WO 2018/085070 PCT/US2017/057856

CONTAINER FOR SEPARATING MICROCARRIERS FROM CELL CULTURE FLUIDS

This application claims ©priority of TU.S. Provisional
Application Serial No. 62/416,309 filed November 2, 2016, the
disclosure of which is hereby incorporated by reference.

BACKGROUND

Microcarriers are typ

adherent or anchorage-dependent cells and are widely used in the
pharmaceutical industry for the same, Microcarriers may ke used

cells which are used for

for culturing adher

certain biologics or vaccines, or for culturing

cells (e.qg., stem cells), where the stem cells themselves are the

surface characteristics or

chemistries which enable or facilitate the attachment of celils

are used for cultu

onto the microcarriers.

ing of

adherent cells involving microcarriers. Once the cells reach a

. completed, the cell

ih

certain density or the cell culture process 1

10))

culture fluid needs to be separated from the microcarriers for

further processing of either the cell
in case of a sescreted therapeutic protein, e.g., &a nmonoclonal

3 ’

antibody) or the microcarriers with cells attached thereto {(e.g.,

in case of stem cells). er, 1t is often desirable to separate

the microcarriers from the cell culture fluid so that the

microcarriers may be re-used followlng steriiization.
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In general, several methods have been described to remove the
cells from the microcarriers, e.g., by treatment of microcarriers
with trypsin, EDTA or similar agents to release the cells from the

microcarriers. Several processes have also been described for

geparatling microcarriers from cell

b

for bulk processing of large volumes, the ftraditional method of

separation has been to let the microcarriers

<
in

centainer, Once the cells have settled, it is possible to harvest
very of product can

However, the required

time for such a process can kbe too long for efficient recovery and

have been described to separate
microcarriers from cell culture soclutions. For example, one

conventional system includes a filtration screen incorporated into

a disgposable receiving bag, whereby tf solut

containing the

microcarriers is transferred into the receiving bag via a
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ment  which

microcarrier suspension across the wall of a flexible recelving

o
o

ig divided into two chambers by means of a mesh sheet,

“l

L2,

itment 1s where the

such that chamber feo



WO 2018/085070 PCT/US2017/057856

microcarriers accumulate and the second chanber receives the

.

liguid solution free of microcarriers.
;

Anocther conventional system includes a filter assembly for

rs from a filuid med

which includes a

separating m

collapsible container around a sterile compartment adapted to hold
a fluid; an inliet port through which fluid fiows into the

ows out of the

F..J

rompartment; an outlet port through which fluid
compartment; and a filter disposed

divides the compartment into an fluidly

coupled with the inlet port and an fluidly

coupled with the outlet port, and which allows a medium Lo pass

the filter while preventing microcarriers to pass through.

Separation of the microcarriers from the cultured solution

hat includes the detached cells may be achieved by passing the

or

1

sciution through a rigid ceontainer having a horizontal screen that

extends across the rigid container. The screen iz a rigid mesh

that allows the cultured

microcarriers from doing so. However, as the microcarriers build

scraeen, they begin toe clog the screen the

up on the

w0

from passi Once the screen 1s clogged, the

process stops until the screen is unclogged. Fur

process 1s completed, the rigid container and related screen

be cleaned and sterl it can be re-used. These process

steps can be expensive and
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to

orage dependent cells have a tendency or reg
‘spread” on substrates and thus occupy relatively large surface
areas relative to cell numbers. This greatly complicates processes

for production of anchorage dependent cell products. By example,

negligible 1 x

10 ¢ cells, a few micrograms of total wet cell weight, and far less

than that of any useful pharmaceutical product.

of attempting to overcome limitations of planar suriace

attachment, 1t has been highly impractical to grow anchorage

dependent cells on flat surfaces for productiocon.

Accordingly, what 1iIs needed in the art are methods and/or

systems that can alleviate cne ¢r more of The above problenms.

Embodiments descrikbed herei relate to containers for

separating microcarriers

described herein coffer a

in case of filtration

ils with microcarriers, a smaller and small

t

sce area of the microcarriers i1is in contac

vessel {e.g., bag or pouch), thereby sliowing down or impeding the

process and decreasing the overall
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efficiency. The containers described herein have a high surface
area, resulting in an increase in the efficiency of filtration.

In some embodiments, a container for separating microcarriers
from a cell culture fluid is provided, the container comprising a
first compartment that may include a sterile collapsible bag, an
inlet port providing a fluid path into the first compartment and
an outlet port providing a fluid path exiting the first
compartment; and a fully enclosed second compartment fluidly
connected with the inlet port of the first compartment and
including boundary walls which are partially or fully porous and
having a porosity sufficient to retain the microcarriers inside
the second compartment, while allowing the cell culture fluid to
pass through the second compartment into the outlet port of the
first compartment, where the cell culture fluid can be collected.

In certain embodiments, the fully enclosed second compartment
has a plurality of boundary walls defining a plurality of
independent or discrete microcarrier receiving regions. The
regions are independent or discrete in that microcarriers in one
independent or discrete region do not directly interact with, and
are not in contact with, microcarriers in another independent
region. In some embodiments, each of the microcarrier receiving
regions is a pouch.

In certain embodiments, there are a plurality of fully

enclosed compartments, each fluidly connected with the inlet port
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of the first compartment and including boundary walls which are
partially or fully porous and having a porosity sufficient to
retain the microcarriers inside the second compartment, while
allowing the «cell culture fluid to pass through the second
compartment into the outlet port of the first compartment, where
the cell culture fluid can be collected.

In some embodiments, a method for separating microcarriers
from a cell culture fluid is provided, the method comprising:
(a) providing a cell culture fluid including microcarriers;
(b) providing a container including a first compartment and a
fully enclosed second compartment disposed inside the first
compartment, where the first compartment includes a sterile
collapsible bag, an inlet port providing a fluid path into the
first compartment, and an outlet port providing a fluid path
exiting the first compartment; and the second compartment is
fluidly connected with the inlet port of the first compartment and
includes boundary walls which are partially or fully porous and
have a porosity to retain microcarriers inside the second
compartment, while allowing fluid to pass through the second
compartment into the outlet port; the boundary walls defining
independent or discrete microcarrier receiving regions; and
(c) flowing the cell culture fluid including microcarriers through
the inlet port of the first compartment, such that microcarriers

flow into the fully enclosed second compartment where they are
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trapped and accumulate inside the second compartment, and the
remaining cell culture fluid flows out of the second compartment
through the outlet port of the first container,
thereby separating the microcarriers from the cell culture fluid.
In some embodiments, the second compartment comprises a
plurality of independent or discrete microcarrier receiving
regions, each comprising a top portion providing a fluid path for
cell culture fluid containing microcarriers to enter the
microcarrier receiving region, side walls, and a bottom portion
that is sufficiently porous to allow the cell culture fluid to
pass while retaining the microcarriers 1in the microcarrier
receiving region.

In some embodiments, the plurality of microcarrier receiving
regions of the second compartment are connected to a plenum to
form a manifold. The plenum may be comprised of a rigid material,
such as, for example, polysulphone, acrylic or polycarbonate
polymers. Alternatively, it may be comprised of a flexible material
such as, for example, vinyl or polyvinylchloride polymers. In some
embodiments, the plenum distributes the «cell culture fluid
containing microcarriers to each of the plurality of microcarrier
receiving regions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a container for separating

microcarriers in accordance with certain embodiments;
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FIG. 2 is a 1s schematic diagram of a container for separating

microcarriers in accordance with another embodiment;

FIG. 3 is a schematic diagram of a container for separating

microcarriers in accordance with certain embodiments; and

FIG. 4 is another schematic diagram of container for

separating microcarriers in accordance with certain embodiments.

DETAILED DESCRIPTION

A more complete understanding of the components, processes
and devices disclosed herein can be obtained by reference to the
accompanying drawings. The figures are merely schematic
representations based on convenience and the ease of demonstrating
the present disclosure, and is, therefore, not intended to indicate
relative size and dimensions of the devices or components thereof
and/or to define or limit the scope of the exemplary embodiments.

Although specific terms are used in the following description
for the sake of clarity, these terms are intended to refer only to
the particular structure of the embodiments selected for
illustration in the drawings, and are not intended to define or
limit the scope of the disclosure. In the drawings and the
following description below, 1t 1s to be understood that 1like

numeric designations refer to components of like function.
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The singular forms a, an, and "the" include plural

referents unless the context clearly dictates otherwise.
As used in the specification, various devices and parts may

be described as "comprising" other components. The terms

” ” ” ” ”

“comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),
and variants thereof, as used herein, are intended to be open-
ended transitional phrases, terms, or words that do not preclude
the possibility of additional components.

Anchorage~dependent cells, inciuding many geneticalily

nodified animal cells, attach to surfaces by processes that include
electrostatic/hydrophobic interactions, production of self-
attachment matrices or attachment to coatings of polyamino acids
(e.g. polylysine) or a variety of “scaffolding” proteins including
collagens, laminins, fibronectins and other “RGD” peptides. These
mimic cell attachment substrates that secure cells in natural
environments, Anchorage-dependence 1is an essential requirement
because the attachment process itself provides signals into the
cells that control genetic and synthetic processes and
specifically the production of desired products.

Batch methods

Batch mode microcarrier cell culture simply 1nvolves

rocarriers and m

providing a combina of cell coated

medium in a container in a manner supporiive to cellular health:

anabolic carbon scources and growth factors are

gases, DU
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provided and optimized for

product. Once the optimized concentration of product is

the suspension is separated from the microcarriers in some way and

to downsltream processing.
A fed-batch mode is similar to the batch mode in that products
are removed only at the end <f the run, but differs in that

nutrients are added at multiple intervals dur

WL

the object of improving the recovery of product.

{continuous flow) mode

n perfusion mode, a continuocus flow of fresh nutrient medium

rasses Tthrough the suspension of microbeads. Since microcarriers

e S0

v the mediun

which is typically perfusing very slowly through the culture

Ll

vessel. Thus the microcarrier weight offsets the fiow vector (the

factor of the moving medium) that would otherwise expe

the

microcarriers from the culture vessel. If the desired p:
excreted intc the nutrient medium, this is recovered from the

effluent stream

If the product 1s still assoclated with cells

attached tc the micrccarrier beads, or contained in the cells

o

aftter

hey are stripped from the microcarriers by chemical or enzymatic

means {{tyelcally trypsin or

(ethylene diamine tetraacetic

acid)), Tthen separation of the celils from the microcarriers 1is
naecessary before further processing occurs.

10
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Thus, in the

continuous or

+

perfusion
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mode, the product

Batch and

Processing of microcarrier b d cultures
Both of these current methods will provide good capture of
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without increasing the volume of the overall device when deployed
in a receiving bag.

Embodiments disclosed herein provide devices and methods that
filter microcarriers or other aggregates from cell culture
solutions or process solutions in a particularly effective way, so
that the filtrate of microcarrier suspension medium is efficiently
separated from the microcarriers themselves. The design of the
devices greatly reduces filter clogging and flow blockage expected
from devices already known in the art, while at the same time
providing all the advantages expected by applying similar devices
in any type of sterile disposable or reusable sterilizable
bioreactor. More specifically, embodiments disclosed herein relate
to an improved disposable filtration device for cell microcarriers

i of the filter units into process circults for

O

and to incorporati
the recovery of cells and cell products from microcarrier cell

cuitures. In general, the disposabkle filtration device and

£iid

ate recovery devices can comprise non-porous disposable bags
of any size. One embcediment 1s referred to as “pillow” bags and

omprises twoe or more sheets of polymer or laminated polynmer

disposed facing each other and sealed or adhered together along

- . . N

the perighery. Alternatively, there are disposable 3-dimensicnal

disposablie bags, that is, bags that are fabricated to have three,

of flexible unitary or laminated nonporous

S more wal

12
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The objective of enbodiments 1s to increase the
efficiency of filtration. In certain embodiments, the surface area
of the porous filtration compariment is increased by increasing

11
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the number of walls compartment T
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independent or discrete microcarrier receil
effective density of the bed of microcarrier

the microcs recuced

number of microcarriers

microcarriers, mocre microcarrier

sample or cell culture solution.

4
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some embodiments, a manifold

plenum

create

ving regions., The

that accumulate in

th

may used to

direct process fiuid into the second compartment or compariments.
In certain embodiments, the first compartment of the device
may be a bag. The bag may carry a variable number of [{itments,

such vorts, tubing

tubing circuits. embodiment the

comprises a flexible material
fitments attached Lo 1t. The term “fitment”

connecticns

nonporous and

n, and may have

as used herein refers

to a separate is welded, e.g., heat welded to the
nonporous vag film in order to attach . As such, a

crmprises a polymeric material which can e the same or simiiar to
the naterial comprising the wall of the nonporous bag.

a more dense mate

a3
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functionality. A non-limiting example of a fitment is one
forms a port. In certain embodiments, a port as described below is
added to the wall of the nonporous bag in crder to withdraw cell
culture medium or other fluld from the interior of the nonporous
bag. Such bags may be used while contained in metal tanks or bins
to relieve stresses from large fiuid loads.

In certain embodiments, a second compartment 1s contained
within the first compartment, which colilects filtrate from the

second compartment filters. The second compariment (the filter)

may be sealed to the we of the first compartment along the top

edge of the compartment such as by adhesive or heat sealing, for

¢

example. The second compartms includes a plurality cof

independent or discrete microcarrier receiving regicns.

Turning now to FIG. 1, there is shown a fitment 1 that couples
to an external feed tube from an external source of fluid and beads
(not shown), and provides a path through into a container and into
a plenum 3 in fluid communication with a plurality of independent
or discrete microcarrier receiving regions 10, 10’ (partially
shown). In the embodiment shown, there are two such microcarrier
receiving regions 10, 10’, each of which is a mesh filtration bag.
Fach of the microcarrier receiving regions 10, 10’ is configured
to house in 1its internal volume a plurality of microcarriers
independently from the other; the plurality of microcarriers in

the compartment 10 are independent and distinct from the plurality

14



WO 2018/085070 PCT/US2017/057856

of microcarriers in the compartment 10’. In some embodiments, the
plurality of microcarriers in each microcarrier receiving region
10, 10’ are trapped and accumulate to form a bed of microcarriers.
Fach microcarrier receiving region 10, 10’ may be identical (e.g.,
identical volumes and configuration) but need not be.

FIG. 2 shows an embodiment wherein a first container 2
surrounds a second container 5 comprising a plenum chamber 3 and
a plurality of independent or discrete microcarrier receiving
regions 10, 10’, 10” and 10’”. 1In certain embodiments, each region
10, 10’, 10” and 10’” is a porous mesh filter bag. Bead-containing
fluid passes through a fitment 1 and into the plenum 3, where it
distributes to mesh bags which capture the beads as the suspensory
fluid passes through the mesh and into the first container 2. 1In
this embodiment, the inlet port 1 is located on a side wall of the
container 2. The mesh bags have a porosity sufficient to allow
process fluid to pass while retaining the microcarriers within the
mesh bags. Suitable porosities for the microcarrier receiving
regions include 50-100 um meshes.

FIG. 3 shows an embodiment similar to FIG. 2, except that the
fitment 1 providing access to the plenum 3 of the second container
is located on the top of the apparatus. The fitment 1 can provide
support for the apparatus if it engages a hook or slotted support,

for example.

15
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FIG. 4 illustrates an embodiment where the second container
comprises a plurality of discrete filtration pouches 100. Each
filtration pouch may be attached to a manifold and is in fluid
communication with an inlet to the first container, such as a non-
porous polyethylene bag. The attachment may be mechanical, or if
both the second container (or the relevant portion thereof) and
the manifold are the same material (e.g., PE), then they can be
heat sealed.

In certain embodiments, each pouch 100 is a mesh pouch or
other porous material, configured to contain a plurality of
microcarriers while allowing fluid to pass through.

In some embodiments, the second container may be pre-loaded
with microcarriers, and the apparatus may be used to wash the
microcarriers with a process liquid, such as to wash adherent cells
off of the microcarriers, or to adhere cells in the process liquid
to the microcarriers.

A hypothetical  microcarrier receiving region can  be

represented by the following example. A cube with dimensions 10 x

10 x 10 has sidewall surfaces of 10 = 10 x 5, since excluding the
14 b
top wall there are five walls of 10 x 10 units = 500 square units.

If this 1s replaced by 10 x 1 unit pouches as microcarrier
receiving regions, then the total side and bottom wall surfaces

would be 10 = 10 {2 each large sidewalls x 1 unit) plus 10 x 1 x

3 (2 short sidewalls plus 1 bottom wall for each pouch) or 2300

16
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sguare units of filtration area, a 4060% increase
the same space.
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in approximately

In use, in certain embodiments the described filter device is
attach to a port. The port in turn is attached by tubing to a

pump or gravity flow c¢ircuit draining suspension from a cell

culture directed fc

+ the microc

arrier receiving

regions such as mesh. The access Lo the microcarrier
receiving regions is elther by direct attachment to the port or
else through an extension ftube from the port that accesses the

The microcarrier

second compartment,

favel
110

lenum, the micreccarrier solution 1

microcarrier recelving regions, such as

of mesh filter fabric or por

rface area

ving regions exponentially

surface tration as compared to a s
having only one micreocarrier receiving region,

alsc exponentially more efficient the

Suiltab. microcarriers

available from

CELLBIND mic
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EXAMPLE

A filtration device has a first container such as a plastic or
polyethylene bag, and a second container comprised of a plenum and
five mesh filter bags wherein each filter bag has filter mesh
fabric dimensions of 2 cm x 10 cm x 10 cm for a total area of 260
cm? per individual bag. 100 liters of Cytodex 3 microcarrier beads
(141-211 micron diameter) in CHO cell culture fluid is pumped into
the described bead filtration device which has a mesh size of 80
microns. The volume of swollen Cytodex 3 beads is 50 milliliters
(ml) per liter of pumped bead solution, for a final packed bead
volume of 500 mls/100 liters of bead suspension. The second
container of the bead filter has five mesh bags attached to the
plenum of the container. Five bags will capture 500 ml of beads
when 100 liters of bead containing fluid 1is processed. It’s not
necessary for the bags to fill exactly evenly, however, they will tend
to do this. If one bag is substantially fuller than another, then the
fuller bag will have a slightly higher pressure drop, and incoming liquid
will be biased towards the less full/lower pressure drop bags. At this
point this leaves 600 cm? of as yet unobstructed filter media above
the accumulated beads. This compares to a second container of the
prior art, which is comprised of only one bag of the same outer
dimensions, i.e., 10cm x 10cm x 10cm, wherein the amount of
unobstructed filter medium not covered by captured beads is only

200 cm?. That is one third as much filtration area as that provided

18
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by the invention of claim 1 in this example. Thus the unobstructed
flow rate of the claimed invention at one half exhaustion of the
available filtration medium will be three times that of the prior

art device in this example.
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