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TITLE

A system for extraction of cells from a sample of tissue

FIELD OF THE INVENTION

The present invention relates to a system for extraction of cells from a sample
of tissue. The system can be used for extraction of stem cells, particularly

human mesenchymal stem cells (hMSCs) from adipose tissue.
STATE OF THE ART

Adult stem cells have an immense potential interest in the pharmaceutical and
medical domains. Adipose tissue is a promising source of stem cells suitable for
general cell therapy. The extraction of mesenchymal stem cells from adipose
tissue has a huge potential in combination with reconstructive surgery.
Currently, stem cells derived from adipose tissue have been employed in breast
reconstruction after partial mastectomy; further potential uses relate to
treatment of a large number of diseases including Parkinson’s, Alzheimer’s,
bone marrow diseases, cardiac and cerebral crises, burns, diabetes,
rheumatoid arthritis and others. The adipose tissue is easily available,
accounting for at least 10% of body weight of an individual; harvesting adipose

tissue from an adult is a simple procedure and is not an ethical issue.

The current technique for extraction of adipose-derived mesenchymal stem
cells has been developed mainly for use during reconstruction surgery. The
sample is taken and processed during the surgical procedure and extraction
requires around 1.5 hours following a sensitive and long protocol. In particular,
a problem of the extraction of stem cells from the tissue is that the sample is
subjected to several steps (e.g. washing, digestion and others) which require a
dedicated room; hence there are several parts that come into contact with the
product and must be sterilized before any further use.
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In view of the very promising future applications, there is a great interest in
collecting and storing of mesenchymal stem cells from human adult adipose
tissue, that could be operated e.g. by a stem cell bank. The above referred
technique, however, would be unsuitable for a large scale application. Having
been developed for application during a surgical procedure, said technique
would reveal a number of drawbacks at a larger scale, including: the
considerable time required for a single extraction, the need to process the
sample immediately after the extraction from the human body, the number of
manual operations, failing to meet the common good manufacturing practices
and to ensure top-level sterility and cleanliness at large scale. The present

invention aims to provide a solution to this problem.

WO 2011/071643 discloses a blood processor comprising a main unit in the
form of a centrifuge rotor, and a disposable set of bags. A bag set comprises a
flexible primary separation bag and component bags connected by flexible
tubes. The bag set is fitted on the main unit by accommodating the bags in
containers thereof; the main unit comprises pinch valves to obstruct or release
the connection flexible tubes of the bag set, and further comprises a bag
squeezing system to induce transfer of components to/from the bags. The
squeezing system comprises a flexible diagram secured to each of the bag
containers, and a hydraulic circuit powered by a pumping station. This blood
processor, however, has a drawback in that the fluid transfer via pinch valves
and squeezing system is unable to provide the high precision which is required
for harvesting the mesenchymal stem cells from adipose tissue. For example,
the precision may be affected by unforeseeable factors including a deviation
from standard performance of the hydraulic circuit, e.g. due to wear or
degradation of the gaskets or of the liquid. Also the flow pattern caused by
squeezing the bag is not precise. Another drawback is the need of a hydraulic

circuit in the main unit.

A description of other prior art blood processing system can be found in WO
2010/061866 and WO 03/082027.
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WO 2006/100651 discloses an integrated system for collecting, processing and
transplanting cell subsets, including adult stem cells.

Summary of the invention

The goal of the present invention is to provide a medical device for performing a
fully automatic and reliable extraction of stem cells from a sample of tissue, and
particularly of mesenchymal stem cells from adipose tissue. The invention aims
to provide a sterile, fully-closed processing of the sample of tissue, and a
significant reduction of processing time and cost. A further aim of the invention
is to provide simultaneous processing of multiple samples with a single

machine.

These goals are achieved with a system according to independent claim 1. The
system includes basically a main device and a disposable kit for use with said
main device. An important aspect of the invention is also a disposable kit
according to independent claim 18. Some preferred features are listed in the
dependent claims.

The main device is configured to execute at least one preset program, which

corresponds to a protocol for the desired extraction of cells from the sample.

The basic idea underlying the invention is that the disposable kit shall receive
the sample of tissue and any reagents or solutions involved in the extraction
process. Hence, only the disposable kit is in contact with the tissue and
intermediate products during the process. To this purpose, the disposable kit
comprises essentially a work chamber for receiving a sample of tissue to be
processed, and at least one additional receptacle. In some embodiments the
receptacles are in the form of plastic bags. The disposable kit is preferably
shipped empty and under vacuum, but some embodiments may provide a
disposable kit with some or all of the solution bags pre-filled with a necessary
reagent.
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The disposable kit comprises fluid transfer means which are operable for
transferring an amount of fluid from/to the work chamber and from/to any of said
receptacles. For example, said fluid transfer means make it possible to load or
discharge a washing solution or a digestion enzyme or any reagent or
intermediate product to/from the main work chamber, in accordance with the
program executed by the main device.

Said fluid transfer means are controlled by suitable interface means between
the main device and the disposable Kit.

Preferably, the interface means directly associated with the disposable kit are of
a mechanical nature, such as rotary joints, in order to avoid electric parts in the

disposable kit and reduce cost and complication.

Said fluid transfer means include a pumping system and a valve system. The
term of pumping system denotes a system which is adapted to discharge or
suction of an amount of a process fluid to/from the working chamber and to/from

the additional receptacle or one of the additional receptacles.

For example, in a preferred embodiment, the fluid transfer means of the
disposable kit comprise a piston slidable inside the work chamber and a
selection valve. Said piston acts as a syringe to load or discharge an amount of
fluid to/from the work chamber, whilst the selection valve provides a selective
fluid communication between the work chamber and one of the receptacles
which are part of the disposable kit.

More preferably, the disposable kit has a first rotary joint and a second rotary
joint which, in use, are connected to respective first motor means and second
motor means for actuation of said piston and said valve. Said motor means are
preferably servo-motor encoders that may be associated to the main device, or
to a part thereof, e.g. to a container where the disposable kit is accommodated,

for use with the main device.
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Preferably, the piston is moved by means of a screw system comprising a
stationary member and a travelling member fixed to the piston, while the valve
can be realized with a fixed body and a rotary member.

In a preferred embodiment, the system comprises a container where the
disposable kit is encapsulated for use with the main device. Said container is
then mounted on a rotating carrier for centrifugation. The container is termed
active container because it includes servo-motors for actuation of the aforesaid
fluid transfer means of the disposable kit, and heating or cooling means for
controlling the temperature of the work chamber or of the solution bags, and
suitable power and signal connection with the main device. In a preferred
embodiment, the heating means operate according to the Peltier effect.

Preferably, said active container has multiple components including at least a
first inner component in direct contact with the disposable kit, and a second
outer component to be associated with the main device, e.g. to a rotary
carousel for centrifugation. The first component is preferably autoclave-proof. In
a preferred embodiment, the first component is a drum and the second
component is a capsule which is termed active capsule. More preferably, the
active container comprises also a third member, which is a watertight autoclave-

proof capsule to receive the drum and the disposable kit.

In a particularly preferred form, the disposable kit comprises a substantially
cylindrical body which contains the work chamber, and a plurality of bags which
are radially arranged around said cylindrical body. A rotary selection valve is
installed on top of the cylindrical body, and conduits connect the inside of the
work chamber with each one of the bags, via said selection valve. The work
chamber contains a slidable piston which, in cooperation with the selection
valve, allows the transfer of controlled amounts of fluid between the chamber
and the bags. The work chamber, the bags, the valve and the conduits are all

part of the disposable kit which is preferably made of plastic.

PCT/EP2014/051253



10

15

20

25

WO 2014/135300

The main device can be configured to host a plurality of disposable kits, which

are processed simultaneously.

In a preferred embodiment, the main device comprises a rotary carousel and a
plurality of the above mentioned active containers are mounted on said rotary
carousel. The carousel, when mounted inside the main device, can rotate
around a main axis of centrifugation, and each of the active containers can
rotate relative to the carousel around a tilting axis. By means of this tilting
degree of freedom, the axis of the main chamber can be oriented relative to the

axis of centrifugation, in accordance with the desired process step.

As mentioned above, an important aspect of the invention is the disposable kit.

In accordance with a preferred embodiment, said disposable kit comprises:

a work chamber for receiving a sample of tissue to be processed, and at least

one receptacle,

fluid transfer means which are operable for charging an amount of fluid from
said at least one receptacle into the work chamber, or discharging an amount of

fluid from the work chamber to said at least one receptacle;

passive control means for actuation of said fluid transfer means when the

disposable kit is used in said device.

The control means of the disposable kit are termed passive since no motor is
incorporated in the disposable kit, and they are controlled from outside of the
disposable kit. This is carried out e.g. by the main device and/or by the above
mentioned active container, without any contact with the sample, the

intermediate products and the final product (pellet of stem cells).

A further aspect of the invention is a preferred configuration of a valve member
of the disposal kit, suitable to promote the accumulation and condensing of the
stem-cells containing pellet, according to the attached claims. Said valve

PCT/EP2014/051253
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member has a chamber designed to promote accumulation of the pellet during

transit of a process fluid contained in the working chamber.

Preferably, said valve member has an axial passage and a tangential passage;
said accumulation chamber is a tapered chamber coaxially aligned to said axial
passage, and said tangential passage is open in the lateral surface of the
chamber. More preferably, the end portion of the chamber has a spherical

surface, e.g. a portion of sphere or a hemisphere in some embodiments.

The invention has the following advantages. The extraction is performed in a
fully automatic way and simultaneously from several tissue samples.
Accordingly, the inventive system can process thousands of samples per year.
Another advantage is that the sample and the reagents (solutions) are confined
in the disposable kit, which is totally isolated from the main device and related
components such as the rotary carousel or the active containers. Hence, the
overall process ensures safety of the operator, sterility and biologic
compatibility. In some embodiments, the disposable kit can be received in a
sealed autoclave-proof capsule, so that any item in direct contact with the
disposable kit can be sterilized in autoclave before another use, for a maximum
degree of sterility. Another advantage of the invention is that the main device
follows a preset program and the risk of error is reduced, without the need of
highly skilled operators. Hence, the system is particularly suitable for a large
scale application.

Another advantage is that the procedure can be optimized thanks to the
standardized and fully automatic procedure. According to the invention, the
treatment time for extraction of hMSCs from adipose tissue can be around 75
min and the expected result is 10° - 10* MSC/g. A single system can process
thousands of samples per year, being suitable for a large scale collection of
stem cells from adipose tissue.

It should be noted that the invention provides that fluid transfer means are part

of the disposable set, which is a novel feature over the conventional disposable
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sets which basically consist of bags possibly connected by flexible tubes. Said
fluid transfer means are controlled by the main unit, during execution of a
program, via suitable electric and/or mechanical interface. The fact that fluid
transfer means like a pumping system and valve system are part of the
disposable kit ensures a constant performance over time. Transfer of selected
amounts of process fluids or intermediate product is controlled with a higher
precision compared to the prior-art bag-squeezing systems. In addition, the

main device does not need a hydraulic circuit to squeeze the bags.

A further and noticeable advantage of the invention is given by the
accumulation chamber of the valve member, which is specifically designed to
collect the stem-cells containing pellet. Hence the stem pellet is easily isolated
from the process fluid and can be exported with a high grade of purity as

desired.

These and other advantages of the invention will be elucidated with the help of
the drawings, which refer to a preferred and non-limitative embodiment.

Description of figures

Fig. 1 illustrates the main components of a system according to a preferred
embodiment of the invention, including a main device and a disposable Kkit.

Fig. 2 is a perspective view of the disposable kit of the system of Fig. 1.

Fig. 3 is a cut-out of the cylindrical body of the disposable kit of Fig. 2, showing
the work chamber inside.

Figs. 4 to 6 show some components of the disposable Kkit.

Fig. 4A is a cross section of the valve member of the disposable kit, according
to the embodiment of Fig. 4.

Fig. 4B is a cross section of the valve member of the disposable kit according to
a different embodiment.

PCT/EP2014/051253
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Fig. 4C shows a fluid pattern in the valve member.
Figs. 7 and 8 show a drum where the disposable kit can be received.
Fig. 8A shows a preferred embodiment of a heating module.

Figs. 9 and 10 show a sealed capsule where the drum of Figs. 7 and 8, together

with the disposable kit of Fig. 2, can be received.

Fig. 11 shows an embodiment of an open-frame active capsule where the

sealed capsule of Figs. 9, 10 can be received.

Fig. 12 shows the assembly of open-frame active capsule of Fig. 11 and sealed
capsule of Figs. 9, 10.

Fig. 13 is an exploded view of a bottom of the open-frame active capsule of Fig.
11.

Fig. 14 is a carousel that can receive a number of active capsules such as the

open-frame active capsule of Fig. 11, and is received in the main device.

Description of a preferred embodiment

Fig. 1 illustrates a system for the automatic extraction of cells from a sample of
tissue. According to a preferred application of the invention, said system is used
for performing a protocol for extraction of hMSCs from a sample of human

adipose tissue.

The system comprises a main device 1 including a rotary carousel 2 which
carries a plurality of containers 3 Said containers are termed active containers.
An important part of the system is a disposable kit 4 where the sample is
introduced. Each container 3 hosts a disposable kit 4 comprising a respective
adipose tissue sample, so that the system is able to process more than one
sample at a time. For example, four samples are processed simultaneously

according to the embodiment of Fig. 1. The items in Fig. 1 are not in scale.
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Referring now to Figs. 2 and 3, the shown embodiment of the disposable kit 4
comprises a cylindrical body 10 delimiting a work chamber 11, a number of
solution bags 12 arranged around said body 10 in a radial manner, and a pellet
bag 13.

The solution bags 12 and the pellet bag 13 are connected to the inside of the
work chamber 11 by means of a valve 14 and respective conduits 15. The valve
14 acts as a collector of several conduits 15 for each solution bag 12 and for
the pellet bag 13. The valve 14 is also fitted with an inlet tube 16 and a valve 17
for connection of a syringe and introduction of a sample of tissue in the work

chamber 11.

The valve 14 is able to provide a selective communication between the work
chamber 11 and one of the solution bags 12 or pellet bag 13, or inlet tube 16,
while isolating said chamber 11 from the other parts of the disposable kit. To
this purpose, in a preferred embodiment, the valve 14 comprises a rotary
member actuated by rotation of a square fitting 18.

Referring to Fig. 3, a sliding piston 19 is arranged inside the working chamber
11 and is operable via a screw system including an axially stationary rod screw
20 and a travelling nut screw 21. The nut screw 21 is firmly fixed to the sliding
piston 19, so that a rotation of the rod 20 causes an axial sliding of the piston 19
inside the chamber 11. The rod 20 can be actuated by means of a square fitting
22 accessible from outside of the chamber 11, at the base of the cylindrical
body 10.

The chamber 11 has an upper port 23 in communication with the valve 14, for
admission of a fluid into the chamber 11 or vice-versa for discharging an
amount of fluid from said chamber. Preferably, according to the shown
embodiment, the upper region 24 of the chamber 11 is substantially conical,
converging to the upper port 23, and more preferably the head 25 of the piston
19 is also conical.
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The valve 14 provides a selective communication between the port 23 of the
chamber 11 and one of the conduits 15, or the conduit 16 for admission of the
sample. The main components of said valve, as shown in Fig. 4, are a valve

body 30 and a rotary member 31.

The valve body 30 has an annular shape with a central opening 32 where the
rotary member 31 is accommodated. A number of fittings 33, one for each of
conduits 15 or 16, depart from the valve body 30 and each fitting 33 is in
communication with the central opening 32, via a respective passage 34.

The rotary member 31 has a first port and a second port in communication with
each other. When the valve assembly is mounted, said first port is in direct
communication with the inlet/outlet port 23 of the work chamber 11, while said
second port can be put in a selective communication with one of the passages
34 of the valve body 30, depending on the position of the rotary member 31
relative to said valve body 30. In the shown embodiment, the first port is an
axial passage 35 and the second port is a radial hole 36. When the hole 36
faces one of the passages 34, the work chamber 11 is in communication with
the corresponding tube fitting 33 and related solution bag 12, pellet bag 13 or
the inlet port 16.

The rotary member 31 has also suitable pins 37, or equivalent means, for
connection with an actuating member which carry the above mentioned square
fitting 18.

A cross section of the rotary member 31 is shown in Fig. 4A. Preferably, as
seen in this figure, the axial passage 35 ends with a substantially conical throat
38 for accumulation of the desired stem cell pellet, during the transit of fluid
through said valve 14.

Referring also to Fig. 4B, a preferred embodiment of a valve member of the
disposable kit, such as the valve rotary member 31, has an axial passage 35
and a tangential passage embodied by the hole 36. Said accumulation chamber
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38 is a tapered chamber coaxially aligned to said axial passage 35, and has a
lateral surface 38A and a tip surface 38B. The tangential passage of hole 36 is
open in the lateral surface 38A. The lateral surface 38A is preferably conical
and the tip surface 38B is preferably hemispherical or a portion of a spherical
surface. The cone angle of the lateral surface 38A is denoted by a (alpha) in the
Fig. 4B, and is preferably between 10° and 30°, more preferably around 20°.

Fig. 4C shows a computational fluid dynamic analysis of the flow entering the
radial hole 36. It can be seen that, due to the particular shape and location of
the chamber 38, the collection of the heavier and dense pellet which contains
the stem-cells is collected in the tip of the chamber 38, due to a region of a
strong circulation density denoted by the flow lines 38C and located around the
tip of the chamber. This is a considerable advantage of the invention since it
avoids that the precious pellet is lost during the intermediate step of the
process, when process fluid is expelled from the working chamber 11.

It can be appreciated that the introduction or discharge of fluids to/from the
main chamber 11, and to/from any of the bags 12 or pellet bag 13, can be
accurately controlled from the outside of the disposable kit 4, and without any
direct contact with the sample, by means of the square fittings 18 (rotary valve)
and 22 (piston). In use, said fittings 18 and 22 are connected to dedicated
motor means such as servo-motor encoders, which will be described
hereinbelow, allowing for accurate control of the position of both the valve
member 31 and piston 19, in accordance with the various steps of the program

executed by the main device.

Some preferred details of the solution bag 12 and pellet bag 13 are shown in
Figs. 5 and 6. The solution bag has an inlet cap 40 for introduction of a solution,
before the use of the disposable kit 4, in case the bag 12 is shipped empty. The
pellet bag 13 has a conduit 15 characterized by at least one small chamber 41
for collection of a sample of the extracted cells, while the cells are delivered
from the chamber 11 to said pellet bag 13, at the end of the process.
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Figs. 7 to 14 illustrate a preferred embodiment of some further components of
the system, for use of the disposable kit 4 in the main device 1. Said
components form the active container 3 which is schematized in Fig. 1.

Basically, the active container 3 comprises autoclave-proof drum and capsule,
in a closer contact with the disposable kit, and an active capsule for mounting

on the carousel 2.

Figs. 7 and 8 illustrate a drum 50 which is configured to receive one of the
disposable kits 4. The drum 50 has substantially a cylindrical body with a central
passage 51, configured to receive the cylindrical body 10 of the disposable kit
4. The drum 50 comprises also an upper flange 52 and a lower flange 53, and a
plurality of seats 54 between the upper and lower flange, for receiving the
solution bags 12 and the pellet bag 13. The upper flange 52 includes a number
of seats 55 for accommodation of the conduits 15 or 16, so that the drum and

disposable kit form a substantially rigid body when assembled together.

Preferably, the drum 50 embodies suitable thermal elements for heating and
possibly cooling the work chamber 11 or solution bags 12. Said thermal
elements are powered through suitable electric connections of the drum 50, and
an advantage of said thermal elements being associated to the drum 50 is that
no electric part is provided in the disposable kit 4 and hence cost of the
disposable kit is reduced.

Even more preferably, said thermal elements include thermoelectric elements
which provide a heating or cooling action by the known Peltier effect. In a
preferred embodiment, as shown in the figures, the drum 50 includes a plurality
of thermoelectric elements 56 which form a wall of said seats 54, being in
contact with the solution bags 12. Said thermal elements 56 are powered by
electrical power connections 57 provided on the lower flange 53 (Fig. 8).

Fig. 8A illustrates a preferred embodiment of a thermal element 56 powered by

a heating module 56A, including two Peltier-effect heating modules 56B
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mounted on a support flange 56C and having a back insulating layer 56D and a
front insulator 56E. The front insulator has two windows 56F to allow conduction
of heat from the heating modules 56B to the element 56.

In some embodiments, the temperature of each of the thermal elements 56 can

be controlled independently.

Preferably the drum 50 is autoclave-proof, so that it can be sterilized after use.
This is a preferred measure since the drum 50 is in direct contact with the

disposable kit.

Once the disposable kit 4 is fitted on the drum 50, the assembly of drum and
disposable kit is inserted in a watertight, autoclave-proof capsule 60 (Figs. 9,
10) which is another component of the system and, more specifically, of the

active container 3.

Said sealed capsule 60 has a cap 61 and a bottom 62 with transmission shafts
63, 64. The termination of said shafts 63, 64 matches the square fittings 18 and
22 of the disposable kit 4, when the kit is inside the capsule 60, so that the
valve and piston can be controlled from outside the capsule 60. The bottom 61

has also electric contacts 65 matching the contacts 57 of the drum 50.

The sealed capsule 60 is received into an active capsule 70 (Fig. 11) to form
the active container 3 (Fig. 12) ready for mounting on the rotary carousel 2. Fig.
11 show an open-frame embodiment of said active capsule 70, but an integral-

body embodiment is equally possible.

More in detail, the shown embodiment of active capsule 70 comprises an active
cap 71 and bottom 72, connected by vertical beams 73 which carry connectors
74. The connectors 74 include preferably a bearing 75 for rotation around an

axis B-B (Fig. 12), and further include electric power and signal links.

The cap 71 and bottom 72 house the motors for the actuation of the valve 14

and piston 19, and suitable transmission means to match the transmission
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shafts 63 or 64, respectively, of the capsule 60. For example, Fig. 11 shows a
female connector 76 that match the transmission shaft 64 of bottom of capsule
60. The figure also shows an active cap lock 77 of the cap 71.

Fig. 13 is an exploded view of a possible embodiment of the bottom 72,
showing the motor assembly 78 inside. The motor assembly 78 comprises a
servo-motor 79 with a built-in encoder, mounted on a base plate 80 and driving
a transmission member 81 via a belt 82 and a worm gear 83. The transmission
member 81 carries the female connector 76 for transmission of torque to the
shaft 64. Similarly, a second motor assembly is housed in the cap 71, for

operation of the valve 14.

As stated before, the capsule 3, or a plurality thereof, is/are mounted onto a
rotating carousel 2. Fig. 14 depicts a preferred embodiment of said carousel 2,
having a body 90 with four arms 91. Each arm 91 carries a couple flanges 92
arranged at 90°, so that one capsule 3 can be fitted between two flanges of
adjoining arms 91, the connectors 74 being received in seats 93 of said flanges.
Each arm 81 carries also a motor unit 94 (e.g. a servo-motor with encoder) for
providing independent rotation of each capsule 3 around the axis between the
two flanges, such as axis B-B.

It can be appreciated that the main device 1 is able to perform mechanical and
heating/cooling operations on the content of the disposable kit 4, by means of

the active capsule 3 and related components.

More in detail, the sliding piston 19 is controlled by the motor assembly 78 in
the base of the active capsule 70, via the connector 64 of the sealed capsule 60
and the and the square fitting 22 of the disposable kit 4, whilst the other motor
assembly housed in the cap 71 controls the position of the rotary member 31 of
the valve 14 via the connector 63 and the square fitting 18.

Accordingly, the device 1 can precisely control the suction of a fluid content into

the work chamber 11, from any of the solution bags 12 or from the sample
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admission conduit 16, while the sample is being introduced in the chamber 11
at the beginning of the process; in the same way the device can control the
delivery of a fluid content from the chamber 11 to any of the bags 12 or to the
pellet bag 13, when the process is completed. In addition, the device 1 can heat
or cool the content of any of the bags 12 by means of the thermoelectric
elements of the drum 50, via the related power connections. Rotation of the

carousel 2 provides centrifugation of the capsules.
The system of the invention, in a preferred embodiment, operates as follows.

The solution bags 12 are filled with a syringe inserted in the filler cap 40, and a
syringe containing the adipose tissue is connected to the inlet valve 17. The
adipose tissue is admitted manually or with an automatic procedure carried by
the main device 1. After introduction of the sample, the syringe is removed and
the charging tube 16 may be welded. Then, the disposable kit 4 mounted all
around the drum 50 and inserted in the active capsule 70 is loaded in the main
device and the fully automated procedure is started.

Example

The following is an example of a protocol carried out with the inventive device
and disposable kit. The protocol is based on the fact that adipose tissue and
hydrophilic fluids spontaneously separate in two phases without need of

centrifugation.

The piston 19 of the separation chamber 11 inside the device is used to take in
or to expel the solutions used to wash the sample, to dissociate the suctioned
fat, or to extract the cells from the dissociated adipose tissue.

The disposable kit is charged with 150 g of adipose tissue. As a first step, 150
ml of PBS/Ca**Mg™" are loaded from a first solution bag into the chamber 11 for
a first washing step done by gentle agitation of the active capsule inside the
device. Then the agitation stops and the capsule stand vertically for few
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minutes to allow the separation of the phases and the lower aqueous phase is

discarded by pushing the piston 19. This procedure is repeated twice.

The remaining 150 ml of washed adipose tissue is then treated enzymatically to
free the cells in the aqueous phase. To this aim the tissue is digested 30
minutes at 37°C with the appropriate amount of enzyme diluted in 15 ml
PBS/Ca**Mg™ under constant but gentle agitation of the capsule. Enzymatic
reaction is stopped by addition of 60 ml of PBS supplemented with 1% human
albumin (without Ca™ and Mg™). 150 ml of the solution in the separation
chamber and containing the released cells are expulsed in a bag for further

manipulations.

The tissue remaining in the main chamber is washed again with 150 ml of
PBS/1% human albumin and the washing solution is again stored in the same
bag. The tissue remaining in the main chamber is now expulsed in another bag
for waste. The 300 ml of the cells in PBS/human albumin are then aspirated
back in the main chamber 11 and centrifuged 5 minutes at 15 °C and 400g. The
pellet that forms at the bottom of the main chamber is then washed once again
with PBS/human albumin by centrifugation 5 minutes at 400g at 15°C and the
pellet is again suspended in 22.5 ml of PBS/1% human albumin (without Ca*”
and Mg"") and is then ready to be expulsed in the final bag (cryo-bag) for
cryopreservation.

PCT/EP2014/051253
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CLAIMS

1. A system for extraction of cells from a sample of tissue, comprising a

10

15

20

25

main device (1) and a disposable kit (4) for use with said main device,
characterized in that:

said main device (1) is configured to host at least one disposable kit and
is configured to execute at least one preset program when loaded with at

least one disposable Kit;

said disposable kit (4) comprises a work chamber (11) for receiving a
sample of tissue to be processed, and at least one further receptacle (12,
13),

said disposable kit comprises at least a pumping system and a valve
system (14, 19) which are operable for selective introduction of a
predetermined amount of fluid from said receptacle (12) into the work
chamber (11), or selective discharge of a predetermined amount of fluid
from the work chamber (11) to the receptacle or to one of the receptacles
included in the disposable kit (12, 13),

said main device comprises first interface means and said disposable kit
comprises second interface means adapted to match with the first

interface means of the main device,

said pumping system and valve system (14, 19) of the disposable kit (4)
being controllable by the main device (1) during the execution of a preset
program, via said interface means between the main device and the
disposable Kkit.

. A system according to claim 1 or 2, said interface means between the

main device and a disposable kit (4) including one or more of the
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following: mechanical connections; electrical power connections;
electrical signal connections; a rotating carousel for centrifugation of the
disposable kit.

. A system according to claim 1 or 2, characterized in that said disposable

kit (4) comprises a plurality of receptacles (12), and said pumping system
and valve system are operable for introducing an amount of fluid from a
selected receptacle (12) into the work chamber, or from the work
chamber into a selected receptacle (12).

. A system according to any of the previous claims, the disposable kit (4)

including a sliding piston inside the work chamber and a valve member
for selective connection between the work chamber and any of the
receptacles (12, 13) of the disposable kit (4), and said interface means
comprising a first rotary joint for actuation of said sliding piston, and a

second rotary joint for actuation of said valve member.

. A system according to claim 4, characterized in that the interface means

comprises at least a first servo motor encoder for operation of said
sliding piston, and a second servo motor encoder for operation of said

valve member.

. A system according to any of the previous claims, characterized by

comprising a respective container (3) for each of the disposable kits (4),
the disposable kit (4) being accommodated in the active container for the

use with the main device.

. A system according to claim 6, said container (3) being a multi-

component container, including at least a first inner component (50) in
direct contact with the disposable kit (4), and a second outer component
(70) to be associated with the main device (1).

PCT/EP2014/051253
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8. A system according to claim 7, said first component comprising heat
exchange means (56) for heating or cooling any of the work chamber
(11) of receptacles (12) of the disposable Kkit.

9. A system according to claim 8, said heat exchange means being
thermoelectric means working by Peltier effect.

10.A system according to any of claims 7 to 9, characterized in that said
disposable kit comprises a substantially cylindrical body (10) which
contains the work chamber (11), and a plurality of receptacles (12) which
are radially arranged around said cylindrical body, and said first
component is a drum (50) having a central passage (51) for
accommodation of the cylindrical body (10), and a number of peripheral
seats (54) for accommodation of the receptacles (12).

11.A system according to any of claims 7 to 10, characterized in that said
container (3) comprises a third intermediate component which is a

sealed, autoclave-proof capsule (60).

12.A system according to any of claims 7 to 11, characterized in that said
second outer component is a capsule (70) which includes a first servo-
motor encoder and a second servo-motor encoder for operation of the
piston and valve member of the disposable kit, said capsule also
comprising electric power and signal connections for operation of said

servo-motors.

13.A system according to claim 12, characterized in that said capsule (70),
or a plurality thereof, can be mounted on a rotary carrier of the main
device, and each capsule is tiltable relative to said carrier, and the carrier
comprises a signal connection with the main device and respective
motorized means to control the tilting of the capsule or each of the
capsules, in an independent manner and in accordance with the preset

program executed by the main device.
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14.A system according to claim 12 or 13, the capsule-carrier being a
carousel configured to host four of said capsules and four disposable
kits.

15.A system according to any of the previous claims, said main device
comprising at least one preset program and said preset program
including at least a sequence of steps of centrifugation and of transfers of
predetermined amounts of fluids to/from said work chamber and said at
least one receptacle, said steps being executed by the main device
loaded with at least one disposable kit, during the execution of the
program and by operating said pumping system and valve system of the
disposable kit via said interface means.

16.A system according to claim 15, said at least one preset program
including also steps of controlled heating or cooling of at least one of the

receptacles of the disposable kit loaded in the main device.

17.A system according to claim 15 or 16, said at least one preset program
being adapted for extraction of stem cells from a sample of adipose
tissue, and preferably mesenchymal stem cells from human adult

adipose tissue.

18. A system according claim 17, said program including steps of: washing,
enzymatic digestion, regulated heating, regulated cooling, centrifugation,
extraction of a cell pellet ready for cryogenic conservation.

19.The use of a system according to any of the previous claims, for
extraction of stem cells from adipose tissue, particularly for extraction of

mesenchymal stem cells from human adult adipose tissue.

20.A disposable kit (4) for use with a device (1) for the extraction of cells

from a sample of tissue, said disposable kit (4) comprising:
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a work chamber (11) for receiving a sample of tissue to be processed,

and at least one receptacle,

at least a pumping system and a valve system (14, 19) which are
operable for charging an amount of fluid from said at least one receptacle
into the work chamber, or discharging an amount of fluid from the work

chamber to said at least one receptacle;

said disposable kit also comprising interface means which includes
control means for actuation of said pumping system and valve system,

when the disposable kit is used in said device (1).

21.A disposable kit according to claim 18, said control means including at
least a rotary joint.

22.A disposable kit according to claim 18 or 19, comprising a plurality of
said receptacles (12, 13), and comprising a valve member for selective
connection between the work chamber and any of the receptacles (12,
13) of the disposable kit (4).

23.A disposable kit according to claim 23, said comprising a sliding piston
inside said working chamber.

24 A disposable kit according to claims 21 and 22, characterized in that said
valve member is a rotary member, and the disposable kit (4) comprises a
screw system for operation of said sliding piston, and said control means
comprises at least a first rotary joint for controlling said valve member,

and a second rotary joint for controlling said screw system.

25.A disposable kit according to claim 25, said screw system comprising an
axially stationary member and a travelling member, the travelling
member being integral with the piston, and the stationary member having
a termination outside the work chamber which form said second rotary

joint.
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26.A disposable kit according to any of the previous claims, the work
chamber having an upper conical region and the sliding piston having a
conical head.

27.A disposable kit according to any of the previous claims, said valve
member having a chamber (38) for collection of the stem-cells containing

pellet.

28.A disposable kit according to claim 27, said valve member having an
axial passage (35) and a tangential passage (36), said pellet collection
chamber (38) being a tapered chamber coaxially aligned to said axial
passage, and said tangential passage (36) being open in a lateral

surface (38A) of said chamber.

29.A disposable kit according to claim 28, said lateral surface (38A) being
conical, preferably having a cone angle between 10° and 30° and more
preferably around 20°.

30.A disposable kit according to any of the previous claims, comprising a
substantially cylindrical body which contains the work chamber, and a
plurality of receptacles which are radially arranged around said cylindrical
body.

31.A disposable kit according to any of the previous claims, said receptacles
of the disposable kit including a bag (13) for receiving the cells extracted

from the sample of tissue.

32.A disposable kit according to any of the previous claims, said disposable

kit being made of a thermoplastic biocompatible material.

33.A disposable kit according to any of the previous claims, the kit being

shipped empty and preferably under vacuum.
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34.A disposable kit according to any of the previous claims, for use in a

process of extraction of stem cells from adipose tissue.

35.A process of extraction of cells form a sample of tissue, particularly for
the extraction of stem cells form adipose tissue, characterized by the use
of a system or use of a disposable kit according to any of the previous

claims.



