
System and Method for Applying Reduced Pressure to
Cell Culture Technical Field The present disclosure
relates generally to methods and apparatus used to
provide reduced pressure to cell cultures. More
particularly, the present disclosure relates to
methods and apparatus used to provide reduced pressure
to cell cultures in a substantially airtight enclosure
with controlled culture media flow. Background Art
Topical negative pressure (TNP) applications have been
shown to be beneficial in the treatment of wounds by
promoting granulation tissue formation, removing
interstitial fluid, drawing wounds closed, and
inducing microdeformations at the wound surface. In
typical TNP applications, certain parameters may be
varied, such as the pressure differential or fluid
flow rates. However, it is not always possible to
correlate variations in a particular parameter to a
response in the wound therapy during in vivo
applications, due to the lack of a controlled
environment. It is therefore desirable to provide a
method and apparatus for providing reduced pressure to
cell cultures and measuring the effects of different
parameters on TNP applications in a controlled in
vitro environment. It is also desirable to provide a
method and apparatus for applying TNP that provides
for controlled culture media flow rates and reduces
the likelihood that air will be drawn into the cell
culture. Such air induction can lead to desiccation of
the matrix, thereby preventing meaningful data from
being acquired. Disclosure of Invention In certain
embodiments a cell culture system comprises a
substantially airtight enclosure configured to culture
cells; a first conduit in fluid communication with the
substantially airtight enclosure, wherein the first
conduit is configured to provide a reduced pressure to
the substantially airtight enclosure; and a second
conduit in fluid communication with the substantially
airtight enclosure, wherein the second conduit is
configured to provide a culture media to the
substantially airtight enclosure. In other
embodiments, a cell matrix is located within the
substantially airtight enclosure, 



and the reduced pressure is applied to a first surface
of the cell matrix and theculture media is applied to
a second surface of the cell matrix during use. Other
embodiments comprise a permeable surface and / or a
dressing located within the substantially airtight
enclosure. Still other embodiments comprise a
permeable surface, a cell matrix and a dressing (or
other manifolding material) located within the
substantially airtight enclosure, wherein the culture
media flows from the second conduit, through the
permeable surface, through the cell matrix, through
the dressing, and into the first conduit. In certain
embodiments, the permeable surface supports the cell
matrix and the cell matrix may be located between the
permeable surface and the dressing. Other embodiments
comprise a sealing system for a cell culture system
comprising a peripheral sealing member configured to
engage a plate well and configured to engage a cell
culture insert, such that a first seal is formed
between the peripheral sealing member and the plate
well and a second seal is formed between the
peripheral sealing member and the cell culture insert.
An insert sealing assembly may also be configured to
engage the cell culture insert such that a third seal
is formed between the insert sealing assembly and the
cell culture insert. In certain embodiments, the
peripheral sealing member may be configured to engage
an interior wall of the plate well and an exterior
wall of the cell culture insert and the insert sealing
assembly may be configured to engage an interior wall
of the insert. In certain embodiments, a first conduit
may extend through the peripheral sealing member and a
culture media supply system may be coupled to the
first conduit. In other embodiments, second conduit
may extend through the peripheral sealing member and a
third conduit may extend through the insert sealing
assembly. In certain embodiments a low pressure source
may be coupled to the third conduit and a fourth
conduit may extend through the insert sealing
assembly. In certain embodiments the first and second
seals may each be created by an interference fit and
the peripheral sealing member may be formed by
injection molding. In certain embodiments, the insert
sealing assembly may comprise an insert sealing
member, an insert seal ring, a lateral sealing member,
and an insert manifold. In certain 



embodiments, the insert sealing member and / or the
insert manifold may be pressed into the insert. In
other embodiments, the insert manifold is threaded
into the insert sealing member. In certain
embodiments, the insert seal ring may be compressed
between the insert sealing member and the insert
manifold and the insert sealingmember may be formed by
injection molding. In certain embodiments, the
peripheral sealing member is pressed into the plate
well. Other embodiments comprise a method of culturing
cells comprising: providing a substantially airtight
enclosure; providing a cell matrix within the
substantially airtight enclosure; providing a reduced
pressure to the substantially airtight enclosure; and
providing a culture media to the substantially
airtight enclosure. In certain embodiments, the
substantially airtight enclosure comprises a first
surface and a second surface, and the reduced pressure
is applied to the first surface and the culture media
is applied to the second surface. In certain
embodiments, the reduced pressure is provided via a
first conduit coupled to a low pressure source and the
first conduit is in fluid communication with the
substantially airtight enclosure. In certain
embodiments, the low pressure source is a vacuum pump.
In certain embodiments, the culture media may be
provided via a second conduit coupled to a culture
media supply system and the second conduit is in fluid
communication with the substantially airtight
enclosure. Other embodiments comprise a system for
culturing cells comprising: a plate well; a cell
culture insert; a peripheral sealing member configured
to engage a plate well and configured to engage the
cell culture insert, such that peripheral sealing
member forms a first seal with the plate well and
forms a second seal with the cell culture insert; and
an insert sealing assembly configured to engage the
cell culture insert such that the insert sealing
assembly forms a third seal with the cell culture
insert. Certain embodiments comprise a first conduit
extending through the peripheral sealing member and a
low pressure source coupled to the first conduit. In
certain embodiments, the second conduit may extend
through the insert sealing assembly and a culture
media supply system may be coupled to the second
conduit. Certain embodiments also comprise a cell
matrix in the cell culture insert and a 



dressing between the cell matrix and the insert
sealing assembly. Brief Description of Drawings FIG. 1
illustrates a cross-sectional view of a first
embodiment of a cell culture system; FIG. 2
illustrates a perspective view of a cell culture
insert; FIG. 3 illustrates a perspective view of one
embodiment of a peripheral sealing member;FIG. 4
illustrates a schematic view of one embodiment of a
cell culture system; FIG. 5 illustrates a detailed
view of one embodiment of a conduit; FIG. 6
illustrates a perspective view of one embodiment of a
cell culture system incorporating the embodiment of
Figure 1; FIG. 7 illustrates an exploded view of one
embodiment of a cell culture system; FIG. 8
illustrates a cross-sectional view of the embodiment
of Figure 7; FIG. 9 illustrates a detailed
cross-sectional view of the embodiment of Figure 7;
FIG. 10 illustrates a top perspective view of the
embodiment of Figure 7; FIG. 11 illustrates a top
perspective view of one embodiment of a peripheral
sealing member; FIG. 12 illustrates a bottom
perspective view of the embodiment of Figure 11; FIG.
13 illustrates a cross-sectional view of the
embodiment of Figure 11; FIG. 14 illustrates a top
perspective view of one embodiment of an insert
sealing member; FIG. 15 illustrates a bottom
perspective view of the embodiment of FIG. 14; FIG. 16
illustrates a cross-sectional view of the embodiment
of FIG. 14; FIG. 17 illustrates a top view of one
embodiment of an insert seal ring; FIG. 18 illustrates
a cross-sectional view of the embodiment of FIG. 17;
FlG. 19 illustrates a top perspective view of one
embodiment of an insert manifold; 



FIG. 20 illustrates a bottom perspective view of the
embodiment of FIG. 19; FIG. 2 1 illustrates a
cross-sectional view of the embodiment of FIG. 20;
FIG. 22 illustrates an exploded view of one embodiment
of an insert seal assembly; FIG. 23 illustrates a top
perspective view of one embodiment of a cell culture
system; and FIG. 24 illustrates a cross-sectional view
of the embodiment of FIG. 23. Best Mode for Carrying
Out the Invention Referring initially to FIGs. 1
through 4, a cell culture system 100 comprises a plate
well 10, a cell culture container 20 for growing cell
cultures, and a peripheralsealing member 30 between
plate well 10 and cell culture container 20. In this
embodiment, plate well 10 comprises a peripheral
interior wall 11 between a base 12 and an open end 13.
In the embodiment shown, cell culture container 20
comprises a tapered body 2 1 with an exterior wall 19
and an interior volume 28 bounded by a permeable
membrane 22 at one end, an open end 23 that is
opposite permeable membrane 22, and an inner perimeter
29. In this embodiment, open end 23 comprises a flange
24 with a pair of notches 25, and a pair of tabs 26
extend from tapered body 2 1 in axial alignment with
notches 25. During use, the disclosed embodiment also
comprises a cell matrix 40 between permeable membrane
22 and a dressing 45. In certain embodiments, cell
matrix 40 encapsulates multiple layers of cells. In
addition, a lid 55 comprising holes 53 and 54 may be
used to secure cell culture container 20 in plate well
10 during use. In certain embodiments, cell culture
container 20 may be a BD Falcon(tm) 6-well insert,
plate well 10 may be a BD Falcon(tm) 6-well culture
plate, and dressing 45 may be an open-cell foam or a
gauze. In the embodiment of FIG. 3, peripheral sealing
member 30 comprises a body 31 that is substantially
cylindrical and comprises an interior surface 32, an
exterior surface 33, a notched end 34 and a channeled
end 35. In this embodiment, notched end 34 comprises a
pair of notches 36 configured to align with tabs 26 of
cell culture container 20. In the disclosed
embodiment, a channel 37 extends across channeled end
35 from exterior surface 33 to interior surface 32. As
shown, exterior surface 33 



comprises a relief 39 and interior surface comprises a
relief 38. In this embodiment, relief 38 is configured
to receive a flexible sealing member 58 and relief 39
is configured to receive a flexible sealing member 59.
In certain embodiments, flexible sealing members 58
and 59 may be o-rings. In other embodiments, flexible
sealing members may be gaskets, v-rings, or other
suitable devices. In this embodiment, peripheral
sealing member 30 also comprises a cavity 56 that
extends through body 3 1 from notched end 34 to relief
39 and a cavity 57 that extends from relief 39 to
channel 37. During use, the embodiment of FIGs. 1
through 4 also comprises a lateral sealing member or
drape 50 (with a reinforcing member 51) that extends
across inner perimeter 29. In this embodiment, a
suction conduit 60 extends through hole 53,
reinforcing member 5 1, drape 50 and into dressing 45
during operation. Suction conduit 60 is therefore in
fluid communication with components on each side of
drape 50.In addition, a culture media conduit 70
provides culture media to cell matrix 40 during use of
this embodiment. In the embodiment shown, culture
media conduit 70 extends through hole 54, notch 25,
cavity 56, relief 39, flexible sealing member 59, and
into cavity 57. Cell culture media conduit 70 is
therefore in fluid communication with components on
each side of peripheral sealing member 30. As shown in
the schematic in FIG. 4, suction conduit 60 may be
coupled to a low pressure source 65 and culture media
conduit 70 may be coupled to a media supply system 66
comprising a pump 67. In certain embodiments, pump 67
may comprise a peristaltic pump and low pressure
source 65 may comprise a vacuum pump. In the
embodiment shown in FIG. 4, material (such as air and
fluid) drawn through suction conduit 60 may be stored
in a storage container 68. During use, cell culture
system 100 provides topical negative pressure (TNP) to
cell matrix 40 and provides culture media 7 1 to cell
matrix 40. In one embodiment, peripheral sealing
member 30 (with flexible sealing members 58 and 59) is
placed in plate well 10 so that flexible sealing
member 59 engages plate well 10. In this embodiment,
cell culture container 20 (comprising cell matrix 40)
is 



placed in peripheral sealing member 30 so that
flexible sealing member 58 engages cell culture
container 20 and tabs 26 align with notches 36. In
certain embodiments, dressing 45 is placed on cell
matrix 40 and drape 50 is placed across open end 23 of
cell culture container 20. As shown in FIG. 6 and
discussed more fully below, lid 55 may be assembled
with suction conduit 60 and reinforcing member 5 1 to
form a lid assembly 75. Lid assembly 75 may be
positioned to cover drape 50, plate well 10, and open
end 23 of cell culture container 20. In certain
embodiments, as lid assembly 75 is lowered into place,
suction conduit 60 penetrates drape 50 and reinforcing
member 5 1 pushes down on drape 50. In certain
embodiments, drape 50 is a polyurethane sheet,
approximately 0.002 - 0.004 inches thick, with an
adhesive on the side proximal dressing 45. As
assembled, suction conduit 60 extends into dressing
45. Culture media conduit 70 may be inserted through
hole 54, notch 25, cavity 56, relief 38, flexible
sealing member 58, and into cavity 57 or channel 37
(which is in fluid communication with cavity 56). As
shown in FIG. 1, cell culture system 100 is configured
to provide topical negative pressure (TNP) and culture
media 7 1 to cell matrix 40. In the embodiment shown,
media supply system 66 can supply culture media 7 1 to
culture media conduit 70 during use. Culture media 7 1
can exit conduit 70 and travel throughchannel 37
toward cell culture container 20. In this embodiment,
culture media 71 then travels through a gap 72 between
permeable membrane 22 and base 12. As shown, culture
media 7 1 passes then passes through permeable
membrane 22 to cell matrix 40, thereby providing
nutrients for cell matrix 40 to culture cells during
use. In addition, cell culture system 100 also may
provide topical negative pressure (TNP) to cell matrix
40. During operation, low pressure source 65 can
create a negative or suction pressure through suction
conduit 60 and into dressing 45. Because dressing 45
is a porous material (such as open-cell foam or cotton
gauze); cell matrix 40 is also exposed to the suction
pressure. Cell matrix 40 is therefore exposed to a
pressure differential that encourages the top portion
of cell matrix 40 to conform to the bottom surface of
dressing 45, which may have an irregular surface 



comprising indentations and raised portions. Such a
process of deforming the cell matrix 40 by contact
with a non-planar surface (known as microdeformation)
can stimulate cellular activity in the cell matrix
through the induction of mechanical strain (known as
mechanotransduction). In addition, the pressure
differential across cell matrix 40 also promotes the
migration of culture media 7 1 into cell matrix 40,
further promoting growth of cells in cell matrix 40.
Furthermore, the pressure differential across drape 50
can cause drape 50 to deform to cell culture container
20 and dressing 45. As shown in FIG. 1, cell culture
system 100 incorporates features that provide for the
effective application of TNP to cell matrix 40. For
example, flexible sealing members 58 and 59 restrict
the amount of air that may be drawn from between cell
culture container 20. and plate well 10 and. into
suction. conduit 60. In addition, drape 50 forms a
seal along the interior wall of cell culture container
20 and across dressing 45, further restricting air
flow into suction conduit 60. Furthermore, the flow
rate of culture media 7 1 may be controlled by
adjusting the pressure differential created across
permeable membrane 22, cell matrix 40, and dressing
45. By controlling parameters such as the amount of
air flow through suction conduit 60 and the pressure
drop across cell matrix 40, the likelihood that cells
from cell matrix 40 will enter suction conduit 60 and
be removed from cell culture container 20 is reduced.
Cell culture system 100 thereby provides an effective
method of applying TNP to cell matrix 40 while
minimizing the risk that cells will be lost.In the
embodiment disclosed in FIGs. 1 through 4, suction
conduit 60 comprises a 25-GA hypodermic needle with a
deflected non-coring tip 6 1, as shown in FIG. 5.
Non-coring tip 6 1 can reduce the likelihood that
material will clog the tip as it is penetrating a
surface such as flexible sealing member 58 or
reinforcing member 51. In certain embodiments, culture
media conduit 70 may also comprise a 25-GA hypodermic
needle with a deflected non-coring tip. In the
disclosed embodiments, reinforcing member 5 1
comprises a rubber dome-shaped device with an adhesive
flat side. In certain embodiments, reinforcing member
5 1 is a product sold by 3M under the Bumpon(tm)
trademark. Disclosed embodiments also comprise
flexible 



sealing members 58 and 59 having a durometer of
approximately 70. Other embodiments may comprise
individual features with different specifications from
those provided above, which are provided for example
purposes only. In certain embodiments, cell culture
system 100 may be part of a larger assembly. As shown
in FIG. 6, cell culture assembly 150 comprises a six
well plate 160 with six individual plate wells 10.
Each cell culture system 100 comprises a culture media
conduit 70 near the perimeter of plate well 10 and a
suction conduit 60 near the center of plate well 10.
For purposes of clarification, only one cell culture
system 100 is labeled in FIG. 6. In the embodiment
shown, each culture media conduit 70 is coupled to a
bulkhead 85 via flexible tubing 86. Bulkhead 85 may
then be coupled to multiple media supply systems 66
(shown in FIG. 4). In this embodiment, control
parameters, such as flow rate or media type, can be
controlled individually for each cell culture system.
In addition, each suction conduit 60 is coupled
together via flexible tubing 87 to a common connector
88. Common connector 88 may then be coupled to a low
pressure source such as vacuum pump 65 (shown in FIG.
4). In other embodiments, each suction conduit 60 may
be individually coupled to separate low pressure
sources, so that the pressure may be individually
controlled for each cell culture system 100. Also
visible in the embodiment shown in FIG. 6 are
fasteners 89 used to secure lid assembly 75 to six
well plate 160. In certain embodiments, components of
cell culture assembly 150 (such as lid assembly 75 and
well plate 160) are comprised of material that allows
light to pass through them. In such embodiments, cell
matrix 40 can be observed during the cell culture
process for evaluation purposes (including, for
example, fluorescent responses to stimuli).In certain
embodiments, cell matrix 40 is porous enough to allow
media culture 7 1 to flow through it, and strong
enough to withstand TNP without cell proliferation.
One example of such a matrix comprises porcine whole
blood in sodium citrate spun down to separate out the
cells from the plasma. In this embodiment, plasma may
be assayed for fibrinogen and 2 mL of 9.8 mg/mL is
placed in each cell culture container 20. The cells
may then be seeded into plasma 



at approximately 20,000 cells per cell culture
container 20, and 0.5 mL of Thrombin (1083 units per
mL in culture media 71) may be added drop-wise onto
the plasma / cell mixture. After cell matrix 140 has
set up, culture media 7 1 can be added to the bottom
of cell culture container 20 and to the top of cell
matrix 140. In this embodiment, cells may be allowed
to proliferate for approximately two weeks prior to
further experimentation. In certain embodiments,
immediately prior to experimentation, 1 mL of an agar
(such as Tryptic Soy agar at a concentration of 40 g/
L) may be added to the top of the matrix. The thin
agar layer can be used to stabilize cell matrix 140
during TNP while still being porous enough to allow
fluid flow. Another embodiment of a cell culture
system 200 is shown in FIGs. 7- 22. In the exploded
view of FIG. 7, cell culture system 200 comprises
plate well 10 in six well plate 160. In the embodiment
shown, inserted into plate well 10 are a peripheral
sealing member 230, cell culture container 20, a
dressing 245, an insert sealing member 254, an insert
seal ring 252, a lateral sealing member or drape 250,
and an insert manifold 260. Referring now to the
assembled cross-section view of FIG. 8, peripheral
sealing member 230 has been radially oriented and
pressed into plate well 10 and cell culture container
20 has been radially oriented and pressed into
peripheral sealing member 230 in this embodiment.
During use, cell matrix 240 is placed on top of
permeable membrane 22. Dressing 245 may then be placed
on top of cell matrix 240 and insert sealing member
254 can be radially oriented and pressed into cell
culture container 20. In the embodiment shown, drape
250 can then be placed onto insert seal ring 252,
which can then be placed onto a lip 253 of insert
sealing member 254. Insert manifold 260 can be
threaded into insert sealing member 254. Referring now
to the detailed cross-section of FIG. 9, a body 231 of
peripheral sealing member 230 engages interior wall 11
of plate well 10 to create a substantially air-tight
seal (via an interference fit) between plate well 10
andperipheral sealing member 230. While peripheral
sealing member 230 directly contacts plate well 10 in
this embodiment, other embodiments may comprise 



additional components between peripheral sealing
member 230 and plate well 10. In this embodiment,
multiple seals are formed via interference fits; in
other embodiments, substantially air-tight seals can
be formed through other mechanisms such as o-rings,
gaskets, sealants, etc. Additional substantially
air-tight seals are formed where peripheral sealing
member 230 engages cell culture container 20 in region
232 and where cell culture container 20 contacts
insert sealing member 254 at region 233. In the
embodiment shown, drape 250 is placed on insert seal
ring 252, which is placed on lip 253 of insert sealing
member 254. In this embodiment, insert seal ring 252
comprises one or more apertures 255, and drape 250 can
be punctured to create apertures (not shown) that
align with apertures 255, allowing the space directly
above apertures 255 to be in fluid communication with
the space below apertures 255. Insert manifold 260 can
then be threaded into insert sealing member 254,
thereby securing drape 250 against insert seal ring
252, and insert seal ring 252 against lip 253. As
shown in FIGs. 8 and 9, a conduit 270 extends through
peripheral sealing member 230, providing a path for
culture media 271 to reach cell matrix 240 through
permeable membrane 22 (similar to the manner described
in the previous embodiment). Also shown in this
embodiment, insert manifold 260 comprises a conduit
262 in fluid communication with apertures 255 of
insert seal ring 252 and any apertures provided in
drape 250. Therefore, a low pressure source (such as
vacuum pump 65 in FIG. 4) may be coupled to conduit
262 and provide low pressure or suction to dressing
245 to cause microdeformation and mechanotransduction
of cell matrix 240 in a manner similar to the
previously-described embodiment. A top view of
assembled cell culture system 200 is shown in FIG. 10.
Shown extending from plate well 10 in this embodiment,
peripheral sealing member 230 comprises tabs 232 and
234, cell culture container 20 comprises flanges 24,
and insert sealing member 254 comprises tabs 256. In
this embodiment, tabs 232, 234, and 256 comprise
indicia regarding alignment of the components, as well
as indicia to denote whether a port is open (discussed
in more detail below). 



Referring now to FIGs. 11-13, more detailed features
of peripheral sealing member 230 are visible. In this
embodiment, peripheral sealing member 230 comprises a
body 231 that is substantially cylindrical with a pair
of notches 236, tabs232 and 234, conduit 270 and a
sealed conduit 273. Notches 236 are configured to
align with tabs 26 extending from cell culture
container 20 (shown in FIG. 2). Sealed conduit 273
comprises a septum 272 that can be punctured if it is
desired to open sealed conduit 273 so that it may be
used for a secondary pathway for culture media 271 or
a pressure sensing port. A bump 235 on tab 232
indicates that conduit 270 extending from tab 232 is
open rather than sealed and indicia 229 provide
guidance for alignment during assembly. At the end of
body 231 opposite of tabs 232 and 234 is a tapered
portion 239 extending to a collar 238 with channels
237. Similar to channels 37 of the
previously-described embodiment, channels 237 provide
a pathway for culture media 271 to flow from conduit
270 to permeable membrane 22 and cell matrix 240,
thereby providing nutrients for cell matrix 240.
Referring now to FIGs. 14-16, more detailed features
of insert sealing member 254 are visible. In this
embodiment, insert sealing member 254 comprises a body
251 that is substantially cylindrical and has an
internally threaded portion 259. In this embodiment,
tabs 256 extend outwardly from one end of body 251 ,
while lip 253 extends inwardly from the opposing end
of body 251 . Tabs 256 also comprise alignment indicia
258 and a pair of reliefs 257 to provide for clearance
over sharp edge 300 (Fig 2) of cell culture container
20. Referring now to FIGs. 17-18, more detailed
features of insert seal ring 252 are visible. In this
embodiment, insert seal ring 252 comprises a plurality
of apertures 255. In addition, this embodiment of
insert seal ring 252 comprises a ridge 242 so that the
cross-section is slightly "V'-shaped, as shown in FIG.
18. Referring now to FIGs. 19-21, more detailed
features of insert manifold 260 are visible. In this
embodiment, insert manifold 260 comprises a generally
cylindrical body 261 with externally threaded portion
269. This embodiment also comprises a sealed conduit
264 that comprises a septum 268 that can be punctured
if it is desired to open sealed conduit 264. If
opened, sealed conduit 264 may be used for 



an additional low pressure conduit or for a pressure
sensing port. In this embodiment, insert manifold 260
comprises a bump 263 that indicates that conduit 262
is open rather than sealed. Visible in FIGs. 20 and 2
1 are channel 267 (which is in fluid communication
with conduit 262 and sealed conduit 264 if opened) and
rounded edges 265 and 266. As shown in FIG. 9, rounded
edges 265 and 266 may engage insert seal ring 252 such
that channel 267 is in fluid communication with
apertures 255 of insert seal ring 252.Referring now to
FIG. 22, insert manifold 260, drape 250, insert seal
ring 252, and insert sealing member 254 are shown in
an exploded view as one embodiment of an internal
insert assembly 275. It is understood that in other
embodiments, certain separate components of internal
insert assembly 275 may be combined. For example,
insert seal ring 252 may be integral to insert sealing
member 254 or to insert manifold 260. During use,
internal insert assembly 275 is configured to provide
a seal across inner perimeter 29 of cell culture
container 20. During assembly of the embodiment shown
in FIG. 22, drape 250 is placed over insert seal ring
252, and excess material is trimmed from drape 250
around the perimeter of insert seal ring 252. Holes
may then be created in drape 250 that are aligned with
apertures 255 of insert seal ring 252. In the
embodiment shown, insert manifold 260 may then be
threaded into insert sealing member 254 such that
rounded edges 275 and 266 engage drape 250 and
compress it against insert seal ring 252 to form a
substantially air tight sea! with lip 253 of insert
sealing member 254, as shown in FIG. 9. In addition,
body 251 of insert sealing member 254 engages inner
perimeter 29 of cell culture container 20, thereby
creating a substantially air-tight seal across inner
perimeter 29. As shown in the embodiment of FIG. 9,
internal insert assembly 275 may therefore be combined
with peripheral sealing member 230 to form a sealing
system that provides substantially air-tight seals
with inner perimeter 29 and exterior wall 19 of cell
culture container 20. In the embodiment shown, tapered
portion 239 of peripheral sealing member 230 engages
exterior wall 19 in an interference fit and body 251
(near the interface with lip 253) engages inner
perimeter 29 of cell culture container 20. Cell
culture container 20 is therefore 



effectively sealed on both the exterior and interior,
allowing for effective TNP to be applied to a cell
matrix contained within cell culture container 20. In
addition, cell culture system 200 may be combined with
additional cell culture systems in a manner similar to
that of cell culture system 100 shown in FIG. 6. In
other embodiments, the cell culture container may be
any device suitable for culturing cells and may be a
device other than a cell culture insert. Referring now
to FIGs. 23 and 24, another embodiment of a cell
culture system 400 is shown comprising a cell culture
container 410 comprising peripheral walls 419 and
floor 420. In this embodiment, cell culture container
410 comprises a cell culture matrix 440 between a
permeable support 422 and a dressing 445. In the
embodiment shown, a lid 450 covers dressing 445, and a
suction conduit 460 (coupled to a lowpressure source,
not shown) may provide negative pressure to dressing
445 and cell culture matrix 440. In this embodiment, a
culture media conduit 470 is coupled to cell culture
container 4 10 and provides culture media 471 , which
can flow through permeable support 422 to cell culture
matrix 440. During use, this embodiment operates in a
manner equivalent to the previously-described
embodiments, and suction conduit 460 applies negative
pressure to a first surface 441 (shown here as an
upper surface) of cell matrix 440. In addition,
culture media conduit 470 provides culture media 470
to a second surface 442 (shown here as a lower
surface) of cell matrix 440. As shown, peripheral
walls 419, floor 420, and lid 450 provide a
substantially airtight enclosure 421 that effectively
seals cell culture matrix 440 (with the exception of
suction conduit 460 and culture media conduit 470). In
this embodiment, suction conduit 460 extends through
Hd 450 and (when coupled to a low pressure source) can
be used to control the amount of negative pressure
that is applied to cell culture matrix 440. Similarly,
culture media conduit 470 extends through peripheral
wall 4 19 and can be used to control the amount of
culture media 471 provided to cell culture matrix 440.
In the embodiment shown, cell culture container 410
does not require a separate peripheral sealing member
between it and a larger assembly (such as a 



well plate) because cell culture media conduit 470
extends through peripheral wall 4 19 of cell culture
container 4 10. Cell culture system 400 may operate
with a single cell culture container 4 10 or multiple
cell culture containers 410. In the embodiment shown,
permeable support 422 may comprise any one of a number
of different configurations. For example, permeable
support 422 may comprise a mesh material, a perforated
barrier, or membrane. In this embodiment, lid 450 may
be a flexible drape similar to those in previously
described embodiments, or lid 450 may be a more rigid
member that engages peripheral walls 419 in a sealing
manner. The disclosed embodiment is provided for
purpose of example only, and modifications and
variations of the disclosed embodiment are within the
scope of the invention. Throughout this disclosure,
reference to a "seal between" two components does not
require that the two components make contact with each
other. Additional components may be located between
two or more components that have a seal between them.
Reference in this disclosure to "low", "reduced",
"negative" or "suction" pressure refers to any
pressure less than atmospheric pressure.In certain
embodiments, peripheral sealing member 230, insert
sealing member 254 and insert manifold 260 (and other
components) may be manufactured by injection molding.
Other embodiments may comprise cast parts,
non-standard oring sizes, or alternate materials. In
certain embodiments, insert 20 and plate well 10 (as
well as other components) may be standard components
that are readily available (or "off-the-shelf) items.
The utilization of such standard components can
minimize the amount of sterilization that must be
performed, because such components may be treated as
disposable or consumable components. In certain
embodiments, the medium flow may be automatically
controlled using a closed-loop feedback system that
incorporates pressure, flow, or other parameter
sensors, and the medium flow may be ramped, reversed,
cycled or recycled. In certain embodiments, plate
wells may be coupled in parallel or in series, and a
gas injection or temperature control device may be
added. In certain embodiments, optical radiation (UV
to IR) may be added by incorporating LED's or other
microelectronics to the system, as well as optical
sensors or imaging devices. 



Electromagnetic, electrostatic, and magnetic fields
may be induced by incorporating these field generators
in or around the plate wells. Certain embodiments may
comprise mechanical strain-inducing devices, such as
MEMS, or microfluidics, and the system may be used for
the study of nematodes, parasites, microbes, or small
insects. In certain embodiments, tissue samples having
irregular shapes could be sealed to the insert by wax
casting or similar means. In certain embodiments,
portions of membrane 22 may be occluded and the apical
surface of the culture may have a partially occluded
cover in order to control the direction and velocity
of the flow through the culture. For example,
occluding all but the outer margin of membrane 22 and
occluding all but a central hole in an apical cover
could induce radial flow. In certain embodiments, cell
matrix 140 may comprise bovine fibrinogen and thrombin
instead of plasma. Embodiments may also comprise
various other biocompatible polymers and or
extracellular matrix components such as Puramatrix
(tm), chitosan, starch or collagen, provided cell
matrix 140 is able to withstand TNP without
collapsing. In other embodiments, cell matrix 140 may
comprise resorbable materials, implantable mixes,
tissue samples such as split thickness skin grafts or
thin slices of tissue such as dentin or bone.While the
present invention has been shown and described in
detail above, it will be clear to the person skilled
in the art that changes and modifications may be made
without departing from the scope of the invention. As
such, that which is set forth in the foregoing
description and accompanying drawings is offered by
way of illustration only and not as a limitation. The
actual scope of the invention is intended to be
defined by the following claims, along with the full
range of equivalents to which such claims are
entitled. In addition, one of ordinary skill in the
art will appreciate upon reading and understanding
this disclosure that other variations for the
invention described herein can be included within the
scope of the present invention. For example, in
certain embodiments, peripheral sealing members 30 and
230 may be one component. In 



other embodiments, peripheral sealing members 30 and
230 may be comprised of multiple components. In the
foregoing Detailed Description of Disclosed
Embodiments, various features are grouped together in
several embodiments for the purpose of streamlining
the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the
embodiments of the invention require more features
than are expressly recited in each claim. Rather, as
the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed
embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description of
Disclosed Embodiments, with each claim standing on its
own as a separate embodiment.Claims 1. A cell culture
system comprising: a substantially airtight enclosure
configured to culture cells; a first conduit in fluid
communication with the substantially airtight
enclosure, wherein the first conduit is configured to
provide a reduced pressure to the substantially
airtight enclosure; and a second conduit in fluid
communication with the substantially airtight
enclosure, wherein the second conduit is configured to
provide a culture media to the substantially airtight
enclosure. 2. The cell culture system of claim 1,
wherein during use a cell matrix is located within the
substantially airtight enclosure, and wherein during
use the reduced pressure is applied to a first surface
of the cell matrix and the culture media is applied to
a second surface of the cell matrix. 3. The cell
culture system of claim 1, wherein a permeable surface
is located within the substantially airtight
enclosure. 4. The cell culture system of claim 1,
wherein a dressing or other manifolding material is
located within the substantially airtight enclosure.
5. The cell culture system of claim 1, further
comprising: a permeable surface located within the
substantially airtight enclosure; 



a cell matrix located within the substantially
airtight enclosure; and a dressing or other
manifolding material located within the substantially
airtight enclosure, wherein the culture media flows
from the second conduit, through the permeable
surface, through the cell matrix, through the dressing
or other manifolding material, and into the first
conduit. 6. The cell culture system of claim 5,
wherein the permeable surface supports the cell matrix
and the cell matrix is located between the permeable
surface and the dressing or other manifolding
material.7. A sealing system for a cell culture system
comprising: a peripheral sealing member configured to
engage a plate well and configured to engage a cell
culture insert, such that a first seal is formed
between the peripheral sealing member and the plate
well and a second seal is formed between the
peripheral sealing member and the cell culture insert;
and an insert sealing assembly configured to engage
the cell culture insert such that a third seal is
formed between the insert sealing assembly and the
cell culture insert. 8. The sealing system of claim 7,
wherein the peripheral sealing member is configured to
engage an interior wall of the plate well and an
exterior wall of the cell culture insert. 9. The
sealing system of claim 7, wherein the insert sealing
assembly is configured to engage an interior wall of
the insert. 10. The sealing system of claim 7, further
comprising a first conduit extending through the
peripheral sealing member. 11. The sealing system of
claim 10, further comprising a culture media supply
system coupled to the first conduit. 12. The sealing
system of claim 10, further comprising a second
conduit extending through the peripheral sealing
member. 13. The sealing system of claim 7, further
comprising a third conduit extending through the
insert sealing assembly. 14. The sealing system of
claim 13, further comprising a low pressure source 



coupled to the third conduit. 15. The sealing system
of claim 7 , further comprising a fourth conduit
extending through the insert sealing assembly.16. The
sealing system of claim 7, wherein the first seal is
created by an interference fit. 17. The sealing system
of claim 7, wherein the second seal is created by an
interference fit. 18. The sealing system of claim 7,
wherein the third seal is created by an interference
fit. 19. The sealing system of claim 7, wherein the
peripheral sealing member is formed by injection
molding. 20. The sealing system of claim 7, wherein
the insert sealing assembly comprises an insert
sealing member, an insert seal ring, a lateral sealing
member, and an insert manifold. 2 1. The sealing
system of claim 20, wherein the insert sealing member
is pressed into the insert. 22. The sealing system of
claim 20, wherein the insert manifold is threaded into
the insert sealing member. 23. The sealing system of
claim 20, wherein the insert seal ring is compressed
between the insert sealing member and the insert
manifold. 24. The sealing system of claim 20, wherein
the insert sealing member is formed by injection
molding. 25. The sealing system of claim 7, wherein
the peripheral sealing member is pressed into the
plate well. 26. A method of culturing cells, the
method comprising: providing a substantially airtight
enclosure; providing a cell matrix within the
substantially airtight enclosure;providing a reduced
pressure to the substantially airtight enclosure; and
providing a culture media to the substantially
airtight enclosure. 27. The method of claim 26,
wherein the substantially airtight enclosure comprises
a first surface and a second surface arid wherein the
reduced 



pressure is applied to the first surface and the
culture media is applied to the second surface. 28.
The method of claim 26, wherein the reduced pressure
is provided via a first conduit coupled to a low
pressure source and the first conduit is in fluid
communication with the substantially airtight
enclosure. 29. The method of claim 28, wherein the low
pressure source is a vacuum pump. 30. The method of
claim 26, wherein the culture media is provided via a
second conduit coupled to a culture media supply
system and the second conduit is in fluid
communication with the substantially airtight
enclosure. 3 1. A system for culturing cells, the
system comprising: a plate well; a cell culture
insert; a peripheral sealing member configured to
engage a plate well and configured to engage the cell
culture insert, such that peripheral sealing member
forms a first seal with the plate well and forms a
second seal with the cell culture insert; and an
insert sealing assembly configured to engage the cell
culture insert such that the insert sealing assembly
forms a third seal with the cell culture insert. 32.
The system of claim 3 1, further comprising a first
conduit extending through the peripheral sealing
member. 33. The system of claim 32, further comprising
a low pressure source coupled to the first conduit.34.
The system of claim 3 1, further comprising a second
conduit extending through the insert sealing assembly.
35. The system of claim 34, further comprising a
culture media supply system coupled to the second
conduit. 36. The system of claim 31, further
comprising a cell matrix in the cell culture insert
and a dressing between the cell matrix and the insert
sealing assembly. 


