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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to a method for separating particles, a separation apparatus, and a separation
system. In particular, the present disclosure relates to a method for separating labeled particles and non-labeled particles
that are included in a suspension, and a separation apparatus and a separation system that are used therefor.

2. Description of Related Art

[0002] Methods for separating target particles from a suspension containing a plurality of types of particles include a
method in which target particles are labeled with magnetism or the like in advance, and the target particles are separated
from the other particles by removing the suspension liquid in a state in which the labeled target particles are attracted
by a magnet or the like (for example, JP 2013-517763A). JP 2013-517763A discloses a method in which a sample
containing magnetically labeled cells is introduced into a tube in which magnetic flux is generated, adhesion of cells
other than the magnetically labeled cells (not magnetically labeled cells) to the wall of the tube is suppressed while the
magnetically labeled cells are attracted to the wall of the tube by the magnetic flux, the sample in the tube is ejected to
the outside, magnetic flux is stopped, the magnetically labeled cells are separated from the wall of the tube, and the
target cells are collected by washing with liquid, and thereby the target cells are separated and collected.

SUMMARY OF THE INVENTION

[0003] In general, as in JP 2013-517763A above, separation is performed by labeling target particles (i.e., positive
selection). With this method, the labeled target particles are captured by magnetism or the like, and in this state, separation
is performed by removing non-labeled particles other than the labeled particles, and thereafter, the target particles are
collected by releasing the capture with magnetism or the like.
[0004] However, if the number of target particles included in the sample is smaller than the number of particles other
than the target particles, the above-described method has the problem of separation precision, and the separated target
particles cannot be collected with the above-described method with sufficient precision in some cases.
[0005] In one or more embodiments, the present disclosure provides a method, a separation apparatus, and a sepa-
ration system with which labeled particles and non-labeled particles are separated efficiently, and non-labeled particles
can be highly precisely collected.
[0006] One aspect of the present disclosure is a method for separating labeled particles and non-labeled particles,
and relates to the separation method including supplying a suspension containing labeled particles and non-labeled
particles into a flow channel from one end of the flow channel, deflecting the labeled particles in the flow channel in a
direction that is different from a gravity direction, fixing the labeled particles onto an inner wall surface of the flow channel,
ejecting the suspension in the flow channel from an end of the flow channel by introducing a gas phase into the flow
channel from one end of the flow channel in a state in which the labeled particles are fixed on the inner wall surface of
the flow channel, and collecting the non-labeled particles.
[0007] One aspect of the present disclosure is an apparatus for separating labeled particles and non-labeled particles,
and relates to the separation apparatus including a flow channel into which a suspension containing labeled particles
and non-labeled particles maybe supplied, wherein said flow channel includes an inlet and an outlet, a means for
deflecting the labeled particles in a direction that is different from the gravity direction and fixing the labeled particles
onto an inner wall surface of the flow channel, an introduction means for introducing a gas phase for ejecting the
suspension in the flow channel and collection container to collect the ejected suspension.
[0008] One aspect of the present disclosure is a system for separating labeled particles and non-labeled particles,
and relates to the separation system including a separation portion, and an introduction means for introducing a gas
phase for ejecting the suspension in the flow channel, the separation portion includes a flow channel into which a
suspension containing labeled particles and non-labeled particles is supplied, and a means for deflecting the labeled
particles in a direction that is different from a gravity direction, and fixing the labeled particles onto an inner wall surface
of the flow channel.
[0009] According to the present disclosure, in one aspect, it is possible to efficiently separate labeled particles and
non-labeled particles and to highly precisely collect non-labeled particles.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a schematic diagram showing one example of a separation apparatus that can be utilized in a separation
method of the present disclosure.
FIG. 2 is an illustrative diagram showing one example of an arrangement of a flow channel and a magnetic field
emission body in the separation apparatus in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0011] As in JP 2013-517763A, target cells are separated and collected by performing magnetic separation in a tube.
A method for performing magnetic separation in a tube is advantageous in that the method is easily systematized or
utilized in an apparatus due to having a flow channel structure, and the distance between a suspension containing
labeled particles and magnetism can be reduced by reducing the inner diameter of the tube. In particular, if magnetism
is used, the magnetic force is inversely proportional to the square of the distance, and thus it is extremely important to
improve performance of magnetic separation by reducing the distance. However, this method has some issues.
[0012] First, it is difficult to efficiently collect cells that need to be collected from the tube. Regardless of positive
selection or negative selection, particles that need to be collected aggregate on the wall of the tube due to the magnetic
force, gravity, and the like. In order to collect particles aggregating on the wall, in general, liquid is sent into the tube,
and the liquid flows through the center of the tube at a high speed, but the liquid does not easily flow on the wall surface
of the tube and flows on the wall surface at an extremely slow speed. Thus, it is difficult to efficiently move cells on the
wall surface by sending the liquid, as a result of which the recovery ratio of target particles decreases.
[0013] Second, it is difficult to maintain or reduce the amount of collected liquid after processing (e.g., separation) in
the tube with respect to the amount of liquid before the processing (e.g., separation) in the tube, that is, the amount of
collected liquid after separation processing tends to increase compared to the liquid amount before the processing, and
thus this method is not suitable for handling rare particles. In some embodiments, the rare particles may be rare cells
described herein.
[0014] An example of a means for compensating for poor efficiency of collecting particles that need to be collected,
which is the first issue, is a means for collecting particles that were not collected by sending additional liquid. However,
in this case, the amount of collected liquid after processing increases. When particles that are to be collected are rare
particles, if the amount of collected liquid increases, then the concentration of particles is extremely low, and it is difficult
to handle the particles. When rare particles are handled, it is desired to reduce the amount of collected liquid and handle
a small amount of the rare particles, and thus this method is not suitable for handling rare particles.
[0015] In one aspect, the present disclosure is based on new findings found by the inventor that if a suspension that
undergoes separation contains a small amount of target particles (i.e., particles to be detected), precision in separation
and collection of particles to be detected can be increased by labeling and separating particles that are not to be detected.
[0016] Also, in one aspect, the present disclosure is based on new findings found by the inventor that precision in
separation and collection of particles that are to be detected can be increased by moving the particles to be detected
toward a bottom surface of a flow channel, and introducing a gas phase into the flow channel and collecting the suspension
in the flow channel in a state in which particles that are not to be detected are captured by (fixed to) portions other than
the bottom surface of the flow channel.
[0017] The mechanism by which particles to be detected can be highly precisely separated and collected by the present
disclosure with high precision is not clear, but is inferred as follows.
[0018] When a gas phase is introduced into the flow channel in which the suspension containing particles to be detected
is present, a gas-liquid interface is formed in the flow channel. Furthermore, extrusion force is applied to the gas-liquid
interface by introducing a gas phase, and the gas-liquid interface moves from the inlet side to the outlet side in the flow
channel. Particles to be detected in the flow channel are extruded together with the suspension due to movement of the
gas-liquid interface, but particles that are not to be detected are captured (fixed) in the flow channel and thus are held
without being extruded. Also, if particles that are not to be detected are captured by a wall surface of the flow channel
that is different from that for particles to be detected, the particles that are not to be detected do not inhibit the particles
to be detected from being extruded, and the particles to be detected can be extruded smoothly. It is conceivable that as
a result, particles to be detected can be separated and collected with high precision. However, the present disclosure
need not be interpreted as being limited to these mechanisms.
[0019] In general, 10 mL of blood contains only about 0 to 10 rare cells such as circulating tumor cells (CTCs). According
to the method of the present disclosure, in one or more embodiments, it is possible to separate rare cells and white
blood cells from a sample containing a larger amount of white blood cells than rare cells, and to collect the rare cells
with a high collection ratio. The number of CTCs in blood needs to be accurately analyzed since it is useful as a factor
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for determining the effect of treating a metastatic cancer or predicting prognosis of a metastatic cancer. Thus, in one or
more embodiments, it can be said that the method of the present disclosure is an extremely important technique in the
determination of the effect of treatment and prognosis prediction in these fields.

Separation method

[0020] In one aspect, the present disclosure relates to a method for separating labeled particles and non-labeled
particles (separation method of the present disclosure). The separation method of the present disclosure includes sup-
plying a suspension containing labeled particles and non-labeled particles into a flow channel from one end of the flow
channel, deflecting the labeled particles in the flow channel in a direction that is different from the gravity direction, fixing
the labeled particles onto an inner wall surface of the flow channel, ejecting the suspension in the flow channel from
another end of the flow channel by introducing a gas phase in the flow channel from one end of the flow channel in a
state in which the labeled particles are fixed on the inner wall surface of the flow channel, and collecting and/or isolating
the non-labeled particles. According to the separation method of the present disclosure, in one or more embodiments,
it is possible to highly precisely separate labeled particles and non-labeled particles and to highly precisely collect non-
labeled particles.
[0021] The separation method of the present disclosure includes supplying the suspension containing labeled particles
and non-labeled particles into a flow channel from one end of the flow channel. Accordingly, the flow channel is filled
with the suspension.
[0022] The flow channel has an inlet and an outlet in one or more embodiments. In one or more embodiments, the
length in the longitudinal direction of the flow channel is 80 cm or less, 60 cm or less, or 40 cm or less, and 2 cm or
more, 5 cm or more, or 10 cm or more, from the viewpoint of reducing loss of non-labeled particles (target particles) in
the flow channel.
[0023] In one or more embodiments, the inner diameter of the flow channel is 50 mm or less, 20 mm or less, or 10
mm or less, and 0.5 mm or more, 1 mm or more, or 2 mm or more, from the viewpoint of being capable of forming a
stable gas-liquid interface and further increasing the precision in collection of non-labeled particles.
[0024] In one or more embodiments, the volume of the flow channel is 10,000 ml or less, 5,000 ml or less, or 2,000
mm or less, and 10 ml or more, 50 ml or more, or 100 ml or more from the viewpoint of being capable of increasing the
precision in collection of non-labeled particles.
[0025] In one or more embodiments, the cross-section that is orthogonal to the straight direction between the inlet
and outlet (longitudinal direction of the flow channel) has a circular shape, an elliptical shape, a rectangular shape, a
polygonal shape such as triangular, square, pentagonal, hexagonal, heptagonal, or octagonal shape, or the like. The
cross section preferably has a circular or elliptical shape from the viewpoint of preventing loss of non-labeled particles
(target particles) in the channel. In one or more embodiments, the flow channel has a hollow tubular shape, an approx-
imately rectangular parallelepiped shape, a polygonal tubular shape, or the like.
[0026] In one or more embodiments, the flow channel is preferably disposed in a direction (approximately horizontal
direction) that is orthogonal to the perpendicular direction (gravity direction).
[0027] In one or more embodiments of the separation method of the present disclosure, the non-labeled particles are
particles to be detected (target particles) and the labeled particles are particles that are not to be detected. In one or
more embodiments, the suspension contains a greater amount of labeled particles than non-labeled particles. In one or
more embodiments, a ratio of the non-labeled particles with respect to the labeled particles in the suspension ([non-
labeled particles]/[labeled particles]) is 1% or less, 0.5% or less, 0.4% or less, 0.3% or less, 0.2% or less, 0.1% or less,
or 0.09% or less. In one or more embodiments, the separation method of the present disclosure is a useful technique
in the case where non-labeled particles are separated and collected from a suspension that contains a larger amount
of labeled particles than non-labeled particles.
[0028] In one or more embodiments, examples of the label on particles include a magnetic label, a metal label, and
the like. In one or more embodiments, in the case of the magnetic label, particles can be labeled by particle binding
molecules and substances fixed on surfaces of magnetic beads (substances that specifically react with binding molecules)
binding with each other such that magnetic beads are fixed to the particles. In one or more embodiments, the substances
fixed to the magnetic beads can be determined as appropriate in accordance with binding molecules of the particles to
be labeled. In one or more embodiments, examples of the magnetic bead include a magnetic bead having a surface to
which avidin is fixed, a magnetic bead having a surface to which streptavidin is fixed, a magnetic bead having a surface
to which neutravidin is fixed, a magnetic bead having a surface to which biotin is fixed, a magnetic bead having a surface
to which a biotin derivative is fixed, a magnetic bead having a surface to which antibody is fixed, and a magnetic bead
having a surface to which an antigen is fixed. There is no particular limitation on the size of the magnetic bead, and the
size of the magnetic bead can be determined as appropriate in accordance with the size of particles to be labeled. If the
diameter of a particle to be labeled is 5 to 20 mm, such as white blood cells or CTCs, in one or more embodiments, the
size of the magnetic bead is 1 mm or less, 800 mm or less, or 500 mm or less from the viewpoint of increasing the
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efficiency of labeling. Also, from the viewpoint of magnetic responsiveness, the size of the magnetic bead is 50 mm or
more or 100 mm or more.
[0029] In one or more embodiments, it is preferable to supply a suspension in a state in which the other end of the
flow channel (the end of the flow channel on the side opposite to the side on which a suspension is supplied) is closed.
In one or more embodiments, it is preferable that approximately the entire amount of the suspension supplied into the
flow channel fills the flow channel. From the viewpoint of smoothly filling the flow channel with the suspension, the
suspension is preferably supplied in a state in which no magnetic field or electric field is formed in the flow channel.
[0030] In one or more embodiments, the amount of the suspension that is supplied to the flow channel is 10,000 ml
or less, 5,000 ml or less, or 2,000 mm or less, and 10 ml or more, 50 ml or more, or 100 ml or more from the viewpoint of
being capable of increasing the precision in collection of non-labeled particles.
[0031] In one or more embodiments, the separation method of the present disclosure may include letting the suspension
with which the flow channel is filled stand still. Accordingly, non-labeled particles can be moved toward the bottom surface
of the flow channel by utilizing gravity or the like that acts on these particles. In one or more embodiments, from the
viewpoint of the cell settling speed and efficient magnetic separation, the standing period of time is 1 min or more, 5 min
or more, or 10 min or more, and 60 min or less or 30 min or less.
[0032] The separation method of the present disclosure includes deflecting labeled particles in a direction that is
different from the gravity direction in the flow channel.
[0033] In one or more embodiments, deflection can be performed by forming a magnetic field or an electric field in the
flow channel. In one or more embodiments, the magnetic field or the electric field may be formed over the entire length
in the longitudinal direction of the flow channel or formed in a portion of the flow channel.
[0034] In one or more embodiments, the labeled particles can be deflected in a direction that is different from the
direction in which the non-labeled particles are deflected, that is, the labeled particles can be deflected in a direction
that is different from the gravity direction by moving the non-labeled particles toward the bottom surface of the flow
channel and moving the labeled particles to portions other than the bottom surface of the flow channel. In one or more
embodiments, the magnetic field can be formed by arranging a magnetic field emission body in the flow channel, or the
like. The arrangement location can be determined as appropriate in accordance with the direction in which the labeled
particles are to be deflected, and if the labeled particles are to be moved to the portions other than the bottom surface
of the flow channel, in one or more embodiments, the magnetic field emission body need only be arranged in at least
one of the upper portion and the side surfaces of the flow channel, and the magnetic field emission body is preferably
arranged in one or both of the side surfaces because the labeled particles can be deflected with a weaker magnetic field
compared to the case where the magnetic field emission body is arranged on the upper surface of the flow channel. In
one or more embodiments, the magnetic field emission body may be arranged extending over the longitudinal direction
of the flow channel, or may be arranged in at least a portion in the longitudinal direction of the flow channel. In one or
more embodiments, the number of magnetic field emission bodies may be one, or two or more. In one or more embod-
iments, examples of the magnetic field emission body include a magnet and an electromagnet.
[0035] In one or more embodiments, the separation method of the present disclosure includes moving non-labeled
particles toward the bottom surface of the flow channel by letting a suspension containing labeled particles and non-
labeled particles stand still in the flow channel and utilizing the gravity acting on the non-labeled particles, and moving
the labeled particles to portions other than the bottom surface of the flow channel by forming a magnetic field or an
electric field in the flow channel.
[0036] The separation method of the present disclosure includes fixing the deflected labeled particles onto the inner
wall surface of the flow channel.
[0037] Fixing can be determined as appropriate with the method for labeling labeled particles. If the labeled particles
are magnetically labeled particles, fixing can be performed by forming a magnetic field in the flow channel.
[0038] In one or more embodiments in the separation method of the present disclosure, the resting of the suspension
and the deflection and fixing of labeled particles may be performed simultaneously, or at different times.
[0039] In one or more embodiments, the separation method of the present disclosure includes ejecting the suspension
in the flow channel from the other end of the flow channel by introducing a gas phase into the flow channel from one
end of the flow channel in a state in which labeled particles are fixed on the inner wall surface of the flow channel, and
collecting non-labeled particles. Particles can be efficiently collected by ejecting the suspension by movement of the
gas-liquid interface caused by introducing the gas phase and pushing the non-labeled particles in the flow channel. Also,
introducing the gas phase makes it possible to adjust the liquid amount at the time of particle collection to be equivalent
to or less than the amount of the suspension before separation.
[0040] "Gas phase" in the present disclosure refers to a phase constituted by gas. In one or more embodiments, the
gas phase can be introduced so as to eject the suspension in the flow channel together with non-labeled particles with
pressure of the introduced gas phase from the other end of the flow channel. In one or more embodiments, the gas
phase can be introduced so as to form a gas-liquid interface between the suspension in the suspension and the introduced
gas phase, and so as to move this gas-liquid interface from one end (inlet) of the flow channel toward the other end
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(outlet). In one or more embodiments, the gas phase introduced in the present disclosure preferably occupies a certain
region, which is not a point or line, of the inner wall surface of the flow channel, and if the gas phase has such a form,
it is different from bubbles. Also, points at which the gas-liquid interface that is formed by introducing a gas phase and
the inner wall surface of the flow channel are in contact with each other form a continuous line in one or more embodiments.
In one or more embodiments, air, oxygen, nitrogen, argon, carbon dioxide, or the like can be used as gas.
[0041] In one or more embodiments, the gas phase can be introduced by a pressure generation mechanism or the
like that is arranged at one end of the flow channel. In one or more embodiments, examples of the pressure generation
mechanism include a syringe pump, a tube pump, and a vacuum pump.
[0042] From the viewpoint of the fact that a stable gas-liquid interface can be formed and precision in collection of
non-labeled particles can be increased, and the fact that labeled particles that are fixed onto an inner wall surface in the
flow channel are kept fixed thereon, in one or more embodiments, the flow rate of the gas phase is 25 ml/min or more,
50 ml/min or more, or 75 ml/min or more, and 500 ml/min or less or 250 ml/min or less.
[0043] In one or more embodiments, the total amount of the suspension in the flow channel may be ejected or at least
a portion of the suspension may be ejected. In one or more embodiments, ejecting a portion of the suspension in the
flow channel makes it possible to collect non-labeled particles in a concentrated state.
[0044] In one or more embodiments, the separation method of the present disclosure may include collecting labeled
particles by releasing fixation of labeled particles and introducing liquid into the flow channel.
[0045] There are no particular limitations on the particles in the present disclosure, and examples thereof include
human cells or cells of an animal other than a human. Examples of cells on which there are no particular limitation include
rare cells, white blood cells, red blood cells, platelets, and undifferentiated cells thereof. The rare cells refer to cells other
than blood cells (e.g., red blood cells, white blood cells, and platelets) that may be included in human blood or the blood
of an animal other than a human. In one or more embodiments, examples of rare cells include cells selected from the
group of cancer cells, circulatory tumor cells, vascular endothelial cells, vascular endothelial progenitor cells, cancer
stem cells, epithelial cells, hematopoietic stem cells, mesenchymal stem cells, fetal cells, stem cells, undifferentiated
white blood cells, undifferentiated red blood cells, and combinations thereof. In some embodiments, the labeled particles
may be non-target particles (particles that are not to be detected, and the non-labeled particles may be target particles.
In some embodiments, the target particles may be rare cells, and the non-target particles may be white blood cells.

Separation apparatus

[0046] In one aspect, the present disclosure relates to an apparatus for separating labeled particles and non-labeled
particles (separation apparatus of the present disclosure). The separation apparatus of the present disclosure includes
a flow channel into which a suspension containing labeled particles and non-labeled particles can be supplied, a means
for deflecting labeled particles in a direction that is different from the gravity direction, and fixing the labeled particles
onto an inner wall surface of the flow channel, and an introduction means for introducing a gas phase for ejecting the
suspension in the flow channel. According to the separation apparatus of the present disclosure, in one or more em-
bodiments, it is possible to highly precisely separate labeled particles and non-labeled particles and to highly precisely
collect non-labeled particles.
[0047] The flow channel has the configuration described above. The introduction means includes the above-described
pressure generation mechanism and the like. The means for deflecting the labeled particles in the direction that is
different from a direction in which the non-labeled particles are deflected, that is, in a direction that is different from the
gravity direction, and fixing the labeled particles onto the inner wall surface of the flow channel may be a means capable
of both deflecting and fixing particles or may be separate means including a deflection means and a fixing means, in
one or more embodiments. In one or more embodiments, the means capable of both deflecting and fixing the labeled
particles includes a magnetic field emission body and the like.

Separation system

[0048] In one aspect, the present disclosure relates to a system for separating labeled particles and non-labeled
particles (separation system of the present disclosure). The separation system of the present disclosure is constituted
by a separation portion, and an introduction means for introducing a gas phase in the flow channel. The separation
portion is constituted by a flow channel into which a suspension containing labeled particles and non-labeled particles
can be supplied, and a means for deflecting labeled particles in a direction that is different from a direction in which non-
labeled particles are deflected, that is, in a direction that is different from the gravity direction, and for fixing labeled
particles onto an inner wall surface of the flow channel. According to the separation system of the present disclosure,
in one or more embodiments, it is possible to highly precisely separate labeled particles and non-labeled particles, and
to highly precisely collect non-labeled particles.
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Another aspect

[0049] In another aspect, the present disclosure relates to a method for separating target particles from the analyte
containing a greater amount of non-target particles than the target particles. The separation method of this aspect
includes labeling the non-target particles in the analyte; and capturing the labeled non-target particles, thereby separating
the target particles and the non-target particles. In some embodiments, the analyte described herein may be a sample
obtained from a human, patient or animal. In some embodiments, the analyte may be blood, plasma, saliva or serum.
[0050] Hereinafter, one non-limited embodiment of the separation method of the present disclosure will be described.
[0051] A case where a separation apparatus shown in FIG. 1 is used, and the non-labeled particles (i.e., target particles)
are CTCs and the labeled particles are magnetically labeled white blood cells will be described as an example. The
suspension contains a greater amount of magnetically labeled white blood cells than not magnetically labeled particles
(e.g., CTCs). The present disclosure is not limited to this embodiment.
[0052] FIG. 1 shows one example of a separation apparatus that can be utilized in the separation method of the present
disclosure.
[0053] The separation apparatus shown in FIG. 1 includes a flow channel 1, a magnetic field emission body 2, a gas
phase introduction means (pressure generation mechanism) 3, and a tube 4 that connects the flow channel 1 and the
gas phase introduction means 3. The flow channel 1 includes an inlet 11 and an outlet 12, and a collection container 5
can be disposed at the outlet 12. The flow channel 1 is disposed such that the central axis in the longitudinal direction
is approximately horizontal. FIG. 2 shows one example of an arrangement of the flow channel 1 and the magnetic field
emission body 2 in the separation apparatus in FIG. 1. As shown in FIG. 2, the magnetic field emission body 2 is disposed
along the longitudinal direction on one side surface of the flow channel 1 disposed in an approximately horizontal direction.
The tube 4 is provided with a three-way valve 41, and the suspension can be introduced into the flow channel 1 via the
three-way valve 41.
[0054] Next, one example of a method for separating non-labeled particles and labeled particles using the separation
apparatus in FIG. 1 will be described.
[0055] First, a suspension containing CTCs and magnetically labeled white blood cells is supplied into the flow channel
1 from the three-way valve 41 through the inlet 11, and the flow channel 1 is filled therewith. From the viewpoint of
smoothly filling the flow channel 1 with the suspension, filling with the suspension is preferably performed in a state in
which a magnetic field is not formed. White blood cells can be magnetically labeled by reaction with magnetic beads to
which a substance that specifically reacts with binding molecules is fixed after white blood cells are subjected to antibody
staining with an antibody or the like bound to these binding molecules. In one or more embodiments, the binding molecule
is biotin or the like. In one or more embodiments, the specifically reacting substance includes proteins such as streptavidin
and neutravidin.
[0056] After the end of filling, the suspension is allowed to stand still in the flow channel 1, and a magnetic field is
formed in the flow channel 1 by the magnetic field emission body 2 disposed on the one side surface of the flow channel
1. Accordingly, magnetically labeled white blood cells are deflected and move toward an inner wall surface of the flow
channel 1 on the side on which the magnetic field emission body 2 is disposed, and are captured by (fixed to) the inner
wall surface (inner wall other than the bottom surface of the flow channel 1). On the other hand, non-labeled particles
(e.g., CTCs) are not influenced by the magnetic field, and thus move toward the bottom surface of the flow channel 1
due to gravity.
[0057] A gas phase is introduced from the gas phase introduction means 3 into the flow channel 1 through the tube
4 and the inlet 11 in a state in which CTCs are located on the bottom surface of the flow channel 1 and magnetically
labeled white blood cells are captured by the inner wall other than the bottom surface of the flow channel 1. The gas
phase need only be introduced such that the suspension and non-labeled particles (e.g., CTCs) in the flow channel 1
can be ejected to the outside of the flow channel 1 and a state is maintained in which white blood cells captured by the
inner wall other than the bottom surface of the flow channel 1 are captured inside the flow channel 1. The suspension
containing CTCs ejected to the outside of the flow channel 1 is collected through the outlet 12 in the collection container
5 such as a tube. Accordingly, it is possible to separate non-labeled particles (e.g., CTCs) and magnetically labeled
white blood cells and to collect non-labeled particles (e.g., CTCs). Particles can be efficiently collected by ejecting the
suspension by movement of the gas-liquid interface caused by introducing a gas phase and pushing the non-labeled
particles in the flow channel. Also, particles can be collected by introducing a gas phase, without increasing the liquid
amount of white blood cells before and after separation. Also, CTCs can be collected in a concentrated state by adjusting
the amount of the suspension that is ejected to the outside of the flow channel 1.
[0058] Although a mode in which the suspension and the gas phase are both introduced from the inlet 11 was described
as an example in the above-described embodiment, the present disclosure is not limited to this, and the direction in
which the suspension is introduced and the direction in which the gas phase is introduced may be different from each
other. For example, a configuration may be adopted in which the suspension is introduced from the inlet 11 and the gas
phase is introduced from the outlet 12.
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[0059] Also, although a mode in which a magnetic field is formed in the flow channel 1 after the flow channel 1 is filled
with the suspension was described as an example in the above-described embodiment, the present disclosure is not
limited to this. A configuration may be adopted in which the flow channel 1 is filled with the suspension in a state in which
the magnetic field is formed in the flow channel 1, and the filling with the suspension and the deflection of a direction in
which labeled particles move are performed simultaneously.
[0060] Although a mode in which the magnetic field emission body 2 is disposed on one side surface of the flow
channel 1 was described as an example in the above-described embodiment, the present disclosure is not limited to
this. Since non-labeled particles move toward the bottom surface of the flow channel 1 due to gravity, from the viewpoint
of keeping not magnetically labeled particles from being caught in and captured by magnetically labeled particles and
increasing the ratio of collecting not magnetically labeled particles, it is desired to dispose the magnetic field emission
body 2 at a position other than positions on the bottom surface. Also, labeled particles can be deflected with a relatively
weak magnetic field compared to a case where the magnetic field emission body 2 is disposed on the upper surface of
the flow channel 1, and thus the magnetic field emission body 2 is preferably disposed on the side surface of the flow
channel 1.
[0061] The present disclosure relates to one or more embodiments below.

[1] A method for separating labeled particles and non-labeled particles, comprising:

supplying a suspension containing labeled particles and non-labeled particles into a flow channel from one end
of the flow channel;
deflecting the labeled particles in the flow channel in a direction that is different from a gravity direction;
fixing the labeled particles onto an inner wall surface of the flow channel; and
ejecting the suspension in the flow channel from another end of the flow channel by introducing a gas phase
into the flow channel from one end of the flow channel in a state in which the labeled particles are fixed on the
inner wall surface of the flow channel, and collecting the non-labeled particles.

[2] The separation method according to [1], in which the labeled particles are magnetically labeled particles.
[3] The separation method according to [1] or [2], in which the deflecting is performed by forming a magnetic field
or an electric field in the flow channel.
[4] The separation method according to any of [1] to [3], in which the fixing is performed by forming a magnetic field
in the flow channel.
[5] The separation method according to any of [1] to [4], in which the suspension contains a greater amount of the
labeled particles than the non-labeled particles.
[6] An apparatus for separating labeled particles and non-labeled particles, comprising:

a flow channel into which a suspension containing labeled particles and non-labeled particles can be supplied;
a means for deflecting the labeled particles in a direction that is different from a gravity direction, and fixing the
labeled particles onto an inner wall surface of the flow channel; and
an introduction means for introducing a gas phase for ejecting the suspension in the flow channel.

[7] A system for separating labeled particles and non-labeled particles, comprising:

a separation portion; and
an introduction means for introducing a gas phase in the flow channel,
wherein the separation portion comprises;
a flow channel into which a suspension containing labeled particles and non-labeled particles can be supplied,
and
a means for deflecting the labeled particles in a direction that is different from the gravity direction, and fixing
the labeled particles onto an inner wall surface of the flow channel.

Examples

[0062] Hereinafter, the present disclosure will be further described using Examples. In the following Examples, labeled
particles (labeled white blood cells with magnetic particles) are deflected by a magnetic field, but may be deflected by
an electric field using an electric wire or the like to which voltage is applied. However, the present disclosure is not to
be construed as limited to the following examples.
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Example 1

[0063] Separation and collection with the magnetic separation apparatus shown in FIG. 1 were performed using a
suspension containing white blood cells that were labeled with magnetic particles and human colon adenocarcinoma cells.

Magnetic separation apparatus

[0064] The magnetic separation apparatus shown in FIG. 1 was prepared.
[0065] A syringe pump was connected to one end of a Safeed (trademark) tube (having an inner diameter of 3.1 mm,
a tube length of 26 cm, and a volume of 2 cm3) via a three-way valve and a syringe (10 mL), and a container for collecting
liquid ejected from the Safeed (trademark) tube was disposed at the other end. A magnet (neodymium magnet (N40,
square shape, 20031535 (mm), 5 mm magnetization direction, a surface magnetic flux density of 229 mT)) was disposed
on a side surface of the Safeed (trademark) tube.

Preparation of cell suspension

[0066] A cell suspension was prepared by separately staining white blood cells (WBCs) and human colon adenocar-
cinoma cells that were collected from whole blood, adjusting the number of cells, and then mixing magnetic particles
and both cells (white blood cells and human colon adenocarcinoma cells) so as to label white blood cells with magnetic
particles. White blood cells are labeled with biotin, and magnetic particles coated with streptavidin are used, and thereby
the magnetic particles specifically bind to white blood cells by mixing described above and only white blood cells are
magnetically labeled. Specifically, the preparation of cell suspension was performed as follows.

Preparation of white blood cells

[0067] Blood was collected from a human using a vacuum blood collection tube (with EDTA•2K). White blood cells
were separated from the collected whole blood in accordance with the package insert of HetaSep (STEMCELL Inc.).

Preparation of cancer cells

[0068] Cultured human colon adenocarcinoma cells strains (SW620 American Type Culture Collection (ATCC)) were
collected using trypsin (Invitrogen) in accordance with a usual method. The suspension of the collected cancer cells
was centrifuged to remove a supernatant. The cells were resuspended with a Dulbecco’s PBS (-) (NISSUI), and the
resulting suspension was centrifuged to remove a supernatant again, and then cancer cells (SW620) were obtained.

Labeling white blood cells with Biotin and staining white blood cells

[0069] The number of cells was counted using a hemacytometer using a usual method, and white blood cells that
were separated with HetaSep were fractionated, and a sample containing 105 to 106 white blood cells (cell suspension)
was prepared. The sample was centrifuged to remove a supernatant, and then reacted with a blocking liquid obtained
by dissolving a 10% goat serum, 0.000001% Avidin, 0.2% BSA in the Dulbecco’s PBS (-), at 23°C for 10 minutes. The
sample was centrifuged to remove a supernatant, and resuspended using the Dulbecco’s PBS (-). The sample was
centrifuged again to remove a supernatant. Cells were suspended with a primary antibody reaction liquid obtained by
adding an anti-CD45 antibody and an anti-CD50 antibody to a Dulbecco’s PBS (-) that was obtained by dissolving a
10% goat serum, 0.01% Biotin, and 0.2% BSA in accordance with the package insert, and reacted at 23°C for 15 minutes.
The sample was centrifuged to remove a supernatant, and resuspended using the Dulbecco’s PBS (-). The step of
centrifugation to remove a supernatant again was performed three times in total and cells were washed sufficiently.
Cells were suspended with a secondary antibody reaction liquid obtained by adding an Alexa594 labeled anti-mouse
IgG(Fab) and a Biotin labeled anti-mouse IgG(Fc) to a Dulbecco’s PBS (-) that was obtained by dissolving 2 mg/ml
Hoechst33342, a 10% goat serum, and 0.2% BSA in accordance with package insert, and reacted at 23°C for 15 minutes.
The sample was centrifuged to remove a supernatant, and resuspended using the Dulbecco’s PBS (-). A step of cen-
trifugation to remove a supernatant again was performed three times in total and cells were washed sufficiently.

Staining of cancer cells

[0070] The obtained SW620 was suspended in a reaction liquid to which NeuroDio (green label) was added in ac-
cordance with the package insert, and reacted at 23°C for 10 minutes. The sample was centrifuged to remove a super-
natant, and resuspended using the Dulbecco’s PBS (-). The step of centrifugation to remove a supernatant again was
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performed three times in total and cells were washed sufficiently.

Magnetic label

[0071] Magnetic particles (Bio-Adembeads StreptaDivin, having a particle diameter of 300 nm: Ademtech) suspended
in a Dulbecco’s PBS (-) obtained by dissolving 0.2% BSA were prepared in accordance with the package insert, NeuroDio-
stained SW620 and Biotin labeled white blood cells were mixed therewith and reacted for 30 minutes. The suspension
was passed through a filter having pores that have a short axial diameter of 5 mm and a long axial diameter of 88 mm
so as to remove unreacted excess magnetic particles. The Dulbecco’s PBS (-) obtained by dissolving 0.2% BSA was
sent, and cells on the filter were collected to obtain a cell suspension.

Separation method

[0072] 1000 mL of the cell suspension was introduced through the three-way valve (three-way stopcock valve) to the
Safeed (trademark) tube in a gas phase state that does not include a liquid phase and is filled with air, and a liquid phase
constituted by a cell suspension was constructed in the Safeed (trademark) tube. A region extending from a syringe
pump to an interface at the end of the cell suspension was made a continuous gas phase by closing an introduction inlet
into which the cell suspension was introduced. Thereafter, a neodymium magnet (N40, square, 20031535 (mm), 5 mm
magnetization direction) was moved to a position that was adjacent to the side surface of the Safeed (trademark) tube,
and allowed to stand still at room temperature for 15 minutes. Air was introduced from the syringe pump into the Safeed
(trademark) tube at a flow rate of 100 ml/min, and the entire liquid in the Safeed (trademark) tube was ejected from the
Safeed (trademark) tube, and the ejected liquid was collected in the tube. White blood cells and SW620 included in the
liquid that was collected in the tube were detected with fluorescence. The results are shown in Table 1.
[0073] The formation of the gas phase and introduction of air as described above make it possible to form a gas-liquid
interface between the introduced gas phase and the suspension in the flow channel, and to move this gas-liquid interface
from the inlet toward the outlet. As described above, this gas phase is continuous from the syringe pump to the interface
at the end of the suspension, and this gas phase occupies a constant region that is not a point or line, on the inner wall
of the flow channel. Also, points at which the gas-liquid interface and the inner wall surface of the flow channel are in
contact with each other form a continuous line.

Comparative Example 1

[0074] 1000 mL of the cell suspension that was used in Example 1 was added to a 1.5 mL tube. The cell suspension
was allowed to stand still in a Magical Trapper (produced by TOYOBO) magnet stand at room temperature for 15 minutes.
Next, the total amount of a supernatant was collected with a pipette. White blood cells and SW620 included in the
collected supernatant were measured. The results are shown in Table 1.

Comparative Example 2

[0075] Magnetic separation was performed similarly to Example 1 except that a neodymium magnet was not used.
The results are shown in Table 1.

Comparative Example 3

[0076] Magnet separation was performed similarly to Example 1 except that a Dulbecco’s PBS (-) obtained by dissolving
0.2% BSA instead of air was sent at a flow rate of 100 ml/min. The results are shown in Table 1.

Comparative Example 4

[0077] Magnet separation was performed similarly to Example 1 except that a Dulbecco’s PBS (-) obtained by dissolving
0.2% BSA instead of air was sent at a flow rate of 1000 ml/min. The results are shown in Table 1.

(Table 1)
Collection ratio (%)

SW620 WBC

Example 1 88 0.1

Comp. Ex. 1 90 4
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[0078] As shown in Table 1, according to Example 1, it was confirmed that labeled particles (WBCs) and non-labeled
particles (SW620) were separated effectively and target cells (SW620) were collected with a high collection ratio.
[0079] As shown in Table 1, in Comparative Example 2 in which a neodymium magnet was not used, a large amount
of WBCs were ejected from the Safeed (trademark) tube and thus cells were not separated sufficiently. In Comparative
Example 3 in which target cells were collected using the liquid (a liquid phase) at a flow rate that was equal to that in
Example 1, instead of air (a gas phase), neither SW620 nor WBCs were collected at all. It is conceivable that the reason
for this is an insufficient effect of pushing cells that settled in the flow channel due to their weight, with this flow rate,
because although the liquid was sent at the same flow rate as air (gas phase), in the case of the liquid, a high flow
velocity occurred only at the center of the flow channel but a flow velocity did not easily occur on the wall surface. Also,
in Comparative Example 4 in which liquid was sent at a flow rate (1000 ml/min) disclosed in Example of JP 2013-517763A
and cells were collected, WBCs were not collected at all, but the collection ratio of SW620 was as extremely low as 12%
and SW620 (i.e., non-labeled particles) were not collected sufficiently.

Example 2

[0080] Magnetic separation was performed similarly to Example 1 except that the liquid that was ejected from the
Safeed (trademark) tube was collected 100 ml at a time ten times. A fraction number was assigned to every 100 mL in
the collected order, and the number of SW620s included in each fraction was measured. The results are shown in Table 2.

[0081] The collection ratio of SW620 in all of the fractions (the total of Fractions 1 to 10) was 88%, and the collection
ratio (remaining ratio) of white blood cells was 0.097%. Accordingly, it was confirmed that collection target cells (i.e.,
rare cells) were effectively collected by introducing a gas phase (i.e., air) in a state in which cells (i.e., white blood cells)
other than the collection target cells were held by a magnet.
[0082] Also, as shown in Table 2, 80% or more of the rare cells collected in this example were included in the last
three fractions. Thus, it was shown that by fractionating liquid to be ejected or collecting only the latter half of the liquid,
condensation is possible while collection target cells (i.e., rare cells) and cells (i.e., white blood cells) other than the
collection target cells were separated. The embodiments disclosed in this application are to be considered in all respects
as illustrative and not limiting. The scope of the invention is indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range of equivalency of the claims are intended to be
embraced therein.

Claims

1. A method for separating labeled particles and non-labeled particles, comprising:

supplying a suspension comprising labeled particles and non-labeled particles into a flow channel from one end
of the flow channel;
deflecting the labeled particles in the flow channel in a direction that is different from the gravity direction;
fixing the labeled particles onto an inner wall surface of the flow channel; and
ejecting the suspension in the flow channel from an end of the flow channel by introducing a gas phase into the
flow channel from one end of the flow channel in a state in which the labeled particles are fixed on the inner

(continued)

(Table 1)
Collection ratio (%)

SW620 WBC

Comp. Ex. 2 84 33

Comp. Ex. 3 0 0

Comp. Ex. 4 12 0

Table 2

Fraction # 1 2 3 4 5 6 7 8 9 10 Total collected number

SW620 19 7 2 2 3 8 17 82 81 112 333
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wall surface of the flow channel, and collecting the non-labeled particles.

2. The separation method according to claim 1,
wherein the labeled particles are magnetically labeled particles.

3. The separation method according to claim 1 or 2,
wherein the deflecting is performed by forming a magnetic field or an electric field in the flow channel.

4. The separation method according to any of claims 1 to 3,
wherein the fixing is performed by forming a magnetic field in the flow channel.

5. The separation method according to any of claims 1 to 4,
wherein the suspension comprises a greater amount of the labeled particles than the non-labeled particles.

6. The separation method according to any of claims 1 to 5,
wherein the ratio of non-labeled particles to labeled particles in the suspension is 1% or less.

7. The separation method according to any of claim 1 to 6, wherein the non-labeled particles are target cells, and the
labeled particles are non-target cells.

8. The separation method according to any one of claims 1 to 7 wherein the particles are human or animal cells.

9. The separation method according to any one of claims 1 to 8 wherein the non-labeled particles are moved toward
the bottom surface of the flow channel by gravity and the labeled particles are moved to portions other than the
bottom surface of the flow channel by deflection.

10. An apparatus for separating labeled particles and non-labeled particles, comprising:

a flow channel (1) into which a suspension comprising labeled particles and non-labeled particles can be supplied,
wherein said flow channel includes an inlet (11) and an outlet (12); and
a means for deflecting the labeled particles in a direction that is different from the gravity direction, and fixing
the labeled particles onto an inner wall surface of the flow channel;
characterized in that the apparatus further comprises
a means for introducing a gas phase (3) for ejecting the suspension in the flow channel; and
a collection container (5) to collect the ejected suspension.

11. The apparatus according to claim 10,
wherein the means for deflecting is a magnetic field emission body (2).

12. The apparatus according to claim 10 or 11,
wherein the means for fixing is a magnetic field emission body (2).

13. The apparatus according to any of claims 10 to 12,
wherein the means for introducing a gas phase (3) is a pressure generation mechanism.

14. An apparatus according to any one of claims 10 to 13, wherein said apparatus is a system for separating labeled
particles and non-labeled particles, comprising:

a separation portion; and
the introduction means for introducing a gas phase (3) in the flow channel (1),
wherein the separation portion comprises;
the flow channel (1) into which a suspension containing labeled particles and non-labeled particles can be
supplied, and
the means for deflecting the labeled particles in a direction that is different from the gravity direction, and fixing
the labeled particles onto an inner wall surface of the flow channel.

15. The method or apparatus as claimed in any one of claims 1 to 14 wherein the length of the longitudinal direction of
the flow channel is 80 cm or less and/or the inner diameter of the flow channel is 50 mm or less.
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Patentansprüche

1. Verfahren zum Trennen markierter Teilchen und unmarkierter Teilchen, umfassend:

Zuleiten einer Suspension, die markierte Teilchen und unmarkierte Teilchen umfasst, in einen Flusskanal aus
einem Ende des Flusskanals;
Ablenken der markierten Teilchen in dem Flusskanal in eine Richtung, die von der Schwerkraftrichtung unter-
schiedlich ist;
Fixieren der markierten Teilchen an einer Innenwandfläche des Flusskanals; und
Ausstoßen der Suspension in den Flusskanal aus einem Ende des Flusskanals durch Einführen einer Gasphase
in den Flusskanal aus einem Ende des Flusskanals in einem Zustand, in dem die markierten Teilchen an der
Innenwandfläche des Flusskanals fixiert sind, und Sammeln der unmarkierten Teilchen.

2. Trennverfahren nach Anspruch 1,
wobei die markierten Teilchen magnetisch markierte Teilchen sind.

3. Trennverfahren nach Anspruch 1 oder 2,
wobei das Ablenken durch Bilden eines Magnetfelds oder eines elektrischen Felds in dem Flusskanal ausgeführt wird.

4. Trennverfahren nach einem der Ansprüche 1 bis 3,
wobei das Fixieren durch Bilden eines Magnetfelds in dem Flusskanal ausgeführt wird.

5. Trennverfahren nach einem der Ansprüche 1 bis 4
wobei die Suspension eine größere Menge der markierten Teilchen als der unmarkierten Teilchen umfasst.

6. Trennverfahren nach einem der Ansprüche 1 bis 5,
wobei das Verhältnis unmarkierter Teilchen zu markierten Teilchen in der Suspension 1 % oder weniger beträgt.

7. Trennverfahren nach einem der Ansprüche 1 bis 6, wobei die unmarkierten Teilchen Zielzellen sind, und die mar-
kierten Teilchen Nicht-Zielzellen sind.

8. Trennverfahren nach einem der Ansprüche 1 bis 7, wobei die Teilchen menschliche oder tierische Zellen sind.

9. Trennverfahren nach einem der Ansprüche 1 bis 8, wobei die unmarkierten Teilchen zu der Bodenfläche des Fluss-
kanals durch Schwerkraft bewegt werden, und die markierten Teilchen zu anderen Abschnitten als der Bodenfläche
des Flusskanals durch Ablenkung bewegt werden.

10. Einrichtung zum Trennen markierter Teilchen und unmarkierter Teilchen, umfassend:

einen Flusskanal (1), in den eine Suspension, die markierte Teilchen und unmarkierte Teilchen umfasst, geleitet
werden kann, wobei der Flusskanal einen Einlass (11) und einen Auslass (12) beinhaltet; und
ein Mittel zum Ablenken der markierten Teilchen in eine Richtung, die von der Schwerkraftrichtung unterschied-
lich ist, und Fixieren der markierten Teilchen an einer Innenwandfläche des Flusskanals;
dadurch gekennzeichnet, dass das Verfahren weiter
ein Mittel zum Einführen einer Gasphase (3) zum Ausstoßen der Suspension in den Flusskanal; und
einen Sammelbehälter (5) zum Sammeln der ausgestoßenen Suspension umfasst.

11. Einrichtung nach Anspruch 10,
wobei das Mittel zum Ablenken ein Magnetfeldemissionskörper (2) ist.

12. Einrichtung nach Anspruch 10 oder 11,
wobei das Mittel zum Fixieren ein Magnetfeldemissionskörper (2) ist.

13. Einrichtung nach einem der Ansprüche 10 bis 12,
wobei das Mittel zum Einführen einer Gasphase (3) ein Druckerzeugungsmechanismus ist.

14. Einrichtung nach einem der Ansprüche 10 bis 13, wobei die Einrichtung ein System zum Trennen markierter Teilchen
und unmarkierter Teilchen ist, umfassend:
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einen Trennabschnitt; und
ein Einführmittel zum Einführen einer Gasphase (3) in den Flusskanal (1),
wobei der Trennabschnitt umfasst:

den Flusskanal (1), in den eine Suspension, die markierte Teilchen und unmarkierte Teilchen enthält,
geleitet werden kann, und
das Mittel zum Ablenken der markierten Teilchen in eine Richtung, die von der Schwerkraftrichtung unter-
schiedlich ist, und Fixieren der markierten Teilchen an einer Innenwandfläche des Flusskanals.

15. Verfahren oder Einrichtung nach einem der Ansprüche 1 bis 14, wobei die Länge der Längsrichtung des Flusskanals
80 cm oder weniger beträgt, und/oder der Innendurchmesser des Flusskanals 50 mm oder weniger beträgt.

Revendications

1. Procédé de séparation de particules marquées et de particules non marquées, comprenant :

la fourniture d’une suspension comprenant des particules marquées et des particules non marquées dans un
canal d’écoulement depuis une extrémité du canal d’écoulement ;
la déviation des particules marquées dans le canal d’écoulement dans une direction qui est différente de la
direction de gravité ;
la fixation des particules marquées sur une surface de paroi interne du canal d’écoulement ; et
l’éjection de la suspension dans le canal d’écoulement depuis une extrémité du canal d’écoulement en intro-
duisant une phase gazeuse dans le canal d’écoulement depuis une extrémité du canal d’écoulement dans un
état dans lequel les particules marquées sont fixées sur la surface de paroi interne du canal d’écoulement, et
la collecte des particules non marquées.

2. Procédé de séparation selon la revendication 1,
dans lequel les particules marquées sont des particules marquées magnétiquement.

3. Procédé de séparation selon la revendication 1 ou 2,
dans lequel la déviation est effectuée en formant un champ magnétique ou un champ électrique dans le canal
d’écoulement.

4. Procédé de séparation selon l’une quelconque des revendications 1 à 3,
dans lequel la fixation est effectuée en formant un champ magnétique dans le canal d’écoulement.

5. Procédé de séparation selon l’une quelconque des revendications 1 à 4,
dans lequel la suspension comprend une quantité plus importante de particules marquées que de particules non
marquées.

6. Procédé de séparation selon l’une quelconque des revendications 1 à 5,
dans lequel le rapport entre des particules non marquées et des particules marquées dans la suspension est de 1
% ou moins.

7. Procédé de séparation selon l’une quelconque des revendications 1 à 6, dans lequel les particules non marquées
sont des cellules cibles et les particules marquées sont des cellules non cibles.

8. Procédé de séparation selon l’une quelconque des revendications 1 à 7 dans lequel les particules sont des cellules
humaines ou animales.

9. Procédé de séparation selon l’une quelconque des revendications 1 à 8 dans lequel les particules non marquées
sont déplacées vers la surface inférieure du canal d’écoulement par gravité et les particules marquées sont déplacées
vers des parties autres que la surface inférieure du canal d’écoulement par déviation.

10. Appareil pour séparer des particules marquées et des particules non marquées, comprenant :

un canal d’écoulement (1) dans lequel une suspension comprenant des particules marquées et des particules
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non marquées peut être fournie, dans lequel ledit canal d’écoulement comprend une entrée (11) et une sortie
(12) ; et
un moyen pour dévier les particules marquées dans une direction qui est différente de la direction de gravité
et pour fixer les particules marquées sur une surface de paroi interne du canal d’écoulement ;
caractérisé en ce que l’appareil comprend en outre
un moyen pour introduire une phase gazeuse (3) afin d’éjecter la suspension dans le canal d’écoulement ; et
un récipient de collecte (5) pour collecter la suspension éjectée.

11. Appareil selon la revendication 10,
dans lequel le moyen pour dévier est un corps d’émission de champ magnétique (2).

12. Appareil selon la revendication 10 ou 11,
dans lequel le moyen pour fixer est un corps d’émission de champ magnétique (2).

13. Appareil selon l’une quelconque des revendications 10 à 12,
dans lequel le moyen pour introduire une phase gazeuse (3) est un mécanisme de génération de pression.

14. Appareil selon l’une quelconque des revendications 10 à 13, dans lequel ledit appareil est un système pour séparer
des particules marquées et des particules non marquées, comprenant :

une partie de séparation ; et
le moyen d’introduction pour introduire une phase gazeuse (3) dans le canal d’écoulement (1),
dans lequel la partie de séparation comprend :

le canal d’écoulement (1) dans lequel une suspension contenant des particules marquées et des particules
non marquées peut être fournie, et
le moyen pour dévier les particules marquées dans une direction qui est différente de la direction de gravité,
et pour fixer les particules marquées sur une surface de paroi interne du canal d’écoulement.

15. Procédé ou appareil selon l’une quelconque des revendications 1 à 14 dans lequel la longueur de la direction
longitudinale du canal d’écoulement est de 80 cm ou moins et/ou le diamètre interne du canal d’écoulement est de
50 mm ou moins.
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