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DESCRIPTION

Description

TECHNICAL FIELD

[0001] The present invention concerns a method and an apparatus for the reduction of the
volume of a sample.

BACKGROUND TO THE INVENTION

[0002] Biological samples are known to be treated in different ways so as to obtain the
isolation of particular types of microparticles (normally, cells).

[0003] Examples in this regard are the devices and the methods described in the patent
applications PCT/IB2010/000615 PCT/IB2010/000580 (relative to the DEPArray™ system).

[0004] In the context of samples handling, WO2010/038141 A1 discloses a sorting chamber;
US5234667 A discloses a centrifuge tube for improved pellet retention; W0O2013/098792 A1
discloses a hollow device for separating particles from liquid; WO02013/003309 A1 discloses a
system for detecting an analyte of interest in a sample; and CN203606330 U discloses a test
tube and a kit for pretreatment of a blood sample.

[0005] Usually, at the end of the above-mentioned treatments samples are obtained in which
the microparticles are inserted in a liquid component. In relation to the above, it should be
noted that the liquid component is normally a buffer, which cannot be used in subsequent
analysis phases, and that the volume of the samples is usually too high. For example, the

samples obtained following the use of the DEPArray " system have volumes of approximately
13 pL, whereas subsequent phases (such as WGA - Whole Genome Amplification) require
volumes of a few microlitres, in particular less than 5uL, more in particular less than 1.5 L.

[0006] It is therefore necessary for the samples to be treated by centrifugation at high speed
and for an operator to manually collect the excess liquid with great care and attention using a
pipette (and by inclining the test tube containing the sample). This process entails multiple
problems. These include:

= the success of the operations depends, to a great extent, on the ability of the operator who
must be adequately trained and must practise periodically;
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= there is a risk, which can be high if the operator does not operate correctly, of removing the
microparticle together with the excess liquid,;

= the success rate of the procedure is not reliable and always reproducible, and depends on
the type of buffer used;

= the operations are relatively slow (the recovery of 96 samples requires approximately three
hours);

= the procedure requires particular care such as the use of dedicated pipettes and dual filter
tips without contamination to reduce the risk of the sample becoming contaminated during
handling by the operator;

= there is a relatively high risk of the microparticle/s being damaged due to the centrifugation
which, as said, is performed at relatively high speeds (therefore exerting a relatively high stress
on the microparticle/s); and

= this procedure is not recommended for in vitro diagnostic (IVD) applications.

[0007] Analogous problems are encountered when it is necessary to prepare the biological
samples before the above-mentioned treatments to obtain the isolation of particular types of
microparticles (normally, cells). In these cases the initial and final volumes are higher (typically,
approximately 200uE and 12pE, respectively) but the drawbacks of the known techniques
(centrifugation at high speed and subsequent collections by hand by an operator) are those
described above with the addition of the fact that often, to obtain the desired volume, several
measurements have to be taken repetitively.

[0008] Moreover, substantially identical problems are encountered also in other cases in which
the volume of the sample is low (like, for example, staining of the cells, washing of the cells,
changing of the buffer, fixing of cells, permeabilization of cells and a combination thereof). Said
problems are heightened also when the number of microparticles (cells) is low.

[0009] More generally, no methods that are satisfactory, sufficiently precise and/or
reproducible have been proposed so far for reduction of the volume of a sample with small
dimensions.

[0010] The object of the present invention is to provide a method and an apparatus for
reduction of the volume of a sample which overcome, at least partially, the drawbacks of the
known art and are if possible, at the same time, easy and inexpensive to produce.

SUMMARY

[0011] According to the present invention a method and an apparatus are provided for
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reduction of the volume of a sample as claimed in the following independent claims and,
preferably, in any one of the claims depending directly or indirectly on the independent claims.

[0012] Unless explicitly specified otherwise, in this text the following terms have the meaning
indicated below.

[0013] By equivalent diameter of a section we mean the diameter of a circle having the same
area as the section.

[0014] By microfluidic system we mean a system comprising at least one microfluidic channel
and/or at least one microfluidic chamber. Advantageously but not necessarily, the microfluidic
system comprises at least one pump (more in particular, a plurality of pumps), at least one
valve (more in particular, a plurality of valves) and if necessary at least one gasket (more in
particular, a plurality of gaskets).

[0015] In particular, by microfluidic channel we mean a channel having a section with
equivalent diameter smaller than 0.5 mm.

[0016] In particular, the microfluidic chamber has a height of less than 0.5 mm. More in
particular, the microfluidic chamber has a width and a length greater than the height (more
precisely, at least five times the height).

[0017] In the present text, by microparticle we mean a corpuscle tis largest dimension being
smaller than 500 ym. (advantageously smaller than 150 um). According to some non-limiting
examples, the microparticle is chosen from: cells, cellular debris (in particular, cellular
fragments - e.g. DNA and/or RNA), cellular aggregates (such as, for example, small clusters of
cells deriving from stem cells like neurospheres or mammospheres), bacteria, lipo-beads,
micro-beads (in polystyrene and/or magnetic), nano-beads (e.g. nano-beads up to 100 nm,)
complexes formed of micro-beads (in particular, magnetic; in particular with largest dimension
smaller than 500 ym) bound to cells, circulating tumour cells bound to ferrofluid, exosomes,
colloidal suspension (e.g. ferrofluid), liposomes, nuclei, spores, and a combination thereof.
Advantageously but not necessarily, the microparticles are cells.

[0018] According to some non-limiting embodiments, the largest dimension of the
microparticles (advantageously cells and/or cellular debris) is smaller than 60 um.

[0019] The dimensions of the microparticles can be measured in a standard manner with
graduated scale microscopes or ordinary microscopes used with slides (on which the
microparticles are deposited) having a graduated scale.

[0020] In the present text, by dimensions of a microparticle we mean the length, the width and
the thickness of the microparticle.

BRIEF DESCRIPTION OF THE FIGURES
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[0021] The invention is described below with reference to the accompanying drawings, which
illustrate some non-limiting embodiments thereof, in which:

» figures 1 and 2 are schematic and perspective views of an apparatus in accordance with
the present invention in successive operating phases;

e figure 3 is a side section of a part of the apparatus of figure 1;

« figure 4 is a front view of the apparatus of figure 1;

« figure 5 is a front schematic view, with some parts shown transparently, of a further
embodiment of an apparatus in accordance with the present invention;

« figure 6 is a perspective view of a part of the apparatus of figure 5;

« figure 7 is a cross section of the part of figure 6;

» figure 8 is a perspective view of the part of figure 6 with some components removed for
clarity;

e figure 9 is a schematic side view of a part of an embodiment not covered by the claims;

« figure 10 is a schematic view of a part of a further embodiment of an apparatus in
accordance with the present invention;

» figure 11 is a schematic view of a part of a further embodiment of an apparatus in
accordance with the present invention;

« figure 12 is a schematic section view of a component of the apparatus of one of the
preceding figures;

« figures 13 to 16 illustrate schematically and in section a further embodiment of the
component of figure 12 in successive operating phases;

« figures 17 and 18 illustrate schematically and in section a further embodiment of the
component of figure 12 in successive operating phases;

» figure 19 illustrates a detail of the component of figure 18 on an enlarged scale;

« figures 20 to 22 illustrate sections of alternative embodiments of containers usable in
accordance with the present invention;

» figures 24 and 27 schematically illustrate some of the forces present during
implementation of the present invention; the X axis shows the distance from the rotation
axis, the Y axis shows the forces;

« figures 23 and 26 schematically illustrate some of the forces present during
implementation of an embodiment not covered by the claims; the X axis shows the
distance from the rotation axis, the Y axis shows the forces;

« figure 25 schematically illustrates some of the forces present during implementation of
an embodiment not covered by the claims; the X axis shows the distance relative to the
end of the container, the Y axis shows the forces;

« figures 28 and 29 schematically illustrate some of the forces present during the
implementation of the present invention;

« figure 30 is a graphic representation of the experimental results obtained using a
method of the state of the art; the X axis shows an identification of the operator who
performed the tests; the Y axis shows the volumes (in yL) of the samples obtained;

« figure 31 is a graphic representation of the experimental results obtained using a
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method of the state of the art; the X axis indicates the volumes (in pL) of the samples
obtained; the Y axis indicates the frequency (the number of times) with which said
volume was obtained;

« figure 32 is a graphic representation of the experimental results obtained by testing the
method of the present invention with a structure similar to the one shown in figure 27;
the Y axis indicates the volume obtained (in pL); the X axis shows the angular speed
used for the experiment (in RPM); and

« figure 33 is a flow diagram relative to possible uses of the method according to the
present invention.

DETAILED DISCLOSURE

[0022] In figure 1, the number 1 indicates overall an apparatus for reduction of the volume of a
sample 2 (figures 9, 10 and 23-29) comprising at least one (at least partially) liquid component
3.

[0023] The apparatus 1 (in particular, figures 1-11) comprises a manipulation assembly 4
provided with at least one seat 5 to support (at least partially) at least one container 6 (figures
7, 12 and 20-22), having an inner space, a closed end 7, an end 8 provided with an opening 8,
which establishes contact between the inner and the outer space, and (at least) one side wall 9
(which extends between the ends 7 and 8). In particular, the inner space is delimited (at least
partially) by the side wall 9 and by the closed end 7.

[0024] In particular, the container 6 can be inserted in and removed from the manipulation
assembly 4 (more precisely, can be inserted in and removed from the seat 5). More in
particular, the apparatus 1 comprises the container 6.

[0025] The manipulation assembly 4 comprises a collecting device 10 (in particular, figures 3,
4, 6, 7 and 12-19), which is adapted to collect a first part of said (at least partially) liquid
component 3 and is arranged externally to the seat 5 and close to (in the area of) said seat 5.

[0026] The manipulation assembly 4 is adapted to move the seat 5 so as to subject it to an
acceleration (having at least one component), orientated by the collecting device 10 towards
the seat 5 in particular so that the first part of said (at least partially) liquid component 3 flows
out of the container 6 (passing through the opening 8') and reaches the collecting device 10
and a second part of the (at least partially) liquid component 3 (in particular, with a
substantially defined volume) remains in the container 6, in particular at the closed end 7.

[0027] It should be noted that the acceleration is a vector quantity (a vector), therefore
provided with modulus (intensity - magnitude) and direction. In particular, it should be noted
that the acceleration (as opposed to the deceleration) is understood to be positive (therefore
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with positive modulus) and therefore entails an increase in the speed (in its own direction).

[0028] More in particular, in use, the acceleration determines at least one first inertial force on
the first part of the sample 2 and at least one second inertial force on the second part of the
sample 2. The first and the second inertial force are orientated from the first closed end 7
towards the second end 8 transversally (in particular, perpendicularly) to said opening 8'. The
manipulation assembly 4 is adapted to adjust the acceleration so that the first inertial force is
greater than a first retaining force exerted between the first part of the sample and the
container 6, and the second inertial force is smaller than a second retaining force exerted
between the second part of the sample and the container 6.

[0029] According to some alternatives not covered by the claims (see in particular figure 9 and
figure 25), the manipulation assembly 4 comprises a moving device 11, which is adapted to
cause the container 6 to make a substantially linear movement accelerated in a given direction
so that the seat 5 faces forward relative to the given direction and the collecting device 10
faces backward relative to the given direction (or more precisely, the closed end 7 faces
forward and the end 8 faces backward). In other words, the collecting device 10 is arranged
downstream of the seat 5 in the cited given direction.

[0030] The manipulation assembly 4 (see in particular, figures 1-11, 23, 24, 26 and 27)
comprises a moving device 11, which is adapted to rotate the seat 5 around a rotation axis A
so that the centrifugal force moves said first part of said (at least partially) liquid component 3
(out of the container 6) to the collecting device 10.

[0031] The seat 5 is shaped so that the rotation axis A extends through the container 6
between the closed end 7 and the end 8 (in particular, figures 7, 11, 24 and 27).

[0032] In some alternatives not covered by the claims, (the seat 5 is shaped so that) the
closed end 7 is arranged between the rotation axis A and the end 8 (in particular, figures 10,
23 and 26).

[0033] In some non-limiting cases, the collecting device 10 comprises a collecting area in
which the (at least a fraction of the) first part of the (at least partially) liquid component 3 is
collected (for any further subsequent uses). In these cases, the collecting device 10 can be, for
example, a test tube.

[0034] Advantageously, but not necessarily (see, in particular, figures 12 to 19), the collecting
device 10 comprises a retaining system 12 to retain the (at least a fraction of the) first part of

the (at least partially) liquid component 3.

[0035] In this way, the risk of a portion of the first part of the (at least partially) liquid
component 3 flowing back into the container 6 is avoided.

[0036] In particular, in use, the collecting device 10 (more precisely, the retaining system 12)
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faces the opening 8'.

[0037] According to some non-limiting embodiments, the retaining system 12 comprises an
element chosen from the group consisting of. absorbing material 13 (figure 12), capillary trap
(figures 17-19), liquid trap (figures 13-16) (and a combination thereof).

[0038] The capillary trap (figures 17-19) comprises a plurality of grooves 14 having width
smaller than 2.0 mm, in particular smaller than 0.9 mm (more in particular greater than 0.5
mm). In this case, the liquid enters the grooves 14 due to the force (in particular centrifugal) to
which it is subjected while the container 6 is accelerated and remains in said grooves 14 by
capillarity (since the force of the surface tension is greater than the force of gravity). In
particular, each groove 14 has a depth of at least 2 mm (typically, up to 7 mm) .

[0039] The liquid trap comprises a collecting chamber 15 (figures 13-16) provided with an inlet
16, at least one movable wall 17 (in the case in point two movable walls 17) moving between a
closing position (figures 13 and 16), in which it prevents (the outlet and the inlet of the liquid
from and into the collecting chamber 14) the passage of liquid through the inlet 16, and an
opening position (figures 14 and 15), in which the liquid can pass through the inlet. The wall 17
is adapted to move to the opening position when, in use, said acceleration is applied. In
particular, when the acceleration is not applied to the wall 17 (more generally, when no force is
applied to the wall 17), the wall 17 is in the closing position. More precisely, once the
acceleration is no longer applied to the seat 5, the wall 17 returns to the closed position. In
particular, in use, the collecting device 10 faces the opening 8'.

[0040] More precisely, in use, the acceleration brings the movable wall 17 to the opening
position. Even more precisely, in use, the acceleration brings the movable wall 17 to the
opening position acting directly and/or indirectly on the movable wall. In particular, in some
cases, the acceleration acts on the at least partially liquid component 3 which pushes the
movable wall 17.

[0041] According to some non-limiting examples, the wall 17 is movable in the sense that it is
(elastically) and/or is deformable (elastically) hinged.

[0042] According to some non-limiting embodiments, the absorbing material 13 is blotting
paper (figure 12).

[0043] Advantageously but not necessarily, the manipulation assembly 4 comprises a plurality
of seats 5 (in particular, figures 8-10), each of which is adapted to house a respective
container 6. In particular, in these cases, the manipulation assembly 4 comprises a moving
device 11, which is adapted to cause all the seats 5 to make the same movement.

[0044] According to some non-limiting embodiments (see for example figure 8), the seats 5
are arranged according to (at least) one row substantially parallel to the rotation axis A.
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[0045] In some cases, the seats 5 are arranged according to a plurality of rows substantially
parallel to the rotation axis A. In these cases, figure 10 illustrates a layer of the moving device
11 which is repeated several times. In other words, each seat 5 (of figure 10) is a seat
belonging to a row of seats 5 (each of which is arranged, together with other seats 5 of other
rows, around the axis A).

[0046] One or more flexible well-plates can be mounted directly on the moving device 11
(more precisely, on a rotor of the moving device 11), in particular (bent) around the axis A.

[0047] It should be noted that according to some preferred but non-limiting embodiments, the
sample comprises at least one microparticle 18 (in particular, a plurality of microparticles 18) .

[0048] With particular reference to figure 11, according to some advantageous but non-limiting
embodiments, the manipulation assembly 4 comprises a plurality of further peripheral seats 19,
which are arranged around the rotation axis A and are adapted to house further containers 6
containing the (at least partially) liquid component 3 and to be rotated by the moving device 11
around the rotation axis A so that a centrifugal force is exerted on the (at least partially) liquid
component 3 contained in the further containers 6 towards the closed end 7 of the further
containers 6.

[0049] In this way, the moving device 11, in one single movement (the rotation around the axis
A) is able simultaneously to reduce the volume of the sample 2 contained in the container 6
arranged in the seat 5 and to prepare the samples 2 contained in the other containers 6
arranged in the peripheral seats 19 (moving the microparticles 18 at the closed ends 7).

[0050] In particular the further peripheral seats 19 are arranged around the seat 5 which is, in
particular, arranged (in a central position) at the axis A (more precisely, so that the axis A
passes through the container 6 arranged in the seat 5).

[0051] Advantageously but not necessarily, the manipulation assembly 4 comprises a moving
device 20 (in particular with a cam operating mechanism - only partially and schematically
illustrated), which is adapted to move a peripheral seat 8 (in practice becoming the seat 5)
from its peripheral position to the position around which the other peripheral seats 8 are
arranged and vice versa. In figure 11 this movement is illustrated by the arrow T.

[0052] According to some non-limiting embodiments, the moving device 20 is adapted to move
a row (substantially parallel to the axis A) of peripheral seats 19. In these cases, what is shown
in figure 11 represents a layer of a structure which provides a plurality of rows of peripheral
seats 19 (obtained, for example, in the same support 21).

[0053] It should be noted that the seat 5 (in particular, the support 21) and the collecting
device 10 constitute together a cartridge 22 which can be inserted in and removed from the
manipulation assembly 4 (in particular, inserted in and removed from the moving device 11).
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[0054] Advantageously but not necessarily, the manipulation assembly 4 (in particular, the
moving device 11) comprises a sensor (of a type known per se and not illustrated) to detect the
presence (and/or the correct positioning) of the cartridge 22 (in the moving device 11).

[0055] Advantageously but not necessarily, the cartridge 22 comprises a rewritable memory (of
a type known per se and not illustrated - e.g. an RFID) and the manipulation assembly 4
comprises a reading and/or writing device (of a type known per se and not illustrated) of said
rewritable memory. According to some non-limiting embodiments, information can be recorded
on the rewritable memory relative to the cartridge 22, like an identification of the cartridge 22,
parameters for use of the cartridge and/or number of times in which the cartridge 22 has been
used. In particular, in use, the reading and/or writing device records on the above-mentioned
memory when the relative cartridge 22 is used for the first time and whenever said cartridge 22
is mounted in the moving device 11 it detects that it is not a first utilization and emits an error
signal. This avoids a cartridge 22 being used several times and the samples 2 being
contaminated.

[0056] Advantageously but not necessarily, the manipulation assembly 4 comprises a support
21 on which a plurality of seats 5 are obtained. In these cases, the cartridge 22 comprises the
support 21 and the collecting device 10.

[0057] With particular reference to figure 8, according to some non-limiting embodiments, the
support 21 has a plurality of seats 5 arranged in a row.

[0058] In particular (figures 6 and 7), the collecting device 10 is arranged above the seats 5,
more in particular so as to cover the openings 8' of the containers 6. More in particular, the
collecting device 10 is arranged above the support 21.

[0059] According to some non-limiting embodiments not illustrated, the manipulation assembly
4 comprises a magnet (permanent magnet and/or an electromagnet), arranged at the seat 5.

[0060] In some cases, the magnet is arranged at one end of the seat 5 opposite the collecting
device 10. In particular, the magnet is arranged at the closed end 7. In some cases, the
magnet is adapted to reduce the risk of the microparticle/s 18 (which comprises/comprise at
least one magnetic functionalization) flowing out of the container 6 while the container 6, in
use, is accelerated by the manipulation assembly 4 (in particular, by the moving device 11).

[0061] Additionally or alternatively, the manipulation assembly 4 comprises a (further) magnet
(permanent magnet and/or an electromagnet), arranged at the seat 5 arranged at the
collecting device 10, in particular at one end of the seat 5 positioned at the collecting device
10. More in particular, the magnet is arranged at the end 8, more in particular of the opening
8'. In these cases, the magnet improves the removal of undesired (magnetic) components
from the sample 2.

[0062] According to some non-limiting embodiments, the manipulation assembly 4 also
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comprises a feeder F (for example illustrated in figure 11), which is adapted to feed to the
container 6 a substance (in particular, liquid), such as for example a reactant and/or a buffer
solution. The feeder F is particularly useful when the implementation of additional treatments is
desired (apart from mere reduction of the volume) on the sample 2 (e.g. staining and/or
permeabilization and/or washing and/or fixing of the microparticle/s 18).

[0063] With reference to figure 5, in particular, the moving device 11 comprises a motor 23 and
an actuator 24 (linear or rotating) . In the embodiments of figures 1 to 8, the actuator 24 is a
rotor and has a housing H for the cartridge 22.

[0064] Advantageously but not necessarily, the moving device 11 also comprises a brake 25,
which is adapted to block the movement of the seat 5 (in particular, of the actuator 24).

[0065] In particular, the manipulation assembly 4 also comprises a control unit 26 (figure 5),
which is adapted to control the operation of the motor 23 (and if necessary of the brake 25).
More precisely, the control unit 26 is adapted to adjust operation of the motor 23 (and if
necessary of the brake 25) based on the final volume of the sample 2 to be obtained (and/or
the characteristics of the test tubes and/or of the liquid).

[0066] Advantageously but not necessarily, the control unit 26 is connected to the above-
mentioned sensor to detect the presence (and/or the correct positioning) of the cartridge 22
and is adapted to control the motor 23 (and if necessary the brake 25) based on the data
detected by the sensor. More precisely, if the sensor does not detect the presence of the
cartridge 22 or it detects incorrect positioning of the cartridge 22, the motor 23 is not operated
(by the control unit 26). Advantageously but not necessarily, the control unit 26 also controls
the operation of the feeder F.

[0067] Advantageously but not necessarily, the control unit 26 is connected to the above-
mentioned reading and/or writing device and is adapted to control the motor 23 (and if
necessary the brake 25) based on the data detected by the reading and/or writing device.
More precisely, if the reading and/or writing device detects that the cartridge 22 is not being
used for the first time, the control unit 26 does not operate the motor 23.

[0068] According to some non-limiting embodiments, the manipulation assembly 4 comprises
an operator interface 27 (HMI), provided for example with a touch screen and/or with physical
pushbuttons.

[0069] Advantageously but not necessarily, the manipulation assembly 4 also comprises a
cover 28, which moves between an opening position and a closing position.

[0070] When the cover 28 is in the opening position, the container 6 (more precisely, the
cartridge 22) can be inserted in and removed from the moving device 11. In other words, when
the cover 28 is in the opening position, the above-mentioned housing H is accessible from the
outside.
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[0071] When the cover 28 is in the closing position, it is not possible to insert and/or remove
the container 6 (in particular, the cartridge 22). In other words, the housing H is not accessible
from the outside.

[0072] According to some non-limiting embodiments (like the one illustrated in figures 1 to 4),
the moving assembly comprises a housing H which slides between an outer position (figure 1)
and an inner position (figures 2 and 3).

[0073] In these cases, in use, the container 6 (more precisely, the cartridge 22) is inserted in
the housing H arranged in the outer position. At this point, the housing H is moved (with the
container 6 - more precisely the cartridge 22) to the inner position. In the inner position the
housing, in use, is caused to rotate around the axis A.

[0074] The embodiment of figures 1 to 4 differs from the embodiment of figures 5 to 8, since
the motor 3 and the brake 25 are on the same side as the actuator 24 (which also in this case
is a rotor - see in particular figure 3).

[0075] According to some non-limiting embodiments (figure 20), the container 6 is a test tube
of traditional type (for example PCR test tubes).

[0076] Advantageously but not necessarily (figure 21), the container 6 has a portion arranged
at the closed end 7 with a reduced inner section (relative to a traditional test tube - in
particular, said section has a radius of less than 0.8 mm; more precisely, the radius is
approximately 0.5 mm) and has a substantially cylindrical shape. This type of geometry offers
various advantages, including: the possibility of obtaining a smaller final volume of the sample
2; and a further increase in the reproducibility of the volume reduction.

[0077] Advantageously but not necessarily (figure 22), the container 6 has an inner narrowing
29 near the closed end 7. In particular, the inner volume of the part of the container 6 arranged
between the narrowing 29 and the closed end 7 is smaller than the starting volume of the
sample 2 and greater than the final volume to be obtained of the sample 2.

[0078] This type of geometry reduces the risk of the microparticle 18 flowing out of the
container 6.

[0079] According to an aspect of the present invention, a method is provided for reduction of
the volume of a sample 2 comprising at least one (at least partially) liquid component 3 and
having a volume up to 10 mL (in particular, up to 2 mL).

[0080] The method provides for the use of at least one container 6 as defined above.

[0081] The method comprises an acceleration step, during which a manipulation assembly 4
moves the container 6 containing the sample 2 so as to subject the container to an
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acceleration (having at least one component) orientated from the end 8 towards the closed
end 7 and transverse (in particular, perpendicular) to the opening 8' so that a first part of the
(at least partially) liquid component 3 flows out of the container 6 passing through said opening
8' and a second part of the (at least partially) liquid component 3 (in particular, with a
substantially defined volume) remains in the container 6, in particular at the closed end 7.

[0082] Advantageously but not necessarily, the method is implemented by the apparatus 1
described above.

[0083] Advantageously but not necessarily, the sample 2 comprises at least one microparticle
18 (in particular, a plurality of microparticles 18). During the acceleration step, the manipulation
assembly 4 subjects the container 6 to the acceleration so that the microparticle 18 remains in
the container 6, in particular at the closed end 7.

[0084] Advantageously but not necessarily, the method comprises a pre-treatment step, which
is prior to the acceleration step and during which the container 6 containing the sample 2
undergoes a further acceleration (having at least one component) orientated from the closed
end 7 towards the end 8 (and transverse - in particular, perpendicular - to said opening 8') so
that the microparticle 18 is arranged at the the closed end 7, in particular in contact with the
inner surface 30 of the container 6. In particular, the pre-treatment step entails centrifuging the
container 6 containing the sample 2.

[0085] It has been experimentally observed that, in this way, the risk of the microparticle 18
flowing out of the container 6 during the acceleration step is further reduced.

[0086] In this regard, it should be noted that between the microparticle 18 and the inner
surface 30 an adhesion force Fa is created that counters the inertial force Fic which is applied
to the microparticle 18 during the acceleration step.

[0087] The above is illustrated in figures 28 and 29, which show an attempt to explain what
has been observed experimentally. Figure 28 shows the container 6 and the sample 2 at the
beginning of the acceleration step. Figure 29 shows the container 6 and the sample 2 at the
end of the acceleration step.

[0088] In these figures the inertial force applied to the sample 2 is based on the quantity of
sample 2 and is indicated as Fc, and the retaining force, which maintains the surface of the
sample intact (and is linked to the surface tensions at play), is indicated as Fy.

[0089] In particular, according to some embodiments, during the acceleration step, as a
consequence of the acceleration applied to the container 6, at least one first inertial force is
exerted on the first part of the sample 2 and at least one second inertial force is exerted on the
second part of the sample 2.

[0090] In the alternatives of figures 9, 23, 25 and 26, the first and the second inertial force are
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orientated from the closed end 7 towards the end 8 (transversally - in particular,
perpendicularly) to the opening 8'. During the acceleration step, the first inertial force is greater
than a first retaining force exerted between the first part of the sample and the container 6, and
the second inertial force is smaller than a second retaining force exerted between the second
part of the sample and the container 6. In particular, the first and the second retaining force
are (mainly) determined by the surface tension of the sample 2 and the surface tension
between the sample 2 and the container 6 (more precisely, the side wall 9 of the container 6).

[0091] In the more detailed description below and in figures 23-29, the retaining force is
indicated as Fy.

[0092] Advantageously but not necessarily, the manipulation assembly 4, during the
acceleration step, subjects a plurality of containers 6 (each containing a respective sample 2)
to the above-mentioned acceleration simultaneously. In particular, the manipulation assembly 4
comprises a plurality of seats 5, each of which houses a respective container 6.

[0093] According to some alternatives (figures 9 and 25), the manipulation assembly 4
comprises a moving device 11 which, during the acceleration step, imparts to the container 6 a
substantially linear movement in a given direction such that the closed end 7 faces forward
relative to the given direction and the end 8 faces backward relative to the given direction.

[0094] According to some embodiments, the manipulation assembly 4 comprises a moving
device 11 which, during the acceleration step, rotates the container 6 around a rotation axis A
so that the centrifugal force moves the first part of the (at least partially) liquid component 3 out
of the container 6 passing through the opening 8'.

[0095] In particular, during the acceleration step, the container 6 is orientated substantially
radially relative to the axis A so that the end 8 faces outwards.

[0096] The rotation axis A extends through the container 6 between the closed end 7 and the
end 8. In this way, during the acceleration step, it is substantially not possible for the container
to empty beyond the limit defined by the position of the axis A (in other words, below the axis
A). In these cases, by selecting the position in which the axis A passes through the container 6,
it is possible to adjust the volume of the part of the (at least partially) liquid component 3 which
remains in the container 6.

[0097] According to alternatives not covered by the claims, during the acceleration step, the
closed end 7 is arranged between the rotation axis A and the end 8. In this way (as explained
in further detail below), the volume of the second part of the liquid component 3 is based on
the angular speed of the container 6, during the acceleration step.

[0098] According to some non-limiting embodiments, the microparticles 18 are chosen from
the group consisting of: cells, cellular debris (in particular, cellular fragments - e.g. DNA and/or
RNA), cellular aggregates (such as, for example, small clusters of cells deriving from stem cells
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like neurospheres or mammospheres), bacteria, lipo-beads, micro-beads (made of polystyrene
and/or magnetic), nano-beads (e.g. nano-beads up to 100 nm,) complexes formed of micro-
beads (in particular, magnetic; in particular with largest dimension smaller than 500 ym) bound
to cells, circulating tumour cells bound to ferrofluid, exosomes, colloidal suspensions (e.qg.
ferrofluid), liposomes, nuclei, spores, and a combination thereof.

[0099] In particular, the microparticles 18 are chosen from the group consisting of: stem cells,
erythroblasts, trophoblasts, neuronal cells, epithelial cells, tumour cells, white blood cells
(WBC), stromal cells, sperm cells, circulating tumour cells (CTC), fetal cells, micro-beads (in
particular with largest dimension smaller than 500 ym), colloidal suspension (e.g. ferrofluid),
complexes formed of micro-beads bound to cells (e.g. stem cells, erythroblasts, trophoblasts,
neuronal cells, epithelial cells, tumour cells, white blood cells (WBC), stromal cells, sperm cells,
circulating tumour cells (CTC), fetal cells), erythrocytes, circulating tumour cells bound to
ferrofluid and a combination thereof.

[0100] Advantageously but not necessarily, the method comprises an adjustment step, which is
prior to the acceleration step and during which a calculated acceleration (and/or calculated
angular speed) is determined (by the control unit 6) based on the substantially defined volume
to be obtained (and in particular the geometry of the container and the interaction constant
between the material composing said side wall and said liquid component). During the
acceleration step, the acceleration to which the manipulation assembly 4 subjects the container
6 is the calculated acceleration (and/or the angular speed to which the manipulation assembly
4 subjects the container 6 is the calculated angular speed).

[0101] It should be noted that in reality, the angular speed and acceleration are (for circular

motions) equivalent since they are bound by the relation a;=w? x d, in which a; is the

centrifugal acceleration, w is the angular speed and d is the distance from the rotation axis.

[0102] According to some non-limiting embodiments, the method comprises an insertion step,
during which the sample 2 is inserted in the container 6.

[0103] In particular, during the insertion step, the sample 2 is inserted in the container 6 by
means of an instrument chosen from the group consisting of: microfluidic devices (e.g.
comprising a jet system - in particular, derived from the inkjet technology), pipetting
instruments, flow cytometers, micromanipulators, optical tweezers. According to some non-
limiting embodiments, the microfluidic devices are of the types described in the patent
applications with publication number WO2010/106434 and WO02012/085884.

[0104] Advantageously but not necessarily, the sample 2 is selected so as to comprise at least
one microparticle 18 using: images, immuno-fluorescence, impedance, dimensions, geometry,
morphological features and a combination thereof.

[0105] According to specific non-limiting embodiments, a microfluidic device is used, which
selects the sample containing at least one microparticle 18 (of a given type) using: images,
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immuno-fluorescence, impedance, dimensions, geometry, morphological features and a
combination thereof.

[0106] In some cases, it is also possible to provide a treatment step, which is subsequent to
the insertion step and prior to the centrifugation step and during which the sample is treated, in
particular with a further substance.

[0107] According to some non-limiting embodiments, the further substance is a reactant (e.g.
to stain and/or make permeable the microparticles 18), which is inserted in the container.
Alternatively or additionally, the reactant is a reactant to fix the microparticles 18.

[0108] It is also possible to provide a washing step, during which a washing liquid (a washing
solution - a washing buffer) is inserted in the container 6 and then removed during the
acceleration step.

[0109] In particular, the treatment step comprises a first addition sub-step, during which a
reactant (in particular, a reactant to stain and/or a reactant to make the microparticles 18
permeable) is inserted in the container 6 containing the sample 2; and a second addition sub-
step, during which a washing liquid is inserted in the container 6 containing the sample 2. In
particular, which is subsequent to the first addition sub-step.

[0110] According to some non-limiting embodiments, the treatment step comprises an
incubation sub-step which is subsequent to the first addition sub-step and prior to the second
addition sub-step and during which the reactant is maintained in the container 6 together with
the sample 2 (in particular, at a controlled temperature between a minimum and a maximum
temperature).

[0111] According to some non-limiting embodiments, the incubation sub-step has a duration
ranging from 10 seconds to 24 hours.

[0112] Figure 33 illustrates a flow chart of procedures that can be followed. In these cases, the
method comprises the pre-treatment step SA (as described above) and the acceleration step
SB, subsequent to the pre-treatment step. The method also provides the treatment step, which
is subsequent to the acceleration step SB and comprises an addition sub-step SC and usually
an incubation sub-step SD during which the further substance is maintained in the container 6
in contact with the sample 2; a washing step SE, which is subsequent to the treatment step
(more precisely, subsequent to the incubation sub-step SD) and during which a washing liquid
is inserted in the container 6.

[0113] At this point (after the washing step), according to a first option, the pre-treatment step
SA is scheduled again (and therefore, again in succession steps SB, SC, SD). In accordance
with a second option, the acceleration step (SB) is scheduled again (and therefore, again in
succession the steps SC, SD). The procedure can be carried out several times (and normally
ends with an SB step).
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[0114] Advantageously but not necessarily, during the acceleration step the temperature of the
containers 6 is maintained within a predefined interval. In particular, the manipulation assembly
4 comprises a system for maintaining a temperature adapted to maintain the temperature of
the containers 6 (more precisely, of the seats 2) within the desired interval. According to some
non-limiting embodiments, the system for maintaining the temperature comprises a
temperature sensor and a heating and/or cooling device, which operates based on the data
detected by the temperature sensor.

[0115] The adjustment step can be implemented by using the experimental data previously
acquired (which for example indicate that with a given container 6 - of a given shape and a
given material - with a given component 3 and applying a given acceleration - and/or angular
speed - a given final volume is obtained). An example of a curve obtained with experimental
data acquired which relates the angular speed with the volume of the second part of the liquid
component 3 (which remains in the container after the acceleration step) is illustrated in figure
32.

[0116] In particular (therefore), the adjustment step is, in some cases, preceded by a
calibration step, during which the different values of the final volumes obtained for different
accelerations (and/or angular speeds) are measured. More in particular, during the calibration
step a calibration curve (or a calibration function) is created which is then used during the
adjustment step to obtain the calculated acceleration (and/or the calculated angular speed) on
the basis of the substantially defined volume to be obtained.

[0117] Alternatively or additionally, during the adjustment step, a first function that binds an
inertial force to the acceleration is crossed with a second function of the force due to the
surface tensions and it is estimated (also graphically) for which acceleration value (and/or
angular speed) these two forces are equivalent for the volume of the second part of the (at
least partially) liquid component 3 desired. In other words, during the adjustment step, after
identifying the volume of the second part of the (at least partially) liquid component 3 to be left
in the container 6, it is estimated for what acceleration value (and/or angular speed) the inertial
force is equivalent to the force due to the surface tensions on the basis of a first function that
relates the inertial force to the acceleration (and/or the angular speed) and a second function
that relates the inertial force to the distance from the closed end 7 or from the axis A.

[0118] During the acceleration step the manipulation assembly subjects the container 6 to
acceleration with said value.

[0119] If the closed end 7 is arranged between the axis A and the end 8, and the section of the
container 6 is constant (as illustrated in figure 23), the first function is:

E(d) « maw?d (1)
25 the second function is
Fy o ZHRA}’ (2)

in which F. is the inertial force (more precisely the centrifugal force); m is the mass of the
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sample; w is the angular speed; d is the distance from the axis A; F is the retaining force (due

to the surface tensions); R is the internal radius of the container 6 and Ay is a parameter that
depends on the type of sample 2 (more precisely, on the type of liquid component 3) and on
the material from which the container 6 is made. The parameters Ay can be found tabulated in
handbooks or can be determined experimentally.

[0120] In this case, the volume of the second part of the (at least partially) liquid component 3
(namely the part that remains in the container after the acceleration step) is based
(maintaining the internal perimeter of the container, the mass and the surface tension fixed) on
the angular speed (and, therefore, can be modulated by varying the angular speed). More
precisely, when the angular speed is increased, the volume is reduced.

[0121] If the axis A passes through the container 6 and is arranged between the closed end 7
and the end 8, and the section of the container 6 is constant (as illustrated in figure 24), the
first and the second function are the functions (1) and (2) reported above. Unlike the previous
situation, in this case it is not possible (by increasing the angular speed) to cause the entire
sample 2 to flow out, since the part arranged between the axis A and the closed end 7 remains
(in any case) inside the container 6.

[0122] If the container 6 has a variable diameter and is moved in a linear manner (as
illustrated in figure 25), the second function is the function (2) (note, however, that in this case
the internal perimeter of the container 6 - and therefore the internal radius R - varies as it
moves along the longitudinal extension of the container 6) and the first function is:
Famaxp-d? (3

in which F. is the inertial force; m is the mass of the sample 2; a is the acceleration; d is the

distance relative to the closed end 7; B is a proportionality factor that depends on the specific
weight of the sample 2 (more precisely, of the liquid component 3) and the geometry of the
container 6 (and can therefore be determined beforehand).

[0123] If the closed end 7 is arranged between the axis A and the end 8, and the section of the
container 6 is variable (as illustrated in figure 26), the second function is the function (2) (note,
however, that in this case the internal perimeter of the container 6 - and therefore the internal
radius R - varies as it moves along the longitudinal extension of the container 6) and the first
function is:

Fldief-d?w? (4

in which F is the inertial force; w is the angular speed; d is the distance from the axis A; Bis a
proportionality factor which depends on the specific weight of the sample 2 (more precisely, of
the liquid component 3) and the geometry of the container 6 (and can, therefore, be
determined beforehand).

[0124] In particular, the function (4) is obtained from
Fidremwid « prRiwid (5)

~

in which p is the specific weight of the sample.
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[0125] If the axis A is arranged between the closed end 7 and the end 8, and the section of the
container 6 is variable (as illustrated in figure 27), the second function is the function (2) (note,
however, that in this case the internal perimeter of the container 6 - and therefore the internal
radius - varies as it moves along the longitudinal extension of the container 6) and the first
function is the function (4). Unlike the previous situation, in this case it is not possible (by
increasing the angular speed) to cause all the sample 2 to flow out, since the part arranged
between the axis A and the closed end 7 remains in the container 6.

[0126] In view of the above, the first function is the function (1) or (3) or (4) and the second
function is the function (2). This is particularly important when the closed end 7 is arranged
between the axis A and the end 8.

[0127] It should be noted that the functions (1)-(5) and the illustrations of figures 23-27 were
formulated (to rationalize what was observed and automate some embodiments) after the
present invention had experimentally surprisingly demonstrated that it could obtain in an
extremely accurate and repeatable manner the reduction of the volume of the sample 2.

[0128] According to some non-limiting embodiments, the sample 2 is obtained from a
preliminary sample comprising the microparticle/s 18 and further microparticles. In particular,
the sample 2 is obtained by selectively recovering the microparticle/s 18 relative to further
microparticles. This is done by using a separation unit comprising a system chosen from the
group consisting of. dielectrophoresis, optical tweezers, magnetophoresis, acoustophoresis,
travelling waves, thermal flow, local fluid movements generated by electro thermal flow, local
fluid movements generated by electro hydrodynamic forces and a combination thereof.

[0129] In some non-limiting cases, the separation unit comprises a system chosen from the
group consisting of. dielectrophoresis, optical tweezers, magnetophoresis, acoustophoresis
and a combination thereof.

[0130] In particular, the separation unit comprises a system able to exert a force directly on the
microparticle/s 18 (in particular, without the force being exerted on the fluid, which transfers the
movement to the microparticle/s 18).

[0131] According to specific embodiments, the separation unit comprises a dielectrophoresis
unit (or system) as described, for example, in at lest one of the patent applications WO-A-
0069565, WO-A-2007010367, WO-A-2007049120. More in particular, the separation unit
functions in accordance with what is described in the patent applications with publication
number W02010/106434 and W02012/085884).

[0132] Advantageously but not necessarily, the separation unit is part of one of the microfluidic
devices cited above and, in particular, in accordance with what is described in the patent
applications with publication number W02010/106428 and W02010/106426. Said microfluidic
system is used to obtain the sample 2 from a preliminary sample.
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[0133] According to some non-limiting embodiments, during the acceleration step, a magnetic
force is exerted on the microparticle 18, in particular provided with at least one magnetic
component, towards the closed end 7 (and/or the side wall 9).

[0134] Alternatively (or additionally), during the acceleration step, a (further) magnetic force is
exerted towards the opening 8'. In particular, said magnetic force is exerted on a colloidal
suspension of ferrofluid (so as to favour the outflow of the colloidal suspension from the
container 6).

[0135] The method and the apparatus in accordance with the present invention can also be
advantageously used to prepare samples for genetic analyses, to prepare samples for cell
sorting, for cell staining and for cell washing.

[0136] Further characteristics of the present invention will become clear from the following
description of merely illustrative non-limiting examples.

Example 1

[0137] This example describes tests carried out with a traditional method of volume reduction
of samples 6 comprising a liquid component 3 and at least one microparticle 18. Said samples
had been previously treated with a centrifuge to favour the positioning of the microparticle 18
at the closed end 7 of the container 6 (a test tube as illustrated in figure 20).

[0138] In particular, 260 tests overall were performed by three different operators (A, B and C)
who, starting from samples 6 with an initial volume of approximately 113 pE, had to obtain a
volume of 1pL.

[0139] Each operator collected the excess liquid manually using a pipette (and inclining the
test tube containing the sample).

[0140] The operators A and B performed 90 reduction operations each. The operator C
performed 80 reduction operations.

[0141] To complete the operations, 10 hours of work were required (adding together the work
time of each operator). The overall results obtained are given in table 1 and in figure 31 (the X
axis shows the volume of the sample obtained after reduction and the Y axis shows the
number of times the reduced sample presented that volume), in which a darker colour
highlights the times when the microparticle was lost and the broken line identifies the region in
which (for what final volumes) said losses occurred.

Table 1

Manual volume reductions: 260 tests
Mean 1.73 pl
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Manual volume reductions: 260 tests

Maximum interval 4.3 ul
Standard deviation 1.03 pl
Success rate 94.7%

[0142] By maximum interval we mean the difference between the maximum volume and the
minimum volume obtained after the reduction operations. The mean is the mean of the
volumes of the samples obtained after the reduction. The results obtained show that the
traditional procedure is not reliable (the failure rate - relative to the cases in which the
microparticle 18 was lost - is not negligible) and the mean volume is significantly higher than

the target volume (1 uL).

[0143] The results obtained divided per operator are given in the following tables 2-4.

Table 2
Operator A
Mean 2.65 ul
Maximum interval 3.35 ul
Standard deviation 0.79 ul
Success rate 98.9 %
Table 3
Operator B
Mean 1.16 ul
Maximum interval 2.60 ul
Standard deviation 0.51 ul
Success rate 94.7 %
Table 4
Operator C
Mean 1.28 ul
Maximum interval 4.06 pl
Standard deviation 0.96 ul
Success rate 89.9 %

[0144] These results show that the precision of the procedure is extremely dependent on the

operator and his/her manual abilities.

[0145] It should be noted that each operator performed the reductions in three separate
sessions. The results obtained by each operator (indicated on the X axis) for each section are
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graphically shown in figure 30 (the Y axis shows the volume of the sample obtained after the
reduction).

[0146] As can be seen, even one single operator tends to obtain different results in different
moments.

Example 2

[0147] This example describes the comparison between tests performed with a traditional
volume reduction method and a (automatic) method in accordance with the present invention.
The tests were performed with an initial volume of approximately 113 uL and the target volume
was 1 L.

[0148] The traditional method was implemented as described in example 1.

[0149] For the method in accordance with the present invention, the apparatus 1 was used
(made to operate at a speed of 4200 RPM) illustrated in figures 5-8 and the container of figure
20 (more precisely, a strip of PCR test tubes with volume of 0.2 mL each). The distance

between the axis A (which passed through the container) and the closed end 7 was 2.22 mm.

[0150] The results obtained are given in table 5.

Table 5
Manual Automatic
Number of reduced 360 180
samples
Mean 1.66 uL 1.22 uL
Maximum interval 4.34 uL 1.05 uL
IQR 1.31 pL 0.30 pL
Standard deviation 0.95 uL 0.25 L
Success rate 92.8% 99.4%
1 particle lost every 10 1 particle lost every 180
samples samples

[0151] From the data indicated above, the present invention represents a significant and
unexpected improvement in each aspect recorded.

[0152] Table 6 below compares the same number of tests performed with the traditional
method and with the method in accordance with the present invention.
Table 6
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Manual Automatic
Number of reduced samples 96 96
Time taken 220 minutes 15 minutes
Mean 1.66 pL 1.21 pL
Standard deviation 0.95 uL 0.25 L
Success rate 92% 98%

[0153] It can be immediately observed that the time required to obtain the samples with
reduced volume is dramatically lowered by implementing the method of the present invention.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all

liability in this regard.

Patent documents cited in the description

o USZO10000018W I0083]
o USZOIC000EE0W [0003]
o WOZ010038141A1 [0004%

o USSI34887A [00G4]
o WOZOI3098702A1 [D0G4]

o WOZ2013003300A1 100041

o CNZOIB063304 (80041

o WOAN10108434A 103031 18134

o WOID12085884A 181031 {8131]

o WOORGHEEHA FO13 1]

o WOZ0OTOI0387A 18131
o WOZ2007048120A 181311
o WOZO10108428A 1831321
o WOZHI0108426A 1013281




10

15

20

25

DK/EP 3684508 T3

PATENTKRAV

1. Fremgangsmade til reduktion af volumenet af en prave (2) omfattende
mindst én i det mindste delvis vaeskeformig bestanddel (3) og med et volumen op
til 10 ml; fremgangsmaden omfatter anvendelse af mindst én beholder (6) med et
indre rum, en farste lukket ende (7), en anden ende (8), som er forsynet med en
abning (8'), som etablerer en forbindelse mellem det indre rum og ydersiden, og
mindst én sideveeg (9), som straekker sig mellem den farste lukkede ende (7) og
den anden ende (8); det indre rum er afgreenset af sideveeggen (9) og af den
farste lukkede ende (7),

hvilken fremgangsmade er kendetegnet ved, at den omfatter et

accelerationstrin, i Izbet af hvilket en manipulationsenhed (4) beveeger beholderen
(6), der indeholder preven (2), sa beholderen (6) udseettes for en acceleration,
som har mindst én komponent, der er orienteret fra den anden ende (8) mod den
forste lukkede ende (7) og er tvaergaende (isaer vinkelret) i forhold til abningen (8'),
saledes at en ferste del af den i det mindste delvis vaeskeformige bestanddel (3)
flyder ud af beholderen (6), idet den flyder gennem abningen (8'), og en anden del
af den i det mindste delvis veeskeformige bestanddel (3) med et i det veesentlige

defineret volumen forbliver i beholderen (6) ved den farste lukke ende (7);

hvor manipulationsenheden (4) omfatter en beveaegelsesanordning (11),
som i lgbet af accelerationstrinnet roterer beholderen (6) omkring en rotationsakse
(A), saledes at centrifugalkraften forarsager, at den ferste del af den i det mindste
delvis veeskeformige bestanddel (3) flyder ud af beholderen (6) og igennem

abningen (8');

I lzbet af accelerationstrinnet straekker rotationsaksen (A) sig gennem

beholderen (6) mellem den farste lukkede ende (7) og den anden ende (8).

2. Fremgangsmade ifglge krav 1, hvor preven (2) omfatter mindst én
mikropartikel (18); i labet af accelerationstrinnet udseetter manipulationsenheden
(4) beholderen (6) for accelerationen, saledes at mikropartiklen (18) forbliver i

beholderen (6), iseer i omradet ved den ferste lukkede ende (3).
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3. Fremgangsmade ifglge krav 2 og omfattende et forbehandlingstrin, som
kommer f@r accelerationstrinnet, og i Iabet af hvilket beholderen (6), som
indeholder praven (2), udseettes for en yderligere acceleration med mindst én
komponent, der er orienteret fra den ferste lukkede ende (7) mod den anden ende
(8) og er tveergaéende (isaer vinkelret) i forhold til abningen (8'), séledes at

mikropartiklen (18) indrettes i omradet ved den ferste lukkede ende (3).

4. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
der i lobet af accelerationstrinnet som felge af den acceleration, der paferes
beholderen (6), udeves mindst én ferste inertikraft pa den ferste del af praven (2)
og udeves mindst én anden inertikraft pa den anden del af preven (2); den ferste
og den anden inertikraft er orienteret fra den ferste lukkede ende (7) mod den
anden ende (8) tvaergaende (iseer vinkelret) i forhold til abningen (8'); i lebet af
accelerationstrinnet er den farste inertikraft starre end en ferste fastholdelseskraft,
der udeves mellem den ferste del af praven og beholderen (6), og den anden
inertikraft er mindre end en anden fastholdelseskraft, der udeves mellem den

anden del af pr@aven og beholderen (6).

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav og
omfattende et justeringstrin, som kommer f@r accelerationstrinnet, og i Iabet af
hvilket der bestemmes en beregnet acceleration og/eller en beregnet
vinkelhastighed baseret pa det i det vaesentlige definerede volumen, der skal
opnas; i lebet af accelerationstrinnet er den acceleration, som
manipulationsenheden (4) udseetter beholderen (6) for, den beregnede
acceleration, og/eller den vinkelhastighed, som manipulationsenheden (4)

udsaetter beholderen (6) for, er den beregnede vinkelhastighed.

6. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
manipulationsenheden (4) i Igbet af accelerationstrinnet samtidig udseetter en
flerhed af beholdere (6) for accelerationen; iseer hvor manipulationsenheden (4)

omfatter en flerhed af pladser (5), der hver rummer en respektive beholder (6).

7. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
mikropartiklerne (18) er valgt i gruppen bestaende af: celler, cellerester (iseer

cellefragmenter - f.eks. DNA og/eller RNA), celleaggregater (sasom for eksempel
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sma klynger af celler, der er afledt af stamceller, sdsom neurosfaerer eller
mammosfaere), bakterier, lipo-kugler, mikro-kugler (af polystyren og/eller
magnetiske), nano-kugler (f.eks. nano-kugler op til 100 nm), enheder dannet af
mikro-kugler (iseer magnetiske; iseer med den st@rste dimension mindre end

500 pm) bundet til celler, cirkulerende tumorceller bundet til ferrofluid, eksosomer,
kolloidal suspension (f.eks. ferrofluid), liposomer, kerner, sporer og en kombination
deraf; iseer hvor mikropartiklerne (18) er valgt i gruppen bestéende af: stamceller,
erythroblaster, trofoblaster, neuronceller, epithelceller, tumorceller, hvide
blodceller (WBC), stromaceller, seedceller, cirkulerende tumorceller (CTC),
fosterceller, mikro-kugler (iseser med den st@rste dimension mindre end 500 um),
kolloidal suspension (f.eks. ferrofluid), enheder dannet af mikro-kugler bundet med
celler (f.eks. stamceller, erythroblaster, trofoblaster, neuronceller, epithelceller,
tumorceller, hvide blodceller (WBC), stromaceller, seedceller, cirkulerende
tumorceller (CTC), fosterceller), erythrocytter, cirkulerende tumorceller bundet

med ferrofluid og en kombination deraf.

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav og
omfattende et indsaettelsestrin, i Isbet af hvilket praven (2) indseettes i beholderen
(6); og et behandlingstrin, som kommer efter indseettelsestrinnet og far
accelerationstrinnet, og i labet af hvilket praven (2) behandles, iseer med et

yderligere stof.

9. Fremgangsmade ifelge krav 8, hvor behandlingstrinnet omfatter et ferste
tilsaetningsdeltrin, i labet af hvilket der tilseettes en reaktant (iseer en reaktant til
farvning af mikropartiklerne (18) og/eller en reaktant til at gere mikropartiklerne
(18) permeable og/eller en reaktant til at fiksere mikropartiklerne (18)) til
beholderen (6), der indeholder praven (2); og et andet tilsaetningsdeltrin, som
kommer efter det farste tilsaetningsdeltrin, og i l@bet af hvilket der tilfgres en
vaskevaeske til beholderen (6), der indeholder praven (2); iseer hvor
behandlingstrinnet omfatter et inkubationsdeltrin, som kommer efter det ferste
tilsaetningsdeltrin og fer det andet tilsaetningsdeltrin, og i l@bet af hvilket reaktanten
efterlades med preven (2) (mere iseer ved en kontrolleret temperatur, der er |

intervallet mellem en minimumstemperatur og en maksimumstemperatur).
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10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
der i lgbet af accelerationstrinnet er indrettet en opsamlingsanordning (10), som
opsamler den ferste del af den i det mindste delvis veeskeformige bestanddel (3), i

omradet ved abningen (8') ud af beholderen (6).

11. Fremgangsmade ifglge krav 10, hvor opsamlingsanordningen (10)
omfatter et fastholdelsessystem (12) til tilbageholdelse af mindst en fraktion af den

farste del af den i det mindste delvis veeskeformige bestanddel (3);

isaer hvor fastholdelsessystemet (12) omfatter et element, der er valgt i
gruppen bestaende af: absorberende materiale (13), kapilleerfeelde, veeskefaelde
og en kombination deraf; idet kapilleerfaelden omfatter en flerned af riller (14) med
en bredde, der er mindre end 2,0 mm, iseer mindre end 0,9 mm; idet vaeskefeelden
omfatter et opsamlingskammer (15), som er forsynet med et indlgb (16), og mindst
én beveegelig vaeg (17), som er bevaegelig mellem en lukkeposition, hvori den
forhindrer veeske i at flyde igennem indlgbet (16), og en abningsposition, hvori
vaesken kan flyde igennem indlgbet (16); i labet af accelerationstrinnet beveeger
accelerationen (iseer direkte og/eller indirekte ved hjeelp af den i det mindste delvis
veeskeformige bestanddel (3)) den beveegelige vaeg (17) til abningspositionen; nar
accelerationen ikke leengere paferes beholderen (6), iseer fastholdelsessystemet

(12), bevaeger den beveegelige veeg (17) sig tilbage til lukkepositionen.

12. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
temperaturen af beholderen (6) i lebet af accelerationstrinnet holdes inden for et

foruddefineret temperaturinterval.

13. Fremgangsmade ifglge et hvilket som helst af de foregéende krav og
omfattende et indsaettelsestrin, i labet af hvilket praven (2) indseettes i beholderen
(6) af et instrument, der er valgt i gruppen bestéende af: mikrofluidikanordninger,
pipetteringsinstrumenter, flowcytometre, mikromanipulatorer, optiske pincetter;
isaer hvor praven (2) er udvalgt, saledes at den omfatter mindst én mikropartikel
(18), ved anvendelse af: billeder, immunofluorescens, impedans, dimensioner,

geometri, morfologiske treek og en kombination deraf.

14. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor

preven (2) omfatter mindst én mikropartikel (18), iseer forsynet med mindst én
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magnetisk komponent; i Iabet af accelerationstrinnet udaves der en magnetisk

kraft pa mikropartiklen (18) mod sidevaeggen (9) og/eller den lukkede ende (7).

15. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
der i lobet af accelerationstrinnet udeves en magnetisk kraft mod abningen (8'),

iseer saledes at usnsket materiale (f.eks. ferrofluid) fiernes fra beholderen (6).

16. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
der i lobet af accelerationstrinnet som felge af den acceleration, der paferes
beholderen (6), udeves mindst én ferste inertikraft pa den ferste del af praven (2)
og udeves mindst én anden inertikraft pa den anden del af praven (2); og hvor
manipulationsenheden (4) omfatter en bevaegelsesanordning (11), som i labet af
accelerationstrinnet roterer beholderen (6) omkring en rotationsakse (A), som
streekker sig gennem beholderen (6) mellem den ferste lukkede ende (7) og den
anden ende (8), saledes at centrifugalkraften forarsager, at den ferste del af den i
det mindste delvis veeskeformige bestanddel (3) flyder ud af beholderen (6) og

igennem abningen (8').

17. Apparat til reduktion af volumenet af en preve (2) omfattende mindst én i
det mindste delvis veeskeformig bestanddel (3) og med et volumen op til 10 ml;
apparatet (1) omfatter en manipulationsenhed (4), der er forsynet med mindst én
plads (5) til i det mindste delvis understattelse af mindst én beholder (6) med et
indre rum, en farste lukket ende (7), en anden ende (8), som er forsynet med en
abning (8'), som etablerer en forbindelse mellem det indre rum og ydersiden, og
mindst én sideveeg (9), som straekker sig mellem den ferste lukkede ende (7) og
den anden ende (8); det indre rum er afgraenset af sideveeggen (9) og af den
farste lukkede ende (7),

manipulationsenheden (4) omfatter en opsamlingsanordning (10), som er
tilpasset til at opsamle en farste del af den i det mindste delvis vaeskeformige
bestanddel (3) og er indrettet pa ydersiden af pladsen (5) og teet pa pladsen (5);
manipulationsenheden (4) er tilpasset til at beveege pladsen (5), séledes at
pladsen (5) udsaettes for en acceleration med mindst én komponent, der er
orienteret fra opsamlingsanordningen (10) mod pladsen (5), séledes at den ferste

del af den i det mindste delvis vaeskeformige bestanddel (3) flyder ud af
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beholderen (6) og nar opsamlingsanordningen (10), og en anden del af den i det
mindste delvis vaeskeformige bestanddel (3) med et i det vaesentlige defineret

volumen forbliver i beholderen (6) i omradet ved den farste lukkede ende (7);

hvor manipulationsenheden (4) omfatter en beveaegelsesanordning (11),
som er tilpasset til at rotere pladsen (5) omkring en rotationsakse (A), saledes at
centrifugalkraften forarsager, at den ferste del af den i det mindste delvis
vaeskeformige bestanddel (3) flyder ud af beholderen (6) og ind i

opsamlingsanordningen (10);

pladsen (5) er formet, saledes at rotationsaksen (A) streekker sig gennem

beholderen (6) mellem den farste lukkede ende (7) og den anden ende (8).

18. Apparat ifslge krav 17, hvor opsamlingsanordningen (10) omfatter et
fastholdelsessystem (12) (iseer en tank) til tilbageholdelse af mindst en fraktion af

den ferste del af den i det mindste delvis veeskeformige bestanddel (3).

19. Apparat ifslge krav 18, hvor fastholdelsessystemet (12) omfatter et
element, der er valgt i gruppen bestaende af: absorberende materiale (13),
kapilleerfeelde, veeskefeelde og en kombination deraf; idet kapilleerfaelden omfatter
en flerhed af riller (14) med en bredde, der er mindre end 2,0 mm, iseer mindre
end 0,9 mm; idet veeskefeelden omfatter et opsamlingskammer (15), som er
forsynet med et indleb (16), og mindst én bevaegelig veeg (17), som er beveegelig
mellem en lukkeposition, hvori den forhindrer veeske i at flyde igennem indlgbet
(16), og en abningsposition, hvori vaesken kan flyde igennem indlabet (16);
veeggen (17) er tilpasset til at bevaege sig til abningspositionen, nar acceleration
pafegres under brugen; nar accelerationen ikke leengere paferes pladsen (5),

bevaeger veeggen (17) sig tilbage til lukkepositionen.

20. Apparat ifglge et hvilket som helst af kravene fra 17 til 19, hvor
manipulationsenheden (4) omfatter en flerhed af pladser (5), der hver er tilpasset
til at rumme en respektive beholder (6); manipulationsenheden (4) omfatter en
beveegelsesanordning (11), som er tilpasset til at forarsage, at alle pladserne (5)

foretager den samme beveegelse.
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21. Apparat ifslge krav 20, hvor beveegelsesanordningen (11) er tilpasset til at
rotere pladserne (5) omkring rotationsaksen (A), saledes at centrifugalkraften

beveeger de farste dele af den i det mindste delvis veeskeformige bestanddel (3) il
opsamlingsanordningen (10); pladserne (5) er indrettet ifelge mindst én raekke, der

er i det vaesentlige parallel med rotationsaksen (A).

22. Apparat ifalge et hvilket som helst af kravene fra 17 til 19;
manipulationsenheden (4) omfatter en flerhed af yderligere perifere pladser (19),
der er indrettet omkring rotationsaksen (A) og er tilpasset til at rumme yderligere
beholdere (6), der hver indeholder en respektive prave (2), og til at blive roteret af
beveegelsesanordningen (11) omkring rotationsaksen (A), saledes at der udeves
en centrifugalkraft pa den i det mindste delvis vaeskeformige bestanddel (3), der er
indeholdt i de yderligere beholdere (6), mod den ferste lukkede ende (7) af de
yderligere beholdere (6).

23. Apparat ifelge et hvilket som helst af kravene fra 17 til 22, hvor
manipulationsenheden (4) omfatter et temperaturbevarelsessystem, som er tilpasset
til at bevare temperaturen af beholderne (6), iseer af pladserne (5), inden for et snsket
interval, isger mellem en given minimumstemperatur og given maksimumstemperatur,
isger hvor temperaturbevarelsessystemet omfatter en temperatursensor og en
opvarmnings- og/eller nedkalingsanordning, som er tilpasset til at blive betjent baseret

pa de data, der detekteres af temperatursensoren.

24. Apparat ifglge et hvilket som helst af kravene fra 17 til 23, hvor
manipulationsanordningen (4) omfatter en ferste magnet, som er indrettet i
omradet ved en ende af pladsen (5) over for opsamlingsanordningen (10); isaer

hvor den farste magnet er indrettet i omradet ved den lukkede ende (7).

25. Apparat ifslge et hvilket som helst af kravene fra 17 til 24, hvor
manipulationsanordningen (4) omfatter en anden magnet, som er indrettet i
omradet ved pladsen (5), iseer i omradet ved en ende af pladsen (5) i omradet ved
opsamlingsanordningen (10); isaer hvor magneten er indrettet i omradet ved den

anden ende (8), mere iseer ved abningen (8').

26. Apparat ifalge et hvilket som helst af kravene fra 17 til 25, hvor der som

folge af den acceleration, der paferes beholderen (6), udeves mindst én ferste
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inertikraft pa den ferste del af preven (2) og udeves mindst én anden inertikraft pa

den anden del af preven (2); og hvor

manipulationsenheden (4) omfatter en bevaegelsesanordning (11), som er
tilpasset til at rotere pladsen (5) omkring en rotationsakse (A), som streekker sig
gennem beholderen (6) mellem den fgrste lukkede ende (7) og den anden ende
(8), saledes at centrifugalkraften forarsager, at den ferste del af den i det mindste
delvis vaeskeformige bestanddel (3) flyder ud af beholderen (6) og ind i

opsamlingsanordningen (10).



DK/EP 3684508 T3

DRAWINGS

Drawing




DK/EP 3684508 T3



DK/EP 3684508 T3




DK/EP 3684508 T3




DK/EP 3684508 T3




DK/EP 3684508 T3




DK/EP 3684508 T3

8'0ld




DK/EP 3684508 T3

FIG.9
8

6"

FIG.10




DK/EP 3684508 T3

FIG.11



DK/EP 3684508 T3

10
4

[
N};/\
/

f{*+++~v+&~++

SR T S O T S T +
ST S UL T S S S S S
fé : ~8 \
/ 8. p
) i




DK/EP 3684508 T3

gL ol




DK/EP 3684508 T3

FIG.18

FIG.17




DK/EP 3684508 T3

oSS

R
o

ot e
p w % [ * b
L3 | §
} %
m m me “m‘\‘ mv Wf
9 -9

PR

\ﬂ A m



DK/EP 3684508 T3

£Om

FIG.23

£ e

= 2

B “

5 A
5,

AN

FIG.24



DK/EP 3684508 T3




DK/EP 3684508 T3

30




DK/EP 3684508 T3




DK/EP 3684508 T3

FIG.31




DK/EP 3684508 T3

0oay

ceOld

o0y

0oLt

000E

00s¢e

000L

0%

000G

008

TN

™~

01

¢

14}



DK/EP 3684508 T3

48

e ol

s

a8

g8

VS




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS

