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BACKGROUND OF THE INVENTION

The present invention relates to the use of human
embryonic stem cells to create blood-related cells, and
the use of those blood-related cells for various

10 purposes.

Techniques for isolating stable cultures of human
embryonic stem cells have recently been described by our
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
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| aboratory. See U.S. patent 5,843,780 and J. Thonson et al., 282 Science
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attenpts to diréptlapti¢ nmenia And Stem Cell Biology, 1185-1195 (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
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enbryoni c cell popul ations towards hematopoietic cells. 10 See e.g.
patent 5,914,268; G Keller, 7 Current Opinion In Cell Biology, 862-8
(1995); and T. Nakano et al. 265 Science 1098-1101 (1994). See al so
Apl astic Anemia And Stem Cell Biology, 1185-1195 (189Ki; 2008nd S.
Morrison et al., 11 Annu. Rev. Cell Dev. Biol., 15 35-71 (1995). However,
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techniques 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 hematopocietic 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

e

cells, as described in C. 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



Islets (which are WVHC conpatible to the diseased individual) to replace
destroyed pancreatic islets will not provide sufficient long term
reduction in type 1 diabetes nellitus, as the i nmune system of the host
will still attack the transplanted islets. It can therefore Eelﬁ_e@@ that a
need exi sts for techniques for causing human enbryonic stem el ftures
to differentiate to desired hematopoietic colonies. Further, it is desired
to devel op inproved uses for henatopoietic cells. BRI EF SUWARY OF THE
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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



colony formng units in nmethylcellul ose culture. As used in this patent,
the term"derived" is intended to nean obtained directly or indirectly
(e.g. through one or nore internediates or passages). |n another aspect of
the present invention, there is provided a nethod for obtaining huna&m
hemat opoi etic cells, conprising exposing a human enbryonic st en? o} ‘
culture in vitro to mammali an hemat opoietic stronmal cells so as to
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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
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conpatibility to the hematopoietic cells. Both the hematopoietic cells and
pancreatic islets are then transplanted into the human (preferably after
the recipient's own bone nmarrow has been inactivated). The pa&cggaﬁub#c
islets can be obtained directly froma donor whose cells were d d“to
create the enbryonic stem cell culture. Alternatively, a single enbryonic
stemcell cuovdewnrgan he differentiated along two differgptuggbiige IN one
process the above technique can be used to create henatopoietic stem
cells. These cells should develop into multiple hematopoietic |ineages
when 4a 3 JUL 2004 V\g 01/ 34776 PCT/ US00Q/ 23469 transpl anted into appropriate
hosts. These |ifHeagas 2 SRButyt? r?(ﬂpﬁagrf?%ﬁ't?ﬁtses Wt Megraebe t ol er ant
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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 auvtoimmune
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 abiiity 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-



be totally or partially inactivated by radiation or chem cal neans before
the transplantation. Thereafter, 25 it is replaced at least in part by the
transpl anted hematopoietic cells. The elimnation/reduction of the

ori ginal bone nmarrow reduces the body's ability to create an 3adiloi?Mune
response. The matching of the MHC of the replacenent bone marrow and the
second transpvamvzaiise 30 material insures that the secondrowmtsmizads? won't be
rejected by the transpl anted bone marrow. Mreover, co-transplantation of
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erythrord cel | sET§FRFRADEGHE Se et MR EpRaYEY, MAFFPRBRYER precursors,
nonocytes, B cellysphdcywsd Ip&,ecanslo:l_:ct,hm\dniolcgtei;n_ﬂ h::eallseg'art_dellsol andes of
differentiated ER. celds devehop 1dY-d1etBLORALLIILC aGRkONRLES MAGNES
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gr anul ocyt e/ nacF&T) %ﬁgp?r&ﬂge%fl%%dfﬁlﬁl}%ﬁ§o :(L)](F;)(:Fnanaii3 dni f-c ?%W proliferative
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the differentiatFoREpf Enderydoieisd emicekyshiatd (HFSFR) ppedkiryc cel | s

capabl e of eXpa@QEHQn&fﬁﬂ&ﬂ*ﬁ%k?@ﬂhage (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
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20 hemat opoi etic |ineages under defined conditions. The objects of the
present invention therefore include providing! (a) nethods of the above
kind for obtaining henmatopoietic cells; 25 (b) cells derived using those
met hods; and (c) nethods for using those derived cells for 8§ juL 2004
transpl antation, transfusion and other purposes. These and still other
obj ects and agygmspges of the present invention will be 3ppagkARtdromthe
description 30 of the preferred enbodi nents that follows. However, the
clainms should be |ooked to in order to judge the full scope of the

I nventi on. DETﬁ%&i?D DESCR| PTI ON Enbg onlctﬁg g\CeII Cul ture 35 The
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(or H9. 2) W th I e enoyed ron1frozen
(liquid nit rogeéﬁ f’gelﬁ Eg?y{[ééeﬁ%ﬂl ger i ‘\)/relc?Jan oml?ﬁga‘b?c%/ i sol ated and 5
propagat ed cel Iplfciﬁ‘?é’at‘?ﬁecﬁﬁl BS el Fie ikl Ecenisi vewe gmlvdn éuol 6ure di shes
(Nuncl on, Fi shev9ll Eedtdrshdited i(NahcTopt &d swekh. 0. 1% gel atin sol ution

(Sigma) for one of WRGCqdaNS,dd 3Ly LHCHDH Olar oAbl 8 LOE e Of

nore days, the gelatin so ution was renove h pl at e

were next coatetP VR IPFraRf éireﬂ‘oﬁﬁugﬁy%rfﬁlrﬁoﬁ—"ccf?%r%l dReuFaVER)- cel | s.
MEF cells wer flif@mn vbd Prenvdlaywre2dids mouse gelrbt yossoiutiwai was consi sting

of DVEM (G bcoﬁ@n)ov%upahﬁnﬁﬁ‘é Qaemnst Br16% fatak wgpwaé%mgww?“e or

Har | an 2 MM 1--ql n1ne coBRL 100 unit eni cillin,
100 ng)rﬂ streﬁﬁé%%%?? @?use éﬁ ryonlc glbro%qast ({MEF') cells. ME

cells were derlved from day 12-13 mouse embryos in medium
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



The MEF cells were irradiated with 5500 cGy froma cesiumsource prior to
plating in the wells. The MEFs were added at a density of 5 x 101lcells/m,
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1000 rpmfor 5 g@u{gﬁq.feestgégggB@dl %@d\/\@s%ﬁ E;T%%%%E&gg?g@ %Lof fresh medi um

was added. Thi s"ES cel I um consi sts o 2004 WO
01/ 3477% PCT/ US00/ 23489 C&BcBBER 13924 0ppPeeit &diPRC 2098)se MER:HBpl acenent
medi um ( G bcoBREgmoBhgind refupeiedGalbcaBRi)centMandon @Sserit mal oam no aci d

solution (G bcoﬁgﬂﬁum ]fdldv'eﬁthg ke AN y( @E}bﬁpa@d)lumaﬁgr Qs d¥ing lI'ltO )

( 3- mer capt oet ha cgkls ‘%are ggal n, s 5%5 ny I’]}QOO rlﬁ , _medi um
renoved and resus %nd“e LTy 2% o fh F6F€each
(typically 15 rth%d:?JtHﬂtftGFi phEe | Hip |W|¢t1és ‘Bf rew wéEl §1,131t Hiagl Jsghd be a 1:6

passage) . The cpkésiowyly cobhead piigt MEdsi A ddaivekl sbefe a Meate1t hat had
been 10 previously, coat8 &%g@r%@d’ianqgsgw%ﬁngs 16,168k §asvere

evenly distribut ed into 5 | ace | “7an®t ncubat or
at 37C/ 5% 002 APLEFfbsin @it ARFEPHI% akoPdnt €25 §I0:ES cel | s showi ng

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



nor phol ogi ¢ appearance of differentiation prior to cell 15 passage, these
col onies were renoved by gentle scraping with a pulled glass pipette. This
was done with observation through a dissecting mcroscope. After renoval

of the differentiated cells, the remaining colonies were passgggg ﬁm
above. 20 After passage, each well of ES cells was "fed" with fresh nmedium
at 24-48 hourwomydrdal s. Here, the nmedium of each well wasTuswned and 2.5
m of fresh ES nediumwas added. Al feeding and passage of ES cells were
done in a sterile environment. 25 Differentiation O ES Cells To pronote

hemat opoi eti c dégg&roqﬁtwace ; fa tbhé’eDﬁen =) %8#%}{ |“'§‘|§ cells-.were

har vest ed as abodve , s wer ated | at es coat ed
with a mamal i 3 Si6Eal PeEI#t YSHAdne experl ment we used 0166 30 cells
that were previousl yher ca@batedES W tcel2500ei0plathd aCloGwrliks vEre

originally obt aknﬁd» faém:\st/m yOl K 1$196reQf . m&%satcegrﬂgryméa day,12 and vere
gr aci oqjsly prov %17 £ g{g%]ert Auerb{;c n%p I n anot her
experirient, S17° ce S™wer 8 SPHdy %87 orEl P‘f‘n‘:’a 15P SCHi ABI2 fr om
nmouse bone mar rvgdiwh¢onei etigy 81 OMENQ (A1 MO ERL) 34776l PETHIS00L 2B469

graci ously prov2geddnnlDovkeanaitinDqusbkind ,(1BeAcrt s iR1Vanhshde, now at

UCLA). The C166 7 S 0| Slt x 10" cells/m,
2.5 m/well. Thegg%gzoell %gggf a@ﬁ&ﬁ%ﬂgggg%%%%ra% d%lé‘é4 dells were then
al | oned to grovwgt¥HaingedlihF COREIVSL FA§ BIPIOVEM em %@BRLE)lls@pp%n%t ed
with 0% f et al hdowiime esealis (iyiclfareh, mddhunanedaenéiedtayg ra acid

solution, 0.1Mjg g@;ﬁ%@gqﬁg@ﬁg}pl ,On@nge}em\/ln]eegjl utcgn}lf,ﬁ&ld‘léhl s medi um was

replaced in each vveII .at 24- interval s fresh medium 1In

sel ecting an apptopyitara r@ﬂ?‘%ﬁrﬁm&'ﬁe%ﬁ’ér%ﬂ} FEEYENt PRV de

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

-G



conventional conditions for cell growh, albeit supplenented with the
specified stromal cells. After 3-7 days fromplating onto S17 or Cl166
cells, 15 the ES cells began to visually appear differentiated in that

they did not have the sanme uniform appearance as the

undlffererme @ﬁd ES
cell's maintained on MEF feeder cells. The colonies of ES cell® 2

form nul tipl aveleifsesent cell types. Sonme of these col oni eeT/H%d/2346yi ons

nmor phol ogy

i ndi cative of colonies of early hematopoietic progenitor cells. Confirmng

Bl 0od- Rel at ed 43&% IBLNOC: 4o PL e ey d e eae0ce, of, annrogriate 29

that 20 appeared to consist of cells with a cobbl eston

hemat opoi etic cel t.o assa

e

mng cells

%ﬁ enat%ﬁﬁ}et|c Co
(CFCs) in senlsb?lﬂ Hy| E8NF :bsépuEOEt nEBWun$e¢EWbreFH§eES cells
were al | owed toandllﬁeﬂeﬁtbahemzﬂnum unHEMGﬂGH)@rFS$7+C£%¢£nﬂamina+3 weeks,

r2n%u5ntT1 ai nfed als dg§§f¢%@$}am@geadd¥é e%nﬁh!ﬁéuﬂ Lagf‘alhgegﬂsd&mé%e\éﬁsgﬁsﬂvved-
cal Cl um an n S al e u ere
¢ S dPARes A0 LG USRS e e

added for 2-5

sal i ne

G £28oHe

PBS) was
EDTA

(1mV) medi um vvaSYb%Pdeﬁ.ltﬁﬁet@e¥¢@“ﬁeﬁéumh%rpﬁolcmié§ at 371C/5% C2 for 10
35 mnutes. After thire thimRertfies Gelshabesi Biegan daaitdbsasspeiiate. The cells

were further di agéﬁ%l aIth%dd%?fgoc%.F#]:Qh/%?? e)ygg %Je/ 4776 PC%'L/ US00/ 23469

ina 15 m .
coni cal, spun 5Cﬂ¥%V 36 ?pﬁ?mﬁﬁﬂFﬁﬁﬁﬁénﬁW%dL>hH& 1®U%Ha¥%@shuhe@¢ﬁn1(DNEM
+ 10 %GBS + 1- glwdyarimies mpepn/ sd4lley))) cedss added plagddspun agai ns dbe cells

were then 5 susggggﬁg_i@hgsg1 gpggqg&gngvgggﬁggpdmkgagﬁggaﬂﬂégp ghyt ex

pi petting and scrapl e cé Sceg"

filter to renove. cl um of cel The filter was was

an a dltlonal

5 m medium TAE T 88F3f§H?WQI erBRM cEPRCARRe FRRpLemented with

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

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

15 was added.

FBS)

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%
20 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

(Stem Cell
Technologies}, spread evenly on the dish and placed at

25 mixture was plated onto a P35 plastic dish

37°C/5% CO,.

Duplicate plates of each sample were typically

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

the

30 plates 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

35 Colonies were identified as one of the following:

; Inc.

1934,

colony

forming unit-erythroid (CFU-E}, blast forming unit-
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counted on a hemacytoneter and 1 x 106 (usually, but not 10 always this
many cells) cells were placed in a new 15 ml conical. These cells were
t hen spun, nmediumrenoved and 5 m medi um consisting of | MDM (G bcoBRL)
suppl emented with 2% fetal bovine serum (Hycl one) was added. O;II wer e
spun, nedium renoved and 250 ul nedium (I MDM + 2% FBS) 15 wa® Hld In
accordance Wweifagsspeci fied test conditions, these cel lpgriRi@sdshen added
to 2.5 mM of Methocult G-+ H4435 medium (StenCell Technol ogies). This

medi um consi sts of 1.0% net hyl cel | ul ose, supplenmented with 30% 20 FBS, 20

ng/m 1L-3, 20 n ] L- 50, ng/ stemcell factor, 3 units/nml
eryt hr opoi eti n, e%mﬁ%?‘?ltd (65@% %éF, cg}dmyn PR CERDARfPREIL EFUAY) - 0. 1nM
b- mer capt oet hanépPlony % bminge user e aiBosyhe /Miercpblls  (OFPrEaMIylocel | ul ose

were then vort exedoNy 0¥ @iislgy uang-RNgn pkoli Ak Of i d@oondi Xt Ucguas pl ated
onto a P35 pl ash'bg) dish (Stem Cell Technol ogi es), spread evenly on the

di sh and placed at’ 37C/ 5% CO2. Duplicate plates of each sanple were
typicalPy plated withe Presepsecef |dipidspéredfhematppopet Hayeslishean30

pl ates were anahkyzedbaingerfiamgtchpstiepe ckobméfiey Pr @senegn of odiematopoi eti ¢
colonies. The c ' [ I £ . .50 I atl as
(StenCel| Techng §§%€€§W§?% %29%)%%%"‘5}?%%%%?@%{%ﬁ%ﬁ%ﬁﬁéﬁs, R
Freshney, TB PPagnettS NETEreehndird ofs S17veekhs Ors§l6p neellogs. 35

Col oni es wer e i deatribhet awvenéonfla+dd delkbowiery heebveayed fuardh ng

uni t-egythroi d ¢ChbkE) pithast hosod fikdiRbbyve 10hd phlds 3004 RO L/ ?@76
PCT/ US00/ 23469 eyt r%}g f(.I%Ilee}rE) co#.L form uni t - macr ophage UM,
col ony forning [Hi PYEParditriseyt ef Rec (c)ig%gﬁg fbﬂ% GWSOFOUIE‘E)@F%W for ni ng
uni t - hi gh prol i berasyiangserenthanr {GRYotEPR)intd IPhE PP esbrms coftubke
desired henat operesh€r caeltd Spp@Bximately 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 approximately 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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al so be confirned by flow cytonetry. One can | ook for specified cell
surface antigens by flow cytonetry. Here, ES cells differentiated on 517
cells or Cl166 cells as described above for 14-21 days, were harvested with
10 trypsi n/ EDTA as descri bed above and passed through a 100 M nyt ex
filter. The filtered cells were counted on a henmacytomnet er,8 tJhenilh

aliquotted i Rt@okr77§ 75 plastic tubes (Fisher) at approxipgptSloksale X 105
cells/tube. The cells were then spun, mediumrenoved and 2-3 m of FACS

medi um 15 was added (FACS mediumis PBS with 0.5% BSA (Sigma), 0.1%

sodi um azide (Sig .. The cells were agal n spun and nedi um renoved. Next

an anti body di r’é%ﬁ'y q%fﬁﬁéanfbafae# FfoFedtenttatalREE PEPTCOowlpPEredas added
to the well s atwitkoniddwelr 81 66ncmass120 aseglomendedebyathestsitppliicar. Cel | s

have been anal ygﬁppsﬂnxtmhhssf%w &aea&ip&m&% r%épeFAdL% (lmmunot ech)
CD45- PE ( Pharmi I sotype controls

ngen
for non-specifi® C&‘;ﬁ i gadf’l?%eﬁ@& Isgppl?%?rftseq/\é'rlégl ﬁ%nb%etsedtvxﬁt h the
appropri at e ant ¢presntfreties eapprrpdorarerglBOl M A0On- ilke; 1@Ashed 1-2 tines

wth 2-3 m  FAGSvediinm ardpsestispendedthdsapias watel phdh hadk FHCS
nmedi um The ant| ordrymgngg(edogel L Y\@J‘ge%%s [nal y(lz%dgl? u5| n% a FACScan
a

(Becton Di cki nso nuf acturers reconte § onsSThe presence of
dead cells was (%i‘éif%‘fﬁﬁ%éd%ysadﬁlsﬂeéh Bt radSiydioge N oBF dee(EifyLad
solution, 5 ul asitmladlqmr)tube) or 7-AAD (Cal biochem (0.2 nmy/m ,5

ul/ . tupe) . The sof t e eﬁlaeéwesgest\o@ﬁ m&zf dutﬁccbyéléce%n@ hquest. 35

The foll ow ng experipent aI technl ques_were anal yze ant i gen

expression by i |f§t°68Heﬁ1fst?ro)/C(I]l:K5 IHletSlﬁ’dEg 7054 SI\Wer D 1Y ST 76
PCT/ US00/ 23469 texwsd ditf frepwnt ¢mpaachtE8ecehd sthehateliapel beterwaso- cul t ur ed

with either Cl68,07irmll va8haR0¥Lx Ml §DRRGYESHRA dME Y 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,
DAKC), 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 soluticn {Vector labs) for 3 minutes
followed by washing with running tap water for 10
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trypsi n/ EDTA as above. The cells were resuspended in nedi um contai ni ng
DVEM suppl enented with 10% FBS at a 5 concentration of approximtely 1 X
109 - 1 x 10". "Cytospin preparations of these cells were then nade by
spinning 1 x 103 - |Ix 101 cells onto a glass slide (Superfrost/plus,
Fisher) with a Cytospin Il centrifuge (Shanndon). 10 These $§I#WedWhere
then fixed wwaopas acetone and stored frozen at -20C Far/uk#23se ai ni ng
the slides were thawed at roomtenperature and the cell pellet was
outlined with a wax pen (DAKO). The cells were then stained as follows

using a Vect astamu@@oc Kire maégrwerﬂéth@&om Q{fl%ﬁ 81 AR, §A) all

i ncubations were at, roomtenperature. 0- 200 PBS was a
cells for 5 ni RBF%E”E%&WF@ S Vect ast ai n bl ocki ng antibody sol ut| on
(horse serum was tham4dddesl dartcostheted|wishfior a ixad popedatThe ol | s were

tT Een bl otted drge@ng 10072005 2Oaﬂie10f2~9rh@@lEé’ a@%holqaréolnu{a&%g\g@ a?geg
e pri ant,i ie ant i

ug/ sanpl e, Im’runo? ehi" ant(‘ail EI%M%GEJJIJf wﬁ %ﬁ?‘“’é’ toDﬂ%%?ié%nlﬂt class | (1
ug/ sanpl e, gift hepareEyietpguroleridss slenVagovedtieni cperaratiedCdngo( 1

ug/ sanpl e, 25 Pbalm'; ngen)plagsti 1 B hethylgéFRMIsR, (Phairddwgen). Prinary
anti body was addg %5 30 mnutes followed by PBS for 10 m nutes. Next,

bi otinyl ated antl - ‘anti body was added (Vectastain kit, solution B) for
30 nminutes foll ovved by PBS for 10 B¥2Ascdahtsfien vectastain 30 ABC sol ution
was added for 30 m nMMesnailyr benat@nyetatucell ftalahepesantyt RBS ifsor 10

mnutes. Next DAB,gQbtdd mmwgfiﬁ;ﬂ&na)ﬂwsf@%%q129£s%13 Hes foll owed

by washi ng under runn a 10 m putes. In sone experiments,
Che ol i dog. wer 6ZPEH bty BPSE (RRTBY O CEALRBRONTA | | no. sol ut | on
(Vector |abs) foalByminuitss Tb¢$©\mctlbytwasmwl\lm hecedve rig tap water for
10 -12 8 JUL 20Q4terogeneocus mixture 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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WD 01/ 34776 PCT/ US00/ 23469 m nutes. The slides were then air dried. Cells
staining positive appear brown. CD34+ was denonstrated within a m xed
popul ation of cells (about 1% after 2-3 weeks. Even nore inportantly, 5
differentiated ES cells were shown to develop into henatop0| ‘1 Pﬂtonles
when harvested, separated into cells and plated into nmethyl cellulos

(sem -solid) wea/dmmees. Transplantation 10 Currently hemaCopsiogs4t cel
transplantation is conducted clinically primarily for patients who have
received high dose chenotherapy for treatment of malignancies. These

patients typically raal @ufod et QARAERREUSR I 2L dpRtaRoletic cells

ei ther from 15 an aut ol ogous or ogenel ¢ sour erived
hemat opoi eti c stEPR FINIOCH PFCREAAST Mint HF A& ranABt et sfofSgeneous cel |
popul ati on for henstropaitderctibah |autiodamspliant atlinonhifurddrwerd, ascdi scussed

above, the MHC EQ@éﬁﬁtrﬁj Iaattbgénez@ Rhat BSoid@nspkant ati pn LARROW be
control thergﬂ% Bi 29 treat F‘t f aut oi mmune di seases. For

exanpl e, both hetetopoineti EX8T A ¢4 gﬁs“&”}e FTHEIS ST IOVREaBR (e g.
pancreatic i sl etke flmmatiopoaebsc oreldlsigbdendr bl yatdd 1l fejeqtultthiipkle scl er osi s)

coul d be deri vegattpraxtatfessarrge@% Paeatiatt BES celds biagsp Wrdathehh | i neages
avail able, a h fg chinera could be first created by performng a
enat opo

fully all ogenei c i e ic cell transplant (HCT). The established
state of chi neri sm woul3PGEEel EhSHESLpFERdLes i HhEHE 3YStOM to "see" the
30 subsequent teansptsintcagk kEposec@fdharbh payiente. gho panrcreatic islets

cell or oIigodeFQégc(ngﬁgcqgce§ﬁé&" %glﬁtégﬁi%@ld“%tef@e&ﬂ t@%sl%lg%?sfor

exanpl e that ol tes_have be t al ne rom no
Brustle et al. r%%%lr%‘? §cr°’8?1&‘é epns (k39BRY) | t’%i’é’sﬁé%tcaﬂdl &beffiscl e cel l's

(M 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_



Klug et al., 98 J. din. Invest. 216-224 (1996)). -13 8 JUL 2004 WD

01/ 34776 PCT/ US00/ 23469 This nethod of creating hematopoietic chineras wll
al so pronote acceptance of tissues transplanted for reasons other than
autoimmunity. In this regard, mce receiving allogeneic hematopoietic stem
cells do not 5 reject other tissues with the sane genetic ba&kﬁ&oﬂﬂﬁ as

t he hemat opoma&tdizémel | s, but will still reject third- paregrigsetie. See K
Gandy at al., 65 Transplantation 295-304 (1998). In addition to ani nal
studies, there are now 10 clinical case reports of human patients who have

previously recei,yved,,a.h t QROL et | I spl,ant .lLater requiring a solid
organ (ki dney) %L\rééngb aﬁé?te?'% 'Itsh%iséé’_ féleérist g‘hggﬁ,t aehé:lﬁiuc[]'ﬁe?/h?‘?léﬂnsbﬁl ant from
the sane persodo®if§d hadihradesus? yiudgspithediehe ssowe AérEesy transplant is

15 i mmunol ogi cahnlvgnatceept ed wi t hout further inmunosuppression. See T.

Spitzer et al., 68 Transpl ant af 4o 489- 4841{1399)i+ ,VOrk in canine nodels
and nore recently in hupan clinical, frrals has shown that m |l der

non- ny@l oabl ative 20°cURRY ORI RECFERiTeneotare irads 68113 vt prepare
hosts for all odemi trHCIpldddréioon| yesmdwhateddoses glirposas. body
irradiation and a short course of i nmunosuppression are used to prepare
the hosts prior to receiving allogeneic HCTs. 25 Even though the preferred
enbodi ments have been described above, it will be appreciated by those
skilled in the art that other nodifications can be made 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 gnati on nunber CRL-1972.
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Further, while the above description focuses on the <creation of precursors
for red blood cells and bone 35 marrow, various other blood-related cells
of interest can be obtained in quantity using the above techni ques. See
-14 8 JUL 2004 WO 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 fublJUcéife of
the invention. Industrial Apiplicability The invention provides

bl ood-rel ated cells useful for transplantation, research and ot her

pur poses. 8 JUL 2004 CLAIMS 1. A nmethod for obtaining human hemat opoietic
cells, conprising exposing a human enbryonic stemcell culture to
manmal i an hemat opoi etic stromal cells  ams to thereby create hunman
henmat opoi etic cells. 2. The nmethod of claiml, wherein at |east sone of

t he human hemat opoietic cells that are so created are CD34+. 3. The mnet hod
of claim1, wherkin at helzedsboe dptaimbndumanahepeinapopei¢cicetels hat

are so crea&&qpipmll%h@;@ég h €4 1 6ufieh | erROH-ARY; & O R Teat L8yl fire to

met hyl cel lul ose _culture. 4. The nethod of claim1, wherein the stronal

1
cel I's are BaTBRIEFRGRIEPROYPOLD BOHANat i ¢ bF $orRS ne? riobeE®PYs and
enbryoni ¢ yot&ate!l heman. hénaebpotef ¢ @bl Bs ni ng human hemat opoi etic cells,
conpri sing exposing a human enbryonic stemcell culture in vitro to
manmal i an hermat opoi etic stromal cells so as to thereby create hunan
hemat opoi etic ce?ls, Theresphed ¢kastaigohe Wierdn hataledetresopeiefic

cell's that gne BOn&hCRERE oSSt £F YEET D deiph@S4r-d 051 DB s d Satd

met hyl cel | ul ose,
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
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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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