Office de la Propriete Canadian CA 2882108 A1 2014/03/13

Intellectuelle Intellectual Property
du Canada Office (21) 2 882 1 08
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépdt PCT/PCT Filing Date: 2013/08/31 (51) Cl.Int./Int.Cl. C72M 3/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2014/03/13 C12M 1/00(2006.01), C12M 1/72(2006.01)

C12M 1/24(2006.01)

(85) Entree phase nationale/National Entry: 2015/02/13 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: |IB 2013/058184 PLURISTEM LTD., IL
(87) N° publication PCT/PCT Publication No.: 2014/037862 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2012/09/06 (US61/697 445) KASUTO, HAREL, IL;

ABRAHAM, EYTAN, IL;
ABERMAN, ZAMI, IL

(74) Agent: PIASETZKI NENNIGER KVAS LLP

(54) Titre : DISPOSITIFS ET PROCEDES POUR LA CULTURE DE CELLULES
(54) Title: DEVICES AND METHODS FOR CULTURE OF CELLS

16

(57) Abregé/Abstract:

Devices and methods for culture of cells are provided. The devices can comprise a three- dimensional body having multiple two-
dimensional surfaces extending inwardly from a periphery of the three-dimensional body towards an interior of the three-
dimensional body, wherein the multiple two-dimensional surfaces are configured to support monolayer growth of eukaryotic cells
over at least a majority of or all of the surface area of the multiple two- dimensional surfaces.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 2014/037862 A1 ]H]FI0H 0D N0 10 0 R O A

CA 02882108 2015-02-13

(19) World Intellectual Property
Organization

International Bureau
l —

(43) International Publication Date nnﬂ/

13 March 2014 (13.03.2014) WIPO | PCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/037862 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(81)

International Patent Classification:
CI12M 3/00 (2006.01) CI12M 1/00 (2006.01)
Ci2M 1/24 (2006.01) CIi2M 1/12 (2006.01)

International Application Number:
PCT/IB2013/058184

International Filing Date:
31 August 2013 (31.08.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/697,445 6 September 2012 (06.09.2012) US

Applicant: PLURISTEM LTD. [IL/IL]; MATAM Park,
Building 20, 31905 Haifa (IL).

Inventors: KASUTQO, Harel; Kibbutz Yifat, 3658300
Kibbutz Yifat (IL). ABRAHAM, Eytan; 11 Soroka Street,
34775923 Haifa (IL).

Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

(534) Title: DEVICES AND METHODS FOR CULTURE OF CELLS

14

12.

16

with international search report (Art. 21(3))

(57) Abstract: Devices and methods for culture of cells are
provided. The devices can comprise a three- dimensional
body having multiple two-dimensional surfaces extending
inwardly from a periphery of the three-dimensional body to-
wards an interior of the three-dimensional body, wherein
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DEVICES AND METHODS FOR CULTURE OF CELLS

(0001 ] The present disclosure relates generally to devices and methods for culturing
cells.
0002 ] There are several current methods of culturing eukaryotic cells. Some of these

methods have been developed for culture of relatively small numbers of cells, and others have
been developed for the production and harvest of proteins secreted by cells into surrounding
media. Few systems, however, have been developed for commercial up-scaling of cell culture
to produce large numbers of the cells.

[0003] The most common method for culturing eukaryotic cells 1s by expansion 1n two-
dimensional flasks or trays, such as the NUNCLON™ A CELL FACTORY, which includes
stacks of cell culture tlasks. This method has several shortcomings, including the inability to
continuously monitor and control environmental parameters such as DO, pH, and teed
ingredients/remove waste products; low etficiency in terms of surface area to volume ratios;
the need for large-volume incubators; the need for labor-intensive manipulation ot culture
flasks; and long time periods for seeding and culture, which can be costly and detrimental to
cell viability.

10004 ] In addition, cells can be cultured 1n three-dimensional matrices. Such matrices
can include porous, non-woven/woven tiber and sponge-like materials that can be placed in a
packed bed 1nside a bioreactor. These carriers are used primarily for the production and
collection of secreted proteins, while the cells remain attached to the matrix, rather than tor the
culture of cells that are ultimately removed and used as therapeutic agents. Examples of such

carriers are FIBRA-CELL® DISKS (New-Brunswick), and porous ceramic carriers. See
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Wang, G., W. Zhang, et al., "Modified CelliGen-packed bed bioreactors for hybridoma cell
cultures.” Cytotechnology 9(1-3): 41-9 (1992); and Timmins, N. E., A. Scherberich, et al.,
"T'hree-dimensional cell culture and tissue engineering in a T-CUP (tissue culture under
perfusion).”" Tissue Eng 13(8): 2021-8 (2007).

[0005] Culture 1n three-dimensional matrices, however, can have some drawbacks. For
example, 1t may be relatively diftficult to remove cells from the matrices, and the removal
processes can damage cells. Production using such devices may be difficult because the
damaged cells may not readily reattach to culture system surtaces. Difterences in the type and
properties of materials used 1in matrices and flasks can also cause variation in cell interactions.
[0006] Finally, cells may be cultured in a bioreactor using non-porous micro- carriers in
suspension or 1n a fluidized bed. This method allows cell growth in a monolayer on the surface
of micro-carriers. Using this method, however, requires separation of carriers from media by
sedimentation or filtration, which are not straighttforward processes and may not result in high
cell-recovery rates. Furthermore, micro-carriers have deviations in surfaces on a cellular scale,
which results 1n a culture environment that 1s ditferent from two-dimensional culture systems.
[0007] The present disclosure provides devices and methods for two-dimensional
culture of eukaryotic cells.

[0008] According to various embodiments, a device for cell-culture 1s provided. The
device may comprise a three-dimensional body comprising multiple two-dimensional surfaces
extending inwardly from a periphery of the three-dimensional body towards an interior of the
three-dimensional body, wherein the multiple two-dimensional surtaces are contigured to
support monolayer growth of eukaryotic cells over at least a majority of or all of the surface

area of the multiple two-dimensional surfaces, and wherein the three-dimensional body has a
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maximum dimension ranging from about 1 mm to about SO mm. In contrast to conventional
methods for two-dimensional culture of cells (where the cells are grown 1n a container that
provides the two-dimensional surtace), the devices described herein are introduced into a
vessel containing cell growth media. For example, the devices described herein can torm part
of a system for cell culture as described below. Thus, in some embodiments, the devices are
immersed within culture medium inside a suitable container. In providing for two-dimensional
orowth of cells in monolayers, the devices described herein enable controlled growth
conditions to yield cells having the characteristics associated with cells grown 1n a two-
dimensional environment.

[0009] According to various embodiments, a system for cell culture 1s provided. The
system can comprise a container and a group of three-dimensional bodies. Each three-
dimensional body can comprise multiple two-dimensional surfaces extending inwardly trom a
periphery of the three-dimensional body towards an interior of each three-dimensional body,
wherein the multiple two-dimensional surfaces are configured to support monolayer growth ot
cukaryotic cells over at least a majority of or all of the surface area ot the multiple two-
dimensional surfaces, and wherein the three-dimensional body has a maximum dimension
ranging from about 1 mm to about 50 mm.

[0010] According to various embodiments, a method tor culturing cells 1s provided.
The method can comprise selecting a group of eukaryotic cells and contacting the eukaryotic
cells with at least one three-dimensional body, the at least one three-dimensional body having
multiple two-dimensional surtaces extending inwardly from a periphery of the three-
dimensional body towards an interior of the at least one three-dimensional body, wherein the

multiple two-dimensional surfaces are configured to support monolayer growth ot eukaryotic
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cells over at least a majority of or all of the surface area ot the multiple two-dimensional
surfaces, and wherein the three-dimensional body has a maximum dimension ranging from
about 1 mm to about 50 mm.

[0011] According to certain embodiments, a cell-culture device 1s provided. The device
can comprise a three-dimensional body comprising multiple two-dimensional surfaces
extending inwardly from a periphery of the three-dimensional body towards an interior of the
three-dimensional body, wherein the multiple two-dimensional surtaces are contigured to
support monolayer growth of eukaryotic cells over at least a majority of or all of the surface
area of the multiple two-dimensional surfaces, and wherein the three-dimensional body has a
surface area to volume ratio between about 3 cm?/cm’ and about 1,000 cm?/em”.

[0012] According to various embodiments, a cell-culture device 1s provided. The device
can comprise a three-dimensional body comprising a sheet of material formed into a
substantially spiral contiguration. The sheet of material can comprise at least two two-
dimensional surfaces, wherein the two-dimensional surtaces may be contigured to support
monolayer growth ot eukaryotic cells over at least a majority ot or all of the surtface area of the

multiple two-dimensional surfaces, and wherein the three-dimensional body has a surface area

to volume ratio between about 3 cm*/cm® and about 1,000 cm?/cm®.

DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1A 1s a perspective view ot a device for two-dimensional cell culture,
according to certain embodiments.

[0014] Fig. 1B 1s a cross-sectional view of the device of Fig. 1A.
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[0013] Fig. 2A 1s a perspective view ot a device for two-dimensional cell culture,

according to certain embodiments.

[0016] Fig. 2B 1s a side perspective view of the device of Fig. 2A.

[0017] Fig. 2C 1s a top view of the device of Fig. 2A.

[0018] Fig. 2D 1s a cross-sectional view of the device of Fig. 2A.

[0019] Fig. 3A 1s a perspective view ot a device for two-dimensional cell culture,

according to certain embodiments.

[0020] Fig. 3B 1s a perspective view of a device tor two-dimensional cell culture,
according to certain embodiments.

[0021] Fig. 4 A 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

10022] Fig. 4B 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

[0023] Fig. 5 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

10024 ] Fig. 6 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

[0025] Fig. 7 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

[0026] Fig. 8A 1s a perspective view of a device for two-dimensional cell culture,
according to certain embodiments.

[0027] Fig. 8B 1s a cross-sectional view of the device of Fig. 8A.
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[0028] Fig. 9 1s a perspective view of a system for two-dimensional cell culture,
according to certain embodiments.

[0029] Fig. 10 1s a bar graph showing results of cell culture in flasks or using the two-
dimensional culture devices of the present disclosure, as described 1in Example 1.

[0030] Fig. 11 1s a bar graph showing the population duplication number of cells
cultured 1n flasks or using the two-dimensional culture devices of the present disclosure, as
described in Example 1.

[0031] Fig. 12 1s a bar graph illustrating cell attachment etficiency tor cells grown
using two-dimensional culture devices, at ditferent medium mixing speeds (RPM) as described
in Experiment 1.

[0032] Fig. 13 1s a bar graph illustrating cell attachment etficiency tor cells grown
using two-dimensional culture devices, as described in Experiment 1.

[0033] Fig. 14 1s a bar graph 1llustrating cell attachment etficiency for cells grown
using various coated two-dimensional culture devices, as described 1in Experiment 1.

10034 ] Fig. 15 1s a bar graph illustrating cell attachment etficiency tor cells grown
using culture medium pre-incubated two-dimensional culture devices, as described in
Experiment 1.

[0035] Fig. 16 1s a bar graph illustrating cell attachment efficiency for cells grown
using various coated two-dimensional culture devices with or without plasma surface treatment
of the devices, as described 1in Experiment 1.

[0036] Fig. 17 1s a bar graph illustrating PDD (population doubling per day)

comparison between 175c¢m” flasks and 2D carriers, as described in Experiment 3.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0037] Reference will now be made in detail to certain exemplary embodiments
according to the present disclosure, certain examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reterence numbers will be used
throughout the drawings to reter to the same or like parts.

[0038] In this application, the use of the singular includes the plural unless specitically
stated otherwise. Also in this application, the use of “or” means “and/or” unless stated
otherwise. Furthermore, the use of the term “including,” as well as other forms, such as
“includes” and “included,” are not limiting. Any range described herein will be understood to
include the endpoints and all values between the end points.

[0039] The devices of the present disclosure allow two-dimensional growth of
cukaryotic cells. “I'wo dimensional growth™ will be understood to include growth of
cukaryotic cells along a surface wherein the majority of cell growth 1s in a monolayer. A
“majority of cell growth in a monolayer” will be understood to include cell growth of at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99% of the
cells in a monolayer. “I'wo dimensional growth™ can include growth along planar (i.e., flat
surfaces) and/or growth along surfaces having some degree of curvature, as described in more
detail below. Thus, a “two-dimensional surface’ will be understood to include a surface that 1s
planar and/or a surface that has some curvature. In addition, as used herein the phrase "three-
dimensional growth” refers to growth under conditions that are compatible with cell growth on
a scattold that allows cell-to-cell contact 1in three dimensions.

10040] In allowing for two-dimensional growth, the devices of the present disclosure

provide for high surface area to volume ratios, thereby allowing growth of high quantities of
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cells in low volumes, as compared to two-dimensional growth 1n ftlasks. Furthermore, the
devices of the present disclosure can be contigured to facilitate removal of cells after growth
and/or transter of cells to other environments for storage, commercial use (e.g., as therapeutic
agents), or tor growth ot additional cells. Furthermore, the devices described herein can be
configured to allow high-quality cell growth that 1s at least as good as that achieved using
standard cell culture systems in terms ot cell viability, attachability, and/or maintenance or
control ot other cell properties.

[0041] The devices of the present disclosure can be used to culture a variety of different
cukaryotic cell types. The devices are suitable tor growth of stem cells, anchorage dependent
cells, mesenchymal cells, and adherent cells. As used herein the phrase "adherent cells” reters
to cells that are anchorage dependent, 1.e., require attachment to a surface in order to grow 1n
vitro. Suitable adherent cells can include mesenchymal stromal cells, which are a
heterogeneous population of cells obtained from, e.2., bone marrow, adipose tissue, placenta,
and blood, and which may or may not be capable of differentiating into different types of cells
(e.g. reticular endothelial cells, tibroblasts, adipocytes, osteogenic precursor cells) depending
upon intluences trom various bioactive factors.

10042] Efficient growth of various types of adherent cells can be highly dependent upon
the environment or interactions experienced by the cells during growth. For example, adherent
cells may be 1nadvertently brought into contact with other adherent cells. If one monolayer ot
cells inadvertently contacts another monolayer of cells, the two monolayers may adhere to each
other. Such interaction between monolayers of ditferent devices may result in attachment of
devices to each other. The interaction may be mediated by extracellular matrix secreted by the

cells. Because the devices described herein can limit such unwanted cell-to-cell interactions,
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clumping or aggregation can be generally limited. In addition, the present devices can provide
efficient delivery of nutrients, medium, and gases through culture to provide a stable
environment for growing monolayers of adherent cells and efficient harvesting ot the cells. The
devices may also promote more consistent growth of cells by limiting sub-populations of cells
that grow under three-dimensional conditions as compared to two-dimensional conditions.
10043 ] In one aspect, the devices described herein can be configured to limit contact
between surfaces contigured for cellular growth. As such, devices can be generally circular,
rounded, or arcuate to generally minimize contact between surfaces of adjacent devices.
Individual devices can be designed to contact adjacent devices over a relatively small area.
Such limited inter-device contact can provide growing surfaces that subject growing cells to
relatively small interactions with other cells growing on other devices. Multiple devices 1n a
single incubation vessel can thus provide a more etficient, controlled, and stable growth
environment for adherent cells.

[0044] In some embodiments, the devices described herein can be generally circular 1in
cross section. For example, the outer shape of the devices can be spherical, cylindrical, and
other generally rounded volumes. Such devices can provide contact areas of less than about
10% relative to the total outer surface area of the device. In other embodiments, a contact area
can be less than about 5%, 2%, or 1% of the total surface area. Other shapes could also be used
1f contact between adjacent devices can be sutticiently minimized.

10045] The methods of cell growth described herein may also be configured tor use
with the devices described herein. Vessels configured to generally resist cellular attachment
can be used with these devices. For example, vessels tormed trom or coated with glass or

plastics known to limit cellular adhesion can be used. Such vessels can encourage suitable
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growth of monolayers ot adherent cells on the devices described herein. Such vessels may also
limit possible unwanted cellular interactions, which may result in inadvertent cell-to-cell
adhesions as described above.

[0046] According to various embodiments, devices for cell-culture are provided. The
devices can comprise a three-dimensional body comprising multiple two-dimensional surfaces
extending inwardly from a periphery of the three-dimensional body towards an interior of the
three-dimensional body, wherein the multiple two-dimensional surtaces are contigured to
support monolayer growth of eukaryotic cells over at least a majority of or all of the surface
area of the multiple two-dimensional surfaces. In some embodiments, the multiple two-
dimensional surfaces may or may not support monolayer growth ot eukaryotic cells over at
least a majority of or all of the surface area of the multiple two-dimensional surfaces.
“Multiple” two-dimensional surfaces means “more than one” two-dimensional surtace and
includes at least two, at least three, at least four, at least five, at least six, at least seven, at least
ei1ght, at least nine, or at least ten two-dimensional surfaces. More than ten two-dimensional
surfaces are also contemplated, such as, for example, 50, 100, 500, or more surfaces. A
“majority of the surface area’ 1s understood to include at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, or at least 99% of the surface area. In various
embodiments, the devices have a maximum dimension that 18 less than about 50 mm and/or a
surface area to volume ratio between about 3 cm?/cm’ and about 1,000 cm’/ecm’. “Maximum
dimension” 1s understood to include the largest outer height, width, length, space diagonal,
vertex distance, transverse diameter, diameter, cross-sectional span, or any other largest outer

spatial dimension of the three-dimensional body.

10



CA 02882108 2015-02-13

WO 2014/037862 PCT/IB2013/058184

10047 ] The cell-culture devices of the present disclosure can have a number ot ditferent
shapes and configurations, can be formed from any of a number of suitable materials, and can
include a variety of surface treatments and/or coatings to tacilitate cell growth. Figs. 1A-8B,
illustrate cell-culture devices according to various embodiments, which are described 1in more
detail below. In addition, Fig. 9 illustrates an exemplary cell-culture system including a
container and a group of cell-culture devices. It will be appreciated that the devices and
systems shown 1n the figures and described below are exemplary, and various features from the
different embodiments described herein may be combined or interchanged.

10048 ] Fig. 1A 1s a perspective view of a device 10 for two-dimensional cell culture,
according to certain embodiments; and Fig. 1B 1s a cross-sectional view of the device 10 of
Fig. 1 A. As shown, the device 10 includes multiple two-dimensional surfaces 12 extending
from an exterior of the device 10 towards an interior of the device 10. As shown, the surfaces
are formed by a group of ribs 14 that are spaced apart to form openings 16, which may be sized
to allow tlow of cells and culture media during use. Device 10 can also include one or more
lateral planes extending from a central axis of device 10 and extending generally perpendicular
to ribs 14.

[0049] In some embodiments, an outer diameter of device 10 can range from about 1
mm to about 50 mm. In other embodiments, the outer diameter can range from about 2 mm to
about 20 mm and about 4 mm to about 10 mm. Depending upon the overall size ot device 10,
ribs 14 and openings 16 can be variously sized. For example, ribs 14 can range in thickness
from about 0.1 mm to about 2 mm and trom about 0.2 mm to about 1 mm. In particular, ribs 14

can be about 0.5 mm, about 0.6 mm, or about 0.7 mm 1n thickness. Openings 16 can range in

11
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width from about 0.01 mm to about 1 mm and from about 0.1 mm to about 0.5 mm. In
particular, openings 16 can be about 0.3 mm, about 0.4 mm, or about 0.5 mm 1n width.

[0050] In the embodiment shown in Figs. 1 A-1B, the ribs 14 are substantially flat and
extend parallel to one another trom the device’s center to the device’s periphery. The ribs,
however, can include a variety of contfigurations. For example, Figs. 2A-2D illustrate a device
20 having multiple two-dimensional surfaces 22 tormed by ribs 24 1n a different configuration.
Fig. 2A 1s a perspective view of the device 20 for two-dimensional cell culture, according to
certain embodiments; Fig. 2B 1s a side perspective view of the device of Fig. 2A; Fig. 2C 1s a
top view of the device of Fig. 2A; and Fig. 2D 1s a cross-sectional view of the device of Fig.
2A. The device 20 of Figs. 2A-2D 1s similar to the device 10 of Figs. 1 A-1B, but the ribs 24 of
device 20 are shaped to form openings 26 that are spaced around the circumference of the
device 20. Openings 26 can be generally wedge shaped. Ribs 24 can extend generally radially
from a central axis of device 20 to a peripheral surtace ot device 20. Device 20 can also
include one or more lateral planes extending from the central axis of device 20 and extending
generally perpendicular to ribs 24. Further, the device 20 includes an opening 36 extending
through the device’s center and forming additional surtaces 32, which can support monolayer
orowth of eukaryotic cells.

[0051] As described above for device 10, the dimensions of device 20 can be variously
sized. For example, an outer diameter of device 20 can range from about 1 mm to about 50
mm. In other embodiments, the outer diameter can range from about 2 mm to about 20 mm and
about 4 mm to about 10 mm. Depending upon the overall size of device 20, ribs 24 and
openings 26 can be variously sized. For example, ribs 24 can range in thickness from about 0.1

mm to about 2 mm and from about 0.2 mm to about 1 mm. In particular, ribs 24 can be about

12
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0.5 mm, about 0.6 mm, or about 0.7 mm 1n thickness. As shown 1n Figs. 2A-2C, openings 26
can range in width from a minimum width generally located about a central axis extending
through device 20 or opening 36, to a maximum width generally located about a periphery of
device 20. A minimum width of openings 26 can range from about 0.01 mm to about 1 mm
and from about 0.1 mm to about 0.5 mm. Specifically, the minimum width of openings 26 can
be about 0.3 mm, about 0.4 mm, or about 0.5 mm. In addition, opening 36 can range in
diameter from about 0.1 mm to about S mm and from about 0.5 mm to about 2 mm. More
particularly, opening 36 can have a diameter of about 0.8 mm, about 1 mm, or about 1.2 mm.
[0052] As shown, the devices 10, 20 are substantially spherical and have a diameter 18
that forms the devices’ largest dimension. The devices described herein can have a variety ot
different shapes and configurations, as long as the devices provide two-dimensional surfaces
for attachment and monolayer growth over at least a majority of or all of the surface area of the
multiple two-dimensional surfaces 12, 22.

[0053] The cell-culture devices of the present disclosure can include a variety of shapes
and configurations. For example, although the devices described above with respect to Figs.

1 A-2D are substantially spherical, other suitable shapes by be used. For example, Figs. 3A-3B
are perspective views of devices 107, 20° for two-dimensional cell culture. The devices 107, 20°
are similar to the devices 10, 20 of Figs. 1A-2D except that the devices 107, 20° have
substantially ovoid shapes, but similarly provide multiple two dimensional surfaces 12, 22°
formed by ribs 14°, 24” or openings 36°. Further, other suitable shapes may be used, including
other polyhedral and/or irregular polyhedral shapes.

10054 ] As discussed above, the devices of the present disclosure can include multiple

two-dimensional surfaces contigured to support monolayer growth of eukaryotic cells over at
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least a majority ot or all of the surface area of the multiple two-dimensional surfaces. In certain
embodiments, the multiple two-dimensional surfaces are configured to support monolayer
orowth over substantially all of their surtace area. For example, Figs. 4A-4B are perspective
views of devices tor two-dimensional cell culture, according to certain embodiments, which
are configured to support monolayer growth over substantially all of their surtace area. The
devices 1077, 20”7 of Figs. 4A-4B are similar to other devices described above and comprise
surfaces 127, 22’ formed by ribs 14°, 24°. However, the devices 107, 20" have openings 16°,
26° with surfaces 127, 22° that form smooth curves along their entire areas, thereby eliminating
or reducing areas of sharp curvature where three-dimensional growth may occur. For example,
as shown, the devices 1077, 20°” have smoothly curved lower surfaces 40, 42, as opposed to
sharper curves, as illustrated with respect to the devices of Figs. 1A-2D.

[0055] In various embodiments, the specific curvature and configuration of the multiple
two-dimensional surfaces can be moditied, e.g., to provide higher surface areas and/or to
control cell growth. For example, Fig. 5 1s a perspective view of a device 50 for two-
dimensional cell culture, according to certain embodiments. The device S0 includes ribs 54 that
extend from a periphery of the device 50 towards an interior of the device to form openings 56
and multiple two-dimensional surfaces 52 for monolayer growth. As shown, the ribs 54 and
surfaces 52 are curved. The curved shape of the surtaces 52 can turther increase the surtace
area of the multiple two-dimensional surfaces 52, as compared to tlat surfaces, thereby
providing additional area for cell attachment and monolayer growth.

[0056] Fig. 6 1s a perspective view of a device 60 for two-dimensional cell culture,
according to certain embodiments. As shown, the device 60 includes ribs 64 extending trom an

interior of the device 60 towards a periphery of the device 60. The ribs 64, can include a spiral
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configuration that extends at least partially along a diameter of the device 60 to form at least
two two-dimensional surfaces 62, 62° for two-dimensional growth of eukaryotic cells. As
shown, the ribs extend from a core portion 68 towards the periphery of the device 60.

[0057] In each of the embodiments described above, the multiple two-dimensional
surfaces extend tfrom an interior core. According to other embodiments, however, the surtaces
may extend inwardly within being directed towards a central core. For example, Fig 7
illustrates another device 70, according to some embodiments. The device 70 includes at least
one sheet of material in the form ot a substantially spiral-shaped wall 74 with an opening 76,
and having at least a first surtace 72 and a second surface 72° configured to allow two-
dimensional growth of eukaryotic cells. It will be appreciated, however, that other shapes can
be used, and the device 70 need not be a continuous spiral, and may include other
configurations.

[0058] It 1s also contemplated that a device 90 can include one or more detachable
components, as shown in FIGs. 8A, 8B. For example, device 90 can include one or more
detachable discs 92. Each disc 92 can include one or more connectors 94 contigured to couple
to another structural element ot device 90. As such, a plurality ot discs 92 can be coupled
together to form an assembly 96. Assembly 96 can include any number of discs 92 or
connectors of various shapes or sizes, including the embodiments shown above 1n Figs. 1-7.
[0059] Disc 92 can be any shape and can include a female coupling (not shown),
configured to couple to connector 94. Coupling between disc 92 and connector 94 can be
permanent or detachable. In other embodiments, a plurality discs 92 can be coupled to a single
connector 94 configured to receive the plurality of discs 92 and maintain a suitable distance

between the plurality of discs 92.
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[0060] The various cell culture devices described above can be formed into a variety of
shapes. While many embodiments depict the devices as rounded, the devices may also be
cubic, rectangular, or a combination of linear and arcuate forms. Moreover, additional
stabilizing, connective, or other structural features may be used with these devices. For
example, a threadlike member may couple multiple devices together, an adhesive member may
couple a device to a wall of an incubation vessel, or a tlotation member may allow a device to
remain buoyant in a fluid to limit cells inadvertently coming into contact with other surtaces.
Such members can enhance handling using manual or automated techniques. For example,
magnetic material may be incorporated into the devices to aid collection and processing steps.
The devices may also be contigured for continuous exposure to an incubation fluid or tor
intermittent exposure to the fluid.

[0061] The cell culture devices described herein can be produced using a variety of
different suitable materials. Generally, the devices can be produced by using materials that
have a wide range of attributes selected to allow cell culture for pharmaceutical purposes. In
various embodiments, the materials can be USP class 6 (US Pharmacopeial Convention Class
V1) approved, may withstand high temperatures and are autoclavable, are amenable to plasma
or corona treatment to improve cell attachment, can withstand a wide range of pHs, do not
leach harmtul substances during the cell growth process, and/or can be exposed to enzymatic
and physical stresses to removes cells without being degraded or leaving unwanted residues in
the product. In addition, the material used to produce any of the devices describe herein can be
solid or have a hollow or porous interior. Further, the devices described herein can be produced

from a single piece of material, or from two or more pieces that are attached to one another
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(e.g., by chemical or physical bonding). The material may be rigid or tlexible as required by
application.

10062 ] The material used to produce any of the cell culture devices described herein can
include metals (e.g. titanium), metal oxides (e.g., titanium oxide films), glass, borosilicate,
carbon tibers, ceramics, biodegradable materials (e.g. collagen, gelatin, PEG, hydrogels), and
or polymers. Suitable polymers may include polyamides, such as GRILAMID® TR 55 (EMS-
orivory); polycarbonates such as LEXAN® (Sabic) and Macrolon® (Bayer); polysulfones such
as RADEL® PPSU (Solvay) and UDEL® PSU (Solvay); polyesters such as TRITAN®
(Polyone) and PBT® HX312C; polyacetals such as CELON® (Ticana), and polyvinyl
chloride.

[0063] In some embodiments, at least part of the devices may be formed using a
polystvrene polymer, The polystyrene may be hurther modilied using corona discharge, gas-
plasma (rolier boliles and culture tubes), or other stmular processes, These processes can
senerate kighiy energelic oxygen 1ons which graft onto the surface polystyrene chamns so that
the surface becomes hydrophilic and negatively charged when mediurg 15 added {Hudis, 19742
Arsten and Hartman, 19753 Bamsey ei, al., 1984}, Furthermore, any of the devices may be
produced at least in part from combinations of materials. Materials of the devices can be
further coated or treated to support cell attachment. Such coating and/or pretreatment may
include use of collagen 1, collagen 1V, gelatin, poly-d-lysine, fibronectin, laminin, amine, and
carboxyl.

[0064 ] In some embodiments, the materials used to produce the devices are selected to
allow direct attachment by eukaryotic cells. The devices described herein can be produced

using a variety of suitable production processes. For example, in some embodiments, the
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devices may be produced by injection moulding using, for example, one or more polymeric
materials.

[0065] In addition, the material properties and curvature over most or all of the surface
area of the two-dimensional surfaces may be selected to control certain biological properties.
For example, the material may be selected to have a certain elastic modulus and curvature to
produce desired biologic properties. For example, suitable elastic moduli can be between about
0.1-100 kPa.

[0066] In various embodiments, the devices have a size selected to facilitate collection
(e.g., by filtration, scooping, removing media), and minimize void space between devices. For
example, the three-dimensional bodies may have a maximum dimension between about 1mm
and 50 mm, between about 1mm and 20mm, or between about 2mm and 10mm. In certain
embodiments, the devices are spherical and have a maximum diameter that 1s between about
Imm and SO0mm, between about 1mm and 20mm, or between about 2mm and 10mm.

[0067] In certain embodiments, the devices are contigured to prevent damage to or
removal of cells tfrom the two-dimensional surfaces during culture. For example, as shown in
Figs. 1A-8B, the devices can include openings 16, 26, 16°, 26°, and 76, and the two-
dimensional surtaces are located within the openings. In various embodiments, the multiple
two-dimensional surfaces are spaced from one another at a distance selected to prevent contact
of objects adjacent to the three-dimensional body with cells growing on the multiple two-
dimensional surfaces. Specifically, the openings 16, 26, 16, 26°, or 76 may be sized such that
the two-dimensional surtaces will not be contacted by adjacent devices within a culture system
and/or will not be contacted by the wall ot a container or culture vessel. As such, the

monolayer growth of cells along the two-dimensional surfaces will not be disturbed by
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mechanical contact. Furthermore, the two-dimensional surtaces may be spaced far enough
from one another to prevent contact between cells on adjacent surfaces.

[0068] In various embodiments, the cell culture devices of the present disclosure can be
contigured to provide a desired surface area to volume ratio. For example, the surtace area to
volume ratio of any of the cell-culture devices described herein can be between about 3
cm?/cm” and 30 cm*/cm” , between about 5 cm?/cm® and 20 cm?/cm” , or between about 10
cm”/cm” and 15 cm®/cm’. In other embodiments, the surface area to volume ratio can range up
to about 50, 100, 200, 500, or 1,000 cm*/cm’.

[0069] In various embodiments, the devices disclosed herein may further be coated
with one or more coatings. Suitable coatings may be selected to control cell attachment or
changes to cell biology. Suitable coatings may include, for example, peptides, proteins,
carbohydrates, nucleic acid, lipids, polysaccarides, glycosaminoglycans, proteoglycans,
hormones, extracellular matrix molecules, cell adhesion molecules, natural polymers, enzymes,
antibodies, antigens, polynuceotides, growth tactors, synthetic polymers, polylysine, drugs
and/or other molecules or combinations or fragments of these.

[0070] Furthermore, 1n various embodiments, the surfaces of the devices described
herein may be treated or otherwise altered. To control cell attachment and or other biologic
properties. Options tor treating the surfaces including chemical treatment, plasma treatment,
and/or corona treatment. Further, 1n various embodiments, the materials may be treated to
introduce functional groups into or onto the material, including groups containing
hydrocarbons, oxygen, nitrogen. In addition, in various embodiments, the material may be
produced or altered to have a texture to tacilitate cell attachment or control other cell

properties. For example, in some embodiments, the materials used to produce the cell-culture
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devices have a roughness on a nanometer or micrometer scale that facilitates cell attachment
and/or controls other cell properties.

[0071] According to various embodiments, a system for cell culture 1s provided. The
system can comprise a container and a group of three-dimensional bodies. The three-
dimensional bodies can comprise multiple two-dimensional surfaces extending inwardly from
a periphery of each three-dimensional body towards an interior of each three-dimensional
body, wherein the multiple two-dimensional surfaces are contigured to support monolayer
orowth of eukaryotic cells over at least a majority of or all of the surtace area of the multiple
two-dimensional surfaces.

[0072] Fig. 9 1s a perspective view of a system 100 for two-dimensional cell culture,
according to certain embodiments. As shown, the system 100 includes a container 110 and one
or more cell culture devices 110 that may be placed within the container 100 along with media
120 and/or other materials to allow two-dimensional growth ot cells on the surtace of the
container 110.

[0073] As shown, the container 100 includes a common cell-culture tlask having an
opening 130 for introduction of cells, cell culture devices 110, media, and/or other materials. In
will be appreciated, however, that other containers may be selected. For example, the container
may be much larger, e.g., selected to hold dozens, hundreds, thousands, hundreds ot thousands,
or millions of cell-culture devices. The specitic size and configuration may be selected based
on the amount of cells to be cultured and/or other criteria, such as the need for integrated
systems to control culture conditions such as temperature, pH, surrounding gas levels, etc.
[0074] In various embodiments, the system can include a bioreactor container such as a

packed bed reactor, tluidized reactor, or suspension reactor. For example, the system can
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include one or more of the devices to allow two-dimensional growth, which can then be placed
in the container of a bioreactor. Examples of such bioreactors include, but are not limited to, a
plug tlow bioreactor, a continuous stirred tank bioreactor, a stationary-bed bioreactor (packed
bed bioreactor) and a fluidized bed bioreactor.

[00735] An example of a suitable bioreactor is the Celligen bioreactor (New Brunswick
Scientitic), which 1s capable of expansion of adherent cells under controlled conditions (e.g.
pH, temperature and oxygen levels) and with constant cell growth medium pertusion.
Furthermore, the cell cultures can be monitored tor concentration levels of glucose, lactate,
glutamine, glutamate and ammonium. The glucose consumption rate and the lactate tormation
rate of the adherent cells enable one to measure cell growth rate and to determine the harvest
time.

[0076] Other three-dimensional bioreactors that can be used include, but are not limited
to, a continuous stirred tank bioreactor, where a culture medium 1s continuously fed into the
bioreactor and the used medium 1s continuously drawn out, to maintain a time-constant steady
state within the bioreactor. The stirred tank bioreactor may be used with fluidized bed
(suspended carriers) or a tibrous bed basket (which 1s available tor example at New Brunswick
Scientific Co., Edison, NJ), a stationary-bed bioreactor, an air-lift bioreactor, where air 1s
typically fed into the bottom of a central draught tube tlowing up while forming bubbles, and
disengaging exhaust gas at the top of the column, a bioreactor with Polyactive foams [as
described in Wendt, D. et al, Biotechnol Bioeng 84: 205-214, (2003)], a porous scaffolds in a
Radial-tlow pertusion bioreactor [as described 1n Itagawa et al., Biotechnology and
Bioengineering 93(5): 947-954 (2006)], a radial flow bioreactor with scattold or carriers, a

hollow fiber bioreactor, and micro carriers. Other bioreactors, which can be used with the
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presently described devices and system, are described in U.S. Pat. Nos. 6,277,151; 6,197,5735;
0,139,578; 6,132,463; 5,902,741 and 5,629,180.

10077] The present disclosure also provides methods of culturing cells using any of the
devices or systems discussed herein. According to various embodiments, the method can
comprise selecting a group of eukaryotic cells and contacting the eukaryotic cells with at least
one three-dimensional body, the at least one three-dimensional body having multiple two-
dimensional surfaces extending inwardly trom a periphery of the three-dimensional body
towards an interior of the at least one three-dimensional body, wherein the multiple two-
dimensional surtaces are configured to support monolayer growth ot eukaryotic cells over at
least a majority ot or all of the surface area of the multiple two-dimensional surfaces. In
various embodiments, the devices have a maximum dimension that 1s less than about 50 mm
and/or a surface area to volume ratio between about 3 cm”/cm” and about 1,000 cm’/em’.
[0078] In addition, 1t will be appreciated that various processing steps can be performed
to control or enhance attachment and growth of the cells. For example, the cells may be
contacted with the three-dimensional bodies by placing the cells and bodies within a container
or culture vessel along with culture media. Further, the cells and/or media can be mixed or
otherwise made to move by, for example, rotating the container, agitating the culture media
(e.g., by stirring), and supplying tluid tlow into and out of the container.

[0079] Non-limiting examples of base media useful 1in culturing using the devices and
systems described herein include Minimum Essential Medium Eagle, ADC-1, LPM (Bovine
Serum Albumin-free), F10(HAM), F12 (HAM), DCCM1, DCCM2, RPMI 1640, BGJ Medium
(with and without Fitton-Jackson Moditication), Basal Medium Eagle (BME-with the addition

of Earle's salt base), Dulbecco's Modified Eagle Medium (DMEM-without serum), Yamane,
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IMEM-20, Glasgow Modification Eagle Medium (GMEM), Leibovitz L-15 Medium, McCoy's
5 A Medium, Medium M1 99 (M199E-with Earle's sale base), Medium M1 99 (M199H-with
Hank's salt base), Minimum Essential Medium Eagle (MEM-E-with Earle's salt base),
Minimum Essential Medium Eagle (MEM-H-with Hank's salt base) and Minimum Essential
Medium Eagle (MEM-NAA with non essential amino acids), among numerous others,
including medium 199, CMRL 1415, CMRL 1969, CMRL 1066, NCTC 135, MB75261 ,
MAB 8713, DM 145, Williams' GG, Neuman & Tytell, Higuchi, MCDB 301 , MCDB 202,
MCDB 501, MCDB 401, MCDB 41 1 , MDBC 153. A preferred medium for use in the

invention 1s DMEM. These and other useful media are available from GIBCQO, Grand Island,

N.Y., USA and Biological Industries, Bet HaEmek, Israel, among others. A number of these
media are summarized in Methods in Enzymology, Volume LVIII, "Cell Culture”, pp. 62 72,
edited by William B. Jakoby and Ira H. Pastan, published by Academic Press, Inc.

[0080] The medium may be supplemented such as with serum such as fetal serum of
bovine or human or other species, and optionally or alternatively, growth tactors, vitamins (e.g.
ascorbic acid), cytokines, salts (e.g. B-glycerophosphate), steroids (e.g. dexamethasone) and
hormones e.g., growth hormone, erythropoeitin, thrombopoietin, interleukin 3, interleukin 6,
interleukin 7, macrophage colony stimulating tactor, c-kit ligand/stem cell tactor,
osteoprotegerin ligand, insulin, insulin like growth factors, epidermal growth factor, tibroblast
orowth factor, nerve growth tactor, cilary neurotrophic factor, platelet derived growth factor,
and bone morphogenetic protein at concentrations of between picogram/ml to milligram/ml

levels.
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[0081] After growth of cells using the devices and systems described herein, cells can
be harvested in a variety of ditferent ways. For example, cells can be harvested by washing
with suitable media and/or by vibration based harvesting, as described below.

10082 ] It 1s further recognized that additional components may be added to the culture
medium. Such components may be antibiotics, antimycotics, albumin, amino acids, and other
components known to the art tor the culture of cells.

EXAMPLE 1:

[0083] The suitability of cell culture using various carriers, as described herein, was
evaluated. Fresh or frozen PD0O51010 p.3/2 cells were cultured with full DMEM 1n a
humidified incubator. Cells were grown with 1injection-moulded carriers produced from various
polymeric materials or flasks, as identified below. The material, shape and contiguration,
surface treatments, and surface texture were varied, as described 1n detail below and/or
indicated in the figures. The growth rate and attachment efficiency of cells using different
carriers were measured, and the results are summarized below.

10084 ] Fig. 10 1s a bar graph showing results of cell culture in 175 cm” flasks or using
the two-dimensional culture devices of the present disclosure. Fig. 11 1s a bar graph showing
the population duplication number of cells cultured in 175 cm” flasks or using the two-
dimensional culture devices of the present disclosure. The results shown in Figs. 10-11 are
based on culture of fresh PD051010 p.3/2 cells using cell-culture devices tormed of injection-
moulded LEXAN® with a smooth surface texture and having a configuration as shown in Figs.
1A-1B. As shown 1n the figures, the amount of cells obtained and cell duplication number were

similar using the cell-culture devices instead of flasks.
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[0085] Fig. 12 1s a bar graph illustrating cell attachment efficiency for cells grown
using two-dimensional culture devices. The results shown in Fig. 12 are based on culture of
frozen PD0351010 p.3/2 cells using cell-culture devices formed of injection-moulded LEXAN®
with a rough surface texture and having a configuration as shown in Figs. 1A-1B. Fig. 13 1s a
bar graph illustrating cell attachment etficiency tor cells grown using two-dimensional culture
devices. The results shown in Figs. 13 are based on culture of frozen PD051010 p.3/2 cells
using cell-culture devices formed of injection-moulded GRILAMID® with a rough surface
texture and having a configuration as shown in Figs. 1A-1B.

[0086] Fig. 14 is a bar graph illustrating cell attachment efficiency for cells grown
using various coated two-dimensional culture devices. The results shown in Fig. 14 are based
on culture of frozen PDO051010 p.3/2 cells using cell-culture devices formed of injection-
moulded LEXAN® or GRILAMID® (as indicated in the figure) with a smooth surface texture
and having a configuration as shown in Figs. 2A-2D. Furthermore, as shown, Fig. 14
demonstrates the eftect of surface treatment using growth medium proteins and/or polylysine
on LEXAN® or GRILAMID®) carriers. As shown, polylysine treatment and growth medium
protein treatment generally increased cell attachment efticiency.

[0087] Fig. 15 1s a bar graph 1llustrating cell attachment efticiency for cells grown
using coated two-dimensional culture devices. The results shown in Fig. 15 are based on
culture of frozen PD051010 p.3/2 cells using cell-culture devices formed of injection-moulded
GRILAMID® with a rough surtace that was preincubated with growth medium proteins and
having a configuration as shown in Figs. 1A-1B.

10088 ] Fig. 16 1s a bar graph illustrating cell attachment efficiency for cells grown

using various coated two-dimensional culture devices with or without plasma surface treatment
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of the devices. The results shown in Fig. 16 are based on culture of frozen PD051010 p.3/2
cells using cell-culture devices tormed of injection-moulded LEXAN® or GRILAMID® (as
indicated 1n the figure) with a smooth surface texture and having a contiguration as shown in
Figs. 2A-2D. Furthermore, as shown, Fig. 16 demonstrates the effect of surface treatment using
orowth medium proteins and/or plasma treatment on LEXAN® or GRILAMID®) carriers. As
shown, plasma treatment and growth medium protein treatment generally increased cell
attachment etficiency.

EXAMPLE 2:

[0089] In this experiment, cells grown on two-dimensional culture devices were
harvested using a vibration-based harvest method as described in PCT/IB2012/000933, filed
April 15, 2012. The two-dimensional culture devices were prepared by suspending 220 of the
devices in Dulbeco’s minimal essential medium ("DMEM”) and seeding them with human
placenta-derived adherent stromal cells at a concentration of 3,000 cells per cm”. The devices
were incubated overnight with gentle mixing to allow the cells to attach to the devices. After
the overnight incubation 90-100 of the seeded devices were transferred to a 250 ml spinner
flask containing 150 ml of complete DMEM and incubated at three days at 37°C and 5% CO..
[0090] After the three day growth, cells were harvested from the devices by vibration as
follows. The spinner tlasks and tubes were removed trom the incubator and ten of the culture
devices were removed for a cell staining. Harvest etficiency was determined by cell staining
and cell counts. The culture media was discarded and the remaining devices were washed twice
with PBS and placed into a container filled with 800 ml of pre-warmed TrypLE solution. The
devices were then immediately vibrated for 5 seconds at 5 Hz, 5 minutes at 1 Hz, and 30

seconds at 5 Hz (all at an amplitude of 25 mm). Following vibration, an additional ten devices
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were removed for cell staining. To the remaining devices 200 ml of FBS was added and the
medium was transterred to 2,500 ml centrifuge bottles. The cells were centrituged at 1,200
RPM for 10 minutes at 4°C, the cell pellet was resuspended, and cell counts were performed.
[0091] Harvest by vibration was shown to be an effective means of recovering cells
from these devices, with 7.8 x 10° cells being recovered. The cells were shown to have 95%

viability by trypan blue dye exclusion.

EXAMPLE 3:

[0092] In another experiment, Placenta (PD020112), Adipose (PLLA25) and Bone-
marrow (BM122) MSC's were seeded on 175¢m? flasks, 0.5x10° cells/flask, in full DMEM
growth medium (DMEM As22320 Cat. No. 041-96417A GIBCO, 10% FBS cat. No. SO115
BIOCHROM, 1% L.-Glutamine Cat no. G7513 SIGMA). Cells were incubated in 37°C
humidified incubator for 4 days. Each cell type was harvested using TrypLLE (GIBCO Cat no.
12563-029). Each cell type was then seeded on both 175cm? flasks and on 2D carriers, in full
DMEM, in duplicates. Following, 0.5x10° cells were seeded on flasks and 1x10° cells were
seeded on 90 2D carriers, in 20ml vials. The flasks were incubated in 37°C incubator. The 2D
carriers vials were rolled for 24 hours for attachment and then transterred to 250ml spinner
flask with basket. The spinners were placed on stirrer in 37°C incubator for another 3 days, on
40 RPM stirring velocity. After total growth duration ot 4 days the cells were harvested trom
the flasks and from the 2D carriers by TrypLE and counted by Casy cell counter.

[0093] Fig. 17 shows a bar chart of PDD (population doubling per day) comparison
between 175¢m” flasks and 2D carriers. The calculated PDD's show comparable growth rates

of Placenta, Bone-marrow and Adipose cells between 2D carriers and tlasks.
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WHAT IS CLAIMED IS
1. A cell-culture device, comprising:

a three-dimensional body comprising multiple two-dimensional surfaces extending
inwardly from a periphery of the three-dimensional body towards an interior of the three-
dimensional body, wherein the multiple two-dimensional surfaces are configured to support
monolayer growth ot eukaryotic cells over at least a majority ot or all of the surface area of the
multiple two-dimensional surfaces, and wherein the three-dimensional body has a maximum

dimension ranging from about 1 mm to about S0 mm.

2. The device of claim 1, wherein the multiple two-dimensional surfaces comprise a
plurality of ribs extending from an interior of the three-dimensional body towards the periphery

of the three-dimensional body.

3. The device of claim 1, wherein the multiple two-dimensional surfaces comprise a
plurality of ribs extending substantially parallel to one another from an interior of the three-

dimensional body towards the periphery of the three-dimensional body.

4 The device of any of claims 1-3, wherein the multiple two dimensional surfaces have a

curved shape.

S. The device of any of claims 1-4, wherein the multiple two-dimensional surfaces comprise
as least one spiral-shaped rib extending trom an interior of the three-dimensional body towards

the periphery of the three-dimensional body.

0. The device of any of claims 1-3, wherein the multiple two-dimensional surfaces are

substantially flat over at least a portion of their surtace area.
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7. The device of any of claims 1-6, wherein the three-dimensional body comprises at least
one of a substantially spherical shape, a substantially ellipsoid shape, and an irregular polyhedral

shape.

8. The device of any of claims 1-7, wherein the multiple two-dimensional surfaces comprise

a plurality of ribs extending from a central core towards a periphery of the three-dimensional

body.

9. The device of claim 1, wherein the three-dimensional body comprises a spherical shape
and the multiple two-dimensional surtfaces comprise substantially tlat surfaces extending from a
periphery of the three-dimensional body towards an interior of the three-dimensional body, and
wherein the multiple two-dimensional surfaces are spaced from one another at a distance
selected to prevent contact of objects adjacent to the three-dimensional body with cells growing

on the multiple two-dimensional surfaces.

10. The device of any of claims 1-9, wherein at least some of the multiple two-dimensional
surfaces are spaced from one another at a distance sutficient to allow culture medium

surrounding the device to contact at least a portion of the multiple two-dimensional surfaces.

11. The device of claim 10, wherein the multiple two-dimensional surfaces are spaced at a

distance to prevent contact between cells on adjacent two-dimensional surfaces.

12. The device of any of claims 1-11, wherein the material forming the multiple two-
dimensional surfaces comprises a material selected trom at least one of metals, glass,

borosilicate, carbon tibers, ceramics, collagen, gelatin, hydrogels, and polymers.

13. The device of any of claims 1-11, wherein the material forming the multiple two-

dimensional surfaces comprises at least one polymer.
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14, The device of claim 13, wherein the polymer 1s selected from a polyamide, a

polycarbonate, a polysulfone, a polyester, a polyacetal, and polyvinyl chloride.

15. The device of claim 13, wherein the polymer 1s a polyamide.
16.  The device of claim 13, wherein the polymer is a polycarbonate.
17. The device of any of claims 1-16, wherein the multiple two-dimensional surfaces

comprise a material selected to allow direct attachment and growth of eukaryotic cells.

18. The device of any of claims 1-16, wherein the multiple two-dimensional surfaces further

comprise at least one coating selected to facilitate attachment and growth ot eukaryotic cells.

19. The device of claim 18, wherein the at least one coating 1s selected from a protein and
polylysine.
20. The device of any of claims 1-19, wherein the multiple two-dimensional surfaces have

been subjected to a plasma surface treatment.

21. The device of any of claims 1-20, wherein the multiple two-dimensional surfaces

comprise a modulus and curvature selected to facilitate growth of eukaryotic cells.

22. The device of any of claims 1-21, wherein the eukaryotic cells comprise at least one of

stem cells, anchorage dependent cells, mesenchymal cells, and stromal cells.

23. The device of any of claims 1-19, wherein the ratio of the surface area of the multiple
two-dimensional surfaces to the volume of the three-dimensional body 1s between about 3

cm*/em” and about 1,000 cm?/cm”.
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24, The device of claim 23, wherein the ratio of the surface area ot the multiple two-
dimensional surfaces to the volume of the three-dimensional body is between about 10 cm*/cm’

and about 15 cm?/cm”.

23. The device of any of claims 1-24, wherein the three-dimensional body has a maximum

dimension between 1 mm and 50 mm.

20. The device of claim 25, wherein the three-dimensional body has a maximum dimension

between about 2 mm and 10 mm.

27. The device of any of claims 25-26, wherein the device 1s substantially spherical, and the

maximum dimension 1S a diameter.

28. A cell-culture system, comprising:

a container; and

a group of three-dimensional bodies, each three dimensional body comprising:

multiple two-dimensional surfaces extending inwardly from a periphery ot the three-
dimensional body towards an interior of each three-dimensional body, wherein the multiple two-
dimensional surfaces are configured to support monolayer growth of eukaryotic cells over at
least a majority of or all of the surface area ot the multiple two-dimensional surfaces, and
wherein the three-dimensional body each have a maximum dimension ranging from about 1 mm

to about 50 mm.

29. The system of claim 28, wherein the multiple two-dimensional surfaces comprise a
plurality of ribs extending from an interior of the three-dimensional body towards the periphery

of the three-dimensional body.
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30. The system of claim 28, wherein the multiple two-dimensional surfaces comprise a
plurality of ribs extending substantially parallel to one another from an interior ot the three-

dimensional body towards the periphery of the three-dimensional body.

31. The system of any of claims 28-30, wherein the multiple two dimensional surtaces have a

curved shape.

32.  The system of any of claims 28-31, wherein the multiple two-dimensional surfaces
comprise as least one spiral-shaped rib extending from an interior of the three-dimensional body

towards the periphery ot the three-dimensional body.

33. The system of any of claims 28-30, wherein the multiple two-dimensional surfaces are

substantially flat over at least a portion of their surface area.

34.  The system of any of claims 28-33, wherein the three-dimensional bodies comprise at
least one of a substantially spherical shape, a substantially ellipsoid shape, and an irregular

polyhedral shape.

35.  The system of any of claims 28-34, wherein the multiple two-dimensional surfaces are
contigured to prevent contact of objects adjacent to the three-dimensional body with cells

growing on the multiple two-dimensional surfaces.

36.  The system of claim 28, wherein the three-dimensional bodies comprises a spherical
shape and the multiple two-dimensional surfaces comprise substantially flat surfaces extending
from a periphery ot each three-dimensional body towards an interior of each three-dimensional
body, and wherein the multiple two-dimensional surfaces are spaced from one another at a
distance selected to prevent contact of objects adjacent to the three-dimensional bodies with cells

growing on the multiple two-dimensional surfaces.
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37.  The system of any of claims 28-36, wherein at least some of the multiple two-
dimensional surfaces are spaced trom one another at a distance sufficient to allow culture
medium surrounding the device to contact at least a portion of the multiple two-dimensional

surfaces.

38. The system of any of claims 28-37, wherein the multiple two-dimensional surfaces are

spaced at a distance to prevent contact between cells on adjacent two-dimensional surfaces.

39.  The system of any of claims 28-38, wherein the material forming the multiple two-
dimensional surfaces comprises a material selected trom at least one of metals, glass,

borosilicate, carbon fibers, ceramics, collagen, gelatin, hydrogels, and polymers.

40.  The system of any of claims 28-39, wherein the material forming the multiple two-

dimensional surfaces comprises at least one polymer.

41. The system of claim 40, wherein the polymer 1s selected from a polyamide, a

polycarbonate, a polysulfone, a polyester, a polyacetal, and polyvinyl chloride.

42. The system of claim 40, wherein the polymer 1s a polyamide.
43. The system of claim 40, wherein the polymer is a polycarbonate.
aviy The system of any of claims 28-43, wherein the multiple two-dimensional surfaces

comprise a material selected to allow direct attachment and growth ot eukaryotic cells.

45. The system of any of claims 28-44, wherein the multiple two-dimensional surfaces

further comprise at least one coating selected to facilitate attachment and growth of eukaryotic

cells.
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46. The system of claim 45, wherein the at least one coating 1s selected from a protein and
polylysine.
47. The system of any of claims 28-46, wherein the multiple two-dimensional surfaces have

been subjected to a plasma surface treatment.

48. The system of any of claims 28-47, wherein the multiple two-dimensional surtaces

comprise a modulus and curvature selected to facilitate growth of eukaryotic cells.

49, The system of any of claims 28-48, wherein the eukaryotic cells comprise at least one of

stem cells, anchorage dependent cells, mesenchymal cells, and stromal cells.

S0. The system of any of claims 28-49, wherein the ratio of the surface area of the multiple
two-dimensional surfaces to the volume of the three-dimensional body 1s between about 3

cm?*/cm” and about 1,000 cm?/cm”.

S1. The system of any of claims 50, wherein the ratio of the surface area ot the multiple two-

dimensional surfaces to the volume of the three-dimensional body is between about 10 cm®/cm’

and about 15 cm*/cm”.

S2. The system of any of claims 28-51, wherein the three-dimensional body has a maximum

dimension between 1 mm and 20 mm.

53. The system of claim 52, wherein the three-dimensional body has a maximum dimension

between about 2 mm and 10 mm.

S54.  'The system of any of claims 52-353, wherein the device 1s substantially spherical, and the

maximum dimension 1s a diameter.

55. A method of culturing cells, comprising:
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selecting a group of eukaryotic cells; and

contacting the eukaryotic cells with at least one three-dimensional body having multiple
two-dimensional surfaces extending inwardly trom a periphery ot the three-dimensional body
towards an interior of the at least one three-dimensional body, wherein the multiple two-
dimensional surtaces are configured to support monolayer growth of eukaryotic cells over at
least a majority of or all of the surface area ot the multiple two-dimensional surfaces, and
wherein the three-dimensional body has a maximum dimension ranging from about 1 mm to

about 50 mm.

56.  The method of claim 55, wherein contacting the eukaryotic cells with the at least one
three-dimensional body comprises placing the cells and at least one three-dimensional body in a

container.

S7. The method of either of claims 55-56, further comprising supplying culture media to the

cells.

58.  The method of any of claims 55-57, further comprising causing movement of the at least

one three-dimensional body.

59. The method of claim 58, wherein causing movement comprises rotating or shaking a

container 1n which the at least one three-dimensional body 1s contained.

60. The method of claim 58, wherein causing movement of the at least one three-dimensional
body comprises providing a flow of media into a container in which the at least one three-

dimensional body 1s contained.

61. A cell-culture device, comprising:
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a three-dimensional body comprising multiple two-dimensional surtaces extending
inwardly from a periphery of the three-dimensional body towards an interior of the three-
dimensional body, wherein the multiple two-dimensional surtaces are contigured to support
monolayer growth ot eukaryotic cells over at least a majority ot or all of the surface area of the
multiple two-dimensional surfaces, and wherein the three-dimensional body has a surface area to

volume ratio between about 3 ecm*/cm’ and about 1,000 cm?/cm”.

02. The device of claim 61, wherein the three-dimensional body has a surface area to volume

ratio between about 10 cm?/cm” and about 15 cm?/cm®.

63. A cell-culture device, comprising:

a three-dimensional body comprising a sheet of material tormed into a substantially spiral
contiguration, the sheet of material comprising at least two two-dimensional surfaces, wherein
the two-dimensional surfaces are configured to support monolayer growth ot eukaryotic cells
over at least a majority ot or all of the surtace area of the multiple two-dimensional surfaces, and
wherein the three-dimensional body has a surface area to volume ratio between about 3 cm/cm’

and about 1,000 cm*/cm”.

64. The device of claim 63, wherein the three-dimensional body has a surface area to volume

ratio between about 10 cm?/cm” and about 15 cm?/cm®.

65. The device of either of claims 63-64, wherein the device has a maximum dimension of 50

mm or less.
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