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125 KSTREET, N.W. Described is a method of expanding human progenitor calls 
SUTE 800 by Suspension culturing under non-Static conditions. The 
WASHINGTON, DC 20005 (US) culturing method provides a three-dimensional Space for the 

rapid expansion of desirable progenitors. By this method, a 
(21) Appl. No.: 10/475,861 new compartment of multipotential progenitor cells has been 

identified, which give rise under differentiation conditions to 
(22) PCT Filed: Apr. 23, 2002 progeny including osteoblasts, chondrocytes, myoblasts, 

adipocytes, and other non-hematopoietic cell types. Their 
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PROGENITOR CELL POPULATIONS, 
EXPANSIONS THEREOF, AND GROWTH OF 
NON-HEMATOPOETIC CELLTYPES AND 

TISSUES THEREFROM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority from U.S. provi 
sional application 60/285,701 filed April 24, 2001, and from 
U.S. provisional application 60/328,110 filed Oct. 11, 2001, 
the entire disclosures of which are incorporated herein by 
reference. 

FIELD OF INVENTION 

0002 The present invention relates to the identification 
and Subsequent expansion of a new compartment of pro 
genitor cells which give rise through differentiation to a wide 
variety of cell types that form tissues including bone, 
cartilage, fat, muscle, endothelium, adipose and neural cells, 
among others. The invention further relates to methods by 
which Such cell populations are expanded. Further, the 
invention relates to methods by which Such cell types and 
tissues are formed, to the cell and tissue types resulting 
therefrom, and to applications of Such progenitor and dif 
ferentiated cells in cell-based therapy and tissue engineer 
Ing. 

BACKGROUND OF THE INVENTION 

0003. One challenge of cell-based therapy and tissue 
engineering Strategies is to bring large numbers of appro 
priate progenitor cells to the tissue repair and/or regenera 
tion site as expediently as possible. The bone marrow 
compartment, and particularly the marrow parenchyma, 
provides an attractive Source for Such progenitor cells. The 
marrow parenchyma includes hematopoietic progenitor 
cells, which differentiate into blood cells of various types. 
The narrow parenchyma also includes non-hematopoietic 
progenitor and Stem cells, which differentiate into mesen 
chymal and other cell types, from which various structural 
and connective human tissues arise. More Specifically, the 
mesenchymal progenitor and Stem cells within the marrow 
parenchyma give rise, through differentiation, to Osteogenic 
cell types that form bone, to chondrogenic cell, types that 
form cartilage, and to myogenic cell types that form muscle 
and other connective tissueS Such as bone, marrow Stroma. 
Parenchymal progenitors further include cells that give rise 
to other non-hematopoietic cell types and tissues, which 
include adipocytes that form adipose tissue, neurons and 
other neural cells that form nerve tissue, and cells capable of 
giving rise to endothelium and related vasculature. 
0004. The present invention is thus concerned with pro 
genitor and Stem cells of the type that are extractable, for 
instance, from marrow parenchyma, and which give rise to 
non-hematopoietic cell types. These cells can be referred to 
as non-hematopoietic progenitors, or NHP cells. AS noted, 
the NHP cells include the mesenchymal progenitor cells 
(MPCs) and progenitor cells that give rise to other non 
blood cell types, and thus as a class, give rise to a wide 
variety of cell types and tissues of therapeutic interest 
including nerve tissue, connective tissue, muscle, tendon/ 
ligament, bone, cartilage, adipose tissue and vascular endot 
helium. 
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0005. It is established that the NHPs including the MPCs, 
can be expanded without differentiating. By this route, the 
population can be increased from the Small numbers first 
obtained from the bone marrow or other Sources, to the large 
numbers required for their medical use, without concomi 
tantly inducing the cells to differentiate or become commit 
ted to development toward a particular cell lineage. To 
provide these cells in quantity Sufficient for medical use, 
research has accordingly focused on finding novel 
approaches for ax vim expansion of progenitor cells includ 
ing MPCs. Approaches to date involve culturing whole bone 
marrow that contains low frequency of Such cells that have 
been isolated based on their adherence to tissue culture 
treated substrates Friedenstein et al., 1992; Castro 
Malaspina et al., 1980 and passaging the adherent layer 
many times to achieve expansion Colter et al., 2000; 
Ohgushi et al., 1999; Bruder et al., 1997; Caplanet al., 1997; 
Jaiswal et al., 1997). However, the results of this approach 
have not clearly demonstrated that I) the adherent cell 
population are true mesenchymal stem cells, ii) that this cell 
population can be expanded to high numbers Suitable for 
clinical application in an appropriate time frame, while iii) 
Still maintaining the ability of this cell population to form 
morphologically or histologically identifiable mature mes 
enchymal cells or tissue, Such as bone at each passage. 

0006 U.S. Pat. No. 6,087,113 issued Jul 11, 2000 
entitled “Monoclonal antibodies for human mesenchymal 
Stem cells' describes a method for isolating a population of 
human cells that based on their expression of Specific cell 
Surface antigens detectable using monoclonal antibodies, are 
enriched in cells capable of giving rise to a variety of 
mesenchymally-derived tissues. Although this patent claims 
that mesenchymal Stem cells can be identified and isolated 
by positive binding to Such monoclonal antibodies, what is 
not considered is that these cells have been cultured on an 
adherent Surface and then positively Selected, a process that 
has the potential to change both the phenotype and func 
tional properties of the marrow-derived cell population. This 
adherence-based approach requires cell-Substrate contact 
not only to isolate So-called mesenchymal progenitor cells 
but also to achieve their expansion. Other methods of 
culturing anchorage dependent cells have been described. 
These include growing cells on the surface of a hollow fibre 
membrane (Jacques, et al., 1976), encapsulating cells within 
a Semipermeable membrane and then Suspending the cap 
Sules in growth medium (Jarvis et al., 1985), and culturing 
cells on a three dimensional matrix like collagen (Naughton 
et al., 1990) or on microspheres that are then maintained in 
suspension (Hu et al., 1992). 
0007. The approaches aimed at expanding progenitor 
cells from which mesenchymal and other tissues can differ 
entiate have thus relied on culturing an input cell population 
on a Solid Surface, i.e., two dimensionally, to generate a 
Slowly expanding population of cells that are adherent 
dependent. A different approach has been applied for the 
expansion of hematopoietic progenitor cells, as reported by 
Zandstra et al. (1994). It was shown that hematopoietic cells 
could be expanded in Stirred Suspension culture. However, 
and despite the growing interest in their use in cell-based 
tissue engineering Strategies, there remains a need for a 
technique by which non-hematopoietic Stem and progenitor 
cells, including the mesenchymal progenitor cells can be 
expanded more rapidly. 
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0008. This need arises particularly, although not exclu 
Sively, in the bone field. One proposed Strategy for using 
tissue engineering principles to restore bone is to harvest 
marrow derived cells from the patient, expand a cell popu 
lation with Osteogenic potential in vitro, Seed the expanded 
population onto a three-dimensional carrier and then implant 
the cell-seeded Scaffold into the patient as an alternative to 
a Standard bone graft. While various research groups have 
achieved aspects of this procedural cascade, the Strategy has 
not yet been Successfully employed clinically. Although 
there may be multiple reasons for this, a major obstacle has 
been the difficulty associated with generating adequate num 
bers of cells capable of producing Osteogenic cells from 
marrow harvests. 

0009. It would therefore be very advantageous to provide 
an economical method for proliferating large numbers of 
non-hematopoietic progenitor cells to provide an expanded 
cell population which can then be used for growing different 
functional tissueS as required. 
0010. It would also be useful to provide a cell population 
that is capable of differentiating into a wide variety of 
desired tissues. 

0011. It would also be desirable to provide such cells in 
forms that are useful medically for the regeneration and 
repair of human tissues. 

SUMMARY OF THE INVENTION 

0012. It has now been found that non-hematopoietic 
progenitor cells, particularly but not eXclusively mesenchy 
mal progenitor cells, can usefully be expanded in non-Static 
Suspension culture. More particularly, it has been found that 
non-hematopoietic progenitor cells of the type recoverable 
from bone marrow and comparable Sources can be expanded 
Significantly in Stirred Suspension bioreactors. Moreover, the 
progenitor cells expanded in non-static Suspension culture 
retain the potential to differentiate into a variety of cell types 
other than blood cells, including neuronal and endothelial 
vascular tissue as well as the mesenchymal tissues including 
bone, cartilage, connective tissue, muscle, tendon and adi 
pose tissue. 
0013 By adopting the non-static approach to suspension 
culturing for expansion of progenitor cells, the present 
method enables progenitor cell expansion at a rate and 
efficiency that far Surpasses known expansion techniques 
that rely on and are limited by two dimensional Surfaces 
Such as tissue culture plates and tissue flask Surfaces. More 
over, the present method of culturing the exacted progenitor 
cells in Suspension avoids the known techniques in which 
progenitor cells destined for expansion are first Selected and 
then maintained in an adherence-dependent environment 
that influences and limits the phenotype of cells that can be 
expanded by those known techniques. 
0.014. It is believed, more particularly, that the technique 
of non-static Suspension culturing, without prior Selection of 
input cells based on anchorage or adherence, reveals for the 
first time a new compartment of hitherto unrecognized, 
multipotential progenitor cells from which an extensive 
variety of differentiated cell progeny can arise. 
0.015 According to one aspect of the present invention, 
there is provided a method in which an input cell population 
comprising non-hematopoietic progenitor cells is first 
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obtained, and the input cell population is expanded by the 
Step of maintaining that input population in non-Static Sus 
pension culture for a period, Sufficient to expand cells with 
properties of the input population. 
0016. The input cell population can comprise non-he 
matopoietic progenitor (NHP) cells of various classes or 
types, and particularly includes mesenchymal progenitor 
cells (MPCs). Thus, in a particular aspect, the present 
invention provides a rod of expanding an input cell popu 
lation comprising NHP cells, comprising the Steps of: 

0017 1) providing a cell suspension comprising said 
cells and a Suitable growth medium; and 

0018, 2) maintaining said cell suspension under 
non-static culturing conditions for in effective period 
of time to proliferate cells within the input popula 
tion. 

0019. In another, more particular aspect of the present 
invention, there is provided a method of expanding an input 
cell population comprising mesenchymal progenitor cells, 
comprising the Steps of: 

0020, 1) providing a cell suspension comprising 
mesenchymal progenitor cells and a Suitable growth 
medium; and 

0021 2) maintaining said cell suspension under 
non-static culturing conditions for an effective 
period of time to proliferate said cells. 

0022. In accordance with this method of the present 
invention, the input cell population is not Subjected to prior 
Selection for adherent or anchorage-dependent cells. 
0023. In another of its aspect, the present invention 
provides an input cell population which is amenable to 
expansion by non-Static Suspension culturing thereof, 
wherein the input cell population comprises a cell popula 
tion that is enriched for non-hematopoietic progenitor cells. 
Desirably, the input population is enriched for marrow 
parenchymal cell progenitors, and especially for mesenchy 
mal progenitor cells. In embodiments of this aspect of the 
present invention, Such enriched input populations are char 
acterized by the Substantial absence of at least one hemato 
poietic cell type, i.e., a cell type bearing a Surface marker 
Specific to hematopoietic cells. In particular embodiments, 
the input population is prepared by enriching a progenitor 
cell population for mesenchymal progenitor cells. In another 
embodiment, the input population is prepared by enriching 
for non-hematopoietic marrow parenchymal progenitors 
other than mesenchymal progenitors. 
0024. The input cell population can be extracted from 
bone marrow, particularly human bone marrow that is either 
cadaveric or, more desirably from a fresh Source, or from 
any comparable Source Such as embryos, umbilical cord 
blood and the like, in accordance with extraction techniques 
established for progenitor Stem cells. To prepare the input 
population, the extract is Suitably Subjected to fractionation 
using, for instance, commercially available density gradient 
media that such as Ficoll-Paque TM (Sigma). 
0025. In the alternative and in order to prepare an 
enriched input population for expansion by Suspension cul 
turing, the extracted progenitor cells can be Subjected to a 
Selection procedure that allows for Subtraction (or deple 
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tion), from the exact, of cells having a phenotype that is not 
desired, Such as a hematopoietic progenitor cell phenotype. 
Such enrichment can be achieved, for instance, using the 
fluorescence-activated cell Sorting device and technique, or 
by application of the established rosetting technique. Both 
techniques utilize antibodies directed at a Surface marker 
unique to a cell type of interest. In essence, both techniques 
utilize the binding interaction between the antibody/marker 
to allow cells of that phenotype to be extracted from the cell 
population undergoing expansion. 
0026. Those techniques, and related techniques that simi 
larly allow for cell Selection, are useful to provide a variety 
of input cell populations Suitable for expansion by non-Static 
Suspension culturing, in accordance with the present inven 
tion. In particular embodiments, the input population com 
prises an enriched input population of progenitors that is 
Substantially devoid of at least one hematopoietic cell type, 
which cell type is characterized by the presence of at least 
one surface maker selected from CD3, CD14, CD38, CD66 
and CD119. In another embodiment of the invention, the 
input cell population is enriched for cells that lack one or 
more Surface markers associated with the major histocom 
patibility complex type I (MHC-I) and/or lack one or more 
Surface markers associated with the major histocompatibil 
ity complex type II (MHC-II). In particular, the input cell 
population is desirably enriched for cells that lack one or 
more, and desirably all, of the following Surface makers: 
HLA-A, HLA-B, HLA-C, HLA-DR, HLA-DP and HLA 
DO. 

0.027 Thus, in one of its aspects, the present invention 
provides a novel input cell population for Suspension cul 
turing to provide an expanded cell population from which 
non-hematopoietic and particularly mesenchymal cell types 
and tissues can be grown, the input cell population com 
prising a progenitor cell population that has not been adher 
ence-Selected and which is enriched fir non-hematopoietic 
progenitor cells. In embodiments, Such enriched input pro 
genitor cell population is characterized by the Substantial 
absence of cells expressing one or more hematopoietic 
progenitor cell Surface markers. In particular embodiments, 
the novel input cell population is characterized by the 
Substantial absence of cells bearing at least one Surface 
marker selected firm CD3, CD14, CD38, CD66, ad CD119. 
In other embodiments, the novel input cell population is 
characterized by the Substantial absence of cells bearing at 
least one marker of MHC, selected from HLA-A, HLA-B, 
HLA-C, HLA-DR, HLA-DP and HLA-DQ. In a specific 
embodiment, the novel input cell population is characterized 
by the substantial absence of all MHC marker-bearing cells. 
0028. The input cell population, or the enriched input cell 
population, is expanded by the technique of non-Static 
Suspension culturing. The input cell population is considered 
“expanded' when the input population has proliferated, and 
the numbers of coils with one or more of the functional and 
phenotypic properties of the input population has increased, 
relative to the number of input cells Seeded in Suspension 
culture. Suspension culturing wider non-Static conditions is 
performed in a bioreactor or other Suitable environment that 
allows for the 3-dimensional culturing of cells in liquid 
medium under conditions of temperature, pressure and nutri 
tion amenable to their expansion. Non-Static Suspension 
culturing further involves agitation of the culturing environ 
ment, as a means to maintain the cultured cells in Suspension 
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as individual cells during their expansion. Such agitation 
typically entails mechanical agitation Such as Stirring, but 
may also utilize other fluidizing techniques Such as perco 
lation, aspiration, and the like. To minimize adherence 
curing culturing the bioreactor Suitably is treated, e.g., 
Siliconized, to inhibit cell adherence to the internal Surfaces 
of the bioreactor. 

0029. In embodiments, the suitable medium may be a 
hematopoietic culture environment and the Suspension may 
be in a stirred bioreactor. In other embodiments, the medium 
may be adapted to exclude nutrients of a type typically 
required for the culturing of hematopoietic progenitor cells 
and which are necessary only for the maintenance of Such 
hematopoietic cells. For instance, typically the nutrient 
liquid medium does not require hydrocortisone, and Similar 
Supplements that have been utilized predominantly for 
hematopoietic cell maintenance. 
0030) Desirably, expansion of the functional capacity of 
the input cell population is performed in a medium Supple 
mented with cytokines and/or growth factors, or cellular 
Sources thereof, useful to maintain cell viability over the 
culturing period. Particularly useful Supplements include 
IL-3 and stem cell actor (SCF, known also as steel factor 
(SF)). Also particularly useful are Such grown factors as 
platelet-derived growth factor (PDGF), and fibroblast 
growth factor (FGF), which are valuable in expanding input 
cell populations capable of giving rise to neuronal cell types. 
Still other growth factors and cytokines and other Supple 
ments can be utilized in accordance with culturing practices 
established for cell types of particular interest. 
0031 Expansion of the functional capacity of the input 
cell population can be achieved after non-Static Suspension 
culture for a matter of days, and culturing periods in the 1-3 
week range and longer are also Suitable. 
0032. As noted, the progenitor cells maintained in Sus 
pension are multipotential and include mesenchymal and 
other progenitor cells. Accordingly, the expanded population 
may be used to form differentiated phenotypes including 
bone, chondrocytes, adipocytes, endothelial cells, neural 
cells, myoblast cells and cartilage. In accordance with 
aspects of the present invention, once the input population of 
progenitor cells has been proliferated, i.e., expanded, Some 
or all of the cells can be placed in the appropriate differen 
tiation environment to grow the desired tissue. 
0033. The present invention further provides an isolated 
population of expanded human progenitor cells, character 
ized in that: 

0034) 1) when Subsequently cut under conditions 
appropriate for differentiation, Said population gives 
rise to differentiated cell types that include bone 
cells, muscle and neuronal cells, 

0035) 2) the population has been expanded in non 
Static Suspension culture; 

0036) 3) the progenitor cells within the population 
have not been Selected on the basis of adherence; 

0037 4) the population phenotype is SH4 negative; 
and 

0038 5) the population results from culturing in the 
absence of at least one hematopoietic Stem cell 
Specific culturing Supplement. 
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0039. In another of its aspects, the present invention 
provides an expanded population of human mesenchymal 
progenitor cells which result from the non-static Suspension 
culturing of an input population enriched for non-hemato 
poietic progenitor cells, as described above. 
0040. In another of its aspects, the present invention 
provides a therapeutic composition, useful for delivering 
human mesenchymal progenitor cells to an environment 
conducive to the formation of differentiated cells therefrom, 
the composition comprising a population or Subpopulation 
of human progenitor cells as described above, and a physi 
ologically acceptable vehicle for delivering Said cells to Said 
environment 

0041. In embodiments of the present invention, the 
vehicle is one suitable for delivering the cells to a bone site 
at which repair or regeneration is desired. In a particular 
embodiment the vehicle used to deliver the cells is a matrix 
material that is compatible with bone and may itself com 
prise osteoinductive material 
0042. In another of its aspects, the present invention 
provides an expanded progenitor cell population as 
described above in combination with factors Suitable for 
inducing the differentiation thereof. Such a combination is 
manifest as an assay environment as a tissue growth envi 
ronment of the type used to prepare tissue for implantation 
or of the type established following treatment of a human or 
other patient to provide for tissue repair or regeneration. 
0043. In still another of its aspects, the present invention 
provides a method for producing differentiated, non-hemato 
poietic cell types, comprising the Steps of obtaining an 
expanded progenitor cell population of the type described 
above, or a Subpopulation thereof, and then delivering that 
population of cells either per Se or in a Suitable delivery 
vehicle to an environment which Supports differentiation 
thereof into a desired cell type. In embodiments of the 
present invention the cells are delivered to an environment 
Suitable for inducing their differentiation into a parenchymal 
cell or tissue Selected from bone, cartilage, muscle, adipose, 
tendon, cartilage, and neurons. In a specific embodiment, the 
mesenchymal progenitor cells awe exploited for the purpose 
of repairing or regenerating bone, and are therefore deliv 
ered to a bone site at which Such endpoints are desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044) Embodiments of the invention will now be 
described, by way of example only, with reference being had 
to the drawings, in which: 
004.5 FIG. 1A is a graphical representation illustrating 
the change in total cell number with time relative to input 
numbers from density gradient Separated human bone mar 
row-derived cells maintained in a Stirred Suspension biore 
actor (see also FIG. 8), 
0.046 FIG. 1B shows the expansion profile of the colony 
forming units (CFU) generated from the cells maintained in 
each treatment group upon plating in a CFU-F assay; 
0047 FIG. 1C is a graphical representation of total cell 
(panels A, D), CFU-F (B, E) and CFU-O (C, F) expansion 
calculated from cells grown in Stirred Suspension bioreactors 
(A-C) and static control cultures (D-F). Bars represent the 
mean of three different experiments:tstandard deviation (See 
also FIG. 8). 
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0048 FIG. 1D shows various types of differentiated cells 
induced from the parenchymal progenitor tell population, 
grown in the presence of defined cytokine cocktails. The 
cytokine concentrations used were 10 ng/ml (stems cell 
factor) (SCF), 2 ng/ml interleukin-3 (IL3), 100 ng/ml) mac 
rophage colony stimulating factor (MCSF), and 30 ng/ml 
platelet-derived growth factor (PDGF). In addition to bone 
nodule formation detected by UV-fluorescence excitation of 
tetracycline labeled cultures (A) (Week 1 SCF+IL3 biore 
actor-derived cells cultured in Osteogenic conditions shown 
here), cells containing fat globules (B) (FW: 2.55 mm) 
formed in bone nodule assays that were initiated with cells 
removed from Selected bioreactor culture treatments (tabular 
results). Image (C) shows typical cells that grew in a CFU-F 
assay that were initiated with cells removed from stirred 
suspension bioreactors of the SCF+IL3 treatment group after 
1 week (FW: 2.85 mm). CFU-F cultures were stained with 
C.-naphthyl acetate esterase followed by a counterStain with 
Hematoxylin solution at 2 weeks. Image (D) (FW: 2.85 mm) 
shows the typical cells that comprised CFU-F assays that 
were initiated with bioreactor-derived cells cultured in the 
presence of PDGF; 
0049 FIGS. 2A-2D are optical micrographs taken of 
CPU-F cultures of suspension cells isolated from bioreactors 
at Day 5 with differeing combinations of cytokines; 
0050 FIGS. 2E-2H are CFU-F assay results of cells 
removed from Suspension bioreactors at Day 20 with dif 
fering combinations of cytokines, 
0051 FIGS. 3A, 3B, 3C and 3D depict tetracycline 
labeled Osteogenic cultures of Day 5 and Day 10 Suspension 
cells maintained in the presence of various cytokines. Min 
eralized nodular areas first appeared after 3 weeks and 
cultures were terminated at 5 weeks. Fluorescence intensity 
corresponded to tetracycline that had chelated to the min 
eralized areas. The images in (A-B) reveal tetracycline 
Signals that corresponded to nodule-like Structures that 
formed from cells that were removed, at 5 and 10 days from 
Suspension bioreactorS Supplemented with various cytokine 
cocktails. All bone nodule assays were initiated with 1x10" 
cells/cm. The tetracycline signal from each bone nodule 
culture initiated with cells derived from bioreactors experi 
ments were quantified using the Chemilmager 5500 software 
(Alpha Innotech Corporation, San Leandro, Calif.); 
0.052 FIG. 3F illustrates the expansion of CFU-O pro 
genitors detected as bone nodule colonies over the time 
period in those conditions presented in Figures A-D; 
0053 FIGS. 4A and 4B show dark field micrographs of 
developing nodular areas (3 weeks) generated from cells 
derived from the no cytokine and SCF+IL3 bioreactor 
treatment groups after 7 days of Suspension culturing; 

0054 FIGS. 4C and 4D show no nodular areas associ 
ated with the cells retrieved from the SCF+PDGF treatment; 
0055 FIG. 4E is a graphical representation showing the 
tetracycline Signal associated with the mineralized areas of 
FIGS. 3A, 3B, 3C and 3D quantified and normalized to the 
input Signal of bone nodule cultures initiated with calls 
removed from the culture Suspension on day 5 and day 10. 
FIGS. 4F and 4G are also graphical representation showing 
the tetracycline signal from each bone nodule culture initi 
ated with cells derived from both bioreactors and static 
control (type 1) experiments (see FIG. 8 description for 
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static control type I description). Panels F and G reveal the 
quantitative results, including results with a combination of 
SCF+IL-3+PDGF, where the tetracycline positive signal is 
expressed as an integrated density value (IDV). All bone 
nodule assays were initiated with 1x10" cells/cm. Each bar 
represents the mean tetracycline positive signal front 3 bone 
nodule cultureStSD for each cytokine conditions, 
0056 FIGS. 5A-5D are scanning electron microscope 
(SEM) images taken of bone nodule cultures of Day 5 
Suspension cells that were grown in the various treatment 
groups studied; and FIG. 5F is a transmission electron 
microscope (TEM) image showing that the matrix lining the 
culture dish comprises globular accretions that form the 
cement line matrix. FIG. 5E shows a differentiating osteo 
genic cell Secreting globular accretions forming the cement 
line matrix, FIGS. 5G and 5H are images taken from 
cultures initiated with cells removed from bioreactors after 
3 weeks. Field widths (F. W. 17 um for G and H) 
0057 FIG. 6 provides flow cytometric dot plots of vari 
ous cell populations at different time points throughout 
suspension culturing. FIG. 6A reveals CD34 and CD45 
phenotype and progression over culturing time in the pres 
ence and absence of cytokines. The input population con 
tained a 65% CD45 and 0.5% CD34 population. 
0.058 FIG. 6B particularly shows dot plots generated 
from Ficoll-PacqueTM bone marrow incubated with various 
antibodies against cell Surface markers. The dot plots revel 
that Ficoll-Pacque" processed human bone marrow contains 
populations of cells that are CD45", CD34'', CD50", 
SH2'', SH4 and STRO-1. The cell population also 
includes a double negative population (~17%) when incu 
bated with antibodies against HLA-A, B, C and -DP, DQ, 
DR. FIG. 6C shows flow cytometric analysis-plots for 
expression of HLA-A, 8, C and HLA-DP, DQ, DR markers, 
which correspond to MHC class I and MHC class II, 
respectively. Plotted is the expansion of the above discussed 
mark as on Ficolled Bone marrow cells (A, B and C), the 
population of cells grown in the presence of SCF-IL3 (D, E 
and F) and in the absence of cytokines (G) after 21 days of 
culture. Plot H is the negative control for the input popula 
tion while plot I is the negative control for the SCF+IL3 and 
No Cytokines experiments, and 

0059 FIG. 7 reveals the calculated CD45 and CD45" 
cell expansion as determined by flow cytometric analysis of 
cells present in bioreactors at 1, 2 and 3 weeks. Greater 
CD45 and CD45"Y cell expansion is achieved in the 
presence of SCF+IL3. Each bar represents the meal CD45 
and CD45" cell number calculated from three independent 
flow cytometric analysis of bioreactor-derived cells at 1, 2 
and 3 weeks. 

0060 FIG. 8 reveals total cell expansion in stirred sus 
pension bioreactors as a function of cytokine Supplementa 
tion. (A) A preliminary study (n=1 for each treatment group) 
investigating the effect of stem cell factor (SCF, 10 ng/ml), 
interleukin-3 (IL3, 2 ng/ml) and platelet-derived growth 
factor (PDGF-BB, 30 ng/ml), alone or in combination, on 
total cell expansion. Cultures that achieved a 5-fold or 
greater increase in total cells by 3 weeks were further 
analyzed. (B) demonstrates the extent of cell growth attained 
in 3 weeks through Suspension culturing as of function of 
cytokine addition. Two types of Static control experiments 
were performed: Static Control I (C) and II (D). Both 
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controls were ran in parallel to bioreactor cultures. The first 
type of control (Static Control 1) was designed to function 
as a control for bioreactor cultures and therefore, was 
initiated with the Same number of cells, Suspended in the 
Same growth medium and a one-third medium exchange 
(including both adherent and Suspension cells) was per 
formed weekly. Static Control II involved initiating cultures 
also with the Same number of cells as the bioreactor cultures, 
however, the cultures were passaged at ~80-90% confluency 
ad then split 1:2. (C and D) represent the extent of cell 
growth achieved through the two types of Static cultures. 
Note the scale difference on the y-axis in C and D compared 
to B. Each point represents the mean of 3 independent 
experiments were the error bars represent S.D. Significant 
differences (p<0.05) in total cells (for both B and C) were 
observed between the groups at week 3 (denoted with *); 
0061 FIGS. 9A and 9B are graphic representations of 
the fold increase in CFU-F numbers relative to input from 
cells derived from Suspension bioreactor treatment groups 
and adherent cells removed by 0.1% typsin treatment from 
Static controls (type 1), respectively. A significant difference 
(p<0.05) was observed in CFU-F expansion between the No 
Cytokine and the other treatment groups at Wee 3 (denoted 
with *) in 9A. Nodular areas were enumerated and used to 
calculate the fold increase in CFU-O numbers relative to 
input from cells derived from bioreactor cultures FIG. 9C) 
and cells removed from the adherent fraction of static 
control (type 1) experiments (9D). A significant difference 
(p<0.05) in CFU-O expansion was observed between the No 
Cytokine and SCF+IL3 treatment group at week 3 (denoted 
with * and * * between the treatment groups) in 9C and 9D. 
FIG. 9E shows a graphical representation of the positive 
expression associated with NeuN expressing cells of 2-week 
old CFU-F cultures that were initiated with cells removed 
from a SCF+IL3+PDGF supplemented bioreactor at 1, 2 and 
3 weeks. The cultures were incubated with mouse anti-NeuN 
monoclonal antibody (MoAb) and positive expression was 
detected as a fluorescence Signal above background using an 
anti-mouse MoAb conjugated to Alexa Fluor 594. Ten 
random images from each culture treatment group were 
taken of 2-week old CFU-F cultures that were initiated with 
1, 2 and 3-Week bioreactor-grown cells. The images were 
used to quantify the increase in the number of cells express 
ing NeuN after 1, 2 and 3 weeks of Suspension culturing. 
Each bar represents the results of 30 fields from 3 indepen 
dent experiments (10 fields per treatment group)-tS.D. 
0062 FIG. 10A shows a graphical representation of the 
growth of RosetteSepTM-derived human bone marrow-de 
rived cells cultured in Stirred Suspension bioreactors in the 
absence and presence of SCF-IL3. FIG. 10B shows a 
tetracycline incubated bone nodule assays (5 week) initiated 
with cells derived from the SCF+IL3 bioreactor treatment 
group at Day 7, while FIG. 10C is a dark field micrograph 
(50x) showing a mineralized nodular area. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0063. The invention relates to human progenitor cells 
from which a variety of non-hematopoietic cell types can 
differentiate. Because of the variety of non-hematopoietic 
cells that can differentiate from the present progenitor cell 
population, it is referred to herein as a population of non 
hematopoietic progenitor a cells. Such a population com 
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prises mesenchymal progenitor cells (MPCs), as well as 
other non-hematopoietic progenitor cells. Such progenitor 
cells may also be referred to as “precursor cells, and these 
terms are considered equivalent herein for the reason that 
both progenitors and precursors are able to give rise to 
differentiated cell type. 

0064. The present progenitor cell population results from 
the non-static Suspension culturing of cells of the type 
obtained from bone marrow, using techniques that are 
described in greater detail in the examples herein. It is to be 
appreciated that her comparable and known Sources of Such 
progenitor cells can also be used, as noted hereinabove, 
including particularly umbilical cord and placental blood, 
peripheral blood, Skin, adipose, and muscle. 

0065. In order to expand progenitor cells within a cell 
population, the present invention applies a non-Static 
approach to culturing. This is distinct from established 
methods that are Static, and which are designed not to disturb 
cells undergoing expansion. Rather, in the present method, 
the cells are cultured under non-Static conditions that intro 
duce agitation and thereby produce cultures in which the 
cells a present as non-adherent individual cells, and not as 
either large clumps or as confluent layers. The agitation 
Source is typically a mechanical agitation means that either 
introduces movement either directly within the culturing 
medium or externally through the Surface on which the 
culturing vessel is placed. In embodiments, the non-Static 
conditions are introduced by Stirring means, which can 
include a magnetized Stirring paddle that is placed the 
bioreactor and is induced by external magnetizing means. 
Alternatively, the agitation can be introduced by other means 
that include fluidized culturing beds, which introduce agi 
tation through the movement of appropriate culturing atmo 
Sphere through the cell population. 

0.066. It will be appreciated that the magnitude of the 
agitation will be that which is sufficient to maintain the cells 
in Suspension Substantially as individual) expandable cells 
with desired circulation of culturing nutrients, but insuffi 
cient to introduce Shear forces that will result in cell lysis. 
The optimum Stirring Speed is about 40 rpm under the 
experimental conditions noted herein. 

0067. In one embodiment, the culture system was con 
figured Such that i) the impeller was placed in the middle of 
the bioreactor at a 90° angle to the solution Surface to 
maintain axial flow, ii) a constant mixing speed of 40 rpm 
was used to maintain the cells in Suspension and iii) the 
agitator was positioned three quarters of the way down the 
vessel to ensure uniform mixing. 

0068. With the non-static approach, the present method 
introduces a three-dimensional environment for cell expan 
Sion, and raises exponentially the Volume of the environ 
ment with in which progenitor cells can be expanded, 
thereby offering increases not only in the number of cells 
that can be expanded at any given time but also accelerating 
the rate at which the cells can be expanded over time. In the 
present method, Suitable culturing Volumes can range from 
the milliliters to many litres, for instance from about 0.1 L 
to more than 200 L, e.g., 0.5 L to 100 L, such as 1 L to 10 
L. 
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0069 Suitable culturing media for use in the present 
method, as well as culturing temperature and atmosphere are 
those well established in the art for the culturing of pro 
genitor cells. Temperatures Suitably lie within the physi 
ological range. The culturing atmosphere is desirably the 
appropriate blend of O and CO, e.g., humidified 5% CO 
in air. Culturing medium is any appropriate liquid medium 
particularly including the commercially available long term 
culturing (LTC) media, which desirably is Supplemented 
with agents useful in the expansion of non-hematopoietic 
progenitor bells, Such as various growth factors and nutrient 
Supplements. In preliminary Studies exemplified herein, 
each culture received a different cytokine treatment that 
included the following combinations: no cytokines, SCF, 
IL3, MCSF, SCF+IL3, SCF+PDGF and SCF+IL3+PDGF. 
The Selection of these growth factors was based on previous 
report of their effects on the growth of fibroblasts and other 
associated mesenchymally-derived cells (see for instance 
Wang, et al., Exp. Hematol. 18, 341-347 (1990); Hirata et al, 
Acta Haematol. 74, 189-194(1985), and Yamada et al, J Cell 
Physiol 184, 351-355 (2000). 
0070) Suitable culturing periods will be determined 
largely based on the number of progenitor cells demanded 
from the expansion process. Under conditions noted in the 
examples, the numbers of progenitor cells can readily be 
expanded 5-10 fold over a one week period from initial 
Seeding, with longer term culturing providing further 
increases in progenitor cell numbers. 
0071. The present progenitor cell population results from 
non-static Suspension culture of the bone marrow derived 
input cell population, or an enriched Subpopulation thereof, 
and is produced without an intervening Step of Selection 
based on cell adherence or anchorage dependence, which is 
more common in the art and which in itself is believe to 
impart certain phenotypic traits to the prior art cell popula 
tions that are not reflected in the present cell population. The 
present population is also distinct from a homogeneous 
mesenchymal Stem or progenitor cell population in its ability 
to give rise to differentiated cell progeny including endot 
helial cells, and cells forming neuronal tissue, including 
those displaying neurite outgrowth. Moreover, the present 
progenitor cell population can be Sustained in culture media 
that lacks one or more artificial media Supplements used 
commonly in the culturing of hematopoietic Stein cells, Such 
as hydrocortisone. 
0072. In addition to the input cell population just 
described, the present invention also provides a progenitor 
cell population that is enriched for non-hematopoietic cells, 
relative to the extracted population. Such enriched input cell 
populations include cell populations from which one or 
more hematopoietic cell types have been Subtracted, and 
those input cell populations to which one or more non 
hematopoietic progenitor cells have been added. In embodi 
ments of the invention, the enriched human mesenchymal 
progenitor cells are represented by cell populations from 
which one or more cells of a hematopoietic phenotype are 
Subtracted. Specific examples of cell phenotypes that can be 
Subtracted to arrive at the present enriched populations 
include cells types bearing one or mote of the following 
markers: CD3, CD14, CD38, CD19, CD66, CD119, and 
cells bearing markers of the major histocompatibility com 
plex types I and II which include HLA-A, HLA-B and 
HLA-C (for MHC-I) and HLA-D, HLA-E and HLA-F (for 
MHC-II). 
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0073. The generation of Such enriched progenitor cell 
populations can be achieved using the FACS procedure in 
combination with antibodies to markers on the cell types to 
be Subtracted. Such antibodies, and procedures and devices 
for performing Such Subtractions are commercially avail 
able. 

0.074 The procedure can be applied either to the cells 
following their extraction and prior to Suspension culturing, 
or the procedure can also be applied to the expanded 
population before being Subjected to a differentiation envi 
ronment e.g. prior to its formulation or Subsequent use for 
tissue production. 

0075. The cell populations generated from the input 
progenitor cell populations are useful medically in various 
therapies designed to repair or regenerate tissue of any type 
into which these populations can differentiate. This, for 
medical use, the expanded mesenchymal progenitor cell 
population can be formulated for delivery to the site at which 
differentiation is desired, using any delivery vehicle that is 
physiologically tolerable to both the recipient and to the 
viability of the cells formulated therein. Particular formula 
tions and Suitable delivery vehicles are known in the art, and 
will be apparent from the nature of the intended therapy. 
Desirably, the formulation further contains agents, Such as 
growth factors and cytokines, tit enhance viability and/or the 
differentiation of the administered cells. 

0.076 The present invention also provides a method of 
using Specifically differentiated cells for therapy comprising 
administering the Specifically differentiated cells to a patient 
in need thereof. It further provides for the use of genetically 
engineered multipotent Stem cells to Selectively express an 
endogenous gene or a transgene, and or the use of the 
progenitor cells either perse or in expanded from in Vivo for 
transplantation/administration into an animal to treat a dis 
ease. The cells can be used to engraft a cell into a mammal 
comprising administering autologous, allogenic or Xeno 
genic cells, to restore or correct tissue Specific structural or 
other function to the mammal. The cells can be used to 
engraft a cell into a mammal causing the differentiation in 
Vivo of cell types, and for administering the progenitor or 
differentiated cells into the mammal. The cells, or their in 
Vitro or in Vivo differentiated progeny, can be used to correct 
a genetic disease, degenerative disease, neural, or cancer 
disease process. They can be used to produce gingiva-like 
material for treatment of periodontal disease. They could be 
used to enhance muscle Such as in the heart. A genetically 
engineered progenitor cell, or its differentiated progeny, can 
be used to treat a disease with CNS deficits or damage. 
Further the progenitor cells, or neuronally related differen 
tiated progeny, can be used to treat disease with neural 
deficits or degeneration including among but not limited to 
Stroke, Alzhemiers, Parkinson's disease, Huntington's dis 
ease, AIDS associated dementia, Spinal cord injury, meta 
bolic diseases effecting the brain or other nerves. 
0077. The progenitor cells, or cartilage differentiated 
progeny, can be used to treat a disease of the joints or 
cartilage Such as cartilage tears, cartilage thinning, and 
osteoarthritis. Moreover, the cells or their osteoblast differ 
entiated progeny can be used to treat bone disorders and 
conditions, Such as bone fractures, osteoarthritis, bone voids 
caused by Surgery or tumors for tissue regeneration in 
Osteoporosis, Paget’s disease, and osteomyelitis. 
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0078. As noted, inducing the progenitor cells, and their 
expanded equivalents, to differentiate is achieved using 
techniques established in the art, which vary according to the 
differentiated cell type desired. For differentiation to osteo 
blast, progenitors can be cultured for about 14-21 days in 
culturing medium comprising Supplements Such as dexam 
ethasone, 3-glycerophosphate and ascorbic acid, and option 
ally including various bone growth factors. The presence of 
Osteoblasts can be confirmed by Von KOSSa Staining, or 
antibodies against a bone cell marker Such as bone Sialo 
protein, Osteonectin, osteopontin and Osteocalcin. 
0079 For differentiation into chondroblasts, the progeni 
tors can be grown in serum-free DMEM supplemented with 
TGF-B in Suspension culture, for about 14 days or more. 
0080. To induce adipocyte differentiation, dexametha 
Sone and insulin, or media Supplemented with approxi 
mately 20% horse serum can be used. Adipocyte differen 
tiation can be detected by examination with light 
microScopy, Staining with oil-red, or detection of lipoprotein 
(es I’m not Sure of the spelling of this) lipase (LPL), adipo 
cyte lipid-binding protein (CP2), or peroxisome proliferator 
activated receptor gamma (PPAR). Adipocytes can be used 
for the treatment of Type II diabetes, and in reconstructive 
or cosmetic Surgery, e.g., for breast reconstruction after 
mastectomy, or for reshaping tissue lost as a result of other 
Surgery. 

0081. To induce skeletal muscle cell differentiation, pro 
genitor cells can be treated with 5-azacytidine in expansion 
medium for a period, and then transferred to LTC medium. 
Differentiation can be confirmed by detecting Sequential 
activation of Myf5, Myo-D, Myf-6, myogenin, desmin, 
skeletal actin and Skeletal myosin, either by immunohis 
tochemistry or Western blot analysis. Smooth muscle cells 
can also be induced by culturing progenitors in Serum-free 
medium, without, growth actorS Supplemented with high 
concentrations of platelet-derived growth factor (PDGF). 
Terminally differentiated smooth muscle cells can be iden 
tified by detecting expression of desmin, Smooth muscle 
Specific actin, and Smooth muscle Specific myosin by Stan 
dard methods. Cardiac muscle differentiation can be accom 
plished by adding basic fibroblast growth factor (bFGF) to 
the Standard Serum-free culture media without growth fac 
torS. 

0082 It will thus be appreciated that the progenitor cells 
of the present invention, their expanded equivalents and 
their differentiated progeny can be used in cell replacement 
therapy and/or gene therapy to treat a variety of conditions. 
Furthermore, the cells can be manipulated to Serve as 
universal donor cells for cell and gene therapy to remedy 
genetic or other diseases. Particularly useful as donor cells 
are those progenitors that express neither class of HLA 
antigen, and which therefore avoid NK-mediated killing 
when transplanted. 
0083. It will be appreciated that cells provided by the 
present invention cam be used to produce tissueS or organs 
for transplantation. Oberpenning, et al. (Nature Biotechnol 
ogy (1999) 17:149-155) reported the formation of a work 
ing bladder by culturing muscle cells from the exterior 
canine bladder and lining cells from the interior of the canine 
bladder, preparing sheets of tissue from these cultures, and 
coating a Small polymer Sphere with muscle cells on the 
outside and lining cells on the inside. The Sphere was then 
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inserted into a dogs urinary System, where it began to 
function as a bladder. Nicklason, et al., Science (1999) 284: 
489-493, reported the production of lengths of vascular graft 
material from cultured Smooth muscle and endothelial cells. 
Other methods for forming tissue layers from cultured cells 
are known to those of skill in the art (see, for example, 
Vacanti, et al., U.S. Pat. No. 5,855,610). These methods can 
be especially effective when used in combination with cells 
of the present invention, which have a broad range of 
differentiation. 

0084. For the purposes described herein, either autolo 
gous or allogeneic progenitors of the present invention can 
be administered to a patient either in differentiated or 
undifferentiated State, genetically altered or unaltered State, 
by direct injection to a tissue site, Systemically, with an 
acceptable matrix, or in combination with a pharmaceuti 
cally acceptable carrier. 
0085. The cells can be provided as frozen stocks, alone or 
in combination with prepackaged medium and Supplements 
for their culture, and can be additionally provided in com 
bination with Separately packaged effective concentrations 
of appropriate factors to induce differentiation to specific 
cell types. Alternately, the cells can be provided as frozen 
Stocks containing cells induced to differentiate by the meth 
ods described herein above. 

0.086. In a particular embodiment of the invention, the 
expanded progenitor cells and particularly the expanded 
mesenchymal progenitors are utilized in bone therapy. To 
this end, the cells can be delivered as Such or together with 
a Suitable matrix, Such as a liquid or gelatinous material, by 
injection or applied as a paste to a site at which bone 
formation is desired. Alternatively, the cells can be placed eX 
vivo in a differentiation environment, exemplified by the 
CFU-O conditions described herein, and then transplanted to 
the intended site when their differentiation to bone tissue has 
reached an appropriately mature Stage. 
0087. Other embodiments of the invention will be appar 
ent from the following disclosure of experimental proce 
dures and results. 

0088 Harvest of Human Bone Marrow-Derived Cells 
0089 Human bone marrow-derived cells (hBMDC) were 
obtained from consenting normal donors (ages 18-55). The 
cells were fractionated on Ficoll-Pacque"M (Sigma) density 
gradient run at 1750 rpm for 45 minutes at room tempera 
ture. Cells were isolated from the gradient interface and 
were washed twice with Iscove’s medium Supplemented 
with 2% heat inactivated fetal calf serum (FCS) before 
addition to the myeloid long-term culture (LTC) medium. 
This medium contains a-medium supplemented with 12.5% 
(FCS), 12.5% horse serum, 0.1 mM B-2-mercaptoethanol, 2 
mM 1-glutamine, 0.16 mM 1-inositol and 0.016 mM folic 
acid (medium referred to as MyeloCult TM and is available 
from StemCell Technologies (SCT), Inc, Va., BC, Canada). 
0090. It will be appreciated by those skilled in the art that 
the non-hematopoietic progenitor cells (nay also be derived 
from human umbilical cord or other tissues that have been 
shown to contain cells capable of exhibiting a similar 
developmental capacity to the bone marrow derived cells, 
e.g., Stromal and mesenchymal, potential that can be 
expanded in Suspension and under the appropriate culture 
conditions. Also, experimental work along the lines noted 
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below has revealed that Similar results can also be achieved 
when extracted human bone marrow cells are first enriched 
for parenchymal progenitors before being Subjected to frac 
tionation, for instance by the Ficoll-based process just 
described. Suitable enrichment techniques an those in which 
the extracted cells are depleted of at least one hematopoietic 
cell type, Such as by processes that utilize antibodies to 
Subtract cells bearing Surface markers characteristic of 
hematopoietic progenitors. One particularly useful tech 
nique is the commercially available RosetteSepTM proce 
dure, which is designed to enrich for mesenchymal progeni 
torS. 

0.091 RosetteSepTM (SCT) contains a combination of 
mouse and rat monoclonal antibodies purified from mouse 
ascites fluid or hybridoma culture Supernatant. These anti 
bodies are bound to Specific bispecific antibody complexes, 
which are directed against cell Surface antigens on human 
hematopoietic cells (CD3, CD14, CD19, CD38 and 
CD66b-see below for details in Table 1) and glycophorin 
A on red blood cells. The mouse monoclonal antibody 
Subclass is IgG1. 

TABLE 1. 

Surface Marker Description 

CD3 Reacts with the e chain of the 
CD3/T-cell antigen receptor (TCR) 
complex found on 70-80% of 
normal human peripheral blood 
lymphocytes and 10-20% of 
thymocytes. CD3 plays a role 
in signal transduction during 
antigen recognition. 

CD14 Reacts with a 53-55 kDa 
glycosylphosphatidylinisitol 
(GIP)-anchored signal chain 
glycoprotein expressed at high 
levels on monocytes. Additionally, 
CD14 antibody reacts with 
interfollicular macrophage, 
reticular dendritic cells and some 
Langerhans cells. 

CD19 Reacts with the 95 kDa type I 
transmembrane glycoprotein 
expressed during all stages of 
B-cell differentiation and 
maturation, except on plasma 
cells. CD19 is also present on 
follicular dendritic cells. It 
is not found on T cells or on 
normal granulocytes. CD19 plays 
a role in regulation of B-cell 
proliferation. 

CD38 Reacts with the 45 kDa type II 
single-chain transmembrane 
glycoprotein present on 
thymocytes, activated T-cells 
and terminally differentiation 
B-cells (plasma cells). Other 
reactive cells include monocytes, 
macrophage, dendritic cells and 
some epithelial cells 
Reacts with CD66b, a 100 kDa GPI 
linked protein expressed on 
granulocytes. This molecule was 
previously clustered as CD67 in 
the Fourth Human Leukocyte 
Differentiation Antigen (HLDA) 
Workshop and renamed CD66b 
in the Fifth HLDA workshop 
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0092. In short the RosetteSepTM cocktail enriches for 
mesenchymal progenitor cells by removing the following 
cells: peripheral blood lymphocytes, peripheral blood thy 
mocytes, monocytes, macrophage, differentiating B-cells, 
activated T-cells, plasma cells, dendritic cells, Some epithe 
lial cells and granulocytes. 
0093 RosetteSepTM enrichment for mesenchymal pro 
genitor cells involves adding 50 ul of RosetteSepTM cocktail 
(available through StemCell Technologies, Canada) per ml 
of whole bone marrow cells and mixing well, followed by a 
20 minute incubation period at room temperature. The 
sample is then diluted with an equal volume of Phosphate 
Buffered Saline (PBS)+2% FBS and then mined gently. The 
diluted Sample is layered on top of density medium (Ficoll 
Paque"M) while minimizing mixing of the density medium 
and sample. The tube is centrifuged for 20 minutes at 1750 
rpm at room temperature, with the brake off. The enriched 
cells are located at the plasma interface and are removed. 
0094) Initiation of Stirred Suspension Culture 
0.095 A 100-ml stirred suspension spinner flask (cata 
logue A: 1965-0010, Bellco, Vireland, N.J.) was used. The 
flasks were Siliconized (Sigma) prior to use to prevent the 
attachment of adherent calls. Suspension cultures were ini 
tiated with approximately 5x10 to 1x10° cells/ml in LTC 
medium, either with or without the addition of various 
Soluble factorS Such as 2 ng/ml of highly purified recombi 
nant human interleukin 3 (rhIL-3) (StemCell Technologies, 
VA, Canada), 10 ng/ml of highly purified recombinant 
human Steel Factor (rhSF) (also referred to interchangeably 
as stem cell factor, or SCF) (StemCell Technologies) or 10, 
20 or 30 ng/ml of human recombinant platelet derived 
growth factor (rhPDGF) (Sigma). Cultures were maintained 
at 37 C. in humidified atmosphere of 5% COZ in air with 
constant stirring at 40 rpm. After 5, 10, and 20 days, half the 
medium or 7, 14 and 21 days one third the medium was 
replaced with fresh LTC medium (with or without cytokine 
addition as at the start). Cell counts and functional assays 
were performed using the cells at each medium change. 
Viable cell numbers were determined by trypan blue exclu 
Sion using a hemocytometer at input and all Subsequent time 
points. The numbers were recorded to demonstrate the 
extent of cell expansion in Suspension. 

0.096 Static cell cultures were also run, as a control for 
Stirred Suspension cultures. 

0097. Initiation of Static Cell Cultures (as controls for 
Stirred Suspension bioreactors) 
0098 Static cell cultures (Static Control I) are initiated in 
T-75 cm' flask to function as controls for stirred suspension 
bioreactor experiments. Each flask is initiated with the same 
concentration of cells (i.e. 1x10 cells/ml) as its parallel 
Stirred Suspension bioreactor culture At 7, 14, and 21 days, 
one third of the Suspension cells, including the media and 
one third of the adherent cells, detached by 0.01% trypsin 
treatment, are removed and fresh, LTC media with or 
without the addition of soluble factors is replaced as at the 
Start. Both the Suspension and adherent cells recovered from 
the medium change are counted and analyzed by flow 
cytometry while only the adherent cells are used in initiating 
progenitor assays. The remaining two-thirds of the cell 
culture (with fresh medium) is inoculated into a new T-75 
cm flask. 
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0099 Conventional Static Cell Cultures 
0100 Conventional static cell culture (Static Control II) 
experiments were initiated with 1x10 cells/ml in T-75 cm 
flasks, suspended in MesenCultTM medium (SCT) and serial 
passaged (1, 2 split) at 80% confluency. The medium was 
exchanged 3 tines a week. Cultures were maintained at 37 
C. in humidified atmosphere of 5% CO in air. Cell counts 
and progenitor assays were performed using the cells at each 
time point. 
0101 A) Functional Assays 
01.02 CFU-F Assay 
0103) The CFU-F assay was-used to evaluate the number 
of marrow mesenchymal cell precursors in cultures main 
tained in Suspension by continuous stirring and the possible 
effect of the added cytokines on effecting output CFU-P 
colony numbers and cell composition. CFU-F numbers were 
determined using a modified version of the method 
described by Castro-Malaspina et al., 1980. Although having 
the Same essential minerals/vitamins and Serum as previ 
ously described, the present protocol utilized the medium 
described below, supplemented with 10% antibiotic solu 
tion. The cell Suspension obtained from weekly medium 
changes was washed in Iscove’s medium containing 2% 
FCS (Stem Cell Technologies, VA, Canada). Following 
centrifugation, the appropriate cell number was resuspended 
in MesenCultTM medium (Available through SCT and con 
tains fetal bovine serum (10%) in McCoy's 5A medium 
(modified) supplemented with L-glutamine (2 mM)). The 
cells were plated at 1x10" cells/cm suspended in Mesen 
Cult'TM medium and then incubated without being perturbed 
for 14 days. After 2 weeks, the media was removed and the 
dishes were fixed and Stained with C.-naphthyl acetate 
esterase followed by a counterstain with Hematoxylin Solu 
tion (Sigma). Adherent colonies containing greater than 50 
cells with fibroblastic-like morphology were counted at x10 
magnification. 

0104 Bone Nodule Assay (CFU-O) 
0105 The cell suspension obtained at weekly medium 
change was placed in a bone nodule assay determine the 
capacity of the bioreactor-derived cells to form mineralize 
nodular areas and to calculated the number of colony 
forming unit-osteogenic (CFU-O) progenitors. Following 
the wash and centrifugation Steps, the pellet was resus 
pended in bone forming medium containing C-minimal 
essential medium, 15% fetal bovine serum by volume, 10% 
antibiotic solution by volume, and 1% of dexamethasone 
(10M) and L-ascorbic acid (50 ug/ml) by volume and 
plated on tissue culture polystyrene dishes at a cell Seeding 
density of 1x10" cells/cm. Once a morphologically identi 
fiable change in cell Shape was observed using a phase 
contrast microScope, B-glyercophosphate at a concentration 
of 3.5 mM was added to the culture. Each week until 
termination the flasks were re-fed with fresh medium. The 
cultures were maintained until Such time as mineralized 
nodular areas were observed after which the cultures were 
fixed and prepared for analysis. 
0106 B) Data Analysis 
0107 Tetracycline Stain 
0108 Tetracycline (9 ug/ml) was added to the cultures 
prior to termination. At termination, the cells were fixed in 
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Karnovosky's fixative overnight and then viewed by UV 
excited fluorescence imaging for tetracycline labeling of the 
mineral component of the nodular areas. 
0109) Scanning Electron Microscopy (SEM) 
0110 Representative samples of bone nodule cultures 
were prepared for SEM by first placing them in 70%, 80%, 
90% and 95% ethanol for 1 hour followed by immersion in 
100% ethanol for 3 hours. They were then critical point 
dried. A layer of gold approximately 3 nm layer was Sputter 
coated with a Polaron SC515 SEM Coating System onto the 
Specimens, which were then examined at various magnifi 
cations in a Hitachi S-2000 Scanning electron microScope at 
an accelerating Voltage of 15 kV. The images generated were 
used to demonstrate the presence of morphologically iden 
tifiable bone matrix. 

0111 Flow Cytometry Analysis and Phenotyping 
0112 Cell surface expression of a variety of markers 
were analyzed on the cell Suspension at time points noted in 
FIG. 6. The analyzed markers included CD34, CD45, SH2, 
SH4 and STRO-1. For the analysis, single-cell suspensions 
of 1x10 cells/ml were prepared and incubated with satu 
rating concentrations of the following conjugated mono 
clonal antibodies either alone or for 2-colour experiments: 
CD34-FITC (fluroescein isothyocynanate), CD45-PE (phy 
coerythrin). CD45-FITC, SH2-FITC and SH4-FITC for 30 
minutes at 4 C. or on ice. The cell Suspension was washed 
twice with PBS+2% FBS prior to the addition of the viability 
stain 7 AAD. 

0113. The procedure for the STRO-1 antibody stain 
involved resuspending the cell Suspension (1x10 cells) in 
200 ul of Saturating concentrations of the mouse IgM 
monoclonal antibody STRO-1 for 30 minutes at 4 C. or on 
ice. This Step was preceded with blocking the cell Suspen 
Sion with 1% human goat and mouse Sera for 10 minutes. 
The cells were then washed twice with PBS containing 2% 
PBS before the addition of 3 ul/105 or 100 ul of PE 
conjugated rat anti-mouse IgM monoclonal antibody (BD 
BioSciences, CA). Cell Suspensions were washed twice with 
PBS+2% PBS and then 7 AAD was added to the final 
Suspension. Cell analysis was employed using Becton Dick 
inson Immunocytometry System. Appropriate controls 
included matched isotype antibodies to establish positive 
and negative quadrants, as well as appropriate Single colour 
stains for compensation. For each sample, at least 10 000 list 
mode events were collected. 

0114 Embodiments of the present invention are 
described in the following specific examples. It will be 
understood these examples are exemplary and are not 
intended to limit the Scope of the invention in any way. 

EXAMPLE 1. 

Total Cell and Colony Forming Unit (CFU) 
Expansion 

0115) Stirred suspension bioreactors were initiated with 
8.5x10 cells suspended in MyelocultTM medium for 20 days. 
Bach bioreactor received a different treatment that included 
no cytokines, SCF+IL3, SCF+PDGF, or PDGF. At days 5, 
10, 15 and 20, half the medium was removed and replaced 
with fish medium containing the appropriate cytokine 
Supplementation. The cells were counted and plated in a 
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CFUF and bone nodule assay at a cell seeding density of 
1x10 cells/cm°. FIG. 1A is a graphic representation illus 
trating the change in total cell number with time, relative to 
input cell numbers, firm human bone marrow-derived cells 
maintained in a stirred suspension bioreactor. FIG. 1B 
shows the expansion profile of the colony forming units 
(CFU) generated from the cells maintained in each treatment 
group. The colonies generated from the expanded cell popu 
lation were normalized relative to the numbers of colonies 
generated from the input cell population. It is evident from 
these results that the no cytokine and SCF-IL3 treatment 
groupS Support a net expansion of total cell numbers and the 
same groups show a 5-10 fold expansion in CFU-F numbers 
by Day 15. 
0.116) Similarly, FIG. 1C shows the advantage of stirred 
Suspension bioreactors over Static control cultures, in 
expanding the progenitor cell population, and importantly, in 
producing mesenchymal progenitor cells that differentiate 
into fibroblast and bone cell colonies. FIG. 1D shows the 
morphology of cells differentiated from the expanded pro 
genitors. 

0117) Similarly, FIG. 8 shows the effect on expansion of 
various cytokine combinations, measured at Weekly inter 
vals. It is apparent that, by 3 weeks of culture, certain 
treatment groups resulted in greater total cell expansion, 
while otherS failed to even maintain input cell numbers 
(FIG. 8A). The groups with cell expansions of greater than 
5-fold after 3 weeks of culture were namely the SCF+IL3 
and SCF+IL3+PDGF. To assess the feasibility of using 
Stirred Suspension bioreactors to culture bone marrow-de 
rived cells, two different Static control experiments were 
performed in parallel to the Stirred Suspension bioreactor 
cultures; Static Control I (FIG. 8C) and Static Control II 
(FIG. 8D). It is apparent that the total cell growth attained 
in both types of Static culture configurations is minimal 
compared to the growth that is achieved through Suspension 
culture (FIGS. 8C and D: note the scale difference from 8A). 
0118 FIG. 9 shows the results of testing the functional 
capacity of our bioreactor grown cells to form bone matrix 
and colonies of fibroblast-like cells. Colonies of fibroblast 
like cells were enumerated from bioreactor-derived cells 
inoculated in CFU-Fassays and the fold increase in CFU-F 
numbers were calculated relative to input (FIG. 9A). Tet 
racycline labeling of bone nodule cultures was used to label 
the newly formed biological mineral phase of bone and as a 
method of enumerating CFU-O progenitors to determine the 
extent CFU-O expansion over the time period studied. FIG. 
9C shows a graphic representation of the calculated fold 
expansion of CPU-O numbers relative to input SCF+IL3 and 
SCF+IL3+PDGF supplementation supported a greater 
CFU-O expansion, where a maximum of 8+1.5 fold increase 
in CFU-O expansion was achieved in the SCF+IL3 treat 
ment group by 3 weeks. FIGS. 9B and 9D are static control 
I CPU-F and CPU-O expansion results. It is apparent that 
there is a greater extent of these progenitors expansion 
achieved through Suspension culturing. Light micrographs 
of cells generated in the CPU-F assays of the PDGF-treated 
cultures Suggested, based on morphology, that the cells 
maybe of neural origin. To test this hypothesis, 2-week old 
CFU-F cultures initiated with cells grown from bioreactors 
supplemented with PDGF were incubated we a neural 
specific marker, NeuN, a neural binding protein. NeuN 
appeared to localize to the nuclear area of the cell body as 



US 2004/O137612 A1 

Seen by an intense Staining in this region. NeuN positive 
cells present in CFU-F assays that were initiated with 
Suspension culture cells that were removed from bioreactors 
at 1, 2 and 3 weeks clearly increased with time of Suspension 
culture (FIG. 9E). 

EXAMPLE 2 

Light Micrographs of CFU-F and CFU-O Colonies 
0119 FIGS. 2A-D represents light micrographs taken of 
CFU-F cultures of suspension cells isolated from bioreactors 
at Day 5. At 14 days, cultures were with stained with 
C.-naphthyl acetate esterase followed by a counterStain with 
Hematoxylin Solution. 
0120 FIGS. 2B-2H are CFU-F assay results of cells 
removed from suspension bioreactors at Day 20. Note the 
Similarity in the cells comprising the colonies from Day 5 
and Day 20 Suspension cells, with the SCF+PDGF treatment 
having a Strikingly different cell composition and morphol 
ogy from the rest of the treatment groups. 
0121 Light micrographs generated from the CFU-F 
assays of the SCF-IL-3+PDGF treated cultures indicated 
that certain cells were of neuronal origin based on morpho 
logical characteristics similar to neuron cells (see for 
instance panel D of FIG. 1D). When immunolabeled for 
C-tubulin and NeuN, the extent of tubulin expression was 
observed in what appear to be neurite outgrowths originating 
from the cell body, while the NeuN positive stain localized 
in the nuclear area of the cell body. Similar cells were 
observed in CFU-F cultures from cells removed from the 
bioreactor cultures at week 2 and week 3. 

EXAMPLE 3 

Tetracycline Labeling of CFU-O Cultures 

0.122 Tetracycline labeling of cultures was used for 
labeling of the newly formed calcium phosphate associated 
with the biological mineral phase of bone. The tetracycline 
labeling of the cultures coincide with the mineralized nodu 
lar areas, which is visualized by exposing the cultures to UV 
light FIGS. 3A-3D depict tetracycline labeled bone nodule 
cultures of Day 5 and Day 10 suspension cells maintained in 
the various cytokine conditions. These images were gener 
ated by UV-excited fluorescence imaging. The CFU-O colo 
nies were enumerated by this method and 
0123 FIG. 4F illustrates the expansion of CFU-O colo 
nies over the time period from the treatment conditions 
described in FIGS. 3A-D. As can be seen, both the no 
cytokine and SCF+IL3 treatment groups showed quantifi 
able levels of expansion where as the SCF+PDGF and 
PDGF treatment groups did not yield any bone colonies. 
FIGS. 4A and 4B show dark field micrographs of devel 
oping nodular areas associated with the no cytokine and 
SCF+IL3 groups. FIGS. 4C and 4D show no nodular areas 
associated with the cells retrieved from the SCF+PDGF 
treatment (such results were also observed for the PDGF 
treatment, data no shown). The tetracycline signals associ 
ated with the mineralized areas were quantified and normal 
ized to the input CFU-O signal, as shown in FIG. 4E. As can 
be seen, the SCF+PDGF and PDGF groups show a tetracy 
cline signal, however, this signal is associated with the 
random deposition of mineral throughout the culture dish, 
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which can be described as dystrophic mineralization. Simi 
lar experiments were performed on No Cytokine, SCF+IL3 
and SCF-IL3+PDGF suspension bioreactors whereby cells 
were removed instead at 1, 2 and 3 weeks (FIGS. 4F and 
4G). It is apparent that the SCF-IL3 and SCF+IL3+PDGF 
conditions (4F) resulted in a greater tetracycline signal at 3 
weeks when compared to controls (4G). 

EXAMPLE 4 

SEM and TEM Images of CFU-O Cultures 

0124 FIGS.5A-D are SEM images taken of bone nodule 
cultures of Day 5 Suspension cells that were grown in the 
various treatment groups studied. FIGS. 5A and 5B show 
cement line matrix covering the underlying Substratum. This 
matrix is the initial matrix laid down by differentiating 
osteogenic cells (FIG. 5B). In FIGS. 5C and 5D shows 
mineralized collagen, comprising the nodular area. Trans 
mission electron microscopy (FIG. 5F) confirmed that the 
matrix lining the culture dish comprises globular accretions 
that form the cement line matrix. After 3 weeks of Suspen 
Sion culture, bioreactor-derived cells maintained their capac 
ity to form cement line matrix and mineralized collagen as 
seen in FIG.5G (No Cytokine condition) and 5H (SCF+IL3 
condition). 
0.125 Anti-collagen type I fluorescence stain was also 
performed on bioreactor-derived cells cultured in Osteogenic 
conditions. Bone nodule cultures were initiated with cells 
derived from bioreactorS Supplemented with either no cytok 
ines or SCF+IL3 and SCF-IL3+PDGF. After 5 weeks, bone 
nodule cultures were terminated and Stained with primary 
anti-mouse collagen type 1 antibody followed by a Second 
ary Staining with AleX Fluor 488 goat anti-mouse antibody. 
The results confirmed, by Vivid green Staining in light 
micrographs, that cells removed from a bioreactor Supple 
mented with SCF+IL3+PDGF (C, E), respectively, were 
producing collagen type I material. 
0.126 Light micrographs of cells generated in the CFU-F 
assays of the PDGF-treated cultures Suggested, based-on 
morphology, that the cells maybe of neural origin. Conse 
quently, cells grown in the presence of SCF+1L3+PDGF 
were initiated in CFU-F assays and at 2 weeks the cultures 
were washed in PBS and then fixed in 2.5% paraformalde 
hyde. The cells were permeabilized with 0.1% Triton-X 100 
Solution and then blocked with nonspecific goat Serum (2% 
in PBS) prior to the addition of NeuN mouse anti-NeuN 
monoclonal IgG1 MoAb, 1:500 dilution, (Chemicon, 
Temecula, Calif.). The antibody was detected with a goat 
anti-mouse IgG MoAb conjugated with Alexa Fluor 594 
(1:200 dilution, Molecular Probes, Eugene, Oreg.). To quan 
tify the positive expressing NeuN cells 10 random fields 
were imaged at 20x using an inverted microscope (Olympus 
CK40, Canon Group Inc, ON, Canada) and the average 
count was normalized to the Surface area of the field area 
captured. Negative controls (cultures incubated with only 
secondary antibody) were run in parallel to confirm NeuN 
Staining. NeuN appeared to localize to the nuclear area of the 
cell body as Seen by the intense red Staining in this region 
0127 Day 7 bioreactor-derived cells from the No Cytok 
ine, SCF+IL3 and SCF+IL3+PDGF were placed in medium 
Supporting the growth and differentiation of myoblasts. The 
presence of an intercellular muscle protein, desmin, was 
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used to identify colonies of myoblasts. Cultures were incu 
bated with anti-mouse desmin monoclonal antibody fol 
lowed by secondary staining with Alex Fluor 488 goat 
anti-mouse antibody. The results revealed an intense green 
Staining throughout the cytoplasmic body of elongated cells 
lined closely together. 

EXAMPLE 5 

Phenotyping 

0128 FIGS. 6 and 7 illustrate the type and distribution, 
over the culture duration, of Specific populations of cells 
generated from the input cell population. AS noted, a shift in 
the distribution of the hematopoietic CD45 cells occurs over 
time, as a gradual reduction in cells of this type (FIG. 7). It 
will be noted that the progenitor population has a SH4 
negative phenotype. The SH4 marker is alleged to be 
definitive of mesenchymal Stem cells, Suggesting that the 
present progenitor population is not homogeneous for this 
cell type. 

0129. Also as noted in FIG. 6, dot plots are provided for 
the HLA markers. Cells bearing these Surface markers are 
involved in graft tissue rejection. The impact of Suspension 
culturing on cells expressing these markers is elaborated in 
FIG. 6C. As is evident the input population of FIG. 6B 
reveals a heterogeneous HLA cell population, which 
includes a “double negative' phenotype representing 17% of 
the population. Upon eXpansion culturing in the presence 
and absence of SCF+IL3 for 21 days, it is evident that there 
is an increase in the fraction of double negative cells (FIG. 
6C, panels D and G). Moreover, from plots E and F, grown 
in the presence of SCF and IL3, it was determined that a 
fraction of the double negative population observed in plot 
D are CD45 expressing bells. In the absence of exogenously 
added cytokines, a larger fraction of double negative cells 
were present in the culture after 21 days of Suspension 
culturing. 

0130. It will also be noted from FIG. 6 that cells 
expanded by Suspension culturing include those expressing 
CD50, a marker associated with endothelial cells. 

0131. It will thus be appreciated that, in accordance with 
an embodiment of the present invention, non-Static Suspen 
Sion culturing is a viable method for the expansion of 
progenitor cells that are of the HLA double negative phe 
notype. Such cells will be very useful in the engineering 
either eX Vivo of in Vivo of allogeneic tissues given that they 
have yet to commit to a lineage recognized as “Self by the 
recipient. 

0132) The results disclosed herein demonstrate that non 
hematopoietic progenitor cells of the marrow parenchyma, 
including mesenchymal progenitor cells and particularly 
including osteoblast and adipocyte progenitor cells exist and 
remain viable in a long-term culture environment that is 
maintained in a stirred Suspension bioreactor, as determined 
by they ability to form CFU-Fs and CFU-Os. Preliminary 
factorial design experiments involving the addition of cytok 
ines and combination of cytokines that are potent mitogens 
for proliferation have demonstrated that cytokine addition 
can influence the output colony numbers as well the cells 
comprising the colony forming units. In addition; the cytok 
ine Supplementation appears to influence potential of the 
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cells maintained in Suspension to form bone matrix in Vitro 
when placed in an appropriate bone forming culture envi 
rOnment. 

0133. The progenitor cells maintained in suspension are 
multipotential, that is, they can form other differentiated 
phenotypes including bone, chondrocytes, adipocytes, 
endothelial cells, fibroblastic cells, neuron cells, bone mar 
row, myoblast cells and human cartilage. Once the human 
progenitor cells have been proliferated, Some or all of the 
expanded cell population can be formulated with a Suitable 
vehicle for delivery to a site at which differentiation into the 
desired cellpr tissue type is desired. For instance, and as just 
described, the cells can be introduced into a tissue-forming 
environment Scaled to be Suitable either for assay or for 
growth of human tissueS or cells on a Small Scale for 
transplantation. The input population to be cultured in the 
expansion bioprocess can be the input population of pro 
genitor cells extracted from marrow parenchyma or a com 
parable Source, or the input population can be an enriched, 
Subpopulation thereof from which one or more hematopoi 
etic cell phenotypes have been subtracted. It will be under 
stood that the present invention is not restricted per Se to 
humans and may be used for producing mesenchymal and 
other marrow parenchymal progenitor cells for non-human 
applications. 

0134) The foregoing description of the preferred embodi 
ments of the invention has been presented to illusion the 
principles of the invention and not to limit the invention to 
the particular embodiment illustrated. It is intended that the 
scope of the invention be defined by all of the embodiments 
encompassed within the following claims and their equiva 
lents. 

REFERENCES 

0135 Bruder S P Jaiswal N, Haynesworth S E. 
Growth kinetics, Self-renewal, and the Osteogenic 
potential of purified human mesenchymal Stem cells 
during extensive 

0.136) Subcultivation and following cyropreserva 
tion. J Cellular Biochemistry 1997;64:278-294. 

0137 Caplan AI, Bruder S. P. Cell and molecular 
engineering of bone regeneration. In Principles of Tis 
Sue Engineering, edited by Lanza R, Langer T, Chick 
W. R. G. Landes Company, 1997, 603-417. 

0.138 Castro-Malaspina H, Gay RE, Resnick G, Kap 
por N, Meyers P, Chiariere D, McKenzie S, Broxmeyer 
H E, Moore M A S. Characterization of human bone 
marrow fibroblast colony-forming cells (CFU-F) and 
their progeny. Blood 1980:56(2):289301. 

013:9 Colter DC, Class R. DiGirolamo CM, Prockop 
DJ. Rapid expansion of recycling Stem cells in cultures 
of plastic-adherent cells from human bone marrow. 
PNAS 2000:97(7):3213-3218. 

0140 Davies JE, Chernecky R, Lowenberg B, Shiga 
A. Deposition and resorption of calcified matrix in Vitro 
by rat marrow cells. Cells Mater 1991;1:3-15. 

0141 Davies J. E. In vitro modeling of the bone/ 
implant interface. Anat Rec 1996:245-426-445 



US 2004/O137612 A1 

0.142 Friedenstein, AJ, Latzinkik N V, Gorskaya Y F, 
Lurie E A, Moskvina IL. Bone marrow stromal colony 
formation requires Stimulation by hematopoietic cells. 
Bone and Mineral 1992:18-199-213. 

0143 Gronthos S, Graves SE, Ohta S, Simmons P.J. 
The STRO-1 fraction of adult human bone marrow 
contains the Osteogenic precursors. Blood 
1994:84(12):4164-4173. 

0144 Hu, W. Method of aggregating cells with small 
microspheres. U.S. Pat. No. 5,114.855, issued May 19, 
1992. 

0145 Jacques, J. Method for the in vitro propagation 
and maintenance of cells (US patent 
#:1973000376038), issued Dec. 14, 1976. 

0146) Jarvis, A P and Lim F. Method of culturing 
anchorage dependent cells. U.S. Pat. No. 4,495,288, 
issued Jan. 22, 1985. 

0147 Ohgushi H, Caplan A. Stem cell technology and 
bioceramics: From cell to gene engineering. J Biomed 
Mater Res (Appl Biomater), 1999:48:913–927. 

0.148 Parker E, Shiga A and Davies J. E. Growing 
human bone in vitro. Chapter 6 in: “Bone Engineering” 
ed-J E Davies, EM squared In..., Toronto, 2000. 

0149 Naughton, G K and Naughton B. A. Three 
dimensional cell and tissue culture system. U.S. Pat. 
No. 4,963,489, issued Oct. 16, 1990. 

0150. Simmons P J Torok-Storb B. CD34 expression 
by Stromal precursors in normal human adult bone 
marrow. Blood 1991;78(11):2848-2853. 

0151. Zandstra PW, Eaves C J, Piret J M. Expansion 
of hematopoietic progenitor cell population in Stirred 
Suspension bioreactors of normal human bone marrow 
cells. Bio/technology 1994;12:909-914. 

0152 Zandstra PW. Challenges Involved in the Devel 
opment of Stem Cell-Based Technologies: Hemato 
poiesis, Osteogenesis aid Beyond. Chapter 8 in: "Bone 
Engineeringed-J E Davies, EM Squared Inc., Tor 
onto, 2000. 

We claim: 
1. An enriched progenitor cell population comprising 

non-hematopoietic progenitor cells extractable from bone 
marrow, wherein the cell population is Substantially devoid 
of at least one type of hematopoietic progenitor cell. 

2. An enriched progenitor cell population according to 
claim 1, characterized by the absence of at least one hemato 
poietic progenitor cell type, wherein Said cell type is one 
having a surface marker selected from CD3, CD14, CD39, 
CD45, CD66, CD119. 

3. An enriched progenitor cell population according to 
clam 1, wherein the population is Substantially devoid of at 
least one of the progenitor cell types bearing an MHC 
determinant selected from HLA-A, HLA-B, WA-C, HLA 
DR, HLA-DP and HLA-DQ. 

4. An enriched progenitor cell population according to 
claim 2, wherein the population is Substantially devoid of 
progenitor cell types that bear any MHC determinant 
selected from HLA-A, HLA-B, HLA-C, HLA-DR, HLA-DP 
and HLA-DO. 
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5. A method for expanding human non-hematopoietic 
progenitor cells, the method comprising the Step of Subject 
ing a progenitor cell population comprising non-hematopoi 
etic progenitor cells to non-Static Suspension culturing in a 
Suitable medium for a period of time effective to expand Said 
progenitor cells. 

6. The method according to claim 5 wherein Said pro 
genitor cell population comprises human mesenchymal pro 
genitor cells. 

7. The method according to claim 5, wherein Said pro 
genitor cell population is an enriched progenitor cell popu 
lation according to any one of claims 1-4. 

8. The method according to any one of claims 5-7, 
wherein Said growth medium includes growth factors for 
human mesenchymal progenitor cells. 

9. The method according to any one of claims 5-7, 
wherein the growth medium excludes at least one factor 
Specific for the growth of hematopoietic progenitor cells. 

10. The method according to claim 8 or claim 9 wherein 
Said growth factors are cytokines. 

11. The method according to claim 10 wherein said 
cytokines are a mixture of Stem cell factor and interleukin-3. 

12. The method according to any one of claims 5-10 
wherein Said Suspension is Stirred during Said effective 
period of time. 

13. The method according to claim 11, wherein said 
Suspension is maintained at a temperature of about 37 C. 
during Said effective period of time. 

14. A population of expanded human progenitor cells, 
characterized in that: 

1) when cultured under conditions appropriate for differ 
entiation, Said population is able gives rise to differen 
tiated cell types that include bone cells, fibroblast cells 
and neuronal cells, 

2) the population has been expanded in Suspension cul 
ture, 

3) the progenitor cells within the population have not been 
Selected on the basis of adherence; 

4) the population phenotype is SH4 negative, and 
5) the population results from culturing in the absence of 

at least one culture Supplement Specific for hematopoi 
etic progenitor cell maintenance. 

15. An expanded progenitor cell population, prepared by 
the Suspension culturing of an enriched progenitor cell 
population according to any one of claims 1-4. 

16. A composition, useful for delivering non-hematopoi 
etic progenitor cells to an environment conducive to the 
formation of differentiated cells therefrom, the composition 
comprising an expanded population of human progenitor 
cells according to any one of claims 1-4, 14 or 15, and a 
vehicle for delivering Said cells to Said environment. 

17. A progenitor cell population as claimed in any one of 
clams 14, 14 and 15, in combination with one or more 
factors for inducing the differentiation thereof. 

18. A method for producing non-hematopoietic cells, 
comprising the Steps of Subjecting a progenitor cell popu 
lation comprising non-hematopoietic progenitor cells to 
non-static Suspension culturing in a Suitable, medium for a 
period of time effective to expand Said progenitor cells, and 
then delivering the expanded progenitor cells or a Subpopu 
lation thereof to an environment conducive to the differen 
tiation thereof into the desired-cell type. 
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19. A method of providing cells differentiated from mes 
enchymal progenitor cells, comprising the Steps of Subject 
ing a progenitor cell population comprising mesenchymal 
progenitor cells to non-Static Suspension culturing in a 
Suitable medium for a period of time effective to expand Said 
progenitor cells, and then delivering the expanded progeni 
tor cells or a Subpopulation thereof to an environment 
conducive to the differentiation thereof into a mesenchymal 
cell type. 

20. The method according to claim 19, wherein the 
expanded progenitor cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into bone cells. 

21. The method according to claim 19 wherein the 
expanded progenitor cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into chondrocytes. 

22. The method according to claim 18, wherein the 
expanded progenitor cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into myoblasts. 
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23. The method according to claim 18, wherein the 
expanded progenitor cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into neural cells. 

24. The method according to claim 18, wherein the 
expanded progenitor Cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into adipocytes. 

25. The method according to claim 18, wherein the 
expanded progenitor cells or a Subpopulation thereof are 
delivered to an environment conducive to the differentiation 
thereof into endothelial cells. 

26. A cell population representing a new compartment of 
progenitor cells, Said cell population comprising progenitor 
cells which, under differentiation conditions give rise to a 
variety of non-hematopoietic cell types including Osteo 
blasts, adipocytes and myoblasts, wherein Said cell popula 
tion results from the non-Static Suspension culturing of an 
input population of progenitor cells obtained without prior 
Selection based on cell adherence. 

k k k k k 


