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homogeneous starting population for the production of cells having therapeutic utility.
[0005] There have been efforts by researchers in the field to develop methods to culture a
variety of progeny cell types from human ES cells. For example, U.S. Patent 6,280,718
describes a method for culturing human ES cells into hematopoietic cells by culturing the human
ES cell with stromal cells. Some methods of creating progeny cell types from human ES cells
involve the creation of embryoid bodies, which are three dimensional structures which can be
formed by ES cells in culture and which foster the diverse differentiation of ES cells into various
differentiated progeny lineages. Other methods for creating progeny lineages depend on the
culturing of human ES cells with particular media, agents or types of cells to expose the ES cells
to factors which encourage differentiation in a particular direction. All these methods have a
common objective, which is to provide a source for particular cell types for scientific research
and experimentation and, for some cell types, for ultimate transplantation into human bodies for

therapeutic purposes.
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[0009] Functional dendritic cells have been generated from mouse ES cells using
embryoid bodies and by co-culture with mouse macrophage colony-stimulating factor deficient
bone-marrow stromal cell line, OP9. We have previously demonstrated that OP9 cells can be
used to induce hematopoietic cells from human ES cells. The full potency of those

hematopoietic cells to produce progeny of the various lineages was unexplored previously.
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preparing single cell suspension of tumor cells from a patient, and fusing the embryonic stem

cell-derived dendritic cells with the tumor cells so that a cellular vaccine is created.
Other embodiments of the present invention will be apparent to one of skill in the art after
review of the specification, claims and drawings.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[00010] Figs. 1A and B are schematic illustrations of the overall method of the present

invention.
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DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
[00010] Figs. pirangphrdErBeeueid Gt trvektrinons of

the overall nethod of the present invention.[00011]
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[(ﬂ%ﬂ]o' d Slukvin, et al., J. Immunology, 2006, 176:2924-2932, is an academic article by the

inventors describing the present invention. It is incorporated by reference as if fully set forth
below.

[00015] The overall method is schematically illustrated in Figs. 1A and B, in which the
process is broken down into three overall steps and is demonstrated in its preferable form in the
Examples below and in Slukvin, 2006, supra. By "multipotent lymphohematopoietic progenitor

cells," "

myeloid dentritic cell (DC) precursor cells,” "immature DC," "mature DC," and
"regulatory DC," we mean the cell populations disclosed in Fig. 1B.

[00016] In Step 1, human ES cells are co-cultured with stromal cells, preferably M-CSF
deficient stromal cells, to induce differentiation of the cells into multipotent

lymphohematopoietic progenitor cells. Preferably, the cells are OP9 cells.
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J
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the process is broken down into three overall steps
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and HLA-DR markers present on more mature cells committed to specific hemotopoietic lineage.
[00022] We used the entire cell suspension from the co-culture, rather than isolated
lymphohematopoietic precursors for the next step in which granulocyte/macrophage colony
stimulating factor (GM-CSF) is used to mediate expansion of myeloid precursors which are
capable of differentiating into dendritic cells. In our hands, the most effective factor to cause the
myeloid precursor cells to undergo this expansion was GM-CSF, in contrast to other factors, such
as SCF and FLT3-L, which in our hands had little effect on the expansion of myeloid dendritic
cell precursors.

[00023] The myeloid precursors derived from human ES cells and expanded with GM-

CSF, contained myeloid colony-forming cells (CFCs), as well as small populations of more
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aebarian G G S sp oS repan Do i M T 8 ang mr-o
diitRren AR ¥fo Dﬁg@rhﬁhs}ld@ég§ arlf deﬁgwaad Wstﬂﬁhfbndﬁ'ﬁé elif Konghhe

culture prior to inducjn ritic ce 0 ion, .
el A e PRI D P e D HET T fpectvels: S0
125 8h lofir @tBred RNSTaak R sdidrOMHs BIWIRE bR agotiakd Rythaeleet ldwkvel

expansi on of el oid precursars obtained by _the . .
emgsgi@moﬁ@l@fa% M’ﬁé’ﬁV@E%t é@l@tiwtﬂplw&g'o%fy‘?@ia&ﬁm populations in

oﬁxlcreﬂ B s We o hRME cSvktRIkk R d dstdifrdrertiatidh 6f the human ES cells into
ematopol etic cells resulting fromthe co-cul tur

ste .

dendeitic orffseppsats 1o gsheniquePateEyt Batanaymof erct gplerafes Pgthe cotresponding
Lo AR ithSfeticttet ¢oNEBE HHEL
p%’éﬁ%fﬁotqidgfegééﬁ%@o?{?%%gﬁf Rgggrtitilgigl est_ep i n_our . )
[@025locol TiorExgmples helpyigeabe srpshor prabedimprtiof Higyprespnt nvention, a
henat opei et i i.ffer hoAl ] ' man ES cel | / OP9

PAETRRREH O Byl LR Bl ey, B cet 1/ OF
[(DD26}H+ CD4 3dditienatiyyl anothert eaviodimenpéicheimsension iisst papulation of regulatory

ogenj tors ess t han .3%. f ai 1 ( lr i 4 TFN
i By Mo PR auBily UM GFRRP o PARE MRS ana v
dead intol D LEN| GDY-; CDRO'™, CRE6' Vatcesssdr atllstwihslew stimulatory activity.

@ro%g |torré¢, do%tqgt Ws CD | b, CD14, CD2, CD3,

[00027] The co-culture system used here with the M-CSF deficient stromal cells (OP9
cells) differs from the system based on OP9 cells used with murine ES cells. The method
described here does not use a second co-culture with the OP9 cells, unlike the mouse system.
We collected the human ES cell derivatives from the co-culture when the maximal amount of
myeloid progenitors were generated and then expanded those progenitors with GM-CSF in
feeder-free non-adherent conditions. This technique resulted in the discrete population of

dendritic cell precursors which is useful for further studies of dendritic cell development.
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and HLA-DR markers present on nore mature cells
commtted to specific henotopoietic |lineage. [00022]
woooaas@st he entire cell suspension fromthe PCT/US2006/021054
co-culture, rather than isol ated | ynphohemat opoietic
recursors for tge next step . in which

[08928hul ocyihes Rerd SEYHAGESES Mk furing Saluyrele h%dedéf&rgr}tlatlon cells

er@é&&?ﬁlALﬁR Hﬁ@&pﬁme Bﬁﬁgg’&ﬁg %M&ﬂldﬂbf Qfiuliy@iphodtes were generated.
precursors differentiat.

Zrgardel- I20@4Céqu;c§t Juj H) é@é}(gf%a g3o -7} hgo%\éef, the qnélg?x}gp,rgsentmg properties

anﬁf’%ﬁé Hen&PpLSFUBEAE gerﬁbhﬁéd% chiddySIeR ¢ néi&leSndt@ted T B @6sible that
hi s* expansion was_ GW CSF, in contrast_ to ofher

ceﬂa ebtsined assdpediibad indtris reneE WereTmaqroPhiRtse [P FeSBY PrAvifigdor the first
t1rg9 d dabhdeliat %leﬁ'lgﬂ“ﬁs Qéilstcgl?bee&ﬁfé@ﬁ'y?’ Hﬂ%reﬁﬁaté'&’ ﬁkoodeﬂs with morphology,

éndritic ce precursors. [00023] The nyeloid
plenetypr aurfsnaiond] pegettieoed amumréssn@@ ¢6§dlatﬁfoceé1§< pEifthggmore, this

pre&ag&s)%\{g%f rel%ﬁfkﬁ}ﬁéfﬁ@lgnthA l?a.'vg P@éﬁl aBiMo %ms'}ﬁ’an?%ls b 107 dendritic

smal I popul at i ons nor emat ur e
aﬁebﬂ£ummﬁbmﬂ@émd@ﬂﬂphﬁﬂdmuehESpHéhotype However, the

[0@&9? L Iet y ngn&erﬁjee%r?uecl cle ave %Dlgl:nq g&l dxﬂ dcxmgi%?t%g@ %ﬁlcm&s{héy also

ny I heage
heﬁf@ﬁbaﬁh@a&luad’\ﬂ Huian hqe&‘leins Séve@DﬂrédleSTﬂIPe's demenshatedératpeptide-pulsed

oL SRR e, L2060 AR 5 A Wl e

mtc*éi l’[‘ﬁgze shidlies %c@ﬁ@e&@ﬂﬁeql{eﬁlﬂﬁﬁdi}plﬁm ohdeneiritiE$11-based vaccines

fq%g@mé@%\él%%e%ﬁngﬁﬁ{{p%gg gl?xd%%f: I&%hl%%kl?l % opLal @%%Ekﬁg c&trecursors

isCIRH PMm hérd) bi&dadsd ld@r\{&rltl@@&(é"gen&m@ fromhle AR blood mononuclear
HLA- DR+, 207- and CD208-, phenot

colls e (RBAT BEA PRt ETRBEETES re AFSn P L P LA B gl pesed

véclaﬁeé: Oﬂ&’w@ep %s@fec Q'ﬁl?x%s %ﬂafb@ﬁbtﬁ%ﬂmrmﬁaﬂta@hﬁwcﬁl cﬁ‘tnevmdendmtlc

P , t
e g o SIS LT It U, LS e cpane

wﬁ%ﬂtlm-gmgpc Y BiffeRnfiS Bft@ﬁﬁﬂh@fé YPidsf atndioeicat Beuniversal and
unman rived dendritic cel was coexpressi.on
ﬁﬁ'ﬂaj or HLA

sq@ble, soTive of eslle forgpndmite 4elbXaseiags P(S’FP‘\‘?W%‘/ priftip Geliswi
heﬁﬁotﬁ%e éjoﬁglfartxﬁﬁg da@ﬁa? th%’a&‘ﬂoﬁl bufhan BY tcel‘fﬁ§ AR NIBC plotype.

on ce erenti at ed u3|nq NF-a. Dendritic
In:ﬁb kBnitd aemmgmmplzs cdhldviyad dendniga sells avariddisss eavpal advamipges over

|
d%ﬂedlnfug F%lﬂst c nvglf’uogclgsH&é? % ﬁi'lg Imgbegse cr)f n%endrglnc cells could be
gbritkRESTrom Itlﬁl saﬂhe ﬂdlldrbelblume hﬂlctthe srmeUile of deralritie délktcewld be used for

milggptl? gagzgxget??r}g 2 ﬁgg{ a% (?e}ndrlqt:llce%:ﬁ?hg (%Eai?né %3@ %%qugn%e ggs laborious

afX RoRShcdbat@for aiamﬁycﬁzahee with siapleinedtettbnvif blorastor tealstology. Low risk

| ow | evel
of pathogen contamination and risk free donor collection are another important advantages of

clinical use of human ES cell-derived dendritic cells.

[00030] In another embodiment, the present invention is a method of making a cellular
vaccine, comprising differentiating the human embryonic stem cells into a population of
dendritic cells, characterized in that they are CDla", CD80*, CD86", DC-SIGN", HLA-DR"®",
obtaining and preparing single cell suspension of tumor cells from a patient, and fusing the
embryonic stem cell-derived dendritic cells with cancer cells. Gong, et al., J. Immunology, 2000,
165:1705-1711 and Parkhurst, et al., 2003, J. Immunology, 170:5317-5325 (both incorporated by

reference) describe general techniques for cellular fusion.

-7-



expression of CD14, and we have not seen distinct

CDl a+CD14- or CDl a-CD14+ popul ations in our cell
w@obusmwst Thus the culture conditions used foOPCT/US2006/021054

differentiati on of the human ES cells into dendritic

wffly PR Hothet bt e o i RebOLh MRl g pendritic cen

vadtihd B %attin@tolf Gdhckr &fﬁl}fﬁ@ﬂl@ﬂeﬁt&fmtcelﬂxﬂlﬁh‘eﬂtlaslhg fro@etubian iefhbryonic

Vi va, OO .The es scri.be anot her s
st et ot gl P e FRTLLE STPLoheiE Gt Al Ongiof skill n the
arERbi18 und@&d’lﬁl aRd appré@as the TAY6S mexthivdl bf @edlng undd@A2Bes. For

Addi tional Iy, another emnbo i nv
examplel S gﬁelngqu@qugtpgpgpamsgﬁﬁ%gz/gw@%o etk 9felodsHhss Al
dl&lj&ggg\,%p‘ﬂ&e%hg ur ed W|th GMCSF and TNF-aor GwW CSF and
a develop into CD a CD80l ow, CD86I
[Oﬁ%@és sor yn %‘@Iﬂ}% e%P‘?q”lmFIEV\f/h% Plie?ﬁIPF W@F&?né%‘i pgibpq of %%gea dendritic

cefllGhé FnCBPtERRE ERRAL BRI PT N  erdeling MEPRZAbIIMR stem cells into
co-culture system used here with the M CSF deficient

CR4TSHRA+CRERPS" nypoidpsdepsyrs d\rmfhe}aféu@rsela&?qpﬁbﬁgwf &l expwssmg

e 4
CBIRRELT, B8 O GabhS, Mokl A REAFRSEbl i T o
tumiot protefres/rEPt@res,einf Jiffemmlintine thigentinadly mogificd myelpd precursors into
1mgngllnlé>geq{1 egiendrl pellﬁ?ﬁgoﬁe(rﬁﬁlm ong %{ag\()?gﬂot}é %%i}gef%g i@%ﬁshﬁth tumor genes that
wmrlmghxm'atgat sf andmenuge rspase dF aueshntjiig one xpa middo thiwget cells with

enltors der n- .
o e s AL Eh R SOl o FpARa: AR SPlsitc membrane
mm@auGEmLQm of dendritic cell precursors which is
s of dendriti.c ce . .

BRI oprainenatsb 65 Hibh 8 pkesh SR f wEfipr gt pe dendrisic
celly kit GolerdBeniOprdpdraekywidet daabe ntddeabd wsamee bl ﬁ]eemfcﬁsmnag

HLA- DR and ¢ %Ie of tri.ggerin prollfF q
CTBRypIHC Ftﬁwﬁ%gﬁ\eé t\ﬁié%"‘%j@%%# ?négw o el ige- £ olorgeppic
proARE&L” WolhedPthat3RAE N4 hressdsGdredtion dfie\anlant b}hthe host immune

ant i gren presenting properties and the phenot%@e of the
syglem sthg epiby willelgwinriegitsa dSFmERRMBIETA SPSHBHEE Ra yvards 2

treHs hstePASSL.PE& thib 9ﬁrp§s%|h|ES OaiRa tnRbideselrtRewll te 1nduced to
|s report were nmacrophages. Qur results provide

dlfm@nﬁaw B0 teghlﬁtO%Wabm%mf%wh Githenr el BFeor G- C't:?g and PN a.
directly differentiated into cells w th norphol ogy,
phenot ype and functional properties of
[OQWM]gen pPeYMRLERg dendritic cells. Furthernore, this
process is already relatively efficient. W have been
able to grow as nany as 4 x 107 dendritic cells at a
[00038 f r oBXIERIMENT AL PROBOGOEARDFRESUES Scel |'s. [ 00029]
oS 5 F M bhisieh G lB BV 6ot BB R Olch b ol 5
[00037] Recently we developed an in vitro culture system for hematopoietic differentiation

from human ES cells, using cells of mouse M-CSF deficient bone marrow stromal cell line OP9
as feeder cells, a step used to start the protocols described here. Human ES cells were co-
cultured with OP9 cells so that they would differentiate into CD34+ cells which are highly
enriched in colony-forming cells and contain erythroid, myeloid, as well as lymphoid,
progenitors and include a population of CD34+CD43+Lin- multipotent hemotopoietic
progenitors. This step does not require cytokine addition. The maximal expansion of myeloid

colony-forming cells (CFCs) in the OP9 co-culture system was observed on days 9 to 10 of
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have potential use in human nedicine. Several studies
have denonstrated that peptide-pul sed dendritic cells
wo e@aas@sred in vivo were able to i nduce effi cP@nub3006/021054
anti-tunor inmune response in mce. These studies have
encour.ag bsequent devel op dendri ti
HTRPRIASeLP TG TGN RS0 BF T ARG gy rvestd the resuling
cell¥ B Yayd Tort 1083 Buh&CHY LEIUOBY cd- éﬂm&dﬁlﬂ cRMEd theicellGia nbn-adherent
precursors isolated fromperip %%:guood or de r|t|c
copditipas ip BTFEFISE éﬁGMrSﬁ%’ 8t ‘ihE) h@&l%nmﬂa? YRS R afge cells were

foﬁféd S\ pRckinfedesh ? eQH%a%h Gf@MJQSJFI bUIRkS nﬁﬁxﬂdﬁd@ eslisiaPpeared and
I nical tria dendritic cell ased vacc

rapidlyesspanded. hales & Qo e durgrvath GMor$iogad Or“@armgrt%e removal of
clﬁrﬁg@ﬁlh%ga@&ﬁgﬁfﬁérgﬁl Lbar3Edy, g}%%g{ainte& & p&stlldtRnfoPEcIRAE Which 90% of

cination and are difficult to standardize.
thEnfti}sy@m D41 positivel Morgthan 9% @ﬁ@mﬁla‘lﬁm qeﬂﬁ)mntqmqéi iptraggliplar MPO

(nﬁf%g)}) Iﬂdgsree{]ltnlcng(&eof* ﬂe?mﬁ'y%lltsj ot’ aﬁerﬁ’ﬁna@@éo&ﬁmc%ﬁdﬂ

fore tan be universa | 'e source of
tramefetase, faomarkke o tyntpheidcelld) ama@tpmse@ a ke imgeloyd progenitors, CD33.

Inggﬁlgiélgt%eb? ﬁulrﬁaeany ?eé{;%leg%&i) ﬁlygéﬁc gﬁﬁ[\l‘é&% gﬁ n&)&ghﬁp% %ﬁ% lr’vg%é%expressed

I apcgitypechaln CD RS, dMomitlaals O%ﬂtfttheﬂgcellh axmess&RCD16, CD15, CD11b and

| -derived dendrit e ve er
S SR oY S T LA SR GA R s o
R bEESmodadtg emalns glayisk, sevasheniy m‘cudetndi,rdytdptasmwlthsut visible
coul d_be generated fromthe s r cell line d
PRSP o BT B PEO RO CPRG b i of e OM-CSF-
@Hﬂ\deﬁ RLIE ¥@Eed MFEILRINSEC PREtMB IO di’fthﬁ)ﬁh@ifmﬁltldméa@e IC&C potential
om human ES cell s can pe | ess {abOﬁﬂous a

o ARIENBEPY. GrsaRch ZRLT8h L RPPE P S g FRgRd soges of
mBu B R BHaPExptREANGhQBYate lo@W of B4, Qbw RAENEIIEM a as well as the HLA-DR,

contani nation and risk free donor coIIectlon are

ang{ P $feandiGRRGroo ULy A eryles Wete reesei (Caltle dke of human
[Ogﬁiﬁel | - ¢QknkGA HRRIGCYEaSsoblch antideR GOBRAY) eﬂp?esﬁﬁ@blbﬁérlpheral blood

di mnent, the present invention is a netho

CRak orils defonsh Pz torFh Butherphifereatiatgni Ifaﬁlé‘?réﬁt ? el righile
g d@]‘:’@llg@rﬁég B fitendiB I 5E€hikS cdiBt Ko §1gﬁﬁﬁhﬁllt@u95k$€ssmn was

aracterl zed In that they are
detectddDB G, totameOp@@@l oBiined fom @P&ptgwltumoa ilsﬁlaﬁ'é hypgn ES cell-

d%lvteg %53[1]-9 ca 3 ?io%vegeql ég%:g légl%aﬁ%'n%s %un(ilémr m?iﬁ iﬂ%etf Jf?r@eﬁnd

ent, pryoni ¢ stem ce erlve
pxdgesrdnorstgeneretedibvmnﬂl\ﬂwsfancer cells. CGong, et al., J

s e e B B
pﬂayurﬁcﬁﬁ espanely, desdditibe ﬁgm rFéJT3L,ecut$|€1quﬁsFETﬁL bé}MbﬂCé“I“
er e

f 0003 th
sl sh R S SRl o g BTG bk 1
d%fs Ratiifge AhbleanCeliese Gzﬁﬂﬂém(ﬁisﬁge danelfute of difédrémiated human ES cells

fferentiating from hunan
generated in OP9 systen%J with GM-CSF pre omlna)IIHy expand into a unique population of

CD45+CD4+CD123"" myeloid precursors which include subpopulation of cells expressing
MPO, M-CSFR, CD11b, CD11¢, CD15 and CD16.

[00040] Differentiation of human ES-cell derived myeloid precursors into dendritic cells.

[00041] To induce differentiation of myeloid precursors into dendritic cells, we cultured
the culture of precursor cells with GM-CSF and various combinations of IL-4, TNF-a, and IFN-
a. In typical experiment, after 7-10 days of culture with GM-SCF and IL-4, most of the cells
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stemcells, where dendritic cells have been fused with

al | ogenei c cancer cells. One of skill in the art woul d
waie@ensteand and appreci ate the vari ous net hodsPorf/US2006/021054

creating tunor vaccines. For exanple, U S. Patent

oS3l B, iR Rl TERRRL I iR Rufastiued depgpapqopearcd in

thd enlanst Merphelobiodiyyrthete cellheeferiage mhd hrgh andleaoytoplagnic ratio, and had
nfet Eo of ma(?i ng.a (gendri ti‘?%: dceI [ . BCI ne for treati nlg[:;

OVaL G Kapney Shhst M GG aTe a?%ﬁaorﬁl N TR AL PIRSE witlt very fine

cyﬁipﬁ?ﬂnﬁbqirb&ssiem (Rig ER4bd C4B4sE] dBflow cWﬁﬂeﬂicdnﬂpﬁ@blﬂ S$Arasd

ch i ncl puI ations pre
et e s ee! gvergeetPe die §5£|Rtle?qﬁ% %&Wﬂ%mﬁle and
deRd:Rcl el Q)hémob@e@ﬁﬂ ReS §ells RTIRAER REdttet pBBIe, which lacked dendritic cell
prot ei ns/ pepti des, and di fferentl at i n% t he geneticall

mfﬁ%s%rﬁ PREWhiG) eGPt PRedgatsrlYy similer tp myiloishAeciters ganeratedin the

ses&lhls& Béﬁdrﬁ?&%@l@d xaemma@ amy We® Berik Qx it RABED TS, IREKIGN, CD4,
Fu genes that w | %e the target of an irmune

Clp b1§théeAB¢‘~@nd BLAnPRLDEHR éHChﬁ?S% éﬁdlt@ailmh@sﬁ 6ells expiepsgd a low
16%41 bRcPB] @PTRCAMA, 9RNCB46. MG 3) es&m%@t« riw%&l& ut detectable, and

phosphat ase (PAP) or prostate specific ne
megh of e RD1PSMKYive fedlo 0B 8TPresedfidt t eloveaybiod aelnweretlénking CDS3
exg CF Spt invention is a method of nmaking dendritic
s with tol erogenic properties which can be used
[000=#2] t r ealmakitionfto Hefr ehﬁfwr@tmawn hﬁmmimé wiEcyrsers mts dendritic cells was
ac evedtbg/ﬁ{sin\ége ﬁfé pr 066 eSlrl llaeSS V\gll mean ?&fﬁ?i??chrgbmat}ops nﬁowever
mastippihe selBsn mﬂmmsmuhrﬂ“mf ocaoJemaasspd bt lety of @iB1d)hiph levels of CD14

stem .T I L.l down:-requ a
o AT PIRTRE (128 ALDBp 1 RO OT Iy BV felly dovnregulated
ext;fe@dﬁ@pcbfa:nhtﬁﬂllitb@smﬂecul%@r Ak laiq&cﬁd,rqﬂd'ﬁien bESNcetd thése fceN edltures

ety BT S tee ShyHC e Baetre diprese’ BT g gpsuted i

degx&’b%:ﬁkllgﬁﬁ X:f_ Eg%%_ Oﬁiﬁle]g MRESUL% E@lgggﬁs}g@]on Similar to the monocyte-
pansi qn of

D¢, GWEFF“E@l%’eHthW&& PEeEsion o ol %‘H‘i“t“b?é % -Hivefengptic cells

wis%%?ﬂy Resiehd oh ey, daxed aped y'?élki 'pﬁeﬁb't;tp'i@ afdfubst{oRal prcépertles

ystem for hemat opoietic différentiation from human

(Télép I gnd 25w gowdﬁé thet a proptieation cEEMERF andH4 Bgivides the best

coﬂaﬁs&wmsgén&qa&n G&hhctohdl Yefdeic %énsfﬁﬁgﬁﬁm&eﬁzé Selis@ step
used to Start the protocols describ here. Human ES

[00MB] s we By inmapdcyteekaiistry, human ES cell- derlved dendritic cells were positive for

CD68, but not strongly so, and expressed a very low level of intracytoplasmic but not
membranous CD83. Fascin, an actin-binding protein that has been shown to be a highly selective
marker of mature dendritic cells, was not detected. From this, we concluded that the dendritic
cells generated by the process described so far were immature. To investigate whether these
immature dendritic cells could be further matured, we treated cells generated from the above
protocols with calcium ionophore A23187. This treatment resulted in the up-regulation of CDS§3,
CD86 and HLA-DR expression. The intensity of intracytoplasmic CD68 staining substantially
increased and perinuclear condensation of CD68 was evident in the cells so produced. In
addition, some cells became fascin-positive. LPS, TNF-a, IL-18, PGE2, and IL-6 were not

efficient in induction of maturation of hES cell-derived DCs. Taken together, these data
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with OP9 cells so that they would differentiate into
CD34+ cells which are highly enriched in

wa@oeloenyossor mi ng cells and contain erythroid, npel/osm6/021054
as well as |ynphoid, progenitors and include a

ul ation +]J [ti potent henotopoietic
AP oA o 6o Sfﬂ%% LS orbE brombhleEY BBty pepan be generated

frdgdivimaarES C'Ehgg maxi mal expansi on of nyel oi d
col ony-for |nthe 039 co- culture
[€04florm wakbteslsaditssallsibdus aliogsneis Tiasll sasapnse andere panebles
Mecsﬁgqg@p§§én@a@1‘bhve expanS| on of rryel oi d progenl tors
arvested the resulting cells fromdays 9 or 10 of

I%Qﬂ%ln ES Veppriapygstiggted o deteraninggheglisr purlwghan 8 cebiderivadniendritic
cagnﬁ@@hmwmcnew ai ddn@ASc dels. F’A%&&% éafb gﬁe(b %unﬁh a££§ human ES

glnnlng of culture, %gre gat es of
C‘flb qd deydisitie sellsureas sapablelafteking tipand mo@qsmg onigerf. Cells obtained in

c@&r&%{; e%ﬂ lv&tﬂfl‘xr Sdﬂéﬁéﬂ lﬁ%er? ﬁJg osPERE @‘ﬁt“?ﬁ I@ggl&@%@ésgné, while the

expan ays of culture wt
derdlrlltlomlhgilﬁfd:rglttamdm@nl GMFCSTI andSNEan ohettelass effiglidns. by

[dg)ﬁﬁ o! lchs‘g ga‘)ﬁ%%ri{?ﬂ (;% F onali ng’%&}ﬁl& 1C %@is 15 l\«;g a&k&r t8 S 1mu1ate naive

ct¢llsa Bytest, Hunes @S@Eld—!ﬂ&rv&dldleﬁdrﬁm e wead ablata w@iggdricutdalood T cells,

| d l.oid. cell t
R PRS R GBS o TPk Pt M st ana 14
addet kedre tife thosapbvadrfil ﬁﬁhdlﬁt})ryajaﬂs hilE @8difich & TRH-& & thotell culture

myeloid pro tors, addi ti on. .these human ES
Sl%%ﬁ"ﬂ‘%‘é(r‘ﬁ%\‘}@g&ﬁ%%ﬂ&? 4t BErPL e 335 8 PiPey ah s diton, e
durigikt YelRressen shhmﬁteraelaﬁﬂbwr Taceflhai n CD123. More

t han 50% of these cells expressed CD16, CD15,

CD Ib
[(1C9|qa7]CD| Tq:evel-pgmﬂg 02))ac1twt9if BWFIB@ pellste presqnh@Ugens through the MHC

cl@#l%\x@%}lﬁ@ﬂﬁ@d%/i Aobad &y hﬁué-dérﬁ}%& @eﬁ?ﬁmr: Qaﬁ%lmﬁﬁluﬁivated CMV
noder at e anount gray i sh, occasi onal

w&y’éwaﬂ%ed by plipityed Fhwllh@@fnnv}agq YRS Pgﬁghms@@ted CMV-specific T
cdifd18nedB) A ﬁlﬁ%ﬁg@ﬁdlt?go @M\@}{@SW@WMT@%Q@W t¥hile the addition of
precursors CSFexpanded cel l's retai ned
dendaifie pejlsterE-cglt BAtqed pllogsgic f?@p@s«y wlsiesifiganfrincrease in response by the T
céﬂélvyas obla MR YBedEHs %feesﬁh{uﬂilt @’ﬁ@[ﬁ\/e&}ls%g leegiv%oCaenthc cells
pop

tion, a relative ul ation of cel
(Taﬂ@ipaiac édtosqtb@etbescfdatﬁd@mpm@ rihat leit cubisggrsesiena dlhaNs generatlon of cells

BB et Ol M RS SRR o e
cellsr e preseht (Tabl e 2). [00038] Cutaneous

| ynphocyt e- associ at ed anti gen (CLA) expression on

peri pheral blood CD34+ cells defines progenitors which

[00048]her AMETHO®SIANDMATERIAISger han's cells, while

' +CLA- LI give rise to interstitial -li ke
[OSE% @M@MM&&@BM ed in
[o0bso]t ot al Higgl EP&eiuinad HO(passabé 32651 ) bhdHD @RSsages 40-44) were

co-cul tures dof[ i sol ated human ES cel | derived
maintained in an undifferentiated state by weekly passage on mouse embryonic fibroblasts. A

mouse bone marrow stromal cell line OP9 was obtained from Dr. Toru Nakano (Research
Institute for Microbial Diseases, Osaka University, Japan). This cell line was maintained on
gelatinized 10 cm dishes (BD Bioscience, Bedford, MA) in OP9 growth medium consisting of a-
MEM (Invitrogen, Carlsbad, CA), supplemented with 20% defined fetal bovine serum (FBS;
HyClone Laboratories, Logan, UT). Sterile, recombinant, endotoxin and pyrogen-free SCF,
FLT3-L, TNF-o, IL-4 were obtained from Peprotech (Rocky Hill, NT), GM-SCF from Berlex
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CD34+ cells. However, CLA expression was found on a
smal | subset of mnyel oid progenitors generated with
W@R006350651 00039] GW SCF appeared to be the nmosPCT/US2006/021054
i mportant factor in expansion of nyeloid precursors
Separately, the addition of SCF, FLT3L, or
Lahoredqries éR@wg@:%) g b Samctpherined<orporation (ilﬁepléW@rfr 2} The

fo@lewin%tn%usé: gl -hrﬁhﬂnﬁﬂAbsﬁH%dﬂ’ @été&te@leq: gs%-r@dém%f ﬁltldhh'hhﬁgcells have
culture (Table 1). These data denonst

bqenarﬁed)c/fer few éWeme@PﬁraéYSé%QDdﬁé’@ RDAER- EB1ERFTEC, CD16-PE CD33-

{
R, D e at mb ek e U O
dwerugueqnqyr wofsoe LGN RCFoteadRrinpsp st CBA-18: CD14-FITC,

C%%Q%.% ’ Fg)g%'%ﬁsé ’B@?m r?tylj @F@ﬁ‘%&:’] %IT@% c Mr imineen);

cm m-BE,oszbEucm;é 5 (Begou] @mmsmr hnmmrdcstomm@ S¥st4mSTIBDIS], San

i B rSOLS &Mt
Joé%n ?)Iggc ﬁ%bﬁg cuII?ur ed T e Cqu? e?ré oafnﬁbi? églr)sl,%? FITC
(Mﬂaﬂeh)a Bmtedfh GbGHFC An HDAAABOURITCHRignmabtilans, BMO)] CD2(Q7 (Vector

L%J a nd IFN- a. In typical experinment, after 7-10
A Obels ‘culture with GWSCF and 1L-4, nmost of the

[00651] sapp &&rnwm&ne Kiffepestiation AEddinkn BR pellsﬁﬁi cocwltiad with OP9 cells.

f | gﬁgh{]? %éi}{lvegllél gglcp nc? & degl 101,11} %hvgagcgo%gegl? éleélﬂ was done

aé}%@w@ﬁﬂ&ﬁdé@é&ﬂje@ av oc@l}iﬁlﬁ,ﬂﬂt as noes. Blﬂod Q05:817 wihat 1@M64>rp6thted herein by
Ki dney-shaped nucl ei qand nanvacuol at ed, a{gcasr onal

rea?r%msr §rleféx»tuaérf%r§rﬁlw pmgparES qeflpwereypppjsied fy (reatment W 1 mg/ml

ccﬁrag&%éﬁﬁ(lﬁﬂgge%fa@%d@ to (B9SAHueatfabMekEateBRtity ¢F 1.5x10%/20 ml
anal ysis of size and granul arit

two_cel | (? ul ati ons
pardDeTolgR RN IREplamptedRyth (1% FBS (Y GHoR gl LabeNiafiethy! p-D-
thﬁ’({%ﬁﬁhﬂoﬁ?/éw édggﬂﬁrd)t(&%mg ad¢lr 0B ell(ll?%y Hﬁma@ﬂg cEOPS 8bLBltures were

tter prof | acked dendritic

ingebatedrfay kP §a5§nfdth/ﬂ11‘rlaéﬁ1n¢/d@rr@ chrveeopéayh 6t §né Bifpout added cytokines.
T ﬁﬂrhﬁx& %119?{1% 1‘arf?er§?ft19@§€}1t$ e aug%%%%h?@ in the second
st ep. as R

Itic cel I dent | gated cells

Oéﬁ@}]es sedsdpragion pChugiamyS dé‘ﬁﬁifan(eldl dendriticigells. ABC and
. L] cel o
0S¥ cos e enT wikpn op Bkt @l FRn T by ot rom
h@%ﬂE&xqﬂis es@pmuedm?s“lgu@rly Oveddy, 9- Huef aletae ESabll/©P9 andulture,
d]?_[%&evg{:}%tgd é?r vall eisloéf Bl\gl)n\gelxrl}e ﬁ%’ cells %Jelresl%éte %ﬁgﬁggnotgp h%ollagenase v
(h000ge 1 i/ @amhelicl-MBM)t for ld_mfh at dVOf(T ellewed 8y trestmert with 0.05% Trypsin-

nyel oi d precursors inta dendritic cel]s was achi
OBymYSHNGE GEHEPSE) Fo 8 o Aor PSR Or st QT BG, these clls
wehkGk fsu G RLLNBSE sublAWR¥REd with 10% FBS (HyClone) and 100 ng/ml GM-CSF,
and transferred into tissue culture flasks (BD Bioscience) coated with poly 2-hydroxyethyl

methacrylate (HEMA, Sigma) to prevent cell adherence. The cells were then cultured for 8-10
days with a half medium change every fourth day to expand dendritic cell precursors. To
evaluate the effect of SCF and FLT3-L on the expansion of these human ES cell-derived
dendritic cell precursors, we cultured the cells in the presence of (1) 100 ng/ml GM-SCF + 20
ng/ml SCF; (2) 100 ng/ml GM-SCF + 50 ng/ml FLT3-L; or (3) 100 ng/ml GM-SCF + 20 ng/ml
SCF + 50 ng/ml FLT3-L. Subsequently, the cells were spun over 20% Percoll (Sigma) to
remove dead cells and cell aggregates. As a third step, Percoll-isolated cells were cultured for 7-

9 days in HEMA-coated flasks in StemSpan® serum-free expansion medium (SFEM; Stem Cell
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nost of the cells in cultures with TNF-aco-expressed
| ow | evel of CDla, high levels of CDl4 and were

wo awkitsgsexpressi on of CD9. In addition, in cuPCT/USR06/021054
with TNF-a, cells downregul ated expressi on of

ThRo s Bt Be it igp EReriBbTih B ratiiac] (g and 100 ng/ml

RXPISeSw11R e AfidilHCo Cth@ oty Giak£$1) 1ldo \gg/\ﬁﬂrm4 2) 20 ng/ml TNF-
I FN- aculturee rlesul téd H? gﬁgﬁreasz &[% ngm "%

(P! Y/mIdENvs|and ﬁ@dp@ aged I@fﬂoébgbﬁ]égﬁ on Celb Wﬁﬂe&nltltrgd for 7-9 days

wtltp%.[l}gﬂg%%ttx?cha I}Iég{l 1& E}Je&{ﬁ;t/ﬂe%gi’ng%%e degflégl{ug & 1 we cultured the

cellabpirierian stbry3 dﬁifﬁMm@ﬂmm’lwﬂtHAO@. ngBasE A 238 Tedldiuy i@loghore (Sigma)
f‘&g‘ nor%pl c, and functional properties (Table 1 and 2),

8\‘\ lTuded that a conbination of GWCSF and |IL-4
[QIlOSS/]I des Hibe chesictrg amdysis ons for generati on of

tiona endritic .eI 0 uman. ES ¢ S... .
(6] e AR BEYR SRRy T A (0 St e, 1M
BoaAd bhd 2% FE3S), Isa hent@DSHH 2% @ofneHl nﬁa@&cmu@slgaﬂd) and labeled with a
strongly SO, expressed a very | | evel

copbinaiopiof m*%l%snﬁémblﬁ% WRGENHEIE RS A & hbunté@&f. crtometter (BDIS)

w@tﬁtdeﬂQBéd% HiuekitRmAb R ie (BBLS) NBRt REANHISHANE ahflyRa b3 FlowJo software
sel ective marker of nmature dendritic cells

(Fiet Sab ot Adhiants QR (Aol Yinia Fith pRIEPHAs O PRomatched ontrol mAbs

(@19 Pilidibgenf@hd Be0enah aliedisRihrdsH8IaPFP 9@3%%@%9@ Behas&round
far were immature. To investi gat e whet her hese

lingaracalpdanetadyproseaceiatenstydyiilavaiies f The anﬁ@ (Wedoef pogigive cells was
czﬂE abesk %‘%Jf%%@x%%%ﬁ@étﬁ%eéd’v@%&ﬁc Q€ e%Ri’f@B&%fHuﬁd waﬁlmg with

C|um|on ore A23 s treatnment resulted in

COIhf@leTgelgm’m qootolo AMIBeBs capdeted adMBL Al ®is siaipedwih engcific mAb—
f
Bt £%§%§%§1 van% cobrBdoh R@X%@@kgéé&l&o%&aﬁc@ieg I was used as an

y i'ncre erinuclear condensat
inglica®D6 Brelwise emigde density ot pigercedllb.s so produced. In

ti on, sone | 1.8 became fascin-positive. LPS,
(@ﬁl‘% a, ntmenpgm DAY 1L-6 were not efficient in

[000dBICt | orO@ﬂbumh WO A) povessifig s soedrd pedﬁxrmmbuhn@(‘slf-qﬁaﬂoéad

bt BRI B PSPy, NRORBHOF 9By e prieofysatiig bt wen

ﬂg&@%ﬂée&ﬁboﬁ proRdizaEsg&toel Dendr{tid QOkA]btaldvd ad @nwisp 3 6 Fig. 1 were
AT e e W

200081 3hd Y8 JTah-césBMES hinBaheds. t el @lcabdit g 49 @Ralse A a control for
human ES cel | -derived dendritic cells were ful Iy

bagkgeound Huprescgncge G4 Proteokisls|ves eyeduaireh byt “h‘é’dOWYDQ

(60084 1PUM NCRESARWIc JASBERbriesl £8)Y - deri ved dendri ti c cells
wer e capabl'e of taking up and pr ocessi ng . anti ge
[@89p0]s obt Bematepaigiic clonogenic assays were performed in 35mm low adherent plastic

dishes (Stem Cell Technologies) using a 1 ml/dish of MethoCult GF with H4435 semisolid
medium (Stem Cell Technologies) consisting of 1% methylcellulose, 30% FBS, 1% BSA, 50

ng/ml SCF, 20 ng/ml granulocyte-macrophage colony stimulating factor (GM-CSF), 20 ng/m]
IL-3, 20 ng/ml IL-6, 20 ng/ml granulocyte colony stimulating factor (G-CSF), and 3 units/ml
erythropoietin. All clonogenic progenitor assays were performed in duplicates and CFCs were
scored after 14-21 days of incubation according to their colony morphology as erythroid (E-
CFC), granulocyte, macrophage, megakaryocyte (GEMM-CFC), granulocyte-macrophage (GM-
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cultures treated with Gw SCF and IL-4 were the nost

efficient in antigen processing, while the dendritic
w@edoba3w@st f erentiated with Gw CSF and TNF- awer BCT/@S806/021054

efficient. [00046] A hallmark of the functionality of

ndritic cell heir _abi] it stinmul ate e
CHED By -k fud Pt Bt ob0) iR eGiesRh BrGRY Fr catoutated
p&@bqﬁtﬂ\@m@ able to trigger cord bl ood T cells, which
are entirely nave. | =ture dendr| cells, generated
[00P01d u t uAdoEenie mixsdhyapno i d, were the nost

[opowsyr f ul Asfultmbnehwidar 6&ls |Wfi3re M&lhtb&fr&ﬁ%ﬁp&ﬂal 8food Mm@k Pobtained
the cell culture significantly dimnished ability of

fromh deal iy laboyadory Pl &Y Aansey xraﬂgﬁﬁb%%%gégon Pt Histopaque-1077.
M%gghltclegxrbor& ﬂ%ocﬂ@éﬂg Weﬁé fﬁsog(ﬁllrdhﬁse\ﬁ@[oﬁl @hhet Bioddidhd Bl Bikersville,

adult donor T-cell To evaluate the capacity

MgY). den momriuéleere}eﬂ%ww dpple@é ﬁf megrcyigebsrliaficodbiiencs énwd as
reSp g cflgllspaé Yo rsRWclgt)eﬁ ﬂ;x"i@@/@ﬁﬁ oftrraaghda (35G}8N"E}mulatory cells

I ne-derive tlc ce i nact1 vat
wylercasubiurad el x.ﬂeﬁt e@poltder eelbli Fartbydays intdhevalleiat fottamn plates (Corning) in

S PR A DRI s s

u@ﬁp«tll)dlermg/\he last tthieuedefiindubationf CdHemIcre harvestes] dngo glass fiber filters and

| | ogenei c r unificant
111]c?1rgpr§ %leo gﬁﬁg‘gﬂg V%B)f‘ f"“sﬁleed?) et ?gathoélscom “Zi ned when
[00e63)s wermihshghilib &iregbing 1hifen€bﬁ/h43l]ieae¢bsd:ﬂﬁbed dregdnwatttail by way of
dendritic cel Tabl e 3 Al t ther,. these data .
iyt ep Pl Boresridrs SDRFuR b AES Gufth i g cortain
adabta€is! cffﬂw Iﬁ%nﬁ&emhymwr srab e lopantizatich fonihgsteskilled in the art, and

anti.gen-pre roperties characteristic
clrdepre: B EE Frbout by e RePaT AR PRI AT toBagh e
hdedldangs cytokl nes and nonocl onal anti bodi es
rrAbs). [ 00050] Human ES cell lines H (passages
32-51) and H9 (passages 40-44) were naintained in an
undi fferentiated state by weekly passage on nouse
enbryonic fibroblasts. A nouse bone marrow stronal

cell line OP9 was obtained fromDr. Toru Nakano
(Research Institute for Mcrobial D seases, Osaka
Uni versity, Japan). This cell |ine was maintained on

gel atinized 10 cm di shes (BD Bi osci ence, Bedford, M)
in OP9 grow h nedium consisting of a- MEM (I nvitrogen,
Carl sbad, CA), supplenented with 20% defi ned f et al

bovi ne serum (FBS; HyC one Laboratories, Logan, UT).
Sterile, reconbinant, endotoxin and pyrogen-free SCF,

-14-



FLT3-L, TNF-a,
(Rocky HiIl, NJ),

I L-4 were obtained from Peprotech
GWt SCF from Ber | exLaboratori es

w@ Rioshswad, CA) and | FN-af rom Scheri ng Cor por aP€DNS2006/021054

(Keni lworth, NJ).
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Matydni k, et al.
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5], San Jose,
Coul ter,
h, Auburn,
07 (Vector
fferentiation

’9 cells.
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s was done as
2005. Bl ood
y reference.

at®eH1Buman ES cel

S were

harvested by (reat ner
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denshiiynPhlatd exdae

Human ES cel |

days with a half nedium change on days 4, 6,
wi t hout added cyt oki nes.
differentiated i nto hematopoietic cells.

aﬁgﬂ@%ﬁ%

SUpRHRTERL ISk L It cQ%pERR A8

b- DLhg9gak ﬁﬁfooég%&ﬂﬁaﬁé de (MIG
9 co-cul tures were incubated for 9-10

T W ih T g/ m - col
1600 a4t b B Sy

| agenase |V
FHeeRYt X d g one

huRfh E$Qelt (o] AlntePn@MEMES cells plated on

S on@Rg stdB0reiltsMalcibled as mean
(Si'gma, St MO) .

oui s,

and 8

The human ES cells then

[ 00053]

Generati on of human ES cell -derived dendritic cells.

[ 00054] A schematic diagram of the protoco

used for

generation of dendritic cells fromhuman ES cells is
depicted in Figure 1. On day 9-10 of human ES cel |/ OP9

co-cul ture,

differenti ated derivati ves of human ES

cells were harvested by treatnment with coll agenase |1V
in a-MEM for 20 min at 370C

(I'nvitrogen; 1 ng/n

foll owed by treatnent with 0.05% Trypsin-

0.5 D M EDTA

(I'nvitrogen) for 15 mn at 370C. After trypsin

i nactivation by FBS,

these cells were r

e-suspended in

a- MEM suppl enented with 10% FBS (Hyd one) and 100

ng/ M Gw CSF,
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and transferred into tissue culture flasks (BD
Bi osci ence) coated with poly 2-hydroxyet hyl
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[ 00057] Antigen processing assay [00058] Oval bum n
(QA) processing assays were perfornmed using
waedobAspsenched conj ugat e of oval bum n ( DQ OVA; PCT/US2006/021054
Mol ecul ar Probes, Eugene, OR) that exhibits bright
green fluorescence upon proteol ytic degradati on.
]gﬁgg%itic cells obtained as in step 3 of Fig. 1 were
[ ated with 100 ng/m DQ OVA for 30 min at 370C in
DNVEM F12 .Invit%ggeq%kgontaining 2% FBS, and 1% of
ADGEEsHinG FaPAciATY tHedeaed BEFi s i ncubated at 40C were
4s.8das—a-cont.eal . far backaround fluorescence. OVA
Arflleol ysiBCwas vMVuat Riglifsyatibh Gopmyy t Bt (pg/mi) 00059]
Cl dnogeiii€ progenitor celds2asi@ay [ 00060]0
Hetrat opoi eti ¢ cl onogeni c BR3ayS79ere pexf-prered in 35nm
| ow adhereht pl asti c di sk2e303-StEm Cel | 326echngl ogi es)
using a 1 m/dish of MethoCirt— G- W t A~ F4435™sem sol i d

medi 8§ MLAShoPHEaleHvdEEhaRQai1e8 L nChRhaatih B8 9% id %L -
met hinbeiekddvesesht FAOFRoul ms%%g(géﬁq ge%%the Cil:(*)-g(;ldr)
t
A !%’

/ n} . . i
?%M %&g%&%ﬁ;&?ﬁ F:%?@ggﬁ ?]%é?ﬁeﬂ?' %%Ig?grﬁu tg‘e{ip%ssed asa

granul ocyte colony stinulating factor (G CSF), and 3
units/m erythropoietin. Al clonogenic progenitor
assays were perfornmed in duplicates and CFCs were
scored after 14-21 days of incubation according to
their col ony norphol ogy as erythroid (ECFC),

granul ocyte, macrophage, negakaryocyte (GEMV CFC),

gr anul ocyt e- macr ophage (GMCFC), granul ocyte (G CFQ
and macr ophage (M CFC). The frequency of CFC was

cal cul ated per 106 total cells. [00061] All ogenic

m xed | ynphocyte reaction ("MR') [00062] Adult
nmononucl ear cells were isolated from peripheral bl ood
sanpl es obtai ned from healthy | aboratory vol unteers by
density gradi ent centrifugation on Hi stopaque-1077.
Mononucl ear cord bl ood cells were al so purchased from
Canbrex Bio Science (Wal kersville, MD). The
nononucl ear cells were depl eted of nobnocytes by

pl asti c adherence and used as responder cells. G aded
nunbers (IxIO 3 to 3xIA/well) of irradiated (35Gy)
stimulatory cells were co-cultured with 1x1 05
responder cells for 6 days in 96-well flat bottom
plates (Corning) in RPPM 1640 containing 5% human AB
serum (Sigma). [3H thym dine (Sigm) was added ( 1
nCi/well) during the last 16 hours of incubation.
Cells were harvested onto glass fiber filters and
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i ncorporation of [3H thym di ne was neasured by
scintillation counting. [00063] Although the foregoing
w0 pwensieon has been described in sone detail bRCTVES2008/021054
illustration and exanple for purposes of clarity of
understanding, it is underzﬁggﬁgﬁhat certain
adaptati ons of the inventi a matter of routine
waptiainvgat i on for those skilled in the art, and can be
i npl enmented wi thout departing fromthe spirit of the
i nvention, or the scope of the appended clains. Tabl e
1. Rel atigv@e®6d bf JltgHsh Bint-8lenBRfoRicGtnt 64118 it 8Mdritic cells, the
*Rel ative_ cell yield at each step calculated as a
mpthpbeqmsisingdhs €er519€ ai ned from one initially plated
undihy er enti ageeh 1R Rukah GRlrlorid Q6@ eelUHRE AN Bt do not
cells plated on OP9/ "total nunber of cells obtained
aft er corr espofRi¢s gastophaee colemirstimuletimedetion whergis theyem cells are
SD of 4 to 10:; ! : . ' i :
of DCs inducegﬁgeﬁé?F?%%%ﬁ%g?%?%ﬁ?ﬁ§E§§2%¥ﬁ%§?§%§¥mﬁc%Kgmnmr
'"Resul ts ar ecelisand wh@Binglie eplttirs iSnat il the @rasense of cytokines;

expefy ments; . / 9

garcd col 5 cofafl R i il AL Brotfage colomy
capaci ty of HbtimdetiigfedoiG-STFCelcheselE Sphision of myeloid precursors
Proliferation égpn? IFN-g (pg/mM) + - - 652 + 129 0 +

+ - 17225 + 57°09% + 26.7 + + + 20303 + 1279 326 +

11. 8c¥ HLA- AO#Zscblering esliswadchdenel thietphenotygle lo§ infinathtesiendritic cells.
obtained in step 3 with Gw CSF+l L-4) i ncubated

overnight with or without CW virus and then added to

t he 2HLA- ADRGhktioa f Elafit &dhakinaBend 6f rdcoveling @llo®eh Wetpghenotype of

specificity to 65. Results expressed as a nean +
g o it e e B P A 0T SO Rt gt g o okne

cul turing human enbryonic stemcells into dendritic
cells, the methaod conprising the steps of (a .
co- cul t urltAgreromeh clatib? e e areke i §61%f<td|4%°§e fhgreEqup consisting

ofteld, SFNbRUFAe, ARt GRXEsEss macrophage
colony-stinulating factor, wherein the stemcells are

4. The method of claim 1 wherein the stromal cells are OP9 cells.
5. The method of claim 1 wherein the culturing of step (b) is under non-adherent
conditions.

6. The method of claim 1 further including, between step (b) and step (c), the step of

separating clumps of cells and dead cells from the cell culture.

7. The method of claim 1, additionally comprising the step of culturing the myeloid
precursor cells with GM-SCF and TNFa. or GM-SCF and INFa and recovering regulatory
low

accessory cells, wherein the regulatory accessory cells are characterized by the markers CDla"",

CD9, CD80"°Y and CD86 ¥,

8. The method of claim 1 wherein the expansion of the myeloid precursor cells is

under serum-free conditions.
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i nduced to differentiate into multipotent

| ynpho- henat opoi eti ¢ progenitor cells and wherein the
w@iobs®si s not in the presence of cytokines; P@¥/US2006/021054

culturing the progenitor cells with

gr anul ocyt e/ macr ophage col ony stimnul ating factor

(GW SCF) to cause the expansion of nyeloid precursors

cells; and (c) recovering cells which have the

phenotype of immature dendritic cells. 2. The nethod

of cPai m 4 cpiesesf Aupandesdits estls. iewbieh piniprisie pf te vilislin the culture

Habé‘a ﬂ%ﬁ%é@ﬁcﬁiaﬂ%dﬁ #c?ﬁ#' 9'mbi#¥?§+ Elab Ickke+, cDBo,

n%e ol d precursor cells MAi 'east 'one
Q@%Gdk hé-ABCﬂWeAﬁE%h eud ot ncgaalvmfoz Gméii eihCDRes.

cytokine is selected fromthe group consisting of
IL-4, TFN-a, IFN-a, and GW CSF. 4. The nethod of claim
1 whéf.ei nAtcdaburstof myalbidqnédusioaceéls @P®hickeh hsjorily ofthecells have a

m 1 wher h u o N of te
B B SR i G oFies Y SR ce B b e
AD123FY, megativa SdriHi PR bdtinete ssbpppulbtiinsat delBte&pIe{s&n)g,MPO, M-CSFR,
pa g clunps of cells and dead cells
(iggﬁiéﬁgl EFﬁggﬂﬁﬁt?g 7. The nmethod of claim1,
addltlonally conprising the step of culturing the
nyel precyrsor. cells nd . TNFa Gwvt SCF
ond ThFanhgoleE 8%%%%% VA i SRty op e pall express
Ol 8icDI0TE, R ailenotyReme S5k dﬁlﬁhisﬁedaibﬁlty to induce the proliferation
hara rlzed by the markers a low, CD9, CD80Ilo
L AYCHER!S ow 8. " The method of claim 1 wherein the
expansi on of the nyeloid precursor cells is under

serumfree conditions.9. A culture of human dendritic
cel I 42 i nAvptgsl of makg of /Ul VRqeEICCEIMIPSISTNG t he cul t ur e

have a p h§ n&if%ﬂ%ﬁtlﬁfng %Qﬁ" em r& %’cel%ﬂi' %Iaf?(‘fﬁ Of(&gldrltlc cells,
| c+, CD40I CD86 - ABC

cheracterized hwmmarberﬁ 6}91@:@2@8?) aRgo @DQ@SGNAI@LAN%& tur e of
myel oi d pﬁ.e&ﬂﬁlﬁﬁg an fg) ar 1@ 51 ecf:gll SusPRIsRh! o Yonr c%}ﬁ%}omapatient,

cell s have a phe 0|d pfecursors an
aphi ch at | east 90% of the ceIIs are CD45+, CD4+,

CD1231 ow, nﬁgigé gl%%mb?)fonﬁl‘sém cell%%ve%&grlm "(fgf_'ﬂith the tumor cells so

subpopulailons expr essi ng
that a cellular vaccine is created.

13. A method of making a dendritic cell vaccine for treating cancer, comprising
a. differentiating human embryonic stem cells into CD45+CD4+CD123"%
myeloid precursors which include subpopulations of CD11b+, CD11c+, CD16+ cells,
b. altering the myeloid precursor cells to express immunogenic tumor proteins or
peptides, and
c. differentiating the genetically modified myeloid precursors into immunogenic

dendritic cells.

14, The method of claim 13 wherein the altered myeloid precursor cells express a
peptide selected from the group consisting of MAGE3, PAP and PSMA.
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CDlb, CDilc, CD15 and CDI . 11. A culture of human
regulatory DCs in which majority of the cells express

w@Dhoa/1B@sY CD80l ow, CD86l ow phenot ype and di spP@wyuUsS2006/021054
di m ni shed ability to induce the proliferation of nave

T cel Ls. . hod of making of cellul ar vaccine,

comprPsi n etﬁﬁet#‘%ﬁ%‘{eﬁ@rﬁ’r‘@e Y o 15PERPexiies Nihich can be used
fotrdamdnd bﬂreﬁcﬁ&mﬂ Hatia® BmBfyoRie B dell @ @ddl thsues obtained from the same
CEb@j\racterlzed y the markers CDla, CD80, CD86,

@ﬁéﬁFmpiﬁg%ﬁﬁW@%O . obtaining and preparing single

cell suspg n&fi@fénﬂz{hntglﬁﬁg rceﬁs%hﬂo%n}fe[&@bﬁcﬁ% I8 aptnd C.

fusing the enbryonic stemcel | -'derived dendritic cells

with the buffpinggiresilaery dpnsritia cells) Whdrein theeals are chzgactenzed by
created. &gy, Bl Qehpfor, @586'“@ rc;afs%l:ﬂﬁg tgé fy@6td| precursors with GM-

vaccine for tréating cancer,
d|fferentCéFﬁﬂ@TNEﬁﬂmC@ﬁﬁEF@ndHﬂﬁten1ceIIs into
CD45+CD4+CD123l ow nyel oi d precursors which include
subpopul ations of CD |b+, CD Ic+, CDl16+ cells, b
altering the nyeloid precursor cells to express

i mrunogeni ¢ tunor proteins or peptides, and c.
differentiating the genetically nodified nyeloid
precursors into i munogenic dendritic cells. 14. The
nmet hod of claim 13 wherein the altered nyeloid
precursor cells express a peptide selected fromthe
group consisting of MAGE3, PAP and PSMA. 15. A net hod
of making dendritic cells with tol erogenic properties
whi ch can be used for treatnent of rejection of hunman
enbryonic stemcell-derived tissues obtained fromthe
same cell line, conprising the steps of, a.
differentiating hES cells into nyel oid precursor
cells, and b. obtaining regulatory dendritic cells,
wherein the cells are characterized by CDla | OW CD9-,
CD80l ow, CD86l ow, by culturing the myeloid precursors
wi th GMCSF and TNF aor GwW CSF and | FNa.
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