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isolation of cartilage or bone precursor cells from hematopoietic and non-hematopoietic cells, and
proposes their use in bone and cartilage regeneration.
International patent publication WO 95/22611 (Michigan) reports methods for transferring nucleic
acids into bone cells in situ for stimulating bone progenitor cells. Type Ii collagen and osteotropic genes
35  are explored for use in promoting bone growth, repair and regeneration in an animal model. International
patent publication WO 99/39724 (Oregon) proposes to treat bony defects with osteoblast progenitor cells.
The cells may be transformed to express a bone morphogenetic protein such as BMP-2.
The, subject of bone stem cells is reviewed by J.E. Aubin (J. Cell Biochem. Suppl. 30/31:73,
1998). Stem and primitive osteoprogenitors and related mesenchymal precursors contribute to
40  replacement of ostecblasts in bone turnover and in fracture healing. The article puts forward the
hypothesis that the mature osteoblast phenotype is heterogeneous with subpopulations of osteoblasts
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Another embodiment of the invention is a method of screening a compound for mesenchymal cell
or osteoblast toxicity or modulation, in which the compound is combined with a cell or cell population of
this invention, and any mesenchymal cell toxicity or modulation resulting from the compound is
determined.

40 A further embodiment of the invention is a medicament comprising a cell population of this
invention for treatment of a human or animal body. The medicament can optionally contain or be
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s‘%ws staining for alkaline phosphatase activity. These features are characteristic of cells of the
35  to an appropriate differentiation protocol in vitro.

DETAILED DESCRIPTION

This invention provides technology that can be used for preparing and characterizing certain
40  types of mesenchymal cells, including cells involved in the turnover and reparation of bone.
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35 Prototype “primate Pluripotent Stem cells” (pPS cells) are pluripotent cells derived from any kind
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35 Embryonic Germ Cells
Human Embryonic Germ (hEG) cells can be prepared from primordial germ cells present in
human fetal material taken about 8-11 weeks after the last menstrual period. Suitable preparation
methods are described in Shamblott et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998 and U.S. Patent
6,090,622,
40 Briefly, genital ridges are rinsed with isotonic buffer, then placed into 0.1mL 0.05% trypsin/0.53
mM sodium EDTA solution (BRL) and cut into <1 mm® chunks. The tissue is then pipetted through a 100
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included:
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40 ¢ dexamethasone, or other small-molecule osteoblast maturation factor
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antibody-mediated flucrescence-activated cell sorting.
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4,472,500 and 4,444,887, and Methods in Enzymology 73B:3 (1981). Specific antibody molecules can
also be produced by contacting a library of immunocompetent cells or viral particles with the target

e

antigen, and growing out positively selected clones. See Marks et al., New Eng. J. Med. 335:730, 1996,
and McGuiness et al., Nature Biotechnol. 14:1449, 1996. A further alternative is reassembly of random
DNA fragments into antibody encoding regions, as described in EP patent application 1,094,108 A.

40 By positively selecting using pPS of this invention, and negatively selecting using cells bearing
more broadly distributed antigens (such as differentiated embryonic cells) or aduli-derived stem cells, the
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array. qu;ﬁj)blg@;tr@@r@ptﬁgstlcs are used to screen factors for their ability to affect calcium deposition.
Screening may be done either because the compound is designed to have a pharmacological effect on
the cells, or because a compound designed to have effects elsewhere may have unintended side effects
on cells of this tissue type. The screening can be conducted using any of the precursor cells or terminally
40  differentiated cells of the invention.
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(Vector Laboratories, Inc., Burlingame, CA) at room temperature in the dark for 1 h. Slides were rinsed
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40  onfeeders — but not by the differentiated cells in between the colonies.
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35  the EBs were collected and resuspended in fresh medium. After 4-8 days in suspension, the EBs were
plated onto a substrate.

A differentiated cell line was established by harvesting the embryoid body derived cells and
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type Il in PBS for 30 min at 37°C. The cells were dissociated, centrifuged, resuspended in differentiation

40  medium, and plated in a 6-well plate. The proliferating cells were passaged in hEF medium (90% DMEM,
10% heat-inactivated FBS, 0.1 mM non-essential amino acids, and 2 mM L-glutamine), and fed every 2-3
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35 Two days after the last passage, each culture medium was replaced with osteoblast induction

medium (OIM) to induce differentiation. The OIM was based on MSC growth medium (ClonTech Cat.
#PT-3238) (US Patent 5,486,359) supplemented with 0.1 uM dexamethasone, 5 uM ascorbic acid-2-
phosphate, 10 mM B-glycerophosphate, and 100 ng/mL BMP-4. Cells were fed fresh OIM every 2-3
days.
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20 It is understood that certain adaptations of the invention described in
this disclosure are a matter of routine optimzation for those skilled in
the art, wodsoasobe i npl emented w t hout departing from thecagisoetesof the
invention, or the scope of the appended clains. 25 21 WO 03/ 004605

PCT/ US02/ 20998 CLAIMS Wat is clai r’a%'@ the invention is: 1. A cell
popul ation that proliferates in an i o culture, having the
characteristic that at |east -30% of cells in the popul ation are progeny
of a | i nehafis @dimeebdsthgihtentignas:ent stem (pPS) cells, and are nesenchynal
cells. 2. The cell population of claim1l, wherein at |east -30% of the
cells in the popul ation express CD29 or CD44. 3. The cell po?ul ation of
claimi1, whef&FHPoRtIalon et proigrales,in ap Hrvitauuliye."avingBe psGieaticditt egtkesl%at

| east 3 of bfhelld{ iolthcopmpnigtionCd 68 g¢nAloCANg ofGiiE@le MlDddent GRMANRS) @STR@nd areand

al kal i ne phogpfatgmgicefs. A cell population that proliferates in anin vitro
culture, having the characteristic that at least -30% of cells in the
popul ati on are progeny of a line of primate pluripotent stem (pPS) cells,
and are o3t Septebgemiatior of climil,orhersistat ph$tad®s of He caindn thebdpulstinmaxpressd®Pagf any
precedi ng cl gignsawherein at |east -30% of the cells in the popul ation
express osteocalcin and collagen-1. 6. The cell population of any preceding
claim which forms an extracellular matrix conprising calcium 7. A set of
two cell pbpihesel erpslationg sipigt 1, wherein atlprst 3P4 of Higisallsan 1he RorvTatieRPispERt égfing
claim and t befthamthivirge conds (ALEM)pEIRoceb44, GATe 4 fSTRO- WahdCAkalitegphospRkiase.
obtained. 8. The cell population of clains 1-6, which belongs to a set of
cel |l popul ations accordi ng to claim7. 9. The cell popul ati ﬁ%‘s) of any
precedi ng ‘¢! A°HH POBYRLON fhPTRYieTaRs &P dhtirafiig hawY therhatacsrstc s stiesetsdlhy  in
a medi um conbfaieltd indheapdpolationrene plogeye of 6 lipy ot eimate(dBVBYtent atelr @B8)dcefinrandiakeuman
TGF- (3 receptoprogitord ahd/S3BEotiRfs. @ human vitamn D receptor. 10. The cell
popul ati on(s) oof claim9, obtained by differentiating pPS cells or their
progeny in a medium containing BMP-4, dexanethasone, and ascorbic acid or
an anal og § hé&reeesfl poulatio higarg @receqintgpidimt wherersgt lesist 394 qitecestl$ inghecpapiipon
conpri sing celpless GRaREILS ahd Wiiakh-¢red to express telonerase reverse
transcri ptase. 12. The cell popul ation(s) of any preceding claim
conprising cells genetically altered to express a bone norphogenic
protein. 22 WO e/ vrpdltny B Uersfing g, vdhich Aormst #b axtreee!iugbimairini wgrisng cel |
popul ati on( sgalcafm.cl ai s 1- 12, conprising causing pPS cells to
differentiate, and then selecting cells having said characteristic. 14. A
net hod for_obtaining the cell poEuI,ati on(s) of clains 1-12, conprising

cul turing 7pP§38te?f|t‘§ 65!l RoR@ations, consisting of the ¢ Il population of any preceding claim, and the

undifferentiated pPS cell line from which they were obtained.

8. The cell population of claims 1-6, which belongs to a set of cell populations according to claim 7.

9. The cell population(s) of any preceding claim, obtained by differentiating pPS cells or their progeny
in a medium containing a bone morphegenic protein (BMP), a ligand for a human TGF-B receptor,

or a ligand for a human vitamin D receptor.

10. The cell population(s) of claim 9, obtained by differentiating pPS cells or their progeny in a medium
containing BMP-4, dexamethasone, and ascorbic acid or an analog thereof.

11. The cell population(s) of any preceding claim, comprising cells genetically altered to express
telomerase reverse transcriptase.

12. The cell population(s) of any preceding claim, comprising cells genetically altered io express a
bone morphogenic protein.



progeny in a medi um contai ni ng bone nor phogenic protein (BWP), a ligand for
a human TGF- (3 receptor, or a ligand for a human vitamn D receptor. 15. A
nmet hod f owoabtedéns ng t he cell popul ation(s) of clains 1-12CTAPR199$ Ng
culturing pPS cells or their progeny in a nmedium containing BWP-4,

dexanet hasone, and ascorbic acid or an analog t hereof. 16. A met hod of
screening a conpound f nesench ce toxicity or nodul a

conpri si ni cOMSTRAAY "tbf?e‘"@otﬁ’f)ﬁ‘ﬁlh pWatfoﬁ st ﬁf C'%'@f - 160?95?"5?'?90??(”@5‘9 BPS EP5iths

1- 12, and dedigarentiateregd tey selentisgeartidhaning saidkdhiarattendtici ty or nodul ati on
resulting fromthe conmpound. 17. A nedi canent conprising a cel

popul ati o 2 for t. of .£he human ady by
surgery opl( %W&B@ or itggn":ignté (fi’f’%ug;\ 2?)”&9&@? éu M i”ﬁ’éng p'?:is Ce'rlsi < r?é a
MRtrix or cepragenE incamedien contgningrbene mktihegais prote (BMR Figprd for arhvner TGF

conpri sing crkdptddor 8ligadd kP A RudVRAAIgBMéceptp ot ei n. 20. Use of a cell
popul ation(s) of claims 1-10 in the preparation of a medicanent for

reconstituting nmuscul oskeletal cell function in an individual. 21.

met hod of 15 ef 8P foehtaigndine solmepPuaigHe)iohejaime 4 &l BRI CHluringRHS Cietﬁﬂft“i%n in
an i ndi vi duaprpgeng brpmddiim@niaiding BMB#edaxagetasoriehend aschirie ahivbdr ab brealagehereof.

popul ation(s) of clainms 1-12. 22. A nethod of regenerating bone tissue,
conprisin contactin t he bone tissue with th o uI on(s) of
a1 Ason GapRBAISR CoRRRL LT USRI c51 oo FRRh Cafeng
conpri si ng i enoibimgi thg dompound gitat the ndell apopyiatiosEhet i lernrsevn%earor dedesinining  dnm

combi nati on whdeRcHyR8) caetbk.c.nepn&ﬁrai.anéaann@irorﬁihabisrﬁpoimdl0 or a nedicanent
according to clainms 14-16. 24. The cell popul ation(s), method, or use of

any preceding claim wherein the pPS cells have been isolated froma human
bl ast ocysi17. &megdicananheonprigiteheell @prultions) ob¢lains 1-28 for repimend pi the)Bman &F fHAY's) |

met hod, or usRy 6y swgtyy piRepdi ng claim wherein the pPS cells are human
enbryonic stemcells. 23

18. The medicament of claim 17, further comprising a matrix or ceramic carrier.
19. The medicament of claim 17, further comprising calcium or a bone morphogenic protein.

20. Use of a cell population(s) of claims 1-10 in the preparation of a medicament for reconstituting
musculoskeletal cell function in an individual.

21. A method of reconstituting or supplementing musculoskeletal cell function in an individual,
comprising administering to the individual the cell population(s) of claims 1-12.

22. A method of regenerating bone tissue, comprising contacting the bone tissue with the cell
population(s) of claims 1-12.

23. A method of increasing mobility in a human patient, comprising implanting in the patient a
prosthetic device or splint in combination with the cell population(s) of claims 1-10, or a
medicament according to claims 14-16.

24. The cell population(s), method, or use of any preceding claim, wherein the pPS cells have been
isolated from a human blastocyst, or are the progeny of such cells.

25, The cell population(s), method, or use of any preceding claim, wherein the pPS cells are human
embryonic stem cells.



