EP 4 115 981 A1

(19)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
11.01.2023 Bulletin 2023/02

(21) Application number: 21184700.9

(22) Date of filing: 09.07.2021

(11) EP 4115 981 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
B03C 1/01 (2006.01) B03C 1/033 (2006.07)
BO3C 1/28 (2006.01

(52) Cooperative Patent Classification (CPC):
B03C 1/288; B0O3C 1/01; BO3C 1/0332;
B03C 1/0335; B03C 1/284; BO3C 2201/18;
B0O3C 2201/26

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Miltenyi Biotec B.V. & Co. KG
51429 Bergisch Gladbach (DE)

(72) Inventors:
¢ MILTENYI, Stefan
51429 Bergisch Gladbach (DE)

« STEINBRUCK, Philipp

51429 Bergisch Gladbach (DE)
« ROCKENBACH, Alexander

51429 Bergisch Gladbach (DE)
e ZHOU, Chen

51429 Bergisch Gladbach (DE)

(74) Representative: Kisters, Michael Marcus
Miltenyi Biotec B.V. & Co. KG
Friedrich-Ebert Strasse 68
51429 Bergisch Gladbach (DE)

(54)

(67)  Theinvention is directed to a cell separation de-
vice comprising a magnet generating a magnetic field
and a separation column characterized in that the mag-

rotation

’a nent
magnet

Fig. 1

fixed Iumﬂ

MAGNETIC SEPARATION WITH ROTATING MAGNETIC FIELD/ROTATING COLUMN

netic field and the separation column are capable of ro-
tating relative to each other.

permanent
magnet

rotation

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 115 981 A1 2

Description
BACKGROUND

[0001] Theinvention is directed to a device and a proc-
ess for magnetic cell separation comprising a magnet
producing a magnetic field and a separation column
wherein the magnetic fields and separation column can
be rotated relative each other.

[0002] Magnetic cell separation is a long-known tech-
nology, especially under the trade name MACS of
Miltenyi Biotec B.V. & Co. KG. In this technology, cells
are, magnetically labelled and separated from non-mag-
netic cells by a high-gradient magnetic separator (col-
umns), for example as provided by Miltenyi Biotec B.V.
& Co. KG. Such process and device are disclosed for
example in US6602422B1.

[0003] Inordertoobtain the separated cells afterwards
from the column, either the column can be removed from
the magnetic field as conventional MACS technology
states or using "REAlease" technology wherein the mag-
netic label is removed after separation from the individual
cells.

[0004] In both cases, part of the cell population is still
retained in the column due to cell-cell or cell-column ad-
hesion, leading to lower yield. By using a plunger, as
proposed by EP3400983B1, inducing extremely high
flowrate, the remaining cell population can be completely
eluted, which has however various detrimental effects.
Furthermore, no further selection of cells can be made
after applying plunging due to the unspecific elution.

Object of the invention

[0005] Accordingly, object of the invention was to en-
hance the elution efficiency of the known magnetic cell
sorting devices.

[0006] Surprisingly, this was accomplished by subject-
ing the column with the retained target cells to a rotating
magnetic field, thereby mechanically releasing adhered
target cells from the column.

[0007] First object of the invention is a cell separation
device comprising a magnet generating a magnetic field
and a separation column characterized in that the mag-
netic field and the separation column are capable of ro-
tating relative to each other.

[0008] The relative rotation of the magnetic field
against the separation column may be accomplished by
either a static separation column and a rotating magnetic
field or a static magnetic field and a rotating separation
column.

[0009] The term "subjecting the target cells / the sep-
aration column to a rotating magnetic field" refers to the
magnetic forces interacting with the target cells / the sep-
aration column. The term refers to both embodiments, i.
e. fixed (static) separation column and a rotating mag-
netic field or a static magnetic field and a rotating sepa-
ration column.
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[0010] Without being bound to this theory, the rotation
results in a new orientation of the magnetic field which
causes changes in spots of magnetic attraction, further
leading to movements of magnetically labelled cells or
magnetic micro-beads. The movements of the cells can
release cells from adhering to column wall or to each
other. Further movements of magnetic particles can
cause increased flowrate which also facilitates the de-
tachment of the cells during elution.

[0011] Another object of the invention is a process for
magnetic separation of target cells from a sample com-
prising target and non-target cells wherein

a) the sample is provided with magnetic beads which
bind selective to the target cells;

b) subjecting the sample in a separation column to
a magnetic field thereby removing the non-target
cells and retaining the target cells in the separation
column;

c) removing the separation column from the magnet-
ic field and obtaining the target cells from the sepa-
ration column by flushing the target cells from the
separation column with a liquid

characterized in that

the retained target cellsin the separation column are sub-
jected to a rotating magnetic field obtained from the sep-
aration column by flushing the target cells from the sep-
aration column with a liquid in absence of a magnetic
field .

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings shall explain the invention and its
embodiments without limiting the scope of the claims.

Fig. 1 shows an embodimentof the invention wherein
the magnetic field rotates relative to a fixed column.
Fig. 2 shows an embodimentof the invention wherein
amagnet (1) generates a static (fixed) magnetic field
wherein separation column (2) is rotated in the mag-
netic field by a mechanical power transmission
mechanism (3) powered by an appropriate motor (4)
Fig. 3 and 4 show variants of the invention providing
a magnet capable of rotational movement relative to
the separation column located between the poles (1)
(not shown). The yoke is located on mechanical
structure (4) providing mechanical power transmis-
sion via axial bearing (4) from motor (5).

Fig. 5 shows another variant of the invention with a
rotating magnetic field provided by pairs of electro-
magnets (1). The magnetic field is generated by coils
(2). By activating pairs of coils located at opposing
sides of each other, different directions of the mag-
netic field can be achieved. By rotating the activation
of coil pairs, a rotating magnetic field is generated.
(3) indicates the separation column with iron shots

(4).
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DETAILED DESCRIPTION

[0013] The rotation of the magnetic field relative to the
column can be achieved by rotation of the separation
column in a static magnetic field or by rotation of the
magnetic field relative to a static column.

[0014] Inthe invention, the magnetic field and the sep-
aration column may rotate relative to each in a full circle
i.e. by a rotational movement in one direction (clockwise
or counter-closes). The term "full circle" refers to move-
ments of more than 360 degrees.

[0015] Inanother variant of the invention, the magnetic
field and the separation column are capable of rotating
relative to each other in alternating directions, for exam-
ple in alternating directions for 5 to 360 degrees. The
type of rotation can be continuous in clockwise or coun-
terclockwise direction or in alternating clockwise or coun-
terclockwise direction with a degree of rotation of 5 to
360 degrees, for example of 60°, 90°, 120°, 180° or 360°.
[0016] In any case, the speed of rotation can be 10
rpm to 60 rpm, preferable between 20-40 rpm. The speed
of changing the rotational movement in alternating direc-
tions may be in the same magnitude like 10 to 60 rpm,
preferable between 20-40 rpm.

[0017] As already pointed out, in the invention the sep-
aration column may by capable of rotating in a static mag-
netic field or in alternative, the magnetic field is capable
of rotating relative to a static separation column.

[0018] Inthefirstembodimentofthe invention, the sep-
aration column is provided with a mechanical power
transmission mechanism, for example a belt drive, a fric-
tion wheel drive or a gear wheel. An example of a mech-
anism of the first embodiment is shown in Fig. 2. The
rotatable column can have an open end for direct pipet-
ting (Fig. 2).

[0019] The rotatable column can be provided with a
closed tubing system, wherein a rotatable adaptor or a
flexible tubing section allows separate rotation of the col-
umn relative to the rest part of the tubing.

[0020] In the second embodiment of the invention, the
magnetic field is capable of rotation relative to a static
separation column. The static column can be provided
with a (standard) closed tubing system.

[0021] To this end, the magnets and/or the yoke of the
magnets may be located on a rotating platform which is
driven by an electric motor via gear wheels. Fig 3 and 4
show examples of this embodiment, with open or single-
sided closed yokes (2). The magnets (1) can be perma-
nent magnets or electromagnets, providing the north and
south pole of the magnetic field.

[0022] The rotational movement can be achieved by
appropriate mechanical power transmission mechanism
like a gear, a belt drive or a friction wheel drive or other
mechanical power transmission mechanisms

[0023] In a variant of this embodiment, the magnetic
field is generated by an array of electromagnets wherein
the electromagnets are activated and deactivated in an
alternating sequence. Here, pairs of magnets opposing

10

15

20

25

30

35

40

45

50

55

each other are switched on and off in a coordinated proc-
ess generating a rotating magnetic field. A suitable
number of magnets might be a pair of magnets every 30°
or 60°

EXAMPLES

Example 1 - Isolation of B Cells - Elution without plunger
and rotation of the column during the elution in a static
magnetic field

[0024] Peripheral blood mononuclear cells (PBMC)
were prepared from buffy coat preparations from human
whole blood. The current state-of-the-art reagent for iso-
lation of B Cells "REAlease® CD19 MicroBead Kit, hu-
man" (MiltenyiBiotec) was uses. 1xE+07 PBMC was la-
belled with the reagents accordingly to the protocol. The
cells were applied to a prepared high gradient magnetic
column (HGMC) and a wash was proceeding with 3 times
0,5mL buffer. To elute the cell of interest, two times 7mL
of the REAlease® Bead Release buffer was applied to
the column. While the buffer runs through the column,
the column was rotated with 30rpm. The flowthrough was
collected as target fraction. Residual cells were eluted
by using the plunger and 1mL PBS buffer and collected
as plunger fraction. The sum of the amount of CD19 pos-
itive cells within the target fraction and CD19 positive
cells within plunger fraction represents the total amount
of isolated CD19 positive cells.

[0025] The efficiency of the elution without plunger was
calculated by the amount of CD19 positive cells divided
by the total amount of isolated CD19 positive cells.
[0026] As a control the elution of cell of interest was
performed without rotation of the column. The mean ef-
ficiency of the elution with rotation was calculated with
93,1%. The mean efficiency of the elution without rotation
was calculated with 82,1%.

Example 2 - Isolation of B Cells - Elution without plunger
and short rotation of the column during the elution in a
static magnetic field

[0027] PBMC were prepared from buffy coat prepara-
tions from human whole blood. The current state-of-the-
art reagent for isolation of B Cells "REAlease® CD19 Mi-
croBead Kit, human" (MiltenyiBiotec) was uses. 1xE+07
PBMC was labelled with the reagents accordingly to the
protocol. The cells were applied to a prepared HGMC
and a wash was proceeded with 3 times 0,5mL buffer.
To elute the cell of interest, 7mL of the REAlease® Bead
Release buffer was applied to the column. After the RE-
Alease® Bead Release buffer runs through the column,
the column was rotated 30 seconds with 30rpm. 7mL of
the REAlease® Bead Release buffer was applied to the
column. Both flowthroughs were collected as target frac-
tion. Residual cells were eluted by using the plunger and
1mL PBS buffer and collected as plunger fraction. The
sum of the amount of CD19 positive cells within the target
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fraction and CD19 positive cells within plunger fraction
represents the total amount of isolated CD19 positive
cells. The efficiency of the elution without plunger was
calculated by the amount of CD19 positive cells divided
by the total amount of isolated CD19 positive cells.
[0028] As a control the elution of cell of interest was
performed without rotation of the column. The mean ef-
ficiency of the elution with rotation was calculated with
88,5%. The mean efficiency of the elution without rotation
was calculated with 81,2%.

Example 3 - Isolation of CD4 positive T Cells - Elution
without plunger and rotation of the columnin a static mag-
netic field

[0029] PBMC were prepared from buffy coat prepara-
tions from human whole blood. The current state-of-the-
art reagent for isolation of B Cells "REAlease® CD4 Mi-
croBead Kit, human" (MiltenyiBiotec) was uses. 1XxE+07
PBMC was labelled with the reagents accordingly to the
protocol. The cells were applied to a prepared HGMC
and a wash was proceeded with 3 times 0,5mL buffer.
To elute the cell of interest, two times 7mL of the RE-
Alease® Bead Release buffer was applied to the column.
While the buffer runs through the column, the column
was rotated with 30rpm. The flowthrough was collected
as target fraction. Residual cells were eluted by using
the plunger and 1mL PBS bufferand collected as plunger
fraction. The sum of the amount of CD4 positive cells
within the target fraction and CD4 positive cells within
plunger fraction represents the total amount of isolated
CD4 positive cells. The efficiency of the elution without
plunger was calculated by the amount of CD4 positive
cells divided by the total amount of isolated CD4 positive
cells.

[0030] As a control the elution of cell of interest was
performed without rotation of the column. The mean ef-
ficiency of the elution with rotation was calculated with
98,5%. The mean efficiency of the elution without rotation
was calculated with 95,3%.

Claims

1. Cell separation device comprising a magnet gener-
ating a magnetic field and a separation column char-
acterized in that the magnetic field and the sepa-
ration column are capable of rotating relative to each
other.

2. Cell separation device according to claim 1 charac-
terized in that the magnetic field and the separation
column are capable of rotating relative to each in a
full circle.

3. Cell separation device according to claim 1 charac-
terized in that the magnetic field and the separation
column are capable of rotating relative to each other
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10.

in alternating directions.

Cell separation device according to claim 3 charac-
terized in that the magnetic field and the separation
column are capable of rotating relative to each other
in alternating directions for 5 to 360 degrees.

Cell separation device according to any of the claims
1 to 4 characterized in that the separation column
is capable of rotating in a static magnetic field.

Cell separation device according to any of the claims
1 to 5 characterized in that the magnetic field is
capable of rotating relative to a static separation col-
umn.

Cell separation device according to claim 6 charac-
terized in that the magnetic field is generated by an
array of electromagnets wherein the electromagnets
are activated and deactivated in an alternating se-
quence.

Process for magnetic separation of target cells from
a sample comprising target and non-target cells
wherein

d) the sample is provided with magnetic beads
which bind selective to the target cells;

e) subjecting the sample in a separation column
to a magnetic field thereby removing the non-
target cells and retaining the target cells in the
separation column;

f)removing the separation column from the mag-
netic field and obtaining the target cells from the
separation column by flushing the target cells
from the separation column with a liquid

characterized in that

the retained target cells in the separation column are
subjected to a rotating magnetic field obtained from
the separation column by flushing the target cells
from the separation column with a liquid in absence
of a magnetic field.

Process according to claim 9 characterized in that
the magnetic beads from the retained target cells are
removed thereby obtaining un-labelled target cells;
and removing the unlabelled target cells from the
separation column by subjecting the target cells to
a rotating magnetic field; and flushing the target cells
from the separation column with a liquid in absence
of a magnetic field

Process according to claim 8 and 9 characterized
in that the target cells are subjected to a rotating
magnetic field and flushed from the separation col-
umn with a liquid in absence of a magnetic field in 2
to 10 cycles.
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