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“SYSTEM, KIT, METHOD AND PROCESS FOR HANDLING A SAMPLE”

CROSS—-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from Italian patent
application no. 102020000020890 filed on September 2, 2020, the

entire disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present invention concerns a system, a kit, a method and a

process for handling a sample.

BACKGROUND OF THE INVENTION

In the field of the handling of samples containing particles (in
particular, cells) the need is felt to obtain samples enriched

with one or more types of particles.

In this context, one of the methods currently used entails
manually inserting in a test tube containing a sample of
biological material (for example blood or blood from which at
least part of the plasma has been removed) a specific reagent
containing ferromagnetic particles functionalized with ligands
specific for particular particles of the sample so that said

particles are selectively marked.

Subsequently, a magnetic field is applied so that the marked
particles are concentrated on the test tube wall. At this point,
an operator inserts a pipette into the test tube and manually
sucks out the part of the sample which is not close to the wall.
In this way a sample enriched in the marked particles is obtained
(inside the test tube), which can (subsequently) be separated

from the ferromagnetic particles using appropriate reagents.

Particularly interesting examples of this method are described
in the patent U6620627 and in the article Optimization of

ferrofluids and protocols for enrichment of breast tumor cells
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in blood, Paul A. Liberti, Chandra G. Rao, Leon W. M. M.
Terstappen, Journal of Magnetism and Magnetic Materials 225
(2001), 301-307.

It should be noted, however, that the method described above is
complex, long, laborious and imprecise. In fact, the activities
required are time-consuming: you have to be careful not to touch
the test tube wall with the pipette, not to shake the test tube

too much and not to suck the sample out too quickly.

Errors 1in one or more of these aspects increase the risk of

sucking out also part (or all) of the marked particles.

Moreover, even the most highly trained operator cannot guarantee
that the pipette (and in particular, its tip) will be kept at a
sufficient distance from the wall and that the correct suction

speed will be applied.

To remedy these drawbacks the use of completely automated
systems has been proposed that reproduce the activities of the

operator in a quicker and more reproducible manner.

However, these systems are very complex and costly.

The object of the present invention is to provide a system, a
kit, a method and a process for handling a sample which overcome,
at least partly, the drawbacks of the known art and at the same

time are easy and inexpensive to produce.

SUMMARY

According to the present invention, a system, a kit, a method
and a process are provided for handling a sample as claimed in
the following independent claims and, preferably, in any one of
the claims depending directly or indirectly on the independent

claims.
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According to some non-limiting embodiments, the particles of the
first type (mentioned in the claims) are chosen from the group
consisting of: CTC, CEC (Circulating Endothelial Cells), CMC
(Circulating Melanoma Cells), CMMC (Circulating Multiple Myeloma
Cells), tdEV (tumor derived Extra Vescicles), exosomes, fetal
cells, stem cells, other rare cells, viruses, Dbacteria, FFPE
(Formalin-Fixed Paraffin-Embedded), spermatozoa, blood cells,

epithelial cells, DNA, RNA and microspheres.

In particular, the particles of the first type (mentioned in the

claims) are cells.

In some non-limiting cases, the particles of the first type are
chosen from the group consisting of: CTC, CEC (Circulating
Endothelial Cells), CMC (Circulating Melanoma Cells), CMMC
(Circulating Multiple Myeloma Cells), tdEV (tumor derived Extra
Vescicles), exosomes, fetal cells, stem cells, other rare cells,
viruses, Dbacteria, FFPE (Formalin-Fixed Paraffin-Embedded),

spermatozoa, blood cells, epithelial cells, DNA and RNA.

For example, the particles of the first type (mentioned in the
claims) are chosen from the group consisting of: tumor cells,
white blood cells (WBCs) , stromal cells, spermatozoa,
circulating tumor cells (CTCs), spores, fetal cells, liposomes,
exosomes, epithelial cells, erythroblasts, trophoblasts,
viruses, bacteria, erythrocytes (and a combination thereof). In
some specific non-limiting cases, the particles of the first

type are circulating tumor cells (CTC).

The cells can be live or fixed.

Unless explicitly specified to the contrary, in the present text

the following terms have the meaning indicated below.

By ferromagnetic particle we mean a corpuscle having largest

dimension less than approximately 10 um (advantageously, less
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than approximately 1 um - in particular, approximately 100 nm).
According to some preferred but non-limiting embodiments, the
largest dimension of the ferromagnetic particles is at least

approximately 40 nm (in particular, up to approximately 200 nm) .

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

graduated scale.

In the present text, by dimensions of a particle we mean the

length, width and thickness of the particle.

BRIEF DESCRIPTION OF THE FIGURES

The invention is described below with reference to the attached
drawings, which illustrate non-limiting embodiment examples
thereof, in which:

- figure 1 is a schematic lateral view of a system in accordance
with the present invention;

- figure 2 is a perspective view of the system of figure 1 with
some parts removed for clarity;

- figure 3 is a front view of a detail of the system of figure
1;

- figure 4 1is a section along the line IV-IV of the detail of
figure 3;

- figure 5 is a front view of the detail of figure 3 with some
parts removed for clarity;

- figure 6 1s a section along the line VI-VI of the detail of
figure 5;

- figure 7 is a front view of a detail of figure 3 with some
parts removed for clarity;

- figure 8 1is a section along the line VIII-VIII of the detail
of figure 7;

- figure 9 is a plan view on an enlarged scale of a part of
figures 3 and 7;

- figure 10 is a section along the line X-X of the part of figure
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9;

- figure 11 schematically illustrates an example of possible use
of the system of the preceding figures;

- figures 12 to 14 schematically illustrate tests which are
performed to verify the operation of the system of the preceding
figures; and

- figure 15 schematically illustrates what happens during a step

of the method in accordance with the present invention.

DETAILED DISCLOSURE

In figure 1, in accordance with a first aspect of the present
invention, the number 1 indicates overall a system for handling
a treated sample TS (in particular, of biological origin - see
figure 15) comprising treated particles TP, each of which
comprises a particle CE of a first type and at least a
ferromagnetic particle FP bound to said particle CE of the first

type.

The system 1 comprises a treatment chamber 2 (see, in particular,
figures 4 and 6); a container 3 (in particular, a test tube),
which is configured to (designed to) contain the treated sample
TS, and is arranged (at least partially) in the treatment chamber
2 and has at least one side wall 4 (see also figures 7 and 8),
a bottom 5 (in particular, a bottom wall 5) and an (end) opening
6 opposite the bottom 5; and a magnetic device 7 configured to
(designed to) create at least a magnetic field in at least a
part of the treatment chamber 2 so as to move at least part of
the treated particles TP onto the (in particular so as to come
into contact and maintain contact with the) side wall 4 of the

container 3.
More precisely but not necessarily, the treatment chamber 2 is
part of the magnetic device 7 which, according to some non-

limiting embodiments, comprises a magnetic quadrupole.

According to some non-limiting embodiments, the magnetic device
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7 comprises at least one electromagnet (in particular, four

electromagnets) .

Alternatively (or additionally), the magnetic device 7 comprises
at least one permanent magnet (in particular, four permanent

magnets) .

Advantageously but not necessarily, the magnetic device 7 (in
particular, each electromagnet and/or permanent magnet) 1is
configured to generate (on its surface - in particular in the
axial symmetry point) a magnetic field of at least 3000 Gauss
(in particular, at least 4000 Gauss; in particular, up to 7000
Gauss; more 1in particular, the magnetic field can be measured
by means of a Hall effect magnetometer - for example by means
of the instrument GMO7 by Hirst Magnetic Instruments Ltd. (Tesla

House, Tregoniggie, Falmouth, Cornwall).

According to some non-limiting embodiments, the container 3
(see, in particular, figures 6 to 8) has a first end, at which
the opening 6 is arranged, and a second end, opposite the first
end and at which the bottom 5 is arranged. In particular, the
side wall 4 is tapered towards the second end (in particular,
towards the bottom 5).

In some non-limiting cases, there is no interruption between the

bottom 5 and the side wall 4.

According to some non-limiting embodiments, the container 3 has
a substantially circular (inner) cross-section (in particular,
the side wall 4 extends circularly about a longitudinal

extension axis A of the container 3).

The system 1 further comprises a cannula 8, which has an open
end 9 arranged inside the container 3; an alignment device 10,
arranged in a substantially fixed manner in the area of the

container 3 and having a through hole 11 (see, 1in particular,
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figure 9), through which the cannula 8 extends; and a suction
device 12 (figures 1 and 2), which 1is configured to (designed
to) create a depression inside the cannula 8 so that a part of
the treated sample TS is carried through the cannula 8 out of

the container 3 (and out of the treatment chamber 2).

In particular, the cannula 8 extends through the opening 6 of

the container 3.

The cannula 8 and the alignment device 10 (in particular, the
through hole 11) are configured so that (the cannula 8 extends
— at least partially - inside the container 3 and) the open end
9 is arranged inside the container 3 separated (spaced) from the

side wall 4 of the container 3.

It should be noted that, in this way, it has been experimentally
observed that the possibilities of treated particles TP being
sucked through the cannula 8 are reduced. More precisely, it has
been observed that this result 1s obtained thanks to the
structure of the alignment device 10 and of the cannula 8. In
these cases, there is no need for complex robotic devices and
the operator can insert the cannula 8 through the alignment
device 10 (in particular, through the through hole 11) inside
the treatment chamber 2 (more precisely, inside the container
3) at a good speed and with reduced risks of the cannula coming
into contact with the side wall 4 and therefore causing movement
of the treated particles TP which can, subsequently, be sucked

through the cannula 8.

In other words, the alignment device 10 (in particular, the
through hole 11) acts surprisingly as a guide for insertion of
the cannula 8 into the treatment chamber 2, making the activities

of the operator quicker and more precise.

According to some non-limiting embodiments, the cannula 8 and
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the alignment device 10 (in particular, the through hole 11) are
configured so that the cannula 8 extends substantially parallel
to the longitudinal extension axis A (in particular the axis A)

of the container 3.

Advantageously but not necessarily, the open end 9 is in contact
with the bottom 5. In this way, the vertical position of the
cannula 8 1is guaranteed by the support of the bottom part 5.

In particular (see for example figures 2, 4 and 8), the open
end 9 extends diagonally relative to the longitudinal extension
of the cannula 8 (more in particular, the end 9 extends

diagonally relative to the axis A).

In this way, also when the end 9 is in contact with the bottom

5, fluid can pass through the end 9.

Advantageously Dbut not necessarily, the cannula 8 extends
through the through hole 11 in a removable manner. In other
words, the cannula 8 can be inserted into or removed from the
alignment device 10 (more precisely, the container 3) by causing

it to go through the through hole 11.

In particular, the through hole 11 is configured so that, in
use, while the cannula 8 is inserted through the through hole
11, the open end 9 of the cannula 8 (in particular - all - the

cannula 8) 1s kept spaced from the side wall 4.

Advantageously but not necessarily, the through hole 9 has an
inner surface which extends around the cannula 8 (in particular
in contact with an outer surface of the cannula 8), in particular
for at least approximately 0.5 cm of the longitudinal extension

of the cannula 8 (more in particular, parallel to the axis A).

Additionally or alternatively, the inner surface of the through

hole extends around the cannula 8 for at least two and a half
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times the width (more precisely, the diameter) of the cannula
8.

According to non-limiting embodiments, the through hole 11 has
a width (internal diameter) greater than the width (external
diameter) of the cannula 8 by less than approximately 1 mm (in
particular, less than approximately 0.5 mm; more in particular,
less than approximately 0.3 mm; even more in particular, at

least approximately 0.1 mm).

In some non-limiting cases, the through hole 11 has a
substantially circular (in particular, substantially constant)

cross—-section.

In particular, the cannula 8 is kept substantially in position
thanks to the contact between the inner surface of the through
hole 11 and the outer surface of the cannula 8. In particular,
as better described above, the cannula 8 is kept substantially
vertically in position, thanks to the contact with the bottom
5.

Advantageously but not necessarily, the cannula 8 is
substantially rigid (in other words, it does not significantly
deform during use — see the method described below - and/or when
it is inserted through the through hole 11).

According to some preferred non-limiting embodiments, the
cannula 8 is substantially straight. Additionally or
alternatively, the through hole 11 is substantially straight.

In particular, the cannula 8 and the through hole 11 extend in
the longitudinal extension direction of the container 3 (in
particular, parallel to the axis A - more in particular, along

the axis A).

Advantageously but not necessarily, the alignment device 10 is
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arranged at the opening 6 of the container 3. In this way, the
alignment device 10 (in particular, the through hole 11 thereof)
can be more easily accessed by the cannula 8 (and therefore
insertion of the cannula 8 by the operator into the container 3

is facilitated).

In particular, the alignment device 10 partially closes (so as

not to allow air through) the opening 6.

Advantageously but not necessarily, the alignment device 10 is
arranged at the container 3 (in particular, at the opening 6)
in a removable manner. In this way, the treated sample TS (or a
sample to be treated) can be inserted into and removed from the

container 3 more easily.

According to some non-limiting embodiments, the alignment device
10 (in particular, the through hole 11) and the cannula 8 are
configured so that the cannula 8 is arranged separate (spaced)

from the side wall 4.

Advantageously but not necessarily, the system 1 (in particular,
the suction device 12) also comprises a collection chamber 13
(see, 1n particular, figures 1 and 2) which is connected to the
cannula 8 in a fluid-carrying manner and arranged outside the
treatment chamber 2 (and the container 3). The suction device
12 is configured to (designed to) create a depression inside the
cannula 8 so that the above-mentioned part of the treated sample
TS is carried through the cannula 8 to the collection chamber
13.

According to some non-limiting embodiments, the treated sample
TS (of Dbiological origin) comprises (in particular, is) any

biological liquid.

Advantageously Dbut not necessarily, the treated sample TS

comprises (in particular, is) Dblood, plasma, saliva, urine,
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ligquid biopsy, a swab containing cells (in particular, of
tissue) 1in suspension (resuspended) and/or culture medium
containing cells (in particular, of tissue) 1n suspension

(resuspended) .

According to some non-limiting embodiments, the treated sample
TS comprises (in particular, is) blood, plasma, saliva, urine

and a combination thereof.

In some specific non-limiting cases, the treated sample TS
comprises (in particular, is) blood and/or plasma (in

particular, blood).

According to some non-limiting embodiments, the system 1 (in
particular, the suction device 12) also comprises a duct 14 that
connects the cannula 8 to the collection chamber 13 in a fluid-

carrying manner.

Advantageously but not necessarily, the suction device 12 and
the cannula 8 (and, if necessary, the duct) are configured so
as to obtain (when the open end 9 is immersed in water) a water
flow speed through the open end 9 (through the cannula 8) up to
(more precisely, less than) approximately 30 mL/min, in
particular up to (more precisely, less than) approximately 15
mL/min, more in particular up to (more precisely, less than)

approximately 13 mL/min.

In this way the risk of withdrawing treated particles TP from

the container 3 is further reduced.

According to some non-limiting embodiments, the suction device
12 and the cannula 8 (and, in particular, said duct 14) are
configured so as to obtain (when the open end is immersed in
water) a water flow speed through the open end 9 (through the
cannula 8) of at least approximately 1 mL/min, more in

particular, at least approximately 3 mL/min, even more in
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particular, at least approximately 4 mL/min.

The flow speed is calculated as mean flow speed occurring in the
suction of 10mL of water at ambient temperature (and external

pressure of 1 atm).

Advantageously but not necessarily, the suction device 12 (and,
in particular, the cannula 8; and, more in particular, the duct
14) is configured to (designed to) suck up to approximately 50
mL (in particular, up to approximately 30 mL; more in particular,
up to approximately 15 mL) of liquid through the open end 9
(through the cannula 8).

Additionally or alternatively, the suction device 12 (and, in
particular, the collection chamber 13) is configured to
(designed to) suck at least approximately 20 upulL (in particular,
at least approximately 1 mL; more 1in particular, at least
approximately 3mL) of liquid through the open end 9 (through the

cannula 8).

According to some non-limiting embodiments, the suction device
12 comprises (in particular, 1is) a device chosen from the group
consisting of: a peristaltic pump, a vacuum pump, a syringe
pump, a syringe activated by preloaded spring or a syringe

operated by the force of gravity.

In some cases (like the one illustrated in figures 1 and 2),
the suction device 12 comprises (in particular, is) a syringe

activated by preloaded spring.

In particular (in these cases - as better illustrated in figure
2), the suction device 12 comprises a syringe 15 which, in turn,
is provided with the collection chamber 13 and a piston 16
(sliding inside the collection chamber 13), and a spring 17
configured to (designed to) impart a movement to the piston 16

and, consequently, create a depression inside the collection
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chamber 13. Said depression is transferred to the cannula 8 (in
particular, through the duct 14) so as to suck the above-

mentioned part of the treated sample TS from the container 3.

According to some specific but non-limiting embodiments, the
spring 17 (is «circular and) has an internal diameter of
approximately 28-34 mm (in particular, approximately 31 mm), an
external diameter of approximately 31-37 mm (in particular,
approximately 34 mm), a wire with diameter of approximately 1.2-
1.7 mm (in particular, approximately 1.5 mm) and a length of

approximately 100-115 mm (in particular, approximately 107 mm) .

In particular, the spring 17 is made of stainless steel.

In some cases, the spring 17 has an elastic constant of
approximately 220 N/m to approximately 250 N/m (in particular,
approximately 234 N/m).

In particular, the spring 17 is configured to (designed to)
impart to the piston 16 a movement away from a first end 18 of

the collection chamber 13.

In particular, the duct 14 extends from the first end 18.

Advantageously Dbut not necessarily, the suction device 12
further comprises an abutment element 19, which is mounted
integral with a flange of the collection chamber 13 arranged at
a second end 20 of the collection chamber 13 opposite the first
end 18, so as to define a support for an end of the spring 17.
In particular, the suction device 12 also comprises a second
abutment element 21 mounted integral with one end of the piston
16 external to the collection chamber 13 to define a support for

the other end of the spring 17.

The abutment elements 19 and 21 are provided with grooves 22 and

pins 31 that can be coupled to one another so as to maintain
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the abutment elements 19 and 21 linked to each other.

In particular, in use, an operator can push the piston 16 towards
the first end 18 until the pins 31 enter the respective grooves
22. At this point, by rotating the abutment element 21, the
coupling between the abutment elements 19 and 21 is stabilized

and preloading of the spring 17 is obtained.

In this way, when appropriate, the operator, by rotating the
abutment element 19, will activate the spring 17 which will move

the piston 16 as described above.

According to some non-limiting embodiments, the container 3 has
an inner volume of up to approximately 55 mL (in particular, up
to approximately 30 mL; more in particular, up to approximately
17 mL; even more 1in particular, up to approximately 13 mL; in
particular, of at least approximately 100 wpL; more in
particular, of at least approximately 1.5 mL; even more in

particular, of at least approximately 8 mL).

According to some non-limiting embodiments, the cannula 8 has
an internal diameter of up to approximately 12 mm (in particular,
up to approximately 10 mm; in particular, up to approximately 1
mm; more 1in particular up to approximately 0.9 mm). In
particular, the cannula 8 has an internal diameter of at least
approximately 0.3 mm, more in particular, at least approximately

0.5 mm.

Additionally or alternatively, the duct 14 has an internal
diameter up to approximately 12 mm (in particular, up to
approximately 10 mm; in particular, up to approximately 1 mm;
more in particular up to approximately 0.9 mm). In particular,
the duct 14 has an internal diameter of at least approximately

0.3 mm, more in particular, at least 0.5 mm.

According to some non-limiting embodiments, the at least one



10

15

20

25

30

35

WO 2022/049520 PCT/1B2021/058024
15

(each) ferromagnetic particle FP (of a - each - treated particle
TP) 1s bound to the (respective) particle CE of the first type
by means of (at least) an antibody (specific for that particle).
For example, if the particles CE of the first type are CTC, the
antibody is bound (in particular, selectively) to the EPCAM
(Epithelial Cell Adhesion Molecule).

With particular reference to figure 15, advantageously but not
necessarily, in the treated particles TP several ferromagnetic
particles FP are bound to one another so as to increase the
response of said treated particles TP to the magnetic field. For
example, for this purpose, the interaction Dbetween the

desthiobiotin DTB and the Streptavidin STR can be exploited.

In accordance with a further aspect of the present invention, a
kit is provided for handling a treated sample TS (in particular,

as defined above).

In particular, the kit is configured to (designed to) provide

the system 1 as described above.

The kit comprises: a magnetic device 7 having a treatment chamber
2 and configured to (designed to) create a magnetic field in the
treatment chamber 2; a container 3 which 1is configured to
(designed to) contain the treated sample TS and to be housed
inside the treatment chamber 2, and has at least a side wall 4,
a bottom 5 and an (end) opening 6 opposite the bottom 5; and a

cannula 8, which has an open end 9.

The kit further comprises an alignment device 10, which 1is
configured to (designed to) be mounted in a manner which is
substantially fixed (but, in particular, removable - by an
operator) at the container 3 and has a through hole 11 configured
to (designed to) be engaged by the cannula 8 and keep the cannula
8 in a substantially fixed position and with an orientation such

that the cannula 8 is spaced from the side wall 4; and a suction
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device 12 which 1is configured to (designed to) create a
depression inside the cannula 8 so that a part of the treated
sample TS is carried through the cannula 8 out of the container

3 and out of the treatment chamber 2.

According to some non-limiting embodiments, the kit comprises a
duct 14 configured to (designed to) connect the cannula 8 and

the suction device 12 in a fluid-carrying manner.

According to some non-limiting embodiments, the alignment device
10 is configured to (designed to) be arranged in the area of

the opening 6 of the container 3.

In particular, the duct 14 has a first end configured to
(designed to) couple with the cannula 8 and a second end

configured to (designed to) couple with the suction device 12.

In particular, the duct 8 is pliable.

Advantageously but not necessarily, the kit comprises
ferromagnetic particles FP designed to (configured to) bind (in
particular, in a selective manner) with the particles CE of the

first type.

In particular, the ferromagnetic particles are provided with at
least one antibody configured to (designed to) bind (more in
particular, in a selective manner) with particles CE of the
first type. For example, 1f the particles CE of the first type
are CTC, the antibody is designed to bind (in particular,

selectively) with the EPCAM (Epithelial Cell Adhesion Molecule).

According to some non-limiting embodiments, the kit further
comprises a marker for marking (in particular, substantially
selectively) some particles (in particular, the particles CE of

the first type).
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More precisely but not necessarily, the marker (in particular,
is fluorescent and) emits at one or more given wavelengths (in

particular, in the ultraviolet).

Advantageously but not necessarily, the marker is selected from
the group consisting of: a marker for tumor cells (in particular,
CTC), a marker for White Blood Cells (WBC), a marker for the
nuclei of the cells and a combination thereof (namely, a mixture

thereof) .

According to some non-limiting examples, the marker is selected
from the group consisting of: cytokeratin (in particular, for
marking tumor cells — more in particular, for marking CTC), CD45
(PTPRC - protein tyrosine phosphatase, receptor type C), in
particular for marking the white blood cells (WBC), DAPI (4',6-
diamidino-2-phenylindole), in particular for marking the nuclei
of the cells, and a combination thereof (namely a mixture
thereof) .

Advantageously but not necessarily, the various components of
the above-mentioned kit are as defined above in relation to the

system 1.

In accordance with a further aspect of the present invention, a

handling method is provided for handling a treated sample TS.

The method comprises: a preliminary step, during which the
treated sample TS (of biological origin) comprising treated
particles TP, each comprising a particle CE of a first type and
at least one ferromagnetic particle FP bound to the particle CE
of the first type, 1is inside a container 3 having at least one
side wall 4, a bottom 5 and an (end) opening 6 opposite the
bottom 5; an insertion step, during which the container 3 is
inserted in a treatment chamber 2 of a magnetic device 7; and a
coupling step, which is subsequent to the preliminary step and

during which an alignment device 10 having a through hole 11 is
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coupled stably to the container 3.

Advantageously but not necessarily, the insertion step 1is

subsequent to the preliminary step.

Advantageously but not necessarily, the preliminary step, the
insertion step and the coupling step are performed by an operator

(in particular, by hand).

The method further comprises a positioning step, which 1is
subsequent to the coupling step and during which a cannula 8
having an open end 9 is made to slide through the through hole
11 without touching the side wall 4 until reaching a given
position (in particular, so as to come into contact with the
bottom 5), 1in which the open end 9 1is arranged inside the
container 3 separated (spaced) from the side wall 4; an
activation step, which is subsequent to the insertion step and
during which the magnetic device 7 creates (in particular, is
operated so as to create) a magnetic field which brings at least
part of the treated particles TP into contact with the side wall
4; and a suction step, which is subsequent to the positioning
step and to the operation step and during which a suction device
12 creates a depression inside the cannula 8 so that a part of
the treated sample TS is carried through the cannula 8 out of
the container 3 (and out of said treatment chamber 2) leaving
(at least a portion of the) at least part of the treated
particles TP inside the container 3 (in particular, in contact

with the side wall 4).

Advantageously but not necessarily, the positioning step (the
operation step) and the suction step are performed by an operator
(in particular, by hand). In particular, during the suction

step, the operator activates the suction device 12.

Advantageously but not necessarily, the method is implemented

by means of the kit described above.
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According to some non-limiting embodiments, the treated sample
TS comprises particles of a second type (not illustrated), at
least a major part of which is carried through the cannula 8

out of the container 3, during the suction step.

In particular, the ferromagnetic particles FP are selectively
bound to the particles CE of the first type and not to the
particles of the second type.

In some non-limiting cases, the particles CE of the first type
are those of interest (in particular, they are further handled
and/or analyzed). In these cases, in particular, the particles

of the second type are simply discarded.

Alternatively, the particles of the second type are those of
interest (in particular, they are further handled and/or
analyzed). In these cases, 1in particular, the particles CE of

the first type are simply discarded.

According to some non-limiting embodiments the at least one
(each) ferromagnetic particle FP (of one - each - treated
particle TP), is bound to the (respective) particle CE of the
first type by means of (at least) one antibody (specific for

that particle).

According to some non-limiting embodiments, the method also
comprises a decoupling step, during which at least part of the
ferromagnetic particles FP are detached from the particles CE
of the first type. In these cases, for example, 1f the
interaction between the desthiobiotin DTB and the Streptavidin

STR has been exploited, the biotin can be used.

Advantageously but not necessarily, the treated sample TS
comprises particles of a further type different from the

particles CE of the first type. In these cases, the method, in
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particular, comprises a step of marking, during which a marker
binds in a substantially selective manner (in particular,
relative to the particles of the further type) with the particles
CE of the first type or in a substantially selective manner (in
particular, relative to the particles CE of the first type) with
the particles of the further type. The marker improves the
distinction between the particles CE of the first type and the
particles of the further type.

For example, the marker comprises fluorescent molecules with one

or more given wavelengths (in particular, in the ultraviolet).

In particular, the marker comprises antibodies designed to
selectively bind with the particles CE of the first type or with
the particles of the further type. More in particular, the marker
comprises (is) molecules consisting (each) of (at least) an
antibody (designed to selectively bind with the particles CE of
the first type or with the particles of the further type) and

(at least) a fluorophore.

Advantageously but not necessarily, the marker is selected from
the group consisting of: a marker for tumor cells (in particular,
CTC), a marker for white blood cells (WBC), a marker for the
nuclei of the cells and a combination thereof (namely a mixture
thereof) .

According to some non-limiting examples, the marker is selected
from the group consisting of: cytokeratin (in particular, for
marking tumor cells), CDh45 (PTPRC - protein tyrosine
phosphatase, receptor type C), in particular for marking the
white blood cells (WBC), DAPI (4',6-diamidino-2-phenylindole),
in particular for marking cells with nuclei and a combination

thereof.

Advantageously but not necessarily, the marking step 1is

subsequent to the suction step.
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In particular, during the marking step, a solution containing
the marker is placed in the container 3 (inside which the treated
particles TP are arranged — more precisely, the treated sample

TS is arranged) .

Advantageously but not necessarily, while the solution
containing the marker is placed in the container 3, the treated
particles TP are kept in contact with the side wall 4 thanks to

the magnetic field generated by the magnetic device 7.

According to some non-limiting embodiments, during the marking
step, the above-mentioned marker binds 1n a substantially
selective manner (in particular, relative to the particles of
the further type) with the particles CE of the first type and a
further marker (different from the above-mentioned marker) binds
in a substantially selective manner (in particular, relative to
the particles CE of the first type) with the particles of the
further type.

In these cases, 1in particular, the further marker comprises
antibodies designed to selectively bind with the particles CE
of the first type. More 1in particular, the further marker
comprises (is) molecules consisting (each) of (at least) an
antibody (designed to selectively bind with the particles CE of
the first type) and (at least) a fluorophore. Moreover, the
further marker comprises antibodies designed to selectively bind
with the particles of the further type. More in particular, the
further marker comprises (is) molecules consisting of (at least)
an antibody (designed to selectively bind with the particles of
the further type) and (at least) a further fluorophore.

According to some non-limiting examples, the further marker 1is
selected from the group consisting of: cytokeratin (in
particular, for marking tumor cells), CD45 (PTPRC - protein

tyrosine phosphatase, receptor type C), 1in particular for
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marking the white Dblood cells (WBC), DAPI (4',6-diamidino-2-
phenylindole), in particular for marking cells with nuclei, and

a combination thereof.

According to some non-limiting embodiments, the marking step
comprises a sub-step of permeabilization, during which the
permeability of external (cell) membranes of the particles CE
of the first type (or of the further type) 1is increased so as
to allow the marker (or the further marker) to enter the inside

of the particles CE of the first type (or of the further type).

In accordance with some non-limiting variations, the increase
in permeability of the membranes 1is obtained by using an

appropriate reagent.

Advantageously but not necessarily, the method also comprises a
fixing step subsequent or previous to (or simultaneous with) the
marking step (in particular, previous to the activation step).
Typically but not necessarily, the fixing step is subsequent to

the preliminary step.

In accordance with some non-limiting variations, the fixing is

obtained by using an appropriate reagent.

Advantageously but not necessarily, the method also comprises a
removal step, which is (at least partially) subsequent to the
marking step and during which at least part of the solution

containing the marker is removed from the container 3.

In particular, during the removal step, the treated particles
TP are kept 1in contact with the side wall 4 thanks to the

magnetic field generated by the magnetic device 7.

According to some non-limiting embodiments, the method also
comprises a washing step, which 1s (at least partially)

subsequent to the removal step and during which a buffer is
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inserted in the container 3 and, subsequently, at Ileast

partially removed.

In particular, during the washing step, the treated particles
TP are kept in contact with the side wall 4 thanks to the

magnetic field generated by the magnetic device 7.

According to some non-limiting variations, the particles of the
further type are part of the particles of the second type (for
example, left inside the container 3 after the suction step).
Alternatively, the particles of the further type are different

from the particles of the second type.

In accordance with a further aspect of the present invention, a
process 1is provided for handling an 1initial sample (of
biological origin) comprising particles CE of a first type
(e.g., CTC). The process comprises a treatment step, during
which ferromagnetic particles FP able to selectively bind with
the particles CE of the first type are combined with the
particles CE of the first type so as to obtain a treated sample
TS comprising treated particles TP, each of which comprises a
particle CE of a first type and at least a ferromagnetic particle
FP bound to the particle CE of the first type; and a handling

method as described above.

According to some non-limiting embodiments, the ferromagnetic
particles FP are provided with at least one antibody configured
to (designed to) bind (in particular, in a selective manner)
with the particles CE of the first type. In particular, during
the treatment step the ferromagnetic particles FP bind with the
respective particles CE of the first type by means of the cited
antibody.

Advantageously but not necessarily, the treatment step precedes
the preliminary step. In particular, during the treatment step

the ferromagnetic particles FP are inserted inside the container
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3, in which the particles CE are arranged (in particular, the

initial sample is arranged).

According to some non-limiting embodiments, the initial sample
(of biological origin) comprises (in particular, 1is) any

biological liquid.

Advantageously but not necessarily, the initial sample comprises
(in particular, is) blood, plasma, saliva, urine, liquid biopsy,
a buffer containing cells (in particular, of tissue) 1in
suspension (resuspended) and/or culture medium containing cells

(in particular, of tissue) in suspension (resuspended).

According to some non-limiting embodiments, the initial sample
comprises (in particular, 1s) blood, plasma, saliva, urine and

a combination thereof.

In some specific non-limiting cases, the initial sample
comprises (in particular, is) blood and/or plasma (in

particular, blood).

Advantageously but not necessarily, the process also comprises
a removal step, which is prior to the treatment step (and, in
particular, prior to the preliminary step) and during which at
least a major portion of the (of plasma contained in the) initial
sample 1is removed and separated from the particles CE of the
first type (from the container 3). In particular, 0.5 to 1 mL

of plasma remains inside the container 3.

Figure 11 schematically illustrates a non-limiting example of
the above-mentioned process, in which the initial sample (blood)
with the addition of a buffer is centrifuged (to separate the
plasma) (A); the diluted plasma is removed (B); ferromagnetic
particles FP (and further buffers) are added (C) so as to obtain
the treated sample TS containing the treated particles TP; a

maghetic field (D) 1is applied so as to carry the treated
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particles onto the side wall 4 of the container 3; a portion of
the treated sample TS (containing non-marked cells) is removed
(F); the treated particles TP are washed (G); dye reagents are
added to the treated particles TP (H), which are washed again
after a new application of the magnetic field (I); the treated
particles TP are resuspended in a small volume (L) and loaded

in an analysis and/or counting device.

In accordance with the above, the subject of the present
invention allows for the enrichment (and marking) of particles
(in particular, cells) of interest in a simple, rapid and
inexpensive manner, and the removal of negative particles (in
particular, cells) (it 1is possible to use both the positive
sample fraction - which includes the particles of interest - and

the negative fraction - with the negative particles).

The result obtained can be used to prepare the material for an
analysis/sorting system/device (for example prior to the
DEPArray™ device produced by the same applicant) or for purposes

of cell culture, genetic analysis, counting, cytometry etc.

Unless explicitly indicated otherwise, the content of the
references (articles, books, patent applications etc.) cited in
this text 1s referred to here in full. In particular the

mentioned references are incorporated here for reference.
Further characteristics of the present invention will become
clear from the following description of merely illustrative and
non-limiting examples.

Example 1

This example describes the results of some experimental tests

carried out

The subject of the present invention was tested and comparative
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tests were carried out with the results obtained with a fully
automated system currently on the market (the

CellSearch™) .

system called

With particular reference to figure 12, tests were carried out

starting from a sample of epithelial cells suspended in a buffer

solution. The results are shown in table 1 below.
Table 1

CM Csl Cs2
Number of tests 11 2 12
Average type of samples 1088 1088 1108
marked with first color
upon entry
Average type of samples 50 50 57
marked with second
color upon entry
Average type of samples 899 985 968
marked with first color (82.6%) (90.5%) (87.4%)
upon exit
Average type of samples 45.8 45 (90%) 54.8
marked with second | (91.6%) (96.2%)
color upon exit
S.D. of average of 16.60% 1.90% 2.60%
samples marked with
first color upon exit
S.D. of average of 29% 14.10% 14.80%
samples marked with
second color upon exit

It should be noted that in the above table 1 CM indicates the
results obtained with a system 1 in accordance with the present

invention; CS1 and CS2 indicate the results obtained with two

different versions of the completely automated system currently

on the market (CellSearch™); S.D. indicates the standard

deviation.
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(in particular,
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the reference number 23 indicates a cell counting

the Celltracks Analyzer I19).

(BL)

healthy donor, to which tumor cells (PC3-9) were added.
results are shown below in table 2.
Table 2
CM Csl
Number of tests 8 8
Number of PC3-9 upon entry 1087 1087
PC3-9 averages upon exit 45.85% 42.04%
S.D. PC3-9 averages upon exit 7.44% 3.41%

Note that in the above table 2, CM indicates the results obtained

with a system 1 in accordance with the present invention.

In figure 13,
machine

reference number 24

automated system currently on the market

System) .

With particular reference to figure 14,
starting from a sample obtained from blood

(SKBr3)

healthy donor,

(in particular,

to which tumor cells

the Celltracks

results are shown below in table 3.

the reference number 23 indicates a cell counting
and the
indicates the above-mentioned completely

(CELLTRACKS® AUTOPREP®

Analyzer 119)

tests were performed

(BL)

were added.

Table 3
CM CS1
Number of tests 15 15

Number of samples

upon entry

13 tests with 542,
2 tests with 2168

13 tests with 542,
2 tests with 2168

samples upon exit

Average samples 51.67% 61.25%
upon exit
S.D. average 10.69% 15.67%

tests were performed

taken from a

taken from a
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Note that in the above table 3, CM indicates the results obtained
with a system 1 in accordance with the present invention; CS1
indicates the results obtained with a completely automated
system currently on the market (CellSearch™); S.D. indicates

the standard deviation.

The events indicated in tables 1 and 3 above indicate single

SKBr3 or clusters of SKBr3 (which tend to agglomerate).

In figures 13 and 14, the reference number 23 indicates a cell
counting machine (in particular, the Celltracks Analyzer II®);
the reference number 24 indicates the above-mentioned completely
automated system currently on the market; the reference number
25 indicates a washing system (in particular, a centrifuge for
15 ml test tube and 1.5 ml PCR test tube: any supplier); the
reference number 26 indicates a system for reduction of the
volume (in particular, a VRNxT™ by Menarini Silicon Biosystems
was used); the number 27 indicates a sorting device known under

the trade name DEPArray™,

As can be easily noted from the above experimental data, the
subject of the present invention, despite its decidedly lower
cost and complexity, had a comparable precision and, 1in some
cases, was higher than that of the automated system currently

on the market.

In the tests performed, the following were used:

anti-EpCAM ferrofluid containing a 0.022% suspension of magnetic
particles bound to a mouse monoclonal antibody specific for the
cell surface marker EpCAM present on the epithelial cells in a
buffer containing 0.03% of bovine serum albumin (BSA) and

conserving ProClin 300 at 0.05%.

Dilution buffer containing buffer with 0.1% sodium azide.
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The following procedure (indicating a non-limiting example of
the method) was followed. 7.5 ml of blood were transferred to a
test tube, diluted with 6.5 ml of buffer and, subsequently,
stirred and centrifuged for approximately 10 minutes (at
approximately 800 g). The plasma (supernatant) was removed by
means of a ©pipette leaving approximately 0.5-1 ml and

approximately 6 ml of dilution buffer were added.

After brief stirring of the test tube, 150 ul of reagent were
added to 1improve the capture (0.02% reagent for controlled
ferrofluidic aggregation, 0.5% BSA, 0.1% of sodium azide in

buffer) and the above-mentioned ferrofluid (150 ul).

After brief stirring, the test tube was placed in the treatment

chamber 2 of the magnetic device 7 (figures 1-10) for 10 minutes.

After further stirring (with removal of the test tube from the
chamber), and a fixed residence in the treatment chamber 2 of
approximately 20 minutes, the suction device 12 was mounted and
operated (maintaining the test tube inside the magnetic device

7) to suck the negative fraction.

The sample obtained was then washed with dilution buffer using

the magnetic device 7 following a similar method.

In order to allow recognition of the target cells by means of
fluorescence 1images, the sample was further treated with
permeabilization reagent, dye reagent (containing mouse
monoclonal antibodies specific for cytokeratins bound to
phycoerythrin (PE) and mouse monoclonal antibody anti-CD45 bound
to allophycocyanin (APC)) and dye for nucleic acid (containing
4 '6-diamidino-2-phenylindole dihydrochloride (DAPI)),
resuspending the sample to allow mixing of the reagents and

incubating at ambient temperature for 20 minutes in the dark.
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The sample was then washed by diluting with 2 ml of dilution
buffer, keeping the test tube in the magnetic device 7 for
approximately 15 minutes prior to the suction performed by means
of the suction device 12. Lastly, the sample was fixed by means

of a cell fixative and resuspended in the final volume.

The DEPArray™ and the CellSearch™ were used following the

respective manufacturer instructions.

The samples processed with the DEPArray™ were washed with a

further buffer before resuspension in the final volume.
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CLAIMS

1.- A system for handling a treated sample (TS) comprising
treated particles (TP), each comprising a particle (CE) of a
first type and at least one ferromagnetic particle (FP) bound
to said particle (CE) of the first type;

the system (1) comprises a treatment chamber (2); a container
(3), which is configured to contain said treated sample (TS),
is at least partially placed in said treatment chamber (2) and
has at least a side wall (4), a bottom (5) and an opening (6)
opposite the bottom (5); a magnetic device (7), which 1is
configured to create at least one magnetic field in at least
part of the treatment chamber (2) so as to move at least part
of the treated particles (TP) onto the side wall (4) of said
container (3); a cannula (8), which has an open end (9) placed
inside said container (3); an alignment device (10), which is
placed in a substantially fixed manner in the area of said
container (3) and has a through hole (11), through which said
cannula (8) extends; and a suction device (12), which is
configured to create a depression inside said cannula (8) so
that part of said treated sample (TS) is carried, through said
cannula (8), out of said container (3);

said cannula (8) and said alignment device (10) (in particular,
said through hole) being configured so that said open end (9)
is placed inside said container (3) spaced from said side wall

(4) of the container (3).

2.- The system according to claim 1, wherein said alignment
device (10) is placed in the area of said opening (6) of said
container (3); the alignment device (10) (in particular, said
through hole) and said cannula (8) being configured so that the

cannula (8) 1is spaced from the side wall (4).

3.- The system according to claim 1 or 2, wherein said alignment
device (10) 1is placed in the area of said container (3) (in

particular, 1in the area of said opening (6) of the container)
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in a removable manner; said cannula (8) extends through said
through hole (11) in a removable manner; said through hole (11)
being configured so that, in use, while the cannula (8) 1is
inserted through the through hole (11), said open end (9) of the
cannula (8) (in particular, the cannula) is kept at a distance
from said side wall (4); in particular, said cannula (8) being

substantially rigid.

4.- The system according to any one of the preceding claims, and
comprising a collection chamber (13), which is connected to said
cannula (8) in a fluid-carrying manner and is placed on the
outside of said treatment chamber (2); the suction device (12)
is configured to create a depression inside said cannula (8) so
that said part of said treated sample (TS) is carried, through
said cannula (8), to the collection chamber (13); in particular,
the system (1) also comprises a duct (14), which connects said

cannula (8) to said collection chamber (13) in a fluid-carrying

manner.
5.- The system according to any one of the preceding claims,
wherein said suction device (12) and said cannula (8) (and, in

particular, said duct) are configured so as to obtain a water
flow speed through said open end (9) up to about 30 mL/min, in
particular, up to about 15 mL/min; in particular, the suction
device (12) and the cannula (8) (and, in particular, said duct)
are configured so as to obtain a water flow speed through the
open end (9) of at least about 1 mL/min, more in particular, of

at least about 4 mL/min.

6.- The system according to any one of the preceding claims,
wherein the suction device (12) (and, 1in particular, the
collection chamber (13); more in particular, the cannula (8);
and, more in particular, said duct) is configured so as to suck
up to about 50 mL (in particular, up to about 30 mL) of liquid
through said open end (9); in particular, said treatment chamber

(2) and said container (3) each have an inner volume up to about
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55 mL (in particular, up to about 13 mL).

7.- The system according to any one of the preceding claims,
wherein said through hole (11) has an inner surface, which
extends around said cannula (8) along at least about 0.5 cm of

the longitudinal extension of the cannula (8).

8.—- The system according to any one of the preceding claims,
wherein said cannula (8) is substantially straight; said through

hole (11) is substantially straight.

9.- A kit for handling a treated sample (TS); the kit is
configured to obtain a system (1) according to any one of the
preceding claims; the kit comprises:

a magnetic device (7) having a treatment chamber (2) and
configured to create a magnetic field in the treatment chamber
(2) 7

a container (3), which is configured to contain said treated
sample (TS) and to be housed inside said treatment chamber (2)
and has at least a side wall (4), a bottom (5) and an opening
(6) opposite the bottom (5);

a cannula (8), which has an open end (9);

an alignment device (10), which is configured to be mounted in
a substantially fixed manner in the area of said container (3)
and has a through hole (11) which is configured to be engaged
by said cannula (8) and to keep the cannula (8) in a
substantially fixed position and with a substantially fixed
orientation and such that the cannula (8) 1is spaced apart from
said side wall (4) of the container (3); and

a suction device (12), which is configured to create a depression
inside said cannula (8) so that part of said treated sample (TS)

is carried, through said cannula (8), out of said container (3).

10.- The kit according to claim 9 and comprising a duct (14),
which is configured to connect said cannula (8) and said suction

device (12) in a fluid-carrying manner; said alignment device
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(10) being configured to be placed in the area of said opening
(6) of the container (3); in particular, the duct (14) has a
first end, which is configured to be coupled to the cannula (8),
and a second end, which is configured to be coupled to the

suction device (12); in particular, the duct (14) is pliable.

11.- The kit according to claim 9 or 10, wherein said cannula
(8) has an inner diameter up to about 12 mm, in particular up
to about 1 cm; in particular, the cannula (8) has an inner
diameter of at least about 0.3 mm, more in particular, at least

about 0.5 mm.

12.- The kit according to any one of the claims from 9 to 11
and comprising ferromagnetic particles (FP), which are provided
with at least one antibody configured to be bound to particles
(CE) of the first type;

the kit further comprises at least one marker chosen from the
group consisting of: a marker for tumor cells (in particular,
CTCs), a marker for white blood cells (WBCs), a marker for the
nuclei of the cells, and a combination thereof; in particular,
the marker 1s selected from the group consisting of:
cytokeratin, CD45 (PTPRC - protein tyrosine phosphatase,
receptor type C), DAPI (4',6-diamidino-2-phenylindole) and a

combination thereof.

13.- A method of handling a treated sample (TS); the method
comprises:

a preliminary step, during which the treated sample (TS), which
comprises treated particles (TP), each comprising a particle
(CE) of a first type and at least one ferromagnetic particle
(FP) bound to said particle (CE) of the first type, is in a
container (3) having at least a side wall (4), a bottom (5) and
an opening (6) opposite the bottom (5);

an insertion step, during which said container (3) is inserted
into a treatment chamber (2) of a magnetic device (7);

a coupling step, which is subsequent to the preliminary step and



10

15

20

25

30

35

WO 2022/049520 PCT/1B2021/058024
35

during which an alignment device (10) having a through hole (11)
is coupled to said container (3) in a stable manner;

a positioning step, which is subsequent to the coupling step and
during which a cannula (8) having an open end (9) is caused to
go through the through hole (11) without touching said side wall
(4) until it reaches a given position, in which said open end
(9) is placed inside said container (3) separate from said side
wall (4) of the container (3);

an activation step, which is subsequent to the insertion step
and during which the magnetic device (7) creates a magnetic
field, which causes at least part of said treated particles (TP)
to come into contact with said side wall (4); and

a suction step, which is subsequent to the positioning step and
to the activation step and during which a suction device (12)
creates a depression inside said cannula (8) so that part of the
treated sample (TS) is carried, through said cannula (8), out
of said container (3) leaving at least a portion of said at

least part of the treated particles (PT) inside the container.

14.- The method according to claim 13 and implemented by means
of the kit according to any one of the claims from 9 to 12; in
particular, the treated sample (TS) comprises particles of a
second type, at least a major part thereof being carried, through
said cannula (8), out of said container (3) during said suction
step; 1in particular, the particles (CE) of the first type are

circulating tumor cells.

15.- The method according to claim 13 or 14, wherein the
particles (CE) of the first type are chosen from the group
consisting of: CICs, CECs (Circulating Endothelial Cells), CMCs
(Circulating Melanoma Cells), CMMCs (Circulating Multiple
Myeloma Cells), tdEVs (tumor derived Extra Vescicles), exosomes,
fetal cells, stem cells, other rare cells, viruses, bacteria,
FFPE (Formalin-Fixed Paraffin-Embedded), spermatozoa, blood
cells, epithelial cells, DNA, RNA, microspheres.
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16.- The method according to any one of the claims from 13 to
15, wherein the treated sample (TS) comprises particles of a
further type different from the particles (CE) of the first
type; the method comprises a marking step, during which a marker
is bound in a selective manner (in particular, relative to the
particles of the further type) to the particles (CE) of the
first type or in a selective manner (in particular, relative to
the particles (CE) of the first type) to the particles of the
further type; for example, the marker comprises fluorescent

molecules with one or more given wavelengths.

17.- A process of handling an initial sample comprising
particles (CE) of a first type; the process comprises a treatment
step, during which ferromagnetic particles (FP) capable of being
selectively bound to said particles (CE) of the first type are
mixed with the particles (CE) of the first type so as to obtain
a treated sample (TS) comprising treated particles (TP), each
comprising a particle (CE) of a first type and at least one
ferromagnetic particle (FP) bound to said particle (CE) of the
first type; and a method according to any one of the claims from
13 to 1le.

18.- The process according to claim 17, wherein the initial
sample comprises a biological liquid selected from the group
consisting of: blood, plasma, saliva, urine, liquid biopsy, a
swab containing cells in suspension, a culture medium containing
cells in suspension, and a combination thereof; in particular,
the process also comprises a removal step, which is prior to the
treatment step and during which at least a major part of the
initial sample is removed and separated from the particles (CE)

of the first type.



