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Table I: Factors tested and the range of values tested_ Factor Low
Hi gh Rotational Speed (rpm 0.5 1 Media Volune (ml) 100 300 Seeding

Density ( G&ldoefi3s39) 2,500 10,000 Days 5 7 [ 00
Experi ment al JI?)eS| gn: Experinents as provided in Table lﬁ(g\’}efpsézooel 62315
i n accordance with the above procedures. Tabl e 2: Box-Behnken

Response Surface Experimental Design to evaluate the factors and
factor interactions that significantly effect cell

cal cul at ed byOWhi {Thisreria ageed iy FHepint i oﬁﬁlFWéonWéb% %"é"éﬁ’tpaé%etem to
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I pin), la volunme (low 10

ml, .hi h 50 edi I t | ow
2,500 c@PmiOéWst?PIﬂaﬁP@ H"‘lldmﬁﬁ)é‘*t‘%‘f s E&}“} Caﬁ%“&ﬁg@l ??Fst@ﬁ%/etsgr e (low
5 days, high 7days) are user-defined and the md point is calcul ated.
Run O deyuNReiARVADE TR ENVENYRONEdi a Vol ume () Seedi ng Density
(cells/cmsqg) Days 1 0.5 200 6,250 5 2 1 200 6,250 7 3 0.75 300 6, 250

7 4 1 200 10,000 6 5 0.76 200 6,250 6 6 0.76 200 2,500 5
[0012] In one ofits several agpects, the invention provides methods of maximizing the

growth parameters of postpartum cells in roller boitle culture systems. In accordance with the
invention, provided are methods of maximizing the number 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 bottlc; using a sceding density of less than about 2500 cells per squarc contimeter; and
incubating for at least about 5.5 days. '

[0013] Also in accordance with the present invention are methods of maximizing the
rate of doubling of a culture of postpartum cells in a roller bottle culture system. The methods
for maximizing the rate of doubling preferably comprise using a rotational speed of at least about
0.85 rpm, using about 300 mi of growth medium 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] Tn another of its agpects, the invention provides methods of meximizing 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 mt of growth medium in
an 850 square centimeter culture botile; 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 maximizing 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 mecubating for between

about 3.5 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 reference to the

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1: 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 levels (fow to high along the x-axis) vs. 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.
population doublings value (black line) intersects the single maximum y-axis value (blue line)
thus defining the optimal factor level.

[0019] Figure 2: Calculated optimal rotational speed (0.92 tpm), media volume (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) intersects the single
minimum y-axis value (blue line) thus defining the optimal factor level.

{0020] Figure 3: Calculated optimal rotational speed (0.98 rpm), media volume (300
ml), sceding density (10,000 cclls/cm sq.), and days in culturc (6.67 days) to achicve the
maximal harvest density (cell/em 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/cm 5q.), 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 -



~=2+5006—18—075"300~2, 50006 19 U. 5 200 Z, 5006 20 1 200 6, 2505 21 0.75
200 6, 2506 22 0.75 100 6, 2507 23 0.75 200 10, 0007 24 0.75 100 10, 0006
25 0.75 200 6, 2506 26 0.75 300 10,0006 27 0.75 100 6, 2505
Table 3: Cells yield obtained fromfactor |evels defined by

Box- Behnken response surface experinental design. Harve ' | S
expressed | nWOIYYHFP. Bottle Seeded Yield Expansion DgE’B|EEngd§&6¥;’|1$re
(days) Hours/doubling Harvest Density 1 5.31E+06 9. 80E+06 1.84 0.88 5

harvest density (cell/ cm sq.)(1.8E+04). The black lines on each graph represent the plotted
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 maximum, 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 doublingy and harvest density and the minimum y-axis value for hours per population
doubling (blue line) thus defining the optimal factor levels.

[0022] Figure 5: Population Doublings vs. Days in Culture of umbilical cell line
0506048 expanded from passage six to passage nine under optimized roller bottle culiure

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 a 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 all three of the foregoing parameters. Cells and populations of cells produced by the
foregoing methods are also provided herein

[0024] Roller bottle culture systems are known in the art of cell culture. Asused
herein, roller botile culture systems comprise at least a cell line of interest, growth medium,
roller bottles, an apparatus for rotating the bottles, and means for harvesting the cells. The
growth medium preferably comprises a basal medium, for example, Dulbecco’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 born calf
scrum (NCS). The serum. content can range in conceniration from 0 (a serum-froc media) to
20% of the total volume of the medium. Growth factors, for example, platelet derived growth
factor BB (PDGF-BB), basic fibroblast growth factor (bFGF), and others, or combinations of
such may be used to supplement the growth medium. 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 cultures, 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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products such as but not limited to TrypLE™ Express (Gibco, Inc.) can be utilized. The cells also can be

harvested by manual operations including, for example, batch centrifu gation, 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 cells 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-6063;
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 methods 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] In one ofits several aspects the invention provides methods of maximizing the

mumber of population doublings achievable for a population of cells grown in a roller bottle
culture system. 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.

[0028] The independent variables which have been used to maximize the number of
population doublings achievable in a roller botile culture are rotational speed, seeding density of
the cells into the bottles, time of incubation, and volume of mcdium placed in the bottle. Hercin
and throughout in the embodiments exemplified these independent variables 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
thesc valucs may prove to offer incrementel gains 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 part of this disclosure,

[0029] To help maximize the dependent variable as a function of the four independent
variables, regression analysis was used. In particular, response surface methadology (RSM) is
presently a preferred approach fo 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

minimal responses can be accurately determined using RSM.

-6-



TS5 3TEFU6 2 78ET07 5. 23 2. 30 6 60 3. 27E+04 10 5. 31E+06 1. 96E+07 3. 69
1..88 6 76 2.31E+04 11 8.50E+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 8.50E+06 3. 03E+07 3.56
1.83 5 65 3.56E+04 14 2. 13E+06 1.50E+07 7.06 2.82 7 60 1.76E+04 15

5. 31E+06 1. 3%542-000‘7"0%5;427 1.3 6 111 1.54E+04 16 2. 13E+06 PCT/US2006/062315

[0030] .As can be seen from the data exemplified herein and below, the independent
variables tested 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. In a preferred embodﬁment, the lower end of that range is used, for example seeding
is with less than about 3000 cells per square centimeter, As can be seen 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
ducing 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 are rotated
at about 0.8 to 1 rpm. Rotation near or about 1 rpm is preferred as can be seen in Figure 1.

[0032] 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 preferred.

[0033] 1t can also be seen from Figure 1 that the independent variable can be selected
as a sct of parameters to maximize the number of population doublings. A roller bottle culturc
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 is 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,

[6034] 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 [, [V, and
VD), or the like. While 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 Corning® as catalog number

3907). The use of CellBIND® bottles and a comparison with gelatin-coated bottles is exemplified in



RPRER R

.59E+07 7.48 2.9 6 50 1.87E+04 17 2.13E+06 1.47E+07 6.92 2.79 6 52
. 713E+04 18 2. 13E+06 1. 84E+07 8.66 3.11 6 46 2. 16E+04 19 2. 13E+06
. 22E+07 5.74 2.52 6 57 1.44E+04 20 5. 31E+06 1. 63E+07 3.07 1.62 5 74
. 92E+04 21 5. 31E+06 2. 21E+07 4.16 2.06 6 70 2. 60E+04 22 5. 31E+06

. TTE+07 3.33}. 047,97 2. 0BE+04 23 8.50E+06 3.48E+07 4.1 0

Example 4 below. 1t is envisioned that various coating agents will be-found acceptable for attachment

and growth of cells in accordance with the methods provided herein.

[0035] In another of its aspects, the invention provides methods of minimizing the
number of hours/population 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 for therapeutic
applications and increases the total throughput of a culture system of limited capacity. As above
and throughout this disclosure, 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.

[0036] The independent variables which have been used to maximize the number of
population doublings achievable in a rolier bottle culture are the same as for achieving the
maximal number of population doublings: 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 variable, here the population doubling rate, is measnred and computed as a function of
these parameters.

[0037] 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 prescntly preferred embodiment, rolter bottles arc filled ebount 100-
300 ml of growth medium, preferably about 300 ml are used, as can be seen from Figure 2. The
bottles are seeded with about 2500 to about 10,000 cells per square centiyneter, In a presently
preferred embodiment, the lower end of that range is used, for example seeding is with less than
about 3000 cclls per squarc centimeter. Still more preferred arc crnbodiments where the sceding
is at about 2500 cells per square centimeter. The seeded botiles are rotated during attachment
and growth. The rotational speed is set at between about 0.5 1o 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 rpm is presently preferred, as
shown in the figure,

[0039] Tomaximize the population doubling rate, the filled and seeded roller bottles
are rotated and incubated for about 5 to 7 days, with an incubation time of about 5 to about 6
days preferred. Figure 2 shows that incubation for about 5 days is also preferred.
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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 medium, and a seeding density of
about 2500 cells per square centimeter, which is rotated at a speed of about 0.9 xpm for an
incubation of about 5 days will provide the maximal population doubling rate achicvable in such
a system.

[0041] In another of its several aspects the invention provides methods of maximizing
the density of anchorage-dependent cells available for harvest from a population of cells grown
in a roller botile 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 bottle).

[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 bottles, 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 parameters.

[0044] Rcgression analysis, and particularly RSM was cmployed 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 function of these parameters. Ina presently preferred
cmbodiment, roller bottles arc filled about 100-300 mi of growth medium, preferably about 300
ml 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 1
rpm, as shown in Figure 3. In preferred embodiments, rotation is between about 0.75 and I 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 exaruple 0.98 rpm, as shown in the figure.



1420 0.030 0.976 Rotational Speed (rpm Medi a Vol urre(n1) 2029. 4
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2131 -2.294 0.041 Rotational Speed (rpm* -3705.9 2460 -1.506 0.158
[0046] To maximize the harvest densﬂ:y of the cultured cells, the filled and seeded

roller bottles are rotated and incubated for about 5 to 7 days, with an incubation. time of about 6
to about 7 days preferred. Figure 3 shows that incubation for about 5.8 to less than about 6 days
or for about 6.5 to about 6.7 days is also preferred.

[0047] In another aspect, the invention provides methods of simultaneously 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 culiure system of limited capacity. As above, preferably ihe
cells are postpartum~derived cells, and even more preferably the celis are umbilicus-derived
cells. In a presently preferred embodiment the cells are ATCC Accession No: PTA-6067 or
PTA-6068.

[0048] The independent variables which have been adjusted to help simultaneously
maximize the mumber 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.c. 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 particularly RSM was utilized to help
simultancously maximizc the three dependent variables as a function of the four independent
variables.

[0050] Thus, in preferred embodmments, roller botiles are filled about 100-300 ml of
growth medium, preferably about 300 ml are used, as can be seen with reference to Figure 4.
The bottles arc sceded with about 2500 to about 10,000 cclls per square centimeter. Ina
presently preferred embodiment, the lower end of that range is used, for example seeding is with
less than about 3000 cells per square centimeter. Still more preferred are embodiments where
the seeding is at about 2500 cells per square centitneter. 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 1 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 pm. Also preferred are cuiture systems wherein the rotation is near or about 0.85 -

0.9 rpm as can be seen in the figure.
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Li near 41119928809 incubated for about 5 to 7 days, with an incubation time of about 5.5 to 2bout 6.5
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 population doubling rate, based on the results
shown in Figure 4. A roller bottle culture system that comprises a fill volume of about 300 ml 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 optitnal
population doubling rate, total number of doublings and harvest density for the cells achievable
in such a system.

[0053] In another aspect, the invention provides postpartum cells, preferably
urnibilicus-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.

10054] Also provided are cell therapeutic compositions comprising cells cultured by the
methods provided herein.

[0055] In 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 genge cxpression profile as the starting cclls. For many applications of ccll-based therapics it is
important that the cellular characteristics do not change when scaling up the culture conditions to
increase quantitics. For example, the morphology, cell surface markers, and expression of
hallmark genes that help distinguish. or denote the therapeutic cell should remain substantially
unchangcd if not identical. The cells provided in accordance with the invention and the methods
taught therein 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 LA~
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, CD141, and
HLA-DRDPDQ. More preferably the cells do not express any of the foregoing. In a highly

preferred embodiment, the cells express an identical cell surface marker profile with respect to
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| arge standardi zed residual.) Estimated Regression Coefficients for

Harvest Density (uncoded units) Term Constant Rotational Speed (rpm
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(rpm* Rot
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- 3. 05951 E+UB10 @E?ACQ%SJ%J. CRgooP QGEISEF[B!]B@M @gggc but negatlve for expression of
CD31, CD34, CD435, CD117, CD141, and HLA-DRDPDQ. The skilled artisen will appreciate

that are several ways to assess the cell surface marker profile of a cell line. As used herein, if a
cell surface marker protein can be detected through use of a ﬂuorescently-labeled antibody the
cell is deemed positive and if the cell surface markér cannot be detected via fluorescent antibody,
the cell is deemed negative for that marker. Table 8 provides a summary of the preferred cell

surface markers for the umbilicus-derived cells of the invention.

[0056] In similar fashion, the cells produced in accordance with the methods of the
invention preferably retain substantially the same, or 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, IL-8, and GAPDX. 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 to
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 Experiments for Determining Culture Condition Parameters

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

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

[0060] Bottles: 850 cm sq bottles were used (e.g. Corning® catalog number 430951).

[0061] Gelatin Coating: Twenty (20) ml of 2% gelatin solution were added to each §50
cm sq bottle. The bottles were placed on the roller system for 20 minutes at 1 rpm. The excess
gelatin solution was removed by aspiration and the bottles washed with 20 ml 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 sulfoxide (DMSO). Cells were seeded

12 -
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were washed with 50 ml PBS. PBS was removed by aspiration and 10 m] 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 boftle. 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 a Minitab 14.0. the

parameters tested are shown in Table 1

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

Factor Low High _

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

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

Tuble 2: Box-Behnken Response Surface Experimental Design to evaluate the factors
and factor interactions that significantly effect ceil yield as calculated 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 (low 100ml, high 500ml), seeding density (low 2,500 celVem sq., high 10,000
cells/fem 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 (cells/cm Days
Order {rpm) (ml) s4)

1 05 200 8,250 5
2 1 200 6,250 7
3 0.75 300 6,250 7
4 1 200 10,000 5
5 0.756 200 6,250 6
6 0.76 200 2,500 5
7 i 300 6,250 6
8 0.5 200 6,250 7
9 0.5 300 6,250 6
10 1 100 6.250 6
uk! 05 200 10,000 8
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-1.974 0.072 Seeding Density (cells/cmsq) Days*Daysl17. 023 7.571
2.248 0.044 Rotational Speed(rpm*11.188 8.742 1.280 0.225 Medi a

Vol ume (Y, I onal Speed(rpm *13.635 8.742 1.560 Lng
EEnsity(ce%fg?gﬁ?é%# Rot at i onal Speed(rpn)*ansl4.52§Pg&$a%§%2%32
0.122 Media Volume(m )*1.885 6.742 0.216 0.833 Seeding Density

(cells/cmsq) Medi a Vol unme (nil)*Days12.015 8.742 1.374 0.194
Seedi ng Density (cells/cmsq)*Daysl. 222 8.742 0.140 0.891 S =

17. 48R-Sq 2 76. 49R- Sqf4dj ) = 48.9% 3%nal ysis of Var o‘%ﬂ%e f or 5
Hour s/ Doul}i ng Souf'éRDFSeq $SAd; dj ' Ms F P DO >
15 0.5 100 6,250 6
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 6,250 5
21 075 200 6,250 &
22 0.75 100 6,250 7
23 0.75 200 10,000 7
24 0.75 100 10,000 6
25 0.75 200 6,250 5]
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’.

Bottie Seeded Yield Expansion Doublings Time Hours/doubling Harvest
(days) Density
1 B.31E+06 9.80E+06 1.84 0.88 5 136 1.13E+04
2 5.31E+06 1.68E+07 3.16 1.66 7 101 1.98E+04
3 B.31E+06 1.50E+07 2.82 1.5 7 112 1.76E+04
4 B8.50E+06 1.86E+07 2.19 1.13 6 127 2.19E+04
5 531E+06 2.10E+07 3.85 1.98 6 73 Z2ATE+04
6 2.13E206 1.23E+07 5.79 2.53 5 47 1.45E+04
7Y 531E+06 2.47EH07 4.08 2.03 6 71 2.585E+04
8 5.31E+06 1.82E+07 3.04 1.6 7 105 1.80E+04
9 5.31E+068 2.78E+07 523 2.39 6 60 3.27E+(04
10 5.31E+06 1.96E+07 3.69 1.88 G 76 2.31E+04
11 B8.50E+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 8.50E+06 3.03E+07 3.56 1.83 5 65 3.56E+04
14 2.13E+06  1.50E+Q7 7.06 2.82 7 60 1.76E+04
15 531E+06 1.31E+07 247 1.3 8 111 1.54E+04
16 2.13E+06 1.09E+07 748 29 6 50 1.B7E+04
17 2.13E+06 1.47E+07 6.92 2.79 6 52 1.73E+04
18 2.13E+06 1.B4E+07 8.66 3.11 6 46 2.16E+04
19 213E+06 1.22E+07 574 252 6 57 1.44E+04
20 5.31E+06 1.63E+07 3.07 1.62 5 74 1.92E+04
21 B.31E+06 Z2.21E+07 4.18 2.06 6 70 2.60E+04
22 5.31E+06 1.77E+D7 3.33 1.74 7 97 2.08E+04
23 B8.50E+06 3.4B8E+07 4.1 2.04 7 83 4.10E+04
24 B8.50E+06 3.55E+07 4.18 2.06 6 70 4.18E+04
25 5.31E+06 2.23E+07 4.2 2.07 8 70 2.62E+04
26 B8.50E+06 3.40E+07 4 2 6 72 4.00E+Q4
27 5.31E+06 1.14E+07 2.15 1.1 5 109 1.34E+04

Table 4: Response Surface Regression Analysis; Harvest Density (cells/cm?) versus
Rotational Speed, Media Volume, Seeding Density and Days 1n Culture.
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Observations for Hours/Doubling Obs StdOrder Hours/DoublingFit SE Fit
Residual St Resid 412127.460 95.835 13.35431.6252.80 R WD
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standar di zed qLggi dual .) Estimated Regression Cogkfigigds for o

Hour s/ Doubl i rgnéusreoded units) TernCoef Consianti1322. 8425 Robasti @nabo

Speed (rpnm - %.ggaa@a@l Wgﬁ% Votume (m)-1. 26822 48eedi nglﬂﬂlsm 3% _; i;g
(cells/cm sq ©-269 tatlonal eed (r 2 6
Rot at i onal §§§3€r D%%dﬁcﬁl%& (rrfL) I\/ledi’g§|§ Vol une; (L) 32’9@ B3 o 307

Seedi ng DenSRE:ya’f(l%alai sh-e8a S@pi~0. 0000 Seedi n@l@@é‘Sl tY2J(3C_16| lshem sQpsa
Days*Days17. OZQ&aR@bxaatll opadd Speed (rpm) *0. 4475 Media Vol une (ml)

Rot at i onal Sﬂéé’dﬂ @mbfﬂ%’:dlSeé‘EHUrFrg Pelnsi t c@l | s/€mlsg)?-00> O. 922
Rot ati onal Sp& ‘Ef' nsﬁ%@/?ﬁ@ii{f@(@ﬁﬁ%@ a Vol iit8-{ nt) *8- 000" -€28di°ng
Density (cel bg %a -4887.3 2131 -2.294 0.041
Rotatlonal Speed (rpm)* -3705.9 2460 -1.506 0.158
Media Volume (ml}
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
Seaeding Density (cells/cm sq) .
Media Volume {ml)*Days -2088.2 2460 -0.84% 0.413
Seceding DPensity {(cells/cm sq) *Days 541.2 2460 0.220 0.830
S = 4920 R-S5gq = 85.3% R-Sg{adj) = 68.2%
Analysis of Variance for Haxrvest Density
Source DF Seq 58 Ad) SS Adj MS F P
Regressicn 14 16916055%2 16916055592 120828871 4.99 0.004
Linear 4 1115938309 1115938309 278%84577 11.52 0.000
Square 4 d408129068 408125068 102032267 4.21 0.023
Interacticn & 167538215 167538215 27523036 1.15 0.391
Residual Erxror 12 2905192868 290513868 24209989
Lack-of-Fit 10 2891634867 289163467 28916347 42.64 0.023
Pure Error 2 1356401 1356401 678200
Total 26 1982125460
Unusual Observations for Harvest Density
Harvest
Cbs StdOrdex Density Fit SE Fit Residual St Resid
4 1z 21882.330 30542.156 3757.991 -8659.806 -2.73 R

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

Estimated Regression Coefficients for Harvest Density (uncoded units)

Term Coef
Constant -3.05851E+05
Rotaticonal Speed (rpm} 185874.5033
Media Volume (ml) 281.8629
Seeding Density {cells/cm sqg) 2.3578
Davs 69013.695%2
Rotational Speed (rpm)* -64172.5667
Rotational Speed (rpm)
Media Volume (ml)*Media Volume (ml) 0.0010
Seeding Density (celis/cm sg)* 0.0003

Saeding Density ({(cells/cm sg)
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Medi a Vol unme (ml) *Days0. 1202 Seedi ng Density (cells/cm sq)*Days0. 0003
Tabl e 6: Response Surface Regression Analysis: Popul ati on Doublings
versus Rot gty eed, Media Vol une, Seeding Density L=
Cul ture. Estlnated'%egre55|on Coefficients for Ebubllnggeﬁ n%%%?ﬂa
(coded units) SE Coef Constant 2.03667 0.15586 13.067 0.000

Rot ati onal Speed(rpm 0.06167 0.07793 0.791 0.444 Media Volunme (m)
0.24417 0.07793 1.850 0.089 Seedi ng DenS|ty(ceIIs/cnls ) -0.48500
0.07793 -6. 2%3{15‘136@6 s, 0. 15)2*50 0.07793 1. 9378 ;g Rot at i onal
Speed(rpm * 6&5@2@05&5 .185 0.049 Rot aff onar-speed (rpm
Medi a Vol uneaefgltﬁoh/gﬁls@eéml(umx(m) -0.03417 0.1469Q0-0.292 0.775
Seedi ng Densi t sfeclehd Feomitaq)EeDs47RG8) 0. 11690 4. 038 0. 002 Seedi ng
Density (cel R8}ars SPe@jﬂﬁyﬁwﬁﬁy% -0. 35667 ~6894.1100

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

Media Volume (ml)*Days -20.8B824

Seeding Density (cells/cm sd) *Days ¢.1443

Table 5: Response Surface Regression Analysis: Hours/Doubling versus Rotational
Speed, Media Volume, Seeding Dengity and Days in Culture.

Estimated Regression Coefficients for Hours/Doubling (coded units)

Term Coef SE Coef T e
Constant 70.740 10.095 7.008 o0.00C
Rotational Speed (rpm) -4.098 5.047 -0.812 0©.433
Media Volume (ml) -6.351 5.047 -1.258 0.232
Seeding Density (cells/cm sq) 15.51¢ 5.047 3.074 0.010C
Days 4,068 5.047 0.806 0.43¢
Rotaticonal Speed {rpm)* 14.990 7.571 1.980 0.071
Rotational Speed (rpm)
Media Volume {(ml) *Media Volume (ml) 2.9819 7.571 0.386 0.707
Seeding Density (cells/cm sq)* -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)¥* 13.635 B8.742 1.560 0.145
Seeding Tensity (cells/cm sq)
Rotatiocnal Speed (rpm)*Days 14.528 8.742 1.662 0.122
Media Volume (ml)* 1.885 §.742 0.216 0.833
Seeding Density (cells/cm sqg}
Media Volume {(ml)*Days 12.915 §.742 1.374 0.,1%4
Seeding Density (cells/cm sq) *Days 1.222 §.742 0.140 0.891
5 = 17.48 R-85g = 76.4% R-Sg(adj} = 48.9%
Analysis of Variance for Hours/Doubling
Source DF Seq 88 Adj s§ Adj MS F P
Regressicn 14 11898.4 11888.42 849.89 2.78 0.042
Linear 4 3773.1 3773.06 943,27 3.09 ¢.058
Square 4 5439.2 5439.24 1358.81 4.45 0.020
Interaction [ 2686.1 2686.12 447 .69 1.46 0.270
Residuwal Error 12 3668.4 3668.38 305.70
Lack-of-Fit 10 2663.0 3662.98 366.30 135.71 0,007
Pure Error 2 5.4 5.40 2.70
Total 26 15566.8
Unusual Observations for Hours/Doubling
Obs StdOrder Hours/Doubling Fit SE Fit Residual St Resid
4 12 127.460 ©95.B35 13,354 31.625 2.80 R
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0.11690 -3.051 0.010 Rotational Speed(rpm* -0.23500 0.13498 -1.741
0.107 Medi a Vol une(ml) Rot ati onal Speed(rpm* -0.26000 0.13498
-1.926 0.0 LNg Density (cells/cmsq) Rot ati on -
Speed(rpmgéaz;?gﬁ%?"%ooo 0.13498 -1.259 0.232 Media Vol g‘%n%‘]fzr?ﬂ()’%”“
-0. 09500 0.13498 -0.704 0.495 Seeding Density (cells/cmsq) Medi a
Vol une (nl)*Days -0.27750 0.13498 -1.315 0.213 Seedi ng
Density(cells/cm sq)*Days -0.02000 0.13498 -0.148 0.885 S =

0. 2700R- Sq = ‘BHTYUESGLath P L 7Pt 2 AAaF EIPRAGRItRE iTaptE et of
Doublings - 17 - WD 20071073552

Estimated Regression Coefficients for Hours/Doubling (uncoded units)

Term Coef

Constant 1322.8425

Rotational Speed {(xpm) -805.2233

Media Volume (ml} -1.2682

Seeding Density (cells/cm sq) 0.0036

Days ~-269.8567

Rotational Spesed (rpm)* 239.8467
Rotaticnal Speed (rpm)

Media Veolume (ml) *Media Volume (ml} 0.0003

Seeding Density (cells/cm sqg)}* -0.0000
Seeding Density (cells/cm sqg)

Days*Days 17.022¢

Rotational Speed (rpm)* 0.4475
Media vVolume ({ml)

Rotaltional Speed (rpm)* 0.01453
Seeding Density (cells/cm sg} .

Rotational Speed (rpm) *Days 58.1100

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

Media Volume (ml)}*Days 0.1202

Seeding DPensity (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 Ccef T P

Constant 2.03687 0.15586 13.067 0©.000

Rotational Speed (rpm) 0.06167 0.07783 G.791 0.444

Media Volume (ml} 0.14417 0,077583 1.850 0.089

Seeding Density (cells/ocm sq) -0.48500 0.0779%93 -6.223 0.000

Days 0.15250 0.07723 1.957 0.074

Rotational Speed (xrpm)* -0.25542 0.11690 -2.185 0.049
Rotational Speed (rpm)

Media Volume {ml) *Media Volume (mi) -0.03417 0.116%0 -0.292 0.775

Seeding Density ({(cells/cm sg}?* 0.47208 0.116%0 4.038 0.002
Seeding Density (cells/cm sq)

Days*Days -0.35667 0.116%0 ~3.051 0.010

Rotational Speed (rpm)* -0.23500 0.134%98 -1.741 0.107
Media Volume (ml)

Rotational Speed (rpm)* ~0.26000 0.13498 -1.926 0.078
Seeding Density (cells/cm sq)

Rotational Speed (rpm)*Days -0.17000 0.134%8 -1.25%5 0.232

Media Volume (ml)* -0.09500 0.134%8 -0.704 0.495
Seeding Density (cells/cm sqg)

Media Volume {(ml) *Days -0.17750 0.134%98 -1.315 0.213

Seeding Density (cells/cm =aqg) *Days -0.02000 0.13498 -0.148 0.885

§ = 0.2700 R-Sgq = 89.5% R-Sg(adj) = 77.3%

Analysis of Variance for Doublings
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Source OF Seq SS Adj SS Adj MS PCT1US20061062315 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. 073p8&070ts€sak-of - Fit 10 0.86969 0.86969 0. 0863%%/3A5n0dds2315
0.028 Pure Error 2 0.00487 0.00487 0.002433 Total 26 8.33339

Source DE Seq S8 ady 8§ Adj MS F P

Regression 14 7.45883 7.45883 0.532773 7.31 0.001
Linear 4 3,3968B2 3.39682 0.84%204 11.85 0.000
Square 4 3.29139 3.29139 0.822846 11.29 0.000
Interaction 6 0.77063 0.770863 0.128438 1.76¢ 0.190

Residual Error 12 0.87456 0.87456 0.072880
Lack-of-Fit 10 0.86969 0.86569 0.086%69 35,74 0.028
Pure Error 2 0.00487 0.00487 0.002433

Total 26 8.33339

Unusual Obsexvations for Doublings

Obs StdOrder Doublings Fit SE Fit Residual 5t Resid
4 12 1.130 1.570 0.206 -0.440 -2.52 R

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

Estimated Regresslion Coefficients for Doublings (uncoded units)

Term Coef

Constant -20.92431

Rotational Speed (rpm) 14.0700

Madia Voluma (ml) 0.0221

Seeding Density {(cells/cm s9) ~0.0003

Days 5.3308

Rotational Speed (rpm)* -4.0867
Rotational Speed (rpm)

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

Seeding Density (cells/em sq)* 0.0000
Seeding Density (cells/cm sg)

Days*Days -0.3567

Rotational Speed (xpm)* -0.00%4
Media Volume (ml)

Rotational Speed {rpm)* -0.0003
Seeding Density (cells/cm sq)

Rotational Speed {rpm)*Days ~0.6800

Media Volume {ml}* -0.0000
Seeding Density {(cells/cm =aq)

Media Volume (ml)*Days -0.0018

Seeding Density (cells/cm sqg) *Days -0.0000

Example 2: Validation of Optimized Culture Conditions

[6068]) Cells: The cells used were umbilicus-derived cells identified as CBAT
050604B P6 (passage 6).

[0065] Media: Dulbecco’s Modified Eagle Medium (DMEM) -low glucose, 15% Fetal
Bovine Serum, Penicillin-Streptomycin, 2-Mercaptoethanol 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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gnusual—Chservations 1or Doublings Obs StdOrder DoublingsFit SE Fit
Residual St Resid 4121.130 1.5700.206-0.440-2.52 R (R denotes an
observation with a | arge standardi zed residual.) Estinated Regression
Coefficients for Doublings (uncoded units) TernCoef Constant-20.9241
Rot at i onal 78;%4 0700 Media Volunme (ntl)O0.0221 Sg@%gﬁod;&ﬂﬁgty
(cells/cm sq%% g ys5. 3308 Rotational Speed (rpm*-4.

Rot ati onal Speed (rpm Media Volune (nil)*Media Volunme (m)- 0. 0000
Seedi ng Density (cells/cmsq)*0.0000 Seedi ng Density (cells/cmsq)
Days*Days- 0. 3567 Rot ati onal Speed (rpmx-0.0094 Media Vol ume ggAe)d "
Rot ati onal Sped807li pigelatin Gsetie: Sveathigibiiersiof ¢Vseelatip SPIRpPL s fo eac
Rot at i onal gspREEE YokRMTHERYSledwERPlichsH fe meu@etem} 50 MiRAG0 The gdhtig
Density (cells/cmsqg) Media Vol une A(ar% %%8 e{,e(ﬂr[n?gﬁg)enm ty
(cells/ cm@WW%tWWG@Wﬁ?EH%D&HQ ot éi’?sd’ﬁ“ "Eﬁ‘t ‘Cul ture
Condi ti ons (00729 0@8%]| Seadiha : 5.0ira6@eUnthilivab derived ecllsidd D50604B) deritheaekd

cells identifi ed s CBAT. 0 604B S . | .
Dul becco' s&%aF'PE Fesgre %ﬁdu‘?‘ﬁ Fﬁ\)égfm egﬁ&“gﬁ%u%‘s‘%@z-@ %et Y ar Wellfiovo
Bovi ne Serypigle SninCid dollor Bttt Gty vith 380 fdbmeélpamemda@amed\ﬁva§ gy Withy

the validati on_exper | nt.s 0070] . Bot The bottles used
were 850 cHFPES ogab%‘fgt?%sco(zé%% a%% %Per]{lgc(éa'% catal og nunber

430851). WO 2Q®W13®7315512R(6ﬁ1lﬂ52€)@61&@ﬁ2@&6m a temperpi@EEFdontred¢dopp set at 37° C.
Coat i ng: Tvvent;i 594%' 'Sl ﬁ{) 2% gel atin solution were added to each
850 cm sq bottlg "es were placed on the roller systemfor 20
Binult es. The gﬁb@fisq ﬂPﬁsﬁHzgg‘Iglm Qﬂ;laaa\éuége .ﬁqmwedgig)%o;caﬁ@h lﬁalah I'S&Farl_ﬁﬂﬂat@%@ﬂ?réh%gnd
ottle was shed, wi t . : edi ng; 5 0E+

PO Ui || CHPEGRET bethcia g W B RBY PSP B 'O S ves addec
cryogeni c Riéteds wardetumshedhedrolldr eym\iﬂﬂﬂ)l\lﬁ@ateMrBﬁul(u&s 1tZE’ﬂﬂﬁ)MV\Rﬂﬁ incubation, 40
seeded into ern

o and. Pre e et et o FdheRtles Mnefh Bt EBhE hives BEPrHrigS e
Cx2 , 95% anhiraisyiend engdiged {000 W3jutek atcib ati eﬁercéieduﬂugatmnles oedlid wirseandved by
[aog(;g?_e:;):tsgrgl?allgrg)eﬂltdkte ceﬁgelrep g‘ rg g_ls%enged%nl :% rg/fg d|far 8%‘% pix cognt c{t't?ﬁll\g/la Beckman
bottl e by @er@mtﬂnnsanmeladﬁelseﬁte seadkd istogessed rades hettles\vat aﬁnuGDS(mcelEBfi 5.
PBS was aspirated and 10 m of trypsin-EDTA was added. Bottles were
returned to thﬁ 6’&]'%31 (S em a@d i ncubated for 5 mnutes at 0.75

RPM After incuBie : &di a was added to each bottle. The
growt h nmedi um Wable kdﬁtowth\.@seudsmnﬂfmhéﬂcelmﬂéﬁn& 5090419 expandeshiirera paspagseix
and cent r i fopgssdgd wne Ender opiiveigedmoll@doite qyltwatemditionent ri f ugati on, the

medi a was renoved by aspiration and the cell pellet was re-suspended

in 10 m Oﬁasgfgdl Zecdel | syigper e C@@Eﬂsﬁﬂ wsiniey a Theckman Coket er  GreEMoubling
instrument. Cells were seeded into gassed rol IDenblipt t | e@lag) about

2,500 cells/cmsqg. [007 13@efPﬁI Y| eI d’per Passage TabI e 7 Growth

ki netics from @Jm?ﬂ % @FEFO? "t° si x z:gg
to passage nin cond|t ons '
Passage Seeded%YEé% %}é%%e %é‘go %gg ubl ﬂ?%% i ngs ig.fg
Time (days) Holrs/ ling 6 +07 1.4 +00 )

Example 3: Characterization of Cells Expanded on Optimized Culture Conditions

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

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

medium.

[0079] Bottles: 850 cm sq botiles (e.g. Corning® catalog number 430851).
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3.87E+00 6.00 37.24 7 2.13E+06 3.55E+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 of Cells Expanded on Optim zed Culture Conditions
[0077] Cel | s:waedols73ased for characterizati on experi mentBCTAS2E6/062315

unbi li cus-derived cells at passage 6 (050604B P6) [0078] G ow h
Medi um Dul becco's Mdified Eagle Medium (DVMEM -1 ow gl ucose, 15%
Fetal Bovine Serum Penicillin-St rept onycin, 2-N ercaptoethanol was

used as the gro e, . . | )

2007/ 073552PCTPei820dB¢ mfé@wre placed %G@@@}lemﬁtaml for Byaineieg: ThRReiptip solution
(20) nl  of w2%eaRlad b}f‘&%ﬁ'ﬁﬁﬁn‘ 8 emsooaxidﬂg Wa@heAamh £PRAL B18% Sq bot t I e.

The bottles were on I he I.ler systemfor 20 m nutes,

ce
gel atin sol uti olf%%Hs @h%??@&gby 54 ved célﬁ&téﬁsé?geboo@t%oﬁﬁg "Wé%ﬂ’éﬁ’ed
wth 20 31 ﬁgﬁgEsmo gle cryoée@ﬂﬁ&e]l ah@lvhshS® eefigie DWNO.| CHlss @qaevmju@.eé deSdedltinto
passage + wer e n e Cryo neLc Vvia
oo o B3 i Pietbots we e T fe A St 1 St E el
r _oI | er b_ot Ednﬁ[&es@é@alf' béﬂtﬁﬂmgvﬁ%rcep,@sm aﬂgﬁ;@%ﬁggyﬁ}r e-gassed for 1
mnute wt coO S I I. CO I Nl N at no e ° 0
T0082] I'meubat| R edbr Eelint Ut DRI Tt leaeer Ao e (P BT AERA 37° C.

room set at 37 [@083]1008kd:SheedM 0. 7 RPM [0084] Cell Harvesting:

Medi a was renov m each roller bottle b asp tion atid, adherent
cells were msh@@% Zal Harvssrine: preds eeped ¥ Eapa‘ BYPOLE Y FRETIEA “Bgfegherent
10 m of teypstbekdipl ened .amasetp@smmefow b@i(i!;ﬂra(l(ﬁ[a-ﬁtmﬂ Wﬂﬁ’t@ﬂﬁhed The

bottl es were i ncubated f es 0.(5 RPM on

oyst em - A PEHPRRTBHE B ¢ (e SRt VIASUSRaGtH b BHE ot pinis a 07
Medi a wi t hrRedlch shewalizr §ylaem. tAIﬂalnsduezrtroediom ofm&la wis addndlt@mh bdtda e Madid with cells
centrifuged f trif t nedla
was r em)vea'asbtgcnélsarbsir}%nézylttooanSOanIcfo?lﬁal tu(L’J d centlili'ru%e[cﬁrI 5 m égd;in%i /l?f?er

Ornl of rreohnmfug@minl ishe weairewesoaunb\ed bysspm:gloaaﬁetnd(ammel(e‘owhstremsﬁzmdecen IOmI of

t t d i oF t t
st i kSRS AL B LR SRR oL

cell concentrati on of 1x107 per mlliliter. Antibody is added as per
manuf act ure' s dPegsIf i AmibodnStaaixg bricluhalydsnetiyt Analysty: Cslld Wert hed @atdpended
for 30 m n i i.on el W0, WaS

and centri ugeg’?‘bor‘q3 rsggop\;ﬂégaghﬁgggoglggﬁaﬁ%oy.XIb:ZF Trsn“\/\éirteé Irl'e“ggc\l’ljgé' p%acgiggas per
in 500 m cmenufac@nepsﬁcaimﬁmamstmbmd Wittoewls yat herdarkyfor 30 minutkASEC. After
Fl ow Cyto s

FACSCal | bup | Bag SRy S e R R o ARl B Bl BBod. ‘Clu
Ant i bodi eswcrqfﬁfeswqdémamaﬁwbéﬁdi’% amép:@lméuy flowsyiobwtty. CD10 CD 13
CD31 CD34 CD44 @%P%o@'@‘&%n@@?ﬂn@ sllllz'w cb@ﬂmﬁaﬁah%lﬁgir%%e%}%%ﬂﬂ?”

(San Di ego CA) BD, Phar m_ngen (SS %ﬂ ngen (San

Di ego, CA) ﬁ?cﬁﬁdFrﬁeﬁ@'&eH‘cg’Sﬁ’ﬁ Bi@@f‘@CA it“BD“Pham i ngcn (San Di ego,
CA) BD Phar r ni ngesy] ( Semibbiieg The EAbLwBIR SRissdiisiegsudgan Di ego, CA) ED
Pharm ngen (San Di ego, CA) ED Bi osei ences (San Jose, CA) Catal og
Nunmber 555375 555394 555446 555821 555478 555489 550257 555596 340529

Antibody Manufacture Catalog Number
CD1¢ BD Pharmingen (San Diego, CA) 555375
CD13 BD Pharmingen (San Diego, CA) 555394
CD31 BD Pharmingen (San Diego, CA) 555446
CD34 BD Pharmingen (San Diego, CA) 555821
CD44 BD Pharmingen (San Dicgo, CA) 555478
CD45RA BD Pharmingen (San Diego, CA) 555489
CD73 BD Pharmingen (San Diego, CA) 550257
CD9%0 BD Pharmingen (San Diego, CA) 555596
CD117 BD Biosciences (San Jose, CA) 340529
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WO 2007/ 073552PCT/ US2006/ 062315 CD141BD Phar mi ngen (San Di ego, CA)
559781. PDGFr - al phaBD Phar mi ngen (San Di ego, CA) 556002 HLA-A, B, CBD
Phar m ngen (San Di ego, CA) 555553 ELLA-DR, DP, DQ BD Pharm ngen (San
Di ego, CA) 555558 1 gG FITCSigma (St. Louis, MJ)F-6522 IgG PESi gma
(St. Louis, 4, [0088] Total RNA isolation

i solated w t&u@aﬁpﬁ@asgfl(r) Mni Kit according to manuf acgﬁﬁ}gsgh@émm
specifications (RNeasy(r) Mni Kit; Q agen, Valencia, CA). RNA was
eluted with 50 O, DLPC -treated water and stored at -80C.

[ 0089] Reverse transcription: RNA was reversed transcri bed using
random hexaners w €Rithe TaqMVaBl Phasniegad Sty RiegerChl i BR78kagent s
(Applied B iosysteppGFRagher CBOYRhaffihgeat(S2b0ickorCAy Jfenea es, 37C for

60 m nutes and 95Gif gL 1) nUBQJSPI éaﬁgénqgaﬂ@fego&t&f 6535553 20C. Genes
termed "signature BERSSR ¢ pKi n- 8 renin
rea

and reticulon), we f ]éer g ves eﬁg 3

(0090] Real -time P%% é% E #ﬁ'@ﬁ“ r#@iDNA sarrpl gga{?m ng

Assays- onDemand n4lg§eRE expr essiean (Bt benis40) oxi di zed 1} > recept or
(Hs00234028), renin (11s00166915), reticulon (11s00382515) CXC |ligand
3 (E1s00171061) ggs@pPT&az(faz\ﬂ@@cQﬁ%mg)q wak isBlaletHs DA RYEQE) Man Yit@xomi to
(Appl i ed Bi os stem; Foster 2 d. vmt l_ﬁa\lA

Uni ver sal ! i éetséPe%qcit'%\é&@c&?yng&A a?r‘hmr\{é 18 G s\?"%%{]‘?eﬁwgﬁ@“
(Appl i ed Bjpsy.stdiByardrost eiredGitt8°C.CA) using a 7000 sequence detection
system wi th ABlL,.pri sm 7000 Rha & ﬁému Pﬁﬁ&wlf%é%ﬂ d
Cty, CA. Ther’orr% }m’ &re [E%nggléfz?rgns vvear%éé\/la‘ﬁfuda %f' @ 2]r§1 n ranld] *
95C for 1Cagvim Tre\Peisom@crbgtm:i@%aml(éBPl@d B@a@em@rl*“oata %@fe%h‘ﬂ 256G Eox 1@rminutes,
m n. [009 P ﬁ L e%%J Q:Qto‘?éd @@IOJ’C @éﬁé A& Qed “signature
pr ot ei ns éh;)dﬁéséﬂed%gesﬂggs()CS !)4“% gtefés ng anded vath st at |sc T%: figl k
met hods orgenis't foxidhael 10t iendrrasdnteddukiors, soinep emﬁ@tqﬁbd«e%urﬁwaww%tesysmgfea'"
fl ow cyt O@tr Cell Surface Marker Static TC Fl asks Rol | er Bottl es

CD 10 ) ) CD31) - CD34) CD44 (+) (4 ) CD45 (- )

73 () -21 \M%O?@@#%@CR RoM 32 dioBnedenI AN Aol ey usmg)AsanS)OHCD

11 7 ( - )Démandhm gﬁeje/xlﬂressmn products: oxidized LDL receptor (Hs00234028), renin
(Hs00166915), reticulon (Hs00382515) CXC ligand 3 (IHs00171061), GCP-2 (Hs00605742) IL-
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

Biosystems, 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.

[0091] Resulirs:

Table 8 : Expression of cell surface proteins expressed by Umb 050604B cells expanded
with static TC flask methods or with the optimized roller bottle method as analyzed by flow

cytomcetry.
Cell Surface Marker Static TC Roller Bottles
Flasks
CD 10 (+) (+)
CD13 (+) {(+)
CD 31 (-) (-)
CD 34 (-) (-)
CD 44 (+) (+)
CD 45 {-) (-)
CD73 (+) (+)
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(-)(-) POGr-alpha ( ) ( ) BIAABC( ) ( ) HLA-DRDPDQ ( - )
4 : [ 00921 Real Tinme PCR Analysis of Cells Expanded in
Optim zed Roller Bottle Culture Conditions Tabl e 9: Conpari son
of CT values for genes expressed by cells (linb 050604B) expanded in
static plastiwgowdidrdkiose grown TC flasks in the optim zedriihdsRk2sis
bottl e conditions. CT Values CT Val ues-Normalized Cell Line
reticulon LDL-R IL-8 GAPDH reticulon LDL-R 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. 99ﬂ1'029 Efxarrpl e 4 VALI DATI ON OF
OPTI M ZED CULTURE co%é ONS | N CELYBAND ROLLER'BOLI LES [0093] Cel | s:
050604B P7 [ 09941 7Medi a: Dul bekco' s Modilfided Eagl e Medi um

(DVEM -1 ow gl ucose,CB39d Fet al Bovifre) Serum Pdnidci | |in-Streptonycin,
2- Mer capt oet hanol . PDGFr-alph@0951 Botf+®ks: Corni 6ig(r) 850 cm sq bottles
(cat al og nunber 4308BA)ABRCel | Bl ND( r{+ Xorni ng(r)+850 cm sq bottl es
(catal og nunmber 380ADRDPDQ 100964 el atin Cgating: 20 nil of 2%
gelatin solution was added to Corning(r) 850 cmsqg bottles (catal og
nunber 430851) and placed on the roller systemfor 20 nminutes. The

gel atin sol uti of0&s Fehdveal by 4aelpriy %q%%W%%@H’WW@G’ FyrlpBaiure
Cel 1 BI ND Coppsingiss) 850 cm sq bottles are not coated. [ 0097)
Cell Seeding: 5.0E+06 P9 Umbilical 0506046 cells were thawed froma
singl e cryogenic vial and washed to renove DVSO 2 12E+06 cells were
seeded into a sVrgt @: 8othpafiondfIOX yakes 0 kédee cifrésstd by @ils Wihb 030448}
medi a and pfagakiaetié plastlc withthios: grbk-h TCAHEIEES SRMphinized @il ed bottl8 godhifions.

CO»2 , 95% at nospheric gas. :
CT Values CT Values-Normalizad

Cell Line reticulon LDL-R IL-8 GAPDH reticalon LDIL-R IL-§
Umb-static culture 27.79 32 28.7 27.02 0.972 0.844 0.941
Umb -roller bottles 2422 2737 1991 20.49 0.846 0.749 1.029

Example 4: VALIDATION OF OPTIMIZED CULTURE CONDITIONS IN CELLBIND
ROLLER BOTTLES

[0093] Cells: 050604B P7
[0094] Media: Dulbecco’s Modified Eagle Medium (DMEM) -low glucose, 15% Fetal

Bovine Serum, Penicillin-Streptomycin, 2-Mercaptoethanol.
[0095] Bottles: Corning® 850 cm sq bottles (catalog number 430851), CellBIND® Corning® .

850 cm 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 ml PBS. CelIBIND® Corning® 850 cm sq bottles are not
coated.

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

[0098] Incubation: Cells were cultured in 2 temperature controlled room set at 37°C,

[0099] Speed: 0.7 RPM
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[0098] Incubation: Cells were cultured in a tenperature controlled
roomset at 37C. [0099) Speed: 0.7 RPM WO

2007/ 073552PCTM52006/ 062315 [ 0100] Passage: At passage nedi a
was renoved fromthe roller bottle by aspiration and adherent cells
were washed wydhoobiagdz PBS. PBS was aspirated and 10 m  pérgsioosioszss
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. I\/Edia with cells was then transferred
to a 50 m coni t an centr e 300 x q.
After centri fug@?é% %Pﬁﬁe 8F &]gg%%o e%fmrﬁgﬁlr‘?‘;f Gt lgnaap'faﬁ%‘ and
cel |l pell ebdhwast cﬁle-mwmhciédxth iﬂrﬂJ(PBtSi PBS wa&aﬂpraired@edi I Emivg Tt pGo BDT & 6has added.

using a Beﬁlétﬂgls (fjorlé uhiRh toqgggvégrr%st 1P§n}l A rge IE']l e%\gbﬁ ﬁgﬁp%\%# R&Bation 40

gassed rol bot 1] es at cm sq S
Tabl e 10 : mActmedia V@ehdidewcethdbqt@qs Ma@sagieceﬂlawaﬂbdnltsm@rmmowﬂ ml conical tube and

Gelatin-co r t ver i _—
Unbo5060459‘%b? ﬁ °Ir il S %Teﬁgo%&ﬁ e %{%g’gég@l“g%g%?'” Grgy angl the
Dat e Expansdll peltet D@Ulgisusmlgiefhfr@ nildéysdia Gafewerh raintebiosingd Berbubi Cawlyer Cedex®
Har vest De 2.45 E+0 7 10-

M 8‘!@1&&1%’?”% 36%119‘%85%&8@ 11t2 Egsg%ﬂ ra‘ller t‘tlei Zt ZZSEO%%EIEI(:%sq

Jan 1. 15E+

[0101]  Results:

Tuble 10 : Actual Cell Yield per Passage for Cells Grown in Gelatin-coated Roller Bottles versus
Bottles with CellBIND®,

Umb050604B Optimal Roller Bottle- Gel

Coat

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

7 2.13E+ 1245 | 10- | 1.15E+0 | 3.53E+ | 6.00 144.00 | 40.83 2.88E+04

06 E+0 | Jan 1 00

7

| Umb030604B Optimal Roller Bottle-

I‘C‘eI!BIND”

| Passage | Seed | Yield Date | Expansi | Doubli | Time Time Hours/ Harvest
ed on ng (days) (hrs) doubling Density

| 2.13E+ | 4- 1

‘ 06 Jan

7 213 | 3.17E+ | 10- | 1.49E+0 | 3.90E+ | 6.00 144.00 | 36.93 3.73E+04
E+0 | 07 Jan ] 0o

R
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Urb05060413 Optimal Roller Bottl eCel |l Bl NDs) | 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
usi ng a ¢Rimi onal speed of about 0.65-0.9 rpm using at |east 300 m
of growth nediumin an 850 square centineter culture bottle; using a
seeding density of |ess than about 2,500 cells per square centineter;
and i ncubating for between about 5.5 to 6.5 days, wherein nmarkers
that characterize the unbilicus-derived, cells remain unchanged upon

cul turi nf 4 methed @f sipuitenceusty mudimizinodoutling st hrseesodensitvapnd the d nainher
the rot a&ﬂﬁgﬂﬂgnﬁ%ﬁﬂ]dé fnﬁlag‘f’dh%cgs ﬁenv%@gelfsl?[?a ke é&']}ulte S) eﬂn%oﬂ ﬁ)slﬁc

to 6.3 da alm 1l wherein the rotat onal eed
i s aboutusthgg5otatipnd! spised piraboldt 5009 timmaising adb@suﬁooanlaf %Q@hdmﬂ&m in4n 850

The net t I ess t han
about 3o a8 Pl LRI Defe ERAML B AR UOUE bR iR S50 S RE
densi t y coftimettr; sndahcubatingot betweea:tabblaaﬁsi t01$ Bdafes; Avhereeid mﬁﬁerrslthaﬂehmctenze

ST . SRR b e R s v

2. The method of claim 1 wherein the rotational speed is about 0.7, and the incubation time is

about 6 to 6.3 days.

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