"SELECTI ON, PROPAGATI ON AND USE OF MOSAI C ANEUPLOW STEM CELLS CROSS
REFERENCE TO RELATED PATENT APPLI CATI ONS 5[ 0001] The present

appl i cati ogoch@iosss7penefit of priority to U S. Provisi opet/uBabeiskios
Application No. 60/735,715, filed Novenmber 9, 2005, which is
incorporated by reference in its entirety. STATEMENT AS TO RI GHTS TO
| NVENTI ONS MADE UNDER 10FEDERALLY SPONSORED RESEARCH AND DEVEL OPMENT

[ 0002] eI mﬁP/ 1S930)]
No. KOZM—I?%%} avvaqugelpd E Aﬁ%TN]}a@L onal Insti tut es o% Glj-lea t The

government has certain rights | STEMSCEIMeSt i on. 1SBACKGRQJND OF THE
| NVENTI ON [ 0003] Stem cells have the potential to develop into nmany
different cell types in the body. St em ceI I s can theoretically divide

without limt to_replenish other cell temcell divides,
bheh new col | heROSRSHTRRICRTo BELATam ATy AR TS ok or

b d h
e L b s L e A R L e i

often cl Apﬁlcbh@dNasﬁWBﬁﬂiﬁl 2lnd I\brveprejﬁl, pfSewhich A inoerppuatedrity rsﬁemwecel I
has differ ntjation potential which is total: it gives rise to all
t he diff]@r1 ”Egypes of cells in the body. A fertilized egg cell is an
exanple of a totipotent stemcell. Pluripotent stemcells can give
rise to any cell type in the body derived fromthe three nmain genn

cell layers or an enbryo itself. Progenitor cells can al so
differentiate ﬂAﬁ@M@SEQM&TDW@ﬁSW&Mt to stem

cel l pr ogenit ive rise
to only one or gé]?ew ce %ﬁ%ﬁsﬁgem ce%cﬁﬁge enbryoni c

st em cel j0802ndThid uivbnﬁdnammédmltlmbweymﬂem swipertunééd Graar e derived

obt ai nod bRaRMERr 55 E A ok SyENAERE Bt Poirlbodue Rarniod et en

fertilizegaintightdihehidthvesita as at an in vitro fertilization clinic)
and then donated for research purposes with W)

2007/ 056572. PCT/ US2006/ 043794 i nfornmed consent of the donors. The
enbryos are typically obtained at four or five days old when they are
a hold ow m croscopic baIBA@KG@é)IBND({ErTHBMI’HII@N ocyst. The

bl ast ocy ncludes..t stru e t he tro h ast ich_i,s the
Cayer - of DR oSERIRILBRR Sor e b Ryt FSRY MRS st Barin'i o
i's the heddyoStemaséilé Yan thsoréteoall @ividasitiomy Bihit t@Rlcnli oo esllsS Wisdnla

mass, which is aggroup of ap roxi mately 30, cells at one end _of the

bl ast oco®fm celbdiyisics.cath Wﬁ?‘% has by R%?qt’él to gHhqs geraip &istray celk gbeesmtip)| e,
by i sol ajj @ ke of BRIt § Wore specialized function, such as a muscle cell, a red blood

20  cell, or a brain cell. Stem cells are often classified as totipotent or pluripotent. A

totipotent stem cell has differentiation potential which is total: it gives rise to all the
different types of cells in the body. A fertilized egg cell is an example of a totipotent
stem cell. Pluripotent stem cells can give rise to any cell type in the body derived from
the three main germ cell layers or an embryo itself. Progenitor cells can also differentiate
25  into specialized cells. However, in contrast to stem cells, progenitor cells are unable to

self-renew and they give rise to only one or a few cell types.

[0004] Stem cells include embryonic stem cells and adult stem cells. Embryonic stem
cells are derived from embryos. For research purposes, embryonic stem cells are
obtained from embryos that have developed from eggs that have been fertilized in vitro

30  (such as at an in vitro fertilization clinic) and then donated for research purposes with



mass and growing themin vitro. The inner cell mass is uSually grown
on a |l ayer of feeder cells, such as nouse enbryonic fibroblasts, that

serve as awo2o0twmset | ayer for the inner cell nass and per/asHolsB®40f
nutrients. Enbryonic stemcells are pluripotent and 10 ‘can becone any

cell typegin the 1 L@ﬁ | hogni U | em
cell, i smﬁ%mﬁﬁa?l?sg @?"ﬁ%‘%ﬁj@?‘ g% g@? F&g}é)&% ﬁl%c agﬁcolg%mr%Ptagﬁo%ggP %i{éi%%%f i ed
anong di flflednentheytaeda bellowsmicrosaogic bailief wmils callyd the Ylastanyistl (Theblastocwst |
can renew jtself and can differentiate into,specialized cell.types of
the tissieluges iBregaRvctgy o v Steﬂ%ﬂ”{}b%%ﬁlaé'?re%"alis %@t Sﬂ"ﬁﬁg?g)tﬂ ave
great pogienbdvdl; teYladitBell WhRRI b ASHSY SRy inikanebidstbdiet;apétieiitner
strategies, i'ncluding translgl antation for regenerative nedicjne (Amt

M et5 al cellDoassBihirh i2rerouplofzpproxaiely PO callsch ang @Kl eolagiesosy HESCs
is the mai ntenance of stable cell lines, particularly follow ng
ext ended[0a5}s aBinbeyofiinstdm d4llsetn bd obtilaed, Bhraxadple; Byritelatnss he Gy cell

Carpenter MK, et alL Dev Dyn 229: 243-2 2004); ..Rosler ES et .al. Dev

Dyn 229: PS%-2¢ £IqVIHB P NjViER: elh® W&%ﬁ@%ﬁdﬁ “%‘WE?{ g WS@Fer%a

NTH-f u “dﬂc,-@?éf'%&%, Lidhes niusde@Sybiic fbloblebdthhaerveas anhdierdde biyer fopakt ed,
g

resultin rom cl onal expansion of aneu i oi d stemcells (Draper JS,
et al . NanemieHmeashaerl aszsogrme singiiens) Empryesis siepnsely ae plunpatenipod gt o

Cel | s, 22; - ot , Nat Bioteclznol 22:42-43 (2004)).
The stc%%aﬁé%ﬁé&?é%%erﬁ?{d&é onosonmal abnornalities were
hyper pl o di.es, particularly trisomes of. chromsenes. 12, 17

( Dr aper h@og]et Iaduwmﬁhﬁr&sgﬁlﬁﬁ Fem sl ds &y %%ia}%aﬁ?ilh %8%%%%’;
13, et akan oPeRivd identifisd 220 AiSAR4@0OA) in Divsae MorgdiAnBidalt stehne]
22:42-43 (2004)), although the generality of chr ong onal instability
i s uncer easitAngWTHeRkEAE camdifisrentipte infp spaqiabizeborll fYRES 0F g FSFUERS Q8 Ay {
M et al. Dev Biol 227:271-278 (2000); Reubinoff BE, et aL Nat

Bi ot ecl UMOOTR: Bamad Grhb;R00G)em diis (HERCg)have great poransialier Bicondethgsic

18: 53-57 (2000); .Xu C. .e l.. . .Nat ..Bi ' : : -2000;
Chents ¢ sfioapad eptipriicdirBeisy maluh Bh5Rhcon tFiuierit midhigho

pét oge Pe(AzﬂtM,ﬁer bRy iBgIaeRd7 LZTOEE06). Abcmfalgbdngsﬁﬁ uﬁilngﬂﬁﬂ@ imtite

identify all chronps s, because it elieye at m ssin

chr onos o%@tméﬁggg’eu' i EW‘&@&%@WX{WH%@&W @}@?% 75
rather t ham.d piJ19e7.2DRONE006), BapRAeFRIKQeEal. borbpth2d: hes-2585Q004); i on.
of CGenetic Technol ogist's cyt'ogenetics |lab manual instructs; If fewer
Uhan 45 BbslorBeneh Day Oyprabasiori2000) ribeessnatempsaad 2oty o an bo
assuged i ' ' 1
I i s e A e R
(1997) ThienAGkpadpiongd amduptosd dtedocels @GirgpavliSieakl. Nai Bioteclen/22:53-54

Ry o
anal ysi s92:3pQn 2004 Thé &ssteequédlyBehdried ShiidsdmadkabiddmalitibéEt: ON
hyperploidies, particularly trisomies of chromosomes 12, 17 or 20 (Draper IS, et al. Nat
25  Biotechnol 22:53-54 (2004); Lakshmipathy U, et al. Stem Cells 22:531-543 (2004); Pera
MF, Nat Biotechnol 22:42-43 (2004)), although the generality of chromosomal instability
is uncertain (Thomson JA, et al. Science 282:1145-1147 (1998); Amit M, et al. Dev Biol
227:271-278 (2000); Reubinoff BE, et al. Nat Biotechnol 18:399-404 (2000); Thomson
JA, et al. Trends Biotechnol 18:53-57 (2000); Xu C, et al.. Nat B;iotechnol 19:971-974
30  (2001); Cheng L, et al. Stem Cells 21:131-142 (2003)).

[0008] Previously, cytogeneticists have ignored cytogenetic analyses that did not

identify all chromosomes because it was believed that missing chromosomes represented



[ 0010]" The present invention provides methods for detecting and
defining the aneuploid nosaic status of a popul ation of stem or

pr ogeni t orweebdmsesdn sonme enbodi nents, the nethods conppeses@edQsiolng
t he presence of aneupl oid nosaicismin 15 the popul ati on wherei n at

| east 3 lls in

t he pop IOH%@%@%&%&%&@%&%@%@%W Ié%agc%f 30 ce Iogﬁl n the

popul at i el theFosasatrn of Genetivelpohrmilofyist's cPOg@ietitalals nrmpudd mistittyent s,

t he aneuploidy of the cells is recorded. 20 [0013] In sone

enbodi ment s, Riewed @t 4 chomddomés ar®preSent #iPthe kivtapBisespread dt di f f er ent

karyotypes argndetechrd i kihdht bbieNbstoR HeréddsdiiSanaanithial i on.

[001 In song ?}gﬁ% tsg&a&aﬁsuﬁmamf&ggﬁ fjg)rrprl se detecting cells with
sa

a net hypopl ol yotype, and selecting fromthe cells Wth a
net hypogdepBatchresd], ¢1964) Yhé XG& Cyicgeneiios L zborapeyMaonal ddppintdthe t hat is
hypopl oi d f | east a portion of a 25 chronosone for
differeh@ﬂ@ﬁ?gﬁa further propagation, ‘or transplantation. [0015] In
sone enbodi ments, the nmethods conprise detecting cells with a net
hypop! oi [#00%saTlke maw;abwp@onad@rew terolagl me@quyénéteM@ Usradh a net
hypopl oi d line that is
hypopI0|%n?g%ﬂ§§E s%%ﬁXQfg%ﬁ?%ﬁﬂ%gﬁ ﬁ%%ﬂ%%g%gg$or drug screening.
30 [0016] In somne enbodlnents t he net hods conprise detecting cells
wi t h1& net hyper pl oi d npsaic karyotype and selecting fromthe cells

with a net hypeiploid nEREFSUMIAA09 OFOPEE TRPENTIUSR006/ 043794

karyotype a stemor progenitor cell line that is hyperp]loid for at

| east a [9814]; o‘ﬁhwreeanémvw Prevides methads dradetecting Bid defining
propagat i Qpyiofd mbs; gg@m{&%ﬂo} Brog@i®r STROH fHRRd S, the
met hods conprise det ectl ng c wth net “hyperpl oi d nosaic

kar yot y pembaiinlerss; ltecmethgdd comprishdetenting thegiresence of@peupjeid meisaitignidsai ¢

enct? o PEPORIRG e Bt S ER Lot e Wik AEBEER oo 7T O

for a dreslis it pepidligon, sel ectively inhibits or kills the cells).

[0018] In sone enbodi nents, the nmethods further conprise passagi ng
stem cel g)‘élghrH&Haeacﬁnﬂoﬁﬁl%ntsoﬂﬁe&%@eeﬂs%ﬁ tHe@Bfdlatfon ate sckbbne@®r 30, 40,
50, 60 70, 80, 100 or nore) cycle of 10cell division prior to the

det ect i nglesple}siy [0019] In sonme enbodi nents, the karyotype of at

| east, e.g., 10% 20% 30% 40% 50% 60% 70% 80% 90% of the cells
in the cpiol2]pomdoate eboidinahes, therhapibidy 60RO pellsis moomednbodi ment's, t he
detecting step conprises Fluorescent in situ hybridization (FISH)

i ncl s6li ngyog3y t ilofie mRidimdn, Eﬂﬁﬁtﬂi"ﬂ)@di 0L 1, 15,30 deieetignl5 step
conpri ses spectral karyotyping n some embodi ments,- t he

det ect i nlgermtmﬁsm@%@sm@méﬂ%mceﬂsﬁn dhemePelaiRidi nent s, t he

detecting step conprises DAPI or other chronosone vi sua}l i zation
st ai ns oroon-e]c hhi guesmbodirsans themididreotnprise detecting eadlsivith astebp

conpris e]?? PVYI S0 ER r3/t'ype, and selecting from the cells with a net hypoploid mosaic

karyotype a stem or progenitor cell line that is hypoploid for at least a portion of a

25  chromosome for differentiation, further propagation, or transplantation.

[0015] In some embodiments, the methods comprise detecting cells with a net
hypoploid mosaic karyotype, and selecting from the cells with a net hypoploid mosaic
karyotype a stem or progenitor cell line that is hypoploid for at least a portion of a

chromosome for drug screening.

30 [0016] In some embodiments, the methods comprise detecting cells with a net
hyperploid mosaic karyotype, and sclecting from the cells with a net hyperploid mosaic



[0021] The present invention also provides for nmethods of screening
for an agent that 20 preferentially inhibits cells incapable of

di f f er ent i wbiedv0sespared to cells capabl e of differentipgdiohobdidserod
desired cell type. In some enbodi ments, the methods conprise

contacti j : ' F?Rﬁ '
kar yot ypftga,qy er%lqﬁﬂﬁ)ﬁél%ge JTOE 3%1?@% tﬁ%&%@ﬁﬂ%@l@?@%{aﬂﬁ% I a?fl1 %fna into
t he desi geomomine foydidfreatiatiomefuether propagaticny entrartshlantatiodi bi t s
propagation of the cells. 25[0022] In sone enbodi nents, the nethods

further gﬂmr | BSsold@nibbeRfent the GRMGAS bofideBRteatRNdellk Hih@ldes having a
hypopl oi d karyotype, wherein the cells are capable of differentiation

into t hehypeileid moseib karygiype, and geleating dopife selisagiing nethaperplokd Hpsaic

propagatjon_.of t r pl.pi is . i at | ad.j on but
focs Pot keReife4 HEnsy BB PuF i B EEAREIE g Rk AERELA N 01 ¢
capabl e gfrodlbdoberfondrug séreeningfeq. tsheenipg for ednadibet ditherygpiectivalyinhibits
2007/ 056572{’(@ U%%gOG/ 043794 [0023] The present invention also

provi desoniHBasessr nai nt ai ni ng or inproving a stemcell or
progenitor cell population. In sone enbodi ments, the nethods

conpr i sel00d8} ebrsomg embedicanisethy srethsds frthepepiupriss pawpgBaslsmRslsr a
portion I |s J C I £ 1e; i I'ls
N th o cURSEg lchd phifle drealt2f sEFl, 200RPH, B0 G170, B ORRIGY ect
chr onbsoeat] divisipnptioon thddatetihg stap.t he cel | popul ati on fromcells that
are hyperploid at the at |east one chronmpbsonme or portion thereof,

t her eby (i oy ah{aoﬁﬂ,eeibouﬂﬁah%ytheg:aiyb@?s beaiest, k.gqrops, 20BN B0%) 4058/ |
popul ati on by renoving hyperploid cells _while_ majntainjng euploid and
hypopl oi #0%e40% 0%, Wg, Qé%lof sellsinthgcell populﬁmlé]deﬁeﬁn%ge

enbodi nents, the detecting and separating steps are perforned 10

f1 uor escpige] ahbtsommteabodimdntss thetdetegtingFt@SpmpfiseXfiorseenigngitu

enbodi mept.s,.. fol | awing. the. separ.at i tep he '

cupl of d Brosten BT UBsRAaRE RS EBont Preh st Skl -
enbogy megkscorhstOsetteal kg o pRET(SKYMOItdoae, enthodintetd, thewdetebtidghstep

eupl oi d or hypo&l oid karyotype_ are propagated. |In sone egggﬁ' menﬁ S,
fol | owi nePREBECSEhaRdRE nly sepg smbpgimegis) he dgleetne sty SOUPrSTs or other
hypopl oi gy ddodMREniRERR Btatds 3P BRhBRHRI I S @Rbddialbnts, dktadetecting step
DEFI NI TI ONS [ 0026] "Aneupl oidy” is used in its standard neani ng,
i.e., ansongwweaflowayibmeRy.an exact nultiple of the haploid number of
chronmosones’ i ncludi ng gai ns and/ or | osses, as well as 20 :
i ntrachr ppeRsjon®he pretent mveniivn. alsbhpusyides dbi reethivisvifisgrectdng for enagdot that t wo

copies of at |east rt of, the hapl.aid none, i.e.. the presence of
mor e24 hahte r%ﬁﬁ%g‘h&i 58?1@9 %?aPﬁB‘F QP BT gho"r’?&é’ﬁ’é’ﬁfegé? ?%ﬂtcﬁgalbzeoef? or
absence @fffeRRAAaIRn iR 2R1eSREAUT IR In s@hc BABIBMENStBOmehodd chnieise

consi dered.aneuploid. Atermthat is sonmetinmes used to descri be

aneupl oi entaoing deagen by cells\iryiag a pet hyrepinsdaesdc kiryelyRe. trhersHh b &rils
defini ti g bt 3R i QRRURL LT GidiecfiSs MoRsin BEET N
refers t%gtllﬁ%p%dﬁgbs@ﬁ%erg%?a%t u?east tlﬁér eg |f1‘erentec aryoféyéges in the
cel | popinhittits propagatichefithe cell of which are different aneupl oid
states. In sone enbodi nents, there will be 4, 5 6, 7, 8 9, 10 or

nor e2sli f {eangpt Tkankainbedindnts, theGrdthods Fitteatomdfiise the steps of:
contacting the agent to cells having a hypoploid karyotype, wherein the cells are capable
of differentiation into the desired cell type; and selecting an agent that inhibits

propagation of the hyperploid cells incapable of differentiation but does not significantly
inhibit the propagation of the hypoploid cells capable of differentiation into the desired
30  celltype.



[ 0027] "Drug screening"” refers to screening through nultiple (e.g., a
library of) 30 nolecules to identify one or nore nolecule with a

deS| red biwbogimaissef fect. The nol ecul es, sonetines reffa@f,gglzggdm4§.@4
"agents," can include, but are not limted to, small

2007/ 056 S2006 ¢ o] 311
nmol ecul e@aﬁsi #’J gre%f’ﬁﬁgég%?’ég% %éjlngelsc acﬁgk&%%%?@d% &9,?3? dlga

sugars, @emecelrbr pagéminscdhmpelafion. RGARE embbdimeyst thp etethosds umaphﬂwer ein
refers to the nunber and/or type of chronopsones present in a cell. 5

[ 0029] Aﬂet&ﬁiﬂg% Eﬁgf tﬁleolf at lé%ft §ﬁe§clir&n@soﬁi%|dr a&abﬁioncﬂﬁ’é}e(ﬁhﬁ téllsan theae
intoalimte er

pes, but canngt_ normal |
dedi f f er popilagion; andtsgpmtmmceléq wg a panloid on hynoploig ket ypy ﬁdbwttlﬁﬁst o | s

found. i n.bone marrow

cormi 1 ¢ neppis R @ DR Greditn ol polarditiom Bk A PR RES e G
cell's. [&Q281omd ohsdr@cmbme lot poréien tieeedf, libereiyrmaiptaming ergmarayéng the am i s
either totjpotent, or | uri pot ent ceJ l s .can

i 11 or entlbr@parpsoTEs) PeBH TR Rwedvipg B AR ERo SR o
pl acent aaﬁlﬁ.az, ?1'6%[1&&&@&1%&1&@1‘1 ng enbryo. Totipotent stemcells
can give ri | s ffound in_a devel opi ng organi sm including

the pl acEW%] mmm@ﬁﬂn@%m@éﬁw@&:@ﬁ SERAEIGFIPR G BFERTISE t he
thre ?ngreéceﬁcgelﬁ%t&a?@ﬁec%ggﬁlgﬁl@gfﬁe% interior gut lini ng)

mesoder m and ectoderm (e.g.,

epi der ma es and ,n rvo S S but to

tEei r detpé)&glz foR° 65‘33(0 fo(iké éngna]F ﬁ?ﬁraﬁﬁ%gtﬁ%qg %éélﬁq%&ﬁ atgéez?llﬁjn‘ﬁd

tissue, @ghn 1@.12 ypEmady toalifie@tithed Ihsmagabodlﬁaliﬁﬁ‘onﬁﬁﬁgmﬁﬂ ON
£

OF THE DRA 31] Figure 1 provides hs show n
per cent a@@a@fmgﬁ e with g @rlaid s @QPPV@%@Q é‘%%‘??ﬁ%ée

(46 chr ora it RIGAA o s Y e A B i S Pt |

si anij i ckaryotypowe tianspantsd ihfppopidividualel | s in the. early passage

popul ations, while | ate passage cells tend to show cl onal

hyperpl oi dies. 25 Figure 2 provides graphs showi ng the percentage of

chronmosone counts fromearly and age H9 BESC | ine. The

asterisk represent the expected Bbg“%ﬁﬁq&gf eupl oid cells (46

chronoso | nALBRI1REP R use Rt Bs dthidfardiaédnilg, Desargiewiation frgini dni exastt

proporti W?f @%/Eo I m% cells in the earl yg assage@_gj?pgl ations, V\/m | e
t or:

| at e passudfipleed the hapdeid mpmbens ghromesemesipiiedipe sias pyspH eyl as
F10usgs Rrdohbhis: ygﬁtaﬁ?rﬁtlfkﬁlsE 65 b3l1s¥holH S Aol v GUANGat least

différen i on re growmn on PA6 cells to induce
neur onal pait 6f the aamiloidtgenume, Cel the prasemce of ere thee 2 copleswidneor mgre hout

ot or m nBHORRERE/ PR e Bet s of ot R SGPEcRRHES B Wfdaereot

neur onal w@iﬁl’d"lﬁrcohsiﬁéked fmiegploRl. A &ha it iseimetimeotset] teddsorin arshiplbidy is

cel I s induces aneupl| oi dy, specificall I0|d
denonst r SAMSYSORAT WHigh & GI‘F?FE} é‘“df F%WS%I% ?‘fof %‘P[‘X]ldj? educes
neur ggal «gdi S R RlobALisANaNRES Hérbﬁ' refers to the presence of at least three different

karyotypes in the cell population, at least two of which are different aneuploid states. In

some embodiments, there will be 4, 5, 6, 7, 8, 9, 10 or more different karyotypes in a cell
population
[0027] “"Drug screening" refers to screening through multiple (e.g., a library of)

30  molecules to identify one or more molecule with a desired biological effect. The

molecules, sometimes referred to. as "agents," can include, but are not limited to, small



DETAI LED DESCRI'PTI ON OF THE NVENTI ON | ntroducti on [0033] The present”
invention relates to the surprising discovery that aneuploid 10

nosai ci smwhays sl € in normal Iy occurring and devel op¢fes®bddiis7o4
cells. Stemcell researchers to date have believed that aneupl oi dy

was necessarily,an abnarmal it t . i .qdise i n
t ranspl aEHtY 5%138&659#1@Pgaﬂ%1r%%%{t}??8t&@3§g§qbtﬁgi§§§l}ﬁ\éﬁra?§g’tﬂeﬁ{é% bds of
st em cel lipids eh@id, eRcafisinatinnthertafice enphasi ze the essenti al

i nportance of euploidy. See, e.g., U S. Patent No 6,200, 806. 15[ 0034]
In contr 6%;3 thek@gstig@*aslueéfcﬁ[&éiﬂfbf&ﬁ Y/ihe aEmBEAALS typebf Bebresdnng
aneupl oi sal c ryotypes in stemcell or progenitor cell

popul at i meeentimc qeilovi des for use and analysis of stemcells or
progenitor cells selected for a particul ar aneupl oi d npbsaic

kar yod y ppo2dinepphigenirs el isfers tofacel thabcdohiiffetiestiate intd & Bmited number of
karyotypes within a cell popul(% ion, As. explaine fur&]tlﬁgﬁr tgoerdei n
aneupl oi eelliseesi byt sarnod normafly dedigrentigle, g, gipm ¢ xRS 5
D o e brofABELAIN indRLER mAtRIMER] bs DORUALPRTuraHR B¢ 0N, b he

exact a mosal ¢ nmakeup of the stemcell popul ation affects
bot h t hecogmmittmepbtoqadusa ferarfally differrmtiptied rest apg ovhate blgpd celdy. |

popul ation, including the ability of the population to retain its
ability foo3eli f Aestenidetit es ised hersinlrtfierslte adell fhat Brithadbtipaisnpes. | n

t t tQ what h b d ib i ly f t [l th
Vel orsueRie FaRRoERATEoS tan GrigRns B kel g e i
a stem cgld RUM-AIHiOPlabehid & sBFdMs iR Eévilbpia kRBHD. Motipeteht stem cells

popul ations' phenotype including its physiol ogical properties and .
ability tan diveriseitoall opils found ip agsvelening exgpnigm, ingludingthepigeenhe present
i nvent i | ; ; oD HhajoMRSE R Wpeb N k@Ot Y pe
of a grgg’tugﬁ&%ﬁ%g%?&%% cgjgﬁ%io?ﬁhtg%b%‘gg}{g{#%ﬁglﬂlgp eter?‘l%r?ed t han has
been desrd. iedripr g lioing),ymesvarmde.gs musdle,done, béed).tand wetadermes-gbeen 30

descrj bed .before, resylts fro ul at i r.Yot-ypi |

el ot | orpdFnaL R mao Ut SRS By AR B P el e
hypopl oi ghtkaiay &g/ @Sy mapaey feas platiil tisshkyorather seliiybbs dfigpiefined dy wer e
either ignored or actively discarded. Al so, the present WO

2007/ 056BFRBYT/ US2006/ 043794 invention allows for sel ecting

particul ar aneuploidies (e.g., hyperploid at a certain chronosone
and/ or euploid or hyoploid at other chronpbsones). [0035] Exanples of

di fferent karyotypes 'ﬁkﬁ%ﬁﬁé%ﬁ@ﬁlfbﬂ%ﬁﬁ@ﬁﬁﬂ%@t are not

limted to, at |east one C a normal conpl ement of chronobsones
(e. 020 i [ooBLjmaRnrd] paivides phpiaZhowing sepectentage sHchrsmosneaunts from

"aut osones! plys two s G nosones). present Wwth at.least one
aneupl oi E{"ﬂ@eﬂnfil.fatf’ Hasiﬁﬁ:ﬁeé’{ 'S‘ﬁ,geﬁ'nf%ﬁ?s%@gﬁpbﬁsﬁlt%esaﬁpgﬁﬁ%?ﬁﬂqé% ogn, t here
may be agyadil eblYs @b cRiokio8srBeY) ke ¥@bN PRstel thatdothi 1n@h ehqwopsibaitican. For
exanple, a cell population can include sonme cells that are h gq?pl oi d
for part Peporion o6 hypepiud esllsin the catly PAFEAES PRPWREPTS: While latgnassaghcillS oy o

hypopl oi -3 different chronpbsone. 10 In sone
e?/rgogi ne%?é?g%h%?e%l?ﬂggg%ﬂ?{%% can include sone cells that are
hypoploid. for, part, or all ,of.a particul ar.chr S t I'ls
ht 28 eFigyi BPtice® baphsstpiving AEf e e o PRt BrfA sl Agh i
sone enmbpgi pRais HOHESE linp.oPhd Aterislorepaserit tigd exgectadpositivalof sugilbidicels e

hyperploid for part or all of particul.ar chronpsome and ot.her.cells
that  ar o(46EmpeomesHs e grab. dothibet oah LincsishewadHan i ToRGHE of

hypoploid cells in the early passage populations, while late passage cells tend to show

clonal hyperploidies.

30 [0032] Figures 3-4 illustrate the effects of hyperploidy on neuronal differentiation.

Mammalian ESCs were grown on PAS6 cells to induce neuronal differentiation. Cells



15[ 0036] In some €nbodi ments, at |east sone cells in a cell
popul ati on have a net hypopl oi d nosai ¢ karyotype. A "net hypopl oid

nmosai ¢ karyetypasedzef ers to a cel |l popul ati on whose cel bsr/86806/043794
predom nantly (e.g., greater than 50, 60, 70, 80, 90, 95 or 99%

h loid | t f
enboa nettpis S e IR S PURERRATRSs B REbsted ARGy, Chrotfioe | .,
chr onos op@mts were tdtedmieetbandi paesile 5dist2e weyepirekd aind stained $orithe hdueonal

| at i .h lQid in_djff t (e. deast 1, 2, 3, 4, 5
D P o ) mekebirl e gronpe? et bdregmen ot s 0 ERE anebpPey bt are
hypopl oi g @aifeHyRiploie)) PIERRAIRSAERURI ¢h@] BRI hyBYRRAG) 0i d for

ot her chronosories or portions thereof. |t is understood that while

t he c®l | sigoificandlyireducesneurepabdifferentiationtppisaBtloi d kar yot ype, the

popul ati on can contain euploid and hyperploid cells, albeit as a
mnority of cells. 25[0037] In sone enbodi nents, at |east sone cells
in a cell population v i i type. A "net
hyper pl oi d npsai ¢ kﬁi’%ﬁé‘gﬂﬁ@%wmﬁ@ on whose cells
are predpm nanginpdu@gsh . 9reater than 50, 60, 70, 80, 90, 95 or 999
hyperploid in one or nore chronosones or parts thereof. In sone

enbodi ne a | QL : . ] narticul ar
R e e L o

popul@t i ppsHAsien playea pdleirtndrmally béearringtand dewrloping stbraastls. 5te@ celB, 4, 5
or nore) chrqQnosones.or rts. thereof...In sone cases, .cells. that are
hyper pl ofeeagersda Hg@ihﬁviﬁ%&%%ﬁ@ewfé‘d%ﬂﬂf B?cﬁssgﬂﬁ'l%lrabﬁ%b PoTE £ or
ot her chiRERELIFESR avBided Birtus@BStrinbgiheaon drbthes thefgentid wed Tnbedd, whi | e
the cell population can have a "net" hyperploid karyotype,. the

popul at i ehTeshmebats of stere ogll isplatiemandayiustare capliasize the degntishs o
mnority. . ﬁ?}]@ he cell population is
made up ﬁgoﬁéxﬁgu%@%%?ge%,%g,g?@ yp?&ﬂg’??j@g%% hypetploid cells
and/ cells that contain both hypoploi.d an [ ploi.d ones
or p2$ ts ﬁi"ﬁ@} eg’f qon%ﬁgeﬁﬁﬁﬁrg%m 6‘?"%&?@”?‘5@?5 13%]6(2%&8 ] &é)et%'n(l:l ] %ﬂ%‘?g’?ﬁ has
t hree coORiogsic Riryétypdsan stembeelldt bragenitor bell sdputdtionsmriprevides fooueyandne
copy of at least a part of a .secaopnd chr sone, 1n et a&ot her ’
exanpl e, sl STl Stomsesals OE BIoge{ok celffe et B FaTieEIen ARUBIRGPRSAL
chronos OEEJgotS;ﬁél NShRGRid Ridsackth BISR thd Wey-BLASE M kakyorIRs Wwahin Scells ef ul

y

for any type of stem or Ero enitor cells. Exenplary types of stem
cel | s i npbudasionnis pplaine erkqTrin apenploddiosaieipa s dpetaot ahnammaldnyt s

(r:rgzn'gﬁ ST {n?- ﬁ@,{% é)%l’glgﬁleﬂtlf Rrgﬂttrgzcg nJrﬁﬁLéféHm B&1 ﬁ%ﬁﬁﬁoﬁé? Gy AL YRPEk ot

em ce In the present 1 nvention 1'nclude human
adul t st emsupkid momitimbkeupf drtstepoosllpoptletioc&ifdess, botk thgeanatype andichs

i nclude all .qf the man rogenitor. cell 1t S .1 resent i ving
or gan < maest e A b ger Hopt Blior fstuctE sl RoPIeRe Rpulloflud L'
(bl 0od) , réigh wousiliEMS UeRBrediataiin iHultipia AEYeRan celLBEs. da cohtragto wis hise,
bone, cartil age, connectjive tissue, cornea, hair, M | iver

i nt est i nbeengdgaeribedpreviguglyder stem gells; (e nysRigH h%{%ﬁ PEMsalGPE

[0049F | BieRPUPIRYR0MSTRRLS o RANCAob A ticHons, HRAPAARE d ogit e
cell s"are 1sol at 0 by selection of aneuploidies associated with
cancer phepiatippgpheRiype inelutling ds physidegital prapgaies andabiliyieg fwstiekni ng

with the goal.,of identdfyi Decif | .y e hi i Kill
the canc@ ?lg’ ARSI 4@%@%@3%@5@1&2%&8 &elﬁ)?tlvlé%eg Egki%fri%n be
sorted sy A" Wae &aryesHeof a winirhbes afi calls ian popal ed,

t her eby aﬂ?gff/y\nb%g the&?jéﬂnjaei ni n,gzgel I.?’dtr? t he gop.ul at 05? to l%gl Ulieed in
trgnspl aRetErry g;fl has bfgnﬂfgﬁ ¢ PrEEn %Mgref’ﬂ 8 ]}1508}1;%20 _F?gw%:t At &P s
an o] i NP0R § foriaelection.ofCell-
Thonggngg?écgtgé;d Sci e’ﬁfggﬂng 111%;%1- (159 ;}rﬁgggng?, et aL, St e?rIPOeI |'s

and Devebpopativns whpagiculap goaploidies (6€-» Aypopdaid Kamietypes Wegfeas periously
cells with hypoploidy were either ignored or actively discarded. Also, the present




[0042] In contrast td previous descriptions of stemcells, the
i nventors have di scovered that there is not necessarily clonal

expansi on b BREEH i ¢ aneupl oi dy. Therefore, a | argerp@p®RbsRkros
cells are analyzed for their karyotype so that a distribution of

karyot ypes can be_det.erm ned. Typically this % i S will. involve
anal ysi s/SFHRSREP %f?ﬁ@%paﬁﬁpﬁygﬁu%li{?fa(ﬁ'gf? C 1?Sﬁiya%aar(fgt’lltz;;}rzled
previ ousiptoRyscitcdide bhplbid w8 ayeeii st ofhiaseonadsosiks)l | in the art will
appreciate that a significant nunber of cells should be individually

| caryot i ) : QR t i he

i ot 11 bl o Ryl e Rl i fbcA oA nARa b ALl 17,

whi ch calimited to, dideast engdetlivdthamoroil/qeyplendnh pHehreraosoaies (a8, dpmassi on.
Th f o | di t . t.h 30 , , 200,
300, B00bAECG PG GTUBPIOEIS AL AV RS PUE Rk Lo DR i 1y

kar yot y pedsdn@ withtaflehit She aftuplotdiied! ¢n Sddifidn, tikn meupibiddndsbierpeptlation,
karyotypes within the cell population. The nunber of cells anal ¥zfd
wi |1 det thersimey bhevariehi of dfferertdapiotprs ey SHgP YA e FEESXGMPL: a te

part | Ul Bt A it maf Gm EXRRIRE arclipfftbiddhr kR GH Qe Aol OCCUT'S

at a 1% trequency, It I's 15 necessary to determ ne the karyotype of
at | east clirftfypsamsandotier pelisfibatabd Jypeployl for paber Aoy 2 e chipppesone.

indiyidual cells i.n a,cel o) i_on. i :

ot hitis. Bt TRdanis R ebRER AT s o B RO Bl TR Begteid e

s u; fi _cideja;{u-t Ellwb@’r a plﬁid'uﬁid cMbthisedme fid cﬁh&r@gﬂb&hﬂ:care ]nm?moiésfmwlaéfana}ﬁ »
i ndi vi dual__ karyotype that_occurs w.th a frequency of, .e. 0 0. 1%
0. 001% 8 SEETTIFTOOBTER i P STBOUTNE e AR PSR S5t  pe
of 20al | yaphre$ R foRbdr oraill oflaSatticula@bhrbRBSSmehd: oWikr cOfs thit 29%) , of
the cells I1n a“cell population is determined. In general, the

| car yot ypymegoloid forpiiriarall of 2 diffgrent ghiomosemer i se det er mi ni ng
substantially all of the chronosonmes in the cell, rather than nerely
screghi NPl Thenpr @stedireentd, atinast speeedlls in z bellprpylatien bavedned nosone

portion. However, i.n_other ephodinents,. the pr nt, J_Avent | al so
al | ows fBYPO\(ﬁg%‘gﬂ?ﬁﬂ%\F% F gﬁ%&mg?ﬂgps%}ﬁ%&;@péorﬁge rsg raoc(r%tf)isorres of
a cell (poshlatio whbse deils are fRedciEAIBIE.QRRARE dm 50,000430, 30hH0,&5any type
of displ agﬂ may be used to present the data resul i ng from

t he
det ect i 0AY%) humpelni B QRe OB BFEArompRones PRPAISTRCTeRfy R %%Hn‘??‘ﬂﬁ@?tﬁfaul
to displ g;éf-(}srgfofﬁé WhilsSird akﬁc%)ﬂro%@p%@{ﬂﬁfq}ﬁ'&ﬁwfﬁfe. %Eﬂh@i embdiRheRYy,

visual ly ayl ng the y of "variation of nunber of different
chr o2®s ohmsopbeid pellstis thelpepeletionre hiypopleié indifferepidet. 4t Jeast. 1. 23, 305 or
exanpl e of such a histoar i i I i = 200 I es
75" apfiegd) Erbatoaniy SR letof SRR nct belly B S pipcplofoccliin®s
chr onos o RS mioBorA&ECHe aupidiy zediodelpkrpldild ferwérer claomosenaietr gbitods theegoiisi s

of the nunber_ of each di.fferent c DS 0 i n,each cell,.can.al s@ be
et ef i nds SndsaRiond kit G nepARaTL 8 Tese it rrerield Effbrfres '
can be uggshihiondah e6itaia REMBIIQInE hPeBlotd I, alfRityo b Yilhoidly ofbtellse

performed to determ ne chronobsone nunber, chronosone identity and/ or

chro o] Lnt i i i e of a
chr oRo L B e b A o g
evi dence hpaploimbniy newiypdi gy et eypeiploid mdsaie kefyotypelaiedyeto a cell

transl ocati qn.events, cro events.that include.de |

transl oc@f’P‘gﬁ%",nW%@EF?I{Q%%?IG‘SW@}YC ﬁr’éﬁesa,“.ﬁ%%?éﬁs‘%og?g%;% 9asncil/r ot her

intra- 0@95/J)h?15er%bquﬁaﬁ@ai&hoﬁlclmadsbmas offfaftd flercofl Biowwmeendtodinnmiy, 3,

Fl uorescence_I'n Situ Hybridization (FI S%Ing%?hods a\r,\ﬁ_1 Uﬁed to

det er mi nenajerity REhe gelsEe BYpesrlpiddn ong RATIGHATICBEPEIOPEe-WE $ % own i n the

art gpd SEY L81s i Ron 128 h§PHrpIBith Ige@drb@ e DO at least

2005?@21%@%3&1%ﬁt%6§?(a%%ﬁ‘%&%ﬁ’log%a rrrtlet hods ‘are partirculrearglloy usef ul

for karydt 248, Ags nuinbieptleomhsoms oo pads theiredygh seme oasey, sellstbativer)s
hyperploid for certain chromosomes are euploid and/or hypoploid for other chromosomes




20 Sorting (FACS) is used to determ ne a karyotype for cells in a
cell popul ation. For exanple, DNA dyes (g.9., propidiumiodide,

et hi di um bwormalssddwechst 33342, 33258, DAN, etc.) can PeT/US®0k/i46794
| abel DNA in cells, and the cells can be then sorted based on the

quant i t Vo Qforfi@MRlrodtT O biiRrebeR el hiislemms &&%%o@vﬁl@ﬂdxﬁﬁﬁ have £4fetmat e of

overall quantity of chronosones based on content,  but does not

provi de Eypexileiddaryatiprsthe penvlatios oan cogtaim aupiid aed Bypoaloiderllsmiaaies a s

gained o erthel ess, flow cytonmetry using nonspecific DNA
dyes or %f%g‘?}? %ﬁ% are sufficient to disti ngui sh net hypopl oi d

Ils f | | t, t t
O dy eofU0pB st gl ap LBt onich B B pifon o
chr onps Olg%onﬁgﬂe iﬁild%@tpb@wi& 8élls addYbscella tiaCEort@h bod h lypopIsiatan@ hifireplbide

when used o hat are not actlvely di vi di ng ang thgr efore are

in int er ghemesonsy OTn@'QSeth?J‘ﬁQﬁoe‘Bl Qiiaﬁplf’é’ tie lasiaspesb ssersl dhat §ps ke cal 1 y
di st n?:%og?e!s%?g{ ﬁgstaggﬁt O§§ﬁf) %&??ﬂ@%ﬂ% &5t ReRbIR Jrycl ei c

aci ds

2007/ OSG@Z&H}E&W@&&/ Msas%oiﬁﬁwﬁlplﬁhatl leasheumepezils incthé eell yopatationi ent |
| ar ge scal i tional kar ing can al so be applied assumng a
suffi ci e‘?ﬂn agrrom&so%@'qag lg?fhg’ge anal yzed as di scussed above. Any

stain or o t| cal or biophysical technique that detects, chrgnosones

coul ¥ bel003Yd The presany BrveRionds usehl $57BY BRSO PIB AT STOERROTSEYS- ni ng of
chronos Oﬁge%négﬁ:wg%\% ﬁtem@ﬁs é&h&%ﬁﬁ%ﬁ& st%ﬁ?deﬂ? mmad‘artls&h{ éeu@l dtefit ai ns

is used aryotyping can"be perforned, e.g.,
| ynphocytedls cambe fomiaog yipeof alumah gldlabmhumml@né m%hm@mm hhas,

G ensa st ai n| t ng step
conpri se¥® IW’?S Séghtb%@ pgﬁ%{l H‘Vﬁl&%‘?’i nqﬁu rﬁ%is)n?ar?g% gﬁgfg %ﬁ%%ﬁ’l

opt fmal éﬂﬂlaﬂyﬂmeg{éhi dbiﬂél Bﬁ&gﬁmﬁohcdllhl&ld cﬂﬁde&t?l&)fﬂ:ﬁ‘ldalirgﬁpm@mﬂom typesh )
singl e nucl eotide pol ymor phi sm.data an n v proaches
usi n f I%?%W“P%@éaﬁﬁrgdpﬂ@@m&é gmétﬁﬁt%lfl?ag%é’\fg ?f°?‘§ entify
the pl oi @yoddh, detvéh olicB phifor&hs, cakBals Nals, Atisc, bone) Natil@sct

23: 5599- 606 (2003)) [(50 Si'nce genes are ex ressed from

chr onps osrmsective tigsde} C%éeapb@fs skindiven ntgeRe; v &b heeastotiproidsemisbupl oi dy
based on, ghﬂ)% &@IF{ ,tative or qualitative expression of detectable
gene prodtcts ow ng a surrogate or correlative marker for

aneupl oi e 1 This tec ue.can

st andar d%é{’]l g’(ﬁ"f‘? Bﬂ“érs(h iy wiseag St{c Stgﬁnlc(?&? ae'ilﬁtl)o e
neangy of by sfdttibh ¥ Muﬂbﬁiésrasgocﬂ‘afwmﬂmanm Hglobypdy.. SucBQEM ark Iﬁsesf@lrre
enbodi nents, the invention t]?row des_ .for nethods of sart

separ at i WEgeE T dugsereping with fheLoglaf) ld%BGP%@li“Sﬁth(“égpﬁmjic@E’éﬂ]i“éﬁ @F or
progeni t g nl:ajn\%%r slbegé 1sOAIeRRfivel aarsi’é?ﬁ YdlEpop mﬁ&@&m HeabottSd Wich hat

eupl oi d or ypopl o aryotype are sel ected away 20 (or otherw se
separ at ekt;rydtvpﬁﬂaswlciased\mﬂwaacﬂiyl}:ﬁeﬂxpludbﬁ theaebyllpping theremsiring cells in

enbodi nmept ells _se pLoidy (e.g., loss of at |east
one chro%gg?}glationotrO%pglF%lﬁgmnﬁ% %Bg’rr%@l) may al so be hyperpl oi d at
anot her chr onosorne, or ort on there wever, the s ction and
cort g 0 Tortiden Brisaisfng semcell mirasof sl are oy oyt e
exanpl e, 4 &hEIS IR iﬂﬂomg%hw&zn%aewzsz 1qa5J@9w)tbocﬁla§@p&zol5¢e;@cens
hyper pl oi d 25 kar ofgnge are selected away (or oOtherw se separat ed)

f rom cel &l Ripwefopaieny ot 3o (200RM LY et 4fp Eurientioloe e OR 1 S@PInerhmertr st
can i _ncI J?ﬁ%[%‘j@r&%xeﬂ?@tﬁﬁ%fﬁ k. %g@tﬁ]og the art, including but
sorting e

not Ilnl se so nmet hods are useful, for
exanple, for routine quality maintenance and quality control of stem
cell and progenitor 30 popul ations, especially where it is desirable
to renove potentially cancerous hyperploid cells. WO

2007/ 056572PCT/ US2006/ 043794



H . Uses of stein cells follow ng selection [0051] The present
i nvention provides for nethods of culturing, grow ng and/or selecting

stem cel | syghofiReeni tor cells or otherw se using stem gfrPERRGIEHQ"
cells, wherein the nethods include a step of nonitoring and

optional |y mai Qtai ning a particul ar 5Saneupl oi d nosaic. Selection of a
particuldr an fffﬁf'ff‘%’b?@?"é‘?”"fs‘é‘.a,sma particul ar distribution of
karyotypes within a cell population, all owsedisor their optinal use in

al |~ assalp842lprigcentitg o prHoBTRreirinas ok sr oflSethe iBivniow haye giscovered
Progent t ks i ishot E&ﬁﬂw&mﬁqaﬁm bfSa ﬂa%igl: 'aﬂe%gag%}t. OTncEdiBim £ ke OF

progeni tor cells use or” transpl antati1 on, produ bi ol ogi ca
agent s (mnhbeboficedls aresiniyae] foe theirkaryotype emthatia Hishibplion ofkseyntynsa can

t . 9., 10 .t hat .interf it h h |1
ol 1 or o dRsmBRAg s P e L ity ME Y EE ARgY ot O e ERHRRS R A e
ef fect, @Eﬂ%%ﬁk@c@l&@n@lﬁﬁ@fﬁ&i@@%}&tm e¢ibRyeatishetsn ethosesfalkilisin Mige/at
identified properties that allow agent det (iggl _ogi @gsaﬁe?a n&ﬁgfw .
agent s f Wil arrsiste bricatiguficant F‘i‘%‘%%_@fbeé]ﬁé]il‘&’t dppEatE kg ation,
vacci nat §, g, Whes g@%uléﬁo%%%tatﬂ{sﬁg@dﬁkéta& ﬂfe@iiitﬁbtﬁﬁ)‘ﬁ%fﬁl%ﬁ(b&é @s,, feat can

al | ow appropri at ntigen presentation or 15 pronotion/inhibition of
an i mmuntenewdqd nwezicYeenst ofyiieh wh inslusinactploidlpayityrs within the eddy  bot h

prognostic and di.agnostic r i ks 0 i cal
Cpeoiharksbofitn; FaApon nEai Aok BitaG 00N, 180 BEEAG, C
di sor der $00, bpoRs@nssE scllsiharceD pogilaion are indioginally karyaetgpddso lestatsdishaen
previously sel ected,to respond to distinct stjnuli. that_ can the

P eapond t45umia GrHaNIoBo ORGSRy SO PR OIS ol ROPUR R T B
or gani smdi afty2d 41 AeRAEME HRN BB dcttion o @R dBRHYrerRE of Mpattiyulard| ast i ¢
surgery, and/or production of gromh factors, anti-apoptotic or other

pr ot ei nskarydtpms Hor Framplerte detastakarsphme §iat apraitiAt3ilde Fseisney: 4df ect ed
wll,dep I ' ( C

ool nobeussi b B8RP Y o BRE BFhlbesk R ahd Alrd i Erably 13700, 500,
popul at i 500 amirhdre indindtiudhgeitsih aicell popsidation). |In sewerembadiogitsgthe siethods pf

desirable to 25 select and/ i nt ai . | at i . t
yper pl ot sEaRcotirse AREC Blrs R e RalgeiRP R of iy Bul®
Selngflt fltbdiefb&% tﬁEbes@itce o@aﬁﬁidividiﬂpltddr?dthfmhmiqcmramgtﬁequé@yfﬂ e.g. f

co lnatli on O arvyo es e. d. rans catlons_and o ure o

cel I's wi % ¥ @-P@i;"(o» %5‘%@3}‘%&-‘3&905@? geﬁS-?FW@memba@“%ﬁf@PﬁwB%? 8 .
[0053) The ogsibgégﬁ% all (4RE aPTcﬁﬁ@QPJD', 05 6 9WERbELER8IY 18 E ceRBofRationadi | y

det erm ned itoring the distribution of karyotypes in_ a cell

popul at i deterzminedi die generali thg kamotyping of dividnabeells vall sppasesietrinige or
ability wth ti [ 1 i this
orocess M GaBuB A i ookl Kife M ind s dflero I EUBRP KR o

i ncl ude pMRN2OCTIHRSOETRCATEOHMCRANGH CURTRDIome portioh Iawdven ipfther

karyotype distribution of.stem cell i dentifyi t kar wo i

di ffer enﬁ%g%ﬁ?%%ﬁﬁ%ﬂ?mf E’t"mﬁ\‘% agqofaflg\y%ﬂ){ ﬁg&eg%’r\n%gqq Ol}g%epn Tr\zg[%e% §§%‘,ﬁyand
t henyi degdnhd strdiHosdthe8 58 61BLei D2, 8f4,3, clandie elropltenatsype Wi th one of

t he karyotype distributions (e.g., stemcells with a net hypoploid
di stributq r ' iel+d i r j j i I

St ypes) . (180 F e 2nf Do ity ity 8 LRGPt Plrcl iy A28 &

t r eat mentetéation o aneagloil meseesthe dowaiors hens fouad i helpfalie dispiag sheyesidias e

they provide a ren e, seurce. .of ll.5..a I - form ng
st em cel Pshlfﬁﬂgr%r?@%%’}iw 'Eoélin te@eﬁegﬁgr}sg i@?g@ﬁg@%ﬁgﬂﬁgﬁg@%&?ﬂ are
i'i CEmTPnbf’IlldMﬁof diﬂ?%eﬁf clia'blﬁ.ﬂﬁoﬁ&b lbr pdr@@h?e_rfd’fgvigllthi themg]!l popudiaidnt Ant r eat
eukeni a, |ynphoma 10 and several inherite 0 i sorders. However,
HSCs 3@nd e¥nuknde ofsiglip Bisfqesam i Asp ﬁ%}ﬂ%&gﬁq E-Zpﬁﬁwgﬁ ﬁ?%}SPf% ing
many ot NeL, flSaaF6Rs oft (RUBRE Audler 'E)F&Q&Eéso%\é% SiHeRAVRL celatiokeVdal n

adult stem<cell types have the ability to differentiate into multiple
a more detailed analysis of the number of each different chromosome in each cell can

also be determined.
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(neurons, oligodendrocytes, and astrocytes) (Hao et al., H.
Hematother. Stein Cell Res. 1512:23-32 (2003);.Zhao et al., Proc.
Nat| . Acadw03007/05633A 100: 2426-2431 (2003); Bonilla et BCT/PR006/043794
New osci . 15: 575-582 (2002)), skeletal nmuscle cells (Ferrari et al.,

Sci ence A4 1238 mkiRA abHBBH) to ok 554Kl ingthe ak can Béaised & dkebt adAPloRD4
(1999)), cardiac_nuscle cells (Jackson et al., J. din. Invest 107:
1395- 140moggigen) Karehming g be parpraed jo delermingshromosomgpumbes g 6:

1229- 123611:81%@ e idgﬁ%iti %gﬁélc Vol liﬁté%&ﬁncﬁ%m&eﬂe hﬁegmfréf%r@?{) e Nt

of any kin organi probl emincluding, but not INmted to,
devel opneatealf adhomodensas heifgiotacos yodd de damdmopaally) sestoavingeridineal

or chemcal injury. including those due i need
Co besr et it i potybfea bio B ERRRSTECrbRh R BonliEleho WS URR, 002
i ncl ude GRRHIE Ableiis)iArSloSMEdne, ThiefidD), dnijlifichticms, inverkionk, agd anyj afidres t o
the brain, spinal cord, or, tissue surrounding 25 the CNS injuries to

the peri pier of infgeelrgmesoal pBFA®NS) | or injuries to any other part of
the body. Such trauma may be caused by accident, or may be a nornal
or abnor [EM5pulcone afbodimentt, Ehiorgseance fufitt Byleidization (FI§H) pethods are

angi opl ast y. e tra may _be.rel a i f a
b1 Sod veddito dpgriing RS bpR S bl R hOBal P bl Epioy BE e R o0
enbogp meaisiibédie, €g] US. Maynifebliseidn No. 200502048405 Mnltiphkx SHIH (uieRISH)
ti ssue 30 repl acenent. oQr reﬂﬁener ation the¥ta ies or r?iﬁcol

i ncl udi ngethods 2w perticylaly sepfflJor FazyatyRing myHPLEFELpse Xy M-

def ect s, g felhBESinb BB spectbPGirMtysiRg (B0OY PaéBoLs. NSKVSAMihdmRARy anes,
t ynpani ¢ nenbranes, intestinal inin neurologlcal structures

(6.0, 1 deseribed inuetes Stiyodkduncons Seiencn 42 A USEmpormeie MEAeb
neur ons i, Al R%!Niok). 2R kB &/ 9). NBIEDLBNG. A8 1007 ARSI o} agumat i C

injuries of tHe I reconstruction t'her anmaged or
di seas ed Har.gauis binl. 108 §466)9299-30% (199D s SKymbibodhiavalve wysed infulliple

conditions and di sorders.includin but not . Limted tq, j.al

i nfarcti ,Omé‘gp%rﬂ%é’r%?% iarbagﬁ Wl&‘u‘iaﬁp'ﬂﬁ fgu°§%5f%1; h)alsblgig w0 slfarug kgl?%&%g}%és

hypot ens g de@akblic dbeR thegby allGeRg Msessmienf dndideatifioationagen estirat ed | 0ss
of cognitive 5 function, radiati on damge, cerebral pal sy,

neur odegEHEMARIMGCORMNERIE. Al zhei ner' s di sease, Parkinson's di sease,
Lei gh di sease, AIDS denmentia, nenory |oss, anmyotrophic |ateral

scl er osi $0046)_S)n sanscisehvidiments) Slowdiytoeaetey sughr asi Fuayescpsterdgtivaist el aum,

h = | b ql eti ' L@, : i i nb
rrofd opchEsEeu e R MRk s RBlpbBE R ok el BAbd AL Wy | 2000
storage exa@AsONAVIpai(BYL, @'mj:iicﬁmnli?(diddg Ie&zidiﬁrmbgdrlhli_rda,riémﬂ'chst ﬁ%@ﬂ‘, 33258, I
d - P \ , et Qnur 1), r ryas, .napl e
Syrup. ur PRI e SRangdHA DA et feyelehie R ed BReq i Ot
gr anul ongiy tﬁyspﬁ%@ﬂ #0gh thy 698 | THMnethod pbvRRS s edlinfesFoverinueidtity
tunmors or ot her” pathol ogical or neoplastic condjtions., 0056$ %()em
cells paﬁdeQmM$§7a§?éﬁPQhﬁA&ﬁnt§B$0@EH.BWOHH@IV@E’@P ‘Hm%‘%EPB 0 ghout
bi ol ogi Caly afdr Shrohdséile %{gﬂgﬁ? oﬂiﬁﬁtf. INfvEfihelds, Abv @ﬁ&m&iﬁ’ﬁgﬁlﬁ)ﬁtﬁﬁs' on

of a“desired gene(s) 1n a pa e construction ‘and expressi on of
convent i epmificriB¥Andyesartthen ablelsiace suffident éx distinguish ngbhypoRleideells fromhe

art and ingludes.thqose,techpi gues .contain i a

Vol eoul aPAGPBABRIA AT ABGH ATbRR € A7t AL s ORI flanls ot
Spring Hgfqtsgéciﬁﬁﬁﬂﬁgh@fcwla?&&smsoﬁmdanh also be usedadihth lgmtxmth;od 0 dnimynobte
contained _in a biological _vector such as_viJuses n acteri,a

pr ef er abeifeqtiye arhgg HS%QPWSB%WP@IB POtﬁ?@in%Vééﬂ%ﬁP@rtﬁgFé%?rg R DR/ ng
at t egyat i RARTLRbLGe-L 8,32 h@Sical fof tSteblkethBdahisel es.
[005??I ngeér{?&;é?%iggmaci d %tclf@eo?ﬁg(g’ bi ol 05? %‘;ﬁs%lgct ore may be introduced

i nt o t hebewtiag, pghanpentide nudeigerids (thed haysa prtdobakbon®i$h conpri ses

excising cells or tissues froma patient introducing the nucleic acid
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25 and reinplanting the cells or “tissues into the patient (see, for
exanple, Knoell et aL, Am .1 Health Syst. Pharm 55: 899-904 (1998);
Rayrmon et @laof@ss7Neur ol . 144: 82-91 (1997); Culver etpapysithiRssfegne
Ther. 1: 399-410 (1990); Kasid et al., Proc. Natt Acad. Set U S. A

87: 473- (1 The |d ve [ may
be intr o@ég@d ﬁﬁ?% ‘Bﬁm@eﬁi?ﬁg a{gegg{]%gac})%naf %@g caﬁlﬁ% %‘.I um
phosphat 8 hatiRehg3sufaas heabér@d céthgh Bé aﬁly@ﬂ as tﬁed:dsseﬂélabm?a 5Any
(1978); rsaro_and Pearson, Somati_c ggnetl cs 7. 98 i(’Fﬁl‘illng

G aham afteinyaAptirel opophysical terhyiags tay amesomss feld PREREH A o5 £ or
i nt roducy e T/other

el ect ropjo ttP%ﬁé kgl?ﬁn%elnéri]hb\g? %@Eétﬂe@%aﬁuﬁﬁéﬁcg% dgﬁglefﬁgg?;)ﬂ’ . al so
be us®d. ﬂudﬂ&cﬁﬂ&?dﬁﬁ&?@%ﬂdmwwsTmﬂﬂi@@ﬂwf’m@n&éﬁﬂlseR?F ormped,

i nvention CO- st er

ot her ceff- p%bggp 0638%\39% 1(130 % usgl%ﬂabortu D %etﬁﬁa%era%% s may
be det er ghingg (Bybabhiage 1afko@e émB@ctxMeﬁtk,l thé detfctmb etep compri€ SGbleGpaché i c
types of stemcells can be identjified u |ng nask peci fic for
a 5 desi mmplifgagan of singlefslisaping b PPI?‘@P H&;’zﬂaﬁ‘gnw Jg%‘gaﬁﬁyﬁ(ers

met abol I g, g ds ed%m%}gl&ﬁtc!éaﬁdyﬁdlf%@msﬁf&\ﬁ dfraglsOnBvivo

transcrlptlon actors, tor exa eci fic enbadi nents, specific

cel | 1masmeacacmsam@r@p@m tagh Dhotb@FrIﬂ@tb s#an glse be wd& &Wféféﬂth%zﬂmé&
mar ker s ”ﬁ}( be§;9§t %ﬁs, @\dﬁ u”i?atl htoa‘i'sJ]@gB;Vé@cz'ihH@? o%ﬁﬁh as by

i munoch® ow cyto ry a ows the rapid
measurenent of |ight scatter a 0 .fl uoresce en ss ced by
Sui t abl y [Q0BLSEAsE genes ars eépﬁﬁsegim RFUOSORRE ILRH & TgpS h@q? RieRed
produce g4 G0RkSs whﬁﬁuﬂbﬂy bRGISnithsinshidald of dubkiatieexprdssianodf | i ght.

Each particle or cell is neasured separatel){ and t he out put
r epr esenteieaaine bensi N@dﬁcﬁdﬂlﬁi‘fﬂ%# 5 ieof PPEClativR rné?élf%f?rs%nﬁﬂ@mdy to be

Ant i bodi 68 ;SREG tE (fug cih Geeéo%iﬁ?%’ akith aﬁeceil%gﬁin%qlec%@lbg@s (e g ,

fl uorochrone "so t et ect | ow cyt onet

[ 0060] AFAKIS) teeadlosr anoﬂanmems@g nﬂen‘e@mgﬂmttnot f@aneofﬁnﬁmﬂ@nd@ or rmr e
suitable cell markers. In specific enbodinents, for human enbryonic
stem cel LX 9P Uild sdahLeniBydkBeiss, ltH&ih%ﬁﬁo@Mﬂeifb@\-rﬂeﬂ&ﬁs ol fottirlg &1,

SSEA- 4 enplary cell markers for henatopoietic stem.cell ude
CD34+, Seepamaiing different cellidn e cell papulaiien (¢-&r SFRAPY/PEPTORHHIF Fr%f?? basf’ e

k 1
T e ﬁtn%g%ﬁr wff \gﬁeréé?w&h%%%tehﬁloﬁi&rﬁyﬁ@l& akaiwt;%b bR SRRkl @way

hémat opoli etic stem cel e CD34+ or CD34-,

CD3820) CO8®therwise Bcnanatedmymlcﬂis with ﬁm'pergloubkaémﬁwdn syRe eRBediments,
Exenpl 33+, BIML
e VTS g 8RR Gk e Wit e p

:»'U

rac stemcells
i ncl ude shlemoﬁﬁhd: 1pmky gwbeﬂhypéﬁdldiﬂ af) ano@EB{retpsoBradr-portion thereof.

conmbi nation thereof, for e nal S i.n ude
o "o Haweven pndctonpa soting il oY o iRicnt BRGEsTe. T
exanpl e. JRKeRxahEIR) GRbhosBReKg! Alttiativully ckity with ﬂeﬂﬂmd[o@ﬁﬁis}plbﬂ sorre
enbodi nents, stemcells are Screened for arti %‘H‘gii‘ gneu q1 I
cu ar

nosaié (ka:arotypmeﬁ@leyts@ awps(or phgrvissyeragted biiem €
aneupl 0| m&g@ﬂ LCc is present (or optionally selected for a particular
nosai c) an en transpl anted into an ani mal (e.g., a human or other

). TSR b e P S e = oo

cell's, nenphatiss burwselgitedio] BAcseoIﬁhgeThssebdrtmymﬂmds apusefalafdry prior
to transpl antation. This E ocess can ns re

di f f er enekaEPlBORIRYting GRali é}PFePVlcéra% )\ t"a ?f%?%g‘gi e RRrRLer
st emqgel hﬁgulaty@ 2%?&!1 e%l?gﬂ deSi295(Q8R 6 it HAGHY cdrider®Q§Byperploid

enboa stribution of karyotypes is determ ned before,
after andélts: during propagation of the cells. In these enbodi nents,
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5 propagation and after storage is Used to confirm and/or select cell
popul ations that retain a desired aneuploid nosaic that is associated
with a desypedyRBReRAet ype (e.g., the ability to differenpipieobdisernd
desired cell type). Propagation can include 1, 2, 5, 10, 50 or nore
cycl es of,,cell divi.Sjon, TE eve forns of aneupl oid npsaicism
can be I{'er ed W"ééﬁ"n"égs oﬁlgi/‘\%'ﬁsjglggpéﬁlti ons that can be optim zed for

a desired cell type and desired,10 _outc . [ 0063] As descrjbed in
the exaniP2d, Tharesenbinvetion PROYI4rS 3K etﬁq@pﬁ e 13W%%d§rcell

popul at i R GaNah| el (gtgfroé;eﬂﬁ&tdeﬁﬁ théisefusing MenP@Rpb @bitensllg,hat  do

or do not retain the ability to differentiate., Those of skill in the
art can vhdieindthmethadrindde hitep of meniivaing andoptivanlly mpinkaiing p pPyenlar

diff t | ) | & | j L i . Lot rbut i t
TssorbentpiiongRaRlh Selidh o ol B aBlod BOKEE X BEpBtbhtbl) ) O00 1O
i nduce pgistibfiemadfikaryotfpewithinel dell poynitatan; diowsrfof ek oplimbll use toathar ed
t d |1 | ati it di ff t Kk t i.stribution.
Wt hout PSR TRaceCbRR Ry EPREPRe e i6? S CH Tt AP RO of e edide o
one exanpl @ nd 1bdifed bo, SteRR N8 bt @g&&tb@ééu@ Risdd B triiRpladtatied, pRydaciakoi d

nmosai ¢ karyotype associated wth the ability to differentiate into
desi red lelokicalapents famiibadiss 6HNAS; elem wrening dorpbmacentinal 1558k (s a

net per i i MOf Y i e ‘4 A to
i 1L rippisplts HRSRlsfrle b3 ! Sl il SUMBRNRY L nst
li brary afccaggfostogmsahd/onthejasifet, iolecting We-defonsergonts gihereby defireds such

as antibodi es, si nucl ei. c i ds epti.des, etc.. t hat
i nhi bi t GPEYEEHaYS ﬁyﬁzﬁ%@eﬁﬁ‘e&i@ 6@‘6’6 Pﬁgﬁlﬁpéﬁe"g‘é’ﬁ’ Séesé%lﬁ gjg‘tggggﬁ 8
st em cel {se@iRabeint, @6 deBerefidn tissub rédenphitn vaccimaticowhasiusgem or

popul ations, this is also a 25 way to identjf anti-carlljgaﬁr agents by
f ocusi ngpregenimecllsdevepropafies thigen ﬁ’é%ﬁ%?ﬁmﬁ%@h@%wﬁe Bhotel | .

Th : : toand of e t d
T
a

opl )
popul at i bath ptageessicyni diagnostip pagposas, ingjeding nerat P%Cpnﬁhqlﬁsicﬁl gpecimens,
mai ntai njng cel l.s w.th.t abl . I i : i I n an
21t er nat Rnof Baih isbREre Btk o Bt BRLARI o BSiiE iketey 1, 20
to dif f estemlor pogenitvr aelds 13 Hemi predowshi delerctep ¢ spponiddin distivitisgmali et

et 11 o SRR e RYR G Ul RGP AL E e Gty e

Si gnbd i CamMd-MoRd hesitdrNGeaBént fam@ﬁgl istic 6@kbrypaididrpéduntion of\Ebwth
2007/ 056572PCT/ US2006/ 043794 EXAMPLE [ 0064] “Chr onpsomal instability

pr oduc edfapiprss RutiARRRiOtsps SHST BYLEHS. human enbryonic stem cel |'s ( HESCs)
represents a potential problemfor their safe and efficacious
t her apeuf0io82jus €he Retieriad type dmyugilyipimpsaibsdeated will depenfbereibe sigmsy

cl assical cytogenetk 5 tegchni que re repo i a N '
det er m n@rog%lpém?ﬁ%g%’pﬁfmgbﬁl&pwgle %Pé%'efltﬁ’ lggsrc{reéln%l‘%-@§§ §ta th} é’? %)ﬂ%ﬁéed
pass ?9} _naallt Q@ul&ﬁ?ﬂl iwﬁtﬁ(i ﬁéﬁ]@@bproai mhﬁtcgé (I’layqnhel gzhbtﬁcﬁiﬁ‘dxl).ts,doisgdiefim?le\mbt h
guantificatiion of chronosgne gai.n ap 0SS, op.ear at e passage
M7 addl Herleqandor el 4 cAPopilEtion Wi eaet Wpermloid Rosaic of SePEr y HESC or
nuri ne Eégbéd?zrléﬁg,iiﬁ Wilbd &esitdole BN Oma/ g mangdin dicBlf poilatifhitl=SCs  has

produced simlar results (data 10 not shown). Early_ passage cells

exhi bi t epartiggayslovibiyation ofkarselypasde.gi translogetions and axjaidae ot cells yfith
exhi bited..priparily. g[am I ai ¢ aneupl oid and
eupl oi d ﬁ’ﬁ%{%‘ I r?péé@ cu r&%@ﬁﬁgygﬁng@g%u %e for their ability to

differentiate into neyrons, and hyperpl.oid.cells. showed si.gni.f i cant
reduct i ofP0Ps] dirg? Eﬂ&ﬁﬁﬁ%‘%’?%ﬁtﬁ%‘ﬂgéﬁﬂgﬁ?ﬂcfﬁ%’? © P%reia%@mq%?rgpn%ﬁ oy
physigl 0gjaRbrif0Rs BREBRAEES o far foRyEERLd AEtIFRpuRAGK MdIdehtifgiRg as UppPOT t
routine 15 nonitoring of ESCs Tor distinct forps of aneypl oidy.

| nt r oduc eésosiatiqnogfesiesirskphenotsprionabilitEwith pipadisuler kargehyRy EsPulrlls &4t ch

example of this process is described in the Examples. The steps in the Examples include

13



20 SKY was used to exam ne chronosonal “conpl ement and organi zati on,
conbi ned with extensive quantification of chronosone gain and | oss.

Rat her t hawoiemissd7yi ng and reporting only represent ati Per0§2006/043794
conserved fornms of aneuploid cells as is currently used for classical

cyt ogen_efdgﬁt ﬁotgﬁslpgg%%otﬁgoé c%iﬁﬁ&ﬁmn%%ﬁn%luﬁ REAGE/iSPRRALS WRIE

quantifie W r e nunber of |ost or gai ned chi onpbsones,
and t heséiffesinoebetaean ab leasiiwg dbfergniaisin esdllpopulations, andgher identifyi@gen t he

observed aneupl oi.di.es e 1 ned ' : il

aneupl of teairaG 2 o netre B A PR oo BRIERR SRS [
such as paldrahS: ndk BRPloidigistibaton i dn sbikity td-HifErdntimesnto aasisd @ell a
range of aneupl oidies that include hyperploidy as well as previously
undoctime¥Pes f or ns of hypopl oi dy. 30 WO 2007/ 056572PCT/ US2006/ 043794
Resul ts: HESCs show random chronosone gain and | oss [0067] Prior
studi es [0954ly Steaseils hivecgpined eomeiderabldinterest eaporeatment Hom mpEgichseases,

essential |l y.eupl oi.d. at...].o assages _(Tho ; i t

al ., 2006?‘%&5}053 @Pdg‘lsg%‘g%?s%egﬁﬁﬁ ; ylﬁfcgfb&;er eﬁ%ﬁ%k &%gﬁ%&%oaglﬁéﬂ? st'ug?'

al ., ZOOB)ood%ﬁﬁﬂb %ht)tm detiepeiona Atron] daﬂaijmtopeimdctﬁm ¢eﬁam?6$)me 60
passages, Hl subclones Hl.1A and Hl.1B acquir r sonal. changes
char act ePPEBanlyHesd pgef sigm E)?}laég$(ﬁs gp °‘é‘ﬁ?“gﬁﬂ§egﬂ€%f§ﬁ8 ey, IBPQH et
al ., 120048 sevd@ HRHBEIHIDE SBSIEINERHEA] MSCOind dthér sBReeHls dbek genot ype
after prol onged passaging, the H7 and 119 cell lines were grown as

pr evi ous tensifiesble dotatidDontreating anly othen discagesd Y MHARET O FPAFIR BAVES t er

di fferent cul x i - : : %ﬁﬁﬁg S,
117 cell %ugéﬁ%%\%%%gcgﬁ%ﬁ%g &?z ﬁtrglgn(%}sfgﬁs %a@%e% ) 'gdngllé%%eglrﬁ? é\;\? tt8 pr e%i ous
reports. cdhigpemjFor etanpdé, htielopgoiktit sempasiisagey differepBate siglbraim cells

characterized by, h rpl oi dy,of specific chr 0 i

cl onal efPﬁHWé‘F’c%‘gB‘?e%aﬁ}éﬁtﬁf’&%/‘ﬁ a%cﬁ@g)i (Iﬁfa?/ it B?OET%WH% A)S'%gg ?Ze{’ IRg‘gwe re
eupl 5 d f9lJ3035 @O0 UBKMol L AtroB N Fidekd. Scil IS4 AD0:428 82435 (2083 § Boeilla
119 showed gain of chr 12 in 75%of cells. . %%OGﬁggp GO rjson,
over 75, Bar. VyNgesadd: 0782 @RUAhgkdetrlgpussla s¢ §a§"‘g'f3s5'c<ﬁm
numeri ca )b o4 0| : i t30af Laddsegs was
aneupl oi g#yéﬁ%@g?jsﬁlggggig gsgfﬂ)eetfx ir!_’omﬁrﬁlt{[%é%?g% 39&3%2?%)’ ?f%gﬁcgllh% s hy
consi st i nglsfackimmienahtt ¢linflnbeshdpy:oidd5-dé02 @Oﬂﬁ&tmﬁg‘ﬁ@ ¢eds (leAgessegs| y

cl onal (Fjgur.e . S suggested that 20 distinct forns of -
chrormsoﬁé’lgw‘ft'r{g%%gl‘ Iﬁggliggu?ﬂc?ba)‘ccur foll ow ng repeated passagi ng of
HESCs, with markedly different influences, on.the_euploid

b Bp 85T Stem; el G e i EET R AL B TP R} PP o

exam ned jn hihe0but 1ot BRATBRIES d&veRpRthRdidsd e OhRctilkeIs pddgbrhip@ltideties s
for anal yzi ng karyotypes, we uséd both G banding and SKY-PK to

anal yze physinEsGhemiebinjury,inelpding ttmpe dugip SRuBR HEsHoH UGB IV - at
Y e SRR Gk 5 e R B
har vest edystai (ENS}Yinjudes, dhqudipinpires (Bae dhajn, §88acordsaniiises swrouadisgnt
N e
SKY- PK i mheMafly! Bich tFRmagagbesatikisy deitiny, oraigplasenapleatisormat e
outcome of a medical procedure such as surgery or angioplasty. The trauma may be
related to a rupture or occlusion of a blood vessel, for example, in stroke or phiebitis. In
specific embodiments, the cells may be nsed in autologous or heterologous tissue
30  replacement or regeneration therapies or protocols, including, but not limited to treatment
of corneal epithelial defects, cartilage repair, facial dermabrasion, mucosal membranes,
tympanic membranes, intestinal linings, neurological structures (e.g., retina, auditory

neurons in basilar membrane, olfactory neurons in olfactory epithelium), burn and wound

14



30 anal yzed by two i ndependent observers. "I ndi vi dual karyot ypes were
docunented in tabular format (Table 1). WO .

2007/ 05657®BGHAISEIN6/ 043794 Celt |ine G bandi ng SKY- PKpCTHBs@76/uBBY%
46, XX 72.5% 46, XX 2.5% 40, XX, -2, -4, -7, +11, -14 2.50/0

45, XX, feﬁ&ir for traumatic injuries of the skin, or for reconstruction of other damaged or
diseased organs or tissues. Injuries may be due to specific conditions and disorders
including, but not limited to, myocardial infarction, seizure disorder, multiple sclerosis,
stroke, hypotension, cardiac arrest, ischemia, inflammation, age-related loss of cognitive

5  function, radiation damage, cerebral palsy, neurodegenerative disease, Alzheimer's
disease, Parkinson's disease, Leigh disease, AIDS dementia, memory loss, amyotrophic
lateral sclerosis (ALS), ischemic renal disease, brain or spinal cord trauma, heart-lung
bypass, glaucoma, retinal ischemia, retinal trauma, inborn errors of metabolism,
adrenoleukodystrophy, cystic fibrosis, glycogen storage disease, hypothyroidism, sickle

10  cell anemia, Pearson syndrome, Pompe's disease, phenylketonuria (PKU), porphyrias,
maple syrup urine disease, homocystinuria, mucoplysaccharide nosis, chronic
granulomatous disease and tyrosinemia, Tay-Sachs disease, cancer, tumors or other

pathological or neoplastic conditions.

[0056] Stem cells can optionally contain an exogenous nucleic acid vector or biological
15  vector in an amount sufficient to direct the expression of a desired gene(s) in a patient.

The construction and expression of conventional recombinant nucleic acid vectors is well

known in the art and includes those techniques contained in Sambrook et al., Molecular

Cloning: A Laboratory Manual, Vols 1-3 (2d ed. 1989), Cold Spring Hatbor Laboratory

Press. Such nucleic acid vectors may be contained in a biological vector such as viruses
20  and bacteria, preferably in a non-pathogenic or attenuated microorganism, including

attenuated viruses, bacteria, parasites, and virus-like particles.

[0057] The nucleic acid vector or biological vector may be introduced into the cells by
an ex vivo gene therapy protocol, which comprises excising cells or tissues from a patiént,'
introducing the nucleic acid vector or biological vector info the excised cells or tissues,

25  and reimplanting the cells or tissues into the patient (see, for example, Knoell et al., Am.
J. Health Syst. Pharm. 55: 899-904 (1998); Raymon et al., Exp. Neurol. 144: 82-91
(1997); Culver et al., Hum. Gene Ther. 1: 399-410 (1990); Kasid et al., Proc. Natl. Acad.
Sci. US.A. 87: 473-477 (1990)). The nucleic acid vector or biological vector may be
introduced into excised cells or tissues by, for example, calcium phosphate-mediated

30  transfection (Wigler et al., Cell 14: 725 (1978); Corsaro and Pearson, Somatic Cell
Genetics 7: 603 (1981); Graham and Van der Eb, Virology 52: 456 (1973)). Other
techniques for introducing nucleic acid vectors into host cells, such as electroporation
(Neumarn et al., EMBO J. 1: 841-845 (1982)), may also be used.
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[0058] The cells of the invention may also be co-administered with other agents, such
as other cell types, growth factors, and aniibiotics. Other agents may be determined by
those of ordinary skill in the art.

[0059] Specific types of stem cells can be identified using cell markers specific fora
5  desired type of stem cell. Cell markers may be lineage markers, metabolic markers,

communication markers, growth factors, transcription factors, for example. In specific
embodiments, specific cell markers are associated with particular desired stem cells. Cell
markers may be detected by methods known in the art, such as by immunochemistry or
flow cytometry. Flow cytometry allows the rapid measurement of light scatter and

10  fluorescence emission produced by suitably illuminated cells or particles. The cells or
particles produce signals when they pass individually through a beam of light. Each
particle or cell is measured separately and the output represents cumulative individual
cytometric characteristics. Antibodies specific to a cell marker may be labeled with a

fluorochrome so that it may be detected by the flow cytometer.

15 {0060] A skilled artisan recognizes how to determine one or more suitable cell markers.
In specific embodiments, for human embryonic stem cells, suitable markers include Oct4,
TRA-1-60, TRA-1-81, SSEA-4, Exemplary cell markers for hematopoietic stem cells
include CD34+, Sca-1+, AA4.1+ and cKit+, and in specific embodiments these markers
denote murine hematopoietic stem cells. In alternative embodiments, human -

20  hematopoietic stem cells may be CD34+ or CD34-, CD38+, CD38(-), ckit+, Thy 1y,
CIFR+, or a combination thereof. Exemplary markers for neural stem cells include
nestin, CD133+, BIM1 and Sox2 for example. Exemplary markers for cardiac stem cells
include stem cell antigen-1, CD45(-), CD34(-), Scal+, or a combination thereod, for
example. Intestinal stem markers include A33+, cFMS+, c-myb+, CD45(-), ora

1

25  combination thereof, for example. Skin stem cell markers include keratin 19.

[0061] In some embodiments, stem cells are screened for a particular aneuploid mosaic
(i.e., karyotype distribution) to confirm that a particular aneuploid mosaic is present (or
optionally selected for a particular mosaic) and then transplanted into an animal (e.g.,a
human or other mammal). By manipulating their culture conditions, the stem cells can be
30  induced to differentiate into desired cell types (e.g., blood cells, neurons, muscle cells, or
other cell types), optionally prior to transplantation. This process can ensure that optimal

differentiation and functionality are accrued with the introduced stem cells.
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[0062] Insome embodiments, the distribution of karyotypes is determined before, after

and/or during propagation of the cells. In these embodiments, the stem cells divide

before, after or both before and after the aneuploid mosaic of the cell population is

detected. In some embodiments, detection of aneuploid mosaics during and after cell

5  propagation and after storage is used to confirm and/or select cell populations that retain

a desired aneuploid mosaic that is associated with a desired phenotype (e.g., the ability to

differentiate into a desired cell type). Propagation can include 1, 2, 5, 10, 50 or more

cycles of cell division. The level and forms of aneuploid mosaicism can be altered by

defined growth conditions that can be optimized for a desired cell type and desired

10  ouicome.

[0063] As described in the examples, detection of a karyotype distribution within a cell
population can allow for identification of cell populations that do or do not retain the
ability to differentiate. Those of skill in the art can take advantage of this discovery to
identify and/or use different cell populations with different karyotype distributions to
15  screen for molecules that alter the phenotype, inhibit, kill or induce proliferation of one
cell population preferentially compared to a second cell population with a different
karyotype distribution. Without wishing to limit the invention to specific embodiments,
as one example, a first stem cell population that has a net hypoploid mosaic karyotype
associated with the ability to differentiate into desired cell types and a second stem cell
20  population that has a net hyperploid mosaic karyotype associated with the inability to
differentiate into the desired cell type(s) can be screened against a library of agents (small
organic molecules, or biological agents such as antibodies, siRNAs, nucleic acids,
peptides, etc.) and agents that inhibit growth of the hyperploid population can be selected.
Since stem cells are believed to exist in neoplastic or éancerous Iiopulations,. thisisalsoa
25  way to identify anti-cancer agents by focusing on the root of cell proliferation, the cancer
stem cell. ‘These agents can be further selected to identify those agents that do not
significantly inhibit growth of the net hypoploid cell population, thereby identifying an
agent that is useful for maintaining cells with the ability to differentiate as desired. In an
alternative, different stem cells could be found to retain an ability to differentiate into a
30  desired cell type(s) when having a net hyperploid mosaic karyotype. In some of those
embodiments, agents are identified that inhibit net hypoploid cell populations without
significantly affecting net hyperploid cell populations,
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EXAMPLE
[0064] Chromosomal instability produced by extended passaging of human embryonic
stem cells (HESCs) represents a potential problem for their safe and efficacious
therapeutic use. Recently, karyotypic abnormalities detected by classical cytogenetic
5  techniques were reported in HESC lines. To determine the range of abnormalities in

current HESCs after extended passaging, we utilized “spectral karyotyping” (SKY)
combined with quantification of chromosome gain and loss, on early and late passage H7
and H9 HESCs, as well as murine BSCs. Examination of every HESC or murine ESC in
addition to H7 and H9 and including non-NTH HESCs has produced similar results (data

10  not shown). Early passage cells exhibited hypoploidy, contrasting with late passage cells
that exhibited primarily clonal hyperploidy . Mosaic aneuploid and euploid mammalian
ESC cultures were assessed for their ability to differentiate into neurons, and hyperploid
cells shov.ved a significant reduction in differentiation potentiél. These data identify
physiological consequences of mammalian ESC aneuploidy and support routine

15  monitoring of ESCs for distinct forms of aneuploidy.

Introduction:
[0065] The H7 and H9 HESC lines ( from WiCell Research Instifute, Madison, WI,)
were analyied between passage 36-44 (early passage) and passége 77-88 (late passage).
20 SKY was used to examine chromosomal complement and organization, combined with
extensive quantification of chromosome gain and loss. Rather than identifying and
reporting only representative or conserved forms of aneuploid cells as is currently used
for classical cytogenetic approaches, all acceptable metaphase spreads were quantified
with respect to the number of lost or gained chromosomes, and these values are plotted
25  graphically. The significance of the observed aneuploidies was examined by assessing
the ability of aneuploid mammalian ESCs to differentiate into specific cell types, such as

neurons,

[0066] Here we report that HRSC lines can show a range of aneuploidies that inciude
hyperploidy as well as previously undocumented forms of hypoploidy.

30
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WO 2007/056572 PCT/US2006/043794

Results:

HESCs show random chromosome gain and loss

[0067] Prior studies using classical cytogenetics have reported that HESCs are

essentially euploid at low passages (Thomson et al., 1998; Amit et al., 2000; Draper et
5 al,, 2004a; Draper et al., 2004b; Rosler et al., 2004). Recently, Draper and colleagues

reported that after 60 passages, H1 subclones H1.1A and H1.1B acquired chromosomal

changes characterized specifically by gain of chromosome 12 or 17 (Draper et al.,

2004b). To determine the conservation of this aneuploid genotype after prolonged

passaging, the H7 and H9 cell lines were grown as previously described (Draper et al.,

10 2004b) and compared after different culture passages (Figures 1-2).

[0068] After 87 passages, H7 cells showed gain of chromosome 1 and 12,consistent
with previous reports. The majority of these late passage H7 cells were characterized by
hyperploidy of specific chromosomes, suggesting clonal expansion-of aﬁ‘eilploid cells in
vitro. Only 10% of cells were euploid following quantification (Figure 1). After 78

15 passages, H9 showed gain of chr 12 in 75% of cells. . ‘

[0069] By comparison, over 75% of early passage cells expanded for only 43 passages
were numerically euploid (Figure 1). The remainder of the populations was aneuploid,
but distinguishable from the late passage H7 cells by consisting predominantly of
hypoploid cells that were not obviously clonal (Figure 1). This result suggested that

20  distinct forms of chromosomal instability could occur following repeated passaging of
HESCs, with markedly different influences on the euploid sub-population. Similar

results were observed with all other HESCs examined.

[0070] To compare G banding and more detailed techniques for analyzing karyotypes,
we used both G banding and SKY-PK to analyze two hESC lines (H7 and H9), which are

25  100% euploid at early passages. Comparatively low passage (H7 passage 43 (p43), H9
p37) and high passage cells (H7 p87, H9 p78) from cach line were harvested using
standard protocols (Barch, 1997). Samples were sent fo an established cytogenetics lab
for karyotyping via G banding. Samples from the same original split of hESCs were
processed for SKY-PK in our lab. For each sample, forty metaphase spreads were

30  analyzed by two independent observers. Individual karyotypes were documented in
tabular format (Table I).
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2.5% 42, XX, -6, -11, -14, -17
48, XX, +1, +12 77.5% 48, XX, +1,
2.5% 47, X¥%o0 dnosezrz +12

Tablel

2.5%7 XX, +1,

2.5% 44, XX, -13, -21 "H7p87 90%
+12 10% 46, XX 10% 46, XX-
+12, -21 PCT/US2006/043794

Cell line G handing

SKY-PK

HOp37 100% 46, XX

72.5% 46, XX

2.5% 40, XX, -2, -4, -7, +11, -14
2.5% 45, XX, -21

2.5% 46, XX, +3, -10

2.5% 43, XX, -10, -19, -21
2.5% 41, XX, -1, -3, -7, -16, -17
2.5% 46, XX, 45, -12

2.5% 44, XX, -5, -17

2.5% 45, XX, -20

2.5% 43, XX, -11, -15, -16
2.5% 42, XX, -13, -19, -20, -21
2.5% 45, XX, -19

HOp78 78% 47, XX, +12

22% 46, XX

72.5% 47, XX, +12

20% 46, XX

2.5% 48, XX, +6, +10 |
2.5% 50, XX, +12, +14, +15, +2
2.5% 47, XX, +1, -2, +12

H7 p43 100% 46, XX

80% 46, XX

2.5% 39, X, -5, -11, -12,-14, -20, -22, -X

2.5% 45, X

2.5% 45, XX, -2

2.5% 42, XX, -14, -17, -20, -22
2.5% 43, XX, =17, -21, -22
2.5% 44, XX, -16, -22

2.5% 42, XX, -6, -i1, -14, -17
2.5% 44, XX, -13, -21 _

H7p87
' " 10% 46, XX

90% 48, XX, +1, +12 -

77.5% 48, XX, +1, +12
10% 46, XX

2.5% 47, XX, +1, 2, +12
2.5%47 XX, +1, +12, -21
2.5% 47, XX, +1, -8, +12,
5% 49, XX, +1, +11, +12

[0071] For early passage samples, G banding studies always reported a uniform rate of
100% euploid. In stark contrast, between 72.5-80% of hESCs were identified as euploid
5 by SKY-PK. The early passage mosaic aneuploid population revealed by SKY-PK was

non-clonal and largely but not exclusively hypoploid (see Table I for exact karyotypes).

By contrast, G banding and SKY-PK produced similar although non-identical results for

late passage hESCs, with the majority of cells showing clonal chromosome gains, along

with a smaller, mosaic aneuploid component identified by SKY-PK.

10 [0072]

The observed chromosome loss that accounts for most of the mosaicism is not

due to technica) artifact for several reasons: 1) a similar level of random chromosome

20
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of differentiation, 55% of taxol treated cells had gained chromosomes (Figure 3).
Moreover, when cells were fixed and stained for tujl, there was a significant decrease in
the number of neuronally differentiated colonies in the taxol treated cultures. These
results show that different levels and forms of aneuploidy can alter the neuronal

20  differentiation potential of cultured ESCs.

Discussion:
[0074] A long-term goal of stem cell research is to develop new therapies for the
treatment of debilitating diseases. In order to achieve this goal it will be necessary to
25  obtain HESC lines that demonstrate reproducible properties even after extended
passaging. The existence of chromosomal instability in HESC lines could alter the
physiological properties of HESCs. Using SKY combined with quantification of the
forms of aneuploidy in HESCs, pervasive aneuploidy of many distinct forms was
observed. The functional consequences of aneuploidy in mammalian ESCs had not been
30  previously examined, and surprisingly, at least two forms of aneuploidy — hyper vs.
hypoploidy - are non-equivalent: hyperploidy but not hypoploidy correlates with

inhibition of differentiation, at least along neuronal lineages.
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for undifferentiated nmarkers including Cct4, SSEA-4, TRA-1-60,

TRA- 20 81 Maethodsddi ti on, nmore than 90% of the col oni es showed al kal i ne

phosphat 30 laﬁigg ity. Cells were i muno-negative for the nurine
enbryoni’ (éﬁlﬁgﬁo -1 and neural markers such as Nestin, a neural

pr ecur sofo08ay k@he HTHEIC (Vo Ressarrh-Engsifute, InerpMiadigom SV avess cubiradens

NeuN, mat re ronal AP a 100- ker
04, | GONPEHS B Hd CEGRUbC CaCR P Bp bt Bk EUBE T
2007/ 056%5&?@&5%@@@@1 (38sbafRd NiNeid DMBM/B ¥ Gl i (GtbconCalshbaBHCA)| DBB1]
Mouse ES

1 vodk ﬂ:ﬁl%&@éﬁ@%&%&?ﬁ#n&&@ bl COER Pt oy EBh,
Car | sbad, 1GfNg B-mercaptoethanol (Gibco), and 4 ng/mIL FGF-2 (R&D systems, Minneapolis,

MN). Colonies were passaged with colagenase/tripsin (Gibco) every 5-6 days. Cells

were immunoreactive for undifferentiated markers including Oct4, SSEA-4, TRA-1-60,

TRA-1-81. In addition, more than 90% of the colonies showed alkaline phosphatase

30 activity. Cells were immuno-negative for the murine embryonic marker SSEA-1 and
neural markers such as Nestin, a neural precursor marker; Tuj-1 and Map2 (a+b),
immature neuronal markers; NeuN, mature neuronal marker; GFAP and s100-8, astrocyte

markers andO4, GSTx and RIP, oligodendrocyte markers.
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5 10% " KNOCKOUT" Serum repl acenent (G bco), 0.1 nM non-essenti al

am noacids (G bco) and 0.1 nM f 3-nercaptoethanol (G bco). Cells were
treated Wb Zenosbs7 Si gna) at a concentration of 2.5 nMcT/US2006/043794

| mmunof | uor escence st ai ni ng: [ 0082] | munof | uorescence staining was
performed as previously described (Gage et 10al., 1995), using
a-P-tubulin-111 (Tuj-1; 1/1000, Covance),. Secondary anti bodi es were
pur chaseNefironal diffekenviatibmofB8Resear ch. Spectral Karyotypi ng (SKY) of

o oxoco! Dby Shoet H5C Ve oo TRIERB 15, up kBt o, Sidas ik 4
4' , 6- di agegi MeeLdipBRANAMMRhEH6RABMENSQ Gtaand (Gbeo,FaYIsbhd) CAB) t
(Applied Spectral |maging, Inc., Carlsbad were used accarding to

CA
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aneupl oi gy, dpmesrirafiorcatd. HAM. Ref erences cited in Exanple: 25 Anit M
Carpenter MK, Inolcuma M5, Chiu CP, Harris CP, Walcnitz MA,

It skovi t?mﬁﬂgfluo]resc-m%%iﬂg?‘ (2000) Cdonally derived human enbryonic

stem cel I'nes maintain pluripotency and proliferative potential for
pr ol onge{P082} i bumundflvotstence staling Wisgerforrpedep provigsly descripsd (Hagorret

S0L1 £t nebrl O e R ThDud; 00 e HERE G S e BB AR R
(2004) Kafy¥pisydBoTadaBRInmEneRdskaicidur i ng extended cul ture. Nat
Bi ot echnol 22:381-382; author reply 382. Carpenter M Rosler ES,

Fisk GJ, Brandenberger R, Ares X, Mura T, Lucero M Rao M5 (2004)
Properties of four human enbryonic stemcell lines maintained in a
35f eeder Spewmnl Karyolypingy(SKahof BES(yn 229: 243-258. WD

&

 ( 5003) SRR S5 SRR EATES Vel st drflied drdonctr@ech ot .21 €

humans e mypym Rickensdt ah) 2081 }. 9',6-diandidino eberSliadolE¢DAS I SighB) addithe SKY
Difilippantonio M, Zhu |, Chen , ffge Nussenzwei Max EE,
Ried T, M%MF%SE\ECFWP ggﬁ?‘jlaﬁ’pﬂ:& BFg ngﬁcg@%ﬁl\{g&ees

chr onos opBhufacturer’s instructions.

Data Analysis:
20 [0084] For each sample, 40 metaphase spreads were captured and analyzed by SKY
and 70 metaphase spreads counterstained with DAPI were captured for ancuploidy

quantification.

References cited in Example:

25  Amit M, Carpenter MK, Inokuma MS, Chiu CP, Harris CP, Waknitz MA, Iiskovitz-Eldor
J, Thomson JA (2000) Clonally derived human embryonic stem cell lines
maintain pluripotency and proliferative potential for prolonged periods of culture.
Dev Biol 227:271-278.
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30 Lippincott: Philadelphia.

Buzzard JT, Gough NM, Crook JM, Colman A (2004) Karyotype of human ES cells
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MS (2004) Properties of four human embryonic stem cell lines maintained in a
35 - feeder-free culture system. Dev Dyn 229:243-258.
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aberrations and malignant transformation. Nature 404:510-514. Draper
JS, Mbore BD, Ruban LN, Gokhale PJ, Andrews PW (2004a) Culture and
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40

[0085] The above example is provided to illustrate the invention but not to limit its
scope. Other variants of the invention will be readily apparent to one of ordinary skill in
the art and are encompassed by the appended claims. All publications, databases,
Genbank sequences, patents, and patent applications cited herein are hereby incorporated

45  byreference.

26



Schrock E, du Manoir S, Veldman T, Schoell B, Wenberg J,
Ferguson-Smth MA, Ning Y, Ledbetter DH, Bar-Am |, Soenksen D, Gari ni
Y, Rred T (1996) Multicolor 25spectral karyotyping of human
chronosones. Science 273:494-497. Thonmson JA, Odorico IS (2000) Human

enbryoni c stemcell and enbryonic germcell lines. Trends Bi otechnol
18: 53-57. Thonmson JA, ltskovitz-Eldor J, Shapiro SS, Waknitz MA,
Swiergiel JJ, Marshall VS, Jones JM (1998) Enbryonic stemcell Iines

derived fromvitdaams DiLasMBEYSt s. 30Sci ence 282: 1145-1147. Xu C,
| nokuma M5, Denham J, Golds K, Kundu P, Gold JD, Carpenter M (2001)
Feeder-free grow h of undifferentiated human enbryonic stemcells.

Nat Bi ot echnol /ﬁ-ﬁwe@r?d&f@?deteéfmnﬂ'ﬂeﬁﬁmg&h@bn&xplﬁehmsaﬁi%tatlﬁléioedt K,
Ki ngsbury MA, neI I Chr.onpbsone,_ segregati on

ol oo Randdona! S Aels PamaYSg I ORI R SBPRgEn Cor ol | o.

3. Neurosci 23: dla@é@lﬂ Jel%ﬁl%sem éﬁeuﬁéld rﬁoseﬁa@rﬁ iv thé—pbbuTétio?(QHh&&n
Potter E, V\an , B, Mura Backnman %ﬁg
ni c stem

Freed W (2 Gaﬁ)t %%[ﬁPHWtKPQﬁ ?fﬁéiﬁéﬁﬁqdaﬁmﬁfﬂﬂ%ﬂ’ﬁﬁiﬁf’éﬁe
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appl i cat i opregenitasgehEnethat isrhyprBloicbipr atde@ﬁt@owcml@uof@s%9mpéwéeéwce
WHAT IS CLA gggééﬁm 1. A nmethod for detecting and defining the
aneupl oi d noSaic status of a popul ation of stemcells, conprising, in
conbi nation, the steps of: detecting the presence of aneuploid

mosai cismyn the gfﬁﬂd@# P&Bctiﬁ@fﬁ{ﬁi Pn? thﬁﬁﬁéuﬁmg rﬁéﬁ'fc?ﬁ%tug%wm ypes

are detecte&d anong erent- ce opul ation; detecting
cells wit hp(a)uimwnmfptﬁm otlts, poraptigingdm 9@?91&@“0%%5 steps of:sel ect | ng from

the cells with g.06 agh op“r)@%%g'?%} mpgzomﬁx%&% iRttt GdBUMtioR! RAERIr OF

cell line that ast a portion o a chrormsorre
for drug salr!emtlisrlgffereﬁt kaﬁymtgp&mfefdeteotm:tenomgﬁg diffeterd ekllsindbe t he
aneupl oi d nosai.c status of a population of stemcells, conprising, in
conbi nat i oR°P Lﬁé‘?@ steps of : detecting the presence of aneuploid
nosai cismin t rtbtqsrmpglcetls with awlet hgperplatd hese¢ karydiybéeareint kar yot ypes
are detected anppast bl #528hs Gfth hhet RydeSioRORELEE kelstype a stem cell

tine that is hyperploid for at least a portion of a chromosome for drug screening.

3. A method of screening for an agent that preferentially inhibits cells
incapable of differentiation compared to cells capable of differentiation into a
desired cell type, comprising, in combination, the steps of:
contacting the agent to cells having a net hyperploid mosaic karyotype,
wherein the cells are incapable of differentiation into the desired cell type; and
selecting an agent that inhibits propagation of the cells.

4. The method of claim 3, further comprising the steps of:

contacting the agent to cells having a hypoploid karyotype, wherein the
cells are capable of differentiation into the desired cell type; and
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detecting cells with a net hyperploid nposaic Karyotype; and
selecting fromthe cells with a net hyperploid nosaic karyotype a
stemcell tine that is hyperploid for at |east a portion of a
chronmosone for drug screening. 3. A nethod of screening for an agent
that preferentially inhibits cells incapable of differentiation
conpared to cells capable of differentiation into a desired cell
type, conprising, in conbination, the steps of: contacting the
aglelnt to cells wm itiRg aadag??t tlwpmmbit@bﬂapagst&imofkaé yﬂserﬂg;d w'nlerei n the
ce sarelncaa i.fferentiation.in red ce :
Snd sel cot INEOHE apdErenHiaton Hes SO Rigat B ine Rorageian e
The net hodhgloptdidcaNsdsaphble! dT@liffefaitREibS infd tHehRsFb & BSII §bé. .
contacting the agent to cells having a hypopl oid karyotype, wherein
the cells are capable of differentiation into the desired cell type;
and 55€l eg hdiSochfdr ﬁr%ﬁamingair [mﬁﬂavmgtasstaﬁq%ﬂ%bu:aﬂorofcom',sﬂsmg
hyper pl oid cells |ncaPabIe of differentiation but does
signi fi cantﬂ%ﬂmm'ﬂﬁtl?ﬂt hetridensrdpagat i on of the hypopl oi d ceI | s capabl e
of differentiatdfdetingltfe ka@o@sé lof Eﬂeﬁﬁldne%ﬂﬁnosoﬁwe & &BbMEA tfeéof in
mai ntai ni ng or 1 nproving a stem ce popul ation, conprising, In
conbi nat i ofellstihéhesgadlppppiation; and det ecting the karyotype of at |east
one chronosone L PR @id on;
and separéa%"r ?ﬂaétﬂg 'IQ{R{I’Ef1 Qeeruggdu%mﬁ SHO% M}%&g‘ﬁ%?ﬁhké‘?yot ype at
the at | easmromomhmmgméh@rﬁoboﬁm o2l papaiadion fiom edils toat gre popul ation
fromcells r one
por t1 on t nrapioRi 1 BEBRLNE Alorhoton of Siln AR NIRRT Tl
popul at i onniawtalamg\urngpnwymgrtm sfieth caéll populghion bym@nmlag hvm@p@tqmaﬂsd and
hypopl oi d f claimb5,
wherei n th@ﬁ’&%ﬁ' ?'h@sée%'gloéde%@dr)%fpao#()%Feusqn aregc?epi)lg)%%) U%‘ijiong by
fluorescence activated cell sorting (FAGS). 7. The nethod of claim

5, wherein_foll arat t he cel | oi d
of hypopl oPd kaTNFIReEeH SR e hET P et ira £BY SSettabiby ke BHE o
claimb5, V\bafcﬂfmedfhylflmscgmtélects/atmlrc&li|sngm§t(EACSD.he cells with the
eupl oi d or hypopl oid karyotype are propagat ed.

7. The method of claim 5, wherein following the separating step, the cells
with the euploid or hypoploid karyotype are made to differentiate.

8. The method of claim 5, wherein following the separating step, the cells
with the euploid or hypoploid karyotype are propagated.
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