10

15

20

SYSTEMS AND METHODS FOR PROCESSING CELLS

CROSS-REFERENCE TO RELATED APPLICATION
[06001}] This application claims priority to and the benefit of, and incorporates herein by reference

in its entirety, U.S. Provisional Patent Application No. 61/557,127, which was filed on November §,
2011.

TECHNICAL FIELD
[06602] In various embodiments, the present invention relates to systems and methods for

processing tissue to isolate and collect target cells.

BACKGROUND OF THE INVENTION
[6003] Purification of viable cells from a tissue sample can be a laborious process that involves
dissection and other manual manipulation and processing steps, as well as, in some cases, cell
culfuring. Maintaining sterility of the cells during the purification process is also an important
concern. Although laminar hoods can be used to maintain sterility, they suffer a number of
disadvantages. For example, such hoods are expensive, relatively immobile, cumbersome to work
with, and consume valuable laboratory space. Efficiency of the cell purification process is another
concern that further complicates the purification process. Isolating rare cells, such as stem cells,

from a tissue sample requires an efficient process to recover as many of the cells as possible.

[6004] There remains a need for a practical, cost-effective, sterile, and efficient mechanism and
method for extracting and collecting cells, such as stem cells, for advancing potential therapies that

rely on the administration of these cells.

SUMMARY
[6005] The present disclosure efficiently and cost-effectively extracts and collects cells from a
tissue. The inventors have discovered that the tissue can be effectively fragmented and the resulting
cells can be purified using a system or kit with multiple components. An advantage of the present

disclosure ig that tissue processing takes place in a closed system such that
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sterility can be maintained throughout the process, even if certain components are removed during
processing, for example through the use of valves, clamps, and heat seals. Furthermore, any or all of the
steps can be automated or manually accomplished, according to the specific needs of the application or

the user.

[0006] Thus, in one aspect, the present disclosure relates to a tissue mincing tool. The tissue
mincing tool incledes a compartment for a tissue sample, a solid member actuatable by a handle and
moveable within the compartment, a rotatable cutting surface at one end of the compartment, and a sterile,
sealed container. The compartment is arranged to position the tissue sample between the solid member
and the rotatable cutting surface and actuation of the handle in one direction causes the solid member to
move only towards the rotatable cutting surface. The rotatable cutting surface separates the compartment
from the sterile, sealed container, such that a tissue sampie that is pressed, via the solid member, into
contact with and through the rotatable cutting surface is deposited as a minced tissue within the container.
The cutting surface can be dimensioned to mince the tissue sample into fragments having an average
cross-section 1o greater than four square millimeters. For example, the number of square millimeters
may be no greater than 3, 2, 1, 0.5, 0.3, 0.2, 0.1, or 0.05 in various embodiments of the present disclosure.
The tissue mincing tool can also include a second cutting surface for further reducing the average cross-
section of the fragments. The cutting surface of the tissue mincing tool can include an automated cutting
system. For example, the cutting surface may include semi-automatic scissors. One or more mincer
screens may be positioned in proximity to the cutting surface. The tissue mincing tool may further
include a suction cup for stabilizing the tool during operation thereof. The tissue mincing tool also or
alternatively can include a fluid conduit in communication with the sterile, sealed container, and a
separator unit such as one or more filters within the fluid conduit. The sterile, sealed container optionally

includes at least one sealed access port permitting the sterile introduction of a fluid into the container.

j0007] In the tissue mincing tool, the compartment for the tissue sample can incorporate one or more
features to facilitate the application of a force to the tissue sample, impelling it beyond the cutting surface
and into the sterile, sealed container. For example, a portion of the compartment can be shaped fo receive
a solid member to press the tissue sample. Such a solid member can optionally be inciuded with the

tissue mincing tool, whether consected to it or provided as a separate component.

[0008] In one embodiment, a portion of the compartment near the cutting surface has a substantially
constant cross-section, such that a comparably shaped solid member may be introduced into the

compartment and fill that portion, while pressing the tissue sample into or
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through the cutting surface. In another embodiment, the compartment near the cutting surface has a
tapered or cone-shaped end. In some embodiments, an interior surface of the compartment is threaded,
such that a threaded solid member may be guided into the compartment. In some embodiments, the
compartment also includes a gasket, which can provide an improved seal when a solid member is
introduced into the compartment. In yet another embodiment, the tissne mincing tool includes a shaft

crank for moving the cutting surface towards the tissue sample.

106091 In an embodiment, the present disclosure provides a kit comprising: a tissue mincing tool as
disclosed herein; and a solid member shaped to mate with and to fill the portion of the compartment, the
solid member being movable within the portion of the compartment to impel the tissue sample therein
through the cutting surface. The present disclosure also provides methods of using any of the above-
described tissue mincing tools by impelling the tissue sample through the cutting surface of the tool. The
present disclosure provides methods of mincing a tissue sample and optionally injecting an enzyme into
the sterile, sealed container, such that the enzyme enhances the digestion of the minced tissue. In an
aspect, the present disclosure provides a method of mincing a tissue sample positioned between the solid
member and the rotatable cutting surface of the tissue mincing tool as disclosed above, the method
comuprising: pressing the tissue sample, via the solid member, into contact with and through the rotatable
cutting surface of the tissue mincing tool. In another aspect, the present disclosure provides a method of
digesting a tissue sample, the method comprising: mincing the tissue sample as disclosed herein and,
optionally, transferring the minced tissue to a second sterile, sealed container; and injecting an enzyme,
whereby the enzyme digests the minced tissue. In yet another aspect, the present disciosure provides a
method of separating cells from a tissue sample, the method comprising: mincing the tissue sample as
disclosed herein, and removing undigested tissue. The enzyme can be a protease, such as collagenase,
hyaturonidase, or dispase, separately or in combination. These steps can optionally be incorporated into a
method of separating cells from the tissue sample by mincing and/or digesting the tissue sample and
removing fragments larger than about 40 microns (e.g. fragments retained by a filter having a pore size of
about 500 microns, or fragments retained by a filter having a pore size of about 300 microns, or fragments
retained by a filter having a pore size of about 250 microns, or fragments retained by a filter having a pore
size of about 150 microns, or fragments retained by a filter having a pore size of about 100 micrens, or
fragments retained by a filter having a pore size of about 70 microns, or fragments retained by a filter
having a pore size of about 40 microns). These larger fragments, referred to herein as “undigested
tissue,” can be removed by filtering or sedimentation. These methods are effective for purifying cells

from any of a variety of
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solid tissues. For example, the methods described herein can separate cells, such as stem cells, from
fat tissue or afterbirth tissue, such as placental or umbilical cord tissue or, more specifically, a tissue
comprising Wharton’s Jelly. In some embodiments, the tissue sample is substantially free of blood
vessels, which can optionaily be dissected from a tissue before the tissue is placed in the

compartment.

[6610] In another embodiment, the present disclosure relates to a cell collection method
including sedimenting cells in a cell collection device. The cell collection device includes a sterile
container for a fluid including cells and a fluid passageway in communication with the sterile
container. The fluid passageway includes a cell capture zone, such that the volume of the cell

capture zone can be less than 5% of the volume of the sterile container and the sterile container
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and the cell capture zone can be configured such that sedimentation of the cells from the fluid in the
sterile container concentrates the cells in the cell capture zone. This embodiment or any of the
following embodiments can have any of the following embodiments. The cell collection device
further includes a second sterile container in communication with the fluid passageway and/or a
removable clamp to regulate passage of material into the second sterile container. The second sterile
container can be heat-sealable and/or a bag. The cell collection method can also include centrifuging
the cell collection device to accelerate sedimentation of the cells, and the cells can be Wharton’s Jelly
stem cells. The fluid includes mechanically minced and/or enzymatically digested umbilical cord
tissue. The cell collection method can further include adding a cryoprotectant to the cells; the
cryoprotectant includes DMSO, albumin, and/or dextran. The method can also include adding
autologous plasma to the cells.

[0011] In still another embodiment, the present disclosure relates to a cell collection device
having a fluid including cells, a sterile container for housing the cells, and a fluid passageway in
communication with the sterile container. The fluid passageway includes a cell capture zone,
wherein the volume of the cell capture zone can be less than 5% of the volume of the sterile container
and the sterile container and the cell capture zone can be configured such that sedimentation of the
cells from the fluid in the sterile container concentrates the cells in the cell capture zone. This
embodiment or any of the following embodiments can have any of the following embodiments. The
cell collection device also or alternatively includes a second sterile container in commmunication with
the fluid passageway and/or a removable clamp to regulate passage of material into the second sterile
container. The second sterile container can be heat-sealable and/or a bag.

[0012] In yet another embodiment, the present disclosure relates to a cell collection device
having a sterile container for a fluid comprising cells, such that the sterile container can be adapted
for use in sedimentation, and a fluid passageway in communication with the sterile container. The
fluid passageway includes first and second valves defining a cell capture zone therebetween, such
that the volume of the cell capture zone can be less than 5% of the volume of the sterile container and
the sterile container and the cell capture zone can be configured such that sedimentation of the cells
from the fluid in the sterile container concentrates the cells in the cell capture zone. This
embodiment or any of the following embodiments can have any of the following embodiments. The
sterile container can be adapted for use in centrifugation. The cell collection device also or

alternatively includes a second sterile container in communication
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with the second valve and/or a removable clamp to regulate passage of material into the second
sterile container. The second sterile container can be heat-sealable and/or a bag.

[6013] In still yet another embodiment, the present disclosure relates to a cell collection device
having a sterile container for housing the cells, a fluid passageway in communication with the sterile
container, and a second sterile container in communication with the fluid passageway. The fluid
passageway includes a cell capture zone, such that the volume of the cell capture zone is less than 5%
of the volume of the sterile container and the sterile container and the cell capture zone can be
configured such that sedimentation of the cells from the fluid in the sterile container concentrates the
cells in the cell capture zone. The second sterile container includes an element selected from the
group consisting of a bag, a heat-sealable container, and a removable clamp.

[0014] In another embodiment, the present disclosure relates to cell collection device that
includes a compartment for receiving a tissue; a cutting surface dimensioned to mince the tissue
sample into fragments having an average cross-section no greater than four square millimeters; a
sterile, sealed container for holding a suspension of the minced tissue, the sterile container having a
volume at least ten times greater than the volume of the compartment for receiving a tissue; a filter
bag in fluid communication with the sterile, sealed container; and a sedimentation bag in fluid
communication with the filter bag. The filter bag contains at least one filter having a pore size
sufficiently small to retain particles larger than about 250 ym. The sedimentation bag includes a

tapered portion to promote the concentration of sedimented cells.

BRIEF DESCRIPTION OF THE FIGURES
[6015] Other features and advantages of the present invention, as well as the invention itself, can
be more fully understood from the following description of the various embodiments, when read

together with the accompanying drawings, in which:

10016} FIG. 1 schematically depicts a tissue mincing tool, according to an embodiment of the
mvention;
[0017] FIG. 2 is a schematic perspective view of a solid member of a tissue mincing tool,

according to an embodiment of the invention;

[0018] FIG. 3 is a schematic perspective view of the solid member of FIG. 2;
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[6019]  FIG 4. is a schematic perspective view partially showing a cutting surface,

according io an embodiment of the invention;

[0620] FIGS. 5A and 5B are schematic views partially showing a solid member and its

complementary compartment, according to embodiments of the tnvertion;

{0621} FIG. 6A is a side view of a tissue mincing tool, according to another embodiment of

the mvention;

[6022] FIG. 6B is a cross-sectional view along the line E-E of the tissue mincing tool of
FIG. 6A;

[6023] FIG. 6C 1s an exploded view of the tissue mincing tool of FIG. 6A;

{0024]  FIG. 7 is a schematic perspective view of a tissue mincing tool, according to yet

another embodiment of the invention;

{0025]  FIG. 8 provides an overview of the procedural steps for collecting and isolating

desired cells from a tissue sample, according to an embodiment of the invention:

10026] F1G. 9 provides an overview of the procedural steps for collecting and isolating

desired cells from a tissue sample, according to an embodiment of the invention; and

16627) FIGS. 10A-10G depict proceduares for collecting and isolating desired cells from a

tissue sample.

DETAILED DESCRIPTION
[8628]  To provide an overall understanding of the invention, certain itlustrative
embodiments will now be described, including systems and methods for processing cells.
However, it will be understood by one of ordinary skill in the art that the systems and methods
described herein may be adapted and modified as is appropriate for the application being
addressed and that the systems and methods described herein may be employed in other
suitable applications. All such adaptations and modifications are to be considered within the
scope of the invention. Furthermore, it 1s to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations,
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Tissue Mincing Tool

[6029] FIG. 1 schematicaliy depicts a tissue mincing tool 10 according to one embodiment
of the invention. The tissue mincing tool 10 includes a compartment [2 within which a tissue
sample can be received and be initially housed, and a sterile, sealed container 14. The
compartment 12 extends between first and second ends 16, 18, while the sterile, sealed
container 14 itself extends between first and second ends 18, 20. A cutting surface 108 is
located at the second end 18 of the compartment 12 or, equivalently, at the first end 18 of the
sterile, sealed container 14, and therefore separates the compartment 12 from the sterile, sealed
container 14. As iliustrated, the tissue mincing tool 10 also includes a solid member 100, The
solid member 100 is depicted to be partially located within {as shown in phantom) the
compartment 12, A part of the solid member 100 is also shown to be located outside the

compartment 12. Threads 105 are depicted on that exterior part of the solid member 100.

[6030] FIG. 2 depicts an embodiment of the solid member 100 of the tissue mincing tool
10, Other portions of the tissue mincing tool 10 {e.g., the compartment 12 and the sterile,
secaled container 14) are not shown. The solid member 100 includes a larger diameter plunger
104 (shown with the threads 105) and a smaller diameter screw shaft 106, A handle 114 is
disposed at one end of the solid member 100, At the opposite end of the solid member 100, the
cutting surface 108 is attached to the end of the smaller diameter screw shaft 106, As
illustrated, the smaller diameter screw shaft 106 extends from the cutting surface 108 to the
handle 114 (to which the smaller diameter screw shaft 106 is also coupled) and, in so doing, the
smaller diameter screw shaft 106 runs through a holiow (e.g., central) portion 107 of the larger
diameter phinger 104, In one embodiment, the screw shaft 106 features threads 109 along a
certain length thereof and the plunger 104 includes complementary grooves 111 within its
hollow portion 107. In this way, the plunger 104 is threadably engaged with the screw shaft
106. Accordingly, when the handle 114 is rotated, the screw shaft 106 is also caused to rotate,
as is (optionally) the cutting surface 108 that is attached to the end of the screw shaft 106.
Moreover, rotation of the screw shaft 106 causes transiation of the phinger 104, for example
towards the cutting surface 108. A tissue sample housed within the compartment 12 between
the plunger 104 and the cutting surface 108 may thus be pressed into contact with the

{optionally rotating} cutting surface 108 and, as described further below, cut thereby.
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{6631} The threaded portion 105 of the larger diameter plunger 104 can engage and mate
with a complementary threaded interior portion of the compartment 12 that receives the tissue
sample. Threaded engagement between the plunger 104 and the compartment 12 provides for
leverage and control so that s user can more easily translate the plunger 104 within the
compartment 12 using the handle 114, as well as slide or push the tissue sample towards and
through the cutting surface 108. As illustrated in FIG. 1, the plunger 104 is sized to mate with
and substantially fill an interior hollow cavity of the compartment 12. In an embodiment, with
reference again to FIG. 2, a gasket 118 may be disposed at one end of the plunger 104.
Together, the gasket 118 and plunger 104 may substantiaily {ill an inner diameter of the interior
hollow cavity of the compartment 12, thereby creating an air-tight, vacuum seal in the
compartment 12. Gasket 118 may be substantially complementary in shape to cutting surface
108. For example, the bottom surface of the gasket and the top surface of the cutting surface
108 can both be round or flat. In an embodiment, gasket 118 forms a flat surface. A tissue
sample is impelied through cutting surface 108 and, thus, minced when gasket 118 contacts and

drives the tissue sample.

10032) The cutting surface 108 can be any surface configured to cut, parse, or separate a
tissue sample into smaller portions without damaging the cells from the tissue sample when the
tissue samplie is pushed through the cutting surface 108. For example, the cutting surface 108
can mince a tissue sample into smaller portions with an average cross-section no greater than
four square millimeters, or one square millimeter, though cutting surfaces that can mince the
tissue sample into larger or smaller portions are contemplated. A tissue mincing tool can
include a second cutting surface to further reduce the average cross-section of the minced tissue
samples. Examples of a cutting surface inciude a grate with sharp edges, multiple sharp wires
across an opening, a steel plate or disc with multiple holes resting on a lip inside a
compartment, holes in a plate that are offset and have a sharp edge, and a mesh of sharp
surfaces defining apertures. Additionally or alternatively, in an embodiment in which a ¢utting
surface defines apertures, an end of the plunger 104 can form multiple projections, such as
fingers, that mate with the apertures of the cutting surface 108 to assist in pushing the tissue
sampie through the cutting surface 108, In an alternative embodiment, the end of the plunger
104 can be flat. Moreover, the cutting surface 108 can be textured or can form multiple

projections (e.g., a cleat) to create a frictional surface or to keep the tissue sample on the cutting
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surface 108 as pressure is applied to the tissue sample. In a further embodiment, the cutting

surface 108 may include an auiomated cutting system, such as a semi-automatic scissors.

[6033]  n an embodiment, an optional nose nut (not shown} may be disposed about the
cutting surface 108 to retain the cutting surface 108 in position as a tissue sample is being
impelled therethrough. For example, the optional nose nut can be removably attached to the
compartment 12 that receives the tissue sample. The optional nose nut can include a projection
that engages with a recessed surface of the compartment 12 to form a snap-fit connection.
Additionally or alternatively, a threaded portion of the optional nose nut can engage & similarly
and complementary threaded portion of the compartment 12. When the optional nose nut is
fully engaged with the compartment 12, the cutting surface 108 is disposed on and retained in

position by a Hp of the optional nose mut.

[0434) FIG. 3 depicts a perspective view of the solid member 100 of the tissue mincing tool
10. Other portions of the tissue mincing tool (e.g., the compartment 12 and the sterile, sealed
container 14) are not shown. As before, the solid member 106 includes a larger diameter
plunger 104 (shown with the threads 103) and a smaller diameter screw shaft 106. The handle
114 is disposed at one end of the solid member 100. At the opposite end of the solid mermber
100, the cotting surface 108 is attached to the end of the smaller diameter screw shaft 106, In
one embodiment, as illustrated, the cutting surface 108 includes a cutting blade 110 adjacent a

mincing disc 112.

[6635] FIG. 4 depicts a perspective view of an exemplary cutting surface 108 of the tissue
mincing tool 10, The cutting surface 108 includes the cuiting blade 110. Additionally, the
cutting surfsce 108 includes the mincing disc 112 with apertures 116 that allow tissues

samples 10 be impelled therethrough.

10036} FIGS. 5A and 5B depict two embodiments of a solid member 100 of a tissue
mincing tool 10. In ene embodiment depicted in FIG. 3A, the plunger 104 of the solid member
100 is substantially cylindrical in shape near its end. In a second embodiment depicted in FIG.
5B, the plunger 104 of the solid member 100 has a tapered or cone-shaped end. In each
embodiment, the solid member 100 is shaped 10 mate with and to fill the compartment 12 that
is complementarily shaped, such that the solid member 100 is movable within the compartment

12 to impel a tissue sample disposed within the compartment 12 through the cutting surface



14

i5

20

25

30

WO 2013/076899 PCT/US2012/664130

-10-

108. As the tissue sample passes through the cutting surface 108, the cut portions thereof are
deposited within the sterile, sealed container 14, which may be, for example, a bag,
Additionally or alernatively, the interior cavity of the compartment 12 can define a recessed
channel or surface (e.g., a cam surface) to engage a projection protruding from the plunger 104
such that solid member 100 can be removably secured to the compartment 12 and the user still
has leverage and control to translate the solid member 100 into the compartment 12 {not

shown),

[6037] FIG. 6A depicts 2 side view of a tissue mincing tool 200 according to another
embodiment of the Invention. FIG. 6B depicts a cross-sectional view along the line E~E of the
tigsue mincing tool 200 shown in FIG. 6A, while FIG. 6C depicts an exploded view of the
tissue mincing tool 200 shown in FIG. 6A. The tissue mincing tool 200 includes a base 204, a
reservoir 208, and a handie 212. As shown, the base 204 may include 2 threaded portion 216
for threadably engaging the reservoir 208, For example, an interior surface of the reservoir 208
may feature grooves 218 that complement the threaded portion 216 of the base 204. Thus,
during assembly of the tissue mincing tool 200, the reservoir 208 may be screwed onto the base
204.

{00381 As illustrated, a suction cup 220 may be coupled to a bottom portion 224 of the base
204. In one embodiment, the suction cup 220 provides stability for the tissue mincing tool 200,
For exampie, in operation, a user may couple the tissue mincing tool 200 to a table (or other
support surface) using the suction cup 220. Stability is thereby provided to the tissue mincing
tool 200 when, for example, the user furns the handle 212 as further described below, or

otherwise imparts force to the tissue mincing tool 200.

[0039] As most clearly shown in FIG, 6B, inchuded within the reservoir 208 is a
compartment 228 for initially housing a tissue sample. In addition, at least one cutting surface
{which is coupled to the handle 212 through a shaft crack 232} is moveable within the reservoir
208. For exampie, as most clearly shown in FIG. 6C, a first cutting surface 236, a first mincer
screen 240, a second cutting surface 244, and a second mincer screen 248 (each of which are
coupled to the handle 212 through the shaft crank 232) may be moveable within the reservoir
208 through actuation (e.g., rotation) of the shaft crank 232. The shaft crank 232 may, for

example, be manually actuated by a user via the handle 212, or, alternatively, may be
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automatically machine-actuated via a separate device. As will be understood by one of
ordinary skill in the art, the first and second cutting surfaces 236, 244 may be any of the
exemplary cutting surfaces deseribed above, In addition, the first and second mincer screens

240, 248 may, as illustrated, include differently-sized apertures.

160407 In operation, as the shaft crank 232 is rotated, the first and second cutfing surfaces
236, 244 are likewise rotated and move downward within the reservoir 208 toward the tissue
sample that is housed within the compartment 228, The first cutting surface 236 makes contact
with and cuts the tissue sample into one or more smaller portions, Those smaller tissue
portions are then passed through the apertures of the first mincer screen 240, are again cut into
even smaller portions by the second cutting surface 244, and are finally passed through the
apertures of the second mincer screen 248. The first and second cutting surfaces 236, 244 arc
rotated and moved downwards within the reservoir 208 until substantially all of the tissue
sample (or at least a sufficient amount of the Hssue sample for a given application) 1s minced
and passes through the second screen 248. Upon passing through the second screen 248, the
minced tissue sample is collected and housed within a container 232 of the reservoir 208,
Although not depicted as such in FIGS, 6A-6C, the top portion of the reservoir 208 may in fact
be capped and the interior portion of the reservoir 208 sterilized, such that the container 252 is

a sterile, sealed container 252,

10041} As will be understood by one of ordinary skill in the art, and as described above, the
compartment 228 of the reservoir 208 is, as shown in FIG. 6B, located below the first and
second cutting surfaces 236, 244 and first and second mincer screens 240, 248, while the

sterile, seaied container 252 of the reservoir 208 is located above the first and second cutting
surfaces 236, 244 and first and second mincer screens 240, 248, As such, in the embodiment of
the tissue mincing tool 200 depicted in FIGS. 6A~6C, the sizes of the compartment 228 and of
the sterile, sealed container 252 vary as the first and second cutting surfaces 236, 244 are

rotated downwards (or upwards).

[6642] As will also be understood by one of ordinary skill in the art, the depiction of the
tissue mincing tool 200 in FIGS. 6A-6C is non-limiting, In fact, variations, modifications, and
other implementations are contemplated. For example, fewer or more than two cuiting surfaces

236, 244 and/or two mincer screens 240, 248 may be emploved. As another example, the shaft
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cratk 232 and handle 212 may be coupled such that the handle 212 is rotatable within a vertical

plane rather than a horizontal plane (as illustrated).

{0043] FIG, 7 depicts a tissue mincing tool 300, according to another view of an
embodiment of the invention, whose principal of operation is similar to that of the tissue
mincing tool 200 depicted in FIGS. 6A-6C. As before, the tissue mincing tool 300 includes a
base 304, a reservoir 308, and a handle 312, As shown, a top portion of the reservoir 308 is
coupled to a bottom portion thereof through the use of screws 315 and wing nuts 317. The
tissue mincing tool 300 also includes a suction cup 320 to provide the aforedescribed stability
10 the tool 300 during operation. The container 352 of the reservoir 308 within which the
minced tissue sample is collected after passing through, for example, a second screen 348 is
also illustrated. As before, the top portion of the reservoir 208 may be capped and the interior
portion of the reservoir 308 sterilized, such that the container 352 is a sterile, sealed container
332

Celi Isolation and Collection Method

60441 The invention also provides methods for efficient and sterile processing of tissue to
isolate and to collect target celis. FIG. 8 provides an overview of the procedural steps for
isolating and collecting cells. Generally, 2 fissue sample can be initially minced using any of
the above-described tissue mincing tools by impelling the tissue sample through the cutting
surface of the tool and into a sterile, sealed container. The invention also provides optional
methods of further digesting the tissue sample by exposing it to a chemical or an enzyme. For
example, the minced tissuc may be digested by injecting an cnzyme into the container, such
that the enzyme digests the minced tissue. The enzyme can be a protease, such ag collagenase,
hyaluronidase, or dispase, separately or in combination. These steps are additionally or
optionally incorporated into a method of separating minced and/or enzymatically digested
tissue sample from any larger fragments (“undigested tissue,” as described above), for example,
decanting, aspiration, sedimemtation, or preferably, filkering. Tn some embodiments, the minced
and/or enzymatically digested tissue, which can be viscous, 1s washed or diluted before a
separating step. The separation of the target cells from the minced and/or enzymatically
digested tissue can be accomplished by sedimentation of the cells from a mixfure containing the

minced and/or enzymatically digested tissue. Although gravity sedimentation can be used, the
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sedimentation process can be accelerated by, for example, centrifugation. Additionaily, and
alternatively, the target cells are moved into a sterile container to be cryo-preserved for later

use.

foa45] In an embodiment, methods for separating minced and/or enzymatically digested
tissue sample from undigested tissue may include two or more filtration steps as depicted in
FIG. 9. For example, minced and/or enzymatically digested tissue sample may be subjected to
muktiple filtration steps using filters of varying sizes. In an embodiment, the minced and/or
enzymatically digested tissue sample is initially subjected to a first filtration step using a large-
pore filter of, e.g., about 500 microns, about 250 microns, about 150 microns or about 100
microns, for removing coarse undigested tissue, Additionally, & second filtration step can be
carried out to filter the eluate from the first filtration step using a small-pore filter of, ¢.g., about
70 microns or about 40 microns, for removing additional contaminants such as collagen fibers.
Because the minced and/or enzymatically digested tissue is generally viscous, the tissue can be
washed or diluted with an appropriate sterile solution (such as a buffered salt solution) at any
stage in the process. For example, after the minced and/or enzymatically digested tissue has
been separated from the undigested tissue following the first filtration step, further washes can
be performed to further cleanse the minced and/or enzymatically digested tissue before the
second filiration step. Following multiple rounds of filiration, target cells substantially free of

tissue sample can be collected by sedimentation.

[0¢46] FEG. 10A depicts an exemplary procedure for collecting and isolating desired cells
from a tissue sample, The tissue saraple may be initially placed within a compartment, where it
can be minced, parsed, or separated into smaller portions. An advantage of mincing the tissue
sample before any enzymatic digestion is that the entire surface area of the tissue sample on
which the enzyme can act ig increased. The compartment may be fitted and attached to one
port (e.g., an aperture) of a container (e.g., digestion bag) such that a tissue sample introduced
into the compartment can directly pass through into the container. The compartment may or

may not be removably attached 1o the container.

[8047] The container defines a sterile, sealed interior space that holds the minced tissue
sample and fluids. The container may include sealed ports for introducing or dispensing

materials and fluids into or from the container. For example, the container may include one or
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more injection ports for iniroducing fluids and one or more withdrawal ports for dispensing or
suction fluids and materials from the container. Further, in an alternative embodiment, each of
the injection ports and withdrawal port can be configured such that fluids and materials can
onky be moved in one direction to and from the container. Moreover, the ports can be disposed
atan opposite end of the container from the compartment, though the ports can also be
disposed along any portion of the perimeter of the container. In an embodiment, the ports are
not removably secured 1o the container. Additionally or alternatively, syringes, air vents,
capped air vents, or other devices that mate with a luer connection can be aitached to the ports.

All ports may be swabbable so that sterility is maintained.

[0048] Subsequently, the minced tissue can optionally be digested by, for example
exposing it to a chemical or an enzyme, In an embodiment, the minced tissue may be digested
by an enzyme, for example, a protease, such as a collagenase, hyaluronidase, or dispase,
separately or in combination. The enzyme may be directly introduced into the container, such
that the enzyme digests the rmoinced tissue. For example, a syringe, or any other device that can
house fluids, materials, or air, can be connected to the container (e.g., via a luer connection)
and used to dispense, for example, a protease into the container to digest the minced tissue
sample. To enhance digestion of the minced tissue sample, the container can be inverted to
circulate the enzyme about the container. Depending on the rate of enzymalic breakdown of
the minced tissue sample, the container can be placed at rest and the minced tissue sample can
be incubated with the enzyme at 37°C for a period of time, for example, for about one to three
hours, though more or fess time 18 contemplated, to digest the minced tissue sample.
Additionally or alternatively, to assist in the incubation process, the container can optionally be
periodically mixed with an orbital shaker or moved through a series of rollers or other
compression-type device to assist in the break-down of the minced tissue sample within the
comainer. In an example in which the tissue sample is about 10 mL, a user can inject about 19
mL of enzyme into the container, though more or less enzyme is contemplated, Once the

minced tissue sample is digested, a digested tissue sample of about 20-30 mL results.

#0491 Before the cells are separated from the minced and/or enzymatically digested tissue,
any remaining fragments of undigested tissue are optionally removed to facilitate the
subsequent purification of the cells. Depending on their size, undigested tissue can be removed

by, for example, physical extraction, decanting, aspiration, sedimentation, or preferably,
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fiitering. Optionally, the undigested tissue that is removed may be stored and/or used for other

purposes such as a seeding source for the expansion of stem celis.

(6056 FIGS. 10A-10D illustrate various embodiments in which separation is achieved by
filtration. Specifically, FIGS. 10A-10D depict a fluid passageway that connects the container
holding the digested tissue sample to a filter unit which can be removably attached to the
container. The filter unit may use a single filter, or a plurality of filters, optionally of
decreasing size, Alternatively, a filter may be fitted and disposcd in the container such that that
the container is divided into two sub-spaces. The filter may be symmetrically or
asymmetrically placed within the container. Additionaily or alternatively, the filter may be
fitted within a port, for example, a withdrawal port. The size of the filter can be about 500
miicrons, about 230 microns, about 150 microns, ebout 100 microns, about 70 microns, about
40 microns, or any range thereof, depending on the application. The digested tissue sample,
which can be viscous, may be diluted prior to filtering so that the resultant tissue sample can
more easily move through the filter into downstream containers or components for further
processing. Examples of diluting solutions include phosphate buffered saline (PBS), 5%
human serum albumin, saline, heta-starch, and fresh plasma (e.g., antologous plasma). In an
embodiment, a Syringe, or any other device that can house fluids, is used to dispense a diluting
solution into the container via an injection port. In an cxample in which the digested tissue
sample is about 20-30 ml, a user can inject about 250 mL of a diluting solution into the
container, though more or less solution is contemplated. As a result, the container holds about
250-300 mL of a diluted, digested tissue sample. Following filtration, the eluate may be
propelled, e.g., by vacuum, suction, or gravity, into a second sterile container {e.g., 2
wash/centrifugation bag) via a fluid passageway preferably regulated by line clamps (e.g.,

butterfly line clamps).

[0051]  Isolating cells from diluted, minced and/or enzymatically digested tissue can be
accomplished by various mechanisms. In an embodiment, the target cells are isolated from the
dilutad, minced and/or enzymatically digested tissue by sedimentation. Although gravity
sedimentation can be used, the sedimentation process can be accelerated by, for example,
centrifugation. The present invention can include customized centrifuge buckets, inserts, and

balance weights to ensure proper centrifuge of the system.
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[8652] Sedimentation separates the target cells from the diluted, minced and/or
enzymatically digested tissue sample. To facilitate cell collection, supernatants substantially
free of cells are optionally removed via an outlet port and a fhid passageway preferably
regulated by line clamps. The supernatant may be removed by, for example, decanting or
aspiration. Tn an example in which the second sterile container is a compressible bag, the
supernatant may be decanted by physically pressing the bag. Altematively, the supernatant
may be removed, e.g., by vacuum, suction, or gravity, Optionally, the supernatant can be
removed into 2 waste container that is connected to the second sterile container through an
outlet port and a fluid passageway regulated by line clamps. In an embodiment, the removed

supernatant may be stored and/or used for other purposes such as maintaining cells (in culture).

|6G53] To collect target cells, a small volume of & diluting solution (e.g., 20 ml of
autologous plasma) can be added to resuspend the cell pellet which may collect at the bottom of
the second sterile container. As shown in the embodiment depicted in FIG. 10A, the second
sterile container can have a bottom that is tapered to an angle sufficient to facilitate movement
of the target cells into a fluid passageway located at the bottom of the container, and optionally
inlo a transfer container (e.g., transfer bag). Alternatively, as depicted in FIG, 10B, target cells
may be moved into a fluid passageway located at the side of the container, and optionally into a
transfer container. Movement of the cells out of the second sterile container and into the fluid
passageway and optionally into a transfer comtainer can be facilitated by vacuum or suction and

may be regulated by line clamps.

[6034) If needed, the purified, target cells can be nsed immediately, Typically, however,
the cells are cryopreserved for later use. To achieve long-term storage, cells can be transferred
from the optional transfer container into a sealable, sterile container amenable to freezing (e.g.,
cryo-bag). Altematively, cells can be directly collected from the second sterile container into a
freezable container for later use. Cryoprotectants are added to agsist in storage and
preservation of target cells, and can include, for example, dimethy] sulfoxide (DMSO),
albumin, and/or dextran, separately or in combination. Cryoprotectanis may be added to the
cells within the second stertle container following sedimentation. Alternatively,
cryoprotectants may be added to and mixed with the cells within the optional transfer container

or within the freezable container for long-term storage and later use.
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[0055] In an embodiment, methods for separating minced and/or enzymatically digested
tissue from undigested tissue may include two or more filtration steps as depicted in FIGS.
10C-10D. For example, minced and/or enzymatically digested tissue may be subjected to a
first filtration step to remove coarse, undigested tissue. Because the minced and/or
enzymatically digested tissue is generally viscous, the tissue can be washed or diluted with an
appropriate sterile solution at any stage in the process. For example, after the minced and/or
enzymatically digested tissue has been separated from the undigested tissue following the first
filtration step, further washes can be performed to further cleanse the tissue prior to a second
filtration step. In an embodiment, the second filtration step may utilize a smaller sized filter in
order to remove contaminants such as collagen fibers from the minced and/or enzymatically
digested tissue. Following the second filtration step, target cells may be collected by
sedimentation and moved into an optional transfer bag through a fluid passageway located
either at the bottom of the container {FIG. 10C) or at the side of the container (FIG. 10D).
Alternatively, the cells may be directly collected into a sterile cryo-bag for long-term storage

and later use.

[6056] Additional exemplary processes for separating minced tissue samples are depicted
in FIGS. 10E-10G. In each of these processes, a tissue sample s placed in a mincer, such as
the mincer of FIG, 7. In operation, the mincer forces the tissue sample through one or more
cutting surfaces and deposits the finely minced tissuc on the other side of the cutting surface(s).
A saline bag is providad to permit the flushing of the tissue out of the mincer; typically, up to
500 mL of saline may be used for this purpese. When flushed from the mincer, the minced
tissue may flow into an optional digestion bag (as shown), where the minced tissue may be
enzymatically digested (as described with reference to FIGS. 10A-10D) prior to further
processing. The optional digestion bag is in fluid communication with a dilution bag.
Alternatively, if the mechanical mincing has obviated the need for any enzymatic digestion, the
minced tissue can flow directly into a dilution bag. The mechanically minced tissue (whether
or not subjected to enzymatic digestion) may be viscous. The dilution bag can be mechanically
manipulated to encourage the mixing of the tissue and the saline. The dilution bag is also fitted
with an optional injection port, permitting the injection of additional saline into the dilution bag

as required.
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[6657] The tissue suspension 18 then filtered, once the viscosity has been sufficiently
reduced. As shown in FIGS. 10E-G, the suspension passes from the dilution bag into = filter
bag having at least one in-bag filter. FIG. 10E depicts an embodiment with a single in-bag
filter which retains particles larger than about 40-70 um. FIG. 10F depicts an embodiment with
a single in-bag filter which retains particles larger than about 150-250 um. In FIG, 10F, the
filtrate from the m-bag filter then passes through a second, in-line filter unit which retains
particles larger than about 40-70 pm. FIG. 10G depicts an embodiment in which the filter bag
contains two in-bag filers in succession, each in-bag filter having a surface area of at least 300
cm’; the first filter retains particles larger than about 500 um and the second filter retains
particles farger than about 100 um. In each of FIGS. 10E-G, the filter bag includes a port
permitting the removal of the retentate from the first filter. This retentate can optionally be

used as a fissue explant for culturing cells.

[0058] The filtrates in FIGS. 10E-G pass into a centrifugation bag like those depicted in
FI1GS. 10A-D. Cells are separated from the suspension by sedimentation (e.g. by
centrifugation) and arc concentrated in the bottom portion of the bag, or in a fluid passageway
connected to the bottom portion of the bag. The supematant can be removed (e.g. by
decanting, aspiration, vacuum, suction, or by compressing the bag) through tubing optionally
comnected to a waste container. The supernatant may be used for other purposes such as

maintaining celis in culture.

[6859] To cellect target cells, a small volume of a diluting solution {e.g., 20 ml of
autologous plasma} can be added to resuspend sedimented cells. As shown in FIGS. 10E-G,
the resuspended cells can pass from the centrifugation bag into a transfer hag, opticnally after
passing through a second filter bag, such as a second filter bag containing a filter having a
surface area of at least 100 cm” and retaining particles greater than about 40 pm, as shown in
FI1G. 10G. The cells can be transferred to a cryobag and one or more cryoprotectants can be
added, such as DMSO, albumin, and/or dextran, as described above for FIGS. 10A-D.

10060] The methods described herein are effective for purifying cells from a variety of
solid tissues. For example, the methods described herein can separate cells, such as stem cells,
from fat tissue or afterbirth tissue, such as placenta or umbilical cord tissue or, more

specifically, a tissue comprising Wharton’s Jelly. The purified Wharton’s Jelly stem cells can
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be used to treat or regenerate any of a variety of tissues such as bone, cartilage, fat or muscle.
These cells can also facilitate hematopoietic engraftment and have the potential to regulate and

suppress immune responses in a host,

0061 In addition to purified cells, the methods described herein also yield additional
useful products. For example, when the cells are separated from the minced and/or
enzymatically digested tissue, the remaining, cell-depleted tissue is a rich, sterile solution that
can be used for maintaining cells (in culture, for example). Further, any fragments of
undigested tissue remaining after a digestion process can also be useful. For example,
undigested umbilical cord tissue can be utilized as a seeding source for the expansion of

mesenchymal stem cells.

{00621 The terms and expressions employed herein are used as terms and expressions of
description and not of limitation, and there is no intention, in the use of such terms and
expressions, of excluding any equivalents of the features shown and described or portions
thereof. In addition, having described certain embodiments of the invention, it will be apparent
to those of ordinary skill in the art that other embodiments incorporating the concepts disclosed
herein may be used without depasting from the spirit and scope of the invention. Accordingly,
the described embodiments are to be considered in all respects as only tltustrative and not
restrictive. Furthermore, the configurations described herein arc intended as illustrative and in
no way limiting. Similarly, although physical expianations have been provided for explanatory
purposes, there is no ient to be bound by any particular theory or mechanism, or to limit the

claims in accordance therewith.
INCORPORATION BY REFERENCE

10063] The entire disclosures of each of the patent documents and scientific articles cited

herein are incorporated by reference in their entirety for all purposes.

EQUIVALENTS
[8064] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.

Scope of the invention is thus indicated by the appended claims rather than by the foregoing
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description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced thercin,

{0065) What is claimed is:
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I A tissue mincing tool comprising:

a compartment for a tissue sample;

a solid member actuatable by a handle and moveable within the compartment;

a rotatable cutting surface at one end of the compartiment; and

a sterile, sealed container,

wherein the compartment is arranged to position the tissue sample between the solid member
and the rotatable cutting surface and actuation of the handle in one direction causes the solid member to
move only towards the rotatable cutting surface,

and further wherein the rotatable cutting surface separates the compartment from the sterile,
sealed container, such that a tissue sample that is pressed, via the solid member, into contact with and
through the rotatable cutting surface is deposited as a minced tissue within the sterile, sealed container.
2. The tissue mincing tool of claim 1, wherein the rotatable cutting surface is dimensioned to
mince the tissue sample into fragments having an average cross-section no greater than four square
millimeters.
3. The tissue mincing tool of claim 2, wherein the average cross-section is no greater than one
square millimeter.
4, A tissue mincing tool according to any one of the preceding claims, further comprising a second
cutting surface for reducing the average cross-section of the fragments.
5. A tissue mincing tool according to any one of the preceding ciaims, wherein the rotatable
cutting surface comprises an automated cutting system.
6. The tissue mincing tool of claim 5, wherein the automated cutiing system comprises semi-
automatic scissors.
7. A tissue mincing tool according to any one of the preceding claims, further comprising at least
one mincer screen positioned in proximity to the rotatable cutting surface.
8. The tissue mincing tool of ¢laim 7, wherein the at least one mincer screen is moveable towards

the tissue sample.

9. A tissue mincing tool according to any one of the preceding claims, further comprising a suction
cup for stabilizing the tissue mincing tool during operation thereof.

10. A tissue mineing tool according to any one of the preceding claims, further comprising a fluid
conduit in communication with the sterile, sealed container, and a filter disposed within the flwid
conduit.

11, A tissue mincing tool according to any one of the preceding claims, wherein the sterile, sealed
contamer cormprises at least one sealed access port permitting the sterile introduction of a fluid into the
contatner.

12. A tissue mincing tool according to any one of the preceding claims, wherein an interior surface

of the compartment is threaded.
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13. A tissue mincing tool according to any one of the preceding claims, further comprising a gasket
for sealing the compartment.
14, A tissue mincing tool according to any one of the preceding claims, wherein a portion of the
compartment near its end has a substantially constant cross-section.
15. A tissue mincing tool according to any one of the preceding claims, wherein a portion of the
compartment near its end is tapered or cone-shaped.
16. The tissue mincing tool according to claim 14 or 15, wherein the solid member is shaped to
mate with and to fill the portion of the compartment
17. The tissue mincing tool of claim 1, further comprising a shaft crank for moving the rotatable
cutting surface towards the tissue sample.
18. The tissue mincing tool of claim 1, wherein the rotatable cutting surface is moveable towards the
tissue sample.
19. The tissue mincing tool of claim 1, wherein the tissue mincing tool comprises a series of rotatable
cutting surfaces at the one end of the compartment.
20. A method of mincing a tissue sample positioned between the solid member and the rotatable
cutting surface of the tissue mincing tool of claim 1, the method comprising:

pressing the tissue sample, via the solid member, into contact with and through the rotatable
cutting surface of the tissue mincing tool.
21, A method of digesting a tissue sample, the method comprising:

mincing the tissue sample according to the method of claim 20 and, optionally, transferring the
minced tissue to a second sterile, sealed container; and

injecting an enzyme, whereby the enzyme digests the minced tissue.
22. The method of claim 21, wherein the enzyme is a collagenase.
23, A method of separating cells from a tissue sample, the method comprising:

mincing the tissue sample according to the method of claim 20; and

removing undigested tissue.
24, The method of claim 23, further comprising diluting the tissue sample, wherein the undigested
tissue is subsequently removed by filtering.
25. The method of claim 24, further comprising sedimenting a filirate generated by the filtering.
26. The method of claim 25, further comprising re-suspending sedimented cells and filtering the re-
suspended sedimented cells.
27, A method according to any one of claims 20-26, wherein the tissue sample comprises
Wharton’s Jelly stem cells.

28. The method of claim 27, wherein the tissue sample is substantially free of blood vessels.



