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(57) A cell capture apparatus (101-105) comprises a
centrifugal container (110, 110’, 120) that can be mount-
ed in a centrifuge (201, 202), and that has a space (110s)
in which a test liquid containing target cells is held, and
an inner surface (113) that defines the space (110s); and
a cell adhesion layer (111) that is disposed on the inner
surface (113) and adsorbs the target cells (150, 150A,
150B) in the test liquid.
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Description

TECHNICAL FIELD

[0001] The present application relates to a cell capture device, a centrifugal container, a cell capture apparatus, and
a cell capture method.

BACKGROUND ART

[0002] There have been studies in recent years in which various kinds of cell other than blood cell components and
plasma components contained in intravascular fluid such as blood or lymphatic fluid are detected and separated, and
these are used for the prevention and treatment of disease.
[0003] Among various cells, tumor cells, for example, are released into the blood from primary tumor tissue or metastatic
tumor tissue via EMT (epithelial-mesenchymal transformation), and circulate in the bloodstream as circulating tumor
cells (CTC). Therefore, the progression and metastasis of cancer can be predicted by measuring the amount of circulating
tumor cells in the blood.
[0004] Here, circulating tumor cells or other such cells that are to be measured can be separated and detected without
being damaged, which allows the cells to proliferate and information about those cells to be analyzed.
[0005] For instance, Patent Literature 1 discloses a cell separation method in which cells in a test liquid are adsorbed
and separated using a wettable composition containing intermediate water.

CITATION LIST

PATENT LITERATURE

[0006] Patent Literature 1: Japanese Patent No. 6,474,540

SUMMARY

[0007] However, the following problem is encountered with the conventional cell separation method described above.
[0008] With the cell separation method disclosed in the above document, it was difficult to efficiently capture target
cells, such as circulating tumor cells, which are present in only trace amounts in the blood.

(TECHNICAL PROBLEM)

[0009] It is an object of the present invention to provide a cell capture device, a centrifugal container, a cell capture
apparatus, and a cell capture method with which target cells can be captured efficiently.

(SOLUTION TO PROBLEM)

[0010] The cell capture device according to an embodiment of the present disclosure comprises a centrifugal container
that can be mounted in a centrifuge, and that has a space in which a test liquid containing target cells is held, and an
inner surface that defines the space; and a cell adhesion layer that is disposed on the inner surface and includes a first
biocompatible polymeric material capable of containing intermediate water.
[0011] The centrifugal container according to the present invention is a centrifugal container that can be mounted in
a centrifuge, and that comprises an inner surface and a cell adhesion layer. The inner surface defines a space for holding
a test liquid containing the target cells. The cell adhesion layer is disposed in a capture region of the inner surface that
is substantially parallel to the centrifugal direction in which centrifugal force is applied by the centrifuge, and adsorbs
the target cells in the test liquid.
[0012] The centrifugal container according to the present invention is a centrifugal container that is mounted in a
centrifuge and is rotationally driven while the orientation is changed as necessary in each step, and comprises a main
body, an inner surface, and a cell adhesion layer. The inner surface is provided inside the main body and forms a holding
space for holding a test liquid containing target cells and contaminants other than the target cells. The cell adhesion
layer is provided to a part of the inner surface in order to adsorb the target cells in the test liquid, and is disposed
substantially vertically with respect to the direction of the centrifugal force applied by the rotation of the centrifuge when
capturing the target cells contained in the test liquid poured into the holding space, and is disposed substantially hori-
zontally with respect to the centrifugal force when removing the contaminants.
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(EFFECTS)

[0013] The present invention allows target cells to be captured efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is an oblique view of the appearance of the cell capture apparatus according to a first embodiment;
Fig. 2 is an oblique view of a cell capture device of the cell capture apparatus shown in Fig. 1;
Fig. 3 is a cross-sectional view of the cell capture device of the cell capture apparatus shown in Fig. 1;
Fig. 4 is an oblique view showing a state in which the cell device is rotated and centrifugal force is applied in the
cell capture apparatus according to the first embodiment;
Fig. 5 is a schematic diagram showing the hydration structure of a biocompatible polymeric material and the hydration
shell of a target cell;
Fig. 6 is a schematic diagram illustrating how centrifugal force acts on target cells in a test liquid;
Fig. 7 is a schematic diagram illustrating the effect of centrifugal force on the adsorption of target cells to the cell
adhesion layer;
Fig. 8 is a schematic diagram illustrating the effect of centrifugal force on the adsorption of target cells to the cell
adhesion layer.
Fig. 9 is a schematic diagram illustrating the effect of centrifugal force on the adsorption of target cells to the cell
adhesion layer;
Fig. 10 is a cross-sectional view of another mode of the cell capture device;
Fig. 11 is a cross-sectional view showing another mode of the cell capture device;
Fig. 12 is a cross-sectional view showing another mode of the cell capture device;
Fig. 13 is an oblique view of the appearance of the cell capture apparatus according to a second embodiment;
Fig. 14 is an exploded oblique view of the cell capture device of the cell capture apparatus shown in Fig. 13;
Fig. 15 is a cross-sectional view of the cell capture device of the cell capture apparatus shown in Fig. 13;
Fig. 16 is a flowchart showing an embodiment of a cell capture method;
Fig. 17 is a graph of the results of an experimental example, and shows the relation between how long the centrifugal
force is applied and the capture rate;
Fig. 18 is an overall oblique view of the cell capture apparatus, and shows the state before the centrifugal container
according to an embodiment of the present invention is mounted in a centrifuge;
Fig. 19 is an overall oblique view of the cell capture apparatus, and shows a state in which the centrifugal container
of Fig. 18 is has been mounted in the centrifuge;
Fig. 20 is a schematic diagram of the hydration structure of a target cell and a biocompatible polymeric material;
Fig. 21A is a schematic diagram of target cells and contaminants contained in a test liquid placed in a centrifugal
container, and Fig. 21B is a schematic diagram of a state in which the target cells and contaminants are subjected
to centrifugal force when the centrifugal container is rotated by the centrifuge.
Fig. 22 is an exploded oblique view showing the configuration of the centrifugal container in Fig. 18, etc.;
Fig. 23 is a cross-sectional view of the centrifugal container in Fig. 22;
Fig. 24 is a plan view of the centrifugal container in Fig. 22;
Fig. 25A is a plan view of a state in which a test liquid containing target cells, etc., has been placed in the centrifugal
container in Fig. 24, and Fig. 25B is a cross-sectional view along the A-A line in Fig. 25A;
Figs. 26A and 26B are diagrams of a state in which the target cells, etc., in Fig. 25A have sunken in the test liquid,
and Figs. 26C and 26D are diagrams of the movement of the target cells, etc., when the centrifugal container is
rotated around the rotation axis;
Fig. 27A is a plan view of the movement of contaminants other than the target cells when the centrifugal container
is rotated around the rotation axis, and Fig. 27B is a cross-sectional view along the B-B line in Fig. 27A;
Fig. 28A is a plan view of the movement of contaminants, etc., other than the target cells when the centrifugal
container is further rotated around the rotation axis, and Fig. 28B is a cross-sectional view along the C-C line in Fig.
28A;
Fig. 29 is a flowchart showing the flow of processing in a cell capture method performed by the cell capture apparatus
in Fig. 18;
Fig. 30 is an exploded oblique view of the configuration of the centrifugal container according to another embodiment
of the present invention;
Fig. 31A is a plan view of the centrifugal container in Fig. 30, and Fig. 31B is a cross-sectional view along the D-D
line in Fig. 31A;



EP 4 379 036 A1

4

5

10

15

20

25

30

35

40

45

50

55

Fig. 32 is an exploded oblique view of the configuration of the centrifugal container according to yet another em-
bodiment of the present invention;
Fig. 33A is a plan view of the centrifugal container in Fig. 32, and Fig. 33B is a cross-sectional view along the E-E
line in Fig. 33A;
Fig. 34 is a cross-sectional view of the force exerted on contaminants, etc., that move along the curved surface
when the centrifugal container shown in Fig. 33B is rotated around the rotation axis;
Fig. 35 is an exploded oblique view of the configuration of the centrifugal container according to yet another em-
bodiment of the present invention;
Fig. 36A is a plan view of the centrifugal container in Fig. 35, and Fig. 36B is a cross-sectional view along the F-F
line in Fig. 36A;
Fig. 37 is an exploded oblique view of the configuration of the centrifugal container according to yet another em-
bodiment of the present invention;
Fig. 38A is a plan view of the centrifugal container in Fig. 37, and Fig. 38B is a cross-sectional view along the G-G
line in Fig. 38A;
Fig.39 is an exploded oblique view of the configuration of the centrifugal container according to yet another embod-
iment of the present invention;
Fig. 40A is a plan view of the centrifugal container in Fig. 39, and Fig. 40B is a cross-sectional view along the H-H
line in Fig. 40A;
Figs. 41A and 41B are cross-sectional views of the configuration of the centrifugal container according to yet another
embodiment of the present invention;
Fig. 42 is an oblique view of a state in which the centrifugal container according to yet another embodiment of the
present invention is mounted in a centrifuge;
Fig. 43 is an oblique view of the configuration of the centrifugal container in Fig. 42;
Fig. 44A is a plan view of the centrifugal container in Fig. 43, and Fig. 44B is a cross-sectional view along the I-I
line in Fig. 44A;
Fig. 45 is an oblique view of the configuration of the cell capture apparatus when the centrifugal container according
to an embodiment of the present invention is mounted in a centrifuge;
Fig. 46 is an oblique view of the configuration of the cell capture apparatus in which the centrifugal container in Fig.
45 has been mounted in a centrifuge;
Fig. 47 is a schematic diagram of the hydration structure of a target cell and a biocompatible polymeric material;
Fig. 48 is an oblique view of the configuration of the centrifugal container in Fig. 45;
Fig. 49A is a plan view of the centrifugal container in Fig. 48, Fig. 49B is a cross-sectional view along the A-A line
in Fig. 49A, and Fig. 49C is a cross-sectional view along B-B line in Fig. 49A;
Fig. 50A is a cross-sectional view of the state before rotation of the centrifuge shown in Fig. 45, or a state in which
the centrifuge is spinning at a rotation speed at which a centrifugal force less than a specific value is being applied,
and Fig. 50B is a cross-sectional view of a state in which the orientation of the centrifugal container has changed
when the rotation speed is increased from the state in Fig. 50A and centrifugal force of a specific value or more is
applied;
Fig. 51A is a cross-sectional view of a state in which a sample has been poured into the pouring chamber of the
centrifugal container in Fig. 47, and Fig. 51B is a cross-sectional view of a state in which the centrifuge is rotated
at a rotation speed V1 from the state in Fig. 51A, centrifugal force is applied to the sample in the centrifugal container,
and the liquid is transferred from the pouring chamber into the capture chamber;
Fig. 52A is a cross-sectional view of a state in which the liquid transfer step in Fig. 51B has been completed, and
Fig. 52B is a cross-sectional view of the step of rotating the centrifuge at the rotation speed V2 from the state in Fig.
52A to apply centrifugal force to the target cells in the capture chamber and press them against the cell adhesion
layer for capture;
Figs. 53A and 53B are cross-sectional views of a state in which the rotation speed is further increased from the
state in Fig. 52B to V3 to increase the centrifugal force, and the orientation of the centrifugal container is changed
to be substantially horizontal;
Fig. 54 is a cross-sectional view of a rinsing step in which the centrifuge is rotated at a rotation speed of V4 from
the state in Fig. 53B to leave only the target cells in the cell adhesion layer and move contaminants outward in the
centrifugal direction;
Fig. 55 is a graph of the relation between elapsed time and rotation speed in each of the steps of pumping, capturing,
changing direction, and rinsing;
Fig. 56A is a cross-sectional view of the target cells and contaminants contained in a sample pumped into the capture
chamber, and Fig. 56B is a cross-sectional view of processing in which the centrifuge is rotated at a rotation speed
V2 from the state in Fig. 56A to apply centrifugal force to the target cells, etc., and press the target cells against the
cell adhesion layer for capture;
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Fig. 57A is a cross-sectional view of processing in which the centrifuge is rotated from the state in Fig. 56B at a
rotation speed V3 and the orientation of the centrifugal container is changed from vertical to horizontal, and Fig.
57B is a cross-sectional view of a rinsing step in which the centrifuge is further rotated from the state in Fig. 57A at
a rotation speed V4 to leave only the target cells in the cell adhesion layer and move contaminants outward in the
centrifugal direction;
Fig. 58A is a cross-sectional view of a state in which air is mixed with the sample in the capture chamber of the
centrifugal container, and Fig. 58B is a cross-sectional view of a state in which the centrifuge is rotated from the
state in Fig. 58A to apply centrifugal force, and as a result, when the air moves inward in the centrifugal direction,
the target cells are pulled away from the cell adhesion layer and move outward in the centrifugal direction;
Fig. 59 is a flowchart showing the flow of processing in a cell capture method performed by the cell capture apparatus
including the centrifugal container and the centrifuge in Fig. 45;
Figure 60 is an oblique view of the configuration of the centrifugal container according to yet another embodiment
of this invention;
Fig. 61A is a plan view of the centrifugal container in Fig. 60, Fig. 61B is a cross-sectional view along the C-C line
in Fig. 61A, and Fig. 61C is a cross-sectional view along the D-D line in Fig. 61A;
Fig. 62 is an oblique view of the configuration of the centrifugal container according to yet another embodiment of
the present invention;
Fig. 63A is a plan view of the centrifugal container in Fig. 62, Fig. 63B is a cross-sectional view along the E-E line
in Fig. 63A, and Fig. 63C is a cross-sectional view along the F-F line in Fig. 63A;
Fig. 64 is an oblique view of the configuration of the centrifugal container according to yet another embodiment of
the present invention;
Fig. 65A is a plan view of the centrifugal container in Fig. 64, Fig. 65B is a cross-sectional view along the G-G line
in Fig. 65A, and Fig. 65C is a cross-sectional view along the H-H line in Fig. 65A; and
Figs. 66A and 66B are oblique views of the configuration of a rotor of a centrifuge according to yet another embodiment
of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0015] Biological cells are believed to be surrounded by hydration shells composed of water molecules in various
states, and it is believed to be preferable for a structure to be captured also to have a similar hydration structure in order
to capture biological cells in a state in which there is no damage or major structural change. Nevertheless, the interaction
between the hydration structure of such structures and the hydration structure of biological cells may be weak, making
it difficult to capture cells efficiently. The inventors of the present application have come up with a cell capture device,
a cell capture apparatus, and a cell capture method with which cells can be efficiently captured by utilizing centrifugal
force to capture cells. The cell capture device, cell capture apparatus, and cell capture method in this embodiment are
as follows.

[Item 1]

[0016] A cell capture device, comprising:

a centrifugal container that can be mounted in a centrifuge, and that has a space in which a test liquid containing
target cells is held, and an inner surface that defines the space; and
a cell adhesion layer that is disposed on the inner surface and adsorbs the target cells in the test liquid.

[Item 2]

[0017] The cell capture device according to item 1, wherein the cell adhesion layer is disposed in a capture region of
the inner surface that is not parallel to the centrifugal direction of the centrifugal container.

[Item 3]

[0018] The cell capture device according to item 2, further comprising a cell adhesion suppression layer that is disposed
in a region of the inner surface other than the capture region, and that suppresses adsorption of the target cells in the
test liquid.
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[Item 4]

[0019] The cell capture device according to any of items 1 to 3, wherein the target cells include at least one type
selected from the group consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic
cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate
cells, and pancreatic islet cells, and the cell adhesion layer adsorbs the target cells.

[Item 5]

[0020] The cell capture device according to any of claims 1 to 4, wherein the cell adhesion layer includes a first
biocompatible polymeric material, and
the first biocompatible polymeric material includes one or more of the polymers expressed by the following formulas 1
to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting one or
more types of polymer selected from the group consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl methyl
ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl ether, polytetrahydro-
furfuryl acrylate, and polytetrahydrofurfuryl methacrylate.

(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer of 1, 2,
or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)

(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group, m is an
integer of 0, 1, or 2, and n is a repeating unit.)
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(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)

[Item 6]

[0021] The cell capture device according to item 3, wherein the cell adhesion suppression layer includes a second
biocompatible polymeric material, and
the second biocompatible polymeric material includes a polymer having phospholipid polar groups.

[Item 7]

[0022] The cell capture device according to item 3, wherein the centrifugal container has a cylindrical shape having
the space,

the space has a columnar shape,
the inner surface includes a side surface portion that defines the side portion of the columnar shape, and a bottom
surface portion that defines the bottom portion of the columnar shape, and
the cell adhesion layer covers the bottom surface portion of the columnar inner surface.

[Item 8]

[0023] The cell capture device according to item 7, wherein the bottom surface portion is partially spherical.

[Item 9]

[0024] The cell capture device according to item 8, wherein the cell adhesion layer is disposed on an arc with respect
to the center of rotation.

[Item 10]

[0025] The cell capture device according to any of items 7 to 9, wherein the cell adhesion suppression layer covers
the side surface portion of the columnar inner surface.

[Item 11]

[0026] The cell capture device according to item 3, wherein the centrifugal container has a disk shape having an upper
surface, a lower surface, and a rotary shaft,

the space is formed at a position that is away from the rotary shaft of the disk shape in the radial direction,
the inner surface includes an outer side surface portion that is farthest away from the rotary shaft in the radial
direction, and
the cell adhesion layer is disposed on the outer side surface portion.

[Item 12]

[0027] The cell capture device according to item 11, wherein the cell adhesion suppression layer covers the surface
of the inner surface other than the outer side surface portion.
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[Item 13]

[0028] A cell capture apparatus, comprising:

the cell capture device according to any of items 1 to 12; and
a centrifuge in which the cell capture device can be mounted, and that applies centrifugal force to the cell capture
device by rotating the cell capture device.

[Item 14]

[0029] A cell capture method, comprising:

a step of introducing a test liquid containing target cells into a space of a cell capture device comprising a space for
holding a test liquid containing target cells, a centrifugal container having an inner surface that defines the space,
and a cell adhesion layer including a first biocompatible polymeric material that is disposed on the inner surface
and adsorbs the target cells in the test liquid; and
a step of mounting the cell capture device in a centrifuge and rotating the cell capture device to adsorb the target
cells to the cell adhesion layer.

[Item 15]

[0030] The cell capture method according to item 14, wherein, in the adsorption step, a centrifugal force of at least
500 G and no more than 10,000 G is applied to the test liquid held in the cell capture device.

[Item 16]

[0031] The cell capture method according to item 14 or 15, further comprising a step of bringing a liquid containing
water into contact with the cell adhesion layer prior to the introduction step.

[Item 17]

[0032] The cell capture method according to any of items 14 to 16, wherein the cell adhesion layer is disposed in a
capture region of the inner surface that is not parallel to the centrifugal direction of the centrifugal container.

[Item 18]

[0033] The cell capture method according to any of items 14 to 17, wherein the target cells include at least one type
selected from the group consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic
cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate
cells, and pancreatic islet cells, and the cell adhesion layer adsorbs the target cells.

[Item 19]

[0034] The cell capture method according to any of items 14 to 18, wherein the first biocompatible polymeric material
includes one or more of the polymers expressed by the following formulas 1 to 4, or a copolymer of a monomer constituting
the polymer expressed by formula 1 and a monomer constituting one or more types of polymer selected from the group
consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl methyl ether, polymethoxyethyl acrylamide, polymeth-
oxyethyl methacrylamide, polymethoxyethyl vinyl ether, polytetrahydrofurfuryl acrylate, and polytetrahydrofurfuryl meth-
acrylate.
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(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer of 1, 2,
or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)

(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group, m is an
integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)
[0035] The cell capture device, cell capture apparatus, and cell capture method of this embodiment capture target
cells in a test liquid, such as blood or lymphatic fluid. The target cells are at least one type selected from the group
consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic cells, smooth muscle
cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate cells, and pancreatic
islet cells contained in intravascular fluids such as blood and lymphatic fluid. The cell capture device, cell capture
apparatus, and cell capture method of this embodiment will now be described in specific terms with reference to the
drawings.
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First Embodiment

[0036] Fig. 1 shows the appearance of a cell capture apparatus 301 of this embodiment. The cell capture apparatus
301 comprises a cell capture apparatus 101 and a centrifuge 201.
[0037] Figs. 2 and 3 are an oblique view and a cross-sectional view of the cell capture apparatus 101. The cell capture
apparatus 101 comprises a centrifugal container 110 and a cell adhesion layer 111. The centrifugal container 110 can
be mounted in the centrifuge 201 as mentioned above. The centrifugal container 110 has a space 110s for holding a
test liquid containing target cells, and an inner surface 113 that defines the space 110s. In this embodiment, the space
110s has a cylindrical shape. The shape of the space 110s is not limited to that of a cylinder, and may instead have
some other shape. The centrifugal container 110 has a cylindrical shape having the space 110s. More specifically, the
centrifugal container 110 has a tubular shape.
[0038] In this embodiment, the inner surface 113 that defines the space 110s includes a side surface portion 113s
and a bottom surface portion 113b. When the cell capture apparatus 101 is mounted in the centrifuge 201 and centrifugal
force is exerted on the cell capture apparatus 101, the centrifugal direction in which the centrifugal force acts on the cell
capture apparatus 101 is indicated by the arrow G. Here, of the inner surface 113, the side surface portion 113s is
substantially parallel to the centrifugal direction G. On the other hand, the bottom surface portion 113b is not parallel to
the centrifugal direction G. Therefore, when centrifugal force acts on the cell capture apparatus 101 in a state in which
the test liquid has been introduced into the space 110s, the test liquid and the target cells in the test liquid are pressed
against the bottom surface portion 113b. The bottom surface portion 113b is a capture region against which target cells
are pressed by centrifugal force. That is, the capture region is not parallel to the centrifugal direction.
[0039] In this embodiment, the bottom surface portion 113b is a single circular flat surface, and the side surface portion
113s is a single cylindrical curved surface. However, the bottom surface portion 113b and the side surface portion 113s
may each be composed of a plurality of surfaces. Alternatively, the bottom surface portion 113b and the side surface
portion 113s may be connected by a smooth curved surface, without any clear boundary between them.
[0040] The volume of the space 110s of the centrifugal container 110 can be determined according to the test liquid.
For instance, the volume of the space 110s is at least 20 mL and no more than 50 mL. Also, the centrifugal container
110 can be made from various materials, such as glass, resin, or metal.
[0041] The cell adhesion layer 111 is disposed on the inner surface 113. More specifically, the cell adhesion layer 111
is disposed on at least on the bottom surface portion 113b of the inner surface 113, which is the capture region. The
cell adhesion layer 111 is a layer that adsorbs target cells in the test liquid. The cell adhesion layer 111 includes a first
biocompatible polymeric material.
[0042] The first biocompatible polymeric material may contain intermediate water. In a hydrated state, the first bio-
compatible polymeric material preferably contains intermediate water in a proportion of at least 1 wt% and no more than
30 wt% with respect to the whole. Also, the first biocompatible polymeric material preferably contains more intermediate
water than free water in a hydrated state.
[0043] More specifically, the first biocompatible polymeric material includes one or more of the polymers expressed
by the following formulas 1 to 4.

[0044] In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer
of 1, 2, or 3, and n is a repeating unit.
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[0045] In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.

[0046] In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group,
m is an integer of 0, 1, or 2, and n is a repeating unit.

[0047] In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.
[0048] Specific examples of the polymer expressed by formula 1 include:

poly(2-methoxyethyl acrylate) (PMEA),
poly(2-ethoxyethyl acrylate) (PEEA or PEtEA),
poly[2-(2-methoxyethoxy)ethyl methacrylate] (PMe2A),
poly[2-(2-ethoxyethoxy)ethyl acrylate] (PEt2A),
poly(6-methoxyhexyl acrylate) (PMC6A),
poly(butoxyethyl acrylate) (PBuEA),
poly[2-(2-ethoxyethoxy)ethyl acrylate] (PEt2A),
poly[2-(2-(2-methoxyethoxy)ethoxy)ethyl acrylate], and
poly[2-(2-ethoxyethoxy)ethyl methacrylate].

[0049] A specific example of the polymeric material expressed by formula 2 is poly(tetrahydrofurfuryl acrylate).
[0050] Specific examples of the polymeric material expressed by formula 3 include polymethylene glutaric acid and
polyitaconic acid.
[0051] A specific example of the polymeric material expressed by formula 4 is poly- α-allyloxymethyl methoxyethyl
acrylate.
[0052] The first biocompatible polymeric material may include a copolymer of a monomer constituting the polymer
expressed by formula 1 and a monomer constituting at least one polymer selected from the group consisting of poly-
ethylene glycol, polyvinylpyrrolidone, polyvinyl methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacr-
ylamide, and polymethoxyethyl vinyl ether, polytetrahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate. Ac-
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cording to Patent Literature 1, the size of the target cells that can be adsorbed varies with the amount of intermediate
water that can be contained in the first biocompatible polymeric material. The amount of intermediate water that can be
contained can be adjusted by varying the proportions of the two or more monomers in the copolymer.
[0053] The cell capture apparatus 101 may further comprise a cell adhesion suppression layer 112 that is disposed
on the inner surface 113 in a region other than the capture region. In this embodiment, the side surface portion 113s,
which is a region other than the bottom surface portion 113b, is a region other than the capture region, and the cell
adhesion suppression layer 112 is located on the side surface portion 113s.
[0054] The cell adhesion suppression layer 112 is a layer that suppresses the adsorption of target cells in the test
liquid. The cell adhesion suppression layer 112 includes a second biocompatible polymeric material. The second bio-
compatible polymeric material may contain intermediate water in a proportion of at least 30 wt% with respect to the
whole in a hydrated state. The second biocompatible polymeric material may contain more free water than intermediate
water in a hydrated state. Alternatively, the second biocompatible polymeric material may contain more intermediate
water than free water in a hydrated state. The second biocompatible polymeric material is a polymer having phospholipid
polar groups. More specifically, the second biocompatible polymeric material includes poly(2-
methacryloyloxyethylphosphorylcholine ) and the like.
[0055] The first biocompatible polymeric material and the second biocompatible polymeric material may contain in-
termediate water and/or free water when capturing target cells, and the first biocompatible polymeric material and the
second biocompatible polymeric material need not contain intermediate water, free water, etc., when the cell capture
apparatus 101 is being fabricated, procured, stored, etc.
[0056] The cell adhesion layer 111 containing the first biocompatible polymeric material and the cell adhesion sup-
pression layer 112 containing the second biocompatible polymeric material can be formed by spray dipping or another
such coating method, by graft polymerization with ultraviolet rays, electron beams, radiation, or the like, by chemical
reaction with a functional group of the material constituting the centrifugal container 110, or the like. Also, the thickness
of the cell adhesion layer 111 and the cell adhesion suppression layer 112 is, for example, 0.01 to 0.4 mm.
[0057] Next, the centrifuge 201 will be described. The centrifuge 201 is, for example, an ordinary centrifuge of the kind
used in medicine, life sciences, biotechnology, and other such fields. The cell capture apparatus 101 can be mounted
in the centrifuge 201, and the centrifuge 201 applies centrifugal force to the cell capture apparatus 101 by the spinning
cell capture apparatus 101. More specifically, the centrifuge 201 comprises a plurality of buckets 211 that hold a cell
capture apparatus 101. Each of the buckets 211 is rotatably supported around one end of an arm 213 and a shaft 213a.
The other end of the arm 213 is connected to a rotary shaft 212.
[0058] When the centrifuge 201 is started, the arms 213 rotate around the rotary shaft 212, causing the cell capture
apparatuses 101 held in the buckets 211 to rotate around the rotary shaft 212. When the centrifugal force produced by
this rotation acts on the cell capture apparatus 101, the buckets 211 change their orientation so that the bottom surface
portions 211b of the buckets 211 face the outer peripheral side of a circle centered on the rotary shaft 212, as shown
in Fig. 4. Consequently, the cell capture apparatuses 101 held in the buckets 211 spin in a state in which the bottom
surface portions 113b are horizontal and facing toward the outer peripheral side of the circle centered on the rotary shaft
212, and are subjected to centrifugal force. As a result, the held test liquid and the target cells in the test liquid are
pressed against the bottom surface portion 113b by this centrifugal force.
[0059] The centrifuge 201 is capable of rotating the cell capture apparatus 101 around the rotary shaft 212 in the range
of 100 to 10,000 rpm, for example, and can exert a centrifugal force of from 100 3 g (G) to 10,000 3 g (G) on the test
liquid held in the cell capture apparatuses 101 (discussed below).
[0060] Next, the capture of target cells by the cell capture apparatus 101 will be described.
[0061] Fig. 5 is a schematic diagram of the hydration structure of a target cell 150 and a biocompatible polymeric
material 160. The biocompatible polymeric material 160 consists of a first biocompatible polymeric material and a second
biocompatible polymeric material. The target cell 150 is surrounded by a hydration shell 151 under conditions in which
a large amount of water is present, such as an intravascular fluid. The hydration shell 151 is made up of water molecules
in various states. More specifically, this includes nonfreezing water 152 that is bound by strong interaction with the target
cell 150, free water 154 that interacts weakly with the target cell 150, and intermediate water 153 that interacts with the
target cell 150 with an intermediate strength that is in between nonfreezing water and free water.
[0062] Similarly, a hydration structure 161 is formed on the surface of the biocompatible polymeric material 160 in a
hydrated state. The hydration structure 161 includes nonfreezing water 162 that is bound by strong interaction with the
target cell 150, free water 164 that interacts weakly with the target cell 150, and intermediate water 163 that interacts
with the target cell 150 with an intermediate strength that is in between nonfreezing water and free water.
[0063] In Fig. 5, for the sake of explanation, the nonfreezing water, the intermediate water, and the free water are
shown as layers disposed in that order, starting from the target cell 150 and the biocompatible polymeric material 160,
and the actual structure is not accurately reflected. The nonfreezing water is located close to atoms with which hydrogen
bonding can occur, such as oxygen or nitrogen in the molecules that make up the target cell 150 and the biocompatible
polymeric material 160.
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[0064] Nonfreezing water does not freeze (solidify) even at -150° C or below because of its strong interaction with the
target cells 150 or biocompatible polymeric material 160. Free water freezes or melts at 0° C. Intermediate water freezes
or melts at a temperature below 0 ° C, such as at several tens of degrees below zero (Celsius). When water freezes or
melts, heat is released or absorbed, so the proportion of water in these different states in the hydration shell 151 and
hydration structure 161 can be found by using a differential scanning calorimeter to measure the amounts of heat released
and absorbed, for example.
[0065] In general, a layer of intermediate water 163 and/or free water 164 is formed on the surface of biocompatible
polymeric material 160 in a hydrated state. Therefore, when a target cell 150 surrounded by the hydration shell 151
approaches the surface of the biocompatible polymeric material 160, the hydration shell 151 of the target cell 150 is in
contact with the intermediate water 163 or the free water 164 and interacts weakly. Since this interaction is not enough
to pull out the water molecules of the hydration shell 151, there is no major change to the hydration shell 151, and the
structure of the target cell is also maintained, which is believed to result in biocompatibility, or in other words, the target
cell exhibits no foreign body reaction or rejection reaction.
[0066] On the other hand, with a bioincompatible polymeric material, it is possible that almost no layers of intermediate
water and free water will be formed. Therefore, when the target cell 150 surrounded by the hydration shell 151 approaches
the surface of a bioincompatible polymeric material, the water molecules in the hydration shell 151 of the target cell 150
may interact strongly with the bioincompatible polymeric material itself or with the nonfreezing water captured on the
surface of the bioincompatible polymeric material, causing the water molecules to be desorbed from the hydration shell
151, or the structure of the hydration shell 151 may be greatly changed, resulting in changes in the three-dimensional
structure of cells, damage, etc., with the upshot being that the cell ceases to function.
[0067] The first biocompatible polymeric material contains intermediate water in its hydrated state. As described in
Patent Literature 1, a biocompatible polymeric material containing intermediate water selectively adsorbs the above-
mentioned target cells in the intravascular fluid. More specifically, a biocompatible polymeric material containing inter-
mediate water selectively captures the above-mentioned target cells without capturing blood cell components or protein
components in the blood.
[0068] However, investigation by the inventors of the present application has revealed that a biocompatible polymeric
material containing intermediate water will not capture a sufficient number of target cells because the adsorption of the
target cells is not strong. Either that, or the capture takes a long time. Investigation performed by the inventors of the
present application has found that, as described in the working examples given below, using centrifugal force is an
effective means of increasing the number of captured cells without significantly affecting the activity of the target cells.
[0069] As shown in Fig. 6, the test liquid 170 containing the target cells 150 is introduced into the cell capture apparatus
101, the cell capture apparatus 101 is mounted in the centrifuge 201, and the cell capture apparatus 101 is spun as
discussed above. As a result, centrifugal force is exerted on the test liquid 170 and the target cells 150 in the test liquid
170 along the centrifugal direction G as shown in Fig. 6. Since the cell adhesion layer 111 containing the first biocompatible
polymeric material is disposed on the bottom surface portion 113b, which is a capture region not parallel to the centrifugal
direction G, the target cells 150 subjected to centrifugal force are pressed against the cell adhesion layer 111.
[0070] The mechanism by which the target cells 150 are efficiently captured by the cell adhesion layer 111 by the
application of centrifugal force is assumed to be as follows.

(1) Expansion of Contact Surface Area

[0071] As shown in the upper part of Fig. 7, the target cells 150 surrounded by hydration shells are believed to have
an overall spherical shape. Therefore, when the target cells 150 approach or come into contact with the hydration
structure 161 formed on the surface of the cell adhesion layer 111 due to natural settling caused by gravity, for example,
the surface area where interaction with the cell adhesion layer 111 occurs is small. By contrast, when centrifugal force
is exerted on the target cells 150, it is believed that the target cells 150 deform into a flattened shape under the centrifugal
force. It is thought that this enlarges the surface area over which there is interaction with the hydration structure 161,
and that the target cells 150 are securely adsorbed by the cell adhesion layer 111.

(2) Fixing of Target Cells

[0072] As shown in the upper part of Fig. 8, when the target cells 150 approach or come into contact with the hydration
structure 161 formed on the surface of the cell adhesion layer 111, if the interaction is weak, the water molecules in the
target cells 150 will move of near the surface of the hydration structure 161, making stable interaction difficult. By contrast,
it is believed that when centrifugal force is exerted on the target cells 150, the target cells 150 move closer to the hydration
structure 161, making it possible for stable interaction with the water molecules in the hydration structure 161 to interact
earlier, and the target cells 150 are strongly adsorbed by the cell adhesion layer 111.
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(3) Elimination of Stacked Structure

[0073] As shown in the upper part of Fig. 9, when a large number of target cells 150 are contained in the test liquid,
they will sometimes stack up on the surface of the cell adhesion layer 111 by natural settling. The target cells 150A in
the lower layer closer to the cell adhesion layer 111 have stable interaction due to their proximity to the hydration structure
161, but the target cells 150B in the upper layer interact more weakly because they are father away from the hydration
structure 161. By contrast, when centrifugal force is exerted on the target cells 150, the target cells 150B in the upper
layer are subjected to the centrifugal force before the target cells 150A in the lower layer of the stacked target cells 150
undergo stable interaction with the hydration structure 161, and push away the underlying target cells 150A in the lower
layer, thereby moving closer to the cell adhesion layer 111. Consequently, it is believed that the target cells 150A and
150B are both in close proximity to the hydration structure 161 and undergo stable interaction, and are thereby more
securely adsorbed to the cell adhesion layer 111.

(4) Reduction of Adsorption Time

[0074] When the target cells are in a dispersed state in the test liquid, those target cells located farther away from the
cell adhesion layer will take longer to approach the cell adhesion layer. By contrast, when centrifugal force is applied to
the test liquid, it is possible to bring any target cells that are farther away from the cell adhesion layer closer to the cell
adhesion layer, so that many target cells can be adsorbed to the cell adhesion layer in a short time.
[0075] In addition to the effect produced by centrifugal force, when some target cells, such as circulating tumor cells
in the blood, are adsorbed to the cell adhesion layer, this is believed to be related to the strong interaction of the cell
adhesion molecules possessed by the cells with the cell adhesion layer.
[0076] Also, the amount of target cells is extremely small compared to blood cell components in the blood. Therefore,
when centrifugal force is exerted on the test liquid, there will be cases in which a large amount of blood cell component
settles on the cell adhesion layer 111 and interfere with the adsorption of the target cells 150 by the above-mentioned
action. In such a case, it is preferable to remove the blood cell component from the test liquid in advance, or reduce the
blood cell component to the extent that capture of the target cells 150 will not be significantly affected. For example, the
test liquid may be subjected to pretreatment such as red blood cell separation using a specific gravity adjusting agent,
or red blood cell removal using a hemolyzing agent.
[0077] In this embodiment, the cell capture apparatus 101 comprises the cell adhesion suppression layer 112 disposed
in the region of the inner surface 113 other than the capture region, that is, the side surface portion 113s. Since the side
surface portion 113s is parallel to the centrifugal direction, the target cells located near the side surface portion 113s
are subjected to centrifugal force without making contact with the side surface portion 113s, and move toward the cell
adhesion layer 111 located on the bottom surface portion 113b. However, if the centrifugal container 110 is formed from
a material that is not biocompatible, there is the possibility that the target cells near the surface of the side surface portion
113s will make contact with or be adsorbed to the side surface portion 113s and be damaged. Nevertheless, if the cell
adhesion suppression layer 112 is disposed on the side surface portion 113s, the target cells are less likely to be damaged
in this way. Since it is possible for the cell adhesion suppression layer 112 to contain more free water than intermediate
water, nearby target cells are not strongly bound. Therefore, disposing the cell adhesion suppression layer 112 makes
it possible to efficiently capture the target cells in the capture region without damaging the target cells in the test liquid.
[0078] Thus, with the cell capture device and the cell capture apparatus of this embodiment, it is possible to efficiently
capture target cells such as circulating tumor cells in the test liquid by using centrifugal force. Also, since the target cells
are captured using a biocompatible polymeric material, it is possible to capture target cells while they are alive, with less
damage to the target cells.
[0079] Various modifications can be made to the cell capture device and cell capture apparatus of this embodiment.
The side surface portion 113s of the cell capture apparatus 101 may be configured differently. For example, the cell
capture apparatus 102 shown in Fig. 10 differs from the cell capture apparatus 101 in that it comprises a cell adhesion
layer 114 on the side surface portion 113s. A cell adhesion layer 114 is similar to the cell adhesion layer 111 in including
a first biocompatible polymeric material. Materials that can be used as the first biocompatible polymeric material are as
discussed above. The first biocompatible polymeric material of the cell adhesion layer 111 and the first biocompatible
polymeric material of the cell adhesion layer 114 may be the same or different.
[0080] When the side surface portion 113s is covered by the cell adhesion layer 114, a single layer can be formed on
the surface of the inner surface 113, so the cost of manufacturing the cell adhesion layer 114 can be reduced, and fewer
manufacturing steps will be entailed. On the other hand, when the side surface portion 113s is covered by the cell
adhesion layer 114, it is possible that the target cells will also be adsorbed to the side surface portion 113s. However,
the centrifugal force acts in the direction of moving the target cells adsorbed to the cell adhesion layer 114 of the side
surface portion 113s parallel to the surface of the cell adhesion layer 111. Accordingly, the target cells are substantially
less likely to be adsorbed to the side surface portion 113s.
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[0081] The cell capture apparatus 103 shown in Fig. 11 is different from the cell capture apparatus 101 in that a
centrifugal container 110’ is formed from a second biocompatible polymeric material, and no cell adhesion suppression
layer is provided. Because the centrifugal container 110’ is formed from the second biocompatible polymeric material,
the side surface portion 113’s is biocompatible and is unlikely to adsorb target cells even though no cell adhesion
suppression layer is provided. Consequently, the same effect as that with the cell capture apparatus 101 can be exhibited.
[0082] The cell capture apparatus 104 shown in Fig. 12 differs from the cell capture apparatus 101 in that the bottom
surface portion 113b’ of the inner surface 113’ of the centrifugal container 110" has a partially spherical shape. The
bottom surface portion 113b’ is preferably part of a spherical surface whose center is a point 212c at which the rotary
shaft 212 intersects with a plane parallel to the centrifugal direction and passing through the center of the cell capture
apparatus 103 when the cell capture apparatus 103 is mounted in the centrifuge 201 the cell capture apparatus 103 is
spun so that the cell capture apparatus 103 faces in the horizontal direction. Accordingly, in a plane perpendicular to
the rotary shaft 212, the cell adhesion layer 111 is disposed on an arc with respect to the center of rotation of the cell
capture apparatus 103.
[0083] Because the bottom surface portion 113b’ has this shape, the centrifugal force acting on the bottom surface
portion 113b’ is uniform. Accordingly, centrifugal force of the same magnitude acts on the target cells regardless of the
position on the bottom surface portion 113b’, and the target cells are uniformly distributed and pressed against the bottom
surface portion 113b’. This makes it possible to capture target cells more efficiently.

Second Embodiment

[0084] Fig. 13 shows the appearance of a cell capture apparatus 302 in this embodiment. The cell capture apparatus
302 comprises a cell capture apparatus 105 and a centrifuge 202. Figs. 14 and 15 are an exploded oblique view and a
cross-sectional view of the cell capture apparatus 105.
[0085] With the cell capture apparatus 105 in this embodiment, centrifugal force is exerted on the held test liquid by
rotating around a rotary shaft located inside the cell capture apparatus 105. As shown in Figs. 14 and 15, the cell capture
apparatus 105 comprises a centrifugal container 120 and the cell adhesion layer 111 disposed inside the centrifugal
container 120. The centrifugal container 120 has a disk shape with an upper surface 120a, a lower surface 120b, and
a rotary shaft 120c.
[0086] In this embodiment, the centrifugal container 120 includes a base 121’ and a cover 122. The base 121’ includes
the rotary shaft 120c and a space 120s. The base 121’ has a disk shape with a specific thickness, and the space 120s
is formed in the base 121’. In this embodiment, the space 120s is formed at a position that is away from the rotary shaft
120c in the radial direction. The space 120s has a truncated-cone side shape in a plan view parallel to the upper surface
120a.
[0087] The inner surface 113 defining the space 120s has an inner side surface portion 113a that is the closest to the
rotary shaft 120c in the radial direction, an outer side surface portion 113b’ that is the farthest from the rotary shaft 120c,
side portions 113c that are parallel to the radial direction, a bottom surface portion 113d, and an top surface portion
113e. The top surface portion 113e is located on the cover 122.
[0088] The disc shape of the centrifugal container 120 has, for example, a diameter of 50 to 200 mm and a thickness
of 10 to 30 mm. Also, the volume of the space 120s is 20 to 50 mL, for example.
[0089] With the centrifugal container 120, when the centrifugal container 120 rotates around the rotary shaft 120c, the
radial direction centered on the rotary shaft 120c is the centrifugal direction G. The outer side surface portion 113b’ is
not parallel to the centrifugal direction, and the test liquid introduced into the space 120s is pressed against the outer
side surface portion 113b’. Therefore, the outer side surface portion 113b’ is the capture region, and the cell adhesion
layer 111 is disposed on the outer side surface portion 113b’. The cell adhesion suppression layer 112 is disposed on
the inner side surface portion 113a, the side surface portions 113c, the bottom surface portion 113d, and the top surface
portion 113e.
[0090] The cover 122 has a disk shape and is disposed so as to cover the upper surface of the base 121’. The cover
122 is provided with an opening 122h that communicates with the space 120s. The cover 122 may be detachably attached
to the base 121’, or may be permanently joined. A detachable configuration makes it easier to separate the target cells
that have been adsorbed to the cell adhesion layer 111.
[0091] The centrifuge 202 comprises a turntable 220’ on which the cell capture apparatus 105 can be mounted.
Mounting the cell capture apparatus 105 into which the test liquid has been introduced on the turntable 220’ and rotating
the turntable 220’ allows the target cells to be adsorbed to the cell adhesion layer 111 as described in the first embodiment.
[0092] The centrifuge 202 may, for example, make use of a sample analyzer that is used to detect and quantify a
specific component in blood by using a disk-shaped sample analysis substrate, or may be a dedicated centrifuge for the
cell capture apparatus 105 having a structure that rotates the disc-shaped substrate of this sample analyzer.
[0093] When the cell capture apparatus 302 is used, a test liquid containing the target cells is introduced into the space
120s of the cell capture apparatus 105 through the opening 122h, and the cell capture apparatus 105 is mounted on the
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turntable 220’ of the centrifuge 202. When the centrifuge 202 is switched on and the cell capture apparatus 105 is rotated,
centrifugal force acts on the target cells, and the target cells are efficiently adsorbed to the cell adhesion layer 111 as
described in the first embodiment.

Third Embodiment

[0094] An embodiment of a cell capture method will now be described. Fig. 16 is a flowchart of the cell capture method
in this embodiment. The cell capture method of this embodiment comprises a step of bringing a liquid containing water
into contact with the cell adhesion layer (S 1), a step of introducing a test liquid (S2), a step of adsorbing target cells to
the cell adhesion layer (S3), a step of washing the cell adhesion layer (S4), and a step of separating the target cells
from the cell adhesion layer (S5). These steps will be described in detail below.

(1) Step of bringing liquid containing water into contact with cell adhesion layer (S1)

[0095] A cell capture apparatus equipped with a cell capture device and a centrifuge is readied. The cell capture
apparatus may be the one from either the first or second embodiment. The following description will refer to the cell
capture apparatus 301 shown in Fig. 1.
[0096] A liquid containing water is brought into contact with the cell adhesion layer 111 of the cell capture apparatus
101 of the readied cell capture apparatus.
[0097] Any liquid containing water, pure or otherwise, can be brought into contact with the cell adhesion layer 111 so
long as a hydration structure containing intermediate water is formed on the surface of the cell adhesion layer 111. The
cell capture apparatus 101 has the cell adhesion suppression layer 112, and since it is preferable to form a hydration
structure also on the surface of the cell adhesion suppression layer 112, the liquid containing water is also brought into
contact with the cell adhesion suppression layer 112. The water-containing liquid may be the mother liquor component
of the test liquid. For example, it may be serum or a component containing serum. Using the mother liquor component
of the test liquid protects or maintains the hydration structure formed on the surfaces of the cell adhesion layer 111 and
the cell adhesion suppression layer 112, so even if the test liquid is introduced while excess mother liquor component
of the test liquid remains on these surfaces, the target cells and other components in the test liquid will make contact
with the liquid in different environments, making modification less likely.
[0098] Also, this step (S1) may be omitted in the event that a hydration structure is quickly formed on the surfaces of
the cell adhesion layer 111 and the cell adhesion suppression layer 112 by the water contained in the mother liquor of
the test liquid upon introduction of the test liquid. Also, this step (S1) can be omitted in the event that the cell capture
apparatus 101 is stored in a state in which a hydration structure is formed on the surfaces of the cell adhesion layer 111
and the cell adhesion suppression layer 112.

(2) Step of introducing test liquid (S2)

[0099] A test liquid containing target cells is introduced into the space 110s of the cell capture apparatus 101. If the
test liquid is blood, then blood cell components may be removed in advance by centrifugation or the like.

(3) Step of adsorbing the target cells to the cell adhesion layer (S3)

[0100] The cell capture apparatus 101 is mounted in the centrifuge 201, the centrifuge 201 is switched on, and the
cell capture apparatus 101 is spun to adsorb the target cells to the cell adhesion layer 111. The rotation duration is 1 to
30 minutes, for example, and the applied centrifugal force is from 500 3 g (G) to 10,000 3 g (G). The rotation duration
and the magnitude of the centrifugal force can be determined on the basis of the concentration of the target cells in the
test liquid, the size (molecular weight) of the target cells, and so forth.

(4) Step of washing the cell adhesion layer (S4)

[0101] The centrifuge 201 is stopped and the cell capture apparatus 101 is removed from the centrifuge 201. In order
to remove any cells or the like not adsorbed to the cell adhesion layer 111, the test liquid is taken out and the surface
of the cell adhesion layer 111 is rinsed with physiological saline, cell culture medium, or the like.

(5) Step of separating the target cells from the cell adhesion layer (S5)

[0102] When the target cells are to be cultured, they can be cultured in a medium together with the cell adhesion layer
to which the target cells have been adsorbed, for example. When the target cells are separated from the cell adhesion
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layer 111 to be analyzed, the target cells can be separated from the cell adhesion layer 111 by enzymatic treatment
using trypsin or the like, for example.
[0103] With the cell capture method of this embodiment, as described in the first embodiment, centrifugal force can
be used to efficiently capture target cells such as circulating tumor cells in the test liquid. Also, since a biocompatible
polymeric material is used to capture the target cells, it is possible to capture the target cells while they are alive, with
less damage to the target cells.

Experimental Example

[0104] An experiment was conducted to confirm the effect that centrifugal force has on adsorption to the cell adhesion
layer. The details and results of the experiment will be described below.

1. Preparation of Sample

(1) Readying Cell Capture Apparatus

[0105] The cell capture device of the first embodiment was readied. A centrifugal container having a bottom surface
portion 113b with a diameter of 30 mm and a depth of 50 mm was readied as the cell capture apparatus 101. As the
cell adhesion layer 111, poly(2-methoxyethyl acrylate) having a number average molecular weight (Mn) of 100,000 was
formed on the bottom surface portion 113b by a coating method. The thickness was 0.1 mm. No cell adhesion suppression
layer 112 was formed.

(2) Preparation of Test Liquid

[0106] Cultured cancer cells (A549) were suspended in a serum-containing medium (DMEM) at 5000 cells/mL.

(3) Formation of Hydration Structure

[0107] The serum-containing medium (DMEM) was applied dropwise to the cell adhesion layer 111 of the cell capture
apparatus 101 and allowed to stand for 1 hour.

(4) Adsorption of Test Liquid

[0108] The medium on the cell adhesion layer 111 was removed, and the test liquid was introduced into the cell capture
apparatus 101. A plurality of samples were produced by mounting the cell capture apparatus 101 in the centrifuge 201
and varying the centrifugal force and duration. The cell capture apparatus 101 was rotated so that centrifugal forces of
1000 3 g, 2000 3 g and 3000 3 g were applied. Samples were produced by spinning for 10, 20, and 30 minutes at
each centrifugal force.
(5) In order to remove any cancer cells not adsorbed to the cell adhesion layer 111, the test liquid was stirred using a
Pipetman, and the test liquid was removed. The number of cancer cells adsorbed to the cell adhesion layer 111 was
found using a hemocytometer, and the capture rate was calculated from the number thus obtained.
(6) As a comparative example, samples were produced in the same manner by allowing them to stand for 0, 10, 20, and
30 minutes, but without applying any centrifugal force.

2. Results and Discussion

[0109] Fig. 17 shows the experiment results. The horizontal axis is the rotation duration, that is, how long the centrifugal
force was applied, and the vertical axis is the capture rate. First, the results of the comparative example in which no
centrifugal force was applied will be described. When no centrifugal force was applied, cancer cells were captured at a
rate of 0.1 or less when the test liquid is brought into contact with the cell adhesion layer 111, but the capture rate barely
changes in the first 10 minutes or so. After that, the capture rate gradually increases over time. However, even after 30
minutes have elapsed, the capture rate is still only about 0.3.
[0110] On the other hand, when centrifugal force was applied, regardless of whether the centrifugal force was 1000
3 g, 2000 3 g, or 3000 3 g, the capture rate was increased sharply by the application of centrifugal force for 10 minutes,
reaching 0.7 or more. After that, the capture rate barely changed over time. There is no major difference in the capture
rate between centrifugal forces of 1000 3 g and 2000 3 g, but when a centrifugal force of 3000 3 g is applied, a capture
rate of about 0.9 is obtained.
[0111] Based on these results, it is believed that the effect that centrifugal force has on improving the capture rate
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appears in a short period of time. Also, since a high capture rate was obtained, it is believed that the cancer cells adsorbed
to the cell adhesion layer 111 by centrifugal force are strong enough not to dissociate.
[0112] Since the cancer cells can thus be adsorbed to the cell adhesion layer 111 in a short time, it can be seen that
the damage to the adsorbed cancer cells is kept to a minimum, that is, the cancer cells can be adsorbed in a live state.

Fourth Embodiment

[0113] A centrifugal container 20 and a cell capture apparatus 10 equipped with the same according to an embodiment
of the present invention will now be described with reference to Figs. 18 to 29.
[0114] In this embodiment, unnecessarily detailed description may be omitted. For example, detailed description of
already known facts or redundant description of components that are substantially the same may be omitted. This is to
avoid unnecessary repetition in the following description, and facilitate an understanding on the part of a person skilled
in the art.
[0115] The applicant has provided the appended drawings and the following description so that a person skilled in the
art might fully understand this disclosure, but does not intend for these to limit what is discussed in the patent claims.

(1) Configuration of Cell Capture Apparatus 10

[0116] The cell capture apparatus 10 according to this embodiment is an apparatus for capturing target cells C1
contained in a test liquid such as blood or lymphatic fluid, and comprises a centrifuge 11 and a centrifugal container 20
as shown in Figs. 18 and 19.
[0117] Here, the target cells C1 captured by the cell capture apparatus 10 are, for example, at least one type selected
from among circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic cells, smooth muscle
cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate cells, and pancreatic
islet cells, which are contained in intravascular fluid (test liquid), such as blood or lymphatic fluid.
[0118] The centrifuge 11 is, for example, an ordinary centrifugation device used in fields such as medicine, life sciences,
and biotechnology, and is spun in a state in which the centrifugal container 20 has been mounted, which applies centrifugal
force to the test liquid containing the target cells that has been put in the centrifugal container 20. As shown in Figs. 18
and 19, the centrifuge 11 comprises a main body 12, a lid 13, a mounting portion 14 in which the centrifugal container
20 is mounted, and a display unit 15.
[0119] The main body 12 is a portion that constitutes the housing of the centrifuge 11, and the mounting portion 14 is
provided in the interior space thereof.
[0120] The lid 13 is attached to the main body 12 so as to be openable and closable, and is opened or closed when
the centrifugal container 20 mounted in the internal space is put in or taken out.
[0121] The mounting portion 14 is provided in the internal space of the main body 12 and rotates the mounted centrifugal
container 20.
[0122] The display unit 15 is provided on the outer side surface on the front side of the main body 12, and displays
various information, such as the setting of the centrifuge 11 and the usage state.
[0123] When the centrifuge 11 is switched on to spin the centrifugal container 20 mounted on the mounting portion
14, centrifugal force is applied to the test liquid contained in the centrifugal container 20. The centrifuge 11 spins the
centrifugal container 20 around the rotation axis 23 in the range of 100 to 10,000 rpm, for example. Consequently, a
centrifugal force of 100 to 10,000 3 g (G), for example, is applied to the test liquid held in the centrifugal container 20
(discussed below).
[0124] The rotation axis 23 serving as the center of rotation when the centrifugal container 20 is spun by the centrifuge
11 may be a rotary shaft physically provided to the centrifugal container 20, or may be a virtual rotation axis generated
on the centrifugal container 20 side during rotational drive by the centrifuge 11.
[0125] The centrifugal container 20 is rotationally driven while mounted to the mounting portion 14 of the centrifuge
11. This allows centrifugal force to be applied to the test liquid contained in the centrifugal container 20.
[0126] The detailed configuration of the centrifugal container 20 will be described below.
[0127] Here, the principle of using the centrifugal container 20 according to this embodiment to capture the target cells
C1 contained in the test liquid will be described with reference to Fig. 20.
[0128] The centrifugal container 20 has a bottom surface (inner surface, bottom surface portion) 24a that is included
in the inner surface that forms a holding space in which a test liquid (discussed below) is held, and a cell adhesion layer
27 that is provided in a capture region such as the bottom surface 24a and adhesively captures the target cell C1
contained in the cell (see Fig. 21A, etc.).
[0129] The cell adhesion layer 27 is a layer that adsorbs the target cells C1 contained in the test liquid and does not
adsorb contaminants C2 other than the target cells C1, and contains a first biocompatible polymeric material.
[0130] The first biocompatible polymeric material includes one or more of the polymers expressed by the following
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formulas 1 to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting
one or more types of polymer selected from the group consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl
methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl ether, polytet-
rahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate.

(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer of 1, 2,
or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)

(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group, m is an
integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)
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[0131] Fig. 20 is a schematic diagram illustrating the hydration structure of the target cell C1 and the biocompatible
polymeric material 40.
[0132] The biocompatible polymeric material 40 represents a first biocompatible polymeric material and a second
biocompatible polymeric material.
[0133] In a state in which a large quantity of water such as intravascular fluid (test liquid) is present, the target cell C1
is surrounded by the hydration shell 31 as shown in Fig. 20.
[0134] The hydration shell 31 is made up of water molecules in various states. More specifically, the hydration shell
31 includes nonfreezing water 32 that strongly interacts with the target cell C1, free water 34 that weakly interacts with
the target cell C1, and intermediate water 33 that interacts with the target cell C1 at a strength that is in between that of
the nonfreezing water 32 and the free water 34.
[0135] Similarly, the hydration structure 41 is formed, in a hydrated state, on the surface of the biocompatible polymeric
material 40 included in the cell adhesion layer 27.
[0136] The hydration structure 41 includes nonfreezing water 42 bound by strong interaction with the biocompatible
polymeric material 40, free water 44 that weakly interacts with the target cell C1, and intermediate water 43 that interacts
with the target cell C1 at a strength that is in between that of the nonfreezing water 42 and the free water 44.
[0137] In Fig. 20, for the sake of description, the nonfreezing water 32 and 42, the intermediate water 33 and 43, and
the free water 34 and 44 are shown as layers disposed in that order, on the target cell C1 and the biocompatible polymeric
material 40, but this does not accurately reflect the actual structure.
[0138] The nonfreezing water 32 and 42 are disposed near atoms with which hydrogen bonding can occur, such as
oxygen and nitrogen, in the molecules constituting the target cell C1 and the biocompatible polymeric material 40.
[0139] The nonfreezing water 32 and 42 do not freeze (solidify) even at -150° C or lower because of their strong
interaction with the target cell C1 or the biocompatible polymeric material 40.
[0140] The free water 34 and 44 freeze or melt at 0° C.
[0141] The intermediate water 33 and 43 freeze or melt at a temperature of 0° C or below, such as at several tens of
degrees Celsius below zero. When water freezes or melts, heat is released or absorbed, so the proportion of water in
these different states in the hydration shell 31 and hydration structure 41 can be found by measuring the amount of heat
absorbed or released using a differential scanning calorimeter, for example.
[0142] In general, a layer of intermediate water 43 and/or free water 44 is formed on the surface of the biocompatible
polymeric material 40 in the hydrated state. Therefore, when the target cell C1 surrounded by the hydration shell 31
approaches the surface of the biocompatible polymeric material 40, the hydration shell 31 of the target cell C1 makes
contact with the intermediate water 43 or the free water 44, and the interaction is weak. It is believed that since this
interaction is not enough to pull out the water molecules from the hydration shell 31, there is little change in the structure
of the hydration shell 31, and the structure of the target cell C1 is also maintained, so there is no biocompatibility, that
is, the target cell C1 does not exhibit foreign body reaction or rejection.
[0143] On the other hand, with a bioincompatible molecular material, it is believed that almost no layers of intermediate
water 33 and 43 or free water 34 and 44 are formed. Accordingly, when the target cell C1 surrounded by the hydration
shell 31 approaches the surface of the bioincompatible polymeric material, the water molecules in the hydration shell
31 of the target cell C1 interact strongly with the bioincompatible polymeric material itself or with the nonfreezing water
captured on the surface of the bioincompatible polymeric material, causing the water molecules to detach from the
hydration shell 31, or there is a major change in the structure of the hydration shell 31, causing the three-dimensional
structure of the target cell to change, or damage occurs, etc., all of which results in cells ceasing to function.
[0144] Also, in the centrifugal container 20, cell adhesion suppression layers 28a and 28b are provided to the inner
surface forming the holding space 24, at locations (the outer peripheral surface 24b and the inner peripheral surface
24c) other than the bottom surface 24a serving as the capture region (see Fig. 23).
[0145] The cell adhesion suppression layers 28a and 28b are layers that suppress the adsorption of the target cells
C1 in the test liquid, and contain a second biocompatible polymeric material.
[0146] The second biocompatible polymeric material contains intermediate water in a proportion of at least 30 wt%
with respect to the whole in a hydrated state. In a hydrated state, the second biocompatible polymeric material may
contain more free water than intermediate water, or may contain more intermediate water than free water. The second
biocompatible polymeric material is a polymer having phospholipid polar groups, such as poly(2-methacryloyloxyethyl-
phosphorylcholine).
[0147] The first biocompatible polymeric material and the second biocompatible polymeric material should contain
intermediate water and/or free water when capturing target cells, but when the centrifugal container 20 is being produced,
procured, stored, or the like, the first biocompatible polymeric material and the second biocompatible polymeric material
need not contain intermediate water, free water, etc.
[0148] The cell adhesion layer 27 containing the first biocompatible polymeric material and the cell adhesion sup-
pressing layers 28a and 28b containing the second biocompatible polymeric material can be formed by a coating method
such as spray dipping, by graft polymerization with ultraviolet rays, electron beams, radiation, or the like, a chemical
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reaction with the functional groups had by the material forming the centrifugal container 20, or the like. Also, the thickness
of the cell adhesion layer 27 and the cell adhesion suppression layers 28a and 28b is 0.01 to 0.4 mm, for example.
[0149] As discussed above, since the first biocompatible polymeric material contains the intermediate water 43 in a
hydrated state, which means that the above-mentioned target cells C1 in the test liquid can be selectively adsorbed and
captured.
[0150] More specifically, the biocompatible polymeric material containing intermediate water can selectively capture
the target cells C1 without capturing any contaminants C2, such as blood cell components and protein components in
blood (the test liquid).
[0151] With the centrifugal container 20 of this embodiment, the centrifugal container 20 into which the test liquid
containing the target cells C1 has been introduced is mounted in the centrifuge 11, and the centrifugal container 20 is
spun around the rotation axis 23. As a result, as shown in Figs. 21A and 21B, centrifugal force G is applied to the test
liquid, the target cells C1 in the test liquid, and the contaminants C2 in the test liquid in the direction of the arrow in Fig. 21B.
[0152] At this point, the cell adhesion layer 27 containing the first biocompatible polymeric material is disposed on the
bottom surface (inner surface) 24a, which is substantially parallel to the centrifugal direction in which the centrifugal
force G is applied. Therefore, the target cells C1 adhere to the cell adhesion layer 27 upon sinking to the bottom surface
24a in the test liquid before the centrifugal force G is applied.
[0153] Consequently, the target cells C1 adhered to the cell adhesion layer 27 remain held on the bottom surface 24a
by the cell adhesion layer 27 even when subjected to the centrifugal force G produced by the rotation of the centrifuge
11. On the other hand, the contaminants C2 other than the target cells C1 receive the centrifugal force G and move
radially outward around the rotation axis 23.
[0154] As a result, when the centrifugal container 20 is spun around the rotation axis 23, the contaminants C2 other
than the target cells contained in the test liquid are moved radially outward by the centrifugal force, and the target cells
C1 can be held on the bottom surface 24a by the cell adhesion layer 27, which means that the target cells C1 can be
selectively captured.

(2) Configuration of Centrifugal Container 20

[0155] As shown in Fig. 22, the centrifugal container 20 of this embodiment comprises a main body 21, a cover 22, a
rotation axis 23, a holding space 24, a discharge port 25, and a collection chamber 26 (see Fig. 23).
[0156] As shown in Fig. 22, the main body 21 is a substantially cylindrical member, and has the rotation axis 23 at its
center. Therefore, the centrifugal container 20 mounted in the centrifuge 11 is rotationally driven around the rotation
axis 23.
[0157] As shown in Fig. 22, the cover 22 is a substantially disc-shaped member and is attached so as to cover the
upper surface of the main body 21, and particularly the test liquid holding space 24 provided to the main body 21. The
cover 22 has a vent hole 22a that allows the holding space 24 containing the test liquid to communicate with the outside air.
[0158] As shown in Fig. 22, the rotation axis 23 is provided at the center of the substantially cylindrical main body 21
and serves as the center of rotation when the centrifuge 11 spins the centrifugal container 20.
[0159] The holding space 24 is a space for holding the test liquid containing the target cells C1 and contaminants C2
other than the target cells C1, and as shown in Fig. 22, is provided as a substantially arc-shaped depression at a position
that is away from the rotation axis 23 in the radial direction, on the upper surface side of the main body 21. The holding
space 24 is formed by the bottom surface (inner surface, bottom surface portion) 24a, the outer peripheral surface (inner
surface, outer side surface portion, first inclined portion) 24b, and the inner peripheral surface (inner surface, second
inclined portion) 24c.
[0160] As shown in Fig. 23, the bottom surface (inner surface) 24a is a plane that is substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 20 spins, and forms the bottom of
the holding space 24. The front of the bottom surface 24a is provided with the cell adhesion layer 27 that adsorbs and
captures the target cells C1 as discussed above.
[0161] As shown in Figs. 22 and 23, the outer peripheral surface (inner surface, outer side surface portion, first inclined
portion) 24b is a substantially arc-shaped surface formed so as to incline downward from the outside to the inside in the
radial direction with respect to the bottom surface 24a, and is connected to the bottom surface 24a at the end on the
inside in the radial direction. Also, the outer peripheral surface 24b is provided with the discharge port 25 at the end on
the outside in the radial direction.
[0162] Furthermore, as shown in Fig. 23, the front of the outer peripheral surface 24b is provided with the cell adhesion
suppression layer 28a that suppresses adsorption of the target cells C1 contained in the test liquid. Therefore, even if
the target cells C1 come into contact with the outer peripheral surface 24b when the test liquid is put into the holding
space 24 and the target cells C1 sink in the test liquid, it is less likely that the target cells C1 will be adsorbed to the
outer peripheral surface 24b.
[0163] As shown in Figs. 22 and 23, the inner peripheral surface (inner surface, second inclined portion) 24c is a
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substantially arc-shaped surface (in plan view) that is formed so as to incline downward from the inside to the outside
in the radial direction with respect to the bottom surface 24a, and is connected to the bottom surface 24a at the end on
the outside in the radial direction.
[0164] Furthermore, as shown in Fig. 23, as is the outer peripheral surface 24b, the front of the inner peripheral surface
24c is provided with the cell adhesion suppression layer 28a that suppresses adsorption of the target cells C1 contained
in the test liquid. Therefore, even if the target cells C1 come into contact with the outer peripheral surface 24b when the
test liquid is put into the holding space 24 and the target cells C1 sink in the test liquid, it is less likely that the target
cells C1 will be adsorbed to the outer peripheral surface 24b.
[0165] Here, in this embodiment, as shown in Fig. 24, the inner peripheral surface 24c is disposed in an arc centered
on the rotation axis 23, whereas the outer peripheral surface 24b is disposed in an eccentric shape in which a first
distance d1 from the rotation axis 23 on the left side in Fig. 24 is different from a second distance d2 from the rotation
axis 23 on the right side (d1 < d2).
[0166] That is, the outer peripheral surface 24b is formed such that the inside diameter (second distance d2) near the
clockwise end of the substantially arc-shaped holding space 24 is greater than the inside diameter (first distance d2)
near the counterclockwise end.
[0167] Also, as shown in Fig. 24, the discharge port 25 for discharging contaminants C2 moved by the centrifugal
force G out of the holding space 24 is provided near the second distance d2 where the inside diameter is larger on the
outer peripheral surface 24b.
[0168] As shown in Figs. 23 and 24, the discharge port 25 is a substantially circular through-hole in plan view, com-
municates with the collection chamber 26, and any contaminants C2 that have been moved radially outward by the
centrifugal force G are made to sink and collected in collection chamber 26.
[0169] As shown in Fig. 23, the collection chamber 26 is provided directly below the discharge port 25, and collects
and holds the contaminants C2 that drop out of the discharge port 25 under the centrifugal force G.
[0170] The way in which the target cells C1 and the contaminants C2 contained in the test liquid placed in the holding
space 24 of the centrifugal container 20 move when the centrifugal container 20 of this embodiment is spun by the
centrifuge 11 will now be described with reference to Figs. 25A to 28B.
[0171] In the centrifugal container 20 of this embodiment, as shown in Fig. 25A, when the test liquid is put into the
holding space 24, the target cells C1 and the contaminants C2 are dispersed in the test liquid.
[0172] At this point, the target cells C1 and the contaminants C2 are in a state of floating in the test liquid as shown
in Fig. 25B.
[0173] Next, the centrifugal container 20 is allowed to stand for a specific length of time (such as 1 hour). At this point,
as shown in Fig. 26A, the target cells C1, the contaminants C2, etc., naturally sink in the test liquid.
[0174] As the target cells C1 and contaminants C2 further sink, the target cells C1 and contaminants C2 come into
contact with the bottom surface 24a as shown in Fig. 26B.
[0175] At this point, the outer peripheral surface 24b and the inner peripheral surface 24c that constitute the holding
space 24 are each inclined downward toward the bottom surface 24a. The cell adhesion suppression layers 28a and
28b are formed on the outer peripheral surface 24b and the inner peripheral surface 24c, respectively.
[0176] Therefore, the target cells C1 and contaminants C2 that have sunk in the test liquid continue sinking without
being held on the outer peripheral surface 24b or the inner peripheral surface 24c, roll down the inclined surfaces, and
move to the bottom surface 24a, and their position in the holding space 24 before the start of rotation is set.
[0177] Consequently, as shown in Fig. 26B, the target cells C1 and contaminants C2 contained in the test liquid can
be collected on the bottom surface 24a on which the cell adhesion layer 27 is provided.
[0178] The waiting time (such as 1 hour) mentioned above is set to be long enough for the target cells C1 and the
contaminants C2 in the test liquid placed in the holding space 24 of the centrifugal container 20 to settle down to the
bottom surface 24a. Therefore, if the holding space 24 is deep, and if a large amount of test liquid is put in the holding
space 24, a waiting time of a few hours (longer than 1 hour) may be set. On the other hand, if the holding space 24 is
shallow, and only a small amount of test liquid is put in the holding space 24, a waiting time of about 30 minutes (shorter
than 1 hour) may be set.
[0179] Once the specified waiting time has elapsed, the centrifuge 11 is switched on to start spinning the centrifugal
container 20. At this point, a centrifugal force is applied to the test liquid in the centrifugal container 20 toward the outside
in the radial direction around the rotation axis 23.
[0180] Consequently, a centrifugal force G is applied to the target cells C1 and the contaminants C2 that have settled
on the bottom surface 24a in the test liquid. At this point, the target cells C1 are adsorbed by the cell adhesion layer 27
provided on the front of the bottom surface 24a, whereas the contaminants C2 are hardly adsorbed at all by the cell
adhesion layer 27.
[0181] Consequently, as shown in Fig. 26C, when the target cells C1 and the contaminants C2 are subjected to the
centrifugal force G, the target cells C1 are held on the bottom surface 24a, and only the contaminants C2 move outward
in the radial direction centered on the rotation axis 23, and are driven up the inclined surface of the outer peripheral
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surface 24b.
[0182] Then, as shown in Fig. 26D, the contaminants C2 drop into the collection chamber 26 from the discharge port
25 provided at the outermost peripheral portion in the radial direction of the outer peripheral surface 24b.
[0183] With the centrifugal container 20 of this embodiment, as discussed above, the outer peripheral surface 24b
has a shape that is eccentric with respect to the inner peripheral surface 24c that lies on an arc centered on the rotation
axis 23.
[0184] Therefore, the contaminants C2 that have moved outward in the radial direction under the centrifugal force
applied by the rotation of the centrifugal container 20 move away from the rotation axis 23 along the outermost peripheral
portion of the outer peripheral surface 24b as shown in Figs. 27A and 27B.
[0185] As the centrifugal container 20 continues to rotate, as shown in Figs. 28A and 28B, the contaminants C2 move
away from the rotation axis 23 along the outermost peripheral portion of the outer peripheral surface 24b, drop out of
the discharge port 25, and are collected in the collection chamber 26.
[0186] In the step of collecting the contaminants C2, the surface Z of the test liquid is formed on the inner peripheral
surface 24c side as shown in Fig. 28B, and the target cells C1, etc., that are further to the right side than the liquid
surface Z in the drawing can be maintained in a state of being immersed in the test liquid.
[0187] Consequently, even when the centrifugal container 20 is rotated to apply the centrifugal force G to the test
liquid in order to collect the contaminants C2, the target cells C1 adsorbed to the cell adhesion layer 27 can be prevented
from coming out of the test liquid and dying off.
[0188] In this embodiment, as described above, because the centrifugal container 20 is rotated to apply centrifugal
force to the target cells C1 and the contaminants C2 contained in the test liquid contained in the holding space 24, just
the contaminants C2 can be moved to the collection chamber 26 and washed, leaving the target cells C1 adsorbed to
the cell adhesion layer 27 still held on the bottom surface 24a, which allows the target cells C1 to be easily removed
from the test liquid.

Cell Capture Method

[0189] The cell capture method in this embodiment is carried out according to the flowchart shown in Fig. 29 by the
cell capture apparatus 10, using the centrifugal container 20 described above.
[0190] That is, in step S11, a liquid containing water is brought into contact with the cell adhesion layer 27 provided
on the bottom surface 24a of the holding space 24 of the centrifugal container 20. As long as a hydration structure
containing intermediate water is formed on the surface of the cell adhesion layer 27, pure water or any liquid containing
water can be brought into contact with the cell adhesion layer 27. Also, a liquid containing water is brought into contact
with the cell adhesion suppression layers 28a and 28b on the outer peripheral surface 24b and the inner peripheral
surface 24c of the holding space 24 of the centrifugal container 20.
[0191] The liquid containing water may be a mother liquor component of the test liquid. For example, it may be serum
or a component containing serum. If a mother liquor component of the test liquid is used, then even if the test liquid is
introduced while an excess of the mother liquor component of the test liquid remains on the surfaces of the cell adhesion
layer 27 and the cell adhesion suppressing layers 28a and 28b in order to protect or maintain the hydration structure
formed on these surfaces, the target cells and other components in the test liquid will still be less likely to come into
contact with liquids in different environments and from being modified.
[0192] This step (S1 1) may be omitted if the water contained in the mother liquor of the test liquid upon introduction
of the test liquid quickly forms a hydration structure on the surfaces of the cell adhesion layer 27 and the cell adhesion
suppression layers 28a and 28b. Also, this step (S11) may be omitted if the centrifugal container 20 is stored in a state
in which hydration structures are formed on the surfaces of the cell adhesion layer 27 and the cell adhesion suppression
layers 28a and 28b.
[0193] Next, in step S12, a test liquid containing the target cells C1 is introduced into the holding space 24 of the
centrifugal container 20. If the test liquid is blood, the blood cell components may be removed ahead of time by centrif-
ugation or the like.
[0194] Next, in step S13, the system waits until a specific length of time (such as 1 hour) has elapsed since the test
liquid was introduced in step S12.
[0195] As discussed above, the waiting time in step S13 may be set longer than 1 hour when the holding space 24 of
the centrifugal container 20 is deep, or when a large amount of the test liquid put in the holding space 24, and may be
set to less than 1 hour when the holding space 24 is shallow, or when a small amount of test liquid is put in the holding
space 24.
[0196] Next, in step S14, when the waiting time in step S13 has elapsed, the target cells C1 and contaminants C2
contained in the test liquid settle through the test liquid and come into contact with the cell adhesion layer 27 on the
bottom surface 24a.
[0197] At this point, the target cells C1 are adsorbed by the cell adhesion layer 27.
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[0198] Next, in step S15, the centrifuge 11 is switched on and the centrifugal container 20 starts spinning.
[0199] The centrifugal container 20 is spun by the centrifuge 11 around the rotation axis 23 in the range of 100 to
10,000 rpm, for example. The rotation speed during the centrifugation may be controlled so as to be maintained at a
substantially constant speed, or may be controlled so as to change in steps.
[0200] Next, in step S16, the contaminants C2 move outward in the radial direction inside the holding space 24 under
the centrifugal force G imparted by the rotation of the centrifugal container 20, and are collected from the discharge port
25 into the collection chamber 26.
[0201] Next, in step S17, the system waits until the collection of the contaminants C2 in step S16 is nearly complete.
[0202] Next, in step S18, the rotation of the centrifugal container 20 by the centrifuge 11 is halted.
[0203] Next, in step S19, the centrifugal container 20 is taken out of the centrifuge 11, and the target cells C1 adsorbed
by the cell adhesion layer 27 on the bottom surface 24a are separated and taken out.

Main Features

[0204] As shown in Fig. 18, etc., the centrifugal container 20 of this embodiment is a container that can be mounted
in the centrifuge 11, and as shown in Fig. 23, etc., comprises the bottom surface 24a, the outer peripheral surface 24b,
the inner peripheral surface 24c, and the cell adhesion layer 27. The bottom surface 24a, the outer peripheral surface
24b, and the inner peripheral surface 24c define the space in which the test liquid containing the target cells is held. The
cell adhesion layer 27 is disposed in a capture region of the bottom surface 24a that is substantially parallel to the
centrifugal direction in which the centrifugal force is applied by the centrifuge 11, and adsorbs the target cells in the test
liquid.
[0205] Consequently, when the centrifugal container 20 is rotated by the centrifuge 11 and the centrifugal force G is
applied to the target cells C1 and contaminants C2 contained in the test liquid placed in the holding space 24 of the
centrifugal container 20, just the target cells C1 are adsorbed by the cell adhesion layer 27 provided on the bottom
surface 24a of the holding space 24, so just the contaminants C2 other than the target cells C1 receive the centrifugal
force G and move radially outward.
[0206] As a result, the contaminants C2 other than the target cells C1 (the detection target) are discharged, and the
test liquid is washed, allowing just the target cells C1 to be efficiently captured.

Fifth Embodiment

[0207] The centrifugal container 120 according to another embodiment of the present invention will now be described
with reference to Figs. 30 to 31B.
[0208] The centrifugal container 120 in this embodiment differs from the centrifugal container 20 of the fourth embod-
iment in that the outer peripheral surface 124b of the inner surface constituting the holding space 124 is not formed in
an eccentric shape around the rotation axis 23, and is instead formed concentrically with the inner peripheral surface
124c, and that a plurality of discharge ports 125 are provided on the outer peripheral surface 124b.
[0209] The rest of the components are substantially the same as those of the centrifugal container 20 of the fourth
embodiment, so members having the same function and shape will be numbered the same and will not be described in
detail again.
[0210] As shown in Fig. 30, the centrifugal container 120 of this embodiment comprises a main body 121 that is rotated
by the centrifuge 11 around the rotation axis 23, a holding space 124 that is formed in a substantially arc shape, and a
plurality of discharge ports 125.
[0211] As shown in Fig. 30, the main body 121 is a substantially cylindrical member, and has a rotation axis 23 at its
center.
[0212] The holding space 124 is a space for holding the test liquid containing the target cells C1 and the contaminants
C2, and as shown in Fig. 30, is provided as a substantially arc-shaped recess at a position that is away from the rotation
axis 23 in the radial direction, on the upper surface side of the main body 121. The holding space 124 is formed by a
bottom surface (inner surface, bottom surface portion) 124a, an outer peripheral surface (inner surface, outer side surface
portion, first inclined portion) 124b, and an inner peripheral surface (inner surface, second inclined portion) 124c.
[0213] As shown in Figs. 31A and 31B, the bottom surface (inner surface) 124a is a plane substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 120 spins, and forms the bottom
of the space 124. The cell adhesion layer 27 that adsorbs and captures the target cells C1 is provided on the front of
the bottom surface 124a.
[0214] As shown in Figs. 31A and 31B, the outer peripheral surface (inner surface, outer side surface portion, first
inclined portion) 124b is a substantially arc-shaped surface formed so as to incline downward from the outside to the
inside in the radial direction with respect to the bottom surface 124a, and is connected to the bottom surface 124a at
the end on the inside in the radial direction. Also, the outer peripheral surface 124b is provided with the discharge ports
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25 at the end on the outside in the radial direction.
[0215] Furthermore, as shown in Fig. 31B, the front of the outer peripheral surface 124b is provided with the cell
adhesion suppression layer 28a that suppresses adsorption of the target cells C1 contained in the test liquid. Accordingly,
even if the target cells C1 come into contact with the outer peripheral surface 124b when the test liquid is put into the
holding space 24 and the target cells C1 sink in the test liquid, it is less likely that the target cells C1 will be adsorbed
to the outer peripheral surface 124b.
[0216] As shown in Figs. 31A and 31B, the inner peripheral surface (inner surface, second inclined portion) 124c is a
substantially arc-shaped surface (in plan view) that is formed so as to incline downward from the inside to the outside
in the radial direction with respect to the bottom surface 124a, and is connected to the bottom surface 124a at the end
on the outside in the radial direction.
[0217] Furthermore, as shown in Fig. 31B, as is the outer peripheral surface 124b, the front of the inner peripheral
surface 124c is provided with the cell adhesion suppression layer 28a that suppresses adsorption of the target cells C1
contained in the test liquid. Therefore, even if the target cells C1 come into contact with the inner peripheral surface
124c when the test liquid is put into the holding space 124 and the target cells C1 sink in the test liquid, it is less likely
that the target cells C1 will be adsorbed to the inner peripheral surface 124c.
[0218] Four discharge ports 125 are provided on the outermost peripheral side of the outer peripheral surface 124b.
Consequently, even though the outer peripheral surface 124b does not have an eccentric shape as in the fourth em-
bodiment, the contaminants C2 that have moved to the outermost peripheral side due to the application of the centrifugal
force G can be moved from the four discharge ports 125 to the collection chamber 26.
[0219] Because the centrifugal container 120 of this embodiment can is configured as above, the same effect as in
the fourth embodiment above can be obtained.

Sixth Embodiment

[0220] The centrifugal container 220 according to another embodiment of the present invention will now be described
with reference to Figs. 32 to 34.
[0221] The centrifugal container 220 of this embodiment differs from the centrifugal container 20 of the fourth embod-
iment in that an outer peripheral surface 224b is formed in a curve in cross-sectional view and inclines downward to the
inside in the radial direction, and that an inner peripheral surface 224c is formed as a plane that is substantially parallel
with the rotation axis 23, and that the cell adhesion layer 27 is provided not only on the bottom surface 224a but also
on the outer peripheral surface 224b.
[0222] The rest of the components are substantially the same as those of the centrifugal container 20 of the fourth
embodiment, so members having the same function and shape will be numbered the same and will not be described in
detail again.
[0223] As shown in Fig. 32, the centrifugal container 220 of this embodiment comprises a main body 221 that is rotated
around the rotation axis 23 by the centrifuge 11, and a holding space 224 that is formed in a substantially arc shape.
[0224] As shown in Fig. 32, the main body 221 is a substantially cylindrical member, and has the rotation axis 23 at
its center.
[0225] The holding space 224 is a space for holding the test liquid containing the target cells C1 and the contaminants
C2, and as shown in Fig. 32, is provided as a substantially arc-shaped recess at a position that is away from the rotation
axis 23 in the radial direction, on the upper surface side of the main body 221. The holding space 224 is formed by the
bottom surface (inner surface, bottom surface portion) 224a, the outer peripheral surface (inner surface, outer side
surface portion, first inclined portion) 224b, and the inner peripheral surface (inner surface) 224c.
[0226] As shown in Figs. 33A and 33B, the bottom surface (inner surface) 224a is a plane substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 220 spins, and forms the bottom
of the holding space 224. The front of the bottom surface 224a is provided with the cell adhesion layer 27 that adsorbs
and captures the target cells C1 as discussed above.
[0227] As shown in Figs. 33A and 33B, the outer peripheral surface (inner surface, outer side surface portion, first
inclined portion) 224b is a substantially arc-shaped surface formed so as to incline downward from the outside to the
inside in the radial direction with respect to the bottom surface 224a, and is connected to the bottom surface 224a at
the end on the inside in the radial direction.
[0228] In this embodiment, the outer peripheral surface 224b is formed to be a curved inclined surface in the cross-
sectional view shown in Fig. 33B. A cell adhesion layer 27 is provided to the front of the outer peripheral surface 224b.
[0229] Consequently, when the target cells C1 come into contact with the outer peripheral surface 224b after the test
liquid is put into the holding space 224 and the target cells C1 sink in the test liquid, the target cells C1 can be adsorbed
at that position.
[0230] Here, since the outer peripheral surface 224b is formed in a curved shape in cross-sectional view, when the
centrifugal container 220 is rotated and centrifugal force is applied, the force F that attempts to move the target cells C1
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adsorbed on the outer peripheral surface 224b radially outward is expressed by the following formula.
[0231] That is, as shown in Fig. 34, if we let r1 be the distance of the target cells C1 from the rotation axis 23 near the
connection portion between the bottom surface 224a and the outer peripheral surface 224b, r2 be the distance of the
target cells C1 from the rotation axis 23 halfway up the outer peripheral surface 224b, and r3 be the distance of the
target cells C1 from the rotation axis 23 at the top of the outer peripheral surface 224b, the respective forces F1, F2,
and F3 related to the target cells C1 are expressed by the following relational formulas 1 to 3. 

[0232] Here, since the outer peripheral surface 224b is formed in a curved shape in cross-sectional view, F1 ≈ F2 ≈ F3.
[0233] If there are target cells C1 on the bottom surface, for example, the force when the target cells C1 are pulled
away from the cell adhesion layer 27 varies with their position in the radial direction (the distance from the rotation axis).
That is, the greater is the distance from the rotation axis, the greater is the force exerted on the target cells, and the
greater is the variance.
[0234] Consequently, with the configuration of this embodiment, it is possible to reduce variance in the force at which
the target cells C1 are pulled away from the cell adhesion layer 27 in the holding space 224 of the centrifugal container 20.
[0235] As shown in Figs. 33A and 33B, the inner peripheral surface (inner surface, second inclined portion) 224c is a
cylindrical surface formed at an angle of approximately 90 degrees with respect to the bottom surface 224a, and is
connected at its lower end to the bottom surface 224a.
[0236] Furthermore, as shown in Fig. 33B, the surface of the inner peripheral surface 224c is provided with a cell
adhesion suppression layer 228 that suppresses the adsorption of the target cells C1 contained in the test liquid. Ac-
cordingly, even if the target cells C1 come into contact with the inner peripheral surface 224c after the test liquid is put
in the holding space 224 and the target cells C1 sinks in the test liquid, the adsorption of the target cells C1 to the inner
peripheral surface 224c can be suppressed.
[0237] Because of the above configuration, the centrifugal container 220 of this embodiment exhibits the same effect
as that of the fourth embodiment described above.

Seventh Embodiment

[0238] The centrifugal container 320 according to another embodiment of the present invention will now be described
with reference to Figs. 35 to 36B.
[0239] The centrifugal container 320 in this embodiment differs from the centrifugal container 20 of the fourth embod-
iment in that an outer peripheral surface 324b is formed in a concentric arc shape rather than being eccentric with respect
to the inner peripheral surface 324c, and that an inner peripheral surface 324c is formed as a cylindrical surface that is
substantially perpendicular to the bottom surface 324a.
[0240] The rest of the components are substantially the same as those of the centrifugal container 20 of the fourth
embodiment, so members having the same function and shape will be numbered the same and will not be described in
detail again.
[0241] As shown in Fig. 35, the centrifugal container 320 of this embodiment comprises a main body 321 that is rotated
around a rotation axis 23 by the centrifuge 11, and a holding space 324 that is formed in a substantially arc shape.
[0242] As shown in Fig. 35, the main body 321 is a substantially cylindrical member, and has the rotation axis 23 at
its center.
[0243] The holding space 324 is a space for holding a test liquid containing the target cells C1 and the contaminants
C2, and as shown in Fig. 35, is provided as a substantially arc-shaped recess at a position that is away from the rotation
axis 23 in the radial direction, on the upper surface side of the main body 321. The holding space 324 is formed by a
bottom surface (inner surface, bottom surface portion) 324a, an outer peripheral surface (inner surface, outer side surface
portion, first inclined portion) 324b, and an inner peripheral surface (inner surface, second inclined portion) 324c.
[0244] As shown in Figs. 36A and 36B, the bottom surface (inner surface) 324a is a plane substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 320 spins, and forms the bottom
of the holding space 324. The cell adhesion layer 27 that adsorbs and captures the target cells C1 is provided on the
front of the bottom surface 324a.
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[0245] As shown in Figs. 36A and 36B, the outer peripheral surface (inner surface, outer side surface portion, first
inclined portion) 324b is a substantially arc-shaped surface formed so as to incline downward from the outside to the
inside in the radial direction with respect to the bottom surface 324a, and is connected to the bottom surface 324a at
the end on the inside in the radial direction.
[0246] In this embodiment, the outer peripheral surface 324b is provided with the cell adhesion layer 27 as shown in
Fig. 36B.
[0247] Consequently, when the target cells C1 come into contact with the outer peripheral surface 324b after the test
liquid is put into the holding space 324 and the target cells C1 sink in the test liquid, the target cells C1 can be adsorbed
at that position.
[0248] Also, since the outer peripheral surface 324b inclines downward from the outside to the inside in the radial
direction, in a state in which the centrifugal force G is applied, if we let r4 be the distance of the target cells C1 from the
rotation axis near the connection portion between the bottom surface 324a and the outer peripheral surface 324b, and
r5 be the distance of the target cells C1 from the rotation axis 23 on the outer peripheral surface 324b, the forces F4
and F5 related to the target cells C1 are expressed by the following relational formulas 4 and 5. 

[0249] Since the outer peripheral surface 324b is thus an inclined surface that inclines downward at an angle θ5 inward
in the radial direction, the force that attempts to pull the target cells C1 near the connection portion between the bottom
surface 324a and the outer peripheral surface 324b away from the cell adhesion layer 27, and the force that attempts
to pull away the target cells C1 on the inclined surface of the outer peripheral surface 324b that intersects the bottom
surface 324a at the angle θ5 are substantially the same (F4 ≈ F5).
[0250] Because of the above configuration, the centrifugal container 320 of this embodiment exhibits the same effect
as that of the fourth embodiment described above.

Eighth Embodiment

[0251] The centrifugal container 420 according to another embodiment of the present invention will now be described
with reference to Figs. 37 to 38B.
[0252] That is, the centrifugal container 420 of this embodiment differs from the centrifugal container 20 of the fourth
embodiment in that an outer peripheral surface 424b and an inner peripheral surface 424c are both connected at
approximately 90 degrees, rather than being inclined with respect to the bottom surface 424a.
[0253] The rest of the components are substantially the same as those of the centrifugal container 20 of the fourth
embodiment, so members having the same function and shape will be numbered the same and will not be described in
detail again.
[0254] As shown in Fig. 37, the centrifugal container 420 of this embodiment comprises a main body 421 that is rotated
around the rotation axis 23 by the centrifuge 11, and a holding space 424 that is formed in a substantially arc shape.
[0255] As shown in Fig. 37, the main body 421 is a substantially cylindrical member, and has a rotation axis 23 at its
center.
[0256] The holding space 424 is a space for holding a test liquid containing the target cells C1 and the contaminants
C2, and as shown in Fig. 37, is provided as a substantially arc-shaped recess at a position that is away from the rotation
axis 23 in the radial direction, on the upper surface side of the main body 421. The holding space 424 is formed by a
bottom surface (inner surface, bottom surface portion) 424a, an outer peripheral surface (inner surface, outer side surface
portion) 424b, and an inner peripheral surface (inner surface) 424c.
[0257] As shown in Figs. 38A and 38B, the bottom surface (inner surface) 424a is a plane substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 320 spins, and forms the bottom
of the holding space 424. The cell adhesion layer 27 that adsorbs and captures the target cells C1 is provided on the
front of the bottom surface 424a.
[0258] As shown in Figs. 38A and 38B, the outer peripheral surface (inner surface, outer side surface portion) 424b
is a substantially arc-shaped surface connected so as to intersect the bottom surface 424a at approximately 90 degrees,
and is connected to the bottom surface 424a at the lower end.
[0259] In this embodiment, as shown in Fig. 38A, the inner peripheral surface 424c is disposed in an arc shape centered
on the rotation axis 23, while the outer peripheral surface 424b is disposed in an eccentric shape with respect to the
inner peripheral surface 424c.
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[0260] Because of the above configuration, the centrifugal container 420 of this embodiment exhibits the same effect
as that of the fourth embodiment described above.

Ninth Embodiment

[0261] The centrifugal container 520 according to another embodiment of the present invention will now be described
with reference to Figs. 39 to 40B.
[0262] The centrifugal container 520 of this embodiment differs from the centrifugal container 20 of the fourth embod-
iment in that an outer peripheral surface 524b is formed in a concentric arc shape, rather than being eccentric with
respect to an inner peripheral surface 524c, and that the inner peripheral surface 524c is formed as a cylindrical surface
that is substantially perpendicular to a bottom surface 524a, and that a plurality of discharge ports 525 are provided on
the outermost peripheral portion of the outer peripheral surface 524b.
[0263] The rest of the components are substantially the same as those of the centrifugal container 20 of the fourth
embodiment, so members having the same function and shape will be numbered the same and will not be described in
detail again.
[0264] As shown in Fig. 39, the centrifugal container 520 of this embodiment comprises a main body 521 that is rotated
around the rotation axis 23 by the centrifuge 11, a holding space 524 that is formed in a substantially arc shape, and
the plurality of discharge ports 525.
[0265] As shown in Fig. 39, the main body 521 is a substantially cylindrical member, and has a rotation axis 23 at its
center.
[0266] The holding space 524 is a space for holding a test liquid containing the target cells C1 and the contaminants
C2, and as shown in Fig. 39, is provided as a substantially arc-shaped recess at a position that is away from the rotation
axis 23 in the radial direction, on the upper surface side of the main body 521. The holding space 424 is formed by the
bottom surface (inner surface, bottom surface portion) 524a, the outer peripheral surface (inner surface, outer side
surface portion) 524b, and the inner peripheral surface (inner surface) 524c.
[0267] As shown in Figs. 40A and 40B, the bottom surface (inner surface) 524a is a plane substantially parallel to the
centrifugal direction of the centrifugal force G applied when the centrifugal container 520 spins, and forms the bottom
of the holding space 524. The cell adhesion layer 27 that adsorbs and captures the target cells C1 is provided on the
front of the bottom surface 524a.
[0268] As shown in Figs. 40A and 40B, the outer peripheral surface (inner surface, outer side surface portion, first
inclined portion) 524b is a substantially arc-shaped surface formed so as to incline downward from the outside to the
inside in the radial direction with respect to the bottom surface 524a, and is connected to the bottom surface 524a at
the end on the inside in the radial direction.
[0269] As shown in Fig. 40A, four discharge ports 525 are provided on the outermost peripheral side of the outer
peripheral surface 524b. Consequently, even though the outer peripheral surface 524b does not have an eccentric shape
as in the fourth embodiment, the contaminants C2 that have moved to the outermost peripheral side under the application
of the centrifugal force G can be moved through the four discharge ports 525 to collection chamber 26.
[0270] Because of the above configuration, the centrifugal container 520 of this embodiment exhibits the same effect
as that of the fourth embodiment described above.

Other Embodiments

[0271] Embodiments of the present invention were described above, but the present invention is not limited to the
above embodiments, and various modifications are possible without departing from the gist of the invention.

(A)
In the fourth embodiment above, an example was given in which the cell adhesion layer 27 was provided on the
bottom surface 24a, and the cell adhesion suppression layers 28a and 28b were provided on the inner surface (the
outer peripheral surface 24b and the inner peripheral surface 24c) other than the bottom surface 24a. However, the
present invention is not limited to this.

[0272] For example, as shown in Fig. 41A, the centrifugal container 620 may be such that the cell adhesion layer 27
is provided to only the bottom surface 624a, and neither the cell adhesion layer nor the cell adhesion suppression layer
is provided to the inner surface other than the bottom surface 624a (the outer peripheral surface 624b and the inner
peripheral surface 624c).
[0273] Also, as shown in Fig. 41A, the configuration may be such that the outer peripheral surface 624b and the inner
peripheral surface 624c are both arc-shaped surfaces that intersect the bottom surface 624a at approximately 90 degrees,
that is, are not inclined surfaces.
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[0274] Here again, because of the above configuration, the centrifugal container 620 of this embodiment exhibits the
same effect as that of the fourth embodiment described above, which is that the target cells C1 can be adsorbed on the
bottom surface 624a and can be easily taken out.
[0275] (B) In the above embodiment, an example of the centrifugal container 20 was given in which the cell adhesion
layer 27 was provided on the bottom surface 24a, and the cell adhesion suppression layers 28a and 28b were provided
on inclined surfaces (the outer peripheral surface 24b and the inner peripheral surface 24c) other than the bottom surface
24a. However, the present invention is not limited to this.
[0276] For example, as shown in Fig. 41B, a centrifugal container 720 may be such that the cell adhesion suppression
layers 28a and 28b are provided on inner surfaces (outer peripheral surface 724b, inner peripheral surface 724c) that
intersect substantially perpendicularly to a bottom surface 724a.
[0277] Here again, because of the above configuration, the centrifugal container 720 of this embodiment exhibits the
same effect as that of the fourth embodiment described above, which is that the target cells C1 can be adsorbed on the
bottom surface 724a and easily taken out.
[0278] (C) In the fourth embodiment, an example was given in which the outermost peripheral portion of the outer
peripheral surface 24b was provided with one discharge port 25 for discharging, to the outside of the holding space 24,
contaminants C2 other than the target cells C1 contained in the test liquid. However, the present invention is not limited
to this.
[0279] For example, the number of discharge ports is not limited to one, and four discharge ports may be provided as
in the fifth and ninth embodiments described above.
[0280] Also, the number of discharge ports is not limited to four, and two, three, or five or more discharge ports may
be provided.
[0281] (D) In the fourth, fifth, and ninth embodiments above, an example was given in which the discharge ports 25,
125, and 525 were substantially circular in plan view. However, the present invention is not limited to this.
[0282] For example, the shape of the discharge port may be something other than circular, such as a through-hole
formed in an arc shape along the outermost periphery of the outer peripheral surface.
[0283] (E) In the above embodiment, an example was given in which the centrifugal container 20, etc., having a
substantially cylindrical shape was used. However, the present invention is not limited to this.
[0284] For example, as shown in Fig. 42, a cell capture apparatus 810 may be used that includes a centrifuge 811
equipped with a mounting portion 814 to which two fan-shaped centrifugal containers 820 can be mounted.
[0285] In this case, as shown in Fig. 43, the centrifugal container 820 comprises a substantially fan-shaped main body
821 and a substantially fan-shaped cover 822. The centrifugal container 820 is rotationally driven by the centrifuge 811
around a virtual rotary shaft 823 indicated by the one-dot chain line in the drawing.
[0286] As shown in Figs. 43, 44A, and 44B, the centrifugal container 820 has a substantially fan-shaped holding space
824. Just as with the holding space 24 described above, the holding space 824 is filled with a test liquid containing target
cells, and is formed by a bottom surface (inner surface, bottom surface portion) 824a, an outer peripheral surface (inner
surface, outer side surface portion) 824b, and an inner peripheral surface (inner surface) 824c.
[0287] The bottom surface 824a is provided with the cell adhesion layer 827 that adsorbs target cells, as is the bottom
surface 24a and the like. A cell adhesion suppression layer 828 is provided on the inner surface (the outer peripheral
surface 824b, the inner peripheral surface 824c, and the top surface) other than the bottom surface 824a.
[0288] Consequently, this configuration exhibits the same effect as in the above embodiments.

Tenth Embodiment

[0289] The centrifugal container according to an embodiment of the present invention will now be described with
reference to Figs. 45 to 59.
[0290] In this embodiment, unnecessarily detailed description may be omitted. For example, detailed description of
already known facts or redundant description of components that are substantially the same may be omitted. This is to
avoid unnecessary repetition in the following description, and facilitate an understanding on the part of a person skilled
in the art.
[0291] The applicant has provided the appended drawings and the following description so that a person skilled in the
art might fully understand this disclosure, but does not intend for these to limit what is discussed in the patent claims.

(1) Configuration of Cell Capture Apparatus 950

[0292] The cell capture apparatus 950 according to this embodiment applies centrifugal force by spinning the centrifuge
930 in which the centrifugal container 910 has been placed, and captures the target cells C1 contained a test liquid S,
such as blood or lymphatic fluid, poured into the centrifugal container 910. As shown in Fig. 45, this apparatus comprises
a centrifugal container 910, a centrifuge 930, and a control unit 951 for controlling the rotation of the centrifuge 930 (see
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Fig. 50A, etc.).
[0293] Here, the target cells C1 to be captured by the cell capture apparatus 950 are, for example, at least one type
selected from the group consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic
cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal muscle cells, liver parenchymal cells, liver non-paren-
chymal cells, and pancreatic islet cells, contained in intravascular fluid (test liquid) such as blood or lymphatic fluid.
[0294] The centrifugal container 910 is held by a container holder 934 of the centrifuge 930 as shown in Figs. 45 and
46 in a state in which the test liquid S containing the target cells C1 has been poured. The centrifugal container 910 is
rotationally driven around a rotary shaft 933c in a state of being held by the container holder 934 of the centrifuge 930,
which applies centrifugal force to the centrifugal container 910 toward the outside in the radial direction of a circle centered
on the rotary shaft 933c.
[0295] The detailed configuration of the centrifugal container 910 will be described below.
[0296] The centrifuge 930 is, for example, a general centrifugal separation apparatus used fields such as medicine,
life sciences, and biotechnology, and is rotated in a state in which the centrifugal container 910 has been mounted,
which applies centrifugal force to the test liquid S containing the target cells C1 in the centrifugal container 910. As
shown in Figs. 45 and 46, the centrifuge 930 comprises a base 931, a motor 932, a rotor 933, and a container holder 934.
[0297] As shown in Figs. 45 and 46, the base 931 is a plate-like member that constitutes the foundation of the centrifuge
930, and supports the motor 932, the rotor 933, etc., on its upper surface.
[0298] As shown in Fig. 45, the motor 932 is provided on the top side of the base 931 as a drive source that rotationally
drives the rotor 933 around the rotary shaft 933c, with the rotor 933 supported in a state in which the container holder
934 holding the centrifugal container 910 is able to pivot. The motor 932 is controlled by a control unit 951 (see Fig. 50A,
etc.) to start or stop rotation, adjust the rotation speed, and so forth.
[0299] The rotor 933 is a flat rotating body that is rotationally driven by the motor 932, and as shown in Fig. 46, has
swing bearings 933a, a stopper pin 933b, and the rotary shaft 933c.
[0300] As shown in Figs. 45 and 46, the swing bearings 933a are grooves provided at both ends in the lengthwise
direction of the flat rotor 933, and hold, in a latched state, two swing shafts 934b provided so as to protrude from the
side surfaces on both sides of the container holder 934 (discussed below). At this point, the container holder 934 is held
in a state of being able to pivot with respect to the rotor 933 around the swing shafts 934b.
[0301] The stopper pin 933b is provided near the swing bearings 933a of the rotor 933, as shown in Figs. 45 and 46,
and is provided so as to protrude toward the side surface of the container holder 934, having an elastic force produced
by a spring (not shown). The stopper pin 933b is held in a state in which its distal end is inserted into a stopper hole
934c formed in the side surface of the container holder 934, which prevents the container holder 934 from pivoting with
respect to the rotor 933.
[0302] At this point, the container holder 934 is held vertically along the substantially vertical direction with the swing
shaft 934b as the center. When the centrifugal force exceeds a specific level due to the rotation of the motor 932
(discussed below), the distal end of the stopper pin 933b comes out of the stopper hole 934c, so that the container
holder 934 pivots around the swing shafts 934b due to the centrifugal force, changing the orientation to substantially
horizontal (see Figs. 50A and 50B).
[0303] Consequently, the orientation of the centrifugal container 910 held by the container holder 934 changes from
vertical to horizontal along with the container holder 934 (see Figs. 50A and 50B).
[0304] The rotary shafts 933c are provided near the center of the flat rotor 933, and the lower ends thereof are coupled
to the motor 932 so that the rotational drive force of the motor 932 is transmitted to provide rotational drive along with
the rotor 933.
[0305] The container holder 934 is a member that holds the centrifugal container 910 into which the test liquid S is
poured, and as shown in Fig. 45, is placed from above so that the swing shafts 934b are held with respect to the swing
bearings 933a of the rotor 933. As shown in Figs. 45 and 46, the container holder 934 has a holding portion 934a, swing
shafts 934b, and a stopper hole 934c.
[0306] The holding portion 934a is a recess formed in the container holder 934 to match the shape of the centrifugal
container 910, and holds the centrifugal container 910. Various methods can be used for holding the centrifugal container
910 in the holding portion 934a, such as mechanical latching, fitting, and adhesive bonding.
[0307] As shown in Figs. 45 and 46, the swing shafts 934b are provided so as to protrude from both side surfaces of
the container holder 934 and are latched in the swing bearings 933a provided to the rotor 933.
[0308] As shown in Figs. 45 and 46, the stopper hole 934c is a recess formed near the swing shaft 934b on one side
surface of the container holder 934, into which the distal end of the stopper pin 933b provided to the rotor 933 is inserted.
When the centrifugal force applied to the container holder 934 holding the centrifugal container 910 exceeds a specific
level due to the rotation of the motor 932, the engagement of the stopper pin 933b and the stopper hole 934c is released
by the elastic force of the spring (not shown), and the container holder 934 is able to pivot around the swing shafts 934b.
[0309] That is, the latched state between the stopper pin 933b and the stopper hole 934c is formed in order to hold
the centrifugal container 910 (container holder 934) substantially vertically. When centrifugal force of at least a specific
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magnitude is applied, the stopper pin 933b is unlatched from the stopper hole 934c, and the orientation of the centrifugal
container 910 can be changed by the centrifugal force so that the centrifugal container 910 (container holder 934) is
disposed substantially horizontally.
[0310] Here, the principle of capturing the target cells C1 contained in the test liquid S by using the centrifugal container
910 in this embodiment will be described with reference to Fig. 47.
[0311] With the centrifugal container 910, a cell adhesion layer 914 that adhesively captures the target cells C1
contained in the test liquid S is formed on an inner surface 910b in a holding space (capture chamber 912) in which the
test liquid S (discussed below) is held (see Fig. 48, etc.).
[0312] The cell adhesion layer 914 is a layer that adsorbs the target cells C1 contained in the test liquid S, but does
not adsorb contaminants C2 other than the target cells C1, and contains a first biocompatible polymeric material.
[0313] The first biocompatible polymeric material includes one or more of the polymers expressed by the following
formulas 1 to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting
one or more types of polymer selected from the group consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl
methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl ether, polytet-
rahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate.

[0314] In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer
of 1, 2, or 3, and n is a repeating unit.

[0315] In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.

[0316] In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group,
m is an integer of 0, 1, or 2, and n is a repeating unit.
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[0317] In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.
[0318] Fig. 47 is a schematic diagram illustrating the hydration structures of the target cell C1 and the biocompatible
polymeric material 2.
[0319] The biocompatible polymeric material 2 refers to a first biocompatible polymeric material and a second bio-
compatible polymeric material.
[0320] The target cell C1 is surrounded by the hydration shell 1 as shown in Fig. 47, in the presence of a large amount
of water, such as an intravascular fluid (test liquid).
[0321] The hydration shell 1 is made up of water molecules in various states. More specifically, the hydration shell 1
includes nonfreezing water 1a that interacts strongly with the target cell C1, free water 1c that interacts weakly with the
target cell C1, and intermediate water 1b that interacts with the target cell C1 with an intermediate strength in between
that of the nonfreezing water 1a and the free water 1c.
[0322] Similarly, in a hydrated state, a hydration structure 3 is formed on the surface of the biocompatible polymeric
material 2 included in the cell adhesion layer 914.
[0323] The hydration structure 3 includes nonfreezing water 3a that is bound by strong interaction with the biocompatible
polymeric material 2, free water 3c that interacts weakly with the target cell C1, and intermediate water 3b that interacts
with the target cell C1 with an intermediate strength in between that of the nonfreezing water 3a and the free water 3c.
[0324] In Fig. 47, for the sake of explanation, the nonfreezing water 1a and 3a, the intermediate water 1b and 3b, and
the free water 1c and 3c are shown as layers disposed in that order, starting from the target cell C1 and the biocompatible
polymeric material 2, and the actual structure is not accurately reflected.
[0325] The nonfreezing water 1a, 3a is located close to atoms that can form hydrogen bonds, such as oxygen and
nitrogen in the molecules constituting the target cell C1 and the biocompatible polymeric material 2.
[0326] The nonfreezing water 1a, 3a does not freeze (solidify) even at -150° C or below because it interacts strongly
with the target cell C1 or the biocompatible polymeric material 2.
[0327] The free water 1c, 3c freezes or melts at 0° C.
[0328] The intermediate water 1b, 3b freezes or melts at a temperature below 0° C, such as at several tens of degrees
below zero (Celsius). When water freezes or melts, heat is released or absorbed, so the proportion of water in these
different states in the hydration shell 1 and hydration structure 3 can be found by using a differential scanning calorimeter
to measure the amounts of heat released and absorbed, for example.
[0329] In general, a layer of intermediate water 3b and/or free water 3c is formed on the surface of biocompatible
polymeric material 2 in a hydrated state. Therefore, when a target cell C1 surrounded by the hydration shell 1 approaches
the surface of the biocompatible polymeric material 2, the hydration shell 1 of the target cell C1 is in contact with the
intermediate water 3b or the free water 3c and interacts weakly. Since this interaction is not enough to pull out the water
molecules of the hydration shell 1, there is no major change to the structure of the hydration shell 1, and the structure
of the target cell C1 is also maintained, which is believed to result in biocompatibility, or in other words, the target cell
C1 exhibits no foreign body reaction or rejection reaction.
[0330] On the other hand, with a bioincompatible molecular material, it is possible that almost no layers of intermediate
water 1b, 3b and free water 1c, 3c will be formed. Therefore, when the target cell C1 surrounded by the hydration shell
1 approaches the surface of the bioincompatible polymeric material, the water molecules of the hydration shell 1 of the
target cell C1 may interact strongly with the bioincompatible polymeric material itself or with the nonfreezing water
captured on the surface of the bioincompatible polymeric material, causing the water molecules to be desorbed from
the hydration shell 1, or the structure of the hydration shell 1 may be greatly changed, resulting in changes in the three-
dimensional structure of the target cell, damage, etc., with the upshot being that the cell ceases to function.
[0331] As described above, since the first biocompatible polymeric material includes the intermediate water 3b in a
hydrated state, the target cells C1 in the test liquid S can be selectively adsorbed and capture.
[0332] More specifically, the biocompatible polymeric material containing the intermediate water 3b can selectively
capture the target cells C1, without capturing the contaminants C2, such as blood cell components and protein compo-
nents in the blood serving as the test liquid S.
[0333] In this embodiment, the centrifugal container 910, into which the test liquid S containing the target cells C1 has
been poured, is rotated around the rotary shaft 933c in a state of being mounted to the centrifuge 930. Consequently,
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the centrifugal force G is applied to the test liquid S in the centrifugal container 910 and to the target cells C1 and
contaminants C2 in the test liquid S.
[0334] At this point, in the step of capturing the target cells C1, the cell adhesion layer 914 containing the first biocom-
patible polymeric material is disposed along a plane substantially perpendicular to the centrifugal direction in which the
centrifugal force is applied, and in the rinsing step of removing the contaminants C2 while leaving only the target cells
C1 captured in the cell adhesion layer 914, the cell adhesion layer 914 is disposed along a plane substantially parallel
to the centrifugal direction.
[0335] That is, in this embodiment, the centrifugal container 910 is configured such that its orientation changes between
the capture step of capturing the target cells C1 and the rinsing step of removing contaminants C2 other than the captured
target cells C1.
[0336] Consequently, the target cells C1 adhered to the cell adhesion layer 914 are held by the cell adhesion layer
914 even when centrifugal force is applied by rotation by the centrifuge 930, and the contaminants C2 other than the
target cells C1 are subjected to the centrifugal force and move radially outward around the rotary shaft 933c.
[0337] As a result, when the centrifugal container 910 is rotated around the rotary shaft 933c, the contaminants C2
other than the target cells C1 contained in the test liquid S are moved radially outward by the centrifugal force, and the
target cells C1 can be held by the cell adhesion layer 914, allowing the target cells C1 to be selectively captured.

(2) Configuration of Centrifugal Container 910

[0338] As shown in Fig. 48, the centrifugal container 910 according to this embodiment comprises a main body 910a
and an inner surface 910b that forms a holding space for the test liquid S inside the main body 910a. More precisely,
the centrifugal container 910 comprises a pouring chamber 911, a capture chamber 912, a channel (capillary channel)
913, a cell adhesion layer 914, an air hole 915, an overflow chamber 916, and an overflow channel 917.
[0339] As shown in Figs. 49A, 49B, and 49C, the pouring chamber 911 is provided in a space formed inside the main
body 910a of the centrifugal container 910, and the test liquid S is poured through a pouring port 911a. The pouring
chamber 911 communicates with the capture chamber 912 via the channel 913 as shown in Fig. 49B. Also, the pouring
chamber 911 is disposed above the capture chamber 912 in side view, as shown in Figs. 49B and 49C, as a space
formed in the main body 910a.
[0340] The capture chamber 912 holds the test liquid S that has moved through the channel 913 under centrifugal
force in a state in which the test liquid S has been put into the pouring chamber 911. As shown in Figs. 49B and 49C,
the capture chamber 912 is disposed below the pouring chamber 911 in side view as a space formed within the main
body 910a, and is connected to the channel 913 at its upper portion. Furthermore, as shown in Fig. 49C, the capture
chamber 912 is provided with an air hole 915 that releases the air inside the capture chamber 912 to the outside during
filling with the test liquid S that has moved from the pouring chamber 911 through the channel 913 under the application
of centrifugal force.
[0341] Here, the capture chamber 912 is provided at a position that is away from the center of rotation (rotary shaft
933c) in a vertical orientation (see Fig. 50A) when centrifugal force is applied to move the test liquid S from the pouring
chamber 911.
[0342] As shown in Figs. 49A and 49B, the channel 913 is provided to allow the pouring chamber 911 and the capture
chamber 912 to communicate with each other, and holds the test liquid S by capillary force. When a centrifugal force
exceeding the capillary force of the chamber 912 is applied to the test liquid S, the test liquid S is moved from the pouring
chamber 911 to the capture chamber 912.
[0343] As shown in Figs. 49B and 49C, the cell adhesion layer 914 is provided on the inner surface (bottom surface
in the drawings) of the capture chamber 912, and as discussed above, adsorbs the target cells C1 contained in the test
liquid S, and does not adsorb the contaminants C2.
[0344] Here, the surface of the capture chamber 912 on which the cell adhesion layer 914 is provided is disposed
substantially vertically in the state shown in Fig. 50A. Then, when the centrifugal force rises over a specific level due to
the rotation of the centrifuge 930, the surface on which the cell adhesion layer 914 is provided is disposed substantially
horizontally as shown in Fig. 50B.
[0345] That is, in this embodiment, when centrifugal force is applied to the cell adhesion layer 914 by the rotation of
the centrifuge 930, the container holder 934, which is able to pivot with respect to the rotor 933, pivots together with the
centrifugal container 910, and its orientation (the orientation of the centrifugal container 910) changes from being sub-
stantially vertical to being substantially horizontal.
[0346] As shown in Figs. 49A and 49C, the air hole 915 is a through-hole that allows the capture chamber 912 to
communicate with the outside of the centrifugal container 910, and is provided at a position closer to the side surface
on the opposite side from the side surface where the channel 913 is provided in the capture chamber 912.
[0347] Consequently, when the test liquid S moves from the pouring chamber 911 to the capture chamber 912, the
air inside the capture chamber 912 is released through the air hole 915 to the outside, which allows the test liquid S to
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move smoothly to the capture chamber 912.
[0348] The overflow chamber 916 is provided to hold the test liquid S that has moved from the pouring chamber 911
to the capture chamber 912 and overflowed from the capture chamber 912. As shown in Figs. 49A and 49C, the overflow
chamber 916 is located adjacent to the capture chamber 912 in the centrifugal container 910, and is provided between
the pouring chamber 911 and the capture chamber 912.
[0349] Consequently, the test liquid S can be held in the capture chamber 912 until the capture chamber 912 is filled
with the test liquid S. This allows a large amount of target cells C1 to be efficiently and selectively adsorbed in the cell
adhesion layer 914 provided in the capture chamber 912.
[0350] As shown in Figs. 49A and 49C, the overflow channel 917 is a channel that allows the capture chamber 912
to communicate with the overflow chamber 916, and moves the test liquid S overflowing from the capture chamber 912
to move to the overflow chamber 916. Capturing Target Cells C1 using Centrifugal Container 910 and Removing Con-
taminants C2
[0351] As discussed above, with the cell capture apparatus 950 in this embodiment, when the centrifugal container
910 is placed in the centrifuge 930 and rotated, and the centrifugal force reaches at least a specific level, the orientation
of the centrifugal container 910 changes, and as a result the target cells C1 contained in the test liquid S poured into
the centrifugal container 910 are selectively captured.
[0352] More specifically, as shown in Fig. 50A, with the cell capture apparatus 950, in a state in which the centrifugal
container 910 has been placed in the container holder 934 of the centrifuge 930, the centrifugal container 910 (the cell
adhesion layer 914 provided to the inner surface 910b of the capture chamber 912) is disposed substantially along the
vertical direction.
[0353] Then, when the centrifuge 930 is rotated and the centrifugal force applied to the centrifugal container 910
reaches at least a specific level, the distal end of the stopper pin 933b that has been restricting the pivoting of the
container holder 934 comes out of the stopper hole 934c as shown in Fig. 50B, the container holder 934 pivots around
the swing shafts 934b, and the centrifugal container 910 (the cell adhesion layer 914 provided on the inner surface 910b
of the capture chamber 912) is disposed substantially horizontally.
[0354] That is, with the cell capture apparatus 950 of this embodiment, the control unit 951 controls the rotation of the
motor 932 of the centrifuge 930 so that the target cells C1 contained in the test liquid S poured into the centrifugal
container 910 are separated from the contaminants C2, and the target cells C1 are selectively captured.
[0355] Here, the steps up to the pouring of the test liquid S into the centrifugal container 910, the liquid transfer from
the pouring chamber 911 to the capture chamber 912, the capture of the target cells C1 in the cell adhesion layer 914,
the orientation change of the centrifugal container 910, and the removal of the contaminants C2 will now be described
using Figs. 51A to 55.
[0356] Figs. 51A to 54 show only the centrifugal container 910 for the sake of explanation, but in reality, let us assume
that the centrifugal container 910 is in a state in which it can be rotated, or is being rotated, by the centrifuge 930 while
located in the container holder 934.
[0357] First, when the test liquid S is poured from the pouring port 911a of the centrifugal container 910, the pouring
chamber 911 is filled with the test liquid S as shown in Fig. 51A. At this point, the channel 913 that allows the pouring
chamber 911 to communicate with the capture chamber 912 holds the test liquid S by capillary action, so that the test
liquid S is retained in the pouring chamber 911.
[0358] The pouring of the test liquid S into the centrifugal container 910 may be performed with the centrifugal container
910 in place in the container holder 934, or may be performed with the centrifugal container 910 removed from the
container holder 934.
[0359] Next, with the cell capture apparatus 950, when the control unit 951 rotates the centrifuge 930 to apply centrifugal
force to the centrifugal container 910, the test liquid S that was being held in the channel 913 is sent to the capture
chamber 912 side by centrifugal force, as shown in Fig. 51B.
[0360] At this point, the centrifugal force applied to the centrifugal container 910 is not strong enough to remove the
stopper pin 933b from the stopper hole 934c and unlatch the container holder 934, so the centrifugal container 910
rotates while still oriented substantially in the vertical direction, and the liquid is transferred from the pouring chamber
911 to the capture chamber 912.
[0361] At this point, as shown in Fig. 51B, the control unit 951 of the cell capture apparatus 950 rotates the motor 932
(centrifugal container 910) at a rotation speed V1 (first speed) (see Fig. 55) (liquid transfer step).
[0362] Next, with the cell capture apparatus 950, the control unit 951 rotates the centrifuge 930 at the rotation speed
V1, and as shown in Fig. 52A, once the transfer of the liquid S from the pouring chamber 911 of the centrifugal container
910 to the capture chamber 912 is complete, the capture chamber 912 is filled with the test liquid S.
[0363] Here, when the capture chamber 912 is filled with the test liquid S, the air inside the capture chamber 912 is
released through the air hole 915 to the outside, and any test liquid S overflowing from the capture chamber 912 moves
through the overflow channel 917 to the overflow chamber 916 and is stored there.
[0364] Next, when the control unit 951 raises the centrifuge 930 to the rotation speed V2 (second speed) (see Fig.
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55), as shown in Fig. 52B, the target cells C1 and contaminants C2 contained in the test liquid S in the capture chamber
912 are subjected to centrifugal force and pressed against the cell adhesion layer 914 provided on the inner surface
910b of the capture chamber 912 (capture step).
[0365] This allows the cell adhesion layer 914 to capture the target cells C1 effectively.
[0366] Next, when the control unit 951 increases the centrifuge 930 to the rotation speed V3 (third speed) (see Fig.
55), as shown in Fig. 53A, a centrifugal force of at least a specific level is reached, which removes the distal end of the
stopper pin 933b that latches the container holder 934 from the stopper hole 934c, and the centrifugal container 910
pivots around the swing shafts 934b and changes to a substantially horizontal orientation (orientation change step).
[0367] This allows the container holder 934 to become able to pivot around the swing shafts 934b, and then the
container holder 934 pivots under the centrifugal force, and as shown in Fig. 53B, the centrifugal container 910 changes
from being oriented substantially vertically to being oriented substantially horizontally.
[0368] At this point, the target cells C1, etc., adsorbed to the cell adhesion layer 914 are still held within the capture
chamber 912.
[0369] Next, when the control unit 951 raises the centrifuge 930 to the rotation speed V4 (fourth speed) (see Fig. 55),
as shown in Fig. 54, the centrifugal container 910 is still oriented substantially horizontally, and the target cells C1 and
contaminants C2 contained in the test liquid S in the capture chamber 912 are subjected to centrifugal force.
[0370] At this point, the target cells C1 that were adsorbed to the cell adhesion layer 914 are still held on the cell
adhesion layer 914 because the adsorption force is greater than the applied centrifugal force. On the other hand, the
contaminants C2 contained in the test liquid S have almost no adsorptive strength with respect to the cell adhesion layer
914, and therefore move outward in the centrifugal direction due to the centrifugal force, as shown in Fig. 54.
[0371] Consequently, only the target cells C1 are selectively captured on the cell adhesion layer 914 in the capture
chamber 912, and the contaminants C2 are removed from the cell adhesion layer 914 by moving outward in the centrifugal
direction (rinsing step).
[0372] With the cell capture apparatus 950 of this embodiment, as described above, the control unit 951 increases
the rotation speed of the motor 932 of the centrifuge 930 in steps from V1 to V2, V3, and V4 as shown in Fig. 55 to
change the amount of centrifugal force that is applied to the centrifugal container 910.
[0373] Consequently, the steps of pouring the test liquid S into the centrifugal container 910, transferring liquid from
the pouring chamber 911 to the capture chamber 912, capturing the target cells C1 in the cell adhesion layer 914,
changing the orientation of the centrifugal container 910, and removing the contaminants C2 can be performed with the
centrifugal container 910 in the optimal orientation.
[0374] The movement of the target cells C1 and the contaminants C2 contained in the test liquid S as the liquid is
transferred into the capture chamber 912 will now be described in greater detail through reference to Figs. 56A to 58B.
[0375] The target cells C1 and the contaminants C2 contained in the test liquid S sent from the pouring chamber 911
are floating around in the capture chamber 912 as shown in Fig. 56A.
[0376] Then, when the control unit 951 rotates the motor 932 to rotate the centrifugal container 910 at the rotation
speed V2, the target cells C1 and the contaminants C2 move outward in the centrifugal direction inside the capture
chamber 912 as shown in Fig. 56B.
[0377] At this point, the cell adhesion layer 914 is provided at a position facing outward in the centrifugal direction of
the capture chamber 912. Therefore, the target cells C1 and contaminants C2 subjected to centrifugal force are pressed
against the surface of the cell adhesion layer 914.
[0378] Next, when the control unit 951 increases the rotation speed of the motor 932 to the rotation speed V3, as
shown in Fig. 57A, the centrifugal force changes the orientation of the container 910 from being substantially vertical to
being substantially horizontal, while the target cells C1 are still adsorbed to the cell adhesion layer 914.
[0379] Next, when the control unit 951 increases the rotation speed of the motor 932 to the rotation speed V4, as
shown in Fig. 57B, only the target cells C1 adsorbed to the cell adhesion layer 914 remain on the cell adhesion layer
914, while the contaminants C2 move outward in the centrifugal direction under the centrifugal force.
[0380] Consequently, the contaminants C2 can be removed from the cell adhesion layer 914 in the capture chamber
912, but not the target cells C1.
[0381] Here, if air is mixed into the test liquid S transferred into the capture chamber 912, as shown in Fig. 58A, in the
state up to the rinsing step, air A1 will be present somewhere in the test liquid S.
[0382] When the rinsing step is performed from this state, as shown in Fig. 58B, the air A1, which has a lower specific
gravity than the test liquid S, moves inward in the centrifugal direction on the opposite side from the contaminants C2.
At this point, as the air A1 moves, there is the risk that the target cells C1 adsorbed to the cell adhesion layer 914 will
be separated from the cell adhesion layer 914 due to contact with the air A1.
[0383] If this should happen, it may be difficult to selectively capture the target cells C1 in the cell adhesion layer 914.
[0384] In view of this, the centrifugal container 910 of this embodiment comprises the above-mentioned air hole 915
in order to make it less likely that the air A1 will be mixed into the test liquid S transferred to the capture chamber 912.
[0385] Consequently, when the test liquid S is transferred from the pouring chamber 911 to the capture chamber 912,
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the air inside the capture chamber 912 is released to the outside through the air hole 915 as the test liquid S fills the
chamber. This allows mixing of the air A1 into the test liquid S to be effectively suppressed.

Cell Capture Method

[0386] With the cell capture apparatus 950 of this embodiment, because of the above configuration, the cell capture
method is executed according to the flowchart shown in Fig. 59.
[0387] That is, in step S11, the test liquid S containing the target cells C1 is poured into the pouring chamber 911 of
the centrifugal container 910.
[0388] Next, in step S12, in a state in which the centrifugal container 910 has been placed in the container holder 934
of the centrifuge 930, the control unit 951 increases the rotation speed of the motor 932 to V1.
[0389] Next, in step S13, once the rotation speed V1 is reached, the test liquid S is transferred from the pouring
chamber 911 of the centrifugal container 910 to the capture chamber 912 (liquid transfer step).
[0390] Next, in step S14, the control unit 951 determines whether or not a specific length of time has elapsed since
the start of rotation at the rotation speed V1, and if the determination is affirmative, the processing proceeds to step S15.
[0391] Next, in step S15, the control unit 951 increases the rotation speed of the motor 932 to V2.
[0392] Next, in step S16, once the rotation speed reaches V2, the target cells C1 and contaminants C2 contained in
the test liquid S in the capture chamber 912 of the centrifugal container 910 are pressed against the cell adhesion layer
914 by centrifugal force (capture step).
[0393] Next, in step S17, it is determined whether or not a specific length of time has elapsed since the rotation at the
rotation speed V2 was started, and if the determination is affirmative, the processing proceeds to step S18.
[0394] Next, in step S18, the control unit 951 increases the rotation speed of the motor 932 to V3.
[0395] Next, in step S19, once the rotation speed reaches V3 and the centrifugal force is at least a specific level, the
distal end of the stopper pin 933b that is latching the container holder 934 comes out of the stopper hole 934c, and the
centrifugal container 910 changes from being oriented substantially vertically to being oriented substantially horizontally
(orientation change step).
[0396] Next, in step S20, the control unit 951 increases the rotation speed of the motor 932 to V4.
[0397] Next, in step S21, once the rotation speed reaches V4, the target cells C1 adsorbed to the cell adhesion layer
914 are still held on the cell adhesion layer 914, while the contaminants C2 are moved outward in the centrifugal direction
by centrifugal force (rinsing step).
[0398] Consequently, just the target cells C1 that are supposed to be captured can be selectively adsorbed onto the
cell adhesion layer 914, so the target cells C1 can be easily taken out.
[0399] Next, in step S22, the control unit 951 determines whether or not a specific length of time has elapsed since
the start of rotation at the rotation speed V4, and when if the determination is affirmative, the processing proceeds to
step S23.
[0400] Next, in step S23, it is determined that the rinsing step has ended, and the control unit 951 controls the motor
932 to stop the rotation of the centrifuge 930.
[0401] Next, in step S24, when the centrifuge 930 stops spinning, the target cells C1 are separated from the cell
adhesion layer 914 and taken out, and the processing is concluded.

Eleventh Embodiment

[0402] The centrifugal container 1010 according to another embodiment of the present invention will now be described
with reference to Figs. 60 to 61C.
[0403] Of the members appearing in this embodiment, those having the same function, shape, etc., as those of the
tenth embodiment will be numbered the same and will not be described again in detail.
[0404] As shown in Fig. 60, the centrifugal container 1010 of this embodiment differs from the centrifugal container
910 described in the tenth embodiment in having a simpler configuration that does not have the overflow chamber 916
or the overflow channel 917, but otherwise the configurations are the same.
[0405] Just as with the centrifugal container 910 of the tenth embodiment, the centrifugal container 1010 comprises
the pouring chamber 911, the capture chamber 912, the channel 913, the cell adhesion layers 914, and the air hole 915,
as shown in Figs. 61A, 61B, and 61C.
[0406] As a result, when the rotation speed is changed in a state in which in the centrifugal container 910 has been
placed in the centrifuge 930, thereby changing the amount of centrifugal force applied, the target cells C1 can be
selectively adsorbed to the cell adhesion layer 914 and efficiently removed from the test liquid S, just as in the tenth
embodiment above.
[0407] Since the centrifugal container 1010 of this embodiment does not have the overflow chamber 916, etc., the
configuration of the centrifugal container 910 of the tenth embodiment is preferable in that a sufficient amount of the test
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liquid S can be held in the capture chamber 912.

Twelfth Embodiment

[0408] The centrifugal container 1110 according to yet another embodiment of the present invention will now be
described with reference to Figs. 62 to 63C.
[0409] Of the members appearing in this embodiment, those having the same function, shape, etc., as those of the
tenth embodiment will be numbered the same and will not be described again in detail.
[0410] As shown in Fig. 62, the centrifugal container 1110 of this embodiment differs from the centrifugal container
910 described in the tenth embodiment in that the pouring chamber 911 and the capture chamber 912 communicate
with each other via a substantially L-shaped channel 1113, but otherwise the configurations are the same.
[0411] In the centrifugal container 1110, the test liquid S poured into the pouring chamber 911 is transferred to the
capture chamber 912, just as with the centrifugal container 910 of the tenth embodiment.
[0412] At this point, as shown in Figs. 63A and 63B, the channel 1113 allowing the pouring chamber 911 and the
capture chamber 912 to communicate is connected near the bottom surface (in the drawing) of the inner surface 910b
forming the capture chamber 912. The cell adhesion layer 914 is provided on this bottom surface.
[0413] This effectively suppresses the mixing of air into the test liquid S that has been transferred from the pouring
chamber 911 to the capture chamber 912.
[0414] Then, as the inside of the capture chamber 912 is filled with the test liquid S, the air inside the capture chamber
912 is released to the outside through the air hole 915 shown in Fig. 63c.

Thirteenth Embodiment

[0415] The centrifugal container 1210 according to yet another embodiment of the present invention will now be
described with reference to Figs. 64 to 65C.
[0416] Of the members appearing in this embodiment, those having the same function, shape, etc., as those of the
tenth embodiment will be numbered the same and will not be described again in detail.
[0417] As shown in Fig. 64, the centrifugal container 1210 of this embodiment differs from the centrifugal container
910 described in the tenth embodiment in that bottom surface of the pouring chamber 911 and the upper surface of the
capture chamber 912 are inclined surfaces 1211a and 1212a, respectively, but otherwise the configurations are the same.
[0418] In the centrifugal container 1210, the test liquid S poured into the pouring chamber 911 is transferred to the
capture chamber 912, just as with the centrifugal container 910 of the tenth embodiment.
[0419] At this point, as shown in Figs. 65A and 65B, the bottom surface of the pouring chamber 911 is an inclined
surface (first inclined surface) 9311a that inclines downward toward the capture chamber 912 in side view. Furthermore,
as shown in Figs. 65A and 65B, the upper surface of the capture chamber 912 is an inclined surface (second inclined
surface) 1212a that inclines upward toward the pouring chamber 911 in side view.
[0420] Consequently, when the centrifugal container 1210 is in oriented substantially vertically, the test liquid S in the
pouring chamber 911 moves smoothly toward the capture chamber 912.
[0421] Furthermore, when the centrifugal container 1210 is oriented substantially vertically in the above-mentioned
liquid transfer step, the air contained in the test liquid S in the capture chamber 912 moves along the inclined surface
1212a that is inclined toward the air hole shown in Fig. 65c, and can be efficiently released through the air hole 915 to
the outside. This allows the venting of air from the capture chamber 912 to be completed prior to the rinsing step.
[0422] Also, because of the positional relation between the pouring chamber 911 and the capture chamber 912 shown
in Figs. 65A to 65C, after the liquid transfer process and the capture process are complete, even when the rotation speed
of the centrifuge is raised and the orientation is changed to be substantially horizontal in the orientation change step, it
is still possible to effectively suppress the test liquid S from leaking out of the capture chamber 912, or air from becoming
mixed into the capture chamber 912.

Other Embodiments

[0423] Embodiments of the present invention were described above, but the present invention is not limited to the
above embodiments, and various modifications are possible without departing from the gist of the invention.
[0424] (F) In the above embodiment, an example was given in which the control unit 951 controlled the rotation of the
motor 932 of the centrifuge 930 to increase the centrifugal force in stages, so that when centrifugal force over a specific
level was applied, the orientation of the container 910 was automatically switched. However, the present invention is
not limited to this.
[0425] For example, as shown in Fig. 66, the configuration may be such that a bowl-shaped rotor 1333 provided with
holding portions of different orientations is rotated in order to manually change the orientation of the centrifugal container
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910, thereby applying centrifugal force to the centrifugal container 910, so that the target cells C1 are efficiently taken
out of the test liquid S in the centrifugal container 910.
[0426] More specifically, as shown in Fig. 66, the rotor 1333 comprises a main body 1333a, first container holding
portions 1334a, and second container holding portions 1334b.
[0427] The main body 1333a has a bowl-like shape, and is provided with the first container holding portions 1334a on
the inner peripheral surface side and the second container holding portions 1334b on the bottom surface.
[0428] The first container holding portions 1334a consist of two recesses provided at positions opposite each other
on the inner peripheral surface of the main body 1333a, and hold the centrifugal container 910 substantially in the vertical
direction.
[0429] The second container holding portions 1334b consist of two recesses provided on the bottom surface of the
main body 1333a at opposing positions across the center of rotation, and hold the centrifugal container 910 substantially
horizontally.
[0430] As a result, the centrifugal container 910 held by the first container holding portions 1334a is such that the cell
adhesion layer 914 is disposed substantially vertically, and the centrifugal container 910 held by the second container
holding portions 1334b is such that the cell adhesion layer 914 is disposed substantially horizontally, so the target cells
C1 can be efficiently taken out of the test liquid S, which is the same effect as in the above embodiment.
[0431] (G) In the above embodiment, an example was given in which the orientation of the centrifugal container 910
was changed according to the amount of centrifugal force by causing the container holder 934 to pivot around the swing
shafts 934b. However, the present invention is not limited to this.
[0432] For example, the mechanism for changing the orientation of the centrifugal container may be configured such
that the orientation of the centrifugal container is mechanically changed, in addition to the method of pivoting around
the swing shafts.
[0433] (H) In the above embodiment, an example was given in which the above steps were carried out while switching
the rotation speed of the centrifuge 930 between four stages of rotation speed, V1 to V4. However, the present invention
is not limited to this.
[0434] For example, the rotation speed V3 for changing the orientation of the centrifugal container and the rotation
speed V4 for removing contaminants C2 in the capture chamber 912 after the orientation change (rinsing step) may be
substantially the same rotation speed.
[0435] (I) In the above embodiment, an example was given in which two centrifugal containers 910 were attached to
the rotor 933 and the centrifuge 930 was rotated. However, the present invention is not limited to this.
[0436] For example, the number of centrifugal containers attached to the centrifuge may be one, or may be three or
more.
[0437] (J) In the above embodiment, an example was given in which the centrifugal container 910 was substantially
fan-shaped. However, the present invention is not limited to this.
[0438] For example, the centrifugal container is not limited to having a fan shape, and may have some other shape,
such as a substantially cuboid shape, or a substantially cylindrical shape.

INDUSTRIAL APPLICABILITY

[0439] The cell capture device, cell capture apparatus, and cell capture method disclosed herein allow cells such as
circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic cells, smooth muscle cells, fibroblasts,
cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate cells, and pancreatic islet cells con-
tained in intravascular fluids such as blood and lymphatic fluid to be favorably captured, and as such can be used to
advantage in various medical applications.

REFERENCE SIGNS LIST

[0440]

101-105 cell capture devices
110, 110’, 120 centrifugal container
110s space
111 cell adhesion layer
112, 114 cell adhesion suppression layer
113 inner surface
113’s side surface portion
113a inner side surface portion
113b bottom surface portion
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113b’ outer side surface portion
113c, 113d, 113s side surface portion
120a upper surface
120b lower surface
120c rotation axis
120s space
121’ base
122 cover
122h opening
150, 150a, 150b target cell
151 hydration shell
161 hydration structure
160 biocompatible polymeric material
152, 162 nonfreezing water
153, 163 intermediate water
154, 164 free water
170 test liquid
201, 202 centrifuge
211 bucket
211a axis
212 rotary shaft
213 arm
220’ turntable
301, 302 cell capture apparatus
10 cell capture apparatus
11 centrifuge
12 main body
13 lid
14 mounting portion
15 display unit
20 centrifugal container
21 main body
22 cover
22a vent hole
23 rotation axis
24 holding space
24a bottom surface (inner surface, bottom surface portion)
24b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
24c inner peripheral surface (inner surface, second inclined portion)
25 discharge port
26 collection chamber
27 cell adhesion layer
28a, 28b cell adhesion suppression layer
31 hydration shell
32 nonfreezing water
33 intermediate water
34 free water
40 biocompatible polymeric material
41 hydration structure
42 nonfreezing water
43 intermediate water
44 free water
120 centrifugal container
121 main body
124 holding space
124a bottom surface (inner surface, bottom surface portion)
124b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
124c inner peripheral surface (inner surface, second inclined portion)
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125 discharge port
220 centrifugal container
221 main body
224 holding space
224a bottom surface (inner surface, bottom surface portion)
224b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
224c inner peripheral surface (inner surface, second inclined portion)
228 cell adhesion suppression layer
320 centrifugal container
321 main body
324 holding space
324a bottom surface (inner surface, bottom surface portion)
324b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
324c inner peripheral surface (inner surface, second inclined portion)
420 centrifugal container
421 main body
424 holding space
424a bottom surface (inner surface, bottom surface portion)
424b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
424c inner peripheral surface (inner surface, second inclined portion)
520 centrifugal container
521 body
524 holding space
524a bottom surface (inner surface, bottom surface portion)
524b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
524c inner peripheral surface (inner surface, second inclined portion)
525 discharge port
620 centrifugal container
624 holding space
624a bottom surface (inner surface, bottom surface portion)
624b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
624c inner peripheral surface (inner surface, second inclined portion)
720 centrifugal container
724 holding space
724a bottom surface (inner surface, bottom surface portion)
724b outer peripheral surface (inner surface, outer side surface portion, first inclined portion)
724c inner peripheral surface (inner surface, second inclined portion)
810 cell capture apparatus
811 centrifuge
814 mounting portion
820 centrifugal container
821 main body
822 cover
823 rotation axis
824 holding space
824a bottom surface (inner surface, bottom surface portion)
824b outer peripheral surface (inner surface, outer side surface portion)
824c inner peripheral surface (inner surface)
827 cell adhesion layer
828 cell adhesion suppression layer
C1 target cell
C2 contaminant
d1 first distance
d2 second distance
F, F1, F2, F3 force
G centrifugal force
1 hydration shell
1a nonfreezing water
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1b intermediate water
1c free water
2 biocompatible polymeric material
3 hydration structure
3a nonfreezing water
3b intermediate water
3c free water
910 centrifugal container
910a main body
910b inner surface
911 pouring chamber
911a pouring port
912 capture chamber
913 channel (capillary channel)
914 cell adhesion layer
915 air hole
916 overflow chamber
917 overflow channel
930 centrifuge
931 base
932 motor
933 rotor
933a swing bearing
933b stopper pin
933 c rotary shaft
934 container holder
934a holding portion
934b swing axis
934c stopper hole
950 cell capture apparatus
951 control unit
1010 centrifugal container
1110 centrifugal container
1113 channel
1210 centrifugal container
1211a inclined surface (first inclined surface)
1212a inclined surface (second inclined surface)
1333 rotor
1333a main body
1334a first container holder
1334b second container holder
A1 air
G centrifugal force
S test liquid
V1 rotation speed (first speed)
V2 rotation speed (second speed)
V3 rotation speed (third speed)
V4 rotation speed (fourth speed)

Claims

1. A cell capture device, comprising:

a centrifugal container that can be mounted in a centrifuge, and that has a space in which a test liquid containing
target cells is held, and an inner surface that defines the space; and
a cell adhesion layer that is disposed on the inner surface and is configured to adsorb the target cells in the test
liquid.
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2. The cell capture device according to claim 1, wherein the cell adhesion layer is disposed in a capture region of the
inner surface that is not parallel to a centrifugal direction of the centrifugal container.

3. The cell capture device according to claim 2, further comprising a cell adhesion suppression layer that is disposed
in a region of the inner surface other than the capture region, and that is configured to suppress adsorption of the
target cells in the test liquid.

4. The cell capture device according to any of claims 1 to 3, wherein the target cells include at least one type selected
from a group consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic cells,
smooth muscle cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic stellate
cells, and pancreatic islet cells, and the cell adhesion layer adsorbs the target cells.

5. The cell capture device according to any of claims 1 to 4, wherein the cell adhesion layer includes a first biocompatible
polymeric material, and
the first biocompatible polymeric material includes one or more of polymers expressed by the following formulas 1
to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting
one or more types of polymer selected from a group consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl
methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl ether, poly-
tetrahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate.

(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer of
1, 2, or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)
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(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group, m
is an integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)

6. The cell capture device according to claim 3, wherein the cell adhesion suppression layer includes a second bio-
compatible polymeric material, and
the second biocompatible polymeric material includes a polymer having phospholipid polar groups.

7. The cell capture device according to claim 3, wherein the centrifugal container has a cylindrical shape having the
space,

the space has a columnar shape,
the inner surface includes a side surface portion that defines a side portion of the columnar shape, and a bottom
surface portion that defines a bottom portion of the columnar shape, and
the cell adhesion layer covers the bottom surface portion of a columnar inner surface.

8. The cell capture device according to claim 7, wherein the bottom surface portion is partially spherical.

9. The cell capture device according to claim 8, wherein the cell adhesion layer is disposed on an arc with respect to
a center of rotation.

10. The cell capture device according to any of claims 7 to 9, wherein the cell adhesion suppression layer covers the
side surface portion of the columnar inner surface.

11. The cell capture device according to claim 3, wherein the centrifugal container has a disk shape having an upper
surface, a lower surface, and a rotary shaft,

the space is formed at a position that is away from the rotary shaft of the disk shape in a radial direction,
the inner surface includes an outer side surface portion that is farthest away from the rotary shaft in the radial
direction, and
the cell adhesion layer is disposed on the outer side surface portion.

12. The cell capture device according to claim 11, wherein the cell adhesion suppression layer covers a surface of the
inner surface other than the outer side surface portion.

13. A cell capture apparatus, comprising:

the cell capture device according to any of claims 1 to 12; and
a centrifuge in which the cell capture device can be mounted, and that is configured to apply centrifugal force
to the cell capture device by rotating the cell capture device.

14. A cell capture method, comprising following steps:

introducing a test liquid containing target cells into a space of a cell capture device comprising a space for
holding a test liquid containing target cells, a centrifugal container having an inner surface that defines the
space, and a cell adhesion layer including a first biocompatible polymeric material that is disposed on the inner
surface and adsorbs the target cells in the test liquid; and
mounting the cell capture device in a centrifuge and rotating the cell capture device to adsorb the target cells
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to the cell adhesion layer.

15. The cell capture method according to claim 14, wherein, in the step of adsorption, a centrifugal force of at least 500
G and no more than 10,000 G is applied to the test liquid held in the cell capture device.

16. The cell capture method according to claim 14 or 15, further comprising a step of bringing a liquid containing water
into contact with the cell adhesion layer prior to the step of introduction.

17. The cell capture method according to any of claims 14 to 16, wherein the cell adhesion layer is disposed in a capture
region of the inner surface that is not parallel to a centrifugal direction of the centrifugal container.

18. The cell capture method according to any of claims 14 to 17, wherein the target cells include at least one type
selected from a group consisting of circulating tumor cells, stem cells, vascular endothelial cells, nerve cells, dendritic
cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal muscle cells, hepatic parenchymal cells, hepatic
stellate cells, and pancreatic islet cells, and the cell adhesion layer adsorbs the target cells.

19. The cell capture method according to any of claims 14 to 18, wherein the first biocompatible polymeric material
includes one or more of polymers expressed by the following formulas 1 to 4, or a copolymer of a monomer constituting
the polymer expressed by formula 1 and a monomer constituting one or more types of polymer selected from a
group consisting of polyethylene glycol, polyvinyl pyrrolidone, polyvinyl methyl ether, polymethoxyethyl acrylamide,
polymethoxyethyl methacrylamide, polymethoxyethyl vinyl ether, polytetrahydrofurfuryl acrylate, and polytetrahy-
drofurfuryl methacrylate.

(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer of
1, 2, or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)
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(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group, m
is an integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)

20. A centrifugal container that is rotationally driven while mounted in a centrifuge, comprising:

an inner surface that forms a holding space for holding a test liquid containing target cells and contaminants
other than the target cells; and
a cell adhesion layer that is disposed in a capture region of the inner surface that is substantially parallel to a
centrifugal direction in which centrifugal force is applied by the centrifuge, and that is configured to adsorb the
target cells in the test liquid.

21. The centrifugal container according to claim 20,
further comprising a cell adhesion suppression layer that is disposed in a region of the inner surface other than the
capture region, and that is configured to suppress an adsorption of the target cells in the test liquid.

22. The centrifugal container according to claim 20 or 21,

further comprising a rotary shaft that serves as a center of rotation when rotated by the centrifuge,
wherein the holding space is formed in a substantially arc shape at a position that is away from the rotary shaft
in a radial direction,
the inner surface includes a bottom surface portion that is substantially parallel to the centrifugal direction, and
the cell adhesion layer is disposed on the bottom surface portion.

23. The centrifugal container according to claim 22,

further comprising a cell adhesion suppression layer that is disposed in a region of the inner surface other than
the capture region, and that is configured to suppress the adsorption of the target cells in the test liquid,
wherein the cell adhesion suppression layer is provided on a surface of the inner surface other than the bottom
surface portion.

24. The centrifugal container according to claim 22 or 23,
further comprising a first inclined portion that is provided on an outer peripheral side of the holding space and inclines
downward from the outer peripheral side toward an inner peripheral side in the radial direction centered on the rotary
shaft.
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25. The centrifugal container according to any of claims 22 to 24,
wherein the inner surface includes an outer side surface portion that is provided at a position of the inner surface
farthest away from a rotation axis in the radial direction.

26. The centrifugal container according to claim 25,
wherein the outer side surface portion has an eccentric shape including a first distance and a second distance
different from the first distance, in the radial direction centered on the rotary shaft.

27. The centrifugal container according to claim 26,
further comprising a discharge port that is provided on the outer side surface portion and is configured to discharge
the contaminants to the outside of the holding space.

28. The centrifugal container according to claim 27,
wherein the discharge port is provided at a position of the outer side surface portion farthest away from the rotary
shaft in the radial direction.

29. The centrifugal container according to claim 25,
wherein the outer side surface portion is disposed along an arc at a constant radial distance from the rotary shaft.

30. The centrifugal container according to claim 29,
further comprising a discharge port that is provided on the outer side surface portion and is configured to discharge
the contaminants to the outside of the holding space.

31. The centrifugal container according to claim 30,
wherein a plurality of the discharge ports are provided at positions of the outer side surface portion farthest away
in the radial direction from the rotary shaft.

32. The centrifugal container according to claim 27, 28, 30, or 31,
further comprising a collection chamber configured to collect the contaminants discharged from the discharge port.

33. The centrifugal container according to claim 22 or 23,
further comprising a second inclined portion that is provided on an inner peripheral side of the holding space and
inclines downward from the inner peripheral side toward an outer peripheral side in the radial direction centered on
the rotary shaft.

34. The centrifugal container according to claim 33,
wherein the second inclined portion is formed along a substantially circular arc centered on the rotary shaft.

35. The centrifugal container according to any of claims 25 to 31,
wherein the outer side surface portion has a curved surface in a cross-sectional view including the rotary shaft.

36. The centrifugal container according to any of claims 20 to 35,
wherein the target cells include at least one type selected from a group consisting of circulating tumor cells, stem
cells, vascular endothelial cells, nerve cells, dendritic cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal
muscle cells, hepatic parenchymal cells, hepatic stellate cells, and pancreatic islet cells.

37. The centrifugal container according to any of claims 20 to 36,

wherein the cell adhesion layer includes a first biocompatible polymeric material, and
the first biocompatible polymeric material includes one or more of polymers expressed by the following formulas
1 to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting
one or more types of polymer selected from a group consisting of polyethylene glycol, polyvinyl pyrrolidone,
polyvinyl methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl
ether, polytetrahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate.
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(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer
of 1, 2, or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)

(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group,
m is an integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)

38. The centrifugal container according to claim 20 or 21,

further comprising a main body that is substantially fan shaped, and a virtual rotary shaft serving as a center of
rotation when rotated by the centrifuge,
wherein the holding space is formed in a substantially arc shape at a position away from a rotary shaft in a
radial direction,
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the inner surface includes a bottom surface portion that is substantially parallel to the centrifugal direction, and
the cell adhesion layer is disposed on the bottom surface portion.

39. A cell capture apparatus, comprising:

the centrifugal container according to any of claims 20 to 38; and
a centrifuge in which the centrifugal container can be mounted, and that is configured to apply centrifugal force
to the test liquid including target cell in the centrifugal container by rotating the centrifugal container.

40. A cell capture method that makes use of the centrifugal container according to any of claims 20 to 38, the method
comprising following steps:

introducing a test liquid containing target cells into the holding space of the centrifugal container; and
mounting the centrifugal container in a centrifuge, rotating the centrifugal container to adsorb the target cells to
the cell adhesion layer, and washing out contaminants other than the target cells.

41. A centrifugal container that is mounted in a centrifuge and rotationally driven while an orientation is varied as needed
in each step, the centrifugal container comprising:

a main body;
an inner surface that is provided inside the main body and forms a holding space for holding a test liquid
containing target cells and contaminants other than the target cells; and
a cell adhesion layer that is provided to a part of the inner surface in order to adsorb the target cells in the test
liquid, and that is disposed along a substantially vertical direction with respect to a direction of a centrifugal
force applied by a rotation of the centrifuge when capturing the target cells contained in the test liquid poured
into the holding space, and is disposed along a substantially horizontal direction with respect to the centrifugal
force when removing the contaminants.

42. The centrifugal container according to claim 41,
wherein the holding space has a pouring chamber into which the test liquid is poured, and a capture chamber into
which the test liquid is moved from the pouring chamber by an application of the centrifugal force, and at least a
part of which is provided with the cell adhesion layer.

43. The centrifugal container according to claim 42,
wherein the capture chamber is provided at a position that is farther away from a center of rotation than the pouring
chamber in an orientation in which the test liquid moves under the application of centrifugal force.

44. The centrifugal container according to claim 42 or 43,
further comprising a capillary channel configured to connect the pouring chamber and the capture chamber and
hold the test liquid by capillary force.

45. The centrifugal container according to claim 44,
wherein the capillary channel is connected to the capture chamber near the inner surface on which the cell adhesion
layer is formed.

46. The centrifugal container according to claim 44,
wherein the capillary channel is formed to be substantially L-shaped.

47. The centrifugal container according to claim 42 or 43,
further comprising an air hole that is provided in the capture chamber and is configured to release air inside the
capture chamber to an atmosphere as the test liquid moves from the pouring chamber to the capture chamber.

48. The centrifugal container according to claim 42 or 43,
further comprising an overflow chamber that is connected to the capture chamber and is configured to hold any test
liquid that has overflowed when the test liquid that has moved from the pouring chamber to the capture chamber
fills up the capture chamber.

49. The centrifugal container according to claim 42 or 43,
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wherein the pouring chamber has a first inclined surface that is inclined so that a side connected to the capture
chamber is farther away from a center of rotation than an opposite side in an orientation in which the test liquid is
moved to the capture chamber under the application of centrifugal force.

50. The centrifugal container according to claim 47,
wherein the capture chamber has a second inclined surface that is inclined so that a discharge side provided with
the air hole is closer to a center of rotation than an opposite side in an orientation in which the test liquid is moved
to the capture chamber under the application of centrifugal force.

51. The centrifugal container according to any of claims 41 to 43,
wherein the target cells include at least one type selected from a group consisting of circulating tumor cells, stem
cells, vascular endothelial cells, nerve cells, dendritic cells, smooth muscle cells, fibroblasts, cardiomyocytes, skeletal
muscle cells, hepatic parenchymal cells, hepatic stellate cells, and pancreatic islet cells.

52. The centrifugal container of any according to claims 41 to 43,

wherein the cell adhesion layer includes a first biocompatible polymeric material, and
the first biocompatible polymeric material includes one or more of polymers expressed by the following formulas
1 to 4, or a copolymer of a monomer constituting the polymer expressed by formula 1 and a monomer constituting
one or more types of polymer selected from the group consisting of polyethylene glycol, polyvinyl pyrrolidone,
polyvinyl methyl ether, polymethoxyethyl acrylamide, polymethoxyethyl methacrylamide, polymethoxyethyl vinyl
ether, polytetrahydrofurfuryl acrylate, and polytetrahydrofurfuryl methacrylate.

(In formula 1, R1 is a hydrogen atom or a methyl group, R2 is a methyl group or an ethyl group, m is an integer
of 1, 2, or 3, and n is a repeating unit.)

(In formula 2, R1 is a hydrogen atom or a methyl group, and n is a repeating unit.)
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(In formula 3, X and Y are each independently a hydrogen atom, an alkali metal atom, or an ammonium group,
m is an integer of 0, 1, or 2, and n is a repeating unit.)

(In formula 4, R1 is a hydrogen atom or an organic group having 1 to 30 carbon atoms, and n is a repeating unit.)

53. A cell capture device, comprising:

the centrifugal container according to any of claims 41 to 43;
a centrifuge that has a container holding unit in which the centrifugal container is mounted, and a rotary drive
unit configured to rotate the centrifugal container held by the container holding unit to apply centrifugal force to
the test liquid containing the target cell placed in the centrifugal container; and
a control unit configured to control a rotation speed of the rotary drive unit.

54. The cell capture device according to claim 53,
wherein the control unit changes the rotation speed of the rotary drive unit in steps to change an orientation of the
centrifugal container.

55. The cell capture device according to claim 54,

wherein the holding space has a pouring chamber into which the test liquid is poured, and a capture chamber
into which the test liquid is moved from the pouring chamber by an application of the centrifugal force, and at
least a part of which is provided with the cell adhesion layer, and
the control unit rotates the centrifugal container at a first speed when moving the test liquid from the pouring
chamber to the capture chamber.

56. The cell capture device according to claim 55,
wherein the control unit rotates the centrifugal container at a second speed that is higher than the first speed when
the target cells contained in the test liquid that has moved to the capture chamber are adsorbed in the cell adhesion
layer.

57. The cell capture device according to claim 56,
wherein the control unit rotates the centrifugal container at a third speed that is higher than the second speed to
change the orientation of the centrifugal container so that the cell adhesion layer is substantially horizontal in the
direction of the centrifugal force in a state in which the target cells have been adsorbed to the cell adhesion layer
in the capture chamber.

58. The cell capture device according to claim 57,
wherein the control unit rotates the centrifugal container at a fourth speed equal to or higher than the third speed
when moving the contaminants adsorbed in the cell adhesion layer of the capture chamber to the outside in a
centrifugal direction while maintaining the orientation of the centrifugal container in which the cell adhesion layer is
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facing substantially horizontally in the direction of the centrifugal force.

59. The cell capture device according to claim 57,
wherein the control unit rotates the centrifugal container at a fourth speed that is higher than the second speed when
moving the contaminants adsorbed in the cell adhesion layer of the capture chamber to the outside in the centrifugal
direction while maintaining the orientation of the centrifugal container in which the cell adhesion layer is facing
substantially horizontally in the direction of the centrifugal force.

60. A cell capture method that makes use of the centrifugal container according to any of claims 41 to 43, the method
comprising following steps:

introducing a test liquid containing target cells into the holding space of the centrifugal container; and
mounting the centrifugal container in a centrifuge, and rotating the centrifugal container to adsorb the target
cells to the cell adhesion layer; and
washing out contaminants other than the target cells by rotating the centrifugal container in a state in which the
orientation of the centrifugal container has been changed.
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