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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Italian Patent Application No. 102017000105948
filed on 21/09/2017.

TECHNICAL FIELD

[0002] The present invention relates to a microfluidic system and to a method for the recovery
of particles.

BACKGROUND OF THE INVENTION

[0003] With particular reference to Figs. 13 and 14, in the field of recovery of particles PP of
small size from a sample, there are known systems comprising an inlet |, an outlet O and a
moving assembly M, which is adapted to selectively move a particle PA in respect to other
particles PP of a group di particles GP from a standing chamber SC to a recovery chamber RC.
As an example US2012/184010 discloses such a system and method for the recovery of
particles. At this point, the feed of a liquid is started from the inlet | towards the outlet O so as
to move the particle PA towards the outlet O. During movement of the particle PA from the
standing chamber SC to the recovery chamber RC, liquid is not fed from the inlet |. This type of
system has various drawbacks, among which the following are cited.

= It is estimated that a time of around 107 seconds is required to recover each particle PA. This
means that particularly long times are required to recover different particles. For example, the
time required to recover 96 particles is around 3 hours.

= Repeating the procedure described above for each particle PA, liquid feed is activated and
deactivated several times in succession, which can move and/or damage the particles PP
arranged in the standing chamber SC.

= The succession of activations and deactivations of the liquid feeding system subjects this
system to particular stress, which can result in damage during use, or otherwise (costly and
complex) measures must be used to increase its strength.

[0004] The object of the present invention is to provide a microfluidic system and method for
the recovery of particles with which it is possible to overcome, at least partially, the drawbacks
of the prior art and which are, at the same time, easy and inexpensive to produce.
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SUMMARY

[0005] According to the present invention, there are provided a microfluidic system and a
method for the recovery of particles as claimed in the independent claims below and,
preferably, in any one of the claims depending directly or indirectly on the independent claims.

[0006] Unless explicitly specified otherwise, in the present text the following terms have the
meaning indicated below.

[0007] By equivalent diameter of a section it is meant the diameter of a circle having the same
area as the section.

[0008] By microfluidic system it is meant 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 optionally at least one gasket (more in
particular, a plurality of gaskets).

[0009] In particular, by microfluidic channel it is meant a channel having a section with an
equivalent diameter smaller than 0.5 mm.

[0010] In particular, the microfluidic chamber has a height smaller than 0.5 mm. More in
particular, the microfluidic chamber has a width and a length larger than the height (more
precisely but not necessarily, at least five times the height).

[0011] In the present text, by particle it is meant a corpuscle having the largest dimension
smaller than 500 ym (advantageously smaller than 150 uym). According to some non-limiting
examples, the particles are selected from: cells, cell debris (in particular cell fragments), cell
clusters (such as, for example, small clusters of cells deriving from stem cells such as
neurospheres or mammospheres) bacteria, lipospheres, microspheres (in polystyrene and/or
magnetic), nanospheres (e.g. nanospheres up to 100 nm,) complexes formed by microspheres
bound to cells, and a combination thereof. Advantageously, the particles are cells.

[0012] According to some non-limiting embodiments, the particles (advantageously cells
and/or cell debris) have the largest dimension smaller than 60 ym.

[0013] According to some specific non-limiting embodiments, the particles are selected from
the group consisting of: tumour cells, white blood cells (WBC), stromal cells, spermatozoa,
circulating tumour cells (CTC), spores, foetal cells, microspheres (micro-beads), liposomes,
exosomes, epithelial cells, erythroblasts, trophoblasts, and a combination thereof. The
dimensions of the particles can be measured in a standard manner with microscopes with
graduated scale or normal microscopes used with slides (on which the particles are deposited)
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with a graduated scale.

[0014] In the present text, by dimensions of a particle we mean as the length, the width and
the depth of the particle.

[0015] The expression "in a substantially selective manner” is used to identify a movement (or
other similar terms indicating a movement) of particles in respect to other particles (which
typically do not move). In particular, the particles that are moved and/or separated are particles
largely of one or more given types. Advantageously but not necessarily, a substantially
selective movement (or other similar terms indicating a movement and/or a separation)
involves moving particles with at least 90% (advantageously 95%) of particles of the given type
or types.

[0016] In the present text, the expressions "downstream” and "upstream” must be interpreted
with reference to the direction of flow of the fluid (from the inlet to the outlet of the microfluidic
system).

BRIEF DESCRIPTION OF THE FIGURES

[0017] The invention is described below with reference to the accompanying drawings, which
illustrate some non-limiting embodiments, wherein:

s Figs. 1 and 2 are schematic and plan views of a system according to the present
invention in subsequent operating steps;

+ Figs. 3 and 4 are schematic and plan views of a further embodiment of a system
according to the present invention in subsequent operating steps;

» Fig. 5 is a photograph of a detail of the system of preceding figures;

« Fig. 6 schematically illustrates the lines of flow inside the system of Figs. 3 and 4;

» Fig. 7 schematically illustrates the system of Figs. 1 and 2 or of Figs. 3 and 4 with further
details;

+ Figs. 8 to 10 are photographs showing subsequent steps of the operation of the system
of Figs. 3 and 4;

« Fig. 11 is a schematic and plan view of a further embodiment of a system according to
the present invention;

« Fig. 12 is a schematic and plan view of a further embodiment of a system according to
the present invention;

» Figs. 13 and 14 are schematic and plan views of a system of the state of the art in
subsequent operating steps;

+ Figs. 15 and 16 are flow diagrams of operating procedures of the system of one or more
of Figs. 1 to 12; and

« Figs. 17 and 18 are schematic and plan views of a further embodiment of a system
according to the present invention in subsequent operating steps.
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DETAILED DESCRIPTION

[0018] In Fig. 1, the numeral 1 indicates as a whole a microfluidic system for the recovery of
particles.

[0019] The system 1 comprises (at least) one collecting chamber 3, (at least) one outlet 4, (at
least) one inlet 5 and (at least) one moving assembly 6, which is adapted to (selectively) move
at least one given particle 2' (relative to other particles 2) (at least at the collecting chamber 3).
The collecting chamber 3, the outlet 4 and the inlet 5 are fluidically connected to each other.

[0020] In particular, the system 1 further comprises a feeding device 7 (more in particular a
pump; for example, a pressure and/or volumetric pump) to feed a fluid (more in particular, a
liquid; even more in particular, a buffer solution; more precisely but not necessarily, an
aqueous buffer solution) from the inlet 5 to the outlet 4 so as to generate a flow of the fluid.
More precisely but not necessarily, the feeding device 7 is adapted to feed the fluid in a
substantially continuous manner so as to generate a substantially continuous flow of the fluid.

[0021] The moving assembly 6 is adapted to exert a force upon (at least) the particle 2' so as
to move (at least) the particle 2' of a group 8 of particles 2 (arranged in the collecting chamber
3) until it selectively reaches, relative to other particles 2 of the group 8, a release area 9 in
which a dragging force created by the fluid flow is such as to move the given particle 2' towards
the outlet 4.

[0022] According to some non-limiting embodiments, the moving assembly 6 is adapted to
exert a selective force (relative to other particles 2) upon (at least) the particle 2' so as to move
said particle 2' to the release area 9. More precisely but not necessarily, the moving assembly
6 is adapted to exert the selective force upon (at least) the particle 2' so as to move the particle
2' selectively with respect to the other particles 2 of the group 8.

[0023] By selective force on one or more particles it is meant a force that is exerted upon
this/these particle/particles but not on one or more other particles.

[0024] Advantageously but not necessarily, the moving assembly 6 is adapted to move (at
least) the particle 2' in an independent manner relative to other particles 2 of the group 8.

[0025] In use, having a substantially continuous flow of the fluid, it is possible to save time as
several activities can be carried out simultaneously. In this way, the different parts of the
system 1 and the particles 2 are subjected to less stress.

[0026] Advantageously but not necessarily, the collecting chamber 3 is provided with an
opening 10, through which the particle 2' passes to move towards the outlet 4.
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[0027] According to some non-limiting embodiments, the system 1 comprises a connection
channel 11, which is arranged at an end of the collecting chamber 3 between the collecting
chamber 3 and the outlet 4 and between the collecting chamber 3 and the inlet 5 so as to
fluidically connect the collecting chamber 3 to the inlet 5 and to the outlet 4. In particular, the
connection channel 11 is arranged at the opening 10. More precisely but not necessarily, the
opening 10 is part of the connection channel 11.

[0028] More precisely but not necessarily, the connection channel 11 has a cross section
smaller than the cross section of at least one part of the collecting chamber 3. This enables the
perturbations inside the collecting chamber 3 to be reduced.

[0029] The collecting chamber 3 comprises a standing area 12, which is adapted to house the
group 8 of particles 2 (and in which the dragging force is not sufficient to substantially move the
particles 2 of the group 8 towards the outlet 4).

[0030] The collecting chamber 3 is structured so that the dragging force is not sufficient to
move the particles 2 of the group 8 arranged in the standing area 12 (towards the outlet 4).

[0031] According to some non-limiting embodiments, the connection channel 11 has a cross
section smaller than the cross section of (at least) the standing area 12. In particular, the group
8 is maintained (by the moving assembly 6) substantially immobile in the standing area 12.

[0032] Advantageously but not necessarily, the system 1 comprises at least one joining area
13, which is arranged on the outside of the collecting chamber 3 and between the inlet 5 and
the outlet 4 to establish a fluidic connection between the outlet 4 and the inlet 5. In particular,
the joining area 13 is arranged on the outside collecting chamber 3 at the opening 10.

[0033] Advantageously but not necessarily, the system 1 comprises an outlet channel 19,
which extends from the joining area 13 to said outlet 4 and has at least one side wall extending
from the opening 10 towards the outlet 4 (on the side of the outlet 4). The system 1 comprises
a moving-away system, which is adapted to move the given particle 2' away from the side wall,
in particular towards the centre of the outlet channel 19.

[0034] The moving-away system can for example operate by means of dielectrophoresis,
optical tweezers, magnetophoresis, acoustophoresis, travelling waves, thermal flow, local fluid
movements generated by electro thermal flow and/or local fluid movements generated by
electrohydrodynamic and/or inertial and/or hydrodynamic forces.

[0035] According to some non-limiting embodiments (see in particular Figs. 1 and 3), the
microfluidic system 1 comprises a control device CU, which is adapted to control the feeding
device 7 and the moving assembly 6 so that the moving assembly 6 moves the particle 2' to
the release area 9 while the feeding device 7 feeds the fluid from the inlet 5 to the outlet 4 (in
particular, through the joining area 13).
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[0036] According to some non-limiting embodiments, the release area 9 is arranged inside the
collecting chamber 3 (in particular, at the connection channel 11).

[0037] According to alternative non-limiting embodiments, the release area 9 is arranged on
the outside of the collecting chamber 3 (in particular, in the joining area 13).

[0038] Advantageously but not necessarily, the outlet 4 (more precisely but not necessarily, the
outlet nozzle) is structured so that the fluid passes through the outlet 4 (comprising a nozzle
shown by way of example in Fig. 5) so as to form a plurality of drops DR. In particular, the
(relatively small) dimensions of the outlet 4 are such that the fluid that flows through the outlet
4 (comprising a nozzle shown by way of example in Fig. 5) forms a plurality of drops DR.

[0039] Even more advantageously but not necessarily, the outlet 4 (the nozzle) is structured so
that the fluid flows through the outlet 4 so as to form a plurality of drops DR of 1-2 uL each. In
this way it is possible to collect the particle 2' in a very limited volume, greatly facilitating the
subsequent operations to handle and/or analyse the particle 2.

[0040] With particular reference to Fig. 7, advantageously but not necessarily, the system 1
comprises a detector 14 (for example comprising a microscope and/or optical sensors and/or
electrical impedance sensors, for example produced with semiconductor technologies) to
detect the passage of the particle 2' downstream of the collecting chamber 3 towards the outlet
4. Additionally or alternatively, the system 1 comprises a detector 15 to detect the emission of
each drop DR from the outlet 4.

[0041] In particular, the system 1 also comprises a collection system 16, which comprises at
least two separate containers 17 and 17' (in particular, a plurality of containers 17 and 17') and
a moving device 18 to generate a relative movement between the containers 17 and 17' and
the outlet 4 as a function of what detected by the detectors 14 and 15.

[0042] According to some non-limiting embodiments (such as the one illustrated in Fig. 7), the
moving device 18 is adapted to (only) move the containers 17 and 17' as a function of what
detected by the detectors 14 and 15.

[0043] Alternatively or additionally, the moving device 18 is adapted to move the outlet 4.

[0044] The presence of the detector 14 (and/or of the detector 15) is particularly
advantageous when the drops DR are of limited size (1-2 uL). In this way, it is possible to
select with high precision the drop DR containing the particle 2'.

[0045] According to some non-limiting embodiments, the system 1 also comprises a control
unit CUU which is adapted to receive signals from the detector 14 (and from the detector 15)
and to control the moving device 18 as a function of what detected by the detector 14 (and by
the detector 15).
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[0046] In particular, in accordance with one of the procedures according to which the system 1
can operate, when the detectors 14 and 15 detect the fall of a drop containing the particle 2,
the control unit CUU operates the moving device 18 so as to move a container 17 or 17' under
the outlet 4. According to this procedure, advantageously but not necessarily, the drop/drops
that (based on the data detected by the detector 14 - and possibly by the detector 15) does/do
not contain the particle/particles 2' is/are discarded. More precisely but not necessarily, the
control unit CUU operates the moving device 18 so as to move a further container 17 or 17
under the outlet 4 (different from the container in which the drop/drops that contains/contain
the particle/particles 2' is/are collected) when the detectors 14 and 15 detect the fall of the
drop/drops that (based on the data detected by the detector 14 - and possibly by the detector
15) does/do not contain the particle 2'.

[0047] Advantageously but not necessarily, the control unit CUU is part of the (or is coincident
with) the control device CU. Alternatively, the control unit CUU is separate from the control
device CU.

[0048] In some non-limiting cases, the containers 17 and 17" are test tubes.

[0049] According to some non-limiting embodiments, the collection system 16 comprises a
sample rack 16' that supports the containers 17 and 17"

[0050] In particular, the moving device 18 (in particular a mobile support) is adapted to move
the rack 16'. In this way, it is possible to decide which container 17 and 17' is to be arranged in
a particular moment at (more precisely but not necessarily, below) the outlet 4.

[0051] In particular, the system 1 comprises an outlet channel 19, at an end of which there is
arranged said outlet 4. More in particular, the detector 14 is arranged at the outlet channel 19.

[0052] In particular, the detector 15 is arranged below the outlet 4. According to some non-
limiting embodiments (Figs. 1-4), the microfluidic system 1 comprises an inlet channel 20, at an
end of which there is arranged said inlet 5.

[0053] In the embodiment illustrated in Figs. 1 and 2, the inlet channel 20 is arranged between
the collecting chamber 3 and the outlet channel 19.

[0054] More precisely but not necessarily, Fig. 1 illustrates the particle 2' that reaches the
release area 9; Fig. 2 illustrates the particle 2' being dragged by the fluid towards the outlet 4.

[0055] The embodiment illustrated in Figs. 3 and 4 is substantially identical to the embodiment
illustrated in Figs. 1 and 2 and differs therefrom only in that the collecting chamber 3 is
arranged between the inlet channel 20 and the outlet channel 19.

[0056] It was observed experimentally that this embodiment has some advantages. Among
these, it must be underlined that, in this case, the distance between the standing area 12 and
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the release area is relatively small. In this way, transfer of the particle 2' from the standing area
12 to the release area 9 is limited and the possibilities that disturbances could somehow affect
the particle 2' are reduced.

[0057] Advantageously but not necessarily, the speed of the flow of fluid is greater along the
outlet channel 19 than in the joining area 13.

[0058] In this way, the risk of creating disturbances in the collecting chamber 3 (or in any case
in the release area 9) is reduced, while at the same time allowing an increase in the recovery
speed of the particle 2.

[0059] With particular reference to Figs. 11 and 12, according to some non-limiting
embodiments, the system 1 also comprises a connecting channel 21 arranged (in the joining
area 13) between the inlet channel 20 and the outlet channel 19 to fluidically connect the inlet
channel 20 to the outlet channel 19.

[0060] Advantageously but not necessarily, the connection channel 11 has a cross section
smaller than the cross section of the connecting channel 21.

[0061] Alternatively or additionally, the connection channel 11 has a cross section smaller than
the cross section of the outlet channel 19.

[0062] Alternatively or additionally, the connection channel 11 has a cross section smaller than
the cross section of the inlet channel 20.

[0063] In particular, in some cases (such as the one illustrated in Fig. 11), the system 1
comprises an intermediate channel 22 arranged outside the collecting chamber 3 at the
opening 10. The intermediate channel 22 has an inlet upstream of the opening 10 and an
outlet downstream of the opening 10 so as to fluidically connect the inlet channel 20 to the
outlet channel 19. More precisely but not necessarily, the intermediate channel 22 is arranged
between the opening 10 and the connecting channel 21. More in particular, the joining area 13
is arranged in the intermediate channel 22.

[0064] Advantageously, but not necessarily, the intermediate channel 22 has a cross section
smaller than the cross section of the connecting channel 21.

[0065] In this way the fluid flow from the inlet 5 to the outlet 4 has a speed smaller along the
intermediate channel 22 and larger along the connecting channel 21, the inlet channel 20 and
the outlet channel 19.

[0066] In other cases (such as the one illustrated in Fig. 12), the system 1 comprises a further
feeding device 23 which is adapted to feed a further fluid (which can be the same as or
different from the fluid previously described) through the outlet channel 19 (towards the outlet
4) at a larger speed to the speed at which the fluid is fed from the feeding device 7 through the
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inlet channel 20 and the connecting channel 21. In these cases, in particular, the joining area
13 is arranged in the connecting channel 21. Additionally or alternatively, the outlet channel 19
has an end opposite the outlet 4 connected to the feeding device 23. The connecting channel
21 is connected to an intermediate area of the outlet channel 19 arranged between the two
ends.

[0067] According to some non-limiting embodiments, the moving assembly 6 comprises a
system selected 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 electrohydrodynamic
forces, and a combination thereof.

[0068] In some non-limiting cases, the moving assembly 6 comprises a system selected from
the group consisting of. dielectrophoresis, optical tweezers, magnetophoresis,
acoustophoresis, and a combination thereof.

[0069] In particular, the moving assembly comprises a system able to exert a force directly
upon the particle 2' (in particular, without the force being exerted upon the fluid that transfers
the movement to the given particle 2").

[0070] According to specific embodiments, the moving assembly 6 comprises a
dielectrophoresis unit (or system) for example as described in at least one of the patent
applications WO-A-0069565, WO-A-2007010367, WO-A-2007049120. More in particular, the
moving assembly 6 operates in accordance with the description of the patent applications with
publication number W02010/106434 and W02012/085884).

[0071] Known systems are, for example, described in the following articles and in the
documents cited therein: "Optical tweezers for single cells" Published online 2008 Apr 1.
doi:10.1098/rsif.2008.0052 (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2408388/); Lenshof
A., Laurell T., "Continuous separation of cells and particles in microfluidic systems", Chemical
Society Reviews, 39 (2010) 1203-1217; Laurell T., Petersson F., Nilsson A., "Chip integrated
strategies for acoustic separation and manipulation of cells and particles”, Chemical Society
Reviews, 36 (2007) 429-506; C. Wyatt Shields IV, Dr. Catherine D. Reyes and Prof. Gabriel P.
Lopez, "Microfluidic Cell Sorting: A Review of the Advances in the Separation of Cells from
Debulking to Rare Cell Isolation”, Lab Chip. 2015 Feb 16; 15(5): 1230-1249, doi:
10.1039/c4lc01246a.

[0072] According to some non-limiting embodiments (Figs. 1-4), the microfluidic system 1
comprises an inlet 24, through which, in use, a sample is inserted into the microfluidic system
1; a separation unit 25, which comprises the collecting chamber 3 and is adapted to transfer at
least part of the particles 2 of a given type to the standing area 12 in a substantially selective
manner relative to further particles (of different type) of the sample.

[0073] Advantageously but not necessarily, the separation unit 25 comprises a main chamber
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26 and the collecting chamber 3 and is adapted to transfer at least part of the particles 2 of a
given type from the main chamber 26 to the collecting chamber 3 in a substantially selective
manner relative to further particles (of a different type) of the sample.

[0074] Alternatively, the separation unit 25 is adapted to transfer at least part of the particles 2
of a given type to the standing area 12 from another area of the collecting chamber 3 in a
substantially selective manner relative to further particles (of different type) of the sample.

[0075] According to some non-limiting embodiments, the separation unit 25 comprises a
system selected 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 electrohydrodynamic
forces, and a combination thereof.

[0076] In some non-limiting cases, the separation unit 25 comprises a system selected from
the group consisting of. dielectrophoresis, optical tweezers, magnetophoresis,
acoustophoresis, and a combination thereof.

[0077] In particular, the separation unit 25 comprises a system able to exert a force directly
upon the particles 2 (in particular, without the force being exerted upon the fluid, which
transfers the movement to the given particle 2).

[0078] According to specific embodiments, the separation unit 25 comprises a
dielectrophoresis unit (or system), for example as described in at least one of the patent
applications WO-A-0069565, WO-A-2007010367, WO-A-2007049120. More in particular, the
separation unit 25 operates in accordance with the description of the patent applications with
publication number W02010/106434 and W02012/085884).

[0079] According to some non-limiting embodiments, the structure and the operation of the
system 1 (excluding the foregoing description relative to the management of recovery of the
particles 2 from the collecting chamber 3) is in accordance with the description in the patent
applications with publication number WO2010/106428 and WO2010/106426.

[0080] In practice, according to some embodiments, in use, after the sample (or a portion
thereof) is moved into the main chamber 26, the particles 2 of the given type are moved
selectively (for example by means of dielectrophoresis) from the main chamber 26 to the
collection chamber 3 (more precisely but not necessarily, to the standing area 12).

[0081] The embodiment illustrated in Figs. 17 and 18 is substantially identical to the
embodiment illustrated in Figs. 3 and 2 and differs therefrom only in that it has no separation
unit 25 (and therefore, among other things, no main chamber 26). According to some non-
limiting embodiments, the system 1 comprises a microfluidic device and an apparatus for the
handling (isolation) of particles. Advantageously but not necessarily, the microfluidic device is
of disposable type (in use, it comes into contact with the sample to be analysed) and is
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adapted to be inserted into the apparatus (which is instead re-usable). In particular, the
microfluidic device and the apparatus are as described in the patent applications with
publication number W02010/106434 and W02012/085884.

[0082] In accordance with a further aspect of the present invention, there is provided a method
for the recovery of particles by means of a microfluidic system 1. The microfluidic system 1 is
the same as the microfluidic system 1 described above.

[0083] The microfluidic system 1 comprises (at least) one collecting chamber 3, (at least) one
outlet 4, (at least) one inlet 5 and (at least) one moving assembly 6, which is adapted to
(selectively) move at least one particle 2' (relative to the other particles 2) (at least at the
collecting chamber 3). The collecting chamber 3, the outlet 4 and the inlet 5 are fluidically
connected to one another.

[0084] The method comprises a feeding step, during which a fluid (in particular, a liquid; even
more in particular, a buffer solution; more precisely but not necessarily, an aqueous buffer
solution) is fed (in particular, in a substantially continuous manner) from the inlet 5 to the outlet
4 so as to generate a flow of the fluid; and a moving step, which takes place during (and
simultaneously to at least part of) the feeding step and during which a (selective) force is
exerted upon at least one particle 2' of a group 8 of particles 2 arranged in the collecting
chamber 3 so as to move (at least) the particle 2' (relative to other particles 2) (at least at the
collecting chamber 3).

[0085] During the moving step, the force is exerted upon (at least) the particle 2' so as to move
(at least) the particle 2' until it selectively reaches a release area 9, relative to other particles 2
of the group 8, in which a dragging force created by the fluid flow is such as to move the given
particle 2' towards the outlet 4.

[0086] More in particular, during the moving step, the force is exerted upon (at least) the
particle 2' so as to move (at least) the particle 2' from a substantially immobile condition.

[0087] The collecting chamber 3 comprises a standing area 12, at which, in particular during
(at least part of) the moving step (alternatively or additionally, during at least part of the feeding
step), the group 8 of particles 2 is arranged and the dragging force is not sufficient to
substantially move the particles 2 of the group of particles 8 towards the outlet 4.

[0088] According to some non-limiting embodiments, during the moving step, the dragging
force created by the fluid flow is not sufficient to substantially move (at least part of) the group

8.

[0089] Alternatively or additionally, during the feeding step, the dragging force created by the
fluid flow is not sufficient to substantially move (at least part of) the group 8.

[0090] In particular, during the moving step, (at least part of) the group 8 is maintained
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substantially immobile.

[0091] Alternatively or additionally, during the feeding step, (at least part of) the group 8 is
maintained substantially immobile.

[0092] According to some non-limiting embodiments, during the moving step, a selective force
(relative to other particles 2) is exerted upon (at least) the particle 2' so as to move the particle
2' to a release area 9. More precisely but not necessarily, the selective force is exerted upon
(at least) the particle 2' so as to move the particle 2' selectively with respect to the other
particles 2 of the group 8.

[0093] During the moving step, (at least) the particle 2' is moved in an independent manner
relative to other particles 2 of the group 8. Figs. 8-10 are photographs taken by microscope
during experimental trials of the method described above. The arrow AR indicates the direction
of flow of the fluid. Advantageously but not necessarily, the moving step is repeated several
times (during a same feeding step), each for at least one further particle 2'.

[0094] In particular, the moving assembly 6 is adapted to exert said (selective) force.

[0095] According to some non-limiting embodiments, the moving step is carried out (by
exerting the (selective) force upon the particle 2') by means of a system selected 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 electrohydrodynamic forces, and a combination thereof.

[0096] In some non-limiting cases, the system is selected from the group consisting of:
dielectrophoresis, optical tweezers, magnetophoresis, acoustophoresis, and a combination
thereof.

[0097] In particular, the moving step is carried out by exerting the (selective) force directly
upon the particle 2' (in particular, without the force being exerted upon the fluid which transfers
the movement to the particle 2'). Advantageously but not necessarily, the moving step is
carried out by means of dielectrophoresis.

[0098] According to some non-limiting embodiments, the particle 2' can be selected
deterministically in the group consisting of: images, immunofluorescence, impedance,
dimensions, geometry, morphologic features, and a combination thereof.

[0099] In particular, during the feeding step, the fluid is fed (more precisely but not necessarily,
in a substantially continuous manner) from the inlet 5 to the outlet 4 so as to generate a
continuous flow of the fluid.

[0100] Advantageously but not necessarily, in the release area 9 the (selective) force is smaller
than the dragging force.
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[0101] It should be noted that, purely by way of example, Fig. 6 illustrates the lines of the flow
that generates the dragging force (due to movement of the fluid from the inlet 5 to the outlet 4).

[0102] Advantageously but not necessarily, the release area 9 is arranged inside of the
collecting chamber 3. In this way, the particle 2' must travel a smaller distance during the
moving step.

[0103] According to some non-limiting embodiments (in particular, see Figs. 1-4 and 6), the
microfluidic system 1 comprises at least one joining area 13, which is arranged between the
inlet 5 and the outlet 4 to establish a fluidic connection between the outlet 4 and the inlet 5.

[0104] Advantageously but not necessarily (Figs. 11 and 12), the flow of the fluid has a first
speed in the joining area 13 and a second speed downstream of the joining area 13 (between
the joining area 13 and the outlet 4). The first speed is smaller than the second speed.

[0105] In particular, the microfluidic system 1 comprises an outlet channel 19, at an end of
which said outlet 4 is arranged, and an inlet channel 20, at an end of which said inlet 5 is
arranged. During the feeding step the fluid is fed in succession, from said inlet 5, through the
inlet channel 20, through the outlet channel 19 to said outlet 4.

[0106] According to some non-limiting embodiments, the microfluidic system 1 comprises an
inlet 24, through which, in use, a sample is inserted into the microfluidic system 1; a separation
unit 25, which comprises (a main chamber 26 and) the collecting chamber 3. In these cases,
the method comprises an insertion step, during which at least one fraction of the sample is
inserted into the separation unit 25; and at least one selection step, during which the particles
2 of a given type are moved (in particular, from the main chamber 26) into the collecting
chamber 3 (in particular, into the standing area 12) in a substantially selective manner relative
to further particles (of different type) of the sample.

[0107] According to some non-limiting embodiments, the method also comprises an outflow
step, during which the fluid fed during the feeding step flows through the outlet 4 by forming a
sequence of drops DR; a control step, during which the outflow of each drop is detected DR; a
recovery step, during which a first given drop DR (containing the particle 2") is collected in a
first container 17.

[0108] In particular, the method also comprises a moving step, during which a relative
movement is generated between the containers 17 and 17' and the outlet 4 so that the first
container 17 and the outlet 4 are moved away from one another and a second container 17"
and the outlet 4 are moved towards one another as a function of what detected during the
control step; and a further recovery step, during which a second drop DR is collected in the
second container 17'.

[0109] According to some non-limiting embodiments (such as the one illustrated in Fig. 7),
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during the moving step (only) the containers 17 and 17' are moved as a function of what
detected by the detectors 14 and 15. In other words, in these cases, during the moving step
the first container 17 is moved away from the outlet 4 and a second container 17' is moved
towards the outlet 4 as a function of what detected during the control step.

[0110] Alternatively or additionally, it is the outlet 4 that is moved.

[0111] Fig. 15 schematically illustrates a flow chart of a specific and non-limiting example of
procedure implemented in accordance with the method of the present invention.

[0112] The procedure, advantageously but not necessarily, provides for moving the particles 2
selectively in the collecting chamber 3 (step A) and for washing the main chamber 26 (step B).
In particular, during step B, a further fluid (more precisely but not necessarily, a liquid; even
more precisely but not necessarily, a buffer solution) is fed from the inlet 24, made to pass
through the main chamber 26 and recovered through an outlet 27 (of the main chamber 26).
The further fluid can be the same as or different from the above-mentioned fluid. In some
specific cases, the further fluid has same composition as the above-mentioned fluid.

[0113] The procedure provides for generating a continuous flow of the fluid from the inlet 5 to
the outlet 4 (step C), moving (simultaneously to step C) the particle 2' close to the release area
9 (step D), detecting the emission (fall) of (at least) one drop DR (step E) (by means of the
detector 15), moving (simultaneously to step C and after or simultaneously to step E; in
particular, after step E; more precisely but not necessarily, after a few seconds - e.g. from 0.1
to 60 seconds - from the end of step E) the particle 2' into the release area 9 (step F),
dragging the particle 2' by means of the fluid (after step F and simultaneously to step C) until it
is emitted inside a given drop DR (step G), positioning (before or simultaneously to step G) the
correct container 17 at (more precisely but not necessarily, under) the outlet 4 (step H). At this
point, steps D-H can be repeated for the recovery of other particles 2'.

[0114] Advantageously but not necessarily, the procedure provides that, in the first recovery
cycle, the fluid is made to flow from the inlet 5 to the outlet 4 (to clean the path) without
particles 2' (recovering at least one empty drop DR that falls from the outlet 4 into a container
17") (priming step). In particular, the empty drop/drops DR is/are discarded. According to some
non-limiting embodiments, the priming step is repeated before each step C so as to clean (at
least) between the collecting chamber 3 and the outlet 4.

[0115] According to some embodiments (additionally or alternatively), the method comprises
an outflow step, during which the fluid fed during the feeding step flows through the outlet 4
forming a sequence of drops DR; and a recovery step, during which a given drop DR
containing the particle 2' is collected separately from the other drops DR (in the container 17).
Advantageously but not necessarily, the method comprises a detection step, during which the
passage of the particle 2' downstream of the collecting chamber 3 towards the outlet 4 is
detected.
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[0116] In particular, the given drop DR is identified as a function of what detected during the
detection step. More precisely but not necessarily, the given drop DR is identified based on
when the passage of the particle 2' downstream of the collecting chamber 3 is detected. In
other words, the portion of fluid that forms the given drop DR is identified as the one in which
the particle 2' is present.

[0117] Advantageously but not necessarily, during the outflow step, the dragging force created
by the fluid flow moves a further given particle 2' towards the outlet 4. In particular, during the
outflow step, a further particle 2' is arranged (in the joining area 13 or) along the outlet channel
19.

[0118] According to some non-limiting embodiments, the method comprises both at least one
detection step and at least one control step as described above.

[0119] Advantageously but not necessarily, the drops DR are 1-2 uL each.

[0120] According to some non-limiting embodiments, during the detection step, the particle 2'
is detected deterministically selected from the group consisting of: optical (e.g. images,
immunofluorescence), impedance, and a combination thereof.

[0121] In particular, the given drop DR is collected in a container 17, in which there are no
other drops DR. In some cases, the steps described above are repeated several times. In
these cases, according to some embodiments, it is possible to collect several given drops DR
each containing a respective particle 2' in a same container 17. Alternatively, it is possible to
collect each given drop DR containing a particle 2' in a respective container 17 (different for
each given drop DR). Drops DR not containing particles are collected in one or more
containers 17' different from the containers 17. Advantageously but not necessarily, the
method also comprises a control step, during which the outflow of each drop is detected (DR).
In this way the recovery step can take place in a more precise manner.

[0122] Fig. 16 schematically illustrates a flow chart of a specific and non-limiting example of
procedure implemented in accordance with the method of the present invention.

[0123] The procedure, advantageously but not necessarily, provides for implementing steps A
and B as described above.

[0124] The procedure provides for generating a continuous flow of the fluid from the inlet 5 to
the outlet 4 (step C'), moving (simultaneously to step C') the particle 2' close to the release
area 9 (step D"), detecting the emission (fall) of (at least) one drop DR (step E') (by means of
the detector 15), moving (simultaneously to step C' and after or simultaneously to step E'; in
particular, after step E'; more precisely but not necessarily, after a few seconds - e.g. from 0.1
to 60 seconds - from the end of step E') the particle 2' into the release area 9 (step F'),
dragging (simultaneously to step C' and subsequently to step F') the particle 2' by means of
the fluid until it is emitted inside a given drop DR (step G"), determining (based on the data
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detected by the detector 14 and, in particular, by the detector 15) whether a drop that falls
from the outlet 4 contains the particle 2' (step EV).

[0125] If the result of step EV is positive, the procedure provides for positioning (before or
simultaneously to step G') the correct container 17 at (more precisely but not necessarily,
under) the outlet 4 (step H') so that the container 17 can receive the given drop DR containing
the particle 2'; and detecting the emission (fall) of a drop DR (step E') (by means of the
detector 15). At this point, advantageously but not necessarily, steps D', E', F', G' and EV (and
optionally H') are repeated for the recovery of one or more other particles 2' .

[0126] If the result of step EV is negative, the procedure provides for positioning (before or
simultaneously to step G') the correct container 17' at (more precisely but not necessarily,
under) the outlet 4 (step H") so that the container 17' can receive the drop DR not containing
the particle 2'. The procedure provides for detecting the emission (fall) of a drop DR (step E")
(by means of the detector 15). At this point, the procedure continues with a new step EV.

[0127] With the method and the system according to the present invention it is possible to
obtain various advantages compared to the state of the art. Among these, by way of example,
the following are cited: the possibility of obtaining improved separation between different
particles; the possibility of isolating a number of given particles (or also individually) in a (more)
reliable manner; the possibility of recovering the particles (also individually) rapidly and
reducing the risk of damage.
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Patentkrav

1. Fremgangsmade til genvinding af partikler (2') ved hjeelp af et mikrofluidsy-
stem (1), der omfatter mindst et opsamlingskammer (3), mindst et udigb (4),
mindst et indlgb (5) og en bevaegeenhed (6), der er indrettet til at bevaege
mindst en given partikel (2') i det mindste ved opsamlingskammeret (3); hvor
opsamlingskammeret (3), udisbet (4) og indlgbet (5) er forbundet med hinan-
den pé en fluidisk made;

hvor fremgangsmaden omfatter et tilfarselstrin, hvor en fluid tilferes fra indla-
bet (5) til udlsbet (4) for at generere en stremning af fluiden;

hvor fremgangsmaden er kendetegnet ved, at den omfatter et beveegetrin,
der sker under, isaer i det mindste delvist samtidigt med tilfgrselstrinnet, og
hvor en kraft udeves pa mindst en given partikel (2') af en gruppe (8) af partik-
ler (2), der er anbragt i opsamlingskammeret (3), for at bevaege i det mindste
delvist den givne partikel (2", indtil den i forhold til andre partikler (2) af grup-
pen (8) selektivt nar et frigivelsesomrade (9), hvor en traekkraft, der skabes af
fluidstremningen, kan bevasge den givne partikel (2') mod udigbet (4);

hvor opsamlingskammeret (3) omfatter et opretstdende omrade (12), hvor
gruppen (8) af partikler (2) er anbragt, og traekkraften ikke er tilstrackkelig til i
det vaesentlige at bevaege partiklerne (2) af gruppen (8) af partikler (2) mod
udigbet.

2. Fremgangsmade ifglge krav 1, hvor bevaegetrinnet udferes ved at udeve
den selektive kraft pa den givne partikel (2') ved hjeelp af et system, der er
valgt fra gruppen bestaende af: dielektroforese, optiske pincetter, magnetofo-
rese, akustoforese, balger, der bevaeger sig, termisk flow, lokale fluidbevasgel-
ser, der genereres ved hjeelp af elektrotermisk flow, lokale fluidbevaegelser,
der genereres ved hjeelp af elektrohydrodynamiske kraefter, og en kombination
deraf; bevaegetrinnet udferes iseer ved at udeve den selektive kraft pa den
givne partikel (2') ved hjeelp af et system, der er valgt fra gruppen bestaende
af: dielektroforese, optiske pincetter, magnetoforese, akustoforese og en kom-
bination deraf.
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3. Fremgangsmade ifglge krav 1 eller 2, hvor bevaegetrinnet udferes ved at
udeve den selektive kraft direkte pa den givne partikel (2'), isaer uden at kraften
udeves pa fluiden, der overfarer bevaegelsen til den givne partikel (2'); bevee-
getrinnet ud@ves iseer ved at bevaege partiklen (2') pa en uafthangig made i
forhold til andre partikler (2) af gruppen (8).

4. Fremgangsmade ifalge et af de foregéende krav, hvor den selektive kraft i
frigivelsesomradet (9) er mindre end traekkraften; fluiden under tilfarselstrinnet
tiferes fra indlgbet (5) til udigbet (4) for at generere en kontinuerlig fluidstream-
ning.

5. Fremgangsmade ifglge et af de foregaende krav, hvor frigivelsesomradet
(9) er anbragt inden i opsamlingskammeret (3).

6. Fremgangsmade ifglge et af de foregaende krav, hvor mikrofluidsystemet
(1) har mindst et sammenfajningsomrade (13), der er anbragt pa ydersiden af
opsamlingskammeret (3) og mellem indigbet (5) og udisbet (4) for at etablere
en fluidforbindelse mellem udlsbet (4) og indlgbet (5); hvor opsamlingskam-
meret (3) er forsynet med en &bning (10), som den givne partikel (2') passerer
gennem for at bevaege sig mod udlgbet (4); hvor sammenfgjningsomradet (13)
er anbragt pa ydersiden af opsamlingskammeret (3) i &bningens (10) omrade.

7. Fremgangsmade ifglge et af de foregaende krav, hvor mikrofluidsystemet
(1) omfatter mindst et sammenfajningsomrade (9), der er anbragt mellem ind-
Izbet (5) og udigbet (4) for at etablere en fluidforbindelse mellem udlgbet (4)
og indlgbet (5); hvor fluidstremningen har en fgrste hastighed i sammenfgj-
ningsomradet (9) og en anden hastighed nedstrems for sammenfajningsom-
radet (9); hvor den ferste hastighed er lavere end den anden hastighed.

8. Fremgangsmade ifglge et af de foregaende krav, hvor mikrofluidsystemet
(1) omfatter en forbindelseskanal (11), der er anbragt i en ende af opsamlings-
kammeret (3) mellem opsamlingskammeret (3) og udigbet (4) og mellem op-
samlingskammeret (3) og indlgbet (5) for at fluidforbinde opsamlingskammeret
(3) med indigbet (5) og med udlgbet (4); hvor forbindelseskanalen (11) har et
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tvaersnit, der er mindre end tvaersnittet af det opretstdende omrade (12).

9. Fremgangsmade ifelge et af de foregadende krav, omfattende et detekte-
ringstrin, hvor passage af den givne partikel (2') nedstrems for opsamlings-
kammeret (3) mod udisbet (4) detekteres; et udstremningstrin, hvor mindst en
del af fluiden, der tilfares under tilfgrselstrinnet, strammer gennem udigbet (4),
hvorved der dannes en sekvens af draber (DR); og et genvindingstrin, hvor
mindst en given drabe (DR), der indeholder den givne partikel (2'), opsamles
separat fra de andre draber (DR); hvor den givne drabe (DR) identificeres som
en funktion af hvad, der blev detekteret under detekteringstrinnet.

10. Fremgangsmade ifglge et af de foregadende krav, omfattende et udstrem-
ningstrin, hvor i det mindste en del af fluiden, der tilfares under tilfgrselstrinnet,
stremmer gennem udlgbet (4), hvorved der dannes en sekvens af draber (DR);
et styringstrin, hvor udstremningen af hver drabe (DR) detekteres; et genvin-
dingstrin, hvor en ferste drabe (DR) opsamles i en farste beholder (17); et be-
vaegetrin, hvor en relativ bevaegelse genereres mellem beholderne (17; 17"
og udigbet (14), saledes at den ferste beholder (17) og udigbet (4) bevaeges
vak fra hinanden, og mindst en anden beholder (17') og udigbet (4) bevaeges
mod hinanden som en funktion af hvad der blev detekteret under styringstrin-
net; og et yderligere genvindingstrin, hvor en anden drabe (DR) opsamles i
den anden beholder (17; 17".

11. Mikrofluidsystem til genvinding af partikler; hvor mikrofluidsystemet (1) om-
fatter mindst et opsamlingskammer (3); mindst et udlgb (4); mindst et indlzgb
(5); en bevaegeenhed (6), der er indrettet til at bevasge mindst en given partikel
(2" af en gruppe (8) af partikler (2) i det mindste ved opsamlingskammeret (3);
og mindst en tilfgrselsindretning (7) til tilfarsel af en fluid fra indlgbet (5) til
udigbet (4) for at generere en fluidstremning;

hvor mikrofluidsystemet (1) er kendetegnet ved, at tilfarselsindretningen (7)
er indrettet til at tilfere fluiden for at generere en fluidstremning fra indlgbet (5)
til udigbet (4); hvor beveegeenheden (6) er indrettet til at udeve en selektiv
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kraft pa i det mindste partikien {2') for at beveege | det mindste den givne par-
tikel {2, indhil den selektivt nar et frigivelsesomrade (9) | forhold il andre par-
tikler (2} af gruppen (8}, hvori en treekkrafl, der skabes af fluidstremningen, kan
bevaege den givne partikel (2') mod udigbet {4},

hvor mikrofluidsystemet {1} omfatter en styringsindretning (CU), der er indret-
tet til at styre tilferselsindretningen (7) og bevaegeenheden (6}, saledes at be-
veageenheden (6} beveeger den givne partikel {2} #if frigivelsesonwadet (8},
mens tiiferselsindretningen (7} tiferer fluiden fra indigbet (8) tl udigbet {(4};
hvor opsamlingskammeret {3) omfatter et opretstaende omrade {(12), der er
indrettet til at optage gruppen (8) af partikier (2}, og hvor treckkraften ikke er
tilstrasikkelig fit | def vaesentlige at bevaege partikleme (2} af gruppen (8) af
partikler {2) mod udigbet.

12. Mikrofluidsystem ifeige krav 11, hvor beveegeenheden {6) omfatter et sy-
stem, der er valgt fra gruppen bestaende af: dielektroforese, opliske pincetter,
magnetoforese, akustoforese, boiger, der bevasger sig, termisk flow, iockale
fluidbevaegelser, der genereres ved hjselp af elekirotermisk flow, lokale fluld-
beveegelser, der genereres ved hjaelp af elektrohydrodynamiske krasfter, og
en kombination deraf; beveegeenheden {b) omfatlter iseer et system, der er
valgt fra gruppen bestaende af: dieleldroforese, optiske pincetter, magnetofo-
rese, akustoforese og en kombination deraf.

13. System ifgige krav 11 eller 12, hvor bevaegeenheden er indrettet til at ud-
gve kraften direkte pa den givne partikel (2') (iseer uden at kraften udgves pa
fluiden, der overfgrer bevasgelsen il den givne partikel (2%); beveegeenheden
{8} er iseer indrettet til at bevaege partikien {2') pa en uathaengig made | forhold
fit andre partikier {2) af gruppen (8}.

14. Mikrofluidsystem ifolge et af kravene 11 it 13, omfatiende mindst et sam-
menfajningsomrade (13), der er anbragt pa ydersiden af opsamiingskammerat
{3} og mellem indlgbet {5} og udigbet {4) for at etablere en fluidforbindelse
meilem udigbet {4} og indigbet (5); hvor opsamiingskammeret {3} er forsynet
med en abning {10), som den givne partikel {2') passerer gennem for at be-
vaege sig mod udlpbet (4); hvor sammenfajningsomradet (13) er anbragt pa
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ydersiden af opsamlingskammeret (3) i dbningens (10) omrade; hvor frigivel-
sesomradet (9) iseer er anbragt inden i opsamlingskammeret (3); hvor tilfarsel-
sindretningen (7) iseer er indrettet til at tilfgre fluiden pa en i det vaesentlige
kontinuerlig made for at generere en i det vaesentlige kontinuerlig fluidstrem-
ning.

15. Mikrofluidsystem ifslge krav 14, omfattende en udisbskanal (19), der
streekker sig fra sammenfajningsomradet (13) til udiebet (4) og har mindst en
sidevaeg, der straekker sig fra dbningen (10) mod udlgbet (4); hvor mikrofluid-
systemet (1) omfatter et vaek-bevaegelsessystem, der erindrettet til at bevasge
den givne partikel (2') vaek fra sidevaeggen mod udlsbkanalens (19) centrum.

16. Mikrofluidsystem ifglge et af kravene 11 til 15, omfattende en forbindelses-
kanal (11), der er anbragt i en ende af opsamlingskammeret (3) mellem op-
samlingskammeret (3) og udlgbet (4) og mellem opsamlingskammeret (3) og
indlgbet (5) for at fluidforbinde opsamlingskammeret (3) med indlgbet (5) og
med udligbet (4); hvor forbindelseskanalen (11) har et tveersnit, der er mindre
end i det mindste en del af opsamlingskammeret (3); hvor forbindelseskanalen
(11) har et tvaersnit, der er mindre end tvaersnittet af i det mindste det opret-
stdende omréade (12).

17. Mikrofluidsystem ifglge et af kravene 11 til 16, hvor udlgbet (4) er struktu-
reret séledes, at mindst en del af fluiden stremmer gennem udlgbet (4) for at
danne en flerhed af draber (DR);

hvor mikrofluidsystemet (1) omfatter en ferste detektor (14) til detektering af
passage af den givne partikel (2') nedstrems for opsamlingskammeret (3) mod
udisbet (4); en anden detektor (15) til detektering af udsendelsen af hver drabe
(DR) fra udigbet (4); og et opsamlingssystem (16), der omfatter mindst to se-
parate beholdere (17; 17') og en bevaegeindretning (18) for at generere en
relativ beveegelse mellem beholderne (17; 17') og udlgbet (4) som en funktion
af det, der blev detekteret af den farste og anden detektor (14, 15); hvor mikro-
fluidsystemet (1) iseer omfatter en udigbskanal (19), i hvis ende udigbet (4) er
anbragt; hvor den ferste detektor (14) isaer er anbragt i udlgbskanalens (19)
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omrade.

18. Mikrofluidsystem ifglge et af kravene 11 til 17, omfattende et indlgb (24),
gennem hvilket der under anvendelse indsaettes en prave i mikrofluidsystemet
(1); en separationsenhed (25), der omfatter opsamlingskammeret (3) og er
indrettet til at overfare mindst en del af partiklerne (2) af en given type til et
opretstaende omrade (12) af opsamlingskammeret (3) pa en i det vaesentlige
selektiv méade i forhold til yderligere partikler, isaer af en anden type, af praven;
separationsenheden (25) omfatter isaer et hovedkammer (26) og er indrettet til
at overfgre mindst en del af partiklerne (2) af en given type fra hovedkammeret
(26) til opsamlingskammeret (3) pa en i det vaesentlige selektiv made i forhold
til yderligere partikler af praven.
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