
IN VITRO EXPANSION OF POSTPARTUM-DERIVED CELLS USING MICROCARRIERS
CROSS REFERENCE TO RELATED APPLICATION       100011 This application
claims benefit under 35 U.S.C.  119(e) of United States Application
Number 60/865,558, filed November 13, 2006, the entirety of which is
incorporated herein by reference. FIELD       [0002] The invention
relates generally to the growth and expansion of mammalian cells. In
particular, the invention relates to methods for the growth and
expansion of mammalian postpartum-derived cells (PPDCs) in vitro
using surfaces or particles, such as microcarrier particles, pellets,
or beads. BACKGROUND       [0003] Commercial cell therapy products
are preferably produced in aseptic systems that are closed. However,
the growth of many cell types used for commercial cell therapy
product is anchorage-dependent.       [0004] While stirred tank
reactors, shaker flasks, spinner flasks, uplift reactors, and the
like, are all useful for cells that grow in suspension (e.g.
hybridomas for monoclonal antibody production, many cells used for
recombinant DNA technology, and most insect cell cultures), the
options for growing and expanding anchorage-dependent cells are more
limited.       10005] Included among the anchorage-dependent cells
are many normal diploid cell strains, as well as most primary cell
types. Options for large-scale production of such cells  include
roller bottles, fiber beds, hollow fiber systems, multi-plate or
stacked-plate culture systems, cell cubes, and microcarriers, each of
which has advantages and disadvantages.        100061
Microcarrier-based methods of cell culture provide many advantages
including ease of downstream processing in many applications.
Microcarriers are typically roughly spherical in shape, and can be
either macro- or micro- porous, or solid. The use of microcarriers
for cell attachment facilitates the use of stirred tank and related
reactors for growth of anchorage-dependent cells. The cells attach to
the readily suspended microparticles. The requirement for
suspendability limits the physical parameters of the microcarriers
themselves. Thus, microcarriers commonly have a mean diameter in the
range of 50 -2000 microns. In some applications solid-type
microcarriers range from about 100 to about 250 microns whereas
porous-type microcarrier beads range from about 250 to about 2500
microns. These size ranges allow for selection of microcarriers which
are large enough to accommodate many anchorage-dependent cells, while
small enough to form suspensions with properties suitable for use in
stirred reactors.        100071 Both porous and solid types of
microparticulate carriers are commercially available from suppliers.
Examples of commercially available microcarriers include Cytodex 1(r)
and Cytodex 3(r), which are both dextran-based microcarriers from GE
Healthcare Life Sciences. Porous microcarriers on the market include
CYTOLINE as well as Cytopore(r) products also from GE Healthcare Life
Sciences. Biosilon(r) (NUNC) and Cultispher(r) (Percell Biolytica)
are also commercially available.       100081 Although for some types
of cells, the morphology of cells grown on highly curved surfaces,
such as those provided by microcarriers, can be an issue, generally
microcarriers provide many advantages in terms of large-scale growth
including ease of harvesting cells, and ease of separating useful
extracellular products from the cells themselves..A need exists in
the art for an efficient and high yield method to grow and harvest
anchorage dependent cells such as postpartum cells derived from
umbilical cord or placenta. SUMMARY       [0009] The present



[0026] When referring to cultured vertebrate cells, the term
senescence (also "replicative senescence" or "cellular senescence")
refers to a property attributable to finite cell cultures; namely,
their inability to grow beyond a finite number of population
doublings (sometimes referred to as "Hayffick's limit"). Although
cellular senescence was first described using fibroblast-like cells,
most normal human cell types that can be grown successfully in
culture undergo cellular senescence. The in vitro lifespan of
different cell types varies, but the maximum lifespan is typically
fewer than 100 population doublings (this is the number of doublings
for all the cells in the culture to become senescent and thus render
the culture unable to divide). Senescence does not depend on
chronological time, but it is measured by the number of cell
divisions, or population doublings, the culture has undergone. Thus,
cells made quiescent by removing essential growth factors may still
be able to resume growth and division when the growth factors are
re-introduced, and thereafter carry out the same number of doublings
as equivalent cells grown continuously. Similarly, when cells are
frozen in liquid nitrogen after various numbers of population
doublings and then thawed and cultured, they undergo substantially
the same number of doublings as cells maintained unfrozen in culture.
Senescent cells are not dead or dying cells; they are actually
resistant to both cell division and programmed cell death
(apoptosis), and can be maintained in their nondividing state
indefinitely. These cells are very much alive and metabolically
active, but they do not divide. The nondividing state of senescent
cells has not yet been found to be reversible by any biological,
chemical, or viral agent.       [0027] "Growth medium" refers to a
culture medium sufficient for expansion of postpartum-derived cells.
Growth medium preferably contains Dulbecco's Modified Essential Media
(DMEM). More preferably, Growth medium contains glucose. Growth
medium preferably contains DMEM-low glucose (DMEM-LG) (Invitrogen,
Carlsbad, CA). Growth medium preferably contains about 15% (v/v)
serum (e.g., fetal bovine serum, defined bovine serum). Growth medium
preferably contains at least one antibiotic agent and/or antimycotic
agent (e.g., penicillin, streptomycin, amphotericin B, gentamicin,
nystatin; preferably, 50 units/milliliter penicillin G sodium and 50
micrograms/milliliter streptomycin sulfate). Growth medium preferably
contains 2-mercaptoethanol (Sigma, St. Louis MO). Most preferably,
Growth medium contains DMEM-low glucose, serum, 2-mercaptoethanol,
and an antibiotic agent.       [0028] "Standard growth conditions"
refers to standard atmospheric conditions comprising about 5% CO2, a
temperature of about 35-39C, more preferably 37C, and a relative
humidity of about 100%.         [0029] "Isolated" refers to a cell,
cellular component, or a molecule that has been removed from its
native environment.       [0030] "Anchorage-dependent cells" are
cells, including mammalian cells, that need to attach to a surface,
e.g., a tissue culture flask surface or a microcarrier particle
surface, to replicate in tissue culture.       [0031] "Microcarriers"
refers to particles, beads, or pellets useful for attachment and
growth of anchorage dependent cells in culture. The microcarriers
have the following properties: (a) They are small enough to allow
them to be used in suspension cultures (with a stirring rate that
does not cause significant shear damage to the microcarriers or the
cells); (b) They are solid, or have a solid core with a porous



[0053] Protein free microcarriers can be used to culture postpartum
cells. For example, microcarrier beads for use in manufacturing and
laboratory or research use sold under the tradename HILLEX(r)
(SoloHill Engineering, Inc., Ann Arbor, MI) are modified polystyrene
beads with cationic trimethyl ammonium attached to the surface to
provide a positively charged surface to the microcarrier. The bead
diameter ranges from about 90 to about 200 microns in diameter.
[0054] Microcarrier-based methods of cell culture provided many
advantages including ease of downstream processing in many
applications. Microcarriers are typically roughly spherical in shape,
and can be either porous or solid. The use of microcarriers for cell
attachment facilitates the use of stirred tank and related reactors
for growth of anchorage-dependent cells. The cells attach to the
readily suspended microparticles. The requirement for suspendability
limits the physical parameters of the microcarriers. Thus,
microcarriers commonly have a mean diameter in the range of 50 - 2000
microns. In some applications solid-type microcarriers range from
about 100 to about 250 microns whereas porous-type microcarrier beads
range from about 250 to about 2500 microns. These size ranges allow
for selection of microcarriers which are large enough to accommodate
many anchorage-dependent cells, while small enough to form
suspensions with properties suitable for use in stirred reactors.
100551 Among the factors considered in using microcarrier beads and
the like are: attachment efficiency, immunogenicity,
biocompatibility, ability to biodegrade, time to reach confluence,
the growth parameters of attached cells including maximum attainable
density per unit surface area, detachment techniques where required,
and the efficiency of the detachment, scalability of the culture
conditions as well as homogeneity of the culture under scaled-up
conditions, the ability to successfully scale-up detachment
procedures, and whether the beads will be used for implantation.
These considerations can be influenced by the surface properties of
the microcarrier beads, as well as by the porosity, diameter,
density, and handling properties of the microcarrier.         (00561
For example, the density of the microcarrier particles or beads is a
consideration. Excessive density may cause the microcarrier particles
or beads to settle out of the suspension, or tend to remain
completely towards the bottom of the culture vessel, and thus may
result in poor bulk mixing of the cells, culture medium and gaseous
phases in the reactor. On the other hand, a density that is too low
may result in excessive floating of the microcarrier. A density of
1.02 to 1.15 g/cm3 is typical of many microcarrier beads.
[00571 The small diameter of microcarrier particles and the volume of
particles that can be added to a reactor allows the microcarriers to
contribute substantial surface area in vast excess to that found in
roller bottles or other methods of growing anchorage-dependent cells,
e.g. on plates. Porous microcarriers provide even greater surface
area per unit volume or weight. These porous microcarriers possess
large cavities that are available for the growth of
anchorage-dependent cells. These cavities increase the surface area
greatly, and may protect cells from detrimental mechanical effects,
such as shear stress, for example from mixing or from gas sparging.
Methods for maximizing growth of postpartum cells in roller bottles
is described in U.S. Application Serial No. 60/751,550, filed
December 19, 2005.        [0058] The microcarrier surface may be



[0082] Cell Harvest Table 1 shows the harvest fractions, Cell yields
and viability per passage from Umbilical cell line 050604B expanded
from passage nine to passage eleven on Cytodex 3(r) microcarriers in
spinner flask cultures. Table 1: Passage Fractions Total Cells Avg.
Viability (%) Inoculation 4 2.85 X10/ 99.7 +/- 0.19 1 8 9.34X10' 99.2
+/- 2.65 2 4 8.80 X10/ 94.4 +/- 1.92  WO 2008/060541PCT/US2007/023846
100831 Cell Kinetics. Table 2 shows the growth kinetics from
Umbilical cell line 05060413 expanded from passage nine to passage
eleven on Cytodex 3(r) microcarriers in spinner flask cultures. The
table shows that the total doublings was 7.48, and the average hours
per doubling was 69.53 (+/- 17.52) hours. Table 2: Passage Seeded
Yield Days Expansion Doubling Hours/Doubling   2.00x106 0 1
Inoculation 2.00x106 2.85x10' 8 14.3 3.83 50.09 



1 2.85x107 9.34x107 6 3.28 1.71 84.12 2 2.30x107 8.80x10' 6 3.83 1.94
74.39         [00841 Live/Dead Staining. Analysis of the live/dead
stained microcarrier aliquot shows the majority of the microcarrier
surfaces covered with green stained (viable) cells with scant foci of
red stained nuclei (dead). The cells exhibit morphology similar to
the morphology of the cells cultured in static conditions.
100851 Flow Cytometry Analysis. Table 3 shows the results ("+
positive" or "- negative") for cell surface markers expressed by
human Umbilical Tissue-derived Cells (hUTCs) harvested microcarrier
beads in spinner flasks versus hUTCs harvested from culture in static
T flasks. The table shows that the markers expressed by the cells
produced by the two methods were consistent.  WO
2008/060541PCT/US2007/023846 Table 3: Comparision of cell surface
proteins expression by Umb 050604B cells expanded in static T flasks
or on Cytodex 30 microcarriers in spinner flask systems and analyzed
by flow cytometry. Cell Surface Marker Static T Flasks Cytodex 30
Microcarriers CD 10 ( + ) ( + ) CD 13 (  ) ( + ) CD 31 ( - ) ( - ) CD
34 ( - ) ( 



- ) CD 44 (  ) ( + ) CD 45 ( - ) ( - ) CD 73 (  ) (  ) CD 90 ( 1- ) (
) CD 117 ( - ) ( - ) CD 141 ( - ) ( - ) PDGFr-a (  ) (  ) HLA-A,B,C (
) (  ) HLA-DR,DP,DQ ( 



- ) ( - )  Conclusions:       100861 Human Umbilical Tissue-derived
Cells (hUTCs) were cultured on Cytodex 30 microcarriers in impeller
spinner flask bioreactors. The cells achieved 7.48 population
doublings over twenty days and had an average population doubling
time of 69 hours. Cell viability per passage ranged from 94.4% to
99.7%. Analysis for expression of thirteen cell surface markers on
hUTCs cultured on microcarriers was consistent with the cell surface
marker expression by hUTCs cultured in cell culture T flasks. This
work provides initial evidence indicating microcarriers can be used
to seed, expand, and harvest hUTCs in bioreactor systems. EXAMPLE 2
Growth of Expanded Human Umbilical Tissue-derived Cells (hUTCs) on
MGSA, HA, and PLGA Microcarriers in Spinner Flasks       [00871
Microcarriers used in conjunction with aseptically closed systems can
potentially produce commercial quantities of expanded Human Umbilical
Tissue-derived Cells (hUTC). Aseptically closed systems reduce
operator manipulation required to expand and maintain commercial cell
products thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell
attachment as compared to cell culture flasks, thereby producing
higher cell yields. - 20 -         [0088] The ability of hUTCs to
attach to microcarriers made of synthetic resorbable biomaterials was
investigated, including the ability to maintain viability in spinner
flask culture, and to proliferate upon re-seeding into static
culture. Expanded hUTCs were seeded onto microcarriers comprised of
poly-(D,L-lactide-co-glycolide) (PLGA), sodium hyaluronate (HA), and
poly(monostearoylglyceride co-succinic acid) (MGSA) materials.
Commercially produced Cytodex 3(r) microcarriers were also used as a
control in this example. The material with cells were cultured in
spinner flasks for five days, harvested by trypsinization, and
re-seeded into static cultures. The re-seeded cells expanded in
static culture within four days demonstrating retention of their
proliferative capacity. This example demonstrates the ability of
synthetic biomaterials to be used as microcarriers for spinner flaks
culture.      Materials and Methods Table 4. Microcarriers
Microcarrier Manufacturer Process Method Avg. Size (microns) PLGA
(85/15) IV 0.75 Alkermes (Willington, OH) SCF 149 PLGA (50/50) IV
0.43 Alkermes (Willington, OH) SCF 158 MGSA I Ethicon (Somerville,
NJ) SCF 195 MGSA II Ethicon (Somerville, NJ) Spinning Disk 69 MGSA HI
Ethicon (Somerville, NJ) Spinning Disk 104 HA NovaMatrix (Drammen,
Norway) Torque Rheometer 2000 Cytodex 3 Amersham Biosciences 



NA 175         [0089] Preparation of PLGA microspheres. PLGA
microspheres were prepared by supercritical fluid process (SCF). The
SCF unit was autoclaved or wiped with 70% ethanol and placed under
the laminar flow hood. One gram of PLGA was poured into the chamber
of SCF unit under the aseptic condition. The SCF unit was closed was
moved into the regular fume hood. The unit was connected to an inlet
tube with a 0.2-micron filter. Pressure and temperature were 300bar
and 35C, respectively. The rotating speed of the blade was 250 rpm.
The reaction was performed for 15 minutes. After completing the
process, the SCF unit was disconnected with the tubes of the inlet
and the outlet of CO2 and moved into the laminar flow hood and the
chamber was opened. The material produced was transferred to a
grinder with liquid nitrogen and ground.        100901 Preparation of
MGSA Inicrospheres. MGSA microspheres were prepared by supercritical
fluid process. The SCF unit was autoclaved or wiped with 70% ethanol
and placed under the laminar flow hood. Two grams of MGSA was poured
into a chamber of SCF unit under the aseptic condition. The SCF unit
was closed was moved into the regular fume hood. The unit was
connected with an inlet tube with a 0.2-micron filter. Pressure and
temperature were 150bar and 35C, respectively. The rotating speed of
the blade was 250 rpm. The reaction was performed for 20 minutes.
After completing the process, the SCF unit was disconnected with the
tubes of the inlet and the outlet of CO2 and moved into the laminar
flow hood and the chamber was opened.       [0091] Sodium Hyaluronate
Processing. Five grams of sodium hyaluronate (Novamatrix, Pharm 80)
was weighed out and the thy powder was placed in full size bowl of a
Mixer Torque Rheometer (Caleva, U.K.). After 10 seconds of mixing in
the torque rheometer at 50 rpm one milliliter of ethanol/water (50/50
v/v) solution was added manually (using a syringe) into the powder
mixture. After the fluid addition, mixing continued for another 10
seconds at the same rate and another milliliter of ethanol/water
solution was added. This pattern continued until 5 milliliters of
solution was added. The wet mass was placed into the horizontal screw
extruder attachment and a die containing 2.0 mm diameter holes
equi-spaced on a single circular pattern was placed on the end of the
extruder attachment. Screw speed was 50 rpm and a hand held ram was
used to force the wet granulation into the screw. The formulation
extruded into discrete strands that dried quickly. Extruded strands
were cut manually with a straight edge razor blade into pellets of 2
mm in length.       [0092] Microcarrier Preparation. Approximately
1gram of each PLGA microcarrier was suspended in 25m1 Dulbecco's
phosphate buffered saline (PBS) for one hour. PBS was removed by
aspiration and materials were re-suspended in 25 ml of growth media
for at least 30 minutes prior to inoculation.       [0093]
Approximately lg of each MGSA microcarrier was suspended in 25ml 70%
ethanol for 30 minutes to wet the material. The ethanol was removed
by aspiration and the MGSA was rinsed three times with PBS and
re-suspended in 25ml of growth media for at least 30 minutes prior to
inoculation.       [0094] Sodium hyaluronate (260mg) was sterilized
in 25 ml 70% alcohol for 2 hours. The ethanol was removed by
aspiration and then rinsed three times with PBS and resuspended in 25
ml of growth media for at least 30 minutes prior to inoculation.  WO
2008/060541PCTMS2007/0238-I6        [0095] The day before
inoculation, 775 mg of Cytodex 3(r) microcarrier beads were hydrated
in 40 ml PBS for at least 3 hours and autoclaved. On the day of



[0098] Microcarrier Yield Calculations. Microcarrier yields are
calculated based on 39 hours population doubling time or 2.46
doubling in a four day period (historical data of hUTC growth
kinetics in static conditions) The equation doublings = (Logl 0
(harvest)-Logl 0 (seeded)) /Logl 0 (2) is used.  WO
2008/060541PCT/US2007/023846 Table 5a. Final Cell Yields Microcarrier
Total Cells Viability (%) PLGA (85/15) IV 0.75 1.49 x 106 92.3 PLGA
(50/50) IV 0.43 3.46 x 106 NA MGSA I 8.51 x 106 NA MGSA II 3.31x 10'
NA MGSA III 2.30 x 106 94.3 HA 1.38 x lOs NA Cytodex 3 2.10 x 101
99.2         [0099] Harvest Cell Re-Seed. Cells harvested from all
materials (except Cytodex 36) were re-seeded into T225 tissue culture
flasks at approximately 5,000 cells per cm sq. The cells harvested
from all materials proliferated upon re-seeding        101001
Expanded hUTCs were seeded onto PLGA, HA and MGSA materials, cultured
in spinner flasks for five days, harvested by trypsinization, and
re-seeded into static cultures. The cells that were harvested from
the synthetic microcarriers were over 90% viable. The reseeded cells
expanded in static culture within four days demonstrating retention
of their proliferative capacity. This example demonstrates the
ability of synthetic biomaterials to be used as microcarriers for
spinner flasks culture. EXAMPLE 3 Growth of Expanded Human Umbilical
Tissue-derived Cells (hUTCs) on collagen coated MGSA and PLGA
Microcarriers in Spinner Flasks        101011 The ability of hUTCs to
attach to materials made of synthetic resorbable biomaterials with a
collagen coating was investigated, including the ability to maintain
viability in spinner flask culture and to proliferate upon re-seeding
into static culture. Expanded hUTCs were seeded onto collagen-coated
or uncoated poly-(D,L-lactide-co-glycolide) (PLGA) and
poly(monostearoylglyceride co-succinic acid) (MGSA) microcarriers.
The microcarriers with cells were cultured in spinner flasks for five
days, harvested by trypsinization, and re-seeded into static
cultures.  WO 2008/060541PCTIUS2007/023846 Materials and Methods
Table 6. Microcarriers Microcarrier Manufacturer Process Method Avg.
Size (microns) PLGA (50/50) IV 0.43 



Alkermes (Willington, OH) SCF 158 MGSA I Ethicon (Somerville, NJ) SCF
195        [0102] Microcarrier Preparation. Microcarrier Wetting-
Approximately lg each of MGSA and PLGA microcarriers were aseptically
suspended in 25m1 70% ethanol for 30 minutes to wet the
microcarriers. The ethanol was removed by aspiration and the
microcarriers were then rinsed three times with PBS and re-suspended
25m1 of in Dulbecco's phosphate buffered saline (PBS).       [01031
Collagen coating. Wetted microcarriers (PBS) were pelletized by
centrifugation, the PBS removed by aspiration, and the microcarriers
were re-suspended in a 2.9% collagen solution (Vitrogen 1000,
Cohesion, Inc. Palo Alto, CA). The microcarriers were incubated in
collagen for 30 minutes. The residual collagen was removed by
aspiration and the collagen coated microparticles were washed three
times with PBS. Table 7. Microcarrier Quantities Used. Microcarrier
Milligrams No. cells Seeded PLGA (50/50) uncoated 260 3.50 x 106 PLGA
(50/50) coated 260 3.50 x 106 MGSA I uncoated 330 3.50 x 106 MGSA I
coated 330 3.50 x 106         [0104] Inoculation and Culture The
materials, cell type, growth media, spinner flask, inoculation and
culture conditions, media exchange, viability staining and cell
harvest methods used in Example 1 were used in this example.  Results
Table 7a. Cell Harvest. Microcarrier Total Cells Viability (%) PLGA
(50/50) uncoated 1.20 x 106 98.6 PLGA (50/50) coated 1.15 x 106 97.6
MGSA I uncoated 1.82 x 106 99.0 



MGSA I coated 2.39x 106 97.8        101051 Harvest Cell Re-Seed.
Cells harvested from the coated and uncoated MGSA and PLGA
microcarriers were re-seeded into T225 at approximately 5,000 cells
per cm sq. Four days after re-seeding the cells harvested from both
materials proliferated to over 50% confluence.       f0106] Expanded
human Umbilical Tissue-derived Cells (hUTCs) were seeded onto
collagen coated PLGA and MGSA microcarrier, cultured in spinner
flasks for five days, harvested by trypsinization, and re-seeded into
static cultures. The cells that were harvested from the synthetic
microcarriers were over 90% viable. The re-seed cells expanded in
static culture within four days demonstrating retention of their
proliferative capacity. This example demonstrates the ability of
synthetic biomaterials to be used as microcarriers for spinner flasks
culture. EXAMPLE 4       Growth of Expanded Human Umbilical
Tissue-derived Cells (hUTCs) on gelatin coated MGSA Microcarriers in
Spinner Flasks       [0107] The ability of hUTCs to attach to
microcarriers made of synthetic resorbable biomaterials with a
gelatin coating was investigated, including the ability to maintain
viability in spinner flask culture and to proliferate upon re-seeding
into static culture. Expanded hUTCs were seeded onto gelatin-coated
or uncoated poly(monostearoylglyceride co-succinic acid) (MGSA)
materials. Commercially produced Cytodex 3(r) microcarriers were also
used as a control in this example. The microcarriers with cells were
cultured in spinner flasks for five days, harvested by
trypsinization, and re-seeded into static cultures.  WO
2008/060541PCT/US2007/023846 Materials and Methods Table 8.
Microcarriers Microcarrier Manufacturer Process Method Avg. Size
(microns) MGSA III Ethicon (Somerville, NJ) Spinning Disk 104 Cytodex
3 Amersham Biosciences NA 175        [0108] Microcarrier Preparation.
See Example 1 for Cytodex 30 microcarrier preparation. See Example 2
for MGSA microcarrier wetting and preparation.       [0109] Gelatin
coating. Uncoated MGSA in PBS were centrifuged, the PBS removed by
aspiration, and re-suspended in 25ml of a 2% gelatin solution. The
microcarriers were incubated in gelatin for 30 minutes. The residual
gelatin solution was removed by aspiration and the gelatin-coated
microcarriers were washed three times with PBS and re-suspended in
25m1 PBS.       [0110] The day before inoculation, 775mg Cytodex 30
microcarrier beads were hydrated in 40m1 PBS for at least 3 hours and
autoclaved. On the day of inoculation, the PBS was removed by
aspiration and the Cytodex 30 was re-suspended in growth media for at
least 30 minutes prior to inoculation. Table 9a. Microcarrier
Quantities Used. Microcarrier Milligrams No. cells Seeded MGSA III
uncoated 330 5.00 x 106 MGSA III coated 330 5.00 x 106 Cytodex 3 775
9.00 x 106  



[0111] Inoculation and Culture. The microcarriers, cell type, growth
media, spinner flask, inoculation and culture conditions, media
exchange, viability staining and cell harvest methods used in Example
1 are used in this example with the following exceptions. The
inoculum speed/frequency was 30 rpm for 2 minutes every 30 minutes
for 8 hours. At eight hours media volume was increased to 100 ml for
the MGSA and 250m1 for the Cytodex 3(r) and the spinner speed was set
to 45-rpm continuous rotation and incubated at 37C.       [0112]
Media Exchange. After three days of culture the flasks were removed
from the stir plates and the microcarriers were allowed to settle.
Approximately half (50m1 and 125m1)  the media volume was removed by
aspiration and replaced with an equal volume of fresh growth media.
101131 This method was used for the MGSA materials with the following
exceptions; 50m1 conical tubes and 10 ml trypsin used.       [0114]
All harvested cells were centrifuged, re-suspended in growth media,
and cells were counted by using a Guava PCA instrument. Results Table
9b. Cell Harvest. Microcarrier Total Cells Viability (1/0) MGSA III
uncoated 9.71 x 106 89.8 MGSA III coated 1.05 x 106 83.3 Cytodex 3
4.50 x 10/ 98.6         [0115] Harvest Cell Re-Seed. Cells harvested
from the gelatin coated and uncoated MGSA materials were re-seeded
into T225 flasks at approximately 5,000 cells per cm sq. Four days
after re-seeding the harvested cells, the cells proliferated to over
50% confluence.        [0116] Expanded human Umbilical Tissue-derived
Cells (hUTCs) were seeded onto MGSA materials, with a gelatin protein
coating, cultured in spinner flasks for five days, harvested by
trypsinization, and re-seeded into static cultures. The cells that
were harvested from the synthetic microcarriers were over 80% viable.
The re-seeded cells expanded in static culture within four days
demonstrating retention of their proliferative capacity. This example
demonstrates the ability of gelatin-coated synthetic biomaterials to
be used as microcarriers for spinner flask culture. EXAMPLE 5
Feasibility of SoloHill Microcarrier-based hUTC cultures for cell
production and recovery        [0117] Growth of expanded hUTCs was
evaluated on microcarriers manufactured by SoloHill, Inc. SoloHill
Engineering, Inc. (Ann Arbor, MI). The microcarrier beads are sold by
SoloHill in their catalog, and will be referred to here as
collagen-coated (catalog no. C104-1521), HILLEX(r) II (catalog no.
H112-170), and pronectin-coated (ProNectin F, catalog no. PF104-
1521).        [0118] For hUTC production in serum-containing media,
collagen-coated, pronectincoated and uncoated HILLEX(r) II
microcarriers were evaluated for (1) cell attachment, (2) spreading,
(3) growth, (4) efficiency of cell dissociation and (5) cell
separation from - 28 -  microcarriers. Culture conditions were nearly
identical to those used to grow hUTCs in gelatin coated T-225 flasks
before seeding microcarrier cultures for experiments 1 through 5.
Manual whole cell and cell release nuclei counts were used to
calculate hUTC growth indices: cell number at culture initiation
(seeding density (Ni)), cell harvest at a specified lime point (Nh),
time in culture expressed in hours (t), population doubling level
(PDL), population doubling per 24 hours (r), and hours per population
doubling (PDT).        [0119] In these studies uniform cell
attachment to HILLEX(r) II and collagen-coated microcarriers occurred
within 1 hr and 4 hrs respectively. Pronectin-coated microcarriers
were eliminated from this example due to unsatisfactory attachment
results. Similar to hUTC grown in gelatin-coated T-225 tissue culture



Surface Area (cm2/2m) # microcarriers/gm HILLE>0) II 160-180 515 5.7x
105 Collagen-coated 124-212 360 4.6 x 105 Pronectin-coated 125-212
360 4.6 x 105         [0121] Spinner flask volume used for studies.
Rate was 225 cm /50mls and 675 CM2/150m1s as indicated in studies 1
through 5. [0122] Abbreviations. Ni= cell number at culture
initiation (seeding density) Nh= cell harvest at a specified time
point t = time in culture expressed in hours PDL= population doubling
level r=population doubling per 24 hrs PDT=hrs per population
doubling Microcarrier Preliminwy Ttypsinization Method       [0123]
The flasks were transferred from the incubator to the biological
safety hood allowing the HILLEX II(r) or collagen-coated
microcarriers allowed to settle by gravity. The media was removed
from the settled microcarriers. The cell-laden microcarriers were
thoroughly rinsed by adding DPBS at a rate of 2x -4x volume of the
bead pack to the vessel being careful not to douse the microcarriers
and dislodge the cells. The flask containing cell-laden microcarriers
were then washed at 40-55 rpm, room temperature, for 15 minutes. The
DPBS was removed and the wash step repeated. After removing the
second rinse of DPBS, trypsin (0.05%) was added at a rate of lx-2x
volume of microcarrier pack. The flask containing cell-laden
microcarriers was stirred at 40 rpm-55 rpm at room temperature for 15
minutes. The cells were removed from the microcarriers using
microscopic observation in a 50-100m1 pipette. The microcarriers were
moved up and down gently in the pipette to completely dislodge the
cells. The microcarriers were allowed to settle by gravity and the
cell containing supernatant was collected by pipette.        Process
Development Steps for Sampling a Microcarrier Culture; Taking samples
for testing and modiniing the Oypsinization protocol.       101241
The culture vessel was transferred from the incubator to the
biological safety hood placing the vessel on a stir plate set at
60rpm. With the culture in the stir mode, a 10m1 aliquot was obtained
with a 15 ml pipette extended through one side-arm of the vessel into
the mid-point of the culture and free of the impeller assembly. The
aliquot was transferred to a 15ml conical tube. (Note: for cells/ml,
the bead pack is part of the 10m1 volume removed from the culture.).
The microcarriers were allowed to settle by gravity and the media was
removed by pipette. The cell-laden microcarriers were rinsed twice
with 5m1 of DPBS. After removing the second rinse of DPBS, trypsin
(0.05%) was added at a rate of lx-2x volume of microcarrier pack and
allowed to set for 10 minutes. The microcarriers were gently pipetted
and dispensed repeatedly creating single cell suspension. The
microcarriers were allowed to settle by gravity and the cell
containing supernatant was collected by pipette, and the cells were
counted.       [0125] Nuclei release method. A 1 - 10 ml homogenous
microcarrier culture sample, taken with the impeller rotating at
50-60 rpm, was transferred to a tube then centrifuged 200g for 5 min
before the supernatant was discarded. (Note: HILLEX(r) II did not
require centrifugation). The pelleted microcarriers were suspended in
1ml 0.1M citric acid (dissolved in water for the hypotonic effect)
containing 0.1% w/v crystal violet. The contents of the tube were
mixed well with a vibromixer (1 min) and then incubated for 1 hr at
37C. Evaporation of the contents of the tube was avoided by using
either a humidified incubator or by sealing the tube with plastic
film. After incubation the contents of the tube were mixed again with
the vibromixer before the released stained nuclei were counted with a



0.44 2.5 x 105 Collagen-coated 0.63 2.9 x 10' Pronectin-coated 0.63
2.9 x 105  [0128] Constant culture conditions at *nitiation;  225cm2
total surface area per 50m1 media  3.0 x 106 cells/225cm2  pH 7.4
37C/ 5% CO2  CBAT serial hIJTC line 120304 Passage 8 RESULTS
[0129] Observations: HILLEX(r) II cultures showed uniform cell
distribution and single microcarriers confluent with cells both at
constant stirring and intermittent on/off cycle. Collagen-coated
microcarrier cultures showed uniform cell distribution and single
microcarriers confluent with cell with constant stirring.
Collagen-coated microcarrier intermittent cycle culture for the first
24 hours formed microcarriers aggregates, with cells growing around
the aggregates dramatically decreasing the cell counts.
Pronectin-coated microcarrier cultures were unsatisfactory using
these culture conditions in both groups.  WO
2008/060541PCT/US2007/023846 Table 12. Results of Cell Attachment on
Microcarriers  1 hr Constant 4 hrs 24 hrs 1 hr Intermittent 4 hrs 24
hrs Cell attachment H H H,C H H,PF,C H,PF,C Cell spreading  H H,C
H,C H,C 



No attachment PF PP PP PF   No spreading H,PF,C PF,C PP H,PF,C PP PP
Partial attachment C C  C   Uniform cell distribution H H H,C H H H
Microcarrier aggregation      C Cell aggregation   PP   PF  



Table 13. Results of Nuclei Counting After 74hrs. In Culture (1=
intermittent)  cm2 Ni Nh PDL r PDT Collagen-coated 225 3.00 x 106
1.66x 101 2.47 0.80 30  1 1.33 x 104 7.40 x 104    Collagen-coated i
225 3.00 x 106 6.00 x 106 1.0 0.32 74  1 1.33 x 104 2.70 x 104
HILLEX(r) II 225 3.00 x 106 1.24x 10/ 2.05 0.66 36 



1 1.33 x 104 5.50 x 104    HILLEX(r) Iii 225 3.00 x 106 1.26 x 101
2.06 0.67 35.8  1 1.33 x 104 5.50 x 104           101301 As a result
of this study, constant stirring for Collagen-coated and HILLEX(r) II
microcarrier culture initiation will be used. The intermittent
stirring cycle is not required for hUTC attachment and spreading in
serum-containing media.      101311 Study 2 Experimental Design. To
determine effects of seeding densities on the hUTC growth indices,
two microcarrier groups with 3 flasks per group were initiated. Each
of the 3 flasks within a group contained different seeding densities.
Cell release nuclei count was used as a quantitative assay at one
time point between days 3 and 4 in culture.  WO
2008/060541PCT/US2007/023846 Table 14. hUTC seeding density per
group: Group CM2 Flask 1 Flask 2 Flask 3 HILLEX9 II 675 4.5x 106 9.0x
106 1.4x 10'  1 6.7 x 103 1.3 x 104 2.0 x 104  



Cells/microcarrier 6 12 18 Collagen-coated 675 4.5 x 106 9.0 x 106
1.4 x 10'  1 6.7 x 103 1.3 x 104 2.0 x 104  Cells/microcarrier 5 10
16  Table 15. Metrics per 675 cm2 of microcarriers: Microcarrier , Wt
used (grams) I/ microcarriers (appox) HILLEk* II 1.32 7.5 x 105
Collagen-coated 1.89 8.7 x 105  [01321 Constant culture conditions at
initiation:  CHAT serial hUTC line 120304 Passage 9  constant
stirring at 55-60 rpm  675cm2 (3X 225cm2) surface area per 150m1
Hayflick media  37C/ 5% CO2  pH 7.4  time in culture  one cell
suspension pool for culture inoculation  Results of cell release
nuclei counts and cell growth indices after 88 hrs in culture Table
16a. Count #1  



Flask 1 HILLEX(r) II Flask 2 Flask 3 Flask 1 Collagen-coated Flask 2
Flask 3 Ni/675 cm2 4.5 x 106 9.0 x 106 1.4 x 10/ 4.5 x 106 9.0 x 106
1.4 x 10' Ni/cm2 6.7 x 103 1.3 x 104 2.0 x 104 6.7 x 103 1.3 x 104
2.0 x 104 N1V675 cm' 4.6 x 10' 6.2 x 10/ 7.6 x 107 2.5 x 10" 4.9 x
10' 4.7 x 101 Nh/cm2 6.8 x 104 9.1 x 104 1.1 x 105 3.8 x 104 7.3 x
104 6.9 x 104 PDL 3.35 2.78 2.5 2.51 2.45 1.79 



r 0.91 0.76 0.68 0.68 0.67 0.49 PDT 26 32 35 35 36 49   HILLEX(r) II
Collagen-coated Ni/225 cm' 3.0 x 106 3.0 x 106 Ni/cm2 1.3x 104 1.3x
104 Nh/225 cm2 1.0 x 10' 8.1 x 106 Nh/cm2 4.4 x 104 3.6 x 104 PDL 1.7
1.5 r 0.57 0.47 PDT 42.1 51.1 % viability 98 97  



Table 16b. Count #2  Flask 1 HILLEX(r) II Flask 2 Flask 3 Flask 1
Collagen-coated Flask 2 Flask 3 Ni1675 cm2 4.5 x 106 9.0 x 106 1.4 x
10' 4.5 x 106 9.0 x 106 1.4 x 10' Ni/cm2 6.7 x 103 1.3 x 104 2.0 x
104 6.7 x 103 1.3 x 104 2.0 x 104 NIV675 cm2 3.9 x 101 5.6 x 107 6.7
x 101 1.7 x 101 4.0 x 10' 4.7 x 10' Nh/cm2 5.7 x 104 8.3 x 104 1.0 x
105 2.4 x 104 6.0 x 104 6.9 x 104 PDL 3.1 2.64 2.3 1.9 



2.19 1.79 r 0.85 0.72 0.63 0.52 0.6 0.49 PDT 28 33 38 46 40 49
[0133] Study 3 Experimental Design. The purpose of this study was
threefold; 1) determine the growth rate of hUTCs on HILLEX(r) II and
collagen-coated microcarriers in culture for up to 96 hrs. At
designated time points contents of the flasks in the example were
prepared for cell nuclei release (CNR) counts. 2) Determine the
efficiency of the taypsinization process in removing single cells
from microcarriers and cell separation from microcarriers using a 74
micron mesh screen. Whole cell counts were used to measure results.
3) Results of whole cells counts and cell released nuclei counts were
compared. Eight flasks were prepared; four in each group (H and C).
Three flasks in each group were assayed by CNR at designated time
points. One flask in each group was trypsinized and the cell
suspension was filtered. Table 17. Variables: Groups em2 Wt used #
microcarriers impeller Phenol Red   (grams) (appox)   HILLEX(r) II
225 0.44 2.5 x 105 custom None Collagen-coated 225 0.64 2.9 x 105
BeIlco 



included  [0134] Cell suspension pool for seeding flasks  Cells
suspended in Hayflick media with phenol Red  Cells suspended in
Hayflick media without phenol Red [0135] Constant culture conditions
for initiation  CBAT serial hUTC line 120304 Passage 10  Constant
stirring at 55-60 RPM  225 cm2 surface area per 50 mls of completed
Hayflick media  37C15% CO2  pH 7.4  Time points d2, d3 and d4
(expressed in hours post initiation)  WO 2008/060541PCT1US20071023846
Table 18. Results of growth curve expressed in cell release nuclei
counts  47 hrs HILLEr II 73 hrs 95 hrs 47 hrs Collagen-coated 73 hrs
95 hrs Ni/225 cm2  3.0 x 106 3.0 x 106 3.0 x 106 3.0 x 106 3.0 x 106
Ni/cm2  1.3 x 104 1.3 x 104 1.3 x 104 1.3 x 104 1.3 x 104 Nh/225 cm2
1.4 x 10' 2.2 x 101 7.3 x 106 



1.7 x 107 1.5 x 10/ Nh/cm2  6.4 x 104 9.6 x 104 3.3 x 104 7.7 x 104
6.8 x 104 PDL  2.2 2.8 1.3 2.5 2.3 r  0.74 0.72 0.66 0.83 0.59 PDT
32.6 33.6 36.4 29.8 40.7  Note: insufficient cells to seed one
HILLEX(r) II flask. In the HILLEX(r) II group the first time point
(47hrs) was not assayed. Table 19. Results of trypsinization of
T-225cm2 cell control at 73 hrs in culture expressed in whole cell
counts  W/o Phenol Red W/ Phenol Red Ni/675 cm2 3.0 x 106 3.0 x 106
Ni/cm2 1.3 x 104 1.3 x 104 Nh/675 cm2 



8.2 x 106 1.1 x 10/ Nh/cm2 3.6 x 104 4.7 x 104 PDL 1.4 1.8 r 0.46
0.59 PDT 52.2 40.7        [0136] Study 4 Experimental Design.
Determine the efficiency of hUTC recovery following the
trypsinization process and whole cell separation of hUTC from
HILLEX(r) II and collagen-coated microcarriers. Four flasks were
prepared; two flasks per group (H and C). One flask from each group
trypsinized was assayed by whole cell counts; the second flask in
each group was assayed by cell nuclei release counts.  WO
20081060541PCT/US2007/023846 Table 20. Variables: Groups cm2 Wt used
# microcarriers impeller Phenol Red   (grams) (aPP0x)   HILLEX(r) II
675 1.32 7.5 x 105 custom None Collagen-coated 675 1.89 8.7 x 105
Bellco included 



[0137] Cell suspension pool for seeding flasks  Cells suspended in
Hayflick media with Phenol Red  Cells suspended in Hayflick media
without Phenol Red [0138] Time in Culture; HILLEX(r) II cultures 96
his, collagen 72 hrs [0139] Constant culture conditions for
initiation  CBAT serial hUTC line 120304 Passage 8  9.0 x 106 cells
per 675cm2  constant stirring @ 55-60 rpm  675cm2 per 150 mls
Hayflick media  37C/ 5% CO2  p117.4 Table 21. Results of whole cell
counts and cell release nuclei counts (NRC) from collagen at 72 hrs
Pre-filtration Post filtration (74 micron)  Whole cell NCR Whole cell
Recovery (/o) Ni/675 cm2 9.0 x 106    Ni/cm2 1.3 x 104    Nh/675 cm2
2.5 x 10' 2.2 x 10' 2.2 x 10' 88 Nh/cm2 3.7 x 104 3.2 x 104 3.2 x 104
PDL 1.47 



1.28   r 0.49 0.43   PDT 49 56    WO 2008/060541PCT/US2007/023846
Table 22. Results of whole cell counts and cell release nuclei counts
(NRC) from HILLEX(r) II at 96 hrs  Pre-filtration Post filtration (74
micron)  Whole cell NCR Whole cell Recovery (%) Ni/675 cm2 9.0 x 106
Ni/cm2 1.3 x 104    Nh/675 cm2 1.3 x 10/ 4.1 x 10/ 1.9 x 10/ 146
Nh/cm2 1.9 x 104 6.0 x 104 2.8 x 104 



PDL     r     PDT      Notes: at 96 hrs HILLEX(r) II CBAT cultures
were highly confluent as indicated by the high NRC counts. However,
following trypsinization there was much viscous material indicating a
massive dead cell population as indicated by the low whole cell
counts. Cells that escaped the viscous material were single cells
with a viability of 82%.        [0140] Study 5 Experimental Design.
The efficiency of CBAT trypsinization and whole cell separation from
collagen and HILLEX(r) II microcarriers will be evaluated. Eight
culture flasks were prepared; four identical flasks per group (H and
C). One flask from each of the two groups was trypsinized and cells
filtered through a 74 micron mesh filter; the second flask from each
group was assayed by cell release nuclei counts. Whole cell counts
and CRN counts were compared for consistency. Two time points were
evaluated. Cultures were seeded at the lower seeding density (6.66 x
103/cm2). Table 23. Variables: Groups CM2 Wt used # microcarriers
impeller   (grams) (appox)  HILLEX(r) II 225 0.44 2.5 x 105 custom
Collagen-coated 225 0.63 2.9 x 105 Bellco  [0141] Constant culture
conditions for ill:nation  CBAT serial hUTC line 120304 Passage 9 



one cell suspension pool for inoculation  constant stirring @ 55-60
rpm  WO 20081060541PCT/US2007/023846  225 cm2 per 50 mls Hayflick
medium with phenol red  37C/ 5% CO2  pH 7.4  time in culture; 69 and
92 his  150 x 104 cells per 225cm2 Table 24. Results of whole cell
counts and cell release nuclei counts (NRC) from collagen at 69 hrs
Pre-filtration Post filtration (74 micron)  Whole cell NCR Whole cell
Recovery (%) Ni/675 cm2 1.5 x 106    Ni/cm2 6.7 x 103    Nh/675 cm2
8.9 x 106 9.8 x 106 7.0 x 106 79 Nh/cm2 4.0 x 104 4.3 x 104 3.1 x 104
PDL 2.57 2.7   



r 0.89 0.94   PDT 27 26    Table 25. Results of whole cell counts and
cell release nuclei counts (NRC) from IIILLEX(r) II at 69 hrs
Pre-filtration Post filtration (74 micron)  Whole cell NCR Whole cell
Recovery (%) Ni/675 cm2 1.5 x 106    Ni/cm2 6.7 x 103    Nh/675 cm2
8.9 x 106 8.9 x 106 6.4 x 106 72 Nh/cm2 4.0 x 104 4.0 x 104 2.8 x 104
PDL 2.56 2.57 



r 0.89 0.89   PDT 27 27    Note: the 25ml post-filtration cell
suspension from the HILLEX(r) II culture was transferred to a T-225
flask. This culture represents all the cells from the HILLEX(r) II
culture at 69 hrs. The next day the cells were be trypsinized and
counted. The assumption was made that the viable cells will attach
and spread before replicating therefore, the cells rescued at 24 his
will equal the cells plated from the HILLEX(r) II culture.  WO
2008/060541PCTIUS2007/023846 Table 26. Results of the T-225 culture
at 24hrs seeded with the hUTC from the HILLEX(r) II culture  Whole
cell Nh/225 cm2 1.07 x 10' Nh/cm2 4.75 x 104  Table 27. Results of
whole cell counts and cell release nuclei counts A(NRC) at 92 hrs
Collagen-coated HILLEX(r) H T-225 control  Whole cell NRC NRC Whole
cell Ni/225 cm2 1.5 x 106  1.5 x 106 1.5 x 106 Ni/cm2 6.7 x 103  6.7
x 103 



6.7 x 103 Nh/225 cm2 1.2 x 10' 1.2 x 10' 1.4 x 10' 1.2 x 10' Nh/cm2
5.2 x 104 5.4 x 104 6.3 x 104 5.2 x 104 PDL 3.0 3.0 3.2 3.0 r 0.77
0.78 0.85 0.78 PDT 31.2 30.8 28.2 30.8         [0142] In these
studies, uniform cell attachment to HILLEX(r) II and collagen-coated
miccrocarriers occurred within 1hr and 4 hrs respectively. Pronectin
was eliminated from the example due to unsatisfactory attachment
results. Similar to hUTC grown in gelatin-coated T225 tissue culture
flasks, spreading occurred soon after cell attachment to 1-11LLEX(r)
IT and collagen-coated microcarriers. The measure of growth based on
Nh and PDT values was used to compare tissue cultures and
microcarrier cultures; cells grown in T-225 tissue culture flasks
were used to seed microcarrier culture experiments 1 through 5. For
cells grown in T-flasks, Nh values were within a range of 3.5 x
104/cm2 to 6.9 x 104/cm2 and PDT values were in the range of 26-36.
Using nearly identical cell culture conditions for the microcarrier
culture feasibility studies, Nh/PDT ranges were identical to cells
grown in 1-flasks. The two outliers appear to be associated with the
92Inst4 time point indicating, that perhaps cells were in the
stationary-death phase. Removal of cells from HILLEX(r) II,
collagen-coated microcarriers, and T-flasks resulted in robust,
single cell suspensions. These results were promising and required
for microcarrier culture scale-up of hUTCs. Separation of cells from
HILLEX(r) II and collagen-coated microcarriers yielded recovery rates
ranging from 72% to 146%.  EXAMPLE 6 Growth of Expanded Human
Umbilical Tissue-derived Cells (hUTCs) on Cytodex 3(r) Microcarriers
in Wave Bioreactor Systems       10143] Microcarriers used in
conjunction with aseptically closed systems can potentially produce
commercial quantities of expanded human umbilical tissue derived
cells (hUTCs). Aseptically closed systems reduce operator
manipulation required to expand and maintain commercial cell products
thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell
attachment as compared to cell culture flasks, thereby producing
higher cell yields.       101441 The current work provides initial
methods for the expansion of hUTCs on microcarriers in an aseptically
closed Wave Biotech, Inc. bioreactor system (Wave Biotech LLC,
Somerset, NJ). Using the below methods, hUTCs were initially seeded
onto Cytodex 3(r) microcarriers in a 250m1 spinner flask system and
cultured for five days. The microcarriers with attached cells were
then transferred into a Wave system containing additional media and
cell free microcarriers and cultured for seven days. The transfer or
passage of cells from the 250m1 spinner flask to the IL Wave system
was achieved without the use of trypsin. This eliminates an animal
derived product from the cell expansion process. The hUTCs achieved
3.02 population doubling in 12 days in the Wave system. At harvest,
the cells were evenly distributed on all microcarriers sampled.
MATERIALS AND METHODS [01451 Cells. hUTC line 120304 Passage 9
101461 Media. Dulbecco's Modified Eagles Media (DMEM)-low glucose,
15% fetal bovine serum (FBS), penicillin/streptomycin (P/S),
Betamercaptoethanol (BME) 250m1 SPINNER FLASK Culture       101471
Microcarriers. Cytodex 3(r) (GE Healthcare Life Sciences, cat. no,
17-0485) microcarrier beads were hydrated in PBS for at least 3 hours
and autoclaved.       [01481 Spinner Flasks. Spinner Flask with
Internal Overhead Bearing Impeller Assembly, 250m1 (Bellco, Inc.)
[0149] Inoculation and Culture. Cells at approximately 70% confluence



[0150] Microcarrier Transfer and Equipment Loading. Microcarriers
with attached cells were harvested from the 250m1 spinner flask and
re-suspended in 50m1 media. This solution was added to a 2L Wave
bioreactor bag (cat. no. CELLBAG2L/S-NU) containing 1L media and 2.4g
hydrated and autoclaved cell free Cytodex 3 microcarriers. The Wave
bag was loaded onto a Wave Biotech 2/10EH system. to the Wave bag was
inflated per manufacturers specs using 5% CO2-atmospheric. The
system's heating pad was set to 37C.      [01511 Inoculation Phase.
The 2/10EH system was set at a 2 angle and a rocking speed of 6 rpm
for approximately 16 hours (overnight).      101521 Expansion Phase.
The 2/10EH system was set at a 5 angle and a rocking speed of 10 rpm
for seven days.       101531 Viability Staining. A lml aliquot of
media and microcarriers were transferred to a 15m1 conical tube and
the microcarriers were allowed to separate by gravity. Media was
removed by aspiration, replaced with lml Live/Dead staining solution
(Molecular Probes cat no. L3224), and incubated for 15 minutes at
37C. After incubation, a 20 microliter aliquot of the cell suspension
was applied to a glass microscope slide and observed by fluorescent
microscopy. Live cells stain green and dead cells stain red.
Microscopic fields were manually analyzed to evaluate the
distribution of viable cells adhered to the microcarriers. At least
three microscopic fields were evaluated and the approximate
percentage of viable cells was counted.      101541 Cell Harvest.
Microcarriers were collected from the wave bag into four 250m1
conical tubes, washed three times in PBS, and combined into one 250m1
conical tube. Microcarriers were incubated with 25m1 typsin for 10
minutes at 37 C with agitation. Tubes were brought to 200 ml volume
with PBS and microcarriers were allowed to settle by gravity.
Supematant containing cells was collected by aspiration and
transferred to 250m1 conical tubes pre-filled with 10m1 of FBS
(yielding a 5% FBS solution to inactivate trypsin). This process was
repeated two times with all fractions combined. All harvested cells
were centrifuged, resuspended in serum containing growth media, and
cells were counted by using a Guava(r) PCA instrument.  Table 28.
Results:  WO 2008/060541PCT1US20071023846 Passage Seeded Yield Days
Expansion Doubling Hours/Doubling   9.00x106 0 1   9 9.00x106
7.29x107 12 8.1 3.02 95.43        [0155] The transfer of cells from
the 250m1 spinner flask to the Wave system was achieved without the
use of trypsin. This eliminates an animal derived product from the
cell expansion process. The hUTCs achieved 3.02 population doubling
in 12 days in the Wave system. At harvest, the cells were evenly
distributed on all microcarriers sampled. This method demonstrates
the ability of expanded human umbilical tissue-derived cells to be
seeded, expanded, and harvested from microcarriers cultured in Wave
Biotech bioreactor systems. EXAMPLE 7 Growth of Expanded Human
Umbilical Tissue-derived Cells (hUTC) on Cytodex 3(r) Microcarriers
in a Three Liter Bioreactor Systems       [0156] Microcarriers used
in conjunction with aseptically closed systems can potentially
produce commercial quantities of expanded human umbilical
tissue-derived cells (hUTC). Aseptically closed systems reduce
operator manipulation required to expand and maintain commercial cell
products thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell
attachment as compared to cell culture flasks, thereby producing
higher cell yields.       [0157] The current work provides initial



[0160] Microcarriers. Cytodex 3(r) (GE Healthcare Life Sciences, cat.
no, 17-0485) microcarrier beads were hydrated in PBS for at least 3
hours and autoclaved.       [0161] Spinner Flasks. Spinner Flask with
Internal Overhead Bearing Impeller Assembly, 250m1 (Belleo, Inc.)
[0162] Inoculation and Culture. Cells at approximately 70% confluence
were harvested from 1225 flask by trypsin and 9.0E+06 cell aliquots
were added to 660mg of microcarrier beads in 250 ml impeller spinner
flask containing 80 ml media. Flasks were flushed with 5% CO2 gas for
1 minute prior to incubation. The inoculum speed-frequency was 30 rpm
for 2 minutes every 30 minutes for 8 hours. At eight hours, media
Volume was increased to 250 ml and the spinner speed was set to
45-rpm continuous rotation and incubated at 37C. BIOREACTOR
[0163] Equipment. A three liter closed bioreactor system with
impeller agitation was used. The system parameters (pH, oxygen
tension, temp, impeller rpm) were controlled with a BioStat B-DCU (B.
Braun International).       [0164] .Pre-bioreactor harvest
Microcarriers with attached cells were harvested from the 250m1
spinner flask and re-suspended in 30m1 media. A 5m1 aliquot of the
suspension (containing approximately 100mg or 1/6 of the total
microcarriers) was removed. The cells from this aliquot were
harvested using methods listed below.       [0165] Microcarrier
Transfer- 250,n1 to IL. The remaining 500mg of microcarriers with
attached cells harvested from the 250m1 spinner flask were
re-suspended in 50m1 media. This solution was added to a 2L Wave
bioreactor bag (cat. no. CELLBAG2L/S-NU) containing IL media and 2.6g
hydrated and autoclaved cell-free Cytodex 3(r) microcarriers. The
Wave bag was then sterile welded onto an inlet port to the bioreactor
and the contents transferred by gravity drain. The impeller was then
initiated and maintained at 45 rpm.  WO 2008/060541PCT/US2007/023846
[0166] Microcarrier Transfer- IL to 3L. The wave bag methods listed
above were used with the wave bag containing 2L media and 6 grams of
empty microcarriers.       [0167] Sampling. A 1ml aliquot of media
and microcarriers were transferred to a 15m1 conical tube and the
microcarriers were allowed to separate by gravity. Media was
aspirated and replaced with lml Live/Dead staining solution
(Molecular Probes cat no. L3224) and incubated for 15 minutes at 37
C. After incubation, a 20microliter aliquot of the cell suspension
was applied to a glass microscope slide and observed by fluorescent
microscopy. Live cells stain green and dead cells stain red.
Microscopic fields were manually analyzed to evaluate the
distribution of viable cells adhered to the microcarriers. At least
three microscopic fields were evaluated and the approximate
percentage of viable cells was counted.        [0168] Glucose Assay.
Samples of media were obtained from the culture and assayed for
glucose and lactate content.       [0169] Harvest A 5L Labtainer
BioProcess Container (Hyclone, cat. no. SH30640.01) was sterile
welded onto an outlet port attached to the bioreactor. The container
was positioned below the bioreactor and the contents were transferred
by gravity drain. The contents of the container were then aseptically
transferred into (3) 750cm2 roller bottles (Coming LifeSciences,
Coming, NY). Cell adherent microcarriers were washed with PBS and
combined into a single roller bottle. Microcarriers were incubated
with 100 ml trypsin for 10 minutes at 37 C with agitation. Tubes were
brought to IL volume with PBS and microcarriers were allowed to
settle by gravity. Supernatant containing cells was collected by



EXAMPLE 8 Expansion of hUTC in reduced fetal bovine serum growth
medium       [0175] The goal of this study was to compare the growth
kinetics and cell surface markers of continuously cultured expanded
human umbilical tissue derived cells (hUTC) in standard growth
medium, which contains 15% fetal bovine serum (FBS), or a reduced
serum growth medium, containing 7.5% FBS. Production of hUTC cell
therapy products in reduced serum media will increase product safety
by decreasing the use of animal derived products. The use of reduced
serum media will also reduce production costs and reduce foaming
potential in gas-sparged bioreactors.       [0176] Data generated in
microplate format proliferation assays of hUTC in standard growth
media and reduced serum media indicated that hUTC actively
proliferated in reduced serum media. As a result of these
proliferation data, the growth kinetics and surface protein
expression phenotype of hUTC were assessed over multiple passages in
tissue culture flask conditions. Cryopreserved hUTC isolate 120304
was thawed and used to immediately inoculate T75 flasks containing
standard or reduced serum media and were continuously cultured over
multiple passages. The cell surface protein expression of the
harvested cells from each media was analyzed by flow cytometty.
Additionally, cryopreserved hUTC isolate 120304 was thawed and used
to immediately inoculate spinner flasks containing HILLEX(r)11
microcarriers containing standard or reduced serum media and were
continuously cultured over multiple passages.        [0177j
Cryopreserved hUTC isolate 120304 was thawed and expanded in
replicate 175 flasks with reduced serum growth media for eleven
passages. The hours per population doubling for each replicate T75
flask was consistent from passage to passage, indicating stable
logarithmic growth. Statistical analysis by one-way ANOVA of all
hours per population doubling data points show no significant
difference in hUTC growth kinetics for all data points (p=0.821), as
compared to the standard growth medium control. The cell surface
protein expression of hUTC expanded in reduced serum media was
consistent with hUTCs expanded in standard growth media.       [0178]
Additionally, cryopresetved hUTC isolate 120304 was thawed and
expanded on HilIlex II microcarrier containing spinner flasks with
reduced serum growth media for three passages. The hours per
population doubling for each spinner flask was consistent from
passage to passage, indicating stable logarithmic growth. Statistical
analysis by two-sample 1-test of the average hours per population
doubling show no significant difference the hUTC growth kinetics
between the two medias tested. (p = 0.424).       [0179] These data
demonstrated the ability of hUTC to be expanded in static T flask or
microcarrier culture systems with reduce serum media over multiple
passages in a stable, consistent manner, while maintaining the
phenotypic cell surface protein expression. The goal of this study
was to compare the growth kinetics and cell surface markers of
continuously cultured expanded human umbilical tissue derived cells
(hUTC) in standard growth medium, which contains 15% fetal bovine
serum (PBS) and a reduced serum growth medium containing 7.5% PBS.
Production of hUTC cell therapy products in a reduced serum medium
will increase product safety by decreasing the use of animal derived
products. Additionally, the use of a reduced serum medium will
increase production efficiency by lowering the cost of materials and
reducing foam potential during culture in gas-sparged bioreactors.



[0195] Inoculation and Culture in 100 ml Spinner Flasks.
Cryopreserved vials of hUTC were thawed, washed and resuspended in
growth media. 3.1E-F06 hUTC were added to 1.2 g of HILLEX11. (5.0 X
103 cells per cm2) in a 100 ml spinner flask, containing 100 ml media
and placed on a spinner plate set to 60 rnm, continuous rotation.
Spinner flasks on spinner plates were placed in 5% CO2, 37C tissue
culture incubators and incubated for three to four days.       10196]
Passage of 100 ml Spinner Flask Culture to 500 ml Spinner Flask
Culture. A 100 ml spinner flask was removed from its spinner plate
and the microcarriers were allowed to settle. The supematant medium
was removed by aspiration and the remaining microcarrier pack with
adherent cells was resuspended in 20 ml fresh growth medium. The
microcarriers with adherent cells were then aseptically transferred
by pipette to a 500 ml spinner flask containing 480 ml fresh growth
medium and 4.8g HILLEX(r)II microcarriers (6 g final microcarrier
content or  12 g/L final microcarrier concentration). The spinner
flask was then placed on a spinner plate set to 60 rpm, continuous
rotation. Spinner flasks on spinner plates were placed in 5% CO2, 37C
tissue culture incubators and incubated for three to four days.
[0197] Passage of One SOO ml Spinner Flask Culture to Five 500 ml
Spinner Flask Cultures. A 500 ml spinner flask was removed from its
spinner plate and the microcarriers were allowed to settle. The
supematant medium was removed by aspiration and the remaining
microcarrier pack with adherent cells was resuspended in 50 ml fresh
growth media. A 10 ml aliquot of the microcarriers with adherent
cells was then aseptically transferred by pipette to five separate
500 ml spinner flasks, each containing 490 ml fresh growth medium and
4.8 g 111LLEX@II microcarriers (6 g final microcarrier content or 12
g/L final microcarrier concentration). The spinner flasks were then
placed on a spinner plate set to 60 rpm, continuous rotation. Spinner
flasks on spinner plates were placed in 5% CO2, 37C tissue culture
incubators and incubated for three to four days.       [0198] Harvest
of Cells Adherent to .FHLLEX(r)JiMicrocarriers. A spinner flask was
removed from its spinner plate and the microcaniers with adherent
cells were allowed to settle by gravity. The supernatant medium was
aseptically aspirated. A volume of PBS equal to the working volume of
the spinner flask was added to the spinner flask ind the
microcarriers were allowed to settle by gravity. Upon settling of the
microcarriers, the PBS was aseptically aspirated and a volume of
TrypLETn Select equal to 1/5th the working volume was added to the
spinner flask. The spinner flask was then incubated on spinner plate
for 10 minutes at 60 rpm, continuous rotation. The spinner flask was
removed from its spinner plate and the microcarriers were allowed to
settle by gravity. Using a 25 ml serological pipette, the
microcarrier/TrypLEIN Select solution was agitated by pipetting up
and down -10 times to dissociate residual adherent cells from the
microcarriers. The cell-containing supematant was collected by
repeated pipetting and transfers to multiple conical tubes fitted
with 100 m cell strainers. The tubes were filled with 5 ml PBS prior
to collection cell suspensions. After collecting the cell suspension,
the tubes were centrifuged for 5 minutes at 300 rcf, the supematant
decanted, and the cells re-suspended in growth medium.       10199]
Viability Staining. A 1 ml aliquot of medium and microcarriers were
transferred to a 15 ml conical tube, were the microcarriers were
allowed to settle by gravity. Medium was removed by aseptic



Passage Seeded Yield Expansion Doubling Total Doublings Time (Days)
Hours/Doubling 0  3.75E+05 1.00     1 3.75E+05 4.54E+06 12.11 3.60
3.60 3.00 20.01 2 3.75E+05 3.49E+06 9.31 3.22 6.82 4.00 29.63 3
3.75E+05 1.68E+06 4.48 2.16 8.98 3.00 33.28 4 3.75E+0S 2.07E+06 



5.51 2.46 11.44 4.00 38.97 5 3,75E+05 1.95E+06 5.21 2.38 13.82 3.00
30.23 6 3.75E+05 2.84E+06 7.57 2.92 16.75 4.00 32.87 7 3.75E+65
1.42E+06 3.79 1.92 18.67 3.00 37.48 8 3.75E+05 1.44E+06 3.84 1.94
20.61 4.00 49.46 9 3.75E+05 1.91E+06 5.09 2.35 22.96 



4.00 40.88 10 3.75E+05 1.05E+06 2.80 1.49 24.44 4.00 64.63 11
3.75E+05 1.77E+06 4.72 2.24 26.68 3.00 32.16
W02008/060541PCT/US2007/023846 Tab e 33. Continuous culture of hUTC
isolate 120304 on T75 (flask 2) in Advanced DMEM/F12 + 4.0mM Glu
aMAX(r)+ 7.5% PBS. Advanced DMEM/F12 + 4 00 mM GlutaMAX + 7.5% FES-
Flask 2 Passage Seeded Yield Expansion Doubling Total Daubrings lime
(Days) Hours/Doubling o  3.75E+05 1.00     1 3.75E+05 3.87E+06 10.32
3.37 



3.37 3.00 21.36 2 3.75E+05 3.62E+06 9.65 3.27 6.64 4.00 29.35 3
3.75E+05 2.01E+06 5.36 2.42 9.06 3.00 29.72 4 3.75E+05 2.21E+06 5.89
2.56 11.62 4.00 37.52 s 3.75E+05 2.04E+06 5.43 2.44 14.08 3.00 29.50
6 3,75E+05 2.21E+06 5.89 2.56 16.62 4.00 37.51 



7 3.75E+05 2.17E+06 5.79 2.53 19.15 3.00 28.43 8 3.75E+05 3.09E+06
6.24 3.04 22.19 4.00 31.55 9 3.75E+05 2.39E+06 6.37 2.67 24.87 4.00
35.93 10 3.75E+05 1.71E+06 4.58 2.19 27.06 4.00 43.85 11 3.75E+05
7.57E+05 2.02 1.01 28.07 3.00 71.05  Table 34. Continuous culture of
hUTC isolate 120304 on 175 (flask 3) in Advanced DMEM/F12 + 4.0mM
GlutaMAX(r) + 7.5% PBS Advanced DMEMIF12 + 4.00 mM GlutaMAX + 7.5%
FBS- Flask 3 



Passage Seeded Yield Expansion Doubling Total Doublings Time (Days)
Hours/Doubling o  3.75E+05 1.00     1 3.75E+05 4.08E+06 10.88 3.44
3.44 3.00 20.91 2 3.75E+05 3.54E+05 9.44 3.24 8.68 4.00 29.64 3
3.75E+05 2.375+06 6.32 2.60 9.34 3.00 27.07 4 3.75E+05 2.10E+06 



5.60 2.48 11.83 4.00 38.64 5 3.75E+05 2.45E+08 6.53 2.71 14.53 3.00
28.60 6 3.75E+05 3.84E+05 10.24 3.36 17.89 4.00 28.60 7 3.75E+05
2.83E+06 7.55 2.92 20.81 3.00 24.69 8 3.75E+05 3.22E+06 8.59 3.10
23.91 4,00 30.95 9 3.75E+05 1.84E+06 4.91 2.29 26.20 



4.00 41.83 10 3.75E+05 1.95E+06 5.20 2.38 28.56 4.00 40.36 11
3.75E+05 1.03E+06 2.75 1.46 30.04 3.00 49.39  Table 35. Continuous
culture of bUTC isolate 120304 on T75 (flask 1) in growth media
Growth Media. Flask 1 Passage Seeded Yield Expansion Doubling Total
Doublings Time (Days) Hours/Doubling 0  3.75E+05 1.00     1 3.75E+05
3,12E+06 8.32 3.05 3.06 



3.00 23.56 2 3.75E+05 4.72E+08 12.59 3.65 6.71 4.00 26.27 3 3.75E+05
1.87E+06 4.99 2.32 9.03 3.00 31.06 4 3.75E+05 2.66E+06 7.09 2.83
11,85 4.00 33.97 5 3.75E+05 1.84E+06 4.89 2.29 14.15 3.00 31.43 6
3.75E+05 4.23E+0E1 11.28 3.50 17.64 4.00 27.46 7 



3.75E+05 1.55E+06 4.13 2.05 19.69 3.00 35.17 8 3.75E+05 1.97E+06 5.25
2.39 22.08 4.00 40.11 9 3.75E+05 2.20E+06 5.87 2.55 24.63 4.00 37.81
10 3.75E+05 2.04E+06 5.44 2.44 27.08 4.00 39.29 11 3.75E+05 1.69E+06
4.51 2.17 29.25 3.00 33.15  WO 2008/060541PCT/US2007/023846 Table 36.
Continuous culture of h UTC isolate 120304 on 1-75 (flask 2) in
growth media Growth Media- Flask 2 



Passage Seeded Yield Expansion Doubling Total Doublings Time (Days)
Hours/Doubling 0  3.75E+05 1.e0     1 3.75E+05 4.27E+08 11.39 3.51
3.51 3.00 20.52 2 3.75E+05 3.60E+06 9.60 3.26 6.77 4.00 29.42 3
3.75E+05 2.88E+08 7.643 2.94 9.71 3.00 24.48 4 3.75E+05 188E+06 



7.57 2.94 12.65 4.00 32.66 5 3.75E+05 1.95E+06 5.21 2.38 15.03 3.00
30.24 6 3.75E+05 3.65E+06 9.73 3.28 18.32 4.00 29.24 7 3.75E+05
1.45E+06 3.87 1.95 20.27 3.00 36.90 8 3.75E+05 1.71E406 4.56 2.19
22.46 4.00 43.85 9 3.75E+05 1.91E+06 5.09 2.35 24.81 



4.00 40.88 10 3.75E+05 2.90E+06 7.73 2.95 27.76 4.00 32.53 11
3.75E+05 9.67E+05 2.58 1.37 29.12 3.00 52.68  Table 37. Continuous
culture of hUTC isolate 120304 on T75 (flask 2) in growth media
Growth Media- Flask 3 Passage Seeded Yield Expansion Doubting Total
Doubtings Time (Days) Hours/Doubling 0  3.75E+05 1.00     1 3.75E+05
3.61E+06 9.63 3.27 3.27 



3.00 22.04 2 3.75E+05 3.24E+06 8.64 3.11 6.38 4.00 30.86 3 3.75E+05
192E+06 7.79 2.96 9.34 3.00 24.32 4 3.75E+05 2.64E+06 7.05 2.82 12.16
4.00 34.07 $ 3.75E+05 1.67E+06 4.45 2.15 14.31 3.00 33.45 6 3.75E+05
4.58E+06 12.21 3.61 17.92 4.00 26.59 7 



3.75E+05 8.95E+05 2.39 1.25 19.17 3.00 57.37 8 3.75E+05 2.165+06 576
2.53 21.70 4.00 38.00 9 3.75E+05 1.93E+08 5.15 2.36 24.06 4.00 40.62
10 3.75E+05 3.85E+06 10.27 3.36 27.42 4.00 28.57 11 3.75E+05 7.07E+05
1.69 0.91 28.34 3.00 78.70  Table 38. Continuous culture of hTJTC
isolate 120304 in spinner flasks in Advanced DMEM/F12 + 4.0mM G
utaMAX(r) +7.5% PBS Advanced DMEM/F12 + 4 00 mM GlulaMAX  7.5% PBS in
spinner flask cult r Passage 



Seeded Yield Expansion Doubling Total Doublings Time (Days)
Hours/Doubling 0  1.91E+06 1.00      1.91E+06 7.70E+06 4.03 2.01 2.01
3.03 35.80 2 7.70E+06 8.59E+07 11.15 3.48 5.49 4.00 27.59 3 1.72E+07
1.02E+08 5.91 2,56 8.05 4.00 37.45  Table 39. Continuous culture of
hUTC isolate 120304 in spinner flasks in growth media Growth Media in
spinner flask culture Passage 



Seeded Yield Expansion Doubling Total Doublings Time (Days)
Hours/Doubling D  1.98E+06 1.00     1 1.98E+06 5.825+013 2.94 1.56
1.56 3.00 46.29 2 5.82E+06 5.10E+07 8.76 3.13 4.69 4.00 30.66 3
1.02E+07 5.76E+07 5.65 2.50 7.19 4.00 38.43  Table 40. Comparison of
cell surface proteins expression by hUTC expanded in Advanced
DMEM/F12 + 4.0mM GlutaMAX(r) + 7.5% PBS or growth media. Cell Surface
Marker 



Growth Media Advanced DMEM/F12 CD10 ( + ) ( + ) CD13 ( + ) 1+) CD31 (
- ) ( - ) CD34 ( - ) ( - ) CD44 ( + ) ( + ) CD45 ( - ) ( - ) CD73 1 +
) ( + ) C090 ( + ) ( + ) CD117 ( - ) ( - ) C0140 ( - ) ( - )
HLA-A,B.0 ( + ) ( + ) FILA-DQ.DP,DR ( - ) ( - )         [0202]
Cryopreserved hUTC isolate 120304 was thawed and expanded in
replicate T75 flasks with reduced serum growth media for eleven
passages. The hours per population doubling for each replicate T75
flask was consistent from passage to passage, indicating stable
logarithmic growth. Statistical analysis by one-way ANOA of all hours
per population doubling data points show no significant difference in
hUTC growth kinetics for all data points (p=0.821). The cell surface
protein expression of hUTC expanded in reduced serum media was
consistent with hUTCs expanded in standard growth media.       [0203]
Also, cryopreserved hUTC isolate 120304 was thawed and expanded on
Hillex II microcarrier containing spinner flasks with reduced serum
growth media for three passages. The hours per population doubling
for each spinner flask was consistent from passage to passage,
indicating stable logarithmic growth. Statistical analysis by
two-sample T-test of the average hours per population doubling show
no significant difference the hUTC growth kinetics between the two
medias tested. (p=0.424). 



. [0204] This data demonstrated the ability of hUTC to be expanded in
static T flask or microcarrier culture systems with reduced serum
media over multiple passages in a stable, consistent manner and
maintain its phenotypic cell surface protein expression. EXAMPLE 9
Expansion of hUTC on HILLEX3II Microcarriers in a 3L Bioreactor
[0205] The goal of this study was to expanded human umbilical tissue
derived cells (hUTC) adherent to HILLEX(r)11 microcarriers in a bench
scale bioreactor over multiple population doublings. The ability to
expand hUTC on HILLEX11 over multiple population doublings in a
bench scale bioreactor will serve a model bioprocessing system to be
scale-up for large-scale production of hUTC for cell therapy
applications. hUTC isolate CNTO 2476 expanded to approximately 70%
confluence on HILLEX(r)II microcarriers in a 500m1 spinner flask were
used to inoculate a 3L bioreactor containing additional media and
HILLEX(r)II microcarriers. The cells were cultured in the bioreactor
for five days with aliquots taken to calculate a mid-run cell counts.
[0206] The hUTC achieved approximately six population doubling in
five days. The hours per population doubling was indicative of stable
logarithmic growth. The pH of the system was successfully maintained
at 7.0 by a CO2 air overlay and without sparging. The DO of the
system was successfully maintained at 40% by oxygen air overlay and
without sparging.       [0207] This data demonstrates the ability of
hUTC to be expanded on HILLEX(r) IT in a bench scale bioreactor. This
model bioprocessing system can be scale-up for large-scale production
of hUTC for cell therapy application.        [0208] The goal of this
study was to expanded human umbilical tissue derived cells (hUTC)
adherent to HILLEX(r) E microcarriers in a bench scale bioreactor
over multiple population doublings. The ability to expand hUTC on
HILLEX(r)II over multiple population doublings in a bench scale
bioreactor will serve a model bioprocessing system to be scale-up for
large-scale production of hUTC for cell therapy applications. hUTC
isolate CNTO 2476 expanded to approximately 70% confluence on
HILLEX(r)ll microcarriers in a 500m1 spinner flask were used to
inoculate a 31., bioreactor containing additional media and
HILLEX(r)II microcarriers. The cells were cultured in the bioreactor
for five days with aliquots taken to calculate a mid-run cell counts.
MATERIALS AND METHODS       [0209] Cells. Cryopreserved expanded
human umbilical cord tissue cells (hUTC) isolate CNTO 2476 lot
25126078 PD 7 used.       [0210] Growth Media. Dulbecco's Modified
Eagles Media (DMEM)-low glucose without phenol red (Gibco- Grand
Island, NY), 15% fetal bovine serum (FBS) (HyClone- Logan UT), 4.0mM
GlutaMAX(r) (Gibco- Grand Island, NY).       [0211] Harvest Reagent.
lx TrypLETh Select (Gibco- Grand Island, NY), 10x TrypLr Select
(Gibco- Grand Island, NY).       [0212] Microcarriers. HILLEX(r)II
(SoloHill Inc.- Ann Arbor, MI) microcarriers were hydrated in DI
water for at least 30 minutes autoclaved. HILLEX(r)ll microcarriers
were used at a concentration of 12g/L.       [0213] Bioreactor. 3L
jacketed bioreactor (Applikon, Inc., Foster City, CA) with a BDCU
controller (Sartorius BBL Bethlehem, PA),         [02141 Bioreactor
Inoculation. 6g of microcarriers with attached cells at approximately
70% confluence yielded from a 500m1 spinner flask were aseptically
transferred to a 3L bioreactor containing 30g =LEX(r) II and
approximately 2L growth media. Additional growth media was then added
to bring the final volume to 3L.       [0215] Bioreactor Settings.
The bioreactor impeller was set to 85-100 RPM. The pH set point was



3.22 3.22 3.00 22.33 mid-run sample 7.47E+07 2.88E+08 1.94 5.17 1.00
12.34 harvest 2.88E+08 6.15E+08 1.10 6.27 1.00 21.89         [0218]
hUTC isolate CNTO 2476 adherent at 70% confluence to 6g of HILLEXell
were used to inoculate a 3L bioreactor. The pH of the system was
successfully maintained at 7.0 by a CO2 air overlay and without
sparging. The DO of the system was successfully maintained at 40% by
oxygen air overlay and without sparging. The hUTC achieved
approximately six population doubling in five days. The hours per
population doubling was indicative of stable logarithmic growth. This
data demonstrates the ability of hUTC to be expanded on HILLEXsII in
a bench scale bioreactor. This model bioprocessing system can be
scale-up for large-scale production of hUTC for cell therapy
application. EXAMPLE 10 Expansion of hUTC on H171.,EX611
Microcarriers at Concentrations of 12-24 Grams/Liter        102191
The goal of this study was to continuously culture expanded human
umbilical tissue derived cells (hUTC) adherent to HILLEXelI
microcarriers at multiple microcarrier concentrations in spinner
flasks. The ability to expand hUTC on microcarriers at various
microcarrier concentrations will provide greater flexibility and
options for large-scale production of hUTC for cell therapy
applications. Cryopreserved hUTC isolate 120304 was thawed and used
to immediately inoculate spinner flasks containing HILLEX II
rnicrocarriers at concentrations of 12, 16, 20, or 24g/1. and were
continuously cultured over multiple passages.       [0220] hUTC
isolate 120304 cryopreserved at population doubling 12.8 was able to
be thawed, and expanded on HILLEX(r)II microcarriers for seven
passages. The hours per population doubling was for each microcarrier
concentration was consistent from passage to passage, indicating
stable logarithmic growth. Statistical analysis by one-way ANOA of
all hours per population doubling data points show no significant
difference the hUTC growth kinetics for all conditions tested.
(p=0.277). This data demonstrated the ability of hUTC to be expanded
over seven passages on microcaniers in a stable, consistent manner.
[0221] The goal of this study was to continuously culture expanded
human umbilical tissue derived cells (hUTC) adherent to HILLEX(r)II,
microcarriers at multiple microcarrier concentrations in spinner
flasks. The ability to expand hUTC on microcarriers at various - 59 -
microcarrier concentrations will provide greater flexibility and
options for large-scale production of hUTC for cell therapy
applications. Cryopreserved hUTC isolate 120304 was thawed and used
to immediately inoculate spinner flasks containing BILLEX(r)II
microcarriers at concentrations of 12, 16, 20, or 24g/L and were
continuously cultured over multiple passages. MATERIALS AND METHODS
[0222] Cells. Cryopreserved expanded human umbilical cord tissue
cells (hUTC) isolate 12034 population doubling (PD) 12.       [0223]
Growth Media. Dulbecco's Modified Eagles Media (DMEEM)-low glucose
(Gibco- Grand Island, NY), 15% fetal bovine serum (FBS) (HyClone-
Logan UT), penicillin/streptomycin (P/S) (Gibco- Grand Island, NY),
Betamercaptoethanol (BME) (Sigma-St. Louis, MO),        [0224]
Microcarriers HILLEX(r)II microcarriers were hydrated in DI water for
at least 30 minutes autoclaved. HILLEX(r)II microcarriers were used
at a concentration of 12, 16, 20, and 24g/L. (1g HILLEX(r) II =
5I5cm2 surface area).       [0225] Spinner Flask. 100m1 and 500m1
single-use, disposable spinner flasks (Coming, Inc.- Coming, NY) were
used.       [02261 Inoculation and Culture in 100m1 Spinner Flask



PBS, the microcarriers allowed to gravity separate, and the PBS
supernatant removed by aspiration. The microcarriers were incubated
for ten minutes at 37C in TrypLE111 select. After incubation, 5ml of
PBS is added and the microcarriers are allowed to gravity separate.
The cell containing supematant is collect by repeated pipetting and
transfer to multiple conical tubes pre-loaded with lml FBS. The tubes
were centrifuged for 5 minutes at 300ref, the supernatant decanted,
the cells re-suspended in growth media, and an aliquot is used
determine cell count using a Guava(r) PCA instrument (Guava
Technologies, Haywood, CA). RESULTS Table 42. Continuous culture of
hUTC isolate 120304 on 12g/L HILLEX(r)/./ microcarriers. 12 oiL
Hillex II Passage Seeded Yield Doubling Total DoublIngs Time (Days)
Hours/Doubling 1  5.15E+06  12.00    1.03E+06 1.78E+07 4.11 16.11
4.00 23.37 3 3.55E+06 2.23E+07 2.65 18.76 3.00 27.19 4 4.45E+06
2.95E+07 2.73 21.48 4.00 35.18 5 5.90E+06 1.53E+07 1.37 



22.86 3.00 52.37  3.06E+06 1.30E+07 2.09 24.95 4.00 46.00 7 1.23E+07
3.46E+07 1.49 26.44 3.00 48.25  Table 43. Continuous culture of hUTC
isolate 120304 on 16g/L IIJLLEX(r)Ilmicrocarriers. 16g/L Hillex 11
Passage Seeded Yield Doubling Total DubHogs Time (Days)
Hours/Doubling 1  4.05E+06  12.00   2 8.10E+05 7.80E+06 3.27 15.27
4.00 29.38 3 1.56E+06 



8.74E+06 2.49 17.75 3.00 28.97 4 1.75E+06 1.93E+07 3.47 21.22 4.00
27.70 5 3.86E+06 1.85E+07 2.26 23.48 3.00 31.85 6 3.70E+06 1.54E+07
2.06 25.54 4.00 46.66 7 1.46E+07 4.70E+07 1.69 27.22 3.00 42.69
Table 44. Continuous culture of hUTC isolate 120304 on 20g/L BULKY)
.11 microcarriers 200/L Hillex II Passage Seeded Yield Doubling Total
Doublings Time (Days) Hours/Doubling 



1  4.39E+06  12.00   2 8.78E+05 1.23E+07 3.81 15.81 4.00 25.18 3
2.47E+06 1.19E+07 2.27 18.08 3.00 31.72 4 2.38E+06 1.78E+07 2.90
20.99 4.00 33.05 5 3.56E+06 1.66E+07 2.22 23.21 3.00 32.41 6 3.32E+06
2.04E+07 2.62 25.83 4.00 36.65 7 



1.94E+06 3.86E+07 4.31 30.14 3.00 16.69  WO
2008/060541PCT/US2007/023846 Table 45. Continuous culture of hUTC
isolate 120304 on 24g/L .UILLEtIJ microcarriers 240/I.. HiIlex II
Passage Seeded Weld Doubling , Total Doublings Time (Days)
Hours/Doubling Total Time 1  7.49E+06  12.00   0.00 2 1.50E+05
2.25E+07 3.91 15.91 4.00 24.66 4.00 3 4.50E+06 1.74E+07 1.95 1736 100
36.94 7.00 4 



3.48E+06 1.17E+07 1.75 19.61 4.00 54.81 11.00 5 2,34E+05 184E+06 2.07
21.68 3.00 34.75 14.00 6 1.97E+05 1,08E+07 2.46 24.14 4.00 39.08
18.00 7 1.03E+07 3.21E+07 1.64 25.78 3.00 43.87 21.00         [0232]
hUTC isolate 120304 cryopreserved at population doubling 12.8 was
able to be thawed, and expanded on HILLEX(r)II microcarriers for
seven passages. The hours per population doubling was for each
microcarrier concentration was consistent from passage to passage,
indicating stable logarithmic growth. Statistical analysis by one-way
ANOA of all hours per population doubling data points show no
significant difference the hUTC growth kinetics for all conditions
tested. (p=0.277). This data demonstrated the ability of hUTC to be
expanded over seven passages on microcarriers in astable, consistent
manner. EXAMPLE 11 Expansion of hUTC on microcarriers in continuous
spinner flask culture        [0233] The goal of this study was to
continuously culture expanded human umbilical tissue derived cells
(hUTC) adherent to commercial microcarriers in spinner flasks over
multiple population doublings. The ability to expand hUTC on
microcarriers over multiple population doublings will serve a model
system to be scale-up for large-scale production of hUTC for cell
therapy applications. Two hUTC isolates, 120304- isolated, expanded
and cryopreserved under research conditions, and CNTO 2476- isolated,
expanded and cryopreserved under GMP conditions, were evaluated. The
commercial microcarriers cytodex(r) 1 or HILLEX(r)11 were evaluated
also. The cryopreserved cells were thawed and used to immediately
inoculate spinner flask cultures. The cells were continuously
cultured over multiple passages until the cell reached approximately
population-doubling 30. hUTCs were also cultured statically in T225
flasks as a control.       [0234] hUTC isolate 120304 cryopreserved
at population doubling 12.8 was able to be thawed, and expanded on
Cytodex(r) 1 and H1LLEX(r)II microcarriers to population doubling
28.6 and 28.7 respectively. The hours per population doubling was
consistent from passage to passage, indicating stable logarithmic
growth and was consistent with the T flask growth kinetics. hUTC
isolate CNTO 2476 cryopreserved at population doubling 22.6 was able
to be thawed, and expanded on Cytodex(r) 1 and H1LLEX(r)II
microcarriers to population doubling 33.2 and 31.0 - 63 -  WO
2008/060541PCT/US2007/023846 respectively. The hours per population
doubling was consistent from passage to passage, indicating stable
logarithmic growth and was also consistent with the T flask growth
kinetics. Statistical analysis by one-way ANOA of all hours per
population doubling data points show no significant difference the
hUTC growth kinetics for all conditions tested. (p=0.988). Also the
cell surface protein expression remained consistent at final harvest
for all conditions tested.        [0235] This data demonstrated the
ability of hUTC to be expanded to approximately 30 population
doublings on microcarriers in a stable, consistent manner that
maintains the cell's surface protein phenotype. This model system can
be scale-up for large scale production of hUTC for cell therapy
application.        [0236] The goal of this study was to continuously
culture expanded human umbilical tissue derived cells (hUTC) adherent
to commercial microcarriers in spinner flasks over multiple
population doublings. The ability to expand hUTC on microcarriers
over Multiple population doublings will serve a model system to be
scale-up for large-scale production of hUTC for cell therapy
applications. Two hUTC isolates, 120304 isolated, expanded and



II. The myopreserved cells were thawed and used to immediately
inoculate spinner flask cultures. The cells were continuously
cultured over multiple passages until the cell reached
population-doubling 30. hUTCs were also cultured statically in T225
flasks as a control. MATERIALS AND METHODS       [0237] Cells.
Cryopreserved expanded human umbilical cord tissue cells (hUTC)
isolate 12034 population doubling (PD) 12 and hUTC isolate CNTO 2476
lot 25126078 PD 22 used.       102381 Growth Media. Dulbecco's
Modified Eagles Media (DMEM)-low glucose (Gibco- Grand Island, NY),
15% fetal bovine serum (FBS) (HyClone- Logan up,
penicillin/streptomycin (P/S) (Gibco- Grand Island, NY),
Betamercaptoethanol (BME) (Sigma-St. Louis, MO)       [02391
Microcarriers. Cytodex(r) 1 (GE Health Sciences- Piscataway, NJ)
microcarriers were hydrated in PBS for at least 3 hours and
autoclaved. Cytodex(r) 1 microcarriers were used at a concentration
of 3g/L. HILLEX(r) II (SoloHill Inc.- Ann Arbor, MI) microcarriers
were hydrated in deionized water for at least 30 minutes autoclaved.
HILLEX(r)II microcaniers were used at a concentration of 12g/L.
[0240] Spinner Flask 100m1 and 500m1 single-use, disposable spinner
flasks (Coming, Inc.- Coming, NY) were used.        10241]
Inoculation and Culture in 100m1 Spinner Flask. Cryopreserved vials
of hUTC were thawed, washed and resuspended in growth media. 6.6 X
106 hUTC were added to 3000mg of Cytodex(r) 1(5.0 X 103cells per cm2)
in a 100 ml spinner flask containing 100 ml media and placed on a37C
tissue culture incubators and incubated for three to four days.
Spinner plate was set to 60-rpm continuous rotation. 3.1 X 106 hUTC
were added to 1.2g of =LEX(r) 11 (5.0 X 103 cells per cm2) in a 100
ml spinner flask containing 100 ml media and placed on a spinner
plate set to 60-mm continuous rotation. Spinner plates placed in 5%
CO2.        [0242] Passage of Culture From One 100m1 Spinner Flask to
One 500m1 Spinner Flask 100m1 spinner flask was removed from spinner
plate and the microcarriers were allowed to settle. The media
supematant is removed by aspiration. The remaining microcarrier pack
with adherent cells was resuspended in 20m1 fresh growth media. The
microcaniers with adherent cells were then aseptically transferred by
pipette to a 500m1 spinner flask containing 480m1 fresh growth media
and 4.8g IIILLEX(r) II (6g final microcarrier content) or 1.2g
Cytodex(r) 1 (1.5g final microcarrier content). The spinner flask was
then placed on a spinner plate set to 60- rpm continuous rotation.
Spinner plates placed in 5% CO2, 37C tissue culture incubators and
incubated for three to four days. [0243] Passage of culture form one
500m1 spinner flask to five 500m1 spinner flasks.        500m1
spinner flask was removed from spinner plate and the microcarriers
were allowed to settle. The media supematant is removed by
aspiration. The remaining microcarrier pack with adherent cells was
resuspended in 50m1 fresh growth media. Five separate 10m1 aliquots
of the microcarriers with adherent cells were then aseptically
transferred by pipette to five separate 500m1 spinner flasks each
containing 490m1 fresh growth media and 4.8g HILLEX(r) II (6g final
microcarrier content) or 1.2g Cytodex(r) 1 (1.5g final microcarrier
content). The spinner flasks were then placed on a spinner plate set
to 60-rpm continuous rotation. Spinner plates placed in 5% CO2, 37C
tissue culture incubators and incubated for three to four days.
[0244] Harvest of cells adherent to Cytodex(r) 1 microcarriers. The
500m1 spinner flask was removed from spinner plate and the



5.32E+06 4.71E+07 3.15E+00 1.59E+01 4.00 30.51 7 8.96E+06 7.30E+07
3.03E+00 1.89E+01 3.00 23.79 8 6.60E+06 3.30E+07 2.32E+00 2.12E+01
3.00 31.01 9 6.60E+06 3.90E+07 2.56E+00 2.38E+01 3.00 28.09 10
3.90E+07 2.17E+08 2.48E+00 2.63E+01 4.00 38.77 11 2.17E+08 1.10E+09
2.34E+00 2.86E+01 4.00 41.00  Table 47. Continuous culture of hUTC
isolate 120304 on FOLLEX(r)11 inicrocarriers. 



120304- Hillex II Passage Seeded Yield Doubling Total Daublings time
(days) Hours/doubling 6 (seed)  5.32E+05 2.03E+00 1.28E+01   6
5.32E+06 4.71E+07 3.15E+00 1.59E+01 4.00 30.51 7 8.96E+06 7.30E+07
3.03E+00 1.89E+01 3.00 23.79 8 3.00E+06 1.90E+07 2.66E+00 2.16E+01
3.00 27.04 9 3.80E+06 2.30E+07 2.60E+00 2.42E+01 3.00 27.72 



10 2.30E+07 2.64E+08 3.52E+00 2.77E+01 4.00 27.27 11 2.11E+08
4.16E+08 9.79E-01 2.87E+01 3.00 73.52  Table 48. Continuous culture
of hUTC isolate CNTO 2476 on Cytodex(r) 1 microcarriers CNTO 2476-
Cytodex 1 Passage Seeded Yield doubling Total Doublings time (days)
hours/doubling 6 (seed)  6.30E+05  2.26E+01   6 6.30E+05 3.44E+06
2.45E+00 2.50E+01 3.00 29.40 7 3.44E+06 5.20E+07 3.92E+00 2.90E+01
4.00 



24.50 8 4.00E+07 1.60E+08 2.00E+00 3.10E+01 3.00 36.00 8 1.60E+08
7.67E+08 2.26E+00 3.32E+01 4.00 42.46  Table 49. Continuous culture
of hUTC isolate CNTO 2476 on DILLEX(r)r( microcarriers CNTO 2476-
Hillex II Passage Seeded Yield doubling Total Doublings time (days)
hours/doubling 6 (seed)  1.68E+06  2.26E+01   6 1.68E+06 1.29E+07
2.94E+00 2.55E+01 4.00 32.64 7 1.29E+07 5.30E+07 2.04E+00 2.76E+01 



3.00 35.32 8 5.30E+07 5.60E+08 3.40E+00 3.10E+01 5.00 35.28  Table
50. Continuous culture of hUTC isolate 120304 in T225 flasks. 120304-
T225 flask Passage Seeded Yield doubling Total Doublings time (days)
hours/doubling 6 (seed)  1.12E+07 2.03E+00 1.28E+01   6 1.12E+07
3.05E+07 1.45E+00 1.42E+01 2.00 33.21 7 2.20E+06 2.03E+07 3.21E+00
1.74E+01 4.00 29.94 8 3.75E+05 1.50E+06 2.00E+00 



1.94E+01 3.00 36.00 9 3.75E+05 1 85E+06 2.30E+00 2.17E+01 4.00 41.69
10 3.75E+05 2.39E+06 2.67E+00 2.44E+01 3.00 26.95 11 7.50E+05
3.14E+06 2.07E+00 2.64E+01 4.00 46.47 12 3.14E+05 2.02E+07 2.69E+00
2.91E+01 3.00 26.81 13 2.02E+07 1.14E+08 2.50E+00 3.16E+01 4.00 38.45
Table 51. Comparison of cell surface proteins expression by hUTC
expanded on microcarrier and T-flasks and analyzed by flow cytometry.
Cell Surface Marker 



120304 T225 flask  120304 Cytodex 1 120304 Hillex II CNTO 2476
Cytodex 1 CNTO 2476 Hillex II Cole ( + ) ( + ) ( + ) ( + ) ( + ) CD
13 ( + ) ( + ) ( + ) ( + ) ( + ) Coal ( - ) ( - ) ( - ) ( - ) ( - )
CD 34 ( 



- ) ( - ) ( - ) ( - ) ( - ) CD 44 ( + ) ( + ) ( + ) ( + ) ( + ) CD 45
( - ) ( - ) ( - ) ( - ) ( - ) C073 1 + ) ( + ) ( + ) ( + ) ( + ) C090



( + ) ( + ) ( + ) ( + ) ( + ) C0117 ( - ) ( - ) ( - ) ( - ) ( - ) CD
141 ( - ) ( - ) ( - ) ( - ) ( - ) PDGFr-a ( + ) ( + ) ( + ) ( + ) ( +
) 



HLA-ABC ( + ) ( + ) ( + ) ( + ) ( + ) HLA-DRDPDCt ( - ) ( - ) ( - ) (
- ) ( - )        102511 hUTC isolate 120304 cryopreserved at
population doubling 12.8 was able to be thawed, and expanded on
Cytodex61 and Hillex(r) II microcaniers to population doubling 28.6
and 28.7 respectively. The hours per population doubling was
consistent from passage to passage, indicating stable logarithmic
growth and was consistent with the T flask growth kinetics. hUTC
isolate CNTO 2476 cryopreserved at population doubling 22.6 was able
to be thawed, and expanded on Cytodex(r) I and Hillex(r) II
microcarriers to population doubling 33.2 and 31.0 respectively. The
hours per population doubling was consistent from passage to passage,
indicating stable logarithmic growth and was also consistent with the
T flask growth kinetics. Statistical analysis by one-way ANOA of all
hours per population doubling data points show no significant
difference the hUTC growth kinetics for all conditions tested.
(p=0.988). Also the cell surface protein expression remained
consistent at final harvest for all conditions tested.  This data
demonstrated the ability of hUTC to be expanded to approximately 30
population doublings on microcarriers in a stable, consistent manner
that maintains the cell's surface protein phenotype. This model
system can be scale-up for large scale production of hUTC for cell
therapy application. EXAMPLE 12 Expansion of hUTC on Cytodex(r) 1
Microcarriers in a 3L Bioreactor       [02521 The goal of this study
was to expanded human umbilical tissue derived cells (hUTC) adherent
to Cytodex(r) 1 microcarriers in a bench scale bioreactor over
multiple population doublings. The ability to expand hUTC on
Cytodex(r) 1 over multiple population doublings in a bench scale
bioreactor will serve a model bioprocessing system to be scale-up for
large-scale production of hUTC for cell therapy applications. hUTC
isolate CNTO 2476 expanded to approximately 70% confluence on
Cytodex(r) 1 microcarriers in a 500m1 spinner flask were used to
inoculate a 3L bioreactor containing additional media and Cytodex(r)
1 microcarriers. The cells were cultured in the bioreactor for six
days with an aliquot taken at day 3 to calculate a mid-run cell
count.        [0253] The hUTC achieved approximately three population
doubling in six days. The pH of the system was successfully
maintained at 7.0 by a CO2 air overlay and without sparging. The DO
of the system was successfully maintained at 40% by oxygen air
overlay and without sparging. The proliferation of the culture from
day 0 to day 3 was indicative of stable logarithmic growth. The
reduced rate of proliferation seen from day 4 to 6 was most likely
due to a depletion of nutrients (i.e. glucose) in the media by the
increased cell mass.       [0254] This data demonstrates the ability
of hUTC to be expanded on Cytodex(r) I in a bench scale bioreactor.
This model bioprocessing system can be scale-up for large-scale
production of hUTC for cell therapy application.       [02551 The
goal of this study was to expanded human umbilical tissue derived
cells (hUTC) adherent to Cytodex(r) 1 microcarriers in a bench scale
bioreactor over multiple population doublings. The ability to expand
hUTC on Cytodex(r) 1 over multiple population doublings in a bench
scale bioreactor will serve a model bioprocessing system to be
scale-up for large-scale production of NUTC for cell therapy
applications. hUTC isolate CNTO 2476 expanded to approximately 70%
confluence on Cytodex(r) 1 microcarriers in a 500m1 spinner flask
were used to inoculate a 3L bioreactor containing additional media



102631 Harvest of Cells Adherent to Cytodex(r) 1 Microcarriers. The
bioreactor impeller was turned off and the microcarriers with
adherent cells were allowed to settle by gravity. The media
supernatant was pumped out through a dip tube positioned above the
settled microcarriers. 3L of PBS was pumped into the bioreactor and
the microcarriers were allowed to settle by gravity. The PBS
supernatant was pumped out through a dip tube positioned above the
settled microcarriers. 31. of DMEM- low glucose was pumped into to
the bioreactor. The bioreactor impeller was tuned on for 30 minutes
at 65 rpm. The impeller was then turned off and the microcarriers
were allowed to settle by gravity. The DMEM-low glucose supernatant
was pumped out through a dip tube positioned above the settled
microcarriers. 3L of PBS was then pumped into to the bioreactor. The
bioreactor impeller was tuned on for 20 minutes at 65 rpm. The
impeller was then turned off and the microcarriers were allowed to
settle by gravity. The PBS supernatant was pumped out through a dip
tube positioned above the settled microcarriers. IL of lx TrypLETm
select and 50m1 of 10x TrypLETm select was then pumped into the
bioreactor.   The bioreactor impeller was tuned on for 20 minutes at
65 rpm. The impeller was turned off and the microcarriers were
allowed to settle by gravity. The cell containing supernatant pumped
out through a dip tube positioned above the settled microcarriers
into a transfer container pre-loaded with a small amount of PBS. 1.5L
of PBS was then pumped into to the bioreactor to re-suspend any
remaining cells. The cell containing supernatant pumped out through a
dip tube positioned above the settled microcarriers into a transfer
container pre-loaded with PBS. All cell-containing supernatant was
transferred to multiple 500m1 conical tubes. The tubes were
centrifuged for 5 minutes at 300rcf, the supernatant decanted, the
cells re-suspended in growth media and aliquot obtained for cell
counting.       [0264] In Culture Cell Counts- Nuclei Release Assay.
An aliquot of homogenous microcarrier suspension was obtained from
spinner flask vessel and transferred to a 15 ml tube. The
microcarriers were allowed to gravity separate and the supernatant
was removed by aspiration. The microcarriers were washed once with
10m1 PBS, the microcarriers allowed to gravity separate, and the PBS
supernatant removed by aspiration. The microcarriers were incubated
for one hour at 37C in nuclei release solution (0.1M citric acid
(Sigma- St. Louis, MO) containing 0.1% w/v crystal violet (Sigma- St.
Louis, MO)). After incubation, .a 100u1 aliquot of the microcarrier
containing nuclei release solution was added to 100u1 PBS. A lOgl
aliquot of this solution was then loaded into a hemocytometer and
released nuclei counted. RESULTS Table 52. Continuous culture of
liUTC isolate CNTO 2476 on Cytodex(r) 1 microcarriers. CNTO 2476 on
Cytodex 1 aliquot Seeded Yield Doubling Total DoublIngs Time (Days)
Hours/Doubling innoculation  8.99E+07     mid-run sample 8.99E+07
5.$8E+08 2.58 2.58 3.00 27.89 harvest 5.38E+08 633E+08 0.32 2.90 3.00
223.21        [0265] hUTC isolate CNTO 2476 adherent at 70%
confluence to 1.5g of Cytodex(r) 1 were used to inoculate a 3L
bioreactor. The pH of the system was successfully maintained at 7.0
by a CO2 air overlay and without sparging. The DO of the system was
successfully maintained at 40% by oxygen air overlay and without
sparging. The hUTC achieved approximately three population doubling
in six days. The proliferation of the culture from day 0 to day 3 was
indicative of stable logarithmic growth. The reduced rate of



providing a cell growth medium for growing the umbilical
tissue-derived cell; providing at least one microcarrierfor
attachment of the anchorage-dependent umbilical tissue-derived cell;
and contacting the anchorage-dependent cell with the microcarrierin
the presence of the growth medium under conditions permitting
attachment and growth of the cell, thereby culturing the
anchorage-dependent umbilical tissue-derived cell, wherein the
phenotype of the umbilical tissue-derived cells is CD 10+,
CD13+,CD31-, CD34-, CD44+,CD45-, CD73+, CD90+, CD117-, CD141-,
PDGFr-a+, HLA-A+, HLA-B+, HLA-C+, HLA-DR-, HLA-DP-, and HLA-DQ- and
are phenotypically the same as cells grown in static cultures for
each of the markers.  2. The method of claim 1 wherein the carrier
particle contains a bioactive agent that regulates the growth or
function of the cell.  3. The method of claim 1 further comprising a
second cell type co-cultured with said anchorage-dependentumbilical
tissue-derived cells.  4. The method of claim 1 wherein the
microcarrier is comprised of a material selected from the group
consisting of collagen, dextran, cellulose, glass, ceramic, metal,
polystyrene, poly(monostearoylglyceride co-succinic acid),
poly-D,L-lactide-co-glycolide, and sodium hyaluronate.  5. The method
of claim 1 wherein the microcarrier is protein free.  6. The method
of claim 1 wherein the microcarrier is coated with
poly(monostearoylglyceride co-succinic acid),
poly-D,L-lactide-co-glycolide, sodium hyaluronate, fibronectin,
laminin, elastin, lysine, n-isopropyl acrylamide, vitronectin, or
collagen.  7. The method of claim 1 wherein the microcanier comprises
a textured or plasma-coated surface.  8. The method of claim 6
wherein the microcarner possesses a microcurrent or is paramagnetic.
9. The method of claim 1 wherein the microcarrier is a porous.  10.
The method of claim 9 wherein the porous microcarrier is comprised of
a material selected from the group consisting of collagen, dextran,
cellulose, glass, ceramic, metal, polystyrene,
poly(monostearoylglyceride co-succinic acid),
poly-D,L-lactide-co-glycolide, and sodiumhyaluronate.  11. The method
of claim 9 wherein the porous microcarrier is protein free.  12. The
method of claim 9 wherein the porous microcan-ier is coated with
poly(monostearoylglyceride co-succinic acid),
poly-D,L-lactide-co-glycolide, sodium hyaluronate, fibronectin,
laminin, elastin, lysine, n-isopropyl acrylamide, vitronectin, or
collagen.  13. The method of claim 9 wherein themicrocarrier
comprises a textured or plasma-coated surface.  14. The method of
claim 1 which results in at least about five population doublings
over twenty days.  15. The method of claim 1 wherein the doubling
time for the population is less than about 100 hours.  16. The method
of claim 15 wherein the doubling time for the population is less than
about 70 hours.   17. The method of claim 1 wherein conditions which
permit attachment and growth of the anchorage dependent umbilical
tissue-derived cell comprise a temperature of about 37C.  18. The
method of claim 17 wherein conditions further comprise a spinner
flask or bioreactor.  19. The method of claim 1 wherein the cell
growth medium comprises a serum concentration from 7% to 15%.  20.
The method of claim 1 wherein the microcaryier has a diameter in the
range from about 50 to about 2500 micrometers.  21. The method of
claim 20 wherein the microcather has a diameter in the range from
about 150 to about 350 micrometers.  22. The method of claim 1




