
HUMAN EMBRYONIC STEM CELL-DERIVED CONNECTIVE TISSUE
PROGENITORS FOR TISSUE ENGINEERING FIELD AND
BACKGROUND OF THE INVENTION The present invention
relates to methods of generating and isolating
proliferative, non terminally differentiated
connective tissue progenitor cells from embryonic stem
cells and embryoid bodies and, more particularly, to
methods of using such cells for cell based therapy and
tissue engineering applications. Cell-based tissue
engineering is an evolving interdisciplinary area that
offers new opportunities for clinical applications,
creating a tool for repairing and replacing damaged or
lost tissues with biological substitutes. The shortage
of organ transplants and the exceeding number of
patients on waiting lists greatly encourage the
development of this field. The fundamentals of tissue
engineering combine cells, bioactive matrices and
chemically and biophysically defined in-vitro culture
conditions. For tissue engineering, cells must be
easily isolated, sufficient in numbers, with a great
proliferation capacity and a well-defined
differentiation potential. A number of cell sources
have been suggested including primary cells and stem
cells which are either host- or donor-derived. A wide
array of matrices, either biologically or
synthetically designed, are to provide the mechanical
cues and threedimensional environment, supporting cell
attachment, migration, proliferation, differentiation
and organization into complex tissues. Controlling
stem cell proliferation and differentiation into any
desired cell type requires the identification of
chemicals (e.g., hormones and growth factors) and/or
growth conditions (e.g., static or dynamic culturing
conditions), which regulate the differentiation into
the desired cell or tissue. Connective tissue repair
and regeneration are subjected to intensive research
within clinical medicine. Damaged or disordered
connective tissues, such as bone, cartilage and
tendons need to be reconstructed or replaced due to
traumatic injuries, degenerative diseases, tumor
resections and congenital malformations. Current
strategies in reconstructive orthopedic surgery
include the use of autografts, allografts and
artificial substitutes, all subjected to various
limitations. While the use of cell grafts is limited
by availability and morbidity, synthetic grafts are
osteoconductively inferior to their biological
counterparts, and could fail.Mesenchymal stem cells
(MSCs) have previously been derived from bone
(Sottile, V et al 2002), bone marrow (Pittenger, M.F
et al, 1999), muscle (Mastrogiacomo, M et al 2005),
and fat (Zuk, P.A et al, 2001), and were capable of
differentiating into adipocytic, chondrocytic,
osteocytic or myogenic lineages. Human embryonic stem
cells (hESCs) hold great promise as a source of cells
for tissue engineering. Their ability for practically
unlimited self-renewal can potentially provide the
required amount of cells needed for ex vivo tissue
construction. In addition, they are characterized by a
developmental potential to differentiate into any cell
type of the mammalian embryo, and recently have been
efficiently derived by means of somatic cell nuclear
transfer, creating patient-specific immune-matched
cell lines. hESCs have been shown to be able to form
vascularized tissue-like structures when grown on
either PLGA/PLLA or alginate porous scaffolds. Several
approaches have been recently described for isolating
MSC-like cells from hESCs. For example, Olivier EN.,
et al., 2006 [Olivier, E.N., et al., 2006, Stem Cells
24, 1914-1922] cultured spontaneously differentiating
cells of hESCs colonies which were scraped from the
edges of the colonies ("raclures") until a thick
multi-layer epithelium was formed (at least 4 weeks).
The cells of the thick epithelium were further
dissociated and routinely passaged. The resulting
cells exhibited surface phenotype of MSCs such as
CD105+/CD 166+/HLA-ABC+/CD73+/CD45-/HLA-DRand were
capable of in-vitro differentiation into osteoblasts
and adipocytes. However, the use of such a method (the
"raclure method") is limited because specific ESCs are
mechanically scraped from ESC colonies cultured on
mouse feeder cells, which may result in a crude,
non-defined, population of cells. In another study
Barberi, T., et al. (2005) co-cultured hESCs on mouse
OP-9 stromal feeder layers and following 40 days of
co-culture isolated CD73-positive cells (MSC-like
cells) and replated them in the absence of the stromal
cells. However, this method is limited by the
extremely low yield of the MSC-like cells (only 5 % of
the cells were CD73-positive cells) and by the
co-culturing of the hESCs on mouse feeder-layers,
which complicates culturing procedures and limits the
use for cellbased therapy.Other approaches utilized
ESCs which have undergone spontaneous differentiation
to embryoid bodies (EBs) in order to generate in-vitro
committed cells of the osteogenic lineage. For
example, EBs were dissociated into single cells and
were further induced to terminally differentiate into
the osteogenic lineage by culturing them in an
osteogenic medium without passaging for 2 1 (Sottile
V3 et al, 2003) or 28 (Bielby et al., 2004) days. The
resulting cells expressed osteogenic markers and
formed mineralized nodules. Other studies obtained
committed cells of the osteogenic lineage by plating
intact EBs on adherent culture plates and culturing
the EBs for at least 22 days without passaging (Cao
T., et al. 2005). Thus, Cao et al. (2005), Bielby et
al. (2004) and Sottile et al. (2003) concluded that
culturing cells of EBs in an osteogenic medium results
in terminally differentiated cells of the osteoblast
cell lineage. There is thus a widely recognized need
for, and it would be highly advantageous to have,
hESC-derived multipotent cells for tissue engineering
devoid of the above limitations. SUMMARY OF THE
INVENTION According to one aspect of the present
invention there is provided a method of generating
connective tissue progenitor cells, the method
comprising culturing embryoid bodies (EBs) in a
culture medium under culturing conditions allowing
differentiation of cells of the embryoid bodies into
connective tissue progenitor cells, wherein the
culturing conditions comprise passaging the connective
tissue progenitor cells, whereas a first passage of
the passaging is effected no more than 10 days
following initial culturing of the cells of the
embryoid bodies in the culture medium, thereby
generating the connective tissue progenitor cells.
According to another aspect of the present invention
there is provided a method of generating connective
tissue progenitor cells, the method comprising
culturing single embryonic stem cells (ESCs) in a
culture medium under culturing conditions allowing
differentiation of the single embryonic stem cells
into connective 



tissue progenitor cells, wherein the culturing
conditions comprise passaging of the connective tissue
progenitor cells, whereas a first passage of the
passaging is effectedno more than 10 days following
initial culturing of the single embryonic stem cells
in the culture medium, thereby generating the
connective tissue progenitor cells. According to yet
another aspect of the present invention there is
provided a method of generating connective tissue
progenitor cells, the method comprising culturing
embryoid bodies (EBs) in a culture medium which
comprises dexamethasone and/or ascorbic acid so as to
obtain connective tissue progenitor cells; thereby
generating the connective tissue progenitor cells.
According to still another aspect of the present
invention there is provided a method of generating
connective tissue progenitor cells, the method
comprising culturing single embryonic stem cells
(ESCs) in a culture medium which comprises
dexamethasone and/or ascorbic acid so as to obtain
connective tissue progenitor cells; thereby generating
the connective tissue progenitor cells. According to
an additional aspect of the present invention there is
provided an isolated cell preparation of connective
tissue progenitor cells resultant of the method of the
present invention. According to yet an additional
aspect of the present invention there is provided an
isolated cell preparation comprising a first
population of cells expressing CD105 and a second
population of cells not expressing CD105, wherein a
ratio between the first population of cells and the
second population of cells is between about 0.6 to
about 1.5. According to still an additional aspect of
the present invention there is provided a method of
generating a tendon tissue, the method comprising
culturing the connective tissue progenitor cells of
the isolated cell preparation of cells of claims 20
and/or 2 1 in a culture medium which comprises
ascorbic acid and/or dexamethason under culture
conditions devoid of a carrier, thereby generating the
tendon tissue. According to a further aspect of the
present invention there is provided a method of
forming an extracellular matrix (ECM), the method
comprising culturing the connective tissue progenitor
cells of the isolated cell preparation of cells of
claims 20 and/or 2 1 in a culture medium which
comprises ascorbic acid, thereby forming the ECM.
According to further features in preferred embodiments
of the invention described below, the method further
comprising passaging the connective tissueprogenitor
cells in a presence of the culture medium which
comprises dexamethasone and/or ascorbic acid to
thereby expand the connective tissue progenitor cells.
According to still further features in the described
preferred embodiments the single ESCs are obtained by
enzymatically and/or mechanically dissociating the
embryonic stem cells. According to still further
features in the described preferred embodiments
culturing is effected under feeder-free culturing
conditions. According to still further features in the
described preferred embodiments the culture medium
comprises dexamethasone and/or ascorbic acid.
According to still further features in the described
preferred embodiments the culture medium further
comprises inorganic phosphate. According to still
further features in the described preferred
embodiments the culture medium further comprises serum
or serum replacement. According to still further
features in the described preferred embodiments the
EBs are of a human origin. According to still further
features in the described preferred embodiments the
EBs are 5-22 days old. According to still further
features in the described preferred embodiments the
ESCs are of a human origin. According to still further
features in the described preferred embodiments
passaging is effected every 2-5 days. According to
still further features in the described preferred
embodiments passaging is effected for at least 20
times. According to still further features in the
described preferred embodiments a first passage of the
passaging is effected no more than 10 days following
initial culturing of cells of the embryoid bodies or
the single embryonic stem cells in the culture medium
which comprises dexamethasone and/or ascorbic acid.
According to still further features in the described
preferred embodiments culturing is effected under
xeno-free conditions. According to still further
features in the described preferred embodiments
passaging is effected under xeno-free conditions.
According to still further features in the described
preferred embodiments passaging is effected under
feeder-free culturing conditions.According to still
further features in the described preferred
embodiments the connective tissue progenitor cells
comprise a first population of cells expressing CD105
and a second population of cells not expressing CD105,
wherein a ratio between the first population of cells
and the second population of cells is between about
0.6 to about 1.5. According to still further features
in the described preferred embodiments the isolated
cell preparation is devoid of feeder cells. According
to still further features in the described preferred
embodiments the isolated cell preparation is
xeno-free. According to still further features in the
described preferred embodiments the first population
of cells express CD166. According to still further
features in the described preferred embodiments the
isolated cell preparation express CD44, CD29, and
HLA-ABC. According to still further features in the
described preferred embodiments the isolated cell
preparation not express CD45 and HLA-DR. According to
still further features in the described preferred
embodiments the cells are capable of being maintained
in a proliferative, non terminally differentiated
state for at least 20 passages in culture. According
to still further features in the described preferred
embodiments the connective tissue progenitor cells are
capable of differentiating into cells of a
chondrogenic lineage, an osteogenic lineage, an
adipocytic lineage and a tendon and ligament lineage.
According to still further features in the described
preferred embodiments the connective tissue progenitor
cells are capable of forming mineralized matrix.
According to still further features in the described
preferred embodiments the connective tissue progenitor
cells are capable of forming a bone tissue. 



According to still further features in the described
preferred embodiments the connective tissue progenitor
cells are capable of forming an extracellular matrix
(ECM). According to still further features in the
described preferred embodiments the connective tissue
progenitor cells are capable of forming a tendon
tissue. According to still further features in the
described preferred embodiments the connective tissue
progenitor cells are capable of forming a ligament
tissue.According to still further features in the
described preferred embodiments the connective tissue
progenitor cells are capable of forming a cartilage
tissue. According to still further features in the
described preferred embodiments the culture medium
further comprises dexamethason. The present invention
successfully addresses the shortcomings of the
presently known configurations by providing methods of
generating and using connective tissue progenitor
cells from embryonic stem cells and embryoid bodies.
Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention belongs. Although methods and
materials similar or equivalent to those described
herein can be used in the practice or testing of the
present invention, suitable methods and materials are
described below. In case of conflict, the patent
specification, including definitions, will control. In
addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.
BRIEF DESCRIPTION OF THE DRAWINGS The invention is
herein described, by way of example only, with
reference to the accompanying drawings. With specific
reference now to the drawings in detail, it is
stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of
the preferred embodiments of the present invention
only, and are presented in the cause of providing what
is believed to be the most useful and readily
understood description of the principles and
conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the
invention in more detail than is necessary for a
fundamental understanding of the invention, the
description taken with the drawings making apparent to
those skilled in the art how the several forms of the
invention may be embodied in practice. In the
drawings: FIGs. la-c depict the characterization of
the connective tissue progenitor cells (CTPs) of the
present invention. Figure Ia - Growth kinetics of
CTPs. hESCs derived CTPs were continuously expanded in
the presence of the CTP medium and splitted 1:3 in
each cell passage every 3-5 days. Shown is the
tripling time (Le., the hours between passages in
which the cell number was triplicated) as a function
of the passage number. Note the decrease in
proliferation rate towards passage 20-25 (i.e.,the
increase in the tripling time from about 80-100 hours
between each cell passage to about 130 hours between
each cell passage). The results shown are mean values
(SD) of three independent cultures. Figures Ib and c -
Photomicrographs of hESC derived CTPs at passage 1
(Figure Ib) show mesenchymal-cell morphology, with
conversion to fibroblast-like morphology at passage 12
(Figure Ic). FIGs. 2a-u are RT-PCR analyses depicting
the expression of markers characteristic of bone,
cartilage, tendons and ligaments at passage 1 (pi) and
passage 10 (plO) of both hESC-derived CTPs (lanes 2
and 3, respectively) and fetal-derived CTPs (lanes 4
and 5, respectively), compared to undifferentiated
hESCs (u.d., lane 1) and negative (neg., lane 6)
control. hESCs derived CTPs were cultured in CTP
medium for 1 or 10 passages, following which RNA was
prepared and RT-PCR reactions were performed using the
PCR primers listed in Table 1 of the Examples section
which follows. The tested markers were: CBFAl (Figure
2a), SOX9 (Figure 2b), CoI-I (Collagen type I, Figure
2c), Osteonectin (Figure 2d), Osteopontin (Figure 2e),
ALP (alkaline phosphatase, Figure 2f), PTHRl (Figure
2g), CoI-IX (Collagen type I, Figure 2h), CoI-X
(Collagen type X; Figure 2i), COMP (Figure 2j),
Aggrecan (Figure 2k), CS4 (Figure 21), Scleraxis
(Figure 2m), CoI-III (Collagen type III, Figure 2n),
CoI-XII (Collagen type XII, Figure 2o), Decorin
(Figure 2p), Biglycan (Figure 2q), Elastin (Figure
2r), Fibronectin (Figure 2s), Tenascin C (Figure 2t)
and GAPDH (Figure 2u). Note that both hESC-derived
CTPs and human fetal-derived CTPs express high levels
of core binding factor alpha 1 (CBFAl; Figure 2a) and
SOX9 (Figure 2b), both are early transcription factors
known to play a major role in osteoblast and
chondrocyte differentiation. Also note that type I
collagen (CoI-I, Figure 2c), the most abundant
extracellular protein which is synthesized by
osteoblasts, osteonectin (Figure 2d) and osteopontin
(Figure 2e), two major noncollagenous bone matrix
proteins, parathyroid hormone receptor 1 (PTHRl;
Figure 2g, mainly at passage 1), which regulates
mineral homeostasis and bone formation, and
bone-specific alkaline phosphatase (ALP; Figure 2f),
which binds phosphor to calcium and forms bone
hydroxyapetite, are all detected at low and high
passages, indicating osteogenic potential. CTPs were
also positive for cartilage matrix markers:
chondroitin sulfate proteoglycan 4 (CS4; Figure 2k), a
cartilage matrix proteoglycan, type X collagen (Figure
2i, mainly hESCs-derived CTP at passage 10 and fetal
derived CTPs are passage 1), which is a
non-fibril-forming collagen restricted to
thehypertrophic, calcifying zone of growth plate
cartilage, and cartilage oligomeric matrix protein
(COMP; Figure 2h, mainly fetal derived CTPs at passage
1), a key non-collagenous cartilage matrix protein. In
addition, note the expression of tendon and ligament
specific markers, such as scleraxis (Figure 21, mainly
at passage 10), a transcription factor expressed both
in their mature and early progenitor populations, and
other ECM-related proteins, including type III
(CoI-III; Figure 2m) and type XII (CoI-XII; Figure 2n)
collagens, decorin (Figure 2o), biglycan (Figure 2p),
elastin (Figure 2q), fibronectin (Figure 2r), and
tenascin-C (Figure 2s), were detected. While elastin
and tenascin-C were down-regulated at higher passages,
scleraxis was clearly up-regulated. FIGs. 3a-k are
FACS analyses of hESC-derived CTPs showing relatively
high level of population purity with surface markers
characteristic of MSCs. hESCs derived CTPs were
cultured in CTP medium for 6-12 passages and were
subjected to FACS analysis using antibodies specific
to CD105 (eBioscience, San Diego, CA, Cat. No.
12-1057-73) (Figure 3a), CD166 (Serotec, Raleigh, NC,
USA, Cat. No. MCA1926F ) (Figure 3b), CD44
(eBioscience, Cat. No. 10-0441-81) (Figure 3c), CD29
(Serotec, Cat. No. MCAl 926F) (Figure 3d), CD45
(Pharmingen, Cat. No. 345809) (Figure 3e), HLA-ABC
(eBioscience, Cat. No. 12-9983-71) (Figure 3f), HLA-DR
(eBioscience, Cat. No. 12-9956-71) (Figure 3g). Note
the positive expression of typical MSC surface
markers, including CD105 (Figure 3a), CD166 (Figure
3b), CD44 (Figure 3g) and CD29 (Figure 3d), and the
negative expression 



(absence) of CD45 (Figure 3e), a hematopoietic marker.
Level of cell purity was confirmed to be high, with
two main sub-populations: CD105-positive (CD105-
expressing, 42 %) and CD105-negative (CD105-not
expressing, 58 %) (Figure 3a) cells. Note that the
CD105 positive cells are indeed positive for CD166
(Figure 3h, green labeling), CD29 (Figure 3k, green
labeling), CD44 (Figure 3i, green labeling) and
negative for CD45 (Figure 3j, green labeling), while
the CD105 negative portion is positive for CD29
(Figure 3k, red labeling) and CD44 (Figure 3i, red
labeling), and includes the CD166 negative fraction
(Figure 3h, yellow labeling). Additionally, all cells
were positive for HLA-ABC (Figure 3f) and negative for
HLA-DR (Figure 3h, the major histocompatibility
complex antigens). FIGs. 4a-d depict the
differentiation potential of hESCs derived CTPs to the
osteogenic lineage. hESCs - derived CTPs (taken from
any passage of passages 1-25)were cultured in CTP
medium supplemented with 10 mM beta-glycerophosphate
(inorganic phosphate) for 1-4 weeks without culture
splitting and were subjected to differentiation assays
of the osteogenic lineage. Figure 4a - A view of the
macroscopic pattern of differentiated CTPs on a T75
(75 cm2) tissue culture flask demonstrating bone
mineralization. Scale bar - 1 cm; Figure 4b - Alizarin
Red staining showing calcium deposits and bone nodule
formation. Scale bar -100 mm; Figure 4c - CTPs
embedded in self-produced matrix expressing type I
collagen (green). Nuclei were counterstained with DAPI
(blue). Scale bar - 100 mm; Figure 4d - EDS analysis
of bone mineralization, detecting calcium and
phosphate as the most prominent signals, in addition
to carbon and oxygen which could correspond to the
presence of proteins. Note that the ratio between the
calcium and phosphate corresponds to the expected
ratio of the hydroxyapatite mineral; Figure 4e - SEM
image depicting mineralized matrix formed from the CTP
culture. Magnification X 10,000, Scale bar - 2 mm;
Altogether, these experiments demonstrate the in-vitro
osteogenic differentiation of hESCs derived CTPs to
osteoblasts and the production of mineralized bone
matrix. FIGs. 5a-d depict the in-vitro chondrogenic
differentiation of the CTPs. hESCs derived CTPs (taken
from any passage of 1-25 passages) were cultured in
CTP medium for 10-14 days without culture splitting
and were subjected to histological and immunostaining
analyses. Figure 5a - Histological examination of
intact CTP cultures which were grown in suspension.
The H&E staining showing round chondrocyte-like cells
embedded in lacunae, at the viable periphery of the
sample and morphological changes suggesting apoptosis
occurring in the center of the tissue sample
(asterisk), probably due to lack of nutrients and
oxygen delivery in static culture conditions. Scale
bar - 100 mm; Figure 5b - Picro-sirius red staining
detected collagenous matrix surrounding the cells.
Scale bar - 20 mm; Figure 5c - ES-derived CTPs were
cultured for 1-20 passages and were subjected to
immunostaining analysis using anti type II collagen
antibody (red; Chemicon, Cat. No. MAB8887)
demonstrating fibrous ECM formation. Nuclei were
counterstained with DAPI (blue). Scale bar - 10 mm;
Figure 5d - Immunostaining with anti S-100 protein
antibody (brown; DAKO Corp, Carpenteria, CA, USA, Cat.
No. Z031 1) detecting small clusters of cells within
the viable chondrocyte-like area. Scale bar - 20
mm.FIGs. 6a-d are RT-PCR analyses of hESC-derived CTP
pellet cultures grown in the presence of low serum
TGF- b3 supplemented medium. RT-PCR was performed
using the PCR primers listed in Table 1 of the
Examples section which follows, for the type X
collagen (CoI-X; Figure 6a), COMP (Figure 6d), CS4
(Figure 6c) and GAPDH (Figure 6d). Note the gradual
up-regulation of selected cartilage markers (CoI-X and
COMP) by 1 week (Iw, lane 3), 2 weeks (2w, lane 4) and
4 weeks (4w, lane 5) in pellet culture prepared from
passage 9 CTPs, compared to undifferentiated hESCs
(u.d., lane 1) or passage 9 (p9, lane 2) CTPs taken
just before the pellet formation and differentiation
induction to the chondrocyte lineage, early passage
fetal-derived CTPs (f, lane 6) and negative control
(neg., lane 7). Altogether, these experiments
demonstrate the differentiation of hESCs derived CTPs
to cells of the chondrogenic lineage (cartilage
markers). FIGs. 7a-f depict the differentiation of
hESCs derived CTPs into a connective tissue. Figure 7a
- SEM image of the PCL/PLA electrospun nanofiber
scaffold used for plating the CTPs (without the
cells), demonstrating nano-scale, randomly orientated
fibers. Figures 7b-d - SEM images of the electrospun
nanofiber scaffolds seeded with CTPs at passage 10-12
demonstrating different stages in connective tissue
formation. Note the beginning of extracellular matrix
(ECM) formation following about 7 days (Figure 7b;
magnification X5000, scale bar - 5 mm), the formation
of intermediate tissue like patches following about 14
days (Figure 7c; magnification XlOOO, scale bar -20
mm) and the firm 3D sheet-like tissue which completely
covers the scaffold following about 4 weeks (Figure
7d; magnification X250, scale bar- 200 mm). Figures
7e-f - Cross sectional histological examination of
sheet-like tissue with picro-sirius red (Figure 7e,
scale bar -100 mm) and H&E (Figure 7f, scale bar -20
mm) staining showing extracellular collagen formation
and mesenchymal-like cells aligned in parallel,
embedded in extensive ECM. FIGs. 8a-b depict in vitro
tendon formation from hESCs derived CTPs. CTPs were
cultured in CTP medium for 8 weeks (Figure 8a) and 4
months (Figure 8b) without cell splitting. Figure 8a -
Macroscopic view of 8-week old hESC-derived construct
(arrows) growing in a culture well of 6-well plate;
Figure 8b - a macroscopic view of a tendon which grew
up to 5 centimeters following 4 months in
culture.FIGs. 9a-d are collagen type I immunostaining
(Figures 9a-c) and histological (Figure 9d) analyses
of the tendons generated from the hESCs derived CTPs
of the present invention. Immunostaining with anti
type I collagen (green) demonstrates the progressive
assembly of long, cylinder-shaped constructs. Note a
couple of cell-wide structure (Figure 9a) arising from
the bottom of the culture plate (L, Figure 9a)
attaching to the plate side wall (U, Figure 9a) in
tendons formed following about 10- 14 days in culture.
At a later developmental stage (following 2-3 weeks in
culture), wider structures were observed (Figure 9b),
until the formation of well defined, tendon-like
constructs (Figure 9c) which was observed following
4-6 weeks in culture. Nuclei were counterstained with
DAPI (blue). Histological examination shows organized,
parallel-aligned cells, with high matrix-to-cell ratio
(Figure 9d); Size bars in Figures 9a-d - 100 mm. FIGs.
lOa-c are SEM analyses of the tendon formed in vitro
from the hESCs derived CTPs of the present invention.
Note the surface topography of the constructs, showing
well-defined fibrous structure (Figures 10a and b) and
parallel orientation of cells (Figure 10c). FIGs. l
la-d are TEM analyses of longitudinal sections
demonstrating the 



ultrastructure of the developing tendon, with
elongated cells (marked with "C", Figure Ha) aligned
in parallel (Figure Ha), surrounded with interwoven
bundles of collagen fibrils (marked with "E", Figure
lla) seen also at higher magnification (Figure lib),
and on cross sections (Figures lie and d). Scale bars:
Figure 1Ia - 5 mm, Figure llb - 200 run Figure 1Ic - 5
mm, Figure 1Id - 700 nm. FIG. 12 is a strain-stress
test depicting strain-stress curves of 4 independent
tensile tests of engineered tendons, with an average
tangent modulus of 586.6  118.7 MPa, and ultimate
tensile strength (UTS) of 79.7  13.3 MPa (see also
Table 3 of the Examples section which follows). The
initial length and diameter of the tendons were 2.4 mm
and 0.2 mm respectively. The tendon constructs were
stressed until failure at a strain rate of 0.02 sec 1.
FIGs. 13a-c depict ectopic new bone and cartilage
formation following transplantation of the hESCs
derived CTPs of the present invention. Figure 13a - a
macroscopic view of a mouse bearing ectopic
subcutaneous transplants of hESCs derived CTPs
obtained from any passage of 4-20 passages. Note the
visible ectopictransplants (marked with arrows, Figure
13a) shown 8 weeks following transplantation; Figure
13b - an x-ray image of a mouse bearing 8-week old
ectopic subcutaneous transplants of hESCs derived
CTPs. Note the radio-opaque transplant (marked by
arrows, Figure 13b) demonstrating the presence of bone
tissue in the ectopic transplant; Figure 13c -a
macroscopic view of an 8-week old ectopic transplant
following removal of skin. Note the round shape
(characteristics of a non cancerous mass),
well-vascularized ectopic transplant mass,
demonstrating that the ectopic transplant is
biocompatible, well integrated within the recipient
mouse and not rejected by its immune system. FIGs.
14a-e are histological analyses of the ectopic
transplant shown hi Figures 13a-c depicting the
formation of new bone (Figures 14a-c) and cartilage
(Figures 14d-e) tissues. Note the early stage of
mineralized bone matrix formation (Figure 14a,
arrows), and the later stage showing osteon-like
structures and new bone formation (Figures 14b and c),
in addition to hypertrophic cartilage (Figures 14d-e).
Scale bars: Figure 14a - 100 mm, Figures 14b, c and e
- 20 mm, Figure 14d - 15 mm. FIGs. 15a-b are images of
frozen sections of non-demineralized tissue (of the
ectopic transplant shown in Figures 13a-c)
demonstrating the formation of mineral deposits
(Figure 15b), stained also with alizarin-red (Figure
15a, ). Scale bars: Figure 15a - 100 mm, Figure 15b -
20 mm. FIGs. 16a-e schematically depict the strategy
of repairing critical Achillestendon injury by
implanting a tendon graft formed from the hESCs
derived CTPs of the present invention. Figure 16a -
High-density hESCs derived CTP cultures are grown with
no further splitting for 4-5 weeks to form sheet-like
tissues in culture plates. Figure 16b - Once
sheet-like tissues are formed, the tissues are gently
removed from plates using a cell scraper and rolled to
form rounded cylinders. Figure 16c-Non-absorbable
sutures are inserted at the ends of a construct
through all layers. Figure 16d - Constructs are
immediately used for transplantation or kept inside
custom-made templates made from flexible silicon tubes
embedded in agar plates (see Figure 17b). Full
thickness, 3-4 mm long segment of the Achilles tendon
in nude mice is cut to form a critical gap. Figure 16e
- The tendon graft constructs are sutured to the
proximal and distal edges of the injured Achilles
tendon.FIGs. 17a-d depict the repair of a critical
Achilles-tendon injury in vivo following
transplantation of a tendon which was formed in vitro
from hESCs derived CTPs. Figure 17a - A macroscopic
view of a non-transplanted animal which was subjected
to critical Achilles-tendon injury (excision of the
Achilles-tendon). Note that the mouse is unable to
extent its ankle, resulting in a maximal extension of
is less than 90 degrees (yellow lines). Figure 17b - a
macroscopic view of the in vitro formed tendon grafts
of the present invention (formed from hESCs derived
CTPs). Figure 17c - a macroscopic view of the in vitro
formed tendon graft following its implantation into a
mouse leg, replacing critically injured Achilles
tendon. Figure 17d -A view over a transplanted animal
following repair of a critically injured Achilles
tendon with the in vitro formed tendon graft (the
tendon graft is visible, arrow). Note that one month
after implantation the mouse is capable of extending
its operated ankle to more than 90 degrees (yellow
lines). FIGs. 18a-c are macroscopic views of
transplanted mice following 8 weeks of transplantation
of the in vitro formed tendon graft of the present
invention (which was formed from hESCs derived CTPs).
Figure 18a -The transplanted (left leg) and the native
(right leg) tendons of a mouse are shown. Note the
remodeling of the transplanted tendon (arrow on the
left leg) to form cylinders with smooth edges and good
integration at the sites of suturing. Figure 18b -
magnified image of the transplanted tendon (held with
the forceps). Figure 18c - a lateral view at the
transplanted tendon (arrow) showing it connects the
muscle to the ankle joint. FIGs. 19a-b are microscopic
images of the transplanted tendons showing circulating
blood vessels invade the graft, delivering blood
(arrows). Scale bars: Figure 19a- 200 mm, Figure 19b -
100 mm. FIGs. 20a-c are histological sections of a
transplanted tendon as shown in Figures 18a-c. Figure
20a - a cross section of a transplanted mouse leg
demonstrating the transplanted tendon and the mouse
leg native tissues. Figure 20b - a cross section of
the transplanted tendon. Figure 20c - a longitudinal
section of the transplanted tendon. Note the
fascicle-like organization and high matrix to cell
ratio seen on cross section (Figure 20b) and
longitudinal section (Figure 20c) demonstrating that
grafts remodeled and integrated well. Scale bars:
Figure 20a - 200 mm, Figures 20b and c - 100 mm.FIGs.
21a-c are photomicrographs (Figures 21a-b) and a graph
(Figure 21c) depicting the biomechanical remodeling of
the transplanted in vitro formed tendon grafts.
Figures 21a-b - microscopic appearance of graft before
(Figure 21a) and after (Figure 21b) transplantation;
Figure 21c - a graph depicting the correlating tensile
tests before transplantation (in red) and after
transplantation (in blue). Rat tail tendon (green) was
used as a control. Upon in-vivo conditioning, tendons
remodel to have smoother edges and become stronger.
FIGs. 22a-b are photomicrographs of immunofluorescence
analysis depicting that the hESCs derived CTPs of the
present invention express alkaline phosphatase (ALP)
(Figure 22a) and osteocalcin (Figure 22b). Nuclei were
counterstained with DAPI (blue). Scale bars, 100 mm.
FIG. 23 is a photomicrograph of a one month old pellet
section stained with Toluidine blue. Directed
differentiation was induced through pellet cultures
(passage 9) in the presence of low serum TGF-b3
supplemented medium. Note the presence of matrix
proteoglycans (blue) in the pellet culture. Earlier
pellet cultures were not 



positively stained (data not shown). Scale bar, 100
mm. FIGs. 24a-b are photographs depicting the tensile
test machine used for the biomechanical evaluation of
engineered constructs. Figure 24a - overview of the
custom-made testing machine; Figure 24b - sample
clamped between its grips. Scale bar - 3 mm. FIGs.
25a-b are photomicrographs of immunostaining analyses
depicting the human identity of transplanted tissues.
Sections of the ectopic transplantation (subcutaneous
transplantation) of the hESCs derived CTPs of the
present invention (Figure 25a) and the transplanted
tendon graft formed in vitro from the hESCs derived
CTPS of the present invention (Figure 25b) were
subjected to immunostaining analysis using the
anti-human mitochondria antibody (brown staining;
BioGenex, San Ramon, CA, USA, Cat. No MU213-UC).
Figure 25a - A section of the newlyformed ectopic
tissue. Note the brown staining of anti-human
mitochondria antibody depicting the human origin of
the ectopic tissue; Figure 25b - A cross section of
the transplanted tendon graft. Note the brown staining
of anti-human mitochondria antibody depicting that the
transplanted tendon is of a human origin. Scale bars,
100 mm.FIG. 26 is a schematic illustration depicting
cell-based tissue engineering potential of the
hESC-derived CTPs of the present invention. Note that
one well of a 6-well culture plate containing
approximately 15 -20 undifferentiated hESC colonies,
potentially gives rise to approximately 320
subconfluent 75cm2 culture flasks after 20 passages.
FIGs. 27a-b are photomicrographs of sub-confluent
cultures of hESC-derived CTP (passage 1; Figure 27a)
and human fetal-derived CTP (Figure 27b),
demonstrating great resemblance in morphology (scale
bars, 100 mm). DESCRIPTION QF THE PREFERRED
EMBODIMENTS The present invention is of methods of
generating connective tissue progenitor cells (CTPs)
from embryonic stem cells and/or embryoid bodies and
of using such cells for cell based therapy and tissue
engineering. Specifically, the present invention can
be used to repair and regenerate damaged or diseased
tissue by administering the CTPs of the present
invention to a subject in need thereof or by
implanting in the subject a tissue graft generated in
vitro by the CTPs of the present invention. The
principles and operation of the method of generating
connective tissue progenitor cells according to the
present invention may be better understood with
reference to the drawings and accompanying
descriptions. Before explaining at least one
embodiment of the invention in detail, it is to be
understood that the invention is not limited in its
application to the details set forth in the following
description or exemplified by the Examples. The
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is
to be understood that the phraseology and terminology
employed herein is for the purpose of description and
should not be regarded as limiting. Cell-based tissue
engineering is an evolving interdisciplinary area that
offers new opportunities for clinical applications,
creating a tool for repairing and replacing damaged or
lost tissues with biological substitutes. The current
approaches of repairing damaged or disordered
connective tissues, such as bone, cartilage and
tendons include the use of autografts, allografts and
artificial substitutes. However, while the use of cell
grafts is limited by availability and morbidity,
synthetic grafts are osteoconductively inferior to
their biological counterparts, and could fail.Human
embryonic stem cells (hESCs) hold great promise as a
source of cells for tissue engineering. Their ability
of practically unlimited self-renewal can potentially
provide the required amount of cells needed for ex
vivo tissue construction. In addition, they are
characterized by a developmental potential to
differentiate into any cell type of the mammalian
embryo, and recently have been efficiently derived by
means of somatic cell nuclear transfer, creating
patient-specific immune-matched cell lines. Several
approaches have been recently described for isolating
mesenchymal stem cells (MSCs)-like cells from hESCs.
For example, Olivier EN., et al., 2006 [Olivier, E.N.,
et al., 2006, Stem Cells 24, 1914-1922] teach
culturing spontaneously differentiating cells of hESCs
colonies until a thick multi-layer epithelium is
formed (at least 4 weeks), following which the cells
forming the thick epithelium are routinely passaged.
However, the use of such a method is limited by the
need to mechanically separate the spontaneously
differentiating cells from hESCs, which may result in
a crude, non-defined, population of cells. Barberi,
T., et al. (2005) co-cultured hESCs on mouse OP-9
stromal feeder layers and following 40 days of
co-culture isolated CD73-positive cells (MSC-like
cells) and replated them in the absence of the stromal
cells. However, this method is limited by the
extremely low yield of the MSC-like cells (only 5 % of
the cells were CD73-positive cells) and by the
co-culturing of the hESCs on mouse feeder-layers,
which complicates culturing procedures and limits the
use for cell-based therapy. Other approaches utilized
embryoid bodies (EBs) in order to generate committed
cells of the osteogenic lineage. Thus, intact or
single cells of EBs were cultured in the presence of
an osteogenic medium without cell passaging for more
than 2 1 days resulting in cells which were terminally
differentiated to the osteoblast lineage [Cao (Supra,
2005), Bielby (Supra, 2004) or Sottile (Supra, 2003)].
Thus, to date, there is no method of isolating
ESC-derived connective tissue progenitor cells devoid
of the above limitations. While reducing the present
invention to practice, the present inventors have
uncovered an efficient method of generating connective
tissue progenitor (CTP) cells from embryonic stem
cells or embryoid bodies. As is shown in the Examples
section which follows, the CTPs of the present
invention are proliferative cells which can be
expanded in culture for at least 25 passages while
still differentiating to any one of aconnective tissue
type. In addition, as is further shown in the Examples
section which follows, the CTPs of the present
invention were capable of differentiating into the
osteogenic lineage, the chondrogenic lineage,
cartilage cells, tendon cells, ligament cells and
ECM-forming cells. In addition, CTPs of the present
invention were capable of forming a mature tissue such
as a functional tendon without using any scaffold or
carrier. Moreover, when transplanted into mice, the
CTPs of the present invention were capable of forming
a loose connective tissue, a bone tissue and a
cartilage tissue in vivo. Thus, according to one
aspect of the present invention there is provided a
method of generating connective tissue progenitor
cells. The method is effected by culturing single
embryonic stem cells (ESCs) in a culture medium which
comprises Cortisol and/or ascorbic acid so as to
obtain connective tissue progenitor cells; thereby 



generating the connective tissue progenitor cells. As
used herein the phrase "connective tissue progenitor
cells (CTPs)" refers to cells which are capable of
differentiating to more than one cell lineage and/or
cell type of a connective tissue. Examples of
connective tissues include, but are not limited to
dense connective tissue (e.g., ligament, tendon,
periodontal ligament), areolar connective tissue
(e.g., with proteinaceous fibers such as collagen and
elastin), reticular connective tissue, adipose tissue,
blood, bone, cartilage, skin, intervertebral disc,
dental pulp, dentin, gingival, extracellular matrix
(ECM)-forming cells, loose connective tissue and
smooth muscle cells. The phrase "embryonic stem cells"
as used herein refers to embryonic cells which are
capable of differentiating into cells of all three
embryonic germ layers (i.e., endoderm, ectoderm and
mesoderm), or remaining in an undifferentiated state.
The phrase "embryonic stem cells" may comprise stem
cells obtained from the embryonic tissue formed after
gestation (e.g., blastocyst) before implantation
(i.e., a preimplantation blastocyst), extended
blastocyst cells (EBCs) which are obtained from a
post-implantation/pre-gastrulation stage blastocyst
(see WO2006/040763), and embryonic germ (EG) cells
which are obtained from the genital tissue of a fetus
any time during gestation, preferably before 10 weeks
of gestation. Preferred embryonic stem cells according
to this aspect of the present invention are of a human
or primate (e.g., monkey) origin. As used herein the
phrase "single embryonic stem cells (ESCs)" refers
todiscrete ESCs which are substantially devoid of
large or small cells clumps, e.g., ESCs which do not
contact other ESCs, or small aggregates of ESCs, and
as such can be expanded while preventing their
terminal differentiation to a particular cell lineage
or cell type. The embryonic stem cells of the present
invention can be obtained using wellknown cell-culture
methods. For example, human embryonic stem cells can
be isolated from human blastocysts. Human blastocysts
are typically obtained from human in vivo
preimplantation embryos or from in vitro fertilized
(IVF) embryos. Alternatively, a single cell human
embryo can be expanded to the blastocyst stage. For
the isolation of human ES cells the zona pellucida is
removed from a 5-7 day-old blastocyst and the inner
cell mass (ICM) is isolated by immunosurgery, in which
the trophectoderm cells are lysed and removed from the
intact ICM by gentle pipetting. The ICM is then plated
in a tissue culture flask containing the appropriate
medium which enables its outgrowth. Following 9 to 15
days, the ICM derived outgrowth is dissociated into
clumps either by a mechanical dissociation or by an
enzymatic degradation and the cells are then re-plated
on a fresh tissue culture medium. Colonies
demonstrating undifferentiated morphology are
individually selected by micropipette, mechanically
dissociated into clumps, and re-plated. Resulting ES
cells are then routinely split every 4-7 days. For
further details on methods of preparing human ES cells
see Thomson et al, (U.S. Pat. No. 5,843,780; Science
282: 1145, 1998; Curr. Top. Dev. Biol. 38: 133, 1998;
Proc. Natl. Acad. Sci. USA 92: 7844, 1995); Bongso et
al., (Hum Reprod 4: 706, 1989); and Gardner et al.,
(Fertil. Steril. 69: 84, 1998). It will be appreciated
that commercially available embryonic stem cells can
be also used with this aspect of the present
invention. Human ESCs can be purchased from the NIH
human embryonic stem cells registry
(http://escr.nih.gov). Nonlimiting examples of
commercially available embryonic stem cell lines are
BGOl, BG02, BG03, BG04, CY12, CY30, CY92, CYlO, TE03
and TE32. As mentioned, the method of generating
connective tissue progenitor cells can also utilize
ESCs which have undergone in vitro differentiation to
form embryoid bodies (EBs). As used herein the phrase
"embryoid bodies (EBs)" refers to morphological
structures comprised of a population of embryonic stem
cells which have undergonedifferentiation (e.g., in
vitro) following the removal of differentiation
blocking factors. Preferably, the phrase "EBs"
includes "simple EBs", i.e., EBs in which a layer of
endodermal cells is formed on the outer layer of the
small mass (e.g., EBs formed following 1-4 days of
differentiation of human ESCs in culture), and
"complex EBs", i.e., EBs which are characterized by
extensive differentiation of ectodermal and mesodermal
cells and derivative tissues (e.g., EBs formed
following 3-20 days of differentiation of human ESCs
in culture). Preferred EBs according to this aspect of
the present invention are of a human or primate (e.g.,
monkey) origin. Preferably, in order to generate
connective tissue progenitor cells which are suitable
for human therapeutic applications (e.g., cell based
therapy), the EBs used by the method of this aspect of
the present invention are of a human origin.
Preferably, the EBs used by the method of this aspect
of the present invention are 1-day-old EBs, 2-day-old
EBs or 3-day-old EBs, more preferably, 4-day-old EBs,
more preferably, EBs derived from a later
developmental stage such as at least 5-dayold EBs,
preferably, between 5-25 day-old-EBs, more preferably,
between 5-10 dayold EBs. Thus, as mentioned the single
ESCs or cell of EBs are cultured in a culture medium
comprising Cortisol and/or ascorbic acid. Prior to
culturing in the culture medium, colonies of the ESCs
or the EBs are preferably dissociated to small cell
clumps or even more preferably, to single cells (e.g.,
which are devoid of contact with other cells while in
a liquid medium). Such colonies or clumps dissociation
can be achieved by enzymatic digestion using, for
example, type IV Collagenase (e.g., 0.1 %, for 30-60
minutes at 37 C) for ESC colonies or trypsin (e.g.,
0.25 % trypsin for 2-5 minutes at a temperature of 37
C) for EBs, followed by an aggressive mechanical
agitation of the dissociated cell clumps [e.g., by
pipetting up and down thoroughly]. Once dissociated,
the single cells resulting from the ESC colonies or
the EBs can be isolated by filtration via a membrane
which enables the passage of single cells while
avoiding the passage of large cell clumps. For
example, as described in the Examples section which
follows, the present inventors have used a membrane
with a cut-off of 40 mm [e.g., mesh cell strainer
(Falcon)] in order to isolate single cells derived
from ESC colonies or EBs. Itwill be appreciated that
the incubation time and concentration of the digestion
enzyme (e.g., collagenase or trypsin) used to
dissociate the ESC colonies or the EBs depend on the
size of the ESC colonies or the EBs, and measures are
taken in order to dissociate the large cell aggregates
to small cell clumps or preferably to single ceils
without hampering the cell structure and viability.
Similarly, the strength (e.g., as controlled by the
number of RPM) and period of the mechanical agitation
can be also adjusted to achieve dissociation of large
cell clumps while preserving cell 



morphology and viability. It will be appreciated that
the morphology of the dissociated ESC colonies or EBs
can be monitored using an inverted microscope and the
viability of the cells can be measured by subjecting a
sample of the cells to the Live/Dead viability assay
(Molecular Probes, Molecular Probes, Inc., Eugene, OR,
USA). Culturing the single ESCs and/or the EBs
according to this aspect of the present invention is
effected by seeding the single ESCs and/or the cells
of the EBs in a culture vessel (e.g., a tissue culture
plate, flask, container or bottle) at a cell density
which promotes cell survival and proliferation while
maintaining the multipotent capacity of the CTPs. For
example, a suitable cell density which can be used to
generate the CTPs of the present invention may be 1 x
105-1 x 106 cells per cm , more preferably, 5 x 105- 1
x 106 cells per cm2 (e.g., 5 x 105 cells per cm2).
Culturing conditions usually include incubation of the
cells at physiological temperatures in the range of
35-38 C (preferably, 37 0C), under humidity and in the
presence of 5 % CO2. The culture medium used by the
method of this aspect of the present invention may be
any culture medium capable of supporting the growth of
the CTPs of the present invention while maintaining
their proliferative and multipotent capacities. Such a
culture medium can be a water-based medium which
includes a combination of substances such as salts,
nutrients, minerals, vitamins, amino acids, nucleic
acids, proteins such as cytokines, growth factors and
hormones, all of which are needed for maintaining CTP
proliferation and differentiation levels. For example,
a culture medium according to this aspect of the
present invention can be a synthetic tissue culture
medium such as alpha-MEM (Biological Industries, Beit
Haemek, Israel), Ko- DMEM (Gibco-Invitrogen
Corporation products, Grand Island, NY, USA),DMEM/F12
(Biological Industries, Biet Haemek, Israel),
supplemented with the necessary additives as is
further described hereinunder. Preferably, all
ingredients included in the culture medium of the
present invention are substantially pure, with a
tissue culture grade. As used herein the term
"Cortisol" refers to a synthetic or naturally
occurring cortison (a glucocorticoid steroid hormone)
which binds the glucocorticoid receptor and is capable
of expanding CTPs and maintaining their
differentiation state. It will be appreciated that the
method of this aspect of the present invention can use
a variety of Cortisol derivatives or analogues which
are capable of the biological activity (e.g.,
expanding CTPs and maintaining their differentiation
state). Non-limiting examples of Cortisol derivatives
or analogues which can be used according to this
aspect of the present include hydrocortisone,
cortisone acetate, prednisone, prednisolone,
methylprednisolone, dexamethasone (about 40 times more
potent), betamethasone, triamcinolone, beclometasone,
fludrocortisone acetate and deoxycorticosterone
acetate (DOCA). Preferably, the Cortisol analogue used
by the method of this aspect of the present invention
is dexamethasone, which is known to have a potent
activity (about 40 times more than hydrocortisone)
mediated by the glucocorticoid receptor. The
dexamethasone which is included in the culture medium
of this aspect of the present invention can be
obtained from SIGMA (St Louis, MO, USA) and is
provided at a concentration selected from the range of
10 5-10 8 M, e.g., at least 10 7 M. For example, as
described under "General Materials and Experimental
Methods" of the Examples section which follows, the
present inventors have used 10 7 M dexamethasone
within the culture medium to obtain a highly
proliferative, multipotent CTPs. As used herein
"ascorbic acid" refers to the synthetic or naturally
occurring ascorbic acid (an organic acid with
antioxidant properties), also known as vitamin C,
which is suitable for culturing cells (e.g., sterile
preparation). The ascorbic acid which is included in
the culture medium of the method of this aspect of the
present invention can be obtained from Sigma (St
Louis, MO, USA) and is provided at a concentration of
at least 20 mg/ml, more preferably, at least 30 mg/ml,
preferably, at a concentration which is selected from
the range of 20-500 mg/ml, more preferably, at a
concentration which is selected from the range of
20-200mg/ml, more preferably, at a concentration which
is selected from the range of 30-100 mg/ml, e.g., 50
mg/ml. For example, as described under "General
Materials and Experimental Methods" of the Examples
section which follows, the present inventors have used
50 mg/ml ascorbic acid within the culture medium to
obtain a highly proliferative, multipotent CTPs. As is
shown in Figures 4a-e and is described in Example 3 of
the Examples section which follows, the CTPs generated
by the method of this aspect of the present invention
are capable of forming mineralized matrix. Preferably,
in order to increase the deposition of mineralized
matrix (e.g., when differentiation into a bone tissue
is desired), the culture medium further includes
inorganic phosphate such as betaglycerophosphate,
which can be obtained from Sigma (St Louis, MO, USA).
The inorganic phosphate included in the culture medium
is provided at a concentration in the range of
0.01-1000 mM, preferably, at a concentration of 1-50
mM, even more preferably, at a concentration of 10 mM.
Preferably, the culture medium used according to the
method of this aspect of the present invention further
comprises serum or serum replacement (e.g., a defined
preparation made of mainly synthetic or recombinantly
expressed proteins which replaces the serum in a
culture medium). Such sera can be derived from a human
source (human serum) or from an animal source (e.g.,
bovine serum, horse serum) and can be obtained from a
variety of tissue culture suppliers such as Hyclone
(Utah, USA), Invitrogen (Grand island, NY, USA) or
Biological Industries (Bet Haemek, Israel). A
preparation of serum replacement can be obtained from
Gibco-Invitrogen Corporation (Grand Island, NY USA).
The serum or serum replacement used by the method of
this aspect of the present invention is provided at a
concentration range of 1 % to 40 %, more preferably, 5
% to 35 %, more preferably, 10 % to 30 %, more
preferably 10 % to 20 %, e.g., 15 %. Preferably,
culturing according to this aspect of the present
invention is effected under xeno-free culturing
conditions, i.e., under conditions which are devoid of
animal contaminants (e.g., animal pathogens such as
retroviruses). Thus, the serum which is included in
the culture medium of the present invention is
preferably human serum or serum replacement, and
culture medium additives (e.g., the growth
factors,minerals, vitamins or hormones such as
dexamethasone and ascorbic acid) are preferably
synthetic or recombinantly expressed highly pure
additives. It will be appreciated that the CTPs of the
present invention can grow in the above-described
culture medium by either directly attaching to the
wall of the culture 



vessel (e.g., the bottom of a culture flask) or by
attaching to feeder cells which are attached to the
wall of the culture vessel. Feeder cells are cells
such as stromal cells, fibroblast cells (e.g.,
foreskin fibroblasts, human embryonic fibroblasts) or
human fallopian epithelial cells, which secrete growth
factors and/or nutrients and support the growth of the
cells-of-interest (e.g., stem or progenitor cells)
cultured therewith. However, it will be appreciated
that culturing conditions which rely on feeder cells
are much more complicated since they require the
separation of the cells-of-interest from the feeder
cells at each passaging step and thus may result in
mixed populations of cells. - Preferably, culturing
according to the method of this aspect of the present
invention is effected under feeder-free culturing
conditions. As used herein the phrase "feeder-free
culturing conditions" refers to culturing conditions
which are devoid of feeder cells. For example, as
shown in the Examples section which follows, the CTPs
of the present invention (which are cultured under
feeder-free culturing conditions) are completely
devoid of feeder cells and thus represent a pure
population of CTPs. Preferably, the method of this
aspect of the present invention further comprises
expanding the CTPs. As used herein the phrase
"expanding" refers to increasing the number of the
connective tissue progenitor cells over the culturing
period without hampering their differentiation
capacity. Preferably, the method of this aspect of the
present invention further comprises serial passaging
of the cells in culture (i.e., the splitting of the
cells so that the cells can grow beyond confluency).
The term "confluency" as used herein refers to a
density of adherent cells which when attached to a
wall of a culture vessel cover 100 % of its area.
Preferably, in order to prevent the differentiation of
the CTPs of the present invention to terminally
differentiated cells (e.g., osteoblasts) or to cells
with limited differentiation potential (e.g.,
precursors which are restricted to a specific cell
lineage), the first passaging occurs when the cells in
the culture reach subconfluency, i.e., when the cells
cover about 70-90 % of the culture vessel wall,more
preferably, when the cells cover about 80-90 % of the
culture vessel wall. Preferably, when cultured
according to the teachings of the present invention
subconfluency of the cells in the culture occurs no
more than 10 days of the initial seeding of the cells.
Preferably, the cells are serially passaged after no
more than 9 days in culture, more preferably, after no
more than 8 days in culture, more preferably, after no
more than 7 days in culture, more preferably after
about 4-6 days in culture. Passaging according to this
aspect of the present invention can be performed by
dissociating cells from the wall of the culture vessel
using e.g., type IV collagenase (at a concentration of
0.1 % for 20-60 minutes) followed by trypsinization
(using 0.25 % mg/ml trypsin for 2-5 minutes), counting
the single cells and splitting the cells to 2- 5,
preferably to 4 tissue culture vessels (i.e., a
splitting ratio of 1:4) in order to preserve the same
cell density of their initial seeding (e.g., 5 x 105 -
1 x 106 cells per cm2). Preferably, the cell culture
is subjected to culture passaging every 3-6 days,
preferably, culture passaging occurs every 2-5 days,
e.g., every 4 days. Preferably, passaging according to
the method of this aspect of the present invention is
performed for at least 20 times, more preferably, at
least 25 times, more preferably, at. least 30
passages, while splitting the cells using a splitting
ratio of 1:3, more preferably, a splitting ratio of
1:4. As is shown in Figure Ia and is described in
Example 1 of the Examples section which follows, the
CTPs of the present invention were serially passaged
every 4 days for at least 25 passages. Preferably,
passaging according to the method of this aspect of
the present invention is effected under xeno-free
and/or feeder-free conditions. In addition, the method
of this aspect of the present invention preferably
comprises a step of isolating the CTPs (i.e.,
separating the CTPs from the culture medium).
Isolating the cells can be effected at any time while
in culture, e.g., prior to the first culture
passaging, following the first culture passaging, or
following any other culture passaging. Thus, the CTPs
can be isolated by filtration (e.g., using a membrane
which prevents the passage of CTPs and enables passage
of the medium and/or by centrifugation of the cells
(e.g., using the conical tube centrifugation at 1500
RPM).Preferably, CTPs generated and isolated according
to the method of this aspect of the present invention
are highly proliferative cells. For example,
hESCs-derived CTPs exhibited a tripling time (i.e.,
the hours between passages in which the cell number
was triplicated) of 80-100 hours during passages 1-18
and of 120-140 hours during passages 19-25 (Figure Ia,
Example 1 of the Examples section which follows). As
is shown in Figures 3a-k and is described in Example 2
of the Examples section which follows, FACS analysis
revealed that about 42 % of the CTPs isolated
according to the method of this aspect of the present
invention express CD105 (a marker of endothelial
cells, also known as Endoglin, GenBank Accession No.
NP_000109.1) on their cell surface. This is in
contrast to the ESC-derived MSC-like cells obtained by
the methods of Barberi T., et al. (Supra, 2005) and
Olivier E.N., et al. (Supra, 2005) which comprised of
8 1 and 100 %, respectively, of CD105- expressing
cells. Thus, these results demonstrate that the CTPs
generated according to the teachings of the present
invention represent a novel isolated cell preparation
of connective tissue progenitors. Thus, according to
another aspect of the present invention there is
provided an isolated cell preparation of connective
tissue progenitor cells comprising a first population
of cells expressing CD105 and a second population of
cells not expressing CD105, wherein a ratio between
the first population of cells and the second
population of cells is between about 0.6 to about 1.5.
As used herein the phrases "expressing" or "not
expressing" refer to cells having a positive (+) or
negative (-) expression profile, respectively, of a
certain marker (e.g., gene or gene product).
Preferably, the ratio between the cells expressing
CD105 and the cells not expressing CD105 is between
about 0.6 to about 1.3, more preferably, between about
0.6 to about 1, more preferably, between about 0.7 to
about 0.9, more preferably, between about 0.7 to about
0.8 (e.g., 0.72). As is further shown by the FACS
analysis depicted in Figures 3a-k, the
CD105-expressing cells also express CD166 (activated
leukocyte cell adhesion molecule, also known as ALCAM,
GenBank Accession No. NP__001618.2). On the other
hand, the CD105-not expressing cells (having CD105
negative expression profile) include a majority of
CD166-positive cells and a small fraction (5 %) of 



CD166-negative cells. In addition, as is further shown
in Figures 3a-k the CTPs ofthe present invention
express CD44 (e.g., GenBank Accession No. NP_000601.3,
NP_001001389.1, NP_00100 13 90.1, NP_001001391.1,
NP_001001392.2), CD29 (ITGBl; e.g., GenBank Accession
No. NP_002202.2, NP_391987.1, NP_391989.1,
NP_391988.1, NP_596867.1, NP_389647.1) and HLA-ABC and
not expressing CD45 (PTPRC; e.g., GenBank Accession
No. NP_002829.2, NP_563579.1, NP_563578.1,
NP_563580.1) and HLA-DR, which resembles the
expression pattern of adult MSCs. As mentioned, the
isolated cell preparation of connective tissue
progenitor cells of this aspect of the present
invention are not terminally differentiated cells,
i.e., they are capable of differentiating to more than
one cell lineage. For example, as is shown in Figures
2a-u, 22a-b and is described in Example 2 of the
Examples section which follows, hESCs-derived CTPs
from various passages (e.g., from passages 1-25)
express markers of osteogenic lineage, the
chondrogenic lineage, cartilage cells, tendon cells,
ligament cells and ECM-forming cells. Moreover, as is
shown in Figures 4a-e and is described in Example 3 of
the Examples section which follows, when cultured in
vitro in the presence of inorganic phosphate,
hESCs-derived CTPs formed bone nodules (bone tissue)
containing calcium-phosphate deposits, the major
component of bone minerals. In addition, when induced
to differentiate into the chondrogenic lineage (using
the "intact layer" method), hESCs-derived CTPs formed
a fibrous ECM (Figures 5c and 7a-f, Examples 4 and 5
of the Examples section which follows). Thus, while
further reducing the present invention to practice,
the present inventors have uncovered that the CTPs of
the present invention can be used to generate a
connective tissue. Preferably, the connective tissue
which can be formed from the CTPs of the present
invention is a bone tissue (e.g., osseous tissue), a
connective tissue (e.g., loose connective tissue), an
extracellular matrix (ECM), a tendon tissue, a
ligament tissue and a cartilage tissue. For example,
to form a bone tissue, the isolated cell preparation
of the CTPs of the present invention are cultured in a
medium containing dexamethasone, ascorbic acid and
inorganic phosphate (e.g., a-MEM supplemented with 15
% serum, 10 7 M dexamethasone, 50 mg/ml ascorbic acid
and 10 mM b-glycerphosphate) and let tobecome
over-confluent (i.e., they occupy more than 100 % of
the area of the culture vessel wall and thus form
multilayers) for a period of at least 10 days before
mineralization appears. The culture medium is
occasionally replaced every 4-8 days without culture
passaging. The presence of bone tissue can be
determined by RNAbased methods (e.g., RT-PCR, in situ
RNA hybridization and cDNA microarray) or
protein-based methods (e.g., immunological staining)
for bone specific markers such as core binding factor
alpha 1 (CBFAl), SOX9, type I collagen (CoI-I),
osteonectin, osteopontin, parathyroid hormone receptor
1 (PTHRl) and alkaline phosphatase. In addition, the
ultrastructural and chemical data of bone tissue can
be determined using, for example, energy dispersive
spectroscopy (EDS), scanning electron microscopy (SEM)
and/or confocal Raman spectroscopy (CRS) analyses
essentially as described elsewhere [Ubelaker DH, et
al., J Forensic Sci. 2002 Sep;47(5):940-3; van
Apeldoorn AA, et al., J R Soc Interface. 2005 Mar 22;
2(2):39-45]. For the formation of connective tissue,
the isolated cell preparation of the CTPs of the
present invention are preferably seeded on a suitable
3D environment (e.g., a scaffold such as an
electrospun, PCL/PLA nanofiber scaffold) that would
support their growth and organization into a complex
connective tissue which produces ECM. Briefly, 5 x 105
CTPs resuspended in 10 ml of CTP medium (a- MEM
supplemented with 15 % serum, 10 7 M dexamethasone, 50
mg/ml ascorbic acid) are seeded on a scaffold and
grown in the presence of the CTP medium for about one
month. The presence of connective tissue and ECM can
be determined by RNA or protein-based methods for
markers such as type III (CoI-III) and type XII
(CoI-XII) collagens, decorin, biglycan, elastin,
fibronectin, and tenascin-C, as well as using scanning
electron microscopy (SEM) analysis. For the formation
of extracellular matrix (ECM), the isolated cell
preparation of CTPs are plated at high densities in
tissue culture plates in the presence of a culture
medium comprising ascorbic acid and preferably also
dexamethasone. After about 4 weeks in culture (other
periods of time are also possible) sheet-like tissue
is formed. The sheet-like tissue can be further
subject to freeze-drying and/or cell removal as
described in Example 10 of the Examples section which
follows. For the formation of ligament-forming cells,
the isolated cell preparation of the CTPs of the
present invention are cultured for at least one week
in the presence ofmedium containing dexamethason and
ascorbic acid (e.g., a-MEM supplemented with 15 %
serum, 10 7 M dexamethasone, 50 mg/ml ascorbic acid).
The presence of ligament-forming cells can be detected
by RNA or protein-based methods for markers such as
scleraxis and type I Collagen. For the formation of a
cartilage tissue, two main methods can be employed:
the "intact layer" method (removal of sub-confluent
CTP cultures without precollagenase treatment and
culturing the intact layer in a CTP medium,
essentially as described in the Examples section) and
the "pellet culture" method (spherical pellets which
are cultured in medium supplemented with serum,
dexamethasone, ascorbate- 2-phosphate and TGF-b3;
essentially as described in the Example section). The
presence of cartilage tissue can be detected by RNA or
protein-based methods for markers such as chondroitin
sulfate proteoglycan 4 (CS4), type X collagen, and
cartilage oligomeric matrix protein (COMP). As
described in the Examples section which follows, the
present inventors have devised a long-term,
high-density culture technique for the formation of a
tendon and ligament tissues. Thus, the CTPs of the
present invention were cultured in vitro at a cell
density of 5-10 x 106 cells/cm2 in the presence of a
culture medium containing alpha-MEM supplemented with
15 % FBS, 50 mg/ml ascorbic acid and 10 7M
dexamethasone. Cultures were kept for long periods of
up to 4 months in culture, with no further splitting.
As is shown in Figures 8a-b, 9a-d, lOa-c, lla-d and is
described in Example 6 of the Examples section which
follows, tendon tissues formed in vitro included
organized, parallel-aligned cells that express type I
collagen and exhibit high matrix-to-cell ratio.
Moreover, such tendon tissues exhibited mechanical
properties which are similar to the native tendon
tissues (Figure 12, Table 3 and Example 6). Thus,
according to yet another aspect of the present
invention there is provided a method of generating a
tendon or a ligament tissue in vitro. The method is
effected by culturing the CTPs of the present
invention in a 



culture medium which comprises ascorbic acid and/or
dexamethason under culture conditions devoid of a
carrier, thereby generating the tendon or the ligament
tissue. The term "carrier" refers to any scaffold,
bead, polymer or matrix which supports the attachment
of cells thereto. The phrase "devoid of a carrier" as
usedherein refers to any culture conditions which
enable the attachment of the CTPs directly to the
culture vessel wall and not to a carrier (e.g., a
scaffold). This is in sharp contrast to all known
methods of generating tendon tissues in vitro, which
are based on seeding cells-of-interest (e.g.,
non-genetically modified cells) onto a scaffold or a
polymer suitable for tissue formation. Preferably, the
culture medium used for generating the tendon or the
ligament tissue comprises ascorbic acid (e.g., between
1-500 mg ml, preferably, about 50 mg/ml) and/or
dexamethasone (e.g., between 10 5-10 8 M, preferably,
about 10 7 M). Preferably, culturing according to the
method of this aspect of the present invention is
effected without cell passaging for culturing periods
which vary between a few weeks to several months
(e.g., between 4 weeks to 6 months). Preferably, the
culture medium is occasionally replaced, e.g., every
2-7 days (e.g., every 4 days). It will be appreciated
that the process of tendon or ligament tissue
formation begins as a single cell attaching to the
culture plate side wall, forming fibrous matrix with a
tendon-like shape. The presence of a functional tendon
or ligament tissue can be determined using
histological staining, immunological assays (e.g.,
using an anti-type I collagen antibody), electron
microscopy (e.g., SEM and TEM analyses) and mechanical
evaluation using the stress strain test, essentially
as described in the Examples section which follows. It
will be appreciated that for engineering of a
particular tissue-of-interest (e.g., a tendon or a
ligament), the culturing period of the cells may vary
(e.g., become shorter) such that following the
formation of a sheet-like tissue (e.g., following 4-5
weeks), the sheet-like tissue is removed from the
culture vessel (using e.g., a cell scraper) and
further rolled or folded to form the engineered
tissue-of-interest (e.g., tendon, ligament). It will
be appreciated that due to the culturing conditions
employed according to this aspect of the present
invention, which result in a tissue with high matrix
to cells ratio, removal of the sheet-like tissue can
be easily performed while preserving the intact tissue
structure. For example, as is illustrated in Figures
16a-e and is described in Example 9 of the Examples
section which follows, following 4-5 weeks in the high
density culture the formed sheet-like tissue was
removed and rolled to form a roundedcylinder. The
resulting tendon tissues were cylinder-shaped
constructs, with typical ultrastructure
characteristics and biomechanical properties of early
tendons. It will be appreciate that tissues which are
formed in vitro from the isolated CTPs of the present
invention (engineered tissues) can be further
implanted in a subject in need thereof (e.g., a
subject in need of a CTP-derived tissue formation,
regeneration and/or repair) using techniques known in
the art (e.g., using a surgical tool such as a
scalpel, spoon, spatula, suture device, or other
surgical device) to thereby regenerate, replace and/or
repair the tissue-of-interest. For example, as is
shown in Figures 16a-e, I7a-d, 18a-c, 19a-b, 20a-c,
21a-c, 24a-b and 25b and is described in Example 9 of
the Examples section which follows, the present
inventors were capable of repairing a critical
Achilles-tendon injury in mice. Thus, the implanted
tendon grafts were remodeled and exhibited excellent
biomechanical properties. Moreover, the implanted
tendon grafts were functional in vivo as evidenced by
the increased ankle extension following
transplantation of a tendon graft instead of the
injured Achilles tendon. While further reducing the
present invention to practice, the present inventors
have uncovered that the connective tissue progenitor
cells obtained according to the method of this aspect
of the present invention can be used for in vivo
cell-based therapy. As described in Example 7 of the
Examples section which follows, when the ESCs-derived
CTPs of the present invention were implanted
underneath the kidney capsule of SCID-beige mice a
localized sub-capsular formation of loose connective
tissue was observed. In addition, as described in
Example 8 of the Examples section which follows, when
the ESCs-derived CTPs were subcutaneously transplanted
into cdl nude mice, ectopic new bone and cartilage
tissues were formed. The ectopic tissues were well
vascularized and biocompatible (Figure 13c) and
included radioopaque bone tissue (Figures 13a-b).
Further histological analyses of the ectopic tissues
confirmed the formation of new bone (Figures 14a-c,
15a-b) and hypertrophic cartilage (Figures 14d-e)
tissues. Thus, according to yet another aspect of the
present invention there is provided a method of in
vivo forming or generating a connective tissue. The
method is effected implanting in a subject in need
therefore the connective tissue progenitor cells of
the present invention; thereby in vivo forming the
connective tissue.The phrase "in vivo" refers to
forming a tissue within a living organism such as a
plant or an animal, preferably in mammals, preferably,
in human subjects. The phrase "a subject in need
thereof as used herein refers to a mammal, preferably
a human being at any age who is in need of a
connective tissue such as for tissue construction,
repair, regeneration or replacement. For example, such
a subject can suffer from a diseased, degenerated,
injured or broken tissue or may be missing a
particular tissue. Preferably, the connective tissue
which can be formed in vivo according to the method of
this aspect of the present invention include bone
tissue, cartilage tissue and loose connective tissue.
Implanting the CTPs in the subject can be performed
using methods known in the art such as by
administering or injecting the CTPs with a syringe
needle, catheter or cannula. The cells are preferably
administered near or at the site-of-interest (e.g.,
bone, cartilage, connective tissue) within the subject
(e.g., at the site of the damaged or injured tissue)
and thus can be used to repair bone fracture, diseased
or damaged cartilage, bone or connective tissue. It
will be appreciated that in some cases alternative
sites may be used. In addition, it will be appreciated
that the cells can be administered as an isolated cell
preparation (cell therapy) or can be first seeded on a
scaffold and then administered to the subject
(engineered tissue therapy). The present invention
further contemplates monitoring the formation,
regeneration or repair of the connective tissue
following implantation. For example, the formation of
new bone tissue can be monitored by X-ray and/or CT
analysis; the formation of a new tendon tissue can be
monitored by MRI; the formation of a new connective
tissue can be monitored by MRI. Alternatively, the
formation of new 



tissue can be evaluated by physiological assays such
as extension of a tendon, strength of a bone and the
like. Preferably, in order to prevent the induction of
immune response within the recipient subject, the CTPs
of the present invention may be encapsulated in
immunoisolating, semipermeable membranes.
Encapsulation techniques are generally classified as
microencapsulation, involving small spherical vehicles
and macroencapsulation, involving larger flat-sheet
and hollow-fiber membranes (Uludag, H. et al.
Technology of mammalian cell encapsulation. Adv Drug
Deliv Rev. 2000; 42: 29-64).Methods of preparing
microcapsules are known in the arts and include for
example those disclosed by Lu MZ, et al., Cell
encapsulation with alginate and
alphaphenoxycinnamylidene- acetylated
poly(allylamine). Biotechnol Bioeng. 2000, 70: 479-83,
Chang TM and Prakash S. Procedures for
microencapsulation of enzymes, cells and genetically
engineered microorganisms. MoI Biotechnol. 2001, 17:
249-60, and Lu MZ, et al., A novel cell encapsulation
method using photosensitive poly(allylamine
alpha-cyanocinnarnylideneacetate). J Microencapsul.
2000, 17: 245- 51. For example, microcapsules are
prepared by complexing modified collagen with a
ter-polymer shell of 2-hydroxyethyl methylacrylate
(HEMA), methacrylic acid (MAA) and methyl methacrylate
(MMA), resulting in a capsule thickness of 2-5 mm.
Such microcapsules can be further encapsulated with
additional 2-5 mm ter-polymer shells in order to
impart a negatively charged smooth surface and to
minimize plasma protein absorption (Chia, S.M. et al.
Multi-layered microcapsules for cell encapsulation
Biomaterials. 2002 23: 849-56). Other microcapsules
are based on alginate, a marine polysaccharide
(Sambanis, A. Encapsulated islets in diabetes
treatment. Diabetes Thechnol. Ther. 2003, 5: 665-8) or
its derivatives. For example, microcapsules can be
prepared by the polyelectrolyte complexation between
the polyanions sodium alginate and sodium cellulose
sulphate with the polycation
poly(methylene-co-guanidine) hydrochloride in the
presence of calcium chloride. It will be appreciated
that cell encapsulation is improved when smaller
capsules are used. Thus, the quality control,
mechanical stability, diffusion properties, and in
vitro activities of encapsulated cells improved when
the capsule size was reduced from 1 mm to 400 mm
(Canaple L. et al., Improving cell encapsulation
through size control. J Biomater Sci Polym Ed. 2002;
13: 783-96). Moreover, nanoporous biocapsules with
well-controlled pore size as small as 7 nm, tailored
surface chemistries and precise microarchitectures
were found to successfully immunoisolate
microenvironments for cells (Williams D. Small is
beautiful: microparticle and nanoparticle technology
in medical devices. Med Device Technol. 1999, 10: 6-9;
Desai, T.A. Microfabrication technology for pancreatic
cell encapsulation. Expert Opin Biol Ther. 2002, 2:
633-46).The isolated cell preparation of CTPs of the
present invention may also form part of a
pharmaceutical composition. As used herein a
"pharmaceutical composition" refers to a preparation
of one or more of the active ingredients described
herein with other chemical components such as
physiologically suitable carriers and excipients. The
purpose of a pharmaceutical composition is to
facilitate administration of a compound to an
organism. Herein the term "active ingredient" refers
to the isolated cell preparation of connective tissue
progenitor cells of the present invention accountable
for the biological effect. Hereinafter, the phrases
"physiologically acceptable carrier" and
"pharmaceutically acceptable carrier" which may be
interchangeably used refer to a carrier or a diluent
that does not cause significant irritation to an
organism and does not abrogate the biological activity
and properties of the administered compound. An
adjuvant is included under these phrases. Herein the
term "excipient" refers to an inert substance added to
a pharmaceutical composition to further facilitate
administration of an active ingredient. Examples,
without limitation, of excipients include calcium
carbonate, calcium phosphate, various sugars and types
of starch, cellulose derivatives, gelatin, vegetable
oils and polyethylene glycols. Techniques for
formulation and administration of drugs may be found
in "Remington's Pharmaceutical Sciences," Mack
Publishing Co., Easton, PA, latest edition, which is
incorporated herein by reference. Thus, the teachings
of the present invention can be used for various
therapeutic applications such as tendon and ligament
repair, bone regeneration, cartilage regeneration,
tissue augmentation, tissue reconstruction (mediated
or assisted by the CTPs of the present invention) such
as deep wound healing, burn wound dressing and skin
regeneration, skin fillers, orthodontic procedures,
sling procedures and fascia reconstruction. The
present invention further contemplates an
article-of-manufacture which comprises packaging
material and a composition comprising the isolated
cell preparation of CTPs of the present invention
along with instructions for use in cell based therapy,
tissue repair, reconstruction, regeneration and/or
replacement.The present invention further contemplates
an article-of-manufacture which comprising packaging
material and a tissue graft generated in vitro from
the CTPs of the present invention along with
instructions for using the tissue graft for tissue
repair, regeneration and/or replacement. The present
invention further contemplates the use of the CTPs of
the present invention for the preparation of intact
ECM (non-conditioned or conditioned) for specialized
tissue regeneration/regeneration as well as purified
ECM components for tissue regeneration, anti-aging
medicine related applications. As used herein the term
"about" refers to + 10 %. Additional objects,
advantages, and novel features of the present
invention will become apparent to one ordinarily
skilled in the art upon examination of the following
examples, which are not intended to be limiting.
Additionally, each of the various embodiments and
aspects of the present invention as delineated
hereinabove and as claimed in the claims section below
finds experimental support in the following examples.
EXAMPLES Reference is now made to the following
examples, which together with the above descriptions,
illustrate the invention in a non limiting fashion.
Generally, the nomenclature used herein and the
laboratory procedures utilized 



in the present invention include molecular,
biochemical, microbiological and recombinant DNA
techniques. Such techniques are thoroughly explained
in the literature. See, for example, "Molecular
Cloning: A laboratory Manual" Sambrook et al., (1989);
"Current Protocols in Molecular Biology" Volumes I-III
Ausubel, R. M., Ed. (1994); Ausubel et al., "Current
Protocols in Molecular Biology", John Wiley and Sons,
Baltimore, Maryland (1989); Perbal, "A Practical Guide
to Molecular Cloning", John Wiley & Sons, New York
(1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (Eds.) "Genome
Analysis: A Laboratory Manual Series", VoIs. 1-4, Cold
Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos.
4,666,828; 4,683,202; 4,801,531;5,192,659 and
5,272,057; "Cell Biology: A Laboratory Handbook",
Volumes I-III Cellis, J . E., Ed. (1994); "Culture of
Animal Cells - A Manual of Basic Technique" by
Freshney, Wiley-Liss, N. Y. (1994), Third Edition;
"Current Protocols in Immunology" Volumes I-III
Coligan J . E., Ed. (1994); Stites et al. (Eds.),
"Basic and Clinical Immunology" (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and
Shiigi (Eds.), "Selected Methods in Cellular
Immunology", W. H. Freeman and Co., New York (1980);
available immunoassays are extensively described in
the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074;
4,098,876; 4,879,219; 5,011,771 and 5,281,521;
"Oligonucleotide Synthesis" Gait, M. J., Ed. (1984);
"Nucleic Acid Hybridization" Hames, B. D., and Higgins
S. J., Eds. (1985); "Transcription and Translation"
Hames, B. D., and Higgins S. J-, Eds. (1984); "Animal
Cell Culture" Freshney, R. I., Ed. (1986);
"Immobilized Cells and Enzymes" IRL Press, (1986); "A
Practical Guide to Molecular Cloning" Perbal, B.,
(1984) and "Methods in Enzymology" Vol. 1-317,
Academic Press; "PCR Protocols: A Guide To Methods And
Applications", Academic Press, San Diego, CA (1990);
Marshak et al., "Strategies for Protein Purification
and Characterization - A Laboratory Course Manual"
CSHL Press (1996); all of which are incorporated by
reference as if fully set forth herein. Other general
references are provided throughout this document. The
procedures therein are believed to be well known in
the art and are provided for the convenience of the
reader. All the information contained therein is
incorporated herein by reference. GENERALMATERIALSAND
EXPERIMENTAL METHODS Cell Culture -Undifferentiated
hESCs (13, 16 and H9.2 cell lines, passages 30-50)
were grown on mitotically inactivated mouse embryonic
fibroblast (MEF) feeders, in 80 % knockout Dulbecco's
modified eagle's medium (DMEM, Invitrogen),
supplemented with 20 % knockout serum replacement, 1
mM L-glutamine, 1 % non essential amino acids, 0.1 mM
2-mercatoethanol and 4 ng/ml basic fibroblast growth
factor (bFGF) (all from Invitrogen). Four different
independent sets of cultures were performed, twice for
each hESC line. For controls, primary human fetal stem
cells were isolated from nine-week gestational age old
fetus following voluntaryinterruption of pregnancy,
essentially as described before (Montjovent, M.O. et
al, 2004). EB formation - To induce embryoid body (EB)
formation, hESC colonies were subjected to type IV
collagenase treatment, removed from the MEF feeders
and allowed to aggregate in suspension, in a medium
containing 80 % knockout DMEM, 20 % fetal bovine serum
(Hyclone), 1 mM glutamine and 1 % non essential amino
acids (both from Invitrogen). Connective tissue
progenitors (CTPs) derivation and propagation from EBs
-Four to 20 days-old EBs (e.g., 10-day-old) were
enzymatically digested with trypsin (0.25 % please
indicate trypsin concentration for 2-5 minutes at 37
C) followed by aggressive mechanical agitation, and
passed through a 40 mm mesh cell strainer (Falcon) to
obtain a single cell suspension. Cells were then
counted and seeded on tissue culture-treated flasks at
a density of 5 x 105 cells per cm2. Twelve hours
later, the medium was changed to a CTP medium,
containing alpha-MEM (Biological Industries, Kibbutz
Beit Haemek, Israel) supplemented with 15 % FBS
(selected lots, Hyclone), 50 mg/ml ascorbic acid
(Sigma, St Louis, MO, USA) and 10 7 M dexamethasone
(Sigma, St Louis, MO, USA). Upon reaching
sub-confluence (about 5-10 days), cultures were
incubated with type IV collagenase followed by
trypsinization, and passaged every 3-4 days.
Assessment of clonality was preformed though a
separate expansion of singe cells taken during routine
passaging and plating them in single tissue culture
wells (24 cells into 24 wells) and the ability of the
single cells to form a cell colony was evaluated every
day during a week. The growth kinetics and cellular
phenotype (assessed by RT-PCR) were evaluated. For
controls, fetal isolated cells were grown with CTP
medium and passaged in a similar way. Connective
tissue progenitors (CTPs) derivation and propagation
from hESCs - hESCs colonies were enzymatically
digested with type IV Collagenase (0.1 %, for 30-60
minutes at 37 C) followed by aggressive mechanical
agitation, and passed through a 40 mm mesh cell
strainer (Falcon) to obtain a single cell suspension.
Cells were then counted and seeded on tissue
culture-treated flasks at a density of 5 x 10s cells
per cm2. Twelve hours later, the medium was changed to
a CTP medium, containing alpha-MEM (Biological
Industries, Kibbutz Beit Haemek, Israel) supplemented
with 15 % FBS (selected lots, Hyclone), 50 mg/ml
ascorbic acid and 107M dexamethasone. Upon reaching
sub-confluence (about 5-10 days), cultures were
incubated with type IV collagenase followed by
trypsinization, and passaged every 3- 4 days.
Assessment of clonality was preformed though a
separate expansion of singe cells taken during routine
passaging as described hereinabove. For controls,
fetal isolated cells were grown with CTP medium and
passaged in a similar way. Osteogenic differentiation
and matrix formation - For induction of
mineralization, CTPs were grown with CTP medium
supplemented with 10 mM betaglycerophosphate
(inorganic phosphate), and let to become
over-confluent for period of at least 10 days before
mineralization appears. Chondrogenic differentiation
Method 1: the "intact layer" method, formerly called
"spontaneous" - Subconfluent CTP cultures (from any
passage, e.g., 1-13) were removed from the culture
plates (without pre-collagenase treatment) as an
intact layer, were placed in suspension and were fed
with the CTP medium described hereinabove.- This
method generates typical cartilage morphology. Method
2: the pellet culture system, formally called
"directed" - Subconfluent CTP cultures (from any
passage) were re-suspended at a density of 2 x 10
cells/ml (the density can vary), dispensed into 15-ml
conical tubes and centrifuged for 5 minutes at 1,200
rpm to form spherical pellets. The pellets were
further cultured in 



medium containing 1 % serum in addition to
high-glucose Dulbecco's modified Eagle's medium
supplemented with 10 7 M dexamethasone, 50 mg/ml
ascorbate-2- phosphate, 40 mg/ml L-proline, 100 mg/ml
sodium pyruvate, 50 mg/ml ITS+Premix (Collaborative
Biomedical: 6.25 mg/ml insulin, 6.25 mg/ml
transferrin, 6.25 ng/ml selenious acid, 1.25 mg/ml
bovine serum albumin, and 5.35 mg/ml linoleic acid)
and 10 ng/ml TGF-b3. This method induced up-regulation
of specific cartilage matrix genes such as CoI-X, COMP
and CS4 (Figures 6a-d). RT-PCR analysis - Total RNA
was isolated using the TRIzol Reagent (Invitrogen,
Carlsbad, CA USA) according to the manufacturer's
instructions. cDNA was reverse transcribed from 1 mg
total RNA with M-MLV Reverse Transcriptase (Promega,
Madison, WI USA). PCR conditions were optimized for
each set of primers and the number of PCR cycles was
confirmed to be in the linear range of amplification.
The amplified products were separated on 2 % agarose
gel stained withethidium bromide and identified by
size. The identity of each product was confirmed by
restriction enzyme digestion. Samples not treated with
reverse transcriptase and no-template samples were
used as controls. Table 1, hereinbelow, summarizes the
primer sequences (along with their SEQ ID NOs),
annealing temperatures, cycle numbers used for RT-PCR,
the restriction enzyme used to verify the identity of
RTPCR products (along with the expected size of the
digested product).Table 1 RT-PCR primers and
conditionsTable 1: Primers used to amplify RT-PCR
products of the noted genes (are referred to using
GenBank Accession Nos.) are provided along with the
PCR annealing (Ann.) conditions, number of PCR cycles
(Cyc), the size of PCR products and the restriction
enzyme (Restr. Enzyme) and digestion product used to
verify the identity of the RT-PCR product. Microarray
analysis - For cDNA microarray analysis, isolated
total RNA from undifferentiated hESCs (H9.2), fetal
CTPs (passage 1) and hESC-derived CTPs grown in the
presence of the CTP medium (passages 1 and 9) were
reverse transcribed with M-MLV Reverse Transcriptase
(Promega, Madison, WI USA) using Biotin-16- dUTP
(Roche, Mannheim, Germany). The array membranes
(GEArray Q Series Human Osteogenesis Gene Array
HS-026, SuperArray Bioscience Corp., Frederic, MD USA)
were pre-hybridized for 2 hours with heat-denatured
salmon sperm DNA(Invitrogen) at a final concentration
of 100 mg/ml according to the manufacturer's
instructions. The membranes were hybridized overnight
with Biotin-16-dUTPlabeled cDNA probes, and then
washed twice for 15 minutes each in a solution of 2X
SSC, 1% SDS followed by two washes of 15 minutes each
in a solution of 0.1X SSC, 0.5 % SDS. All steps were
performed at 60 C with continuous agitation.
Chemiluminescent detection was performed using the
Chemiluminescent Detection Kit (SuperArray Bioscience
Corp., Frederic, MD USA) according to the
manufacturer's instructions. The membranes were
blocked for 40 minutes with a GEAblocking solution Q.
Binding of alkaline phosphatase-conjugated
streptavidin was performed by incubating the membranes
for 10 minutes in a binding buffer. The membranes were
then washed four times, for 5 minutes each, with IX
Buffer F and rinsed twice with Buffer G, followed by
incubation of 2-5 minutes with CDP-star
chemiluminescent substrate. All steps were performed
at room temperature with continuous agitation. The
signal was detected using X-ray film. Karyotype
analysis - For karyotype analyses, standard G banding
was performed on undifferentiated hESCs and CTPs
(passage 8-10) essentially as described elsewhere
(Amit, M. et al, 2000). Electron Microscopy - For
transmission electron microscopy (TEM) cells were
fixed in 3 % glutaraldehyde in 0.1 M sodium cacodylate
buffer pH 7.4, postfixed with 1% OsO4 and in 2 %
uranyl acetate, gradually dehydrated in ethanol series
and embedded in Epon 812. Ultrathin sections (70 to 90
nm) cut on an ultramicrotome (Leica UCT) were mounted
on grids, stained with lead-citrate, and then examined
with a Tecnai 12 transmission electron microscope
under 120 kV. Pictures were digitized with CCD
Megaview III and analyzed with analySIS software (Soft
Imaging System). Scanning electron microscopy (SEM) -
For SEM, cells and cell-seeded scaffolds were fixed in
3 % glutaraldehyde in 0.1 M sodium cacodylate buffer
pH = 7.4, followed by gradual dehydration in ethanol
and drying using hexamethyldisilazane (HMDS) (Sigma).
Samples were sputter coated with carbon and viewed
under LEO field-emission scanning electron microscope
for imaging and energy dispersive spectroscopy (EDS)
analysis.Cytochemistry and electron microscopy - For
histological analyses, cells were fixed in 10 %
natural buffered formalin, gradually dehydrated in
ethanol and embedded in paraffin. Sections were
stained with Hematoxylin and Eosin (H&E) for general
histomorphology. Picro-sirius red (Gurr-BDH, England)
was used for the detection of matrix collagens, and
Toluidine blue (Serva, Germany) was used to detect
matrix proteogylcans in chondrogenic cultures
(Hyllested, J.L, et al 2005). Alizarin Red (Sigma) was
used to detect calcium phosphate deposits on culture
plates as evidence for bone mineralization. For
immunofluorescence studies, cells were fixed in 4 %
paraformaldehyde in phosphate-buffered saline (PBS),
and stained with the following primary antibodies,
diluted in primary antibody diluent (Dako): antihuman
type I collagen (Chemicon, Intnl, Inc. Temecula, CA,
USA, cat. No. MAB3391), anti-human alkaline
phosphatase (R&D, Systems Inc, Minneapolis, MN, USA,
Cat. No. MAB1448), anti-human type II collagen
(Chemicon, Cat. No. MAB8887) and anti human
mitochondria (BioGenex, San Ramon, CA, USA, Cat. No
MU213-UC). DAPI was used for nuclear counterstaining.
Appropriate secondary antibodies were used for
visualization. FACS analysis - Cells were removed from
the culture dish with type IV collagenase (Wortington)
(0.1 %, 30-60 minutes at 37 C) followed by
Trypsin/EDTA (Sigma) for 5 minutes at 37 0C and
re-suspended in a FACS buffer [Sigma, PBS supplemented
with 2 % fetal bovine serum (Gibco) and containing
0.05 % NaN3]. Fc blocking was performed by addition of
4 % Human serum (Sigma). Cells were probed for 30
minutes at room temperature with the specific
monoclonal antibodies (Pharmingen; eBioscience; DAKO)
or an appropriate isotype control antibodies
(Pharmingen; eBioscience; DAKO) in FACS buffer. Cell
were washed twice in FACS buffer, and analyzed using a
FACSAria flow cytometer (Becton Dickinson).
Acquisition was set for 10,000 events per sample. Dead
cells were excluded from analysis by staining with
7AAD (eBioscience). Data were analyzed with Diva
software (Becton Dickinson). Experiments were
performed in duplicates. Scaffold fabrication and cell
seeding - Electrospun nanofiber scaffolds were made of
a 1:1 blend of polycaprolactone (PCL) and poly (lactic
acids) (PLA) by a process previously described (Ma, Z.
et al 2005). The average thickness of the prepared
scaffold was 500 mm, fiber diameter ranged between
200-450 nm, withporosity of 85 %. For preparation for
cell seeding, scaffold mat was cut into 0.5 x 0.5 



cm2 squares, gas-sterilized with ethylene oxide,
immersed in 5 M sodium hydroxide and washed in PBS to
increase surface hydrophilicity. For seeding the cells
on scaffolds, subconfluent CTP cultures (passage
10-12) were collagenase-treated, trypsinized and
counted. 5 x 105 cells were resuspended in 10 ml of
CTP medium, seeded onto each scaffold and allowed to
attach for 30 minutes before fresh medium was added.
Cultures were maintained for one month before
harvesting for analysis. Plain cultures on plastic
plates were used as control. In-vitro engineering of
functional tendons - Tendons were spontaneously formed
upon applying the new long-term high-density culture
technique: subconfluent CTP cultures (passages 2-21)
were regularly split and counted before seeding at a
high density of 5-10 x 10 cells/cm on tissue culture
plates in the presence of CTP medium. Cultures were
kept for long periods of up to 4 months in culture,
with no further splitting. Mechanical testing of in
vitro engineered (formed) tendon grafts - Engineered
constructs were removed from their culture plates
immediately before testing. The construct diameter was
measured at several positions along the length, using
an optical microscope (Olympus BX 60 X500
magnification). An average diameter was calculated,
using measured values. Tensile testing was performed
with a Micro Fiber Tensile Machine, outfitted with a
35 N load cell and a special stainless steel grips.
The grips clamped the specimens by jaws machined from
Delrin (acetal). The control of machine was performed
by developed software on Matlab and data acquisition
performed with National Instruments hardware on a
PentiumII PC. The load cell was zeroed after the
attachment of each sample. Samples were moistened by
regularly applying drops of PBS. The gauge length was
taken to be the length of the construct between the
grips, which was measured from the calibrated images
of a fast MotionScope CCD camera. Tests were conducted
at a constant displacement rate of 0.08 mm/sec.
In-vivo studies - For subcutaneous transplantation
(ectopic transplantation), cdl nude mice were
anesthetized and approximately 5 mm long incision was
made in 2 or 3 locations on the back of the animal.
The method for critical Achilles tendon injury model
preparation is described in the description of Figures
16a-e. All animalexperimental protocols were approved
by the Animal Use and Care Committee of the Technion
Faculty of Medicine. In vivo transplantation of CTPs
underneath kidney capsules - Subconfluent CTP cultures
(passages 5 and 11) were scraped off the culture
plates, washed with PBS and implanted underneath the
kidney capsule of 5-week-old CB-17 SCID-beige mice (n
= 6). Six and twelve weeks after transplantation,
kidneys were retrieved, fixed in 10 % buffered
formalin, embedded in paraffin, and sectioned for
histological examination. EXAMPLEl ISOLATION OF
CONNECTIVE TISSUEPROGENITOR CELLS FROM HUMANEMBRYONIC
STEM CELLS A cell source for tissue engineering should
be highly proliferative while phenotypically stable in
vitro, providing a sufficient amount of cells. Thus,
undifferentiated hESCs, which can self-renew
indefinitely while maintaining their pluripotency,
present an ideal cell source for tissue engineering.
However, stem cells lose their proliferation potential
along the differentiation process, and indeed most
published EB-based differentiation systems are limited
in the amount of target cells obtained. As estimated
elsewhere (Muschler, G.F. et al, 2002), approximately
7 x 107 osteoblasts are needed to form one cubic
centimeter of a new bone. While reducing the present
invention to practice, the present inventors have
uncovered, through laborious experimentations,
culturing conditions suitable for the isolation,
propagation and differentiation of connective tissue
progenitor cells, as follows. Experimental Results
Isolation of connective tissue progenitor cells (CTPs)
from hESCs derived embryoid bodies (EBs) - Ten-day-old
EBs were dissociated with a combination of enzymatic
digestion and aggressive mechanical agitation. The
derived cells were cultured in the presence of a CTP
medium containing ascorbic acid and dexamethasone,
factors known to promote osteoblastic differentiation
(Maniatopoulos, C , et al, 1988; Coelho, M.J. et al,
2000). The cells were cultured without splitting
(passaging) in the presence of the CTP medium until
reaching subconfluency (between about 5-10 days) and
were then subjected to serial passagingusing type IV
collagenase (0.1 %, 30-60 minutes at 37 C) followed by
trypsinization (0.25 %, 2-5 minutes at 37 0C). The
growth kinetic pattern of the cells, which were
continuously expanding without obvious senescence up
to 25 passages, suggested the derivation of a putative
cell line. At passage 20 the growth rate of the cells
was slowed down (Figure Ia) and the cells tended to
form mineralized cultures at a higher frequency (data
not shown). Cultures recovered well after freeze/thaw
cycles, and showed the same proliferation and
differentiation potential as prior to the freeze/thaw
cycles. Light microscopy examination revealed a great
resemblance in morphology between low passage
hESC-derived CTPs and human fetal-derived CTP (Figures
27ab). In addition, hESCs derived CTPs from early
passages exhibit a morphology resembling that of
mesenchymal stem cells (MSCs, Figure Ib) and CTPs from
later passages exhibit a morphology resembling that of
fibroblasts (Figure Ic). CJTRS exhibit clonogenic
potential and normal karyotype -The clonality
potential of the CTP cells was assessed by seeding
single cells each in different culture wells. Colonies
were formed in high efficiency (22 out of 24
experiments) and were identical in their growth
kinetics, morphology and phenotype, as assessed by
RT-PCR. Additionally, G banding analysis of CTP nuclei
obtained from passages 7- 8, 14 and 20 confirmed that
the CTPs are karyotypically normal (data not shown).
CTPs are suitable for cell-based tissue engineering -
A s is shown in Figure 26, assuming symmetric cell
division, one well of a 6-well culture plate
containing approximately 15-20 undifferentiated hESC
colonies, potentially gives rise to approximately 320
subconfluent 75cm2 culture flasks after 20 passages.
Thus, one hESC-derived CTP from the first passage
could potentially give rise to approximately 50 cubic
centimeters of mineralized bone after 20 passages.
Thus, the unique derivation method of the present
invention generates a sufficient amount of cells for
cell-based tissue engineering application. Isolation
of connective tissue progenitor cells (CTPs) from
undifferentiated hESCs colonies - hESCs colonies were
enzymatically digested with type IV Collagenase (0.1
%, for 30-60 minutes at 37 C) followed by aggressive
mechanical agitation and dissociated cell clumps were
further passed through a 40 mm mesh cell 



strainer (Falcon) to obtain a single cell suspension.
The derived cells were cultured in the presence of a
CTP medium containing ascorbic acid and dexamethasone.
Thecells were cultured without culture splitting
(passaging) in the presence of the CTP medium until
reaching sub-confluency (between about 5-10 days) and
were then subjected to serial passaging using type IV
collagenase (0.1 %, 30-60 minutes at 37 0C) followed
by trypsinization (0.25 %, 2-5 minutes at 37 0C). The
growth kinetic pattern of the cells, which were
continuously expanding without obvious senescence up
to 25 passages, suggested the derivation of a putative
cell line. At passage 20 the growth rate of the cells
was slowed down (data not shown) and the cells tended
to form mineralized cultures at a higher frequency
(data not shown). Cultures recovered well after
freeze/thaw cycles, and showed the same proliferation
and differentiation potential as prior to the
freeze/thaw cycles. Altogether, the present inventors
have demonstrated that the CTP cells isolated from
hESCs-derived EBs or the undifferentiated hESCs by
culturing and passaging in the CTP medium exhibit high
proliferative capacity (for at least 20 passages), in
vitro stability (with normal karyotype) and clonogenic
potential. In addition, the present inventors have
uncovered that the CTPs of the present invention are
suitable for cell-based tissue engineering. EXAMPLE 2
CTPs EXPRESS MARKERS OF MESENCHYMAL AND
OSTEOBLAST-LIKE CELLS To test the potential of the
hESCs derived CTPs of the present invention to
differentiate into the osteogenic lineage, the
expression profile of the CTP cells of the present
invention was assessed by RT-PCR, cDNA microarray and
FACS analyses, as follows. Experimental Results CTPs
express osteogenic markers - Gene expression of CTP
cells grown in the presence of the CTP medium from
passages 1 and 10, was assessed by RT-PCR analysis. As
is shown in Figures 2a-u, CTPs stably express core
binding factor alpha 1 (CBFAl), and SOX9, both are
early transcription factors known to play a major role
in osteoblast and chondrocyte differentiation. Type I
collagen, the most abundant extracellular protein
which is synthesized by osteoblasts, osteonectin and
osteopontin, two major non-collagenous bone matrix
proteins, parathyroid hormone receptor 1(PTHRl), which
regulates mineral homeostasis and bone formation, and
bonespecific alkaline phosphatase, which binds
phosphor to calcium and forms bone hydroxyapetite,
were all detected at low and higher passages,
indicating osteogenic potential. Immunofluorescence
analysis of the liESCs derived CTPs demonstrated that
the CTPs of the present invention express alkaline
phosphatase (ALP, Figure 22a) and osteocalcin (Figure
22b), markers of the osteogenic lineage. Expression
profiles of CTP-derived osteogenic-like cells - The
gene expression profile of the cells was detected
using cDNA microarray analysis using a set of
approximately 100 osteogenesis-related genes. The
common transcripts were compared between hESC-derived
CTPs (passage 1 and 9) to human fetal CTPs (passage
1). Two independent experiments were performed. The
complete list of positive transcripts is shown in
Table 2, hereinbelow. Forty transcripts were found to
be shared among hESC-derived CTPs and human fetal
CTPs, including growth factors and associate
molecules, cell adhesion molecules, and matrix
associated proteins. A significant overlap of 36
transcripts shared by the three populations {i.e.,
undifferentiated hESCs, hESC-derived CTPs and human
fetal CTPs) was observed. This set of shared
transcripts represent genes that though known to play
a significant role in osteogenesis, are already
switched-on at the hESC stage. In addition, CBFAl,
type I collagen, ALP, osteopontin and PTH-Rl, which
were tested by RT-PCR (Figures 2a, c, f, e, g), were
found to be positive at the hESC stage as well (Table
2). This can be attributed to the assumption that
uncontrolled background differentiation of presumably
undifferentiated hESCs always occur, thus total RNA
extracted from hESC cultures represents also cells at
different stages of differentiation. In addition, gene
expression profiling of hESC lines has shown a
significant number of markers of differentiation to be
positive (34-36). Speculatively, this is to say that
differentiation, rather than being a process where
stem cells acquire markers of differentiated cells,
could be a process where stem cells express all or
most markers at low levels, and reduce the expression
of these genes gradually as they differentiate while
upregulating the expression of a limited set of genes
(37).Table 2 Expression profile of undifferentiated
ItESCs, hESCs-derived CTPs (p9) andfetal CTPsCOATING
OF ORGANIC AND INORGANIC PIGMENTS WITH ACRYLIC RESINS
The present invention relates to a coating of organic
and inorganic pigments preferably with acrylic resins,
to provide a composition preferably in the form of
granules, and also relates to the associated
production process. As is known, pigments are solids
of both organic and inorganic nature, which are
defined as such when they are used within a fixing
system such as resins, absorbing part of the light and
reflecting the complementary part thereof which forms
the colour of the coated surface. As such, they are
solids with a very irregular surface, which differs
from pigment to pigment, and with property to
interface with other substances completely different
from each other and greatly influenced by the physical
and chemical conditions of the contact elements. The
difficulties of incorporating pigments in vehicle
systems based on a wide range of resins are well
known. This is true both in the case of powder
systems, where contact of the pigment occurs with a
polymer resin in the melted state inside an extruder,
and in the case of liquid systems where interfacing
occurs with polymers (resins) in form of solution,
emulsion or dispersion diluted both with solvents
and/or water, 



which have a flocculating effect on the system. At
present in powder paint formulations the introduction
of the pigments is performed by means of simple
physical mixing of the pigments with differentlyshaped
granules (chips or flakes) of the resins which form
the vehicle, with the addition of chemical additives
able to improve the contact between pigment and resin
so that to incorporate the pigment into the resin
during the extrusion stage. In order to facilitate
metering of the (colouring) pigment, in many cases the
latter is mixed with inert pigments (extenders) in
order to dilute the concentration and reduce the risk
of metering difficulties in the case of small
quantities. The simultaneous presence of different
pigments results in the need to use, in many cases,
different types of chemical additives, often having
properties which conflict and interfere with each
other. If follows that the development of the colour,
resulting from mixing of different pigments, is
subject to inconsistency from one preparation to the
next due not only to the change in environmental
conditions, which differ in each case, but also to the
varying properties of the pigment's surface and the
surface tension properties of the polymers in the
melted state which, even though not differing from
batch to batch, may be slightly different. In the case
of liquid paint formulations using organic solvent or
water as liquid phase, introduction of the pigments is
conventionally performed by mixing the pigments with
resin solutions. The presence of organic solvent
and/or water is negative owing to its flocculating
properties because tends to make the contact between
resin and pigment unstable. In order to reduce this
effect, anti-flocculatingchemical additives are
normally added to these mixtures of pigments and
resins dissolved in a solvent and/or water, these
having the property of modifying and adjusting the
electrostatic properties of the surfaces of the
pigments and modifying the surface tension of the
resin solution. Owing to these negative effects
typical of the pigment/resin/solvent system, the
colour mixtures may be defined as unstable systems
where the chromatic effect of the finished paint can
change over time. Improvements to this system have
been made by means of pre-dispersion techniques and
corresponding grinding of monopigments to develop
pastes, where the pigment is incorporated in specific
resins, also of acrylic, aldehyde and ketone nature,
but dissolved in organic solvent and/or water and
using combinations of chemical additives, in order to
interface the surface of the specific pigment with the
selected dissolved resin. US6734231 discloses a
pigment composition obtained by mixing a pigment and a
urea-aldehyde resin and/or a urea-ketone resin in a
homogenizer or in the inlet zone of the extruder, and
extruding the thus-obtained mixture. WO2004/078852
discloses a pigment preparation wherein fine organic
pigment particles are combined with inorganic pigment
particles, said particles also being provided with an
organic macromolecular coating. EP432480 discloses
masterbatches which comprise three essential
components: (a) a resin selected from acrylic resins,
ketone or aldehyde resins; (b) citric, acetylcitric or
tartaric acid esters; (c)- A - dyes and/or pigments
and additives. The pigment compositions disclosed in
the above cited prior art documents are not however
suitable to be used in water-based paints.
Furthermore, the composition disclosed in EP432480
will result, when using citric, acetyl citric or
tartaric acid esters of glycols or polyalkylenglycols
containing between 10 and 30 monomers, in a soft
compound, which, contrarily to the information
reported therein, is very difficult to be handled and
grinded. The aim of the present invention is to
provide a coating which allows the drawbacks of the
prior art to be overcome . In connection with this
aim, one object of the invention is to provide a
coating in the form of a particle composition (chips,
flakes, powder and/or granule) which may be used as:
a semifinished product for the tinting and
pigmentation of powder paints (metering of small
quantities as substitution for master batches of
pigments and extenders)  or, after dissolution in an
organic solvent or in water with basic pH,a pigmented
paste to be used as post tinting in the liquid paints
industry. 



Another object is that of providing a coating in the
form of granules, chips, flakes or in powder form
which can be used as a substitution for mixtures of
organic and inorganic pigments for pigmenting powder
and liquid paints, overcoming the difficulties which
are typically encountered in the use of bare pigments
according to the prior art.In particular, the granular
composition of the present invention may be used as a
semifinished product in powder paint formulations, as
an alternative to the pure pigments which are not
pre-coated. With their use it is possible to achieve
more continuity in terms of colour development and
batch to batch colour reproducibilty of the colouring
system and a reduction in the quantity of pigment
originally used due to the higher colorimetric yeld
that precoated pigments have. The granular form,
moreover, facilitates automated transportation of the
material, metering and drastically reduces dust
pollution. The product resulting from this invention
will be used: as a semifinished product for the
tinting and pigmentation of powder paints or also
used, after dissolving in a organic solvent, or in
water with basic pH;as a pigmented paste in the liquid
paints both organic or water solvent based industry as
direct substitution for pigments; for tinting of
finished paints or for pigmenting and therefore
colouring both thermoplastic and thermosetting
plastics (e.g. polyethylene, polypropylene,
polyethylene terephthalate PET,
acrylonitrile-butadiene-styrene ABS, as well as
polyurethanes of different composition, and reinforced
and unreinforced polyamides of different composition)
. In particular, compared to the coatings known in the
art, the granular composition of the present invention
is completely dust-free, has a high colorimetric yield
(with a consequent reduction in the cost of
colouring), has optimum dispersion (i.e. no
flocculation) , easy dissolution properties and- is
characterized by a high compatibility (i.e. may be
usedin different polymer systems, such as for example
in powder paints, liquid paints both organic or water
solvent based and in plastics) . These and other
objects, which will appear more clearly below, are
achieved by a coating of organic or inorganic pigments
with acrylic resins, characterized in that it
comprises a chemical compound consisting of particles
of solid organic and/or inorganic substances, both
defined pigments, and acrylic resins deposited on its
surface. The subject of the present invention
therefore consists of a particle composition
essentially consisting of organic and/or inorganic
pigments coated with at least one acrylic resin, said
resin having an acidity number higher than 30,
preferably higher than 50, an average molecular weight
of between 800 and 5000, preferably of between 800 and
3000 Da and melting point of between 70 and 130C. The
at least one acrylic resin may also be combined with
at least one aldehyde and/or ketone resin, preferably
having an average molecular weight of between 800 and
2000 Da and melting point of between 70 and 130C. For
the purpose of the present invention the term "acrylic
resin" is mainly understood as meaning a water soluble
poly addition product of styrene, maleic anydride,
metyl meta acrylic monomers and acrylic monomers,
including acid and ester and also containing hydroxy
(propyl) function. The polymerisation could occour:
l)in solvent followed by stripping of solvents, i.e.
by distillation or via thin film evaporation(LUVA) ; 2
)or directly in emulsion in water phase; 3 )or by
dispersion of solution polymer in water phase . In
both latter cases, a spray dry process to obtain the
solid resin should be used. The term "acidity number"
indicates the average number of carboxy groups/resin
unit. The term "aldehyde and/or ketone resin" is
understood as meaning a condensation product of an
aldehyde (preferably aliphatic aldehyde) or a ketone
(preferably cyclohexanone or methylcyclohexanone) ,
optionally with condensation products such as urea or
formaldehyde . These resins are well-known in liquid
paint formulations both using an organic and/or water
solvent phase, by mixing the pigments with resin
solutions. Examples of acrylic resins are, for
example, the products distributed by Joncryl Polymers
such as: Joncryl(r) 67 and 690; Joncryl(r) 586,611 and
678; Styrene Maleic Anydride copolymers distributed by
Sartomer such as SMA(r) 1000,2000 and 3000 and their
esters SMA(r) 1440, 



17352, 2625 and 3840. Examples of aldehyde or ketone
resins are, for example, the products distributed by
BASF such as Laropal(r), which is incorporated herein
by way of reference; in particular, Laropal(r) A 101
and A 81 are condensation products of urea and
aliphatic aldehydes while Laropal(r) K 80 is the
condensation product of cyclohexanone. Laropal(r) LR
9008 is an aqueous solution of modified aldehyde
resin. According to a preferential aspect of
theinvention, the acrylic resin has an acidity number
higher than 100, an average molecular weight of
between 900 and 2000 Da and/or a melting point of
between 85 and 120C; the aldehyde and/or ketone resins
have an average molecular weight of between 900 and
1400 Da and melting point of between 90 and 110 0C .
The composition of the present invention normally
comprises from 80% to 20% by weight of pigment and
from 80 to 20% by weight of resin and may contain
excipients and/or adjuvants such as mineral
reinforcing fillers (extenders) and/or additives like
dispersants, surfactants, wetting agents, antisettling
and tixotrophic agents (the term "resin" is herein
understood as meaning the at least one acrylic resin
optionally in admixture with the at least one aldehyde
and/or ketone resin in the range of 10 to 90 % of
acrylic resin and 90 to 10% of aldehyde and/or ketone
resin, by weight) . The term "essentially consisting
of" means that, apart from the inorganic and/or
organic pigment and the resin, the composition of the
present invention may contain reinforcing fillers
(preferably of mineral origin) and/or additives in
amounts comprised of between 10 to 35% by weight of
the composition, preferably from 20 to 30% by weight.
In the case of inorganic pigments, the composition
preferably consists of 50 to 70% by weight of pigment
and 30% to 50% by weight of resin, even more
preferably 55 to 65% by weight of pigment and 35 to
45% by weight of resin (the presence of mineral
reinforcing fillers and/or additives being however not
excluded) . In the case of organic pigments, it
preferablyconsists of 15 to 40% by weight of pigment,
45 to 75% by weight of resin, up to 20% by weight of
mineral reinforcing fillers (extenders) and 0.1 to 10%
by weight of additives, even more preferably 20 to 35%
by weight of pigment, 50 to 70% by weight of resin, 5
to 15% by weight of inert fillers (extenders) and 1 to
7% by weight of additives. From among the mineral
reinforcing fillers (extenders) , barium sulphate is
preferably used; the dispersants may be selected from
among epoxidized soybean oils and sorbitan esters;
preferably ethoxylated sorbitan ester, marketed by
niqema as Atmer 116(tm), is used. In particular it has
been found that the presence of epoxidized soybean
oils and sorbitan esters, such as ethoxylated sorbitan
ester, is particularly advantageous for having a
homogeneous flow in the extruder and, consequently,
for obtaining a final product with the desired
properties. In case of compositions containing
dispersants and/or extenders, the composition may
contain up to 20% by weight of water, preferably from
5 to 15%, which is then evaporated during the
extrusion. When the composition of the present
invention is intended for manufacturing water-based
paints, the aldehyde and/or ketone resins (when
present) are preferably of water-soluble type;
otherwise they are in amounts lower than 30% by weight
of the acrylic resin, preferably lower than 20%. In
particular, when they are water-soluble and in liquid
form at room temperature, they may also be used for
replacing the water which is normally added before
extruding.The composition in question may be in the
form of powder or granules. In the first case, the
particles of powder may have dimensions of between 5
and 200m; in the second case, the granules may have a
length of between 0.2 and 8.8 mm and diameter of
between 0.4 and 2.2 mm, preferably a length of between
1.8 and 2.2 mm and diameter of between 1.0 and 1.8 mm;
according to one of the possible embodiments of the
invention, the composition contains 80 to 1000
granules per gram thereof. The particle formulation
according to the present invention may be produced by
means of a method, the first two steps of which are
unvaried, irrespective as to whether the final product
is in the form of granules rather than powder. The
pigment is mixed with the resin inside a container
suitable for mixing powders and granulates. The
present invention includes all those organic and
inorganic powders which may be defined as colouring 



pigments or substances which absorb part or all of the
light spectrum and reflect the complementary part
thereof, forming the visible colour. The pigments
tested, according to the invention, are listed below.
Iron oxide pigments, in all their shades of yellow,
brown, red and black; in all their physical forms and
grain categories. Titanium oxide pigments in all the
different inorganic surface treatments. Chromium oxide
pigments also co-precipitated with nickel and nickel
titanates.Black pigments from organic combustion. Blue
and green pigments derived from copper phthalocyanine,
also chlorinated and brominated, in the various alpha,
beta and epsilon crystalline forms. Yellow pigments
derived from lead sulphochromate. Yellow pigments
derived from lead bismuth vandate. Orange pigments
derived from lead sulphochromate molybdate. Yellow
pigments of an organic nature based on arylamides .
Orange pigments of an organic nature based on
naphthol. Orange pigments of an organic nature based
on diketo-pyrrolo-pyrrole . Red pigments based on
manganese salts of azo dyes. Red pigments based on
manganese salts of betaoxynaphthoic acid. Red organic
quinacridone pigments. Red organic anthraquinone
pigments. The research work, which was intended to
identify from among the various polymers which may be
used those suitable for obtaining this pigment
coating, resulted in the families of acrylic resins
with a molecular weight of between 800 and 3000 Da and
with a melting point of between 75 and 130C. The
present invention relates preferably to the 100% use
of polymers which, at the temperature below 40 0C ,
are in the solid state. The present invention covers
all those mixtures of those pigments with these resins
where the relative ratio of pigment and resin is
between 80 and 20% and vice versa.6 000019 - 12 - The
prepared mixture is introduced into a heatedchamber
extruder. The present invention also relates to the
use of single-screw and twin-screw extruders with a
ratio between length and diameter of more than 24. The
extrusion is preferably performed at an internal
temperature of the extruder 5-20C higher than the
melting temperature of the acrylic polymer used. The
melted material leaving the extruder is preferably
cooled on a cooling belt and spread using cooled steel
cylinders. In the case of the powder formulation, the
material is cooled to below 35C and then flaked by
means of an ordinary pin-type flaking machine. Then
the material, in the form of flakes, is ground using
different mechanical systems including pin crushers .
An essential condition which characterizes and
distinguishes the semifinished product is that the
grinding operation is performed using cryogenic
systems at operating temperatures of less than 20C.
The grinding operation require the introduction of
anti-caking and fluidizing agents, such as silicon
dioxide and aluminium oxide powders, in an amount
equal to less than 0,5%. In the case of a granular
formulation, on the other hand, the melted material
leaving the extruder is conveyed into a die from where
it is drawn with a constant cross-section and is
cooled and granulated by means of a wet method using a
water jet cutting action. Preferably the granules are
produced by means of a water jet cutting granulator of
the type produced byGala Industries Inc. and described
in international patent application WO 01/21371,
incorporated herein by way of reference. Drying of the
granules may be performed by means of simple
ventilation and also may be speeded up using
centrifuges and filtration; in the preferred
embodiment of the invention, in the case where the
granulation step is performed by means of the
abovementioned water jet cutting granulator, the
granules are separated by the water on a vibrating
screen and then dried on a spiral elevator. According
to a further aspect of the invention, the granule
formulation thus obtained may be transferred to the
grinding stage in order to produce a powder
formulation. 



In particular, in the case of formulations based on
organic pigments, an aqueous solution of the
dispersant is prepared (the water is preferably used
in a quantity of between 10 and 20% relative to the
total weight of the formulation) ; the resin is
introduced into the mixer (preferably an open vessel
high speed blade type) and is wetted with a quantity
of about 50% of said solution; the pigment is
introduced during mixing and the remaining amount of
aqueous solution is added; the inert filler is added
and, after mixing, the product is discharged and then
transferred to the extruder. Mixing, both in the case
of organic pigments and in the case of inorganic
pigments, is normally performed at a speed of between
800 and 2200 rpm. Use of the invention in powder
paints The coating according bo the present invention
maybe advantageously used in powder paint
formulations, as an alternative to pure pigments which
are not precoated. Their use ensures colour
development and batch to batch colour reproducibilty
of the colouring system and a reduction in the
quantity of pigment originally used due to the higher
colorimetric yeld that precoated pigments have. Use of
the invention in liquid paints both using organic
solvent and/or water phase The coating according to
the present invention may be advantageously used in
formulations of liquid paints, after dilution in
solvent or solvent based resins or in water with basic
pH, or in water based resins both solution, emulsion
or dispersion type. The pre-dilution methods may be
direct, such as mixing with helical vanes as well as
energy transfer by means of an increase in the
specific surface area and using balls of a different
nature and size. The pastes thus obtained may be used
as semifinished products suitable for the production
of liquid paints. The coating, according to the
present invention, may be used without pre-dilution
for colouring or tinting by means of simple addition
to paints followed by dissolution both using direct
means, such as helical vanes, and by means of energy
transfer via an increase in surface area and using
balls of varying nature and size . The coating
according to the present invention is preferably used
in formulations containing a monopigment and may be
lined with acrylic. The preparation process is such
that this coatingis obtained by means of extrusion of
the resinous part onto the pigment using a hot
process, at a temperature 5-20 0C higher than the
polymer melting temperature and followed by cooling in
a thin layer using a belt and cooling cylinder. It has
been found in practice that the invention fulfils the
task and achieves the predefined objects. It has in
fact been possible to provide a coating which is able
to make up for the lack of standardization of the
elements which are added when melting the polymer of
the powder paints, during extrusion in order to
incorporate the solid pigments. The coating according
to the present invention allows the production of
coloured powder paints, with a hi-gh degree of quality
consistency, which is no longer dependent upon the
environmental conditions in which the process of
incorporating the pigment in the resin is performed,
but is only the result of parameters which can be
managed by the actual extrusion process. This means
that the pre-coated pigment no longer has an influence
with the .wettability properties of its surface and
that the surface tension of the resin is uninfluential
for the purposes of the uniformity and chromatic
formation of the pigment mixture. With the coating
according to the present invention it is possible to
overcome all the difficulties described above since
the pre-coated pigment has eliminated all the effects
associated with its pigment surface and is practically
ready to be used also by means of simple dispersion in
a liquid or even better in a solution of resins. Use
of the invention in plasticsThe monochromatic
granulate of pre-coated pigment may be used to colour
plastic polymers such as polyethylene, polypropylene,
PET, ABS and polystyrene as well as polyurethane
elastomers of various formulations. It may be used
individually and/or mixed together with other
pre-coated pigments in order to produce a given
colour. The naetered mixture of various monochromatic
granules allows composition of the final colour
directly before the feeding step into the extruder
which converts the granules of plastic into the melted
state for colouring and/or production of the final 



object . In other words, the mixture of granules of
different monochromatic colour allows the composition
of a polychromatic colour by means of simple mixing.
Hence it allows the composition of a colouring system
based on monochromatic granules so as to obtain
colours composed of various monochromatic pigments. In
the plastic polymers sector, which this invention also
embraces, hitherto master batches have been used for
pigmentation and associated colouring. These are
mixtures of chromatic pigments with resin (similar to
the plastic polymer used), extruded and granulated.
These master batches, which are added in a small
amount to the plastics before extrusion, pigment the
mass of the plastic polymer. In some specific case of
continuous and constant extrusions, always using the
same material and same colour, it is possible to
pigment the plastic by means of a liquid master batch
where the pigment ispulverized in a liquid vehicle,
such as plasticizers (polyacid esters) . The latter is
fed onto the head of an extruder, before pigmentation
by means of extrusion. Never before has use been made
of monopigment granules of pigments pre-coated with
acrylic, aldehyde or ketone resins, to be metered
before the colouring extrusion of the plastic. These
granules may impart the final colour to the mass,
without having to go through the complex preparation
procedure involving finished-colour master batches .
The object of the present invention is that of
allowing metering of the quantity of pigment already
pre-ground and rendering less harmful the handling of
the original bare pigments. Moreover, owing to the
great molecular mobility of the acrylic resin based
coating, it is possible to achieve the uniform
colouring, with monochromatic semifinished products
and with the granulates according to the present
invention, of plastics, of powder paints and at the
same time of liquid both organic solvent or water
based paints. Further characteristic features and
advantages of the subject of the present invention
will emerge more clearly from an examination of the
description of a preferred, but not exclusive
embodiment of the invention, illustrated by way of a
non-limiting example in the accompanying drawings in
which: - Figure 1 shows a diagram of a possible plant
for the production of the powder coating according to
the present invention;- Figure 2 shows a diagram of a
possible plant for the production of the granule
coating according to the present invention; The
examples which follow have a purely illustrative and
non-limiting function and identify some of the
possible mixtures of compounds to be conveyed to the
extruder in order to produce subsequently the particle
compositions of the invention in both granule and
powder form; water must obviously not be regarded as a
component of the final formulation since it has been
eliminated during drying, and the parts are to be
regarded as by weight. Example 1 green pigment (based
on copper phthalocyanine) : 30 barium sulphate: 10
Atmer(r) 116 (ethoxylated sorbitan ester) : 5
Joncryl(r) 67 (acrylic polymer) : 55 water*: 12
Example 2 black pigment (carbon black) : 25 barium
sulphate: 10 Atmer(r) 116 (ethoxylated sorbitan ester)
: 2 Joncryl(r) 67 (acrylic polymer) : 63 water*:
14Example 3 yellow pigment (based on lead
sulphochromate) : 60 Joncryl(r) 67 (acrylic polymer) :
40 Example 4 blue pigment (based on iron
phthalocyanine) : 30 Joncryl(r) 67 (acrylic polymer) :
70 Example 5 green pigment (based on copper
phthalocyanine) : 30 barium sulphate: 10 Atmer(r) 116
(ethoxylated sorbitan ester) : 5 Joncryl(r) 67
(acrylic polymer) : 50 Laropal A 81 (aldehyde resin) :
5 water*: 12 Example 6 green pigment (based on copper
phthalocyanine) : 30 barium sulphate: 10 Atmer(r) 116
(ethoxylated sorbitan ester) : 5 



Joncryl(r) 67 (acrylic polymer) : 5 Laropal LR 9008
(aldehyde resin) : 50 water*: 12 * The water, which is
added to the exemplified compositions before the
extrusion, is evaporated during the extrusion and it
is not contained in the final product.CLAIMS 1 .
Particle composition essentially consisting of
pigments coated with at least one acrylic resin, said
resin having an acidity number higher than 30, an
average molecular weight of between 800 and 5000 Da
and melting point of between 75 and 13O 0C . 2 .
Composition according to Claim 1 , characterized in
that said resin has an average molecular weight of
between 900 and 2000 Da. 3 . Composition according to
any one of the preceding claims, characterized in that
said resin has a melting point of between 85 and 120C.
4 . Composition according to any one of the preceding
claims, characterized in that said resin has an
acidity number higher than 50, preferably higher than
100. 5 . Composition according to Claims 1 to 4 ,
characterized in that said acrylic resin is the poly
addition product of styrene, methyl meta acrylates and
acrylates monomers. 6 . Composition according to
Claims 1 to 5 , characterized by further comprising at
least one aldehyde and/or ketone resin. 7 .
Composition according to Claim 6 , characterized in
that said at least one aldehyde and/or ketone resin
has an average molecular weight of between 800 and
3000 Da, preferably between 800 and 2000, and/or
melting point of between 70 and 130C. 8 . Composition
according to Claim 7 , characterized in that said at
least one aldehyde and/or ketone resins has an average
molecular weight of between 900 and 1400 Da and/or
melting point of between90 and 110 0C . 9 .
Composition according to any one of the preceding
claims, characterized in that said pigments are chosen
from among organic pigments and inorganic pigments.
10. Composition according to Claim 8 , characterized
in that said pigments are chosen from among iron oxide
pigments, titanium oxide pigments, chromium oxide
pigments co-precipitated with nickel and nickel
titanates, black pigments from organic combustion,
blue and green pigments from copper phthalocyanine,
yellow pigments from lead sulphochromate or lead
bismuth vanadate, orange pigments from lead
sulphochromate molybdate, yellow pigments based on
arylamides, orange pigments based on naphthol, orange
pigments based on diketo-pyrrolopyrrole, red pigments
based on manganese salts of azo dyes, red pigments
based on manganese salts of betaoxynaphthoic acid, red
pigments based on quinacridone, and red pigments based
on anthraquinone or mixtures thereof. 11. Composition
according to any one of the preceding claims,
characterized in that it contains from 80 to 20% by
weight of said pigment and from 80 to 20% by weight of
said resin. 12. Composition according to Claim 11,
characterized in that it consists of 80 to 20% by
weight of inorganic pigment, preferably 50 to 70%, and
80 to 20% by weight of resin, preferably 30 to 50%.
13. Composition according to Claim 12, characterized
in that it consists of 55 to 65% by weight of
inorganic pigment and 35 to 45% by weight ofsaid
resin. 14. Composition according to Claim 11,
characterized in that it consists of 15 to 40% by
weight of organic and/or inorganic pigment, 45 to 75%
by weight of resin, up to to 20% by weight of mineral
reinforcing filler, 0.1 to 10% by weight of additives.
15. Composition according to Claim 14, characterized
in that it consists of 20 to 35% by weight of organic
and/or inorganic pigment, 50 to 70% by weight of
resin, 5 to 15% by weight of mineral reinforcing
filler, 1 to 7% by weight of additives. 16.
Composition according to Claims 14 or 15,
characterized in that said mineral reinforcing filler
is barium sulphate. 17. Composition according to
Claims 14 or 15, characterized in that said additives
are chosen from among epoxidized soybean oils and/or
sorbitan esters, preferably ethoxylated sorbitan
ester. 18. Composition according to any one of the
preceding claims, characterized in that it is in the
form of powder or granules . 19. Composition according
to Claim 18, 



characterized in that said granules have a length of
between 0.2 and 8.8 mm and diameter of between 0.4 and
2.2 mm. 20. Composition according to Claim 19,
characterized in that said granules have a length of
between 1.8 and 2 .2 mm and diameter of between 1.0
and 1.8 mm. 21. Composition according to Claim 18,
characterized in that it contains from 80 to 1000
granules per gram of composition.22. Composition
according to Claim 18, characterized in that the
particles of powder have dimensions of between 5 and
200m . 23. Use of the composition according to any one
of the preceding claims for the preparation of powder
paints, liquid paints and/or plastics. 24. Use
according to claim 23, characterized in that said
liquid paints are water-based paints, preferably
having a basic pH. 25. A process for the preparation
of a granule composition according to Claim 18,
comprising melting of the resin, wetting of the entire
surface of the pigment with the melted resin,
extrusion of the mixture thus obtained, cooling
thereof and subsequent granulation in the wet state
and drying. 26. A process for the preparation of a
powder composition according to Claim 18, comprising
melting of the resin, wetting of the entire surface of
the pigment with the melted resin, extrusion of the
mixture thus obtained, cooling thereof and subsequent
grinding thereof at temperatures of less than 20C. 27.
A process according to Claims 25 or 26, characterized
in that extrusion is performed at an internal
temperature of the extruder 5 to 20C higher than the
melting temperature of the resin. 28. A process
according to Claims 25 or 26, characterized in that it
comprises the use of singlescrew and twin-screw
extruders, preferably of the heated chamber type. 29.
A process for the preparation of a powder composition
according to Claim 26, characterized inthat the
cooling is performed on a belt spread using cooled
steel cylinders. 30. A process for the preparation of
a powder composition according to Claim 26,
characterized in that the material cooled, preferably
below 400C , is flaked before undergoing grinding. 31.
A process for the preparation of a powder composition
according to Claim 26, characterized in that the
material in the form of flakes is ground using various
mechanical systems including pin crushers. 32. A
process for the preparation of a powder composition
according to Claim 26, characterized in that the
grinding is performed below 20C. 33. A process for the
preparation of a powder composition according to Claim
26, characterized in that grinding is performed in the
presence of anticaking agents and fluidizing agents,
such as aluminium oxide and silicon dioxide powders,
preferably in an amount less than 0,5% by weight. 34.
A process for the preparation of a granule composition
according to Claim 26, characterized in that the
melted material leaving the extruder is cooled and
granulated using a wet method with a water jet cutting
action. 35. A process for the preparation of a granule
composition according to Claim 34, characterized in
that the granules are separated by the water on a
vibrating screen and then dried on a spiral elevator.
36. A process according to Claims 25, 34 or 35,
comprising a granule atomization step. 


