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(54) APPARATUS FOR CULTURING CELL/TISSUE

(57) A cell/tissue culture apparatus can give a phys-
ical stimulation necessary for proliferation and growth to
a cultured object which is a cell or tissue to be cultured.
The cell/tissue culture apparatus has a chamber (a cul-
ture chamber 4) which accommodates a cultured object
(a matrix 8) and supplies a culture fluid (6), a pressing
means (a pressing plate 10, 11) which is movably ar-

ranged in the chamber and gives a physical stimulation
due to a press to the cultured object by movement there-
of, and a driving means (a pressure unit 22, an electro-
magnet unit 32) which gives a driving force to the press-
ing means for applying the physical stimulation to the
cultured object from an outside of the chamber in a state
out of contact with the pressing means.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a cell/tissue
culture apparatus used for a culture of a cell or tissue,
and so on, to which tissue engineering is applied. More
particularly, the present invention relates to a cell/tissue
culture apparatus for efficiently realizing a metabolism
function of a cell or tissue when performing an in vitro
culture of a cell or tissue of a living body of a human
body and so on, and for giving a physical stimulation
necessary for prolongation, differentiation and promo-
tion of a cell to an cultured object.

BACKGROUND ART

[0002] In a conventional method which performs an
in vitro culture of a cell or tissue of a living body of a
human body and so on, there is employed a method in
which temperature, humidity, the concentration of car-
bon dioxide and the concentration of oxygen in an incu-
bator (a culture house) are maintained at proper condi-
tions, and a cell is cultured in that incubator. A cell or
tissue is placed in a culture fluid in a floating state, 'or a
cell or tissue is fixed to an inside or a surface of a gel in
which an ingredient of the culture fluid is input, and
thereby, the cell or tissue is made to proliferate and to
grow. Or, a cell or tissue is transplanted in a material,
which is called a matrix or a scaffold, a carrier or a mold,
and so on (herein after called "matrix" simply), and
thereby, the cell or tissue is made to proliferate and to
grow.
[0003] By the way, for the proliferation and growth of
a cell or tissue, it is important to give a physical stimu-
lation to a cell or tissue to be cultured in addition to en-
vironmental conditions of temperature, humidity, the
concentration of carbon dioxide, the concentration of ox-
ygen, and so on. Such a physical stimulation is an in-
dispensable factor for promoting differentiation and
growth of a cell or tissue and for growing to a cell or
tissue closer to a cell or tissue in a living body. As a tech-
nology which gives a physical stimulation to the prolif-
eration and growth of a cell or tissue, there is, for exam-
ple, the Japanese Official Announcement Patent Publi-
cation No.2001-504697 entitled "APPLICATION OF
SHEAR FLOW STRESS TO CHONDROCYTES".
[0004] The present invention, therefore, makes it an
object to provide a cell/tissue culture apparatus capable
of giving a physical stimulation necessary for prolifera-
tion and growth to a cultured object which is a cell or
tissue to be cultured.

DISCLOSURE OF THE INVENTION

[0005] A composition of a cell/tissue culture appara-
tus of the present invention which attains the above ob-
ject is as follows.

[0006] The cell/tissue culture apparatus of the present
invention makes it a feature to have a chamber (a culture
chamber 4) which accommodates a cultured object (a
matrix 8) and supplies a culture fluid (6), a pressing
means (a pressing plate 10, 11) which is movably placed
in the chamber and gives a physical stimulation due to
a press to said cultured object by movement thereof,
and a driving means (a pressure unit 22, an electromag-
net unit 32) which gives a driving force to said pressing
means for giving said physical stimulation to said cul-
tured object from an outside of said chamber in a state
out of contact with the pressing means.
[0007] In the cell/tissue culture apparatus of the
present invention, said physical stimulation makes it a
feature to be a compressive force.
[0008] In the cell/tissue culture apparatus of the
present invention, said driving means makes it a feature
to give said driving force to said pressing means
bymeans of magnetic coupling between said pressing
means and said driving means.
[0009] In the cell/tissue culture apparatus of the
present invention, said chamber makes it a feature to
make a part or the whole of a member constituting said
chamber transparent so that said cultured object of its
inside can be visually recognized from an outside.
[0010] According to the above-mentioned composi-
tion, it is possible to give a physical stimulation due to
desired press-compression from an outside to a cul-
tured object. In this case, although the cultured object
namely a cell or tissue to which a pressing force is ap-
plied in one direction is compressed in a direction of the
pressing force, the cultured object becomes a state of
elongation in a direction which is at right angles with a
compressive direction. Further, if the pressing force is
cancelled, the cultured object is to return to a former
shape. Since the cultured object to which a physical
stimulation due to press-compression like this is applied
is to receive stimulation similar to a human body, its
growth is promoted. Furthermore, since a culture fluid
is given to the cultured object, it is possible to give nec-
essary nourishment.
[0011] Therefore, according to the cell/tissue culture
apparatus of the present invention, it is possible to give
compression due to a desired pressing force or a phys-
ical stimulation due to its cancellation to a cell or tissue
to be cultured, and it is possible to promote a culture.
[0012] Furthermore, by making a part or the whole of
a member constituting the chamber transparent and
making it possible to visually recognize from an outside,
it is possible to observe the growth of a cultured object
with ease.
[0013] And, the objects, features, advantages and so
on of the present invention will be more precise by re-
ferring to an explanation in the modes for carrying out
the present invention and the embodiments shown in
the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a longitudinal sectional view showing a first
embodiment of a cell/tissue culture apparatus ac-
cording to the present invention.
Fig. 2 is a perspective view showing a pressing
plate of which a part is nicked.
Fig. 3 is a rear view showing the cell/tissue culture
apparatus of the present invention.
Fig. 4 is a block diagram showing a control device.
Fig. 5 is a flow chart showing a part of the former
half of a control program.
Fig. 6 is a flow chart showing a control program con-
tinued on Fig. 5.
Fig. 7 is a flow chart showing a part of the latter half
of a control program continued on Fig. 6.
Fig. 8 is a timing chart showing a pressing action.
Fig. 9 is a longitudinal sectional view showing a sec-
ond embodiment of a cell/tissue culture apparatus
according to the present invention.
Fig. 10 is a perspective view showing a pressing
plate of which a part is nicked.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0015] In the following, the present invention and its
modes for carrying out the present invention are ex-
plained by referring to embodiments shown in the draw-
ings.
[0016] Fig. 1 shows a first embodiment of a cell/tissue
culture apparatus according to the present invention.
[0017] For example, a disk-shaped chamber body 2
is installed, and a culture chamber 4 which is a circular
culture space is formed inside the chamber body 2. To
an inside of the culture chamber 4, a matrix 8 as a cul-
tured object in which a cell of a patient has been trans-
planted is placed together with a culture fluid 6, and a
pressing plate 10 is provided as a pressing means of
the matrix 8. For the matrix 8, a thing formed by a protein
and so on which are united into a tissue according to the
growth of a cell, for example, a sponge is used.
[0018] For example, as shown in Fig. 2, the pressing
plate 10 is a disk shape, and a magnetic annular portion
12 of wall thickness is formed a circumferential part. In
this embodiment, the matrix 8 is placed in a space por-
tion 13 surrounded with the magnetic annular portion 12,
and the magnetic annular portion 12 is formed by a mag-
netic material.
[0019] To the chamber body 2, a chamber hatch plate
14 serving as a means which blockades the culture
chamber 4 is fixed by a plurality of block bolts 16 (Fig.
3) which are a fixing means. In a portion between the
chamber hatch plate 14 and the chamber body 2, an O-
ring 20 which is a sealing means is provided at a recess
portion 18 of a side of the chamber body 2, and thereby,

a high air-tightness is maintained.
[0020] In a side of the chamber hatch plate 14, a pres-
sure unit 22 serving as a driving means which presses
by making the pressing plate 10 go up and down in the
drawing as shown in an arrow A is installed. That is, a
mounting plate 24 formed in a U-shape is attached to
the chamber hatch plate 14 by fixing screws 26, and an
electromagnet unit 32 in which a solenoid 30 is wound
around a core 28 formed by a magnetic material is at-
tached to the mounting plate 24 by making a back end
portion of the core 28 pierce the mounting plate 24.
[0021] In order to make a magnetic force apply to the
magnetic annular portion 12 or the pressing plate 10
formed by a magnetic material, a magnetic field gener-
ation part 34 which has an area or a shape correspond-
ing to the magnetic annular portion 12 or the pressing
plate 10 is formed to the core 28. This magnetic field
generation part 34 is installed with a state adhering
closely to the chamber hatch plate 14 in order to height-
en magnetic efficiency. That is, in this embodiment, the
magnetic annular potion 12 of a side of the pressing
plate 10 and the electromagnet unit 32 are in a state of
magnetic coupling through the chamber hatch plate 14.
Because of this, a magnetic driving force (an attractive
force or a repulsive force) can be generated for the
pressing plate 10 by a DC magnetic field or AC magnetic
field which the electromagnet unit 32 generates, and, by
this, it is possible to apply a pressing force to the matrix
8.
[0022] Further, to the chamber body 2, culture fluid
ports 36 and 38 for circulating the culture fluid 6 in the
culture chamber 4 are formed at corresponding posi-
tions in the direction of its diameter. To each of the cul-
ture fluid ports 36 and 38, a culture circuit not shown in
the drawings is connected. The pure culture fluid 6 is
supplied to the culture fluid port 36 as shown by an arrow
B, and, after circulating in the culture chamber 4, it flows
out of the culture fluid port 38 as shown by an arrow C.
[0023] Furthermore, for this cell/tissue culture appa-
ratus, as a culture control means, for example, a culture
control device 40 shown in Fig. 4 is installed, and a con-
trol part 42 is provided as an arithmetic/control means.
To this control part 42, a storage means 44 which stores
data and a control program is connected. Along with
this, a solenoid 30, an operation switch 46 which orders
a start of operation, an operating condition setting
means 48 for setting an operating condition, a display
means 50 which displays an operating state, and an op-
erating indicator 52 which performs indication under an
operation are connected. Further, a solenoid abnormal-
ity detecting means 54 which detects a state of abnor-
mality of disconnection, temperature abnormality and so
on of the solenoid 30, and a culture fluid circulation
processing unit 56 which performs supply of the culture
fluid 6 to the culture chamber 4 and control thereof are
connected.
[0024] Next, culture processing is explained by refer-
ring to flow charts in Fig. 5 through Fig. 7. In Fig. 5
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through Fig. 7, reference letters A, B, C, D and E show
connectors.
[0025] After the matrix 8 in which a cell or tissue to be
cultured is planted is placed in the culture chamber 4,
the culture fluid 6 is supplied from the culture fluid port
36, and the culture fluid 6 is made to circulate in the cul-
ture chamber 4. A step S1 is a setting process of a plu-
rality of operating conditions. In this embodiment, oper-
ating conditions of three stages are set through the op-
erating condition setting means 48, and setting of a driv-
ing force of the solenoid 30 is performed. For example,
for operating conditions, there are current levels S1, S2
and S3 which set a pressing force of the pressing plate
10 (magnitude of each level is optional, for example,
S1<S2<S3), holding times ta1, ta2 and ta3 (width of each
time is optional, for example, ta1<ta2<ta3), releasing
times ts1, ts2 and ts3 (width of each time is optional, for
example, ts1<ts2<ts3), continuation times T1, T2 and T3
(width of each time is optional, for example, T1<T2<T3),
and so on. The magnitude and time width of stimulation
can be increased and decreased with the lapse of time.
It goes without saying that they can be set to an optional
value, and it is possible to vary them according to the
state of affairs in a culture.
[0026] After setting of operating conditions like this, if
a close of the operation switch 46 is detected at a step
S2, an operation is started. At a step S3, the operating
indicator 52 is lighted up and a start of the operation is
indicated.
[0027] In this embodiment, at a step S4, a current of
the current level S1 is supplied to the solenoid 30, and
the solenoid 30 is excited. At this time, the core 28 is
magnetized, the magnetic annular portion 12 of the
pressing plate 10 is attracted to a side of the magnetic
field generation part 34 by a magnetic force of the cur-
rent level S1, and the matrix 8 is pressed. At a step S5,
a time of an ON state of the solenoid 30 is measured,
and a pressing state is maintained for the holding time
tai. The processing proceeds to a step S6 after the lapse
of the holding time tai, and the solenoid 30 is released
from magnetization. A step S7 represents the measure-
ment of a releasing time, and a state of non-magnetiza-
tion of the solenoid 30, namely a releasing state of the
solenoid 30, is continued until the releasing time tsi
elapses_. At this time, the matrix 8 is released from the
pressing state and returns to a natural state by elasticity
of itself. In this case, if a pressing force by the pressing
plate 10 is given in one direction of the matrix 8 which
is a cultured object, namely, if the pressing force is given
in direction of thickness in this embodiment, the matrix
8 and a cell or tissue are compressed in the direction of
the pressing force, namely, the matrix 8 and the cell or
tissue are compressed in an up and down direction in
this embodiment. However, the matrix 8 and the cell or
tissue become a state of elongation in a direction which
is at right angles with the compressive direction, namely
in a surface direction of the matrix 8. Further, if the press-
ing force is cancelled, the matrix 8 and the cell or tissue

are to return to a former shape. Because of this, stimu-
lation similar to the case of a living body is given to the
matrix 8 and the cell or tissue by an intermittent repeti-
tion of a physical stimulation due to pressing and can-
cellation thereof, and the promotion of a culture is given.
[0028] Further, at a step S8, disconnection or temper-
ature abnormality of the solenoid 30 is judged based on
a detected output of the solenoid abnormality detecting
means 54. The processing proceeds to a step S9 when
abnormality is not detected, and whether or not the con-
tinuation time T1 elapses is decided. That is, the proc-
ess of a setting condition 1 is maintained until the con-
tinuation time T1 elapses, and the processes of the
steps S4 through S9 are continuously performed. Fur-
thermore, in the continuation time T1, in case in which
abnormality is detected at the step S8, the processing
proceeds to a step S10. At the step S10, the cancellation
of power-supply to the solenoid 30 is performed, and,
along with this, the display of an abnormal warning is
performed on the display means 50 and the occurrence
of abnormality is notified.
[0029] When the continuation time T1 elapses, the
processing proceeds to a step S11. At the step S11, a
current of the current level S2 is supplied to the solenoid
30, and the solenoid 30 is excited. At this time, the core
28 is magnetized, the magnetic annular portion 12 of the
pressing plate 10 is attracted to the side of the magnetic
field generation part 34 by a magnetic force of the cur-
rent level S2, and the matrix 8 is pressed. At a step S12,
a time of an ON state of the solenoid 30 is measured,
and a pressing state is kept up for the holding time ta2.
The processing proceeds to a step S13 after the lapse
of the holding time ta2, and the solenoid 30 is released
from magnetization. A step S14 represents the meas-
urement of a releasing time, and a state of non-magnet-
ization of the solenoid 30, namely a releasing state of
the solenoid 30, is continued until the releasing time ts2
elapses. At this time, the matrix 8 is released from the
pressing state and returns to the natural state by the
elasticity of itself.
[0030] Further, at a step S15, disconnection or tem-
perature abnormality of the solenoid 30 is judged based
on a detected output of the solenoid abnormality detect-
ing means 54. The processing proceeds to a step S16
when abnormality is not detected, and whether or not
the continuation time T2 elapses is decided. That is, the
process of a setting condition 2 is maintained until the
continuation time T2 elapses, and the processes of the
steps S11 through S16 are continuously performed. Fur-
thermore, in the continuation time T2, in case in which
abnormality is detected at the step S15, the processing
proceeds to the step S10. At the step S10, the cancel-
lation of power-supply to the solenoid 30 is performed,
and, along with this, the display of an abnormal warning
is performed on the display means 50 and the occur-
rence of abnormality is notified.
[0031] When the continuation time T2 elapses, the
processing proceeds to a step S17. At the step S17, a
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current of the current level S3 is supplied to the solenoid
30, and the solenoid 30 is excited. At this time, the core
28 is magnetized by a current level of the current level
S3, the magnetic annular portion 12 of the pressing plate
10 is attracted to the side of the magnetic field genera-
tion part 34 by its magnetic force, and the matrix 8 is
pressed. At a step S18, a time of an ON state of the
solenoid 30 is measured, and a pressing state is main-
tained for the holding time ta3. The processing proceeds
to a step S19 after the lapse of the holding time ta3, and
the solenoid 30 is released from magnetization. A step
S20 represents the measurement of a releasing time,
and a state of non-magnetization of the solenoid 30,
namely a releasing state of the solenoid 30, is continued
until the releasing time ts3 elapses. At this time, the ma-
trix 8 is released from the pressing state and returns to
the natural state by the elasticity of itself.
[0032] Further, at a step S21, disconnection or tem-
perature abnormality of the solenoid 30 is judged based
on a detected output of the solenoid abnormality detect-
ing means 54. The processing proceeds to a step S22
when abnormality is not detected, and whether or not
the continuation time T3 elapses is decided. That is, the
process of a setting condition 3 is maintained until the
continuation time T3 elapses, and the processes of the
steps S17 through S22 are continuously performed. In
addition, in the continuation time T3, in case in which
abnormality is detected at the step S21, the processing
proceeds to the step S10. At the step S10, the cancel-
lation of power-supply to the solenoid 30 is performed,
and, along with this, the display of an abnormal warning
is performed on the display means 50 and the occur-
rence of abnormality is notified.
[0033] Further, when the continuation time T3 elapses
at the step S22, the processing proceeds to a step S23,
and the indication of a culture end is lighted on the op-
erating indicator 52. After informing the culture end,
whether or not the operation switch 46 is switched to
OFF is decided at a step S24. Then; at a step S25, the
power-supply to the solenoid 30 is cancelled, the oper-
ating indication is turned OFF, the indication of the cul-
ture end is switched to OFF, and all operations are end-
ed.
[0034] Furthermore, in Fig. 8, a reference letter (A)
shows the operating indication on the action of the cul-
ture program, a reference letter (B) shows the end indi-
cation, and a reference letter (C) shows the repetition of
a pressing force which is applied to the matrix 8 from
the pressing plate 10 by means of a generated magnetic
field of the solenoid 30. As shown in Fig. 8, in this em-
bodiment, a pressing force level by means of the sole-
noid 30 is set to S1, S2 and S3, and a desired acceler-
ation and deceleration control is performed by repetition
thereof.
[0035] According to such a culture program, it is pos-
sible to produce a tissue equivalent to the cartilage of a
joint on which a compressive force works in a certain
direction, especially, equivalent to a muscle and a car-

tilage of loins and a knee, and it is possible to use for
the restoration of a deficient portion of a patient.
[0036] Next, Fig. 9 and Fig. 10 show a second em-
bodiment of a cell/tissue culture apparatus according to
the present invention.
[0037] In this embodiment, an annular-shaped mag-
net 15 is provided at an upper face side of a pressing
plate 11, and the matrix 8 is arranged in a space portion
13 of an inside thereof. For example, this embodiment
is constituted so that the magnet 15 makes its upper
face the N pole and makes its lower face the S pole, and
so that the S pole is generated in an upper face side of
the core 28 side of the electromagnet unit 32. By this,
this embodiment is constituted so that a pressing force
is applied to the matrix 8 by means of a repulsive force
and cancellation thereof, and so that compression of the
matrix 8 and cancellation thereof are performed.
[0038] Even if such a composition is given, the culture
program shown in Fig. 5 through Fig. 7 can be executed
by using the same culture control device 40 shown in
Fig. 4.
[0039] Further, in this case, if the chamber body 2 is
constituted by a transparent material, it becomes pos-
sible to visually recognize the inside of the culture cham-
ber 4, and it is possible to observe a culture state of the
matrix 8 with ease.
[0040] Furthermore, if a state of affairs in the matrix 8
inside the culture chamber 4 is caught as image infor-
mation by using an imaging means such as a video cam-
era and a digital camera not shown in the drawing, and
if the state of affairs in the matrix 8 is observed through
the image information, it is possible to visually catch a
state of affairs in proliferation and growth of the matrix
8. By this, it is possible to accurately grasp the stages
of growth, and it is possible to take exact measures ac-
cording to a state of affairs in a culture.
[0041] According to the cell/tissue culture apparatus-
es mentioned above, it is possible to give a physical
stimulation by compression due to a desired pressing
force or by cancellation thereof to a cell or tissue to be
cultured, and it is possible to promote a culture.
[0042] The configurations, the actions and the effects
as the modes for carrying out the present invention are
described by referring to the embodiments shown in the
drawings. However, the present invention is not limited
to the modes for carrying out the present invention and
the embodiments mentioned above. The present inven-
tion includes all configurations which can be predicted
or conjectured by a person skilled in the art, namely, var-
ious kinds of compositions, modified examples, and so
on, which are conjectured from the objects of the inven-
tion, the modes for carrying out the invention, and the
embodiments of the invention.

INDUSTRIAL APPLICABILITY

[0043] As described above, the cell/tissue culture ap-
paratus according to the present invention can give a
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physical stimulation by compression due to a desired
pressing force or by cancellation thereof to a cell or tis-
sue to be cultured, can make a culture promote, and is
useful for a culture of a cell or tissue of a human body.

Claims

1. A cell/tissue culture apparatus, comprising:

a chamber that accommodates a cultured ob-
ject and supplies a culture fluid;
a pressing means that is movably placed in the
chamber and gives a physical stimulation due
to a press to said cultured object by movement
thereof; and
a driving means that gives a driving force to said
pressing means for giving said physical stimu-
lation to said cultured object from an outside of
said chamber in a state out of contact with said
pressing means.

2. The cell/tissue culture apparatus of claim 1, wherein
said physical stimulation is a compressive force.

3. The cell/tissue culture apparatus of claim 1, wherein
said driving force is given to said pressing means
by means of magnetic coupling between said press-
ing means and said driving means.

4. The cell/tissue culture apparatus of claim 1, wherein
a part or the whole of a member constituting said
chamber is made transparent, and said cultured ob-
ject of its inside is made it possible to be visually
recognized from an outside.
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