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DE-BEADING

Cross-Reference to Related Patent Application(s)

[0001] This patent application claims priority to U.S. Provisional Patent Application No.
62/144,226 filed April 7, 2015 entitled “DE-BEADING,” which is hereby incorporated by

reference in its entirety as if set forth herein in full.

Background

[0002] Beads are used in a variety of different applications including in biological
applications, such as the growing of cells or other organisms. In some processes, cells may
be grown, functionalized, or activated for therapeutic purposes using beads. After the cells
have been grown, functionalized, or activated, the beads must be separated from the cells

before the cells can be further used.

[0003] When separating beads from cells, it is desirable to remove as many of the
beads as possible, while not losing cells. In some processes of removing beads, a large

number of cells may be lost.

[0004] Embodiments of the present invention have been made in light of these and
other considerations. However, the relatively specific problems discussed above do not

limit the applicability of the embodiments of the present invention.

Summary

[0005] The summary is provided to introduce aspects of some embodiments of the
present invention in a simplified form, and is not intended to identify key or essential

elements of the claimed invention, nor is it intended to limit the scope of the claims.

[0006] Some embodiments relate to systems and methods for separating cells from
beads. In embodiments, the separation may involve the use of one or more separation
chambers that utilize centrifugal forces to separate the beads. Embodiments may provide
for use of magnetic fields and flow cells to remove beads that may include ferromagnetic

materials (e.g., iron, cobalt, nickel, rare earth metals, etc.).
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[0007] Other embodiments provide for systems and methods of removing magnetic
beads (e.g., which may contain iron, cobalt, nickel, rare earth metals etc.) from a fluid
stream comprising cells. Embodiments may utilize a fluid pathway through which the fluid
stream flows. The fluid pathway may include an indirect pathway in a bag. A magnetic field
may be provided adjacent the bag, and a pump may be used to move the fluid through the
bag. As the fluid flows through the indirect pathway, the magnetic field may attract the
magnetic beads toward a wall of the bag. By maintaining the beads against the wall of the

bag, the magnetic beads are removed from the fluid stream.

[0008] In some embodiments, the magnetic field may be generated by a number of
magnets in an array. The array may be arranged in a predetermined way (with magnetic
poles in particular positions) to control the magnetic field. In embodiments, the magnetic

field may be strong enough to maintain the magnetic beads against a wall of the bag.

[0009] Additionally, the indirect flow path of the bag may be provided by a variety of
features. For example, the indirect flow path may be provided by a channel in a serpentine
bag. In other examples, the bag may include barriers around which the fluid stream flows,
which creates the indirect flow path. In embodiments, the indirect pathway of the bag
provides a long enough flow path to allow the magnetic field to remove at least about

ninety percent of the magnetic beads from the fluid stream.

[0010] In some embodiments, an outlet of the bag may be connected to components
that additionally process the fluid stream. For example, the outlet of the bag may be fluidly
connected to a chamber for concentrating the cells in the fluid stream after the magnetic
beads have been removed from the fluid stream. As part of the concentration of cells, the

chamber may remove liquid and also remaining beads from the fluid stream.

Brief Description of the Drawings

[0011] Non-limiting and non-exhaustive embodiments are described with reference to

the following figures.

[0012] FIG. 1 illustrates an embodiment of a system that may be utilized for processing

a fluid stream with beads and cells according to embodiments.
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[0013] FIG. 2 illustrates a fluid conveyance assembly that may be utilized in

embodiments with a system such as for example the system shown in FIG. 1.

[0014] FIG. 3 illustrates an embodiment of a separation chamber system utilizing two
chambers that may be used to concentrate cells and/or remove beads according to

embodiments.

[0015] FIG. 4 illustrates a separation chamber that may be used to concentrate cells

and/or remove beads from a fluid stream.

[0016] FIG. 5 illustrates a close-up view of a separation chamber with some beads

collected at a bottom port/tubing.

[0017] FIG. 6 illustrates a cross-sectional view of another embodiment of a separation

chamber that may be used to concentrate cells and/or separate beads from cells.

[0018] FIG. 7 illustrates a system for processing a fluid stream that may include beads
and cells.
[0019] FIG. 8 illustrates a top view of a flow cell that may be used to remove magnetic

beads according to an embodiment.

[0020] FIG. 9 illustrates an exploded view of the flow cell of FIG. 8.

[0021] FIG. 10 illustrates a cross-sectional (partially exploded) view of the flow cell of

FIG. 8.

[0022] FIGS. 11A-E illustrate different views of another flow cell that may be used to

remove magnetic beads according to another embodiment.

[0023] FIGS. 12A-12F illustrate different designs of bags with indirect paths that may be

used in some flow cells according to embodiments.

[0024] FIG. 13A-E illustrates embodiments of magnet arrays that may be used in some

embodiments of flow cells.
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[0025] FIG. 14 illustrates a flow chart of a process for removing magnetic beads from a

fluid stream according to an embodiment.

Detailed Description

[0026] The principles of the present invention may be further understood by reference
to the following detailed description and the embodiments depicted in the accompanying
drawings. It should be understood that although specific features are shown and described
below with respect to detailed embodiments, the present invention is not limited to the

embodiments described below.

[0027] Reference will now be made in detail to the embodiments illustrated in the
accompanying drawings and described below. Wherever possible, the same reference

numbers are used in the drawings and the description to refer to the same or similar parts.

[0028] FIG. 1 illustrates an embodiment of a system 100 that may be utilized for
processing a fluid stream that may include beads and cells. In some embodiments, the cells
may be human T cells and the beads may be made from a magnetic material with a
polymeric coating. Some embodiments of system 100 may provide for separating (e.g.,
removing) beads from the stream of fluid that includes the cells. In addition, system 100
may also be used to concentrate, wash, and add a storage solution to cells. FIG. 1 illustrates
a storage bag 104 that in embodiments stores a fluid that includes cells and beads utilized
for growing, functionalizing, and/or activating cells. In order for the cells to be used for
therapeutic purposes, the cells may be separated from the beads and concentrated to

provide for a usable/effective dose.

[0029] Separation/concentration system 108 may be part of system 100 and may be
used to de-bead (e.g., remove beads from) a fluid stream that includes cells, and also may
be used to concentrate the cells. As described in greater detail below, the
separation/concentration system 108 may utilize a variety of systems, components, fluid
flow paths, etc. to separate beads from a fluid stream and/or concentrate cells after

separation of beads from the fluid stream.
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[0030] As part of the fluid processing, some embodiments provide for washing the cells
using the separation/concentration system 108 in addition to separating beads and
concentrating cells. A wash solution 112 may be used by the separation/concentration
system 108 to wash the cells. Examples of systems and methods that may be used as part
of system 108 to concentrate and wash cells are described in U.S. Patent Application No.
14/827,130, entitled “PROCESSING PARTICLES” and filed August 14, 2015, which is hereby

incorporated by reference in its entirety as if set forth herein in full.

[0031] After the cells are de-beaded, concentrated, and washed, a fill system 116 may
separate the concentrated/washed cells into separate storage containers each with a
predetermined concentration and/or volume of cells. In one embodiment, fill system 116
may fill each storage container with what may be considered one dose of therapeutic cells.
In addition, fill system 116 may also add a storage solution to the individual storage
containers. As one example, a predetermined amount of DMSO may be added by fill system

116 to each individual storage container.

[0032] FIG. 2 illustrates a fluid conveyance assembly 200 that may be utilized in
embodiments with the system shown in FIG. 1. In embodiments, assembly 200 may be a
disposable component that is utilized once in a batch process that separates beads from
cells, concentrates the cells, washes the cells, and stores the cells in storage containers. In
other embodiments, fluid conveyance assembly 200 may be reposable, so that it is reused,

after for example a sterilization process.

[0033] As shown in FIG. 2, assembly 200 includes a cassette 204, which routes tubing
that is connected to various bags and/or other components. Cassette 204 also includes a
variety of tubing loops 208A-E which may engage pumps for pumping fluid to and from
different locations or components, e.g., separation/concentration system 108, fill system

116 (system 100), separation chamber 212, flow cell 216, waste bag 220, etc.

[0034] As noted above, assembly 200 also includes separation chamber 212 where cells
and beads may be separated in some embodiments. In other embodiments, chamber 212
may be used simply to concentrate and wash cells after beads have been separated from

the cells, as described in greater detail below.
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[0035] In the embodiment shown in FIG. 2, a flow cell 216 is also provided to separate
beads from cells. As described in greater detail below, flow cells (e.g., 216) may be

magnetic flow cells that utilize a magnetic field to separate beads from cells.

[0036] As shown in FIG. 2, assembly 200 also includes a waste bag 220, into which fluid
or other materials may be transferred. In embodiments, waste bag 220 may store used
wash fluid as well as fluid removed from a fluid stream that includes cells, in order to

concentrate the cells.

[0037] FIG. 3 illustrates an embodiment of a separation chamber system 300 utilizing
two chambers 304 and 308. Some embodiments provide for system 300 where two
chambers are used to process a stream of cells that includes beads. In these embodiments,
a first chamber, such as chamber 304 may be used to initially remove beads from the fluid
stream. In embodiments, chamber 308 is utilized primarily to wash and concentrate cells

but may also be used to separate out any beads that may remain.

[0038] As illustrated in FIG. 3, the separation chamber system 300 may be mounted on
a centrifuge rotor 312. The centrifuge rotor may then spin creating a centrifugal field within
each of chambers 304 and 308. As a result of the centrifugal field created in each of the
chambers, the beads may be separated from the cells in chamber 304 and the cells may be
concentrated and washed in chamber 308. It is noted that in some embodiments, only a
single separation chamber may be used to separate beads from cells, wash cells, and

concentrate cells.

[0039] FIGS. 4 and 5 illustrate a separation chamber 400. As illustrated in FIGS. 4 and 5,
chamber 400 includes a three port chamber design. In embodiments, the ports of chamber

400 may include a first top port, a second bottom port, and a third side port.

[0040] In some embodiments, chamber 400 may be used by transferring a fluid stream
containing cells, beads, and liquid into a volume of the chamber. The fluid stream may
enter into the chamber through a side port, for example. While in the chamber, the heavier
particles, e.g., the beads, may settle to the bottom of the chamber. The chamber 400 may
be subjected to a centrifugal field that aids in the beads settling to the bottom of the

chamber. The cells may be in an intermediate layer and liquid at the top of the chamber.
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[0041] A small flow of liquid may enter the chamber through the bottom port to ensure
that the cells do not stay attached to beads. The liquid may also be used to wash the cells.
FIG. 5 illustrates a close-up view of a bottom portion of chamber 400. As shown in FIG. 5,

some beads have settled in the tubing line attached to the bottom port of chamber 400.

[0042] Depending on the specific embodiment, once separated, the various
components of the fluid stream may be removed from the chamber through any one of the
ports. In embodiments, the liquid separated in the chamber may be removed from the
chamber 400 through the top port. In some embodiments, the beads may be removed
through the bottom port. In other embodiments, the cells may also be removed from the

bottom port after the beads have been removed.

[0043] The various ports of the chambers may be connected to containers for directing
the components of the fluid stream separated in the chamber. For example, the port
through which the excess liquid is removed may be connected to a liquid waste bag for
storing liquid waste. In other embodiments, the port through which the beads are removed
may be directed to a bag to store the beads for disposal or recycling. Finally, the port
through which the cells are removed may be connected to a fill system, such as system 116
(FIG. 1) which may direct a stream of concentrated cells to individual containers. A storage

solution such as DMSO may also be added to the individual containers.

[0044] FIG. 6 illustrates a cross-sectional view of another separation chamber 600 that
may be used to separate beads from cells. As illustrated in FIG. 6, chamber 600, includes
trap 608 and a port 604, which may in embodiments be an inlet, an outlet, or an inlet/outlet
port. In embodiments, chamber 600 is positioned on a rotor of a centrifuge which creates a
centrifugal field. When a stream of fluid is transferred into chamber 600, the heaviest
particles in the fluid, e.g., beads, will settle into trap 608 where they will remain. Any of the
other components (e.g., liquid, cells, etc.) can then be removed from chamber 600 through

port 604.

[0045] Chambers 400 and 600 are provided for illustrative purposes only. It is noted

that other chamber designs may be used in other embodiments. Some embodiments, may
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utilize one or more of the chamber designs disclosed and described in U.S. Patent

Application No. 14/827,130 noted above.

[0046] As previously noted, embodiments provide for a flow cell to be used to remove
beads. In one specific embodiment, the beads may be magnetic beads that may contain a
magnetic material, e.g., iron, nickel, cobalt, some rare earth metals or alloys thereof. In one
specific embodiment, the beads may be made from a magnetic material coated with a
polymer, such as for example DYNABEADS. In these embodiments, the flow cell may include
magnets, e.g., an array of magnets that may be used to remove the magnetic beads from a

fluid stream. Details of some embodiments of flow cells are described below.

[0047] FIG. 7 illustrates a block diagram of one embodiment of a
separation/concentration system 700 that utilizes a flow cell 712 for separating beads from
a fluid stream that includes beads and cells. System 700 includes a source of fluid 704 and
tubing 708 that connects the source of fluid to a flow cell 712. Pump 716, pumps the fluid
stream from source 704 into a fluid pathway that includes flow cell 712, where beads may
be removed from the fluid stream. As described in greater detail below, the flow cell 712, in
embodiments, may utilize magnets, e.g., magnet arrays, to remove magnetic beads from the

fluid stream.

[0048] After beads have been removed from the fluid stream, cells in the fluid stream
may be concentrated and/or washed. For example, the de-beaded fluid stream may be
moved into concentrator 724 through tubing 720, where a chamber 728 may be used to
concentrate the cells. The chamber may be for example one of chambers 400 or 600
described above. In other embodiments, it may be a three-port chamber such as one or
more of the chambers described in U.S. Patent Application No. 14/827,130 noted above. In
addition to concentrating the cells, a wash fluid may be added to the cells while in the
chamber 728 to wash the cells. The chamber 728 may also remove any beads remaining in

the fluid.

[0049] After the cells have been concentrated/washed, the stream of cells may be

moved through tubing 732 by pump 736 into storage bag 740 for storage. In other
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embodiments, tubing 732 may be connected to a fill system, such as system 116 that may

direct the stream of cells into more than one storage bag for storage until use.

[0050] It is noted that system 700 is being provided merely for illustrative purposes. As
noted, in some embodiments, system 700 may be incorporated into a larger system such as
system 100. In other embodiments, system 700 may operate as a stand-alone system. Also,
the system may include additional components in some embodiments. For example, below
are some examples of specific features of a flow cell that may be used in some
embodiments. In other embodiments, system 700 may include fewer than the components
shown in FIG. 7. For example, in some embodiments, system 700 may not include
concentrator 724 and may be used merely to remove beads from a fluid that may include
the beads and cells. In other embodiments, portions of system 700 may be integrated into

assemblies such as assembly 200 (FIG. 2).

[0051] In some embodiments, system 700 may be used to process a variety of volumes
of fluid. As one example, fluid source 704 may store from about 10 ml to about 5000 ml,
which is processed by system 700. In one embodiment, system 700 may process volumes
from about 1 ml to about 5000 ml, such as about 10 ml to about 2500 ml, such as about 100
ml to about 2000 ml, or even about 150 ml to about 1500 ml. In embodiments, system 700
may process volumes greater than about 10 ml, greater than about 20 ml, greater than
about 30 ml, greater than about 40 ml, greater than about 50 ml, greater than about 60 ml,
greater than about 70 ml, greater than about 80 ml, greater than about 90 ml, or even
greater than about 100 ml. In embodiments, system 700 may process volumes less than
about 5000 ml, less than about 4000 ml, less than about 3000 ml, less than about 2000 ml,

or even less than about 1000 ml.

[0052] Flow rates though a system such as 700 and its components, e.g., through flow
cell 712, may be from about 1 ml/min to about 500 ml/min, such as about 5 ml to about 250
ml, such as about 10 ml/min to about 200 ml, or even about 15 ml to about 150 ml. In
embodiments, system 700 may process volumes at rates greater than about 10 ml/min,
greater than about 20 ml/min, greater than about 30 ml/min, greater than about 40 ml/min,

or even greater than about 50 ml/min. In embodiments, flow rates may be less than about
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500 ml/min, less than about 400 ml/min, less than about 300 ml/min, less than about 200

ml/min, or even less than about 100 ml/min.

[0053] FIGS. 8-10 illustrate various views of a flow cell 800 that may be used in some
embodiments to remove beads, e.g., magnetic beads from a fluid stream that includes the
beads and cells. In some embodiments, flow cell 800 may be used in systems such as
system 700 (FIG. 7) as flow cell 712. FIG. 8 illustrates a top view, FIG. 9 illustrates an
exploded view and FIG. 10 illustrates a cross-sectional (taken through line AA) and partially

exploded view (FIG. 8).

[0054] As shown in FIG. 8, liquid flows into flow cell 800 through inlet port 804, in the
direction illustrated by arrow 804A, and flows out of cell 800 through exit port 808 in the
direction illustrated by arrow 808A. As described in greater detail below, the features of
flow cell 800 remove beads from the fluid stream, which results in a de-beaded fluid stream

exiting flow cell 800 through exit port 808.

[0055] As illustrated in FIGS. 8-10, flow cell 800 includes a top portion 812 and a
bottom portion 816 (FIG. 9). The top portion 812 includes top wall 820 that helps to define
a chamber 824 through which a fluid stream flows. Within the chamber 824 there are a
plurality of ridges 828 that are designed to create turbulent flow as the fluid stream passes

over them.

[0056] Bottom portion 816 includes an array 832 of magnets (832A-l) that is positioned
adjacent, e.g., underneath, the chamber 824 and ridges 828. The magnets 832A-I are held
in place by piece 836 and are configured to attract magnetic beads in the fluid stream and

maintain the beads against a wall of the chamber 824, e.g., a bottom wall.

[0057] The ridges 828 may in embodiments, aid in removing beads from the fluid
stream. Without being bound by theory, it is believed that the ridges 828 may create eddy
currents in the stream as it passing over the ridges 828. As a result, the heavier particles,
namely the beads will have a tendency to settle at the bottom of the ridges. The eddy
currents may also separate cells that may be stuck to beads. Furthermore, the magnetic
array 832 may attract the beads and trap them at the bottom of the ridges, removing them

from the stream as the stream flows through the flow cell 800.

10
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[0058] In some embodiments, flow cell 800 may be utilized prior to flowing a stream of
cells into a chamber, such as a chamber for cell concentration and/or wash (e.g., chamber
400, chamber 600, and/or chamber 728). In these embodiments, a stream of fluid would
flow through a flow cell 800 to remove a majority of the beads in the stream, after which
the flow would be directed to a chamber where the cells could be washed and concentrated

and any remaining beads removed such as is described above with respect to FIG. 7.

[0059] In one embodiment, there may be additional wash solution that is flowed into
and out of flow cell 800. For example, in one embodiment a wash solution could be flowed
backward through flow cell 800 (after an initial stream has been treated in flow cell 800).
That is, wash solution could flow into flow cell 800 in the opposite direction of arrow 808A
and flowed out of the flow cell 800 in the opposite direction of arrow 804A. The wash
solution may remove any cells that are in flow cell 800 and direct the flow to a chamber for

further washing and concentrating of any cells picked up by the wash solution.

[0060] In other embodiments, after the wash solution is flowed in the opposite
direction, it could be reflowed in the directions illustrated by arrows 804A and 808A. This
would allow the wash solution to flow through the flow cell 800 twice to remove cells that
remained in flow cell 800 after the initial treatment of a stream of fluid. In some
embodiments, the wash solution may flow only once through flow cell 800 and it may be in

an opposite direction than illustrated by arrows 804A and 808A, or in the same direction.

[0061] The top portion and bottom portion of flow cell 800 may be made from any
suitable material some non-limiting examples including polyvinyl chloride, polyethylene,
polyethylene terephthalate, polypropylene, and combinations thereof. In embodiments,
the material for flow cell 800 may be transparent and/or translucent to allow a user to

visually determine whether beads are being removed from a fluid stream.

[0062] FIGS. 11A-E illustrate various views of a flow cell 1100 that may be used in some
embodiments to remove beads, e.g., magnetic beads from a fluid stream that includes the
beads and cells. In some embodiments, flow cell 1100 may be used in systems such as
system 700 (FIG. 7) as flow cell 712. FIG. 11A illustrates a top view of flow cell 1100 showing

a stationary portion 1104 and a slideable portion 1108 positioned inside a housing 1112 of

11
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the stationary portion 1104. As can be appreciated, in embodiments, slideable portion 1108

may be moved in and out of housing 1112 as illustrated by arrow 1116.

[0063] FIGS. 11B-E illustrate side views of flow cell 1100. As illustrated in FIGS. 11B-E,
slideable portion 1108 includes plate 1118, rails 1120 and 1124 that allow plate 1118 to
slide in and out of housing 1112. As may be appreciated, rails 1120 and 1124 may engage
tracks inside housing 1112 that guide the rails 1120 and 1124 during sliding.

[0064] Slideable portion 1108 includes a plate 1118. In some embodiments, plate 1118
may include a magnet, or an array of magnets that aid in removing magnetic beads from a
fluid stream passed through flow cell 1100. In other embodiments, the magnets may be on
an interior wall of housing 1112, such as inside surface 1164 of housing 1112. Examples of
some magnets and/or magnetic arrays that may be included as part of plate 1118 and/or

interior wall 1164 are described below with respect to FIGS. 13A-E.

[0065] In embodiments, plate 1118 may be made of a magnetic material and
magnetized (e.g., with areas of different polarity to create arrays, for example as shown in
FIGS. 13E and 13F). In other embodiments, plate 1118 may be constructed of multiple
materials/pieces such as a base plate that then may secure a magnetic material, such as a
magnet or an array of magnets with fasteners. The base plate may be made of a polymeric

(e.g., polyethylene), metallic (e.g., aluminum), or a combination of materials.

[0066] As illustrated in FIGS. 11C-E, embodiments provide for the use of a bag (e.g.,
1140) with an indirect flow path. By a bag with an indirect flow path, it is meant that a flow
path between an inlet (e.g., 1144) and outlet (e.g., 1148) of the bag is not in a substantially
straight line (e.g., tortuous path, path with barriers, path with baffles, etc.). In FIGS. 11C-E
the bag is a serpentine bag 1140 with a tortuous path between the inlet and outlet that may

be created by the walls of a channel.

[0067] In embodiments, the serpentine bag 1140 may be a disposable portion that may
be attached to the movable portion 1108 as described in greater detail below. As illustrated
in FIG. 11C serpentine bag 1140 includes an inlet port 1144 and an outlet port 1148. Bag
1140 also include channel 1152 through which a fluid stream is moved, such as for example

by a pump or gravity. The channel 1152 provides part of a fluid pathway for the fluid stream

12
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with the channel walls providing barriers that create an indirect path. In addition,
serpentine bag 1140 may have mechanisms for attaching bag 1140 to portion 1108. For
example, perforations 1156 and 1160 may be used to secure serpentine bag to portion
1108. Plate 1118 may include corresponding mechanisms such as post 1132 and post 1136
that may fit in the perforations 1156 and 1160. In addition, plate 1118 may include a clamp

1128 to further secure the serpentine bag 1140 on plate 1118.

[0068] Although serpentine bag 1140 is shown as having a particular design,
embodiments are not necessarily limited thereto. FIGS. 12A and 12B illustrate alternative
serpentine bag designs that may be used with some embodiments. Additionally, FIGS. 12C-F

illustrate other examples of bags with indirect flow paths that may be used in embodiments.

[0069] Referring to FIGS. 12A and 12B, each of bags 1200 (FIG. 12A) and 1216 (FIG. 12B)
may be used in some embodiments as part of a flow cell. As shown in FIG. 12A bag 1200
includes an inlet port 1204 and an outlet port 1208. Bag 1200 also includes channel 1212
through which a fluid stream is moved, such as for example by a pump or gravity. Similarly,
FIG. 12B illustrates bag 1216, which includes an inlet port 1220 and an outlet port 1224, Bag
1216 includes channel 1228 through which a fluid stream is moved, such as for example by a

pump or gravity.

[0070] Although similar, bags 1200 and 1216 do have some different features. For
example, the inlet ports and outlet ports are located at different positions. Bag 1200 has
the inlet port 1204 located on a side parallel to the side on which the outlet port 1208 is
located. In contrast, bag 1216 illustrates inlet port 1220 on a side perpendicular to the side
on which the outlet port 1224 is located. Furthermore, channel 1212 is slightly longer than
the channel 1228. These are merely some examples, and embodiments may provide for

different channel lengths, diameters, different port locations, etc.

[0071] Referring to FIG. 12C, bag 1232 includes inlet port 1236 and outlet port 1240. In
addition, indirect flow path 1244 is created, in part, by barriers 1246. A fluid stream that
enters inlet port 1236 must flow around barriers 1246 to reach outlet port 1240.
Accordingly, the flow path 1244 is indirect, which maintains the fluid in bag 1232 for a

longer period of time than a direct path would. The additional time allows a magnetic field
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(e.g., generated by magnets on plate 1118) to act on the fluid stream for a longer period of

time to remove magnetic beads from the fluid stream.

[0072] FIG. 12D illustrates another bag 1248 that includes inlet port 1252 and outlet
port 1256. An indirect flow path 1260 is created, in part, by barriers 1262. A fluid stream
that enters inlet port 1252 must flow around barriers 1262 to reach outlet port 1256.
Accordingly, the flow path 1260 is indirect, which maintains the fluid in bag 1248 for a

longer period of time than a direct path would.

[0073] FIG. 12E illustrates another bag 1264 that includes inlet port 1268 and outlet
port 1272. An indirect flow path 1276 is created, in part, by barriers 1278. A fluid stream
that enters inlet port 1268 must flow around barriers 1278 to reach outlet port 1272.
Accordingly, the flow path 1276 is indirect and maintains the fluid in bag 1264 for a longer
period of time than a direct path would allowing more time for a magnetic field (e.g.,

generated by magnets on plate 1118) to act on the fluid stream.

[0074] FIG. 12F illustrates yet another bag 1282 that includes inlet port 1284 and
outlet port 1288. An indirect flow path 1292 is created, in part, by barriers 1294. A fluid
stream that enters inlet port 1284 must flow around barriers 1294 to reach outlet port
1288. Accordingly, the flow path 1292 is indirect and maintains the fluid in bag 1282 for a
longer period of time than a direct path would allowing more time for a magnetic field (e.g.,

generated by magnets on plate 1118) to act on the fluid stream.

[0075] In embodiments, the indirect fluid flow path of a bag may be provided by any
feature that makes the fluid flow path long enough to allow a magnetic field to remove
magnetic beads from the fluid stream while flowing in the bag. In embodiments, the
indirect fluid flow path should be long enough to allow removal of greater than about 80%,
greater than about 90%, greater than about 95%, greater than about 98% or even greater
than about 99% of beads from a volume of fluid flowed through the bag. In other
embodiments, the flow path may be long enough to remove less than about 99%, less than
about 98% or even less than about 97% of the beads in a volume of fluid flowed through the

bag.
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[0076] In embodiments, bags (1140, 1200, 1216, 1232, 1248, 1264, and 1282) may be
made of two sheets of polymeric material that are sealed together such as by radio
frequency welding, acoustic welding, laser welding, and/or solvent welding, etc. In some
embodiments, the features of the flow paths, e.g., channels 1152, 1212, and/or 1228 and
barriers 1246, 1262, 1278, and 1294) may be formed by sealing the two sheets in a pattern
to form the features. The sheets may be made from any suitable material some non-
limiting examples including polyvinyl chloride, polyethylene, polyethylene terephthalate,

polypropylene, and combinations thereof.

[0077] In embodiments, bags 1140, 1200, 1216, 1232, 1248, 1264, and 1282 may
include additional features that may aid in the removal of beads from a fluid stream. The
bags 1140, 1200, 1216, 1232, 1248, 1264, and 1282 may be made of sheets of polymeric
material which include a texture. As one example, the texture may include ridges similar to
ridges 828 (FIG. 8). In other examples, the texture may be a regular or random pattern of
features that provide some roughness to the surface over which a fluid stream flows. The
texture may in embodiments assist in maintaining beads against a wall of the bag (e.g.,
1140, 1200, 1216, 1232, 1248, 1264, and 1282). The texture may in embodiments affect the
flow of fluid in the bag, such as by creating eddy currents in the stream as it passing over the
texture moving liquid toward the wall where the magnetic field is located. As another
example, the bag may be transparent and/or translucent to allow a user to visually

determine whether beads are being maintained on a wall of the bag.

[0078] Referring back to FIGS. 11C-E, serpentine bag 1140 may be mounted onto
portion 1108 by first sliding portion 1108 out of housing 1112 (FIG. 11C). Serpentine bag
1140 may then be positioned onto portion 1108 by inserting posts 1132 and 1136 into
perforations 1156 and 1160 respectively (FIG. 11D). Additionally, clamp 1128 may further
secure the serpentine bag onto plate 1118. Finally, the slideable portion 1108 may be
moved back into housing 1112 (FIG. 11E).

[0079] Once bag 1140 is attached to plate 1118 and positioned in housing 1112, bag
1140 may be subjected to a magnetic field. The magnetic field may be generated by

magnets or an array of magnets on plate 1118 or on the inside surface 1164 of housing
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1112. Embodiments provide for the magnets or arrays to be arranged to maximize the

magnetic field to attract the beads in the fluid stream when it passes through the channel.

[0080] The inlet port 1144 and outlet port 1148 of bag 1140 may be fluidly connected
to other components of a system to process a stream of liquid. For example, as described
above with respect to FIG. 7, inlet port 1144 may be attached to liquid source 704 and

outlet port 1148 may be attached to concentrator 724.

[0081] Examples of magnetic arrays that may be used in some embodiments are
illustrated in FIGS. 13A-E. FIG. 13A illustrates an array 1300 of flat round magnets, similar to
array 832 of flow cell 800 (FIG. 8-10). Array 1300 includes forty-five magnets that are
arranged in five rows. In other embodiments, array 1300 may have a different number of

magnets that may be arranged in different patterns.

[0082] FIG. 13A illustrates array 1330 which includes rectangular plate magnets 1330A-
I, which are arranged in a single column. In other embodiments, the magnets may be
arranged in different patterns. For example, one or more of magnets 1330A-1 may be

positioned perpendicular to one or more other magnets 1330A-1.

[0083] FIG. 13C illustrates an array 1360 square magnets. Array 1360 includes forty-
five magnets that are arranged in five rows. In other embodiments, array 1360 may have a

different number of magnets that may be arranged in different patterns.

[0084] In embodiments, arrays may be arranged to control the characteristics of the
magnetic field. For example, an array may be arranged in a Halbach array to create a strong
magnetic field adjacent the serpentine bag. FIG. 13D illustrates a cross-sectional view of
array 1360 (taken through line BB), which is arranged in a Halbach array. As illustrated in
FIG. 13D, the arrangement results in augmentation of the magnetic field on a top surface of
array 1360 creating strong magnetic field 1364 and in cancelation of the magnetic field on a
bottom surface creating weak magnetic field 1368. Embodiments may provide for a flow
cell to be configured so that a serpentine bag is positioned adjacent a magnetic field similar
to strong magnetic field 1364 to maintain magnetic beads on a wall of the serpentine bag as

a fluid stream with magnetic beads and cells flows through the bag.
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[0085] FIG. 13E illustrates another array 1372 that includes square magnets. The
magnets in array 1372 are arranged with alternating poles. FIG. 13E illustrates a top view
showing the poles on a top surface 1376. As may be appreciated, a bottom surface would
have a corresponding opposite pole. In embodiments, array 1372 may provide a magnetic

field that enhances removal of magnetic beads from a fluid stream.

[0086] The arrangements of magnets described above are provided merely for
illustrative purposes. Other embodiments may provide for different shapes, sizes, and
arrangements of magnets that may affect the characteristics of the magnetic field used in a
flow cell. Also, in other embodiments, the magnets may be permanent magnets or electro
magnets. In addition to the magnets themselves, arrays may additionally include the use of
other materials such as ferromagnetic materials to separate magnets, which may help in

controlling the shape, strength, or size of the magnetic field used to trap the beads.

[0087] FIG. 14 illustrates a flow chart 1400 for a process that may be performed in
embodiments of the present invention. Although specific components may be described
below for performing steps in flow chart 1400, the present invention is not limited thereto.
For example, some steps may be described as performed by a flow cell (e.g., 712, 800,
1100), while others are described as performed by a pump (e.g., 716). This is done merely
for illustrative purposes, and flow chart 1400 is not limited to being performed by any

specific device or component(s).

[0088] Flow chart 1400 may be performed in embodiments to process a fluid stream,
such as a stream containing cells (e.g., T cells) and magnetic beads. The process may involve
removing magnetic beads from the fluid stream that includes the cells. Flow 1400 starts at
1404 and passes to step 1408 where a fluid stream is moved through a fluid pathway. The
fluid pathway, in embodiments, includes an indirect pathway in a bag. Step 1408 may
involve some sub-steps. For example, in some embodiments, the fluid may involve optional
sub-step 1414 where the fluid is pumped, e.g., using pump 716. In other embodiments, the

fluid may be moved at step 1408 by gravity.

[0089] Step 1408 may involve moving the fluid stream of beads and cells at a

predetermined rate. For example, the fluid may be moved at rates from about 1 ml/min to
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about 500 ml/min, such as about 5 ml to about 250 ml, such as about 10 ml/min to about
200 ml, or even about 15 ml to about 150 ml. In embodiments, rates may be greater than
about 10 ml/min, greater than about 20 ml/min, greater than about 30 ml/min, greater than
about 40 ml/min, or even greater than about 50 ml/min. In embodiments, flow rates may
be less than about 500 ml/min, less than about 400 ml/min, less than about 300 ml/min,

less than about 200 ml/min, or even less than about 100 ml/min.

[0090] After step 1408, flow 1400 passes to step 1416, where the fluid stream is
subjected to a magnetic field. In some embodiments, step 1416 may involve the use of a
flow cell such as flow cells, 712, 800, and/or 1100 that include magnets or arrays of
magnets. Step 1416 may involve some sub-steps. In some embodiments, step 1416 may

involve subjecting the fluid stream to a magnetic field while flowing through a bag.

[0091] Step 1416 may in embodiments involve some sub-steps. For example, at sub-
step 1420, the fluid stream may be subjected to a magnetic field generated by an
alternating array. The array may be similar to array 1372 (FIG. 13E) or have a different
arrangement of magnets. In other embodiments, the magnetic field used in step 1416 may
be generated by an electromagnet. In these embodiments, sub-step 1424 may be

performed to turn the electromagnet on to create the magnetic field.

[0092] After step 1416, beads are removed from the fluid stream at step 1428. As
noted above, the beads may be magnetic and as a result of being subjected to the magnetic
field at step 1416, the beads may be removed from the fluid stream. Step 1428 may involve
some sub-steps. For example, sub-step 1432 may involve having the magnetic field attract
the beads and maintain them against the wall of a bag while the fluid stream flows through

the bag.

[0093] In embodiments, during step 1428, a large portion of beads in a volume of fluid
may be removed without losing a large portion of the cells. In embodiments, greater than
about 75%, greater than about 80%, greater than about 85%, greater than about 90%,
greater than about 95%, greater than about 96%, or even greater than about 98% of beads

may be removed from a volume of fluid. In other embodiments, step 1428 may remove less
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than about 99%, less than about 98% or even less than about 97% of the beads in a volume

of fluid flowing through the bag.

[0094] After step 1428, optional step 1436 may be performed to concentrate cells in
the fluid stream. Step 1436 may be performed by a concentrator/washing system (e.g., 108
and 724). Step 1436 may involve some sub-steps, such as sub-step 1440 where fluid is
moved into a chamber where the cells are concentrated. In embodiments, the chamber
may be a three port chamber where cells may be concentrated and washed (e.g., 400 and
600). Additionally, some remaining beads may be removed from the fluid stream by the

chamber.

[0095] After optional step 1436, the cells may be stored at optional step 1444. In
embodiments after removing beads from a volume of fluid, greater than about 90%, greater
than about 95%, greater than about 96%, greater than about 97%, greater than about 98%
or even greater than about 99% of the cells may be recovered from a volume of solution
and be used, e.g., for therapeutic purposes. In other embodiments, less than about 99%,
less than about 98%, less than about 97%, less than about 96% or less than about 95% of

the cells in a volume of fluid may be recovered. Flow 1400 ends at 1448.

[0096] Although flow 1400 has been described with steps listed in a particular order,
the present invention is not limited thereto. In other embodiments, steps may be
performed in different order, in parallel, or any different number of times, e.g., before and
after another step. Also, as indicated above, flow 14000 includes some optional steps.
However, those steps above that are not indicated as optional should not be considered as
essential to the invention, but may be performed in some embodiments of the present

invention and not in others.

[0097] It will be apparent to those skilled in the art that various modifications and
variations can be made to the methods and structure of the present invention without
departing from its scope. Thus, it should be understood that the invention is not limited to
the specific examples given. Rather, the invention is intended to cover modifications and

variations within the scope of the following claims and their equivalents.
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[0098] While example embodiments and applications of the present invention have
been illustrated and described, it is to be understood that the invention is not limited to the
precise configuration and resources described above. Various modifications, changes, and
variations apparent to those skilled in the art may be made in the arrangement, operation,
and details of the methods and systems of the present invention disclosed herein without

departing from the scope of the claimed invention.
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WHAT IS CLAIMED IS:

1. A system for removing magnetic beads from a fluid stream comprising cells,

the system comprising:

a fluid pathway for flowing the fluid stream, wherein the fluid pathway comprises an
indirect pathway in a bag;
a magnetic field adjacent the bag; and

a pump for moving fluid through the fluid pathway.

2. The system of claim 1, wherein the magnetic field is generated by a plurality
of magnets.
3. The system of claim 1, wherein the indirect pathway comprises a channel in a

serpentine bag.

4, The system of claim 1, wherein the bag comprises barriers around which the

fluid stream flows.

5. The system of claim 1, wherein the magnetic beads comprise iron and are

attracted to a wall of the bag by the magnetic field.

6. The system of claim 5, wherein the magnetic field is strong enough to

maintain the magnetic beads against the wall.
7. The system of claim 6, wherein the indirect pathway of the bag is long
enough to allow the magnetic field to remove at least about ninety percent of the magnetic

beads from the fluid stream.

8. The system of claim 7, wherein the pump moves fluid into the bag at a rate

greater than about 10 ml/min.
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9. The system of claim 8, wherein the outlet of the bag is in fluid
communication with a chamber for concentrating the cells in the fluid stream after the

magnetic beads are removed from the fluid stream.

10. The system of claim 9, wherein the chamber removes liquid and additional

magnetic beads from the fluid stream.

11. A method of removing magnetic beads from a fluid stream comprising cells,
the method comprising:

moving the fluid stream through a fluid pathway comprising an indirect pathway in a
bag, wherein the moving comprises pumping the fluid stream;

subjecting the fluid stream to a magnetic field while in the bag; and

removing at least about eighty five percent of the magnetic beads from the fluid

stream while the stream flows through the bag.

12. The method of claim 11, wherein the magnetic field is generated by a

plurality of magnets.

13. The method of claim 11, wherein the plurality of magnets comprise an array

with alternating poles.

14. The method of claim 11, wherein the indirect path comprises a channel ina

serpentine bag.

15. The method of claim 11, wherein the magnetic beads comprise iron and are

attracted to a wall of the serpentine bag by the magnetic field.

16. The method of claim 15, wherein the magnetic field is strong enough to

maintain the magnetic beads against the wall.
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17. The method of claim 16, wherein the indirect path of the bag is long enough
to allow the magnetic field to remove at least about ninety percent of the magnetic beads

from the fluid stream.

18. The method of claim 17, moving the fluid into the bag at a rate of greater

than about 20 ml/min.

19. The method of claim 18, moving the fluid stream after the magnetic beads

are removed from the outlet of the bag to a chamber for concentrating the cells.

20. The method of claim 19, removing liquid and additional magnetic beads from

the fluid stream using the chamber.

23



PCT/US2016/026517

WO 2016/164635

113

FIG. 1



WO 2016/164635

2/13

PCT/US2016/026517

— [
216
5
[ 0D
/4208A

208EA(= 204 ij

\_/ V \_/
208D>/ ' \<2oac

(] FiG.2




3/13




WO 2016/164635 PCT/US2016/026517

4/13




WO 2016/164635 PCT/US2016/026517

5/13

- 600

604

608

FIG. 6



WO 2016/164635 PCT/US2016/026517

6/13

712

ﬂ

740

720

724

728

FIG. 7



WO 2016/164635 PCT/US2016/026517

713

AA

. 800
8084
820

Y 7 N
/ \/ \/ \
Y
f f
A
\ /\ ! /\ /
N 7
7 7/ AN (0'e)
/ \V/ \/ \
f : f .
X ' Q)
\ /\ /\ 7/ —
AN / Ll
7/ Y4 AN
/ \/ I \/ \
Y Y
i\ A
\ JAN /\ /
AN 7 N 7 X 7

/
o

804A

AA



WO 2016/164635 PCT/US2016/026517

8/13

-] 800
5 820
812< >
828
- oo « 824C
/
816 [ u

8323\8\ 8325\8\ 832A
a2 632 892~ - 832

832/ 832 832
J

L 836
/

FIG. 9



PCT/US2016/026517

WO 2016/164635

9/13

V808 =

008 |

0L Ol4 9€8

" geeg 3268 - Hees

808

M0 9Saettd

v08-—1

ve8

8¢8

~_ 98

~ ez
vy



PCT/US2016/026517

WO 2016/164635

10/13

9L

A
v

poLL—2"

s, 81O

N
—
v
v

S 0044

wi_ VIOl

) ZA
L1 94 31 9 [an
3]
WWP(%: 9Ll o
8rll-_ —= WW ol 9¢l} AN 3R]
- ) 8ZL1
poLL |
2Ll GH gy,
kb= 0zbL—
poLL—2" 0044
A
. 8LL)
can- dLLOH
A !
TN wo:\i\
a A
8711 . WW PoLL-
( ol -98k FI0T
oviL—2" mm ol zell 0zbL —
pLL e )|
80LL—2" PoL
0Zb)— 7
poLL—2" - 0044 0l [—

b

poLL—2"



WO 2016/164635

1200
1204«ru1 .

1212

@

RSN

\/\%{\/w
1208 J[J

FIG. 12A

1256\~:%F

FIG. 12D

1228

1113

1216
1220% -

® [©
_—

1260

jﬁf

FIG. 12B

SIS S

1224

PCT/US2016/026517

1236"7&
il

" 1246
\ﬂ%@

J

—_—
T~
—_—
\QZ@ /'/l\
T~
—_—
—_—
—
—_—

1240\~:%F
FIG. 12C

71232

1244

1264 1282
1268«% - 1284«ru1 .
1y J

OO NS
S S

]

S
\\\\\\\\\\\

1272

FIG. 12E

.

1276

1294

]

— |

1288\¥/%F

FIG. 12F

1292



WO 2016/164635 PCT/US2016/026517

71300
71330
A
B
C
D
E
F
G
;
FIG. 13B
71360
BB —t 1 __ BB
FIG. 13C
”1364
N\
N S SN| N S SN| N S
N~
FIG 13D =~ 1368
71372
NININ]N]N[N]N]N]N
s[s[s[s[s[s[S]S][S
1376 —[N]N]N[N|NIN|NIN]N
S|S[s[s[s[S[s]S][S
NINININININININ|N
FIG. 13E



WO 2016/164635 PCT/US2016/026517

13/13

1404 1400

1408  Move fluid stream

| |
1412— : Pump fluid stream i
| |

1416 —| Subject fluid stream to
magnetic field

.

1420 — | Magnetic field of
| alternating array
L

1424 — :Turn on electromagneti

1428 —| Remove beads from
fluid stream

1432 —

1436 r\r Concentrate cells in

]

| fluid stream I
oo H
1440 — | Move fluid stream to !|
N chamber N
]
L 1‘ ““““ 1
1444m: i
L i

1448




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/026517

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO3Cl/01 B03C1/033
ADD.

Bo3C1/28 A61M1/36

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

BO3C BO1L A6IM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5 536 475 A (MOUBAYED AHMAD-MAHER [US]
ET AL) 16 July 1996 (1996-07-16)
figures 1,2,8

column 6, Tine 56 - column 7, line 14
column 7, 1line 62 - column 8, Tine 6
column 14, Tine 61 - column 15, line 7
A EP 0 672 458 A2 (CLEVELAND CLINIC
FOUNDATION [US])

20 September 1995 (1995-09-20)

figures 1,2,8

column 6, Tine 44 - column 7, line 43
column 11, 1ine 40 - column 12, line 9

1-10

1-10

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 July 2016

Date of mailing of the international search report

01/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Menck, Anja

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/026517

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 4 910 148 A (SORENSEN OTTO [NO] ET AL)
20 March 1990 (1990-03-20)

figure 1

column 2, Tine 3 - line 14

column 2, 1line 47 - column 4, Tine 10

US 2011117577 Al (REBOUD JULIEN [US] ET
AL) 19 May 2011 (2011-05-19)

figures 1-3

paragraph [0079] - paragraph [0093]

US 4 710 472 A (SAUR JOSEPH W [US] ET AL)
1 December 1987 (1987-12-01)

figures 4a, 4b

column 5, 1ine 31 - line 54

US 20107297733 Al (LIN QIAO [US] ET AL)
25 November 2010 (2010-11-25)

figure 2

US 20147333453 Al (SIA SAMUEL K [US] ET
AL) 13 November 2014 (2014-11-13)

figure 5

US 6 036 857 A (CHEN CHING-JEN [US] ET AL)
14 March 2000 (2000-03-14)

figure 1

column 9, line 3 - line 23

WO 01/83002 A2 (ELIGIX INC [US])

8 November 2001 (2001-11-08)

figure 4

1-10

1-10

1-10

1-10

1-10

1-10

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2016/026517
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 11-20

because they relate to subject matter not required to be searched by this Authority, namely:

Claims 11-20 relate to methods for treatment of the human or animal body by
therapy (see the description, e.g. paragraphs [0002] and [0028]). No
International Searching Authority shall be required to search such claims in
an international application (Article 17(2)(a)(i) PCT and Rule 39.1(iv) PCT).

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/026517
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5536475 A 16-07-1996  NONE

EP 0672458 A2 20-09-1995 EP 0672458 A2 20-09-1995
JP HO843378 A 16-02-1996

US 4910148 A 20-03-1990 NO 874770 A 11-08-1988
us 4910148 A 20-03-1990

US 2011117577 Al 19-05-2011 SG 170702 Al 30-05-2011
SG 189778 Al 31-05-2013
US 2011117577 Al 19-05-2011

US 4710472 A 01-12-1987  NONE

US 2010297733 Al 25-11-2010 US 2010297733 Al 25-11-2010
US 2016146797 Al 26-05-2016

US 2014333453 Al 13-11-2014 US 2014333453 Al 13-11-2014
WO 2013112755 Al 01-08-2013

US 6036857 A 14-03-2000 AT 304897 T 15-10-2005
AU 3301999 A 06-09-1999
CA 2320929 Al 26-08-1999
CN 1297380 A 30-05-2001
4 20003040 A3 11-07-2001
DE 69927359 T2 13-07-2006
EP 1056544 Al 06-12-2000
ES 2249902 T3 01-04-2006
HK 1032554 Al 03-03-2006
HU 0102555 A2 28-12-2001
IL 137924 A 18-12-2005
IL 157807 A 31-08-2005
IL 157808 A 25-09-2005
JP 4642227 B2 02-03-2011
JP 5031800 B2 26-09-2012
JP 2002503548 A 05-02-2002
JP 2009279586 A 03-12-2009
NO 20004163 A 19-10-2000
TR 200002375 T2 21-11-2000
TR 201101357 T2 21-10-2011
TR 201101358 T2 21-02-2012
us 6036857 A 14-03-2000
us 6129848 A 10-10-2000
us 6132607 A 17-10-2000
WO 0942219 Al 26-08-1999

WO 0183002 A2 08-11-2001 AU 5944901 A 12-11-2001
US 2002058030 Al 16-05-2002
WO 0183002 A2 08-11-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

