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7) ABSTRACT

Compositions and methods are provided for the optimized
expansion and implantation of mesenchymal stem cells into a
patient in need thereof. Autologous mesenchymal stem cells
(MSCs) to a patient in need of MSCs are harvested, expanded
within novel growth parameters under the influence of autolo-
gous growth factors located on the patient’s platelets.
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Fig. 9A
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METHODS AND COMPOSITIONS FOR
OPTIMIZED EXPANSION AND
IMPLANTATION OF MESENCHYMAL STEM
CELLS

TECHNICAL FIELD

[0001] The invention generally relates to compositions and
methods for isolation, expansion and implantation of stem
cells into a host in need thereof. More specifically, the inven-
tion relates to the replacement and repair of target tissue using
autologous mesenchymal stem cells (MSCs) expanded under
optimized growth conditions.

BACKGROUND OF THE INVENTION

[0002] Mesenchymal stem cells are pluripotent blast or
embryonic-like cells located in blood, bone marrow, dermis
and perisosteum. In general these cells are capable of renew-
ing themselves over extended periods of time as well as,
under various environmental conditions, differentiating into
cartilage, bone and other connective tissue. Recently, various
investigators have researched the potential for using these
cells to repair or regenerate target tissues, e.g., bone, carti-
lage, etc. In this manner MSCs have been reported to have
regenerative capabilities in a number of animal models. See
Acosta etal. (2005) Neurosurg Focus 19(3):E4; Barry (2003)
Novartis Found Symp. 249:86-102, 170-4, 239-41; Brisby et
al. (2004) Orthop Clin. North Am. 35(1):85-89; Buckwalter
and Mankin (1998) Instr Course Lect. 47:487-504; Caplan
(1991) J Orthop Res. 9(5):641-650. Further, these finding are
being extended in clinical trials to humans, however, most of
these trials require in vitro expansion of isolated, non-autolo-
gous MSCs using highly concentrated recombinant cytokines
and growth factors. For example, most human studies have
utilized isolated MSCs from bone marrow (or peripheral
blood), followed by ex-vivo expansion of the cells in a labo-
ratory setting using a fetal bovine serum (FBS) based culture
medium spiked with various recombinant growth factors.
These supplemented FBS-based culture mediums have
shown the capacity to support MSC expansion but also
include the risk of cross-contamination of infectious vectors,
use of non-Food and Drug Administration (FDA) approved
drugs/factors, e.g., recombinant TGF-f, FGF, cross species
reactions, and possible increased potential for forming can-
cerous progenitors.

[0003] In addition, most of the MSC-based human studies
have required trained laboratory staff and laboratory equip-
ment to perform the expansion of the isolated MSCs. These
techniques are not amenable to performance by physicians
and/or hospital staff, especially given that physicians are
legally bound by FDA protocols and procedures concerning
non-FDA approved drugs. Therefore, it is difficult for MSC
based therapies to be performed in a pragmatic manner, i.e., in
a hospital setting with hospital employees. Given these
numerous concerns, most MSC based research is directed at
non-autologous cells that have been isolated and cultured into
permanent cell lines.

[0004] Doucet (Doucet, Ernou et al. 2005 J. Cell Physiol
205(2):288-36) has recently described a technique for
expanding MSCs of young healthy donors using a 5% platelet
lystate enriched culture medium. However, Doucet’s investi-
gations did not determine effectiveness of these procedures
on elderly patients, patients with degenerative joint diseases
(for example osteoarthritis), or other patient specific charac-
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teristics. Nor was the study performed using any expansion
conditions except for 5% platelet lysate enriched culture
medium. In this light, it has been shown that there is a wide
variation in MSC growth in patients withand without osteoar-
thritis, with age, with gender, and based on certain genetic
phenotypes. Therefore the Doucet study has very limited
applicability to real life situations, where most patients in
need of MSC-based therapy are generally either older, or have
degenerative joint, organ, or spinal diseases. The Doucet data
also does not apply to other disease states of bony metabolism
such as avascular necrosis or osteonecrosis. In addition, the
generalized findings in Doucet are not gender or age specific,
having little guidance on how to treat the different sexes or
how to expand MSC’s from patients of advanced age.
[0005] MSC’s can readily differentiate in culture depend-
ing on cytokine exposure, environmental conditions (pres-
sure, attachment opportunities, passage treatment, etc. . . . ),
or other chemical exposure. For example, exposure to varying
levels of TGF-beta, FGF, and/or PDGF can all have impacts
on the final cell phenotype produced in culture. In addition,
leaving cells in culture longer has impacts on differentiation
potential. Cells can be cultured for a certain visual morphol-
ogy, confluence, or density, all of which impacts the final cell
product produced and its potential for certain types of tissue
repair. As a result, this invention focuses on controlling fac-
tors/parameters so as to produce a homogeneous cell product
with certain restorative properties.

[0006] In replacing or repairing tissue with MSC’s, one
concern is the use of non-autologous cells. While MSC’s have
been traditionally considered immune privileged, recent
investigations have demonstrated their activation of the natu-
ral killercell system in a foreign host. (Spaggiari, Capobianco
et al. 2006 Blood 107(4): 1484-90) This makes the use of
non-autologous cells difficult, as it is anticipated that the
host’s immune system will attack these foreign cells and
potentially decimate the population of transplanted MSCs,
thus severely limiting their repair capabilities. In addition, a
recent work published by Ueda may have other far reaching
implications for the use of non-autologous cells. (Ueda, Inaba
et al. 2007 Stem Cells 25(6):1356-63) This study demon-
strated that senile mice with osteoporosis transferred that
disease into normal mice through a bone marrow vector. This
suggests that the MSC’s of the senile mice with osteoporosis
once transferred to normal healthy mice were able to transfer
that disease state into normal healthy mice. This genetic vec-
tor for disease transmission is concerning, as any donor
MSC’s would theoretically need to be screened for all known
genetic susceptibilities and diseases that may be transferred
by the donor.

[0007] There is a need in the art for MSC expansion tech-
niques that do not use drugs or growth factors which are not
FDA approved and can be effectively used to replace tissue in
a patient in need thereof. This replacement should be with
autologous cells that have been optimally expanded based on
the patient’s medical condition, age, gender and other rel-
evant replacement conditions. In addition, there is a need for
autologous techniques to yield a homogeneous cell line with
known regeneration capabilities and rigid quality control.
[0008] The present invention is directed toward overcom-
ing one or more of the problems discussed above.

SUMMARY OF THE INVENTION

[0009] Embodiments of the invention provide composi-
tions and methods for ex-vivo expansion of autologous
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human mesenchymal stem cells (MSCs) and subsequent
implantation into target patients in need thereof. These MSCs
are optimized for their capacity to implant and replace/regen-
erate target tissue, e.g., regenerate cartilage in a knee joint. As
discussed above, they are also optimized to produce a homo-
geneous cell line with rigid quality control which expresses
one or more of the following cell surface antigens: CD29,
CD44, CD39,CD73, CD90, CD166, and CD105 and in some
embodiments express two, three, four, five, six or seven of the
above cell surface antigens. In addition, some optimized cells
described herein do not express one or more of the following
cell surface antigens: CD14, CD31, CD45, and/or CD106.

[0010] Aspects of the invention include novel expansion
compositions that do not require purified or recombinant
growth factors, cytokines, or non-naturally occurring human
factors. In particular, expansion compositions are designed to
include varying amounts (and varying timing) of the intro-
duction of platelet lysate to optimize cell growth, especially
optimize cell growth for cells at time of implantation into a
target patient. Optimization in some instances includes
expanding cells in a controlled manner to facilitate the cells
capability of successfully implanting in a patient in need
thereof; in some cases cell growth and cell growth conditions
are monitored and modified to keep the cells within a prede-
termined “growth channel”, i.e., expansion of cells to a
required number prior to a limited number of cell passages.
These platelet lysate based growth conditions provide for
consistent and autologous release of the necessary factors for
facilitating ex-vivo MSC expansion within this growth chan-
nel. In addition, in order to ensure homogeneity and strict
quality controls, the “growth channel” has multiple other
embodiments such as cell density, morphology, and culture
pattern. Again, these are designed to produce a consistent cell
expansion with known cell reparative properties, as small
changes to this formula for cell growth will result in a wholly
different cell product with different differentiation and repair
properties.

[0011] Aspects of the invention also include preparing a
patient for receipt of optimally cultured MSCs by implanting
the cells with determined amounts of platelets or platelet
lysate. Implantation of cells and platelets can occur simulta-
neously or subsequent to each other. In typical embodiments
the MSCs and platelets and platelet lysate are from the patient
into which the MSCs and platelets/platelet lysate will be
implanted.

[0012] Aspects of the invention also include a method for
isolation of MSC’s from a patient in need of MSC-based
restoration therapy, optimized expansion of these isolated
MSCs using cell specific expansion data obtained using vary-
ing amounts of platelet lysate and culture decisions based on
cell properties (such as confluence, morphology, cell culture
pattern, etc. . . . ) necessary to ensure proper and homoge-
neous growth for a target need (i.e., growth in the growth
channel), and implantation of the expanded cells with our
without context dependent MSC growth facilitator materials.

[0013] Aspects of the invention are particularly useful
where cells are harvested and replaced into patients having
osteoarthritis or other diseases of cartilage or bone metabo-
lism (such as avascular necrosis or osteoporosis) given that
the cells harvested from these patients conventionally show
little prospect of use in replacement therapy. However, this
statement is not meant to limit the scope or use of this inven-
tion to one application.
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[0014] Aspects of the invention also provide a growth chan-
nel for ensuring that harvested MSCs are maintained in a
natural manner that facilitates cell implantation back into the
patient. These cells are autologous and optimized for poten-
tial growth in the target using only natural factors from the
same host that the cells were harvested from, i.e., no synthetic
or recombinant factors used to facilitate cell growth. In typi-
cal growth channel embodiments the cells are expanded and
ready for implementation before their 10” passage and in
other embodiments the cells are expanded and ready for
implementation by their 3rd, 47, 5%, 6*, 77 8" or 9" pass
(post harvest). Cells that are implanted after about the 10”
passage show an increasing tendency to be ineffective for
clinical use.

[0015] Aspects of the invention provide for ensuring that
expanded MSCs are within a growth channel by manually
counting the cells. In other aspects of the invention MSCs are
visually inspected for characteristic indication that the cells
are within the growth channel, proper indicators include cul-
ture morphology, culture pattern and culture density. In some
aspects both the number of cells and the visual inspection of
cells are used to indicate whether cells are within a growth
channel of the invention. Note that visual inspection can be
performed on site of the cultured MSCs, e.g., a blood bank in
a hospital that has been contracted to expand the cells, or via
a remote site, where experienced tissue culture personnel
view cultures via digital camera microscopy (live video or
updated pictures or other like technology) and provide feed-
back to distant personnel on-site regarding conditions of cul-
tured cells.

[0016] Finally, aspects of the invention provide cell popu-
lations that are enriched for identified phenotypes using the
methods described herein, the phenotype including one or
more of the following cell surface antigens: CD29, CD44,
CDS59, CD90, CD166, CD73 and CD10S. Cells identified
herein further are typically negative for the CD14, CD31,
CD45 and CD106 cell surface antigens. In some embodi-
ments the optimized and expanded cell populations express
CD29 and CD44 with at least one other of the following cell
surface antigens: CD59, CD90, CD105, and CD66. There-
fore, in some embodiments the optimized cell populations of
the invention express at least: CD29, CD44 and CDS59;
express CD29, CD44 and CD90; express CD29, CD44 and
CD105 or express CD29, CD44 and CD66.

[0017] Cells prepared using the methods described herein
having the above described phenotype show optimal growth
characteristics for implantation into a patient in need thereof.
[0018] These and various other features and advantages of
the invention will be apparent from a reading of the following
detailed description and a review of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1A-E shows various illustrative aspects of the
“Growth Channel” herein described including Cell Growth
Rate, Cell Density, Cell Morphology, and Cell Culture Pat-
tern.

[0020] FIG. 2 is a cell expansion plot illustrating differ-
ences in yield and rate of growth between eight osteoarthritic
patient’s cells when those cells were grown in vitro in 5-10%
platelet lysate.

[0021] FIGS. 3A-E illustrate bar graphs for 5 patient iso-
lated MSC populations over a course of 1 to 6-16 days using
from 5-20% platelet lysate.
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[0022] FIG. 4 illustrates a bar graph for 6 different patient
MSC expansions using from 5-20% platelet lysate where
patients cells showed either slow growth or fast growth.
[0023] FIG. 5 is a stem cell growth channel overlay for 5
different patients.

[0024] FIGS. 6A and B are before and after “fast spin
proton density images” for a MSC implantation using cells
optimized by embodiments of the present invention.

[0025] FIG.7isa barplotillustrating 4 patients cell growth
using 10 or 20% platelet lysate as introduced either at a first
passage, second passage or third passage.

[0026] FIG. 8 shows cell expansion for a patient with stage
3-4 Avascular Necrosis under two different marrow draw
conditions.

[0027] FIGS. 9A and 9B are before and after “fast spin
proton density MRI images” for a MSC implantation using
cells optimized by embodiments of the present invention.
Partial regeneration of the anterior-medial knee meniscus is
shown.

[0028] FIGS.10A and 10B are before and after radiographs
for a MSC implantation using cells optimized by embodi-
ments of the present invention. Partial healing of humerus
non-union fracture is shown.

[0029] FIG. 11A and 11B are before and after sagittal pro-
ton density images of an osteoarthritis patient with a severely
degenerated medial meniscus and subsequent regeneration of
parts of that meniscus using MSC’s expanded using the
embodiments of this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Embodiments of the invention provide composi-
tions and methods for the harvest, expansion and implanta-
tion of autologous mesenchymal stem cells under optimal
growth conditions. Expansion conditions are based on indi-
vidualized growth characteristics for the patient’s particular
MSC population, not requiring synthetic or recombinant
growth factors. In typical embodiments the optimal growth
conditions are at least partially provided by platelet lysate
from the same patient. These platelet lysate compositions
provide a consistent and effective release of the patient’s own
combination of growth factors. Note that aspects of the inven-
tion equally apply to other cell types besides MSCs, e.g., stem
cells, chondrocytes, etc., but for convenience embodiments
described herein will be directed toward MSCs. Further, opti-
mally grown cells can be implanted in combination with
autologous factors to enhance the cells capacity for enhanced
therapeutic results, for example in combination with platelets
or platelet lysate, i.e.. platelets harvested from the same
patient that will receive the MSCs. Finally, embodiments of
the invention described herein include MSCs enriched for a
homogeneous phenotype that results from the optimized
growth conditions described herein, such cells are identified
as cells optimized for use in regenerative MSC-based therapy.

Definitions:

[0031] The following definitions are provided to facilitate
understanding of certain terms used frequently herein and are
not meant to limit the scope of the present disclosure.

[0032] “Individualized growth characteristic” refers to
individual specific ex vivo growth characteristics of harvested
cells. For example, cells typically harvested from many indi-
viduals having osteoarthritis show slow growth, requiring
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modified growth characteristics to ensure that the cells have
optimal growth and therefore are prepared for implantation
back into a patient.

[0033] “Mesenchymal stem cell” or “MSCs” refers to mul-
tipotent stem cells capable of differentiating into osteoblasts,
chondrocytes, myocytes, adipocytes, neuronal cells, pancre-
atic islet cells, and the like (see below).

[0034] “Natural expansion factor” refers to factors that are
native to a patient in need thereof as opposed to synthetic or
recombinant expansion factors that are prepared from in vitro
sources. Natural expansion factors are typically associated
with and released from a platelet lysate.

[0035] “Platelet lysate” refers to the combination of natural
growth factors contained in platelets that has been released
through lysing those platelets. This can be accomplished
through chemical means (i.e. CaCl,), osmotic means (use of
distilled H,0), or through freezing/thawing procedures.
Platelet lysates of the invention can also be derived from
whole blood and can be prepared as described in U.S. Pat. No.
5,198,357, which is incorporated by reference herein.
[0036] “Protein,” “peptide,” and “polypeptide” are used
interchangeably to denote an amino acid polymer or a set of
two or more interacting or bound amino acid polymers.
[0037] “Stem cells” refers to any cell having the character-
istic of being unspecialized and able to renew for extended
periods of time through cell division and being inducible to
become cells with specialized function.

[0038] “Cell Culture Action” refers to a change in platelet
lysate concentration, reseeding of cells in culture at a differ-
ent density, or a change in planned passaging time (i.e. leave
in culture a longer or shorter time before medium change).
[0039] “Passage” refers to changing spent medium in a
monolayer culture or otherwise changing medium to improve
the cell culture microenvironment.

Source of MSCs and Platelet Lysates

[0040] Mesenchymal stem cells are multipotent stem cells
located in the bone marrow, peripheral blood, adipose tissue
and other like sources. MSCs have the capacity to differenti-
ate into a number of cell types, including osteoblasts, chon-
drocytes, myocytes, adipocytes, and beta-pancreatic islet
cells.

[0041] Source MSCs of the invention are typically har-
vested from the iliac crest of the patient in need of the restor-
ative/replacement therapy (or a suitable donor), such patient
1s referred to herein as a “patient in need thereof” (note that
other sources, such as adipose tissue, synovial tissue, and
connective tissue have recently been identified and are also
considered as MSC sources within the scope of the present
invention). In one embodiment, approximately 10-20 cc of
bone marrow is harvested and “isolated” using methods
described in U.S. Patent Application 60/761,441 to Centeno
or through adherence to plastic, as described in U.S. Pat. No.
5,486,359 to Caplan et al. Each of these references is incor-
porated herein in their entirety for all purposes.

[0042] This invention also incorporates changes to stan-
dard marrow draw procedures to allow appropriate nucleated
cell number yield to use the platelet lysate techniques
described. Since the vast majority of the published research is
again performed in healthy humans or animals, the applica-
tion of this technique to humans with various disease states
has never been tested. An example is shown is FIG. 8, where
a marrow draw from a patient with AVN (in need of bony
repair at an AVN site) and using the bilateral 10 cc draw
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technique described above produced a failed culture expan-
sion in platelet lysate. However, the use of an altered tech-
nique drawing three small 2-3 cc marrow aliquots on each
side (total of 6 aliquots), produced the required nucleated cell
vield which was successfully expanded in 20% platelet
lysate.

[0043] Platelet lysate for use herein is prepared from the
bone marrow harvest using the method of Doucet, which is
incorporated by reference herein in its entirety. Typical
lysates include from about tens of millions to 100’s of billions
platelets. As shown by Martineau et al., Biomaterials, 2004
25(18) p 4489-503 (incorporated herein by reference in its
entirety), platelet lysates inherently include the growth fac-
tors required to facilitate consistent MSC growth. In typical
embodiments the platelet lysate and MSC are autologous and
are in amounts useful for effective and consistent expansion
of the MSCs (described more fully below). In particular, it
should be noted that while the levels of growth factors such as
TGF-beta are much lower in platelet lysate than those com-
monly used to expand MSC’s, it is believed that there are
significant synergistic effects when all of the low level growth
factors contained 1n platelet lysate are used together.

Growth Channel Considerations

[0044] As discovered by the inventors herein, harvested
MSCs of the invention provide optimal restorative/regenera-
tive therapy when implanted back into a patient by no later
than the 107 ex-vivo passage, and preferably no later than the
5™ ex-vivo passage (one passage being equivalent to harvest
and plating of cells to allow for enhanced cell numbers for
medium and/or tissue culture housing/substrate). As such,
each patient’s MSCs must be expanded to the necessary num-
bers, for theirtherapeutic use, in a limited number of passages
without drugs or growth factors that are not FDA approved.
Embodiments of the invention provide growth channel con-
ditions for ensuring that harvested MSCs are expanded to the
required amount using platelet lysates and are therefore opti-
mized for implantation and use in the target patient.

[0045] Various considerations exist for determining a
patient’s MSC growth potential (for ensuring the required
number of cells), i.e., individualized growth characteristics
(see definition above). These considerations include the
source of the MSCs, i.e., age, gender, hereditary restrains and
presence of degenerative disorders like osteoarthritis.

[0046] With regard to MSC’s harvested from patients hav-
ing osteoarthritis, the inventors have identified two different
cell growth types: “slow growth” and “fast growth.” The
presence of slow growth cells in a patient presents a practical
problem, the ability to expand cells quickly and keep maxi-
mum differentiation potential within this group of cells. Cells
that are not in maximum differentiation potential are likely to
fail during implantation. Crisostomo et al., Shock, 2006
26(6): p 575-80. Therefore, higher levels of the patient’s
platelet lysate are required to stimulate the required MSC
growth. As a result, these cells must be treated quite differ-
ently from MSCs isolated from a young, healthy individual.
Note that cells showing limited ex vivo expansion potential,
1.e., cells increase in number by less than 100% over the
course of a passage time (<3 days) are considered slow
growth for purposes of this invention.

[0047] In one embodiment of the invention, the amount of
platelet lysate required for optimum MSC ex-vivo culture
expansion is determined from monitoring harvested cells for
growth under various growth conditions. This is particularly

Jan. 8, 2009

important where the cells are associated with a patient having
osteoarthritis, osteoporosis, AVN, or other diseases of bone,
cartilage, or connective tissue. MSC expansion is dependent
on a number of variables: amount of growth factors in
patients’ platelet lysate (therefore modifving the % lysate
required to maximize cell growth), the bioavailability of those
growth factors (i.e., effect of these factors on the patient’s
cells), the relative concentration of those growth factors, and
quality/quantity of patients’ starting source cells. In one
embodiment of this invention, to optimize the MSC growth
under these variables a “growth channel” has been developed
herein, i.e., the targeted expansion rate of a patients’ cells in
relation to a predetermined amount of time and/or cell pas-
sages (not more than 10 passages for optimal growth condi-
tions). This growth channel takes into account all of the
necessary cell culture decisions needed to produce a specific
homogeneous cell population.

[0048] In one embodiment of the invention, the amount of
platelet lysate required for targeted MSC ex-vivo culture
expansion is combined with visual parameters to determine
the optimum growth conditions. In particular, this embodi-
ment requires that platelet lysate considerations discussed
above be combined with consideration of colony formation of
the harvested MSC and monolayer expansion ofthe MSCs. In
one aspect, during colony formation the MSCs must be pre-
vented from overgrowth, i.e., cells on the edge of the colony
enclosing the colony must be prevented. In another aspect,
during colony formation the MSCs must be prevented from
undergrowth, i.e., cells not expanding. IfMSCs during colony
formation overgrow, they must be removed from the colony
formation culture and placed into monolayer culture and if
MSCs during colony formation undergrow, the medium
should be partially removed (approximately half) and
replaced with fresh medium (plus at least the previously used
platelet lysate concentration). In another aspect, cells in
monolayer expansion must be viewed for overgrowth, i.e.,
high der;sity, and reseeded at, for example, 10,000-12,000
cells/em or undergrowth where cell morphology shows
rounded, flag, or bloated cell shape. When cells show this
morphology the platelet lysate concentration should be
increased to at least 10-15% platelet lysate.

[0049] More specifically, the “Growth Channel” herein
described for maximum expansion and repair capabilities for
cells grown in platelet lysate encompasses four different
aspects:

[0050] 1. Cell Growth Rate in Monolayer Culture;

[0051] 2. Cell Density in Monolayer Culture;

[0052] 3. Cell Culture Pattern in Monolayer Culture; and
[0053] 4. Cell Morphology in Monolayer Culture.

[0054] These concepts are also explained further in graphi-

cal format in FIG. 1.

[0055] “Cell Growth Rate in Monolayer Culture”-Since
platelet lysate has variable levels of growth factor from
patient to patient, there is no method to determine the biologic
activity of those factors until their impact on culture expan-
sion rates are accessed. As such, one key component of
expansion within the “Growth Channel” is a minimum rate of
growth. This is defined as adjusting the parameters of platelet
lysate concentration and/or seeding density until doubling
time is between 1 and 3 days. This will accomplish approxi-
mately a 50-100 fold increase in cells before the 5th-7th
passage (FIG. 1, Graph 1). Also shown in FIG. 1 (graph 2) is
an exemplar of a growth rate channel beginning with a bilat-
eral 10 cc marrow draw (used for illustration purposes only).
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Deviation from the growth channel discussed above would
require a cell culture action as described in FIG. 1, graph 1
and associated descriptions. “Cell Density in Monolayer Cul-
ture:”—Cell density can impact cell growth and differentia-
tion capacity. Doucet (referenced above) described a very low
seeding density of approximately several thousand cells per
milliliter (in otherwise healthy controls). However, we have
found that patients with diseases such as osteoarthritis, AVN,
and fracture non-union require a much higher seeding density
and that maintaining that density during passage is critical to
producing expanded cells capable of repair. As such, FIG. 1,
graph 3 shows the acceptable cell confluence channel for an
embodiment of this invention (to optimize the in-vivo repair
capabilities of the cells). Spatial distribution of MSC’s
described by this invention can be quantified by the following
equation: Surface area®(% Confluence)/Cell number. This
Figure should be in the range of 18-23. If the value <18, then
the cells can be seeded at a lower seeding density as they are
growing exceptionally well. If this value falls between 23-27,
then the cells should be seeded at a higher seeding density
(from 12x10° cells/em® to 15x10° cells/em?). And if this
value is >27 then the platelet lysate concentration also should
be increased.

[0056] Cell Culture Pattern in Monolayer Culture—The
pattern of cell growth is important in this invention as evenly
distributed distance between cells is required to promote con-
tinued expansion and maintain cells in an undifferentiated
state. To ensure this, evenly distributed MSC’s are the part of
the growth channel described herein. This is further illus-
trated in FIG. 1, graph 4. Any deviation from the cell culture
pattern discussed above would require a cell culture action as
described in FI1G. 1, graph 4 and associated descriptions.
[0057] Cell Morphology in Monolayer Culture: The cell
morphology in monolayer culture is important to insure a
specific MSC phenotype associated with this invention. Only
as it applies to mesenchymal stem cells, the preferred mor-
phology is spindle shaped (fibroblastic) in monolayer culture.
Tt should be noted that other mesenchymal stem cells lines
often appear to have a polygonal or flag shaped morphology,
which is not the phenotype in the growth channel as
described. Note that a classification system has been estab-
lished for the purposes of this invention which encompasses
types 1-4, with the preferred cell type associated with this
invention as type 1. This is further illustrated in FIG. 1, graph
5. One should note that grades 2-4 displayed as part of FIG. 1,
graph 5 are from the prior art and each of the cited authors
considered these to be acceptable morphology for their MSC
lines. Again, the preferred morphology to stay within the
described growth channel is spindle shaped with the cell
occupying little surface area, unlike the MSC’s in types 2-4
which occupy approximately S0% more surface area than the
optimal type 1 cells. Once the culture has >30% of grade 2-4
MSC’s, the concentration of platelet lysate should be
increased from 10% to 15-20%. The cell population should be
transplanted at this point to avoid the potential deviation from
the ideal morphology.

[0058] Any deviation from the cell morphology channel
discussed above would require a cell culture action as
described in FI1G. 1, graph 5 and associated descriptions.
[0059] Inoneembodiment, a growth channel represents the
growth characteristics of autologous MSCs in ex vivo culture
required to obtain 10 million to 100 million cells for implan-
tation into a target site, a knee joint for example. The number
of expanded cells 1s somewhat dependent on the target site in
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need of regeneration, for example regeneration of a vertebral
disc requires approximately 1-10 million cells per ml whereas
the number for a knee surface requires approximately tens to
hundreds of millions of cells per ml. Harvested cells are
monitored and growth modified through the use of varying
amounts of autologous platelet lysate.

[0060] Ex vivo expanded MSCs of the invention can be
monitored for growth via cell counting techniques and/or
through visual cell culture parameters. Cell counting tech-
niques are based on harvesting and passing cells from a tissue
culture housing or substrate when the number of cells has
exceeding the available space/density for those cells. Cell
counting techniques must be performed on site by a qualified
technician who can harvest and count the cells in a counting
chamber device, such as a hemocytometer, or spectropho-
tometically. As described elsewhere as part of this invention,
cell counting can also be performed remotely through trans-
mission of digital images via the internet to an experienced
technician.

[0061] As discussed above, visual cell culture parameters
disclosed herein include the capacity to visually inspect the
cells of the invention to determine the readiness of cells to be
harvested and re-plated. Visual parameters include cell cul-
ture morphology, cell culture pattern and cell culture density.
In particular, the following specific qualitative parameters
can be viewed: colony formation overgrowth, colony forma-
tion undergrowth, monolayer expansion culture overgrowth,
monolayer expansion culture undergrowth, images of the
hemacytometer for platelet and stem cell count; number of
cells sticking when first seeded into a flask after the marrow
draw; colony formation and later developed colonies to deter-
mine when the cells should be picked (including overgrowth
and undergrowth); how evenly the cells are seeded into flasks,
i.e., cells should be uniform within flask during monolayer
expansion; how densely cells are seeded; stages of confluence
as well as visualizing cell division to determine when the cells
are ready for passage; how bloody the flask looks when the
cells are in a colony; separation of blood after it is spun down
to obtain platelets; what the separation in the marrow should
look like after spinning it down to separate the nucleated cells
from the red blood cells; and cell morphology, i.e., bloated,
bright balls, spread out.

[0062] Visual inspection of target cultures can be per-
formed either on-site via trained tissue culture personnel,
remotely via a digital microscopy video technology (live
feed) or via updated pictures taken by a digital microscope
camera over the course of the growth channel procedures
discussed herein. Remote monitoring of cell cultures can be
performed where more limited control over multiple cell cul-
ture sites are required. For example, where a highly trained
specialist of specialists are provided visual data from a num-
ber of off-site cultures. The highly trained specialist would
have access to information that would validate the use of
certain visual parameters, e.g., a particular cell density, cul-
ture pattern, or morphology that has provided good clinical
results for knee joint regeneration, avascular necrosis stabili-
zation, healing of bony non-union fractures, etc. The special-
ist would then know to associate that culture morphology
with all such cultures (whereas a high number of on-site
personnel may not make this correlation for many months or
years, if ever). In one embodiment, cells having consistent,
non-overgrown, cell culture morphology would be consid-
ered optimal and within the growth channel and therefore
ready for harvest and re-plating.
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[0063] Platelet lysate compositions of the invention include
a number of growth factors known to be necessary for cell
mitosis, including: hFGF, PDGF-BB, TGF-}, and VEGF.
Platelet lysate compositions are added to serum free growth
medium to obtain the targeted amount of lysate in the
medium, for example, a 10% platelet lysate includes by vol-
ume 10% platelet lysate composition. In preferred embodi-
ments the serum free basal medium is DMEM, Hams F12,
MEM, or other like medium. Amounts of useful growth fac-
tors are inherent to a patient’s platelet lysate and will typically
vary from patient to patient.

[0064] In typical embodiments, cells from a patient are
initially cultured in a medium having 10% platelet lysate for
7-10 days in colony formation and then recounted (colony
formation). If the patient has osteoarthritis, the cells are trans-
ferred to monolayer culture using a starting 10% platelet
lysate. Cells are grown for 2-4 days and compared to the total
number of cells required for the particular patient’s therapeu-
tic procedure. In some embodiments the cells are visually
inspected. Cells that are not within the growth channels
described above will have their culture medium modified to
an enhanced amount of platelet lysate (for example 15-20%),
whereas cells that are within the channel will be allowed to
proceed for at least 2-4 days before the procedure is repeated.
Other cell culture actions that depend on channel conditions
include reseeding cells at a lower or higher density, changing
medium more or less frequently, or transplanting cells sooner
or later. Note that visual parameters can also be utilized to
determine whether the cells are within the growth channels
described (see above).

[0065] Note that variability of MSC expansion rates are
dependent both on the patient’s harvested MSCs as well as
based on the levels of growth factors within the patient’s
platelets. As such, in certain instances, higher levels of
required platelet lysate to keep a patient’s MSC within the
growth channel are due to, not only the cells growth charac-
teristics, but also on needing more platelets to provide the
required levels of growth factors, i.e., where the patient’s
platelet lysate may have a lower concentration of growth
factors as compared to other platelet lysates. Surprisingly, the
inventors herein have determined that cells grown under opti-
mal conditions are much more capable of achieving a thera-
peutic result as compared to a same number of cells grown
under non-optimal (non-growth channel) conditions (for
example a culture of cells that require 15 passages to have a
sufficient number to perform the required therapeutic result).
For example, the inventors have discovered that cells grown
for less optimal expansion using a 10 cc bilateral PSIS mar-
row draw (total 20 cc marrow) have produced poorer clinical
results (no or less cartilage regeneration noted on follow-up
MRI, no or less meniscus regeneration) as compared to cells
optimally expanded using the growth channels methodology
described herein.

Method for Autologous MSC Replacement

[0066] Embodiments described hereininclude methods for
the therapeutic restoration of a site in a patient in need thereof.
For example, therapeutic restoration of a degenerative disc or
cartilage of a joint in need thereof. Other examples include the
expansion of MSC’s for cardiac muscle regeneration, cutane-
ous wound healing, healing of fracture or bony non-unions,
neural repair, treatment of graft vs. host and other immune
applications, and other uses, replacement of pancreatic islet
cells, treatment of osteoporosis, treatment of hearing loss, and
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other uses. Methods described herein utilize autologous MSC
restorative therapy where the MSCs are treated with natural
(non-synthetic/non-recombinant) growth factors (typically
obtained by culture with varying percent platelet lysate).

[0067] Initially,a MSC source is harvested from a patient in
need of stem cell therapeutic restoration. The harvested
source is maintained in a sterile environment and under sterile
conditions throughout the procedure. As discussed previ-
ously herein, the harvested cells are seeded and ex vivo cul-
tured under conditions to maintain the cells within the growth
channel embodiments of the invention (MSC isolation from a
source is described above). This requires that platelet lysate
from the patient be obtained and prepared, for example as
described in Example 1. Autologous MSCs grown under opti-
mal expansion conditions are monitored and prepared for
implantation prior to the cells being passaged 10 times with a
target yield of 10-100 million cells (a total number of cells for
the target site are identified, see above). In some embodi-
ments the autologous MSCs are grown and monitored for
implantation prior to the cells being passaged 5 times with a
target yield of 10-40 million cells. In other embodiments the
autologous MSCs are grown and monitored for implantation
prior to the cells being passaged 6, 7, 8 or 9 times with a target
yield of 10-40 million cells. The prepared MSC composition
is then implanted into the target site and monitored for effec-
tiveness over the next several months. The procedure can be
repeated dependent upon desired result. Cells that have been
treated under conditions that result in 10 to 40 million cells
within 4-7 passages, are optimal cells for implantation into a
target site in a patient in need thereof.

[0068] In particular, in some embodiments, this invention
also encompasses a novel method of seeding red blood cells
with isolated marrow nucleated cells in initial colony forma-
tion and attachment culture. Since red blood cells also contain
growth factors, this further supplements the cell growth envi-
ronment and has other differentiating effects on the isolated
MSCs.

[0069] Note that embodiments of this method are per-
formed with autologous cells and growth factors thereby
avoiding a number of immunologic and infectious issues
inherent in other non-autologous MSC replacement thera-
pies. This is of significant importance at this juncture, due to
recent research demonstrating that non-autologous MSC’s
activate the natural killer cell system in the host. Spaggiari et
al., Blood, 2006 107(4):1484-90; Rasmusson et al., Trans-
plantation, 2003 76(8):1208-13. These embodiments also
optimize the potential for the implanted cells to expand at the
site and differentiate into the required cells (chondrocytes at
ajoint surface, osteoblast in a bone defect, etc). As described
in the next embodiment, platelet lysate compositions (or
platelets themselves) can also be injected into the site con-
currently or subsequently to the MSC implantation.

[0070] Using the cell growth embodiments described
herein, optimally grown cells are prepared for use in a target
patient. Cells grown in accordance to embodiments described
herein were tested using FACS to determine cell phenotype,
1.e., determine the cells surface antigen profile. In one aspect
of the invention, a cell population is selected and expanded to
be positive for at least one of the following cell surface anti-
gens: CD29, CD44, CD59, CD73,CDY0, CD105 and CD166.
Note that a positive result is one where at least 90% of the
tested cells are positive by FACS analysis for the particular
cell surface antigen.
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[0071] In typical embodiments, identified cell populations
are positive for at least two of the following cell surface
antigens: CD29, CD44, CD39, CD73, CD90, CD105 and
CD166. In more typical embodiments, cell populations are
positive for at least three of the following cell surface anti-
gens: CD29, CD44, CD59, CD73,CDY0, CD105 and CD166.
In even more typical embodiments, cell populations are posi-
tive for at least four of the following cell surface antigens:
CD29, CD44, CD59, CD73, CDY0, CD105 and CD166. In
still more typical embodiments, cell populations are positive
for at least five of the following cell surface antigens: CD29,
CD44, CD59, CD73, CDY0, CD105 and CD166. Finally, in
some embodiment’s cell populations described herein are
positive forsix or all seven of the CD29, CD44, CD59, CD73,
CD90 and CD105 cell surface antigens. Cell embodiments
having these potential cell surface antigens are shown herein
to be optimal for purposes of therapeutic use. In addition, cell
population embodiments herein have the above cell surface
antigens but lack at least one of the following antigens: CD14,
CD31, CD45 and CD106. In other embodiments the cell
population embodiments herein have the above cell surface
antigens but lack two or more of the following antigens:
CD14, CD31, CD45 and CD106. In still other embodiments
the cell population embodiments herein are positive for
CD29, CD44, CD359, CD73, CD90, CD105 and CD166 cell
surface antigens but negative for CD14, CD31, CD45 and
CD106 cell surface antigens.

Direct Platelet Injection Into Target Site

[0072] In some embodiments of the invention a platelet
composition is directly injected into a patient’s target site.
Platelet injections can be performed prior to MSC replace-
ment, combined with MSC replacement (contemporaneous),
or after MSC replacement to help optimize the MSC growth
environment. In typical embodiments, MSCs expanded using
the platelet lysate based medium and growth channel consid-
erations of the invention are harvested (while they are in the
growth channel) and injected into a target site with either
autologous platelets or platelet lysate.

[0073] In order to determine the number of platelets
required to inject directly into a site the following calculation
can be performed. The first issue is to determine the average
platelet number/cc required to sustain maximum ex vivo
MSC growth. For example, if a patient’s cells were shown to
require a 10% platelet lysate for 3 days, a 20% platelet lysate
for 3 days and a 30% platelet lysate for 3 days, the highest
platelet lysate concentration is utilized in determining how
much platelet supplementation is required at the site. The
maximum usage of platelets per cc per day was 30% (for three
days) in this example. If the starting volume of platelets per cc
of volume for the patient was 1.0x10°, during this time period
3><1088 platelets used per cc of volume over three days or
1x10 platelets per cc per day is necessitated.

[0074] Marineau et al., Biomaterials, 2004 25(18): p 4489-
502 (incorporated by reference herein for all purposes) pro-
vides insight into the levels of thrombin and calcium neces-
sary to promote in vivo MSC growth via release of growth
factors from platelets. This is a natural occurrence during the
first weeks of development to promote tissue growth and
angiogenesis. From these studies it can be deduced that acti-
vated platelets will release most of their cargo of growth
factors upon activation with thrombin and calcium over a 7
day period. As such, the 1x10® platelets per cc per day is
multiplied by 7 to provide the final amount of platelets
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required per cc—7x108 platelets per cc. The final volume for
injection into the patient is added to the initial fluid joint
volume (IFJV), which represents the final fluid joint volume
(FFJV). Therefore, using the above calculation, 7x108 plate-
lets per cc is multiplied by 12.5 to yield 8.75x10° platelets.
This number represents the final platelet dose (see formula 1):

(Average Platelet per cc to sustain MSC growth/Days
at this level before medium change)x(Days at this
level before medium change required((7)(Final fluid
joint volume))=PHC Platelet Dose.

[0075] Alternatively, the supplementation can be carried
out using platelet lysate equivalent to the highest ex-vivo
percentage required to promote expansion, adjusted for joint
volume, and supplemented more frequently.

(Formula (I)).

Site Monitoring of MSC Implantation

[0076] Implanted cells described herein can be monitored
to ensure that these cells are surviving in-vivo and that the
cells ultimately differentiate into the cell type required to
obtain the needed repair. In one embodiment, MRI labeling is
performed to allow for non-invasive monitoring of the
patient’s site (however, note that this procedure requires mag-
netic particles and only provides cell location, not cell expan-
sion or differentiation state).

[0077] Real-time cell monitoring is therefore preferred.
After transplantation of the optimally expanded cells, a per-
cutaneous fluid wash is taken from the implantation site. Free
floating cells and minimally adherent MSCs are obtained and
examined for number of cells, type of cells, differentiation
state of MSCs (if any), MSC appearance and for the MSCs
state of proliferation. The joint wash can also be monitored or
assayed for the expression of key substances such as gly-
coaminosglycans, key proteins, gene expression, or other
important chemical or genetic indicators of improvement in
the joint microevenvironment.

[0078] Two types of real-time monitoring can be per-
formed: arandom sampling of'site fluid and/or a high pressure
“knock-off” of site fluid. The high pressure “knock-off” is
performed using a needle or catheter (typically equivalent to
a 14-22 gauge) where high pressure fluid is pushed through to
knock off minimally adherent MSCs.

[0079] Alternatively, needle arthroscopy or traditional
arthroscopy to obtain tissue samples for analysis can also be
used.

[0080] Percutaneous sampling is performed at baseline
prior to the MSCs being transplanted (which form a sample
which can be compared to all future samples). Sampling is
also performed at 1 week, potentially at 2 weeks and poten-
tially at 3 weeks post implantation of MSCs into the target
site.

[0081] Inparticular, at one week post implant, a joint wash
or tissue sample is taken and examined. While it is taken for
granted that the cell population can be easily examined ex-
vivo and adjustments to growth media made, without an in-
vivo sampling method, the same needed adjustments can not
be made to ensure in-vivo growth and engraftment. However,
based on this real-time monitoring, changes in platelet and/or
platelet lysate supplementation can be performed into the
target site. This process can be repeated based on need. In
addition, additional autologously cultured MSCs can be
implanted into the site.

[0082] Finally, upon a determination that the implanted
MSCs are alive and capable of proliferation and or that the
joint microenvironment is appropriate for cell survival and
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engraftment, a differentiation agent can be contacted to the
patient’s site. In addition, cells obtained from the real-time
monitoring analysis can be cultured in the presence of various
differentiaion agents to determine which agent is best suited
for the required result. Illustrative agents include bone mor-
phogenetic protein 2, dexamethasone, hyaluronic acid, and
the like. In addition, where inflammatory cells are recovered
in the real-time monitoring, an anti-inflammatory agent can
be included in the treatment or where the site is dehydrated a
hyaluronic acid can be added.

[0083] Inaddition,in-vivo postimplantation of cells can be
monitored using assay methods for other secondary effects of
tissue regeneration such as production of glycoaminosgly-
cans (GAG’s), reduction in known degradative enzymes, and
other factors. The important aspect of this portion of the
invention is that direct or indirect monitoring of the cells
continues after implantation. Again, this allows for real time
changes in post-transplantation protocols to ensure cell sut-
vival and engraftment as well a function once differentiated.
As anillustrative example, MSC’s once differentiated into an
early stage chondrocytes would be monitored for GAG pro-
duction so that they would be considered fully functional and
biologic equivalent of a mature and health chondrocyte. In
addition, certain differentiating or supplemental substances
may be introduced into the joint for the purposes of increasing
the monitored GAG production. This same example could
also be applied to other areas of tissue regeneration such as
the replacement of pancreatic islet cells and the monitoring of
insulin production from MSC’s differentiating into islet cells
in-vivo.

Therapeutic Applications

[0084] Methods and compositions of the present invention
can be used to treat, i.e., repair or maintain a target site in a
patient in need of a MSC application. Conditions that can be
treated using the embodiments described herein include
osteoarthritis, degenerative disc disease, cartilage replace-
ment in joints, stabilization of'a bony avascular necrosis site,
healing of bony fracture or other bony non-unions, cardiac
muscle regeneration, cortex repair, cutaneous wound healing,
neural repair, cell therapy for immunosuppression or regula-
tion, replacement of beta islet cells, replacement of cells and
structures involved in hearing, treatment of osteoporosis, and
other disorders where MSC’s can differentiate into cells for
repair and replacement of injured, missing, or degenerated
cells.

EXAMPLES

[0085] The following examples are provided for illustrative
purposes only and are not intended to limit the scope of the
invention.

Example 1

Patients’ MSC Growth in Relation to Growth Chan-
nel

[0086] Nucleated cells were harvested from a patient’s pos-
terior iliac crest and separated from the RBCs using centrifu-
gation (serum is a gradient).

[0087] Approximately 10 ml of bone marrow was har-
vested from the target patient and transferred to a cell culture
lab in a 15 ml centrifuge tube. The marrow sample was then
spun down at 100 g for 2-3 minutes. The RBC pellet was
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checked to ensure that the bulk of the RBCs were in the lower
half of the sample and that a clear zone exists between the
RBC pellet and top fraction of material. Note that if the top
fraction is not 40-50% of the total volume, the spin step will
need to be repeated. The top fraction was then removed and
placed in a 15 ml centrifuge tube and spun at 1000 g for 10
minutes. Note that the nucleated cell pellet may appear red
and perhaps loosely packed, dependent on the number of
RBCs present. The serum supernatant is removed and added
back to the RBC pellet. The nucleated cell pellet is re-sus-
pended in 1 ml of saline. The steps above were repeated to
obtain additional nucleated cells.

[0088] The nucleated cells were then counted by diluting
the suspension 1:20 in water (lysis RBCs) and counting
nucleated cells. The RBCs were counted using a 1:2000 dilu-
tion.

[0089] Nucleated cells were then seeded for monolayer
growth. For each cm?® seed approximately 0.66-1.25x10°
nucleated cells and 0.16x10° RBCs were combined (supple-
ment RBCs in nucleated suspension with cells from RBC
suspension). The combined cell mix was then spun at 1000 g
for 10 minutes and re-suspended in DMEM+Cipro+heparin+
10% platelet lysate (10% was chosen as a starting dose based
on our data demonstrating a significant suboptimal expansion
rate with 5% lysate as described by Doucet). The suspension
was then warmed for 30 minutes at 37° C. The warmed
suspension was plated into an appropriate sized tissue culture
flask and fresh medium added. Cell culture was incubated for
7-12 days at 5% CO?, 37° C.

[0090] As shown in FIG. 1, MSC growth from 8 patients
were plated under the above conditions and plotted for growth
as a function of cell number versus days. An acceptable
growth channel has been overlaid onto the cell number expan-
sion. As of day 7, Gi cells are sufficient and optimal for
implantation, at day 8 St cells are sufficient and optimal for
implantation, and as of day 10 CI cells are sufficient and
optimal for implantation. All other cells are not within an
acceptable growth rate and would need to have increased
levels of platelet lysate added to the culture medium to ensure
optimal growth.

Example 2

Patient MSC Growth is Dependent on Patient’s
Health

[0091] MSCs were harvested from individuals having
osteoarthritis and grown as described in Example 1. Growth
rates for each patient’s cells were determined as well as over-
all yield.

[0092] Harvested MSCs were grown on varying amounts of
platelet lysate (5-10%) and plotted over the course of 11 days
(500% concentration of patient native platelet concentration
and lysis using freezing). The data is shown graphically in
FIG. 2, where MSC yield and rate of growth varied signifi-
cantly. This Example illustrates the variability of growth
foundbetween patients and the need to optimize MSC growth
rates.

Example 3

5% Platelet Lysate is Ineffective at Optimizing MSC
Growth

[0093] MSC harvested from patients having osteoarthritis
(slow growth MSC), as described in Example 1, were
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expanded using either 5% platelet lysate, 10% platelet lysate
or 20% platelet lysate. As shown in FIGS. 3A-E, many cell
lines grown with 5% platelet lysate were unable to show
maximum expansion as compared to cells grown on 10-20%
platelet lysate. Note that for most cell lines grown on 20%
platelet lysate conditions showed only minimal expansion
benefit as compared to 10% platelet lysate. However, it must
be stressed that our experimental data shows that patients
with OA have extremely variable expansion rates, with a few
patients able to hit growth channel targets at 5%, most at 10%,
and some requiring 20% supplementation. In addition,
patients with other conditions such as avascular necrosis of
the femoral head, fail expansion in even 10% lysate and
require multiple modifications only determined via experi-
mental protocol (see following example).

[0094] FIG. 4 further illustrates that MSCs harvested from
osteoarthritis patients typically require higher levels of plate-
let lysate (10%+) to obtain optimum expansion. However,
MSCs from healthy individuals having normal growth
showed little variation under growth conditions of 5% or 10%
platelet lysate.

[0095] The data in this Example illustrates that the condi-
tions described by Doucet et al did not produce optimum
expansion conditions under conditions where cells were har-
vested from osteoarthritic patients. These cells required
higher percent platelet lysate in the growth medium to show
optimum expansion.

[0096] However, under conditions where the cells are har-
vested and show “fast growth type,” the cells were able to
grow under conditions of 5 or 10% platelet lysate.

Example 4
INustrative Growth Channel for 5 Different Patients

[0097] Five patients donated MSCs as harvested in
Example 1. Cells were grown using varying lysate concen-
trations and cell number calculated. Cell growth data is shown
in FIG. 5, where a cell growth channel of the present invention
is overlayed. Cells able to expand within the cell growth
channel parameters are considered optimal and ready for use
in atarget patient, whereas the cell growth for patient 5 would
be a poor yield with minimal chances of clinical success. As
such, platelet lysate based moderation of the cells’ growth
conditions should be used to obtain cell growth within the
recited growth channel. In addition, the culture decisions
already described based on cell density, culture pattern, and
morphology would also need to be applied.

Example 5

MSC Cell Surface Antigens Present When Cells are
Grown Within Growth Channel Parameters

[0098] MSC were harvested and expanded using embodi-
ments described herein and in Examples 1 and 2. To deter-
mine the phenotype of the cultured cells they were incubated
with fluorescently labeled monoclonal antibodies (mAbs)
directed against known stem cell surface antigens (MAbs
used are listed in Table 1 and 2).

[0099] The expression level of the cell surface antigens on
the cultured cells from 2 subjects was analyzed using FACS-

Califur flow cytometer. Results are provided in Tables 1 and
2.
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TABLE 1

Mean Fluorescence Intensity

Surface Antigen Subject 1 Subject 1 + HA Subject 2
CD14 5.78 4.66 5.05
CD29 216.56 221.47 24344
CD31 7.18 5.68 521
CD44 77536 828.8 54391
CD45 5.46 5.73 54
CD59 171253 1684.87 1412.54
CD90 1222.7 1149.04 764.27
CD106 22.87 21.31 19.06
CD166 149.1 144 93.69
CD73 1653.22 1688.02 1438.74
CD105 1178.26 1169.62 1671.74
TABLE 2
% Positive

Surface Antigen Subject 1 Subject 1 + HA Subject 2
CD14 0.66 0.36 0.5
CD29 99.93 99.49 99.51
CD31 2.17 1.18 0.75
CD44 99.9 99.44 99.49
CD45 0.77 0.64 0.64
CD59 99.34 99.76 99.5
CD9S0 99.96 99.96 99.99
CD106 42.93 41.03 27.73
CD166 99.76 99.22 98.05
CD73 99.94 99.84 99.76
CD105 99.94 99.63 99.65

Table 1 shows the mean fluorescence intensity (MFI) for each
target cell surface antigen. The percent positive value for each
cell surface antigen is listed in Table 2. As shown in Table 2,
greater than 99% of the cells optimized for implantation into
atarget patient expressed CD29, CD44, CD59, CD73, CD90,
CD105 and CD166. Conversely, few cells expressed CD14,
CD31, CD45 and CD106 which are not considered cell sur-
face antigens generally present on the cells having optimal
capacity for implantation into a target patient.

Example 6

MSC Implantation Using Embodiments Herein Pro-
vide for in Vivo Osteochondral Cartilage Replace-
ment

[0100] A bone marrow sample was obtained from a 57 year
old patient needing cartilage replacement to correct a defect
in the knee. The bone marrow was harvested and MSCs
isolated using the methods described in Example 1. Cells
were grown on 10-20% platelet lysate over the course of 6
passages to obtain 10 million cells. Cells were maintained in
the growth channel of the present invention. Cells were then
implanted into the site using the autologous MSCs.

[0101] FIG. 6(A&B) show sagittal Fast Spin Proton Den-
sity images from a 3.0 T MRI. The cartilage defect in the
posterior weight bearing surface of the lateral femoral
condyle is shown (A). After 39 days the image was re-taken
and the cartilage defect has been filled (see FIG. 6B). The data
from the Example shows the effectiveness of using the meth-
ods and compositions described herein to correct large carti-
lage defects at target sites.
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Example 7

Timing of Higher Level Platelet Lysate Can Add
Growth Momentum to Allow Slow Grower Types of
MSCs to Hit Growth Channel Targets

[0102] The following Example illustrates the concept that
altering platelet lysate concentration during the course of ex
vivo expansion dramatically improves MSC yield. A 20%
platelet lysate concentration (“lysate boost”) was used in the
initial expansion culture as cells emerged out of colony for-
mation. Four patient cell populations were tested, symbolized
as Re, Gi, Ve and Ca. Growth conditions were monitored and
are shown in Table 3 and F1G. 7.

[0103] Of'the four patients listed in Table 3, note that for Gi
and Ve, the MSC fold increase in cell growth per passage was
dramatically improved. For subject Gi the sum of fold
increase per passage increased from 9.74 to 12.96 when the
20% lysate boost was used. For Re this metric almost doubled
from 6.88 to 10.34. Of note, both of these patients are in the
target demographic for regenerative therapies with MSCs
(diagnosed osteoarthritis (OA) and in 5* and 6” decades of
life). For the younger subject, Ve (without known OA), there
was only a slight improvement in the sum of the fold increase
per passage (5.0 to 5.7). In the oldest subject in the 7% decade
of life and with severe multi-joint OA, there was also only a
mild improvement in this measure (5.08 to 5.13).

[0104] Since half of the four subjects had a marked
improved yield and the other two subjects had no decrement
in yield and saw very slight yield improvement, the methods
and compositions described herein are valid for improving
MSC yield in a cohort of OA patients in need of regenerative
medicine.

Example 8

Growth Conditions for a Patient in Need of MSC
Implantation

[0105] 44 year old white female with avascular necrosis
had 10 cc of marrow drawn from each PSIS and the cells
processed per this invention. Her nucleated cell yield was
very poor and her cells were grown in monolayer with 10%
lysate, but failed to expand beyond the second passage. The
patient was returned and an altered marrow draw technique
was used to draw three small aliquots of marrow from the left
and right PSIS and then cells were boosted with 20% platelet
lysate while still in colony formation culture and then grown
in 20% lysate. FIG. 8 demonstrates both cell expansion
graphs and highlights that many patients with this disorder
require a altered marrow draw techniques to improve nucle-
ated cell count, a lysate boost during colony formation cul-
ture, and much higher platelet lysate concentrations while in
the monolayer culture expansion phase.

Example 9
Direct Injection of Cells of the Present Invention

[0106] 37 year old white female with a 9 month old fracture
of the humerus treated with Open Reduction and External
Fixation and a bone stimulator. This fracture went onto sig-
nificant non-union as demonstrated in FIG. 10a. The patient
had 100 cc of marrow drawn from each PSIS and the MSC’s
were isolated and grown in 10% platelet lysate. These were
then percutaneously implanted into the fracture non-union
site via sterile trocar under fluoroscopic guidance. FIG. 105
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shows significant healing of the non-union at 5 weeks post
injection of cells. This example illustrates the in-vivo osteo-
genic capabilities of the MSC’s expanded with this invention.

Example 10
Knee Cartilage Replacement

[0107] 43 year old white male with severe degenerative
disease of the medial compartment of the knee showing sig-
nificant degradation of the medial anterior meniscus. FIG.
11A shows a 3.0T proton density sagittal MRI image where
the significantly degenerated medial meniscus is almost
entirely absent anteriorly. FIG. 11B is 3 months post after
percutaneous implantation of MSC’s obtained and expanded
per the growth channel methods described herein. FIG. 11B
shows regeneration of the meniscus and subsequent 3-D
image volume analysis demonstrated a 32.5% increase in
meniscus volume. Note that meniscus regeneration occurred
in the inner portion of the meniscus, in what is known as the
“white” or “avascular” zone. For this to occur, vessels would
have to be brought to the area. This occurred either as a
property of this specific cell line or more likely due to the
platelet lysate injections provided to the joint after implanta-
tion of cells. For example, it is well known that platelet lysate
has significant level of VEGF capable of causing neovascu-
larization.

TABLE 3

Fold Increase in Cell Growth Per Passage
Fold Increase In Cell Growth/Passage

Re Ve
Pagsage  10% PL/ Gi 10% PL/ Ca
No. 20%PL  10%PL/20%PL  20%PL  10% PL/20% PL
Pl 3.6/5 5.6/5.4 2.6/2.6 3.1/1.95
P2 1.48/2.19 2.18/3.36 24/3.1 1.98/3.18
P3 1.8/3.15 1.96/4.2
[0108] Whilethe invention has been particularly shown and

described with reference to a number of embodiments, it
would be understood by those skilled in the art that changes in
the form and details may be made to the various embodiments
disclosed herein without departing from the spirit and scope
of the invention and that the various embodiments disclosed
herein are notintended to act as limitations on the scope of the
claims.

[0109] This specification contains numerous citations to
patents, patent applications, and publications; each is hereby
incorporated by reference for all purposes.

What is claimed is:
1. A method for treating a patient with a MSC implant, the
method comprising:
obtaining MSCs from the patient;
obtaining platelets from the patient;
preparing a platelet lysate from the patient’s platelets
wherein a growth medium is prepared comprising an
amount of the patient’s platelet lysate;
expanding the MSCs with the growth medium; and
implanting the expanded autologous MSCs into the patient
at a site in need thereof.
2. The method of claim 1 further comprising in-vivo moni-
toring the target site in the patient after implantation of
expanded MSCs.
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3. The method of claim 1 further comprising injecting
platelets or platelet lysate directly into the target repair site of
the patient during or after implantation of the expanded
autologous MSCs to further facilitate MSC expansion.

4. The method of claim 1 wherein the medium containing
platelet lysate contains from about 5% platelet lysate to 30%
platelet lysate by volume.

5. The method of claim 1 wherein the MSCs are expanded
to have optiniized growth by a 10 ex-vivo passage.

6. The method of claim 5 wherein the MSCs are expanded
to have optiniized growth by a 7% ex-vivo passage.

7. The method of claim 1 wherein the site in need thereof is
a degenerated disc.

8. The method of claim 1 wherein the site in need thereof is
cardiac muscle.

9. The method of claim 1 wherein the site in need thereofis
neuronal in nature.

10. The method of claim 1 wherein the site in need thereof
is a degenerated joint.

11. The method of claim 3, wherein the concentrations of
platelets or lysate injected is determined by the concentration
of lysate needed to maximize ex-vivo MSC expansion.

12. The method of claim 1 wherein the patient is a patient
who has been diagnosed with osteoarthritis.

13. A cell culture medium for ex vivo expansion of MSCs
comprising a basal medium and from about 5% platelet lysate
to about 30% platelet lysate.

14. The cell culture medium of claim 13 wherein the plate-
let lysate is from about 10% to about 20%.

15. The cell culture medium of claim 13 wherein the plate-
let lysate is autologous to the MSCs.

16. The cell culture medium of claim 13, wherein higher
concentrations of lysate are used at certain times during the
MSC expansion in order to maximize yield.

17. A growth channel for expansion of cells useful for
implantation into a patient, the growth channel comprising
parameters for ensuring that a patient’s cells can be expanded
and implanted within ten passages of removal from the
patient, wherein one parameter is the level of platelet lysate
used to expand the cells.

18. The method of claim 1, wherein a non-autologous
donor supplies the MSC’s and platelet lysate for expansion.
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19. A growth channel used for expansion of MSC’s to
optimize expansion yield.

20. The method of claim 2, wherein the data obtained from
in-vivo monitoring is used to adjust the in-vivo supplemen-
tation to optimize site repair.

21. An isolated population of human MSCs comprising
cells which have been enriched for cell surface antigens:
CD29, CD44 and CD59.

22. The isolated population of human MSCs of claim 21
wherein the cells further comprise CD73.

23. The isolated population of human MSCs of claim 21
wherein the cells further comprise CD73 and CD90.

24. The isolated population of human MSCs of claim 21
wherein the cells further comprise CD73, CD90, and CD105.

25. The isolated population of human MSCs of claim 21
wherein the cells further comprise CD73, CD90, CD105 and
CD166.

26. The method of claim 17, wherein the parameters are
cell culture seeding density, time in cell culture before
medium change, cell morphology, and cell growth pattern.

27. The method of claim 1, wherein the dose of MSC used
to treat a degenerated area are between 1 million and 100
million cells.

28. The method of claim 1 wherein the marrow draw tech-
nique represents taking many 1-10 ml draws to boost MSC
yield.

29. The method of claim 1, whereinred blood cells are used
in the initial colony formation culture to improve attachment
and colony formation of the specific MSC phenotype
described herein.

30. The method of claim 2, wherein the in-vivo monitoring
includes direct visualization of the area being treated through
surgical, arthroscopic, and/or percutaneous means.

31. The method of claim 2, wherein the in-vivo monitoring
includes removal of adherent or non-adherent cells for ex-
vivo visualization.

32. The method of claim 2, wherein the in-vivo monitoring
includes assay of secondary chemicals or cell products such
as gylcoaminosglycans, enzymes, proteins, peptides,
polypeptides, or lipids.
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