXAMPLES

Example 1.

Isolation and culturing of colorectal carcinoma cells (CRCA)

(601731  Tissue from a colorectal carcinoma was briefly rinsed in sterile phosphate buffered
saline (PBS) containing 100 pg/mL gentamyein, placed in a 100 mm tissue culture dish, and
minced into small (<1 mm) pieces. The minced tissue was suspended in 5 mL of dissociation
media (F12/DMEM containing 100 tg/mL gentamycin and 200 uL collagenase-dispase (10%
wt/vol in PBS) with soybean trypsin inhibitor (STI, 10% (v/v}) and incubated at 37 °C. At 3-
minute intervals, the suspension was pipetted to loosen cell aggregates. Enzymatic activity was
stopped when aggregates of 10-20 cells appeared dissociated from the tissue.

[00174] The suspension was washed with F12/DMEM by centrifugation (4 minutes at 900
rpm) and the resulting cell peliet was resuspended in culture medium (serum free F12/DMEM
supplemented with insulin (10 pg/mL), transferrin (10 ieg/mL), epidermal growth factor (EGF)
(5 ng/mL), selenium (2.5x10°° M), triiodothyronine (T3) (1x10" M), ethanolamine (1x10°M),
phosphoethanclamine (1x10°° M), hydrocortisone (5x10°® M), vitamin E (5 glg/mL), and
optionally gentamycin (50 pg/mL)).

[00175]  The cell suspension was transferred and divided into five 100 mm laminin or
fibronectin-coated dishes. Culture medium was added for a final volume of 10 mL per dish and
the dishes were incubated at standard incubation conditions.

[60176] The colorectal carcinoma stem cells grew in loose clusters and have an epithelial

cellular morphology. As compared to the other cells in culture, the colorectal carcinoma stem
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cells were much smaller in size and therefore were further distinguished using this
morphological featore. When mitially placed inte culture, the cells from the colorectal
carcinoma tissue attached quickly (8-24 hours) to the culture dish. Medium was changed
regularly (preferably every 3 days) and the cultures obscrved under a microscope until the small
densely packed stem cell colonies could be seen, After several weeks, small, loose clusters of
colorectal carcinoma stem cells were visible. The colorectal carcinoma stem cells immediately
began to grow at an exponential rate and after about an additional 2 weeks in culture, the cells
could be subcultured in the same medium to obtain a substantially purified culture of colorectal
carcinoma stem cells which can be continuously subcultured in the same medium as an
established cell line, At this point, the colorectal carcinoma stem cells were split and passaged
using standard techniques known in the art using collagenase-dispase to lift the cells from the
culture dish, without digesting to the point of single cells. One colorectal carcinoma stem cell

culture has been passaged over 30 times without signs of senescence.

Example 2.

Isolation and culturing of rectal carcinoma cells (RECA)

{00177)  Tissuc from a rectal carcinoma was briefly rinsed in sterile phosphate buffered saline
(PBS) containing 100 ug/mL gentamyein, placed in a 100 mm tissue culture dish, and minced
into small (<1 mm) pieces. The minced tissue was suspended in 5 mL of disseciation media
(F12/DMEM containing 100 pg/mL gentamyein and 200 1L collagenase-dispase (10% wt/vol in
PBS) with soybean trypsin inhibitor (STI, 10%(v/v)) and incubated at 37 °C. At 5-minute
intervals, the suspension was pipetted to loosen cell aggregates. Enzymatic activity was stopped
when aggregates of 10-20 cells appeared dissociated from the tissue.

[00178]  The suspension was washed with F12/DMEM by centrifugation (4 minutes at 900
rpm) and the resuiting cell pellet was resuspended in culture medium (serum free F12/DMEM
supplemented with insulin (10 (tg/mL), transferrin (10 pg/mL), EGF (5 ng/mL), selenium
(2.5x10° M), T3 (1x10”7 M), ethanolamine (1x10°° M), phosphoethanolamine (1x10°° M),
hydrocortisone (5x10™ M), vitamin E (5 Ug/mL}, and poreine pituitary extract (PPE) (75 Lig total
protein of PPE/mL).

[00179] The cell suspension was transferred and divided into five 100 mm laminin/fibronectin

(50:30)-coated dishes, Culture medium was added for a final volume of 10 mL per dish and the

50



ND BRCA1103 med + WO 2008/091908PCT/US2008/051730 Example
10. Human tumor xenograft model; Tumorigenic potential of human

woransaisiem cells [00217]Cancer stem cells are defined by bgipg aemalsi 730
subset of tumor cells (initial selection by culture conditions) that are

capable of self-renewal and that have the ability of forming tumors in vivo
from a small number of cells. The tumor forming potential of the cancer
stem

dishes were incubated at standard incubation conditions described above for the colon cancer

cultures. After the stem cells had arisen and been selected by subculture in the described
medium the line can be carried as follows. The growth media was changed every 2-3 days until
the cells were 80-95% confluent and was ready to be subcultured. The human rectal carcinoma
stem cells were passaged using standard conditions known in the art using collagenase-dispase to
lift the cells from the culture dishes. One rectal carcinoma stem cell line has been passaged over

50 times without signs of senescence.

Example 3.

Isolation and culturing of fung carcinoma stem cells

[0618¢] Tissue from a lung adenocarcinoma was briefly rinsed in sterile phosphate buffered
saline (PBS) containing 100 ug/ml. gentamycin, placed in a 100 mm tissue culture dish, and
minced into small (<1 mm) picces. The minced tissue was suspended in 5 mL of dissociation
media (F12/DMEM containing 100 pg/mi gentamycin and 200 UL collagenase-dispase (10%
wt/vol in PBS) with soybean trypsin inhibitor (ST1, 10%(v/v)) and incubated at 37 °C. At 5-
minute intervals, the suspension was pipetted to loosen cell aggregates. Enzymatic activity was
stopped when aggregates of 10-20 cells appeared dissociated from the tissue,

[00181]  The suspension was washed with F12/DMEM by centrifugation (4 minutes at 900
rpm) and the resulting cell peliet was resuspended in culture medium (serum free F12/DMEM
supplemented with insulin (10 pg/mL), EGF (5 ng/mL), selenium (2.5x10° M), bovine pituitary
extract (BPE}) or PPE (75 ug total protein of PPE/mL).

[00182]  The cell suspension was transferred and divided into five 100 mm fibronectin-coated
dishes. Culture medium was added for a final volume of 10 mL per dish and the dishes were
incubated at standard incubation conditions.

[00183] The growth media was changed every 2-3 days until the cells were 80-95% confluent
and was ready to be subcultured. The human lung carcinoma stem cells were passaged using
standard conditions known in the art using collagenase-dispase to lift the cells from the culture
dishes. One human Jung carcinoma stem cell culture has been passaged over 25 times without

signs of senescence.

Exampie 4.
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cells were tested. [00218]For these experiments, a range of cell number
from 20 cells to 5x104 cells /collagen button were implanted into
wampsaersigficient mice. The collagen button was prepared usiﬁg&%%%ﬂln 051730
rat-tail collagen. Preparation of type 1 rat-tail collagen is well known'in e
art. Briefly, tails from mature breeding rats were removed and the tendons
were isolated and weighed. One gram of tendon produces 100m1
collagen solution, and each tail yields approximately 1 to 1.5 grams of
Isolatitansiod ckmexH@6T e colanai dhe tsndapswaigplaged in a dilute acetic
10018 cid,]soluti(])cn 290£I glacial acetic per gram of tendon in 100 ml water)
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20 Ccuéjggjr@eaersdcifésioﬁa e:r('ko r(’gfo img%?r‘lgtation. 1002201For implantation of the cells
under the |(§’ney capsuPe, mice Were fully anesthetized with
[00185}ribréhecetiranghnivpe ckedwhs matE iD tHENidneycapsuedo @liawtes theoo
. i - h hich. was made through a paralumbar surgica
P e o 1e T Ao Ry 0 LD b Ao b
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M), an@@go%}]m?ﬂ%%%ﬁprmed on the kidneys using h_uman Alu specific
sequence primers to'confirm and quantumor formation. The results are
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dishes ensfinrdading @REBR. iTordaien aliedticer. stereedllddested camforBilium was
HectdMMAEHinIReyla,of20 cells. (see Tahle 3). In all experiments, tumor
cotlecter eJ%ﬁsrgc])%seE/rgﬁr% &68@0%#9 ® @/f?ﬁ’a svﬁ%?pﬁ%ﬁ?g%flé\?lfﬁtﬁa}ﬁéﬁlh'
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establisftxgg in culture (after the second or third passage), the use of conditioned media from
previous cultures were no longer necessary. One skilled in the art would be able to determine
when the use of conditioned medium would no longer be required based on observing the growth
and appearance of the cells. Aprotinin was no longer added to the culture medium when no
further growth stimulation was observed in the presence of this factor. Subsequent growth
studies indicated a doubling time of 26 hours. One pancreatic ductal carcinoma stem cell culture

has been passaged over 60 times without signs of senescence.

Example 5.



dispersed prostate tumor cells were grown in serum (10%) cc_mtaining
medium for 2-4 weeks instead of selective medium, as described., the

wdiesuiing silture would not for tumors when implanted at u.p t 8?/%’8%93/@»,173@
cells/ collagen button in the SRC. One of the colon cultures gave an

anomalous cell line (CRCAQ0705) with a different morphol_og_y growth
characteristics, and cell surface protein binding characteristics. These
cells will not form tumors at any inoculum of <200 to 500,000 cells/
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of PPE).. Some cultures of Merkel cell carcinoma stem cells do not require PPE for growth after
the culture has been established. This can be tested after the third or fourth passage of the
Merkel cell carcinoma stem cell culture. Tn some cases, the addition of nerve growth factor §
(NGF-B) may be advantageous to the growth of the Merkel cell carcinoma stem cell culture.
NGF-B may be used at 10 ng/ml concentration afler the culture has been established.

[60183]  The cell suspension was transferred and divided into five fibronectin-coated 100 mm
dishes. Culture medium was added for a final volume of 10 mL per dish and the dishes were
mcubated at standard incubation conditions with a medium change every 3 days until the stem
cell colonies become apparent (see Figures 1-3). At this point most of the non-stem cells have
died and the stem cell colonies can be grown up to a sufficient cell density (@ 50%) to
subculture at a density of 1:3.

[00190]  Once the Merkel cell carcinoma stem cell culture was about 85-95% confluent, the
culture was sub-cultured using TrypLE Express {Invitrogen) to lift the celis from the culture
dish. The cells were split at a 1:5 to a 1:20 ratio, depending on use. In between passages, the
growth medium was changed every 2-3 days. One Merkel cell carcinoma stem cell culture has

been passaged over 30 times without signs of senescence.

Example 6.
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carried with media changes every 2-3 days until an established culture of plosiatc carcinoma

stem cells was generated. The average time for colonies of prostate carcinoma stem cells to

appear in primary prostate cancer cultures was between 4-6 weeks,

[00195]  Figure 1A shows a small colony of prostate carcinoma stem cells growing out from

the other cell types in culture after about 5 weeks in culture. The culture media was changed

every 2-3 days but the cells were not passaged or split. As highlighted in the white circle, the

prostate carcinoma stem cells can be distinguished from the other cells in culture by their

morphology. They preferentially grew in tight colonies and had an epithelial cellular
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morphology. As compared to the other cells in culture, the prostate carcinoma stem cells were
much smaller in size and therefore were further distinguished using this morphological feature.
[00196]  After the establishment of small colonies, it is common that the prostate carcinoma
stem cells will then enter exponential growth phase in the optimized growth media. Figure [B
shows a small colony of prostate carcinoma stem cells starting exponential growth phase. Figure
1C shows the same colony of prostate carcinoma stem cells after three days in exponential
growth phase. Figure 1D shows the same colony of prostate carcinoma stem cells after 6 days in
exponential growth phase. Eventually, the prostate carcinoma stem cells formed an isolated,
substantially pure population of cells and the other cell types were not present in the culture.
[60197]  Once a substantially pure population of prostate carcinoma stem cells was
established, the celis were passaged using standard techniques known in the art using
collagenase-dispase to lift the cells off of the culture dish. Medium was changed every 3 days
between passages. One prostate carcinoma stem cell line has been passaged over 30 times

without signs of senescence.

Example 7.

isclation and culture of basal cell carcinoma stem cells.

[60198] Tissue from a basal cell carcinoma was briefly rinsed in sterile phosphate buffered
saline (PBS) containing 100 tg/mL gentamyecin, placed in a 100 mm tissue culture dish, and
minced into small (<! mm) picces. The minced tissue was suspended in 5 mL of dissociation
media (F12/DMEM containing 100 tg/mL gentamycin and 200 1L collagenase-dispase (10%
wt/vol in PBS) with soybean trypsin inhibitor (STI, 10% (v/v)) and incubated at 37 °C. At 5-
minute intervals, the suspension was pipetted to loosen cell aggregates. Enzymatic activity was
stopped when aggregates of 10-20 cells appeared dissociated from the tissue.

[00199] The suspension was washed with F12/DMEM bv centrifugation (4 minutes at 900
rpm) and the resulting cell pellet was resuspended in culture medium (serum free F12/DMEM
supplemented with insulin (10 pg/mL), transferrin (10 wg/mL), EGF (5 ng/mL.), selenjum
(2.5%10° M), T3 (1x10"* M), ethanolamine (1x10°° M), phosphosthanolamine (1x10° M),
triiodothyronine (T3) (1x 107*M), hydrocortisone (1x10™* M), and PPE (about 75 yg total protein
of PPE/mL)).
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[66200] The cell suspension was transferred and divided into five fibronectin-coated 100 mm
dishes. Culture medium was added for a final volume of 10 mL per dish and the dishes were
incubated at standard incubation conditions. The medium is changed every 3 days until the stem
cells with a small tightly packed morphology (see Figures 1-3) become apparent. At this point,
as with the other cancer types, the stem cells begin to grow more rapidly. They can then be
subcultured and after a few subeultures will be the only cell type remaining in the culture.
{00261]  Once the basal cell carcinoma stem cell culture was about 83-95% confluent, the
culture was sub-cultured using TrypLE Express (Invitrogen) to 1ift the cells from the culture
dish. Alternatively, trypsin or collagenase-dispase can also be used. The cells were splitata 1:3
to a 1:5 ratio, depending on use. In between passages, the growth medium was changed every 3
days. One basal cell carcinoma stem cell culture has been passaged over 15 times without signs

of senescence.

Example 8.

isolation and culturing of breast carcinoma stem cells

[00202)  Tissue from a breast carcinoma was briefly rinsed in sterile phosphate buffered saline
(PBS) containing 100 plg/mL gentamycin, placed in a 100 mm tissue culture dish, and minced
into small (<1 mm) pieces. The minced tissue was suspended in 5 mL of dissociation media
(F12/DMEM containing 100 Ug/mL gentamycin and 200 uL collagenase-dispase (10% wi/vol in
PBS) with soybean trypsin inhibitor (ST1, 10%{(v/v)) and incubated at 37 °C. At 5-minute
intervals, the suspension was pipetted to loosen cell aggregates. Enzymatic activity was stopped
when aggregates of 10-20 cells appeared dissociated from the tissue,

[00203]  The suspension was washed with F12/DMEM by centrifugation (4 minutes at 900
rpm) and the resulting cell pellet was resuspended in culture medium (serum free F12/DMEM
supplemented with insulin (10 (tg/mL), transferrin (10 wg/mL), EGF (5 ng/mL), selenium
(2.5x10° M), T3 (1x107"? M), ethanolamine (1x10° M), phosphoethanolamine (1x10° M),
hydrocortisone (1x10° M), prostaglandin B} (PGE1) (100 ng/mL), and PPE (about 15 ig total
protein of PPE/mL.)).

[60204]  The cell suspension was transferred and divided into five fibronectin-coated 100 mm
dishes. Culture medium was added for a final volume of 10 mL per dish and the dishes were

incubated at standard incubation conditions. Human breast carcinoma stem cells can be frozen
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using standard methods once the culture is established. When thawing the cells and putting them
back in culture, a small about of fetal bovine serum (about 2% (v/v}) may be beneficial to ensure
the survival of the human breast carcinoma stem cells. After the initial thaw and culture {e.g., 1-
2 days), the culture medium with fetal bovine serum can be removed and replaced with serum-
free medium. Fetal bovine serum is not required or preferred for the continued culture of the
human breast carcinoma stem cells. Cultures conditions containing greater than 2% FRS have
been shown to be inhibitory to the growth of human breast carcinoma stem cells.

[00205]  Human breast carcinoma stem cells can be subcuitured. The spent medium was
aspirated off and 5 ml of DME/F12 medium was used to wash the cells. The wash medium was
aspirated off and 1 ml of trypsin was added to the cells and the cells were incubated at 37 °C
until the cells detached from the plate (approximately 5 minutes). One milliliter soybean trypsin
inhibitor (ST1) was added to neutralize the trypsin and the cells were collected and centrifuged to
peliet. The cell pellet was resuspended in fresh growth medium and split at a ratio of 1:3to 1:53
depending on use into fibronectin coated dishes. The growth medium was changed every 2-3
days and the cells were passaged or sub-cultured when they were 80-90% confluent. One breast

carcinoma stem cell culture has been passaged over 25 times without signs of senescence.

Example 9.

Characterization of human cancer stem cells

[00206] Experiments to characterize human cancer stem cells were performed, looking for cell
surface expression of markers reported to be expressed on some cancer cells. CD24, CD34,
CD44 and CD133 expression analyses of cells identified morphologically as cancer stem celis
were performed using flow cytometry.

[00207]  The cells were lifted from the flagk using 2ml of 0.2% Collagenase/dipase for 5
minutes or until cells dissociate or release from the flask. The cells were triturated using a 5 ml
pipette fo eliminate any cell clumps and then transferred to a 15 ml conical tube and spur down
for 5 minutes at 1200 rpm. The supernatant was removed and the cells are resuspended in 1 ml/
175 flask or 5 ml/T175 flask of Analysis Buffer (Hank’s Balanced Salt Solution with 1% BSA).
Cells were counted using a hemacytometer,

[06208] 50,000 to 100,000 cells were mixed with primary antibody and controls at the

concentration listed below:
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1. anti-CD24/PE at 100 pl/10° cells (Miltenyi)

2. anti-CD44/PE at 100 ul/10° cells (Miltenyi)
3. anti-CD34/PE at 10 pl/10° celis(Miltonyi)

4. anti-CD133/PE at 2 ul/5x10° cells (Miltenyi)
5. Tsotype control

6. FC Block at 100 1l/10% cells (Miltenyi)
The cells were then incubated in the dark at 4 degrees for 20 minutes.
[00209]  After incubation, the volume was adjusted to 200 ul with Analysis Buffer and spun
down for 5 seconds at 1200 rpm. The supernatant was removed and the cells were resuspended
in 200 ul of fresh Analysis Buffer. 5 pl of 7-aminoactinomyein-D (7-AAD) or propidium iodide
was added to the cells just prior to analysis for live/dead gating. The cells were analyzed using a
FACSCalibur or Guava machine.
[00210]  The results of the CD24, CD34, CD44 and CD133 expression on the cell lines are
summarized in Table 1 and Table 2 below. In these tables “+” denotes a one log or higher shift
in fluorescence intensity, “med” denotes a 0.5 to 1 log shift in fluorescence intensity, “low”
denotes up to 0.5 log shift in fluorescence intensity and “-” denotes no shift in fluorescence
mtensity.
[00211]  As shown in Table 1, a majority of the cancer stem cells expressed CD34, a known
hematopoietic stem cell marker that has not previously been associated with solid cancer stem
cells. Because CD34 is also known to be expressed on endothelial cells, as a control the
expression of another endothelial cell marker {CD141) was examined. None of these cancer
stem cells expressed CD141, thus, they are unlikely to be endothelial cells or hematopoictic
cells.
[00212]  To study the effects of metastasis on cancer stem cell markers, CD24, CD34 and
CD44 expression analyses were performed on cancer stem cells that metastasized in animal
xenogralt experiments. Merkel cell carcinoma stem cells and 9926 (pancreatic carcinoma stem
cells) were implanted in the sub-renal capsule of an immune-compromised mouse host. After
about 6-8 weeks the animals were sacrificed and inspected for tumor formation. In addition to
the primary tumor that formed on the kidney of the host, with both the Merkel and the 9926 celis,
spontaneous metastases were observed in the body cavity of the host. These metastases were

removed and cultured in the original growth medium. After the cells had grown up in culture,
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the cells were dispersed and analyzed for CD24, CD34, and CD44 expression using flow
cytometry according to the methods described above. The results of these experiments are
summarized below in Table 2.

[00213]  With both Merkel and 9926 cell types, the parent cells showed a pattern of cellular
surface marker expression that was different from the marker patterns on cells from metastatic
deposits. The Merkel cell carcinoma lines derived from metastases showed high expression of
CD44, low expression of CD24 and no expression of CD34. By comparison, the Merkel parent
cells (that had not been animal passaged) had no expression of CD44, no expression of CD24
and high expression of CD34 (see Table 1). Similar results were also seen with the 9926
pancreatic carcinoma metastases, where the CD44 expression was high and CD34 expression
was low, in comparison to the parent 9926 pancreatic carcinoma stem cells that had no CD44
expression and high CD34 expression.

[68214]  To study the effects of animal passage on cancer stem cell markers, CD24, CD34 and
CD44 cxpression analyses were also performed on cancer stem cells that were passaged through
xenografts m an animal host. Three human cancer stem cell cultures (Merkel cell carcinoma,
CRCA0404 and PRCA629a) were cach placed in a mouse host as a xenograft (either in the
subrenal capsule or subcutaneous), tumors were allowed to form, and then the primary tumors
were removed and cultured in the appropriate medivm for each cell type. After growing in
culture, the cells were dispersed, and their level of CD24, CD34 and CD44 expression was
analyzed using flow cytometry. The results are summarized below in Table 2.

[06215] Changes in the expression of cell surface markers were observed in the new primary
tumors when compared to their parents. Cells from primary tumors from the Merkel cell
carcinoma and also from the CRCA0404 colorectal carcinoma showed a loss of CD34
expression (as compared to the parental cancer stem cells) and a gain in CD44 expression. The
cells from the PRCA629a tumor, which is very slow growing in vivo, retained high CD34
expression and had low CD44 expression. The results of these experiments suggest that passage
through an animal may change the cell surface expression of markers that had been associated
with their corresponding cancer stem cells.

[60216] In additional data not shown, changing cell culture conditions also may have an effect

on ¢elf surface markers; in the presence of forskolin, breast carcinoma cell line BRCA1103
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shows a reduction in both CD44 and CD24 cell surface markers compared to their levels without

forskolin.

Table 1, CD24, CD34, CD44 and CD133 expression in human cancer stem cell cultures

Cell D34 Chd4 CD24 Cixi33
CRCA0404 + Med - -
CRCAIL115 - + - -
RECAQ515 - + - -
RECAT208 - + - -
Lung carcinoma
(CAT30T308) i ) " )
Pancreatic carcinoma
(9926¢5) . ) ' '
Merkel cell carcinoma + - - -
PRCA1004 + - - -
PRCAG29%a + - - ND
PRCA(0312-38 + - - ND
PRCA0425-72 + - - ND
BRCAIL103 - med + -
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Table 2. CD24, CD34 and CD44 expression on human cancer stem cells after animal

passage (metastases and new primary tumors)

Cell Ch34 {44 D24
Merkel met - + F.ow
9926 met low + -

Merkel primary

tumar - + -

CRCAG404 primary

[aifeilte) - + -
PRCA629a primary
tumor + Jow -

Exampile 1.

Human tamor xenograft model; Tumorigenic potential of human cancer stem cells
[60237]  Cancer stem cells are defined by being a small subset of tumor cells (initial selection
by culture conditions) that are capable of self-renewal and that have the ability of forming
tumors in vivo from a small number of cells. The tumor forming potential of the cancer stem
cells were tested.

[00218]  For these experiments, a range of cell number from 20 cells to 5x10% cells /collagen
button were implanted into immune-deficient mice. The collagen button was prepared using
type I rat-tail coliagen. Preparation of type I rat-tail collagen is well known in the art. Briefly,
tails from mature breeding rats were removed and the tendons were isolated and weighed. One
gram of tendon produces 100mi collagen solution, and each tail yields approximately 1 to 1.5
grams of tendon. To extract the collagen, the tendons were placed in a dilute acetic acid solution
(200 pl glacial acetic per gram of tendon in 100 m] water) contaming penicillin, streptomycin
and fungizone and stirred gently at 4 degrees Celsius for at least one week. The solution was
then centrifuged and the collagen supernatant was stored at 4 degrees Celsius until use.

[00219]  For this study, 50 ul collagen buttons were prepared by polymerizing the rat-tail
collagen in a setting solution containing Earle’s Balanced Salt Solution (EBSS), NaOH and

NaHCOs. Following polymerization, varying cell nambers (from 20 to 200} were added per
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collagen button. The cells were incubated in collagen overnight at 37 degrees Celsius prior to
mmplantation.

[6622¢] For unplantation of the cells under the kidney capsule, mice were fully anesthetized
with tribromoethanol. A pocket was made in the kidney capsule to aliow for the placement of
celis, which was made through a paralumbar surgical approach to the right and/or left kidney.
Following surgery, the animals were allowed to recover on a heated surface and observed until
fully recovered from the anesthesia. Wound clips were removed ten days post surgery. After 6-
12 weeks in the animal, the kidneys of the animals were removed é.nd visually inspected for
tumor formation. Quantitative PCR (QPCR) was also performed on the kidneys using human
Alu specific sequence primers to confirm and quantify tumor formation. The results are
summarized in Table 3 below.

[00221]  All of the cancer stem cells were capable of forming tumors in immune-deficient
mice at innocula of about 200 cells. These tumors were usually visibly perceptible and were
confirmed using QPCR. To date, all cancer stem cells tested can form tumors from innocula of
20 cells. (see Table 3). In all experiments, tumor formation was observed in 100% of the
animnals implanted with human cancer stem cells. Generally, at least three animals per condition
were used in every experiment. These results are consistent with the characterization of these
cells being cancer stem cells because of their ability to form tumors in vivo from a very small
number of cells.

[00222]  In contrast 2 cancer-derived cultures did not form tumors (see Figure 4). If the
dispersed prostate tumor cells were grown in serum (10%) containing medium for 2-4 weeks
instead of selective medium, as described, the resulting culture would not for tamors when
implanted at up to 250,000 cells/ collagen button in the SRC. One of the colon cultures gave an
anomalous cell line (CRCA0705) with a different morphology, growth characteristics, and cell
surface protein binding characteristics. These cells will not form tumors at any inocuium of

<200 to 500,000 cells/ collagen button (see Figure 4).
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Table 3. Tumor formation in vivo using human cancer stem cells

Cell type # of cells Site of Time in vive Tumor
inoculated inocufation formation?
Merkel cell < 200 Sub-renal 6 weeks Yes
carcinoma 30 capsule 7 weeks Yes
Colorectal < 200 Sub-renal 6-8 weeks Yes
CaArcinoma 70 capsule Ves
Rectal carcinoma <200 Sub-renal 6-8 weeks Yes
26 capsule Yes
Lung carcinoma < 260 Sub-renal 8 weeks Yes
20 capsule 7 weeks Yes
Prostate carcinoma | < 200 Sub-renal 8 weeks Yes
20 capsule 7 weeks Yes
Breast carcinoma | <200 Sub-renal 6-8 weeks Yes
capsule
Pancreatic < 200 Sub-renal 6-8 weeks Yes
carcinoma capsule
1006223]  Figure 4 shows photos of tumors formed under the kidney capsule of SCID mice from

various cell lines. As shown in that figure, the cancer stem cell lines are clearly distinguishable

from the non-cancer stem cell lines using this subrenal cancer xenograft model.

Example 11.

Human tumor xenograft model: Metastatic potential of human cancer stem cells.

[00224]

This study was designed to use Merkel cell carcinoma stem cells cultured from a

Merkel cell carcinoma (neuroendocrine cancer of the skin) in a human tumor xenograft model.

The MCC cells when implanted in the subrenal capsule wilf form a tumor that will
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spontancously metastasize to multiple organs in the peritoneal and chest cavities. The metastases
can be seen visually, or quantified using the QPCR for human DNA.

[00225]  Type I rat-tail collagen was prepared by the method deseribed above. For fhis study,
50 ul collagen buttons were prepared by polymerizing the rat-tail collagen in a setting solution
containing Earle’s Balanced Salt Solution (EBSS), NaOH and NaHCQ,. F ollowing
polymerization, 5 x 10° Merkel celfs were added per collagen button. The cells were incubated
in collagen overnight at 37°C prior to implantation.

[00226]  For implantation of the cells under the kidney capsule, mice were fully anesthetized
with tribromocthanol. A pocket was made in the kidney capsule to allow for the placement of
cells, which was made through a paralumbar surgical approach to the right and/or left kidney. In
some studies, both kidneys received xenografts. Following surgery, the animals were allowed to
recover on a heated surface and observed until fully recovered from the anesthesia. Wound chips
were removed ten days post-surgery.

[00227]  The tumors were allowed to grow for approximately 5-8 weeks. At the end of the
study, the mice were sacrificed and the tumors removed. A significant number of metastases
were found in the mice. Metastases could be found in the omentam, diaphragm, spleen, ovary
and lungs of the mice with the implanted Merkel cell carcinoma cell cultures. Generally, the
metastases were large in size and were casily perceptible to the naked cye.

[00228]  Similar experiments were performed using RECA0515 cells and CRCA 1115 cells.
Botlh cell types will metastasize to multipie sites from the sub-renal capsule. Experiments using
the 9926 pancreatic cancer stem cells resulted in metastasis from the sub-renal capsule to other
sites in the mouse. Also, 9926 pancreatic cancer stem cells metastasized at a greater frequency
when implanted in the mouse prostate as compared to implantation under the renal capsule.
Take together as a whole, these results show that human cancer stem cell cultures can be used in
a successful xenograft model to understand the establishment, growth and metastasis of human
tumors in vivo,

[06229]  Interestingly, in similar experiments, 4 of the PRCA lines will also metastasize
spontancously from the SRC after 4 to 12 weeks in the animal, even when (in some cases) a very
few (<500) cells were implanted.

[00230] It has been predicted that cancer stem cells are the cell type in the tumor that

metastasizes to distant sites {see Li, F. Tiede, B., Massague, J. & Kang, Y. (2007) Cell Res 17, 3-
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14]. With this in mind it is interesting to note that four of the prostate CSC described herein will

spontancously metastasize to multiple organs from tumors grown from cells implanted in the

SRC. In addition, the CRCA1115 colon tumor-derived line, the Merkel-derived line, and the

CTLY (cutaneous T cell lymphoma-derived line) all metastasize from SRC tumors. The PACA

pancreatic derived fine will metastasize from tumors orthotopically impl

anted in the pancreas.

Thus these CSC lines frequently exhibit the property of spontaneous metastasis from a primary

solid tumor xenograft, a characteristic rarely seen in ATCC tumor derived cell lines and most

other lines. A partial list of tumor-derived cell lines, with their tissue and cell line phenotype,

obtained according to the teachings of this invention, are shown in Tablc 4.

o |
”PRCgA629* Prostate Stem cell-like | >20 vV
PRCA1004* Prostate Stem cell-like | >30 v
PRCA0312-38* | Prostate Stem cell-like | 20 v
PRCAQ0312-43e* | Prostate Stem cell-like | 6 V metastatic
PRCAQ425%* Prostate Stem cell-like 17 vV metastatic
PRCAD61 1% Prostate Stem cell-like | 10 't
PRCA 0806 Prostate Stem cell-like V metastatic
PRCA0702 Prostate Stem cell-like | 7 \ metastatic
PRCAQ312- Prostate Stromal- mixed | 2 NO
435TR* culture
CRCAQ0404* RA Colon Stem cell-like |22 V
CRCAI1115% Colon Stem cell-like | >30 V' metastatic
RECAQ515% Rectal Stem cell-like | 21 v
RECAT208% Rectal Stem cell-like | 9 v
RECAQ705* Rectal 5 NO
PA9926* Pancreatic ductal Stem cell-like | >50 vV metastatic
CA130* Lung adenocarcinoma | Stem cell-like >50 Y
LUCA9979 Lung adenocarcinoma | Stem cell-like | >20 v
MCLY* Mantle cell lymphoma | lymphoma >20 y
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11=n11111. these cell lines [00231jExperiments were also performed to

determine the effects of antibodies on the growth of cancer cell
wdnRIRaIasRs. As shown in Figures 5 and 6, the antibody KID24, 1 uisa068/051730

(PTA-5174), known to bind to the surface of certain cancers, decreaseég

the growth of tumor metastases from cancer stem cell line cancers

established in subrenal capsule models. [00232]It is understood that the

examples and embodiments described herein are for illustrative purposes

cTLyonly and thd@{;}gﬁ%%moggf cations qg,ﬁ%@%s in Tighf thereof V’Q“I'n%%t,t atic

can ed-in-the aft-and-are-to-be-included Allfhln th

n-nor fo
CDLCU Lo ;JCIQUIIQ Qr\lllbu III I.Il\, AT T aAr T to— o ottt e o

BRCA%bﬁ and pulvTEN SH SBpcaon SA?F‘bEfﬁiré&ﬁon‘;,ﬁﬁtents Aid patent

BCC applicationg eited beteinanehereby ﬂi@@rmatﬁ@ by .ﬁeference in their

entrety 1or ¢ PORXES tgthesam xtent each-indivictad
BCC2 | iblication r%% %d%t “or patent Abplica 1r§ r@élf)“emfléallv and individually
BCCAfdizated to Ieso mli@qwmimd by referaned-1iEt AIMS

Aflcc/MEL Melanoma Stem cell-like i2

MCC* (MRKL) Merkel cell Stem cell-like | >30 Y metastatic

* data shown using these cell lines

[60231]  Experiments were also performed to determine the effects of antibodies on the growth
of cancer cell metastases. As shown in Figures 5 and 6, the antibody KID24 (PTA-5174),
known to bind to the surface of certain cancers, decreased the growth of tumor metastases from
cancer stem cell line cancers established in subrenal capsule models.

[00232] Tt 1s understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be inctuded within the spirit and purview of this
application. All publications, patents and patent applications cited herein are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each individual
publication, patent or patent application were specifically and individually indicated to be so

incorporated by reference.
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I. A substantially pure population of human solid cancer stem cells
isolated from human tumor tissue, and grown in a nutrient media
optimized for their growth, wherein said population of human solid cancer
stem cells is sufficiently free of other cells such that an inoculutn of less
than 200 cells is capable of forming tumors within 8 weeks in an
immune-deficient mouse. 2. The population of human solid cancer stem
cells of claim 1, wherein said cells retain the capacity for extensive
CLAIMSb-culturing without senescence. 3. The population of human solid
cancer stem cells of claim I, wherein said cells express at least one cell
surface marker. 4. The population of human solid cancer stem cells of

LA s@@ﬂﬂlt&lwhﬁ@i sl suniace RakeklsLR3d- éll@i%@ﬁ@@%@&i%@t&mgumor
puy lation o uman.cancer ste(mcelhs .of an&;ﬂ(q)f claims 1
tissue, an R manu 1e1t media ontimized [or thet g wherein s 1%11308Hia‘£10n of
ISIng a) diSSociating & souirce of RUmar carcer Ste
human e&j %Fﬁ@rtii% ifdﬁafééi" §t?EiF fEerfmeceisa shefrcendnerdl Wt s than
200 cellmédiaitidt hdschedncaptimizedliar the @icviihuofihumancdntar sterscells;
(c) maintaining suitable culture conditions sufficient to support the growth
2. Tie %?8 sallaqﬂl% h%?rasn[esr?é %g.ri? ferrp Qei%%?@ E{:rﬁc? at hyin S\ﬁnlggg%%’hsﬁi fgteali]g the
capacity ion ginteanre Fteil %i@t‘d@@t@iﬁ@&ﬁ%ﬁulaﬂon of human cancer stem
cells. 6. Use of human cancer stem cells as recited in claim 1 in the
3. The 99!&@&%&%&%@@@%@&1J@HP&QM&%@QIan%OPr&%e‘?&m%@ﬁ?@ &5 at least
érolo% reC|pient to induce an immune response in said recipient. 7.
Ancel @l accine, comprising a human cancer stem cell of claim 1
wherein said vaccine generates a protective or therapeutic immune
4. The [RSR0ASE againsha selecedaansarceness afiministeret o Aimammalale marker
is Cp3disk for or having the selected cancer.

ane cel

5. A method of isolating the population of human cancer stem cells of any of claims 1-2
comprising:

(a) dissociating a source of human cancer stem cells;

(b) placing the dissociated source of human cancer stem cells in a nutrient media that has
been optimized for the growth of human cancer stem cells;

(¢} maintaining suitable culture conditions sufficient to support the growth of human
cancer stem cells from the source of human cancer stem cells into said nutrient media; and

(d) subculturing said population of human cancer stem cells to obtain said population of

human cancer stem cells.

6. Use of human cancer stem cells as recited in claim 1 in the manufacture of a medicament for
providing a source of immunogen to a heterologous recipient to induce an immune response in

said recipient.
7. A cancer cell vaccine, comprising a human cancer stem cell of claim 1 wherein said vaccine

generates a protective or therapeutic immune response against a selected cancer when

administered to a mammal at risk for or having the selected cancer.

67



8. A method of providing a source of human cancer stem cells-specific
biological components for pharmaceutical development of at least one
drug, comprising isolating the population of human cancer stem cells of
claim 1, and using said human cancer stem cells as targets of the drugs
under development. 9. A method of providing a source of human cancer
stem cells in a development of bioassays comprising isolating the
population of human cancer stem cells of claim 1, and using said human
8. A meghnsbpiqeonidiibasporme of imoan shticer priniptd copagfindmntéoigidiieomponents
for pha%%ﬁﬁé’ai glgvé%og}ﬁ&?gi%fl w_gy@&gq&gp&g& &ﬂg?&éﬁ%ﬁfg:}%%r D %t(%gzlalsof
in a xenograft model comprising isolating the ‘popufation o um% cancer
human gengpErg srdiarhcdaiant asfisssicdivaresanserstem ediisaadaopesor the

drugs vRieietdhs pEpeiple components in the xenograft model. 11. A
pharmaceutical composition, comprising a cancer stem cell of claim 1 in a

pharmaceutically acceptable formulation. 12. Use of a cancer stem cell

9. A maaeardingdoialaim tinrtbe Manifpciurerafamenicament iy ealig bioassays
.cancer.in.a SFE ject. 13. Thg use of claim 12, wherein the cancer stem cell

bj .
COmPrINp B IS RSP A Bl BB B it e i< rfjetfioh and using said human
cancer intranulisculaninjection, dnthatprmeipldrjgation:sybewanaaidssinjection, or

leukapheresis.
10. A method of providing a source of human cancer stem celis in a xenograft model comprising
isolating the population of human cancer stem cells of claim 1, and using said human cancer

stem cells as one or more of the principle components in the xenograft model.

1. A pharmaceutical composition, comprising a cancer stem cell of claim 1 in a

pharmaceutically acceptable formulation.

12. Use of a cancer stem cell according to claim 1 in the manufacture of a medicament for

treating cancer in a subject.
13. The use of claim 12, wherein the cancer stem cell is to be administered to said subject by

intravenous injection, intramuscular injection, intratumoral injection, subcutaneous injection, or

leukapheresis.
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