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and borie marrow that are believed to replenish the hematopoietic system on an ongoing basis. Gunsilius
et al. (Biomed. Pharmacother. 55:186, 2001) provide a general review. U.S. Patent 5,750,397 reports
cultures of human hematopoietic stem cells that are CD34 +ve and capable of proliferation and
differentiation, derived from human bone marrow samples. U.S. Patent 5,192,553 reporis isolation of
fetal and neonatal stem and progenitor cells of the blood. U.S. Patent 5,635,386 reports methods for
regulating specific cell lineages in a human hematopoietic cell culture. European patent publication EP
455,482 A3 reports a subset of human progenitor cells lacking CD38 but expressing CD34.
Vaziri et al. (Proc. Natl. Acad. Sci. USA 91:9857, 1994) report the loss of telomeric DNA as
human hematopoietic stem cells age. Chiu et al. (Geron Corporation; Stem Cells 14:239, 1996) describe
differential expression of telomerase activity in hematopoietic progenitors from adult human bone marrow.
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morphogenic protein such as BMP-4. Coculturing with foreign stromal cells or any other cells having a
different genome is usually not necessary. The method can be used to produce hematopoietic
progenitors, or mature hematopoietic cells such as erythroid cells, granulocytic cells, monocytic cells,
megakaryocytes, or lymphoid cells.

A further embodiment of the invention is a method of screening a compound for its ability to
modulate hematopoietic cell function. The compound is combined with a cell population of this invention,
and the cells are monitored for any phenotypic or metabolic changes in the cell population that results.
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Figure 5 shows hematopoietic cells formed from isolated embryoid bodies, according to the
scheme on the right side of Figure 3. Colonies of erythroid cells, granulocytic cells, and macrophages
were all identified in the CFU assay. Two erythroid colonies were analyzed by flow cytometry, and were
found to be 93% glycophorin A positive.
Figure 6 shows what happens when two colonies picked from the CFU assay shown in Figure 3
were replated in a secondary CFU assay. Panel A shows the different secondary colonies derived from a
primary granulocytic colony containing 82,500 cells (numbers of each colony type are shown below). The
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the total cell yield, and considerably enhance the proportion of CD45 +ve cells and cells that generate
CFUs.
Figure 13 shows the results of secondary CFUs, emphasizing the importance of BMP-4 during
the initial differentiation process. Hematopoietic cells made using BMP-4 (with or without cytokines)
produced a high proportion of secondary colonies. This demonstrates that differentiating hES cells in the
presence of BMP-4 produces hematopoietic progenitors having considerable self-renewal capacity.
Figure 14 shows the results of a protocol in which the kinetics of cell phenotype and function
was followed during the differentiation process. CD45 +ve cells emerged by Day 15, and increased
considerably by Day 22. Clonogenic activity was high by Day 15, and the increase on Day 22 was not
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leukocytes.
The disclosure that follows provides further information on the production and testing of
hematopoietic cells of this invention. It also provides extensive illustrations of how these cells can be
used in research, pharmaceutical development, and the therapeutic management of blood-related
abnormalities.
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includes both established lines of stem cells of various kinds, and cells obtained from primary tissue that
are pluripotent in the manner described.
Included in the definition of pPS cells are embryonic cells of various types, exemplified by human
embryonic stem (hES) cells, described by Thomson et al. (Science 282:1145, 1998); embryonic stem
cells from other primates, such as Rhesus stem cells (Thomson et al., Proc. Natl. Acad. Sci. USA
92:7844, 1995), marmoset stem cells (Thomson et al., Biol. Reprod. 55:254, 1996) and human embryonic
germ (hEG) cells (Shamblott et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998). Other types of
pluripotent cells are also included in the term. Any cells of primate origin that are capable of producing
progeny that are derivatives of all three germinal layers are included, regardless of whether they were
derived from embryonic tissue, fetal tissue, or other sources. The pPS cells are preferably not derived
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found in Current Protocols in Protein Science (J.E. Colligan et al. eds., Wiley & Sons); Current Protocols
in Cell Biology (J.S. Bonifacino et al., Wiley & Sons) and Current protocols in Immunology (J.E. Colligan
et al. eds., Wiley & Sons.). Reagents, cloning vectors, and kits for genetic manipulation referred to in this
disclosure are available from commercial vendors such as BioRad, Stratagene, Invitrogen, ClonTech, and
Sigma-Aldrich Co.

Cell culture methods are described generally in the current edition of Culture of Animal Cells: A
Manual of Basic Technique (R.l. Freshney ed., Wiley & Sons); General Techniques of Cell Culture (M.A.
Harrison & I.F. Rae, Cambridge Univ. Press), and Embryonic Stem Cells: Methods and Protocols (K.
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anti body techniques can be found in Current Protocols in Protein Science

(J. E Colllgan et al. eds., Wley & Sons); Current Protocols in Cell
Bi ol ogymm%ém no et al., WI ey & Sons) and Current protocols in
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i ncl udeadBk eaksCel | Bi ochem stry, Plenum Pub. Corp. and Kl uwer Academ c
Publ i shers; Pri rrary Hemat opoi etic Cells (Human Cell Culture, Vol. 4) by
MR KolLler & B. Pal sson eds., Kluwer Academ c Publishers, 1999; Ml ecul ar
Bi ol ogyE’BI’f’y"”iQe%‘Fﬁf 6y6i esi s and Treat ment of Myel opr ol i ferative Di seases:
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cells, %ongso et al., Hum Reprod 4: 706, 1989). Embryos are cultured to the blastocyst stage in G1.2 and
G2.2 medium (Gardner et al., Fertil. Steril. 69:84, 1998). The zona pellucida is removed from developed
blastocysts by brief exposure 1o pronase (Sigma). The inner cell masses are isolated by immunosurgery,
in which blastocysts are exposed to a 1:50 dilution of rabbit anti-human spleen cell antiserum for 30 min,
then washed for 5 min three times in DMEM, and exposed to a 1:5 dilution of Guinea pig complement
(Gibeo) for 3 min (Solter et al., Proc. Natl. Acad. Sci. USA 72:5099, 1975). After two further washes in
DMEM, lysed trophectoderm cells are removed from the intact inner cell mass (ICM) by gentle pipetiing,
;. and the ICM plated on mEF feeder layers.
After 9 to 15 days, inner cell mass-derived outgrowths are dissociated into clumps, either by
exposure to calcium and magnesium-free phosphate-buffered saline (PBS) with 1 mM EDTA, by
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exenplified below. The techniques of this invention can also be inplenented
directly with primary enbryonic or fetal tissue, deriving henatopoietic
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cl unps, e nor phol ogy is characterized as conpact
col oni es WI th apparently high nucleus to cytoplasmratio and prom nent
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b ft t DTA
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B- mercaptoethanol Just before use, human bFGF is added to 4 ng/mL (WO 99}20741 Geron Corp.).
Traditionally, ES cells are cultured on a layer of feeder cells, typically fibroblasts derived from
" embryonic or fetal tissue. Embryos are harvested from a CF1 mouse at 13 days of pregnancy,
transferred to 2 mL trypsin/EDTA, finely minced, and incubated 5 min at 37°C. 10% FBS is added, debris
is allowed to settle, and the cells are propagated in 90% DMEM , 10% FBS, and 2 mM glutamine. To
prepare a feeder cell layer, cells are irradiated to inhibit proliferation but permit synthesis of factors that
support ES cells (~4000 rads y-irradiation). Culture plates are coated with 0.5% gelatin overnight, plated
with 375,000 irradiated mEFs per well, and used 5 hto 4 days after plating. The medium is replaced with
fresh hES medium just before seeding pPS cells.
Scientists at Geron have discovered that pPS cells can be maintained in an undifferentiated
state even without feeder cells. The environment for feeder-free cultures includes a suitable culture
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met hods are described in Shanblott et al., Proc. Natl. Acad. Sci. USA
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outgrowth of the desired cells, or by inhibition or killing of other cell types). These methods are applicable

to many types of stem cells, including primate pluripotent stem (pPS) cells described in the previous
section.

When derived from an established line of pPS cells, the cell populations and isolated cells of this
invention will have the same genome as the line from which they are derived. This means that over and
above any karyotype abnormalities, the chromosomal DNA wili be over 90% identical between the pPS
cells and the hematopoietic cells, which can be inferred if the hematopoietic cells are obtained from the
undifferentiated line through the course of normal mitotic division. Cells that have been treated by
recombinant methods to introduce a transgene or knock out an endogenous gene are still considered to
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further dispersal. Feeder-free cultures are supported by a nutrient nedium
containing factors that support proliferation of the cells wthout
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in combination with bone morphogenic proteins such as BMP-2, BMP-4, or BMP-7. SCF induces an
intracellular signal by ligand-mediated dimerization of c-kit, which is a receptor tyrosine kinase related to
the receptors for platelet-derived growth factor (PDGF), macrophage colony-stimulating factor (M-CSF),
Flt-3 ligand and vascular endothelial growth factor (VEGF). Other factors of interest include Sonic
hedgehog (SHH), Delta-1, Jagged-1, and thrombopoietin (TPO). As shown in Examples 9 and 10, it
appears that the cytokines promote formation of the CD45 phenotype (hematopoietic precursor cells),
whereas bone morphogenic proteins promote expansion of precursor cells having self-renewal capacity.
Typically, at least two, three, or more than three such factors are combined to create a

differentiation cocktail. Human proteins are preferred, but species homologs and variants may also be
used. In place of any of these factors, the reader may use other ligands that bind the same receptors or
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CFUs form from each primary CFU, indicating the presence of self-renewing hematopoietic progenitors.

Further maturation pP8 derived hematopoietic cells

pPS-derived hematopoietic cells obtained according io the preceding description contain a high
proportion of progenitor cells, which are of particular value for therapy of generalized hematopoietic
insufficiency, and studying hematopoietic differentiation in vitro. This invention also includes more
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progeni tors., | Qafmedtip&ient Behdlopaietichelld: &fmalBt i ati on of pPS cells was initiated
by cul turi ng ﬁ"ErO?-'ﬂOi gs_%dip\%s.f&r 10 days, and then plated in an
envi ronnent “coht M g* 10627368 ‘hg/ . of both SCF and Flt-3L, 10-50 ng/niL
of |L-3, |L-6, Ealydny8oi@SEP33100 ng/ mnL SHH, and 5-100 ng/nmL BMP-4 - all in a
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al bumin, transferring and insulin. After 8 to 15 days, henatopoietic cells
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whi ch 4y tishQe se@fion3Po@ntRERRARCYI-surface markers. A detailed method for flow cytometry analysis
of hematopoietic cells is provided in Gallacher et al., Blood 96:1740, 2000. Expression of a cell-surface
antigen is defined as positive if a significantly detectable amount of antibody will bind to the antigen in a
standard immunocytochemistry or flow cytometry assay, optionally after fixation of the cells, and
optionally using a labeled secondary antibody or other conjugate to amplify labeling.
The expression of tissue-specific gene products can also be detected at the mRNA level by

Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated polymerase
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Animal model experiments

Of considerable interest for the purposes of hematopoietic cells for clinical application is the
ability of cell populations to reconstitute the hematopoietic system of a host animal. Reconstitution can
be tested using several well-established animal models.

Repopulation by administration of hematocompetent cells can be assessed in mice genetically
engineered to forestall xenograft rejection. Particularly accommodating is the NOD/SCID mouse,
containing the non-obese diabetic (NOD) genotype, crossed into mice with severe combined
immunodeficiency (SCID). Uee of this model is described in Larochelle et al., Nat. Med. 2:1329, 1996;
Dick et al., Stem Cells 15:199, 1997; and Vormoor et al., J. Hematother. 2:215, 1993. Briefly, the mice
are sublethally irradiated, and then injected with ~3 to 4 X 10% CD34 +ve cells through the tail vein. After
8 weeks, bone marrow cells are collected from the femur, tibiae, or iliac crest, and analyzed by surface
phenotype and CFU assay for evidence of repopulation with the administered human cells. Since
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effector gene under control of a promoter that causes preferential expression in undifferentiated cells —
such as the TERT promoter or the OCT-4 promoter. The effector gene may be a reporter to guide cell
sorting, such as green fluorescent protein. The effector may be directly lytic to the celi, encoding, for
example, a toxin, or a mediator of apoptosis, such as caspase (Shinoura et al., Cancer Gene Ther. 7:738,
2000). The effector gene may have the effect of rendering the cell susceptible o toxic effects of an
external agent, such as an antibody or a prodrug. Exemplary is a herpes simplex thymidine kinase (tk)
gene, which causes cells in which it is expressed to be susceptible to ganciclovir (WO 02/42445).
Alternatively, the effector can cause cell surface expression of a foreign determinant that makes any cells
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and Dof4ifee8t"%| ., Hum Gene Ther. 12:607, 2001. The cell popul ations of
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The reader is referred generally to the standard textbook In vitro Methods in Pharmaceutical
Research, Academic Press, 1997, and U.S. Patent 5,030,015. Assessment of the activity of candidate
pharmaceutical compounds generally involves combining the differentiated cells of this invention with the
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administered with the histocompatibility type of the patient being treated. Ildentical matches, or cells that
are matched at the HLA-A, HLA-B, and HLA-DR loci are optimal. The availability of a large bank of pPS
cell derived hematopoietic progenitors, especially cells homozygous in HLA alleles makes matching
easier. Where an exact match is not available, a match at one or two Class | or Class Il loci will help. In
some such circumstances, further manipulation of the cells may help minimize graft-versus-host disease
(GVHD) — such as depletion of T cells from the population to be administered (for example, using
antibody against CD2, CD3, or CD4).

The hematopoietic cells are typically prepared for administration as a concentrated cell
suspension in a sterile isotonic buffer. Bags of refrigerated or cryopreserved stem cells are thawed to
room temperature, and infused through central venous catheters in 20 to 50 mL aliquots. Very roughly, a
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After adequate testing, the cells can then be administered to the patient in need of the gene
therapy, and then monitored biochemically and clinically for correction of the deficiency. Where the
composition is HLA compatible with the subject being treated, there may be no need to myeloablate the
patient before treatment, if a mixed population of the patient’s own celis and the genetically altered cells
provides a sufficient reservoir for expression of the therapeutic gene.
See Murdoch et al. (FASEB J. 15:1628, 2001) for a description of hematopoietic stem cells as
novel targets for in utero gene therapy. General references include Stem Cell Biology and Gene Therapy
by P.J. Quesenberry et al. eds., John Wiley & Sons, 1998; and Blood Cell Biochemistrytherapy:
Hematopoiesis and Gene Therapy (Blood Cell Biochemistry, Vol. 8) by L.J. Fairbaim & N.G. Testa eds.,
Kluwer Academic Publishers, 1999. These references provide a discussion of the therapeutic potential of



restore hematopoietic function in a patient in need of such therapy.
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The cell combinations described in this section provide an important new system of regenerative
medicine. International Patent Publication WO 02/44343 provides several rodent and non-human primate
models for evaluating the viability of tolerizing protocols, and subsequent tissue regeneration.
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EXAMPLES

Example 1: Feeder-free propagation of embryonic stem cells

Established lines of undifferentiated human embryonic stem (hES) cells were maintained in a

culiure environment essentially free of feeder cells.
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of Primitive hematopoietic cells isolated from bone marrow that are AC133 +ve and CD34 -ve are capable of

repopulating immune deficient mice.

Shown below is the analysis of cells differentiated by culturing with SF plus HGF, either in the
absence (Panel B) or presence (Panel C) of BMP-4. After differentiation, there is expression of CD45 in
0.9% of the cells, and the primitive surface marker CD34 has increased from 0.1% to 1.5% (Panel B iv).
There were no cells expressing both markers. The AC133 +ve cells have been reduced from 35% to
14% (Panel Bv). Inclusion of BMP-4 to these serum-free cultures yields cells with a proportion of

— 24 —



particul ar enbodi nents of the invention. EXAMPLES Exanple 1: Feeder-free
propagati on of enbryonic stemcells Established Iines of undifferentiated
human entwpeniosn2st em (hES) cells were maintained in a culPCHrEsoEsmpPr onnent
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to form a single colony (the plating efficiency) was 1 in 425.

Flow cytometry was also conducted on individually picked colonies of defined subtype. Two
colonies were selected, both having a granulocytic morphology as pictured in Panel C (magnification
50x). The colony was 81-92% CDA45 +ve (Panel C i and iv), and 73% CD13 +ve (Panel G i), as expected
for a granulocytic colony. The low level of CD15 places it within the hematopoietic hierarchy at the
myelocytic stage of development. Primitive markers such as CD34 and c-kit were also found to be

present on this colony at 6% and 12% respectively, while AC133 was not expressed.

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

Figure 5 shows the results. Several CFU subtypes were represented: erythroid cells (100x
magnification), granulocytic cells (100x magnification) and macrophages (200x magnification).
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CFU assays were conducted as follows. Undifferentiated hES cells were
harvested, and 2 x 105 Trypan Bl ue negative cells were plated into
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Example 6: Characterization of MHC expression on undifferentiated hES cells

The expression of MHC antigens on human tissues determines the outcome of allo-specific
T cell responses in vitro and in vivo. MHC Class Il is expressed primarily on bone marrow derived cells
and thymic epithefium. It presents antigen to the immune system for the purpose of initiating a specific
immune response. In contrast, MHC Class | is expressed by virtually all mammalian cells. It plays a role
in the effector arm of the immune system, and is recognized by specific T lymphocytes when the host cell
is virally infected, histo-incompatible, or otherwise contains a foreign antigen.

MHC expression on undifferentiated hES cells was analyzed by immunostaining and flow
cytometry. The hES cell lines used in these studies were: H1 (passages 36 to 45), H7 (passages 37 to
43), and H9 (passages 31 to 40). The following antibodies were used: HLA-A, B, C; HLA-DP, DQ, DR
(BD-Pharmingen). Cells were incubated with antibody at 0°C, washed, and counterstained with
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dying cells using the viability stain 7AAD, where positivity for this stain
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them better able to stimulate T cell.
An inhibition experiment was performed to determine if the undifferentiated hES cells possess an

ability to actively modulate the allo-MHC response to third-party stimulator cells. Responder T cells
(1 x 10°%) were cultured for 0 or 2 h with varying numbers of irradiated human fibroblasts and hES cells.
Subsequently, 1 x 10* irradiated dendritic cells were added per well. After 5 days culture, the cells were
pulsed for 16-20 h with [*H]thymidine, washed, and counted.



cells early in the nyeloid pathway, distinguished fromlynphoid |ineages.
Since the CFU assay is directed to formation of nyeloid progenitors, it is
not surprweimdgse2kat no | ynphoid cells were observed. Subtypeasot/3sohe CFUs
in the assay culture is shown in Panel B. The total input into the culture
was 20, 000 ﬁ@&rh% s@wg theheeshnbt RheaRUSEMUNThaVaBS 48ljs adogatednbeat spralifezetion he
averagg %@&é gﬁ)ofeffe'c gntlc ﬂgl%OkA vn%o(?on%Hﬁeﬁa’u\% e oﬁs&@é@ﬁ@fec(eﬁ%e@b@l@l@@g

ef fici try was al'so cond on |fn® vidual l'y
pi ckedwerolooﬁuleeddmthdemﬁen @@‘B%Sg?ﬁe anfgey Pf%%!‘*&‘ﬁuféegdf&ércé'%é‘i %é‘i 8" Bt h

havi NgH@vegsraBatktion yt ay draiieplrakiiogytiae! ESCtell et tb nhqaanebulmre(srﬁygmiwmww on

50x) . .F_E?% Cfailfe(?ﬁl)fn Wfa!?‘ltrg é’(?%a /R)C%Itla-ty %f &P @dﬂlﬁ/hlerg rlum%@rdoﬂ HLl}nan aibdplds3 HadCRL3 +ve

( Pan i t (Pangl | sstiptiap e ?’t 'ﬁ%s N é{med i 4)060’110%3!‘84 thé)f CD15
pl aces'“h”P'tOW foﬁ?n %”ﬁe“)hé?ﬁ% 8?518? Bp ‘nl“e‘? S &P m/&1BEyEi ¢ st age of
devel opmisittty. effBttj stoting ehatrmhikitiorsbyshiSheeliesof @R@ativaiv I@amedmpéoceﬂesreﬁcmw to be
presen&osg%eﬁeh&e%t @20PBY TR MBAGWAS RnilidYoat LEBRLNT ¥al rittio oMt loe1:AC133 was not
expresse order to determi ne the progenitor contribution of enbryoid
bodi es aI one i nd| Vi dual enbr y0| d bodies were isolated fromthe

di f f er Bxa i (he 4 odifgeniiaedRESTRllginvo hef ore. A total of 50, 000

differ ent I aied ' cel l Sni | é F ungérgr% gtedrﬂEEﬁ oS3 G8s ﬁﬁﬁe‘?)ﬁsse%g bf%égﬁn%ﬁr%@atta@'fy ot1l days

prior to asSSCUMENESETYSHE e results. Severa subt ypes were
r epr estacely to timylet agpilas Bnuge (eppRIRe NYlYNi fi cati on), granul ocytic cells
(100x magni freuabi mhueﬁn@rknacssmpha@eswéraomyectmagmrefrmteaﬂarlonywth 2 26 30 0°

03/ 050251, PCT/ 9 t 8 Q(ﬁetot\@d number
of pro dgﬁ fe(gtr'asteln eglgcﬂe urg&wgg de oﬁ?i@iﬁ?ﬁ%mm Qak%c% < i, foéovvards

the er §&F? bitigsueivge Hxps; eW%’ﬁe"aa’ﬂﬂ %ﬁ'c’ﬁ@d Qrd P Seartrcg"%* S%ﬂ%d e8ﬁ' Was ke
i nput ﬁ@ndt@(yl(nﬁiaﬂ ebsin (B)& E) Bwinirgl Yhépresedceod legkricess wasridendiiingl by thei CWCf&[IQjW

o ey, 1 UL Aot
nsayed by FioIE HGNMRROIART BSPERTEET TN D SRR bR ¢hs
Exanpl eslisanek asiploatdung atdraniyic afilatos cesnehas Jn OF Brigs SIS m'C‘TwB" FANTaRh g

col oni génuloé}f@lnfﬁtﬂﬁon%éé PSRN & HadmEdieflsied of dhenaihjetted GiMbreife@ntiated hES
differentiation protocol, and two colonies fromthe isolated enbry0| d body

di ff er 8 ati on protocol, were each passaged into the second Lééassay
Figure 6 shdigsreHashowsiné tesults PhesubagsiugiTt expaTTeRIY ¥ing Wi DA TRBUINE £ e{eﬁ*eC ntire
cont ent, $m<EU %m@m the PRYIESID ﬂndauﬁbwm efen@idxpRb@snihNPBH ehdedmuckEiynPassEY .

Panel A %rla%ytg fnf"git'og thlewg ¥néel§: fon sﬂgﬁw t)(onﬁlgiit SJBF@SH&%\/&V%QCJOB Gt to%btﬂ&' e

pri mar §" L &P nael 0 ogplg}\cf celFs
macr ophigeES célis permieiply abregates! 'e%ﬁ@feamféew ©efosnie t%?”e?n SE‘ieﬁti 8
gr anul egyitdeRded®T ihid $Hni vdhicleraasdap haigieleakocytaeitisian froetyt i ¢ cel | types). Col ony

nunbers are o | di.Gal ?cﬁd@&én%%ﬂﬁ@sﬁ&c end %é’h@:@e%i%ﬂ tcy\@fcﬁfa Fb@ﬁdn@éiég@[ﬂstand
pool ed toget H ror

expr es éhemﬁe'(%G%e'th%dP'@%ﬁop?f 'eﬂte?fdf%‘ﬁ%qc%’f“?e e“hB‘f?e hfs %Q’? fﬂl tR%y Q‘gd
| evel s capacityGDBHAIbIE Waen ehouldl oierwiSeh®e aoehdggndigresnqases é‘é‘@‘h‘&éﬁf Do epliz gy Xﬁﬁé’tg%“eeDl 3 .
+Ve ( 35% d%ﬁ%ﬁnmm% indre rigStoldasst tHAR adriRfibEmRE Yheﬁﬁb an ylidgérmsm miias, betdusens she

a yIC\C/)p%&cp H%wrﬁf\y@ OZ: ar?{‘ggn &}@an{o %ecoa S\Arrgﬁs C%Hg é ﬁentP (% al@%Xﬂlé ’Do mhlblt tfgessay

cul t ur eof-&pe2fig infadieh that chqrw\);e o@ms in response to endo oxm — an inflammatory response tha
is not antigen-specific.
As indicated earlier in this disclosure, the ability of undifferentiated hES cells to actively inhibit

both immune and inflammatory reactions has important implications for clinical therapy.

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

In the next series of experiments, hematopoietic cells were obtained from hES cells using a

modified differentiation timeline.
Undifferentiated hES cells in feeder-free culture were treated with Collagenase IV and scraped
off the Matrigel® matrix in strips. They were then transferred to low attachment plates, and embryoid
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progenitors from committed hematopoietic tissue, compared with hematopoietic progenitors derived from

hES cells differentiating in the presence of BMP-4.
These results demonstrate that differentiating hES cells in the presence of BMP-4 produces

hematopoietic progenitors that possess superior self- renewal capacity.

Example 10: Kinetics of progenitor induction

In this example, the kinetics of hematopoietic cell differentiation were examined further. The
cells were cultured with HGF Cytokines and BMP-4, beginning the day after embryoid body formation.
Cells were sampled at various times in the culture, and analyzed for CD45 and primary CFUs
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10. The cell population(s) of any preceding claim, which has been genetically altered to express a

heterologous gene.

11. The cell population(s) of any preceding claim, wherein the pPS celis are progeny of cells isolated

from a human blastocyst.

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

cells.
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progenitors. Geater than 50% of prinmary CFU generated in the presence of
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cells. To siomrdingfatthdGiG¥guency and magni t ude of progenitor self-renewal
bet ween hES-derived hematopoietic progenitors and known sources of

cormmi ttqg ? grra tggé) él'rr(r:r 1t6 ﬁ"#gn tl‘Brc'eIr%Biré( c%gd%rfh%a@%eﬂa&%@t’a%m ﬁ%g bl ood
sanpl es 'we #0r Tor enewa capacity in the sanme way (Ri

Panel , i n@/élt")12¢qyﬁﬁfd*r%/°f@@f‘éiféﬁf?r\?@6“f rom cord bl ood did not give r| se to
secondary progenrtors when assayed individually. However, when multiple
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wi th hemat ¢poiset i ¢ progenitors derived from hES cells d| fferentr ating in
t he presence of BMP-4. These results denonstrate that differentiating hES
ceIIsrnthe pr eof VP- r S 9o t tshat
possess gUB'B? imgino § clqug hererR t %:IE ar%%%méooa%%g n'Brpﬂf%gH%fp%Eﬁ%élem tor
i nducti on Iswbsediiest teihamrjrueng W'ﬁéa'ﬂ ?feﬁttqpe@t“‘df’o"l‘i'éf?ﬁ‘f’ﬁpor etic cell
differentiation were exam ned further. The «cells were cultured with HGF
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Cells were he culture, and anal yzed for CD45
and pri mar W‘C’F%ere@@teﬂ?\fﬂ@@?%@%ﬁi@ﬂdﬁ‘ USOZ/ 39091 Figure 14 shows the
results. No hematopoietic cells were observed at Day 3, 7, or 10 of culture
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22. A method for obtaining a differentiated cell population according to claims 1-12, comprising

differentiating pPS cells.

23 The method of any of claims 13-22, wherein the pP$S cells are progeny of cells isolated from a

human blastocyst.

24. The method of any of claims 13-23, wherein the pPS cells are human embryonic stem cells.



262 on Day 15. The increase in clonogenic efficiency between Day 15 and Day
22 was not statistically significant, suggesting that the proliferation of
comi t t edwbenmswpoi eti c cell s between Days 15 and 22 occ®c3/usonswonitantl|y
with differentiation and |oss of progenitor function. This disclosure
proposes a conceptual nodel regarding directed hematopoietic
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hemat opoi epbgulapsrogelaynsfiri@n hES cel | s seens to occur in two phases - an

i nducti on phase governed by program; initiated by hemat opoi eti c cytoki nes,

followed by a proliferative te 0|e The
cyt oki né§ AndiEBe CbAFRIYE? IT8 Ct“B‘géciféFu "3"@] i?g@?ﬁ’u[' v ° Pt %%GIF@M&E“
mul ti|i neagenmiingrcambiong theeqompsexitvitl shifferentiaemas! ﬁﬁ?“l@é?” aqné"\ﬂi”@é?rﬁ‘i% Pled

hemat opoi etyjafns 1p{20Q@t@ﬂn¢|rﬁ)r{gsar@rﬂn§rloﬂ'ﬁlc foF mBtaBgIe Rh@GEOMShaltdifpepenibn aki esultof hES
cell s under. caontrol

ns_were ¢ e ﬁﬁ/\/g,l| Mty th&he
secondary CPD HE¥E" %3?1 WétHhet RETRSHS gﬁ)oa%g {] r%eéﬁr?ln aP di f%r enti at ed.
Thus, i nt cpmeaued @W@Qwﬁfﬁ@e@@w&ﬁ?%ﬁmﬁ@cel I d| fferenti at| on fail to
generate mai ntenance capacity that is induced wth cytoki ne and BMP-4

treat manzt7 Eﬁar&gc%Ht# %l c«?ﬁb%g\{tl&nh%; t Q{Rerﬂ di&hd mgﬁwaralopr&ﬁmﬁf bb(ﬂ Eﬁﬁmblﬁ@ftﬂeon W th

cyt oki nes) uen oietic
pr ogeni t or §'ff8'l9f‘t5’|’t%“ PRyl ‘WE%a%‘PfIC?' %//éﬂgta'”ﬁgF?“\? (5?1%8{"9 hPﬁE% %P’llos in

t he presencringf13B¥P-4 gives rise to un| que hemat opoi etic progenitors
possessing greater self-renewal capacity. BMP-4 may confer its effect
during the first ment ., Sti t n r ans
responsi®l ¢ 8t2 F?f@'g'ﬁ%/a8$ Ff'ogﬁ%t{ﬁﬁlrég'teidﬁ%blglwsl1wdoa}roleb{aaged LD 'gllnb%tml @%‘.IR%{ e that
t he i nvent iobranyc ahclbigs med4f irethe aseparatignt ofed Mgflicanenit f%ée%’b%"'it%‘gz 5?'1‘3&?0'9“% t hout
departing fyRmntinengnfit of the invention, or the scope of the appended
claims. -30 WD 03/050251 PCT/US02/39091 Enbodiments of the invention to
be prosecuted in jurisdictions that allow mul t| | e degendent c% aine

i ncl ude 2hdiseof & diipragiated cellpogiptiop resiigd i claigs deli2| F?BBWF £9C814Ing fpdfe metho

prol i ferat esaryf Elbilis 48-24, ity pragardineofarmedivareert for ydvetid todramywf mopmapr operti es:

at least 1 %of the cells are CD45 +ve. at | east 20% are CD34 +ve at

| east 70% are CD1 3 +ve at |east 10% a

popul at | ¥n Use & paiiffareptiaterheeli RRRYatg) 4519 'BrC@H?si 5? %3 g aB up‘ﬁgﬁrent'aqchmacw?tent stem
(pPS) cel | siopBatioTnipRSatells, rofrubranaraersel agesdisarserit fog talrizipheuran|to ??B?)ﬁ?teﬁfq on of

claim2, angyd gﬂ?nfdﬂﬁ@\f/fh@ﬁ@d’étlé ARMeAPMeel |  line fromwhich it has been
differ ent| at ed The cell popul ation(s) of any precedi ng claim wherein
at least 5%of the cells are both CD34 +ve and CD45 +ve. 5. The cell

popul at i ¥n Afhazmrgeysice cerbinaiorn CamRTsing aRtaar AT IR §ERAENSCNIRIRAR'S £ f%‘ cel populaton
undi f f er entdomb@thgPESlifentidted cell population according to any of claims 1-12, or inactivated
undifferentiated pPS cells, formulated to be suitable for human administration; and a second cell

population comprising differentiated celis that are MHC compatible with the first cell population.

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

second cell population.

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

34. The pharmaceutical combination of claims 31-33, wherein the undifferentiated pPS cells are
human embryonic stem cells inactivated by irradiation or treatment with mitomycin c.



6. The cell popul ation(s) of any preceding claim which formcolonies in an
assay for hematopoietic colony formng units (CFU) at a plating efficiency
of at |leawDoabsas1 1 in 1000. 7. The cell popul ation(s) of Pciraisay/gpoowher ei n
col oni es harvested fromthe CFU assay form secondary col oni es when

repl at edsi NhepreaeRBaicEbmbissgiay of cBimsFhes,oeHeteirpbgiirsiand sevps) ceth boralaionprecedi ng
claim whi %Qrv‘é@ﬁ(?'n {hgjsg'ﬁ% lﬁg of 'ﬂ%{ﬂari\é%rygr% HefLae, form circulati ng er ythroid
cells, granufocy Ic cells, and nonocytes. 9. The cell population(s) of any
preceding claim which when injected into NOD-SLID m ce form circulating

| ynphoi d6c@hé pharirdceulidad combihatipo piilchinisodi(3s) vakrelmnipe preeenddeeti gpoetiatiomis hi ch
has lbe?,n 9;9 eitifgriil by h@da%@sﬁtgé,j ﬁ&rc{ﬁéPB@é&n@rocﬁ&E eJaQJi@%@bWengﬁ@ogeﬂliﬂ:- cellse cel :c
popul ati on(s) of an recedi ng. cl ai. erein . || s eny o
el 1's i sol SERRNFTbIIE TRORGHOTF SEPday P dondot S SieagEisshedl fefiBR=y
precedi ng of aiynf thedeseklypest he pPS cells are human enbryonic stem cells. -31
WO 03/ 050251 PCT/ US02/ 39091 13. A nethod for differentiating pPS cells
into a cell population with hematopoietic potential, conprising culturing
undi fferentiated pPS cells in a culture environnent essentially free of any
cells having a different genotype, but containing a m xture of
hemat opoi etic gromh factors, and then harvesting fromthe culture
environnment a cell population that is at least 1 % CD45 positive, or that
forms colonies in an assay for hematopoietic colony formng units (CFU) at
a plating efficiency of at least -1 in 1000. 14. The nethod of claim 13,
wherein the differentiating conprises formng enbryoid bodies or cel
aggregates. 15. The method of clains 13-14, wherein the differentiating
conprises culturing in |low density conditioned nmedium 16. The method of
clainms 13-15, wherein the m xture of hematopoietic growh factors conprises
at least two of the following: stemcell factor (SCF), FLT-3 ligand, IL-3,
| L-6, and granul ocyte colony stimulating factor (G CSF). 17. The nethod of
claim 16, wherein the cells are cultured with said hematopoietic growh
factors wthin 12 days of the onset of differentiation. 18. The met hod of
clainms 13-17, conprising culturing the differentiated cells wth a bone

nor phogeni ¢ protein sinmultaneously or subsequently to the culturing with
the m xture of hematopoietic growh factors. 19. The nethod of claim 18,
wherein the cells are cultured with bone norphogenic protein 4 subsequent
to the culturing with said henmatopoietic growh factors. 20. The nethod of
clainms 13-19, wherein cells obtained according to the nethod have the
properties
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of the differentiated cells of any of clains 1-12. 21. The nethod of clains
13-20, which is a nethod for produci ng hematopoi etic progenitors, erythroid
cells, grepuwBosesi c cells, nonocytic cells, megakaryocyt e®CTarsot/gsphoi d
cells. 22. A nethod for obtaining a differentiated cell popul ation
according to clainms 1-12, conprisingLAMB fferentiating pPS cells. 23 The

nmet hod of any of clains 13-22, wherein the pPS cells are progeny of cells
isolated froma human bl astocyst. 24. The nethod of any of clains 13-23,
wherein the pPS cells are human enbryonic stemcells. -32 WO 03/050251
PCT/ US024 390<9fﬂerenaaed Aall pyihton dicy pejiferatey trheutbleabaving rrsator o19fsi ¢f theelodwigphi | |
basophi |, TRPAE macr ophage, negakaryocyte, platelet, or |ynphocyte,
produced by urther differentiating the differentiated cell popul ation of
claims 1-12. 2%. aﬂ%‘%ﬂ%@ﬂ“%@"%@@@%ﬁT\"@ a conpound for its ability to

nodul at e henat opat ieadt 20k edelCOB&MEt | on, conpri si ng conbi ni ng the conpound
wth a differentlﬁ§5q7&pgeorbq§)gveatlon according to any of clains 1-12,
determ ni ng any phenotypic or netabolic changes in the cell popul ation that
result from bei d§leadrdr A€dMWE Het he conpound, and correl ating the change
with an ability of the conpound to nodul ate hematopoietic cell function.
27. A phg ”ﬁﬁ@éﬂtpb&ﬁ%tlor?&m%ﬁ tob@fﬂeJ Wdlfkfeﬁl?attlﬁ@ﬂﬁna%fpldnb&eﬁiBt@’ﬁxr@pﬂg) cafli mal body,
conpri sing t erentiated cell population of any of clains 1-12, or
obt ai ned according to the nethod of any of clains 13-24. 28. Use of

di f f er en3i awedelcmpllaivop gbrsistingof thecil rogulption of @aimme. andibe ungiffergpiiaier RBY) cal
accordi ng tige fdrewiE! ihd vedfditiwntiaddd. cl ai ms 13-24, in the preparation of a
medi canment for reconstituting hematopoietic function in a hunman. 29. Use
of a differentiated cell population recited in clains 1-12 [ obtal

accor di ng- tToe tchle Parstatents) fclaimyl, gherein it jrasty &% 24 the ﬁe"P e ?té;f%"éﬂe ik of a
medi canent doas +geneti c therapy of a human. 30. Use of a differentiated cell
popul ation recited in clains 1-12, or an undifferentiated inactivated

popul ati on of pPS cells, in the aration of a i t for tolerizing
a human to T@éP‘?”sDOP%aa“P” gfrolaim g @“E‘E’Hﬁ)’gs’"ﬂﬁ”é /W“g'ﬁerfwg%gé’??gqgn t he nedi canent.
31. A pharnmaceutical conbination, conprising together or in separate

cont ai ners @ T:énrp%]bul&%h(k) &QlQ#H ﬁbvh@mfomc&imreé i oA Qs thir hERaiGalstiadordy oeting
popul ati on 1086, 1 hactivat ed

undi f f er ent‘i%%*[(gﬂ )p%%pt?grigl C'ef"gr ﬁﬁt aaftagmftjr b %ui tabl e for human

adm ni stration; and a second cell population conprising differentiated
cells that ﬁé@ell\ﬂd@:lﬁl@)ﬁ@}i&ficbineesWh’érl&mtcblemési Haslesteirdm {he OFUabsag form 3&ondene

phar maceut i S al . conmbi ﬂazattéaqpaa%coﬁcl ‘?}#U%é'“}s wher ei n upon adm ni stration of the

conbi nati o to an vi du t cell population inhibits an
inflammatory response by the subject against the second cell popul ation.
33. The mhamswek pbputaibn(g)ostidlarati, ahicofwhed mieved Itte JDD-FHIB rmaiva fonh siraiggieth

adm ni st r atd a0, Eeik NRanbiobyit cells, and monocytes.

9. The cell population(s) of claim 1, which when injected into NOD-SCID mice form circulating

lymphoid cells.

10. The cell population(s) of claim 1, which has been genetically altered to express a heterclogous

gene.

11. The cell population(s) of claim 1, wherein the pPS cells are progeny of cells isolated from a human

blastocyst.

12. The cell pupation(s) of claim 1, wherein the pPS cells are human embryonic stem cells.
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cell population to an individual renders the individual immunotolerant to
the second cell population. 34. The pharnaceutical conbination of clains
31- 33, wwpaBshe undi fferentiated pPS cells are human eciprusonsw®Ist em
cells inactivated by irradiation or treatnment with mtomycin c. -33 WO
03/ 050251 PCT/ US02/39091 35. The pharmaceutical conbi nation of clains

31- 34, V%er@ln%tﬁonefof 'dﬁ‘f@rrent?aﬂr% §ﬁ§%ﬁ£ ﬁn?ol b dm% @téﬂoﬂnﬁthaﬁ@na@@-escvsaerﬁlalom t he
same |ine of nblnatlon

oo i . PR eh | PheerdRETRES b in A aeT BT esei s Aty of
hepat ocyt essellnkaying msdiffegsint gendtypri boicspnieising @ ariie e benjatensietivogowh dasieise ekl | s,
nmesenchy mal ihgelahBsting @6m tHRAIRS érivirdhilehtS,cell &p@ktldh%ah B .at BHD NAODAY pRBive, OF

R T e e S

prollferateéaﬂﬁﬁbdﬂﬂuW@ having one or nore of the following properties:
at least 1 %of the cells are CD45 +ve. at |l east 20% are CD34 +ve at

| east 70(y ‘F n(%o% OT%EI @twhleree%sth ghgef%rﬁ %GH’IPI%%S To\fr‘ﬁmg %mbﬂ]&@ b&cﬁés or cell

populatlon 0 bt'al ned ntlatlng primaté pluripotent stem
(pPS) cel | 29958928y cel | populatlons consi sting of the cell popul ation of
claim?2, and the undifferentiated pPS cell Iline fromwhich it has been

di ffereniy atrgthetthd o 18mA8! WheRAPRHE &dr@MkiRY cOhprebidulirhg iIMBR b&sHYy RhdidoRast 5%
of the cells h CD34 +ve and CD45 +ve. 5. The cell popul ation of

bot
claim1, coft darrhlng l ess than 1 % undifferentiated pPS cells. 6. The cel
popul ation(s) of claim1, which formcolonies in an assay for henmatopoietic

col ony f @ NMagnettaRiok SlalfnCEU)vhét&m Shefrhiadire BOnedfatdpGibiRNEyWtDfacdis domprsbs atherst 1 in
1000. 7. T'\%o %fkhe fB’I%R/H &‘te%é&l)faﬁ& §1:§ \AHB3 n%ME\Srl’E' Cé)'aﬂé“g%ﬁul Je\gp d from

the CFU as Iate I'n a“seco assay.
8. The celﬁmﬁﬂﬁﬁpé¥WEH§§§Hof claim1, which mhen injected i nto NOD-SCI D
mce formcirculating erythroid cells, granulocytic cells, and nonocytes.

9. The cgl IRl Atds Qﬂﬂrﬂe Q\fher%lnathérbé-ls aVJBuﬁM’eM@rﬂsé@h&ﬁé’t@d@mh@ér@wt%o@u D
mce forn1C|rcuIat|éﬁ %%F L 10. The cell population(s) of claim
1, whi ch ha¥hpdergshbe P ?Q“QEW@‘gb to express a heterol ogous gene. 11.
The cell population(s) of claiml1l, wherein the pPS cells are progeny of

cel I's i s@, aingdndikoarss dlal M tomprising culturing the differentiated cells with a bone morphogenic

protein simultaneously or subsequently to the culturing with the mixture of hematopoietic growth

factors.

19. The method of claim 18, wherein the cells are cultured with bone morphogenic protein 4
subsequent to the culturing with said hematopoietic growth factors.

20. The method of claim 13, wherein cells obtained according to the method have the properties of the
differentiated cells of claim 1.

21. The method of claim 13, which is a method for producing hematopoietic progenitors, erythroid
cells, granulocytic cells, monocytic cells, megakaryocytes, or lymphoid cells.

22. A method for obtaining a differentiated cell population according to claim 1, comprising
differentiating pPS cells.

23 The method of claim 13, wherein the pPS cells are progeny of cells isolated from a human
blastocyst.

24. The method of claim 13, wherein the pPS cells are human embryonic stem cells.
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bl astocyst. 12. The cell pupation(s) of claim11, wherein the pPS cells are
human enbryonic stemcells. -35 WO 03/050251 PCT/ US02/ 39091 13. A nethod
for diffewenBios2sng pPS cells into a cell popul ati on w thPognrsvopodeti c
potential, conmprising culturing undifferentiated pPS cells in a culture
environment essentially free of any cells having a different genotype, but

;:ont a![ E' 213 Iﬂ? Meinkce, Oferﬁﬁﬂms@p%ﬁkbm gé&%%ufa@s i, AdHcytd, h%{acrbﬁfay@Stl ng
romthe culture envir cel

post ¢ ve, oP S R e B1 e R@%%E%é@”ﬁf&?*a f?@bé%%s.dﬁf?feaﬂaﬁesl Sy
form ng uni pepulelmgfclaimla pl ating efficiency of at least -1 in 1000. 14
The nmethod of claim 13, wherein the differentiating conprises formng

enbr yOI de})‘) OQI rﬁého%r ofC S’\clréenm &%%Fr?ds for :‘tg ab-lr@ omﬁ%ﬂf%% ﬁéma%c?%fam H fupégﬂg ei n

the differentiating c I one
16. The net FEPIYRI E‘Pr&q"h‘igl@e C\‘Rﬁ%‘?uéi’ r‘i‘““ﬂ He‘"ffﬁr%'ﬁ?‘bcﬂ‘f p"rﬁ’éﬁ’ﬁﬁ"oﬁ‘?ﬁ?r@t‘q 15 @Wo%t h
factors conpaimsiesetaininingady phénaypiotor iéteboliotHaeydsring thesiekk popmikion thatcésott froiSCF) |

FLT-3 1 gi-ngelrﬁ{,lomgmed wathe @dﬂ%oﬁdawlcgﬁéﬁnﬁg e Ic%ﬁe wﬁ:f érr'}blillﬁrtdf 0 C&%LM to

(G CSF). galm wherein the cells are cultured with
sai d henmat OBB?U&(??&?"&FOBWWCFI BpYPE within 12 days of the onset of

differentiation. 18. The nethod of claim 13, conprising culturing the

di fferengy, ah%a%bé@.cm Johlp@SItQQ Nér mrﬁmgﬁ EHeC hunmnO&reammal tmay t &bﬂﬁ@éﬂ%' e OF
subsequent I lef O\M:Ial ure of emat on grow h

factors. t'ategf%lé’ap '0%%a| m Té °rvx}ﬁt8'r & 95CPHine ol etl%we caiIJ'rInEI tred with
bone m)rphogenl c protein 4 subsequent to the culturing with said

hemat opop®t Use graoafidiertigted GEHISpoleﬁlon Tdaedne tibiod, of othinddact@dinydaremsthaedt| S

obt ai ned aCElQFI’Iq?r]ggl%%re %ﬁtl %%gdlgé?w\éﬁt f(grb&o@s@f?}ﬁrﬁﬁeﬁ%ﬁ)r&éhcﬁ%@honqul dJ !;ug{aﬁ.nt i at ed

cells of claim claim a netho
produci ng hemat opoi eti ¢ progenitors, erythroid cells, granulocytic cells,
nonocyt i e9.ceéd & ,a diftgekiaied outlytopgation recttegirip baimdt , oe bittained2@cordingrettirodethaur of

obt ai ni ng agglinfiak %@%Pe?&r%n%@é eRQRIhad %n@fﬁe@@dafrag\u&% claim1, conprising
differentiating pPS 23 The neth og of claim 13, wherein t he pPS cells

are progeny of cells isolated froma human bl astocyst. 24. The net hod of
cl ai m 1330.wHesr efi & diffeeniis®g eall| fogulation rerifecain eayr 8o ror @nsundiferertialed .inactivggd WO
03/ _05025;31_1I P@éybxhﬁ%{f E@@&ms, e pAPargiiol by ﬁ@d(&aﬂnent%rﬁ&lé’fl’zﬂ@'a@rﬁhan tlaeslkrr@pé}bl :
eosi nophi |, ,, %gu‘mf s wiPROS I%%th ge, negakaryocyte, platelet, or
| ynmphocyt e, p?’lod'RceldJ B’y tﬂur%{ er %ﬁﬁcg'gentl ating the differentiated cell
31. A pharmaceutical combination, comprising together or in separate containers a first cell population
comprising a differentiated cell population according to claim 13, or inactivated undifferentiated
pPS cells, formulated to be suitable for human administration; and a second cell population
comprising differentiated cells that are MHC compatible with the first cell population.

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

second cell population.

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

34. The pharmaceutical combination of claim 31, wherein the undifferentiated pPS cells are human
embryonic stem cells inactivated by irradiation or treatment with mitomycin c.

35. The pharmaceutical combination of claim 31, wherein the first and second cell populations are
derived from the same line of human embryonic stem cells.



popul ation of claim1l. 26. A nethod of screening a conpound for its ability
to nodul ate henmat opoietic cell function, conprising conbining the conpound
with a diwbaesesisat ed cell popul ati on according to any of PCEIE02B991
determ ni ng any phenotypic or netabolic changes in the cell population that
result from being conbined with the conpound, and correlating the change
\é\n'7t hAanh@ebi Thetparibedubiedl enibpatonch! ti8im 3TDeHelR tRe StRBMLRPPdRlatich @@bdpuramtbt i gna
phar r t i ody,
compri Si ng”ﬁe%?t%ﬁde%f {geu?o%gpé?g{?&eh%%,feﬁ ca‘i&%ro @ oé?%ogé{k‘? «%h‘é nﬁiQSfR(!h&l%Q a ned
accordi ng t eermerpeoipfietaRls istst cellp, aﬁl?ﬁdlo}}yte?@ "”E@@ r@ﬁ‘“"Edd’F qepispre 9t I b heserl
popul ation wesited in claiml, or obtained according to the nethod of
claim13, in the preparation of a nedicanment for reconstituting
hemat opoi etic function in a human. 29. Use of a differentiated cel
popul ation recited in claim1, or obtained according to the nethod of
claim13, in the preparation of a nmedicanment for genetic therapy of a
human. 30. Use of a differentiated cell population recited in claim13, or
an undi fferentiated i nactivated population of pPS cells, in the
preparation of a medicanment for tolerizing a human to cells that are MC
conpatible with the cells in the nedicanent. 31. A pharnmaceutica
conbi nati on, conprising together or in separate containers a first cel
popul ation conprising a differentiated cell population according to claim
13, or inactivated undifferentiated pPS cells, formul ated to be suitable
for human adm nistration; and a second cell population conprising
differentiated cells that are WHC conpatible with the first cel
popul ation. 32. The pharmaceutical conbination of claim 31, wherein upon
adm ni stration of the conbination to an individual, the first cel
popul ation inhibits an inflammtory response by the subject against the
second cell popul ation. 33. The pharnaceutical conbination of claim 31,
wher ei n whereupon adm nistration of the first cell population to an
i ndi vidual renders the individual inmmunotolerant to the second cel
popul ati on. 34. The pharmaceutical conbination of claim 31, wherein the
undi fferentiated pPS cells are hunan enbryonic stemcells inactivated by
irradiation or treatnment with mtonycin c. 35. The pharnaceutica
conbi nati on of claim 31, wherein the first and second cell popul ations are
derived fromthe sane |ine of human enbryonic stemcells. -37 WD 03/050251
PCT/ US02/ 39091 36. The pharmaceutical conbination of claim 31, wherein the
second cell population is a popul ati on of hepatocytes, neurons,
ol i godendr ocytes, cardi onyocytes, osteogenic cells, nmesenchymal cells,
hemat opoi etic cells, islet cells, chondrocytes, or |ineage-restricted
precursors of any of these cell types. -38



