
WO 03/050250 CHONDROCYTE PRECURSORS DERIVED FROM HUMAN EMBRYONIC STEM CELLS
TECHNICAL FIELD - 6 JUN 2006 PCT/US02/39090 This invention relates to the
fields of cell biology, generally embryonic stem cells, and cell
differentiation. Disclosed are differentiated cells from a novel source that
have characteristics of  chondrocytes. REFERENCE TO RELATED APPLICATION This
application claims priority to U.S. provisional application 60/339,043,
filed December 7, 2001.  BACKGROUND Cartilage degradation is a hallmark of
two disease groups: osteoarthritis, a degenerative  condition, and
rheumatoid arthritis, which is primarily caused by inflammation. The
degradation  leads to joint pain and mobility impairment to a degree that
can be considerably disabling. Over the last two decades, considerable
progress have been made in the development of  anti-inflammatory agents
effective for inhibiting the progress of disease. But where degradation has
already taken place, new therapies are needed to assist in the regenerating
of joint cartilage. Recent efforts in the art of regenerative medicine have
been directed at developing cell  populations capable of repairing
cartilage. International patent publication WO 96/18728 reports  established
lines of articular chondrocytes. WO 98/55594 reports methods for chondrocyte
growth  and differentiation. WO 00/27996 reports serum-free medium for
chondrocyte like cells, comprising  minimum essential medium, growth
factors, lipids and amino acids. U.S. Patent 6,150,163  (Genzyme) outlines
chondrocyte media formulations and culture procedures, in which de-
differentiated human articular chondrocytes are grown in a medium containing
TGF(3 and either  insulin or insulin-like growth factor. Jorgensen at al.
(Ann. Rheum. Dis. 60:305, 2001) reviews recent progress in stem cells for
repair of cartilage and bone in arthritis. Jakob et al. (J. Cell. Biochem.
26:81, 2001) studied specific  growth factors involved in expansion and
redifferentiation of adult human articular chondrocytes that  enhance
chondrogenesis and cartilage formation. M. Brittberg (Clin. Orthop. 367
Suppl:S147, 1999)  reviews current chondrocyte transplantation procedures in
which pure chondrocytes or other  mesenchymal cells are harvested
autblogously or as allografts from a healthy tissue source,  expanded in
vitro, and then implanted into the defect at high density. WO 03/050250 6
JUN 2006" PCT/US02/39090 



Despite the initial success of these clinical methods, it is clear that
current sources of  chondrocytes are inadequate to treat most of the
instances of cartilage degeneration that present  themselves at the clinic.
Kramer et al. (Mech. Dev. 92:193, 2000) reported that mouse embryonic stem
cells can be  modulated with bone morphogenic proteins (BMP-2 and BMP-4) to
produce cells that stained with  Alcian blue, a feature of chondrocytes, and
expressing the transcription factor scleraxis. Regrettably,  the mouse model
of embryonic stem cell development is its own peculiar case, and does not
yield  strategies for differentiation that are applicable to other species.
In fact, there are very few other  mammalian species from which pluripotent
stem cells have been reproducibly isolated. Only recently did Thomson et al.
isolate embryonic stem cells from human blastocysts  (Science 282:114,
1998). Concurrently, Gearhart and coworkers derived human embryonic germ
(hEG) cell lines from fetal gonadal tissue (Shamblott et al., Proc. NatI.
Acad. Sci. USA 95:13726,  1998). Unlike mouse embryonic stem cells, which
can be kept from differentiation simply by  culturing with Leukemia
Inhibitory Factor (LIF), human embryonic stem cells must be maintained
under very special conditions (U.S. Patent 6,200,806; WO 99/20741; WO
01/51616). Accordingly, it is necessary to develop whole new paradigms to
differentiate human  pluripotent cells into fully functional differentiated
cell types. SUMMARY This invention provides a system for efficient
production of primate cells that have  differentiated from pluripotent cells
into cells of the chondrocyte lineage. Populations of cells are  described
that are considerably enriched for chondrocytes suitable for both research
and clinical  therapy. One embodiment of the invention is a cell population
containing chondrocytes, obtained by  differentiating primate pluripotent
stem (pPS) cells. Exemplary pPS cells are human embryonic stem  cells.
Chondrocyte lineage cells can be identified by the ability to synthesize
Type II collagen or  aggrecan from an endogenous gene. Preferably, the
population contains a minimal proportion of  cells that synthesize elastic
cartilage, fibrocartilage, hypertrophic cartilage or bone. Another
embodiment of the invention is a population of chondrocyte progenitors that
proliferates in an in vitro culture, obtained by differentiating pPS cells,
and capable of forming  progeny having the characteristics of mature
chondrocytes. The chondrocyte progenitors are no  longer pluripotent, but
are committed to the chondrocyte development pathway. The proportion of
undifferentiated pluripotent cells in the population is preferably
minimized, and any residual  undifferentiated cells are not the cells
responsible for forming the chondrocytes upon further  proliferation.
Optionally, replication capacity of the stem cells can be improved by
increasing  telomerase activity. Another embodiment of the invention is a
method for obtaining the cell populations of this  



invention, comprising differentiating pPS cells (for example, by forming
embryoid bodies), then  culturing the differentiated cells with a mixture of
chondrocyte differentiation factors, such as in a -2 - 6 JUN 2006 i WO
03/050250 PCT/US02/39090 micromass culture. Suitable factors are described
in more detail later on in this disclosure, and  include transforming growth
factors (TGF), fibroblast growth factors (FGF), growth and differentiation
factors (GDF), bone morphogenic proteins (BMP), hedgehog proteins (HH),
L-ascorbic acid, and  parathyroid hormone-related protein (PTHrP). Another
embodiment of the invention is a method for producing cartilage by
incubating a cell  population of this invention under conditions where
connective tissue proteins are produced.  Another embodiment of the
invention is a method of screening a compound for its ability to modulate
chondrocyte growth, differentiation, or synthesis of cartilage components,
by combining the  compound with a cell population of the invention and
determining its effect. Another embodiment of the invention is a
pharmaceutical composition for producing,  repairing, or maintaining
cartilage in vivo, containing a cell population of this invention - and the
use  of such medicaments for reconstructing cartilage in a subject, for
example, in cosmetic surgery or  the treatment of joint trauma, arthritis,
or osteoarthritis. These and other embodiments of the invention are further
elucidated in the description that  follows. DETAILED DESCRIPTION This
invention solves the problem of generating large populations of human
chondrocytes by  showing how to efficiently differentiate them from
pluripotent stem cells. Pluripotent stem (pPS) cells such as human embryonic
stem (hES) cells can be coaxed  along the chondrocyte differentiation
pathway by first initiating general differentiation, and then  focusing the
differentiation process by culturing in the presence of factors that
facilitate outgrowth of  chondrocytes. A strategy been developed that helps
optimize the combination of factors that are  useful in efficiently
generating cells of the chondrocyte lineage. The techniques of this
invention are  oriented at producing a population of cells enriched for
cells that are capable of modeling cartilage in  vivo by the synthesis of
such connective tissue components as Type II collagen and aggrecan. The
development of methods to efficiently produce chondrocytes from hES cells is
important, because hES cells can be caused to proliferate indefinitely.
Accordingly, this invention  provides a system that can be used to generate
unbounded quantities of chondrocytes. The disclosure that follows provides a
full description of how to make the chondrocytes of  



this invention. It provides extensive illustrations of how these cells can
be used in research and  pharmaceutical development. The disclosure also
provides pharmaceutical compositions, devices,  and treatment methods for
the use of pPS derived chondrocytes for regeneration and remodeling of
cartilage to restore joint mobility and for cosmetic purposes. WO 03/05920
6' JUN 2006'  PCT/US02/39090 Definitions  For purposes of this disclosure,
unless otherwise specified, the term "chondrocyte" refers to any cell from
the chondrocyte cell pathway. This includes mature cells capable of modeling
cartilage  by the synthesis of Type II collagen and aggrecan. It also
includes progenitor cells capable of self  renewal that are committed to
form mature chondrocytes. In the context of cell ontogeny, the adjective
"differentiated" is a relative term. A  "differentiated cell" is a cell that
has progressed further down the developmental pathway than the  cell it is
being compared with. A "differentiation agent", as used in this disclosure,
refers to one of a collection of  compounds that are used in culture systems
of this invention to produce differentiated cells of the  chondrocyte
lineage (including precursor cells and terminally differentiated cells). No
limitation is  intended as to the mode of action of the compound. For
example, the agent may assist the  differentiation process by inducing or
assisting a change in phenotype, promoting growth of cells with  a
particular phenotype or retarding the growth of others. It may also act as
an inhibitor to other  factors that may be in the medium or synthesized by
the cell population that would otherwise direct  differentiation down the
pathway to an unwanted cell type. Prototype "primate Pluripotent Stem cells"
(pPS cells) are pluripotent cells derived from pre- embryonic, embryonic, or
fetal tissue at any time after fertilization, and have the characteristic of
being capable under appropriate conditions of producing progeny of several
different cell types that  are derivatives of all of the three germinal
layers (endoderm, mesoderm, and ectoderm), according  to a standard
art-accepted test, such as the ability to form a teratoma in 8-12 week old
SCID mice.  The term 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 at. (Science 282:1145, 1998);  embryonic stem
cells from other primates, such as Rhesus stem cells (Thomson et al., Proc.
NatI.  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 from a malignant source. It is desirable (but not always  necessary)
that the cells be karyotypically normal. pPS cell cultures are described as
"undifferentiated" when a substantial proportion of stem  cells and their
derivatives in the population display morphological characteristics of
undifferentiated  cells, clearly distinguishing them from differentiated
cells of embryo or adult origin. Undifferentiated  pPS cells are easily
recognized by those skilled in the art, and typically appear in the two
dimensions  of a microscopic view in colonies of cells with high
nuclear/cytoplasmic ratios and prominent nucleoli. -4 - 6 JUN 2006 V WO
03/050250 PCT/US02/39090 It is understood that colonies of undifferentiated
cells within the population will often be surrounded  by neighboring cells
that are differentiated. "Feeder cells" or "feeders" are terms used to
describe cells of one type that are co-cultured  with cells of another type,
to provide an environment in which the cells of the second type can grow.
Certain types of pPS cells can be supported by primary mouse embryonic
fibroblasts, immortalized  mouse embryonic fibroblasts, or human
fibroblast-like cells differentiated from hES cell. pPS cell  populations
are said to be "essentially free" of feeder cells if the cells have been
grown through at  least one round after splitting in which fresh feeder
cells are not added to support the growth of pPS  cells. The term "embryoid
bodies" is a term of art synonymous with "aggregate bodies", referring to
aggregates of differentiated and undifferentiated cells that appear when pPS
cells overgrow in  monolayer cultures, or are maintained in suspension
cultures. Ernbryoid bodies are a mixture of  different cell types, typically
from several germ layers, distinguishable by morphological criteria and
cell markers detectable by immunocytochemistry. A "growth environment" is an
environment in which cells of interest will proliferate,  differentiate, or
mature in vitro. Features of the environment include the medium in which the
cells  are cultured, any growth factors or differentiation-inducing factors
that may be present, and a  supporting structure (such as a substrate on a
solid surface) if present. A cell is said to be "genetically altered",
"transfected", or "genetically transformed" when a  polynucleotide has been
transferred into the cell by any suitable means of artificial manipulation,
or  where the cell is a progeny of the originally altered cell that has
inherited the polynucleotide. The  polynucleotide will often comprise a
transcribable sequence encoding a protein of interest, which  enables the
cell to express the protein at an elevated level. The genetic alteration is
said to be  



"inheritable" if progeny of the altered cell have the same alteration.
General Techniques General methods in molecular genetics and genetic
engineering are described in the current  editions of Molecular Cloning: A
Laboratory Manual, (Sambrook at al., Cold Spring Harbor); Gene  Transfer
Vectors for Mammalian Cells (Miller & Calos eds.); and Current Protocols in
Molecular  Biology (F.M. Ausubel et al. eds., Wiley & Sons). Cell biology,
protein chemistry, and antibody  techniques can be 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 at 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.I. 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. Turksen ed.,
Humana Press). Tissue culture supplies and reagents are available from -5
='6 JUN 2006 WO 03/050250 PCT/US02/39090 commercial vendors such as
Gibco/BRL, Nalgene-Nunc International, Sigma Chemical Co., and ICN
Biomedicals. General aspects of the biology and pathology of cartilage, and
the role of chondrocytes in  the maintenance of joints can be found in the
following reference textbooks: Mechanobiology:  Cartilage and Chondrocyte,
by J. F. Stoltz ed., IOS Press 2000; Biological Regulations of the
Chondrocytes, by M. Adolphe ed., CRC Press 1992; Bone and Cartilage
Allografis, by G.E.  Friedlaender et al. eds., Amer. Acad. Orthopaedic 1991;
Joint Cartilage Degradation, by J.F.  Woessner & D.S. Howell eds., Marcel
Dekker 1992; Skeletal Tissue Mechanics, 2nd edition by R.B.  Martin at al.,
Springer Verlag 1998; Molecular and Developmental Biology of Cartilage, B.
De  Crombrugghe et at. eds., Ann. N.Y. Acad. Sci. Vol. 785: 1996; and Joint
Structure and Function: A  Comprehensive Analysis, 3,d edition by P.K.
Levangie at al. ads, F A Davis, 2000. Sources of Stem Celts This invention
can be practiced using stem cells of various types. Amongst the stem cells
suitable for use in this invention are primate pluripotent stem (pPS) cells
derived from tissue formed  after gestation, such as a blastocyst, or fetal
or embryonic tissue taken any time during gestation.  Non-limiting examples
are primary cultures or established lines of embryonic stem cells or
embryonic  germ cells, as exemplified below. The techniques of this
invention can also be implemented directly with primary embryonic or  



fetal tissue, deriving chondrocytes directly from primary cells that have
the potential to give rise to  chondrocytes without first establishing an
undifferentiated cell line. Embryonic Stem Cells Embryonic stem cells can be
isolated from blastocysts of members of the primate species  (U.S. Patent
5,843,780; Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human
embryonic stem (hES) cells can be prepared from human blastocyst cells using
the techniques  described by Thomson at al. (U.S. Patent 6,200,806; Science
282:1145, 1998; Curr. Top. Dev. Biol.  38:133 ff., 1998) and Reubinoff et
al, Nature Biotech. 18:399,2000. Equivalent cell types to hES  cells include
their pluripotent derivatives, such as primitive ectoderm-like (EPL) cells,
as outlined in  WO 01151610 (Bresagen). hES cells can be prepared from human
preimplantation embryos. Alternatively, in vitro  fertilized (IVF) embryos
can be used, or one-cell human embryos can be expanded to the blastocyst
stage (Bongso at al., Hum Reprod 4: 706, 1989). Embryos are cultured to the
blastocyst stage in  G1.2 and G2.2 medium (Gardner at al., Fertil. Steril.
69:84, 1998). The zone pellucida is removed  from developed blastocysts by
brief exposure to 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
(Gibco) for 3 min (Solter et at., Proc. Natl. Acad. Sci. USA -6 WO 03/050250
- 6 JUN 2006 PCT/US02/39090 72:5099, 1975). After two further washes in
DMEM, lysed trophectoderm cells are removed from the  intact inner cell mass
(ICM) by gentle pipetting, and the [CM 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-tree phosphate-buffered saline
(PBS) with 1 mM EDTA, by  exposure to dispase or trypsin, or by mechanical
dissociation with a micropipette; and then replated  on mEF in fresh medium.
Growing colonies having undifferentiated morphology are individually
selected by micropipette, mechanically dissociated into clumps, and
replated. ES-like morphology is  characterized as compact colonies with
apparently high nucleus to cytoplasm ratio and prominent  nucleoli.
Resulting ES cells are then routinely split every 1-2 weeks by brief
trypsinization, exposure  to Dulbecco's PBS (containing 2 mM EDTA), exposure
to type IV collagenase (-200 U/mL; Gibco) or  by selection of individual
colonies by micropipette. Clump sizes of about 50 to 100 cells are optimal.
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. 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 c1 mm3 chunks. The tissue is then
pipetted through a 100 pL tip to further disaggregate the cells. It is
incubated at 37C for -5 min,  then -3.5 mL EG growth medium is added. EG
growth medium is DMEM, 4500 mg/L D-glucose,  2200 mg/L mM NaHCO3; 15% ES
qualified fetal calf serum (BRL); 2 mM glutamine (BRL); 1 mM  sodium
pyruvate (BRL); 1000-2000 U/mL human recombinant leukemia inhibitory factor
(LIF,  Genzyme); 1-2 ng/ml human recombinant bFGF (Genzyme); and 10 M
forskolin (in 10% DMSO).  In an alternative approach, EG cells are isolated
using hyaluronidase/collagenase/DNAse. Gonadal  anlagen or genital ridges
with mesenteries are dissected from fetal material, the genital ridges are
rinsed in PBS, then placed in 0.1 ml HCD digestion solution (0.01 %
hyaluronidase type V, 0.002%  DNAse I, 0.1% collagenase type IV, all from
Sigma prepared in EG growth medium). Tissue is  minced, incubated 1 h or
overnight at 37C, resuspended in 1-3 mL of EG growth medium, and  plated
onto a feeder layer. Ninety-six well tissue culture plates are prepared with
a sub-confluent layer of feeder cells  (e.g., STO cells, ATCC No. CRL 1503)
cultured for 3 days in modified EG growth medium tree of LIF,  bFGF or
forskolin, inactivated with 5000 red y-irradiation. -0.2 mL of primary germ
cell (PGC)  suspension is added to each of the wells. The first passage is
done after 7-10 days in EG growth  medium, transferring each well to one
well of a 24-well culture dish previously prepared with  irradiated STO
mouse fibroblasts. The cells are cultured with daily replacement of medium
until cell  morphology consistent with EG cells is observed, typically after
7-30 days or 1-4 passages. -7 -`6 JUN 2006  WO 03/050250 PCT/US02/39090
Propagation of pPS Cells in an Undifferentiated State pPS cells can be
propagated continuously in culture, using culture conditions that promote
proliferation without promoting differentiation. Exemplary serum-containing
ES medium is made with  80% DMEM (such as Knockout DMEM, Gibco), 20% of
either defined fetal bovine serum (FBS,  Hycione) or serum replacement (WO
98/30679), 1% non-essential amino acids, 1 mM L-glutamine,  and 0.1 mM
(3-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 37C. 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 h to 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  substrate,
particularly an extracellular matrix such as Matrigel(r) or laminin. The pPS
cells are plated  at >15,000 cells cm-2 (optimally 90,000 cm2 to 170,000 cm
2). Typically, enzymatic digestion is  halted before cells become completely
dispersed (say, -5 min with collagenase IV). Clumps of -10  to 2,000 cells
are then plated directly onto the substrate without further dispersal.
Alternatively, the  cells can be harvested without enzymes before the plate
reaches confluence by incubating -5 min in  a solution of 0.5 mM EDTA in
PBS. After washing from the culture vessel, the cells are plated into a  new
culture without further dispersal. Feeder-free cultures are supported by a
nutrient medium containing factors that support  proliferation of the cells
without differentiation. Such factors may be introduced into the medium by
culturing the medium with cells secreting such factors, such as irradiated
(-4,000 rad) primary  mouse embryonic fibroblasts, telomerized mouse
fibroblasts, or fibroblast-like cells derived from pPS  cells. Medium can be
conditioned by plating the feeders at a density of -5-6 x 10 cm 2 in a serum
free medium such as KO DMEM supplemented with 20% serum replacement and 4
ng/mL bFGF.  Medium that has been conditioned for 1-2 days is supplemented
with further bFGF, and used to  support pPS cell culture for 1-2 days.
Alternatively or in addition, other factors can be added that  help support
proliferation without differentiation, such as ligands for the FGF-2 or
FGF-4 receptor,  ligands for c-kit (such as stem cell factor), ligands for
receptors associated with gp130, insulin,  transferrin, lipids, cholesterol,
nucleosides, pyruvate, and a reducing agent such as  3-mercaptoethanol.
Features of the feeder-free culture method are further discussed in
International  Patent Publication WO 01/51616; and Xu et al., Nat.
Biotechnol. 19:971, 2001. Under the microscope, ES cells appear with high
nuclear/cytoplasmic ratios, prominent  nucleoli, and compact colony
formation with poorly discernable cell junctions. Primate ES cells -8 - 6
JUN 2006 WO 113/050250 PCT/US02/3911911 express stage-specific embryonic
antigens (SSEA) 3 and 4, and markers detectable using  antibodies designated
Tra-1-60 and Tra-1.81 (Thomson et al., Science 282:1145, 1998). Mouse ES
cells can be used as a positive control for SSEA-1, and as a negative
control for SSEA-4, Tra-1 -60,  and Tra-1-81. SSEA-4 is consistently present
on human embryonal carcinoma (hEC) cells.  Differentiation of pPS cells in
vitro results in the loss of SSEA-4, Tra-1-60, and Tra-1-81 expression,  



and increased expression of SSEA-1, which is also found on undifferentiated
hEG cells. Differentiating pluripotent cells into chondrocvtes Chondrocytes
of this invention are obtained by culturing, differentiating, or
reprogramming  stem cells in a special growth environment that enriches for
cells with the desired phenotype (either  by 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 will be over 90% identical  between the pPS cells and the
chondrocytes, which can be inferred if the chondrocytes are obtained  from
the undifferentiated line through the course of normal mitotic division.
Chondrocytes that have  been treated by recombinant methods to introduce a
transgene or knock out an endogenous gene  are still considered to have the
same genome as the line from which they are derived, since all non-
manipulated genetic elements are preserved. Initiating the differentiation
process It is a hypothesis of this invention that an efficient way to
perform the derivation of  chondrocytes from pPS cells is to initiate
differentiation of the pPS cells in a non-specific manner,  and
simultaneously or subsequently combine the initiated cells with
chondrocyte-specific  differentiation factors. One alternative is to cause
the pPS cells to form embryoid bodies or aggregates: for  example, by
overgrowth of a donor pPS cell culture, or by culturing pPS cells in
suspension in culture  vessels having a substrate with low adhesion
properties that allows embryold bodies to form. In an  exemplary method,
confluent monolayer cultures of hES cells are harvested by incubating in  1
mg/mL collagenase for 5-20 min, and dissociated into clusters. They are then
plated in non- adherent cell culture plates (Costar) in a medium composed of
80% knockout DMEM (Gibco) and  20% non-heat-inactivated fetal bovine serum
(Hyclone), supplemented with 1% non-essential amino  acids, 1 mM glutamine,
0.1 mM (i-mercaptoethanol. The embryoid bodies are fed every other day by
the addition of 2 mL of medium per well. As an alternative, the
differentiation process can also be initiated by culturing in a non-
specific differentiation paradigm: for example, by including retinoic acid
(RA) or dimethyl sulfoxide  (DMSO) in the culture medium. Another method to
initiate differentiation by plating the -9 6 JUN 2006 WO 03/05 93/1)59251)
PCT/U S02/390911 undifferentiated pPS cells onto a substrate that stimulates
the differentiation process, such as  



polyornithine. See International patent publication WO 01/51616. Driving
differentiation towards chondrocytes In order to direct the culture towards
the chondrocyte pathway, pPS cells that have been  initiated as described in
the last section are cultured in a cocktail of chondrocyte differentiation
factors. Alone or in combination, each of the factors may direct cells to
differentiate down the  chondrocyte pathway, cause outgrowth of cells with a
chondrocyte phenotype, inhibit growth of other  cell types, or enrich for
chondrocytes in another fashion: it is not necessary to understand the
mechanism resulting in chondrocytes being enriched in order to practice the
invention. Candidate components of the chondrocyte differentiation mix
include transforming growth  factors (especially TGF(31, TGF(32 and TGF(33),
fibroblast growth factors (especially basic fibroblast  growth factor,
FGF-2), growth and differentiation factors (especially GDF-5, GDF-6 and
GDF-7),  bone morphogenic proteins (especially BMP-2, BMP-4, BMP-5, BMP-6
and BMP-7), hedgehog  proteins (especially Indian hedgehog, IHH), L-ascorbic
acid, and parathyroid hormone-related protein  (PTHrP). Gibco is a preferred
source of basic FGF. Most of the other compounds are available  from R&D
Systems, Minneapolis MN. It is a hypothesis of this invention that the.
profile of signaling factors and their receptors  change as differentiation
proceeds, and the resultant cell populations are also changing with time.
To screen potential chondrocyte differentiation factors, pPS cells can be
cultured as aggregate  bodies for various times from 0 to 10 days, to
capture a broad range of differentiation stages for the  second step of the
protocol. At each of the time points, the initiated aggregates are
disaggregated  and replated in a medium containing a mixture of candidate
factors. It is also a hypothesis of this invention that differentiation of
pPS cells into chondrocyles is  enhanced if cells are kept in clusters.
Interaction between cells in the clusters may be important to  keep the
cells from dedifferentiating, and routed along the pathway to the desired
phenotype. Accordingly, the aggregate cells are gently separated using a
limiting amount of protease  such as trypsin, or by mechanical trituration.
They are then replated in high density cultures known  as micromass
cultures. Briefly, the cell clumps are suspended at about 6 x 107 cells/mL
in a  medium containing -10% serum, and plated at 50 pUwell (filling the
bottom 114th of each well) in a  96-well plate, precoated with a suitable
matrix such as gelatin. After 2 hours, the cells will adhere to  one
another, forming cell plugs. At this point, an additional 200 pL of medium
is added, and the cells  are cultured, changing medium daify if necessary
because of the high density. The chondrocytes  synthesize abundant matrix
that cements the cell clusters together. The cell clusters are then cultured
with the mixture of differentiation factors for a period  sufficient to
cause selection or outgrowth of the desired phenotype (perhaps I or 2
weeks). As a  pilot study, factors are studied in functional groups - for
example, mixtures of TGF(3s, GDFs, and  BMPs are made, and tested for their
ability to drive chondrocyte differentiation in various  



combinations with other groups, IHH, PTHrP, bFGF, and ascorbic acid.
Concentration ranges for -10 - 6 JUN 2006 WO 03/050250 PCT/USO2/39090
initial testing are 10-100 ng/mL for BMPs, GDFs, and TGF(3s; 10-100 nM for
PTHrP, and 0.1 to 1  mM for IHH. After analysis of the cells according to
their phenotypic markers, as described in the  next section, the groups
unnecessary for differentiation are eliminated, and the important groups are
dissected into their individual components. After several iterations, a
minimal component mixture is  determined, containing a particular factor or
a cocktail of 2, 3, or more factors that generates the  desired phenotype.
Other ligands or antibodies that bind the same receptors can be considered
equivalents to  any of the receptor ligands referred to in this disclosure.
Transforming growth factors beta (TGF(3) regulate various aspects of
embryonic  development and are expressed in the environment of
sympathoadrenal progenitor cells (Wall et al.,  Curr. Opin. Genet. Dev.
4:517, 1994). In some systems, TGFI regulates expression of parathyroid
hormone-related protein (PTHrP) (Pateder et al., J. Cell Physiol. 188:343,
2001). BMPs and growth  and differentiation factors (GDFs) are believed to
play a central role during skeletogenesis, including  joint formation
(Francis-West at al., Cell Tissue Res 1296:111, 1999). Indian hedgehog (IHH)
is an  essential component of mechanotransduction complex to stimulate
chondrocyte proliferation (Wu et  al., J. Biol. Chem. 276:35290, 2001).
During endochondral ossification, two secreted signals, IHH  and PTHrP are
believed to form a negative feedback loop regulating the onset of
hypertrophic  differentiation of chondrocytes. Bone morphogenetic proteins
(BMP) are thought to be mediators of  signaling pathways for the patterning
of skeletal elements and mechanisms for the induction of  cartilage and bone
formation. (Hoffmann at al., Crit. Rev. Eukaryot. Gene Expr. 11:23, 2001).
BMPs  have been implicated as potential interactors of the IHH/PTHrP
feedback loop (Minina et al.,  Development 128:4523, 2001). BMPs may very
well interact with IHH and PTHrP to coordinate  chondrocyte proliferation
and differentiation. pPS-derived chondrocytes obtained according to this
strategy may contain a high proportion  of progenitor cells. When this is
the case, the cells can be driven further'down the differentiation  pathway
by culturing for an additional period with chondrocyte maturation factors.
Candidates for  effective cocktails of maturation factors include the
differentiation factors listed above, in combination  with growth factors
such as insulin-like growth factor (IGF) and insulin. Characteristics of
differentiated cells Cells can be characterized according to a number of
phenotypic criteria. The criteria include  but are not limited to
microscopic observation of morphological features, detection or quantitation
of  expressed cell markers, functional criteria measurable in vitro, and
behavior upon infusion into a host  



animal. Phenotypic markers Cells of this invention can 'be characterized
according to whether they express phenotypic  markers characteristic of
chondrocytes. -11 - 8 JUN 2006-  WO 03/0511250 PCT/US02/39090 Type II
collagen and aggrecan can be used as specific markers for cells that model
articular  cartilage. Cultures are also screened for the absence of elastin
and Type I collagen, markers of  elastic cartilage and fibrocartilage,
respectively. Cultures can also be screened for the absence of  Type X
collagen and osteocalcin, markers of hypertrophic cartilage and bone,
respectively, which  could indicate a transient chondrocyte phenotype
generated during the progression of endochondral  bone formation. A table of
commercially available antibodies for these human markers is shown  below.
Tissue-specific markers can be detected using any suitable immunological
technique - such as flow immunocytochemistry for cell-surface markers, or
immunohistochemistry (for example,  of fixed cells or tissue sections) for
intracellular or cell-surface markers. A detailed method for flow  cytometry
analysis 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. Possible  sources of specific antibody are
shown in Table 1. Table 1: Commercial Sources of Antibody to Connective
Tissue Markers Antibody Type I collagen  Type II collagen  Type X collagen
Elastin  Osteocalcin  Aggrecan Source Chemicon, cat. # AB758  Chemicon, cat
# AB761  RDI, cat # RDI-COLL10abr  Chemicon, cat # AB2043 



Biomed. Tech. Inc., cat # BT593  BioTrend, cat # 0195-8050 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 chain reaction (RT-PCR) using
sequence-specific primers in standard amplification  methods. See U.S.
Patent No. 5,843,780 for further details. Sequence data for particular
markers  listed in this disclosure can be obtained from public databases
such as GenBank. To facilitate engraftment, it is beneficial to maximize the
proportion of cells in the population  that have the characteristics of
chondrocytes or their precursors, by refining the mixture of
differentiation factors, culture conditions, and timing and following these
markers. Populations in  which at least 5% of the cells synthesize either
Type 11 collagen or aggrecan, or both, may well be  workable if the other
cells in the population are inert, or play other roles in connective tissue
(such as -12 6 JUN 2006 WO 03/(150250 PCT/US02/39090 fibroblasts or
mesenchymal cells). Populations enriched to the point where at least 25% of
the cells  synthesize either Type II collagen or aggrecan would be more
efficacious in a number of contexts. For therapeutic applications relating
to cartilage regeneration, it is usually desirable to  minimize the ability
of the cell population to form elastic cartilage, fibrocartilage,
hypertrophic  cartilage and bone. This means that the proportion 'of cells
synthesizing Type I collagen, Type X  collagen, or osteocalcin (alone or in
combination) is as low as possible, preferably below 1/5ih of the  cells
staining positive for Type II collagen or aggrecan, or less than 1%. Also
desirable are  populations with a low residual proportion of
undifferentiated pPS cells. Preferred populations are  less than 1 %, or
0.2% SSEA-4 +ve, Oct-4 +ve, or positive for expression of endogenous
telomerase  reverse transcriptase. Animal model experiments Of considerable
interest for development of chondrocytes for clinical application is the
ability  of cell populations to model cartilage and restore joint function
in a host. Reconstitution of  chondrocyte function can be tested using
several well-established animal models. Pilot experiments can be conducted
using a model in which 6 mm holes are put in the  external ear of the
rabbit, leaving the adherent skin intact. Matrixes seeded with chondrocyles
are  then implanted, and the animals are monitored for hole closure (ten
Koppel et al., Biomaterials  22:1407, 2001). Alternatively, full thickness
defects can be created in the weight bearing surface of the  medial femoral
chondyle of femora in rabbits (Grigolo et al., Biomaterials 22:2417, 2001).
The  wounds are repaired using chondrocytes seeded on a biomaterial, or
pulled as a multicellular  



aggregate from the micromass culture. A membrane such as a piece of the
periosteum or facia may  be used to fold the implant in place, or matrix
implants can be held in place with surgical dart. The  full-thickness defect
allows blood to seep into the site from the marrow cavity, creating a clot
that  contains endogenous stem cells. Rather than the medial chondyle, the
work can be done with a  defect created in the trochlear groove. This is a
non-weight-bearing site, and implants are not  dislodged as easily as from
the medial chondyle. Histologic samples from the treatment site are examined
1-6 months after surgery for  population with the implant cells and
cartilage deposits. This includes immunostaining for Type II  collagen and
aggrecan. Important morphological characteristics of the implant include
cartilage  thickness, smooth articular surface, and integration of the
implant and endogenous cartilage at the  borders of the defect. Long-term
stability of the implant can be verified at the 12 month point. As another
option, a partial thickness defect can be created that doesn't penetrate the
underlying bone or marrow cavity (Hunziker et al., Clin. Orthop. 391
Supp:S171, 2001). This type of  defect serves as a model for osteoarthritis.
Another model for osteoarthritis involves injection of  estradiol into the
knee joint of ovarectomized rabbits, causing loss of condyle surface
congruity that  resemble the defects observed in osteoarthritis in humans
(Tsai et al., Clin Orthoop. 291:295,1993). -13 - 6 JUN 2606 . . . WO
03/050250 PCT/US02/39090 Genetic modification of differentiated cells Many
of the chondrocyte populations of this invention have a substantial
proliferation  capacity. If desired, the replication capacity can be further
enhanced by increasing the level of  telomerase reverse transcriptase (TERT)
in the cell, either by increasing transcription from the  endogenous gene,
or introducing a transgene. Particularly suitable is the catalytic component
of  human telomerase (hTERT), provided in International Patent Application
WO 98/14592.  Transfection and expression of telomerase in human cells is
described in Bodnar at al., Science  279:349, 1998 and Jiang et al., Nat.
Genet. 21:111, 1999. Genetically altered cells can be assessed  for hTERT
expression by RT-PCR, telomerase activity (TRAP assay), immunocytochemical
staining  for hTERT, or replicative capacity, according to standard methods.
Other methods of immortalizing  cells are also contemplated, such as
transforming the cells with DNA encoding myc, the SV40 large  T antigen, or
MOT-2 (U.S. Patent 5,869,243, International Patent Applications WO 97/32972
and  WO 01/23555). If desired, the cells of this invention can be prepared
or further treated to remove  undifferentiated cells in vitro, or to
safeguard against revertants in vivo. One way of depleting  undifferentiated
stem cells from the population is to transfect the population with a vector
in which an  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 cell,  encoding, for example, a toxin,
or a mediator of apoptosis, such as caspase (Shinoura et al., Cancer  Gene
Ther. 7:739, 2000). The effector gene may have the effect of rendering the
cell susceptible to  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 (USSN 60/253,443). Alternatively, the effector can cause cell
surface expression of a  foreign determinant that makes any cells that
revert to an undifferentiated phenotype susceptible to  naturally occurring
antibody in vivo (USSN 60/253,357). Use of chondrocytes in research and
clinical therapy This invention provides a method to produce large numbers
of chondrocytes for a variety of  important research, development, and
commercial purposes. The cells of this invention can be used to prepare a
cDNA library relatively uncontaminated  with cDNA preferentially expressed
in cells from other lineages. The differentiated cells of this  invention
can also be used to prepare monoclonal or polyclonal antibodies that are
specific for  markers of chondrocytes and their derivatives, according to
standard methods. Of particular interest are use of the compositions of this
invention for drug development and  clinical therapy. -14  - 6 JUN 2006 WO
0310502511 PCT/US02/39090 Drug screening The cells of this invention can be
used to screen for factors (such as solvents, small  molecule drugs,
peptides, polynucleotides) or environmental conditions (such as culture
conditions  or manipulation) that affect the characteristics of both
chondrocyte precursors and mature chondrocytes.  In one example, pPS cells
(undifferentiated or initiated into the differentiation paradigm) are used
to screen factors that promote maturation into chondrocytes, or promote
proliferation and  maintenance of chondrocytes in long-term culture. For
example, candidate maturation factors or  growth factors are tested by
adding them to cells in different wells, and then determining any
phenotypic change that results, according to desirable criteria for further
culture and use of the cells.  This can lead to improved derivation and
culture methods not only for pPS derived chondrocytes, but  for chondrocytes
and their progenitors isolated from cartilage. Another example is the use of
chondrocytes to measure the effect of small molecule drugs  that have the
potential to affect chondrocyte activity in their role of shaping or
remodeling cartilage.  To this end, the cells can be combined with test
compounds in vitro, and the effect of the compound  



on gene expression or protein synthesis can be determined. The screening can
also be done in vivo  by measuring the effect of the compound on the
behavior of the cells in an animal model. Other screening methods of this
invention relate to the testing of pharmaceutical compounds  for a potential
effect on chondrocyte growth, development, or toxicity. This type of
screening is  appropriate not only when the compound is designed to have a
pharmacological effect on  chondrocytes themselves, but also to test for
chondrocyte-related side-effects of compounds  designed for a primary
pharmacological effect elsewhere. 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 candidate compound, either
alone or in combination with other drugs. The  investigator determines any
change in the morphology, marker phenotype, or functional activity of  the
cells that is attributable to the compound (compared with untreated cells or
cells treated with an  inert compound), and then correlates the effect of
the compound with the observed change. Cytotoxicity can be determined in the
first instance by the effect on cell viability, survival,  morphology, and
the expression of certain markers and receptors. Effects of a drug on
chromosomal DNA can be determined by measuring DNA synthesis or repair.
[3H]-thymidine or BrdU  incorporation, especially at unscheduled times in
the cell cycle, or above the level required for cell  replication, is
consistent with a drug effect. Unwanted effects can also include unusual
rates of sister  chromatid exchange, determined by metaphase spread. The
reader is referred to A. Vickers (pp  375-410 in "In vitro Methods in
Pharmaceutical Research," Academic Press, 1997) for further  elaboration.
-15 , 6 JUN' 2006 ' WO 03/0502511 PCT/US02/39090 Chondrocytes in clinical
therapy This invention also provides for the use of chondrocyte precursor
cells and their derivatives  to retain or restore cartilage-containing
musculoskeletal structures in a patient in need of such  therapy. Any
condition leading to impairment of joint mobility may be considered.
Included is  damage caused by percussive trauma, and sports injuries. The
cells of the invention can also be  considered for treatment of degenerative
conditions, such as osteoarthritis and rheumatoid arthritis  to restore lost
function, providing that the primary pathology causing the degeneration is
sufficiently  well controlled. Also contemplated is the use of the cells of
this invention for cosmetic surgery,  including but not limited to surgery
of the proboscis. See Aesthetic Reconstruction of the Nose, by  G.C. Burget
& F.J. Menick, Mosby Year Book 1994; The Nose, by Nikolay Gogol et at.,
David R.  Godine publisher, 1993; and Yoo et al., J. Urol. 162:1119, 1999. 



Chondrocytes made according to this invention can be prepared for
administration in a cell  suspension (using trypsin or collagenase, if
necessary), using a physiologically compatible excipient:  for example, an
isotonic medium containing 1.25 mL gentomycin sulfate (70 pmol/L), 2.0 mL
amphotericin (2.2 pmol/L), 7.5 mL L-ascorbic acid (300 pmoVL), 25 mL blood
serum or its equivalent  (to 10% vol/vol) in 300 mL. During the chondrocyte
transplantation procedure, the damaged  cartilage is covered with a cap
secured by mechanical or adhesive retention means, such as a  biocompatible
fibrin glue. The cultured chondrocyte cells in transplant excipient (about
0.6 mL  containing about 10 x 106 chondrocytes) are injected under the
covering cap using a -23 gauge  needle. Alternatively, the chondrocytes are
prepared by growing on a matrix formed, for example,  using a collagen
membrane (commercially available collagen matrix pads are available from Ed.
Geistlich Sohne, Switzerland). A few days before transplant, the growth
media is exchanged for a  transplant excipient. During surgery, the
chondrocyte cell-loaded matrix is glued into the area of  damaged cartilage
using a biocompatible adhesive. The covering cap or matrix remains place for
a  period of time sufficient to allow for cartilage repair, and is then
absorbed or resorbed by the body,  for example, within two to three months
from implantation. Further elaboration of the design and use  of resorbable
caps and matrices can be found in International patent publication WO
01/08610. As always, the ultimate responsibility for patient selection, mode
of administration, and  choice of support structures and surgical options is
the responsibility of the managing clinician. For purposes of commercial
distribution, chondrocytes of this invention are typically supplied  in the
form of a pharmaceutical composition, comprising an isotonic excipient
prepared under  sufficiently sterile conditions for human administration.
For general principles in medicinal  formulation of cell compositions, the
reader is referred to Cell Therapy: Stem Cell Transplantation,  Gene
Therapy, and Cellular Immunotherapy, by G. Morstyn & W. Sheridan eds,
Cambridge  University Press, 1996. The composition may also contain a matrix
for keeping the chondrocytes in  place during the first few months following
therapy. Absorbable biomaterials save the necessity of  subsequent surgical
removal. Besides the collagen matrix pads described in WO 01/086101, other
possible matrixes include bioresorbable polymer fleece matrices (Rudert et
al., Cells Tissues Organs -16 - 6 JUN 2006 WO 03/0502511 PCT/US02/39090
167:95, 2000); hyaluronan derivatives (Grigolo et al., Biomaterials 22:2417,
2001); sponge made  from poly(L-lactide-epsilon-caprolactone) (Honda at al.,
J. Oral Maxillofac. Surg. 58:767, 2000), and  collagen-fibrin matrices
(Clin. Exp. Rheumatol. 18:13, 2000). This invention also includes sets of
cells and other components that exist at any time during  



i their manufacture, distribution, or use. The cell sets comprise any
combination of two or more cell  populations described in this disclosure,
exemplified but not limited to a type of differentiated pPS- derived cell
(chondrocytes, their precursors, subtypes, and so on), in combination with
undifferentiated pPS cells or other differentiated cell types, sometimes
sharing the same genome.  Each cell type in the set may be packaged
together, or in separate containers in the same facility, or  at different
locations, under control of the same entity or different entities sharing a
business  relationship. The products of this invention are optionally
packaged in a suitable container or kit with  written instructions for a
desired purpose, such as the reconstruction of joint cartilage or cosmetic
surgery. i The skilled reader will appreciate that the invention can be
modified as a matter of routine  optimization, without departing from the
spirit of the invention, or the scope of the appended claims.  6 JUN 2 O8 -
WO 03/1150250 PCT/US02/39090 Embodiments of the invention to be prosecuted
in jurisdictions that allow multiple dependent claims  include the
following. 1. A cell population obtained by differentiating primate
pluripotent stem (pPS) cells, in which at  least 5% of the cells synthesize
either Type II collagen or aggrecan from an endogenous  gene: 2. The cell
population of claim 1, in which less than 1% of the cells synthesize
elastin, Type I  collagen, Type X collagen, or osteocalcin. 3. A cell
population obtained by differentiation primate pluripotent stem (pPS) cells,
which causes  closure of a 6 mm hole within 2 months in the animal model
described by Koppel et at.,  Biomaterials 22:1407, 2001. 4. A population of
chondrocyte progenitors that proliferates in an in vitro culture, obtained
by  differentiating primate pluripotent stem (pPS) cells, and capable of
forming progeny having the  characteristics of the cells of claims 1-3. 5.
The cell population of claims 1-3, comprising less than 1% undifferentiated
pPS cells. 6. The cell population of claims 1-5, comprising cells
genetically altered to express telomerase  reverse transcriptase (TERT) at
an elevated level. 7. The cell population of any preceding claim, which has
the same genome as an established  line of primate embryonic stem cells. 8.
Two cell populations, comprising the differentiated cell population of any
preceding claim, and  the undifferentiated pPS cell line from which it was
obtained. 9. A method for obtaining the cell population of any of claims
1-7, comprising differentiating the  



pPS cells, then culturing the differentiated cells with a mixture of
chondrocyte differentiation  factors. 10. The method of claim 9, comprising
differentiating pPS cells to form embryoid bodies. 11. The method of claims
9-10, wherein the mixture of chondrocyte differentiation factors  comprises
one or more factors selected from transforming growth factors (TGF),
fibroblast  growth factors (FGF), growth and differentiation factors (GDF),
bone morphogenic proteins  (BMP), hedgehog proteins (HH), L-ascorbic acid,
and parathyroid hormone-related protein  (PTHrP). -18 - 6 JUN 2006 WO
03/0511250 PCT/US02/39090 12. A method for producing cartilage, comprising
incubating the cell population of claims 1-7  under conditions where the
cell population synthesizes either Type II collagen or aggrecan. 13. A
pharmaceutical composition for producing,' repairing, or maintaining
cartilage in vivo,  comprising the cell population of claims 1-7 in a
physiologically compatible excipient. 14. The pharmaceutical composition of
claim 13, further comprising a matrix that is reabsorbed in  vivo. 15. A
method of screening a compound for its ability to modulate chondrocyte
growth,  differentiation, or synthesis of cartilage components, comprising
combining the compound with  the cell population of claims 1-7, determining
any phenotypic or metabolic changes in the cell  population that result from
being combined with the compound, and correlating the change  with an
ability of the compound to modulate chondrocyte growth, differentiation, or
synthesis of  cartilage components. 16. A method of reconstructing cartilage
in a subject, comprising administering to the subject the  cell population
of claims 1-7. 17. Use of the cell population according to claims 1-7 in the
preparation of a medicament for  reconstructing cartilage in a subject. 18.
Use of the cell population according to claims 1-7 in the preparation of a
medicament for the  treatment of joint trauma, arthritis, or osteoarthritis,
or for use in cosmetic surgery. 19. The cell population, composition,
method, or use according to any preceding claim, wherein  the pPS cells are
progeny of cells obtained from a human blastocyst. 20. The cell population,
composition, method, or use according to any preceding claim, wherein  the
pPS cells are human embryonic stem cells. - 6 JUN 2006 CLAIMS 1. A cell
population obtained by differentiating isolated primate pluripotent stem
(pPS)  



cells, in which at least 5% of the cells synthesize either Type II collagen
or aggrecan  from an endogenous gene. 2. A population of differentiated
cells obtained by differentiating a line of primate  pluripotent stem (pPS)
cells in culture, as part of a system for generating  chondrocyte lineage
cells, wherein at least 5% of the differentiated cells synthesize either
Type II  collagen or aggrecan from an endogenous gene, and wherein the
system further comprises the line of undifferentiated pPS  cells from which
the differentiated cells were produced. 3. A system for generating
pancreatic hormone secreting cells, comprising the  differentiated cell
population of claim 1, and the undifferentiated pPS cell line  from which it
was obtained. 4. The differentiated cell population according to any
preceding claim, in which less  than 1% of the cells synthesize elastin,
Type I collagen, Type X collagen, or  osteocalcin, 5. The differentiated
cell population according to any preceding claim, which causes  closure of a
6 mm hole within 2 months in the animal model described by Koppel  et al.,
Biomaterials 22:1407,2001. 6. The differentiated cell population according
to any preceding claim, comprising  less than 1 % undifferentiated pPS
cells. - 6 JUN 2006 7. The differentiated cell population according to any
preceding claim, comprising  cells genetically altered to express telomerase
reverse transcriptase (TERT) at  an elevated level. 8. A method for
obtaining the differentiated cell population according to any  preceding
claim, comprising differentiating the pPS cells, then culturing the
differentiated cells with a mixture of chondrocyte differentiation factors.
9. The method of claim 8, comprising differentiating pPS cells to form
embryoid  bodies. 10.The method of claims 8 or 9, wherein the mixture of
chondrocyte differentiation  factors comprises one or more factors selected
from transforming growth factors  (TGF), fibroblast growth factors (FGF),
growth and differentiation factors (GDF),  bone morphogenic proteins (BMP),
hedgehog proteins (HH), L-ascorbic acid, and  parathyroid hormone-related
protein (PTHrP). 11.A method for producing cartilage, comprising incubating
the differentiated cell  population according to any of claims 1-9 under
conditions where the cell  



population synthesizes either Type II collagen or aggrecan. 12.A
pharmaceutical composition for producing, repairing, or maintaining
cartilage in  vivo, comprising the differentiated cell population according
to any of claims 1-9  in a physiologically compatible excipient. 13.The
pharmaceutical composition of claim 12, further comprising a matrix that is
reabsorbed in vivo. 14.A method of screening a compound for its ability to
modulate chondrocyte  growth, differentiation, or synthesis of cartilage
components, comprising  combining the compound with the differentiated cell
population according to any  of claims 1-9, determining any phenotypic or
metabolic changes in the cell  population that result from being combined
with the compound, and correlating -21 - 6 JUN 2006 the change with an
ability of the compound to modulate chondrocyte growth,  differentiation, or
synthesis of cartilage components. 15. Use of the differentiated cell
population according to any of claims 1-9 in the  preparation of a
medicament for reconstructing cartilage in a subject. 16. Use of the
differentiated cell population according to any of claims 1-9 in the
preparation of a medicament for the treatment of joint trauma, arthritis, or
osteoarthritis, or for use in cosmetic surgery. 17. The differentiated cell
population according to any of claims 1-9, wherein the pPS  cells are
progeny of cells obtained from a human blastocyst. 18. Chondrocytes and
chondrocyte precursor cells obtained from primate pluripotent  stem (pPS)
cells, substantially as hereinbefore described. 19.A method for producing
chondrocytes and chondrocyte precursor cells from pPS  cells, substantially
as hereinbefore described. 20.A pharmaceutical preparation substantially as
hereinbefore described. 


