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priority benefit of U 'S. provisional application 60/338,979, filed Decenber
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inits enti rety. BACKGROUND Leukem a is a cancer of blood formng cells with
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or autol ogous hematopoietic stemcells, in conjunction with radiation or

cherpt her apy. - Ath0hAHRN Sidds ARRIIAR e i #La%iodBR drblorkeom LiiBITRAL Of late |

SECARE T A T e L IR G

i f e-t hr eaf®HierydPGioRrAIYREd TN RIS or t unat el y, suitabl e hemat opoi eti ¢
stemcells are often not available for the treatnment of these conditions.

Al | ogenei c cel |l s from anot hegeeeiRes rodiceatel Abiictibds t 0 match, which has led to
devel opnment of aut ol ogous donations, where the therapeutic cells are =
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PCT/ US02/ 39091 A good deal of research has been done to characterize the stem cells present in human blood

and bone marrow that are believed to replenish the hematopoietic system on an ongoing basis. Gunsilius
) et al. (Biomed. Pharmacother. 55:186, 2001) provide a general review. U.S. Patent 5,750,397 reporis
cuftures of human hematopeietic stem cells that are CD34 +ve and capable of proliferation and

differentiation, derived from human bone marrow samples. U.S. Patent 5,192,553 reports isolation of
fetal and neonatal stem and progenitor cells of the blood. U.S. Patent 5,635,386 reports methods for
regulating specific cell lineages in a human hematopoietic cell culture. European patent publication EP
455,482 A3 reports a subset of human progenitor cells lacking CD38 but expressing CD34.

Vazir et al. (Proc. Natl. Acad. Sci. USA 91:9857, 1994) report the loss of telomeric DNA as
human hematopoietic stem cells age. Chiu et al. (Geron Corporation; Stem Cells 14:239, 1996} describe
ditferential expression of telomerase activity in hematopoietic progenitors from adult human bone marrow.,
Gaffney et al. {Blood 21:1662, 1998) report the effect of Fii-3 ligand and bone marrow stroma-derived
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factors on primary human CD34+ve marrow progenitors. Koller et al. (J-
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for hematopoietic progenitor cells. In turn, the hematopoietic progenitors
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further differentiated into colonies of erythroid, granulocytic, nonocytic,
megakaryocyte, and |ynphoid cell [lines. The conpositions, net hod_s g@?ﬂﬂﬁ
t.echni ques desgd bfRgbsi n this disclosure hold considerable P@f;ﬂ?ﬂzﬁﬁmfjor a
variety of applications, including drug screening and various forms

clinical therapy. One enbodi ment  of tgjajgmpﬂventl on is a popul ation that
proliferates in culture and has certai Features characteristic of

henmat opoi etic cells. The cell popul ati on is obtained by differentiating
primate pl uri pdieinveniandmvidsspSysiaepr eficierd Reopystiqniof %ftﬁ‘awe'éwa'é?’(%ﬂﬂeiegtﬁ@él line of
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the patient A further embodiment of the invention is a method of screening a compound for its ability to

ocytic

modulate hematopoietic cell function. The compound is combined with a cell population of this invention,
and the celis are monitored for any phenatypic or metabolic changes in the cell population that resuits.
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i mmunotol erant to a second cell popul ation given for purposes of
regenerating a deficient tissue function. Exenplary hPS cells ar @Ngﬁ“ﬁ
enbryoni ¢ st v ¢InE8r1 cel s, or their equivalents, such aSp@ﬁﬂS(}Qﬁgﬂng ed
froma human bl astocyst. The first cell pouplation is usually MAC conpati bl e
W t h the secondrhe @@htlon peQuidvtied Dfpstenpiodidiiadds irthaint MRAndel OB datidt iSamistbled cel |
line. The gRLNGGiHAR Pc%unyt%ﬁgerk fﬁﬂ@%&%lun%ﬁm (Brﬁﬁ[)@éuh 5k r%erg hepk&s such as

hepat ocyt es,

Cap i omyoo TSI & s S Rep o et RGeS roernef e = IR SHE MR, cel 1,
hor none- se E‘P‘PFMQP%é?“P SreSyERN eryopis e (KES) Fej's, %ﬂ@"@ﬁ'ﬁ‘f‘i‘&ﬁ‘é@y%“e@ caTlese and
ot her enboditaren tren ofuntah blastayenTHedist asl pouplddien @ ppalyeMHC dompatbie high tikesednd pt | on

that foll owg. @B&W,&E@%ﬂ&w&:%f& #ehewsndd &w..rveytma%{hyd @Aa%lgmdso Shance
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viability Er %gtlon (gatrssues S[Ié{);) A3 ﬁ%aatocytes (nfuroris 0l ago%?mgrﬁcgtes anc? (1%(%]88 >n of
hemat opoi efﬁr@myﬁ%‘}?ﬁ 0%’%99?"&(9@'9n‘ﬁ‘?5ﬁ€'i‘y§’3'(°?'§|h9’\‘7i"‘?P°Ie¥’? Rl diRtly %F"@F@HSLES cel |
popul at i onss isidtiosle anfcheridecytsel | s expressed the human henmat opoi etic marker
CD45, and only thest ¥pddiHeLonobiftentc\bBind itve iR Jihe dpbarddt ftofl thd ASECHRIINTRL follows.
hemat opoi etic cells).” Figure 2 shows flow cytonetry anal ysis of
hemat opoi etic cells obtained by differentiating the H |ine of hES cells.
Differentiation was initiated by gr ¥t rips of hES cells as aggregat es
in medium containing 20% FBS for 10 days. The cells were then cultured in a
serumfree nedi Eidﬁ'('Edﬁ)zwﬁ%ﬂtcﬂbrﬁ&t@@nalyﬁ:&ﬁfﬁﬁcﬂﬁ@htﬁfeh Guriin Qbionica®inQRES) daF, Wwhi ch
wer e SCF, ELHE wgre gétgnaf 7%21 Vi pgnel SQE E’E@d t}%n fa e éres%&ﬂﬂ&ﬁampgg Qe
|bw)3n
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di f f er ent i wed rematepoiplisnanep GP4&T iapd o befe e oPs +yf fagparkey Pf Rt humehon i n FCS
cont ai ni ng hematbpaii calie entire culture (left) or individual enbryoid bodies
(right) were pl ﬁ&.e@zghew@maqhw bl qgm dagen(aGE&anc @e‘ﬁ§é¥¥atr{e@b Plafighdeutl 0se

cont ai ni ng St S ceLI J: lg grownng Btn ﬂq hgl:D ce!ls ?s aﬁgrfq’a%s in meglumd were

char act er i ZGC? Di erentla{ldn was lmtli;]e Bassaged
into a sec 6?5‘8‘&1”9 2‘&:@55{5‘ 18)?'3VSF|TE‘fLﬁe@ Wﬁf“'éﬂ‘?ﬁ\?\%‘“’ﬁ‘éﬁétsﬁrﬁw’é‘i 'i"%*“&‘égﬁ) §°“fat5'f“9red from
t he ent i r e hamlvpyait groydt thptors (HGFWEch ware SEF.dIt-A oand IL-3, Neb, aallte®sF) o of Witsoltef t  si de
of Fi gure Bone\Wb@ibgérit@robiittd (BRP-GFthehasiyartbigenBfvd horaegoidibaoghioldels. 83- 86%

stained for CD415 urE DRI LehnAdn LRG R Wlﬁé“&ﬁﬁ%&el@%@hﬂ&%%& ﬁto fiéthah aEmet@”d 4%

stai ned for cop n C roi.d cells.
vbr phol og va@s&&% RA, e s o oot eruB b e ol bt ot 1 or
20, 000 i npﬁ?d'eééig'l'%ﬂemd"aﬁ‘?da'ﬂ?Pf@’”é’PW'f@i(CéHtﬁf%f" methyielinloss confgifing slgmeMyac®hown i n
Panel C wasM-QSiFckadanfl RPOnECdepies Bt yeie Shar@br R 96 hbmatdpeietaihtretymsygio€DA5 +ve,
and 73% wekRonfeldl hdbiiagelrin@WlsBeomafiteWsssiyemat opoi etic cells forned from

| sol ated embr y°#.%r§9§”o$§hen%fE;So‘PéciJQbeﬂsﬁfanQd toine & Q%Hﬁ%o%”'bo .f‘&‘eré Q%Brdﬁd ge of

Figure 3. Col oni granu crophages

were al | i GBTIRT avie 1 o) Goue A B0 horqiye GFY eRPbYE aEWBHP@E' A% nal yzed
by flow cyseinestieryD4 paifingiag ghe pfesanerch! bematoreied3sighnddbsstained far ovcapbasin Af4¥e. Fi gur e
6 shows whabnfidig fre pe:sevlbe ot etrymmnco@hso MMoBoiday Gdse@mént Brshdvinan Cinkl Ba 1S aylorkBOWN | N
Figure 3 W@r@%roﬁﬁcm fﬁh@goé{)rﬂnpal c§|§ re#cu%%famy THEBRRY sHowrsil PS8

di f ferent Secggblarr%r?r‘%!g 516% o?{he ceﬁs wezrer +ve ala)'ldlif{a/?ré‘e%%nu' ocytic col ony

cont ai ni ng pigis ar & ‘Shown bel ow). The
-6 JUN 2006 V\Cf oy 65@?’5 erp@ﬂppl@goazi}sg%gjlfrom |solated embryord bodies, according to the

scheme on the right side of Figure 3. Colonies of erythrold cells, granulocytic cells, and macrophages
were all identified in the CFU assay. Two erythroid colonies were analyzed by flow cytometry, and were
found to be 93% glycophorin A positive.

Figure 6 shows what happens when two colonies picked from the CFU assay shown in Figure 3
were replated in a secondary CFU assay. Panel A shows the different secondary colonies derived from a
primary granulocylic colony containing 82,500 cells (numbers of each colony type are shown befow), The
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secondary colonies had features of granulocytic cells, nacrophages,

erythroid cells, and a GEMM colony (a m xture of henat opol eti c -delliN tﬂﬁﬁpes)
There was a“}y“gﬁ], hgvel of CD45 and CD13 expression, but |'s of CD34:
and CD14. Anot her0 primary granul ocytic colony (12,500 cek?fw?'z\?\gé?passaged '

into the s&&@&ﬁ%ﬁré’s h@ﬂe’atmMrar(uPéW@éellsB%a&dﬂﬁL_?ésoérﬁﬁgd defls, G LEEMABooloRd | Wit h
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bl ood nmonBYf ear‘* PPy (Aeﬁmr”maafrﬂﬂa"ti'?mr‘cr@\@ryé?ﬁﬁo%%'d W?Esa%eqe? '”F’ Wes HI, H7,:
and H9. cawary Chvmssaniamil)esd ftned 1icpignish.ail witd@rasterstics ahgonottiecetol i d | i ne ‘
i ndi cat es ant irRryr hswltieQdpreskib@or maRhididctihRitity@briiex ) adsh Fandefags 1POSI ti ve

for MiC Cik_n"i}ge%s b cgg%hom&orh%éﬁ ?e# Lcsmc?l(r%’ha@r? ¥eﬁt¥ate& reewgr%gg ﬁ?h?nld wgterferon y

(inset). eren S |namxed
| ynphocyt & é'&"cf’\d'oar’PS §9ipina i MHC pstaifiies teafofid eyinficaipst Ftitady geiglt o T

prol i f er atridiferentiftecES Gejls rveie pogilive fopNEE &lasd)| ipbept Biassdlor-¢vdn| abiesdrestoenbiiic | ear |
cel | s. | ninBagigly (Rey.al | three hES cell lines failed to stinulate ;

(F:’;lo: fsf g;a“ 0”1an{%}’ees%hcﬁ\fs‘ih% ottelol b hrﬁﬂ&@rﬁ&tfﬁrzsw@m arnﬁé@w&bé}% BRH! Abl, |n for T

nonQc C,
cul turing A'VHEE 'Fﬁkﬁ‘ﬂ/‘gf‘iﬂ““laﬁ@f"egﬁé‘@"M‘Jﬁ'ﬂ%%‘*"ﬁe'@&%@a§%?°6dnb'g°ﬂﬂ{g"°§'i' 1 far | ed tp
sti mul at eceﬁ? olh Penek Bl thige ES el dnes Tiledglp plisnulateipgpliferalion ex¢roafigr anfirimertipidhecel | s are
al so abl eresmnding hhofMationefor i celsdbyl ydapdye Cigdletion. € iCRah@ IT, SES nalk ade@Chrdpyred byhi r d- part y'
ant i gen- pEases inen- fel.rlceaselnrnd%%el exPressfon WuCKl 28 tdP&idlibt GFoRbrhiée o RS PONSE Was
observed he T cells were stimlated by allogeneic dendritic cells (DC).
Addi ng human fi brobl asts to the culture had mninmal effect, but adding
undi f f er ent i atFYrePEES YR NES S8 arg alsablereihititaaysgs ¥mphogyls resgiion stimplated by
i nhi bi t or tird-mftf @tgen-presesinovris.t b Aaeel depdgeches prolifantivet rasponse wbe sbsafed BB cel | s
present i Ncdif) @erd/bifulatddsy Aidadsici damtint@sils (SC)J Rlidng Gafdnl figrobiabkyl 1tk edubyaces few as 3

x 10" hES,GEl hect gr.tqw.ra uﬂuﬂfeﬁehrrare@ hééreusra%e%% r&s arB %Qneby urerrrhfsﬁ,w on of

cells intg, I stromal cells
ot et ST RO R e e s o e e e M e b

i nfiltrat dgvficaniipibiesdy asden as@ndP'MEBFMt i at ed hES cells had no observed

ef fect. Fi gur eFiguile 19RNS the RBpdhesianael by dietoabiedls o immjrmadicienPef- SCEl | s i nto

Wi | d-typenth- éotrm\&r@BA 1 bR B9 Fhd 1 1618 A6k o BBl td \RiubB @B | nduced
| yrrphocyt mt‘il?l tian r%P%PeuLt{?Cr}érif?rﬁnhgkecl hE%ﬁa]ﬁE@ noo sFr\reIa%ﬁ IctnJ ection site. However,

injection 0 | etely abrogated | eukocyt e
infiltration (Fr’qu&ﬂﬂ phows {ipEpnease Q%Ateib!tf@?"f"g‘ °f"§i'sl"é‘dw'ldt9’pF %ﬁﬂm""ﬁ pipdtien t r at i on

(i nset). Urediddkie canining PERlaldrEBdaed lyspracye ap panubrtd ivfitatiamlzt te infection siduce a

rej ect i ONHERSH ARSonioNvehiblk Bodtiet Wit HEStells 3BtEbididyRYrofiieaV@RIcytD AifratiGrright),

infiltrat IN aQRABL h?ellé fgileg fotlr{hfaﬁ'mﬁﬁ‘attrﬁv (mse‘ﬁ’h HﬁJheQﬁrQiB&‘ﬁésr %ﬁseaée &Farglw |.|n5t#oy to

inhibit in eat ures of
hormat opoi BT APEASN St5patt i il 37 PPrEpvor 58l o Fleutn 0 iistion g8 ancl or

BVP- 4 theWW@B@Pm@&V“e&M"é\“‘VPd}hM‘ﬁ'@m@ﬁtﬁf‘yor d bodi es. The cytokines inprove the
total cell yi efighre 12nighwe phasdtglie patiingtions katnee ofhimmtopeieio oeits bidained by iy +ve cel | s,

and cel | spgdalis .,geraﬁ.reah.eformme Fex0day Siter Brmink yoldlbBaidse Fhe gyekneﬁ impREONdary
CFUs, e”pt%é?ota? eﬁ rel& aﬁd &oﬂ@%ﬁg%gncgihe %ME;m%P ?S df‘féa]_ e CEIEeanh @%k/ggt derzeratt h or

drfferentratron topoletic ce e using

W t hout c9fto°r<| nes) produced a h| gh proportion of secondary colonies. This
denonstrat es tfigyre @ishdws the iRspitgtof seepniamGEiis| amphasiging thesimperiaaegeoh BMP- furi@/P- 4
produces inenmialofiRieftiaios ppLas e Aerampsicti 2uis MGde @G iBtera(piteorsehdut cyeressp

capacity. prgdlﬁédraﬁugﬂrﬂrop%hm sdchRiary Bsidaled. SthRerfbndthd R4 Gkierbilathg hil belshtand<i neti cs of

cel | phenoLyR& Aip. G errame(rjr@eg Jr%gr.@agga%g&é; ok Qé?f ,94 mgerps hation
process. +ve ce S ener 0¥ .
Figure 14 shows the ras Its of a protoc in which the klnetlcs of cell phenotype and function

was followed during the differentiation process. CD45 +ve cells emerged by Day 15, and increased
considerably by Day 22. Clonogenic activity was high by Day 15, and the increase on Day 22 was not
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consi derably by Day 22. C onogenic activity was high by Day 15, and the

i ncrease on Day 22 was not -5 WD 03/050251 - 6 JUN 2006 PCT/ U802/63
significant. \Wedghshiiese conditions, the first 15 days mayedyaieseiit the
critical window for the cytokines and BMP to direct hematopoietic

di ff erenti atsigaitant DEGAI thdsB cdBGORIHE TitsON daysi nsay rapiesant thoiticOlindes fot the cypkiods] em of
generating l.af @ 0 aRkhehiQRSicAlreriis®n hemat opoi etic cells by show ng how to
efficiently differentiate them from pluripotent stemcells. It has been

di scovered that human enmbryonic stemcells can be coaxed al ong the

hemat opoi esis differentiation palFWAFRBEECRIBIGN ating differentiation in a
non-specific fashion, and then culturing the initiated cells in a cocktail
0]1: f di I fere {lt Pati o i{n@ﬁfo@gﬁms i Brt)@ernedatgelﬁaﬁﬁgll’a;@womti@on@fﬁ rﬂfn%?n?t&%{éﬁ&@l% are
effective r oo e oletic C : rticularly effective

conbi nat i on%?’ %@W‘ﬂ%@g?os%?fg%@gﬁ?rerﬁga{%tﬁ o f°("§§ﬁ95"{’e”ﬁﬁ? ”10231%' ligand, IL-3, IL-6, and
G- CSF. cCul t uri ng'th3s bearidscqvgrediha hymap gongpic sl raiiian Bt @aserredejeripaesss a
popul ati on difeasieibe patinay byanikatiglugdertigion inemean-ppdfic dshion, pddeurdoing tehiiged whi ch
ar eI _rr}JI ti ltootca@tiq b @borthingr dﬂ@Fe{nﬁtib% fachhBEiRRAI QbiRaie@! di gloil @RGRASare aRBlive 10
proliferate 1. re. . hei r&ors can
be driven flﬂ,)fr% 1I(‘af\r(]g o‘%Rn!"&F%g'S'n;l’}é’?%?“!im’d‘jf" ?‘?'g%%np ?%9? 'gﬁ_‘}d 992%%%{}%68;@%}1%% ng with
SCF, QW CSF g Nlgd, ILfhand GESh H B R fosieibey an aERﬁ?W'?E@PW"%é Frapiitted by
Kauf man at &bnsidérahisp eriiphedt fai erchtapeidtio surcerse steligh | whish ese tivkiipotepb don| theurdriogg Wi t h
stromal cel IhemdidoBRicelRinEHg6L SRigferpa hdiivedfin @Ak, O i) Ge hdn@itopl@dtit praédutsdB canTO t he
contrary. Uk BLel Afind: B thAMERid drefofiain Phfifdy Q5 Clilringl ditr isBF RARSSONS b
generate populati.on Q differentiated cell's that are considerably enriched
for the henﬁfyg'[?B?'ﬂ'P?Eg henotype. By including both cytokines and bone

mor phogeni ¢ pr ot Biie whai wgpenaiediby Kqupan g F-fwpial thisgistlestre egeblighas that cecdiuring

popul at i ons vitastemalbaeis natlbinadessed pdrfvageroming thi neri@eorCDA5 +ve cells (a marker for
mul ti F'Ot en:1 NEMBTOROkotdng UBRY ihs loriils AA6 iddbXifb, i i BostiBl logedsAierBiulins Bflor
primtive ] . . OV : s are
Goubl ¢ posi t1o=Ras G Pl sl o7 faRAbopl oS, B gl

correl at es KRR 0% TURNGIR)C PPIEP ﬁi(lmf"géﬂ tr%d"geée"m%[%ﬁﬂ?"?& CPlhPoRUIRERNy "as ay .
Hemat opoi et ibeencablalned s cpnjeinc™$ £RHh+eastis (@ miaterderamitipasnt kemaigpoisticieells) ees1 B%i es at a
very hi gh plcats ng cai {a rednenenprimifileinamatipsieto pweapanitdrs. RenpEaliig ler 55h &at@LLs!R atet

provi des hengfRRRLRL ki cBES AnaRPBMH | Ak bRESCE e GHAB G@fkerlcBrrelated MR hdiveTBHS

hemat opoi et If Crrni ! (c)gg Qs! %Qgssreé ﬂaa” Iiusas%rg p‘H %Q%Ao%ﬁcoghsaéeﬁ\%g lfrgm fer[n nan%nsyemccléﬁ rent
source - inciudif per1 pheral %_I o0d,” aqu one narrow, or even corad bl ood.
Starting popFeecAaes g vay Yomrpgnaeiidencte| | s differentiated with cyt oki nes
yield at |east - I8ydireventiojpeeratt pcayseoiprpiides hanatopeietip a¢licobulations titat dppemate cord

bl ood (182) coitainmabiel He@@bboletn prodiitols GkMnis QERRhyOsainale et iaphaait sbir@od (249) :

Si nce human incﬁamgrr %ég@%{s; bR T BbrleSnaft ) obe%em@ﬂ%te S g%suta%n@sﬁ >!1B£b¥?efsi nitely,

this invention 1 des a systemthat can s 0 gener ate unbounded
quanti ti s GFHBHERELYLCYEAEY B ety &7 Moo SRR RAP=EREmPCUTRR 1 t ed t o
one of the [ergicohditat ¢remebilitsd\hoeesmargy Hicgewitordiif pesipkardl ibgece (240 Finge dppraan
eryt hr ocyt esmbionicl semlceizyctes: caldaéto goliferbio ietiaitely il infedlidn @ueides a@ystetiatat Eanr t her
i nfor mati on pENisdd® RAGHY GhtioBHIed RIS b HiGaBoietd) SORHRROLEink Grigaly! 1hat @fe thi s
Ibgvent Lon. lc%mrﬁ!hé%oto%EQ \6} Q'S%en%écgpgi& Is%@ryp'eé,lou%LJea itlfe%nt?ategfto m'.gmlretm&ytgsetlxl S can
leukocytes. :
The disclosure that follows provides further information on the production and testing of
hematopoietic cells of this invention. It also provides exiensive illustrations of how these cells can be
used in research, pharmaceutical deve!qpment, and the therapeutic management of blood-related
abnormalities. ‘



used in research, pharmaceutical devel opnent, and the therapeutic nmanagenent
of bl eod-r.el ated abnornmalities. -6 WO 03/1150251 - 6 JUN 2006

PCT/ US02/ 39091 Definitions For purposes of this disclosure, the tgrmy ZU{H}_
"hemat opoi et i wooslfiisirefers to any cell from the hemat opoipgshseRaihway he
cell expresses sone of the accepted norphol ogi cal features and phenotypic
mar ker s (exesplidné i ed bel ow) that are characteristic of the hemat opoi eti c

l'ineage. Included are |et| rogenitars

replication- compét %‘Wfsear"?&% @%&}’s‘f%r‘?ﬁ ﬁiﬂ“ %T‘i‘°£°'ef'§n°a‘9 g'm FiPy° a?i” ¥ dradie at ed

ceI |'s. A "hemeieeises ethwaypr Bgersl tespresses” $peprepf éﬂﬁo@ceftpieé Relogisgofeaturgy and
"hemat opoi ethemtysit @mkeetblempliial kalog)aha aré ivaticierbig o1 thdremetayad Inkdoy, homogi@rer at e

fully di ffemeﬁ%emeetmeqms&m ORRRkd GefhiglidntomRRA BaSablyeor@Rabdil i ind ful)

sel f-renew. it %{) y, it does not produce progeny of other enbryonic germ

e aled ce S
| ayers when C o| itself in vitro, unless dedifferentiated or
reprogrammed in Asbﬁ"fém?‘j&%ﬁ’f?ﬂﬁi“'m'f Ahemplapoleipreswsor of "herearqpoilseisg aTis 2 e diatad] ect i ve

"di fferenti @b dndtaprigitydo gepérate juladiffeentiated Wemaidpofeficaelsnand haette capalily to seliiserawcel | t hat
has progr esagihif, irdbda@bt Fedk: drddenyde viedr QREFRAE 3bmPabd Whdh dulady b e Gekb, 1t 'S
being _COMPaleeelelifd dlseiol BHSorodtlrtich Rk &NksnSITDY yONi € stem cel s can

differentiate ecursor cells, such as a mnultipotent
hemat opoi eti ¢ pr"b@"e‘f?f“ﬁ’g Pf cefl priqaeyqlte "[‘GF?B“"‘E: SiiefeTtipted” s PlgivReER | 4 SfEetiedch of t he
erythroi d, gianalcgciatings pragsesershiumer dopp dk devplopyanial patimay Igmibb odidt ik beiss. These
progeni t or Scofpdied with.t T, plueipdchedn@ibricdien deint dan Sifdrdntieaméadgrealel predulbat ar e

commi tted toud Qt.rcmascaﬁlmlln%otgrtt h&ﬁﬂt&{;ou% %ro?JmtJr heBkas ftr@‘éépacnﬂqanP&ﬁH &Edcﬁ? of tlléenn ?IS ted

These in tur tiat fe

Col T i chegpd ool e, el i) nphed Bl SRS ban G o
capam ty t od'ffﬁ“ﬁ!‘ﬁ‘ef B‘Pé@\é’eﬂﬂ‘f"lgh@l‘s thety g7 HP%Wé% 'O’mn‘iﬁl‘?oefy?'@’s""erﬁédﬂeéﬁpﬁ’afges

neut r ophi | shemgosietidipdsi [Thgse bago@nibk differguliatedddrbdr &, anndisthgeniiffbrerdistedssll, ahieh exanpl es
of term nal hiyys dichkReRR loR! £ na@ b fay nbk retdh fé EpeIRy ioaardn@rateagﬁé}t Enythdsnddsed in

this discl Oﬁ%&tes rn%é ?ﬂh§q$£ %e&r@@hnl? feos‘ff}\o&% Lﬁgﬁhh Oﬂatgi.- S, %E&W ok as ar& %Fn e used

inculture s ntion to produce ted ceP s of the
henmat opoi et?%’m‘ﬁ"‘iﬂf’éfﬁ' @'a'FFﬁe&T udi ng precursor cells and ternminally
differentiated debffeseptiatippadeithig ged §inis dsclpiyteer@Ede e o 8 celpriion gvprecuses act i on
of the conpbairae usbiin ca@rgpdtans df ki isvgeiont torpajuca Stigfersitiatbd ecligl bif thectiemmtbrioatid on
process by rinbdyddfciulish PEcudsehi hhdigmaly RABERatbd telth SROINRRN sl RGO Owt h of

cells Wth foddaf bt He BGIIALYPE oRimpia! i el ol am?mgrdﬁfw}a&aﬁ h pBLRehS

actl ng in con ot otyp
Tor§ mat ¢ P GF SIS R 1 e g S SR U IBOBIE PEPPE Cior | yod

from pre- embidpaie aowtiegioihge Al sstingdycotcet wih otheragaris thiquolayninowh rpechatsmer

fertilization, aonrtbybaipemitl uddorniaidnecds tipPS oeifs) bre ipdpotetiagetsdetved ahe pre-

appropri at eerﬁb%ﬂé Esh%ﬁnc str ol fREECk arg 1RE SR RYiIRHon SAY ﬁ&\@lme@ha}afc@rmf b&ﬁd | types

that are de“b\é"’\f Q{ea or Qe cond?érs oé%oﬁﬂfﬁgﬁro% %31 Qeg ralrr?()é%ntsce ‘?yg% F EQ such as

nmesoder m ahg
the abili tydef'@t“feﬁ)r"frﬁ"é’ r@r*%ﬁ"o??ﬁ“‘i‘ﬁ‘l agers) ndpdean esEYegTeny f"ﬁ“ﬁ"é"‘ T??&'d'f‘ge‘i"rﬁ

i ncl )udes bottdnded aredotepigthies), Juphmsshe@pilitgiodamm g tefaloma infe-12 aepoddsSU midks Theatath cel | s
obt ai ned f rad0dpd totiREtyblishies Erd€oftstamicells afrvariopd Wids, [t @Miobiained fven phddiBsue s cr i bed.

I ncl uded i na,gg&pg&t,hmb%%mggmﬁes cells are enbryonic cells of various

types, exe rrpl L IInc udela¥n the cmi nqlon of pPS cells are embryonic cells of various types, exemplified by human

embryonic stem (hES) cells, described by Thomson et al. {Science 282:1145, 1998); embryonic stem
cells from other primates, such as Bhesus stem cells (Thomson et al., Proc. Natl. Acad. Sci. USA
92:7844, 1995), marmoset stem cells (Thomson et al., Biol. Reprod. 55:254, 1998) and hurnan embryonic
germ (hEG) cells (Shambloft et al., Prog. Nafl. Acad. Sci. USA 95:13726, 1998). Other types of
pluripotent cells are also included in the term. Any cells of primate origin that are capable of producing
progeny that are derivatives of all three germinal layers are included, regardiess of whether they were
detived from embryonic tissue, fetal tissue, or other sources. The pP$S cells are preferably not derived
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enbryonic stem (hES) cells, described by Thonson et al. (Science 282: 1145,
1998); enbryo%&o%)L&n? cel I s fromother primates, such as Rhesus sté&nil tbie?lﬂ%s
(Thonson at_ al Natl Acad Sci. USA 92:7844, 19955¢TVYi8¥%et stem

| h f
((:ﬁEG)S ((:-FI,‘-I logﬁ?rg (r)nal %gn% 'tsourcF It is des rb%qbut Rl%tal?“? ays nec%??an@tha{] tg‘fjé%\”g k%‘g)gﬂ%ﬂ 3? IlggS)ger m

O her types““’(ﬂ‘a pl uri pot ent ceI | s are also included in the term Any cells
of primate ori gipfStélatitves ere despibd & “ofditipemiced wha a spisbgi@hyorottien of gerecells

deri vati vesafafiheil demklihléﬁﬂ 1BEEFopiANion dlL;ﬁa\ﬁQﬁo‘&ma&g&a!i dREhaAgis off @gididhifstiScor! Whet her

The pPe. cel { S SEHLARTETRL AR AR et B 381 OnaflgBigiginas oo
PCT/ US02/ 3 @ﬁ_ga_sll!f fea?PP'éedrFprogﬁ Slled Zpie @i anp dyvically GaRepria ecwe BITENSABR o2 way's

necessary) Whascopithéenciecdiaiehef deterwib tigip nuskrbricytloplasoir retids. ang B8mipent hucieell titis es are
descri bed asnderttosdi thd: @EI6HS |0t LifkkereMBON céls FhNS 1ha pbiuRlion DAl Ptk the QOrAfided beM cel | s

and their dﬁerghé’o"?tﬁdfc\éﬁ'ssm {%éufﬂ%nﬂ%ﬁ“' ati on di spI ay nor phoI ogi cal

characteristics erentlategc rl%‘ distin U|sh|q ghemfrom
differentiated cEffE YF Brryd e Sete 08‘15. ?rﬁ “"JFJ i‘f’?&?%ﬂ thrige gﬁ cells
are easily ebydmeieriovsy an ergwamenkip whiehthg W"Stolﬁﬂée gacend tyagieRnoPli el presPpear i n

t he two di npER$SdelnNGn Gk sapporiett 6¥ mmqpﬁ:msevémwmimﬂmmhm ing@sorialifzecCedubes entinoliic hi gh

nulcl ear/ cy]g RS ofnumad fibRBiastike cemg @mréaﬁa?éd oM ﬁt@&h i ppsleln do&:latn&h@ deksd @9@1 t hat
colonies o un

“esse qial]:[:y 1‘rer ep fteecfa r celgcs lf(ihe cells, a\{e been egro&mﬁ! QPaL! 1east Fne doun;j ﬁvlt ht;mg in

surrounded by eIIs are
ternms used ‘f"b"h(ﬂ%%!"é?ef’%ée"éé’f’P‘éaQS'Fd‘BﬁE’PWWht"h‘éﬁppér‘:@'sco cul tured w t h cells of

anot her type, t dhptegwfeghbryachboding iis otemresitart isynonivoesiwith Meaoregeld twdiesf, reféningdecond
type can gr &jffegdulyr d ajﬁ&eﬁtwp@Sndoénd.ﬂ&&‘&m&e&eh@ ofCaRoub izS tHaP&ipb& Chhbry pi bdl@r' y nouse

erbryoni ¢ 7 LBHR! @ 5bbimyd:! ngfzymreg A et gana(oq%ﬁ,resf' ok B3 r0f  Dumman

fibroblast-1] ations are

sard to be B sfffresepprps afg'ca"bff°"1=58¥aeaﬂé?effa s Seipo- e PoerlsBoL Hsiin - onn
t hrough at #esdimagaie delesiphle bdpeecyioghemisti ng in  which fresh feeder cells are
not added to suppg@oith gndwinantaé art dneiroprSt io @hibiscellsTdh dtetegtrwii pralifvtatey dfecbntiaedi es” i s
a term of agima@)NRANITIHIG UMY Jf bhe RIGHREAMBIIRIhRRM in WiRth Q{erciauragretcmurea%i egat es

f diff
\alhenl pPeSr §2§ {wﬂlﬁ Egorgg}%aﬁ%&&ro; %ﬁu%ﬂg% {ac%rg gat‘f‘r?al« J)e pre%Iznt \{AEJA 5(2. om érﬁcgéragﬁcfhg@pear

suspensi on ?:?j‘PifﬁPé‘gagﬁﬁHF@PE}'fd’mﬁ%‘& es are a m xture of d| fferent cell types,
typically from Jevliriabaidyier e Joepplisally altefpdS tor firgoafestadibihen lsyrolypicionied b kean
criteria ardbsteadlinotmrdotyandehmeinablsat hynclialmﬁmmmgﬁ; m@dhém’ir@wiysa Wogergyrod Wt h

envi r onment e brigindk aRRY LAIARBNheidd Whbdhucksieb. s of interest will proliferate,
differentiate, or nmature in vitro. Features of the environnent include the

medi umin which the cells are cultured, any growth factors or
differenti hgiglte ng factors that may be present, and a supporting

str SCE urg (Such Geral FnefbdR St Fna&ﬂlaloébnébc.ﬁﬁﬂdi daneSbigR6eRng ark dé&mlemtme Drrnel 11 [ f,
sai (0] e ell r i de as
o FHEHL Jé :Iﬁo?]e'tc%aé cﬂénhg fﬁabﬁ% &Jnﬁdﬂﬁéﬂf&é‘@a Ahedq %p.&g %@H& ﬁé

been t rans? er r e }
mani pul at i oH*™BF YHREL "'{ﬂﬁ@a”érép‘f’"s "é"eé& é?'??gﬁgﬁkla'gfcu”fnﬁp ro%ﬁ;g appler Béﬂ“?’ér ed cel
v teshpigueadan Bt hods i n

that has i nifdh Avssep gt BleedolVilen & Spreb t Gelieioloomrntainshemising [ a5t
nmol ecul ar glemetn Cgred Robiogese Prioiein Stigriced.€r Caligana 8. ede YGiey & Sohs); BurtehiePratarols ent

edi tions of j\dot ety @rs. Bbrdddind 8t al. Avile D 86 8 Yui Bhiddcols fo PRRIMGIOE K. B Eokskn .  Col d
Spl’ i ng Har b& rél) éds.(,zﬁlme? & Sons.). Reagents, cloning vectors, and kits for genetic manipulation referred to in this
disclosure are available from commercial vendors such as BioRad, Stratagene, Invitrogen, ClonTech, and
Sigma-Aldrich Co. .
Cell culture methods are described generally in the current edition of Culture of Animal Cells: A
Manual of Basic Technique (R.\. Freshney ed., Wiley & Sons); General Techniques of Cell Culture (M.A.
Harrison & 1.F. Rae, Cambridge Univ. Press), and Embryonic Stem Cells: Methods and Protocols (K.
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Transfer- Vectors for Mammalian Cells (MIler & Calos eds.); and Current
Protocols in Mlecular Biology (F.M Ausubel at al. eds., WI ey f&URQ08) -
Cel | bi ol ogy, wBh9hgisp chemi stry, and antibody techniques g@ﬂ 883900 und in
Current Protocols in Protein Science (J.E. Colligan at al 5 P &
Sons); Cur r gntselPed] uo@hess Pressn Gedub cBire lsqples (add HageBe rard a@nau@ frerh céthme,rman ey &

Sons) and Odénao%srgucr%@tbe&msmdané mmemahéagaé; é.gmﬁ:negeélbb%enonaeﬁon@é.calseds Wiley

& Sons.). Reage vect at o on
referred to in t edlalxzea:e eninge books ré?e\ran’t to%t qlsclgsrure n};che d%te}! g:ochenr:srlgen

ors such
as BioRad, S5t Stegehiduwer A%F%W'%'a@'ﬁhe'%f’We’éﬂ‘Pm@ﬂ*?ac C@P WHW%HPP’&'FF .4 Cel |

cul ture met hodtR. afderdle s r Paseah gusnddivaed Yicademic eblishersy 9A9; édhetilap Biadoy @dl t ur e of
Ani mal  Cel | StemafypoiddaribidtreM¥henBs Shslopbae i DisisesR1h Sytossh BehicCMna 19W hay &

Sons); Cene %Qelma’;g &n‘ be I\P(f;‘- é&%um e(t)a{ll l‘c%{ g #%ﬁublss% i %Jg 3‘?’; gs}aﬁﬂ dﬁﬁa

Canbri dge Uniyv. (g! oni c rotocols (K
-8 WD 03/ 056‘2%?"*“*’ N‘gtﬁﬂ@ PR K789 Hamaiqeeets & BevelrRRsREfaP Bk s s ) .

Ti ssue cul t drlel Toppl 1 editicarkiardinyersity Sress: 2004vai | abl e from commercial  vendors
such as G bco/ BRL, Nal gene-Nunc International, Sigma Chemical Co., and ICN
Bi onedi cal sSmﬁgg&iS@l,.,iog@d reference books relevant to this disclosure include
Bl ood Cell Brochemsiry, Plenum Pub. Corp. and Kl uwer Academ c Publishers;
Pri mary Hemat opolhistiiventioie Fansbe( Reaglipeth using stemiglist ¢f various\Aypes. Anongphihe\stew cllp| | er &
B. Pal sson eutsulg forKkainels idedgicledrd gimke plripstre stem (pPS)3:8)s dbivkeie tisdue Bin@b eigy  Of
Henat opoi es'g&taﬁ’dﬂdsua-ﬁ a@@tbﬁﬁ&ﬁfstcbt‘fewérﬁbﬁﬁr@é tls&d%rtai&d HPtirkd cﬁﬁ‘r@ Esttion] AbAlimAREPOSi UM

Borm o, Jun raham e eds.

S. Kar ger Pu’bl“f‘ ““S*nElr p"”‘a%iﬂg%s ‘f’heé gggﬁe? %{F %16’&‘% Ni? P ETNEMRET °‘°‘E"i Swlf &
C. Bing, Peﬁ’&ﬁ'f"ﬁeqilﬁg‘f’ram 1993; and Hemat opoi esis: A Devel opnment al  Appr oach
by L.1. Zon ed.,Thetechaidiasiobihis in@ufoFad algmbaieplementpd fredlly 9ith (POET embBouie édal of St em
Cells This itlﬁVeeIEriviﬁg’\héir&[hpMC REI Gllrdey S BmUSimaY cak it bRt ke pokentdas igod! Ssetty pes.

Amon g st the h%a%muﬁl@ l:éll§ W|th%ﬁ{lf:1:s?‘gsltaﬁhsﬁn%r an lﬁﬁcﬁ‘fe'reﬂha‘eh leat Ilhé] Vl?rﬂ&r' c%mqrr&mgﬁﬂcg@t €
pl uri pot ent estation,

such as a bl"‘?i’%% BEY g“’t'"" g '?aéf""s‘? > '“““kegnl%u"?/@‘r’\rq'pé{ew C‘E'é{'%fj%m f°rT‘Eb°°9£ﬁ°e"‘f‘1°9 &dlr i ng

gest ati on. ﬁ"ﬁsi’eﬁi ting exanples are primary cultures or established |lines
of enbryonic stemcells or enbryonic germcells, as exenplified below The
t echni ques @fbidhicStemmeant i on can al so be inplenented directly with primary
enbryonic or fetal tissue erivi negihemato oiq?tl c cells di rectlg from

I

primry cells t HEFPARES ey els ??Bf"é'ﬁ‘i'alt o glag embeps of I RIFSE SPEPRUiT cel | s
wi t hout fi r Seted8.6487RE: Ihidmsen Al (Predi Nafl. deasn B41- AISA §2:¢% 1999). ndumagerolsyonie ¢ ai n
Ci r cunst ancEs) cegspeipgeparkd frdi Bma bty IBLYY 16 18Bnifes tassribétagl ThiBiserCet

Eumljtl lootentS tauccélsl ﬁ?ténr@zabﬁwQc.éaémgnwh@@amrarop Pev. BRI 5@43§1ﬁ @@hyhrtd HelbhaH €S - t
ryoni c e c.an al e ocysts
Enbr yoni ¢ SEED GBIl bl Y3, o el Saulds R pksRLe e fAMMALAS] 00V
Proc. Nat| . 9P Sgtas b P‘Eﬂ@*}ﬂ(ﬁ@%’d‘?’@w (ERfesks =< QbR V&%V%]BW‘%’S%QB@M (hES) cells

can be prepared fESFals hemiereblsinesfon dyran P@@?Plasfaﬂgs Emigyos.hadtemalivein ingire ertdized cr i bed
by Thonson tF) edlbryos(dadn $e uRall eménebegl 2ManB8ryoSeancizCaxpad8at 1 HbThlasth&BGstagur r .

Top. /Dev. Bi é?)tho 861 1% Rdprod 41258 8kacNEmiRRY Iaﬂer&muf'ed tcthe @&stoc)’éla&ddé o (ﬁ' 0dngC h.
18:399, 200 2,2 m ar%r'?etr etC(FI Ilertl ¥t8rﬁ%9 EP 1 ébg)s Tﬁe zona pe'lluc%a }'SI, reemo'\[fera?rom dtR'elzﬁiI | p0| ent

blastocysts by brief exposure to pronase {Sigma). The inner cell masses are isolated by immunosurgery,
in which blastocysts are exposed to a‘1:50 dilution of rabbit anti-human spleen cell antiserum for 30 min,
then washed for 5 min three times in DMEM, and exposed to a 1:5 dilution of Guinea pig complement
{Gibco) for 3 min (Solter et al., Proc. Natl. Acad. Sci. USA 72:5089, 1975). After two further washes in
- DMEM, lysed trophectoderm cells are removed from the intact inner cell mass (ICM) by gentle pipetting,

and the ICM plated on mEF feeder layers.
After 9 to 15 days, inner cell mass-derived outgrowths are dissociated into clumps, either by
exposure to calcium and magnesium-free phosphate-buffered saline (PBS) with 1 mM EDTA, by
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derivatives, such as primtive ectodermlike (EPL) cells, as outlined in WO
01/51610 (Bresagen). hES cells can be obtained from hurran pr ei rrpl a,ngqg 9@
enbryos. Altew@éineeky, in vitro fertilized (IVF) enbryospca ﬁ
one-cell human enbryos can be expanded to the bl astocyst stage ?Igongso at
al ., Hum Reppdle 4 disf426 or thERD br. by RiEEHaMES cickbRatinUbith Win@dopipBist AR tidh aphecyst st age

in Gl 2 and,g ﬁtr&h FKEQ%U @r&& cg&&% ﬁtld ereﬁ?\gé h&rphol%%ﬁr llnd%ngglg?z}ectec}&g 8). The

zona pel | ucl, osure to
G i M Lol s o g ?4 RSERRE . i n

whi ch bl ast@wyest eplopigsevite rppegriy highnugleds: i eylogiagm setfogind B’Pmlﬂ%mcleo"aﬁﬁﬁuﬁlmaﬁﬁan spl een
cel | anti sedelsnaré @en Sdtinaly rsplit ebdmemzwaasﬂaeﬂ n‘nartryﬁsarifimmtéip@erettb ImelBectds BRIYEM and

exposed to @ynbinkg 9 Amh'TEb% e tae,%erw Qo @rﬁe@@m(@o& gl)bf%rectrgn gin
(Solter et ter two further

a
washes in mmlc?long%%q'cf%ﬁﬁ@ ?'5'3%?‘%%8 3?‘1”6}’0;0 Y ?e??“r%v%n ™ om the intact inner
cell mass (ICM by gentle pipetting, and the ICM plated on nEF feeder ’
| ayers. Aftteﬁbqéamteeniweidays inner cell mass-derived outgrowths are

di ssoci ated int y psur e cal.ci and nesiumfree
phosphat e- buf f eruieroaie® Eraciectéel 4P RS H Rl fon ot g s BoRBo T 5506
PCT/ US02/ 39091 iahmaiiirklakes 3ous it weeks a’[‘e}’ J15d7sh megsirugh peried ¢ ISHiPle AlePFi¥s oci at i on
W th a m crrogopedrt dascribaridn Bhegiolt etpl. atr@dNatnAcadyEs. USA 95118Z2R, 198iHnd S. Ratepini NQ

col oni es hayggpgeaundi fferenti ated norphol ogy are individually sel ected by
ot peLte, TRl bk AcSSOFD B ko ML o LIRS i hosBR s Bl aofe | 1 K2

nor phol ogy i s ent X

nucl eus to "%k BEMREE TRt '5%('3'3 (f'%fr:ﬁr’ﬁ"e'?ﬁ a4zl el §ai ST LS‘F'?DL? Ag"E ta’ﬂ"éel I s are
t hen rout i nBRY); o $ogiue gysyvate (BRD); W@%R@O bfy‘LblP"ilaéfecwbyp@ienKezwwfww fedop®¥ure to
Dul becco’ s GRaymef; G2Migak Muingh ReofivhinDTFDF, (Genzpfy;Lang 10 vt fgiekviid o ced bragmnase

(-200 U G G Qen ﬁJsué%ﬁmﬁr?lil&&st 4r® Profled intﬁ'leGﬁ'cQMﬂém E&Jr Oy B Fh.CERP!I Pette.

O ot 25 s AP s | B e L R bt PR L ™

present i n foligfiminaciiated pithpaelasd varrad@%mew Za tirrimgy E‘i"“\ﬁié'éﬂ@c)éwp@ﬁm‘! 'h@,ﬂd?dast
menst rual peeichdt theSud. alpk ersipaep@iadonosier TTEtdBASEG grewitl @edun, badfekiny sdtranbl ot t

gt Og|0 ,62? O.EBeu td\k’i\& el o RCven 2Rlire g&iﬁﬁev%ﬁsiyjpﬁgr&gwn?vQn%éat@d@rdhoﬁse BRLSRL The s EG
e r cells.
o owth medi G < BRI a0 PEERAC iR IAE B Sl DI RANFALER 15 L8
qualified f‘é’ﬁ""é‘{e“é@ﬁ"y%@?'{ﬁﬂd@% 34"3253&%1 glutanine (BRL); 1 mM sodium
pyruvate (BRL); 1000-2000 U nL human reconbi nant | eukem a inhibitory factor
(LI'F, Genzzy.ﬁaabanorﬂofaoﬂngalfs"rhamemamﬁtﬁ nant bFGF (Genzyne); and 10 pM
forskolin (in 10% Ni ne ssue culture pla es are prepared
W h o Subs cont PESAIS CHy 5 PRRSRTulE el jne s ol Wes . © Ot
1503) cul t urdigrafienwituipgretinagifferpryation. @eﬂ@ngﬁewwwtmﬁﬁmeﬁ'we@meqe Wit 8% HbFGF or
forskolin, DWEBC(sicat etckaddt PMBIO0Tbcp)azhoyet kitherauingd te@hbovirdseRim(EBS) Hydond) nmr y ger m
cel | (PGO) SHFDSRASEARR W0 Sbaed), 13000k BEthiA famnb acdeh | L BRBmbd, l8d op@mcage is

done af t er é%memﬁpg%n?i ﬂlst%qalg L?_?V\ﬁumarv%'l: %n]ided [o ng)m% 8/(!6 B?%ng'l gercamao{pé dt 0_one

well of a STO nouse

fibrobl asts. Thdradiiaphy.cES;5els a\fwww w&tehC*de&FWe"ﬁémca'Hef Hiepigsts ServARRIMum unt i |
cel | nor phodmbgynic onfetaistiseust  Fwibinies BG leokdies! from a 655 owoncedht 18 ydeyscdhlplegnaadyt er 7- 30

days or 1-4Aas&eagesi iiineooatinednimid, MaPcétbd Smh bt 2. Wodirkd er@Bd bakied State
is allowed to settle, and the cells are propagated in 90% DMEM , 10% FBS, and 2 mM giutamine. To
prepare a feeder cell iayer, cells are irradiated to inhibit proliferation but permit synthesis of factors that

support ES cells {(~4000 rads y-irradiation). Culture plates are coated with 0.5% gelatin overnight, plated
with 375,000 irradiated mEFs per well, and used 5 h to 4 days after plating. The medium is replaced with
fresh hES medium just before seeding pPS celis.

Scientists at Geron have discovefed that pPS cells can be maintained in an undifierentiated
state even without feeder cells. The environment for feeder-free cultures inciudes a suitable culture
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pPS cel |l s .can be propagated continuously in culture, using culture
conditions that pronote proliferation wthout pronoti ng di fferenl Bajwcm}ﬁ
Exenpl ary ser wo emadsd ni ng ES nediumis nade with 80% "ﬁ
Knock-CQut DMEM G bco), 20% of either defined fetal bovr ne ser umt’

Hycl one) Okubstay, umcmerglea@ma&mnar i Q81 RARiIYIe olidminQNFHEPBS BdNE &b paed RO aci ds,

1 M L-gl UL%‘BOH% ||s%ﬂr \}%\Jran?% oo cHFe ﬁ&%b&?&#finw;mc 1y, %ﬁ%ymgi% eﬁ.o#%%alte@“mn bFGF :

i s added t D. ES cells are
o o o ua AL 5 Ot i<t i, SORE SRS oo
enbryoni c &¢lis P@tf@lﬂ pleed diggally ofpriye Wé‘faﬁﬁ“@h%hfrlwm@ersaﬁ r/éiiﬁfiné!"@Flhe geflas tat 13 days
of pregnantynestet wiosiefsynestbetre th2 plate rdachppsinieddbiincubating mifrinaeadtion éog

i ncubat ed wrema.& P! Qfter mﬂangﬁsmr sundlelach bk b pialed .nfal arweshuk pua@t tl e, and
the cells e g{ agat ed in 90% DVEM , 10% FBS, and 2 nM gl utam ne. To
prepare a feeder-Cerl layer, cells are irradiated to inhibit proliferation
but permit synt Fﬁ?é‘?’i’e%rc““f"a%?rﬁr%"pf’w&t by & GRESY Megian cetanidg (faarmpthal sRont
y-irradi at ipofiyratio@ul the cels pitatialfemntatiop.o Stendfacird mayObeSsogekd inforihcomesumi yht |
plated w Eb’ltur?nzr%&Q@ruhﬁﬁtﬁd&ll@-%@@hrﬁ%‘?& iR@rs, WRh bs imrddiibausedo Radfpriaryhotays af ter

pl ating. TQ@C@RQ' fMFBLl'as?s te%ﬁgc?g% {anrafs{seér*}.mlaﬁaix-ﬁg%déggh f rﬁs}’%ﬁé’ﬁe%ﬁseeo“ ng

pPS cells I scovere can

mai nt ai ned “"eﬂ”'&FF“lPﬁ BW"F'?‘E‘F%WP'F% &a feegefse?f R dAG ! '\ﬁnﬁt"HBlﬂ“ fRSqep RPN The
envi r onnmentsudh@es KDEYEWrsufpfementaginith e serumreplasdest gndsiingimd IBF@F. cidiugertient basQ WD
03/ 050251 -bedh cdidilontQ @B 1-2 Ay is\dTRHRMMAN N SMs bIFGH ghd upaand suppbhtapPs Yell@iture

[e)f(ta'lt’ 2ge|a![ u lfczi -2 B%;Sr }\l?ém Qrpor%sad%ﬁ th'%c&fs)calpi{e al:ld%mhgt' h@l su-E dzﬂrﬁgfaﬁ)ﬁ Lm’th%utar e

Do e SRR, o oet o OF EOFE o oY sy e B s flecel y

di spersed (as®y, igargs i} meagior ssedAigd e apd 3t inpuliy. | ragsiefp dpidgfeholestprof, guceos cells
are then plrated, ghdmesitiding agat Dich 3@-rsubgtatate Fdatiles oitthefienubriies cudmre;pamslal .

Al ternati Velefurnb\@sct:8id is irefBiocR® Paba PMAGKGOWDIT/ANGIY: aRiNaYTRS NREBBE®nd.he pl ate
reaches confidepge by incubating -5 mn in a solution of 0.5 nMEDTA in
PBS. After washrn fromthe culture ves S are Iated into a new
cul ture wi t hout Y"FUPE REPSHeSHEE érppearﬂa‘aglgP "'FP%%“%‘%‘FT&F%%S RpEneUlESit ed by a
nut ri ent maod epmPecd pRicay FrRgonfyitt pesris disceraablesqglhjyentiens.  Brrodts Epelly p@9ssoaget-he cel | s
wi t hout di fspeetfiepinbrachic antigeBUB$EA] AGho B .Santanariee detadtabed weaaritiikies tidsgnatadi um by
cul turing tre-gemh Hian \h (hofh bisal SQEh@ b 9145 U6H). f RGLOES cellS hhhedSedi ka1 at ed

(-4, 000 1 ag). AT LR Yo BRAISE oSl nx%me%orgronrr%%gﬂgtﬁaréo LeNTEE 1 Ao deRlze

fi br obl ast di'um can be

condi ti onecﬁ“’?ﬁ"&?‘e?}\y&f‘f?‘rb"ft PrEna? gRRpEPA cuginoga kL ey ‘8?’"" =nkatign §f pi% Cellg V0 g
serum fr ee repiiginuthe lossat ASEY. R®1BVEM Hahpl ewersicadndinerepsgopresienphSEpT.acenent

and 4, ng/ mwhibirehiso iMed bl has been conditioned for 1-2 days is

suppl emented with further bFG-, and used to support pPS cell culture for

1-2 days. :)&_}a}eﬁglyﬁkkr\éc%l M'GSQ§r grieéhri&g q%n% %F?Qﬁc CgltSQEJthJII‘%gTF\IB{I& can be added that help
support pr as ligands for the

FGF-2 or FGF-4 Heraigpbigic cellk pigiinidention are obtiierd by sultaing, sifferertiiating, oelebrogrdnaor )
i gands forsteﬁﬂ:ﬁﬁpﬁ 9 Ecia SRNG ieRir@eheititiahengihd S celid\at ke Mesirbd giamiypé (eithas by| i pi ds,

chol estero Iout r@H\ﬁ ﬁﬁ)esd99|%§ celis, 9%? Hi\ﬂl‘%oﬁ or kﬁrﬂ&i of%thér%gHﬁ)bﬁ gTh@&%ﬁbtlhorﬁLém

p- mer capt oet hanal re further
o it Ptk pl gt s b el 51 v Ut
Nat. BiotedRl®F. 19:971, 2001. Under the microscope, ES cells appear with
hi gh nucl ear/ cyWopi d&gved t:onra'tEisiMS;hmﬁ)iinenﬁpﬁéanlS.rtiu@tlle:erbtia!ions and isolated cells of this

invention will have the same genome as the line from which they are derived. This means that over and
above any karyotype abnormalities, the chromosomal DNA will be over 90% identical between the pPS
cells and the hemalopoietic cells, which can be inferred if the hematopoietic cells are obtained trom the
undifferentiated. line through the course of normal mitotic division. Cells that have been treated by
recombinant methods to introduce a transgenes or knock out an endogenous gene are slill considered to
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and conpact colony formation with poorly discernable cell junctions. Primte
ES cells express stage- specific enbryonic antigens (SSEA) 3 and 4, nag‘t? X
mar kers det ectabhfsppsi Ng anti bodi es designated Tra-1-60 and Tra-1-81 UN 1006
(Thonson et al., Science 282:1145, 1998). Muse ES cells cEh/B¥?¥ as a
pOSI tive Cgl%}e t%sﬁ\%rge%%p‘aslme ﬁr@qro%tsurh%h nh%ga I(}éﬁveg(?ﬁtiﬁeg I‘FTOGQ%}’ ’? EA 4rion Tra-1-60,

and Tra-1 consi ste onafflI carci noma
(hEC) cel | S"nipyiatadapnepiqeqentae gpseppss ceI s invitro results in the |oss of
SSEA-4, Tra-1-60, and Tra-1-81 expression, and increased expression of
SSEA-1, Whiitalhgin® darbremiadoppiaebs®n hEG cel | s. Material s and procedures for
preparl ng hematopoietic cells and their derivatives Hematopoietic cells of
this invention ‘é’g'@ ShesssHA e By dxtienet irpriorgiptCcals ARteraLe ithiys ’%?"t"?"e?)rh%?gr anm ng
st em cel | s begn faungihat i eflicienrvantolpertornyhe dervationtis te hiliate diferantistiensn 4 wn-spselfidwaywi t h t he
desired phenetmimen (seb tchak 1y ppsOttiOlo Ginen®fyoid Betigdes iag@shakel ks exatple iy

i nhi bi ti on éf’rgn!wﬂtfk (lfla'a&loHIPSQIﬂmI{ureC&lby cuﬁlh‘lpgepﬁ‘b ceIII %ﬁs%ergﬁﬁ ﬂggtﬁre%sgelsarﬂﬁllgl cabl e to

many types o s ent st em cel |
e e e e o
pPS cel | s, dsppsiaigd I'“FO s aeted insnoandierd gelhewire latep, §"@5f¢”'¥1ﬁﬁ§1 a padiemiteton wi | |
have t he sanogedierataas (Ekenplel e if ammfﬂiocmstdm;o:jawe @iy 4 @gbled TlingheneaNns

that over Qﬂﬂfereﬁ%\i%el%h’uré‘ﬁrsyi% i Lgmawﬁ% ih ke @ferertnbifon FREEHTBSAITRE inlNA Wi | |
e ppS

be over 90% i %I’ltl cal s and t.he hematopoi etic cells,
e Fell mass&s aniipﬁe

whi ch can be i e hemat opoietic cells are obtained fromthe

undi f f er ent i at e®thdawng the TaiRght et ibibit gifpreptationt (Sysh pFERY bR resentd e ¢ndiossd. Cel | s

t hat have bedinm used &t citireiye pRSaeishib pari@htve diflsteniation pragess.ninsoo Ri@tias tircamegene or
knock out aBnefdl @HRRRINHEE RAEto@ bradusiiy, thr lexa4PB Sy UEigROnddm thhilhaV e enlifbetbl 6 JUN
2006  PCT/ Qﬁp2/103.8'0&35.@Qf"f@edwt%uss(%%pl%”%r ASdal 6 JnffeFéﬁnaI.rfngB’s MHL- Euha Frohey are

derived (or_t nts are

D eser e P 1t P EOpnATY AT Bt DIk o RUEG 8 200 SN ECRBl ot he
deri vati on %8 Wbﬁ"’fﬁ’?%@l ipglyding [?@1°|°§°'Qi(5@(9f ‘éim‘ﬁ'@'] qUprX{dﬁ{DySp}—fv@ﬁgqltﬁﬁmequ{n Was been
found that wihdrafirgifrom ¢etusuehgxtraceliupendtixnpont whigh the rcélls atel coltured SWO 01/5 1816}, ioabye

di ff er ent i abdn@gprimitivelechBdimSRQEIs (Rathieh@Y, ). dMSei TELdPdodey t 0 cause the pPS cells
to formenbryoid bodi es or aggregat es: for exanple, by overgrowth of a

donor pPS cel]l cultu y % Jng pPS cells in suspension in culture
vessel s ha\ﬁ"ﬂﬁg‘?ﬁ(’e’egtfff%'t’?wéf B h af"ﬂo‘ﬁl"%?ﬁ/ adhesi on properties. Undifferentiated

pPS cel | s are hara®s oadivd he Blitet kdwbrithe hatia®pditit pét@dy, luRdiferealiawa pPs Seitls pl at ed i n
non- adher enfisaeglks é}ﬁ(;Hde:hbHseareoéuﬁIr&ﬁm a 80lanCH h.!.;nl.yfosget.b RifiérerWBh Yk NAbne 3 HPPOI t S
differentiation cells are

ahn& fthe fa ors mePr g dact calF Ito J‘ f#e[e{qnag downhthe ?en’aatogmeqtm%ww cause

peel ed fromttiﬁnah R srent a

cul turing iMOPHE Hicple itk 3t NeRpIPRIFITRAEROH RS '@@ﬁﬁ@l’j‘ﬁt% °‘“Pft?9" ‘VP%?uﬂrd%‘HC“cféﬂ | masses
(Exanpl e 2)hemytgrolatitr c@iis imgndtieeiashinot diissnot egdssdnnkaivbderstadd fhb eeentismacfiagien (lsuch as
may be presskdi o pBcitdiie in@m@ht i oned mediumused to culture the pPS cells) is

EZL;‘ |OI:| ;lhet di f E?Jn%la&' ab 'cgﬂb.&hé?@eo?%eméﬁaer&o%kﬁés F. 120 Norn l:Jﬂ fﬁéd? 8@: .
o um t hat PRSI R o4l oS Ppi-gom sy iag for ‘%35'5 THLTAPR R s
(Exanpl e 3)in canbination it bRy Eo@hoserior mressing i§gh e BNG-2p -6 o BYPn SGF eles &peci fi ¢
way are knowwacetivia sigws)bydibag-nlediated dirtegitalics of okit, whinhtis srbcepigr tirbeine pinage efted tof
gener ati ng heie@hoR ddr flalelt-derived growth factor (PDGF), macrophage colony-stimulating factor (M-CSF),
Fi-3 ligand and vascular endothelial growth factor (VEGF}. Other factors of interest include Sonic
hedgehog {SHH), Delia-1, Jagged-1, and thrombopoietin (TPO). As shown in Examples @ and 10, it
appears that the cytokines promole formation of the CD46 phenoctype (hematopoietic precursor cells),
whereas bone morphogenic proteins promdte expansion of precursor cells having self-renewal capacity.
Typically, at least two, three, or more than three such factors are combined to create a
differentiation cocktail. Human proteins are preferred, but species homologs and variants may also be
used. In place of any of these factors, the reader may use other ligands that bind the same receptors of
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cells: for exanple, by including retinoic acid (RA) or dinethyl sul foxi de
(DVBO) in‘the culture nedium by wthdrawing fromthe usual extrat:ng leaaﬂ%
mat ri x upon which the cells are cultured (WO 01/51616) or by for r‘r’g
primtive ect @M% ke cells (Rathjen et al., J. Cell SolPCTAS®38®1, 1999).
Driving differentiation towards henat opoi eti c cells In order to drive the
cul ture t owkiPuRe hhwmp ganst Eperueipt aatfwawayas recARIrEResifientihody: Sf agsib. etBdT| s or

i nitiated ecehjongnapudyat inpindedar te oetitro thetchelitrrlizas the etideaof| othef fali@sriihionegibet | C

3' ffe { ent : l%Febé?lﬂtofdﬁ@tjiﬁéuﬁmatl% 808 a Qferkr patl’ﬁt@frTbAnré%rﬂp@nat anfiR6 o eéwetgmmff@ﬁ,t ors nay
I rec ce I |
|c|1i % Fo 5hi % %lBtn'.rﬁ% ?e tﬁi M@L Jrr@éﬁs k‘netﬁ?&.r%’é%’rl & ne&rﬁﬁ%gl‘l@ ’t|ailv\$fl €f ot her

outgromh o oletic enot

cel I -types, d’ffS'F”t'éWPlcﬂ"f‘n‘a'f Brmad‘ﬁé?rﬁt B&frea?tfree“@é'raf §”pP‘?’ils Siraeyaare! fhﬁéjﬁ?”ﬁchce"l t is not
necessary tropulaihesust ag agerdnineemedivia (B samtefingotine glhunim insdin ersirtransigrripr act i ce t he
i nventi on. Exemﬂlealhyﬁe&htﬁteﬁerrmﬁaﬁabﬂ’m& aaf culiIRirRIRRl CociByli@ s siRBnSi€ld as stem

cel | ~factor e&ﬁ@F)des.red ansn%ry‘keqyw& sbibdion) the hue e aabé nfpbdamﬁs)mce some

granul ocyt

Sonbi nat | o °fmﬁ?tﬁ"%%%@°'ﬁ5-v R 6 P! *f°ﬂ§r°§%%h'“&§s'°@m5f9f' ST n 8P . 7
SCF i nducednegdidm (qr it qagien %ﬂhweséhegﬁﬁwty qﬁpemaicg@m@ld'fmrwa@refamm mhsh Petiakthepn of
c-kit, whi Gimplesnigurdseaefping bnif atabianthokionas & sbred drtubtitaboss, ittmenlst Beigpéiicials f or

pl at el et - dag beYiGiFh ugsrcmehwéra@.sb@tvate(sﬁ’mamn@ea@g hﬁﬁﬁa@&kewon@}ahdwl ating factor

(MCSF), Flt-3 l I %r?to pr vuoas Mr%ﬁc?cyns af Ra%gl»gé?lt oh s:cﬁr‘;%l_m%r %F&{a ion otf 01£JS t(,eYs |GtF Q her

factors of i nteres
t hr ombopoi PMReRCFISCpls cﬂé bes ppadiTe] 17 @(@Hﬁﬁ'&'gn GARRFEVEHn et abseé’ﬁ?p‘éﬁ?%’””ﬁqat t he

cyt oki nes tromabtals. f Agsordinpiy.dins infentio incl@8slbmegtmd fro foypie hemaenatetipreilsdrt which heecur sor
cells), wWhakeaatedpbRn®pphagesnt Qe Bk Bisefdé OiEBIs @haChpPas Sttt ghorf gCUr sor

cell's havi r’&sﬁﬁ{il therhg%ﬂaétlc %ﬁéﬂ@tﬁ)’ete%er t;Eeré E!é}érikyx)f th@-[yoph@%ﬁt leilsvmeanst tna{t ﬁ'@re or nore
than three such Ei Fockt ail.

Hunan prot éMN% ag?wgm Br xe?og P'C ceds pr%‘c’e"t o cu'g‘ées S“n'b?ﬁ)‘f g$° %r‘?{ﬁ Tf’g?eﬁ “aff err?ﬁ' al so be
used. | n pliBEeode dipgnigipn Fﬁ@%%’aﬁ'éﬁ?t’ e gnatriy. H@S’W?Vébtﬁl@lpe’l’?ﬁﬁd 9 é‘é'“‘BtSWé gellp I”gands

t hat bi nd tieecuiasreediwcepincadpnadto thel Brocessg exbikl wRGE Exp\iiy Ex@/deh 084 that may

PCT/ US02/ 39aRskcesihd difidlediaton ipldEess AtiRie Birgiakrorhdl @MSehiuabd i hidddh BUR YramovS sHah  as

receptor - sQgﬁglof1hgm§g1;“5npgg¥mallcglh,q-)eddl ti on ot her corrponents may be included
in the mediumthat that may be

rs

present to driv \Q %Chg'ﬁ‘t' f §"‘p’r’f“'ﬁ'm“ "‘3&"‘8‘“?% %?’8’?’1&" '5tE°h Ry e & ?ﬁ%l eis

ant i body tdmﬁ‘é’l"\?ée'ﬁ tha\fiare Frapretedenteqt Hiogopion Eeat"ﬁ(i‘l}ﬁ‘rﬁ’?““?’d’hﬁ@wﬁﬁ mHh BY¥Z€ the | oss
of cells i rsOFh&-3dF-BCidoh-60H vavieusr apgbinatians dvefef able am firidede | ppenotydiend functional

di fferenti alen@Bpok@Chdoditbrs. 1 BRERsUDI0IsNdifbrdMitidh o7 Pbs BEE nbintidiatoy SWRARN t S
expansi on O%bwﬁb% of %Cha&eé.id mePBQHJ: ﬁé% flirond Pgnﬁﬁm&‘m%%%qg@gu o Gt um ( SF)

it at ed gPS L Rt BT el S e o

time to penadium copining @8% el e FaHB o P serprpy e fregia contining @loprain terfsferg@andut r i ent
nmedi um can iwslin APOTBL@ATH days haneupdadioresiis éngergeul ihattvierBse GD48 +VED T CDAYPE; tridve of the
di fferenti af doOdbuRs-REiRE for bdiNGhrkts QRIET whe Bhed 73 drUSBLal el mtgmc.erﬁrp\ddsum (or

|t Jequi val g0t R UIAREESsS N eAG b 16 e BRTRLARRERE b o bk PRGRTLA! O

factors muc m n_and

ures contal ni
hor nones. |1 EEfeY %‘F’F@Hﬁ%‘*bﬁﬂ"n@?&“"? t’”“'éeéf"f‘hﬁqc'é’%th%%"pﬁ@'ﬂg‘f' fQ“B‘?%*I"e cefsffedP Porm t hi s
culture ovel?dayss Tiisstepaneecol BUR-H aliyws the Yspromediainipppulsipppio g 4 draitmeFoReetdaty

prol i f er at i GAUs foGoMdTeashyprihay QREndicLs tepeskned df etgenewitg Hiagofoe®mogérigover ed t hat
differentiation of pPS cells into hematopoietic cells can be conducted in a

highly effiglenh . BRRsss BHeRrdddpdie @Rsence of cocul tured

pPS-detived hematopoietic cells obtained according to the preceding description contain a high
proportion of progenitor cells, which are qf particular value for therapy of generalized hematopoietic
insufficiency, and studying hematopoietic differentiation in vitro. This invention also includes more
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stromal cells. Accordingly, this invention includes a nethod for form-ng
hemat opoi etic cells in which the differentiated progeny of pPS cet bs/UAr806
cultured in t NOWBBERHce of cells that have a different gerRiFS0%MI| east
until the hematopoietic phenotype energes in a ority of the popul ation.
Thi s means TR ceheapdations, Batase belbloy Bf “%Pa“%@?fcﬁ‘)?‘{ﬂi%s ée F%‘a’br"bE'E%tjmq n the
cul ture, sucterdyapmedes. cells, stromal cells, or other cells that provide
di fferentiationthashekwm Miinods (GUPEIARG indtee Rthdichdetic EMRYEing tb fhisireri. M t t ed t O

i ncl ude such, %Jh{,c? vl o Uy TP GB35 0 LG e s o RAREE S

except where explr.cl
di fferenti atiyl"B‘H r”E)EE‘%‘é"”i ??E'F'U?Pé‘p?f?‘?”%F’X?t”?f"?“(ﬂ??ﬁfs dAnpier F‘E’B?dafeéﬂ"H“WPH? human
bone marr ovwataén'el beep @ftikted iptp difematiaih-iha rpaspasdic way pwiakbn diredtly to the meturaidsistagy t he

t echni ques of t hembtinRAtabteE usef Bperdah e NHmaE cpBbaipal el lertalil sxahgye been
derived fr:PrEerPé &%:lnéoﬁoﬂf?ct cellNR 1R ehﬂ?é?éueﬁo%ﬂérﬁﬁrﬁﬁ HBE;P&% tb Qlﬂur%% L9 a

progenitor hen vari ous
conbi nat i onsVWB'PEéXg"Bfa'«S'"? gEF E’%@g 5Reh %F%’OE‘)'&%@F’%%F|dévﬁ%1fhe c'flnt%rﬁé"twﬁrﬂ‘?)l etic

pr ogeni t or sTyelold cetisapiylieagn goyltye tat centgins o pasn erythieid eptpnisd. ~[PESNePedVie SOIR0RS, 3phi t i at ed
by cul t uri ngs%enmbuocge chidoiesl i (iger faaars b4 mapyesysedimthdé Geant gdneiccyiicrveiz M-8/ i r onment
cont ai ni ng @083k a8 e &b nhobhyrgRbia A8 drPb! ibr-rtbakaddned aRtOérro0dryitrdia 3, | L- 6,
and G CSF, 0 ng/nL SHH, and 5-100 ng/nL BWP-4 - all in a nedium

cont ai ni ng Yofetal calf serumor in serumfree nedi um containing al bum n,
transferring and | nsul i n. After 8 to 15 days, hernatopoietic cells energed
that were 8 ‘ ROWelfodld +ve, and 5. 6% doubl e-positive for both

mar kers t oget he ol was
o etuci oy e .s\épﬁn Jh%g%e%%fj adbofln %g aREAY W&&fﬁm% e & $aﬁ@@§% was
ore. added 4 BN, GFEsHan AR Hajoieoa é%nffo?eefctr%  RTRIRE 9

furt her enhupressad)cd markpre.dsiondl gierig fmeaDrble ndrocasid| bghagiprt ugen 'meS'WG“O onsﬁays. The
presence ofan@dP-4 all ows the user to obtain populations in which 4, 10, or
nore secondary CFUs formfromeach primary CFU, indicating the presence of
sel f-renew ietic progenitors. Further maturation pPS derived
hemat opoi et?’%n%ygic"}ag(grgs-deri ved hemat opoietic cells obtained according to

t he precedi ng d&st oiphis @rento @ be claardaieizhd a@edipo ka Wetherotheypaxprese iherotypicel | s,

whi ch are qﬁarmrchéradxunase of\ahdispoibie tellk BIREREYKINAE. MRBR bBMrgeitlclie aisdaget i C

i nsufficiency, Al t i,etdh ¢ differentiation in vitro. This
i nvention al so |nc r% %g%!ra;[?)cr%gg% %ﬁ erﬂ)%OZSl - 6 JUN 2006 PCT/ US02/ 39091

mature cel | popdl a'fri”ﬁ'ﬁeshef”ﬂ’ﬁﬁc"e%rcé"suQB%”‘U’I‘C‘P%Fk'f FB3 i ng particular conditions,
and certain in witWaurenuiipote peretepiigigeedipiDdeat i ons. There are two net hods for
obtai ning mature hgﬁﬁ,{,,@g@@t@.ﬁopﬁﬁhhs according to this invention. In one

met hod, the hemat olpq M > Eﬁés popul ati ons obtai ned as al ready descri bed are
further differentiated culturing i n a medi um cont ai ni ng appropriate

mat uration factdr s'!"°”P“r¥“°a 1 hEPEAREASE ' cel | popul ations that have been
initiated into di féemnentic:at01foDih a non specific way are taken directly to
the maturation st e@mpggtaecﬁﬁ,t,H,ﬁ,g,-}{o@gjm,nf(gggugr@g,mﬁ&ﬁs)depend on the ultimte cell
type desired. As 'rlnl ust rﬁ%[.le%%fn Exanple 4, colonies of henatopoietic cells
can be gener at ed from body cells by culturing in an environnent
cont ai ni ng SCF, Te&Rpecwisific mprk eSS°a%1PFodeéFt§f{%W@)Wl”‘@ﬂ"?\‘"’(ﬁ@@“’a' eAINGUT SUFRSES t he

cul t ur e t ovigrvdsmunpgriebleingdinderlckisurtace merkers, pgmimmobistestdmiatyy dor eimrple.cbredpaiis - 66%
eryt hroi d calhiené €stons) 1D Mraranacy i seatconines, Aadded méim¥fogficrmbbay bygol oni es.

Qt her fact o $eddibiotdt@Mis RGdi&th Gsdhed€a Coiboalos b, 602 b QGHH dt & cotlikse M CSF .

antigen is defined as positive if a significantly detectable amount of antibody will bind to the antigen in a

standard immunocytochemistry or flow cytometry assay, optionally afier fixation of the cells, and
optionally using a labeled secondary antibody or other conjugate to amplify labeling.

The expression of tissue-specific gene products can also be defected at the mRNA level by
Northern biot analysis, dot-blot hybridizati‘on analysis, or by reverse transcripiase initiated polymerase
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Ir nonocytic cells, IL-2 and IL-4 for |ynphoid cells, TPO for

gakaryocyt es, and EPO for erythroid cells. Characteristics of

dmat opoi eti c (g(l)zj/os'(nzcel | s can be characterized according to a nurbeb JBY 2006
Jenotypic cri A'%e criteria include but are not Ilnf’%TEHS"@fé)“”

micr oscopi c_observa hol ogi.cal. features Qn . or, ntitation
e D et Bt (o R ind PileT GRE DS b PPsean v P Set P and
bahavi or upTaten Ve B843GE0 fonfughendeils t Seavenserriala. for PrgYISE parkess lipief lodhisdisclesyss of this

i

vention canbdxetabiHroaptitic iamdseanecnastentnt.0 whet her they express phenotypic
ngr kers char act @er&aa]ténssomennmtsqmtl@i biGte %efleln&o,safet.e/@ng Pbt Srelch RELS 50, Mgk er s of
jterest inglu reao"} rE':% 32'19/""'?995"/%%9 (g&;ég-évg%rldoagl??e d.058 @eé63§)h?0§8%o4 Cet -4

Pdimtive hemat o 3t pot ent
inmat opoi et % P@%‘I"? E‘" CW”EW? PGPS e o % ?Slofé’ogﬁﬁﬁ'f‘r*}’? OAOct4 ey VRFIOHS, e i d:
Cli33 MonocsptnbivationERiitiese €86:45 mdsilbAp&ieatswpatidular ceGp@niatloocyt i c: CD13, CD15
Ly¥nphoi d: CD19, inmmunogl obulin (B cells), CO3 IT cells) Megakar yocyti c:
CI§56 Ti ssueF@&g‘%y b SodBlkers can be detected using any suitable

gnunol ogi cal technique - such as flow i munocytochem stry for cell-surface
dr ker s, or i nr Aok o thiscihnentios canyalsp boeharesteriapl ascordify 6 juraichatailelias SeeiiAt | ssue
sdct i ons) f Bk isRiMGRMeels|Supbp N1 85) 1908 lidr a BAiEF SIGEsaBEtkad Br heaiBi@lafti sh@logaiiohod f or
f lfow cytonmet)y analysis of herrat opoi et iC ceI I S i s provided in Gallacher at
alg. , Bl ood 96 1740, defi ned
2 posi tive & By e TG GReRR RipdbeRorii E o i S8 % 1 Bn na 1o
t e ant i gencoiopesdn 2 §9leqi pepipp (Pﬁ%fﬁﬁ%yfhﬁé‘h%ﬁagﬁa!f ?“@rsl’*?qndﬁl"‘yy‘f"ﬁ‘l*ﬁeﬂs?a} ohE5ay,
ofdt i onal | y afitMeEulibdhx(&dri idaemetbl. e 1978). | Nowadapsd colapp tamaingabdsgys ui uaglarub abel ed
sécondary apkthyRarYseOkati® bpBEmERR itORdne thclrsd ERleptfnyierk BR@NEd GpiicithheumaaRessi on  of

tiissue- Specidiiyfe Sﬁﬁa% rre‘?é#dﬂoﬁl i @% s dﬁgdgggéa‘éﬁésﬁ%eé‘% ekdipieTRNA | evel by

rthern bl ot ana tl ana rever se

trlanscri ptase i rﬂ"‘fﬁ&/%‘:@@"'?)“‘orlayeﬁgrf"ﬁ% Wﬁ?ﬁff °m'€%?f’aif"§’6?ﬂ§'d PEIPes112 /13 9
089 1 chai nasesiderming ugtRTFIHRECREFYB) W@“ﬁ@ﬁﬂ%%@a@%lﬂ? frpgiophitge R FEM). fol’yandar d

ipl i fi cat i omingetitregsaydsie (QBUSH), coBgli@nity UNderyibroi8 (-F1EB ehdfimitipdenrcbibyeas treket ai | s.
Sgquence dafake Pl cPPck GEHAGEMMY oRling ehibiSicR@ thdhaficbf Snpti 2 © S4KnRs idhAdd. be

olgt ai ned f rQ{RaBHJ?eJn& & ngafeéat?%sa%&m%ﬂ%“m@ﬁ tﬁ%%@ @ﬁﬁkk lnveQﬁJntc%r 'ﬂav%?@@go H%Eés of this

i dvention re 20% or

46% CDB4+v e e din b2 084 in5po. i’ﬁ‘y"‘&f&%a' V‘é‘mftB?ceﬁfdﬁEﬁ e positive with CD34);

4% 70% or G@BGM‘SHCt'fPW-"eOfﬁ%?"”@[)ﬂ!ﬂere"@ﬂ@“%m@ deéﬁ'Tdnqd@ﬁ@fdt‘ha’ﬁhﬂsWWfl% or
42% SSEA- Achiv@erisics Giioselcety Sor eximpieObrsabilitg ofmtEcptapansphagocyitse seiicke atesanes may be
priesent in Raghl GUledondC R dppRERidl FHokiRBSie EMIRC b @AAlocyd adnd GlaRiels S iréisiselhe cel | s
OE. thi S I mégpgkhx%%\ n?e@]gtm%‘l a%g ﬂgeab:ﬁtb]gfrlﬂﬁbﬁo%wésztg rolﬁe(?a(fé) rnqésa&sé 8 nfraldlglgt; Allg&ﬁélc

stimulator cells in a mixed lymphocyle reaction.

Animat model experiments

) Of considerable interest for the purposes of hematopoietic cells for ¢linical application is the
ability of cell populations o reconstitute the hematopoietic system of a host animal. Recensfitution can
be tested using several well-established animal models.

Repopulation by administration of hematocompetent cells can be assessed in mice genetically
engineered 1o forestall xenografl rejection. Particularly accommodating is the NOD/SCID mouse,
containing the non-obese diabetic (NOD) genotype, crossed into mice with severe combined
immunodeficiency (SCID). Use of this model is described in Larochelle et al., Nat. Med. 2:1329, 1996;
Dick et al., Stem Cells 15:199, 1997; and Vormoor et al., J. Hematother, 2:215, 1993. Briefly, the mice
are sublethally irradiated, and then injected with ~3 to 4 x 10° CD34 +ve cells through the tail vein, After
8 weeks, bone marrow cells are collected from the femur, tibiae, or iliac crest, and analyzed by surface

i phenotype and CFU assay for evidence of repopulation with the administered human cefis. Since




Bock (Stem Cells 15 Suppl 1:185, 1997) for a review of assay systens for .
hemat opoi eti ¢ and progenitor cells. A frequently used test for r %w@ ive
hemat opoi et i oveedsesi s the ability of such cells to for mp(g;l%sgm.ﬁg

colony form ng (CFU) assay. The classic assay is the spleen colony formng

assay of Tedobulatig\Geal¥E Stheli®Cdha b %Fee oHRARIMR tdtrancedthd RematbBofeti} ceidNan@gdytss, col ony
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with growth erw s |1 Cl

defi ni ti va™eeer §OVa(P mp é%f"é'c?cpd“'?enm{d?ﬁ“ﬁe a'i‘dé’E'T‘ %Eﬂ"@etle’g "‘Pfﬁrnduct ed as
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human cel | g, .3RGF0 29,%/ Q@&g%;l,zﬁﬁt} JUN 2006 PCT/ USOZ/ 391191 repopul ation
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example, a toxin, or a mediator of apoptosis, such as caspase (Shinoura et al., Cancer Gene Ther, 7:739,
2000}). The effector gene may have the effect of rendering the cell susceptible to toxic effects of an
external agent, such as an antibody or a prodrug. Exemplary is a herpes simplex thymidine kinase {tk)
gene, which causes cells in which it is expressed to be susceplible to ganciclovir (WO 02/42445).
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Research, Academic Press, 1997, and U.S. Palent 5,030,015. Assessment of the activity of candidate
pharmaceutical compounds generally involves combining the differentiated cells of this invention with the
candidate compound, either alone or in combination with other drugs. The investigator determines any
change in the morphology, marker phenotype, or functional activity of the cells that is attributable to the
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are matched at the HLA-A, HLA-B, and HLA-DR loci are opiimal. The availability of a large bank of pPS

celi derived hematopoietic progenitors, especially cells homozygous in HLA alleles makes matching

easier. Where an exact match is not avallabie, a match at one or two Class 1 or Class 1} loci will help. In

some such circumstances, further manipulation of the cells may help minimize graft-versus-host disease
(GVHD) — such as depletion of T cells from the population to be administered (for example, using
antibody against CD2, CD3, or CD4).

The hematopoietic cells are typically prepared for adminisiration as a concentrated cell
suspension in a sterile isotonic buffer. Bagjs of refrigerated or cryopreserved stem cells are thawed to
room temperature, and infused through central venous catheters in 20 to 50 mL aliquots. Very roughly, a
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e TR oot B Sulat 0 DU < e oo, Jrerbsa i linfect bei ng
treated, tkdlipedirihy rigeenerpt P!E'@I!P"Qf 6! hipjrae deatsivisse In ﬁﬁ‘é’xe"gwtvl"@?'i'?d Hrentiaion i eat ment ,
if am xed:np@:pdmmtwfmmsmfm tidy®), fat2isenM of the biskincoiehdeglaserehibtdne-borpatet Treadlky al t er ed
cell's  proyhsies can 8d/fkined BNSuIHES £ 6¥QTid a hepatoSteRuRESheRimOdontkiify b-BRrADEUt i C :

gene. See W%ggaﬁjh gréi;tbrsgf f?@@éﬁ\?pa}mw@yﬁelg@gﬁmfl&(?%%é@& a description of

hemat opoi e In utero gene therapy
General refer en%aé‘g""?y?ﬁ‘f‘leﬁ?féa@?'@’ﬁﬁyﬁé’fef”%%dﬂ%we%ﬁﬁed@?wp%ﬁ? %fﬁsfd'“gdsﬁhg J.

Quesenber r ynelied pipvide@ P CTAUFEIRZ2AN | T8 cells 8 rpyitured GOB growth gnvBprnsel cameprising a
Bi ochem st eadidveprarpyactor Herrateolp diNAsHethylationl GemgifieBhey apyacytiihe o dspighrisousty

Bi ochem st gyhuracki®) cellsBdan en e depafmd Fréh@bifer &ail¥.if3he h&kdN etgsdensny KdntivdtiorAc adem c’
Publ i shers F¥r%8,9p?oce;£m?e§§ chrShIoE Fiiihg Mok 2Pl RSN erine! BB & apeut i ¢

pot enti al
taurine.

Osteoblasts and their progenitors ¢an be generated from pPS cells according to the method
described in PCT/US02/20098. pPS-derived mesenchymal cells are differentiated in a medium

=20



-19 WD 03/050251 - 6 JUN 2006 PCT/ US02/39091 stemcells as vehicles for
gene therapy; deI i very systens for gene therapy, and exenplary clg pic

appl i cati ons. "%é)ﬂbl nations for inducing specific inmune tol erance | n
regenerative ne 3| 2 The cells of this invention can al sBASHSE I t 0 i nduce -

i mmune tol erance to articular tissue arat i on. f

transpl ant aff R °§??9§\‘° B AP T RAE "?Og’h%f'icﬁﬂ?t%%g’ap Bﬁ‘i 4¢P ﬂf°' ®The

tol eri zi ng e TGS Baecept@hqsgéigarpéprgmwae vilgmit I eeprigfat el hattsgoreigaipiros ot h t he

al | ograft, rameai@rremacksican 8¢ genedted by ﬁuhengoms et or thee foeivetived in didtois Rgehtas eat ment
with a cel | ach¥REnidofiAkick, QB AR BB 1iRedGEl.b Waht SpiiO&EH @ma@@@dmn@%y@m patient.
The r eSL” t "leﬂ’ % NIto nc%n %@Ole%% %né:be C%lﬁlll%se cee Stu.l'l ¥IICI’ %C ree efggwe comL(na?(];ns acute or
chronic rejection of t ) LA gk BIPE nations corrprisetvvo
conponent s:% gfferenialan facjorsylistpd jip . tRﬁ‘teP‘ﬁB‘lﬁ?@“ BW?ﬁ?r‘?fﬂ ogi cal toI erance; and a
second cel |l typ&o inhat tviegenegisedy tshe diesuatd fcellnce ibomralisd waran etlogerei

clinically ctpRhtihe fadnl is prbiiR@S oretieald@witl @bibrgmgt céik 0ra RRTRIIGE balis tRd fhsdt Rer
sources f Ory BH& Qrglgrﬁrﬁato(?; of ﬁﬂ% i@g! ré{':l@n {h Iapo%raﬂ %XIISWQQI dé?;rmfnédl H{SIEJkgt{};l on,

neur al ceII ener at e

0
doscribed iHIHR? é&*ﬂ%ﬁ%ﬂ%ﬁﬂ%&?ﬂé‘m RN PR RS TP at | on
PCT/ US02/ 1 R4t céiar Where @ phinstiatciromyte altigispecilie telarapegt beltolpfzBo ealls aregchgsenenbr yoi d
body cel | s tabemacibdnpat®E" with @ anegekit tels. CToie thadna mnBnalhiteat the foleADig@eil8 @l bak sophi ns
and one or e mé 088 n&pfogﬁém{hahlmc Rous @Ja{ is @.&9&% ltheQifoghafl o) I 1fchRadilgy! €ast

;:g.goaﬁ)bIOfe O]E h ferrlac‘ aré m ggersgl? %vgﬁflzﬁé ’tole%zlngyc%ﬁsqieXr ne oE)t()&L%Mhe (R.rhr#\lgr%es and%grgewélgih I's |

basi ¢ FGF, *PEB@FWS %{HH afloggaft.1 In ‘E@g??ﬁffeé’F 3p eﬁ%hwei‘t"\r %f?tefﬁngaﬁ?P@'am o ea{'i'?ae BDNF. The
prol.i f er at i cagsicethiraitycbmpibiies ofdke aicua egulbtion Dnakatinga ribdurerdf VAIC cetrpktbisrcelist | at i on
by cul t uri ngmwiérbnt i€ Ul i9hiIsoiesbiRSo thildr thd \@erRifG &I th bilogiak @lCRacto8) deriiigpul ati ons

can be genqoﬁtc&‘éoﬁuﬂﬁénsE&ﬂk@éaﬂeﬁpé&ﬂme proportion of tyrosine hydroxyl ase
positive cel

ni. ner neu dr ocyt es
can be generat elﬂ‘ ' 8H ‘%ﬁ@% T?"Fé”"%"?" f{%er'zl'"r? Ce'g % dre ﬁ o) &e 13 8
suspended |H'@Bedhs dpsgrhee atova e tﬁ’@""& ongi of Bye ﬁ“aéaﬁ'&'ﬁ“‘h@‘ewc °%1“HH"°6"1" 1‘ﬁ&‘.’l'&%ndr ocyte
di f f er ent | a¥firgtvulbradérest ge hamwbhoidis cel! pepllgdus i) calain wescan gied isa toimpunaegdlatodt | NoI C
aci d. The cedelsSdeadriic deMeind peinpresdrsers) bloel tB0dré Chpsoltldf RERNng imhologicaitchingiseé acid is
‘é":c ]E 22{ 2‘é‘“by@&¢a<z¥nm§traﬂ&sp U &t éltglﬂatfmfen%mg & cend %éemfd??]rlduéﬁtfrﬁrﬁfngﬂfe.'aﬁc%' &Qofgn be
Popul at i ons™" c@grlﬁmgr@reg’bggr%g8}¥E\r"‘}ﬁie\/%°ist9 E‘ﬁ gﬁer @%@ed p\é'{s %' Ss""'ggt}a?\a’(@%x?f“ Ositive.
Hepat ocyt es™ & yiipentigleh S aetE grreaitePs dewlq 4 sustendpl MHelasy! etieennEeh et
descri bed isautivily SpprBatbeth an inflandra By 58Bonsan ehdRCRIloperbit iacben@pneW@nrilhé 8440 ( Ger on
Cor por at i Oﬂ)—agaHE\d‘iefné@é@ﬂﬁd-E@éll%dihlm%‘lycsﬁ}lhﬁa&ll‘&llﬁ cultured in the presence of an
| nhi bi tor of hi (o ﬂg&ﬁﬁ% is %&m@m o Gk i TR o Qalr.; bRkl ation i's

?; dtrol q} grﬂgl t¥. [‘} eacet%/ ase

i nhi bi tor M"Y r°é erenigiein @R ppegnivoligp fastian e AR EE %?Wéae AHIfFE'ng 4 days
I n a hepat owipt @Wﬁﬁﬁdtﬂuﬁe@'q%d TORR ¥® PRVER RPTRES R-MB0A%G ﬁ'ﬁ@“ﬂemu%ﬁppﬁﬁﬁﬁ‘gs Hr owt h
fact ors s Ucduinthe r@Ferelietpditaticyither sgiciderdele (buat bohymidnecindsgHthat ren@es tth medpgcyt es or
car di 0NY 0C YdaRticRUIBEA 16 Me SeIQHD 0BE2485 N rtepibBiEnde hay BopPRuGSY, 1h8 vRm&EisledYpst 0 t he

met hod proviged, 4 Bl ém%&gaééb 5 ﬂﬁst&fﬁg e prerr, sm&ﬁe g@f&aah R ¢ DﬁA&E\B}éﬁ h

envi ronnent conpr tro nmet hyl ati on,
exenplified %‘i?g%'eﬂaégg’{: ?fﬁ"?}@ an %%6 @’&%q°§°”g%8%?'%?flpi°ﬁaat@é'f‘ [g0: Ul pany hen be
separ at ed ftibien K. polifnpaged fpy "[‘W@O%Eiﬁﬁ’f"é‘t(ﬁz’@ﬁp‘esﬁﬁ Bevrgiffergntigted PE ceIBiepat i on.

be inactivated betorehand fo inhibit or prevent cell division, by irradiation (~1000 to 3000 Rads), or by

treatment with mitomycin ¢, or some other inactivating chemotherapeutic, cross-linking, or alkylating

agent. ‘
The cell combinations described in this section provide an important new system of regenerative
medicine. international Patent Publication WO 02/44343 provides several rodent and non-human primate

models for evaluating the viability of tolerizing protocols, and subsequent tissue regeneration.
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Further process steps can include culturing the cells .in a medium containing
creatine, camtine, or taurine. Osteoblasts and their progeni torsgop Zﬁﬂgl

generated fromgi3asesl | s according to the nethod descri be‘?c{,‘?s" 200
PCT/ US02/ 20998. pPS-derived nmesenchymal cells are differentia 2HPH a medi um

WO 03/050251 - & o G AQRanRle]doty BREddA AdmifiQbhAh DA FeHap AR ESPLENM fay tact Or

such as bone, norpho ic protein articul grl MP-4) ., a |jgand f.or a human
T (1 codBud BB e sskind cispmidbat, s 4 o fo shedrert e TRl pag
secret e i nsaisican kradgpigidied to ha et hal Wi eeeivsriiesecsensritippaliopsatie Alpmetyehgs #ul t ur i ng
pPS cel |l s aid toh@inmatqﬂ@m'emea_tpbimeshimrisfnamteowlsriz&gl_cchls asn ba Cidininisared\ systmalyi nam de,
and ot her fRelAeSndidisT @6l bé Betddnifed @%sﬁ-attheada@nl's%'fob PRpiRBe338a BRIy fRQNAr OCYT €S

or their progenitors can b eragted by .culturin Sgells in

i cr oaggr e QPR o, s 3 e Aloaret iy YL Do PSs T AFRERL o

listed in Undastiopwi kafemonsitad oy efusiipnduheratifeniive resppgse Hgnierokls| climelis® & egai nst

any such diredpnepdn st edugel bg assessve ayeutiigedonionytes famHia kyogemnaugenty @i pi ent , -

t he Ipati enthe?-.&o;jareﬁﬂsﬁﬁﬁéﬁﬂ(e&f J(I:O-t_reat edévvi th t‘toieri zi ng" cel I S - aI ca

popul ati on of c¢ al. L i LAnamaLer : ogi ca
?H %atFe %t gtr@%idleél?slyagr an%s qgm al:l {I)l t@r ﬂ? o%mgartlble:: g I‘th

reaction to the allogra , etermne Y [‘eukocyt e tration at
the inj ect i YIRS ATV ED FREP™DRYGS L BERPBY A\ LS 2RSSy horgpre;seieias ed
survi val ticais, effondrdeges. hgnatngeict tcellsepr| ssme pherrcel! tybretoolsplctbelr fogdifon Aftesrist e

al | ot ype- spegeduteC tHop hiergvag eéhe lefisitd @ingini i sugpodied tse aicemeitos€ by ajppize " VHC

corrpa_tl _bl e"bio\éﬁe‘}wﬂaltnﬂﬁeréjarldQﬂfc@lfcﬁtelﬁ%rlin%)rovéﬁhﬁn'éﬁoﬂ'eans mnimally that the

tolerizi ng cel | ?—' r\Mrll ! ofb%ar thg‘rt eulceai?rt sosn%eslt\:/rldcd Cl;'ll a( lg Ji IQS%P&' q—:[e%Be %}c trhe A B
or C | ocus that f’s_aé’har eﬁ_v_vl P?‘I. Th8 %?ograff celTs. SFncreasl ngry N Preferred
are mat ched™mynolRIgzop ca'$ 1l thisdvertiprya ¢ ppically sprelieg dndhe eyt fphagmzeqyticglcomnogition

hapl ot ypes camplisiog arBsotdnia pkaipieyirespared uridbresuifididntycptesie onditions tfidn uradn sdmiggraish. an exact
mat ch, the guedity ik bor@infiomRbadbé gdkagaant) isiNtAEe sdpfratel§, N InBbshrate dohtsikert i kiy Of

hapl otypes (gf, War g;nmtg]g& ; fagmimg.muna& 10 Bt Br6P4ah 3O rftodllofduld. erhefmé\%tﬁ
conpatible cells ro‘ﬂ] I fTerent Ilnes._lg 1S a} so possible to tailor the
Lol eri zi ng Beaioloe 51 flsois bl anCiF dirng et priiecls SREPYGR fepse LE fce |

popul at i onseet comarizeREY WakipatisPg teadr|morejcalbropylaons sescied Bidhinisrlosust. exeppliged

i nventi on, tutvet livitbdds 4 @hervgdiifeednliasedpP & dg@ilRB celdhdmaegbidiecsid, oqnel @ts, and sedn), 8,

obt ai ned asofl@sméd iR chatbienifted PBUelR 8adiHer iHeRRRIObe! BBSCsoRiticAQlaftighB bane
Phenot Ypi ¢ loUDGH WAE RhdyBa! Bidhan viein BRSh b bad b isiter 3 & GMR OPOI 11 ©

cell populations that contain or can give J ator¥/ T cells,
dendritic B REeEABT PRy LLaT VB PBont drdes crrd e BF S2neafib Pe™ 5t or ni ng

i mrunol ogi caliieg$iiing g Pusiiess (RASPNSERINI ni stration. In an alternative enbodi nent,
the cells used frargeteratpritipiep in fanouteting @l eangubxdtiens( e reader Brrefpraadite O Thirgye of )

still have shReactssdslionScat tharpy UReChil s BRloatSs, RS veRlyh 8w Aferudnl USt I at ed
in Exanpl eseamfj%%gidég'gﬁf{efsw s QBé?dgaﬁvEéiﬁSr%'aLécoﬁ»RRa%fs & fort RarQ%m yoi d of
subst anti al” VHC SS ant | gpen. ng can actively s%ﬂ?réjss 0 an

i nf | anmmat ordFrPUEpE LR arrplionaly PAPpesy AfbYEePRIVSYY (R 8 deded RupRisnech ¥donse -
agai nst t heenvestiytiog of hamatopgigisifypstion.iokneribemy. Lyindyetipheffreeupe toleeehdes . | n certain

ci rcunstances, there is a concern that undifferentiated pPS cells or early
progenitors nay gr gy iibwikt il RleiphliSedlaB A noRRIHoiRdefRls drashi on af ter

adm ni stration, giving rise tpg)mclm’lé"gn‘%pe%gﬁhe%vemgﬁ her unwant ed hyper pl asi a.
There are several options to nanage this concern.  One approach is to equip

the undifferentiated cells with a suicide gene (such as thym di ne ki nase)
that renders the prodrug ganciclovi EX#8€EEc to the cell (WD 02/42445). After
tol erance has been induced, the undifferentiated pPS cells can then be '

cul I ed fromdhg 5¢hiiEGke Y040 B bbbt B6n Edke Prodrug. Another approach'is to

i nacti vate

Established lines of undifferentiat_ed human embryonic stern (hES) cells were maintained in a
culture envirenment essentially free of feeder cells.




‘the undifferentiated pPS cells to an extent that they are no | onger capable
of proliferation in vivo, but can still performthe activity nee@eﬂmfmﬁ

i m’runosuppres& Qanpl es 7 & 8). Undifferentiated pPS cells can

i nacti vat ed be ore and to i nhr b| t or pr event cel | divisi oﬁCT’H§°2i3P“Phd| atr on
(-1000 to 3000 her

i nactivatin ’t°%f’,grrﬁe '5'ﬂtpfega'e ?8%"5“0? |”ﬁ' ﬁr@awdp"nge\ 'f&r}lryﬁ?'f ﬁ"“’bﬁ‘ag@ﬂ% The cel |
conbi nati ¢ ‘Qﬁé‘g‘@fq"b@dfaﬂq?fdtpwp%’“@?e(m%’ﬁ‘%@ow de an inportant new system of
regenerative meflicgimewert pissgaiabioc dhsibe@edarn blatbt bibbg abd varrk WEr @2dind B84 3

provi des s@umfsakcdr e filenBdnflcdlia Be fHdSHRG Rk bRintaMRARLS HEQ cofMiglsUatbicng t he

0 03155280 49 S5t o BACEAR il SSBLE e p SHELBEARITARML O T

pr oceeds b‘if“’%{’aﬁsﬁrw?teém“ﬁ@e”tbh@e 'FE|5r°§'P“"?§eﬁ5Ias‘”ﬁéﬁﬁﬁ!’ydf“i“kﬂﬁcyfoﬁ“eglf%b‘é"%zQX/ "? o | nduce
t ol er ance diterantiptedselicoimdbadveskd the oplotiest | Binripolaacy aves godimed  lyusibikdiing thew oal

i nf | ammat | emwishddgrdoadieibi rddindhariat det ypan be administered to the same site
that will receive the regenerating allograft. Alternatively, as an aid to
generating herTat_opor etic chr,rrer sm., thef toI er| zi ng ceI | s can be adm ni stered
systeni cal ¥ : lopgid oype it rantigied AESLRILLUIES Y t esting t he
patjent's bl Oownbymhﬂ@tkl&&f theﬂ-l‘l&hEQB@-m\&a\}érermmﬁéh byliywifopetats doRAGHimBH, USI Ng

cell's of t MU)aelsgé}gJ; @Jtérmlﬁé wl%fhbrrgﬂybafttper &arﬁcﬁéﬂ@&‘p hﬁ’rezl;topo%ﬁ‘sgaﬂ Hjese];nqln fak ance

i nducti on vgdrmlare 5 lenonst r at ed by reduction in the proliferative response.
Hemat opoi et1’ce Ff1sm of the recipient can be eval uated by assessing

circul ating rrorﬁ?ﬁi/‘f‘%%haf"ﬁfr‘edmweﬁifbféee cUyRERT W TP EORA (Relfta¥opb FETS ¢ surface
mar ker s. TBiscopfat 10awri at reemsampLAr tedl iesocigtibrybuffer (SRH) ®e tfuremti3y CaERTARnSighrseld Wi t h
conmpat i bl eGReNT AR harveBikd Gas QBE OMHYIORS  redIERATO Gy IMDM, (1s66VE GhoBifREOSHeRE's -

mesenchy ”alln edifi L?a ainfAg § @Ppésa%%n hBFeHRfLGgrﬁa%%% G 'nﬂ&h meQr? ! rnﬁy we?eh%$e% tes,

hemat opoi e elr condition. After
e P oc el Ttaskriing 3 Gss e RetP Bt MG Lot st 1L st ﬁ“c’:ar e and
moni t or ed #A)s %ﬁa‘l’%ﬁbﬁdrt‘w&eﬂnd Broddnedvidp vk TePSImewepteeh) fon | TBIP atéromisdwi a f or

i nproved funct iRigure Fpowsatiyresifs. THeeiatibhalisapaert 18D peppesipgrafeserdaiety siza t hi s

di scl osur egiy heipiyRPabeisid df')rhemalroﬂmdre%rphﬁfaéezhé}%r&G?«Ni)&n QhaifeRhifitel RgE&H 1 O are

typl cal |y SYRRELEdelehls WP o 10 BoRAAr DRGEHL!GR! o P OSLS LD meaiRTP! | S1 10

an isotoniC excl 1ons for
human admi FEEr Qf’ll Pﬁ’i’e""a%f P'@@f‘?"’\??d@él‘n‘a "&eﬁﬁﬁlsﬁ'ﬁ't traa‘%ﬁ’sf’“d'aen"“ﬂae'p?ét?ﬂ@a&a“ and

di stri but eekrerimpgaip &} indiopted githetop okragiEnicht e containers in kit form or (for

si mul t aneous admidiferatisied HOM, Bparti B @BE, B) Wad) artalyy 1@ ae dprestiox etivatiaget her .
Thi's i nvenfinQR nefdipBetic Makkd Gitv) SRS oRtrahe Lésgd bhad reﬁ:?ébt@; isGpe @bhrolb '(rrE&) dUI‘ Ing

their rm‘nuﬁlg % !rl{hg bellgex% esseg h'«% 'hr?nrah hgmato'lﬂg %%u: markgr éﬁﬁjs ancbgn t152 /Crgeiqpélﬂazl ve

conbi natio SCPOSUI’G

exenpl i fi eﬂ‘a"‘?iﬁftp"ﬁ'ﬂ‘fe r1“'i"?ﬁ rte@%f"pf"ﬁ"cée' P! i TEﬁ WE'fsé‘fe@ﬁf'?'yé?déEf BT PURd cel |
(hemat opoi priniitye bematogoietin enarkers, insledingsc-Kitilg CB2B @nynd AGA33 (Wo rbera aies \iivakxing h
undi f f er entbzg ed 2pBS: ek kgit O, B heto sdifWerr &3 Ak e tb-1al dxpredspisiC saget | Mes

shar,i ng thgnt@@,rrﬁA,ggrhqgg)(Qr an MHC hapl otype. Each cell type in the set may
be packaged to facilisty, or at
di fferent |ocat sa’yﬂ?‘ﬁﬁpe?m%’?) C{)ar? 6‘1?}0‘"5‘? Uﬁ%m&éﬁﬁ{%@kéﬁeﬁw req‘a né'ﬁfaér? fd entities
sharing a Eﬂ%ﬁ“ﬁé@@eqa@’}‘-‘&?"is P8 ity inte ilethegla H4330 prﬁmwrerursre@ternﬁe'rwm%m ng cell

conposi t i ons, Vanhevar e@)dentainis) 50 ediraly $&Fd 10 ng/mCeGl-CTI owplg), 10 ng/mb 1L-3 (Novartis),
and 3U/mL EPO (Arngen). Addition of 25 ng/mL BMP-4 and 300 ng/mL Fli-3L to the growth factor

cockiail did not enhance the detection of hematopoietic clonogenic progenitors from the undifferentiated
hES cell lines. Cuitures were incubated at 37°C with 5% CO, in a humidified atmosphere, and monitored

for development of colonies for up to 40 days. Colony sublypes were distinguished by their
morphological charactetistics, and (in the case of the erythroid lineage} a reddish color denoting
hemoglobinization. Results are shown in Table 1.
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Stem Cel | Transplantation, Gene Therapy, and Cellul ar | mrunot herapy, by G -
Morstyn & W Sheridan eds., Canbridge University Press, 1996. Coargpdii ffons
and conbi nat i o%8 9348¥¥hded for pharmacol ogi cal distributi omcansis® ar e
optionally packaged with witten instructions for a desired purpose, such as

the reconstitution of heqal%?p%g%t&malggﬁ(}fie%rr}meg%eéehc t herapy, or induction

of i mmune tol erance. The f6 rovided as further
non-limting illust of p\aént;pcsnwbar e nt he invention.
EXAVMPLES Exanpl e 17r1 gﬁe free pfopdgat i onngé)g dnEgr ‘?)Fn[?gém% ‘em cel I's

Establ i shed |ines of qu,qllaffer enfi at ed_fygan 'enby yoni ¢ stem (hES) cells were
maintained in a culture environment essentially free of feeder cells. -22
WO 03/ 050251 - 6 JUNH2QRG) PCThlgS02/ 32081 Condidioned gragh um prepared in

advance usi ng pri mey—meuse—erbryonte—fi-broblasts{(#EF)-—+set at ed accordi ng
to standard procedures (WO 01/51616). hES cultures were Ipassaged onto .
[8)

Matri gel (r) Yediiealigted NES galls dsyb! BealRe i Praduee herarageiptis PoloRiggan 4csEPATele es
becanme conf buenentaridsegpaid delse JhaivsagitdverCabttingd dg undiffandnikitanidth aatsdeith hihese
condi ti ons ERépti@Edne exbBindiaY Snidh@RkhIRHARIdOofts &by ES-1i ke norphol ogy.
SSEA- 4, Tra-1-60, Tra-1-81, and al kaline phosphatase were expressed by the
hES col oni eg, as _assessed by |mTunoc tochem str but not by the
di ff er ent i af¥2@eR &) Hematopoleficphicpatyge ip pes calisicuiyred with hefng CBNfi rmed by
subj ecting themiji @is eR&dnab, ihs h@sﬁe prmes mmas d.frraémmdqmagenmb&dn@mgaﬁuo@ealndj types.

Exanpl e 2: gg%n%emﬁ%%gbﬁkhgw@gwotype in und| fferentiated hES cell

cultures Un erent)jated cells o E wer e anal yzed by
flow cytonmetry atis 85 RAS BFHOHE 2 B es?ﬁ’"efe{) °foaéf°5'$’l‘?'i“r’?é"e Wérl'

t he charact Bﬁsresrtpipe@ Ut ameasepuiabesi ceellsovag simes. Bach s wasswaPerded ip pra- C°"d'"°"ed

undi f f er ent medive{KS DBIEMR con@G@ing S0METS, albouNvesitie oo dayo nat ihe@dietl thd dul@es Cantdingd € USi Ng
ei ther Tr ypﬁahd&ediQTs%f(céus YodehdtiRS Inhe s&adabM Axampitd &Cé?:)bryfme bodldd, Mihr} ofthe EQOM t enp,
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The expr st %fmfrs? B e R P (1o TP B A R g e
quadr ant s b#éegelippsingtihe viebiltyeein TAPR, vvhsretvw@tvé%ms Blgin gefipesriaase gells to Ntﬁ*réuds? t he
cel | s expr egsedA ihhad hudsinndiepbdpt aedoiddg methddetypCiditols (Bipats). OPeropntdge@Bédvaver e CD34
+ve (a been corrected for staining of isotype controls. The undifferentiated cells have no CD45, and 0.1% of the “
cells are CD34 +ve {Panel Aiv). 35% of the undiffereniiated HO cells express AC133 (Panel A V).
Primitive hematopoietic celis isolated from bone marrow that are AC133 +ve and CD34 -ve are capable of
repopulating immune deficient mice,
Shown below is the analysisrof cells differentiated by culturing with SF plus HGF, either in the
absence (Panel B) or presence (Pane! C) of BMP-4. After differentiation, there is expression of CD45 in
0.9% of the cells, and the primitive surface marker CD34 has increased from 0.1% to 1.5% (Panel B iv).
There were no cells expressing both markers. The AC133 +ve cells have been reduced from 35% to
14% (Panel Bv). Inclusicn of BMP-4 1o these serum-ree cultures vields cells with a proportion of
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mar ker of .primtive human hematopoietic cells; panel iii). The cells were ‘
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negati ve c8ffqratiafian iathepresereg of BMP aopip eeer xAraasiPud 361316 0ky P Ll ose (St entCel |
Technol ogies 1Inc., Vancouver BC) containing 50 ngfnL SCF, 10 ng/nL GV CSF
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progenitors, an e phenotype was asSesse % oW CYyt 0 Hrgy trips of ‘
hES cel | s were FBETRE1YS veSRUet a0f pignad engrimFregriivodpie alycoplndr £ (siieing=tel | pl at e
with a Pasbelgel piepesorie CO#t (nbicaling broetpnistiaceiyrCnss, GRSE.| and WEE33 fldripdisaling Each
strip was e e nbratdpeitic @@BCintl COTWEdicatRE MAphodiies) Divadifive exaitiay fod aTgs 20% FCS),
"g”f" cul ]E ur l-afaé%f ccqnﬁ)rmg)aﬁ(lﬁ -ptreé@npé Bft ﬁeerfBbdiHﬁc céllp?Paﬁéil/IiUJnlﬁSii).C%Q@%TJgﬁﬂing P nged
alls of cells, r re in the subse X es enbr yol.d bodi es.
Vany of -t ndveate AL i o BRGIE 1en X ATR: SpechS WEIRESfn PPCL P
and t rypan PRITURClt & Tl TR FOERYPy B hesesingoidtie preaeniResycanshipd a spall geroriieabr sed, and
seeded i nt dhicoakiee sinte & 1% wereCOBd e e 0.8% MaeACT33ove. f Mer@hewtirnesadewtd di shes.
The cul t ur epnedic uam saephdcylesieth dsmaf BBAutage BRIDES Fre céul b.obd).a0IBB Rlalaier for St enCel |
Technol 0gi &Sy AN YGEioiPThinwey URRhERRA 1S Wphdb MedbedMuht BEERRLGEEL hanol , 2
M L-gl Ut il ng A0S ok A, L SCQTRLAANG. AUIRD LMD, fRgLar's: 300
ng/ mL St em“tE ACT T PSCE P hgany " 3Ue Y P8 T gand (EBft-3L, R& D
Syst ems, M nneafémPS ok CFUsdn heyrsidy ceiiuedishpyrigBans! B Thgtoayiiny] intp fre uitprRioy ar t i s,
Dor val CC) ,waa2@bol Geltn gridritie 1bipl-CEU cRnQapISykithanmsi)s. thathe hugwpaupmilér of aelfséinack at i on,
t he to form a single colony (the plating efficiency) was 1 in 425.

} Flow cytometry was also conducted on individually picked colonies of defined subtype. Two
colonies were selected, both having a granulocytic morphology as pictured in Panel C (magnification
50x). The colony was 81-92% CD45 +ve (Panei C i and iv), and 73% CD13 +ve (Panel C i), as expected
for a granulocytic colony. The low level of CD15 places it within the hematopoietic hierarchy at the
myelocytic stage of development. Primitive markers such as CD34 and c-kit were also found to be
present on this colony at 6% and 12% respectively, while AG133 was not expressed.

in order to determine the progenitor contribution of embryoid bodies alone, individual embryocid
bodies were isolated from the differentiation culture and assayed for CFUs as before, A total of 50,000
differentiated cells were placed into each assay, and cultured for 11 days prior to assessment

Figure 5 shows the results. Saveral CFU subtypes were represented: erythrold celis (100x
magnification), granulocytic cells (100x magnification) and macrophages (200x magnification).
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H9 cells were assessed for expression of hematopoietic cell surface markers
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.s'%ually infected, histo-incompatible, or otherwise contains a foreign antigen.

MHC expression on undifferentidted hES cells was analyzed by immunostaining and flow
cytometry. The hES cell lines used in these sludies were: H1 (passages 36 1o 45), H7 (passages 37 to
43), and H9 (passages 31 to 40). The following antibodies were used: HLA-A, B, C; HLA-DP, DQ, DR
(BD-Pharmingen). Cells were incubated with antibody at 0°C, washed, and counterstained with

— 26—




positive cells did not stain for CD45. Early hematopoietic progenitors
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An inhibition experiment was performed o determine if the undifferentiated hES cells possess an

ability to actively modulate the allo-MHC response 1o third-party stimulator cells. Responder T cells
(1 x 10°) were cultured for 0 or 2 h with varying numbers of iradiated human fibroblasts and hES cells.
Subsequently, 1 x 10" irradiated dendritic cells were added per well. Afler 5 days cuiture, the cells were
pulsed for 16-20 h with [*H]thymidine, washed, and counted.
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plays a role inubd@eRieheeior sammnit idie injdtiad NarBisiem wane i skegogni zed by

speci fic Iné.%rm%gsw‘s@%eneh@a. ;ngl'%mm@§rtceﬁe!)r the MﬁAY'erﬁrJn' a(eggm&ﬁé ﬁ-‘rQ Ater

hi st 0-i nco se. cof alns Xpressi on
on undi ff é? hb |"§P%‘Hasﬁé§' ?:'Ehefkgd'v@ag Seﬁ (fryB i ﬁ‘f?ﬂ’rﬁ?‘é@ﬁf“%}' a%'ﬁ-‘a‘ f?rl ow

cyt omet r y hermpeyin B eetin (H § B) glaiging; STagl pmwnqeﬁ@g@ocgtpws@gntmqtytheqaﬁha(afsqgigages 36 to
45), H7 ( pagsecs s HEE-itoned4&)igns ain dooOnagipiesiea@gesysis dork olind&) R>0bB. f ol | ow ng

anti bodi es vver ? &éﬁﬂeho\H-tﬁe résultﬁaf tthxdé'lm%mDBom QS&WBDRcen(; Wtﬁeh%&ﬁhé@?d&% Cel l's
washed a{p]e pGIU lS:rsta vylth -26 WO

were | nCUb @Q’I h lantcxle X response.in mlce ncon ras
03/ 050251 % sé"ef ° 1958 5&‘?/&8'5/' okl idium i o tOnmetric
anal ysi s \ﬂﬁ’é?“"iﬁ’é‘?f"@VWﬁerﬁ“’F%ﬁ&edﬁW"(iFeslgE\Wéﬂ 'F'W‘H\W f"P“E’W”“Et et er

(Becton Dicglei nson). Figure 7 shows the results. Gey line indicates MHC
anti body st ai nkig@e 11 dnewsed redlid df B BubbdAGENCARBeRBent bt IndPpeGirfing Bmpetdinep-HL, H7,

and H9 hEi rrﬁ(.%l 'Unlilké ﬁ@ P@lllscﬁj(rﬂgeeﬁ ctlmel%tmmltau(uﬁbhmsamde n‘rfﬁﬁﬁgf}m& mn fet al

cord bl ood nononu detectable
MHC O ass o1 gfewwecfﬁmbﬁ ST o ey Mowysr sidiep S ol o

express a WiohES elsctompl¢tehCrrirgateq leukogyiedniifration, (pRYS rigttrpanel)j fpisaton piMBAHCels| na| panel
shows t hatresuspeakdie it sabfe vitinde fiRSo dbibil Isukevyit fitBerl®uni t s of interferon y
(IFN) still f ghdetfh h®cdnBiibhendtahieaicabtie, mm‘saaﬁifansu 1 blichiesfohsdSainktl . Exanpl e

7 | bi | f
e mrgﬁﬁ%@%ﬁg ﬁ,'céé?tﬁler T%P&L‘n&écn%re:ﬂﬁw r@éoﬁﬂeté?:ﬁﬁnc&el'rhé st s?s%étlﬂe? h;';Q‘?hea ity o

1 g Id ot] (! bea MO G Enelc %‘a|§ i e@ﬂ X asure Ina
mxed. 1 yrERGbyR e bt Shoye Sheities 5o arprodiue Beiieg  prTpEoolel A AREE ar o
unabl e t p hpmmwn@nlq 2ymere AQOroLy ostinan pamiysieringitipm i aalipaeTeIChuMAR, becauseef hef t e
sti mul at i eeuckvhigHar kv wntigéPenisnedr dbcotsl, e tESRIECappaéngawere atbd Ble(dPBIMEthener e

i sol ated fLQEebRRRMikI0h HAChiHRMRE dectlS inHphsdto eRloloxin Hyndmtamdndehsnish rgr adi ent
(Amer sham, Ph@lanrraég paélﬁc and resuspended in RPM 1640 medi um cont ai ni ng

is NoO!

As indicated earlier in this disclosure, the ability of undifferentiated hES cells to actively inhibit
both immune and inflammatory reactions has important implications for clinical therapy.

Example 9: BMP promotes self-renewal of hES cell derived hematopoietic progenitors

In the next series of experiments, hematopoietic cells were obtained from hES cells using a
modified differentiation timeline.

Undifferentiated hES cells in feeder-free culture were treated with Collagenase IV and scraped
off the Matrigel® matrix in sirips. They were then transferred to low attachment plates, and embryoid
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10% FBS. Alternatively, to enrich for T |lynphocytes, separated cells were
i ncubated for 2 h at 37C, and the non-adherent cells were coll ecL @n@
f.rozen in 60%yR M\,,70% fetal bovine serum (FBS), 10% DMSO for |ate Qﬁe
Dendritic cells f)CsZ) were prepared by culturing the remai RiHEHeMr ent

I'ls f Al MY/ F and 10
(r:]S / ms | Er 4%?% éIOrBe%OVE{n eqhtc‘oan%rq apaq me%HmQJor%er'g annol;)%eaqngtl;tivgtnc} l;Bg.\/l'eﬁor ﬁg d as

foll ows: sty &’f‘?ﬁ“""@%q ‘\“’s"e()(/@?’%dﬁyr“’r“éf’tﬂ’luw 'T’@@éher “S'@‘E}?P‘"R%ﬁfw’k“@ﬁ P9l ast s,
3000 Rad; GFEFHESagdl fit-3lligand. g § nd90I0-3RAdY/mL Arfdand Beny/nl GCIBHr BP-4 (5&ndl@2 cel | s
wer e pl at edr ot cy@fneweld BMPGU BehtROLuRR iRk Es the eanﬁld%rvmmd imMd8im Mespaender PBMC

or T cells ey C@gd@gja%reqhan%&régﬁ%&%tl on of x 105 per well, and the

pl ates were cul ture The wel ls were then ulsed with
D3H] € hymi di ne. ( FEE2 B e poifcatong rdtrerp CRig AR lereltoeth npoRb TS EA Fi gur e 8
shows t he rvemsudbtained nddeprshawn iprthe ivinesn of micherx CFSENtaipbd peu 107 ipdubcelie| Cyiekingsom 3
donors). hESsideably isphai lhedeld & doaglive esigipl-o@enad cruTp € ebdi) @rphid @k adrtren | N PBMC

responder s ’By‘.ﬁm d ﬁes%'crgé}faftﬁe?eqﬂg n&ug%l drtect BERAP u%%&&mm.m @ E’sﬁ&fné/sed when PBMCs
were used as s

r esponders, E 19§'ﬁ| % F“@%{'ﬁlﬂ“e [?P'ﬂtf’ a}frsé%g?aiwo(}fn%aeg’p'?éﬂw f%’g‘ﬁmﬁﬁg 09%\?('}{ %@r e used
as Stimul arers of ‘mplesioieliR)Prooeiers Pesved i NS qelly pndsstopnvallcanditiens wep pEiBTeBNERof  t he
hES cel | | ietss otddgringHbm o €% ipriiar Cal) 8.6t B@en In vdnest, Toatidnd of eificréradiegihg(STonocyt e
depl et ed) REMasn Wkiﬁes%ﬁl%%e@&e s@ﬁ%ﬂggépﬁc@ Rane |of a@bnmaw'@f‘m&ﬁ% Whihne | FN-Y

d f I
gaﬂrsl'?l’ e:.![ g?{'e%%%%noﬁ rlo%nlgor gelﬁ r?ne\gja(l? |ncreased w‘%gl\lke ceﬁs wert? cyi'geren%%?d with C%tr\knef ‘the gr E‘y i ne

i sot ype corfpguge of FRiTRG ! fromyleoth ‘E?é‘r"l or|cytpjing dF‘I'Ie"dﬁ'Ha“FHQ'e"W‘@MP'éH&W”"E:‘EH turing
wi t h: | FN-y wito an peraga sfe). SAC 08 gpraadei @i detertbd pef arinfag(CRUgesptativelyl (Bible Panetiel |
proliferativiien HEEIRE we)ditteriiab@ kit Rth @¥RRE IaREBMS4, 3% &P BriraROCHIUGERdaté0r eski n

fibrobl ast %ﬁ&ﬁd&%bﬁ}ér IIMIGMI tpnmérf H?ly efrom I%%rgelg d:ﬁfre%'ﬁtia?eglir? tr#eq:regénlcm ate T

cell. An in It

Gl 1  or enCPEAEg PHARUP ARET g e SEsol iy GUPFPK G U TS SRAEIFHRE ¢ he

al | o- VHC r deipdiphepthancrontisi 4 evqsiag irspiment aipng- aitpuatcieriment oRifissalistgES cleping. (1 x
10) were cCUHMPH e fidnot Ehharce 22nfatopididispeiicationgpoveliradaimoentiaf (Exampia d hraltag éMP-U MaN
fibrobl ast s aRchéWrsh ®lekanpie iShBRARIUEIAhal pbieialld pintahatingbRibidgadhill ¢ cel | s

e S Bkl Ao YRR St Bl g £ 20
PCT/ USOZ/ 39’6 2. |"g<"t? aée'@%ﬁ‘&wg “t H@‘ '8 0f Fagondpre SRS PR T (RS P 5

abr ogat ed ROd@] incregpeoh $eff eanepal aapacityrr nentrel presstoing dff¢rentigedneiise dendritic cells. A
vi gorous prolifasabipse the S@0aBL amsagdeheet Erogentiae seit RBMES betweshehEc@erved t ur e_d
with all og%@.atspom.coé %aﬁtb@ AR knam éogr@d% o@E&rﬁﬁ@& héagmgo?éasir.gs&é Brirke®)] CFY) a%nzga ratio

{

of 10:1. Wenumarl cofd %05 famnles Her%aﬁagad fox:l.seﬁrerw?waf capalmgyen I tm%dwaP?@Fﬁan lines to

t hese co- cu1° fera ( Panel

A). Additi d'ﬁ"e%f P%Wf'ry HI %{'Ftéffﬂm PEFRaT dig ot e “’f%“-‘fﬂ"%’m RIERS 0P 9V5thi bi t ory
ef f ect ( Paralividoglly. 3@1"’?\’&4 wheadwetivleopiimiagy colpreesn uvetserrooled, priE@itoeself-eenepvabbt ed i n a
gr adpal | osbseed bitreqierdyioln.s @eyndef CRCier prisa® OFMJTHsRBdwsitheharpi dt befmenbyinhES cel | s

of al | oact iyakheRr frbrnccﬁmme&%a{owmmew &mf)r@mth %aio&.euei@é@m@%n@md@mm ( Panel
B). The I\/LF'Q3 ratio of 1:1 or 1:3. Exanple

8: Lack of agasusc'qereqlaa“{]?mhe regémed]{s?ﬁr entiated hES cells in vivo The
i munogeni ci ty Jf‘esﬁﬁ?iP'Ffdé’P‘?é‘ﬁfaf PR g AR MFS e feuresRee chBURE SRRy testing
t he capaci thpmatppoietiqsogenitprh thatipessess sypariopteti-renevwakdabagivar i mune response in vi vo.

Example 10: Kinetigs of progenitor induction

In this example, the kinetics of hematopoietic cell difierentiation were examined further. The
cells were cultured with HGF Cytokines and BMP-4, beginning the day after embryoid body formation,
Cells were sampled at various times in the culture, and analyzed for CD45 and primary CFUs
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| mmune deficient Prk-/- SCID mce were injected intranmuscularly with 2 to 5
x 106 wundifferentiated hES cells, fetal nononuclear cells, or t-k{pﬂh@ﬁﬂ@.
human negakawg)ﬁg(ﬁ line. After 48-72 h, tissue was fix«(}%mﬁnbedded and
sectioned on cryostat Every second section was kept f 8%8?9dxyl in and

eosin (H & E) sgaleNs Bbws EFQ%&RE %%Qrﬁﬁop%uc CQHKJ%XEsQQed"é%ay 3d199|11'0fof &hledy their

characteristic al ned. sect ni fication
oty s S o sP AP S ok o Gl e aoin s ey 8ty 1P b &
experi ment22- BbP¥ %t ane 1vBppogenisefiFiencigmig the KEU pepaowrgbElemf indbPY, but@Fd 18 Tyler e abl e

t o i nduce @2 g aayils0TY ihoteakdifi tidrbgedit bidtientyaRpe@asiay i1 5 additay £r dashet sBlistidaiyri ce. I n
contrast, i SRR mb %llféraInBr%f 'c&ﬂm%%eﬁ%%ﬁé%hs%Btw&e'ﬂ@)aysnﬂs%ﬁ& boOn sites
of animals ceI . Figure 11 shows the. !
resul ts of pe | mune conpetent CD- 1 @
mce. Unli ke i qhip H'éc‘%‘fkprf’m%elcl?f"’?ﬁ‘%\s’mdf" a8y Wﬁc“ﬁjf“e@ﬁ%'ﬁmﬂﬁ’e'@ﬁf?ﬂéi ning PBS
vehi cl e i nSceld. Myenmide dsydffered salalg togntencel twogeder'siapdréclation at thaymdalying dnsessrif ecti on- |
site (bot t.emtlneefntto RANs .avenﬁbim»é%mxdnmy%meen of vehicle together wth hES

cells conpl ete )i g&.&%ﬁﬁ‘%ﬁ% %E&Cﬁ(c%grg fr@:fn'hkﬁ L&t Le%‘m (ob%uF f’.%cg bedlat _pgnel) .

I nj ection of | resuspen ?dtOInhlblt
| eukocyt e THFHOP PREST PHF]Y B SEETF™ 'T}‘Fé“idé’y 3?@’%"9\5’“68?5‘5‘?%@%‘% b‘f?@fﬂﬁ"‘}‘ﬁ"’s st udy.
First, therhhESfcerhmitedfhgingtengietcceells] Toe evigkineisgioneunitigé hemgtopoieti gresaitarees i n

ei t her i NMaapeaad indhisdge Glatiaii e freeaerRt tee CDA3I regker: THwSoBtiggERhatofolad  t hey

have the g Iﬂt@l'staﬂsmﬁ Rorh éHﬂthie&sMnﬂaﬁlw héks QiAo RRdiIRNNRRALEDR bC
- response. AL S op Bnasl b8 L0, S SNOReE! Lol L, R BEIACIRLE @ ore
e

ri gorous tE m ni st erin mto aman, “becsuse of the
much hi gheptinsis pepraps 9°é?'i‘l!"i‘¢’d@ﬁ°9‘h"8?fﬁl“§'ﬁ“ fa"é?@@?jﬁ@te "Pﬁ@""‘!‘iﬁga??é'Fyl“?‘ inipdseent |y wer e
al so abl e vih cytokine badBMPHIgreatmat- specific infiltration that otherw se occurs in
response to endad @xitHshow dix BMRLl (@RaTaIbLRI oY in lc@RimaS @it dYdkines)ings MQtect on the

anti gen-sp ﬁﬁemyéa'r oéﬁnuh@{ho%ms‘po@@ Ldg&ftoré smga%a %%e%%s@s Hsuﬁewertda@a@pu ity of
undlffereq}t# 'F 9,8 t%c 3- 1 and |tnflam*ratory
reactions Taser ‘8? P& °§~B‘Y‘ 68%’953?19 ofigque F“‘%‘?“’@SF P{°Heé‘P°éS %Psseﬁ“ﬁrﬁ‘{fﬁs' 9: BWP
pronot es s¥el-fengwa jty- ﬁMPrﬂE@Vé@‘FeF itsREfpgt GEino the fralt 18 s et qete’OfBP‘%éYW”ﬂa&’Pgs In the
next seri eengaémecgend mpnisble idgpmtitopeiesdli c cel | s were obtai ned fromhES cells
using a nodified differentiation tineline. Undifferentiated hES cells in
feeder-free culture were treated with Col |l agenase |V and scraped off the
I\/atrigel(r) matr were then ransf red to | ow attachnent
pl ates, and & 8‘7%""’"@@"’9@3%@3} '\é‘f’g'f""a”é’eﬁ' eﬁf)s(%"a C‘(Ie' ;@ﬁ'ﬁ‘g’l bodi es
formed over ni ght"‘"]OPF denagtipgiro@ntei st ioGhe retipu ff tesatra PiterRgrep® Y aitn - heat

i nactivated FBS. The nedium was changed the very next day to nedium

contai ning either hematopoietic cytokines (300 ng/nm. SCF;, 300 ng/nL Flt-3
ligand, 10 ng/nL I1L-3, 10 ng/nL I1L-6, and 50 ng/nL G CSF); or BMP-4 (50

ng/ m.); or both cytokines and BMP-4. Control cultures continued in the sane
differentiation nmediumw thout any added factors. Media were changed every
3 days. Figure 12 shows the total cell count and nunber of CD45 +ve

henmat opoi etic progenitor cells that were obtained. Al so shown is the numnber,
of primary CPUs obtai ned per 105 input cells. Cytokines considerably

i nproved the yield of CD45 +ve cells (p < 0.02) and CFU (p < 0.001) conpared
with control.

occuré co%com(tjr:ln't\élvI \ﬂ{l’tp dnlflerenllatlon an? loss ofa progqenltoﬁ Jc‘f
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By any of these criteria, there was negligible effect of BMP-4, either with
or without' the cytoki nes. Figure 13 shows the results of seconda_r? &Ft[ﬁs
enphasi zi ng t&? grtance of BMP-4. Self- renewal of hematopoi et c!
progenitors d 9\; %} om hES cel|'s under control conditi orRCHEE2H!
infrequent _event, occurring fromonly 6% of primary CFU (Left Panel). In
contrast, tF@REReHE ofdhe AYerioa e ht praterusg iztsoiciony fhal "%i‘“t ﬁ“’??{ft JsRaPAREL Ch anc ed

t he sel f-rehagwatebdppaoi ty to 21% of all primary CFU exam ned. Wile the
frequency of progenitor self-renewal increased when the cells were
differentiat qd V\ﬁi;ehen dQ{EIdQ:IéP\ Bo%Elanoﬂ lﬂl@t prﬂ@gﬂk gn%&reoka of'le r%?vﬁlthe f&@\!ﬂ]do oth
control or cyto |ne erived henatopol etic progenitors was m ni na with an
aver age of O. 5 PHRYYSY: 3 secondary CFU detected per primary CPU respectively
(R ght Panel). WenatdEs 16ef heceljeareCldd #erenti ated wi th both cyt oki nes and
BMP-4, 36% of prinar yiGRYogenrensd &8 secondary CFUs. I ndividual primry CFU
arisinng fromhES cgl | () ed in the presence of cytokines plus
BMP- 4 generated up 16 eggéég'%gmd& per primary CFU, a magnitude of

sel f-renewal 8- tot daH‘fa@‘HEr"’a{eWQFﬁéél’?ntr or cytokine treatnent alone.

Al t hough treatnent of differentiating hES cells with BMP-4 al one did not
enhance henmatopak edlipGpuid 6f ddint A bidid BRI impghaptidnaten((fspdgM. € 2 and 3),
BMP- 4 was shown in this exanple to influence self-renewal potential of
primary henato 0| etic eni eater than % of primar U
generated in 3t 0 ‘?”é’%‘%&@ ocf’"slgwﬁ"'thevﬁg ROPULIBL R angglef‘”cﬁﬁﬁg\ﬂ}ﬁ%{pp%@ft

Panel ), with ad'"%t‘(F@T‘wfb'tbﬁﬁa@ldt"Veﬁ“@eq‘ ormup to 10 secondary CFUs per primary
CFU (Right Panel), a 20-fold increase in self renewal capacity over control
or cytokine dj ffetapbiutiRe) Gahy ecedt aSRNIARFR of IBRL $o4 SYLRDE YreBRRCHRGNE t ude of
progeni tor self-repgewal between hES-derived hematopoietic progenitors and
known sources of commtted hemat opoietic tissue, primary CFU arising from
human cord bl ood sanpl es were assayed for self-renewal capacity in the sane
way (Ri ght Pahelhe cellipppiation of gny preaging clzim rodienyless Hen Hepesiiedntipledrid celsd not gi ve
rise to secondary progenitors when assayed individually. However, when

nul tiple pringrie el BRiBshEVer Ry RELERbamd VALEBObnSE Jsﬁavﬁ)wmaw@omc observed

a2 Trequency gl fmndBpdara il Alepll Blnitly dla S shovwe the rar iy

of self-renew ng romco oporetic tissue, conpared
Wi th hemat opoi etic progenitors derived from hES ceI | s differentiating in

t he presence of ThBRFL-ngpulatféss ef cleimdyyhetsingeiening Serveaediranhiag CRY Fsfa formeecedémg hES
cells in the prepsacwtenikplBdin dsepmodEicesay. hemat opoi eti c progenitors that
possess superior self-renewal capacity. Exanple 10: Kinetics of progenitor

I nduction In é h'|'h§ cﬁfﬁdgﬁ]&tﬁn(ﬂ otﬂg?y:jjregﬁu;n:g %r'é tl\lhl&e\ﬁ%f %gtle(? Hoq\leD%CllD rclince jorr?-| HGE

differentiation s were culture

Cyt oki nes and W'a&?g%m%ﬂ%aw‘ﬂ@w&ag% a&‘i"f‘%‘}ocyé?ﬁ'brym d body formation. Cells
were sanpled at various tines in the culture, and analyzed for CD45 and
primary CFUs g 2fhe\AEN SBHIQDARAL any fecddiddl cBiI00) GhictP@iEA WEoEd BB08b-deimtice ol Shows

t he r;esults NogiBediRd ARRbietas cells were observed at Day 3, 7, or 10 of
cultdre wth cytokines plus BMP-4. The frequency of CD45 +ve cells

i ncreased considerably on Da¥ 5 and Da)‘\'/1 Z 7 and 10, cl onogenic

ef fi ci enci es ' n"etre" easévf“a'@&yawéec%*@? g 1‘”'?"?? hi%???@@,“eif?ﬁ‘ly afigddo ppress f n 062
on Day 15. The hemralagaus@enien cl onogeni c ef fi ci ency between Day 15 and Day 22
was not statistically significant, suggesting that the proliferation of

Comﬁ. tted henpt GRRLGIbIIGR) bnPSLAGR MY Srdineitd A1 are progeny of cells isolated

from a human blastocyst.

12. The cell pupation{s) of any preceding claim, wherein the pPS cells are human embryonic stem

cells.
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occurs concomtantly with differentiation and | oss of progenitor function.
Thi s di scl osure proposes a conceptual nodel regarding directed heg&@g@@heti C
differentiation of hES cells. The nodel is offered solely to enh

reader' s appogBi0#2ilon of the underlying process; it ispoowsosant to limt
the invention where not explicitly required. The generation of hematopoietic
progeny fromhES cells seens to occur in two phases - an induction phase
governed by Rra@oan® diftrdniiadigesPIyeid @gRs GRID bedhiatbn Giith CemagBieticl gteh@ved by a
proliferati veomgre %mumg aaamnla;te% pbea@nnopajue& 'e&lrgrﬁ‘leiﬂtses ey fext)p@nes i nduce

comm tted he n uration,
represent ed ‘9 EHQQ lgﬁ'e L”It'—‘é‘(/\}a@'BW"f“éedOf ﬁg%%vgﬁhg.g@ﬁ@a%wﬁr%en. tors
arising f ronfhsfp'@n@%fﬂﬁef@méh%“‘fufeeeﬂ‘efﬁfﬂeﬁtﬂlCEJ‘rROEH‘a"‘PYE@t@é‘l ipagt 104 {dd$ pasibigt ¢ ol

condi ti ons weadoreadpahibsan af assag @b fiemiegd@ivedolonyriorinih@uriteEB)aE patitddticasgay, and are
therefore prohably. tiehed nal ly differentiated. Thus, intrinsic prograns
governing hES cell differentiation fail to generate maintenance capacity
that is induced wth cytokine and BVMP-4 treatment. The results show t hat
BWP- 4 (ei tefMegmedied °(ﬁ'a"P A3 erRin e ifigpriging ﬁ°"@9ﬁ%®”ﬁ‘@%7’“‘4’?’8‘§ bodfes 8f felct on t he
frequency or agoegaés. nunber of herat opoi eti c progenitors obtained from hES
cells. However, derivation of hES cells in the presence of BMP-4 gives rise
to uni que | t eki r eater . S wal

0 unt aue 4ol ABRLC) Kl ASEI UL S PURIERRNT A Sy F iy 155

devel opnent, °‘§'P'l'9?‘if¥ T"ﬂg | ong-term prograns responsible for progenitor
renewal . The skilled reader will appreciate that the invention can be

nodi fi ed as. @heradtios bf dema L6, whereio e i mituraabii hemgtopolalict gnomitt facdkepaimprisexgatf r om t he
spirit of thgadWenhd ORwin@! stdhit@i RERRRFD FLILNBarRPRBNAE Gnfrahuibie ciay 03/ 050251 -
6 JON 2006 ISD"‘;IF{?"" Qacér%g%% Enbodi ments of the invention to be prosecuted in
jurisdictions t I"ow Itlple dependent clains include the follow ng.

1. Adifferentiated cell population that proliferates in culture, having one
or nore ofi7t fiwe matiol ofiainy 16, prherpie the cellg are cyiturdd ewith said haygatgpoidlit arowtiefebtarsar e CD45
+ve. at | eafin 12Q8s amie oalaBdl ditieentiditn, | east 70% are CD13 +ve at least 10%
are ACL33 we, 2 The cell population of claiml, obtained by differentiating

primat e p| gr o&ofStt%rsn1£ p}DS pnsanﬂéﬁ%nﬁ%fhelﬁ%pﬁqed cel{)%tl!“ fJaner %b%conSI sting of

t he cell o ndted ikl i eren line from
which it has P'B’é'éﬁ'"ﬁ'?f‘@é?'\e?itsi‘bé?‘%ﬂ‘“y 13 the-pfluringith e dhdretf “ﬁff‘i‘("gﬁ'e“ﬁ)ﬁm‘&'hy pr ecedi ng
claim whereiapioat | east 5% of the cells are both CD34 +ve and CD45 +ve. 5.
The cell popul ation of any preceding claim containing less than 1 %

undi f f er eng a@ € ot eelnl S8, veroi 18 GR .Lre mmha&.moaa.(es)m.eﬁogmypr@émedl ng
claim whic

af opoi eti c colony formng
units (CFU) §‘Ebse§”e}5'ﬁ§{ 'ﬁ"ét" ?’P"F‘(:si‘“g'r‘]eg?om%g sfm"'fthe about 1 in 1000. 7. The cell
popul ation(s) of claim6, wherein colonies harvested fromthe CFU assay form
secondary 20c Sheondthed ofdlans 1849 wheraitcelisrpblainedasenrntihg @Rk mstagiyhave the properties

of the differentiated cells of any of claims 1-12.

21. The method of claims 13—20. which is a method for producing hematopoietic progenitors, erythroid
cells, granulocytic cells, monogylic cells, megakaryocytes, or lymphoid cells.

22. A method for obtaining a differentiated cell population according to claims 1-12, comprising
differentiating pPS cefls, '

23 The method of any of claims 13-22, wherein the pPS cells are progeny of cells isolated from a
human blastocyst.

24. The method of any of claims 13-23, wherein the pPS cells are human embryonic stem cells.
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8. The cel| popul ation(s) of any preceding claim which when injected into
NOD- SCI D ni ce form circulating erythroid cells, granulocytic celd & U ALE
nonocyt es. J,| popul ation(s) of any precedl ng claim which when
injected i nt 0 é&%—é@lD mce form circulating | ynphoid celPC&USQGThe cel |
popul ation(s) of any preceding claim which has been genetically altered to
express a heterol ogous gene. 11. The cell ul ation(s) of any preceding
clai m wher e°n Af h&8YPAte: efytyobiask ?PPB@@’nye%f‘OPEEI pagophd o Imahasye.  fRGNPehuman

bl ast ocyst. 12 meJaheyoced, |plafelap atiymphdcgy. pofiucahly fptherciidientgting ltigi diferentiaied @éin t he pPS
cel | s are humagomE®h ykin® 1SEem cells. -31 - 6 JUN 2006 WO 03/ 050251

PCT/ US1f 21391191 13. A nethod for di fferentl ating pPS cells into a cell
population with henmat gpoi eti c potenti al rising culturi ng

undi f f er ent i &t £d™PPE L SFPEE gm@‘ﬁﬂn? (& é‘H‘W F%ﬁ‘ﬁ%‘me hegaigrfefia Py yurioBe of any
cel I s havi ng a cefrfifingr eombinigge e tegneyndiit acdifistenliaied ngl! eppyiitian agcerdingfo any of

henat opoi eti c geidwh-hz fdaririig,anppdnotbib enmdtabicasingsgn the @8 gohdatiehthdl kst

environment a gl lhaRP PiMbALd Qi ﬁmb%&mﬂo%d%nd'c%ﬁléétmgil%b Q%ﬁe REAShT Lif or Qe t hat
forms colonies in a oietic colony formng units (CFU) at a

plating effici it Oungtc?'md@%f Lemaopo’ei'c °e%i°*%ﬂoo 14. The met hod of cl aim 13,
wherein the di fferentl ating conprises formng enbryoid bodies or cell
aggregates. ZSA Faeasmsticaiocbmpbsitiod or rigatrdS: b1 jhe \tlooare bmartntiee betlyf fowdsing iteet | ng
conprises cul t dkéB@atbdcell PIMIBHRA 5 dhy of cEiME 6l 2, o OsheRMedRAdréH to H6 metldars apbhod of
clainms 13-15, \e(? ﬁj 4y the mxture of hematop0| etic growh factors conprises
at least two e following: stemcell factor (SCF), FLT-3 ligand, |L-3,
| L-6, and granul ocyte colony stimulating factor (G CSF). 17. The nethod of
cl aim 16, wrsr &phote Hiferertipipd celi pepulgtion regiied i olRimsH 130 ebi¢edatcodiod tethe efecowt h
factors withinf &2 oaipemsob-26,he tensetratof ot a friegicamrtt @t ieonstituli@. hefimepoietst hod of
clains 13-17, mapﬁ,hghm&ncul turing the differentiated cells with a bone

nor phogeni ¢ protein sinmultaneousl y or subsequent ly to the culturing with
the m xture of herrato oietic tors. .19. The net hod %f cl aim 18,
wherein the Eéelufesmﬁrd@( 'H'FtF?J?egg"W‘PH “’6‘8%‘ RIS BhG H ‘l?d BFGEIR] 1A g mebpth s e quent
to the cul turi SR claims 432 RéwareRsieel @ edpr®en ir feastic Berapy obgumaThe net hod of
clainms 13-19, wherein cells obtained according to the nethod have the
properties Sﬁf ubde ik a@ﬂtdelﬁfac%datﬁﬁ leki®d @ ciafy1-2f oCdnainierehiialed lnaa@latedThe

met hod of clai r’fﬁ, %ﬂ% 30 Ps‘@gs Pm!e Ere;?’ar %%F‘Qﬂeo?c%erf oﬂg&ﬁhé‘gnﬂ%ﬁﬁwﬁﬁlﬂ

progenitors, gra tic cell's, nonocytic ce
megakar yocyt es, r“'°r1":§l “8'(‘3‘98‘3'?1 §he mgdcamAt et hod for obtaining a
differentiated cell population according to clains 1-12, conprising
di ff erenti atiing ppdrbacedicd! sombination, comprising together or in separate containers a first cell population

comprising a differentiated cell population according to any of claims 1-12, or inactivated
undifferentiated pPS cells, formulated to be suitable for human administration; and a second cell
population comprising differentiated cells that are MHC compatible with the first cell population.

32. The pharmaceutical combination of claim 31, wherein upon administration of the combination to an
individual, the first cell population inhibits an inflammatory response by the subject against the

second cell population.

33. The pharmaceutical combination of claims 31-32, wherein whereupon administration of the first
cell population to an individual renders the individual immunotolerant to the second cell population.

34. The pharmaceutical combination of claims 31-33, wherein the undifferentiated pPS cells are
human embryonic stem cells inactivated by irradiation or treatment with mitomycin ¢.
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23 The nethod of any of clains 13-22, wherein the pPS cells are prog n
cells isolated froma human blastocyst 24. The nmethod of any of fclla

13- 23, wherei r'WOMMPPE cel | s are human enbryoni c stem cel | LcTAS®/30099 JUN
2006 WO 03/050251 PCT/ US02/ 39091 25. An erythrocyte, erythrobl ast,

neut rophi |, &6siTmabrinhceutisal sopiriation ohatainsSy-86 whettictho iyt aotsecondrest adedlpliptroye e,
platel et, or |yapkacyite simoresatmbyenfblybdidsesm «disf f erenti ating the
differentiated cell population of clains 1 12. 26. A method of screening a
conmpound for it 0|et c.ce

conpri si ng c&ﬁb§ﬁlﬂﬁr &maf nqmﬁ%m Emﬁ ]Pghtl Sﬁmigﬁlmﬂgﬁﬂﬁgiﬁon
according to anyoRykton cPfaP?Pé“ow‘eiQ "ett!l‘ié‘ﬁ eP’HP%FQ*RjW&?nycaM?éM@Y‘Wl Eepenigggeifbol i c
changes in the oesshchpog odiatheroatorbibiztcelsgsgellcdls, chandweyles, an theaerdsiintetbresitdis t he
conpound, and cefdbidebdtdnffee change with an ability of the conpound to
nodul at e hemat opoi etic cell function. 27. A pharmaceutical conposition for
treatnent of the human or aninmal body, conprising the differentiated cel
popul ati on of any of clains 1-12, or obtained according to the nmethod of any
of clainms 13-24. 28. Use of a differentiated cell population recited in
clainms 1-12, or obtained according to the method of any of clainms 13-24, in
the preparation of a nedicanment for reconstituting hematopoietic function
in a human. 29. Use of a differentiated cell population recited in clains
1-12, or obtained according to the nethod of any of clains 13-24, in the
preparation of a nedicanent for genetic therapy of a human. 30. Use of a
differentiated cell population recited in clains 1-12, or an

undi fferentiated i nactivated population of pPS cells, in the preparation of
a medi canent for tolerizing a human to cells that are MHC conpatible with
the cells in the nedicanment. 31. A pharmaceutical conbination, conprising
together or in separate containers a first cell population conprising a
differentiated cell population according to any of clainms 1-12, or
inactivated wundifferentiated pPS cells, fornulated to be suitable for hunman
adm nistration; and a second cell population conprising differentiated
cells that are MHC conpatible with the first cell population. 32. The

phar maceuti cal comhi nation of claim 31, wherein upon adm nistration of the
conbination to an individual, the first cell population inhibits an

i nfl ammatory response by the subject against the second cell popul ation.

33. The pharmaceutical conbination of clainms 31-32, wherein whereupon

adm nistration of the first cell population to an individual renders the

i ndi vi dual i mrunotolerant to the second cell popul ation. 34. The

phar maceuti cal conbi nation of clains 31-33, wherein the undifferentiated pPS
cells are human enbryonic stemcells inactivated by irradiation or
treatment with mtonycin c. -33 WD 03/050251 - 6 JUN 2006




PCT/ US02/ 39091 35. The pharmaceuti cal conbination of clains 31-34, wherein
the first and second cell populations are derived fromthe same |i elﬁim%
human enbryonic stemcells. 36. The pharmaceutical conbination of cl’a

31- 35, wherein the second cell population is a popul ation of hepatocytes,
neurons, oligodendrocytes, cardionyocytes, osteogenic cells, nesenchynal
cells, hematopoietic cells, islet cel@wmMschondrocytes, or |ineage-restricted
precursors of any of these cell types. - 6 JUN 2006 CLAIMS 1. A first

popul ation of differentiated cells wherein at |east 5% of the cells in the
popul ation are both CD34 positive and CD45 positive, and a second

popul at i onl. o fishehpfitbtionehtifeentidted edlls shéreiomt bdse 5% afithe chllsnmine PSputatidd ark bate from
whi ch the fi 6ie ;faet Je A0 @Bh@sdsmoe ¥ g@csﬁd%mlb%ﬁﬂd.ﬁ&emétea bhig ffrorn%%rﬂé i on of

differentiated S In e population are
CD34 posi ti v%“maﬁﬁﬁ cgl '5‘8?’8@5‘“\555‘5ﬁ%?f?ehﬁ°p<9'lat'%ﬁﬁlsf’%§rre%tﬁﬁdat ed cel Fspf rom the

sanme human PS cell line fromwhich the first cell popul ation was

'?Ihf f Sr ]?][‘t i At .quirst §e u-EBSh Gfeﬂ ﬁeréﬁ@ﬂéﬂ &diid QReiRfat RhdtPOY% HRCESHE GIQFQ bé’duﬁhon"\é}f@ r eldn
e differen ual eic stro eeder

col 15, 4 ThabB ea°ﬁ'“$ofﬂj*| ESF Bt v efsofisns2s GPHDS e gl ne

di f f er enti at tein ¢lith theipligklbparaatioo was differentiatedss t han 1 % undi fferenti at ed

human PS cells. 5. The cell popul ations of any preceding claim wherein the

di fferentiat forns  col onle oietic
col ony fori [ GhProuRsE el S o By g iy e By PR el e 1 |
1000. 6. Theal@éﬁrﬁlcpmﬁlmfﬁtﬂﬁ@eﬂﬁ claim4, wherein colonies harvested from
the CFU assay form secondary colonies when replated in a second CFU assay.

7. The cel of. an n ere e differentiated
cells haveJ' bglgeﬁéég% l{?ﬂ §ns| ?f aﬁy éiet%o?ng Cf? i qvh% e%latgés d\ﬁ,nrﬁnt{a%:}elgOclelﬁ‘I 5%)ula{|on co%talnlg The
cel | popul at egxri8arofs ‘é{}ﬁ‘gﬁeiﬁf“@@éd‘wﬁ@‘ ﬁ%ﬁ"ﬁ] V\/nerel n the human PS cells are

human enbryonic stemcells or cultured froma human bl astocyst. 9. A nethod

for diff er§nHe %éll H&Mun i f ?n C&L{eﬁm Qhﬁh%hg%magg F&meféwla?edcceelll CPOPL?QHL %r!ngm’

conprising  cul turl ren uman cel
envi ronnent &AL aéqqs?ayffqr@gm@)tppoﬁfgcq{@y fogming,giitp K U atA Higting effidengeeict w#d, but

cont ai ni ng aatvuxtiun@oof henat opoietic growh factors, and then harvesting
fromthe culture environnent a cell population that is at least 1 % CD45
positive, or_that forns colonies in an assay for hematopoietic col ony

form ng urfi-t Ehe(qeftpgpulations of plgim s hereip |°E'Pré‘?§c*?"’6?ted am fhe L5V a&Eﬂi‘J?”"feF‘ﬁ‘di%oo

10. The met hogbnieb woérareprateqd inwalsecoad OFY hesayli f f erenti ating conpri ses form ng
enbryoi d bodies or cell aggregates. - 6 JUN 2006 11. The nmethod of claim?9

or 10, wherein the differentiatin corrprlses culturing in | ow densit
condi ti onel W&ehﬁ?p”T%"s?ﬁ@yﬁéﬁcﬁ@% G dheieipghedifiefentigtprhceli; bave ﬁ%e”rﬁe&ett'ﬂ%/'é of
henat opoi et i gtegaddatxprebaz badergogrospemeses at | east

8. The cell populations of any preceding claim, wherein the human PS cells are human embryonic
stem cells or cuitured from a human blastocyst.

9. A method for differentiating human PS cells into a hematopoietic cell population, comprising
culturing undifferentiated human PS cells in a culture environment essentially free of any cells
having a different genotype, but containing a mixture of hematopoietic growth factors, and then
harvesting from the culture environment a cell population that is at least 1% CD45 positive, or that
forms colonies in an assay for hematopoietic colony forming units (CFU) at a plating efficiency of
at least about 1 in 1000.

10. The method of claim 9, wherein the differentiating comprises forming embryoid bodies or cell

aggregates.
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two of the followng: stemcell factor (SCF), FLT-3 ligand, IL-3, IL-6, and
granul ocyte colony stinulating factor (G CSF). 13. The nethod of claim 12,
wherein the cells are cultured with said henmatopoietic growh factdrgUN 2(i6
within 12 days of the onset of differentiation. 14. The nethod of clains
9-13, conprising culturing the differentiated cells with a bone norphogenic
protein sinultaneously or subsequently to the culturing with the m xture of
hemat opoi &t i thegmefhpdhot $laiet o5 10, 1vhereTh the rdifferantiatio§ comperisps tuturinghioriew dendite cel | s
are cul t ur edcontitidhed@B@urior phogeni c protein 4 subsequent to the culturing

wi th said hematopoietic gromh factors. 16. The nethod of clainms 9-15, which
is a method for producing henatop0|et|c progenitors, erythroid cells,

gr anul ocyi3- cTheansthed ofg#iBe ¢ 1. vhergin|the mixwg sidwmatsesetie sTowdy gty peATsYiERS@ERAS . 17,
The met hod ofwoadf @enBIldding6, star eglieiactort (SEFH FORB liFPdCRIY, F-6rd yramabcyenddlio@ni C
stemcells o { a human bl astocyst. 18. An erythrocyte,

eryt hrobl astglmrl{%mgrf%&ﬁq? g)g; nophi |, basophil, nonocyte, macrophage,

nmegakar yocyte, plat eI et, or | ynphocyt e differentiated fromthe first cell
popul at i ofB. oTheamethaaine ctafm 12| vetierainlthé oel8 apenclitares odtio Bald Gehbtogaidic) haivinaiacte$

undi fferenti @inﬁﬁz%@l,é&m%%é&%ffaﬁfeéﬁmomurmn PS cell line formwhich the
first cell population was differentiated. 19. A nethod of screening a
conmpound for its ability to nodul ate hematopoietic cell function,

conpri si ngy. cthebnethad@f tihies Gadpampdsing dulturiag thie differestiated aeksovithed Hon@mpmh@hion
accordi ng t 0,3@% siuitarfeb@iyd shrBqueRif 18 1H dhindg @ﬂﬁtr@hﬁﬂ&@bph&naﬂfpmg&tgﬁmm c
changes in t e cell population that" result from being conbined w t he
conmpound, an Ry r el at | ng the change with an ability of the conpound to
nodul at e hemat opoi etic cell function. 20. A pharmaceutical conposition for

ulse in rlreg.vs Cfrféemetﬁ&maf usihngutmrah ﬁﬁee&eﬁatareaemreeamn WQ%&&HOQ&l@Broteﬁ‘lné/ of1
Cl al e or

ccordin any of clainms 9-1 .
Use of a di f?”é’f’eé‘ﬁ?q?gﬂ%%wﬁlérlnp g f)%‘ %Hm?ﬂégic’f”g'gaﬁ?%scl aims 1-8, or obt ai ned
according to the method of any of claims 9-17, in the preparation of a

medi caments. f oHe hétRAtor ag.w@rgam \ﬁhlch' .m«aﬁao@lf& bl@ﬂlﬁﬂl@)ﬁematbﬁf@% Pi3gdrfRbrs CenftrRidiCi t Y,
or cancer. ate t1on accordlng to

clainms 1-8, ?:e‘ﬁ?‘rﬁra"umc gc ce% m é"r’f’sé*& cgl?s ek W%%Wor 'Y"ﬁ‘ﬁ'e@ celf 0 a pronoter which

drives expression of the transgene |n hemat opoi etic cells. 23. Use of a

di 1; ferent il‘ﬂ]Eﬂde @ethdd FOdRdiths2b10Nwhieir the thuinsh PB&EITEBarirlﬂméMe?mn?r@é?ﬁl r:a&ioﬁn of a
medi canment nto receive an allograft of cells that are
IVHC conpat i b Ituregﬁ'%{ﬁ @%el sogi“l'{nrat he nedi cament. 24. A pharnaceuti cal

conbi nati on, conprising together or in separate containers a first cell

popul ati omg. AONPRhACNEG anthrdbiaat, eReit@pd & inbphP,0 Bakddhil, OMmoacya! dmBg@oghege;| ai s

1-8 formul at g%ﬁ(%&ﬁtesﬂét% ?rbl:rel}glr{v %Hﬁ@ﬁt&gﬂ% %%ertﬁét"\ﬂcuop%f?onaof Ergf%dafce' |

popul ation c le wth the
first cell pﬂfiﬂ?ﬂatf’laoﬁﬁ‘d azggcontigel ?ﬂﬁﬁ'?‘f?ﬁ@é&’tﬁ@@ﬂ“%r?&l'%@ﬁ B sgpe E‘If%ﬁ"

wher ei n t he fider®in wbeh kheicsped atputatiorwes difieentidtadact | vated by irradi ati on or
treatnment wwth mtonycin c. 26. The pharnmaceutical conbination of clains 24

or 25, wherein the first and second cell popul ati ons
19. A method of screening a compound for its ability to modulate hematopoietic cell function,

comprising combining the compound with a differentiated cell population according to any of
claims 1-8, determining any phenotypic or metabolic changes in the cell population that result from
being combined with the compound, and correlating the change with an ability of the compound to
modu'ate hematopoietic cell function.

20. A pharmaceutical composition for use in medicine, comprising the differentiated cell population of
any of claims 1-8, or obtained according to the method of any of claims 9-18.

21. Use of a differentiated cell population recited in claims 1-8, or cbtained according to the method of

any of claims 9-17, in the preparation of a medicament for treating anemia, immune deficiency,
hematopoietic toxicity, or cancer.
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are derived fromthe sanme |line of human enbryonic stemcells. 27. The
pharmaceutical conbination of clainms 24-26, wherein the second cell[-] N 2006
popul ation is a popul ation of hepatocytes, neurons, oligodendrocy ejy

cardi onyocytes, osteogenic cells, nesenchymal cells, henmatopoietic cells,
islet cells, chondrocytes, or Ilneage restricted precursors of any of these
cel | type¥ #~gfferpntgisd ﬁ%ibP°PHJ?*‘°bF%Wﬁ@c'ﬁ@ﬁé@o@mp&"ﬂ@ cansgane Ppesptvely ked PS

cel | s accor dbagrdmtet Whictdriegsspressidn\oeE tradgens il1wmarbdigticlcytisas her ei nbef or e
descri bed. 29. A pharnaceuti cal conbi nati on, corrpri sing together or in
separate containers a first cell population rising undifferentiated pPS
celI's, fofhut¥%t%a dffigrepiated sel %P&F'é“l“d °"?ﬂ1‘ﬁﬁﬁ‘"§dr‘ﬁ' ‘?tW%PFiaB?P of 3iiepdigamentiop n d

cel | popul at tolereirganumap o (peeivd drealioprit at @tls thel dre MHEadompatibleMHIE thocgiatnithé e Wit h
the first cehldicapemul ation. 30. The pharnmaceutical conbination of the
preceding claim wherein upon adm nistration of the conbination to an
individual, the first cell population inhibits an inflanmmtory response by
the subj #ctA piyanavstticalirembiation dompsising frogtivr at in eenaradd confiinersistfiest pallepratiow|

colrrPI nat i lont&fmpmg m.ffsfb.ma@a caB o%QlatldMH%E&duﬁh fdmsadmf&mh@@td s @foid e first
cell popul atjon

I ndi vi r to
Che second cfin senfuPt e 35800k SRR ston oty SBESRIAER B S P E o
cl ai ms 29- 31comppidbteayith thetfiest ¢4lipopulaiptl second cel |  popul ations are derived
fromthe sanme |ine of human enbryonic stemcells. -37 - 6 JUN 2006 33. The

phatr taceutd Cle SRR Ol Al 486 41 et &97 32 WILENTSL NS, SR50AG, o'

popul ation'is
car di onyocyt'é’sl”’ad@@?ré‘%i@'éﬁmeméffé'l’ W@mYC‘ﬁésenchynal ceI | s, herrat opoi et| c ceI | s,
islet cells, chondrocytes, or lineage-restricted precursors of any of these

cell t ype§6 13}% th’ﬁ'E deQu |ca@£bnlrbmgllcfn Q?'{:lg ms 'Zfilto% RR&HL ﬁ‘&a'f&gam se%D § cglﬁdxéﬁﬁlatlohy the

preparation rance In
Use of an unﬂFf’?r@?fbe&”itﬁf %"ed'ﬁﬁﬂq"&f"?'b?f"m""ﬁ%m&é*s}s in the preparation of a
medi cament for inproving allograft acceptance in a human. 36. The use

accordi ng, %OTr%”k(ha%acQut@%m&m%%?t of hé 128. 2§%9Lrélﬁ‘iﬁec§££%ﬁﬁ |P9&Hﬁl’a§on‘ [fmyine

t ol erance aga|nst an all ogra epat ocytes, neurons, odendr ocyt es,
car di onyocyt &®ulatoay Bbdﬁﬂ?t‘&:y@él I“§“r°”5né§'%9?€?fi//‘?fﬁ? cé?’fj'gmycﬁﬁﬁ%t 658 Reeeniq (f’e[‘,sel s,

i slet cells, medeochgmalcyitseBgmatapoielioieby) éslet eadls, rchotdedytes; eclineagerrestrictel peaoyrsaé hese
cel | types. Zan JiMsdlaf ypegording to any of clainms 34-36, wherein the

undi fferentiated pPS cells are froma line of human enbryonic stemcells.
38. The use according to claim37, wherein both the undifferentiated pPS

cel | s and2& h& redthodgirapiodusing| tematapetidegells, o fhuoan PHeceismecoidingetodhe Resent

enbryoni ¢ st gAnG& LibstartBHy aMerePb@éraBERMeCcal conbi nation or use according to
any of clainms 34- 38, wherein the undifferentiated pPS cells have been

inactivated. 40. The pharmaceutical combination or use according to claim

39, wherekh NnEE_irmmm_fCﬁletyoethf@UEdmpﬁfBg tqgem@r aﬁ_epanajmt%rwfwﬁwl repdaticeel | s

inactivated BymprisifsHomelentitd@rpPisr R FRfliatdd o Mbe BlitaBIRVSH Hum@n administration; and a
second cell population comprising differentiated cells that are MHC compatible with the first cell

population.
30. The pharmaceutical combination of the preceding claim, wherein upon administration of the
combination to an individual, the first cell population inhibits an inflammatory response by the

subject against the second cell population.

31. The pharmaceutical combination of any of claims 29-30, wherein upon administration of the first
cell population to an individual renders the individual immunotolerant to the second cell population.

32. The pharmaceutical combination of any of claims 29-31, wherein the first and second cell
populations are derived from the same line of human embryonic stem cells.
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41. Use of hematopoietic lineage cells differentiated frompPS cells in the
preparation of a medicanment, substantially as herei nbefore described. 42.
Use of undifferentiated pPS cells for differentiation into hematopeifefliNciis

| i neage cells, substantially as hereinbefore described. 43. Use of

undi fferentiated pPS cells in the preparation of a nedicanent, substantially
as hereinbefore described. 44. A pharnmaceutical preparation or conbi nation
accor di ng33 oThelphapraesuticd! combireien grany sfudeitatt-j2aivhereiathe seemdicalbpdpolptan is a

described. population of hepatocytes, neurons, oligodendrocytes, cardiomyocytes, osteogenic cells,
mesenchymal cells, hematopoietic cells, islet cells, chondrocytes, or lineage-restricted precursors
of any of these cell types.

34. Use of an undifferentiated population of pPS cells, in the preparation of a medicament for inducing
immune tolerance in a human.

35. Use of an undifferentiated population of pPS cells, in the preparation of a medicament for
improving allograft acceptance in a human.

36. The use according to any of claims 34-35, wherein said medicament induces immune tolerance
against an allograft of hepatocytes, neurens, oligodendrocytes, cardiomyocytes, osteogenic cells,
mesenchymal cells, hematopoietic cells, islet cells, chondrocytes, or lineage-restricted precursors
of any of these cell types.

37. The use according to any of claims 34-36, wherein the undifferentiated pPS cells are from a line of
human embryonic stem cells.

38. The use according to claim 37, wherein both the undifferentiated pPS cells and the allograft cells
are derived from the same line of human embryonic stem cells.

39. The pharmaceutical combination or use according to any of claims 34.38, wherein the
undifferentiated pP$S cells have been inactivated.

40. The pharmaceutical combination or use according to claim 39, wherein the undifferentiated pPS
ceils are human embryonic stem cells inactivated by irradiation or treatment with mitomycin ¢.

41. Use of hematopoietic lineage cells differentiated from pPS celis in the preparation of a
medicament, substantially as hereinbefore described.

42. Use of undifferentiated pPS cells for differentiation into hematopoietic lineage cells, substantially
as hereinbefore described.

43, Use of undifferentiated pPS cells in the preparation of a medicament, substantially as hereinbefore
described.

44. A pharmaceutical preparation or combination according to the present invention, substantially as
hereinbefore described.
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