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O {57) Abstract: Disclosed herein are methods of obtaining human hematopoietic cells from human embryonic stem cells using
mammalian stromal cells. Hematopoietic cells derived i this way are useful for creating cell cultures suitable for transplantation,

transfuston, and other purposes.

cul tures suitabl e

enbryoni c stem



Techni ques for isolating stable cultures of human enbryonic stemcells
have recently been described by our |aboratory. See U S. patent 5,843,780
and J. Thonson et al., 282 Science 1145-1147 (1998). The di@gthﬂmp of 15
t hese publications and of all other publications referred tO0 herein are

I ncorporated by reference as if fully set forth below W have deposited
two of our huvw@et/@mer yonic stem cell lines with the Anmeripcunsotigped Cul t ure
Col l ection, 20 10801 University Boul evard, Mnassas, Virginia 20110-2209
US A on July 7, 1999 and July 15, 1999 respectively. Taxonom c

descriptions of thieaecsteRest ti refeeieABby BRRINARI KeRteMC8LEy IdpRes H and
H9 respectlveIyCR6§Srgﬁ%EREEEESpﬁggﬁﬁsg hnAﬁQ§ﬁ§u8§Bglcat'0ns t hat such cel
or’, g ot her £ |

lines 25 may be~uSed aron i Ngs,” pro ing a source of
specified cell |ineNdt apali6eRleypes for research, transplantation and
ot her purposes. stRTENENTN®ESRRDBGE FEDERALLY usPoNporepdRESEmcndescri bed in
these pyblications the celL_lines are maintained long 30 term wthout
differentiation_into specific cell types. Wien the cell lines are
subsequent | y i nfRERPINR 6F THMMEEHENent nice, they form teratonas
denonstrating diffeflentpraseoh imtentieht kplecdd sueheypes.oMWhenakS cel | s

are used to proguse,diesi edmCebl s d crdded HbRidLBRheLErahhe tongptim ze
I.n the case of henmatopoietic

differentiation towards ecific cell .t S.

cells it is deSi?aiie ¥k °Fﬁi%f?°€§‘6|etla¥§§h%?%&tso%ffei’%l%’eﬁ s -1 8 JUL
2004 VI 01/ 3477uRBH49S00 23464 that can be isolated and used to form
mul ti ple henmatopoi etddhnliigiesges: iHWSEi6g! $SaHRY cunehbée, odWnaat be

limted to, hemglopoleli ¢ shemL Pl liscHRIBLAPR) 26 SLENLAR HRoByLations

have been
laboratory. See U.S. patent 5,843,780 and J. Thomson et
al., 282 Science 1145-1147 (1998). The disclosure of
15 these publications and of all other publications referred

to herein are incorporated by reference as if fully set
forth below.

We have deposited two of our human embryonic stem
cell lines with the American Type Culture Collection,

20 10801 University Boulevard, Manassas, Virginia 20110-2209
U.S.A. on July 7, 1982 and July 15, 1999 respectively.
Taxonomic descriptions of these deposits are human
empbryonic stem cell lines H1 and HY respectively. It has
been proposed in these publications that such cell lines

25 may be used for, among other things, providing a source
of specified cell lines of various types for research,
transplantation and other purposes.

Under the storage and culturing -conditions described
in these publications the cell lines are maintained long

30 term without differentiation into specific cell types.
When the cell lines are subsequently injected into
immunodeficient mice, they form teratomas demonstrating
differentiation into multiple tissue types.

When ES cells are used to produce desired cells, it

35 is often preferable to optimize differentiation towards
specific cell types. In the case of hematopoietic cells
it is desirable that this result in hematopoietic cells

-]~



5 isolated directly frombone marrow See C. Baumet al. 89 PNAS USA
2804- 2808 (1992). However, this relies on a supply of bone marrow to
obtain the cells. There have al so been sone attenpts to d| rect murine
enbryoni c cell popul ati ons towards hematopoietic cells. 0 &Sl & UU} u. S.
patent 5,914,268; G Keller, 7 Current Qpinion In Cell Bi oI ogy, 862-869
(1995); and Wwodasdamo et al. 265 Science 1098-1101 (1994pcr/Gsm2abso M
Weiss, 11 Aplastic Anemia And Stem Cell Biology, 1185-1195 (1997); and S.
Morrison et al., 11 Annu. Rev. Cell Dev. Biol., 15 35-71 (1995). However ,

appl yi ng these t63€hkagSed O H1LFBLES S LRV ES: Jﬁ’ 1&9 For exanple, in
Bl ood ere was scuss on of techni ques

F. Li et al.,
for differenti i’FF"SﬁOB‘Pl?Wé%&énﬁﬁﬁﬁ%?om%‘eﬁeeﬁ?%ﬁ Im3Y; A8§18E$ nPWo "Rst r omal
cell line and eYegéanibed\imkihemstopmimenier steinhet¢llgr.oup has nore recently

reported that their H&ﬁg{wﬁa@%ch@faﬁhmqqgebéli@m&t h8eObe &Pl ONi €s. The
treat megt of var.i ys di,s ases W}f transpl ant ati on_has becane

routine? HoweverSCPLREFE THFC ﬂ’g 550 1§t s 156t aPA"Ra&% 3 donat ed
organs, cells, 69 PNASUESA RA94-RBBH IR92at uHaNewINOthiat eel s ecenes

avai | abl e there supp0ft &n oy alak-esw W d rth%jlﬁC{:h@rbell-Er adi ti onal approaches
for suppressing an i ppupe ga%pgags b&ln 'L RELL NS i BubAGksS, Lor

exanpl e, 30 inmmunosuppressive diugs ar of Cen
effects. In WD %TPGYBB&CtCFﬁelrlePWEE a?%%aatréémﬁrw@@%ﬁu@e@wimg
enbryondc stem ekl 8. thal. ar @akkE: chnyat, i2idlie @i theldesel ecteskdonor (e. g.

transplanting aclonoknnHgl@Hs 83 O!LQ?{ %1523-@%' @%?ag L09evte, followed by
X

derivation of thy, 3EemSEll LBShe1BM o5 Ll ALL0p SygossTeg that -2

Aplastic Anemia And Stem Cell Biology, 1185-11%5 (1997);
and S. Morrison et al., 11 Annu. Rev. Cell Dev. Biol.,
15 35-71 (1995).

However, applying these teachings to primates has
proven difficult. For example, in F. Li et al., 92 Blood
368a (1998) there was a discussion of techniques for
differentiation of rhesus embryonic stem cell lines using

20 a stromal cell line and exogenous cytokines. However,
that group has more recently reported that their
techniques had inadequate formation of colonies.

The treatment of various diseases by tissue
transplantation has become routine. However, there can

25 be waiting lists to obtain natural donated organs, cells,
or tissue. Even when the natural donor material becomes
available there is often a problem with rejection.
Traditional approaches for suppressing an immune response
of recipients have drawbacks. For example,

30 immunosuppressive drugs are costly and often have side
effects.

In WO 98/07841 there was discussed techniques of
deriving embryonic stem cells that are MHC compatible

with a selected donor (e.g. transplanting a donor nucleus

35 into an enucleated oocyte, followed by derivation of the
stem cells therefrom). The application suggested that
—-D



the resulting cells could be used to obtain MHC conpati ble hematopoietic
stemcells for use in nedical treatnents requiring bone marrow

transpl antati on. However, sone di seases such as type 1 diabetes nellitus
or nultiple sclerosis involve an autoi nmune response. For exagplig. 200erely
transpl anting pancreatic islets (which are MHC conpatible to the diseased

I ndividual) to replace destroyed pancreatic islets will not provide
sufficient long termreduction in type 1 diabetes nellitus, as the inmune
system of the host will still attack the transplanted islets. It can

t her ef ore behsemrpulaing owlelds exits]t& hﬁearusetdactrmicmmri O-EHG:mﬁpmg:jmﬂrmn

enbryoni ¢ st W | f4 | at.e gga%l nﬁtg@; oietic
col oni es. Fﬁﬁ%&wé esi re cgge\(jj%éogl | nproved uses’ for o
herat opoi et¥*TEEIng @N%WQWW@SWHWE?W ON I'n one aspect of the

Er esent inventi Wowdherf e ddine Pl Lotk asdl’ﬁi mﬁl f18fe %tc@ia{bétgas?u”an .
enat opoi et | 05| man e onj c_stem ce
culture to Cllm%ﬁa‘ﬁ &F H%Lfr':&]tﬁs)]oe? %ﬁe"cx =5 c%‘f% AY PEIIYHRE eby create
human henmatgrRp@tse. it sxapleastesoie wfarddiEl artuiren deematapoiceti c cel | s
that are so eroat edacat e LRt - OB Cpqﬁg%@%ee? gqformng

u

hemat opoi etjc_cell calony form ng nits 1 n net ose culture. CD34

is a standarfiErREl §io H@M%ﬁ%l@ﬁ@%%P%&ﬂ%&t% rlrts peid § mat Baum

etlﬁl. 89 &b%sflwsam(&aﬁ&% ](oh‘%gh De @ d-Sludbirdn s t%@ll ,dllahoe%w Rev.
Ce Dev. 35-71 5 The ert Ly o formng a
col ony formi glgllutn i |thh Q TVE t ast 3’%%1}%5}9%% e %:e]slllr

char act eri stttk ctﬁaarﬂrnarztﬂ'selarmefd etr%'lrﬁtlsat ed hemat opoi etic |ineages. The

stromal cells arg. RiAl aiablor ARl Ip@GddPRbAnt ABd WkGRld ey embryoni c
yol k sac ceI I J& Murine_ stronal
echniques for causing human embryonic stem cell cultures

to differentiate to desired hematopoietic colonies.
Further, it is desired to develop improved uses for
hematopoietic cells.

BRIEF SUMMARY OF THE INVENTION

In one aspect of the present invention, there is
provided a method for obtaining human hematopoietic cells,
comprising exposing a human embryonic stem cell culture to
mammalian hematopoietic stromal cells so as to thereby
create human hematopoietic cells. At least some of the
human hematopocietic cells that are so created can be CD34%
and/or may be capable of forming hematopoietic cell colony
forming units in methylcellulose culture.

CD34 is a standard marker for hematopoietic stem
cells, as described in €. Baum et al. 89 PNAS USA 2804-2808
{1992) and S. Morrison et al., 11 Annu. Rev. Cell
Dev. Biol., 35-71 (1995). The property of capability of
forming a colony forming unit is indicative that the cells
have the desired characteristics to form more
differentiated hematopoietic lineages.

The stromal cells are preferably derived from bone
marrow cells or embryonic yolk sac cells. Murine stromal



3 8 JUL 2004 cells may be used for this purpose. However, primate stromnal
and ot her manmalian stromal cells should be suitable as well. There is

di scl osed herein a human henat opoi etic cell which was derived froma human
enbryonic stemcell culture in vitro, and is capabl e of forn‘hn‘gj 200

hemat opoi etic cell colony formng units in nmethylcellul ose cu e ﬁs used
in this patent, the term"derived" is intended to nean obtained directly
or indirectly (e.g. through one or nore internediates or passages). In
anot her aspect of the present invention, there is provided a nmethod for
obt ai ni ng h@abhshenmﬂmpomﬁedcfunlﬁﬁis pmwmmésjr@pwamaﬁjrmrindnﬂman enbryonic

t ¥ _ h i cells so as
stemcel | cyliyher 'fmd%&f&,@r A e{l‘f;ﬁ@i m‘;ﬁer estf n%@* eas

to thereby create hunman enatop0|et|c C sonme of the
human hemat ¥pbidete @el¥elihat are so created formerythroid blast forning

units in nethyl cehdtd obe dLadloed khé\ré/ﬁi 2nimet BeRecdpSiet e geesent
I nvention, there r oVl d d.a use ,of enatop0|et|c cellsltmhlch
have been %Jrcf%e%ﬁ? Vi tYo ffr%?ﬁl ah 1%%?’@ eﬁiﬂﬁr%?réjrﬁ RN TRt r It R a

sel ect ed huhmrvietd, camdris tmpmmt@i)dcemmgdhém;opmw end Bl
non- hemat opgh £4i¢ f@hhl&%wﬂtémi:?r ﬁﬂ%@ﬁaﬁg 41 LY GOP X yoeq 3

conpatibility to the topoletic ¢ e manufacture a chi nera

for transpottf RptRRan 'é]%ffflfseﬂﬁt Herhiphn Feciprendedids? .m0 di scl osed

herein is aomhwaqilfé@m:s}el@ﬁtimréuﬁw (elg Ul rsmiieramd dintgsfe human
recipient hp E#erm 18, LBy obtaln human hemat opol etic cells which have been
derived in Vi 76 En Eh ?ﬁﬁn% temcell culture. One nay then obtain
a sel ected hunmanliettetlzer mgpedtal obtifier prdmenthelmtopoiet ctlustd sist he

sel ected nopHeLOPOIEL#1od for obtaining human hematopoietic cells,

comprising exposing a human embryonic stem cell culture in
vitro to mammalian hematopoietic stromal cells so as to
thereby create human hematopoietic cells, wherein at least
some of the human hematopoietic cells that are so created
form erythroid blast forming units in methylcellulose
culture.

In yet another aspect of the present invention, there
is provided a use of human hematopoietic cells, which have
been derived in vitro from an embryonic stem cell culture,
and a selected human cell other than hematopoietic cells,
the selected non-hematopoietic cell having major
histocompatibility complex compatibility to the
hematopoietic cells, for the manufacture of a chimera for
transporting human cells into a human recipient host.

Also disclosed herein is a method of transplanting
human cellular material into a human recipient host. One
may obtain human hematopoietic cells which have been
derived in vitro from an embryonic stem cell culture. One
may then obtain a selected human cellular material other
than hematopoietic cells, the selected non-hematopoietic
material having major histocompatibility complex
compatibility to the hematopoietic cells. One may then



mat eri al having major histoconpatibility conplex conpatibility to the
hemat opoi etic cells. One may then 4 8 JUL 2004 transpl ant both the
henmat opoi etic cells and sel ected human rion-hematopoietic cellular
material into the human host. For exanple, one can obtain human

hemat opoi etic cells which have been derived in vitro from an en%r&%nﬁ@*
stem cell culture (e.g. using the techniques described below). One also
obt ai ns human pancreatic islets which have VHC conpatibility to the
hemat opoi etic cells. Both the henmatopoietic cells and pancreatic islets
are then ttraasppaanedbohhothhehbnabop¢peeierablysaéndrseéhectedchpinent's
own bone Mapbu,bagtBE8Het BACLLY BLeM)  mder PANCE RBbI EnbShehinCABSDS

obt ai ned directl§ froma _donor ose cells were used to create the
enbryoni c stem EeF|e¥alPLRe. OAPt ERRaPPLRLY, hamannhreabapeiehic Sebhbcel |
cul ture canwhecHi hieeebteat @draleagihwei dibf eremt apabBrybAicO0BLellr OCESS

t he above techni gue_can be used to cyreat eprt opoi.eti c. st cells. These

Lol & onoul SEL HECEPR, B8 42 Pl tRa ChER. ool R B hebE RS G hR Tau s iy

2004 WO 01/ @4F 78l PCTPBAbN23UGRanr pasplaat &d inletapphbphi heeehBCs. These

lineages shoubdripel vde LYNPHOCHLERS: b?@t%@“bgng.tﬁ%FﬁaE*eOf ot her
enpryoni c stemcells.

cells derived fromthe, Ssane Earental yoni C n anot her
process thelePRhPeelfeiGotPllBednd BRREERRBIE WAL AES pAKer BABNC islets. In

anot her exapphasphented! insopphy blingadepde 0eyaBsy &6t8rhuran who has a
mul tiple sc k onditi t al human, henat opoi eti c cells which
Lgéfé%gn?ng 5W?8g?ngh5arggw Eaé bee%t%ﬁ?gnggEﬁﬁi

n
have been derrv Vi rom an enbryonrtc ure (e.g.
u-sing 10 a techBhgueadeseatbedibbbbdn)calnee abbbabbedi dsrdanhy from a

donor whose cells were used to create the embryonic stem
cell culture. Alternatively, a single embryonic stem cell
culture can be differentiated along two different paths. In
one process the above technigue can be used to create
hematopoietic stem cells. These cells should develop into
multiple hematopoietic lineages when

4a



ol i godendr ocytes whi ch have MHC conpatibility to the bone nmarrow cells and
transplants both the bone marrow cells and oligodendrocytes into the
human. The sane human whose genetic material was used to 15 c§%ﬁ£emﬁpe
enbryonic stemcell can be a donor for the oligodendrocytes.

Alternatively, the sanme enbryonic stem cell culture can be differentiated
al ong two sepas @lr76pat hs to provide the two transpl ant abbgrfgfhpikal S Wth
respect to either disease (and potentially 20 other autoi mmune di seases)
the i Mmune and autoi mmune rejection problens should be reduced by this

technique. In tpis r%%ira,.the reciBient' ori ginal bone marrow can be
totally or partt aEfr}sfli_ &P VAT 2 OB OPALT ] iik?ﬁ'tﬁr Cheth ddinegegns before the
transpl ant at i onshatHer dafiade PBudhocyses epliadedoaldl sastolierapar brby t he
transpl anted heffdopeilesi 6ee8tds crbheckl | JBRALLOBAE £OUGIH 98,98 LS,
original bone n@%lrog/v r«ﬁugﬁﬁtﬁ{ﬁ l%%dg' S tahbl | i tEél to. create “an autoi nmune
response. The na_ghfng of e EXGF ?ﬁe f?é%l cERtNT "WBHE RErrow and the
second X r anspl st REONBERY iRANGrAsbiesiadeds -t he second material won't be
Lejefted_b{_th:ﬁi[anmpbaatffFtﬁzampaar6ﬁwucdﬂ3%zaﬁﬁp%y(Ekﬂdaagﬁekégﬁéﬁé‘3” Off
ematopoietic el |5 ndlfl phhal.d 1.S3le. £a1 NR1dong; Lo BrALE acgeptance o
the second tissue (e.g. heart nuscﬁe Us hena %b%i%nggggPrs 8%% f or
treating heart e NURRR AACRL LB 1S Irdrkst BhoFkthavecdekes gerivedating
liver disease)J£B¢d£598?ﬁQm ﬂ@@ﬂtwﬂbﬁiéaﬂﬁﬁﬁcBCI{USUﬂh£34@9gcr@§im§g
hermat apoi eti ¢ chidBRInas qLhBPESYSH RECBRISNCE e skéét@&a%tshh%%' arly
mat ched MHC tyQ%j?%%e% 8Qt%én%&§tThE gres%pt I nvent1.on shou e suitable
to obtain a wdeVari efi Bt heEEBpBIET i EPMRabFO ke £8t Ehe kIeas 5
erythroid cel | SnagficanGrdéytant dldassphactpfvdageshe bone marrow cells
and oligodendrocytes into the human.
The same human whose genetic material was used to
15 create the embryonic stem cell can be a donor for the
oligodendrocytes. Alternatively, the same embryonic stem
cell culture can be differentiated along two separate
paths to provide the two transplantable materials.
With respect to either disease (and potentially
20 other autoimmune diseases) the immune and autoimmune
rejection problems should be reduced by this technique.
In this regard, the recipient’s original bone marrow can
be totally or partially inactivated by radiation or
chemical means before the transplantation. Thereafter,
25 it is replaced at least in part by the transplanted
hematopoietic cells. The elimination/reduction of the
original bone marrow reduces the body’s ability to create
an autoimmune response. The matching of the MHC of the
replacement bone marrow and the second transplantable
30 material insures that the second material won’t be
rejected by the transplanted bone marrow.
Moreover, co-transplantation of hematopoietic cells
and other tissue can be done to promote acceptance of the
second tissue (e.g. heart muscle plus hematopoietic cells

35 for treating heart disease; hepatocytes plus
hematopoietic cells for treating liver disease). By
—5-



| ynphocyte precursors, nonocytes, B cells, T cells, and the like. In this
regard, colonies of differentiated ES cells develop into henatopoietic
col oni es when harvested, separated into single cells, and plated into
appropriate 10 cul tures. These col oni es denonstrate t he devel Fpaint200f
colony-formng cells which proliferate into colony- formng units

(i ncludi ng covomyssfr mi ng unit-erythroid (CFU-E), blast frormsng346s
unit-eythroid (BFU-E), colony formng unit-nacrophage (CFU--M, col ony
form ng unit 15 granul ocyte/ macrophage (CFU-GV) and colony formng unit-

hi gh proI|ferat|vgagqégqFﬁgkoég¥Lth§n%g meiR€ i Jyébfgggélq¥ ofgéolony
em

formng cells i Adr cat Teren Fion ofF Ils into
hemat opoi eti ¢ céFP%u@%ﬂﬁﬁmeséﬂléﬁﬁahéﬁﬁﬁh?ﬁt%ﬂ%éﬂ%ﬁeéaQOb%éﬁﬁﬁéﬁéﬁet|c
| i neages under defi netk gardeht onsventite ehpeTd Leofsulibebps esenribtiaRveat i on

therefore inclydg.p 0 oht ai ni ng
henatop0|et|c ce??s €§§Lqﬁpgf ﬁ?% %ﬁ%ﬂ%@ ué?%gyfﬂggégﬁg%%%dsﬂlh gg (c)

met hods®f or usi f§YE H§E1&§49§edgﬁ%ﬂq¥9qﬁ5P cet birs PIESACRERSPS t r ansf usi on and
ot her purposes. lyfibieseytngretiuksont heronobyees s Brmklady ant agfels ofantthe

present inventi Qﬂemiﬂce be 1apRaksNte arlQm tceﬁogféscrdﬂOhll@@e§Qn@lfattelaeE@ref erred
enbodi nent s thatﬁﬁ)§ %ms Howeve ims should oked to i n order
C

to judge the fuf 1 4 PHEO ?ﬁﬂﬁﬁQRSﬁegﬁﬁfﬁﬂfﬁﬁeﬁEg%?P StEfnryoni ¢
Stem Cel | Cul tunsep@ﬁafrekrb imtevedngly adseri bed hlated Estgedampﬂqmeam was

used fof the najaLthyedf @npeei ABMSieAldeRbhs SR @het BEve Bofhehdl 02004 VO
01/34776 PCT/USgoigééagnmung cells which proliferate into colony-

forming units (including colony forming unit-erythroid

{(CFU-E), blast forming unit-eythroid (BFU-E}, colony

forming unit-macrophage (CFU-M}, colony forming unit-

15 granulocyte/macrophage (CFU-GM) and colony forming unit-
high proliferative potential (CFU-HPP)). The
identification of colony forming cells indicates the
differentiation of embryonic stem cells into
hematopoletic cells capable of expanding into defined

20 hematopoietic lineages under defined conditions.

The objects of the present invention therefore
include providing:

{a) methods of the above kind for obtaining
hematopeoietic cells;

25 (b) cells derived using those methods; and

(c) methods for using those derived cells for
transplantation, transfusion and other purposes.
These and still other objects and advantages of the
present invention will be apparent from the description

30 of the preferred embodiments that follows. However, the
claims should be looked to in order to judge the full
scope of the invention.

DETAILED DESCRIPTION
Embryonic Stem Cell Culture

35 The previously described human ES cell line Hl was

used for the majority of experiments, albeit some of the

-G6-



foll ow ng studies were done with the previously described ES cell lines HO
(or H9.2) with simlar results. These <cells were renoved fromfrozen
(liquid nitrogen) stocks of cells derived fromthe original isolated and 5
propagated cell line. The HL ES cells were grown in 6 well cplgyurmggi shes
(Nuncl on, Fisher). The dish was first coated with 0.1% gelatin sol ution
(Sigma) for omeemsy@ore days in a 370 5% CO, incubator. AbkgkoiRge One or
nore days, the gelatin solution was 10 renoved and the wells of the plate
were next coated with irradi ated nouse enbryonic fibroblast (MEF) cells.
MEF cells werecderived fromday 12-13 nous eg‘oréos in medium consisting
of DVEM (G bco suppl 8ment & T th 2086 Fetal- RepBEF P WU REE Ry EPRe or
Harl an), 2 mM 1ES glajtadines 0% (@ HOeBRLYithamdni®8r ureswsVtd.. Praseillin,
1%8 ][rg/m st r epiIy Giehe( Se@iRdd fHoR %Ez&!('liq\ﬁ@&en%iff@@{ﬁt %%%%{:Mh 5500

o roma ces r r ting.n.the : e S were
added at a dens?#y@eo%?léSS)g(rg%%fgeﬁ){O%/ E}-,Q %%lr%a/lméﬁ?rgii?f?‘laﬁ’éj pl at e coated
with MBFs was tWeéPagirdeddeshl @50 ThepHl B eghasoretoromme én fore days
until addition wfllESulcekesdidtecahbacyet.e assed,. ont o new MEFs at
approximately O 8 day aLRryAl SirlReclitly daRengs: on sl density and 25
nor phol ogi ¢ appgsaran(ie of differentiation. For Qgssa%%, % he e T n a
wel | of ES cel | 3587 r ERBVRRE £HTd ™Prs fYS dt medi’ ufd eorft%i Angbatary/

col | agenase |V Ait<DMVERE 0@ bzoBRIre viagsaddedgeTheipl sdmts@s twhen pl aced at

37C/ 520002 for fendf¥edi BHECShaIRdU1st Be €0l QNies QL ESe:30 C%%%ét ggﬁ@ph; ° o

Egﬁng 1l‘JPbmT[]ﬁeV%rLatd\éﬁ%‘T’%ggg%%cre‘%@%%ﬁ%% E%l%rl??&qi@ég!t gbget%\)gl‘{e?\kéreb%faced ina
15 m conical t%Bes FErshdeyivasd fepundin 1R-d8nmpifegenatycb0@0 medidror 5
consisting of DMEM (GibcoBRL) supplemented with 10% fetal
bovine serum (Hyclone or Harlan), 2 mM l-glutamine
15 (GibcoBRL), and 100 units/ml. Penicillin, 100 mg/ml
streptomycin (Sigma).
The MEF cells were irradiated with 5500 cGy from a
cesium source prior to plating in the wells. The MEFs
were added at a density of 5 x 10‘ cells/ml, 2.5 ml/well.

20 The plate coated with MEFs was then placed in 37°C/5% CO,
incubator for one or more days until addition of ES
cells.

ES cells were passed onto new MEFs at approximately

5-8 day intervals. The time depends on cell density and
25 morphologic appearance of differentiation. For passage,

the medium in a well of ES cells was removed and 1-2 ml

of medium containing 1 mg/ml collagenase IV in DMEM

(GibcoBRL) was added. The plate was then placed at

37°C/5% CO, for 5-20 minutes until the colonies of ES
30 cells began to round up.

The well was then scraped with a 5 ml pipette to
detach the ES cells from the plate. The contents of the
harvested well were placed in a 15 ml conical tube
(Fisher) and spun in a centrifuge at 1000 rpm for 5

35 minutes. The medium was removed and 10 ml of fresh medium
was added. This ES cell medium consists of F12/DMEM

e



35 mnutes. The medium was renoved and 10 ml of fresh nedium was added.
This ES cell nedium consists of F12/DVEM -7 8 JUL 2004 WO 01/ 34776

PCT/ US00/ 23469 (G bcoBRL)) suppl enented with 20% serum repl acenent nedi um
(G bcoBRL), 8 ng/m of bFGF (G bcoBRL), 1% non- essential am n® Jgti 204
solution (G bcoBRL), 1 nM1- glutam ne (G bcoBRL), and 0.1M

(3-mercapt oemvmnchizé 5 The cells were agai n spun (5 m n/ 108€rosenp3dearedi um
renoved and resuspended at a concentration of 2.5 m of nediumfor each
(typically 15 M nediumfor plating into 6 newwells this woul d be a 1:6

passage). The cg{;lgcgﬁ.&g& En?’ﬁl%‘e’} ted. qutgotgser\{\le r%p aﬁeén l,acﬁtg t hat had

been 10 previou coat descT wer e
evenly distribuPg ‘F%t‘@%’&@ﬁRRM |8 adetlh@f Pk (wabcoBRllced ¥ moan i ncubat or
at 370/ 5% Q02 Aestémeili fantiher eciersloelioni emitaioBRS) cel Inav Showi ng

mor phol ogi ¢ appgay, qbeof(qug{Dgﬁ@nt Al 9”11@% Ql{ertcgl}j@?é%harfosl passage, these

col oni es were rénoved entfle scrap |ng ass pipette. This
was dorm®e with obser vdlS & tlﬁr‘é‘ﬁﬁﬁ agadins SBRR i ?Fg“?hncflle%o?ﬁ“ {AfEEL UMy enpyal
of the differentemtest celd gesufpendataini agconmirdaraesonese pdssdged as

above. 20 Afternppassader each e *}élc,@fnﬁswerhi SHEc E@Q"pwttﬁg fresh medi um
at 24-48 hour i erval S He each noved and 2.5
Ks saiR 8L g

m of fresh ES RedTum was dwou&rqag?egdfh% S yalo gL § ¥EFfs were
done in a sterthen eriRstdRAeARtC 2B eDvEllépept i mtrilefeOEhES f@eﬂl loseTio pronot e
hemat opwi eti ¢ dpféer@tlivakbanefwithe MEFEMES &ESdablea, abde: E&hf‘eEl:inlgver e

tarvested e abeec e FeLLE. iiad IR0 P Akt Coaell ahel e, o
placed in an Cncibator at 39 C/5% CO,.

At times if there were colonies of ES cells showing
morphologic appearance of differentiation prior to cell

15 passage, these colonies were removed by gentle scraping
with a pulled glass pipeﬁte. This was done with
observation through a dissecting microscope. After
removal of the differentiated cells, the remaining
colonies were passaged as above.

20 After passage, each well of ES cells was “fed" with
fresh medium at 24-48 hour intervals. Here, the medium of
each well was removed and 2.5 ml of fresh ES medium was
added. All feeding and passage of ES cells were done in a
sterile environment.

25 Differentiation Of ES Cells

To promote hematopoietic differentiation of the
human ES cells, the ES cells were harvested as above. The
cells were then plated in 6 well plates coated with a
mammalian streomal cell. In one experiment we used Cl66

30 cells that were previously irradiated with 2500 c¢Gy. The
Clée cells were originally obtained from the yolk sac of
mice at embryonic day 12 and were graciously provided by
Dr. Robert Auerbach (UW-Madison).

In another experiment, S17 cells were used. They

35 were originally obtained from mouse bone marrow, and were



30 cells that were previously irradiated with 2500 cGy. The C166 cells
were originally obtained fromthe yolk sac of mce at enbryonic day 12 and
were graciously provided by Dr. Robert Auerbach (UW Madi son). |n another
experinment, S17 cells were used. They 35 were originally obtaigeghf sgm
nouse bone marrow, and were -8 8 JUL 2004 WD 01/ 34776 PCT/ US00/ 23469

graci ously prwapggtréby Dr. Kenneth Dorshkind (then at UC PRIAVBN8l4dE, now at
UCLA). The C166 or S17 cells were plated at a density of 1 x 10" cells/m,
2.5 mM/well. The ES cells plated onto 5 either S17 of Cl66 cells were then

allowed 10 gr oWtk udTh dbm%%@% BP9 ALyt dENbOELREORR JeraiPRL gDt e

with 20% fetal bow ne serum nonessent |
sol ution, 0.1M FrY5HrcEpt BRY ahdICRdnd 1 nM 1 gl ut ani ne. Th| s rredl um was
repl aced in each vveITIhaaClaﬂ T2 Sl170 cedlis vertemplaltsdwet ha fdeeshtgedium | n

sel ecting an anf@prd@.tl%/H@d' b nQLr}%e'iErefB(e W@%l&@ I?I;S’é’édj%nt onventi onal
cond|t|5ons f or ce,él Igrk,\ﬁ\tyt %%e 1 ugg nt ed gl specified stromal
cell's. After 3-7 s v off 5ot %w?:%ltt% gr"fSlPh% ES cells
began to visual mdlaﬁp@a)lns@ﬁsti@q@ﬁ|Déﬂt‘?-@d((ﬁxbcqﬂﬁ<éat) theylehghtect whake t he sane
uni f or m appear apse ﬁaUhBovuxﬁl@lisfef;@lhenhyah%b)Esl%ehbﬁeérﬂr&tﬁilnﬁﬂliﬁa MEF
f eeder cell s. ;’gf %hl%re&gﬁ 05 1I§§ ﬁxl %gagg&%‘atno form rrlul |l e different

513 %at a8y appe

cell types. Sone ese _colonle | ons red to consi st
of cells with ag%‘ﬁl?ﬁ}lé’?t ohBls MRPHEl 585 Wﬁﬂa@m VB BRckoloni és 8f-Tarly
hemat opbi etic powgemiteorvatel visth GaebhrmediguBl oad- Rel edeichCalhl s One net hod

to deternmine thgpresence ﬁédmprwl AbBe1 P hRTBLOPRES) L Cells s to

assay for hemat opoi étic c
y ghventlona galtlons for cell growth, albeit

supplemented with the specified stromal cells.
After 3-7 days from plating onto 517 or C166 cells,
15 the ES cells began to visually appear differentiated in
that they did not have the same uniform appearance as the
undifferentiated ES cells maintained on MEF feeder cells.
The colonies of ES cells began to form multiple different
cell types. Some of these colonies had regions that
20 appeared to consist of cells with a cobblestone
morphology indicative of colonies of early hematopoietic
progenitor cells.
Confirming Blood-Related Cells
One method to determine the presence of appropriate
25 hematopoietic cells is to assay for hematopoietic colony
forming cells (CFCs) in semisolid methylcellulose-
containing medium. Here, the ES cells were allowed to
differentiate on either C166 or S17 cells for 2-3 weeks,
maintained as described above. After this time the medium
30 was removed. 2.5 ml of calcium and magnesium free '
phosphate buffered saline (PBS} was added for 2-5
minutes, removed, and 1.5 ml. of trypsin (0.125%)-EDTA
{ImM) medium was added.
The cells were then placed at 37°C/5% COQ, for 10
35 minutes. After this time, the colonies began to
disassociate. The cells were further disassociated by
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formng c

el s (CFCs)

in semsolid nmethyl cellul ose- containing nedium Here,

the ES cells were allowed to differentiate on either Cl66 or S17 cells for

2-3 weeks,

mai nt ai ned as descri bed above. After this tine the nmedi um 30

was renoved. 2.5 m of cal cium and nagnesium free phosphate %ufder@g
saline (PBS) was added for 2-5 mnutes, renoved, and 1.5 nl . L 2Wsi n
(0.125% - EDTAYO@1BaXy nedi um was added. The cel s were therCpUstoRzeant

371C/ 5% CO2 for

di sassoci
01/ 34776
pl aced i

ate. The ce

10 35 mnutes. After this tinme, the colonies began to

| s were further disassociated by -9 8 JUL 2004 WD

PCT/ USB%Q@@&% I%B%&i«ﬂgug;“%éc é‘ﬂé‘g fh@enﬁ’ﬁ#% Sn%aerr}n@ggkbs ver e

n a 15

coni_cal spun

and 10 m

fresh medi um ( DVENE + 1@, ERBIGEY,. @IPHPaPnW dE";(‘)n}rg’tnr Spdims r&BaE8Y and
n. Theaxe|1& mdedfeeshemediwudpeidet it %5 BB wrethagimtanmd npassaged

through a 100 mhnpwitp)f ihbesadds,r aave &ll ir0f 161 LS 6 %rE' kgsﬁ was

spun agai

washed
wer e tH%%

h ddi l,
t cgsngedEID E)Iné)egiamnacw d?'?:"ecﬁélfu an ﬁaVW CHETRTY 2 1t9l9t "Hot 10

| sassoci ated/filtered cells

al ways this manyyeet |&E)ltesl ke yeraveplcdvedsiof a&eddw.15 m conical . These
cells were then spurmhdredilterres®weGhandubth Mn MediumeoNs shi ng of | MDM

(G bcoBRL
Cells wer

L SpanhcuEd

3%*1%‘&%62%%5%‘%&699@& SRl ENER . SRS 15 vas

added. In accor SaWEEdHidh 2t REMEPEATEtEy ?@%ﬂLdbﬁﬁltK%ﬁﬁﬁllﬂyhéﬁé eetls were
t hen atded to 2abwags othivbimhngutdliGH+cetilld 3eredilaged Steneldw 15 ml

i es). J@mcg@dw@gefeéifme% %?Qr@gge}nhylmgahwpé%ve p}jeﬁented

Technol og
with 30%

15

20

25

30

35

20 FBS, 20

n
ml med 1&% consisting of %MDM (GibCdoBRL) supplemented with

2% fetal bovine serum (Hyclone) was added. Cells were

spun, medium removed and 250 ul medium (IMDM + 2% FBS)

was added.

In accordance with the specified test conditions,
these cells were then added to 2.5 ml of Methocult GF+
H4435 medium (StemCell Technoleogies). This medium

consists of 1.0% methylcellulose, supplemented with 30%
FBS, 20 ng/ml IL-3, 20 ng/ml IL-6, 50 ng/ml stem cell
factor, 3 units/ml erythropoietin, 20 ng/ml GM-CSF, 20
ng/ml G-CSF, 2 mM l-glutamine, 0.1lmM b-mercaptoethanol,
1% bovine serum albumin. The cells in methylcellulose

were then vortexed vigorously and then 1.1 ml of the

mixture was plated onto a P35 plastic dish (Stem Cell

Technologies}, spread evenly on the dish and placed at

37°C/5%

CO,;.

Duplicate plates of each sample were typically

plated
plates

with 4 x 10° cells/plate. After 14-21 days, the

were analyzed under a microscope for the presence

of hematopoietic colonies. The colonies were identified

by comparison to a colony atlas (StemCell Technologies)

or the

book: Culture of Hematopoietic Cells, RI Freshney,

IB Pragnell, MG Freshney, eds., Wiley-Liss, Inc. 1994.

Colonies were identified as one of the following: colony

forming unit-erythroid (CFU-E}, blast forming unit-
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factor, 3 units/m erythropoietin, 20 ng/m GWCSF, 20 ng/mM GCSF, 2 nM

1-glutam ne, 0. 1nM b-nercaptoethanol, 1% bovine serum al bum n. The cells

in methylcellulose were then vortexed vigorously and then 1.1 m of the 25

m xture was plated onto a P35 plastic dish (Stem Cel |l Technoéo ieﬁ],

spread evenly on the dish and placed at 37C/ 5% CO2. Duplica bs of

each sanple wepeidayi cally plated with 4 x 105 cel | s/ pl atpey Qo840 14- 21

days, the 30 plates were anal yzed under a m croscope for the presence of

hemat opoi eti c col onies. The colonies were identified by conparison to a

colony atlas (St eggjell T&&J& % ogi e %r t he book: Culture of Hematopoietic

Cells, R Freshiiéy &F [ SONBYEFQIAMRY  Wds macypPaieg i SEU-Mhe. 1994

35 Col oni es wer €9 @I’éiﬂtﬁcfliﬂé@gagn@hegxﬁnwlmyf:g}’rhmqmglageoI(@m—GM)orbm ng

uni t-erythroi d c6Ebh{)fodMiagt uhot Mhitgh Wbl i fdPaSi vilbo20Rd: WO Q%;34776

PCT/ US00/ 23469 ﬁ)ébrrm d (BFU-E), colony form ng unit-nmacrophage (CFU-M,

col ony form ng uni anul ocyt e/ macr ophage (CFU-GVW) or col ony form ng

uni t-high proli ferat"’?r?ﬁe BEeeRERaPt (drudenppyd hanatppopebiensd lof cehe

desi red hemat opeiLetilee ceidfd read b:alﬁl(bwbeytmﬁétfymd olayé f:ialﬁ)V\l&)M cm;&t ry. 01e

can | ook for SQEEbef‘éh eehh §H££§r9ee a‘%@tl Str)gyfl og eyt ”%} Here,
gSCI’I% d a

cells dlfferentlate ovéfor

14-21 days, wer & h‘é‘?VeSs dgéfﬁrﬁﬁtiﬁt?q fﬁ’s?’ﬁf’E‘Eﬂ%%é’rd@%é?l%@cﬂ-sa@@ve and
passed t hrough des@@ibarMapptvexfdi|14e121l Thesf iwdmwr édroektsd weirh counted on a

hemacyigneter, th sﬁlxm t8dak ot O Kk &Z%%@étﬁa%sbab@ﬁm&&i shep) at

approximately 1 105 cel, /tub The cel Is re then spun,” nmedi um renoved
and 2.3 m of FRASYEER ur%m gh%d%g‘ erFEA d“e&ﬁ] FQUIBERS @™t § 0. 5% BSA
(Sigm), hemacytometer, then aliguotted into 15 X 75 plastic tubes

(Fisher) at approximately 1 x 10° cells/tube. The cells
were then spun, medium removed and 2-3 ml of FACS medium

15 was added. (FACS medium is PBS with 0.5% BSA (Sigma),
0.1% sodium azide (Sigma)).

The cells were again spun and medium removed. Next
an antibody directly linked to a fluorescent marker (FITC
or PE) was added to the wells at a concentration as

20 recommended by the supplier. Cells have been analyzed
with the following antibodies: CD34-FITC (Immunotech),
CD45-PE (Pharmingen). IgGl-FITC and IgGl-PE were used as
isotype controls for non-specific staining of the cells.
Cells were incubated with the appropriate antibody for

25 approxXimately 30 min on ice, washed 1-2 times with 2-3 ml
FACS medium and resuspended in approximately 0.5 ml FACS
medium.

The antibody labeled cells were then analyzed using

a FACScan (Becton Dickinson}) as per manufacturers

30 recommendations. The presence of dead cells was
determined by addition of propidium iodide (1 mg/ml
solution, 5 ul added per tube) or 7-ARAD (Calbiochem) (0.2
mg/ml ,5 ul/tube). The software for analysis was either
PC Lysis or Cellquest.

35 The following experimental technigues were used to

analyze antigen expression by immunohistochemistry (IHC).
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0. 1% sodi um azide (Sigma)). The cells were again spun and nmedi um renoved.
Next an antibody directly linked to a fluorescent nmarker (FITC or PE) was
added to the wells at a concentration as 20 recomended by the supplier.

Cel I s have been analyzed wth the follow ng anti bodi es: CD34-FITC

(1 mmunot ech), CD45-PE (Pharm ngen). 1gd-FITC and |1gG - PE viedbLu#d as

i sotype cont nahgissaps non-specific staining of the cells. pepikiygs e

i ncubated with the appropriate anti body for 25 approximately 30 mn on ice,
washed 1-2 times with 2-3 mMl FACS nedi um and resuspended in approxi mtely
0.5 mM FACS nedium The antibody |abeled cells were then analyzed using a
FACScan (Bect onfe¥ekithddRreREipeid fenGehtt urtats hauer beommameaditsnsd The
presence of deaditieldithwasCldéter rAlTedsbybaddi tvese birpsopEdiwvdmhi odi de (1

ng/ m sol uti Ontrfpéhnﬁ.(éﬂ‘ﬁdageébéﬁébe)rh@rchlAsA‘Qe(r@alrng%{Bed( Qn2  m/m 5
ul/.tube). The s war e er, PCL or Oel | quest. 35

"
The fol | owi ng e’ﬁ?f)%lr‘f%cﬁtn&fal?é%%rﬁ‘ﬁ%é§u§@?’@“mtee@ e thahd &t Pgen
expresst on by i apRerRIHirsttéohenf sapprogimayely 11 8 19U~ 2106r4 10?/\0 01/ 34776

PCT/ US00/ 23469 ey spliff 9&@@&fﬁmSESfceﬂ1é§e tdat shauee basdh gRueubiured

w th either C16§p:9:'in§1 7 jag @vae w%,e veste ed_w _tLasstry.p I n/ EDTA as
above. The cell s"wer'e esusEende um confaa?nl ng suppl enent ed
with 10% FBS at (%U%elb%ﬁ?@éﬁp BEi o‘t?%%llerépmé&uq\rﬁYéHOfP&nxliogmtr}f%g%"

"Cyt ospi n prepafstaromomOf. these cells were then made by spinning 1 x 103 -
Ix 10 ¢ell's onto agasssskide wééuregeﬁrf)ﬂéopuﬁﬁegbfﬁ% datvt\gntehaﬁdq/t ospin

Il centrifuge Shanpdon). 10 These slides were I Xe
tored frozen at -20°C. For IHC staining the slides were

acet one and
thawed at room temperature and the cell pellet was
outlined with a wax pen (DAKO). The cells were then
stained as follows using a Vectastain ABC kit (Vector
15 Laboratories, Burlingame, CA}, all incubations were at
room temperature. 100-200 ul PBS was added onto the cells
for 5 minutes then removed. Vectastain blocking antibody
solution (horse serum) was then added onto the cells for
15 minutes. The cells were then blotted dry and 100-200
20 ul of primary antibody solution was added. The primary
antibodies were: IgGl (1 ug/sample, Sigma), anti-CD34
(0.5 ug/sample, Immunotech}, anti-CD45 {1 ug/sample,
DAKO), anti-class I (1 ug/sample, gift from Dr. Paul
Leibson, Mayo Clinic), anti-CD14 (1 ug/sample,
25 Pharmingen), anti-CD31 (1 ug/sample, Pharmingen).
Primary antibody was added for 30 minutes followed
by PBS for 10 minutes. Next, biotinylated anti-IgG
antibody was added (Vectastain kit, solution B) for 30
minutes fcllowed by PBS for 10 minutes. Next Vectastain
30 ABC solution was added for 30 minutes at room temperature
followed by PBS for 10 minutes. Next DAB solution
(Vectastain) was added for 5 minutes followed by washing
under running tap water for 10 minutes. In some
experiments, the slides were then counterstained with
35 Gill’s hematoxylline solution (Vector labs) for 3 minutes
followed by washing with running tap water for 10
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stored frozen at -20C. For IHC staining the slides were thawed at room
tenperature and the cell pellet was outlined with a wax pen (DAKO). The
cells were then stained as follows using a Vectastain ABC kit (Vector 15
Laboratories, Burlingane, CA), all incubations were at room tenperature.
100- 200 ul PBS was added onto the cells for 5 minutes then Be :

Vect ast ai n blwoRkigreant | body sol ution (horse serun) was trhems@aassl ont o
the cells for 15 mnutes. The cells were then blotted dry and 100-200 20
ul of primary antibody solution was added. The prinmary antibodies were:
lgGl (1 ug/sanp . / | &5 fgn,énc

anti-Cb45 (1 ugllngg%gégn%e g%&%le%%ecfggg aﬂ?ld%gg sa(r:r%J[ e, %Lt P%’om Dr.
Paul Lei bson, RBJOL-HYS APPFETaREP¥eD14 (1 ug/ sanple, 25 Pharm ngen),
anti-CD31 (1 ug/sarrrﬂ@ﬁl*th rergais)y rat &4 widrhyi naat mixedy pepsladied éor 30

mnutes fol | ovede1by RBSJons10s MdawGes, DOk, Bivahi fYLALSGATERELOC
ant i bodé/ was ad e)g_lfé t.a tegl Eskl try sol ution B 30. mnutes fofl [ owed by
PBS for” 10 m nu 88t 53t AT S3WCABC AR oﬁeV\%Js Rdde® for 30

m nut es at roorrh@@@r?ﬁi?ce?{ﬁﬁ—rl@ Cp HP1 iR (rhisy P@Sfef%?edlosﬁpm@ iRgrt DAB

sol ution (Vect asias gndvas agddethi®meenyloel BR ds@! |(owed-dy1 mashi ng  under
running tap water fQf.J0 mnutes. In some experiments, the slides were

t hen counterstal ned with 35 GII"'s hematoxylline solution (Vector |abs) for
3 minutes followed by washing w t H¥RLa5Le88C%at er for 10 -12 8 JUL 2004
WO 01/8a776 PCT/ USO02:2346& 1y hatheisopollee is| celbls twanepl ietataidn drsi ed. Cel | s

staining posit L¥gqaPR&A1RHeMA 1 i %@%&&@B@Q Wi Hdyea ni xed
popul ation of cells 4@%@% (Jj/% after Even nore | nportantly, 5
differentiated EZ°%eY e 8ROV T 85@?% cﬁwttGGatment ot
malignancies. These patients typically receive a
heterogeneous mizture of hematopoietic cells either from
15 an autologous or allogeneic scurce. Human ES-derived
hematopoietic stem cells will at minimum provide a more
homogeneous cell population for hematopoietic cell
transplantation.
Further, as discussed above, the MHC characteristics
20 of the transplantation can now be controlled, thereby
enabling treatment of autoimmune diseases. For example,
both hematopoietic stem cells (HSCs) and a second lineage
{e.g. pancreatic islets for diabetes or oligodendrocytes
for multiple sclerosis) could be derived from the same
25 parental ES cell line. With both lineages available, a
hematopoietic chimera could be first created by
performing a fully allogeneic hematopoietic cell
transplant (HCT). The established state of chimerism
would allow the recipient’s immune system to “see” the
30 subsequent transplant of the second cell type (e.g.
pancreatic islets cell or oligodendrocyte} as “self” and
should not be rejected.
Note for example that oligodendrocytes have been
obtained from mouse ES cells (0. Brustle et al., 285
35 Science 754-6 (1989)), as have cardiac muscle cells (M.
Klug et al., 98 J. Clin. Invest. 216-224 (1996})).
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hemat opoi eti ¢ col oni es when harvested, separated into cells and plated
into methylcellulose (sem-solid) cultures. Transplantation 10 Currently
henmat opoi etic cell transplantation is conducted clinically primarily for
pati ents who have received high dose chenotherapy for treat

mal i gnanci es. These patients typically receive a heterogeneous m xture of
hemat opoi et | sveeMweei t her from 15 an aut ol ogous or al | ogeaemsgse? ce.
Human ES-derived hematopoietic stemcells will at mninum provide a nore
honbgeneous cel |l popul ation for hematopoietic cell transplantation.

Further, as dISCUSSQﬂugp %@ho&hﬁfN%gﬁggﬁﬁeré%ﬁkﬁ%hggfcagugkf%g will

transpl antation can now be COontF ol enabl [ ng treat ment” of
aut oi mune di se3s%R PHtEXARFFREAN 0K Flé?r%&“t?p(’ilréflﬁel%‘i%erﬁ &8l s (HSCs) and
a second | i neageesaf@g.otpancteat ianticdhmetsifwr dnabeiesreyaml,i gddendrocyt es

for nultiple sclerosisg %Q@bgeﬁéug%kh§€gp$fégﬁéIg%eﬁagglﬁécﬁﬁ%@@tal ES cel

i ne. \égth bothllneaetglav? abl e, 3 Pﬁma 0|et|§ ra coald be first
creat ed® by perf%}‘?ﬁ%% SFULEYSATT ddéRe FHBFELT LTI FaRS pl ant
(HCT). The est abhé Stratatopatetof ehilser Pym woll cﬁtécllﬂov\ﬁjemét régirgi-ent ' s

i mmune system t@ar@ﬁ&jratﬂ%% 38es ubs eguapt et raNSPleantrohsp Nfraegond cell

type (e.g. pan s cell or oligodendrocyte) as "self" and
shoul d not be rg%gg{f ]%3% for exanple that oligodendrocytes have been

obt ai ned from nouse Esacdé’llltéoiloto Brugelesbedigs, thgce 5 R[bvence 754- 6
(1999))0 as havelitwmichiacamusebported lof ahakl pe) i@intadl who Xawke Cin. | nvest.

216-224 (1996)) prsdifhriUred90e4Q QLdtdf8: R YRRY 28808 1ant 1ater

requiring a solid organ (kidney) transplant. In these

instances, the kidney transplant from the same person who
had previously supplied the bone marrow transplant is

15 immunologically accepted without further
immunosuppression. See T. Spitzer et al., 68
Transplantation 480-484 (1999).

Work in canine models and more recently in human
clinical trials has shown that milder non-myeloablative

20 conditioning regimens can be used to better prepare hosts
for allogenic HCT. Here, only moderate doses of total
body irradiation and a short course of immunosuppression
are used to prepare the hosts prior to receiving
allogeneic HCTs.

25 Even though the preferred embodiments have been
described above, it will be appreciated by those skilled
in the art that other modifications can be made within
the scope of the invention. For example, while two
specific stromal type cells have been selected for use,

30 many others are also suitable. For example, one publicly
available stromal cell line is the M2-10B4 cell line
having ATCC designation number CRL-1972.

Further, while the above description focuses on the

creation of precurscrs for red blood cells and bone

35 marrow, wvarious other blood-related cells of interest can
be obtained in guantity using the above techniques. See
...14_



This method of creating hematopoietic chineras will also pronote
acceptance of tissues transplanted for reasons other than autoimunity. In
this regard, mce receiving allogeneic hematopoietic stemcells do not 5
reject other tissues with the sanme genetic background as the henatopoietic
cells, but will still reject third- party grafts. See K. GanlyUat 28} 65
Transpl ant at m@w1/3286- 304 (1998). In addition to ani mal stecinesp2uésere are
now 10 clinical case reports of human patients who have previously
received a hematopoietic cell transplant later requiring a solid organ

(ki dney) transpl.ant n [ S, ki,dney transpl ant .fromthe
sanme person wh%l% aH'gié%¥%%§|§'§§%%$§§d thgbdﬁgfﬁéﬁ%%ﬁ/ g%%%%Fﬁnt is 15
innunologicalI}Oﬁééépg%dnhﬁﬁﬁ@ﬁtt?Lﬂ%@ﬁﬁ'tthﬁﬁhb§ﬁ§ﬁﬁe§§i6%@ See T. Spitzer
et al., 68 Transphantati on 480-484 (1999). Work in canine nodels and nore

recently in human clinical trigh$siasiSRgwn; dhat: qi ! der non-nyel oabl ative
20 condi tioni ng reglgens can be used {0 E er $2§§$re hosts for all ogenic
HCT. re, only nodér&tEHEEeS oPT B P88y T radGcarrdhs arteH shor t

course of i murfosuppeesslarntatiane usshnah pneépatlen Iperboseés. prior to
receiving allogeneic HCTs. 25 Even though the preferred enbodi nents have
been described above, it will be appreciated by those skilled in the art
that other nodifications can be nade within the scope of the invention.

For exanple, while two specific stromal type cells have been sel ected for
use, 30 many others are al so suitable. For exanple, one publicly available
stromal cell line is the M2-10B4 cell |ine having ATCC desi gnation nunber
CRL-1972. Further, while the above description focuses on the creation of
precursors for red blood cells and bone
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35 marrow, various other blood-related cells of interest can be obtained
in quantity using the above techniques. See -14 8 JUL 2004 WD 01/34776
PCT/ US00/ 23469 5 also U. S. patent 5,914,268. Thus, the clains should be

| ooked to in order to judge the full scope of the invention. Industrial
Apiplicability The invention provides blood-related cells usefBlJULf 2004
transpl antation, research and other purposes. 8 JUL 2004 CLAIMS 1. A nethod
for obtaining human hemat opoietic cells, conprising exposing a human
enbryonic stemcell culture to manmalian hematopoietic stromal cells so as
to thereby create human hematopoietic cells. 2. The nethod of claim1,
wherein at | east sonme of the human heymstmmoi etic cells that are so created
are CD34+. 3. The nethod of claim 1, wherein at |east sone of the hunman
hemat opoi etic cells that are so created form henatopoietic cell colony
form ng units inlnethyleethedober chtaiming fhufie hendodpoietliaicellls,

wher el N L NecahERIBIng chisoo 856 Schentecibomle SeonR-conskatlnge ofobone

mar r ow cel | oni ¢ 5. met hod for obtaining human
henatop0|etW%m%%1¥%n h%%%%ﬁ?%%%ﬁl%x%Bg?m@ﬁ CothRnS T yieni Ehetehy cel |
culture in cvedte haomammnnEhiespbbsriopeeklsc stromal cells so as to thereby
create human hematopoietic cells, wherein at |east sone of the human

henmat opoi etic cells that are so created formerythroid blast formng units
in methyl cel | ul o3e The method of claim 1, wherein at least some of

the human hematopoietic cells that are so created are
CD34%.

3. The method of claim 1, wherein at least some of
the human hematopoietic cells that are so created form
hematopoietic cell colony forming units in methylcellulose
culture,

4, The method of claim 1, wherein the stromal cells
are selected from the group consisting of bone marrow cells
and embryonic yolk cells.

5. A method for obtaining human hematopoietic cells,
comprising exposing a human embryonic stem cell culture in
vitro to mammalian hematopoietic stromal cells so as to
thereby create human hematopoietic cells, wherein at least
some of the human hematopoietic cells that are so created
form erythroid blast forming units in methylcellulose
culture.

6. The method of claim 5, wherein the cell culture
has at least some hematopoietic cells that are CD347,

7. Use of human hematopoietic cellsg, which have been
derived in vitro from an embryonic stem cell culture, and a
selected human cell other than hematopoietic cells, the

selected non-hematopoietic cell having major

16



culture. 6. The nmethod of claim5, wherein the cell culture has at |east
sone hematopoietic cells that are CD34+. 7. Use of human henat opoi etic
cells, which have been derived in vitro froman enbryonic stem cel
culture, and a selected human cell other than henatopoietic cells, the
sel ect ed non- hemat opoi etic cell having major 16 8 JUL 2004 8 JUL 2004

hi st oconpati bility conplex conpatibility to the henmatopoietic cells, for
t he manufacture of a chimera for transporting human cells into a human
reci pient host. 8. The use according to claim?7, wherein the selected
human cell is human pancreatic islets. 9. The use according to claim?7,
wher ei n t hehi sebeshest TR ¢ eddmp Beh UsdnpHt 11g0DENEr©sytlge 10. The use of

claim?7, erein said chi i S use for the treatnent aqf. autoi ne

i sorder s GaTHTRRR SO0 Ol T PodF ke i Re Bt | HEFER. o8

t r anspl ant edransphonengrahwnmn cedlbs W2to Théhwsan ofeclmient7, hadier ei n sai d
chinmera is used for pronoting the acceptance of transplanted solid organs.
13. The use of claim 13, wherein the solid organ is a kidney. 14. The use
of claim?7, wher®in sHi® ¥ MRFLTLRG L FRIRNE tyheEehtthe

mal i gnanci eselddted eumme @211 8¢ Muimanhesiwiresitid tdiamsa is used for the
treatnent of medical conditions requiring bone marrow transplantation. 17

9. The use according to c¢laim 7, wherein the
selected human cell is human oligodendrocyte.

10. The use of claim 7, wherein said chimera is used
for the treatment of autoimmune disorders.

11. The use of claim 7, wherein the human cells to be
transplanted are bone marrow cells.

12. The use of claim 7, wherein said chimera is used
for promoting the acceptance of transplanted solid organs.

13. The use of claim 13, wherein the solid organ is a
kidnev.

1l4. The use of claim 7, wherein said chimera is used
for the treatment of malignancies.

15. The ugse of claim 7, wherein said chimera is used

for the treatment of medical conditions requiring bone
marrow transplantation.
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