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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a cell culture apparatus and a cell culture method
which relate to analysis techniques for medicinal products or chemical products and are
intended to analyze the medicinal effects or toxicity of medicinal products or chemical products
and pharmacokinetics such as absorption, distribution, metabolism, and excretion using
cultured cells.

BACKGROUND ART

[0002] In recent years, medicinal product development costs have significantly increased, and,
according to Non-Patent Document 1 announced by Pammolli in 2011, a significant increase of
the probability of the dropout of medicinal product candidate compounds in phase Il and phase
Il clinical trials is pointed out as one of significant causes. Although there are arguments
regarding the causes for a decrease in development success percentages, in order to prevent
the dropout in clinical trials of candidate compounds that are considered to be promising in
preclinical trials, it is important to obtain in preclinical trial stages data having a favorable
correlation with clinical trials.

[0003] In preclinical trials, tests for evaluating medicinal effects, medicinal kinetics, and toxicity
using cultured cells are often used. In tests in which cultured cells are used, a significant
difference between culturing environments and environments inside living organisms is
considered as a cause for poor correlations with clinical trials. In addition, even when medicinal
effects, medicinal kinetics, and toxicity are evaluated using one type of cultured cells, it is
difficult to evaluate phenomena relating to a plurality of organs in living organisms, and this
difficulty is considered as one of the causes for poor correlations between tests in which
cultured cells are used and clinical trials. In animal bioassay, a difference in biotic functions
attributed to a difference in species is considered as a significant cause for poor correlations
with test results.

[0004] A Body-on-a-chip system is a method in which cultured cells are used as organ models,
and a plurality of organ models are connected to each other and cultured, thereby
reconstituting phenomena in living organisms relating to a plurality of organs outside living
organisms. The Body-on-a-chip system holds a potentiality as an alternative animal bioassay in
which medicinal kinetic analyses that generally require animal bioassay can be carried out in
vitro and has rapidly attracted attention in recent years (refer to Non-Patent Document 2 and
Non-Patent Document 3). Particularly, when medicinal kinetics analyses can be evaluated in
vitro using cultured cells originated from human beings, it is expected that data having a
favorable correlation with clinical trials can be acquired.
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[0005] However, a majority of these studies still remain as principle verification studies that
evaluate model compounds which can be easily verified using two or three types of organ
models (Non-Patent Documents 4 to 6), and the evaluation of the correlation between the
Body-on-a-chip system and animal bioassay and clinical trials has not yet been finalized. In
order to clarify this vivo/vitro correlation, it is necessary to verify the effectiveness of the Body-
on-a-chip system using a variety of organ models or model compounds. Furthermore, in order
to use the Body-on-a-chip system for drug development as an alternative animal bioassay,
high-throughput screening that evaluates multiple types of compounds at the same time is
necessary, which still remains unsolved in the above-described principle verification studies.

[0006] The present inventors and the like have already developed a "pressure-driven
perfusion culture microchamber array" in which a number of medicinal solutions can be
conveniently handled (refer to Non-Patent Document 7 and Non-Patent Document 8) in the
previous studies, then, developed a circulation culturing system including a platform having
favorable usability, and carried out user evaluation for putting this system into practical use
(refer to Non-Patent Document 9 and Patent Document 1).

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0007]

[Patent Document 1] Japanese Unexamined Patent Application, First Publication No. 2015-
73468

[Patent Document 2] Japanese Patent Application Publication No. 2011-257238

[Patent Document 3] WO 2007/098027

NON-PATENT DOCUMENTS

[0008]
[Non-Patent Document 1] F. Pammolli, et al., Nat. Rev. Drug Discov, 10, 428 (2011)
[Non-Patent Document 2] S. N. Bhatia and D. E. Ingber, Nat. Biotechnol., 32, 760 (2014)

[Non-Patent Document 3] C. Y. Chan, et al., Lab Chip, 13, 4697 (2013)
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[Non-Patent Document 4] J. H. Sung, et al., Lab Chip, 10, 446 (2010)
[Non-Patent Document 5] |. Wagner, et al., Lab Chip, 13, 3538 (2013)
[Non-Patent Document 6] J. H. Sung, et al., Lab Chip, 13, 1201 (2013)
[Non-Patent Document 7] S. Sugiura, et al., Anal. Chem., 82, 8278 (2010)
[Non-Patent Document 8] S. Sugiura, et al., Biotechnol. Bioeng., 100, 1156 (2008)
[Non-Patent Document 9] K. Hattori, et al., J. Biosci. Bioeng., 118, 327 (2014)

[Non-Patent Document 10] C. Zhang, et al., Lab Chip, 9, 3185 (2009)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] In order to use the Body-on-a-chip system for drug development as an alternative
animal bioassay, high-throughput screening that evaluates multiple types of compounds at the
same time is necessary, but this necessity has not yet been realized at the moment.

[0010] Therefore, an object of the present invention is to develop a "pressure-driven Body-on-
a-chip system"” in which high-throughput screening that evaluates multiple types of compounds
at the same time can be realized by further advancing a "pressure-driven perfusion culture
microchamber array” according to the relevant knowledge that has been previously
accumulated by the present inventors and the like and to enable evaluations in which a variety
of organ-connecting models and model compounds are used.

MEANS FOR SOLVING THE PROBLEMS

[0011] In order to achieve the above-described object, a cell culture apparatus according to
one aspect of the present invention is a cell culture apparatus in which culture chambers are
connected to each other using microchannels, pressure pipe lines distributing pressure are
connected to each of the culture chambers, and multiple types of compounds can be evaluated
at the same time by sending liquid culture media in a variety of the culture chambers at the
same time by means of pressure driving.

[0012] The cell culture apparatus according to a first aspect of the present invention includes a
connected culture container including n number of units disposed in parallel along a second
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direction that is a different direction from a first direction where each of the n number of the
units is constituted of m number of culture chambers and one or more communication-
channels, the m number of the culture chambers each having a cell-holding portion that holds
seeded cells, the m number of the culture chambers storing liquid culture media, the m number
of the culture chambers being disposed in parallel along the first direction, the communication-
channels communicating the m number of the culture chambers with each other; and a
plurality of pneumatic pipes communicating same-row-disposed culture chambers that are
disposed on a same row along the second direction with each other in the connected culture
container, the pneumatic pipes being configured to pressurize the same-row-disposed culture
chambers at the same time or open the same-row-disposed culture chambers to atmospheric
pressure at the same time, the pneumatic pipes being configured to send the liquid culture
media to the m number of the culture chambers through the communication-channels using
pressure differences in the m number of the culture chambers, in which m is an integer of two
or more, and n is an integer of two or more.

[0013] A backward flow prevention mechanism configured to control flow directions from the
communication-channels toward the m number of the culture chambers may be provided. The
backward flow prevention mechanism may be provided at an end of the communication-
channels or in the communication-channels.

[0014] Each of the m number of the culture chambers may include a container-shaped tank
main body storing liquid culture media and a lid portion configured to open an opening of the
tank main body or air-tightly close the opening.

[0015] A lid portion-pressing portion configured to hold the lid portion so as to be pressed
toward the tank main body may be provided. The lid portion-pressing portion may include a
base body portion that supports the tank main body and a pressing member that presses the
lid portion toward the tank main body supported by the base body portion.

[0016] The tank main body may include a wall portion and a bottom plate including the
communication-channels.

[0017] A wall portion-pressing portion that holds the wall portion so as to be pressed toward
the bottom plate may be provided. The wall portion-pressing portion may include a pressing
member that presses the wall portion toward the base body portion and the bottom plate
supported by the base body portion.

[0018] Pressurizing apparatuses configured to sequentially pressurize each of the culture
chambers or open each of the culture chambers to atmospheric pressure through the
pneumatic pipes according to preset schedules in each of the culture chambers may be
provided.

[0019] A Laplace valve configured to prevent flows of air using interface tension at portions
connected to the communication-channels from the culture chambers may be provided.
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[0020] When a width of a microchannel constituting the Laplace valve is represented by WL, a
depth of the microchannel is represented by hi, the interface tension is represented by y, and

a Laplace pressure of the Laplace valve is represented by AP\ ,p, the Laplace pressure is
expressed by an expression of AP 55=2y(1/w+1/h.), and the microchannel may be constituted
so that the Laplace pressure AP g, becomes larger than a pressure applied to the connected

culture container.

[0021] A resistance channel portion having a channel cross-sectional area that is 1/10 or less
of a channel cross-sectional area of a communication-channel may be provided in a part of the
communication-channels in order to adjust flow rates.

[0022] The backward flow prevention mechanisms may be a check valve.

[0023] The backward flow prevention mechanism may be the backward flow prevention-
Laplace valve.

[0024] A cell culture method according to a second aspect of the present invention includes
preparing a cell culture apparatus in which, m number of culture chambers communicate with
each other using one or more communication-channels, n number of units of a connected
culture container in which the m number of the culture chambers are disposed in parallel along
a first direction are provided, and the n number of the units of the connected culture container
are disposed in parallel along a second direction that is a different direction from the first
direction; a first step of opening a lid of the connected culture container and seeding and
adhering cells in each of the culture chambers in the cell culture apparatus; a second step of
filling first row-culture chambers in the first direction with a liquid culture medium and closing
the lid in the cell culture apparatus where the first row-culture chambers are disposed on a
same row along the second direction; a third step of pressurizing an inside of the first row-
culture chambers and opening second row-culture chambers in the first direction which are
disposed on a same row along the second direction to atmospheric pressure, thereby sending
the liquid culture medium to the second row-culture chambers from the first row-culture
chambers through the communication-channels; a fourth step of sequentially pressurizing the
culture chambers and opening the culture chambers to atmospheric pressure in ascending
order of row numbers in the first direction, thereby sending the liquid culture medium from the

m-11" row-culture chambers in the first direction to the m™" row-culture chambers through the

communication-channels; a fifth step of pressurizing an inside of the mt" row-culture chambers
and opening an inside of the first row-culture chambers to atmospheric pressure, thereby

sending the liquid culture medium from the mi" row-culture chambers to the first row-culture
chambers through the communication-channels; and a sixth step of repeating the third step
through the fifth step, thereby circulating the liquid culture medium in each of the culture
chambers in the cell culture apparatus, in which m is an integer of two or more, and n is an
integer of two or more.
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[0025] An evaluation system according to a third aspect of the present invention may include
cells introduced into the cell culture apparatus according to the above-described aspect.

[0026] Another aspect of the present invention is a cell culture apparatus including m number
of culture chambers for storing liquid culture media, the respective culture chambers having
cell-holding portions for holding seeded cells and, furthermore, n units of a connected culture
container constituted by communicating the m number of the culture chambers through one or
a plurality of communication-channels, in which m and n are integers of two or more,
pneumatic pipes communicating the culture chambers on the same location in the respective
units of the connected culture container with each other are provided, the culture chambers on
the same location in the respective units of the connected culture container are pressurized at
the same time or are opened to atmospheric pressure at the same time by pressurizing the
culture chambers or opening the culture chambers to atmospheric pressure using the
pneumatic pipes, and the liquid culture media are sent through the communication-channels
using pressure differences in the culture chambers.

[0027] In addition, still another aspect of the present invention is the cell culture apparatus
including check valves that control the flow directions from the communication-channels toward
the culture chambers, the check valves being provided at terminals of the communication-
channels or in the communication-channels.

[0028] In addition, still another aspect of the present invention is the cell culture apparatus, in
which the culture chambers each have a container-shaped tank main body storing liquid
culture media and a lid portion capable of opening/closing or air-tightly sealing an opening of
the tank main body.

[0029] In addition, still another aspect of the present invention is the cell culture apparatus
further including a lid portion-pressing portion holding the lid portion by pressing the lid portion
toward the tank main body, in which the lid portion-pressing portion has a base body portion
that supports the tank main body and a pressing member that presses the lid portion toward
the tank main body supported by the base body portion.

[0030] In addition, still another aspect of the present invention is the cell culture apparatus, in
which the tank main body has a wall portion and a bottom plate including communication-
channels.

[0031] In addition, still another aspect of the present invention is the cell culture apparatus
further including a wall portion-pressing portion that holds the wall portion by pressing the wall
portion toward the bottom plate, in which the wall portion-pressing portion has the base body
portion and a pressing member that presses the wall portion toward the bottom plate
supported by the base body portion.

[0032] In addition, still another aspect of the present invention is the cell culture apparatus
including pressurizing apparatuses that sequentially pressurize the respective culture
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chambers or open the respective culture chambers to atmospheric pressure through the
pneumatic pipes according to preset schedules.

[0033] In addition, still another aspect of the present invention is the cell culture apparatus
including Laplace valves that prevent the flows of air using interface tension at portions
connected to the communication-channels from the culture chambers.

[0034] In addition, still another aspect of the present invention is the cell culture apparatus
including resistance channel portions having a channel cross-sectional area of 1/10 or less in
parts of the communication-channels in order to adjust flow rates.

[0035] In addition, still another aspect of the present invention is a cell culture method in which
a cell culture apparatus including m number of culture chambers and, furthermore, n number
of units of a connected culture container constituted by communicating the m number of the
culture chambers with each other through one or a plurality of communication-channels is
used, and m and n are integers of two or more, including:

a step 1 of opening a lid of the connected culture container and seeding and adhering cells in
the respective culture chambers in the respective units of the connected culture container,

a step 2 of filling the culture chambers at a first location in the respective units with a liquid
culture medium and closing the lid,

a step 3 of pressurizing an inside of the culture chambers at the first location in the respective
units and opening the culture chambers at a second location to atmospheric pressure, thereby
sending the liquid culture medium to the culture chambers at the second location from the
culture chambers at the first location through the communication-channels,

a step 4 of sequentially pressurizing the culture chambers and opening the culture chambers
to atmospheric pressure in ascending order of the location numbers, thereby sending the liquid

culture medium from the culture chambers at an m-11" location to the culture chambers at an

mth location through the communication channels,

a step 5 of pressurizing an inside of the culture chambers at the mi" location in the respective
units and opening an inside of the culture chambers at the first location to atmospheric

pressure, thereby sending the liquid culture medium from the culture chambers at the mt"
location to the culture chambers at the first location through the communication-channels, and

a step 6 of repeating the step 3 through the step 5, thereby circulating the liquid culture
medium in the m number of culture chambers in the respective units. Effects of Invention

[0036] For example, in Non-Patent Documents 3 to 5, methods in which the force of gravity is
used by inclining containers and methods in which liquid is sent using a device equipped with a
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peristaltic pump or an external syringe pump are employed; however, in these methods,
apparatuses become complicated, and thus it is difficult to evaluate a number of compounds at
the same time. In addition, in Non-Patent Documents 3 and 5, only one type of compound can
be evaluated, and, in Non-Patent Document 4, only two types of compounds can be evaluated.

[0037] However, in the Body-on-a-chip system according to the present invention, which is
obtained by further advancing the pressure-driven perfusion culture system of Patent
Document 1 that has been previously applied by the present inventors and the like, it is
possible to evaluate the effects of a number of medicines using a plurality of organ connecting
models.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

FIG. 1A is one production example of a pressure-driven cell culture apparatus according to a
first embodiment of the present invention.

FIG. 1B is an enlarged view of two-connected-culture-chambers (Body-on-a-Chip unit) in the
production example of the pressure-driven cell culture apparatus according to the first
embodiment of the present invention.

FIG. 2A is an overall constitutional view of an example of the pressure-driven cell culture
apparatus according to the first embodiment of the present invention.

FIG. 2B is an overall constitution view of the example of the pressure-driven cell culture
apparatus according to the first embodiment of the present invention (a perspective view of the
assembled culture apparatus).

FIG. 2C is a perspective view showing a state in which a microchannel plate (bottom plate) is
stored in a holder in the pressure-driven cell culture apparatus according to the first
embodiment of the present invention.

FIG. 3 is a channel constitution view (top view) of the microchannel plate in the pressure-driven
cell culture apparatus shown in FIG. 2A and an example of a microchannel plate for a two-
connected-culture-chamber-type eight-unit system (two-organxeight-chamber connected
plate).

FIG. 4 is a channel constitution view of one unit in FIG. 3.

FIG. 5 is a channel constitution view of the microchannel plate in the pressure-driven cell
culture apparatus shown in FIG. 2A and an example of a microchannel plate for a four-
connected-culture-chamber-type four-unit system (four-organxfour-chamber connected plate).

FIG. 6 is a channel constitution view of one unit in FIG. 5.
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FIG. 7 shows an example in which a two-connected -culture-chamber-type multiunit system is
used as a two-organ connecting model using a liver cell and a cancer cell as an organ model.

FIG. 8 shows an example in which a four-connected -culture-chamber-type multiunit system is
used as a four-organ connecting model by introducing a lung cell, a liver cell, a kidney cell, and
a fat cell.

FIG. 9A is a view describing the operating principle of a two-connected - culture-chamber-
based multiunit system and the operating method of the two-connected - culture-chamber-
based multiunit system.

FIG. 9B is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system shown in FIG. 9A.

FIG. 9C is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system shown in FIG. 9A.

FIG. 9D is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system shown in FIG. 9A.

FIG. 9E is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system shown in FIG. 9A.

FIG. 10A is a view describing the operating principle of a four-connected-culture-chamber-
based multiunit system and the operating method of the four-connected-culture-chamber-
based multiunit system.

FIG. 10B is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 10C is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 10D is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 10E is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 10F is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 10G is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system shown in FIG. 10A.

FIG. 11Ais a view describing a Laplace valve.

FIG. 11B is a view describing the Laplace valve.
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FIG. 11C is a view describing the Laplace valve.

FIG. 12A shows front cross-sectional views of the example of the pressure-driven cell culture
apparatus according to the first embodiment of the present invention before and after being
assembled.

FIG. 12B shows side cross-sectional views of the example of the pressure-driven cell culture
apparatus according to the first embodiment of the present invention before and after being
assembled.

FIG. 12C is a top view of the example of the pressure-driven cell culture apparatus according
to the first embodiment of the present invention.

FIG. 13A is a view describing the operating principle of a two-connected-culture-chamber-
based multiunit system and the operating method of the two-connected-culture-chamber-
based multiunit system in a cell culture apparatus according to a second embodiment of the
present invention.

FIG. 13B is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system in the cell culture apparatus according to
the second embodiment of the present invention shown in FIG. 13A.

FIG. 13C is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system in the cell culture apparatus according to
the second embodiment of the present invention shown in FIG. 13A.

FIG. 13D is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system in the cell culture apparatus according to
the second embodiment of the present invention shown in FIG. 13A.

FIG. 13E is a view describing the operating principle and the operating method of the two-
connected-culture-chamber-based multiunit system in the cell culture apparatus according to
the second embodiment of the present invention shown in FIG. 13A.

FIG. 13F is a view describing the operating principle and the operating method of the four-
connected-culture-chamber-based multiunit system in the cell culture apparatus according to
the second embodiment of the present invention shown in FIG. 13A.

FIG. 14 is a view describing the operating principle of a four-connected-culture-chamber-based
multiunit system and the operating method of the four-connected-culture-chamber-based
multiunit system in a cell culture apparatus according to a third embodiment of the present
invention.

FIG. 15 is a view describing the operating principle of the four-connected-culture-chamber-
based multiunit system and the operating method of the four-connected-culture-chamber-
based multiunit system in a cell culture apparatus according to the third embodiment of the
present invention.
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FIG. 16A is a view of liver cancer cells HepG2 (liver models) and large intestine cancer cells
HCT116 (large intestine cancer cells) disposed in a culture plate in an example.

FIG. 16B is a view showing a culturing schedule of the liver cancer cells HepG2 (liver models)
and the large intestine cancer cells HCT 116 (large intestine cancer cells) in the example.

FIG. 17A is a photograph of HepG2 cells immediately before the initiation of circulation
culturing in an example (Day 1).

FIG. 17B is a photograph of HCT116 cells immediately before the initiation of the circulation
culturing in an example (Day 1).

FIG. 17C is a photograph of the HepG2 cells after carrying out the circulation culturing for 48
hours in the example.

FIG. 17D is a photograph of the HCT116 cells after carrying out the circulation culturing for 48
hours in the example.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0039] A cell culture apparatus (Body-on-a-Chip unit) 1 according to a first embodiment of the
present invention will be described using a system that evaluates eight types of compounds
shown in FIGS. 1A and 1B using a connecting model of two types of organs as an example.
The example of FIGS. 1A and 1B is constituted of a total of eight units in which two-connected-
culture-chambers (two-organ connecting model) 3A in which two culture chambers 2 are
connected to each other and thus form an organ model as shown in FIG. 1B is considered as
one unit. The culture chambers 2 constituting one unit are connected to each other through
microchannels 4. Culture fluids can be circulated in the respective organ model culture
chambers 2 by sequentially pressurizing the chambers using pneumatic pipes (pressurization
lines) 5 connected to the right side of FIG. 1A.

[0040] FIG. 2A is an overall constitutional view of a cell culture apparatus 1 according to the
present embodiment which shows the system in FIGS. 1A and 1B in more detail, and the cell
culture apparatus is constituted of four parts of a lid (pressurizing lid) 6, a through-hole plate (a
plate having through-hole) 7, a microchannel plate 8, and a holder (base body portion) 9. This
constitution can be applied to a variety of organ connecting models by designing the
microchannel plate (bottom plate) 8 depending on designs such as the number of organs or
the flow rates of culture media. In the example of FIG. 2A, it is also possible to use a
microchannel plate 8A on which eight units of the two-organ connecting models 3A are
mounted or a microchannel plate 8B on which four units of four-organ connecting models 3B
are mounted. The cell culture apparatus 1 according to the present embodiment has a
constitution in which a variety of organ connecting models can be operated by replacing the
microchannel plate 8.
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[0041] The system of FIG. 2Ais constituted by overlaying the respective parts of the lid 6, the
through-hole plate 7, the microchannel plate 8, and the holder (base body portion) 9. The
respective parts will be described below in detail. The lid 6 is connected to holes processed on
the side surface (not shown in FIG. 2; refer to introduction holes of pneumatic pipes 5 and 5A
to 5D in FIGS. 12A to 12C) and distributes pressure introduced through the pneumatic pipes 5
to the respective culture chambers 2. The through-hole plate 7 constitutes wall surfaces (wall
portions) 7A of the culture chambers 2.

[0042] The holder 9 fixes the lid 6, the through-hole plate 7, and the microchannel plate 8. In
this case, when a flexible component such as a silicone rein sheet or an O ring (sealing
material 21) is disposed between the lid 6 and the through-hole plate 7, it is possible to prevent
pressure leakage through a gap between the lid 6 and the through-hole plate 7. In addition,
when a flexible component such as a silicone resin is used as the microchannel plate 8, it is
possible to prevent pressure leakage and liquid leakage through a gap between the
microchannel plate 8 and the through-hole plate 7 and a gap between the microchannel plate
8 and the holder 9. In addition, in order to circulate culture fluids, it is also possible to install a
check valve 11 in the through-hole plate 7.

[0043] In the two-organ connecting model 3A, the installment of the check valve 11 is not
essential.

[0044] Note that FIG. 2A shows an example in which the through-hole plate 7, the
microchannel plate 8, and the holder 9 are separately formed.

[0045] The through-hole plate 7, the microchannel plate 8, and the holder 9 may be separately
formed as shown in FIGS. 2A and 12A to 12C, or the through-hole plate 7, the microchannel
plate 8, and the holder 9 may be integrally formed as shown in FIGS. 9A to 9E and 10A to
10G.

[0046] Note that, in FIGS. 9A to 9E, a member in which the through-hole plate 7, the
microchannel plate 8, and the holder 9 are integrally formed is shown as a main body

[0047] (tank main body) 1A, and, in FIGS. 10A to 10G, a member in which the through-hole
plate 7, the microchannel plate 8, and the holder 9 are integrally formed is shown as a main
body (tank main body) 101A.

[0048] FIG. 2B is a perspective view of an assembled culture apparatus in a state in which the
lid 6, the through-hole plate 7, the microchannel plate 8, and the holder 9 which are shown in
FIG. 2A are assembled together.

[0049] FIG. 2C is a perspective view showing an example of a state in which the microchannel
plate 8A is stored in the holder 9.
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[0050] As shown in FIG. 2C, for example, the microchannel plate 8A is stored in the holder 9,
and furthermore, the through-hole plate 7 is placed on the microchannel plate 8A stored in the
holder 9. As shown in FIG. 2B, it is possible to attach the lid 6 to the through-hole plate 7 and
fix the lid 6 using a first clasp 20. In this case, the lid 6 can be held using the first clasp 20 (lid
portion-pressing portion or pressing member) so as to be pressed toward the tank main body
1A

[0051] In addition, as shown in FIG. 2B, the through-hole plate 7 can be held using a second
clasp 20A (wall portion-pressing portion or pressing member) so as to be pressed toward the
microchannel plate (bottom plate) 8.

[0052] FIG. 3 is a channel constitution view (top view) of the microchannel plate (two-
organxeight-chamber connected plate) 8A in a two-connected-culture-chamber 3A-type eight-
unit system, and FIG. 4 is a view describing one unit of the channel constitution (two-
connected-culture-chamber) 3A in the two-organxeight-chamber connected plate 8A in detail.

[0053] The broken lines in FIG. 4 indicate inner walls 7A of the respective culture chambers 2,
and a first culture chamber 2A and a second culture chamber 2B each have an upper flow
opening 12, a well 13, and a lower flow opening 14. A first lower flow opening 14A in the first
culture chamber 2A and an upper flow opening 12B in the second culture chamber 2B are
connected to each other through a first communication-channel 15A. A second lower flow
opening 14B in the second culture chamber 2B and an upper flow opening 12A in the first
culture chamber 2A are connected to each other through a second communication-channel
15B. Resistance channels 16 (16A and 16B) for adjusting the flow rates are provided in the
middle of the respective communication-channels 15 (15A and 15B), the cross-sectional area
of the resistance channel 16 is preferably 1/10 or less of the cross-sectional area of the
communication-channel 15, and the cross-sectional area of the resistance channel 16 is
significantly smaller than the cross-sectional area of the communication-channel 15. Therefore,
the liquid amount of liquid flowing in the communication-channel 15 can be conveniently
calculated from the cross-sectional area and length of the resistance channel 16 and pressure
introduced through the pneumatic pipes 5. The wells 13 (13A and 13B) in the respective
culture chambers 2 (2A and 2B) are cell-holding portions constituted of a recess portion, but
the cell-holding portions are not limited to wells as long as the cell-holding portions are capable
of holding cells and may be holding sheets, gels, or the like.

[0054] In addition, in the respective culture chambers 2 (2A and 2B), it is desirable to provide
check valves 11 in the upper flow openings 12 (12A and 12B) and Laplace valves 17 (refer to
the section of "description of Laplace valves" and the section of "regarding designs of Laplace
valves" below) in the lower flow openings 14 (14A and 14B). In FIG. 4, the wells 13 (13A and
13B) are formed to have a diameter of 6 mm and a depth of 2 mm, the communication-
channels 15 (15A and 15B) are formed to have a width of 1 mm and a depth of 0.5 mm, the
resistance channels 16 (16A and 16B) are formed to have a width of 0.2 mm and a depth of
0.1 mm, and the Laplace valves 17 (17A and 17B) are constituted of 36 microchannels having
a width of 0.1 mm and a depth of 0.016 mm (these numerical values are examples of the
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numerical values in the production example of FIGS. 1A and 1B, and the values are not limited
thereto).

[0055] FIG. 5 is a channel constitution view of the microchannel plate 8B in a four-connected-
culture-chamber-type four-unit system. FIG. 6 is a view describing in detail the channel
constitution of one unit (four-connected-culture-chambers) in the microchannel plate 8B of FIG.
5. In FIG. 6, similar to in FIG. 4, wells 113 (113A, 113B, 113C, and 113D) have a diameter of 6
mm and a depth of 2 mm, communication-channels 115 (115A, 115B, 115C, and 115D) have a
width of 1 mm and a depth of 0.5 mm, resistance channels 116 (116A, 116B, 116C, and 116D)
have a width of 0.2 mm and a depth of 0.1 mm, and Laplace valves 117 (117A, 117B, 117C,
and 117D) are constituted of 36 microchannels having a width of 0.1 mm and a depth of 0.016
mm (these numerical values are examples of the numerical values in the production example
of FIGS. 1A and 1B, and the values are not limited thereto). First to fourth culture chambers
102A, 102B, 102C, and 102D respectively have first to fourth upper flow openings 112 (112A,
112B, 112C, and 112D), first to fourth wells 113 (113A, 113B, 113C, and 113D), and first to
fourth lower flow openings 114 (114A, 114B, 114C, and 114D). The lower flow opening (first
lower flow opening) 114A in the upstream-side culture chamber (first culture chamber) 102A
and the upper flow opening (second upper flow opening) 112B in the downstream-side culture
chamber (second culture chamber) 102B are connected to each other through the
communication-channel (first communication-channel) 115A. The lower flow opening (fourth
lower flow opening) 114D in the lowest stream-side culture chamber (fourth culture chamber)
102D and the upper flow opening (first upper flow opening) 112Ain the uppermost stream-side
first culture chamber (first culture chamber) 102A are connected to each other through the
communication-channel (fourth communication-channel) 115D. Depending on organ models, it
is also possible to branch the communication-channel from the lower flow opening (the second
lower flow opening 114B or the third lower flow opening 114C) in the culture chamber (for
example, the second culture chamber 102B or the third culture chamber 102C) in the middle
and connect the communication-channel to the upper flow opening in the upstream-side
culture chamber.

[0056] In the wells 113 (113A, 113B, 113C, and 113D) in the respective culture chambers
102A, 102B, 102C, and 102D, it is possible to mount a variety of cultured cells as organic
models.

[0057] FIG. 7 shows an example in which the two-connected-culture-chamber-type eight-unit
system 8A is used as the two-organ connecting model 3A using a liver cell 19A and a cancer
cell 19B as an organ model.

[0058] FIG. 8 shows an example in which the four-connected-culture-chamber-type four-unit
system 8B is used as the four-organ connecting model 3B by introducing the cells of a lung

19C, a liver 19A, a kidney 19D, and a fat 19E.

[0059] (Operating principle of two-connected-culture-chamber 3A-type multiunit system)
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[0060] FIGS. 9A to 9E are views describing the operating principle of a two-connected-culture-
chamber 3A-based multiunit system.

[0061] As the microchannel plate, the microchannel plate 8A in the two-connected-culture-
chamber 3A-type eight-unit system (two-organxeight-chamber connected plate) shown in FIG.
3 is used.

[0062] In a constitution as shown in FIG. 9A, from the bottom, the holder 9, the microchannel
plate 8A, the through-hole plate 7, and the lid 6 are overlaid together and fixed using the
clasps (lid portion-pressing portions or wall portion-pressing portions) 20 and 20A, thereby
forming a culture container (culture apparatus) 1 for two-connected-organ culturing.

[0063] Note that, in the constitution shown in FIG. 9A, an example of a member in which the
holder 9, the microchannel plate 8A, and the through-hole plate 7 are integrally formed is
shown, and the member will be referred to as a main body (tank main body) 1A. In an example
shown in FIG. 9A, check valves 11A and 11B are installed, and culture fluids can be circulated
in the constitution.

[0064] In addition, in the integrally-formed constitution as shown in FIG. 9A, the first clasp 20
(refer to FIGS. 2A, 2B, 2C and 12Ato 12C; not shown in FIGS. 9A to 9E) needs to be provided
as the pressing portion (lid portion-pressing portion) of the lid 6 in the main body (tank main
body) 1A. The lid 6 can be opened and closed or attached and detached by removing the first
clasp 20.

[0065] Note that, in a case in which the holder 9, the microchannel plate 8A, and the through-
hole plate 7 are separately provided (in the case of a non-integrally-formed constitution) as
shown in FIGS. 2A, 2B, 2C, and 12A to 12C, two sets of the first clasp (lid portion-pressing
portion) 20 and the second clasp (wall portion-pressing portion) 20A are installed in the holder
9, and it is also possible to open and close only the lid 6 in a state in which the microchannel
plate 8A and the through-hole plate 7 are fixed using the second clasp 20A (in main body (tank
main body) 1A).

[0066] When the lid 6 is closed, airtightness is secured between the lid and the main body 1A
using a sealing material 21 such as an O ring. Note that, in the following steps, identical steps
are carried out at the same time in all of the units.

[0067] Hereinafter, steps of culture medium circulation will be described using FIGS. 9B to 9E.
Note that FIGS. 9B to 9E are views corresponding to the constitution of the two-connected-
culture-chambers 3A of FIG. 9A and views describing the flow of a culture medium.

(1) First step (refer to FIG. 9B)

[0068] The lid 6 of the culture container 1 is opened, and cells 19 are seeded and adhered to
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the first well 13A and the second well 13B formed on the microchannel plate 8A using the
through-hole plate 7.

(2) Second step (refer to FIG. 9C)

[0069] The first culture chamber 2A s filled with a culture medium 31, and the lid 6 of a culture
plate is closed.

(3) Third step (refer to FIG. 9D)

[0070] The inside of the first culture chamber 2A is pressurized through a first air filter 22A,
and the second culture chamber 2B is opened to atmospheric pressure through a second air
filter 22B. Since the first check valve (check valve 1) 11A falls into a closed state, and the
second check valve (check valve 2) 11B falls into an open state, the culture medium is sent
from the first lower flow opening 14A to the second culture chamber 2B through the first
communication-channel 15A. Since the first well 13A is present in a lower location than the first
lower flow opening 14A, even in a case in which the inside of the first culture chamber 2A is
continuously pressurized, the culture medium in the first well 13A is not depleted and remains.
As described above, when a cell-holding portion including a well is provided in a culture
chamber, the culture medium is not depleted, and cells are not dead.

[0071] In addition, since a Laplace valve 17 (17A) is provided at a location close to the lower
flow opening 14A, due to the function of the "Laplace valve" described below, the air does not
flow into the first communication-channel 15A even when the inside of the first culture chamber
2Ais pressurized after the sending of the culture medium. Note that the flow rate of liquid sent
is adjusted using the pressure and the resistance of the resistance channel 16A provided in the
middle of the first communication-channel 15A on the microchannel plate 8A.

(4) Fourth step (refer to FIG. 9E)

[0072] The inside of the second culture chamber 2B is pressurized, and the inside of the first
culture chamber 2A is opened to atmospheric pressure. In the same process as in the third
step, the culture medium in the second culture chamber 2B is sent to the first culture chamber
2A.

(5) Culture medium circulation

[0073] The culture medium is circulated in the two culture chambers (between the first culture
chamber and the second culture chamber) by repeating the third step and the fourth step.
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(Operating principle of four-connected-culture-chamber 3B-type multiunit system)

[0074] FIGS. 10A to 10G are views describing the operating principle of a four-connected-
culture-chamber 3B-based multiunit system.

[0075] As the microchannel plate, the microchannel plate 8B in the four-connected-culture-
chamber 3B-type four-unit system (four-organxfour-chamber connected plate) shown in FIG. 5
is used. In a constitution as shown in FIG. 10A, from the bottom, the holder 9, the
microchannel plate 8, the through-hole plate 7, and the lid 6 are overlaid together and fixed
using the clasps (lid portion-pressing portions or wall portion-pressing portions) 20 and 20A
(refer to FIGS. 2A, 2B, 2C, and 12A to 12C), thereby forming a culture container 101 for four-
connected-organ culturing.

[0076] Note that, in the constitution shown in FIG. 10A, an example of a member in which the
holder 9, the microchannel plate 8B, and the through-hole plate 7 are integrally formed is
shown, and the member will be referred to as a main body (tank main body) 101A. In an
example shown in FIG. 10A, first to four check valves 111A, 111B, 111C, and 111D are
installed, and culture fluids can be circulated in the constitution.

[0077] In addition, in the integrally-formed constitution as shown in FIG. 10A, the first clasp 20
(refer to FIGS. 2A, 2B, 2C and 12A to 12C; not shown in FIGS. 10A to 10G) needs to be
provided as the pressing portion (lid portion-pressing portion) of the lid 6 in the main body
(tank main body) 101A. The lid 6 can be opened and closed or attached and detached by
removing the first clasp 20.

[0078] Note that, in a case in which the holder 9, the microchannel plate 8A, and the through-
hole plate 7 are separately provided (in the case of a non-integrally-formed constitution) as
shown in FIGS. 2A, 2B, 2C, and 12A to 12C, two sets of the first clasp (lid portion-pressing
portion) 20 and the second clasp (wall portion-pressing portion) 20A are installed in the holder
9, and it is also possible to open and close only the lid 6 by removing the first clasp 20 in a
state in which the microchannel plate 8B and the through-hole plate 7 are fixed using the
second clasp 20A (hereinafter, referred to as the main body (tank main body) 101A). When the
lid 6 is closed, airtightness is secured between the lid 6 and the main body 101A using the
sealing material 21 such as an O ring. In addition, in the four-connected-culture-chambers of
FIGS. 12A to 12C, the first to fourth upper flow openings 112A to 112D and the first to fourth
Laplace valves 117A to 117D are provided so as to correspond to FIG. 6. Note that, in the
following steps, identical steps are carried out at the same time in all of the units.

[0079] Hereinafter, steps of culture medium circulation will be described using FIGS. 10B to
10G. Note that FIGS. 10B to 10E are views corresponding to the constitution of the four-
connected-culture-chambers 3B of FIG. 10A and views describing the flow of a culture
medium.
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(1) First step (refer to FIG. 10B)

[0080] The lid 6 of the culture container 101 is opened, and the cells 19 are seeded and
adhered to the first well 113A, the second well 113B, the third well 113C, and the fourth well
113D.

(2) Second step (refer to FIG. 10C)

[0081] The first culture chamber 102A is filled with the culture medium 31, and the lid 6 of the
culture container (plate) 101 is closed.

(3) Third step (refer to FIG. 10D)

[0082] The inside of the first culture chamber 102Ais pressurized through a first air filter 122A,
and the inside of the second culture chamber 102B is opened to atmospheric pressure through
a second air filter 122B. Since the first check valve (check valve 1) 111A falls into a closed
state, and the second check valve (check valve 2) 111B falls into an open state, the culture
medium 31 is sent from the first lower flow opening 114A to the second culture chamber 102B
through the first communication-channel 115A. Since the first well 113A is present in a lower
location than the first lower flow opening 114A, even in a case in which the inside of the first
culture chamber 102A is continuously pressurized, the culture medium in the first well 113A is
not depleted and remains. As described above, when a cell-holding portion including a well is
provided in a culture chamber, a culture medium is not depleted, and cells are not dead.

[0083] In addition, since a Laplace valve 117 (first Laplace valve 117A) is provided at a location
close to the first lower flow opening 114A, due to the function of the "Laplace valve" described
below, the air does not flow into the first communication-channel 115A even when the inside of
the first culture chamber 102A is pressurized after the sending of the culture medium. Note
that the flow rate of liquid sent is adjusted using the pressure and the resistance of the
resistance channel 116A provided in the middle of the first communication-channel 115A.

(4) Fourth step (refer to FIG. 10E)

[0084] The inside of the second culture chamber 102B is pressurized through the second air
fiter 122B, and the inside of the third culture chamber 102C is opened to atmospheric
pressure through a third air filter 122C. In the same process as in the third step, the culture
medium in the second culture chamber 102B is sent to the third culture chamber 102C.
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(5) Fifth step (refer to FIG. 10F)

[0085] The inside of the third culture chamber 102C is pressurized through the third air filter
122C, and the inside of the fourth culture chamber 102D is opened to atmospheric pressure
through a fourth air filter 122D. In the same process as in the fourth step, the culture medium
in the third culture chamber 102C is sent to the fourth culture chamber 102D.

(6) Sixth step (refer to FIG. 10G)

[0086] The inside of the fourth culture chamber 102D is pressurized through the fourth air filter
122D, and the inside of the first culture chamber 102A is opened to atmospheric pressure
through the first air filter 122A. In the same process as in the fifth step, the culture medium in
the fourth culture chamber 102D is sent to the first culture chamber 102A.

(7) Culture medium circulation

[0087] The culture medium is circulated in the four culture chambers (the first to fourth
chambers) by repeating the third step to the sixth step.

(Description of Laplace valves)

[0088] The structure and function of the Laplace valve 17 will be described using FIGS. 11Ato
11C. FIG. 11A shows a partial enlarged view of the culture chamber 2 provided with the
Laplace valve 17. FIG. 11B shows a schematic view of a case in which the culture medium 31
flows into the communication-channel 15 from the lower flow opening 14 through the Laplace
valve 17. FIG. 11C shows a schematic view of a case in which the Laplace valve 17 functions
when the air flows into the lower flow opening 14. As shown in FIG. 11C, in a fine channel, a
pressure difference by interface tension, that is, Laplace pressure is generated between the
culture medium and the air. In a case in which the surface of the channel gets wet by a liquid
culture medium, the air is not capable of flowing into the fine channel filled with the culture
medium under an air pressure condition that is lower than the Laplace pressure. Under the
above-described condition, it is possible to handle the fine channel as a passive air inflow
prevention mechanism. In the present specification, the air inflow prevention mechanism
constituted of the fine channel will be referred to as "Laplace valve". In the microchannel plates
8A and 8B shown in FIGS. 3, 4, 5, and 6, 36 "Laplace valves" are radially provided between
the lower flow openings 14 and 114 of the respective culture chambers 2A, 2B, 102A, 102B,
102C, and 102D and the communication-channels 15 and 115.

(Regarding designs of Laplace valves)
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[0089] The designs of the above-described Laplace valve 17 will be described below.

[0090] A pressure at which the air flows into the Laplace valve (Laplace pressure or limit
pressure) (AP_gp) can be calculated from Expression (1) using interface tension (y) and the

width (wy) and depth (h|) of the microchannel constituting the Laplace valve.
APLay=27y(1/wr+1/hr) (1)

[0091] A realistic pressure range for driving the culture apparatus 1 according to the present
embodiment and embodiments described below is considered to be determined by pressure
ranges that can be adjusted using commercially available pressure control apparatuses and
the pressure resistance of cells.

[0092] When the pressure resistance of cells is approximately the upper limit of the blood
pressure in living organisms (30 kPa=225 mmHg), the realistic pressure range for driving the
culture apparatus 1 according to the present embodiment and embodiments described below
reaches approximately 1 kPa to 30 kPa. The interface tension of a culture fluid is
approximately 60 mN/m, and, in a case in which the cross-section of the microchannel
constituting the Laplace valve 17 is square, that is, w =h, from Expression (1), the sizes of the

microchannel into which the air flows at 30 kPa are estimated to be w =h =approximately 8

pm, and the sizes of the microchannel into which the air flows at 1 kPa are estimated to be
w =h_ =approximately 240 pm.

[0093] When the sizes of the microchannel constituting the Laplace valve 17 are set to be
smaller than the above-described sizes (w =h =8 um at 30 kPa and w =h =240 uym at 1 kPa), it

is possible to prevent the inflow of the air into the Laplace valve 17 when the culture apparatus
is operated at a supposed pressure.

[0094] That is, when the microchannel constituting the Laplace valve 17 is formed so that the
Laplace pressure AP_o,, which is a limit pressure necessary for the Laplace valve 17 to

function, becomes higher than the pressure range that is used in the culture apparatus 1, it is
possible to prevent the inflow of the air into the Laplace valve 17.

[0095] Note that even in a case in which the ratio between w_ and h_ is not 1:1, similarly, it is

possible to design the sizes of the channel on the basis of Expression (1).

[0096] In examples described below, the width and depth of the microchannel are 200 um and
25 uym, and the present apparatus is operated at a pressure that is equal to or lower than an
estimated Laplace pressure of 5.4 kPa.

(Regarding designs of resistance channels)
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[0097] The flow rate (Q) and pressure loss (AP) of liquid flowing through the microchannel
having a rectangular cross-section have the following relationship (refer to F. M. White, Viscous
Fluid Flow, McGraw-Hill Companies, Inc, Boston, 2006).

AP=RxQ (2
, ] -1
R=TZLN D2 L P (3)
wh’? wl 77 =1357° 2h

[0098] In Expression (2) and Expression (3), AP represents the pressure difference between
the inlet and outlet of the microchannel, R represents the channel resistance, u represents the
viscosity of fluids, 1 represents the length of the microchannel, w represents the width of the
microchannel, and h represents the depth of the microchannel. Expression (2) and Expression
(3) are satisfied under a condition of w>h.

[0099] For example, the cell culture apparatus according to the present embodiment and
embodiments described below may include a resistance channel portion having a channel
cross-sectional area of 1/10 or less in order to adjust flow rates in a part of the communication-
channel.

[0100] At this time, a case in which a resistance channel portion in the communication-channel
and portions other than the resistance channel portions in the communication-channel have
the same length is considered. At this time, when the cross-sectional area of the resistance
channel reaches 1/10 of that of the communication-channel (portions other than the resistance

channel portions in the communication-channel), the width w and the depth h reach 1/1092,
and a channel resistance R in the resistance channel in Expression (3) reaches 100 times a
channel resistance R in the portions other than the resistance channel in the communication-
channel.

[0101] According to Expression (2), regarding the pressure loss as well, the pressure loss in
the resistance channel reaches 100 times the pressure loss in the portions other than the
resistance channel in the communication-channel. At this time, when the flow rate of a fluid
flowing throughout the entire channel is estimated, the estimation error in a case in which the
flow rate is estimated in consideration of only the resistance in the resistance channel and the
pressure applied to the entire channel reaches 1/100, which a permissible error.

[0102] That is, in a case in which a resistance channel portion having a channel cross-
sectional area of 1/10 or less is provided in order to adjust flow rates in a part of the
communication-channel, there is an advantage in that it is easy to design channel networks by
designing channels in consideration of only the pressure loss in the resistance channel.
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[0103] FIGS. 12A to 12C are detailed assembly views of the cell culture apparatus 1 as the
two-connected-culture-chamber 3A-type eight-unit system 8A in the cell culture apparatus 1
shown in FIGS. 2 and 3.

[0104] A front cross-sectional view (before assembly) of the cell culture apparatus 1 in FIG.
12A is represented by a reference sign 201A1, and a side cross-sectional view (before
assembly) of the cell culture apparatus 1 in FIG. 12B is represented by a reference sign
201B1.

[0105] In addition, a front cross-sectional view (after assembly) of the cell culture apparatus 1
in FIG. 12A is represented by a reference sign 201A2, and a side cross-sectional view (after
assembly) of the cell culture apparatus 1 in FIG. 12B is represented by a reference sign
201B2.

[0106] Furthermore, in FIG. 12C, the top view of the cell culture apparatus 1 after assembly is
represented by a reference sign 201C.

[0107] Four pneumatic pipes (pressurization lines) 5A, 5B, 5C, and 5D provided in the lid 6 in
FIG. 12C will be described. The uppermost pneumatic pipe (first pneumatic pipe) 5A in the top
view 201C communicates with four culture chambers (a culture chamber group on a first row in
the vertical direction (first direction)) 2A1, 2A2, 2A3, and 2A4 which are provided in the
through-hole plate 7 and are arranged uppermost (disposed on the same row).

[0108] In the constitution, it is possible to pressurize the four culture chambers 2A1, 2A2, 2A3,
and 2A4 at the same time or open the four culture chambers 2A1, 2A2, 2A3, and 2A4 to
atmospheric pressure at the same time.

[0109] The other three pneumatic pipes (second to fourth pneumatic pipes) 5B, 5C, and 5D
also have the same constitution as the first pneumatic pipe 5A.

[0110] Since a pair of culture chambers are connected to each other (3A type), the culture
chamber 2A1 and the culture chamber 2B1 on the first row in the horizontal direction (second
direction) communicate with each other.

[0111] Similarly, the culture chambers 2C1 and 2D1 on the first row in the horizontal direction
communicate with each other.

[0112] As shown in the top view 201C of FIG. 12C, the other culture chambers also have the
same structure.

[0113] A reference sign 135 (135A to 135D) in FIGS. 12A to 12C represents filters connected
to the pneumatic pipes.
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[0114] Here, the filters 135 (135A to 135D) connected to the pneumatic pipes are shown, but
the filters 135 may be pressurizing apparatuses capable of sequentially pressurizing the
respective culture chambers or opening the respective culture chambers to atmospheric
pressure according to preset schedules.

[0115] Therefore, for example, in the third step of the two-connected-culture-chamber 3A-
based multiunit system described in the section of "operating principle of two-connected-
culture-chamber 3A-based multiunit system”, the first pneumatic pipe (a first pneumatic pipe)
5A and the third pneumatic pipe (a third pneumatic pipe) 5C from the top in the top view 201C
of FIG. 12C may be pressurized, and the second pneumatic pipe (a second pneumatic pipe)
5B and the fourth pneumatic pipe (a fourth pneumatic pipe) 5D may be opened to atmospheric
pressure. In addition, in the subsequent fourth step, the first pneumatic pipe (the first
pneumatic pipe) 5A and the third pneumatic pipe (the third pneumatic pipe) 5C may be opened
to atmospheric pressure, and the second pneumatic pipe (the second pneumatic pipe) 5B and
the fourth pneumatic pipe (the fourth pneumatic pipe) 5D may be pressurized.

[0116] In the third step described in the section of "operating principle of four-connected-
culture-chamber 3B-based multiunit system" in a case in which the microchannel plate is
replaced, thereby forming a four-connected-culture-chamber-type four-unit system 8B, the first
pneumatic pipe from the top (the first pneumatic pipe) 5A may be pressurized, and the second
pneumatic pipe (the second pneumatic pipe) 5B may be opened to atmospheric pressure.

[0117] In the subsequent fourth step, the second pneumatic pipe from the top (the second
pneumatic pipe) 5B may be pressurized, and the third pneumatic pipe (the third pneumatic
pipe) 5C may be opened to atmospheric pressure.

[0118] In the subsequent fifth step, the third pneumatic pipe from the top (the third pneumatic
pipe) 5C may be pressurized, and the fourth pneumatic pipe from the top (the fourth
pneumatic pipe) 5D may be opened to atmospheric pressure.

[0119] In the subsequent sixth step, the fourth pneumatic pipe from the top (the fourth
pneumatic pipe) 5D may be pressurized, and the first pneumatic pipe (the first pneumatic pipe)
5A may be opened to atmospheric pressure.

[0120] In the above description, the cell culture apparatus 1 in which both types of the two-
connected-culture-chamber 3A-type eight-unit system and the four-connected-culture-chamber
3B-type four-unit system can be used has been described, but the cell culture apparatus is not
limited to the above-described example, and the cell culture apparatus can be realized as an
m-connected-culture-chamber-type n-unit system (here, m and n represent integers of 2 or
more).

[0121] That is, the cell culture apparatus of the present embodiment may have a constitution in
which, for example, m-connected-culture-chambers in which m number of culture chambers
are disposed in parallel along the vertical direction (a first direction, 2A1, 2B1, 2C1, and 2D1) in



DK/EP 3279310 T3

FIG. 12C are provided and n-units of the m-connected-culture-chambers are disposed in
parallel along the horizontal direction (a second direction) that is disposed substantially
perpendicular to the horizontal direction.

[0122] The cell culture apparatus of the present embodiment has a constitution in which the
pneumatic pipe communicates with the culture chambers disposed on the same row which are
constituted of n number of culture chambers disposed on the same row along the second
direction (for example, the culture chambers 2A1, 2A2, 2A3, and 2A4 in FIG. 12C) and the
culture chambers disposed on the same row which are constituted of n number-culture
chambers can be pressured at the same time or can be opened to atmospheric pressure at
the same time.

[0123] Therefore, the cell culture apparatus of the present embodiment has a constitution in
which a liquid culture medium can be sent in m number of culture chambers through the
communication-channel using pressure differences in the m number of the culture chambers
generated using the pneumatic pipes.

[0124] When liquid culture media including different medicinal products are used in the
respective units, the medicinal effects and the like of n types of medicinal products can be
analyzed at once, and, when the same liquid culture medium is used, it is possible to carry out
n analyses at the same time under the same condition.

[0125] In addition, in gas being used for pressure driving, it is preferable to adjust the contents
of carbon dioxide and oxygen to be suitable for cell culturing.

[0126] In the above-described embodiment, an example in which the check valves 11 are used
has been described, but mechanisms are not limited to check valves as long as the backward
flow of liquid such as culture media can be prevented (as long as a backward flow prevention
mechanism is provided).

[0127] For example, the backward flow can also be prevented by pressurizing the culture
chambers on which the prevention of the backward flow is required in order to prevent the
backward flow instead of using the check valves 11.

[0128] In addition, Laplace valves may also be used instead of the check valves 11.

[0129] Hereinafter, a cell culture apparatus according to a second embodiment of the present
invention will be described according to the accompanying drawings.

[0130] FIGS. 13A to 13E are views describing the operating principle of a two-connected-
culture-chamber-based multiunit system and the operating method of the two-connected-

culture-chamber-based multiunit system in a cell culture apparatus of the present embodiment.

[0131] A difference in the present embodiment from the first embodiment is that Laplace
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valves (backward flow prevention Laplace valves) 317 (317A and 317B) are used as backward
flow prevention mechanisms instead of the check valves 11 in the first embodiment, and the
corresponding constitutions other than the backward flow prevention mechanisms are the
same as those in the first embodiment and will not be described again.

[0132] FIG. 13Ais a cross-sectional view of two-connected-culture-chambers 303A connected
to each other.

[0133] FIGS. 13B to 13E are views corresponding the constitution of FIG. 13A and views
describing the flow of a culture medium.

[0134] The two-connected-culture-chambers 303A connected to each other have a first culture
chamber 302A1 and a second culture chamber 302A2.

[0135] The bottom of the first culture chamber 302A1 is divided by a first division portion 330A
into a portion (a first CV portion) 350A1 provided with a first channel introduction opening 311A
and a portion (a first LV portion) 350A2 provided with a first Laplace valve 317A and a first well
313A.

[0136] Similarly, the bottom of the second culture chamber 302A2 is divided by a second
division portion 330B into a portion (a second CV portion) 350B1 provided with a second
channel introduction opening 311B and a portion (a second LV portion) 350B2 provided with a
second Laplace valve 317B and a second well 313B.

[0137] In addition, the first channel introduction opening 311A in the first culture chamber
302A1 and the second Laplace valve 317B in the second culture chamber 302A2 are
connected to each other through a first channel 315A.

[0138] In addition, the first Laplace valve 317A in the first culture chamber 302A1 and the
second channel introduction opening 311B in the second culture chamber 302A2 are
connected to each other through a second channel 315B.

[0139] FIG. 13A shows a state in which a portion from the first channel introduction opening
311A through the first Laplace valve 317B in the first channel 315A and the second well 313B
are filled with a first culture medium 331A.

[0140] In addition, FIG. 13A shows a state in which the second channel 315B and the first LV
portion 350A2 provided with the first Laplace valve and the first well 313A through the second
CV portion 350B1 provided with the second channel introduction opening 311B are filled with a
second culture medium 331B.

[0141] In a case in which, for both the first culture medium 331A and the second culture
medium 331B, the surfaces of the culture media are present in locations lower than the first
division portion 330A as shown in FIG. 13A, both the first culture medium 331A and the second
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culture medium 331B are not capable of moving beyond the first division portion 330A. When
the division portion 330A has a predetermined height as shown in FIG. 13A, the backward flow
of culture media is prevented using the function of the Laplace valve 317B even without the
provision of check valves.

[0142] Note that, for example, when the outlet (first channel introduction opening 311A) of the
communication-channel (first channel) 315A is disposed at a higher location than the inlet (first
Laplace valve 317A) of the other communication-channel (second channel) 315B, the
backward flow prevention mechanisms according to the present embodiment function even
without using the division portion 330A and are capable of preventing the backward flow of
culture media.

[0143] FIG. 13B shows a view of a case in which the first culture chamber 302A1 is
pressurized.

[0144] When the first culture chamber 302A1 is pressurized, the first culture medium 331A is
sent from the first channel introduction opening 311A to the second Laplace valve 317B.

[0145] Similarly, when the first culture chamber 302A1 is pressurized, the second culture
medium 331B is sent from the first Laplace valve 317A to the second channel introduction
opening 311B.

[0146] In FIG. 13B, the first culture medium 331A present in the first channel introduction
opening 311A (first CV portion 350A1) is all sent to the second Laplace valve 317B side
(second LV portion 350B2).

[0147] At this time, an example of the total of the volumes of the first channel introduction
opening 311A, the first channel 315A, and the second Laplace valve 317B is less than 20 L.
Compared with the volume of the first culture chamber 302A1, the total volume of the first
channel introduction opening 311A, the first channel 315A, and the second Laplace valve 317B
is not particularly limited. When the total volume of the first channel introduction opening 311A,
the first channel 315A, and the second Laplace valve 317B is smaller than the volume of the
first culture chamber 302A1, a large amount of a culture medium which has come into contact
with cells present in the well (first well) 313A in the first culture chamber 302A1 flows into the
second culture chamber 302A2, and thus it is possible to cause substances excreted from the
cells present in the first culture chamber 302A1 to efficiently act on cells present in the second
culture chamber 302A2. Therefore, the total volume of the first channel introduction opening
311A, the first channel 315A, and the second Laplace valve 317B is preferably approximately
equal to or smaller than the volume of the first culture chamber, more preferably 1/2 or less
thereof, and still more preferably 1/10 or less thereof.

[0148] In FIG. 13C, in the first culture chamber 302A1, the second culture medium 331B
present in the first LV portion 350A2 is sent to the second culture chamber 302A2 until the air
reaches the first Laplace valve 317A in the first culture chamber 302A1.
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[0149] In a case in which the air reaches the Laplace valve 317A, the function of the Laplace
valve works, and the sending of the second culture medium 331B is stopped.

[0150] Due to the above-described movement of the culture media, the first culture medium
331A and the second culture medium 331B are mixed together, thereby forming a mixed
culture medium 331C.

[0151] When the second culture chamber 302A2 is pressurized as shown in FIGS. 13D and
13E, the mixed culture medium 331C is sent to the first culture chamber 302A1 from the
second culture chamber 302A2 using the same mechanism as the mechanism described in the
description relating to FIGS. 13B and 13C.

[0152] After that, the operation shown in FIG. 13B through the operation shown in FIG. 13D
are repeated, whereby it is possible to circulate the mixed culture medium 331C and more
uniformly mix the mixed culture medium 331C (a uniform mixed culture medium 331C can be
formed).

[0153] Note that FIGS. 13A to 13E show an example in which the two-connected-culture-
chambers 303A are used; however, in the second embodiment as well, it is also possible to
use four-connected-culture-chambers as described in the first embodiment.

[0154] Even in a case in which four-connected-culture-chambers are used, similar to the
example of the two-connected culture chambers 303A, it is possible to move culture media
between the respective culture chambers while preventing the backward flow of the culture
media, even without the provision of check valves as described in the first embodiment, by
using Laplace valves (backward flow prevention Laplace valves) as the backward flow
prevention mechanisms, and the mixing of the respective culture media is possible.

[0155] That is, even in four-connected-culture-chambers, culture medium circulation becomes
possible by sequentially pressurizing the respective culture chambers.

[0156] FIG. 13F is a cross-sectional view showing an example of four-connected-culture-
chambers 303B in the present embodiment.

[0157] The four-connected-culture-chambers 303B connected to each other have a first
culture chamber 1302A1, a second culture chamber 1302A2, a third culture chamber 1302A3,
and a fourth culture chamber 1302A4.

[0158] The bottom of the first culture chamber 1302A1 is divided by a first division portion
1330A into a portion (a first CV portion) 1350A1 provided with a first channel introduction
opening 1311A and a portion (a first LV portion) 1350A2 provided with a first Laplace valve
1317A and a first well 1313A.
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[0159] Similarly, the bottom of the second culture chamber 1302A2 is divided by a second
division portion 1330B into a portion (a second CV portion) 1350B1 provided with a second
channel introduction opening 1311B and a portion (a second LV portion) 1350B2 provided with
a second Laplace valve 1317B and a second well 1313B.

[0160] Similarly, the bottom of the third culture chamber 1302A3 is divided by a third division
portion 1330C into a portion (a third CV portion) 1350C1 provided with a third channel
introduction opening 1311C and a portion (a third LV portion) 1350C2 provided with a third
Laplace valve 1317C and a third well 1313C.

[0161] Furthermore, the bottom of the fourth culture chamber 1302A4 is divided by a fourth
division portion 1330D into a portion (a fourth CV portion) 1350D1 provided with a fourth
channel introduction opening 1311D and a portion (a fourth LV portion) 1350D2 provided with a
fourth Laplace valve 1317D and a fourth well 1313D.

[0162] In addition, the first channel introduction opening 1311A in the first culture chamber
1302A1 and the second Laplace valve 1317B in the second culture chamber 1302A2 are
connected to each other through a first channel 1315A.

[0163] In addition, the second channel introduction opening 1311B in the second culture
chamber 1302A2 and the third Laplace valve 1317C in the third culture chamber 1302A3 are
connected to each other through a second channel 1315B.

[0164] In addition, the third channel introduction opening 1311C in the third culture chamber
1302A3 and the fourth Laplace valve 1317D in the fourth culture chamber 1302A4 are
connected to each other through a third channel 1315C.

[0165] Furthermore, the fourth channel introduction opening 1311D in the fourth culture
chamber 1302A4 and the first Laplace valve 1317A in the first culture chamber 1302A1 are
connected to each other through a fourth channel 1315D.

[0166] In the four connected culture chambers 303B in the present embodiment constituted as
described above, cells are seeded in the first to fourth wells 1313A to 1313D, and culture
media are added to the first to fourth culture chambers 1302A1 to 1302A4. In addition, similar
to the example of the two-connected-culture-chambers 303A, when the first to fourth culture
chambers 1302A1 to 1302A4 are sequentially pressurized, it is possible to move the culture
media in the first to fourth culture chambers 1302A1 to 1302A4 while preventing the backward
flow of the culture media, and the mixing of the respective culture media is possible.

[0167] When the four-connected-culture-chambers 303B according to the present embodiment
are used, it is possible to cause substances excreted from cells present in the first culture
chamber 1302A1 to efficiently act on cells present in the second culture chamber 1302A2.
Furthermore, it is possible to cause substances excreted from the cells present in the second
culture chamber 1302A2 to efficiently act on cells present in the third culture chamber 1302A3.
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Additionally, it is possible to cause substances excreted from the cells present in the third
culture chamber 1302A3 to efficiently act on cells present in the fourth culture chamber
1302A4. In addition, it is possible to cause substances excreted from the cells present in the
fourth culture chamber 1302A4 to efficiently act on the cells present in the first culture chamber
1302A1.

[0168] As described above, when the four-connected-culture-chambers 303B according to the
present embodiment are used, it is possible to sequentially cycle the substances excreted from
the cells disposed in the first to fourth culture chambers 1302A1 to 1302A4 among these
culture chambers.

[0169] According to the four-connected-culture-chambers 303B of the present embodiment, it
is possible to evaluate influences among cells in the same manner as in the four-organ
connecting model 3B by, for example, introducing cells which serve as models of the lung 19C,
the liver 19A, the kidney 19D, and the fat 19E as in the four-connected-culture-chamber-type
four-unit system 8B shown in FIG. 8 relating to the first embodiment.

[0170] The volumes, sizes, and the like of the respective constituent elements such as the first
to fourth culture chambers 1302A1 to 1302A4, the first to fourth Laplace valves 1317A to
1317D, the first to fourth channel introduction openings 1311 Ato 1311D, and the first to fourth
channels 1315A to 1315D in the four-connected-culture-chambers 303B of the present
embodiment may be the same as those in the example described in the section of the two-
connected-culture-chambers 303A of the present embodiment.

[0171] In the present embodiment, examples of the two-connected-culture-chambers and the
four-connected-culture-chambers have been described, but the number of culture chambers is
not limited thereto as long as the number of the culture chambers is two or more.

[0172] Hereinafter, a cell culture apparatus according to a third embodiment of the present
invention will be described according to the accompanying drawings.

[0173] FIGS. 14 and 15 are views describing the operating principle of a four-connected-
culture-chamber-based multiunit system and the operating method of the four-connected-
culture-chamber-based multiunit system in a cell culture apparatus of the present embodiment.

[0174] Differences in the present embodiment from the first embodiment are that (1) Laplace
valves (backward flow prevention Laplace valves) 417 are used as the backward flow
prevention mechanisms instead of the check valves 11 in the first embodiment and (2) four-
connected-culture-chambers as shown in FIG. 14 are used, and the corresponding
constitutions other than (1) and (2) are the same as those in the first embodiment and will not
be described again.

[0175] An air pressure-driven culture medium circulation-type cell culture apparatus according
to the present embodiment, which is shown in FIGS. 14 and 15, will be described below.
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[0176] FIG. 14 shows, from the top, (1) a top view showing channels of four-connected-
culture-chambers 403 according to the present embodiment, (2) a simplified view of the
linkage between the constituent elements in the four-connected-culture-chambers 403, and (3)
a schematic cross-sectional view of the four-connected-culture-chambers 403.

[0177] FIG. 15 is a schematic operation view of an air pressure-driven culture medium
circulation-type cell culture apparatus in a case in which the four-connected-culture-chambers
403 according to the present embodiment are used.

[0178] As shown in part (A) of FIG. 15, in the four-connected-culture-chambers 403, first to
fourth culture chambers 402A to 402D are provided.

[0179] In addition, the first to fourth culture chambers 402A to 402D are respectively provided
with first to fourth wells 413A to 413D.

[0180] First, as shown in part (A) of FIG. 15, cells 419 are seeded and adhered in individual
wells of the first to fourth wells 413A to 413D.

[0181] Next, as shown in part (B) of FIG. 15, a culture medium 431 is poured into the second
well 413B.

[0182] Next, as shown in part (C) of FIG. 15, the first culture chamber 402A, the second
culture chamber 402B, and the fourth culture chamber 402D are pressurized.

[0183] Note that the pressures applied at this time are substantially equal in the first to fourth
culture chambers 402A to 402D and are lower pressures than the Laplace pressure in the
Laplace valve 417 provided in the four-connected-culture-chambers 403.

[0184] At this time, as shown in part (C) of FIG. 15, the culture medium surfaces of a culture
medium present in the first culture chamber 402A and the fourth culture chamber are present
at a lower location than the location of the Laplace valves, and thus the culture medium does
not flow out.

[0185] In addition, since the pressurization is carried out at a pressure lower than the Laplace
pressure, the Laplace valve 417 functions, and the air does not flow into the channel 415.

[0186] Furthermore, since the first culture chamber 402A and the second culture chamber
402B are pressurized at the same pressure, the culture medium does not move from the
second culture chamber 402B to the first culture chamber 402A.

[0187] As shown in part (C) of FIG. 15, the culture medium 431 poured into the second culture
chamber 402B is sent only to the third culture chamber 402C which is opened to the
atmosphere.
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[0188] Next, when the pressurization operation of the culture chamber as shown in part (C) of
FIG. 15 is repeated as shown in part (D) of FIG. 15, the one-way circulation of the culture
medium is possible.

[0189] When the pressurization operation of the culture chamber and the one-way circulation
of the culture medium are repeated, it is possible to accelerate the mixing of culture media in
the respective chambers.

[0190] In the present embodiment, an example in which the first to fourth culture chambers
402A to 402D are provided has been described, but the same operation is possible as long as
the number of culture chambers is three or more.

[0191] The culture chamber according to the present embodiment may have three or more
culture chambers and is not limited to four-connected-culture-chambers.

[Examples]

[0192] Next, the cell culture apparatus 1 according to the embodiments of the present
invention will be described in detail by describing examples. Note that the following examples
are specific examples to which the present invention is applied and do not limit the present
invention in any way.

[0193] As a co-culture model of a liver and a cancer structure, the culturing of liver cancer cells
HepG2 (liver models) and large intestine cancer cells HCT116 (large intestine cancer cells)
was carried out using a two-organxeight-chamber connected culturing system (cell culture
apparatus). The disposition of the respective cells in a culture plate is shown in FIG. 16A. Note
that the drawing shown in FIG. 16A corresponds to the two-organ connecting model 3A of FIG.
7.

[0194] As shown in FIG. 16A, the liver cancer cells HepG2 (liver models) were disposed along
the horizontal direction of the cell culture apparatus and were disposed in a culture chamber
group on the first row in the vertical direction.

[0195] The large intestine cancer cells HCT116 were disposed along the horizontal direction of
the cell culture apparatus and were disposed in a culture chamber group on the second row in
the vertical direction.

[0196] In addition, the liver cancer cells HepG2 (liver models) were disposed along the
horizontal direction of the cell culture apparatus and were disposed in a culture chamber group

on the third row in the vertical direction.

[0197] The large intestine cancer cells HCT116 were disposed along the horizontal direction of
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the cell culture apparatus and were disposed in a culture chamber group on the fourth row in
the vertical direction.

[0198] In addition, a culturing schedule of the liver cancer cells HepG2 (liver models) and the
large intestine cancer cells HCT116 (large intestine cancer cells) is shown in FIG. 16B.

[0199] Wells used to culture HepG2 were coated with Collagen Type | (Cell Matrix,
manufactured by Nitta Gelatin Inc.) according to a protocol provided by the manufacturer.

[0200] Wells used to culture the large intestine cancer cells HCT116 were coated with 50 ul of
a Fibronectin solution (28.3 ug/mg). After the coating with the Fibronectin solution, the
respective wells were washed with a culture medium, and the cells were seeded. At this time,
the HepG2 cells were suspended in a William's E culture medium at a concentration of one
million cells/ml, the HCT116 was suspended in a MEM culture medium at a concentration of
100,000 cells/ml, and the respective solutions were added to the wells in a liquid amount of 50
ml.

[0201] After three hours from the seeding of the cells, 300 ml of the culture medium was
added to each of the culture chambers in which the respective wells were present. At this time,
the William's E culture medium was added to the chambers including HepG2, and the MEM
culture medium was added to the chambers including HCT116.

[0202] After the cells were left to stand and cultured overnight, the culture media in the
respective chambers were replaced with 300 ml of the William's E culture medium, and
circulation culturing was carried out.

[0203] The circulation culturing was carried out by repeating the pressurization of the
chambers to which HepG2 was added and the chambers to which HCT 116 was added at 4 kPa
every ten minutes.

[0204] A photograph of the HepG2 cells immediately before the initiation of the circulation
culturing (Day 1) is shown in FIG. 17A.

[0205] A photograph of the HCT116 cells immediately before the initiation of the circulation
culturing (Day 1) is shown in FIG. 17B.

[0206] A photograph of the HepG2 cells after carrying out the circulation culturing for 48 hours
is shown in FIG. 17C.

[0207] A photograph of the HCT116 cells after carrying out the circulation culturing for 48
hours is shown in FIG. 17D.

[0208] An appearance in which both the HepG2 cells and the HCT116 cells were adhered to
the bottom surfaces of the wells during the circulation culturing was observed, and an
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appearance in which the number of the HCT116 cells increased was observed.

[0209] When model compounds are added to the culture medium (300 ml of the William's E
culture medium) that is used during the circulation culturing, it is possible to evaluate the
influence of the model compounds on liver and cancer cells at the same time and to evaluate
the influences in a state in which the interactions between organs are reflected on a real-time
basis.

Industrial Applicability

[0210] According to the cell culture apparatus and the cell culture method of the present
invention, it is possible to analyze the medicinal effects or toxicity of medicinal products or
chemical products and pharmacokinetics such as absorption, distribution, metabolism, and
excretion using cultured cells. In addition, the present invention can be used for the analyses of
medicinal products or chemical products as an alternative animal biomass.

DESCRIPTION OF REFERENCE NUMERAL

[0211]
1, 101 Cell culture apparatus (Body-on-a-Chip unit)
1A, 101A Main body (tank main body)

2, 2A, 2A1 to 2A4, 2B, 2B1 to 2B4, 2C1 to 2C4, 2D1 to 2D4, 102A to 102D, 302A1, 302A2,
402A to 402D, 1302A1 to 1302A4 Culture chamber (organ model culture chamber)

3A, 303A Two-connected-culture-chambers (two-organ connecting model, two-connected-
culture-chamber-type PDMS plate)

3B, 303B, 403 Four-connected-culture-chambers (four-organ connecting model, four-
connected-culture-chamber-type PDMS plate)

4,15, 15A, 15B, 115, 115A to 115D, 315A, 315B, 415 Communication-channel (microchannel,
organ-connecting microchannel)

5, 5A to 5D Pneumatic pipe (pressurization line, pressure pipe line)
6 Lid (pressurizing lid)
7 Through-hole plate

7A Wall surface (wall portion, wall surface of culture chamber, inner walls of through-hole plate
and chamber)
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8 Microchannel plate

8A Two-organxeight-chamber connected plate (two-connected-culture-chamber-type eight-unit
system, bottom plate)

8B Four-organxfour-chamber connected plate (four-connected-culture-chamber-type four-unit
system, bottom plate)

9 Holder (base body portion)

11, 11A, 11B, 111A to 111D Check valve

12, 12A, 12B, 112 Upper flow opening

13, 13A, 13B, 113, 113A to 113D, 313A, 313B, 413A to 413D, 1313A to 1313D Well
14, 14A, 14B, 114, 114A to 114D Lower flow opening

16, 16A, 16B, 116 Resistance channel

17, 17A, 17B, 317, 317A, 317B, 417, 417A to 417D, 1317A to 1317D
Laplace valve

19A Liver

19B Cancer

19C Lung

19D Kidney

19E Fat

20 First clasp (lid portion-pressing portion, pressing member)

20A Second clasp (wall portion-pressing portion, pressing member)

21 Sealing material

22A, 22B, 122A to 122D Air filter

135, 135A to 135D Filter (pressurizing apparatus)

201A1 Front cross-sectional view of cell culture apparatus (before assembly)
201B1 Side cross-sectional view of cell culture apparatus (before assembly)
201A2 Front cross-sectional view of cell culture apparatus (after assembly)

201B2 Side cross-sectional view of cell culture apparatus (after assembly)
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201C Top view of cell culture apparatus

311A, 311B, 1311A to 1311D Channel introduction opening
330A, 330B, 1330A to 1330D Division portion

331A, 331B, 431 Culture medium

331C Mixed culture medium

350A1, 350B1, 1350A1 to 1350D1 CV portion (portion provided with channel introduction
opening)

350A2, 350B2, 1350A2 TO 1350D2 LV portion (portion provided with Laplace valve and well)

419 CELL
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Patentkrav

1. Celledyrkningsapparat (1), der omfatter:

en tilsluttet dyrkningsbeholder (101), der omfatter n enheder,
hvor hver af de n enheder udgeres af m dyrkningskamre (2) og
en eller flere forbindelseskanaler (4, 15), idet hver af de m
dyrkningskamre har en celleholdende del, der holder udsaede
celler, idet de m dyrkningskamre (2) opbevarer flydende
dyrkningsmedier, idet de m dyrkningskamre (2) er anbragt
parallelt 1 en forste retning, og idet forbindelseskanalerne
(4, 15) satter de m dyrkningskamre (2) 1 forbindelse med
hinanden,

hvor de n enheder er anbragt parallelt i en anden retning, der
er forskellig fra den forste retning,

hvor m er et heltal pa to eller mere, og n er et heltal pa to
eller mere, og

en flerhed af pneumatiske ror (5), der forbinder
dyrkningskamre (2), som er anbragt i en samme rakke, og som er
anbragt 1 en samme rakke 1 den anden retning, med hinanden i
den tilsluttede dyrkningsbeholder (101), idet de pneumatiske
ror (5) er konfigureret til at satte de dyrkningskamre (2),
der er anbragt 1 en samme rakke, under tryk pa samme tid eller
til at abne de samme dyrkningskamre, der er anbragt i en samme
rakke, til atmosfarisk tryvk péd samme tid, og idet de
pneumatiske ror (5) er konfigureret til at sende det flydende
dyrkningsmedium til de m dyrkningskamre (2) gennem
forbindelseskanalerne (4, 15) ved anvendelse af trykforskelle

i de m dyrkningskamre (2).

2. Celledyrkningsapparat (1) ifelge krav 1, der vydermere
omfatter:

en mekanisme til hindring af tilbagestremning, der er
konfigureret til at styre stregmningsretninger fra
forbindelseskanalerne (4, 15) mod de m dyrkningskamre (2),
idet mekanismen til hindring at tilbagestrgmning er
tilvejebragt 1 en ende af forbindelseskanalerne (4, 15) eller

i forbindelseskanalerne (4, 15).
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3. Celledyrkningsapparat (1) ifelge krav 1 eller 2

hvor hvert af de m dyrkningskamre (2) omfatter et hovedlegeme
i form af en beholder (1A, 101A), hvor der opbevares flydende
dyrkningsmedier, og et lag, der er konfigureret til at abne en
dbning i hovedlegemet 1 form af en beholder (1A, 101A) eller
til at lukke abningen pa en lufttat made.

4, Celledyrkningsapparat (1) ifelge krav 2, der vydermere
omfatter:

en del til at presse mod laget, der er konfigureret til at
holde laget saledes, at det presses mod hovedlegemet i form af
en beholder (1A, 101A),

hvor delen til at presse pa laget omfatter et bundlegeme (9),
der barer hovedlegemet i form af en beholder (1A, 101A), og et
presseelement, der presser laget mod hovedlegemet i1 form af en
beholder (1A, 101A), som bazres af bundlegemet (9).

5. Celledyrkningsapparat (1) ifwlge krav 4

hvor hovedlegemet i form af en tank (1A, 101A) omfatter en vag
0og en bundplade (8), der indeholder forbindelseskanalerne (4,
15).

6. Celledyrkningsapparat (1) ifelge krav 5, der vydermere
omfatter:

en del til at presse mod vaggen, der holder vaggen saledes, at
den presses mod bundpladen (8),

hvor delen til at presse mod vaggen omfatter et presseelement,
der presser veggen mod bundlegemet (9) og bundpladen (8), der
baeres af bundlegemet (9).

7. Celledyrkningsapparat (1) ifolge et hvilket som helst af
kravene 1 til 6, der ydermere omfatter:

trykapparater, der er konfigureret til sekventielt at s&tte
hvert af dyrkningskamrene (2) under tryk eller abne hvert af
dyrkningskamrene (2) til atmosfaerisk trvk gennem de
pneumatiske rer (5) ifelge forud fastlagte tidsplaner 1 hvert

af dyrkningskamrene (2).
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8. Celledyrkningsapparat (1) ifelge et hvilket som helst af
kravene 1 til 7, der ydermere omfatter:

en Laplace-ventil (17), der er konfigureret til at forhindre
luftstregmme ved anvendelse af gransefladespanding ved dele,
der er forbundet med forbindelseskanalerne, (4, 15) fra

dyrkningskamrene (2).

9. Celledyrkningsapparat (1) ifglge krav 8,

hvor det folgende galder, nar en bredde af en mikrokanal, der
udger Laplace-ventilen (17), angives ved wn, en dybde af
mikrokanalen angives ved hi, graensefladespandingen angives ved
v, og et Laplace-tryk af Laplace-ventilen (17) angives ved af
APrap:

Laplace-trykket udtrykkes ved et udtryk for APrap =
2y (1/wi+1/h), og

mikrokanalen etableres saledes, at Laplace-trykket APrsp bliver
storre end et tryk, der pafores den tilsluttede
dyrkningsbeholder (101).

10. Celledyrkningsapparat (1) ifwlge et hvilket som helst af
kravene 1 til 8, der ydermere omfatter:

en modstandskanal, som har et kanaltversnitsareal, der er 1/10
eller mindre af et kanaltversnitsareal af en forbindelseskanal
(4, 15) 1 en del af forbindelseskanalerne (4, 15) med henblik

pa at justere stremningshastigheder.

11. Celledyrkningsapparat (1) ifelge krav 2,
hvor mekanismen til hindring af tilbagestromning er en
kontraventil (11, 111).

12. Celledyrkningsapparat (1) ifwlge krav 2, der vydermere
omfatter:
en tilbagestrgmningshindrende Laplace-ventil (17) som

mekanisme til hindring af tilbagestremning.

13. Fremgangsmade til celledyrkning, der omfatter:
forberedelse at et celledyrkningsapparat (1), hvori m

dyrkningskamre (2) er i forbindelse med hinanden ved hjelp af
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en eller flere forbindelseskanaler (4, 15), der tilvejebringes
n enheder fra en tilsluttet dyrkningsbeholder (101), hvori de
m dyrkningskamre (2) er anbragt parallelt 1langs en fgrste
retning, og de n enheder fra den tilsluttede dyrkningsbeholder
(101) er anbragt parallelt langs en anden retning, som er en
anden end den forste retning

et forste trin, der bestar i at abne et lag (6) pa den
tilsluttede dyrkningsbeholder (101) og udsa og tilhafte celler
i hver af dyrkningsapparatets dyrkningskamre (2)

et andet trin, der bestar i at fylde forste raekke-
dyrkningskamre i den forste retning med et flydende
dyrkningsmedium og lukke laget (6) 1 celledyrkningsapparatet
(1), hvor de forste rakke-dyrkningskamre er anbragt pa en
samme rakke langs den anden retning

et tredje trin, der bestar 1 at satte en inderside af de
forste rakke-dyrkningskamre under tryk og abne anden rakke-
dyrkningskamre 1 den ferste retning, som er anbragt pa en
samme ra&kke langs den anden retning, til atmosfarisk tryk,
hvorved det flydende dyrkningsmedium sendes til de anden
rekke-dyrkningskamre fra de forste rakke-dyrkningskamre gennem
forbindelseskanalerne

et fjerde trin, der bestar i sekventielt at satte
dyrkningskamrene (2) under tryk og abne dyrkningskamrene (2)
til atmosfaerisk tryk i1 stigende rakkefolge af rakkenumre 1 den
forste retning, hvorved det flydende dyrkningsmedium sendes
fra dyrkningskamrene 1 ra&kken m-1 1 den fegrste retning til
dyrkningskamrene i rakken m gennem forbindelseskanalerne

et femte trin, der Dbestar 1 at satte en inderside af
dyrkningskamrene i rakken m og abne en inderside af de ferste
rekke-dyrkningskamre til atmosfaerisk trvk, hvorved det
flydende dyrkningsmedium sendes fra dyrkningskamrene 1 rakken
m til de feorste rakke-dyrkningskamre gennem
forbindelseskanalerne, og

et sjette trin, der bestdr i at gentage det tredje trin til
det femte trin, hvorved det flydende dyrkningsmedium 1 hvert
af dyrkningskamrene (2) cirkuleres 1 celledyrkningsapparatet
(1),

hvor m er et heltal pa to eller flere, og n er et heltal pa to
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eller flere.

14. Evalueringssystem,
hvor celler indfores 1 celledyrkningsapparatet (1) ifelge et
hvilket som helst af kravene 1 til 12.
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