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“MICROFLUIDIC METHOD AND SYSTEM FOR THE ISOLATION OF PARTICLES”

CROSS—-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from Italian patent
application no. 102019000002777 filed on 26/02/2019, the entire

disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a microfluidic method and

system for the isolation of particles.

BACKGROUND OF THE INVENTION

Different methodologies are known to obtain the isolation of a

given type of particle relative to others.

However, to date no single device has been able to rapidly
isolate, with high levels of purity, samples containing rare
cells (for example circulating tumour cells) dispersed in large

quantities of different types of particles.

The international patent application W02012037030 discloses a
device that can be used to obtain an enrichment of circulating

tumour cells (CTC).

Nevertheless, this device (see example 1) allows a sample still
containing non-negligible quantities of erythrocytes and
lymphocytes to be obtained and does not allow single cells with

a purity of 100% to be obtained.

The object of the present invention is to provide a microfluidic
method and system for the isolation of particles, which make it
possible to overcome, at least partially, the problems of the
prior art and are, at the same time, easy and inexpensive to

produce.
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SUMMARY
According to the present invention a microfluidic method and
system are provided as defined in the following independent

claims and, preferasbly, 1in any one of the claims depending

directly or indirectly on the independent claims.

Unless explicitly specified to the contrary, in the present text

the following terms have the meaning indicated below.

Equivalent diameter of a section is meant as the diameter of a

circle having the same area as the section.

Microfluidic system is meant as a system comprising a
microfluidic «circuit in turn provided with 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 possibly at least one gasket (more in particular, a

plurality of gaskets).

In particular, microfluidic channel is meant as a channel having
a section with equivalent diameter below 0.5 mm. In other words,
a microfluidic channel has at least one segment with section of

equivalent diameter below 0.5 mm.

In particular, the microfluidic chamber has a height below 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).

In the present text, particle is meant as a corpuscle having the
larger dimension below 500 um (advantageously, below 150 um, in
particular, up to 10 wum). According to some non-limiting
examples, the particles are chosen from: cells, cellular debris

(in particular, cellular fragments), cellular aggregates (such
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as small clusters of cells deriving from stem cells such as
neurospheres or mammospheres) bacteria, lipospheres,
microspheres (polystyrene and/or magnetic), nanospheres (e.g.
nanospheres up to 100 nm) complexes formed of microspheres bound

to cells (and a combination thereof).

Advantageously, the particles are cells.

According to some non-limiting embodiments, the particles
(advantageously cells and/or cellular debris) have the larger

dimension below 60 um.

According to some specific non-limiting embodiments, the
particles are chosen in the group consisting of: tumour cells,
white blood cells (WBC), stromal cells, sperm, circulating
tumour cells (CTC), spores, foetal cells, microspheres (micro-
beads), liposomes, exosomes, epithelial cells, erythroblasts,

trophoblasts, erythrocytes (and a combination thereof).

The sizes of the particles can be measured in standard mode with
microscopes with a graduated scale or normal microscopes used
with slides (on which the particles are deposited) with a

graduated scale.

In the present text, particle size is meant as the length, width

and depth of the particle.

The expression “substantially selectively” is used to identify
a movement (or other analogous terms indicating a movement) of
particles relative to other particles (which typically do not
move). In particular, the particles that are moved and/or
separated are particles the vast majority of which are of one
or more dgiven types. Advantageously but not necessarily, a
substantially selective movement (or other similar terms
indicating a movement and/or a separation) moves particles with

at least 90% (advantageously 95%) of particles of the given type
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or types.

In the present text, the expressions “downstream” and “upstream”
are to be interpreted with reference to the direction of the
fluid flow and/or of the movement of the particles (from the

inlet to the outlet of the microfluidic system).

BRIEF DESCRIPTION OF THE FIGURES

The invention 1s described hereunder with reference to the
accompanying drawings, which illustrate some non-limiting
examples of embodiment thereof, wherein:

- Fig. 1 is a schematic plan view of a microfluidic system in
accordance with the present invention;

- Fig. 2 is a schematic plan view of a further embodiment of a
microfluidic system in accordance with the present invention
during different operating steps;

- Figs. 3 to 6 are schematic plan views of the system of Fig. 2
in operating steps subsequent to one another;

- Fig. 7 schematically illustrates a part of the system of Fig.
2 in which some details have been omitted for clarity;

- Fig. 8 illustrates some details of Fig. 2 on an enlarged scale;
- Fig. 9 illustrates in a plan view and on an enlarged scale a
detail of Fig. 2;

- Fig. 10 is a sectional view along the line IX-IX of the detail
of Fig. 9;

- Figs. 11 to 16 illustrate different embodiments of a detail
0of the microfluidic system of Fig. 2;

- Fig. 17 is a top view of a part of a further embodiment of a
microfluidic system in accordance with the present invention;

- Fig. 18 1s a schematic plan view of a further embodiment of a
microfluidic system in accordance with the present invention;

- Fig. 19 is a schematic plan view of a further embodiment of a
microfluidic system in accordance with the present invention;
and

- Fig. 20 is a schematic plan view of the microfluidic system

of Fig. 2 in a different operating mode.
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DETAILED DESCRIPTION

In Fig. 1, a microfluidic system for the isolation of at least
one particle 2, more precisely for the isolation of particles 2
of a given type relative to other particles 3 of a different

type, is indicated as a whole with 1.

In particular, the particles 3 are morphologically different

from the particles 2.

For example, the particles 3 are different from the particles 2

in size and/or weight.

The microfluidic system 1 comprises a microfluidic circuit 4,
which is, in turn, provided with: at least one inlet 5; at least
one outlet 6; and at least one microfluidic channel 7, which
(extends between the inlet 5 and the outlet 6 and) is designed
to fluidically connect the inlet 5 and the first outlet 6. The
system 1 further comprises a feeding assembly 8, which is

designed to feed a sample along the channel 7.

The sample comprises at least the particle 2 (more precisely, a
plurality of particles 2) and at least one particle 3 (more

precisely, a plurality of particles 3).

In particular, the (each) particle 2 has a different size
relative to the (each) particle 3. More precisely, the (each)

particle 2 is of larger size than the (each) particle 3.

According to some specific non-limiting embodiments, the (each)
particle 2 comprises (is) a circulating tumour cell; the (each)
particle 3 is chosen in the group consisting of: erythrocytes,

lymphocytes (and a combination thereof).

According to some non-limiting embodiments, the feeding assembly

8 comprises a feeding device 9 to feed the sample to the
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microfluidic circuit; and a washing device 10 to feed a washing
fluid (in particular, comprising a buffer solution such as PBS
— phosphate-buffered saline) through the channel 7 and towards

(through) the outlet 6 (out of the microfluidic circuit).

In particular, the feeding device 9 comprises a reservoir 11
(designed to contain the sample) and an actuator 12, more

precisely a pump (even more precisely, a syringe pump).

In particular, the washing device 10 comprises a reservoir 13
(designed to contain the washing solution) and an actuator 14,

more precisely a pump (even more precisely, a syringe pump) .

With particular reference to Fig. 2, advantageously but not
necessarily, the system 1 (more precisely, the microfluidic

circuit 4) comprises a plurality of microfluidic channels 7.

The (each) channel 7 comprises at least one (respective) segment
15, at least one (respective) segment 16, which is arranged
downstream of the segment 15, and at least one segment 17, which

is arranged downstream of the segment 16.

The system 1 (in particular, the channel 7) further comprises a
trapping system, which (in particular, is arranged at the
segment 16 and) 1is designed to trap the particle 2 1in the
microfluidic channel 7 (in particular, at the second segment
16), 1in particular letting the particle 3 (which reaches at

least the segment 17) pass through.

In other words, the trapping system is designed to (configured
to) prevent the particle 2 from escaping (exiting) from the
microfluidic channel 7 (in particular, from the second segment
16), in particular letting the particle 3 (which reaches at

least the segment 17) pass through.

According to some non-limiting embodiments, the trapping system
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is chosen in the group consisting of: the second segment 16
shaped so as to generate, as a consequence of a fluid flow
flowing through the microfluidic channel 7 itself, a vortex at
the segment 16 designed to trap the first particle 2; a device
designed to exert a dielectrophoretic force at the segment 16;
a device designed to exert a magnetic force at the segment 16

(and a combination thereof).

Advantageously but not necessarily, the (each) segment 15 has
an inner cross-section; the (each) segment 16 has an inner cross-
section with a sudden increase AI, 1n particular a sudden
increase of the equivalent diameter of at least approximately
80 um (Figs. 9 and 14), relative to the inner cross-section of
the segment 15. The (each) segment 17 has a smaller inner cross-

section than the inner cross-section of the segment 16.

Advantageously but not necessarily, the (each) channel 7
comprises a plurality of segments 16 arranged 1in succession.
More precisely, in these cases, one or more segments 17 can also
perform the function of the segments 15 (being arranged both

downstream and upstream of a segment 16).

In particular, the size increase AI ranges from approximately
80 um to approximately 800 um (more precisely, up to 400; even
more precisely, up to 100 pm). It should be noted that in Figs.
9 and 10 there is an increase AI on both sides of the channel
7.

Typically, the segments 15 and 17 have, each independently from
the other, a respective width W and WA from 20 pm to 200 um.

Advantageously but not necessarily, the segments (each segment)

15 and 17 have/has a length L greater than 20 um.

According to some preferred embodiments, the (each) expansion

segment 16 has a length LL ranging from approximately 200 um to
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approximately 2 mm.

This allows positioning of the particles particularly inside the

segment 15 to be improved.

Advantageously but not necessarily, the channel 7 has (in
particular, the segments 15, 16 and 17 have) a height H ranging
from 20 pym to 500 pm.

In this regard, it should be noted that two forces act on the
particles 2 and 3 (view A of Fig. 8) while they are conveyed
along the segment 15 so that each particle 2 and 3 reaches a
respective equilibrium position Xeq (view B of Fig. 8), defined
as the distance between each particle and the wall of the channel

7, in which the two forces offset each other.

The two forces are: a shear gradient 1ift force F., which acts
on the particles 2 and 3 pushing them towards the walls of the
channel 7 and a wall effect 1lift force Fiy that moves the

particles 2 and 3 away from the walls of the channel 7.

At least one vortex is created (in the case illustrated in Fig.
8, view C, two vortices) 1in the expansion segment 16 and the
particles 2 of larger sizes undergo a greater force Fp (the force
Fi. 1is generally proportional to the cubed diameter of the
particles) and are trapped by the vortex, while the particles 3
of smaller sizes pass more easily through the segment 16 and

reach the segment 17.

Advantageously but not necessarily, the segments 15, 16 and 17
have respective cross-sections substantially having the shape
of a parallelogram (additionally or alternatively the shape of

a quadrilateral - Fig. 10).

The construction details, the operation and the different

embodiments of the (of each) channel 7 (and of the microfluidic
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circuit 4) are described in more depth in the international

patent application W02012037030.

Advantageously, the system 1 also comprises a control unit (of
a per se known type and not illustrated) designed to adjust the
operation of the washing device 10 (more precisely, of the
actuator 14) and of the feeding device 9 (more precisely, of the
actuator 12). In particular, in use, the control unit can ensure
that the flow of fluid flowing along the (each) channel 7 1is
kept at (around) a desired wvalue (to obtain the aforesaid
vortex/vortices) operating the washing device 10 (more
precisely, the actuator 14) at a greater extent as the feeding
device gradually slows down (having exhausted the sample to be

fed to the microfluidic circuit 4).

As better illustrated in Figs. 11-17, the channel 7 (more
precisely, the expansion segment/segments 16) can have different

shapes.

According to some non-limiting embodiments, the segment 16
widens only on one side. In these cases, advantageously but not
necessarily, the subsequent segments 16 are arranged alternately
on opposite sides (relative to the segments 15 and 17 - Fig.
17). This allows the trapping capacity of the particles 2 to be
increased. Moreover, in this way, the segments 16 of adjacent
channels 7 can be mutually staggered and the channels 7 can be
arranged at a limited distance from one another reducing the

overall dimensions.

According to some embodiments, the segment 16 comprises a
widened area 18, which projects from the main extension of the
channel 7, with a shape chosen in the group consisting of:
substantially parallelepiped quadrilateral (Figs. 1-9, 14 and
17 - in particular, substantially rectangular), substantially
trapezoidal (Figs. 11 and 15), substantially triangular (Fig.

12), substantially semi-circular (Fig. 13) (and a combination
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thereof). The embodiments of Figs. 1-8 and 16 have two widened

areas 18.

Advantageously but not necessarily, the segment 16 (more
precisely, the widened area 18) is delimited by at least one
rear surface 19 arranged at the end of the segment 15 (and
transverse to the microfluidic <channel 7) and having an
inclination of at least 45° (in particular, is substantially
perpendicular) relative to a feeding direction D of the fluid
along the channel 7 (in other words, the direction D of motion
of the particles 2 and 3 along the segment 15). In particular,
the direction D is also the direction of longitudinal extension

of the channel 7.

According to some non-limiting embodiments, the channel 7 has a
front surface 20 arranged the beginning of the segment 17,
delimiting the segment 16 (more precisely, delimiting the
widened area 18) (and transverse to the microfluidic channel 7)
and having an inclination relative to the direction D. For
example, the surface 20 can be inclined only slightly relative
to the direction D allowing a gradual return to the width of
the segment 15. Alternatively, the surface 20 is absent; in this

case, the segment 17 has a width greater than the segment 15.

According to the embodiment illustrated in Fig. 11, the surface
19 has an inclination (relative to the direction of feed of the
fluid) just below 90° (the angle 6 illustrated in Fig. is 45°

and allows comparison).

According to some non-limiting embodiments (such as the one

illustrated in Fig. 16), the surface 19 is curved.

In the case of Fig. 16, the surface 19 gradually begins to
diverge from the direction D. In this case, various tangents
taken in different points of the surface 19 have angles differing

even significantly from one another. For example, at the initial
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area of the surface 19 the tangent has a relatively small angle
8’ and below 45°. However, moving towards the end of the surface

19, the angle 8” is wide and greater than 45°.

In the cases in which (as for the variant of Fig. 16) the surface
19 is curved or discontinuous, the inclination of the rear
surface 19 is considered a mean angle obtained from the mean of
the angles relative to the direction D along the entire length

of the surface 19.

According to some non-limiting embodiments (Figs. 2-6), the
microfluidic circuit 4 comprises a connection 21 (manifold)
arranged between the feeding assembly 8 and the channel/s 7. The
connection 21 (manifold) allows the sample and/or the washing
fluid to be carried to all the channels 7. More in particular,
the connection 21 is arranged at the initial end/s of the

channel/s 7.

In particular, the microfluidic circuit 4 also comprises a
connection 22, which is arranged downstream of the channels 7,
more precisely between the channels 7 and the outlet 6, to
fluidically connect all the channels 7 with the outlet 6. In
use, the connection 22 allows the fluid passing through the
channels 7 to exit from the microfluidic circuit 4 through the
outlet 6. More in particular, the connection 22 is arranged at

the terminal end/s of the channel/s 7.

It should be noted that the connection 22 can also be considered

part of or to form the segment/s 17.

Advantageously but not necessarily, the system 1 comprises a
collection area 25 fluidically connected to the microfluidic
channel 7 and arranged downstream of the microfluidic channel
7.

The system 1 further comprises a movement device 26 designed to
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directly exert a (selective) force on the (on each) particle 2
of a given type (in particular, without the force being exerted
on the fluid that transfers the movement to the particle 2) so
as to move the (each) particle 2 itself (substantially
selectively; in particular, relative to the particle/s 3) along
at least one part of a given path P (in particular, from the
segment 16 — i.e., starting from the segment 16; more precisely,
out of the segment 16) downstream of the segment 16 (more
precisely, 1in an area downstream of the segment 16; in

particular, from the channel 7 to the collection area 25).

In particular, in other words, the movement device 26 is designed
to directly exert a (selective) force on the (on each) particle
2 of given type so as to move the (each) particle 2 itself from
the segment 16 (i.e., from the inside of the segment 16) along

at least one part of the given path P.

In particular, the path P extends (inside the microfluidic
system 1) inside (more precisely, along) part (at least part)
of the microfluidic circuit 4, in particular from the segment
16 (i.e., from inside the segment 16) downstream of the segment
16 (more in particular, towards the further outlet 27). More
precisely but not necessarily, the path P extends from the
segment 16 (i.e., from inside the segment 16) to the collection

area 25.

Advantageously but not necessarily, the system 1 comprises a
further outlet 27 of the microfluidic circuit 4 and a conveying
assembly 28, which is designed to convey the (each) particle 2
from the collection area 25 through the outlet 27 out of the

microfluidic circuit 4.

According to some non-limiting embodiments, the collection area
25 is designed to place the channel/s 3 and the outlet 27 in

fluidic communication.
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Advantageously but not necessarily, the collection area 25
comprises a waiting area 29 and a recovery area 30 fluidically
connected to each other (and to the channel 7). The area 30 is
connected, in particular directly (i.e., without the
interposition of other elements), fluidically to the outlet 27.
In particular, the area 30 places the area 29 in fluidic
communication with the outlet 27 (more precisely, 1s arranged
between the outlet 27 and the area 29).

In further detail, the microfluidic circuit 4 comprises an
outlet duct 31 interposed between the collection area 25, in

particular the area 30, and the outlet 27.

According to specific non-limiting embodiments (such as those
illustrated in Figs. 2-6), the areas 29 and 30 are a waiting
chamber and a recovery chamber, respectively, and are connected
to the channel 7 (and to each other) by means of at least one
connection channel having a cross-section smaller than a cross-
section of at least one part of the waiting chamber (and/or of

the recovery chamber).

According to some non-limiting embodiments, the microfluidic
circuit 4 comprises a further outlet 32 arranged at the waiting
area 29. More precisely, the area 29 fluidically connects the
area 30 and the outlet 32 (is arranged between the outlet 32
and the area 30, and/or the channel 7). In particular, the
microfluidic circuit also comprises a duct 33, which is arranged

between and fluidically connects the area 29 to the outlet 32.

In particular, the system 1 (more precisely, the conveying
assembly 28) further comprises a reservoir 34 of washing liquid
fluidically connected to the collection area 25 and designed to

contain (and receive) a washing liquid, in particular a buffer.

More in detail, the reservoir 34 is connected to a feeding area

35 of the collection area 25 interposed between the waiting area
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29 and the recovery area 30. The reservoir 34 comprises, in

particular is, a feeding duct.

According to some non-limiting embodiments, the system 1 (in
particular, the conveying assembly 28) comprises pressure means
36 (more precisely, a pump and/or a tank of pressurized gas)
designed to direct the washing liquid from the reservoir 34 to

the collection area 25 (in particular, through the area 35).

According to some non-limiting embodiments, the system 1 (more
precisely, the movement device 26) comprises a detection device
(not illustrated and known per se) to capture images of at least
part of the microfluidic circuit 4, in particular of at least
(part of) the channel 7, more in particular of at least (part

of) the segment 16.

Additionally or alternatively, the detection device is designed
to capture images of at least (part of) the given path P, in
particular of (at least part of) the segment 16, and of (at

least part of) the collection area 25.

Advantageously but not necessarily, the detection device
comprises an apparatus provided with an optical microscope
designed to obtain a fluorescence image and/or bright field
image to detect the type and the positioning of the single
particles 2 and/or 3 present in at least part of the microfluidic
circuit 4. In particular, the apparatus provided with microscope
is configured to stimulate selective fluorescence markers with
which the particles 2 and/or 3 are marked and to detect the
position of the marked particles 2 and/or 3 in the microfluidic

circuit based on the fluorescence signal received.

According to some preferred but non-limiting embodiments, the
detection device is able to distinguish (in particular based on
one or more morphological and/or fluorescence features; for

example colour and/or shape) between the particles 2 and 3 even
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when the particles 2 and 3 have the same size.

In particular (Fig. 5), the movement device 26 is designed to
(directly) exert a force on the particle/s 2 so as to move the
particle/s 2 until reaching, selectively relative to the
particle/s 3, the collection area 25 (in particular, the waiting

area 29).

In particular, the movement device 26 comprises a control device
(not illustrated), which is designed to regulate the operation
of the movement device 26 (more precisely, of actuators - e.g.
electrodes — of the movement device 26) as a function of what

is detected by the detection device.

Advantageously, but not necessarily, the control device is part
of (or is connected to) the above-mentioned control unit of the

system 1.

According to some non-limiting embodiments, the movement device
26 1s designed to exert a selective force (relative to other
particles 3 and/or 2) on the (each) particle 2 so as to move
the (each) particle 2 itself to the collection area 25 (in

particular, the waiting area 29).

Selective force on one or more particles is meant as a force
that is exerted on this/these particle/s but not on one or more

other particles.

Advantageously but not necessarily, the movement device 26 is
designed to move (at least) the particle 2 1independently

relative to other particles 3.

In this way, a group of particles 2 can be created at (inside
0f) the collection area 25 (more precisely of the waiting area
29).
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Advantageously but not necessarily, the movement device 26 is
designed to (directly) exert a force on one (each) particle 2
of the group di particles 2 arranged in the collection area 25
(in particular, in the waiting area 29) so as to move the
particle 2 until selectively reaching (relative to other

particle/s) the recovery area 30.

According to some non-limiting embodiments, the movement device
26 1s designed to exert a selective force (relative to other
particles 3 and/or 2) on the (each) particle 2 so as to move
the (each) particle 2 itself from the waiting area 29 to the

recovery area 30.

Advantageously but not necessarily, the movement device 26
comprises a particle moving system chosen in the group
consisting of: travelling waves, thermal flow, local fluid
movements generated by electro thermal flow, local fluid
movements generated by electro-hydrodynamic forces,
dielectrophoresis, optical tweezers, opto-electronic tweezers,
light-induced dielectrophoresis, magnetophoresis,

acoustophoresis (and a combination thereof).

More in particular, the movement device 26 comprises a particle
moving system chosen in the group consisting of:
dielectrophoresis, optical tweezers, magnetophoresis,

acoustophoresis (and a combination thereof).

According to specific non-limiting embodiments, the system 1
(more precisely, the movement device 26) comprises a
dielectrophoresis unit (or system) such as the one described in
at least one of the patent applications WO-A-0069565, WO-A-
2007010367, WO-A-2007049120, the content of which is fully
incorporated herein Dby reference to provide a complete
description. In particular, the movement device 26 comprises a
part of the dielectrophoresis unit (or system). More 1in

particular, the movement device 26 operates in accordance with
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the description of the patent applications published with the
numbers W02010/106434 and W02012/085884) .

Advantageously but not necessarily, the system 1 comprises a
flow regulator 37 (valve), which is arranged upstream of the
channel/s 7, more precisely between the feeding assembly 8 and
the channel/s 7 (in particular, between the feeding assembly 8

and the connection 21).

Advantageously but not necessarily, the system 1 comprises a
flow regulator 38 (valve), which is arranged downstream of the
channel/s 7, more precisely between the channel/s 7 and the
outlet 6 (in particular, between the connection 22 and the outlet
6) .

Advantageously but not necessarily, the system 1 comprises a
flow regulator 39 (valve), which is arranged downstream of the
recovery area 30, more precisely between the collection area 25
and the outlet 27 (in particular, between the recovery area 30
and the outlet 27; more in particular, along the outlet duct
31).

Advantageously but not necessarily, the system 1 (in particular,
the conveying assembly 28) comprises a flow regulator 40
(valve), which is arranged between the feed area 35 and the
reservoir 34 (and between the feed area 35 and the pressure

means 360) .

Advantageously but not necessarily, the system 1 comprises a
flow regulator 41 (valve), which is arranged downstream of the
waiting area 29, more precisely between the collection area 25
and the outlet 32 (in particular, between the waiting area 29

and the outlet 32; more in particular, along the duct 33).

In particular, the flow regulators 37-41 are connected to the

control unit (described above 1in greater detail), which 1is
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designed to regulate the operation of the flow regulators 37-41
themselves. More precisely, the control unit is designed to keep
the flow regulators 37 and 38 open (and, preferably, the flow
regulators 39, 40 and 41 closed), while the feeding assembly 8
is operated and the sample and/or the washing fluid is conveyed

from the feeding assembly 8 itself towards the outlet 6.

Advantageously but not necessarily, the control unit is designed
to keep the flow regulators 37-41 closed while the feeding device
26 takes the particle/s from the channel/s 7 to the collection
area 25. In this way, the risk of perturbations of the fluid
(liquid) present in the microfluidic circuit making the correct
transfer of the particle/s 2 to the collection area more

difficult is reduced.

Advantageously but not necessarily, the control unit is designed
to keep the flow regulators 39, 40 and 41 (and, advantageously,
also 37 and 38) closed while the movement device 26 moves the
particle/s 2 individually from the waiting area 29 to the
recovery area 30. In particular, when the particle 2 is in the
area 30, the control unit (based on what was detected by the
detection device in this regard) is designed to open the flow
regulators 40 and 39 so as to let the washing liquid go from
the reservoir 34 to the outlet 27 and consequently convey the
particle/s 2 present in the recovery area 30 to the outlet 27
itself.

With particular reference to Fig. 18, according to some non-
limiting embodiments, the collection area 25 corresponds to the
connection 22. In particular, in these cases, the microfluidic
circuit 4 has a single outlet 6 (through which, in use, both
the particle/s 3 and the particle/s 2 are delivered from the
microfluidic circuit 4). More in particular, in these cases, in
use, the particle 2 is ejected from the microfluidic circuit 4

operating the washing device 10.
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With particular reference to Fig. 19, according to some non-
limiting operating modes, the sample comprises at least one
further particle 2’ (in particular, a plurality of further
particles 2’). The particles 2’ are different from the particles
2 (e.g. in size and/or weight). More in particular, the particles

2’ are morphologically different from the particles 2.

In particular, the particles 2’ are different from the particles
3 (e.g. in size and/or weight). More in particular, the particles

2’ are morphologically different from the particles 3.

According to some non-limiting embodiments, the microfluidic
channel 7 comprises at least one segment 16’, which is arranged
downstream of the segment 16. In these cases, the trapping system
1 is configured to trap the particle/s 2 in the segment 16,
letting the particle/s 3 and the particle/s 2’ pass through, and
to trap the particle/s 2’ in the fourth segment 16’, letting the
particle/s 3 go through.

In this way, it is possible to at least partially isolate several
types of different particles (and hence, among other things,

simplify the selection step described in more detail below).

According to some non-limiting embodiments, the trapping system
is (additionally to what was indicated above in relation to the
segment 16) chosen in the group consisting of: the segment 16’
shaped so as to generate, as a consequence of a flow of fluid
flowing through the microfluidic channel 7 itself, a vortex at
the segment 16’ designed to trap the particle 2'; a device
designed to exert a dielectrophoretic force at the segment 16’;
and a device designed to exert a magnetic force at the segment

16’ (and a combination thereof).

In particular, the segment 16’ is arranged along the segment 17.

Advantageously but not necessarily, the (each) segment 17 has
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(downstream of the segment 16 and upstream of the segment 16’)
an inner cross-section; the (each) segment 16’ has an inner
cross—-section with a sudden increase AI, 1in particular of at
least approximately 80 pm, relative to the inner cross-section
of the segment 17 (upstream of the segment 16’). The (each)
segment 17 has, downstream of the segment 16’ an inner cross-

section smaller than the inner cross-section of the segment 16’.

For example, the trapping system comprises the segment 16’
shaped so as to generate, as a consequence of a fluid flow
flowing through the microfluidic channel 7 itself, a vortex
arranged at the segment 16’ and designed to trap the particle

27,

Advantageously but not necessarily, the segment/s 16’ has/have
an inner cross-section different from the inner cross-section

of the segment/s 16.

In accordance with an aspect of the present invention, it is is
also provided a method of isolating at least one particle 2 of
a given type by means of a microfluidic system 1, which is, in

particular, as described above.

The method comprises a feeding step (Fig. 3), during which the
feeding assembly 8 feeds a sample, comprising the particle/s 2
and at least one particle 3 of a different type to the particle
2, from the inlet 5 to the outlet 6 along (in particular,

through) the microfluidic channel 7.

In particular, the sample also comprises (mainly consists of) a
fluid (e.g. a buffer) in which the particles 2 and 3 are
distributed (suspended).

According to some non-limiting embodiments, the fluid comprises
(is) a substantially liquid base in which the particle/s 2 and

the particle/s 3 are distributed.
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The method further comprises a trapping step (which 1is
substantially simultaneous to the feeding step), during which
the particle/s 2 is/are trapped in the channel 7 (in particular,
in the segment 16) and at least one particle 3 passes through
the segment 16 and reaches at least the segment 17 (in
particular, passes through the channel 7); and a selection step
(Fig. 5), which is subsequent to the trapping step and during
which the movement device 26 directly exerts a force (without
the force being exerted on anything else - e.g. the fluid in
which the particle - that transfers the movement to the particle

2 - 1s suspended) on the particle 2.

In other words, during the trapping step, the particle 2 is
prevented from escaping (exiting) from the microfluidic channel
7 (in particular, from the second segment 16), 1in particular
letting the particle 3 (which reaches at least the segment 17)
pass through.

Advantageously but not necessarily, the method comprises an
adjustment step, during which the temperature of the sample is
modified so as to adjust (change) the viscosity of the fluid

(more precisely, of the liquid base).

It has been experimentally observed that, in this way, 1t 1is
possible to adjust the parameters of the vortices that are formed
inside each segment 16 and hence the size/weight of the particles

2 that are trapped in the segment 16.

In particular, the system 1 comprises a heating/cooling device
(of a per se known type and not illustrated) to modify the
temperature of the sample (in particular, when the sample 1is

arranged along the channel 7).

With particular reference to Fig. 20, according to some non-

limiting embodiments, the sample comprises at least one particle
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37.

The particles 3’ are different from the particles 2 (e.g. in
size and/or weight). More in particular, the particles 3’ are

morphologically different from the particles 2.

In particular, the particles 3’ are different from the particles
3 (e.g. in size and/or weight). More in particular, the particles

3’ are morphologically different from the particles 3.

In these cases, during the trapping step, the (at least part of
the) particle/s 3’ is/are trapped in the second segment 16.
During the selection step, the movement device 26 directly
exerts said force on the particle/s 2, so as to move the
particle/s 2 substantially selectively —relative to the
particle/s 3’ along at least the part of the given path P from
the segment 16 (i.e. from inside the segment 16) downstream of

the second segment 16 itself.

Advantageously but not necessarily, the movement device 26
directly exerts the force on the particle/s 2 so as to move the
particle/s 2 substantially selectively, relative to (at least
part of) a further content of the microfluidic channel 7, along
at least one part of a given path P (out of) from the segment

16 (in an area) downstream of the segment 16 itself.

In particular, the further content of the microfluidic channel
7 comprises the fluid in which the particles 3 (and the particles
2) and the particle/s 3 (and possibly the particles 3’) are
distributed (suspended).

More precisely but not necessarily, the movement device 26 moves
the particle/s 2 substantially selectively (in particular,
relative to at least part of the further content of the
microfluidic channel 7; more in particular, relative to the

particle/s 3) along at least one part of the given path P (out
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of) from the segment 16, in particular (in an area) downstream

of the segment 16.

Advantageously but not necessarily, during the selection step,
the movement device 26 moves the particle/s 2 substantially
selectively (in particular, relative to the particles 3) from
the channel 7 (in particular, from the segment 16) to the

collection area 25 (in particular, through the segment 17).

Alternatively or additionally, during the selection step, the
movement device 26 moves the particle/s 2 substantially
selectively (in particular, relative to the particles 3) (out
of) from the segment 16 (in the channel 7, in particular to the
segment 17). In these cases, the method, advantageously but not
necessarily, comprises a collection step, which is at least
partially subsequent to the selection step and during which a
(washing) ligquid is conveyed (in particular, from the feeding
assembly 8) through the microfluidic channel 7 so as to take the
particle/s 2 out of the microfluidic circuit 4 (in particular,

through the outlet 6).

In particular, during the collection step, the speed of the
liguid is adjusted (more precisely, 1is kept sufficiently low)
so that the particle/s 2 is/are not trapped once again (or remain
still trapped) in the channel 7 (in particular, in the segment
16).

According to some non-limiting embodiments, the method comprises
a washing step (Fig. 4), during which the feeding assembly 38
conveys a washing liquid through the microfluidic channel 7 so
that the particle 3 is taken out of the given path P, in
particular through the outlet 6, while the particle 2 is kept
in the segment 16 (trapped by the vortex).

In the case in which a collection step (as described above) is

provided, the washing step is (at least partially) prior to the
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collection step.

In particular, the selection step 1s (at least partially)

subsequent to the washing step.

According to some non-limiting embodiments, the washing step is

(at least partially) subsequent to the trapping step.

In particular, the washing step 1is (at least partially)

simultaneous to the trapping step.

In particular, the washing step 1is simultaneous and/or

subsequent to the feeding step.

Advantageously but not necessarily, the washing step is (at

least partially) simultaneous to the feeding step.

According to some non-limiting embodiments, the particle/s 2
is/are trapped by means of a trapping system chosen in the group
consisting of: a vortex <created 1in the segment 16, a
dielectrophoretic force exerted on the segment 16 (in
particular, in these cases, a combination of dielectrophoretic
force, of sedimentation and of hydrodynamic 1lift is exerted on
the particle 2), a magnetic force exerted on the segment 16 (for
example, in these cases, the particle 2 comprises a cell bound
with specific antibodies to a magnetic bead) (and a combination

thereof) .

Advantageously but not necessarily, during the trapping step,
the particle/s 2 is/are trapped by a vortex (or a plurality of
vortices created in the segments 16) created in the expansion
segment 16 (or by a plurality of vortices created in the segments
16). In particular, in these cases, during the trapping step at
least one particle 3 passes through the segment 16 and reaches

at least the segment 17.
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In these cases, the (each) segment 15 has an inner cross-section;
the (each) segment 16 has an inner cross-section with a sudden
increase AI (in particular of at least approximately 80 um,
Figs. 9 and 14), relative to the inner cross-section of the
segment 15. In particular, the (each) segment 17 has a smaller
inner cross-section than the inner cross-section of the segment
16. More in particular, the size increase AI ranges from
approximately 80 um to approximately 800 um (more precisely, up
to 400; even more precisely, up to 100 pm). It should be noted
that in Figs. 9 and 10 there is an increase AI on both sides of
the channel 7. Even more in particular, the segments 15, 16 and

17 have the sizes indicated above with reference to system 1.

According to some non-limiting embodiments, the particle/s 2
is/are trapped by means of a dielectrophoretic force exerted on
the segment 16 (in particular, in these cases, a combination of
dielectrophoretic force, of sedimentation and of hydrodynamic

1lift is exerted on the particle 2).

In practice, when a dielectrophoretic force 1is used the
selection between particle 2 and particle 3 is carried out based
on a combination of size/weight and dielectric properties of the

particles 2 and 3 themselves.

According to some non-limiting embodiments, the particle/s 2
is/are trapped by means of a magnetic force exerted on the
segment 16 (for example, in these cases, the particle 2 comprises

a cell bound with specific antibodies to a magnetic bead).

In particular, when the magnetic force is exerted, the particle
2 comprises a magnetic element (more precisely, 1s magnetic).
Additionally or alternatively, when the dielectrophoretic force

is exerted, the first particle comprises a dielectric element.

Advantageously but not necessarily, during the selection step,
the fluid (liquid) (in particular, the fluid in which the
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particles 2 and 3 is inserted) present in the channel 7 (more
precisely, present in the microfluidic circuit 4) is not moved
(in particular this fluid is substantially stationary). In this
manner, the selection step is carried out in a more precise and
efficient manner. In particular (to keep the fluid substantially
stationary inside the microfluidic circuit 4), during the
selection step, the flow regulators 37 and 38 (and, preferably,
39, 40 and 41) are kept closed.

According to some non-limiting embodiments, the method comprises
a recovery step (Fig. 6), during which the particle/s 2 is/are
conveyed from the collection area 25 through an outlet 27 (out
of the microfluidic circuit 4). In particular, during the
recovery step, the fluid (ligquid) (in particular, in which the
particle/s 2 is/are arranged) present in the collection area 25

is moved so as to take the particle/s 2 through the outlet 27.

Advantageously but not necessarily, during the selection step,
a plurality of particles 2 is moved in the collection area 25
so as to obtain a group of particles 2 arranged in the collection
area 25; in particular, during the recovery step, the particles
2 are moved away from the collection area 25 (more in particular,
are conveyed from the collection area 25 out of the microfluidic
circuit 4) one at a time. In other words, during the recovery
step, a particle 2 is moved away from the collection area 25
(more in particular, is conveyed from the collection area 25 out
of the microfluidic circuit 4) individually (relative to the

other particles 2).

Advantageously but not necessarily, the selection step comprises
a detection sub-step, which is at least partially subsequent to
the trapping step and during which information concerning the
content of the second segment 16 1is collected in order to
identify at least the particle/s 2; for example, during the
selection step, the particle/s 2 is/are distinguished from the

particle/s 3 (and/or from the particle/s 37).
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According to some non-limiting embodiments, during the selection
step the particle/s 2 is/are identified (and distinguished from
the particle/s 3) by capturing at least one imagine (in
particular, by the detection device). More precisely, the
particle/s 2 1is/are identified (and distinguished from the
particle/s 3 and/or from the particles 3’ and/or from the
particle/s 2’) by assessing one or more of the visible (for
example morphological and/or fluorescence) features thereof.
Even more precisely, at least one visible (morphological and/or
fluorescence) feature of the particle/s 2 (and of the particle/s
3 and/or of the particles 3’ and/or of the particle/s 2’) is
captured and compared with at least one visible (morphological
and/or fluorescence) feature of reference (for example a
reference 1image). For example, if one or more features
correspond, the particle/s is/are identified as particle/s 2;
on the contrary, if one or more features do not correspond, the
particle/s is/are identified as particle 3 (and/or particle 3’

and/or particle 27).

Advantageously but not necessarily, the method comprises a
marking step, which 1is (at 1least partially) prior to the
selection step and during which one between the particle 2 and
the second particle 3 1s marked with a selective marker. In
particular, during the marking step, the particle/s 2 is/are
marked with the selective marker/s. According to some non-
limiting embodiments, the marking step is (at least partially)

subsequent to the trapping step.

It should be noted that selective marker/s is meant as marker/s
capable of Dbinding substantially to the particle 2 and
substantially not to the particle 3 (or vice versa). More
precisely, the selective marker/s is/are substantially unable

to bind to any other particles present in the sample.

In particular, during the marking step, a liquid containing the
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selective marker/s is made to flow along the (at least part of
the) microfluidic circuit 4 (in particular, along the channel/s

7; more in particular, from the inlet 5 to the outlet 6).

In particular, the particles 2 and 3 are defined as indicated

above.

Advantageously but not necessarily, during the selection step,
the particle/s 2 is/are moved by means of a system chosen in
the group consisting of: travelling waves, thermal flow, local
fluid movements generated by electro thermal flow, local fluid
movements generated by electro- hydrodynamic forces,
dielectrophoresis, optical tweezers, opto-electronic tweezers,
light-induced dielectrophoresis, magnetophoresis,

acoustophoresis (and a combination thereof).

More in particular, during the selection step, the particle/s 2
is/are moved by means of a system chosen in the group consisting
of: dielectrophoresis, optical tweezers, magnetophoresis,

acoustophoresis (and a combination thereof).

According to some non-limiting embodiments, the sample has a
plurality of particles 2 and of particles 3 and the microfluidic
system 1 has a plurality of second segments. In these cases,
during the trapping step, at least one part of the particles 2
is trapped by vortices created in the segments 16 and at least
one part of the particles 3 passes through the segments 16 (and
reaches at least the segment 17); during the selection step, the
movement device 26 moves the at least part of the particles 2
from the segments 16 (in particular, to the collection area 25).
In particular, during the washing step, the at least part of the
particles 3 1is taken through the outlet 6 while the at least
part of the particles 2 is kept in the segment 16 (trapped by

the vortices).

Advantageously but not necessarily, the method is implemented
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by the system 1 described above.

The subject matter of the present invention surprisingly allows
one or more given particles 2 to be isolated (relative to one
or more other particles 3) in a precise and rapid manner even

starting from a sample of relatively large size.

In this regard, it should be noted that it has Dbeen
experimentally observed that the subject matter of the present
invention makes it possible to obtain a surprisingly high

separation efficiency (keeping high precision results).

In this context it has been supposed that the trapping step and
the selection step play a significant role by cooperating in

synergy.

Unless specifically indicated to the contrary, the content of
the references (articles, books, patent applications, etc.)
cited in this text is fully incorporated herein. In particular,

the mentioned references are herein incorporated by reference.
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CLAIMS

1.- A method for the isolation of at least one first particle
(2) of a given type by means of a microfluidic system (1), which
comprises a feeding assembly (8) and a microfluidic circuit (4)
having: at least one inlet (5); at least one first outlet (6);
and at least one microfluidic channel (7), which is designed to
fluidically connect the inlet (5) and the first outlet (6);

the microfluidic channel (7) comprises at least one first
segment (15), at least one second segment (16), which is arranged
downstream of the first segment (15), and at least one third
segment (17), which is arranged downstream of the second segment
(16);

the method comprises a feeding step, during which the feeding
assembly (8) feeds a sample, comprising at least one first
particle (2) and at least one second particle (3) of a type
different from the first particle (2), from the inlet (5) to the
first outlet (6) along the microfluidic channel (7); and

a trapping step, during which the first particle (2) is trapped
in the second segment (16) and the second particle (3) passes
through the second segment (16) and reaches the third segment
(17);

the microfluidic system (1) comprises a movement device (26),
which is configured to directly exert a (selective) force upon
said first particle (2) of a given type;

the method further comprises a selection step, which is
subsequent to the trapping step and during which the movement
device (26) directly exerts a force upon the first particle (2)
so as to substantially selectively move the first particle (2),
relative to at 1least part of a further content of the
microfluidic channel (7), along at least one part of a given
path (P) from the second segment (16) downstream of the second
segment (16) itself; the given path (P) extends inside said

microfluidic circuit (4).

2.- The method according to claim 1, wherein, during the



10

15

20

25

30

35

WO 2020/174422 PCT/IB2020/051647
31

selection step, the movement device (26) directly exerts said
force upon the first particle (2) so as to substantially
selectively move the first particle (2) relative to the second
particle (3) along at least said part of said given path (P)
from the second segment (16) downstream of the second segment

(16) itself.

3.- The method according to claim 1 or 2, wherein the sample
comprises at least one third particle (3'); during the trapping
step, the third particle (3’) is trapped in the second segment
(16); during the selection step, the movement device (26)
directly exerts said force upon the first particle (2) so as to
move the first particle (2) substantially selectively relative
to the third particle (3') along at least said part of said
given path (P) from the second segment (16) downstream of the

second segment (16) itself.

4.- The method according to any one of the preceding claims,
wherein the selection step comprises a detection sub-step, which
is at least partially subsequent to the trapping step and during
which information concerning the content of the second segment
(16) 1s collected in order to identify at least said first
particle (2); for example, during the selection step, said first

particle (2) is distinguished from said third particle (3').

5.- The method according to any one of the preceding claims,
wherein during the trapping step, the first particle (2) 1is
trapped by means of a trapping system chosen in the group
consisting of: a vortex created in the second segment (16), a
dielectrophoretic force exerted at the second segment (16), a
magnetic force exerted at the second segment (16), and a

combination thereof.

6.— The method according to any one of the preceding claims,
wherein the first segment (15) has a first inner cross-section;

the second segment (16) has a second inner cross-section having
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a sudden size increase (AI) relative to the first inner cross-
section (16); the first particle (2) is trapped by means of a

vortex created in the second segment (16).

7.- The method according to any one of the preceding claims,
wherein the microfluidic system (1) comprises a collection area
(25), which is fluidically connected to the microfluidic channel
(7); during the selection step, the movement device (26) moves
the first particle (2) substantially selectively from the
microfluidic channel (7) (for example, from the second segment

(16)) to the collection area (25).

8.- The method according to claim 7 and comprising a recovery
step, during which the first particle (2) is conveyed from the
collection area (25) out of the microfluidic circuit (4), for
example through a second outlet (27); for example, during the
recovery step, the fluid present in the collection area (25) is
moved so as to force the first particle (2) through the second
outlet (27); for example, the first particle (2) is larger than

the second particle (3).

9.- The method according to claim 7 or 8, wherein, during the
selection step a plurality of first particles (2) are moved to
the collection area (25) so as to obtain a group of first
particles (2) in the collection area (25); for example, during
the recovery step, the first particles (2) are moved away from
the collection area (25) (for example, they are conveyed from
the collection area (25) out of the microfluidic circuit (4))

one at a time.

10.- The method according to any one of the preceding claims and
comprising a washing step, during which the feeding assembly (8)
conveys a washing liquid through the microfluidic channel (7)
so that the second particle (3) 1s forced out of the of given
path (P), for example through the first outlet (6), whereas the

first particle (2) is kept in the second segment (16); for
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example, the selection step is subsequent to the washing step;
for example, the washing step is at least partially subsequent
to the trapping step; for example, during the selection step,
the fluid present in the channel (7) is not moved (the fluid is
substantially still).

11.- The method according to any one of the preceding claims,
wherein the sample has a plurality of first particles (2) and a
plurality of second particles (3); the microfluidic system (1)
has a plurality of second segments (16); during the trapping
step, at least part of the first particles (2) is trapped by
vortexes created in the second segments (16) and at least part
of the second particles (3) passes through the second segments
(16); during the selection step, the movement device (26) moves
at least part of the first particles (2) from the second segments
(16), for example to the collection area (25); for example,
during the washing step, at least part of the second particles
(3) 1s forced out of the microfluidic circuit (4) (for example,
through the first outlet (6)), whereas at least part of the

first particles (2) is kept in the second segment (16).

12.- The method according to any one of the preceding claims and
comprising a detection step, which 1s at least partially
subsequent to the trapping step and at least partially prior to
the selection step and during which the first particle (2) 1is
identified by capturing at least one image; for example, the
first particle (2) 1s identified by assessing one or more

morphological and/or fluorescence features thereof.

13.- The method according to any one of the preceding claims,
wherein, during the selection step, the first particle (2) 1is
moved by means of a system chosen in the group consisting of:
dielectrophoresis, optical tweezers, opto-electronic tweezers,
light-induced dielectrophoresis, magnetophoresis,

acoustophoresis, and a combination thereof.
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14.- The method according to any one of the preceding claims,
wherein the first particle (2) is a circulating tumour cell; the
second particle (3) 1s chosen 1in the group consisting of:

erythrocytes, lymphocytes, and a combination thereof.

15.- The method according to any one of the preceding claims and
comprising a marking step, which is at least partially prior to
the selection step (for example, is at least partially prior to
the detection sub-step) and during which one between the first
particle (2) and the second particle (3) 1is marked with a

selective marker.

16.- The method according to any one of the preceding claims,
wherein the sample comprises (in particular, mainly consists of)
a substantially ligquid base in which the first particle (2) and
at least the second particle (3) are distributed; the method
comprises an adjustment step, during which the temperature of
the sample is changed so as to change the viscosity of said

liguid base.

17.- A microfluidic system for the isolation of at least one
first particle (2) of a given type; the microfluidic system (1)
comprises a microfluidic circuit (4) provided with: at least one
inlet (5); at least one first outlet (6); at least one
microfluidic channel (7), which 1is configured to fluidically
connect the inlet (5) and the first outlet (6); and a feeding
assembly, which 1is configured to feed a sample along the
microfluidic channel (7);

the sample comprises the first particle (2) and at least one
second particle (3) of a different type from the first particle
(2);

the microfluidic channel (7) comprises at least one first
segment (15), at least one second segment (16), which is arranged
downstream of the first segment (15), and at least one third
segment (17), which is arranged downstream of the second segment
(1e);
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the microfluidic system (1) further comprises a trapping system,
which 1s configured to trap the first particle (2) 1in the
microfluidic channel (7), while letting the second particle (3)
go through; and a movement device (26), which is configured to
directly exert a (selective) force upon said first particle (2)
so as to move the first particle (2) along at least one part of
a given path (P) from the second segment (16) downstream of the
second segment (16); the given path (P) extends inside said

microfluidic circuit (4).

18.- The microfluidic system according to claim 17, wherein the
trapping system is chosen in the group consisting of: the second
segment (16) shaped so as to generate, as a consequence of a
fluid flow flowing through the microfluidic channel (7), a
vortex arranged at the second segment (16) and is configured to
trap the first particle (2); a device configured to exert a
dielectrophoretic force at the second segment (16); a device
configured to exert a magnetic force at the second segment (16);

and a combination thereof.

19.- The microfluidic system according to claim 17 or 18, wherein
the first segment (15) has a first inner cross-section; the
second segment (16) has a second inner cross-section with an
equivalent diameter with a sudden increase (AI) of at least 80
um relative to the first inner cross-section, and at least one
third segment (17), which is arranged downstream of the second
segment (16); the microfluidic channel (7) (for example, the
second segment (16)) is configured to generate, as a conseguence
of a fluid flow flowing through the microfluidic channel (7), a
vortex, which is arranged at the second segment (16) and 1is

designed to trap the first particle (2).

20.- The microfluidic system according to claim 19, wherein the
second inner cross-section has a sudden size increase (AI) of
the equivalent diameter ranging from approximately 80 um to

approximately 800 um relative to the first inner cross-section;
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for example, the first and the third segment (15, 17) have a
width ranging from 20 ym to 200 pm and a height ranging from 20
um to 500 um; for example, the second segment has a length

ranging from 200 uym to 2 mm.

21.- The microfluidic system according to any one of the claims
from 17 to 20, wherein the movement device (26) comprises a
particle moving system chosen in the group consisting of:
dielectrophoresis, optical tweezers, opto-electronic tweezers,
light-induced dielectrophoresis, magnetophoresis,

acoustophoresis, and a combination thereof.

22.- The microfluidic system according to any one of the claims
from 17 to 21, wherein the microfluidic system (1) further
comprises a collection area (25), which is fluidically connected
to the microfluidic channel (7) and is arranged downstream of
the microfluidic channel (7); the movement device (26) 1is
configured to directly exert the (selective) force upon said
first particle (2) of a given type in order to move the first
particle (2) along the given path (P) from the second segment

(16) to the collection area (25).

23.- The microfluidic system according to claim 22, wherein the
collection area (25) comprises a waiting area (29) and a recovery
area (30); the movement device (16) being configured to transfer
the first particle (2) from the microfluidic channel (7) (for
example, from the second segment (16)) to the waiting area (29)
and, subsequently, from the waiting area (29) to the recovery
area (30); the microfluidic system (1) further comprising a
conveying assembly (28), which is configured to feed a fluid
towards the recovery area (30) so as to convey the first particle
(2) out of the microfluidic circuit (4) through a second outlet

(27) of the microfluidic circuit (4).

24 .- The microfluidic system according to any one of the claims

from 17 to 23 and comprising at least one detection device to
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capture images of at least part of the microfluidic circuit (4),
for example at least of the second segment (16), the given path

(P) and the collection area (25).

25.- The microfluidic system according to any one of the claims
from 17 to 24, wherein the microfluidic circuit (4) comprises a
second outlet (27); the microfluidic system (1) comprises a
conveying assembly (28), which is configured to convey the first
particle (2) from the collection area (25), through the second

outlet (27), out of the microfluidic circuit (4).

26.- The microfluidic system according to any one of the claims
from 17 to 25, wherein the first, the second and the third
segment (15, 16, 17) have respective cross-sections

substantially having the shape of quadrilateral parallelogram.

27.- The microfluidic system according to any one of the claims
from 17 to 26, wherein the second segment (16) is delimited by
a rear surface (19) arranged at the end of the first segment
(16) and transverse to the microfluidic channel (7) as well as
having an inclination of at least 45° (for example, it 1is
substantially perpendicular) relative to a feeding direction (D)

of the first particle (2) along the first segment (15).

28.- The microfluidic system according to one of the claims from
17 to 27, wherein the microfluidic circuit (4) comprises a
plurality of microfluidic channels (7), each having at least one
respective first segment (15), at least one respective second

segment (16) and at least one respective third segment (17).

29.- The microfluidic system according to any one of the claims
from 17 to 28, wherein the feeding assembly (8) comprises a
washing device (10), which is configured to feed a washing ligquid
through the microfluidic channel (7) towards the first outlet
(6) .
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30.- The microfluidic system according to any one of the claims
from 17 to 29, wherein the sample comprises at least one further
particle (27); the microfluidic channel (7) comprises at least
one fourth segment (16’), which is arranged downstream of the
second segment (16);

the trapping system (1) is configured to trap said first particle
(2) in the second microfluidic segment (16), while letting said
second particle (3) and said further particle (2’) go through,
and to trap said further particle (2’) in the fourth segment
(16”); for example, the trapping system comprises said fourth
segment (16"), which 1is shaped so as to generate, as a
consequence of a fluid flow flowing through the microfluidic
channel (7), a vortex arranged at said fourth segment (16’) and

designed to trap the further particle (27).



