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[0031] In a preferred enbodi ment, therefore, the bottles are filled
about 100-300 ml of growth nedium in other enbodi nents about 100-200
m are used, as can be seen fromFigure 1. In one enbodi nent about
100-120 m, or even 105-115 m are placed in the bottles. In other
enbodi nents, the bottles are filled with about 112 nil of growth
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[0065] Statistical Mdel: A Box-Behnken Respense Surface nodel was
used. [ 0066] Experinental design and optim zation were

cal culated using a Mnitab 14.0. the paraneters tested are shown in
Tabl e 1 Tabiyw dofrssstors tested and the range of val ueectrastesles2sis
Factor Low Hi gh Rotational Speed (rpm 0.5 1 Media Volune (m) 100
300 Seeding Density ( cells/cmsq) 2,500 10,000 Days 5 7
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invention, provided are methods of maximizing the nummber doublings of a culture of postpartum
cells in a roller bottle culture system. The methods comprise using a rotational speed of at least
about 0.85 rpm, using a media volume of at least about 100 ml in an 850 square centimeter
culturc bottle; using a sceding density of loss than about 2500 cells per square cemtimoter; and
incubating for at least about 5.5 days. '

[06013] Also in accordance with the present invention are methods of maximizing the
rate of doubling of a culture of postpartum celis in a roller bottle culture system. The methods
for maximizing the rate of doubling preferably comprise using a x:otationa.l speed of at least about
0.85 rpm, using about 300 mi of growth mediumn in an 850 square centimeter culture bottle;
using a seeding density of less than about 2500 cells per square centimeter; and incubating for
less than about 6 days.

[0014] In another of its aspects, the invention provides methods of maximizing the .
density of cells at harvest for postpartum cells in a roller bottle culture system. These methods
comprise using a rotational speed of about 0.5-1 rpm, using about 300 mi of growth medium in
an 850 square centimeter culture bottle; using a seeding density of about 10,000 cells per square
centimeter; and incubating for between about 5.5 to 6.7 days.

[0015] Also provided in accordance with one aspect of the invention are methods of
simultaneously maxirmizing doubling rate, harvest density, and the total number of population
doublings for postpartum cells in a roller bottle culture system. These methods are also
sometimes referred to herein as optimizing the roller bottle culture system for the foregoing
paramcters. The methods preferably comprisc using a rotational speed of about 0.65-0.9 rpm,
using at least about 300 ml of growth medium in an 850 square centimeter culture bottle; using a
seeding density of less than about 2,500 cells per square centimeter; and incubating for between

about 5.5 to 6.5 days.
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[0016] The foregoing methods are particularly useful where the postpartum cells are
umbilicus-derived cells, and presently preferred postpartum cells are those which are
substantially similar, or even identical to ATCC NOS PTA-6067 and PTA-6068.

[0017] These and other aspects of the invention will be described with xeference to the

examples, figures, and detailed description of the various aspects of the invention which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure l: Calculated optimal rotational speed (1.0 rpm), media volume (112
ml), seeding density (2,500 cells/cm sq.), and days in culture (6.27 days) to achieve the maximal
population doublings (3.04). The black line on each graph represents the plotted values of the
factor Jevels (low to high along the x-axis) vs. population doublings (minimal to maximal along
the y-axis). The blue line represents the single maxim'um y-axis value for all four graphs. The
red line represents the point on the x-axis that the plotted value of the factors levels vs.
population doublings value (black line) intersects the s‘iﬁgle maximum y-zxis value (blue line)
thus defining the optimal factor level.

[0019] Figure 2: Calculated optimal rotational speed (0.92 rpm), media volure (300
ml), seeding density (2,500 cells/cm sq.), and days in culture (5 days) to achieve the minimal
hours per populétion doubling (29.71). The black line on each graph represents the plotted
values of the factor levels (low to high along the x-axis) vs. hours per population doublings
(minimal to maximal along the y-axis). The blue line represents the single maximum y-axis
value for all four graphs. The red line represents the point on the x-axis that the plotted value of
the factors levels vs. hours per population doublings value (black line) intersecis the single
minimum y-axis value (blue line) thus defining the optimal factor level.

[0020] Figure 3: Calculated optimal rotational speed (0.98 1pm), media volume (300
ml), sceding density (10,000 cclls/om sq.), and days in culture (6.67 days) to achicve the
maximal harvest density (cell/cm sq.) (3.59E+04). The black line on each graph represents the
plotted values of the factor levels (low to high along the x-axis) vs. maximal harvest density
(minimal to maximal along the y-axis). The blue line represents the single Maximum y-axis
value for all four graphs. The red line represents the point on the x-axis that the plotted value of
the factors levels vs. maximal harvest density (black line) intersects the single maximum y-axis
value (blue line) thus defining the optimal factor level.

[0021] Figure 4: Calculated optimal rotational speed (0.705 rpm), media volume (300
ml), seeding density (2,500 cells/om sq.), and days in culture (6.1 days) to achieve the minimum

hours/ population doubling (38.07 hours), maximum population doublings (3.17), and maximum
-4~
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harvest density (cell/ cm sq.)(1.8E+04). The black lines on each graph represent the ploited
values of the factor levels (low to high along the x-axis) vs. response values (minimal to
maximal along the y-axis). The blue line represents the single maxiraum, or minimal, y-axis
value for all four graphs. The red line represents the point on the x-axis that the plotted value of
the factors levels vs. response value (black line) intersects the single maximum y-axis value for
population doublings and harvest density and the mindmum y-axis value for hours per popuiation
doubling (blue ling) thus defining the optimal factor levels.

[0022] Figure 5: Population Doublings vs. Days in Culture of umbilical cell line
050604B expanded from passage six to passage nine under optimized rolier botile culture

conditions

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0023] In several of its numerous aspects the invention provides separate methods of
maximizing the amount of anchorage-dependent cells available for harvest from 2 population of
cells grown in a roller bottle culture system, the growth rate of such. a culture, or the total number
of doublings of such a culture. The invention also provides methods for simultaneously
maximizing ali three of the foregoing parameters. Cells and populations of cells produced by the
foregoing methods are also provided herein

[6024] Roller bottle culture systems are known in the act of cell culture. Asused
herein, roller bottle culture systems comprise at least a cell line of interest, growth. medivm,
roller bottles, an apparatus for rotating the bottles, and means for harvesting the cells. The
growth medium preferably covmprises a basal medium, for example, Dulbeceo’s Modified
Eagle’s Medium (DMEM), Advanced DMEM, Ham’s F12, or combinations thereof, for example
1:1 DMEM:F12. The medium can be supplemented with serum, for example in some
embodiments the medium is supplemented with fetal bovine serum (FBS) or new borm calf
scrum {NCS). The scrum content can range in concentration from 0 (a scrum-fice media) to
20% of the total volume of the medinm. Growth factors, for example, platelet derived growth
factor BB (FDGF-BRY), basic fibroblast growth factor (pFGF), and others, or combinations of
such may be used to supplement the growth, medinm. Either serum-containing or serum-free
media can be with or without growth factor supplementation.

[0025] Roller bottle culture systems typically further comprise means for controlling the
temperature during the incubation, as well as means for aseptically handling the cuftures, for example
during initial seeding of the bottles with cells, or during subsequent transfers. Harvesting of the cells may
be achieved through enzymatic treatment such as with trypsin, trypsin-EDTA, dispase, and collagenase,

or other enzymes or combinations of enzymes with or without other components. Other commercial
-5-
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Table 3: Cells yield obtained fromfactor |evels defined by

Box- Bel i nken response surface experinental design. Harvest Density is
expreéssed in ceRskn2. Bottle Seeded Yield Expansi on Doublings Tine
(days) Hours/doubling Harvest Density 1 5.31E+06 9. 80E+06 1.84 0.88 5
136 1.15E+04 2 5. 31E+06 1. 68E+07 3.16 1.66 7 101 1.98E+04 3 5. 31E+06
1. 50E+07 2. 82 wWozop/013632 1. 76E+04 4 8. 50E+06 1. 86E+07 2. 18CTIUS2®6/G62315

products such as but not limited to TrypLE™ Express (Gibeo, In¢.) can be utilized. The cells also can be

harvested by manual operations including, for example, batch centrifugation, or harvesting can be

automated.

[0026] Presently the methods of maximizing the amount of cells available for harvest
preferably are applied to postpartum-derived cells, particularly ceils derived from the placenta or
umbilicus. Cells of the type preferred here are described in U.S. Patent Application Nos: 10/877,446
(placenta-derived cells) and 10/877,012 (umbilicus-derived cells), each filed June 25,2004, The
entireties of these applications are incorporated by reference herein. Also preferred are cells of the types
available from the American Type Culture Collection as ATCC Accession Nos. PTA-6067; PTA-6068;
PTA-6074; PTA-6075; or PTA-6079, the characterization and description of each of which is also
incorporated by reference herein. Particularly preferred for the present methods directed to maximized or
optimized methads for culturing umbilical-derived cells, for example, are ATCC Accession Nos. PTA-

6067 dated 26 June 2004 and PTA-6068 dated 26 June 2004,
[0027) Inone ofits several aspects the invention provides methods of maximizing the

number of population doublings achievable for a population of cells grown. in a roller bottle
culture system. Preferably the cells are postpartura-derived cells, and even more preferably the
cells are umbilicus-derived cells. In a presently preferred embodiment the cells are ATCC
Accession No: PTA-6067 or PTA-60G8,

[0028] The independent variables which have been used to maximize the munber of
population doublings achievable in a roller bottle culture are rotational speed, seeding density of
the cells into the botiles, time of incubation, and volume of mecdium placcd in the bottle, Hercin
and throughout in the embodiments exemplified these independent vartables have been tested,
for reasons of practicality, within certain ranges. The skilled artisan will appreciate that other
values outside of the tested ranges could be routinely tested using the same methodology, and
these valucs may prove to offcr incremental gaing in the number of population doublings.
Maximal response of the dependent variable, here the number of population doublings achieved
is measured as a function of these parameters and embodiments not specifically exemplified
herein are contemplated as paxrt of this disclosure.

10029] To help maximize the dependent variable as a function of the four independent
variables, regression analysis was used. Tn particular, response surface methadology (RSM) is
presently a preferred approach to optimize culture growth parameters. Applications of RSM to
optimization techniques are known in the art. RSM allows optimization of multiple independent
parameters to achieve a desired or optimal response. Parameter sets that provide maximal and

rainimal responses can be accurately determined using RSM.
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[0030] .As can be seen from the data exemplified herein and below, the independent
variables tegted can reproducibly affect the maximal number of population doublings. Thus, the
statistical analysis of the data allows the skilled artisan to determine the optimal value for each of
the four independent variables to maximize the number of doublings.

[0031] In apreferred embodiment, therefore, the bottles are filled about 100-300 ml of
growth medium, in other embodiments about 100-200 ml are used, as can be seen from Figure 1.
In one embodiment about 100-120 ml, or even 105-115 ml are placed in the bottles. In other
embodiments, the bottles are filled with about 112 ml of growth medium to achieve maximal
population doublings. The bottles are seeded with about 2500 to about 10,000 cells per square
centimeter. Ina preferred embodiment, the lower end of that range is used, for example seeding
is with less than about 3000 cells per square centimeter. As can be se:en from Figure 1, still more
preferred are embodiments where the seeding is at an even lower end of the tested range — the
seeding is done with about 2500 cells per square centimeter. The seeding bottles are rotated
duriog attachment and growth. The rotational speed is set at between about 0.5 to 1 rpm,
Preferably, the rotation is between about 0.75 and 1 rpm. More preferably, the bottles ave rotated
at about 0.8 td 1 rpm. Rotation near or about 1 rpm is preferred as can be seen in Figure 1.

[0632] The filled and seeded roller bottles are rotated and incubated for about 5to 7
days to achieve maximal doublings. Presently, an incubation time of about 5.5 to about 6.5 days
is preferred. As Figure 1 reflects, incubation for about 6.2 to 6.3 days is also prefermred.

[0033] Xt canalso be seen from Figure 1 that the independent variable can be selected
as a sct of parameters o maximize the number of population doublings. A roller bottle culture
system that comprises a fill volume of about 112 ml of growth medium, and a seeding density of
about 2500 cells per square centimeter, which i rotated at 4 speed of about 1 rpm for an
incubation of about 6.2 days will provide the maximal population doublings achievable in such a
systcm,

[0034] It may be noted that the roller bottles preferred for use are typically coated with an agent
that aids in the attachment of the cells to the inner surface of the roller bottles, such as gelatin,
extracellular matrix molecules (such as gelatin, laminin, vitronectin, fibronectin, collagen types I, IV, and
V1), or the like. White for many of the embodiments exemplified, a gelatin coating was used, other
coatings are deemed suitable and the skilled artisan will appreciate that commercially-available coated
bottles are completely compatible with the methods taught herein. One example of such commercially
available coated bottles are those coated with CellBIND® (available from Coming® as catalog number

3907). The use of CellBIND® bottles and a comparison with gelatin-coated bottles is exemplified in
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Example 4 below. it is envisioned that various coating agents will be-found acceptable for attachment
and growth of cells in accordante with the methods provided herein.

[0035] Inapother of its aspects, the invention provides methods of minimizing the
number of hours/popunlation doubling (see Figure 2), or alternatively expressed, maximizing the
population doubling rate for a population of cells grown in 2 roller bottle culture system. As
used herein the population doubling rate is the number of population doublings per unit time, and
is a reciprocal of the hours per population doubling. Achieving maximal population doubling
rate reduces the amount of time required to produce a needed number of cell fot therapeutic
applications and increases the total throughput of 2 culture system of limited capacity. As above
and throughout this disclosure, preferably the cells are postpartum-derived cells, and even more
prefexably the cells are umbilicus-derived cells. In a presently preferred émbodiment the cells
are ATCC Accession No: PTA-6067 or PTA-6068.

[0036] The independent variables which have been used to maximize the number of
population doublings achievable in a roller bottle enlture are the same as for achieving the
maximal number of population doublings: rotational speed, seeding density of the cells into the
botiles, time of incubation, and volume of medium placed in the bottle. Maximal response of the
dependent variable, here the population doubling rate, is measured and computed as a function of
these parameters.

[p037] Regression analysis, and particularly RSM was again employed to help
maximize the dependent variable as a function of the four independent variables.

[0038] Thus, in a presently preferred ecmbodiment, roller botties are filled abount 100-
300 1l of growth medivm, preferably about 300 ml are used, as can be scen from Figure 2. The
bottles are seeded with about 2500 to about 10,000 cells per square centimeter, In apresently
preferred embodiment, the lower end of that range is used, for example seeding is with less than
about 3000 cclls per squarce centimeter, Still more preforred are embodiments where the sceding
is at about 2500 cells per square centimeter. The seeded bottles are rotated during attachment
and growth. The rotational speed is set at between about 0.5 to 1 rpm, as can be seen from
Figure 2. Preferably, the rotation is between about 0.75 and 1 rpm. More preferably, the bottles
are rotated at about 0.8 to 1 rpm. Rotation near or about 0.9 -1.0 1pm is presently preferred, as
shown in the figure.

[6039] Tomaximize the population doubling rate, the filled and seeded roller bottles
are rotated and incubated for about § to 7 days, with an incubation time of about 5 to about §
days preferred. Figure 2 shows that incubation for about 5 days is also preferred.
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[0040] The independent variables can be selected as a set of parameters to maximize
the population doubling rate, based on the results shown in Figure 2. A roller bottle culture
system that comprises a fill volume of about 300 ml of growth medinm, and a seeding density of
about 2500 cells per square centimeter, which is rotated at a speed of about 0.9 rpm for an
incubation of about 5 days will provide the maximal population doubling rate achievable in such
# yystem,

[0041] In another of its several aspects the invention provides methods of maximizing
the density of anchorage-dependent cells available for harvest from & population of cells grown
in a roller bottle culture system. As above, preferably the cells are postpartum-derived cells, and
even more preferably the cells are umbilicus-derived cells. In a presently preferred embodiment
the cells are ATCC Accession No: PTA-6067 or PTA-6068.

[0042] In another of its aspect, the invention provides methods of maximizing the
density of the cell population for harvest for a population of cells grown in a roller bottle culture
system. Harvest density is expressed as the number of cells per square centimeter (of internal '
surface area in a roller boitle).

[0043] The independent variables which have been used to maximize the harvest
density in a roller bottle culture are the same as those for maximizing the other responses
discussed herein, i.e rotational speed, seeding density of the cells into the botiles, time of
incubation, and volume of medium placed in the bottle. Maximal response of the harvest density
is measured and computed as a function of these parareters.

[0044] Rcgression analysis, and particularly RSM was ecmployed here as above to help
maximize the dependent variable as a function of the four independent variables.

[0045] Maximal response of the dependent variable, here the density of cells available
for harvesting is calculated as a finction of these parameters. In a presently preferred
cmbodiment, roller bottles are filled about 100-300 ml of growth medium, preferably about 300
m] are used, as can be seen from Figure 3. The bottles are seeded with about 2500 to about
10,000 cells per square centimeter, preferably the seeding density is selected from the lower end
of that range, such as a value less than about 3000 cells per square centimeter. More preferred
are those embodiments wherein seeding density is at about 2500 cells per square centimeter. The
seeded bottles are rotated throughout attachment and growth at a speed between about 0.5 to ]
rpm, as shown in Figore 3. In preferred embodiments, rotation is between about 0.75 and 1 rpm.
More preferably, the bottles are rotated at about 0.8 to 1 rpm. Rotation near or about 0.9-1.0 rpm

is presently preferred, for example 0.98 rpm, as shown in the figure.
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[0047] In another aspect, the invention provides methods of simultansously minimizing
the number of hours/population doubling, while maximizing the number of population doublings
and the harvest density (in cells per square centimeter) for a population of cells grown in a roller
bottle culture system. Such optimization of the culture conditions makes the roller bottle culture
system more useful for generating the number of cells required for a therapeutic application and
increases the total throughput of a culture system of limited capacity. As above, preferably the
cells are postpartum-derived cells, and even more preferably the cells are umbilicus-derived
cells. In a presenily preferred embodiment the cells are ATCC Accession No: PTA—éOG? or
PTA-6068.

[0048] The independent variables which have been adjusted to help simultaneously
maximize the number of population doublings achievable, the rate of population doublings and
the final harvest density of the cells in a roller bottle culture are the same as detailed above for
maximizing the individual aspects: i.e. rotational speed, seeding density of the cells into the
bottles, time of incubation, and volume of medium placed in the bottle. Maximal response of the
dependent variables is measured and calculated as a function of these independent parameters.

[0049] As above, regression analysis, and pacticularly RSM was utilized to help
simultancously maximizc the three dependent variables as a function of the four independent
variables.

[0050] Thus, in preferred embodiments, roller botiles are filled about 100-300 ml of
growth medium, preferably about 300 mi are used, as can be seen with reference fo Figure 4.
The bottlcs arc sceded with. about 2500 to about 10,000 cclls per squarc centimeter. fna
presently preferred embodiment, the lower end of that range is used, for example seeding is with
Iess than about 3000 cells per square centimeter. Still more preferred are embodiments where
the seeding is at about 2500 cells per square centimeter. Even lower seeding density is used is
other embodiments. The seeded bottles are rotated during attachment and growth at speeds
between about 0.5 to T rpm. 'With further reference to Figure 4, in can be seen that preferably,
the rotation is between about 0.6 and 0.9 rpm. More preferably, the bottles are rotated at about
0.65 to 0.93 rpm. Also preferred are culture systems wherein the rotation is near or about 0.85 -

0.9 rpm as can be seen in the figure.
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days preferred. Figure 4 shows that incubation for about 6 days is also preferred, such as 5.9,
6.0, 6.1 or 6.2 days.

[0052] In a presently preferred culture system, the independent variables can be
selected as a set of parameters to maximize the populatton doubling rate, based on the results
shown in Figure 4. A roller bottle culture system that comprises a fill volume of about 300 mi of
growth medium, and a seeding density of about 2500 cells per square ;:entimeter, which is
rotated at a speed of about 0.7 rpm for an incubation of about 6.1 days will provide the optimal
population doubling rate, total number of doublings and harvest density for the cells achievable
n such a system.

[0053] In another aspect, the invention provides postpartum cells, preferably
umibilicus-derived cells, that are produced are produced by any of the methods of the invention,
for example the maximized methods or optimized. In various embodiments, the cells are:
produced in populations for use as cell therapeutics, or to provide useful cellular product or by-
products, such as useful cellular factors, or proteins.

|0054] Also provided are cell therapeutic compositions comprising cells cultured by the
methods provided herein.

[0035] Tun another aspect of the invention, the cells that are cultured according to the
methods provided are characterized as having substantially the same cell surface marker profile
or gene expression profile as the starting cells. For many applications of ccll-based therapics it js
tmportant that the cellular characteristics do not change when scaling up the culture conditions to
increase quantities. For example, the morphology, cell surfuce markers, and expression of
hallmark genes that help distinguish or denote the therapeutic cell should remain substantially
unchanged if not identical. The cells provided in accordance with the invention and the methods
taught thexrein are substantially unchanged, or preferably identical in such characteristics as the
same cells grown under laboratory conditions ad scale. The preferred umbilicus-derived cells
retain substantially the same the cell surface marker profile of the cells from which they are
grown. Preferably, the cells produced according to the methods provided herein express more
than one of surface markers for CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, and HLA-
ABC. More preferably they express all of these markers. The cells also preferably do not
express more than one of the cell surface markers for CD31, CD34, CD45, CD117, CD14], and
HLA-DRDPDQ. More preferably the cells do not express any of the foregoing. In a highly

prefemred embodiment, the cells express an identical cell surface marker profile with respect to
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cell surface marker protein can be detected through use of a ﬂuorescenﬂy:labeled. antibody the
cell is deemed positive and if the cell surface mark& cannot be detected via fluorescent antibody,
the cell is deemed negative for that marker. Table Siprovides a summary of the preferred cell ,
surface markers for the umbilicus-derived cells of the invention.

[0056] Insimilar fashion, the cells produced in accordance with the methods of the .
invention preferably retain substantially the same, ox even identical gene expression profile, |
particularly for genes whose expression help to characterize the cell, or serve as hallmarks
indicative of that cell line. The umbilicus-derived cells of the invention are noted for the
expression genes for reticulon, LDL-R, 1L-8, and GAPDH. The cells provided are substantially
similar, or even identical in various embodiments with respect to their expression of these genes.

[0057] These and other aspects of the invention are further described with reference fo
the figures and examples provided below. The skilled artisan will appreciate that the examples
are provided to exemplify only certain aspects of the invention and not to limit the invention.

Example 1: Optimization Experimenis for Determining Culture Condition Parameters

[0058] Cells: The cells used were fiom umbilicus-derived cell line ATCC Accession
Nos. PTA-6067 and/or PTA-6068.

[0059] Media: The growth medium used during the optimization experiments was
Dulbeeco’s Modified Eagle Mcdium (DMEM) with low glucose, 15% Fetal Bovine Seram, 1%
Penicillin-Streptomyecin, and 1 ppm 2-Mercaptoethanol.

[0060] Bottles: 850 om sq bottles were used (e.g. Corning® catalog number 430é5 1.

[0061) Gelatin Coating: Twenty (20) ml of 2% gelatin solution were added ta each 850
cm 8q botile. The bottles were placed on the roller system for 20 minutes at 1 zpm. The excess
gelatin solution was removed by aspiration and the bottles washed with 20 mi Phosphate
Buffered Saline (PBS),

[0062] Cell Seeding: P13 Umbilical 022803 cells from frozen stock cells were thawed
from a cryogenic vial and washed to remove dimethyl suifoxide (DMSO). Cells were seeded

=12~
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Rot ati onal Speeoé4|pRatvistingd: 88dR.wadZ2mbved $Om@acR 28ler bottle by aspiration and adherent cells
were washed with 50 ml PBS. PBS was removed by aspiration and 10 ml of trypsin-
ethylenediaminetetraacetic acid (EDTA) was added to aid in the release of the cells from the roller bottle
surface. Bottles were returned to the roller system and incubated for 5 minutes at 0.75 RPM. After
incubation, 40 ml of media was added to each bottle. The media with cells was then transferred to a 50

ml conical tube and centrifuged for 5 minutes at 300 x g. After centrifugation, the media was removed by
aspiration and each cell pellet was re-suspended in 10ml of media. Cells were counted using a Beckman

Coulter Cedex™ instrument,
{0065] Statistical Model: A Box-Behnken Response Surface model was used.
[0066] Experimental design and optimization were calculated using 2 Minitab 14.0, the -

parameters tested are shown 1o Table 1

Table 1: Factors tested and the range of values tested.

Factor Low High

Rotatlonal Speed (rpm) 0.5 1
Media Volume (ml) 100 300
Seeding Density ( cells/cm aq) 2,500 10,000
Days 5 7

[0067) Experimental Design: Experiments as provided in Table 1 were set up in
accordance with the above procedures.

Table 2. Box-Behnken Response Surface Experimental Design to evaluate the factors
and factor interactions that significantly effect cell yield as calenlated by Minitab 14.0 statistical
software. The highest and lowest factor levels for rotational speed (low 0.5 rpm, high 1.0 rpm),
media volume (Jow 100ma], high 500ml), seeding density {low 2,500 celV/em sq., high 10,000
cells/cm sq,) and days in culture (low 5 days, high 7days) are user-defined and the mid point is

calculated,
Run Rotational Speed Media Volume Seeding Density (ceilsfem Days
Order {rpm)} ml) sq)

1 05 200 6,260 5
2 1 200 6,250 7
3 0.75 300 6,250 7
4 1 200 10,000 8
5 0.75 200 6,250 8
& 0.75 200 2,500 §
7 T ° 300 6,250 6
8 05 200 6,250 7
9 05 300 6,250 6
10 1 100 5,250 6
1 05 200 10,000 8
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Medi a Vol une (nR) Rot ati onal Speed (rpn) *13.635 8.742 1.560 0. 145
Seedi ng Density (cells/cm sq) Rot ati onal Speed (rpn) *Daysl4. 528
8.742 1.662 0.222 Media Volune (ml)*1.885 8.742 0.216 0.833 Seedi ng
Density (celosdoess Medi a Vol ume (i) *Daysl12. 015 $cfARaohsdstbs
0.194 Seeding Density (cells/cm sq)*Daysl. 222 8. 742 0. 140 0 891 & =
17.48R-Sq = 76.49%R-Sg(adj )= 48. 9% Anal ysis of Variance for

Hour s/ Doubl i ng Sour ceDFSeq SSAdj SSAd] Ms

Regr essi on 1898. 4118 42849. 89 2. 0.042

Li near4377¥%3773 069 %7 3.09 0. 05é§g Squar e45439. 25%a9. 241359. 813

4.45 0. 020 44 nt eract i ofe2686. 12686. 23441 7. 69 2500 7
15 0.5 100 8,250 8
16 1 200 2,500 6
17 0.75 100 2,500 6
18 0.75 300 2,500 6
19 0.5 200 2,500 6
20 - 1 200 8,250 5
21 0.75 200 6,250 6
22 0.75 100 6,250 7
23 075 200 10,000 7
24 0.75 100 10,000 6
25 0.75 20D 6,250 8
26 0.75 300 10,000 6
27 0.75 100 6,250 5

Table 3: Cells yield obtained from factor levels defined by Box-Behnken response
surface experimental design. Harvest Density is expressed in cells/cm?.

Botile Seeded Yield Expansion Doublings Time Hours/doubling Harvest
(days) Density
1 5.31E+06 9.80E+06 1.84 D.g8 5 136  1.15E+04
2 S531E+08 1.68E+07 3.16 1.66 7 101 1.98E+04
3 B31E+08 1.50E+07 2.82 15 7 112 1.76E+04
4 B8.50E+06 1.86E+07 2,19 1.13 6 127 2.19E+04
& B.31E+068 Z2.10EH07 3.95 1.98 6 73 Z2ATE+04
6 2.13E+06 1.23E+07 5.79 2.53 5 47 1.45E+04
7 S5.31E+06 2.17E307 4.08 203 6 71 2.55E+04
8 S531E+08 1.62E+07 3.04 1.6 7 105 1.90E+04
8 531EX06 2.78E+07 523 2.39 6 60 3.27E+04
10 5.31E+06 1.96E+07 3.69 1.88 6 76 2.31E+04
11 B.60E+06 2.94E+07 3.46 1.79 6 80 3.46E+04
12 5.31E+06 1.58E+07 2.97 1.57 5 76 1.86E+04
13 B.50E+06 3.03E+07 3.56 1.83 5 65 3.56E+04
14 2.13E+08 1.50E+07 7.06 2.82 7 60 1.76E+04
15 5.31E+06 1.31E+07 247 13 6 111 1.54E+04
16 2.13E+06 1.59E+Q7 7.48 259 & 50 1.87E+04
17 2.13B+06 1.47E+07 6.92 2,79 5] 52 1.73E+04
18 2.13E+06 1.84E+(Q7 8.66 3.1 8 46 2.16E+04
19 2.13E+06 1.22E+07 5.74 252 B 57 144E+04
20 5.31E+058 1.63E+07 3.07 1.62 5 74 1.92E+04
21 L5.31E+06 2.21E+07 4.16 2.06 6 70 2.60E+04
22 B3EHE6 1.77E+07 3.33 1.74 7 97 2.08E+04
23 8.50E+08 3A48E4H07 4.1 204 7 83 4.10E+04
24 B.50E+08 3.55E+07 4.18 2.06 6 70 4.18E+04
25 B531Et08 2.23E+07 4.2 2,07 8 70 2.62E+04
26 8.50E+08 3.40E+07 4 2 6 72 4.00E+04
27 5.31E+06 1.14E+07 2.15 1.1 5 108  1.34E+04

Table 4: Response Surface Regression Analysis: Harvest Density (cells/cm?) versus
Rotational Speed, Media Volume, Seeding Density and Days in Culture.
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Rot ati onal Speegkedieg Paraisl utvellBerdiang Density and Days i£1 Cul ture.
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units) SE Coef mdd@RStABke 2m 3667 0.15586 13. 0. 000 Rot at1 onal
Speed (rpn) Rotational Speed {(rpm)¥* ~4264.7 2460 ~1.733 0.109
Seeding Density (cells/cm sg)
Rotational Speed (rpm)*Days -1723.5 2460 -0.701 0.497
Media Volume {ml}* -1529.4 2460 -0.622 0.546
Seeding Density (cells/cm sqg) .
Media Volume (ml)*Days -2088.2 2460 -0.849 0.413
Seeding Density (cells/cm sqg) *Days 541.2 24690 0.220 0,830
S = 4920 R-S5q = 85.3% R-Sq(adj) = 68.2%
Analysis of Variance for Haxvest Density
Source oy Seq 85 adj ss Adj MS F P
Regression 14 1621605592 1681605592 120828871 4.99 0.004
Linear 4 1115938309 1115938309 278984577 11.52 0.000
Sqguare 4 408129068 408129068 102032267 4.21 0.023

Interaction & 167538213 167538215 27923036 1.15 0.391
Residual Erxor 12 290519868 290519868 24209989
Lack~of-Fit i0 289163467 289163467 289816347 42.e04 0.023
Pure Error 2 1356401 1356401 678200
Total 286 1982125480

Unusual Cbservations for Harvest Density

Harvest
Obs StdOrder Density Fit SE Fit Residual St Resid
4 12 21882.350 30542.156 3757.99%91 -8659.806 -2.,73 R

{R denotes an observation with a large standardized residual.)

Estimated Regression Coefficients fox Haivest Density (uncoded units)

Term Coef
Constant -3.05951E+05
Rotational Speed (rpm) 195874.5033
Media Volume {ml) 281.8629
Seeding Density (cells/cm sg) 2.3578
Days 62013.6992
Rotational Speed (rpm}* ~64172.5667
Rotational Speed {rpm)
Media Volume {ml}*Media Volume (ml) 0.0010
Seeding Density (ecells/cm sq) ™ 0.0003

Seeding Density (cells/cm sq)
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0. 06167 0.07793 0.791 0.444 Media Volume (m) 0.14417 0.07793 1.850
0. 089 Seeding Density (cells/cmsqg) -0.48500 0.07793 -6.223 0.000
Days 0.15250 0.07793 1.957 0.074 Rotational Speed (rpm?* -0.25542
0.11690 - 2. {aPbu@932 Rot ati onal Speed (rpm Medi a Wtrhi¥Bo0s/062315
(L) *Media Volume (m) -0.03417 0.11690 -0.292 0.775 Seedi ng Density
(cells/cmeq)* 0.47208 0.11690 4.038 0.002 Seeding Density (cells/cm

Days*Days -0.35667 0.11690

(?pr‘r)* - 0. 235QQ, Q419498 -1.741 0.107 Medi a Vol,Lge (o)

-3.051 0.010 Rotational Speed

Rotational Speed (rpm)* ~148.2353
Media Volume (ml)

Rotational Speed (rpm)¥* -4._.5490
Seeding Density {(cells/cm sq)

Rotational Speed (rpm)*Days -6894,1100

Media Volume (ml}* -0.0041
Seeding Density (cells/cm sqg)

Media Volume (ml)*Days -20,8824

Seeding Density (cells/cm sq) *Days 0.1443

Table 5: Response Surface Regression Analysis: Hours/Doubling versus Rotational

Speed,

Media Volume, Seeding Density and Days in Culture.

Estimated Regression Coefficients for Hours/Doubling (coded units)

Term Coef SE Coef T P
Constant 70.740 10.095 7.008 0.000
Rotational Speed (rpm) ~4.088 5.047 -0.812 (.433
Media Volume (ml) -6.351 5.047 -1.258 0,232
Seeding Density (cells/cm sq) 15.51¢6 5.047 3.074 0.010
Days 4.068 5.047 0.806 0.436
Rotational Speed {rpm)* 14,990 7.571 1.980 0©.071
Rotational Speed (rpm)
Media Velume (ml) *Media Volume {(ml) 2.919 7.571 0.386 0.707
Seeding Density (cells/cm sqg)* -14.948 7.571 -1.974 0.072
Seeding Density {cells/cm sq)
Days*Days 17.023 7.571 2.248 0.044
Rotational Speed (rpm}* 11.188 8.742 1.280 0,225
Media Volume (ml)
Rotational Speed (rpm)™* 13.835 8.742 1.560 0.145
Seeding Density (cells/cm sqg)
Rotational Speed {(rpm)*Days 14.528 8.742 1.662 0.122
Media Volume (ml)* 1.885 8.742 0.216 0.833
Seeding Density (cells/cm sq)
Media Volume (ml) *Days 12.015 8.742 1.374 0.19%94
Seeding Density (cells/cm sq) *Days 1.222 8.742 0.140 0.8%51
S = 17.48 R-8g = 76.4% R-Sg(adj) = 48.9%
Analysis of Variance for Hours/Doubling
Source DF Seq S8 Adj ss Adj MS r P
Regression 14 11898.4 11898.42 849.89 2.78 0.042
Lineax 4 3773.1L 3773.06 943.27 3.09 0.058
Square 4 5438.2 5439.24 13592.81 4.45 Q.020
Interaction 6 2686.1 26B6.12 447.69 1.46 0.270
Residual BExror 12 3668.4 3668.38 305.70
Lack-of-Fit 10 3663.0 3662.98 366.30 135.71 0.007
Pure Exror 2 5.4 5.40 2.70
Total 26 15566.8

Unusnal Observations for Houwrs/Doubling

Fit SE Fit Residual 8t Resid
$5.835 13.354 31.625 2.80 R

Obs 8tdOrder
4 12

Hours/Doubling
127.460
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Rot ati onal Speed (rpm* -0.26000 0.13498 -1.926 0.078 Seedi ng Density
(cells/cm sq) Rot ati onal Speed (rpm *Days -0.17000 0. 13498 -1.259
0.232 Media Volune (nil)* -0.09500 0.13498 -0.704 0.495 Seedi ng
Density (ce Medi a Vol une (ml)*Days -0.17 .
-1.315 0. 21%‘0%-08'}.76072%%0 0.13498 -0.148 0.885 Seedi ng Deé,s?iq{[%m}ﬁﬁ%%g/cm
sq) *Days S = 0.2700R-Sq = 89.5%-Sq(adj) = 77.3% Anal ysi s of
Variance for Doublings -17 - WD 20071073552 Source DF Seq SS Adj SS

(R denotes an cbservation with a large standardized residual.)

Estimated Regrassion Coefficients for Hours/Doubling (uncoded units)

Term Coelf

Constant 1322.8425

Rotational Speed (rpm) -905.2233

Media Volume (ml) -1.2682

Seeding Density (cells/cm sdg) 0.0036

Days ~269.8567

Rotational Speed {(rpm)* 239.8467
Rotational Speed (rpm}

Media Volume (ml)*Media Volume (ml) 0.0003

Seeding Density {(cells/cm sqg)* -0.0000
Seeding Density {(cells/cm sq)

Days*bays 17.0229

Rotational Speed (rpm)* 0.4475
Medlia Volume (ml)

Rotational Speed (zpm)¥* 0.0145
Seeding Density (cells/cm sq) .

Rotational Speed {(rpm)*Days 58,1100

Media Volume (ml)* 0.0000
Seeding Density (cells/cm sq)

Media Volume (ml)*Days 0.1202

Seeding Demnsity (cells/cm sq) *Days 0.0003

Table 6: Response Surface Regression Analysis: Population Doublings versus Rotational
Speed, Media Volume, Seeding Density and Days in Culture.

Estimated Regression Coefficients for Doublings (coded units)

Term Coef SE Coef T P
Constant 2.03667 0.15586 13.067 0.000
Rotaticnal Speed (xpm) 0.06167 0.07733 0.791 0.444
Media Volume (ml) 0.14417 0,077983 1.850 0.08%
Seeding Density (¢ells/cm sqg) -0.48500 0.07783 -6.223 O0.000
Days 0.15250 0,07783 1.857 0.074
Rotational Speed (xrpm)* ~0.25542 0.11690 -2.185 0.04%

Ratational Spsed (rpm)

Media Volume (ml)*Media Volume (ml) -0.03417 0.116%90 -0.292 0.775

Seeding Density (cells/cm sq)* 0.,47208 0.118630 4.038 0.002
Seeding Density (cells/cm sq)

Days*Days -0.35667 0.11690 -3.051 0.010

Rotational Speed (xpm)* ~0.23500 0.134%88 -1.741 0.107
Media Volume (ml)

Rotational Speed (xpm)* -0.26000 0.134%8 -1.%26 0.078
Seeding Density (cells/cm sq)

Rotational Speed (xpm)*Days ~0.17000 0.134%8 -1.259 0.232

Media Volume (ml) * -0.09500 0.13498 -0.704 0.495
Seeding Density (cells/cm sqg)

Media Volume (ml)} *Davys -0,17750 0.13498 ~1.315 0.213

Seeding Density (cells/cm sq) *Days -0.02000 0.13498 -0.148 (.885

§ = 0.2700 R-Sg = 89.5% R-Sq{adj) = 77.3%

Analysis of Variance £or Doublings
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Adj MS PCT/ 1JS2006/ 062315 Regression 14 7.45883 7.45883 0.532773 7.31
0. 001 Linear 4 3.39682 3.39682 0.849204 11.65 0,000 Square 4 3.29139
3.29139 0.822846 11.29 0.000 Interaction 6 0.77063 0.77063 0.128438
1.76 0.190 Residual Error 12 0.87456 0.87456 0.072880 Lack-of - Pi t
10 0.66969 0.86969 0.086969 35.74 0.028 Pure Error 2 0.00487 0.00487

0.002433  Totwb 280785533339 PCT/US2006/062315
Souxge DF Seq 8§ adj s§ Adj MS F P
Regression 14 7.45883 7.45883 0.532773 7.31 0.001
Lineaxr 4 3,38682 3.39682 0,849204 11,85 0,000
Square : 4 3.,2013% 23.28913% 0.822846 11.29 0.000
Interaction & 0.77063 0.77063 0.128438 1.76 0.130
Residwal Exxor 12 0,87456 0.87456 0.072880
Lack—-ocf-Fit 10 0.8696% 0.865%6%9 0.085696% 35.74 0.028
Pure Brror 2 0.00487 0.00487 0.002433
Total 26 8.33339

Unusual Obsexvations for Doublings

Obs StdOrder Doublings Fit SE Fit Residual S5t Resid
4 12 1.130 1.570 0.206 -0.440 -2.52 R

{R denotes an observation with a large standardized residual.)

Estimated Regression Coefficients for Doublings (uncoded units)

Texrm Coef

Constant -20.9241

Rotational Speed (rpm) 14.0700

Media Volume (ml) 0.0221

Seeding Densaity {cells/cm sq) -0.0003

Days 5.3308

Rotational Speed (rpm)* -4 .0867
Rotaticonal Speed {(xpm}

Media Volume {ml)*Media Volume {(ml) -0.0000

Seeding Density (cells/cm sq)* 0.0000
Seeding Pensity (cells/cm sq)

Days*Days -0.3567

Rotational Speed (rpm)* -0.0094
Media Velume (ml)

Rotational Speed (xpm)* -0.0003
Seeding Density (cells/cm =g}

Rotational Speed {rpm)*Days -0.6800

Media Volume (ml)* -0.0000
Seeding Density {cells/cm sg)

Media Volume {(ml)*Days -0.0018

Seeding Density (cells/cm sq) *Days ~0.0000

Example 2: Validation of Optimized Culture Conditions

[0068] Cells: The cells used were umbilicus-derived cells identified as CBAT
0506048 PG (passage 6).

[0069] Media: Dulbecco’s Modified Eagle Mediuvm (DMEM) -low glucose, 15% Fetal
Bovine Serum, Penicillin-Streptomycin, 2-Mereaptoethano! was used for the validation
experiments,

[0070) Bottles: The bottles used were 850 cm sq culture bottles (e.g. Corning® catalog number
430851).
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Unusual Qbservations for Doublings Obs StdOrder DoublingsFit St Pit
Residual St Resid 4121.130 1.5700.206-0.440-2.52 R (2 denotes an
observat-ion with a | arge standardi zed residual.) Estinated Regression
Coefficients for Doublings (uncoded units) TernCoef Constant-20.9241
Rot ati onal Speed (rpm 14. 0700 Media Vol une (nil)0. 0221 Seedi ng Density
(cell s/ cm sq) i APR38Ry s5. 3308 Rotati onal Speed (rpm 4cHysiBedss1s
Rot ati onal Speed (rpm Media Volune (nl) *Media Volunme (m)-0.0000
Seedi ng Density (cells/cmsq) fr0.0000 Seeding Density (cells/cm sqQ)
Days*Days- 0. 3567 Rotational Speed (rpm*-0.0094 Media Vol une (nil)

Rotat i onal Speed®bn) "’GPBgﬂ e R0 L B ch e ety 45%“3’%%%“%“558 Fan"‘g*
Density (ceiii‘.051-‘#?-1:&'111T-'tcﬁtﬂe IW!GI WWN(BMEW@ gysonfer

(cel I's/cm sgy, ona.bé?r QD8 dmsiaoh fn d?eacﬁ/@&med,aéswgheafmmblnﬂlmd Culture
Condi ti ons

Th | ] nde d,
cells identifi ed ‘5@1 &A&SMOZ§%@€R%£§'¥S gl Ve&e&in%[ﬁog er| ve
Dul becco' s Modhkingd chagtsc Nadnwm{haw\&mwewmucmz lm%éﬁmlsccdcd intoa

he el i dat P Bgseh ol SobE Bk sy oo W EARL AR BT PR pHERT "

were 850 ¢ r@sddtam’cenbmingISé(sC@& 5% Bupwheriy 84t al og nunber 430851).
WD 2007/ 073552'3% ﬁﬁzﬂ%ﬂa@i@%éém were cuEtQtQZila]atgﬁ%ﬁiﬂn@-c%neﬁ%oﬂm%wc

mlliliters of ‘oggelatln sol ution were added to each 850 cm sq
bottle. The bot tiP¥ wepedpPdEEH on the roller systemfor 20 ninutes.

The gel atl n sol

RS, ot 50 (PSR, HBRsHE RS8OI AT DA 04 i
umbi | i cal - defrpignt el aeregvaghed HS'DW Smé%quwwg f dmbofdiypgl-BDTA was added.
cryogeni c vsahesauafi r&%ﬁx‘ﬁ&ﬁdth&%ll&x&?@éﬁﬁan%@atemljﬁun(n%s &35 RB)1. \WRESncubation, 40

seeded into cm ol,| er re | ed W

nedi a and pP’ 2 ﬁﬁg‘ 5’85 Efdg?d fqe ﬂﬁfﬂﬁ‘? &Hrﬁ‘”tf) ‘%’rfﬂ’gglkcéh ‘5??""‘56’6‘?%?’5&8@1%
CQ2 , 95% at o pltee riod qgetsfugddFOrA3hindtssatiPa kigoAfter Cailtrifegative, the owdis wisaedve g
E 83‘7)2; aégggagﬁ)&rﬁgﬁ Brg\tl%qa'l‘ ;S%‘HE@u?a?Fe éﬁ%en%Zd JS:IU L]po(} Kﬁll? %e‘ﬁ?g(are EduntePQFsmrg a Beckman
bottle by a§?§iltPfaﬁeF‘@n “a‘wwabl H’éHSe\mre seeded E“O\MS@' rv\l@sw@&smatwr 8600 te!lsBSg.
PBS was aspirated and 10 m of trypsin-EDTA was added. Bottles were
returned to the k) e@eﬁmmp%qagencubat ed for 5 mnutes at 0.75

RPM Aft bat , f h tl The,
or owt . ol L wieHeda gwwélgnep" ) &’F e Dfebobdistathngietein

and centri fi?@’éﬁaﬁf’d’rm%mﬂf%@f‘@éz N"f”é’ B&ntrifugation, the
medi a was renoved by aspiration and t he ceII eI | et was re- suspended
in 10 ni|l ofaspasdi §e=deR| | Jleffer e Expantaad Dgdhilingg ckman I t erHogs/@aybling
instrument. Cells were sgggedsi nto ggssed rol rl?f‘ﬁttl t about

2,500 cells/cm §qg1400é6L.16E0bY YREMDIPR7EIESAgR sTRRE 7: ﬁdJWth 37.24
ki netics from Upbkhisab esbit+ol i nes78Ed16046:@8 pandadefogoom passiage si x41.36
t 0 passage ni nesurdgg+oepRisaE+ded waEtodr AseEtbe culiBE¥td condé.ad ons 40.23
Passage Seeded ¥i &/18F42613E3987 EXFRAREH0B-S2E0BUb| iPIETEt al BUbl i ngs 4010
Ti me (days) Hol nf Doubling 6 2.13E+06 3. 10E+07 1.46E+01 3. 87E+00

3. 87E+00 6.00 37.24

Example 3: Characterization of Cells Expanded on Optimized Culture Conditions

[0077] Cells: Cells used for characterization experiments were nmbilicus-derived cells
at passage 6 (050604B P6)

[0078] Growth Medium: Dulbecco’s Modified Eagle Medium (DMEM) -low glucose,
15% Fetal Bovine Serum, Penicillin-Streptomycin, 2-Mercaptoethanol was used as the growth

medium.

[0079] Bottles: 850 cm sq bottles (e.g. Corning® catalog number 430851),
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7 2.13E+06 3.65E+07 1.67E+01 4. 06E+00 7. 93E+00 7.00 41.36 8 2. 13E+06
2. 54E+07 1. 20E+01 3. 58E+00 1. 15E+01 6.00 40.23 9 2. 13E+06 2.56E+07

1. 20E+01° 3. 59E+00 1.51E+01 6.00 40.10 Exanple 3: Characterization
((Cells Expanded on Optim zed Culture Conditions [0077] Cells:
Cells used for characterization experinents were unbilicus-derived
cell s at passaje2®70BEB604B P6) [0078] G owt h Medi BRF/US2006/062315

] Jul becco' s Modified Eagle Medium (DVEM -1 ow gl ucose, 15% Fet al

Bovi ne Serum Penicillin-Streptomnycin, 2-Mercaptoethanol was used as
the growm h medium [0079] Bottles: 850 cmsq bottles (e.g. Corning(r)
cat al og nunber 48088 1)Gelatiio2fMy TV&dD BRPLT 64132 Gédatld/ sOMAGd bas added to cach 850
[0080] Gel atin ggtﬁé Tk b%ﬂ@%ﬁé %4 onboﬁo{llerzs?%tgﬁlfc?fb Ls %?Eelm@osra ution

added to each “850" ¢m sq the es Wwere :Daced
system for XGsremouedly am@oga@apmb@aw.wmmwmm by aspiration

and each bottle M@mv\ﬁ?«h@%&ﬁ&é 'Tngﬂhéﬂs-dE’xﬁﬁd cell aiI:JBaSEaQQ?aB o@%'mﬁ@é‘rgkﬂa.@ed

Unbi | i cus-derived cells at p ssage

singl e cryod@Ri SmBeYRC Jreghyd F‘é’ﬁ“ﬁ‘\?’é"%@ @Yé#sl(%l%%oimﬁﬁf’dcdmO
we(r]I e seeged 8b®E8 scﬁﬁgeﬁﬂttﬁaﬁf pledillee fvith 000 :Bfieds e:a‘;srda -Rgedfot hmZ0€ with .
medi a and p ass 0 ressed air containing 5%
Cc2, 95% at ﬁ%‘géﬁsé? alRiPt Fz’m’f%% #{%’J%&PF@E %8 1s were cultured in a
t enper at ur e- c 0 nt W@ﬂﬂ] e dogubativns Sellawer@qul@red i 0 88jpeBpeechntrglled rid@het at 37° C.
(0084] Cel | %{p MG Ap@s renoved fromeach roller bottle by

n

aspiration and a here cell's were washed with 50 ni PBS. PBS was
renoved by aspi rf@@HbnCelidardeting] Media wasypaiverthduydaeive thir ot ket setiraticaciad ddberent

aci d (EDTA) . #aseddahith wilh® nh@hé'lﬁﬁﬁswﬁ'}%obé?i gg%ﬁr%nfamo% :;;Tyggfﬁ.s at

0.75 RPMon the roller system After incuba di a was
added t o- t hehHedipeiactetppsaticrcF(ENT A afep adgda The basiiss wers fstbated BAS mipuigs 8075
m coni cal Reken B eblieesien.f AR thedb@tion X 0TI BEEh&Fa s ad@todthe®ott 1A Mz with cells

centrifugati ed a, ratlon an |
CoT et ot e B o T e e R B 5 Ay S b R e B ng a
Becknman Coukdneifug@edghe mevit was removed by aspiratiof G10I8 i) cempﬁllbb@dxe-sﬁipﬂlidﬂﬂ ind Oihicuf

Fl ow Cyt O”anEé{ei A8 Wit SounEPlsln a WodIGha POtk a4 e ﬁ?&lﬁrﬁ.ﬁ’t in 3%(v/v) PBS

in PBS at a ce concentratio o 1x107 per ter. Antibody is
added as per manufacture's specifications and incubated with cells in
the dark for 30 [A985Ut dgiihedytainiagifor Blowi Grterdnyifnalysiealdlls wrrered wewmbredded

with PBS anﬁ:s@@MﬁFE‘BBgﬁﬂBEQtJ&M&cﬂ&hﬁ@&@ﬂlx@é‘iﬁe@%ﬁh&@eﬂ&o&ﬁ eddedasper
re-suspended in 500 mc | iter dPBS an nal yw‘g % oW cy tonetﬁ;
[0086] Flo GHET T P F‘§P§?§“ 1.%?“8%93 & ik 1P PQ mipgdes gkt 1o A fisy
with a FACSmavlbandwbdls(vBecwmcmmm c&&fiﬁsé&ﬁﬁ,rcrﬂ&\r): mﬁtﬁhﬂ bifddedy, Colls
tois Coo1 et R Al R R R for S hp o
CD13 CD31 4 ' AUt ur
Phar mi ngen ( San [#§86lgcF lovcRytomryYPHAY s FlgmerSastyBhayo, Wawfomdmham ngen
(DI San Di (ég\;) E%%agl@@“ﬁb@eﬁdﬁll;%:ﬁor(ﬁﬁﬁbsg DglstrBlgéhF;hBD Phar m ?%en (DI San

cgo, ﬁd& %n%; nTbe{el?qgﬁl arm ngen (San Di ego,
CA) BD Phar mi ng ?ga enghodiestEistdian Jose, CA)
Cat al og Nunber 555375 555394 555446 555821 555478 555489 550257
555596 340529 WO ZOQ_I%/ 973552Pg|l'/ US20136/ 062, 315

amfaciure Catalog Number
CD1¢ BD Pharmingen (San Diego, CA) 555375
CD13 BD Pharmmingen (San Diego, CA) 555394
CD31 BD Pharmingen (San Diego, CA) 555446
CD34 BD Pharmingen (San Diego, CA) 555821
CD44 BD Pharmingen (San Dicge, CA) 555478
CD45RA BD Pharmingen (San Diego, CA) 555489
CD73 BD Pharmingen (San Diego, CA) 550257
CD90 BD Pharmingen (San Diego, CA) 555596
CD117 BD Biosciences (Sam Jose, CA) 340529
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CD141BD Phanni ngen (San Di ego, CA) 559781 PDGFr-al phaBD Pharrni ngen
(San Diego, CA) 556002 BLA-A, B, CBD Pharraingen (San D ego, CA)
555553 I.- 3LA-DR, DP, D@D Pharm ngen (San Di ego, CA) 555558

igG FITCSigma (St. Louis, MO F-6522 igG PRSigma (St. Louis,

MO) P- 4685 [0088] Total RNA isolation: RNA was isolated with a RNeasy

Mni Kit acco januf acture's specifications (RNegSypshobbsaiikt ;
Q agen, Val en?ﬂiﬂ&ggﬁ RNA was eluted with 50 RI, DEPC-treated water

and stored at -80C. 100891 Reverse transcription: RNA was reversed
transcri bed usi ng random hexaners with the TagManT" reverse
transcription reagents (Applied Biosystens, Foster Ct CA) at 25C
for 10. minutes, 37€Pr 60 mi Rl Berrngend S Pigpo. LnoatiBés.  Sanpl es
were stored at - 20(PD@Esraighat er rRR PHaghigern (SeneDigen &40 686008i zed LDL,
receptor, interleukibAg, B, €ni n RihBhaetnpauforicgwElrd ThrSher

i nvest i gat ed usi ng HEAIDR, D DREY Phaminged (S40kedreR)- 555888 PCR. PCR was
performed on cDNA s HEE USI NGy Y 3oREREORNd | M gemZ2Xpressi on
products: oxidized )ﬁ; ecept Or&ﬁ?%@ renin pHye9166915),
reticulon (8s00382 XC | i gan 061) GCP- 2 (11300605742)
I L-8 (Hs001741 03 d Bi.o Fe )
were mixed withl Q%@ﬂh M%@@%MWEP%@I‘%@%FY ﬁ‘li"f(' Kétca(%o?( Qg to
t he manuf aclwukiufe’sispsificatotd @iNeasy Pyl Kie Qidgero¥ylgican@A). Kﬁétﬂmelm&‘wh 5CA)

using a 700 uence det stemw th ABl prism 7000 SDS
sof t war e (Ag ?([g ! Waterat%‘%dg g@fger City, CA). Therma

yC
condi ti ons wer e [008§]t |Rafersy rguerintigr: RNA wisievarid tonseried FS"E'Ga'H’P‘H k‘1’"6T“T’rfﬁ?()élljth‘”
by 40 cycl egqaRin™oferst Rand@iph@freatdfls @BfHel Bl’osyltem Postdr @89 TA) Restd ostQ minutes,

Tabl e 8: Expr ession of C
prot ei ns wiYH Phe ‘B’b?‘?sﬁi"ggdcg ;Ff“&?mftls pl?l? e ség?ﬂf‘t% (CFEE}QS ‘bnﬁé% hAE
050604B cel desesepspidindadLrredebter; ineatikins, rpin hatietislognadry fugter Wemlzmﬁl/ using real-
cytoi nctryt Cq,l% Surface Marker Roller Bottles CD 10 (+) COB (+)
(+) cD 31 )" 34 ) ) Q044 (+) (+ CD 45 CG) ) CD 73 () ) WO

2007/ 073552 PCIMS2D08¢@ 8288 R P QRywes perfprued pn cPN@Famplps psing Assgys-on)

CD 141 ( - Peand™ gdaPKreRioR Pbducts; oxidized LDL receptor (Hs00234028), renin
(Hs00166915), reticulon (Hs00382515) CXC ligand 3 (Fs00171061), GCP-2 (Hs00605742) .-
8 (Hs00174103) and GAPDH (Applied Biosystems, Foster City, CA) were mixed with cDNA
and TagMan Universal PCR. master mix according to the manufacturer’s instructions (Applied
Biosystetns, Foster City, CA) using a 7000 sequence detection system with ABI prism 7000 SDS
software (Applied Biosystems, Foster City, CA). Thermal cycle conditions were initially 50°C
for 2 min and 95°C for 10 min followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.

[0001] Resudts:

Table 8 : Expression of cell surface proteins expressed by Umb 0506048 cells expanded
with static TC flask methods or with the optimized roller bottle method as analyzed by flow

cytometry.
Cell Surface Marker Static TC Roller Bottles
Flasks
CD 10 (+) (+)
CD 13 (+) (+)
CD 31 (-) (-)
CD 34 (-) (-)
CD 44 (+) (+)
CD 45 -) (-)
CD 73 (+) (+)
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(+) ( ) ETAABC( ) (4 ) HAADTtDPDQ( - ) ( - ) [ 0092]
Real Tinme PCR Anal yst of Cells Expanded in Optim zed Roller Bottle
Culture Conditions Table 9'; Conparison of CT values for genes
expressed by cells (Linb 050604B) expanded in static plastic with
those grown TC flasks in the optim zed roller bottle conditions. CT
Val ues CT Val wes00409r33%2l i zed Cel|l Line reticol ort LDL-HPCrAS20GRERIE
reticulon LDL-12. IL-8 Unb-static culture 27.79 32 28.7 27.02 0.972
0.844 0.941 Unb -roller bottles 24.22 27.37 19.91 20.49 0.846 0.749

1.029 Exanpl e 4: VALI DATI ON OF OPTI M ZED CULTURE CONDI TI ONS I N
CELLBI ND ROLLER BOTTLEB dg0093] Cel | §+)050604B pP%) [0094] Medi a:
Dul becco's Modi fi ed BagliesMedi um ( -l ow gl(u ose, 15% Fet al

Bovi ne Serum Peni ci Id;m@ jStreptorryc Dy 2-Mercapt§et hanol . 100951
Bottl es: Corning 85 pottles tal og nu r 430851),

Cel I BIND(r) Corni ng(yg) cm sq bot{ Zes (catalog number 3907).

100961 Cel atin Coa of 2%gel atin solufion was added to
Corni ng(r) 850 cm Q (cat al 69 nunber 450 51) and pl aced on

the roller systemfor 20 m nutes. The gelatin solution was renoved by
aspiration and Wi¥B2Id Real Rin2PAR AdaBSs of&dlk Bipdnied) in QprinizaqRERO Bomle €Qlture
bottl es areé%g% % aat ed. [ 0097] Cell Seeding: 5.0E+06 P9

Ubi | i cal Z cells were thawed froma single cryogenic vial and
washed to renove DVBO. 2. 12E+06 cells were seeded into a single 850
cmsq rol | er bot Tk Pr Eohbdslofidt Py % Q&Qﬁéqﬂﬂcgur@@%%dsdeiﬂj 1

M nut e W t h egRARsds SRbe fhdticGRIMiRsE pragn B EPRRAOHE cBRtions.
[ 0098) Incubation: Cells were cultured in a terrperature controlled

roomset at 37C. [0099] -Speed: 0.7 RPValuddD CT Values-Normalized
2007/ 073552PCTLelb2d@6/ 0623eplon  LDL-R[ 0 X0 Ras®RXe retiiulpasERHER nddisa
was r enpvedUntestaticlesltrol | er 2b# t | e b2 as@Brat i @n.(and adb#x ent.gael b4l
wer e washedUnikikoleObatllesPBS. 2RB5 wasg7smpitosted @00910 nb.ged  0.749 1.029
trypsi n- EDTA was added. Bottles were returned to the roller system
and incubated for 5 mnutes at 0.75 RPM After incubation 40 m of
medi a was added to the bottles. Media with cells was then transferred
to a 50 m coni cEfaumplark VaddDadHON OF GRIAMIZRD EURTRIRECONDITI0ONS N ELLBIND
After centrgbpgakigrriigie medi a was renoved by aspiration and the
cell pellet was re-suspended in 10 m of nedia. Cells were counted
using a Beckman Coul ter Cedex(r) instrunment. Cells were seeded into
gassed roller bofotlsbaes Glls: Z)SEGIQBQHI | s/cmsq. 10101] Results: Table

Roi i er Bort] o5, VAT HB rRERERM o dhoris Mt BB tieR slbesy P
Rol | er Bot t BevinggrungRepicillin-Strentomycin, 2-Mercaptoethanol.
[0095] Bottles: Corning® 850 cm sq bottles (catalog number 430851), CellBIND® Corning®
850 c¢m sq bottles (catalog number 3907),
[0096) Gelatin Coating: 20 ml of 2% gelatin solution was added to Corning® 850 cm sq bottles
(catalog number 430851) and placed on the roller system for 20 minutes. The gelatin solution was

removed by aspiration and washed with 20 m1 PBS. CelIBIND® Corning® 850 cm sq bottles are not

coated.

[0097] Cell Seeding: 5.0E+06 P9 Umbilical 050604B cells were thawed from 1 single
cryogenic vial and washed to remove DMSO. 2.12E+06 cells were seeded into 2 single 850 cm
sq roller bottle pre-filled with 300 ml media and pre-gassed for | minute with compressed air
containing 5% CO2 , 95% atmospheric gas,

[0098] Incubution: Cells were cultured in a temperature controlled room set at 37°C.

[0099] Speed: 0.7 RPM
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Passage Seeded Yiel d Date Expansi on Doubli ng Tinme (days) Tine
(hrs) Hours/ doubling Harvest Density 2.13 E+0 6 4- Jan 1 7
2.13E+ 06 2.45 E+0 7 10- Jan 1.15E+0 1 3.53E+ 00 6.00 144.00 40.83

2. 88E+04

WO 2007/073552 PCT/US2006/662315

[0100] Passage: At passage media was removed from the roller bottle by aspiration and
adherent cells were washed with 50 ml PBS. PBS was aspirated and 10 mi of trypsin-EDTA was added.
Bottles were returned to the roller system and incubated for 5 minutes at 0.75 RPM. After incubation 40
mi of media was added to the bottles. Media with cells was then transferred to 2 50 ml conical tube and
centrifuged for 5 minutes at 300 x g. After centrifugation, the media was removed by aspiration and the
cell pellet was re-suspended in 10 m] of media. Cells were counted using 2 Beckman Coulter Cedex®

instrument, Cells were seeded into gassed roller bottles at 2,500-cells/cm sq.

[0101] Results:
2:2._'1_;'(‘?:'1:@_].- Actual Cell Yield per Passage for Cells Grown in Gelatin-coated Roller Bottles versus

Bottles with CellBIND®, |

Umb050604B Optimal Rolier Bottle- Gel

Coat

Passage | Seeded | Yiel | Date | Expansi | Doubli | Time Time Hours/ Harvest
d on ng {days) (hrs) doubling Density
2.13 | 4- 1
E+0 | Jan
6

7 2.13B+ [ 245 | 10- | 1.ISE+0 | 3.53E+ | 6.00 144.00 | 40.83 2.88E+04

06 E+0 [Jan |1 00

7

[Umb050604B Optinval Roller Bottle-

:CenBIND"
{ Passage | Seed | Yield | Date | Expansi | Doubli | Time | Time | Hours/ Harvest
ed on ng (days) | (hrs) doubling Density
2.13E+ | 4- 1
06 Jan
7 2.13 | 3.17E+ | 10- | 1.49E+0 | 3.90E+ | 6.00 144.00 | 36.93 3.73E+04
E+0 |07 Jan |1 00
6
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| Unb050604B Optinmal Roller BottleCell Bl ND* Passage Seed ed

Yi el d Date Expansi on Doubli ng Tine (days) Tinme (hrs) Hours/
doubling Harvest Density 2.13E+ 06 4- Jan 1 7 2.13 E+0 6
3.17E+ 07 10- Jan 1.49E+0 1 3.90E+ 00 6.00 144.00 36.93 3. 73E+04
Claims 1. A method of sinultaneously maxi m zing doubling rate,
harvest density, and the total nunber of popul ati on doublings for
unbilicus-derived cells in a roller bottle culture system conprising
using a rotational speed of about 0.65-0.9 rpm using at |east 300
nil of gr©liths mediumin an 850 square centinmeter culture bottle;
using a seeding density of |ess than about 2,500 cells per square
centineter; and incubating for between about 5.5 to 6.5 days, wherein
mar kers that characterize the unbilicus- derived, cells remain

o S OBl ok okl SR bR SR ey o A BRL DG ber

claim1l erein the rotatio Is a e inc
tine i s apfgpuigiongowplipstifeyvmbiligs-dryieed ﬁéish@@iméiﬁr bottlsicniture sptstemesiomptising

rotati Ona&su%oaerﬁﬂuéxﬁl ookt a9m§565 a@qp&. WRink 991942?%00%] O%Hzgnu,g &%ﬁiﬁtan%é 0

6.3 days The method of claim 1 wheréin
tine is |wgepmwe@bwwreé@ﬁWowaSM@g@eWaf lpaﬁﬁhaa@hmé@égo eells p@ramarqa

doubl i ng; ceﬂﬂqetélk]&dqﬁéﬁﬁhtmé s be%leﬁ Sholt S, mrélfﬁﬁ&s, he@h o B3 thtc %ﬁ%‘telnze

cel | s/ centi net er squar ed 5. The nethod of claim 1l wherein
unbi | i custheempiligy- dé@qu§e]éﬁfém¢(1F€£9hF&£§d POoA. <BlyBing Hyvgidppiiune sEgm.

2, The method of claim I wherein the rotational speed is about 0.7, and the incubation time is
about 6 to 6.3 days.

3. The method of claim 1 wherein the rotational speed is about 0.85, and the incubation time is

about 6 to 6.3 days.

4, The method of claim 1 wherein a population doubling time is less than about 39 hours, the
population achieves at least 3 doublings, and the density of cells at harvest is at least 1.8 E+4

cells/centimeter squared.

5. The method of claim 1 wherein the umbilicus-derived cells are ATCC Nos PTA-6067 and
PTA-6068.
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