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FUNCTIONALIZED WELL PLATE, METHODS OF PREPARATION

AND USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/734,924, filed on September 21, 2018, entitled “FUNCTIONALIZED WELL PLATE,
METHODS OF PREPARATION AND USE THEREOF”; and U.S. Provisional Application
No. 62/893,712, filed on August 29, 2019, entitled “FUNCTIONALIZED WELL PLATE,
METHODS OF PREPARATION AND USE THEREOEFE”, each of which disclosures are

herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Immunotherapy offers a potentially powerful approach to treating cancers
successfully. T lymphocyte activation by antigen presenting dendritic cells is one aspect of
preparing tumor-targeting cytotoxic T lymphocytes for use in immunotherapy. Activation by
dendritic cells may be improved by using more reproducible and better characterizable
technologies. Some embodiments of the present invention include modified surfaces of a well
plate configured to activate T lymphocytes, related methods of using such modified surfaces
to activate T lymphocytes, and compositions containing such activated T lymphocytes.
SUMMARY OF THE INVENTION
[0003] In a first aspect, a well plate is provided, including a surface having a first region
which is a reactive moiety-presenting covalently functionalized region or an activating
moiety-presenting covalently functionalized region, where the reactive moiety is an azido
moiety, a biotin moiety or a streptavidin moiety and the activating moiety is a lymphocyte-
activating moiety. The first region may have an area of at least 0.5 mm? (e.g., about 0.5 mm?
to about 50 mm?, about 1.0 mm? to about 40 mm?, about 2 mm? to about 35 mm?, about 3
mm? to about 30 mm?, or about 4 mm? to about 25 mm?). The first region may be
substantially circular and have a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0
mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm). The first region may have a density
of respective reactive moieties or activating moieties of at least 50/um?. The reactive moieties
or activating moieties may be linked covalently to the surface via a linker, such as an organic
linker. The linker can have from 5 to about 20 backbone atoms, about 10 to about 40

backbone atoms, or about 15 to about 50 backbone atoms selected from carbon, silicon,
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nitrogen and oxygen. The surface of the well plate may further include a second region which
is a covalently modified region including surface blocking ligands. Optionally, the second
region may surround the first region. In some embodiments, each of the surface blocking
ligands may include a hydrophilic or negatively charged moiety. In some embodiments, each
of the surface blocking ligands may include polyethylene glycol (PEG) moieties. The surface
of the well plate may include glass or polystyrene. In some variations, the surface of the well
plate may include polypropylene, polycarbonate, polyethylene, cycloolefin copolymer, or
melamine.

[0004] In some variations, the reactive moiety may be streptavidin, and the streptavidin
functionality is covalently attached to the first region of the surface of the well plate. In other
variations, the reactive moiety may be streptavidin, and the streptavidin functionality is non-
covalently attached to a biotin moiety which is itself covalently attached to the first region of
the surface of the well plate.

[0005] In some variations, the first region may be an activating moiety-presenting
covalently functionalized region including a plurality of specifically bound primary activating
molecular ligands and a plurality of specifically bound co-activating molecular ligands. A
ratio of the primary activating molecular ligands to the co-activating molecular ligands on the
first region of the surface may be about 1:10 to about 2:1 (e.g., about 1:5 to about 2:1, about
1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1 to about 2:1, or
about 1:2 to about 1:1). In some embodiments, each ligand of the plurality of specifically
bound primary activating molecular ligands may include a major histocompatibility complex
(MHC) molecule configured to bind to a T cell receptor (TCR) of a T cell. The MHC
molecule may be a Class I or Class II molecule and may further include an antigenic peptide.
The antigenic peptide may be a tumor-associated antigen, a viral antigen, a bacterial antigen,
a fungal antigen, or a protozoan antigen. In some variations, each ligand of the plurality of
specifically bound co-activating molecular ligands may include a T cell receptor (TCR) co-
activating molecule or an adjunct TCR activating molecule. A ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules of the plurality of co-activating molecular
ligands is about 100:1 to about 1:100 (e.g., about 20:1 to about 1:20, or about 3:1 to about
1:3). In some variations, the TCR co-activating molecules may include a CD28 binding
protein (e.g., a CD80 molecule or an anti-CD28 antibody), or a fragment thereof, which
retains binding ability to CD28. In some variations, the adjunct TCR activating molecule may
include a CD2 binding protein (e.g., a CD58 molecule or an anti-CD2 antibody), or a

fragment thereof, which retains binding activity to CD2.



10

15

20

25

30

35

WO 2020/061499 PCT/US2019/052228
[0006] The plurality of specifically bound primary activating molecular ligands may

have a density of at least about 1 x10% molecules per square micron in the first region, and
optionally, a density of about 1 x 10* to about 1 x 10° molecules per square micron in the first
region. The plurality of specifically bound co-activating molecular ligands has a density of at
least 1x 10? molecules per square micron in the first region, and optionally, a density of about
1x10? to about 1x 10° molecules per square micron in the first region.

[0007] In another aspect, a well plate is provided, where each of one or more wells (e.g.,
all wells) of the well plate includes the surface and the first region thereof, where the first
region is a reactive moiety-presenting covalently functionalized region or an activating
moiety-presenting covalently functionalized region like any well plate having the surface and
first region as described above or elsewhere herein. The first region of each of the one or
more wells may be located on a bottom surface of the corresponding well(s). An area of each
first region may be less than about 50% (e.g., less than about 40%, less than about 30%, less
than about 25%, less than about 20%, less than about 15%, less than about 10%, less than
about 5%, or less than about 2%) of the area of the bottom surface of the corresponding
well(s). In some embodiments, each of the one or more wells further comprises a second
region which is a covalently modified region including surface blocking ligands. Each second
region can optionally surround the first region of the corresponding well(s). Each of the
surface blocking ligands of the second region, when present, may include a hydrophilic or
negatively charged moiety. In some embodiments, the surface blocking ligands may include
polyethylene glycol (PEG) moieties.

[0008] In another aspect, a well plate including a surface having an azido-presenting
covalently functionalized region is provided. The azido-presenting covalently functionalized
region may encompass part or all of the well plate surfaces, or may be distributed on fewer
than all the surfaces of the well plate. In some variations, one or more wells of the well plate
may include a surface having an azido-presenting covalently functionalized region. The
azido-presenting covalently functionalized region of each of the one or more wells may
encompass the entire surface (i.e., inner surface) of the corresponding well or may be located
on a bottom surface of the corresponding well. The surface of the well plate or the surface of
the one or more wells of the well plate may comprise glass or polymer, which may be any
suitable type of polymer.

[0009] In some embodiments, the azido-presenting covalently functionalized region may
have an area of at least 0.5 mm? (e.g., at least 1 mm?, at least 10 mm?, at least 100 mm?, at
least 1000 mm?, at least 10,000 mm?, at least 100,000 mm?, or any range defined by two of

the foregoing endpoints). The azido-presenting covalently functionalized region may have a
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density of azido groups of at least 50/um”. In some embodiments, the azido functionalities
linked covalently to the surface may be linked via a linker having at least 5 backbone atoms
selected from carbon, silicon, nitrogen and oxygen. For example, the azido functionalities
may be linked covalently to the surface through a series of 5 to about 20 backbone atoms, or
about 10 to about 40 backbone atoms, or about 5, 7,9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, of a linker or any number of backbone
atoms therebetween.

[0010] In another aspect, a well plate including a surface including a biotin-presenting
covalently functionalized region is provided, and may encompass part of the well plate
surface, and/or may be distributed on fewer than all the surfaces of the well plate. In some
embodiments, one or more wells of the well plate may include a surface having a biotin-
presenting covalently functionalized region. In some embodiments, the biotin-presenting
covalently functionalized region of the one or more wells may be located on a bottom surface
of the corresponding well. The surface of the well plate or the surface of the one or more
wells of the well plate may comprise glass or polymer, which may be any suitable type of
polymer.

[0011] In some variations, the biotin-presenting covalently functionalized region may
have an area of at least 0.5 mm? (e.g., at least 1.0 mm?, at least 2.0 mm?, at least 3.0 mm?, at
least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?, at least 7.0 mm?, at least 8.0 mm?, at least
9.0 mm?, at least 10.0 mm?, at least 15 mm?, at least 20 mm?, at least 25 mm?, or at least 50
mm?, or any range defined by two of the foregoing endpoints). In some embodiments, the
biotin-presenting covalently functionalize region may have an area of less than 100 mm?. In
some embodiments, the biotin-presenting covalently functionalized region may have a density
of biotin functionalities of at least 50/um?. In some variations, the biotin-presenting covalently
functionalized region may include biotin functionalities linked covalently to the surface via a
linker having at least 10 backbone atoms selected from carbon, silicon, nitrogen and oxygen.
For example, the linker can have about 5 to about 200 backbone atoms, or about 10 to about
40 backbone atoms selected from carbon, silicon, nitrogen and oxygen, or any number of
backbone atoms therebetween.

[0012] In some embodiments, the area of the biotin-presenting covalently functionalized
region may be from about less than 2% to about less than about 50% of the area of the bottom
of each of the one or more wells. In some embodiments, the biotin-presenting covalently
functionalized region may have a dimension of 0.5 to 4.0 mm (e.g., about 1.0 mm to about

3.5mm). In various embodiments, the biotin presenting covalently functionalized region may
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be substantially circular and has a diameter of 0.5 to 4.0 mm (e.g., about 1.0 mm to about 3.5
mm).

[0013] In some embodiments, the surface of the well plate or each of the one or more
wells further may include a second covalently modified region including surface blocking
ligands. In some embodiments, each of the surface blocking ligands may include a
hydrophilic or negatively charged moiety. In some embodiments, the surface blocking ligands
may include polyethylene glycol (PEG) moieties. In some embodiments, the second
covalently modified region further may include at least one ligand providing a moiety
stimulating adherence.

[0014] In another aspect, a well plate including a surface having a streptavidin-presenting
covalently functionalized region is provided. The streptavidin-presenting covalently
functionalized region may encompass part of the well plate surface, and/or may be distributed
on fewer than all the surfaces of the well plate. In some variations, one or more wells of the
well plate may include a surface having a streptavidin-presenting covalently functionalized
region. In some embodiments, the streptavidin-presenting covalently functionalized region of
the one or more wells may be located on a bottom surface of the corresponding well. The
surface of the well plate or the surface of the one or more wells of the well plate may
comprise glass or polymer, which may be any suitable type of polymer.

[0015] In some embodiments, the streptavidin functionality may be covalently attached
to the covalently functionalized region of the surface of the well plate or the one or more
wells of the well plate. The streptavidin functionalities may be linked covalently to the
surface via a linker having about 5 to about 200 backbone atoms, or about 10 to about 50
backbone atoms selected from carbon, silicon, nitrogen and oxygen, or any number of
backbone atoms therebetween. When streptavidin is itself covalently linked to the surface, the
linkage may be via coupling to azido functionalities of any azido-presenting covalently
functionalized region of a surface as described herein. In some other embodiments, the
streptavidin functionality may be non-covalently attached to a biotin moiety, which is itself
covalently attached to the covalently functionalized region of the surface of the well plate or
the one or more wells of the well plate, as previously mentioned.

[0016] The streptavidin-presenting covalently functionalized region may have an area of
at least 0.5 mm”> (e.g., at least 1.0 mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at
least 5.0 mm?, at least 6.0 mm?, at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least
10.0 mm?, at least 15 mm?, at least 20 mm?, at least 25 mm?, or at least 50 mm?, or any range
defined by two of the foregoing endpoints). In some embodiments, the biotin-presenting

covalently functionalize region may have an area of less than 100 mm?. In some
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embodiments, the streptavidin-presenting covalently functionalized region may have a density
of streptavidin functionalities of at least 50/um?. In some embodiments, the streptavidin-
presenting covalently functionalized region may have an area of less than about 2% to less
than about 50% of an area of a bottom surface of each of the one or more wells, or any area
therebetween. In some embodiments, the streptavidin-presenting covalently functionalized
region may have a dimension of 0.5 to 4.0 mm (e.g., about 1.0 mm to about 3.5 mm). In
some embodiments, the streptavidin-presenting covalently functionalized region may be
substantially circular and has a diameter of 0.5 to 4.0 mm (e.g., about 1.0 mm to about 3.5
mm).

[0017] In some embodiments, the surface of the well plate or each of the one or more
wells further may include a second covalently modified region including surface blocking
ligands. In some embodiments, each of the surface blocking ligands may include a
hydrophilic or negatively charged moiety. In some embodiments, the surface blocking ligands
may include polyethylene glycol (PEG) moieties. In some embodiments, the second
covalently modified region further may include at least one ligand providing a moiety
stimulating adherence.

[0018] In another aspect, a well plate including a surface including an antigen-presenting
covalently functionalized region of the well plate for activating a T cell is provided. The
antigen-presenting covalently functionalized region may encompass part of the well plate
surfaces, and/or may be distributed on fewer than all the surfaces of the well plate. In some
embodiments, one or more wells of the well plate may include a surface having an antigen-
presenting covalently functionalized region. In some embodiments, the antigen-presenting
covalently functionalized region of the one or more wells may be located on a bottom surface
of the corresponding well.

[0019] The antigen-presenting covalently functionalized region may include a plurality
of specifically bound primary activating molecular ligands and a plurality of specifically
bound co-activating molecular ligands. A ratio of the primary activating molecular ligands to
the co-activating molecular ligands on the covalently functionalized region may be about 1:10
to about 2:1, about 1:5 to about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5
to about 1:1, about 1:1 to about 2:1, or about 1:2 to about 1:1. In some variations, the
plurality of specifically bound primary activating molecular ligands each may include a major
histocompatibility complex (MHC) molecule (e.g., Class I or Class II) configured to bind to a
T cell receptor of the T cell. In some embodiments, the MHC molecule may include an MHC
Class I protein sequence and a beta microglobulin protein sequence. The protein sequence of

the MHC molecule may be connected to the antigen-presenting synthetic surface via a C-
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terminal connection of the protein sequence. In some embodiments, each of the plurality of
primary activating molecules including an MHC molecule further may include an antigenic
peptide, such as a tumor associated antigenic peptide, a viral antigen, a bacterial antigen, a
fungal antigen, or a protozoan antigen. In some embodiments, the antigenic peptide is a tumor
associated antigenic peptide, which may be SLC45A2, TCL1, VCX3A, MART1 or NYESOI1.
[0020] In some variations, the plurality of specifically bound co-activating molecular
ligands each may include a T cell receptor (TCR) co-activating molecule or an adjunct TCR
activating molecule. A ratio of the TCR co-activating molecules to the adjunct TCR activating
molecules of the plurality of co-activating molecular ligands may be about 100:1 to about
1:100, about 20:1 to about 1:20 or about 3:1 to about 1:3. In some embodiments, the TCR co-
activating molecules may include a CD28 binding protein or a fragment thereof, which retains
binding ability to CD28. The CD28 binding protein may be a CD80 molecule or a fragment
thereof, where the fragment retains binding activity to CD28; an anti-CD28 antibody or a
fragment thereof, which retains binding activity to CD28. In some embodiments, the adjunct
TCR activating molecule may include a CD2 binding protein, or a fragment thereof retaining
binding activity to CD2. The CD2 binding protein may be a CD58 molecule or fragment
thereof, where the fragment retains binding activity with CD2; or an anti-CD2 antibody or a
fragment thereof where the fragment retains binding activity with CD2. In some
embodiments, the plurality of specifically bound primary activating molecular ligands and a
plurality of specifically bound co-activating molecular ligands may be specifically bound to
streptavidin functionalities of a streptavidin-presenting covalently functionalized region of a
well plate like any well plate having a surface including a streptavidin-presenting covalently
functionalized region described herein.

[0021] In some embodiments, the plurality of specifically bound primary activating
molecular ligands may have a density of at least about 1 x10? molecules per square micron or
from about 1 x 10? to about 1 x 10° molecules per square micron in the antigen-presenting
covalently functionalized region. In some embodiments, the plurality of specifically bound
co-activating molecular ligands may have a density from about 1x 10* to about 1 x10°
molecules per square micron or about 1x10* to about 1x 10° molecules per square micron on
the antigen-presenting synthetic surface in the antigen-presenting covalently functionalized
region.

[0022] In another aspect, a method of activating T lymphocytes (T cells) is providing,
where the method includes contacting a plurality of T cells with an antigen-presenting
covalently functionalized region of a surface of a well plate, thereby converting at least a

portion of the plurality of T cells to activated T cells. The antigen-presenting covalently
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functionalized region may include a plurality of primary activating molecular ligands, each
including a major histocompatibility (MHC) molecule (e.g., Class I or Class II) configured to
bind to a T cell receptor (TCR) of a T cell and, further, each of the plurality of primary
activating molecular ligands may be linked to the surface. The antigen-presenting covalently
functionalized region may further include a plurality of co-activating molecular ligands, each
including a T cell receptor (TCR) co-activating molecule or an adjunct TCR activating
molecule and each of the co-activating molecular ligands may be linked to the surface. The
plurality of T cells may be cultured in contact with the antigen-presenting covalently
functionalized region of the surface, thereby converting at least a portion of the plurality of T
cells to activated T cells. The T cells may include CD8+ T cells.

[0023] The antigen-presenting covalently functionalized region may be a first region of a
surface of a well plate like any well plate having an activating moiety-presenting covalently
functionalized region as described above or elsewhere herein.

[0024] In some variations, the plurality of co-activating molecular ligands may include
TCR co-activating molecules and adjunct TCR activating molecules. A ratio of the TCR co-
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands may be about 100:1 to about 1:100, about 20:1 to about 1:20, or about 3:1
to about 1:3.

[0025] Each molecule of the plurality of MHC molecules may include an MHC Class I
protein sequence, a beta microglobulin protein sequence, and an antigenic peptide. In some
variations, the protein sequence of the MHC molecule is connected to the antigen-presenting
covalently functionalized region of the surface via a C-terminal connection. The MHC
molecule may include a biotin moiety and may be attached to the antigen-presenting
covalently functionalized region of the surface via a noncovalent interaction with streptavidin.
In some embodiments, the streptavidin is itself covalently bonded to the antigen-presenting
covalently functionalized region of the surface. In other embodiments, the streptavidin may be
noncovalently associated with the antigen-presenting covalently functionalized region of the
surface. When streptavidin is noncovalently associated with a biotin moiety, the biotin moiety
may be covalently bonded to the antigen-presenting covalently functionalized region of the
surface.

[0026] In some variations, the antigenic peptide may be a tumor-associated antigen, a
viral antigen, a bacterial antigen, a fungal antigen, or a protozoan antigen. In some
embodiments, the antigenic peptide may be a tumor-associated antigen. In some variations,

the tumor-associated antigen may be SLC45A2, TCL1, VCX3A, MART1 or NYESOI.
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[0027] In some variations, each of the plurality of co-activating molecule ligands may be
linked to the antigen-presenting covalently functionalized region of the surface.

[0028] In some variations, the T cell receptor (TCR) co-activating molecule may include
a CD28 binding protein, or a fragment thereof which retains binding ability to CD28; a CD80
molecule or a fragment thereof, where the fragment retains binding activity to CD28§; or an
anti-CD28 antibody or a fragment thereof, where the fragment retain binding activity to
CD28.

[0029] In some variations, the adjunct TCR activating molecule may include a CD2
binding protein, or a fragment thereof, which retains binding ability to CD2. The adjunct TCR
activating molecule may include a CD58 molecule or fragment thereof, where the fragment
retains binding activity with CD2; or an anti-CD2 antibody or a fragment thereof, where the
fragment retains binding activity with CD2.

[0030] The plurality of specifically bound primary activating molecular ligands may
have a density of at least about 1 x10? molecules per square micron in the antigen-presenting
covalently functionalized region of the surface. In some embodiments, the plurality of
specifically bound primary activating molecular ligands may have a density from about 1x
102 to about 1x 10° molecules per square micron in the antigen-presenting covalently
functionalized region of the surface. The plurality of specifically bound co-activating
molecular ligands may have a density of at least 1x 107 to about 1 x10° molecules per square
micron in the antigen-presenting covalently functionalized region of the surface. In some
embodiments, the plurality of specifically bound co-activating molecular ligands may have
about 1x10° to about 1x 10° molecules per square micron in the antigen-presenting covalently
functionalized region of the surface. A ratio of the primary activating molecular ligands to the
co-activating molecular ligands in the antigen-presenting covalently functionalized region of
the surface may be about 1:10 to about 2:1, about 1:5 to about 2:1, about 1:2 to about 2:1,
about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1 to about 2:1, or optionally, about 1:2
to about 1:1. In some variations, a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules of the plurality of co-activating molecular ligands may be about 3:1
to about 1:3. In some embodiments, the ratio of the TCR co-activating molecules to the
adjunct TCR activating molecules of the plurality of co-activating molecular ligands may be
about 2:1 to about 1:2. In some embodiments, the ratio of the TCR co-activating molecules to
the adjunct TCR activating molecules of the plurality of co-activating molecular ligands may

be about 1:1.
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[0031] In some variations, the method may further include contacting the plurality of T

cells with a plurality of adhesion-stimulating molecular ligands. The plurality of adhesion-
stimulating molecular ligands may include an ICAM molecule.

[0032] In some variations, the method may further include contacting the plurality of T
cells with a plurality of growth stimulatory molecular ligands. In some embodiments, each of
the growth stimulatory molecular ligands may include a growth factor receptor ligand. The
growth factor receptor ligand may include IL-21 or a fragment thereof.

[0033] In some variations, contacting the plurality of T cells with the plurality of growth
stimulatory molecular ligands may be performed after a first period of culturing of at least one
day. Culturing in contact with the antigen-presenting synthetic surface may be performed for
a period from about four days to about seven days.

[0034] In some variations, the activated T cell may be CD45RO+. In some variations, the
activated T cell is CD28 positive.

[0035] In some variations, an area of the antigen-presenting functionalized region may be
less than about 25%, less than about 15%, less than about 10%, less than about 5%, or less
than about 2% of the area of a bottom surface of a well of the well plate.

[0036] In another aspect, a method of activating a lymphocyte is provided, the method
including contacting a plurality of lymphocytes with an activating moiety-presenting
covalently functionalized region of a surface of a well plate, where the activating moiety-
presenting covalently functionalized region includes a plurality of primary activating
molecular ligands linked to the surface; and a plurality of co-activating molecular ligands
linked to the surface; and culturing the plurality of lymphocytes, thereby converting at least a
portion of the plurality of lymphocytes to activated lymphocytes. The lymphocytes may
include B cells, T cells or NK cells.

[0037] The activating moiety-presenting covalently functionalized region may be a first
region of a surface of a well plate like any well plate including an activating moiety-
presenting covalently functionalized region as described herein. The well plate including the
activating moiety-presenting covalently functionalized region of the surface may be produced
by any method of producing a well plate having a surface including a lymphocyte-activating
covalently functionalized region as described herein.

[0038] In some variations, the primary activating molecular ligands may include a CD3
binding molecule or an MHC molecule. In some embodiments, the plurality of MHC
molecules may each include an MHC Class I protein sequence and a beta microglobulin

protein sequence. The MHC molecule may further include an antigenic peptide. In some
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variations, the CD3 binding protein may be an antibody or a fragment thereof that retains
binding affinity.

[0039] In some variations, the plurality of co-activating molecular ligands may include
TCR co-activating molecules and adjunct TCR activating molecules. In some variations, the
plurality of co-activating molecular ligands may include a CD2 binding molecule and/or a
CD28 binding molecule. In some variations, where more than one type of co-activating
molecular ligands are present, the ratio of differing co-activating molecular ligands may be
about 20:1 to about 1:20 or about 3:1 to about 1:3.

[0040] In some variations, the plurality of specifically bound primary activating
molecular ligands may have a density of at least about 1 x10? molecules per square micron or
from about 1x 10? to about 1x 10° molecules per square micron in the activating moiety-
presenting covalently functionalized region of the surface. In some variations, the plurality of
specifically bound co-activating molecular ligands may have a density from about 1x 10* to
about 1 x10°> molecules per square micron or about 1x10° to about 1x 10° molecules per
square micron in the activating moiety-presenting covalently functionalized region of the
surface. A ratio of the primary activating molecular ligands to the co-activating molecular
ligands in the activating moiety-presenting covalently functionalized region is about 1:10 to
about 2:1, about 1:5 to about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to
about 1:1, about 1:1 to about 2:1, or about 1:2 to about 1:1.

[0041] In some variations, an area of the activating moiety-presenting functionalized
region may be less than about 25%, less than about 15%, less than about 10%, less than about
5%, or less than about 2% of an area of a bottom surface of a well of the well plate.

[0042] In another aspect, a kit for preparing a well plate including a surface having an
activating moiety-presenting covalently functionalized region is provided, where the kit
includes a well plate including a surface including a reactive moiety-presenting covalently
functionalized region, where the reactive moiety is an azido moiety, a biotin moiety or a
streptavidin moiety. The kit may include an activating reagent. In some variations, the kit
may further include a surface functionalization reagent. In some variations, the well plate
including the surface having an activating moiety-presenting covalently functionalized region
may be any well plate having an azido-presenting, biotin-presenting or streptavidin presenting
covalently functionalized region as described herein.

[0043] In some variations, the kit may include the surface functionalization reagent,
where the surface functionalization reagent may be a biotin containing reagent or a

streptavidin containing reagent configured to react with the reactive moiety. In some
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embodiments, the kit may further include both the biotin containing reagent and the
streptavidin containing reagent.

[0044] In some variations, the activating reagent may include a primary activating
reagent including a plurality of major histocompatibility complex (MHC) molecules (e.g.,
Class I or Class II) configured to bind with a T cell receptor of the T cell, and configured to
bind to a binding site of streptavidin or a plurality of CD3 binding molecules.

[0045] In some variations, the kit may further include a co-activating reagent including a
plurality of co-activating molecules, each configured to bind a binding site of streptavidin,
and where each of the co-activating molecules includes a CD2 binding molecule or a CD28

binding molecule.

BRIEF DESCRIPTION OF THE DRAWINGS
[0046] FIGS. 1A to 1C are schematic representations of alternative routes for
introduction of streptavidin binding moieties to the surface of wells in an azido-functionalized
well plate according to some embodiments of the disclosure.
[0047] FIG. 1D is a schematic representation for introducing a restricted region of a
surface having streptavidin-presenting covalently linked ligands, and subsequent introduction
of activating ligands for activating a lymphocyte according to some embodiments of the
disclosure.
[0048] FIG. 2 is a schematic representation of activation pathways for T cell activation
according to some embodiments of the disclosure.
[0049] FIGS. 3A-3D are graphical representations of cell population characteristics of T
cells activated according to some embodiments of the disclosure.
[0050] FIG. 4A is a table representing the experimental conditions used for a multivariate
T cell activation experiment.
[0051] FIGS. 4B to 4C are schematic representations of the observed cell surface
markers resulting from the multivariate T cell activation experiment designed as in FIG. 4A.
[0052] FIGS. 5A-5D are graphical representations of cell population characteristic of T
cells activated according to some embodiments of the disclosure.
[0053] FIG. 6A is a photographic representation of differently sized streptavidin-
presenting regions of a surface of a well plate, according to some of embodiments of the
disclosure. Fluorescently labelled regions 193, 195, 197 illustrate the precision control for
size and boundaries.
[0054] FIG. 6B is a graphical representation of measured and calculated areas of
streptavidin-presenting covalently functionalized regions introduced according to some

embodiments of the disclosure.
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[0055] FIGS. 7A to 7D are graphical representations of cell population characteristics of

T cells activated according to some embodiments of the disclosure.
[0056] FIGS. 8A-8D are graphical representations of cell population characteristic of T

cells activated according to some embodiments of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0057] This specification describes exemplary embodiments and applications of the
disclosure. The disclosure, however, is not limited to these exemplary embodiments and
applications or to the manner in which the exemplary embodiments and applications operate
or are described herein. Moreover, the figures may show simplified or partial views, and the

dimensions of elements in the figures may be exaggerated or otherwise not in proportion. In

"non nn

addition, as the terms "on," "attached to," "connected to," "coupled to," or similar words are
used herein, one element (e.g., a material, a layer, a substrate, etc.) can be "on," "attached to,"
"connected to," or "coupled to" another element regardless of whether the one element is
directly on, attached to, connected to, or coupled to the other element or there are one or more
intervening elements between the one element and the other element. Also, unless the context
dictates otherwise, directions (e.g., above, below, top, bottom, side, up, down, under, over,
upper, lower, horizontal, vertical, "x," "y," "z," etc.), if provided, are relative and provided
solely by way of example and for ease of illustration and discussion and not by way of
limitation. In addition, where reference is made to a list of elements (e.g., elements a, b, ¢),
such reference is intended to include any one of the listed elements by itself, any combination
of less than all of the listed elements, and/or a combination of all of the listed elements. The
term “or” is used in an inclusive sense, i.e., equivalent to “and/or,” unless the context dictates
otherwise. It is noted that, as used in this specification and the appended claims, the singular
forms “a,” “an,” and “the,” and any singular use of any word, include plural referents unless
expressly and unequivocally limited to one referent. As used herein, the terms “comprise,”
“include,” and grammatical variants thereof are intended to be non-limiting, such that
recitation of items in a list is not to the exclusion of other like items that can be substituted or
added to the listed items. Section divisions in the specification are for ease of review only and
do not limit any combination of elements discussed. In case of any contradiction or conflict
between material incorporated by reference and the expressly described content provided
herein, the expressly described content controls.

[0058] Where dimensions of microfluidic features are described as having a width or an

area, the dimension typically is described relative to an x-axial and/or y-axial dimension, both

of which lie within a plane that is parallel to the substrate and/or cover of the microfluidic
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device. The height of a microfluidic feature may be described relative to a z-axial direction,
which is perpendicular to a plane that is parallel to the substrate and/or cover of the
microfluidic device. In some instances, a cross sectional area of a microfluidic feature, such
as a channel or a passageway, may be in reference to a x-axial/z-axial, a y-axial/z-axial, or an
x-axial/y-axial area.

[0059] For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing quantities, percentages, or proportions, and other numerical
values used in the specification and claims, are to be understood as being modified in all
instances by the term “about,” to the extent they are not already so modified. “About”
indicates a degree of variation that does not substantially affect the properties of the described
subject matter, e.g., within 10%, 5%, 2%, or 1%. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought to be
obtained. At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
considering the number of reported significant digits and by applying ordinary rounding
techniques.

[0060] As used herein, "substantially" means sufficient to work for the intended purpose.
The term "substantially” thus allows for minor, insignificant variations from an absolute or
perfect state, dimension, measurement, result, or the like such as would be expected by a
person of ordinary skill in the field but that do not appreciably affect overall

performance. When used with respect to numerical values or parameters or characteristics
that can be expressed as numerical values, "substantially” means within ten percent.

[0061] The term "ones" means more than one. As used herein, the term “plurality” can
be2,3,4,5,6,7,8,9, 10, or more.

[0062] As used herein, the term “plurality” can be 2, 3,4, 5,6, 7, 8,9, 10, or more.
[0063] Whether represented as square micron, mm?, or mm?2, all of these notations refer
to the same measure of an area having dimensions of micron x micron.

[0064] As used herein, the term "disposed” encompasses within its meaning "located."
[0065] As used herein, the term "cell” is used interchangeably with the term “biological
cell.” Non-limiting examples of biological cells include eukaryotic cells, plant cells, animal
cells, such as mammalian cells, reptilian cells, avian cells, fish cells, or the like, prokaryotic
cells, bacterial cells, fungal cells, protozoan cells, or the like, cells dissociated from a tissue,
such as muscle, cartilage, fat, skin, liver, lung, neural tissue, and the like, immunological

cells, such as T cells, B cells, natural killer cells, macrophages, and the like, embryos (e.g.,
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zygotes), oocytes, ova, sperm cells, hybridomas, cultured cells, cells from a cell line, cancer
cells, infected cells, transfected and/or transformed cells, reporter cells, and the like. A
mammalian cell can be, for example, from a human, a mouse, a rat, a horse, a goat, a sheep, a
cow, a primate, or the like.

[0066] A colony of biological cells is "clonal" if all of the living cells in the colony that
are capable of reproducing are daughter cells derived from a single parent cell. In certain
embodiments, all the daughter cells in a clonal colony are derived from the single parent cell
by no more than 10 divisions. In other embodiments, all the daughter cells in a clonal colony
are derived from the single parent cell by no more than 14 divisions. In other embodiments,
all the daughter cells in a clonal colony are derived from the single parent cell by no more
than 17 divisions. In other embodiments, all the daughter cells in a clonal colony are derived
from the single parent cell by no more than 20 divisions. The term "clonal cells" refers to
cells of the same clonal colony.

[0067] As used herein, a “colony” of biological cells refers to 2 or more cells (e.g. about
2 to about 20, about 4 to about 40, about 6 to about 60, about 8 to about 80, about 10 to about
100, about 20 to about 200, about 40 to about 400, about 60 to about 600, about 80 to about
800, about 100 to about 1000, or greater than 1000 cells).

[0068] As used herein, the term “maintaining (a) cell(s)” refers to providing an environment
comprising both fluidic and gaseous components and, optionally a surface, that provides the
conditions necessary to keep the cells viable and/or expanding.

[0069] As used herein, the term “expanding” when referring to cells, refers to increasing
in cell number.

[0070] As used herein, “synthetic surface” refers to an interface between a support
structure and a gaseous/liquid medium, where the synthetic surface is prepared by non-
biological processes. The synthetic surface may have biologically derived materials
connected to it, e.g., primary and co-activating molecules as described herein, to provide an
antigen-presenting synthetic surface, provided that the synthetic surface is not expressed by a
biological organism. Typically, the support structure is solid, such as the non-surface
exposed portions of a bead, a wafer, or a substrate, cover or circuit material of a microfluidic
device and does not enclose a biological nucleus or organelle.

[0071] As used herein, a “well plate” is a device used to culture biological cells. A well
plate can include a plurality of wells (e.g., 2, 6, 12, 24, 96, 384, or any number of wells
therebetween). Alternatively, a well plate can include a single well, and thus the term “well

plate” can encompasses traditional culture plates (e.g., round culture plates) and culture
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flasks. The well plate may include a cover or a cap which is suitable for covering or capping
one or more wells of the well plate.

[0072] As used herein, “streptavidin” generally refers to any protein which binds to
biotin with high affinity and shares structural and/or protein sequence homology with the
streptavidin protein originally isolated from the bacterium Streptomyces avidinii. As such, the
term “streptavidin” encompasses mutated versions and/or fragments of Streptomyces avidinii
streptavidin that retain binding to biotin, and biotin-binding mutated versions and/or
fragments of proteins homologous to Streptomyces avidinii streptavidin (e.g., avidin) that
retain binding to biotin. Streptavidin is typically tetrameric in structure, but the term
“streptavidin” encompasses non-tetrameric forms as well.

[0073] As used herein, “co-activating” refers to a binding interaction between a
biological macromolecule, fragment thereof, or synthetic or modified version thereof and a T
cell (other than the primary T cell receptor/antigen:MHC binding interaction) that enhances a
productive immune response to produce activation of the T cell. Co-activating interactions are
antigen-nonspecific interactions, e.g., between a T-cell surface protein able to engage in
intracellular signaling such as CD28, CD2, ICOS, etc., and an agonist thereof. “Co-
activation” and “co-activating” as used herein is equivalent to the terms co-stimulation and
co-stimulating, respectively.

[0074] As used herein, a “TCR co-activating molecule” is a biological macromolecule,
fragment thereof, or synthetic or modified version thereof that binds to one or more co-
receptors on a T Cell that activate distal signaling molecules which amplify and/or complete
the response instigated by antigen specific binding of the TCR. In one example, signaling
molecules such as transcription factors Nuclear Factor kappa B (NF kB) and Nuclear factor of
activated T cells (NFAT) are activated by the TCR co-activating molecule. The TCR co-
activating molecule can be, for example, an agonist of the CD28 receptor, which signals
through the phosphoinositide 3 kinase (PI3K)/Akt pathway. See FIG. 2.

[0075] As used herein, “CD28high” or “CD28(High)” refers to a phenotype of high
CD28 surface expression in a T cell. Those skilled in the art are familiar with the CD28high
phenotype and appropriate ways of identifying CD28high T cells. Unless otherwise indicated,
CD28high T cells include T cells that meet any of the following criteria. In some claims, a
CD28high T cell is a T cell that expresses higher levels of CD28§ than a resting CD8+ T cell.
A CD28high T cell may also express higher levels of CD28 than an irrelevant non-antigen
specific T cell. In some claims, CD28high T cells are a population in which the level of
surface CD28 which can be measured by FACS is equal to or greater than the level of surface

CD28 present on circulating memory T cells which can be measured by FACS. In some
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claims, a CD28high T cell has a level of surface CD28 equal to or greater than the level of

surface CD28 present on circulating memory T cells from the same sample or individual.
Expression of surface CD28 can be determined by FACS and the mean (e.g., geometric mean)
or median level of surface CD28 present on circulating memory T cells can be used for
determining whether a given T cell is CD28high. In some claims, a CD28high T cellisa T
cell that expresses CD28 at a significantly higher level than expression typical of naive CD8
T cells from the same sample or individual, e.g., higher than 75%, 80%, 85%, 87.5%, 90%,
92.5%, or 95% of the naive T cells. Naive CDS8 T cells can be identified and characterized by
known methods, e.g., flow cytometrically, as CD8+ cells expressing detectable CD28 and
minimal or no CD45RO.

[0076] As used herein, a “TCR adjunct activating molecule” stimulates classes of
signaling molecules which amplify the antigen-specific TCR interaction and are distinct from
the TCR co-activating molecules. For example, TCR proximal signaling by phosphorylation
of the TCR proximal signaling complex is one route by which TCR adjunct activating
molecules can act. The TCR adjunct activating molecule may be, for example, an agonist of
the CD2 receptor. See FIG. 2.

[0077] As used herein, an “activated T cell” is a T cell that has experienced antigen (or a
descendant thereof) and is capable of mounting an antigen-specific response to that antigen.
Activated T cells are generally positive for at least one of CD28, CD45RO, CD127, and
CD197.

[0078] As used herein, “antibody” refers to an immunoglobulin (Ig) and includes both
polyclonal and monoclonal antibodies; primatized (e.g., humanized); murine; mouse-human;
mouse-primate; and chimeric; and may be an intact molecule, a fragment thereof (such as
scFv, Fv, Fd, Fab, Fab' and F(ab)'2 fragments), or multimers or aggregates of intact molecules
and/or fragments; and may occur in nature or be produced, e.g., by immunization, synthesis or
genetic engineering. An “antibody fragment,” as used herein, refers to fragments, derived
from or related to an antibody, which bind antigen and which in some embodiments may be
derivatized to exhibit structural features that facilitate clearance and uptake, e.g., by the
incorporation of galactose residues. This includes, e.g., F(ab), F(ab)'2, scFv, light chain
variable region (VL), heavy chain variable region (VH), and combinations thereof.

[0079] Immunotherapy for cancer is a promising development, but in some
embodiments, requires specifically activated T lymphocytes which are compatible with the
subject of the therapy. However, the current use of antigen presenting dendritic cells to
activate T lymphocytes presents several disadvantageous aspects. Dendritic cells must be

obtained from donor sources, limiting throughput. Dendritic cells must be matured for each
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sequence of T lymphocyte activation, which requires a lead time of about 7 days. Irradiation
of dendritic cells is also required, which limits where such processing can be performed.
[0080] Replacing the use of autologous antigen presenting dendritic cells with antigen
presenting synthetic surfaces within one or more wells of a well plate for activating T
lymphocytes may afford greater reproducibility to stimulate and expand T lymphocytes for a
therapeutically relevant population. Antigen presenting synthetic surfaces of a well plate may
be engineered for antigen-specific activation of T lymphocytes, providing more controllable
and/or characterizable and/or reproducible and/or more rapid development of populations of
activated T lymphocytes having desirable phenotypes for treatment of cancer. Antigen-
presenting synthetic surfaces of one or more wells of a well plate can also allow for more
control and selectivity over T cell activation, including more precise targeting of desired T
cell phenotypes following activation, e.g., enrichment of particular forms of memory T cells.
Furthermore, antigen-presenting synthetic surfaces of one or more wells of a well plate can
also exploit economies of scale and/or provide reproducibility to a greater degree than using
autologous antigen presenting dendritic cells. As such, this technology can make cellular
therapies available to patients in need thereof in greater numbers and/or in less time.
Providing T cells useful for cellular therapies more rapidly can be especially important for
patients with advanced disease. The structure of such antigen-presenting synthetic surfaces of
one or more wells of a well plate and their methods of preparation and use are described
herein. In some embodiments, the antigen-presenting synthetic surfaces of one or more wells
of a well plate comprise primary activating ligands in combination with TCR co-activating
molecules and/or adjunct TCR activating molecules, which together serve to activate T cells.
Surface density ranges for these components and ratios of one to another that can further
improve efficacy are also disclosed herein. In some embodiments, the antigen-presenting
synthetic surfaces of one or more wells of a well plate and their methods of preparation and
use provide one or more of the foregoing advantages.

[0081] Further, lymphocytes other than T lymphocytes may be activated by contact with
an appropriately prepared lymphocyte activating covalently-functionalized surfaces within a
well plate as described herein. B lymphocytes and NK cells may be activated and/or
expanded using the activating surfaces of the well plates described herein for any purpose,
including immunotherapies and cell production generally.

[0082] In order to provide lymphocyte activating synthetic surfaces within a well of a
well plate, controllably covalently functionalized well plates having a defined region for such

activation have been discovered by Applicant and are described.
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[0083] Accordingly, a well plate is provided, including a surface having a first region
which is a reactive moiety-presenting covalently functionalized region or an activating
moiety-presenting covalently functionalized region, where the reactive moiety is an azido
moiety, a biotin moiety or a streptavidin moiety and the activating moiety is a lymphocyte-
activating moiety. The first region may have an area of at least 0.5 mm? (e.g., at least 0.6
mm?, at least 0.7 mm?, at least 0.8 mm?, at least 0.9 mm?, at least 1.0 mm?, at least 1.1 mm?,
at least 1.2 mm?, at least 1.3 mm?, at least 1.4 mm?, at least 1.5 mm?, at least 1.6 mm?, at least
1.7 mm?, at least 1.8 mm?, at least 1.9 mm?, at least 2.0 mm?, at least 2.5 mm?, at least 3.0
mm?, at least 3.5 mm?, at least 4.0 mm?, at least 4.5 mm?, at least 5.0 mm?, at least 6.0 mm?,
at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least
20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?,
at least 50 mm?, at least 75 mm?, at least 100 mm?, at least 150 mm?, at least 200 mm?, at least
250 mm?, at least 300 mm?, at least 400 mm?, at least 500 mm?, at least 600 mm?, at least 700
mm?, at least 800 mm?, at least 900 mm?, at least 1000 mm?, or more). In some embodiment,
such as those in which the reactive moiety being presented is a biotin moiety or a streptavidin
moiety or the first region is an activating moiety-presenting covalently functionalized region,
the first region will typically have an area that is less than 100 mm?, less than 75 mm?, or less
than 50 mm?. In other embodiments, such as those in which the reactive moiety is an azido
moiety, the first region may have an area that exceeds 1000 mm?, e.g., the first region may
have an area of at least 2,000 mm?, at least 3,000 mm?, at least 4,000 mm?, at least 5,000
mm?, at least 6,000 mm?, at least 7,000 mm?, at least 8,000 mm?, at least 9,000 mm?, at least
10,000 mm?, 20,000 mm?, at least 30,000 mm?, at least 40,000 mm?, at least 50,000 mm?, at
least 60,000 mm?, at least 70,000 mm?, at least 80,000 mm?, at least 90,000 mm?, at least
100,000 mm?, or more (e.g., substantially all of the inner surface of a well, or each of two or
more wells, of the well plate). In some variations, the first region may have a dimension of
about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm). The first region may be substantially circular and have a diameter of about 0.5
mm to about 4.0 mm (e.g., about 1 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).
[0084] The surface of the well plate may further include a second region which is a
covalently modified region including surface blocking ligands. Optionally, the second region
may surround the first region. In some embodiments, each of the surface blocking ligands
may include a hydrophilic or negatively charged moiety (e.g., a carboxylate group). In some
embodiments, each of the surface blocking ligands may include polyethylene glycol (PEG)

moieties
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[0085] The surface of the well plate may include glass or polystyrene. In some variations,
the surface of the well plate may include polypropylene, polycarbonate, polyethylene,
cycloolefin copolymer, or melamine.

[0086] The first region may have a density of respective reactive moieties or activating
moieties of at least 50/um?, e.g. from about 50 reactive moieties or activating moieties/um? to
about 8 x10°/um?, about 1x 10*um? to about 8 x 10°/um?; about 50/um? to about 5x 10°/um?;
about 1x 10%/um? to about 1x 10°/um?; about 50/um? to about 5x 10*um?; about 1x 10%um? to
about 1x 10*um?; about 1x 10*/um? to about 5x 10*/um?; about 1x 10*um? to about 1x
10*/um?; about 50/um? to about 5 x 10*um?; about 50/um? to about 1 x10*/um?; or any value
therebetween for the number of reactive moieties or activating moieties/um?. The first region
including respective reactive moieties or activating moieties may be linked covalently to the
surface via a linker having from 5 to about 20 backbone atoms, about 10 to about 40
backbone atoms, about 15 to about 50 backbone atoms, or more than 50 backbone atoms,
where the backbone atoms are selected from carbon, silicon, nitrogen and oxygen. Thus,
e.g., the reactive moieties or activing moieties may be linked covalently to the surface through
a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90,
100, 200 bond lengths of a linker or any number of bond lengths therebetween.

[0087] In some variations, the reactive moiety may be streptavidin, and the streptavidin
functionality is covalently attached to the first region of the surface of the well plate. In other
variations, the reactive moiety may be streptavidin, and the streptavidin functionality is non-
covalently attached to a biotin moiety which is itself covalently attached to the first region of
the surface of the well plate.

[0088] In some variations, the first region may be an activating moiety-presenting
covalently functionalized region including a plurality of specifically bound primary activating
molecular ligands and a plurality of specifically bound co-activating molecular ligands. A
ratio of the primary activating molecular ligands to the co-activating molecular ligands on the
first region of the surface is about 1:10 to about 2:1, about 1:5 to about 2:1, about 1:2 to about
2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1 to about 2:1, or about 1:2 to
about 1:1.

[0089] In some embodiments, each ligand of the plurality of specifically bound primary
activating molecular ligands may include a major histocompatibility complex (MHC)
molecule (e.g., Class I or Class II) configured to bind to a T cell receptor (TCR) of a T cell.
The MHC molecule may include an MHC Class I protein sequence and a beta microglobulin
protein sequence. In some variations, the MHC molecule may be connected to the activating

moiety-presenting covalently functionalized region via a C-terminal linkage.
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[0090] The MHC molecule may further include an antigenic peptide. The antigenic

peptide may be a tumor-associated antigen, a viral antigen, a bacterial antigen, a fungal
antigen, or a protozoan antigen. In some variations, the antigenic peptide may be a tumor-
associated antigen. In some embodiments, the tumor-associated antigen may be SLC45A2,
TCL1, VCX3A, MART1 or NYESOI.

[0091] In some variations, each ligand of the plurality of specifically bound co-activating
molecular ligands may include a T cell receptor (TCR) co-activating molecule or an adjunct
TCR activating molecule. A ratio of the TCR co-activating molecules to the adjunct TCR
activating molecules of the plurality of co-activating molecular ligands is about 100:1 to
about 1:100. In some embodiments, the ratio of the TCR co-activating molecules to the
adjunct TCR activating molecules of the plurality of co-activating molecular ligands may be
100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1, 50:1 to 40:1, 40:1 to 30:1,
30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10 to 1:20, 1:20 to 1:30, 1:30
to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80 to 1:90, or 1:90 to 1:100,
where each of the foregoing values is modified by “about”. In other embodiments, the ratio
of the TCR co-activating molecules to the adjunct TCR activating molecules of the plurality
of specifically bound co-activating molecular ligands may be from about 20:1 to about 1:20 or
about 3:1 to about 1:3.

[0092] In some variations, the TCR co-activating molecules may include a CD28 binding
protein, or a fragment thereof, which retains binding ability to CD28. In some embodiments,
the CD28 binding protein or the fragment thereof may further include a site-specific C-
terminal biotin moiety. In some embodiments, the TCR co-activating molecules may include
a CD80 molecule or a fragment thereof, where the fragment retains binding activity to CD28.
In some other embodiments, the TCR co-activating molecules may include an anti-CD28
antibody or a fragment thereof, where the fragment retains binding activity to CD28.

[0093] In some variations, the adjunct TCR activating molecule may include a CD2
binding protein, or a fragment thereof, which retains binding activity to CD2. In some
embodiments, the CD2 binding protein or the fragment thereof further includes a site-specific
C-terminal biotin moiety. In some embodiments, the adjunct TCR activating molecule may
include a CD58 molecule or fragment thereof, where the fragment retains binding activity
with CD2. In some other embodiments, the adjunct TCR activating molecule may include an
anti-CD2 antibody or a fragment thereof, where the fragment retains binding activity with
CD2.

[0094] In some variations, the plurality of specifically bound primary activating

molecular ligands and the plurality of specifically bound co-activating molecular ligands may
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be specifically bound to streptavidin functionalities of a streptavidin-presenting first region of
the well plate.

[0095] The plurality of specifically bound primary activating molecular ligands may
have a density of at least about 1 x10? molecules per square micron in the first region, and
optionally, a density of about 1 x 10? to about 1 x 10° molecules per square micron in the first
region. The plurality of specifically bound co-activating molecular ligands has a density of at
least 1x 10? molecules per square micron or about 1x10? to about 1x 10° molecules per square
micron in the first region.

[0096] In some variations, a well plate is provided, where each of one or more wells of
the well plate includes the surface and the first region thereof, where the first region is a
reactive moiety-presenting covalently functionalized region or an activating moiety-
presenting covalently functionalized region like any well plate having the surface and first
region as described herein. The first region of each of the one or more wells may be located
on a bottom surface of the corresponding well(s). An area of each first region may be less
than about 50%, less than about 25%, less than about 15%, less than about 10%, less than
about 5%, or less than about 2% of the area of the bottom surface of the corresponding
well(s). In some embodiments, when the area of the first region is less than the whole area of
the bottom surface of the well(s), then the reactive-moiety is not an azido-moiety. In some
embodiments, each of the surface blocking ligands may include a hydrophilic or negatively
charged moiety. In some embodiments, the surface blocking ligands may include
polyethylene glycol (PEG) moieties.

[0097] As described above, a well plate having a surface including a reactive moiety-
presenting covalently functionalized region, e.g., azido-presenting or alkynyl-presenting
moiety, may be used as a centrally accessible functionalized form, which may be modified in
many different ways to with a wide variety of covalent ligand partner molecules for a myriad
of biological and chemical transformations of micro-objects of various classes including, but
not limited to biological cells and fragments thereof and used in methods, including but not
limited to the methods described herein, for activating lymphocyte cells to obtain desired
populations having controllable, selected phenotypes. As used herein, azido-presenting refers
to a covalently functionalized region of the surface having ligands covalently attached thereto,
where the ligands have azido functional groups at or near a first terminus of the ligand
opposite from a surface-bound second terminus of the ligand. The azido groups at or near the
terminus opposite from the surface bound terminus are substantially available for reaction
with reaction pair moieties with which an azido group may react, such as, but not limited to

an alkyne, cyclic strained alkyne, alpha keto chlorides, and the like. A covalently
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functionalized surface as referred to herein includes any kind of glass or polymer surface to
which covalently linked molecules (e.g., ligands) have been coupled, as described in detail
below. The region of the surface that is covalently functionalized may be the entire surface, a
portion of the surface or a selected portion of the surface, as described more fully below.
[0098] Other useful controllably covalently functionalized well plates have also been
discovered by Applicant and described herein. Biotin or streptavidin may be introduced to
the azido-presenting covalently functionalized surface of the well plate, in particular within
one or more wells of the well plates, producing biotin-presenting covalently functionalized
region(s) of a surface of a well plate or streptavidin-presenting covalently functionalized
region(s) of a surface of a well plate. In one arrangement, the streptavidin is itself covalently
linked to the surface of the well plate via a linker including a reactive group that is configured
to react with the azido functionality of the azido-presenting covalently functionalized surface
of the well plate. In another arrangement, the streptavidin moiety is non-covalently attached
to a biotin moiety, where the biotin moiety is itself covalently linked to the surface via a
linker including a reactive group configured to react with the azido functionality of the azido-
presenting functionalized surface of the well plate. In either case, a streptavidin-presenting
covalently functionalized region is introduced to the surface, where the streptavidin moieties,
similarly to the azido moieties, are covalently linked to the surface such that at least one of the
binding sites of streptavidin is available for binding with biomolecular ligands for use in the
methods of activating lymphocytes as described herein.

[0099] A streptavidin-presenting covalently functionalized region of a surface of a well
plate may be used for a wide variety of applications, but one important, but nonlimiting, use is
for activation of lymphocytes, including but not limited to antigen-specific activation of T
cells. Applicant has discovered that the ability to limit the density of streptavidin ligands
present within a well of a well plate and/or ability to limit the size of the region that presents
streptavidin ligands and/or select the location of the region that presents streptavidin ligands
can be important for effective and efficient activation of T cells. Without wishing to be bound
by theory, a high density of streptavidin moieties present on a functionalized surface of a well
of a well plate can permit a high concentration of MHC complexes, presenting the antigen,
and co-stimulatory ligands to bind to the multiple binding sites available on each streptavidin,
providing a highly stimulatory antigen-presenting synthetic surface. This highly stimulatory
antigen-presenting synthetic surface may actually overstimulate T cells, pushing the
overactivated cells towards exhausted or morbid phenotypes, and providing a lower number
of antigen specific cells that are physiologically able to be expanded to an effective cell

product. Alternatively, or in addition, a well having a large region of primary and secondary
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(or co-activating) activating ligands may also over-stimulate lymphocytes as well, and lead to
activated lymphocytes with undesirable phenotypes, such as exhausted T cells, and the like.
Restricting the area of lymphocyte activating ligands to a smaller region of a well of a
wellplate may advantageously provide areas to which lymphocytes may migrate, thereby
preventing morbid phenotype production. Additionally, with the restricted activating regions
used in the well plates described herein, it may be useful in some embodiments, to use round
bottomed wells, to employ gravity to bring cells to the activating region(s) within the well.

[00100] Similarly, a well having a large region or non-controlled surface area such as the
entire bottom or cell-containing region of the well modified to present one or more activating
species such as cell surface markers such as CD2, CD4, CD8, CD28 and the like, antigen-
presenting species such as a peptide loaded MHC molecule, cytokines, cell adhesion ligands
and growth stimulatory molecules, may induce overly activating contact with the cell to be
activated and, in some embodiments, expanded, which may lead to down regulation of desired
cell surface markers and other internal signaling pathways, again leading to undesirable cell
populations such as, but not limited to, exhausted or non-expanding activated T cells.

[00101] Therefore, Applicants describe functionalized well plates having controllable,
defined and limited contact regions and contact densities of streptavidin moieties within
specified regions of a well within the functionalized well plate. These limited
regions/concentrations of streptavidin moieties may then be used to introduce the activating
species for effective and efficient activation of lymphocytes, which can include, but are not
limited to, T cells having antigen specificity and desirable phenotype for a cellular product for
use in immunotherapy of an individual. It is proposed that by limiting the area of the region
having activating ligands present that cells can move away from the activating region after
receiving the stimulatory signals, maintaining the stimulation, without over activation.
Additionally, surface blocking ligands, which do not themselves permit attachment of
activating molecular species, may be used to either limit the density or physical location of
the streptavidin functionalities (and hence, activating ligands introduced thereto) and provide
supporting surface modification conducive to cell maintenance, expansion and portability,
without adding to stimulatory signaling. The specific and controllable introduction of
restricted regions for activation of a surface of a well plate is described more fully below.

[00102] The controllable and flexible introduction of covalently functionalized regions of
a surface within a well plate can be understood by reviewing FIGS. 1A to 1C and the
accompanying description. As shown in FIG. 1A, a well plate 110 is provided. The well plate
may be a glass or polymer, e.g., a plastic polymer, or may comprise a glass or polymer

surface. The well plate 110 well plate may comprise, consist of, or consist essentially of
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glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin copolymer or
melamine e polystyrene, polypropylene, polycarbonate, cycloolefin copolymer, melamine,
and the like. The well plate 110 may have 16, 48, 96, 384 or more wells within the well plate.
The well plate 110 may be treated or cleaned prior to functionalization in order to remove
impurities and to introduce a plurality of reactive functionalities at the surface. The
treatment/cleaning may include plasma cleaning, which may be performed as described herein
or in any suitable variation of plasma cleaning as is known in the art. Alternatively, or in
addition, the surface of the well plate110 may be treated with piranha solution to achieve
similar introduction of reactive functionalities, such as oxide, on the surface of the well plate.

[00103] The well plate 110, which may be treated or cleaned, may be reacted with a
reagent 103, which provides synthetically accessible handles including reactive moieties at
the surface of the well plate for further elaboration. A generally useful reactive moiety that
may be easily introduced includes, but is not limited to azide or alkyne, each of which can be
further reacted with reagents classed within the group of Click chemistry reagents to provide a
wide variety of surface modifications to the well plate surfaces. However, other chemical
couplings as are known in the art, e.g., Suzuki borane-type coupling reactions, Michael
reactions, and the like, may also be used to couple a surface functionalization reagent or a
surface blocking reagent to a suitably reactive surface, and other reactive moieties such as
carbonyls, conjugated carbonyls, and other activated moieties may be used. The disclosure is
not limited to the use of Click chemistry and respective reagent pairs to introduce the
modified surfaces and activating species supported thereupon, but introduction of azido
moieties are described in detail herein for simplicity.

[00104] Further examples of chemistry performed either on internal surfaces of
microfluidic devices or on surfaces of beads, such as glass or polymeric beads, which can be
applied to modification of the wells of well plates are described in PCT/US2017/034832, filed
May 26, 2017 (Lowe et al.) and PCT/US2018/043146, filed on July 20, 2018 (Beemiller, et
al.), each of which disclosures are herein incorporated by reference in its entirety.

[00105] One very useful class of reagents 103 for initial functionalization of the surface
include azido-substituted trialkoxysiloxanes, where trialkoxysiloxane reacts with the surface
exposed moieties (e.g., oxide) of the cleaned surface of well plate 110. The siloxane may have
a linker linking the azido reactive moiety to the siloxane, which includes a hydrocarbon,
substituted hydrocarbon or an alkylene oxide chain. The reaction may be performed in
solution or under gaseous conditions, and in some variations, reaction of the azido-substituted
trialkoxysiloxane is performed under vacuum with volatilized azido-substituted

trialkoxysiloxane. The choice of the specific azido- trialkoxysiloxane depends on the material
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of the well plate as differing polymeric well plates are resistant to differing elevated
temperatures. The length of the linker determines what the temperature must be used to
volatilize the azido-trialkoxysiloxane, and has an effect on the nature of the modified reactive
surface introduced. The introduction of the azido-substituted ligands to the surface by reaction
of the trialkoxysiloxane portion of the molecule with surface exposed moieties on the well
plate surface, such as oxide moieties. The reaction may be performed in solution, or may be
performed under conditions where the azido-substituted trialkoxysiloxane is volatilized to
react with the surface exposed moieties. The area of the well plate reacting with the azido-
substituted trialkoxysiloxane may be the entire well plate, may be masked to limit reaction to
a portion of the well plates (e.g., masked such that only one or more wells of the well plate
may react) or any variation thereof. In some other embodiments, only a region of a bottom of
a well (or more wells) of a well plate may be an azido-presenting covalently functionalized
region of the well plate. As referred to herein, a bottom surface is located on a wall of an
enclosure forming the well, where the bottom surface is disposed opposite the opening at the
top of the well in the well plate. In some embodiments, the azido-presenting covalently
functionalized region is not located on a side wall of the enclosure forming the well, where
the side wall is adjacent to the opening of the well in the well plate. In some other
embodiments, the azido-presenting covalently functionalized region is not located on a side
wall of the enclosure forming the well, where the side wall is substantially perpendicular to
the opening at the top of the well.

[00106] In some variations, the azido-presenting covalently functionalized region may
have an area of at least 0.5 mm? (e.g., at least 1.0 mm?, at least 1.5 mm?, at least 2.0 mm?, at
least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?, at least 7.0 mm?, at least
8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least 20 mm?, at least 25 mm?,
at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?, at least 50 mm?, at least 75
mm?, at least 100 mm?, at least 150 mm?, at least 200 mm?, at least 250 mm?, at least 300
mm?, at least 400 mm?, at least 500 mm?, at least 600 mm?, at least 700 mm?, at least 800
mm?, at least 900 mm?, at least 1,000 mm?, at least 2,000 mm?, at least 3,000 mm?, at least
4,000 mm?, at least 5,000 mm?, at least 6,000 mm?, at least 7,000 mm?, at least 8,000 mm?, at
least 9,000 mm?, at least 10,000 mm?, at least 20,000 mm?, at least 30,000 mm?, at least
40,000 mm?, at least 50,000 mm?, at least 60,000 mm?, at least 70,000 mm?, at least 80,000
mm?, at least 90,000 mm?, at least 100,000 mm?, or more).

[00107] The azido-presenting covalently functionalized region may have a density of
azido groups of at least50/um? ( e.g., from about 50 azido groups/um? to about 2x10’/um?,

about 1x 10%/um? to about 1x 10’/um?; about 50/um? to about 5x 10%um?; about 1x 10*um? to
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about 1x 10%um?; about 1x 10*/um? to about 5 x 10°/um?; about 1x 10*um? to about 1
x10°/um?; about 1x 10%um? to about 5 x 10*um?; about 50/um? to about 5 x10*um?; about 1x
10%/um? to about 5 x 103 /um?; about 50/um? to about 5 x10*/um?; or any value therebetween
for the number of azido groups/um?).

[00108] The linker may have a length of bond lengths which may be 5,7, 9, 10, 11, 13,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, or any number
of bond lengths therebetween. In some embodiments, the azido-presenting covalently
functionalized region comprises azido functionalities linked covalently to the surface through
a series of about 5 bond lengths to about 20 bond lengths or about 10 bond lengths to about 40
bond lengths. In some embodiments, the atoms of a linker linking the azido functionalities to
the surface may be selected from carbon, silicon, nitrogen, sulfur, and oxygen. In some
embodiments, the atoms of the linker may be selected from carbon, silicon, and oxygen. In
some variations, the linker has from about seven to about seventeen backbone atoms, which
may be selected from carbon, silicon, and oxygen. In some embodiments, the linker is a linear
linker and the linker has only one first terminus attached to the azido moiety and one second
terminus which is bound to the surface. In other embodiments, the linker is a branched linker
and the branched linker may have one second terminus attached to the surface and a plurality
of first termini, each attached to an azido moiety, e.g., an azido functionalized brush polymer.
In various embodiments, the azido-presenting surface bound ligands of the surface form a
monolayer on the surface of the well plate. In some embodiments, the azido-presenting
surface bound ligands form a self-assembled monolayer, which may have a thickness from the
surface of the well plate of about 10 angstroms, about 20 angstroms, about 30 angstroms,
about 40 angstroms, about 50 angstrom, about 70 angstroms, to about 100 angstroms, or any
value therebetween.

[00109] In some variations, the linker linking the azido moiety to the trialkoxysiloxane
has a backbone length of about 20, about 18, about 16, about 14, about 12, about 10, about 9,
about 8, about 7, about 6, about 5, or about 4 atoms long. In some embodiments, the backbone
is about 7 atoms in length, and is a hydrocarbon chain. While glass well plates can generally
tolerate considerably elevated reaction conditions, other polymeric well plates can deform or
otherwise become unusable after exposure to greatly elevated temperatures. What has found
to be effective to modify polymer well plates such as polystyrene or polycarbonate is use of
an azido-substituted trialkoxysiloxane having a length of seven carbon atoms. As shown in
FIG. 1A, the surface functionalizing reagent 103 may therefore be 7-azidoheptyl-
trimethoxysilane, particularly for use with polymeric well plates, to produce a functionalized

well plate 115, presenting functionalizing ligands 105 at the surface. In the specific case
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using 7-azidoheptyl-trimethoxysilane, the ligand 105 is an azidoheptyl ligand, covalently
attached via a siloxane moiety to the surface.

[00110] Routes to provide a streptavidin-presenting covalently functionalized
region(s) of a surface of a well plate. The covalently functionalized well plate surface 115
(in one specific example, azido-presenting covalently functionalized well plate surface) may
be modified to present streptavidin moieties. This may be obtained in one of several ways.

[00111] Biotin-presenting covalently functionalized region(s) of a surface of a well
plate. One approach to producing a streptavidin-presenting covalently functionalized region
of a surface of a well plate is via a covalently bound biotin group to the surface of the well
plate. Azido-functionalized well plate 115 may be reacted with a biotin linked-alkyne
containing reagent such as a dicyclooctynyl containing Click reagent. In FIG. 1A, a
dibenzocyclooctynyl (DBCO) Click reagent including biotin, DBCO reagent 107, as one
example, may be used, where the biotin moiety is linked to the DBCO moiety by a linker
including an alkyl, alkylenecoxide, or cleavable alkyl or alkyleneoxide backbone, amongst
others. The linker may have a backbone length of at least 4 atoms, at least 8 atoms, at least 12
atoms, at least 16 atoms, at least 20 atoms, at least 50 atoms or at least 100 atoms, or more,
which may be carbon, oxygen, nitrogen or sulfur. Reaction of the DBCO moiety of reagent
107 with the azido ligand 105 yields a covalently bound biotin- containing ligand 109 to yield
a biotin-presenting covalently functionalized region of a surface of well plate 120.

[00112] In some variations of a biotin-presenting covalently functionalized region of a
surface of a well plate, azido-functionalized surface of well plate 115 may be reacted first
with a surface blocking reagent 117 to produce azido-presenting covalently functionalized
region 130 of a surface of a well plate. Surface blocking reagent 117 may have a reactive
moiety configured to react with remaining surface exposed moieties of the cleaned/prepared
surface, which had not been bound with reagent 103 in the azido functionalization step. The
surface blocking reagent 117 includes one reactive functionality such as a trialkoxysiloxane,
configured to react with the surface exposed moieties introduced by cleaning. The surface
blocking reagent 117, however, does not include a functionality configured to react with any
of the biotin-containing reagents, streptavidin, streptavidin containing reagents, or
lymphocyte activating reagents. The surface blocking reagent 117 may be like any suitable
blocking reagent described more fully below.

[00113] Introduction of covalently bound biotin to surface 130 may be performed as for
the reaction of surface 115 described above, with a DBCO- linked- biotin moiety 107, which

reacts only with the azide functionalities of azide ligands 105 to yield biotin-presenting
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covalently modified region 135 of the surface of the well plate having covalently linked biotin

ligands 109 and the surface blocking ligands 119.

[00114] In yet another alternative shown in FIG. 1B, the azido-presenting covalently
functionalized surface of well plate 115 may be reacted with a mixture of the biotin-
containing DBCO reagent 107 and a surface blocking DBCO reagent 121, having a surface
blocking moiety and a DBCO moiety configured to react with azido moieties of surface 115.
The surface blocking moiety which may be any suitable surface blocking DBCO reagent
described more fully below. The product of this reaction is a biotin-presenting covalently
modified region 145 of the surface of the well plate, having both biotin containing ligands 109
and surface blocking ligands 123. The proportions of the ligands on the mixed surface may be
modified in any suitable proportion to “tune” the density of biotin moieties per unit area to a
desired amount. The proportion of biotin ligands to surface blocking ligands may be about
3:1; about 2:1; about 1:1; about 1:2; about 1:3; about 1:4; about 1:5; about 1:6, about 1:8;
about 1:10, or more. The chemical nature of the surface blocking moiety of the surface
blocking ligands 123 may be varied as well to provide optimized surfaces for selected
lymphocyte activations.

[00115] For biotin-presenting covalently functionalized regions 135, 145, the surface
blocking reagent 117 and surface blocking DBCO reagent 121 may include more than one
type of surface blocking moiety. For example, a mixture of reagents having differing chain
length, charged moieties and/or hydrophilic character may be used.

[00116] A biotin-presenting covalently functionalized region 120, 135, 145 may have an
area of at least 0.5 mm?, e.g., at least 0.6 mm?, at least 0.7 mm?, at least 0.8 mm?, at least 0.9
mm?, at least 1.0 mm?, at least 1.1 mm?, at least 1.2 mm?, at least 1.3 mm?, at least 1.4 mm?,
at least 1.5 mm?, at least 1.6 mm?, at least 1.7 mm?, at least 1.8 mm?, at least 1.9 mm?, at least
2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?, at least 7.0
mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least 20 mm?, at
least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?, at least 50
mm?, or any range defined by two of the foregoing end points. Thus, for example, the area of
the biotin-presenting covalently functionalized region 120, 135, 145 may range from about
0.5 mm? to about 50 mm?, about 1 mm? to about 40 mm?, 2 mm? to about 35 mm?, about 3
mm? to about 30 mm?, or about 4 mm? to about 25 mm?”. Typically, the biotin-presenting
covalently functionalized region 120, 135, 145 has an area equal to or less than 100 mm?
(e.g., equal to or less than 75 mm?, or equal to or less than 50 mm?).

[00117] A biotin-presenting covalently functionalized region 120, 135, 145 may have a

density of biotin functionalities of at least50/um? (e.g., from about 50 biotin groups/um? to
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about 5x10%um?, about 1x 10%/um? to about 1x 10%um?; about 1x 10%/um? to about 5x
10°/um?; about 1x 10%um? to about 1x 10°/um?; about 1x 10*um? to about 5x 10*/um?; about
1x 10%/um? to about 1x 10*um?; about 1x 10*um? to about 5 x 10°/um?; about 1x 10*um? to
about 1 x10°/um?; about 50/um? to about 5 x 10*/um?; about 50/um? to about 1 x10*/um?; or
any value therebetween for the number of biotin groups/um?).

[00118] The biotin-presenting covalently functionalized region comprises biotin
functionalities linked covalently to the surface via a linker linked covalently to the surface
through a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 90, 100, 200 bond lengths of a linker or any number of bond lengths therebetween. In
some embodiments, the atoms of a linker linking the biotin functionalities to the surface may
be selected from carbon, silicon, nitrogen, sulfur and oxygen. In some embodiments, the
atoms of the linker are selected from carbon, silicon, and oxygen. In some embodiments, the
linker linking the biotin to the DBCO moiety may have from about 10 to 40 backbone atoms
selected from carbon, silicon, nitrogen and oxygen. In some embodiments, the linker is a
linear linker and the linker has only one first terminus attached to the biotin moiety and one
second terminus bound to the surface. In some embodiments, the linker is a substantially
linear linker where the substantially linear linker may include, or be interrupted by a cyclic
moiety such as a triazolyl or substituted triazolyl moiety. A cyclic moiety such as a triazolyl
or substituted triazolyl group may be part of the substantially linear linker, introduced through
a Click coupling to introduce the covalently bound biotin. In other embodiments, the linker is
a branched linker and the branched linker may have one second terminus that is bound to the
surface and a plurality of first termini each having a biotin moiety attached thereto, e.g., a
biotin-presenting functionalized brush polymer, which may include cyclic groups such as
triazolyl and/or substituted triazolyl groups. In some other embodiments, the linker linking
the biotin moiety to the surface may further include a disulfide moiety or a photocleavable
moiety. In various embodiments, the ligands of the biotin-presenting covalently
functionalized surface form a monolayer on the surface of the region 120, 135, 145. In some
embodiments, the biotin-presenting surface bound ligands form a self-assembled monolayer,
which may have a thickness from the surface of the well plate of about 10 angstroms to about
100 angstroms, or any value therebetween.

[00119] The biotin-presenting covalently functionalized regions 120, 135, 145 of the
surface of the wellplate may be further modified immediately or may be stored for later use.
While FIGS. 1A, 1B shows biotin-presenting covalently functionalized regions 120, 135, 145
of the surface transformed further to a streptavidin-presenting covalently functionalized

region of a surface of the well plate, the invention is not so limited. Any suitable binding pair
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to biotin may be bound to the biotin- presenting covalently functionalized region 120 of the

surface of the well plate.

[00120] Streptavidin-presenting functionalized region(s) of a surface of a well plate.
Any of biotin-presenting covalently functionalized regions 120, 135, 140 may couple
streptavidin to the biotin moieties thereupon, as shown in FIGS. 1A and 1B. The streptavidin,
which may be natural streptavidin or a modified streptavidin having binding affinity with
biotin, having four binding sites, and shown schematically as structure 111, may then be
reacted with the biotin containing ligand 109 of regions 120, 135, 145, binding at one of the
four available sites of streptavidin, yielding respective streptavidin-presenting covalently
functionalized regions 125, 140, 150, having streptavidin ligands 113. The streptavidin may
be considered to be non-covalently bound itself, but is bound to the surface via biotin, which
is itself covalently bound to the surface, thereby forming a streptavidin-presenting covalently
functionalized region of a surface of a well plate. The strength of the biotin/streptavidin
binding pair (the dissociation constant Kq is about 10"* mol/L) may be considered to be
equivalent in strength to a covalent bond, thus permitting strong association to the surface.

[00121] As mentioned above, the streptavidin-presenting covalently functionalized
region(s) 140, 150 include surface blocking ligands 119 and 123, respectively, permitting
selective design of the activating surfaces

[00122] Directly coupled Streptavidin to the azido-presenting covalently
functionalized region of the surface. In yet a further alternative, shown in FIG. 1C, a
streptavidin-presenting covalently functionalized region of the surface of the well plate may
be produced directly from the azide-presenting covalently functionalized surface 115 having
azido functionality ligands 105. Streptavidin may be covalently bound to the surface 115 in
one step by reaction with a Click chemistry reagent having a streptavidin molecule covalently
linked to an alkynyl moiety, such as reagent 127, where a DBCO moiety is linked covalently
via a linker to a streptavidin tetrameric molecule (having four binding sites). The linker
linking the DBCO to the streptavidin may be an alkenyloxide, alkyl or cleavable alkenyloxide
or alkyl linear moiety. The linker may have from 10 to 50 backbone atoms selected from
carbon, silicon, nitrogen and oxygen. (e.g., the streptavidin functionalities may be linked
covalently to the surface through a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths of a linker or any number of bond
lengths therebetween. In some embodiments, the atoms of a linker linking the streptavidin
functionalities to the surface may be selected from carbon, silicon, nitrogen, sulfur and
oxygen. In some embodiments, the atoms of the linker are selected from carbon, silicon, and

oxygen. In some embodiments, the linker is a linear linker and the linker has only one first
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terminus covalently attached to a streptavidin and one second terminus which is bound to the
surface directly or indirectly. In some embodiments, the linker is a substantially linear linker
and the linker has only one first terminus attached to a streptavidin moiety and one second
terminus bound to the surface directly or indirectly, where the substantially linear linker may
include, or be interrupted by a cyclic moiety such as a triazolyl or substituted triazolyl moiety.
A cyclic moiety such as a triazolyl or substituted triazolyl group may be part of the
substantially linear linker, introduced through a Click coupling to introduce the covalently
bound streptavidin. In other embodiments, the linker is a branched linker and the branched
linker may have one second terminus bound to the surface directly or indirectly and a
plurality of first termini each bound to a streptavidin moiety, e.g., a streptavidin
functionalized brush polymer, which may include cyclic groups such as triazolyl and/or
substituted triazolyl groups. In other variations, streptavidin may be covalently attached to
the surface at more than one point of the streptavidin molecule. In some other embodiments,
the linker linking the streptavidin moiety to the surface may further include a disulfide moiety
or a photocleavable moiety. In some embodiments, the streptavidin-presenting surface bound
ligands form a layer having have a thickness from the surface of the well plate of about 10
angstroms to about 100 angstroms, or any value therebetween.

[00123] This one-step route as shown in FIG. 1C may also use a mixture of the
streptavidin linked DBCO Click reagent 127 and surface blocking reagents like surface
blocking reagents 121, where the surface blocking reagents may have any composition as
described above. A mixture of streptavidin DBCO reagent 127 and surface blocking reagent
121 may be employed in any desired ratio to provide a selected density/distribution of
streptavidin moieties on the modified surface 155 (mixture not shown). The proportion of
streptavidin ligands to surface blocking ligands may be about 3:1; about 2:1; about 1:1; about
1:2; about 1:3; about 1:4; about 1:5; about 1:6, about 1:8; about 1:10, or more.

[00124] In yet another alternative, while the preceding exemplar has been discussed using
DBCO Click reagents, all of the same surfaces may be introduced using non-cyclic alkyne-
linked biotin, surface blocking reagents and streptavidin linked reagents in corresponding
routes equivalent to those shown in FIGS. 1A-1C. In some variations, using alkyne-linked
Click reagents to react with the azido ligands 105, with copper catalysis, may be helpful to
slow the Click reaction sufficiently to obtain more precisely delimited regions of
modification, as discussed in further detail below.

[00125] The streptavidin-presenting covalently functionalized region, like any described
herein, may have a density of streptavidin functionalities of at least 50/um?2, (e.g., from about

50 streptavidin groups/um? to about 8 x10°/um2, about 1x 10*um2 to about 8 x 103 /um?2;
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about 50/um?2 to about 5x 10°/um2; about 1x 10*um?2 to about 1x 10°/um2; about 50/um?2 to

about 5x 10*um2; about 1x 10%/um?2 to about 1x 10*um2; about 1x 10*/um?2 to about 5x
103/um2; about 1x 10%/um?2 to about 1x 10°/um2; about 50/um?2 to about 5 x 10*um?2; about
50/um2 to about 1 x10?/um2; or any value therebetween for the number of streptavidin
groups/um?2).

[00126] A streptavidin-presenting covalently functionalized region, like any described
herein, may have an area of at least 0.5 mm?, e.g., at least 0.6 mm?, at least 0.7 mm?, at least
0.8 mm?, at least 0.9 mm?, at least 1.0 mm?, at least 1.1 mm?, at least 1.2 mm?, at least 1.3
mm?, at least 1.4 mm?, at least 1.5 mm?, at least 1.6 mm?, at least 1.7 mm?, at least 1.8 mm?,
at least 1.9 mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least
6.0 mm?, at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15
mm?, at least 20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at
least 45 mm?, at least 50 mm?, or any range defined by two of the foregoing end points. Thus,
for example, the area of the streptavidin-presenting covalently functionalized region may
range from about 0.5 mm? to about 50 mm?, about 1 mm? to about 40 mm?, 2 mm? to about
35 mm?, about 3 mm? to about 30 mm?, or about 4 mm? to about 25 mm?. Typically, the
streptavidin-presenting covalently functionalized region has an area equal to or less than 100
mm? (e.g., equal to or less than 75 mm?, or equal to or less than 50 mm?).

[00127] It can be desirable to use the control afforded by the above routes of preparation,
to select the density of streptavidin moieties to provide sufficient numbers of binding sites
(streptavidin having up to four available binding sites) to bind one or more different activating
molecules within the activating region of the surface, while providing an upper limit to the
density at which activating molecules can be present. Without wishing to be bound by theory,
it may be possible to over stimulate lymphocytes with a density of stimulating ligands over
the highest density described here, which may drive the lymphocyte to less desired
physiological states, e.g., exhausted phenotypes or non-specifically activated phenotypes.

[00128] Selectively introduced covalently functionalized regions. As mentioned,
Applicants have discovered that creating limited regions of activation within a volume
accessible to lymphocytes, offers greatly improved activated phenotypes. Accordingly, the
introduction of the covalently functionalized surfaces capable of binding lymphocyte
activating ligands may be performed within a prescribed region of a surface of a wellplate. In
some embodiments, one or more surfaces of the wellplate may have an azido-presenting
covalently functionalized region introduced. The one or more surfaces may be one or more
wells of the well plate and further, may be a bottom surface of one or more wells of the well

plate, where the bottom surface. As referred to herein, a bottom surface is located on a wall of
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an enclosure forming the well, where the bottom surface is disposed opposite the opening at
the top of the well in the well plate. In some embodiments, the azido-presenting covalently
functionalized region is not located on a side wall of the enclosure forming the well, where
the side wall is adjacent to the opening of the well in the well plate.

[00129] However, in various embodiments, all of the surfaces of a well plate may have an
azido-presenting covalently functionalized surface introduced, particularly when the azido-
linked trialkoxysiloxane is reacted as a volatilized reagent contacting the surface of the well
plate to react with the surface exposed moieties. As mentioned, less than all of the surfaces
may be reacted to form azido-presenting covalently functionalized surfaces, when masking of
any suitable type is employed. For example, the upper and lower sides of a well plate may be
masked, such that only the surfaces inside one or more of the wells are reacted to form the
azido-presenting covalently functionalized region. Alternatively, only selected wells of the
well plate may be reacted to have an azido-presenting covalently functionalized region, which
extends on all of the surfaces inside the well, including the bottom and the side walls. In yet
another variation, only the bottom surface of one or more wells of the well plate may be
reacted to have an azido-presenting covalently functionalized region within the bottom of the
one or more wells of the well plate.

[00130] The azido-presenting covalently functionalized region of any of these surfaces
may have an area of at least 0.5 mm? (e.g., at least 1.0 mm?, at least 1.5 mm?, at least 2.0
mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?, at least 7.0 mm?,
at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least 20 mm?, at least
25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?, at least 50 mm?,
at least 75 mm?, at least 100 mm?, at least 150 mm?, at least 200 mm?, at least 250 mm?, at
least 300 mm?, at least 400 mm?, at least 500 mm?, at least 600 mm?, at least 700 mm?, at
least 800 mm?, at least 900 mm?, at least 1,000 mm?, at least 2,000 mm?, at least 3,000 mm?,
at least 4,000 mm?, at least 5,000 mm?, at least 6,000 mm?, at least 7,000 mm?, at least 8,000
mm?, at least 9,000 mm?, at least 10,000 mm?, at least 20,000 mm?, at least 30,000 mm?, at
least 40,000 mm?, at least 50,000 mm?, at least 60,000 mm?, at least 70,000 mm?, at least
80,000 mm?, at least 90,000 mm?, at least 100,000 mm?, or more (e.g., substantially all of the
inner surface of a well, or each of two or more wells, of the well plate)). Additionally, the
azido-presenting covalently functionalized region has a density of azido groups of at least
50/um?, e.g., from about 50 azido groups/um? to about 2x10’/um?, about 1x 10%/um? to about
1x 107/um?; about 50/um? to about 5x 10%um?; about 1x 10*/um? to about 1x 10%um?; about
1x 10*/um? to about 5 x 10°/um?; about 1x 10%/um? to about 1 x10°/um?; about 1x 10*/um? to

about 5 x 10*um?; about 50/um? to about 5 x10*um?; about 1x 10*um? to about 5 x 10> /um?;
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about 50/um? to about 5 x 10%/um?; or any value therebetween for the number of azido
groups/um?.

[00131] Similarly, the biotin-presenting covalently functionalizes region of the surface of
the well plate may be introduced over all the surfaces of the well plate or at selected and/or
restricted regions of a surface of the well plate. In some embodiments, a well plate having an
azido-presenting covalently functionalized region on at least the surfaces of one or more wells
of the well plate has a biotin-presenting covalently functionalized region within at least one
surface of the one or more wells. In particular, the biotin-presenting covalently functionalized
region similar to region 120 may be formed on a portion of the bottom of the one or more
wells of the well plate, by adding the biotin linked Click reagent 107 only to the region within
the desired portion of the bottom of the well, where the bottom surface is disposed opposite
the opening at the top of the well in the well plate. In some embodiments, the biotin-
presenting covalently functionalized region is not located on a side wall of the enclosure
forming the well, where the side wall is adjacent to the opening of the well in the well plate.
In some embodiments, this may be an alkyne Click reagent rather than a DBCO Click
reagent, and a copper catalyzed Click reaction performed to obtain selected boundaries of the
region.

[00132] The biotin-presenting covalently functionalized region of a surface of a well plate
may have an area of at least 0.5 mm?, e.g., at least 0.6 mm?, at least 0.7 mm?, at least 0.8 mm?,
at least 0.9 mm?, at least 1.0 mm?, at least 1.1 mm?, at least 1.2 mm?, at least 1.3 mm?, at least
1.4 mm?, at least 1.5 mm?, at least 1.6 mm?, at least 1.7 mm?, at least 1.8 mm?, at least 1.9
mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?,
at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least
20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?,
at least 50 mm?, or more. Thus, the area of the biotin-presenting covalently functionalized
region may range from about 0.5 mm? to about 50 mm?, about 1 mm? to about 40 mm?, 2
mm? to about 35 mm?, about 3 mm? to about 30 mm?, or about 4 mm? to about 25 mm?.
Typically, the biotin-presenting covalently functionalized region has an area equal to or less
than 100 mm? (e.g., equal to or less than 75 mm?, or equal to or less than 50 mm?). The area
of the biotin-presenting covalently functionalized region may be less than about 50%, less
than about 25%, less than about 15%, less than about 10%, less than about 5%, or less than
about 2% of the area of the bottom of each of one or more wells of the well plate.
Alternatively, this relationship can be stated as the area of the biotin-presenting covalently
functionalized region has an area of less than about 35mm?, less than about 20 mm?, less than

about 12 mm?, less than about 5 mm?, less than about 2 mm?, less than about 1 mm?, or less
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than about 0.5 mm?. The biotin-presenting covalently functionalized region may have a
dimension of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about
1.5 mm to about 3.0 mm). The biotin-presenting covalently functionalized region may have
any desired shape: round, oval, irregular, rectangular, square, or polygonal. In some
embodiments, the biotin presenting covalently functionalized region may be substantially
circular and has a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5
mm, or about 1.5 mm to about 3.0 mm).

[00133] Additionally, the surface of the well plate may include a plurality of biotin-
presenting covalently functionalized regions. Further, biotin containing reagents may be
coupled to the reactive moieties of a surface one or more wells of the well plate wherein the
plurality of biotin-presenting covalently functionalized regions may be clustered on the
bottom of a well of the well plate. An area of each of the plurality of biotin-presenting
covalently functionalized regions may be less than about 5% of an area of the bottom of one
or more wells. A total area of the plurality of biotin-presenting covalently functionalized
regions may be less than about 50% or about 25% of the area of the bottom of the at least one
well.

[00134] The biotin-presenting covalently functionalized region(s) may have a density of
biotin functionalities of at least 50/um? (e.g., from about 50 biotin groups/um? to about
5x10%um?, about 1x 10%um? to about 1x 10%um?; about 1x 10*um? to about 5x 10°/um?;
about 1x 10%/um? to about 1x 10°/um?; about 1x 10*/um? to about 5x 10*um?; about 1x
10%/um? to about 1x 10*um?; about 1x 10*/um? to about 5 x 10*/um?; about 1x 10%/um? to
about 1 x10*/um?; about 50/um? to about 5 x 10*/um?; about 50/um? to about 1 x10*/um?; or
any value therebetween for the number of biotin groups/um?).

[00135] The streptavidin-presenting covalently functionalized region of a surface of a well
plate may be similarly be formed at selected regions, whether directly coupled to azido
moieties as shown for region 155 of FIG. 1C, via Click or copper-mediated Click reactions, or
coupled via binding to biotin moieties of biotin-presenting covalently functionalized regions
as shown for regions 125, 140, 150 of FIGS. 1A and 1B. In any case, the streptavidin-
presenting covalently functionalized region may be formed on a surface within one or more
wells of a well plate. Further, the streptavidin-presenting covalently functionalized region
may be formed on a surface only a desired portion of the bottom of the well, where the
bottom surface is disposed opposite the opening at the top of the well in the well plate. In
some embodiments, the streptavidin -presenting covalently functionalized region is not
located on a side wall of the enclosure forming the well, where the side wall is adjacent to the

opening of the well in the well plate.
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[00136] The streptavidin-presenting covalently functionalized region(s) may have an area
of at least 0.5 mm?, e.g., at least 0.6 mm?, at least 0.7 mm?, at least 0.8 mm?, at least 0.9 mm?,
at least 1.0 mm?, at least 1.1 mm?, at least 1.2 mm?, at least 1.3 mm?, at least 1.4 mm?, at least
1.5 mm?, at least 1.6 mm?, at least 1.7 mm?, at least 1.8 mm?, at least 1.9 mm?, at least 2.0
mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?, at least 7.0 mm>,
at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least 20 mm?, at least
25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?, at least 50 mm?,
or more. Thus, the area of the streptavidin-presenting covalently functionalized region may
range from about 0.5 mm? to about 50 mm?, about 1 mm? to about 40 mm?, 2 mm? to about
35 mm?, about 3 mm? to about 30 mm?, or about 4 mm? to about 25 mm?. Typically, the
streptavidin-presenting covalently functionalized region has an area equal to or less than 100
mm? (e.g., equal to or less than 75 mm?, or equal to or less than 50 mm?). The streptavidin-
presenting covalently functionalized region(s) may have a density of streptavidin
functionalities of at least 50/um?). from about 50 streptavidin groups/um? to about 8
x10°/um?, about 1x 10%/um? to about 8 x 10°/um?; about 50/um? to about 5x 10°/um?; about 1x
10%/um? to about 1x 10°/um?; about 50/um? to about 5x 10*um?; about 1x 10%/um? to about 1x
10*um?; about 1x 10*um? to about 5x 10*/um?; about 1x 10%um? to about 1x 10°/um?; about
50/um? to about 5 x 10*/um?; about 50/um? to about 1 x10%/um?; or any value therebetween
for the number of streptavidin groups/um?).

[00137] The streptavidin-presenting covalently functionalized region(s) may have an area
of less than about 50% of an area of a bottom surface of each of the one or more wells. The
area of the streptavidin-presenting covalently functionalized region(s) may be less than about
25%, less than about 15%, less than about 10%, less than about 5%, or less than about 2% of
the area of the bottom of each of the one or more wells. Alternatively, this relationship can be
stated as the area of the streptavidin-presenting covalently functionalized region(s) may have
an area of less than about 35mm?, less than about 20 mm?, less than about 12 mm?, less than
about 5 mm?, less than about 2 mm?, or less than about 1 mm>. In some embodiments, the
streptavidin-presenting covalently functionalized region(s) may have a dimension of about 0.5
mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00138] The streptavidin-presenting covalently functionalized region(s) may have any
desired shape: round, oval, irregular, rectangular, square, or polygonal. In some embodiments,
the streptavidin-presenting covalently functionalized region may be substantially circular and
has a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or
about 1.5 mm to about 3.0 mm). In some embodiments, the streptavidin-presenting

covalently functionalized region(s) may be substantially circular and may have a diameter of
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about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm).

[00139] Additionally, the surface of the well plate may include a plurality of streptavidin-
presenting covalently functionalized regions. Further, streptavidin containing reagents may be
coupled to the reactive moieties of a surface of one or more wells of the well plate or
streptavidin may be bound to biotin moieties of a biotin-presenting covalently functionalized
region of a surface, wherein the plurality of streptavidin-presenting covalently functionalized
regions may be clustered on the bottom of a well of the well plate. An area of each of the
plurality of streptavidin-presenting covalently functionalized regions may be less than about
5% of an area of the bottom of one or more wells. A total area of the plurality of streptavidin-
presenting covalently functionalized regions may be less than about 50% or about 25% of the
area of the bottom of the at least one well.

[00140] Surface blocking modified regions. In some embodiments, the surface of the
well plate or each of the one or more wells further comprises another (e.g., second) covalently
modified region comprising surface blocking ligands. As shown in FIG. 1D, surface 160, has
a streptavidin-presenting covalently functionalized region 165, with streptavidin ligands 113,
which is like region 125, via initial covalent functionalization by biotinyl ligands 109°,
followed by streptavidin binding to the biotin moiety. A second region 167, surrounding
streptavidin-presenting covalently functionalized region 165, may be further modified with
surface blocking ligands, by reacting the reactive moieties (in this case, azido moieties of
azido-presenting ligands 105) with surface blocking DBCO reagent 121. The surface blocking
ligands may have any surface blocking moiety as described herein (e.g., containing a
hydrophilic or negatively charged moiety and/or polyethylene glycol (PEG) moieties). The
resulting surface 170, has the streptavidin-presenting covalently functionalized region 165,
surrounded by a second region, 177, having modified surface 177 containing surface blocking
ligands 123. The surface blocking ligands may be a single type of surface blocking ligands or
may be a mixture of surface blocking ligands. The selection of the type/mixture of surface
blocking ligands 123 may provide optimized support for lymphocyte cell culturing. While
illustrated in FIG. 1D for a surface 160 having a streptavidin-presenting covalently
functionalized region 165, similar surfaces having covalently functionalized regions 120, 125,
135, 140, 145, 150, 155 may have similar surrounding second regions containing reactive
moiety presenting ligands, e.g., azido-presenting ligands 105, and may be similarly modified
to introduce surface blocking ligands 123 in the respective surrounding second region. In

some embodiments, the surface modified region such as region 177, does not overlap the
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biotin-presenting covalently functionalized region 120, 135, 145 or the streptavidin-
presenting covalently functionalized regions 125, 135, 145, 155.

[00141] In some variations, the second covalently modified region may further include at
least one ligand providing a moiety stimulating adherence. For example, a peptide sequence
attached to a DBCO Click coupling reagent may be introduced into region 177. The peptide
sequence may include a RGD (Arg-Gly-Asp) motif, which may stimulate a lymphocyte
during culture by providing mechanical adherence. Any other adherence stimulating moiety
may be adapted and similarly introduced. The adherence stimulating moiety may be
introduced after the introduction of streptavidin-presenting region 165, and prior to,
contemporaneously with or subsequent to the introduction of surface blocking ligands 123
forming surface blocking region 177.

[00142] Well plate having a surface including a lymphocyte-activating covalently
functionalized region. As mentioned above, Applicants have discovered that using
activating surfaces of a wellplate, where activation is limited to a region of the surface
provides more controllable and efficient activation of lymphocytes. The lymphocyte may be
any suitable lymphocyte, including but not limited to a T cell, a Natural killer T (NKT) cell,
or a B cell. As shown in FIG. 1D, activating moieties may be introduced and bound to a
streptavidin-presenting covalently functionalized region of a surface. Introduction of
activating moieties is shown for surface 170, but the invention is not so limited. Any surface
incorporating covalently functionalized regions like regions 125, 140, 150, 155 may have
activating moieties introduced, to form the lymphocyte-activating covalently functionalized
region like region 185 of surface 180. In some embodiments, the blocking ligand-modified
region 177 and the lymphocyte activating covalently functionalized region 185 cover an entire
surface of a well plate. In some embodiments, the blocking ligand-modified region 177 and
the lymphocyte activating covalently functionalized region 185 are non-overlapping regions
of the surface. The lymphocyte activating covalently functionalized region 185 may be
introduced onto a surface within each of one or more wells of the well plate. In some
variations, the lymphocyte activating covalently functionalized region 185 may be introduced
on a bottom surface of each of the one or more wells. In some embodiments, the lymphocyte
activating covalently functionalized region is disposed only on the bottom surface of the
corresponding well. The lymphocyte activating covalently functionalized region may have an
area of less than about 50% of an area of the bottom of the one or more wells. An area of the
lymphocyte activating covalently functionalized region is less than about 50%, less than about
25%, less than about 15%, less than about 10%, less than about 5%, less than about 2%, or

less than about 1% of the area of the bottom of the one or more wells. An area of the
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lymphocyte activating covalently functionalized region has an area of less than about 35 mm?,
about 20 mm?, about 12 mm?, about 5 mm?, less than about 2 mm?, or less than about 1mm?.
In some embodiments, the lymphocyte activating covalently functionalized region has a
dimension of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about
1.5 mm to about 3.0 mm). The lymphocyte activating covalently functionalized region(s) may
have any desired shape: round, oval, irregular, rectangular, square, or polygonal. In some
embodiments, the lymphocyte activating covalently functionalized region may be
substantially circular and has a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0
mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm). In some embodiments, the
lymphocyte activating covalently functionalized region(s) may be substantially circular and
may have a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm,
or about 1.5 mm to about 3.0 mm).

[00143] In some variations, activating molecules 131, each comprising an activating
moiety, e.g., “P” of molecule 131, and a binding moiety, such as biotin, which can bind a
binding site of streptavidin, and form the lymphocyte activating covalently functionalized
region 185. The bound first activating molecule complex 137 may be referred to as a
specifically bound activating molecular ligand. In some variations, there may be only one
kind of activating molecule. In other variations, there may be a first activating molecule 131,
which may be a primary activating molecule, as well as other types of activating molecules
133. The activating molecules 133 may be additional activating molecules, co-activating
molecules, adjunct activating molecules, or secondary activating molecules. The ratio of first
activating molecule to second activating molecules may be any suitable ratio for activating a
lymphocyte, such as, 10:1; 8:1; 6:1: 5:1: 3:1; 2:1; 1:1; 1:2; 1:3; 1:5; 1: 6: 1:8; 1:10, or more.

[00144] In some variations, first activating molecules 131 may be, but are not limited to,
cell surface clusters of differentiation binding molecule, immunoglobulin-binding molecules,
T-cell receptor molecule activating molecules, TNF receptor superfamily binding molecules,
chemokine receptor binding molecules, growth factor molecules, or adhesion promoting
molecules. In some variations, the first activating molecules may include an MHC molecule
(e.g., Class I or Class II), a protein or fragment thereof retaining cell surface clusters of
differentiation binding activity, a protein or fragment thereof retaining T cell receptor binding
activity, a protein or fragment thereof retaining TNF receptor superfamily binding activity, a
protein or fragment thereof retaining chemokine receptor binding activity, a protein or
fragment thereof retaining growth stimulatory activity or a protein or fragment thereof
retaining adhesion promoting activity. A protein may be an antibody or a fragment thereof,

that can retain binding activity to the specified target.
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[00145] The specifically bound first activating molecular ligands may have a density of at

least about 1 x10? molecules per square micron, about 5 x10? molecules per square micron,
about 1 x10* molecules per square micron, about 5 x 10°> molecules per square micron, about
1 x10* molecules per square micron, about 5 x 10* molecules per square micron, about 1 x 10°
molecules per square micron, or from about 1x 107 to about 1x 10° molecules per square
micron in the lymphocyte activating covalently functionalized region.

[00146] In some variations, second activating molecules 133, each including an activating
moiety, e.g., “S”, and a binding moiety, where the binding moieties bind a binding site of
streptavidin, may be introduced to the lymphocyte activating region 185, providing
specifically bound second activating molecular ligands 139 in the lymphocyte activating
covalently functionalized region 185. The plurality of second activating molecules may
include, but are not limited to T cell receptor (TCR) co-activating molecules, cell surface
immunoglobulin binding molecules, growth factor molecules, adhesion promoting molecules,
amongst others. The second activating molecule may 133 be one kind of second activating
molecule or the second activating molecule 133 may be a mixture of more than one different
molecules, which may be used in any ratio deemed suitable for the activation of the
lymphocyte.

[00147] In some variations, the specifically bound second activating molecular ligands
137 may have a density from about 1 x10? molecules per square micron, about 5 x 107
molecules per square micron, about 1 x10° molecules per square micron, about 5 x 10°
molecules per square micron, about 1 x10* molecules per square micron, about 5 x 10*
molecules per square micron, about 1 x 10°> molecules per square micron, bout 1x10? to about
1x 10° molecules per square micron, or about 1x10? to about 1x 10° molecules per square
micron in the lymphocyte activating covalently functionalized region.

[00148] In some variations, the well plate having a surface including a lymphocyte
activating region may have a plurality of lymphocyte activating covalently functionalized
regions in each of the one or more wells. An area of each of the plurality of lymphocyte
activating covalently functionalized regions may be less than about 5% of an area of the
bottom of the one or more wells. In some embodiments, a total area of the plurality of
lymphocyte activating covalently functionalized regions is less than about 50%, about 25%,
or about 10% of the area of the bottom of the one or more wells.

[00149] Molecular Ligands. Any suitable lymphocyte activating ligand may be included
in the lymphocyte activating region of the surfaces of the well plates described herein. The
activating ligand may be a cell surface clusters of differentiation binding molecule, T-cell

receptor molecule activating molecule, TNF receptor superfamily binding molecule,
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chemokine receptor binding molecule, growth factor molecule, or adhesion promoting
molecule. Some non-limiting examples of these molecules include: CD2, CD3, CD19, CD20,
CD27, CD28, CD30, CD40, CD48, CD58, CD70, CD83, CD137, CD122, CD155, CD226
binding molecules, and the like. These binding molecules may include recombinant ligands
thereof. In particular, CD2, CD28 binding molecules may be useful for activating antigen-
specific T cells. CD3, CD137 or CD40 ligands may be useful for activating expansion of T
cells. CD19 and CD20 binding molecules may be useful for activating chimeric antigen
receptor (CAR) T cells. The activating molecules may be agonist antibodies of these
molecules such as anti-CD2, anti-CD3, anti-CD27, anti-CD28, anti-CD30, anti-CD40, anti-
CD58, anti-CD48, anti-CD122, anti-CD137, and the like.

[00150] Chemokine receptor ligands may be used to activate lymphocytes, such as those
belonging to the CCL family such as CCL21 or CCL19. Inducible T-cell costimulator is an
immune checkpoint protein, and CD278 or ICOS (Inducible T-cell COStimulator) binding
molecule or agonist antibody may be used in the activating presenting regions described
herein. Hepatitis A virus cellular receptor 1 (HAVer-1) also known as T-cell immunoglobulin
and mucin domain 1 (7/M-1) is a protein that in humans is encoded by the HAVCRI gene.
Anti-TIM1 or TIM4 ligands may be used to activate T cells.

[00151] DR3, also known as TNFRSF25, lymphocyte-associated receptor of death
(LARD), belongs to the TNF receptor superfamily (TNFRSF). Binding molecules thereof, or
agonist antibodies thereof, may be used to activate T cells and NKT cells.

[00152] Signaling lymphocyte activation molecule (SLAM) family member 1 (also known
as CD150) is a self-ligand cell surface glycoprotein expressed on T cells, B cells,
macrophages, and dendritic cells. CD150 plays an important role in adhesion and signaling
between T cells and antigen-presenting cells (APCs). CD150 is the prototypical member of a
growing family of glycoprotein receptors on hematopoietic stem cells known as the SLAM
family, which includes CD229, CD84, CD244, SF2000/Ly108, SF2001, and 19A(CRACC).
Agonist antibodies may be use to activate lymphocytes, particularly T cell and B cells.

[00153] GITR (glucocorticoid-induced TNFR family related gene) is a member of the
TNEFR superfamily (TNFRSF). Anti-GITR or GITR ligand may be used to activate T cells.
0X40 (CD134) and its binding partner, OX40L (CD252), are members of the TNFR/TNF
superfamily and are expressed on activated CD4 and CD8 T cells as well as a number of other
lymphoid and non-lymphoid cells. OX40 and OX40L also regulate cytokine production from
T cells, antigen-presenting cells, NK cells, and NKT cells, and modulate cytokine receptor

signaling, and antibodies or ligands thereof may be used to activate T cells or NK cells.
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[00154] CD137 is a member of the tumor necrosis factor (TNF) receptor family. Its

alternative names are tumor necrosis factor receptor superfamily member 9 (TNFRSF9), 4-
1BB and induced by lymphocyte activation (ILA). Anti-41BB or 41BB-L may be used in the
activating regions to activate lymphocytes. Herpesvirus entry mediator (HVEM), also known as
tumor necrosis factor receptor superfamily member 14 (TNFRSF14), is a human cell surface
receptor of the TNF-receptor superfamily.

[00155] Cytokines such as IL7 and/or IL15 may be introduced within the lymphocyte
activation regions or may be introduced within the modified surface surrounding the
lymphocyte activation regions.

[00156] To expand NK cells or NK CAR cells, natural killer receptor binding molecules
such as NKG2D ligand may be introduced within the lymphocyte activation regions.

[00157] Immunoglobulin binding molecules may be used, such as MHC molecules, as
mentioned above. The MHC may be a Class I MHC. In some other embodiments, the MHC
may be a Class II MHC, in order to activate different subtypes of T cells.

[00158] Also as mentioned above, the growth factor ligands or adhesion promoting
ligands may be used.

[00159] Well plate having an antigen-presenting covalently functionalized region. In
some variations, the well plate having a lymphocyte activating covalently functionalized
region may be an antigen-presenting covalently functionalized region of the well plate for
activating a T cell (T cell), and may have any of the features of the well plate having a
lymphocyte activating covalently functionalized region, or regions, as described above. That
is, each of one or more wells of the well plate may have a surface having an antigen-
presenting covalently functionalized region. The antigen-presenting covalently functionalized
region of each of the one or more wells may be located on a bottom surface of the
corresponding well. Further, the antigen-presenting covalently functionalized region of each
of the one or more wells may be disposed only on the bottom surface of the one or more
wells. In some embodiments, the antigen-presenting covalently functionalized region may not
be disposed on a side wall of the one or more wells. In some embodiments, each of the one or
more wells of the well plate may have a plurality of antigen-presenting covalently
functionalized regions disposed only on the bottom surface of the one or more wells.

[00160] The antigen-presenting covalently functionalized region may include specifically
bound primary activating molecular ligands 137 (“first activating molecular ligands) and
specifically bound co-activating molecular ligands 139 (“second activating molecular
ligands), where each of the primary activating molecules 131 has a primary activating moiety

(“P) and a binding moiety (e.g., biotin) that can bind to a binding site of streptavidin of a
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streptavidin-presenting functionalized region 125, 140, 150, 155, 170, and the like. The

primary activating molecular ligands 137 and co-activating molecular ligands 139 may be
disposed within the antigen-presenting covalently functionalized region in any of the ratios
described herein, such as about 1:1 to about 2:1; about 1:1; or about 3:1 to about 1:3.

[00161] In some variations, the specifically bound primary activating molecular ligands
137 each comprises a major histocompatibility complex (MHC) molecule (e.g., Class I or
Class II) configured to bind to a T cell receptor of the T cell. The MHC molecule may include
an MHC Class I protein sequence, a beta microglobulin protein sequence, and an antigenic
peptide. In some variations, the protein sequence of the MHC molecule may be connected to
the antigen-presenting synthetic surface via a C-terminal connection of the protein sequence,
e.g., by a C-terminal BirA tag for site-specific biotinylation.

[00162] The specifically bound primary activating molecular ligands 137 may have a
density of at least about 1 x10* molecules per square micron, about 5 x 10> molecules per
square micron, about 1 x10* molecules per square micron, about 5 x 10° molecules per square
micron, about 1 x10* molecules per square micron, about 5 x 10* molecules per square
micron, about 1 x 10° molecules per square micron, or from about 1x 107 to about 1x 10°
molecules per square micron in the antigen-presenting covalently functionalized region like
185.

[00163] The primary activating molecules including an MHC molecule may further
include a tumor associated antigenic peptide, which may be any suitable tumor associated
antigenic peptide, as may be determined by one of skill. The tumor associated antigenic
peptide may be noncovalently associated with the primary activating molecular ligand (e.g.,
MHC molecule). The tumor associated antigenic peptide may be presented by the primary
activating molecular ligand (e.g., MHC molecule) in an orientation which can initiate
activation of a T lymphocyte. The tumor associated antigen may be a peptide.

[00164] Some non-limiting examples of tumor associated antigens include MART1
(peptide sequence ELAGIGILTYV), for melanoma, NYESO1 (peptide sequence SLL WITQV),
involved in melanoma and some carcinomas, SLC45A2, TCL1, and VCX3A, but the
disclosure is not so limited. Additional examples of tumor antigens include peptides
comprising a segment of amino acid sequence from a protein expressed on the surface of a
tumor ceil such as CD19, CD20, CLL-1, TRP-2, LAGE-1, HER2, EphA2, FOLR1, MAGE-
Al, mesothelin, SOX2, PSM, CA125, T antigen, etc. The peptide can be from an extracellular
domain of the tumor associated antigen, An antigen is considered tumor associated if it is
expressed at a higher level on a tumor ceil than on a healthy cell of the type from which the

tumor ceil was derived. The T cell which recognizes this tumor associated antigen is an
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antigen specific T ceil, Any tumor associated antigen may be utilized in the antigen
presenting surface described herein, In some embodiments, the tumor associated antigen is a
neoantigenic peptide, e.g., encoded by a mutant gene in a tumor cell. For detailed discussion
of neoantigenic peptides, see, e.g., US2011/0293637. In some embodiments, the tumor
associated antigen may be SLC45A2, TCL1, VCX3A, MART1 or NYESOI.

[00165] In other variations, the antigenic peptide may be a viral antigen, a bacterial
antigen, a fungal antigen or a protozoan antigen.

[00166] The specifically bound co-activating molecular ligands 133 (e.g., second
activating molecular ligands) may each include a T cell receptor (TCR) co-activating moiety
(“S™); or an adjunct TCR activating moiety (“S”). The ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules of the plurality of co-activating molecular
ligands may be about 100:1 to about 1:100. In some embodiments, a ratio of the TCR co-
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands may be 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1,
50:1 to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10
to 1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80
to 1:90, or 1:90 to 1:100, wherein each of the foregoing values is modified by “about”. In
some embodiments, a ratio of the TCR co-activating molecules to the adjunct TCR activating
molecules of the plurality of co-activating molecular ligands may be from about 20:1 to about
1:20 or about 3:1 to about 1:3.

[00167] In some embodiments, the TCR co-activating molecules may include a CD28
binding protein or a fragment thereof, which retains binding ability to CD28. The CD28
binding protein or the fragment thereof may further include a site-specific C-terminal biotin
moiety. In some embodiments, the T cell receptor (TCR) co-activating molecules may include
a CD80 molecule or a fragment thereof, where the fragment retains binding activity to CD28.
In some other embodiments, the T cell receptor (TCR) co-activating molecule may include an
anti-CD28 antibody or a fragment thereof.

[00168] In some variations, the adjunct TCR activating molecule may include a CD2
binding protein, or a fragment thereof, where the fragment retains binding activity to CD2.
The CD2 binding protein or the fragment thereof may further include a site-specific C-
terminal biotin moiety. In other variations, the adjunct TCR activating molecule may include
a CD58 molecule or fragment thereof, wherein the fragment retains binding activity with
CD2. In some embodiments, the adjunct TCR activating molecule may include an anti-CD2
antibody or a fragment thereof. The specifically bound co-activating molecular ligands may

have a density from at least about 1 x10> molecules per square micron, about 5 x 107
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molecules per square micron, about 1 x10° molecules per square micron, about 5 x 10
molecules per square micron, about 1 x10* molecules per square micron, about 5 x 10*
molecules per square micron, about 1 x 10° molecules per square micron, or about 1x10° to
about 1x 10° molecules per square micron on the antigen-presenting synthetic surface in the
antigen-presenting covalently functionalized region.

[00169] Cleavable linker. In some embodiments, a cleavable linker may be included in
the linkers connecting activating ligands, covalently linked streptavidin, biotin, or azido
moieties. The cleavable linker may include a disulfide moiety or may include a
photocleavable moiety such as a substituted nitrobenzyl linker, which may be cleaved with
UV light irradiation at about 365 nm. These can be used to remove surface bound ligands
after a desired period of use or may be used in methods requiring a mask or photomask for
site selective introduction of a desired molecular ligand only in the region not so
masked/photomasked. After site selective introduction of the molecular ligand, the masking
ligands may be released from the surface under alkaline conditions in the presence of thiols
(disulfides) or by photocleavage.

[00170] Surface- blocking reagents and ligands formed therefrom. Surface blocking
reagents used for the surfaces described herein may be of two types. A first type includes a
surface blocking reagent such as surface blocking reagent 117 of FIG. 1A, which may have a
reactive moiety configured to react with remaining reactive moieties of the cleaned/prepared
surface 110, such as oxide functionalities existing natively or introduced by cleaning or other
oxidative step. The surface blocking reagent 117 includes one reactive functionality such as a
trialkoxysiloxane, configured to react with the surface exposed moieties, e.g., oxides, and
contains no other functionality that will react, e.g., interfere, with any of the biotin-containing

reagent, streptavidin, or streptavidin containing reagents.

[00171] A second class of surface blocking reagents may be like surface blocking DBCO
reagent 121, which is configured to reactive with reactive functionalities such as azides or
alkynes, of an initially functionalized surface 115. Therefore, the second class of surface
blocking reagents has one reactive moiety such as an alkyne (including cyclic strained
alkynes such as DBCO) configured to react with ligand 105 as shown in FIGS. 1A and 1B.

[00172] No matter which class of surface blocking reagent, the reactive moiety of the
surface blocking reagent has a linking portion, which may be an alkyleneoxide, alkyl or
substituted alkenyloxide or alkyl linear moiety attached to the reactive moiety. Optionally, the
linking portion has a linear structure.

[00173] The terminal moiety of the surface-blocking reagent, which will remain unbound

after reacting with the surface, may be a hydrophilic moiety, an amphiphilic moiety, a
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zwitterionic moiety, or a negatively charged moiety. In some embodiments, the terminal
blocking group comprises a terminal hydroxyl group. In some embodiments, the terminal
blocking group comprises a terminal carboxyl group, in some embodiments, the terminal
blocking group comprises a terminal zwitterionic group, The plurality of surface- blocking
ligands may have all the same terminal surface-blocking group or may have a mixture of
terminal surface-blocking groups, Without being bound by theory, the terminal surface-
blocking group as well as a hydrophilic linker of the surface-blocking ligand may interact
with water molecules In the aqueous media surrounding the modified surface to create a more
hydrophilic surface overall. This enhanced hydrophilic nature may render the contact between
the modified surface and a biological micro-object more compatible and more similar to
natural intercellular interactions and/or cell- extracellular fluidic environment in-vivo.

[00174] The linking portion of the surface blocking reagent/ligand can comprise, for
example, a polymer. The polymer may include a polymer including alkylene ether moieties. A
wide variety of alkylene ether containing polymers may be suitable for use on the surfaces
described herein. One class of alkylene ether containing polymers is polyethylene glycol
(PEG Mw <100,000Da), which are known in the art to be biocompatible, In some
embodiments, a PEG may have an Mw of about 88Da, 100Da, 132Da, 176Da, 200Da, 220Da,
264Da, 308Da, 3520a, 396Da, 440Da, 500Da, 600Da, 700Da, 800Da, 900Da, 10000a,
1500Da, 2000Da, 5000Da, 10,000Da or 20,000Da, or may have a Mw that falls within a
range defined by any two of the foregoing values, In some embodiments, the PEG polymer
has a polyethylene moiety repeat of about 3, 4, 5, 10, 15, 25 units, or any value therebetween.
In some embodiments, the PEG may be a carboxyl substituted PEG moiety. In some
embodiments, the PEG is a hydroxyl substituted PEG moiety, in some embodiments, each of
the plurality of surface-blocking ligands may have a linking portion having the same length as
the linking portions of the other ligands of the plurality. In other embodiments, the linking
portions of the plurality of surface-blocking ligands may have varied lengths. In some
embodiments, the surface-blocking group and the length of the linking portion may be same
for each of the plurality of surface-blocking ligands.

[00175] Alternatively, the surface blocking group and the length of the linking portion
may vary within the plurality of the surface-blocking ligands and may include 2, 3, or 4
different surface-blocking groups and/or 2, 3, 4, or more different lengths, chosen in any
combination, in general, the surface-blocking ligands have a length and/or structure that is
sufficiently short so as not to sterically hinder the binding and/or function of the activating
ligands. For example, in some embodiments, the length of the surface- blocking ligands is

equal to or less than the length of the other linkers bound to the surface (e.g., linkers that
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connect coupling groups or activating ligands), In some embodiments, the length of the
surface-blocking ligands is about 1 or more angstroms (e.g., about 2, 3, 4, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 75, 100, or more angstroms) less than the length of the other linkers bound
to the surface (e.g., linkers that connect activating ligands/molecules. In some embodiments,
the length of the surface-blocking ligands is about 1 to about 100 angstroms (e.g., about 2 to
about 75, about 3 to about 50, about 4 to about 40, or about 5 to about 30 angstroms) less than
the length of the other linking portions bound to the surface. When the surface-blocking
ligands have a linking portion length that is the same or somewhat less than the length of the
other linking portions bound to the surface, the resulting surface can provide a more
biocompatible surface within the well of the well plate, or may prevent undesired attachment
by biological micro-objects thereby preventing undesired attachment or biofouling, while
providing full access for activating molecules to bind to the surface.

[00176] In some variations, the surface blocking reagent 117 or 121 may have an
alkyleneoxide, alkyl or substituted alkyleneoxide or alkyl moiety attached to the
trialkoxysiloxane. The alkyleneoxide, alkyl or substituted alkyleneoxide or alkyl moiety may
be a linear moiety and may have a linear backbone length of at least 4 atoms, at least § atoms,
at least 12 atoms, at least 16 atoms, at least 20 atoms, at least 50 atoms or at least 100 atoms,
or more, which may be carbon, oxygen, nitrogen or sulfur.

Methods of preparation

[00177] Reactive moiety-presenting region of a surface of a well plate. Preparing a
well plate including a surface having an reactive moiety (e.g., azido-presenting, or an alkynyl-
presenting) covalently functionalized region, includes contacting surface exposed moieties
(e.g., oxide moieties) of a portion of the surface of the well plate with an azido-containing
coupling reagent; and forming the reactive moiety-presenting covalently functionalized region
of the well plate. The surface of the well plate comprises, consists of, or consists essentially of
glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin copolymer or
melamine. Plasma cleaning the surface of the well plate may be performed before contacting
the surface exposed moieties of the portion of the surface with the azido containing coupling
reagent. The reactive moiety containing coupling reagent may contact the surface exposed
moieties in a gaseous phase or in a liquid phase during the coupling reaction. The reactive
moiety containing coupling reagent may include a linker having a carbon backbone of 5 to 9
carbons. In some embodiments, the linker may have a carbon backbone of 7 carbons.

[00178] The reactive moiety-presenting (e.g., azido-presenting) covalently functionalized
region may have a density of azido groups of at least 50/um?2 (e.g., from about 50 azido

groups/um? to about 2x10’/um2, about 1x 10*um?2 to about 1x 10’/um2; about 50/um?2 to
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about 5x 10%um?2; about 1x 10*um2 to about 1x 10%um2; about 1x 10?/um2to about 5 x

10°/um2; about 1x 10%um?2 to about 1 x10°/um?2; about 1x 10*/um2 to about 5 x 10*um?2;
about 50/um?2 to about 5 x10*um2; about 1x 10*um2to about 5 x 10*/um2; about 50/um?2 to
about 5 x10*/um2; or any value therebetween for the number of azido groups/um2).

[00179] Contacting the surface may include contacting a surface of each of one or more
wells of the well plate with the reactive moiety-containing (e.g., azido-containing) coupling
reagent, forming a surface having an reactive moiety-presenting covalently functionalized
region in each of the one or more wells. Contacting may include contacting a bottom surface
of the corresponding well with the reactive moiety-containing coupling reagent thereby
forming an reactive moiety-presenting covalently functionalized region on the bottom surface
of each of the one or more wells. In other embodiments, all of the surfaces of the well plate
may be contacted, and a reactive-moiety presenting region may extend to all of the surfaces of
the well plate.

[00180] In some embodiments, contacting the bottom surface of each of the one or more
wells may include contacting only the bottom surface, thereby forming a reactive moiety
(e.g., azido) -presenting covalently functionalized region on only the bottom surface of each
of the one or more wells.

[00181] Preparing a biotin-presenting covalently functionalized region of a surface of
a well plate. Preparing a well plate comprising a surface having a biotin-presenting
covalently functionalized region, includes contacting a portion of the surface of the well plate
with a reagent including a biotin moiety linked to a reactive group, wherein the reactive group
is configured to react with reactive (e.g., azido or alkynyl) moieties of the surface, thereby
forming a biotin-presenting functionalized region of the well plate. The method may further
include contacting the surface of the well plate with a reagent including surface blocking
ligands linked to a reactive group, wherein the reactive group is configured to react with
reactive (e.g., azido- or alkynyl) moieties of the surface, thereby providing a blocking ligand-
modified region of the surface. The blocking ligand-modified region and the biotin-presenting
region may cover the entire surface. In some variations, the blocking ligand-modified region
and the biotin-presenting region may be non-overlapping regions of the surface.

[00182] Contacting the portion of the surface of the well plate with the reagent having the
biotin moiety linked to the reactive group may include contacting a surface within each of one
or more wells of the well plate. Contacting each of the one or more wells may further include
contacting each of the one or more wells at a bottom surface of the corresponding well with
the reagent including the biotin moiety linked to the reactive group, thereby producing the

biotin-presenting covalently functionalized region on the bottom surface of the
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corresponding well. In some embodiments, the reactive moieties (e.g., azido moieties) are
disposed within one or more wells of the well plate, and optionally, may be disposed only
within the one or more wells.

[00183] In some embodiments, the biotin-presenting covalently functionalized region may
be formed only on the bottom surface of the corresponding well. The biotin-presenting
covalently functionalized region may have a density of biotin functionalities of at least
50/um2 (e.g., from about 50 biotin groups/um? to about 5x 10%um2, about 1x 10?%um2 to
about 1x 10%um?2; about 1x 10*um2 to about 5x 10°/um2; about 1x 10*%/um?2 to about 1x
10°/um?2; about 1x 10%um?2 to about 5x 10*um?2; about 1x 10*/um2 to about 1x 10*/um2;
about 1x 10%/um?2 to about 5 x 103/um2; about 1x 10%/um?2 to about 1 x10*/um?2; about
50/um?2 to about 5 x 10*/um2; about 50/um?2 to about 1 x10*/um2; or any value therebetween
for the number of biotin groups/um?2).

[00184] The biotin-presenting covalently functionalized region may have an area of less
than about 50% of an area of the bottom of the at least one well. In some embodiments, an
area of the biotin-presenting covalently functionalized region may be less than about 25%,
less than about 15%, less than about 10%, less than about 5%, less than about 2%, or less than
about 1% of the area of the bottom of the at least one well. An area of the biotin-presenting
covalently functionalized region has an area of less than about 35mm?, about 20 mm?, about
12 mm?, about 5 mm?, less than about 2 mm?, or less than about Imm?. In some
embodiments, the biotin-presenting covalently functionalized region may have a dimension of
about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm). The biotin-presenting covalently functionalized region may be substantially
circular and may have a diameter of about about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm
to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00185] The method may further include contacting a plurality of regions of the bottom of
each of the one or more wells with the biotin-containing reagent to produce a plurality of
biotin-presenting regions in each of the one or more wells.

[00186] In some embodiments, the reagent including the biotin moiety linked to the
reactive group may be a copper-dependent Click coupling reagent. Following the reaction of
the biotin-containing copper-dependent Click coupling reagent with the reactive moieties
(e.g., azido moieties), the surface of the well plate may be contacted with a thiol-containing
reagent or a copper-chelating reagent, to stop any further reaction of the copper dependent
reagent. After the copper-dependent Click coupling reagent has been disabled, then the
surface may be treated with the reagent comprising surface blocking ligands to permit clearly

distinct regions, as shown in FIG. 6A, where covalently functionalized region 193, covalently
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functionalized region 195 and covalently functionalized region 197, labeled with
fluorescently labeled binding pair, show the precise control of reagent deposition at will,
having diameters of about 1.0mm up to about 3-4 mm (See FIG. 6B).

[00187] Each of the surface blocking ligands may be any surface blocking ligand as
described herein, and any suitable mixture of surface blocking ligands may be used. In some
embodiments, the surface blocking ligands may include a hydrophilic or negatively charged
moiety. In some variations, the surface blocking ligands may include polyethylene glycol
(PEG) moieties.

[00188] In some embodiments, the method may further include contacting one or more
surfaces of each of the one or more wells with a reagent comprising a ligand configured to
provide adherence stimulation. This may typically be performed after introduction of the
biotin-presenting region(s). In various embodiments, ligands providing adherence stimulation
are introduced to the portion of the surface(s) outside of the biotin-presenting region

[00189] Preparing a streptavidin-presenting covalently functionalized region of a
surface of a well plate. A method of preparing a well plate comprising a surface having a
streptavidin-presenting covalently functionalized region, includes contacting a portion of the
surface of the well plate with a reagent including a streptavidin functionality linked to a
reactive group or a reagent including a biotin moiety linked to a reactive group, wherein the
reactive group is configured to react with reactive moieties (e.g., azido or alkynyl moieties) of
the surface, and, when the reagent including the biotin moiety linked to the reactive group,
subsequently contacting the portion of the surface with streptavidin, thereby forming a
streptavidin-presenting functionalized region of the well plate. The method may further
include contacting the surface of the well plate with a reagent including surface blocking
ligands linked to a reactive group, wherein the reactive group is configured to react with
reactive moieties (e.g., azido or alkynyl) of the surface, to form a blocking ligand-modified
region of the surface. When a reagent including a biotin moiety linked to the reactive group is
used, introduction of streptavidin follows introduction of the biotin-presenting surface, where
streptavidin binds to the biotin moiety.

[00190] In some embodiments, the blocking ligand-modified region and the streptavidin-
presenting region may cover the entire surface. In various embodiments, the blocking ligand-
modified region and the streptavidin -presenting region may be non-overlapping regions of
the surface. Contacting the portion of the surface of the well plate with the reagent may
further include contacting a surface within each of one or more wells of the well plate.

[00191] In some other embodiments, contacting may include contacting each of the one or

more wells at a bottom surface of the corresponding well with the reagent including the
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streptavidin moiety linked to the reactive group or with the reagent including the biotin
moiety linked to the reactive group. In some embodiments, the streptavidin-presenting
covalently functionalized region may be formed only on the bottom surface of the
corresponding well.

[00192] The streptavidin-presenting covalently functionalized region may have a density
of streptavidin functionalities of at least 50/um2, e.g., from about 50 streptavidin groups/um?
to about 8 x10°/um?2, about 1x 10*/um?2 to about 8 x 10°/um?2; about 50/um?2 to about 5x
10°/um2; about 1x 10%/um?2 to about 1x 10°/um2; about 50/um2 to about 5x 10*um?2; about
1x 10%/um2 to about 1x 10*um2; about 1x 10*%um?2 to about 5x 103/um2; about 1x 10*um?2 to
about 1x 10*/um?2; about 50/um2 to about 5 x 10%/um2; about 50/um2 to about 1 x10*um2; or
any value therebetween for the number of streptavidin groups/um?2.

[00193] In some embodiments, the streptavidin -presenting covalently functionalized
region may have an area of less than about 50% of an area of the bottom of the at least one
well. In some embodiments, an area of the streptavidin-presenting covalently functionalized
region may be less than about 25%, less than about 15%, less than about 10%, less than about
5%, less than about 2%, or less than about 1% of the area of the bottom of the at least one
well. An area of the streptavidin-presenting covalently functionalized region has an area of
less than about 35mm?, about 20 mm?2, about 12 mm?, about 5 mm?, less than about 2 mm?, or
less than about Imm?. In some embodiments, the streptavidin-presenting covalently
functionalized region may have a dimension of about 0.5 mm to about 4.0 mm (e.g., about 1.0
mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm). In some embodiments, the
streptavidin-presenting covalently functionalized region may be substantially circular and has
a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about
1.5 mm to about 3.0 mm).

[00194] In some embodiments, contacting may include contacting a plurality of regions of
the bottom of each of the one or more wells with the reagent comprising the streptavidin
moiety linked to the reactive group or with the reagent comprising the biotin moiety linked to
the reactive group (followed by reaction with streptavidin, to bind with the just-introduced
biotin moieties), to produce a plurality of streptavidin-presenting regions in each of the one or
more wells.

[00195] In some embodiments, the reagent comprising the streptavidin moiety linked to
the reactive group or the reagent comprising the biotin moiety linked to the reactive group
may be a copper-dependent Click coupling reagent, and the reaction may be followed by
contacting the surface of the well plate with a thiol-containing reagent or a copper-chelating

reagent to inactivate any copper dependent Click coupling reagent. This may include treating
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each of the one or more wells where a copper dependent Click coupling reaction has been
performed. Subsequently, the reaction to introduce the surface blocking ligands, which
includes contacting the surface with the reagent comprising surface blocking ligands may be
performed.

[00196] Each of the surface blocking ligands may be any surface blocking ligand as
described herein, and any suitable mixture of surface blocking ligands may be used. In some
embodiments, the surface blocking ligands may include a hydrophilic or negatively charged
moiety. In some variations, the surface blocking ligands may include polyethylene glycol
(PEG) moieties.

[00197] In some embodiments, the method may further include contacting one or more
surfaces of each of the one or more wells with a reagent comprising a ligand configured to
provide adherence stimulation. This is typically performed after introduction of the
streptavidin-presenting region(s). In various embodiments, ligands providing adherence
stimulation are introduced to the portion of the surface(s) outside of the streptavidin-
presenting region.

[00198] Preparing a streptavidin-presenting covalently functionalized region of a
surface of a well plate. Another method of preparing a well plate comprising a surface
having a streptavidin-presenting covalently functionalized region includes forming an reactive
moiety-presenting (e.g., azido or alkynyl) covalently functionalized surface on the surface,
wherein the reactive moiety-presenting covalently modified ligands of the surface further
comprises a UV labile linking moiety, but otherwise is carried out as described above. The
surface is then contacted with a reagent including a streptavidin moiety linked to a reactive
group or a reagent comprising a biotin moiety linked to a reactive group, wherein the reactive
group is configured to react with the reactive moieties of the reactive moiety-presenting
surface, thereby forming a streptavidin-presenting functionalized region or a biotin-presenting
functionalized surface, and further wherein when the reagent comprises the biotin moiety
linked to the reactive group, subsequently contacting the portion of the well plate with
streptavidin. The surface is then exposed to UV illumination through a mask configured to
expose all surfaces outside of a portion of the surface. This cleaves the UV labile linkers of
streptavidin or biotin modified surface ligands, anywhere the UV labile linkers of streptavidin
or biotin modified surface ligands are exposed to the UV illumination, thereby forming a
streptavidin-presenting covalently functionalized region of the well plate.

[00199] In some embodiments, forming the reactive moiety-presenting covalently
modified surface includes reacting a reactive moiety-containing (e.g., azido or alkynyl)

coupling reagent with surface exposed (e.g., oxide) moieties of the surface of the wellplate,
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wherein the reactive moiety containing-coupling reagent additionally includes the UV labile
linking moiety. The surface of the well plate may be plasma cleaned before contacting the
oxide moieties of the surface with the reactive moiety-containing coupling reagent.

[00200] Contacting the surface of the well plate with the reagent including the streptavidin
moiety linked to the reactive group or the reagent including the biotin moiety may inlcude
contacting a surface within each of one or more wells of the well plate.

[00201] Each of the one or more wells may be contacted at a bottom surface of the
corresponding well with the reagent including the streptavidin moiety linked to the reactive
group or with the reagent including g the biotin moiety linked to the reactive group, thereby
producing the streptavidin-presenting covalently functionalized region on the bottom surface
of the corresponding well. In some embodiments, the streptavidin-presenting covalently
functionalized region may be formed only on the bottom surface of the corresponding well.
The streptavidin-presenting covalently functionalized region has a density of streptavidin
functionalities of at least 50/um2, e.g., from about 50 streptavidin groups/um? to about 8
x10°/um2, about 1x 10*/um2 to about 8 x 10°/um2; about 50/um?2 to about 5x 10°/um?2; about
1x 10*/um? to about 1x 10°/um2; about 50/um2 to about 5x 10*um?2; about 1x 10*um?2 to
about 1x 10%um?2; about 1x 10*um2 to about 5x 103/um2; about 1x 10?%/um?2 to about 1x
10*/um2; about 50/um2 to about 5 x 10%um2; about 50/um?2 to about 1 x10*um?2; or any
value therebetween for the number of streptavidin groups/um?2.

[00202] Preparing a well plate comprising a surface having a lymphocyte activating
covalently functionalized region. The method of preparing a lymphocyte activating
covalently functionalized region of a surface of a well plate includes contacting a
streptavidin-presenting covalently functionalized region of the well plate with a plurality of
primary activating molecules each including a binding moiety, wherein the binding moieties
of the primary activating molecules are configured to bind a binding site of streptavidin,
thereby providing the lymphocyte activating covalently functionalized region. The method
may further include contacting the surface of the well plate with a reagent including surface
blocking ligands linked to a reactive group, wherein the reactive group is configured to react
with reactive moieties of the surface, producing a blocking ligand-modified region of the
surface. The blocking ligand-modified region and the lymphocyte activating covalently
functionalized region may cover the entire surface. In some embodiments, the blocking
ligand-modified region and the lymphocyte activating covalently functionalized region may
be non-overlapping regions of the surface.

[00203] A streptavidin-presenting covalently functionalized region surface within each of

one or more wells of the well plate may be contacted with the plurality of primary activating
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molecules. In some embodiments, contacting each of the one or more wells may further
include contacting each of the one or more wells at a bottom surface of the corresponding
well with the plurality of primary activating molecules, producing the lymphocyte activating
covalently functionalized region on the bottom surface of the corresponding well.

5 [00204] In some embodiments, the lymphocyte activating covalently functionalized region
may be formed only on the bottom surface of the corresponding well. Optionally, the
lymphocyte activating covalently functionalized region may not be formed on a side wall of
the one or more wells

[00205] The lymphocyte activating covalently functionalized region so introduced may

10 have an area of less than about 50% of an area of the bottom of the one or more wells. In
some embodiments, an area of the lymphocyte activating covalently functionalized region
may be less than about 25%, less than about 15%, less than about 10%, less than about 5%,
less than about 2%, or less than about 1% of the area of the bottom of the one or more wells.

[00206] In some embodiment, an area of the lymphocyte activating covalently

15 functionalized region has an area of less than about 35mm?, about 20 mm?, about 12 mm?,
about 5 mm?, less than about 2 mm?, or less than about Imm?. The lymphocyte activating
covalently functionalized region may have a dimension of about 0.5 mm to about 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm). In various
embodiments, the lymphocyte activating covalently functionalized region may be

20 substantially circular and has a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0
mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00207] In some embodiments, a plurality of lymphocyte activating covalently
functionalized regions in each of the one or more wells may be introduced by contacting the
streptavidin-presenting covalently functionalized region of the well plate at more than one

25 locations within each well with the primary activating molecules. An area of each of the
plurality of lymphocyte activating covalently functionalized regions may be less than about
5% of an area of the bottom of the one or more wells. In some embodiments, a total area of
the plurality of lymphocyte activating covalently functionalized regions may be less than
about 50%, about 25%, or about 10% of the area of the bottom of the one or more wells.

30 [00208] In some embodiments, the lymphocyte to be activated may be a T cell, a Natural
Killer T (NKT) cell, or a B cell. In various embodiments, the first activating molecules may
be any suitable activating molecule as described herein. In some embodiments, the first
activating molecule may be a cell surface clusters of differentiation binding molecule, cell
surface immunoglobulin binding molecule, T-cell receptor molecule activating molecule,

35 TNF receptor superfamily binding molecule, chemokine receptor binding molecule, growth
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factor molecule, or an adhesion promoting molecule. In some embodiments, the plurality of
first activating molecules comprise an MHC molecule, a protein or fragment thereof retaining
cell surface clusters of differentiation binding activity, a protein or fragment thereof retaining
T cell receptor binding activity, a protein or fragment thereof retaining TNF receptor
superfamily binding activity, a protein or fragment thereof retaining chemokine receptor
binding activity, a protein or fragment thereof retaining growth stimulatory activity or a
protein or fragment thereof retaining adhesion promoting activity. In various embodiments,
the plurality of first activating molecules comprise a protein or fragment thereof retaining cell
surface clusters of differentiation binding activity, a protein or fragment thereof retaining
growth stimulatory activity or a protein or fragment thereof retaining adhesion promoting
activity.

[00209] The plurality of specifically bound first activating molecular ligands may have a
density of at least about 1 x10* molecules per square micron, about 5 x 10> molecules per
square micron, about 1 x10* molecules per square micron, about 5 x 10° molecules per square
micron, about 1 x10* molecules per square micron, about 5 x 10* molecules per square
micron, about 1 x 10° molecules per square micron, or from about 1x 107 to about 1x 10°
molecules per square micron n in the lymphocyte activating covalently functionalized region.

[00210] The method may further include contacting the streptavidin-presenting covalently
functionalized region of the well plate with a plurality of second activating molecules each
including a binding moiety, wherein the binding moieties of the second activating molecules
are configured to bind a binding site of streptavidin, thereby providing a plurality of
specifically bound second activating molecular ligands in the lymphocyte activating
covalently functionalized region.

[00211] The second activating molecules may be T cell receptor (TCR) co-activating
molecules, cell surface immunoglobulin binding molecules, TNF receptor superfamily
binding molecule, chemokine receptor binding molecule, growth factor molecules, or
adhesion promoting molecules. The plurality of specifically bound co-activating molecular
ligands may have a density from may have a density of at least about 1 x10* molecules per
square micron, about 5 x10> molecules per square micron, about 1 x10° molecules per square
micron, about 5 x 10°> molecules per square micron, about 1 x10* molecules per square
micron, about 5 x 10* molecules per square micron, about 1 x 10° molecules per square
micron or about 1x10? to about 1x 10° molecules per square micron in the lymphocyte
activating covalently functionalized region.

[00212] The method may further include contacting the surface of the well plate with a

reagent including surface blocking ligands linked to a reactive group, wherein the reactive
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group is configured to react with reactive moieties of the surface, thereby providing a
blocking ligand-modified region of the surface. In some embodiments, the blocking ligand-
modified region and the antigen-presenting covalently functionalized region may cover the
entire surface. In some embodiments, the blocking ligand-modified region and the
lymphocyte activating covalently functionalized region may be non-overlapping regions of
the surface.

[00213] Each of the surface blocking ligands may be any suitable surface blocking ligand
as described herein. In some embodiments the surface blocking ligand may include comprises
a hydrophilic or negatively charged moiety. In some embodiments, the surface blocking
ligands may include polyethylene glycol (PEG) moieties.

[00214] Preparing a well plate comprising a surface having a lymphocyte activating
covalently functionalized region. A method of preparing a wellplate comprising a surface
having an antigen-presenting covalently functionalized region of the well plate for activating
a T cell, includes contacting a streptavidin-presenting covalently functionalized region of the
well plate with a plurality of primary activating molecules, each including a major
histocompatibility complex (MHC) molecule configured to bind to a T cell receptor of the T
cell and a binding moiety, wherein the binding moieties of the plurality of primary activating
molecules, are configured to bind a binding site of streptavidin; and contacting a plurality of
co-activating molecules, each including: a T cell receptor (TCR) co-activating molecule; or an
adjunct TCR activating molecule, wherein the co-activating molecules each further include a
binding moiety configured to bind a binding site of streptavidin, with a second plurality of
binding moieties of the streptavidin-presenting covalently functionalized the region of the
well plate, thereby providing a plurality of specifically bound primary activating molecular
ligands and a plurality of specifically bound co-activating molecular ligands of an antigen-
presenting covalently functionalized region of the well plate.

[00215] The method may further include contacting the surface of the well plate with a
reagent including surface blocking ligands linked to a reactive group, wherein the reactive
group is configured to react with reactive moieties of the surface, thereby providing a
blocking ligand-modified region of the surface. The blocking ligand-modified region and the
antigen-presenting covalently functionalized region may cover the entire surface. In some
embodiments, the blocking ligand-modified region and the antigen-presenting covalently
functionalized region may be non-overlapping regions of the surface.

[00216] Contacting the streptavidin-presenting covalently functionalized region of the
well plate with the plurality of primary activating molecules and the plurality of co-activating

molecules may include contacting a surface within each of one or more wells of the well
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plate. In some embodiments, contacting each of the one or more wells may further include
contacting each of the one or more wells at a bottom surface of the corresponding well with
the plurality of primary activating molecules and the plurality of co-activating molecules,
thereby producing the antigen-presenting covalently functionalized region on the bottom
surface of the corresponding well. In some embodiments, the antigen-presenting covalently
functionalized region may be formed only on the bottom surface of the corresponding well.

[00217] In some embodiments, the antigen-presenting covalently functionalized region
may have an area of less than about 50% of an area of the bottom of the one or more wells. In
some embodiments, an area of the antigen-presenting covalently functionalized region is less
than about 25%, less than about 15%, less than about 10%, less than about 5%, less than
about 2%, or less than about 1% of the area of the bottom of the one or more wells.

[00218] In some embodiments, an area of the antigen-presenting covalently functionalized
region may have an area of less than about 35mm?, about 20 mm?, about 12 mm?, about 5
mm?, less than about 2 mm?, or less than about 1mm?2. In some embodiments, the antigen-
presenting covalently functionalized region may have a dimension of about 0.5 mm to about
4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm). In some
embodiments, the antigen-presenting covalently functionalized region may be substantially
circular and has a diameter of about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5
mm, or about 1.5 mm to about 3.0 mm).

[00219] Contacting the streptavidin-presenting covalently functionalized region of the
well plate with the plurality of primary activating molecules and the plurality of co-activating
molecules may further include contacting a plurality of streptavidin-presenting covalently
functionalized regions within each of one or more wells of the well plate, thereby producing a
plurality of antigen-presenting covalently functionalized regions in each of the one or more
wells. In some embodiments, an area of each of the plurality of antigen-presenting covalently
functionalized regions may be less than about 5% of an area of the bottom of the one or more
wells, and further wherein a total area of the plurality of antigen-presenting covalently
functionalized regions is less than about 50%, about 25%, or about 10% of the area of the
bottom of the one or more wells.

[00220] In some embodiments, the MHC molecule includes an MHC Class I protein
sequence and a beta microglobulin protein sequence. In some embodiments, each of the
plurality of primary activating molecules including an MHC molecule may further include an
antigenic peptide. The antigenic peptide may be a tumor associated antigen, a viral antigen, a
bacterial antigen, a fungal antigen, a protozoan antigen, or the like. In some embodiments,

the tumor associated antigen may be SLC45A2, TCL1, VCX3A, MART1 or NYESOI1.
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[00221] In some embodiments, the protein sequence of the MHC molecule may be
connected to the surface via a C-terminal connection of the protein sequence. For example,
the MHC protein sequence may include a C-terminal BirA tag. The BirA tag permits site
specific biotinylation. In some embodiments, the MHC molecule may include a biotin moiety
and is attached to the surface via a noncovalent interaction with streptavidin. In various
embodiments, the streptavidin is itself covalently bonded to the surface. In some
embodiments, the streptavidin may be bonded to the surface through a series of about 5, 7, 9,
10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, or
any number of bond lengths therebetween.

[00222] In various embodiments, the streptavidin may be noncovalently associated with
the surface. The streptavidin may be noncovalently associated with a biotin moiety, and the
biotin moiety may be covalently bonded to the surface. In various embodiments, the biotin
moiety may be linked by a linker to the surface through about 5, 7, 9, 10, 11, 13, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 95, 100, 200 bond lengths, or any number of
bond lengths therebetween.

[00223] The ratio of the primary activating molecules to the co-activating molecules may
be about 1:1 to about 2:1; about 1:1; or about 3:1 to about 1:3.

[00224] In some embodiments, a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules of the plurality of co-activating molecular ligands may be about
100:1 to about 1:100. In some embodiments, a ratio of the TCR co-activating molecules to the
adjunct TCR activating molecules of the plurality of co-activating molecular ligands may be
100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1, 50:1 to 40:1, 40:1 to 30:1,
30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10 to 1:20, 1:20 to 1:30, 1:30
to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80 to 1:90, or 1:90 to 1:100,
wherein each of the foregoing values is modified by “about”. In some embodiments, the ratio
of the TCR co-activating molecules to the adjunct TCR activating molecules of the plurality
of co-activating molecular ligands may be from about 20:1 to about 1:20 or about 3:1 to about
1:3.

[00225] The plurality of specifically bound primary activating molecular ligands may
have a density of at least about 1 x10? molecules per square micron, about 5 x 10* molecules
per square micron, about 1 x10* molecules per square micron, about 5 x 10°> molecules per
square micron, about 1 x10* molecules per square micron, about 5 x 10* molecules per square
micron, about 1 x 10°> molecules per square micron, or from about 1X 107 to about 1X 10°

molecules per square micron in the antigen-presenting covalently functionalized region.
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[00226] The plurality of specifically bound co-activating molecular ligands may have a

density from at least about 1 x10? molecules per square micron, about 5 x10 molecules per
square micron, about 1 x10* molecules per square micron, about 5 x 10°> molecules per square
micron, about 1 x10* molecules per square micron, about 5 x 10* molecules per square
micron, about 1 x 10°> molecules per square micron, or about 1x10° to about 1x 10°
molecules per square micron on the antigen-presenting synthetic surface in the antigen-
presenting covalently functionalized region

[00227] In some embodiments, the T cell receptor (TCR) co-activating molecule may
include a CD28 binding protein or a fragment thereof, which retains binding ability to CD28.
The CD28 binding protein or the fragment thereof further may include a site-specific C-
terminal biotin moiety. In some embodiments, the T cell receptor (TCR) co-activating
molecule may include a CD80 molecule or a fragment thereof, wherein the fragment retains
binding activity to CD28. In some embodiments, the T cell receptor (TCR) co-activating
molecule may include an anti-CD28 antibody or a fragment thereof.

[00228] In some embodiments, the adjunct TCR activating molecule may include a CD2
binding protein. The CD2 binding protein or the fragment thereof may further include a site-
specific C-terminal biotin moiety. In some embodiments, the adjunct TCR activating
molecule may include a CD58 molecule or fragment thereof, wherein the fragment retains
binding activity with CD2. In some embodiments, the adjunct TCR activating molecule may
include an anti-CD2 antibody or a fragment thereof.

[00229] Each of the surface blocking ligands may be any suitable surface blocking ligand
as described herein. In some embodiments the surface blocking ligand may include comprises
a hydrophilic or negatively charged moiety. In some embodiments, the surface blocking
ligands may include polyethylene glycol (PEG) moieties.

[00230] Method of preparing a culture plate/culture flask with the covalently
functionalized regions described above. As another embodiment of a well plate, culture
plates (e.g., round culture plates) and/or culture flasks may also have any of the covalently
functionalized surfaces introduced therein, such as the reactive-moiety presenting (e.g., azido-
presenting or alkynyl- presenting), biotin-presenting, streptavidin-presenting, antigen-
presenting, and/or lymphocyte-activating covalently functionalized region. An azido-
presenting covalently functionalized region may be introduced to the entire culture plate/flask
similarly as described above. The culture plate/flask may or may not be plasma cleaned. All
or parts of the culture plate/flask may be exposed to the reactive moiety functionalization
reagent and functionalized. Any sort of suitable spotting tool may be used to introduce the

subsequent biotin- and/or streptavidin-presenting regions within a culture plate in an array of
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first regions. A micromanipulator may be inserted within a culture flask to introduce the
subsequent biotin- and/or streptavidin-presenting covalently functionalized regions in an
array. Both the culture plate and culture flasks may have an array of covalently functionalized
regions, with each region having a size (e.g., an area) suitable for activating lymphocytes as
described herein, and the surrounding region and other surfaces (e.g., remaining sides of a
culture flask or side walls of a culture plate) may be passivated by introducing surface
blocking ligands, as described herein. Activating and co-activating molecular ligands may be
introduced similarly as for the well plates described above, and the antigen-presenting or
lymphocyte-activating culture plate/culture flask may be used to activate lymphocytes as
described in the methods herein.

[00231] Click Chemistry and Reagents. Covalent bonds may be formed by reacting an
alkyne, such as an acyclic alkyne, with an azide. For example, a "Click" cyclization reaction
may be performed, which is catalyzed by a copper (I) salt. When a copper (I) salt is used to
catalyze the reaction, the reaction mixture may optionally include other reagents which can
enhance the rate or extent of reaction. When an alkyne, e.g., of a surface modifying reagent or
a functionalized surface is a cyclooctyne, the "Click" cyclization reaction with an azide of the
corresponding functionalized surface or the surface modifying reagent may be copper-free. A
"Click" cyclization reaction can thereby be used to couple a surface modifying ligand to a
functionalized surface to form a covalently modified surface.

[00232] Copper catalysts. Any suitable copper (I) catalyst may be used. In some
embodiments, copper (I) iodide, copper (I) chloride, copper (I) bromide or another copper (1)
salt is used as the copper (I) catalyst. In other embodiments, a copper (II) salt may be used in
combination with a reducing agent, such as ascorbate, to generate a copper (I) species in situ.
Copper sulfate or copper acetate are non-limiting examples of a suitable copper (II) salt. In
other embodiments, a reducing agent such as ascorbate may be present in combination with a
copper (I) salt to ensure sufficient copper (I) species during the course of the reaction. Copper
metal may be used to provide Cu(I) species in a redox reaction also producing Cu(Il) species.
Coordination complexes of copper such as [CuBr(PPhs)s], silicotungstate complexes of
copper, [Cu(CH3CN)4]PF6, or (EtO)sP Cul may be used. In yet other embodiments, silica
supported copper catalyst, copper nanoclusters or copper /cuprous oxide nanoparticles may be
employed as the catalyst.

[00233] Other reaction enhancers. As described above, reducing agents such as sodium
ascorbate may be used to permit copper (I) species to be maintained throughout the reaction,
even if oxygen is not rigorously excluded from the reaction, Other auxiliary ligands may be

included In the reaction mixture, to stabilize the copper (I) species. Triazolyl containing
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ligands can be used, including but not limited to tris(benzyl~1 H-1 ,2,3- triazol-4-yl)
methylamine (TBTA) or 3 [tris(3-hydroxypropyltriazolylmethyl)amine (THPTA). Another
class of auxiliary ligand that can be used to facilitate reaction is a sulfonated
bathophenanthroline, which is water soluble, as well, and can be used when oxygen can be
excluded.

Methods of use

[00234] Activating T lymphocytes using an antigen-presenting covalently
functionalized region of a surface of a well plate. A method of activating T lymphocytes
(T cells) includes contacting a plurality of T cells with an antigen-presenting covalently
functionalized region of a surface of one or more wells of a well plate. The antigen-presenting
covalently functionalized region can include: a plurality of primary activating molecular
ligands, each including a major histocompatibility (MHC) molecule (e.g., Class I or Class II)
configured to bind to a T cell receptor of the T cell, wherein each of the plurality of primary
activating molecular ligands is linked to the surface of the one or more wells; and a plurality
of co-activating molecular ligands, each including a T cell receptor (TCR) co-activating
molecule or an adjunct TCR activating molecule, wherein each of the co-activating molecular
ligands is linked to the surface of the one or more wells. The method of activating can further
include culturing the plurality of T cells in contact with the antigen-presenting covalently
functionalized region of the surface, thereby converting at least a portion of the plurality of T
cells to activated T cells. In some embodiments, the T cells placed in contact with the
antigen-presenting covalently functionalized surface include CD8+ T cells.

[00235] In some embodiments, the antigen-presenting covalently functionalized region of
the surface of one or more wells of the well plate is any antigen-presenting covalently
functionalized region as described herein, with any combination of features.

[00236] In some embodiments, the plurality of co-activating molecular ligands may
include TCR co-activating molecules and adjunct TCR activating molecules. A ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands may be about 100:1 to about 1:100. The ratio of the TCR co
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands may be 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1,
50:1 to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10
to 1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80
to 1:90, or 1:90 to 1:100, wherein each of the foregoing values is modified by “about”. In

various embodiments, the ratio of the TCR co-activating molecules to the adjunct TCR
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activating molecules of the plurality of co-activating molecular ligands may be from about
20:1 to about 1:20 or about 3:1 to about 1:3.

[00237] In some embodiments, the plurality of MHC molecules each may include an
MHC Class I protein sequence and a beta microglobulin protein sequence. In some
embodiments, the protein sequence of the MHC molecule may be connected to the antigen-
presenting covalently functionalized region of the surface via a C-terminal connection of the
protein sequence. In some embodiments, the MHC molecule may further include an antigenic
peptide. In some embodiments, the antigenic peptide is a tumor associated antigen, a viral
antigen, a bacterial antigen, a fungal antigen, a protozoan antigen, or the like. In some
embodiments, the tumor associated antigen is SLC45A2, TCL1, VCX3A, MARTI or
NYESOI1. In various embodiments, the MHC molecule may include a biotin moiety and is
attached to the antigen-presenting covalently functionalized region of the surface via a
noncovalent interaction with streptavidin.

[00238] In some embodiments, the streptavidin may be itself covalently bonded to the
antigen-presenting covalently functionalized region of the surface. The streptavidin may be
bonded to the surface through a series of about 5, 7, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 95, 100, 200 bond lengths, or any number of bond lengths
therebetween. In other embodiments, the streptavidin may be noncovalently associated with
the antigen-presenting covalently functionalized region of the surface. In some embodiments,
the streptavidin may be noncovalently associated with a biotin moiety, and the biotin is
covalently bonded to the antigen-presenting covalently functionalized region of the surface.
The biotin moiety may be linked by a linker to the surface through a series of 2 about 5 7, 9,
10 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 95, 100, 200 bond lengths, or any
number of bond lengths therebetween.

[00239] In some embodiments, each of the plurality of co-activating molecule ligands may
be linked to the antigen-presenting covalently functionalized region of the surface.

[00240] In some embodiments, the T cell receptor (TCR) co-activating molecule may
include a CD28 binding protein or a fragment thereof, which retains binding ability to CD28.
The CD28 binding protein or the fragment thereof may further include a site-specific C-
terminal biotin moiety. In some other embodiments, the T cell receptor (TCR) co-activating
molecule may include a CD80 molecule or a fragment thereof, wherein the fragment retains
binding activity to CD28. The T cell receptor (TCR) co-activating molecule may include an
anti-CD28 antibody or a fragment thereof.

[00241] In various embodiments, the adjunct TCR activating molecule may include a CD2

binding protein. The CD2 binding protein or the fragment thereof further may include a site-
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specific C-terminal biotin moiety. In various embodiments, the adjunct TCR activating
molecule may include a CD58 molecule or fragment thereof, wherein the fragment retains
binding activity with CD2. The adjunct TCR activating molecule may include an anti-CD2
antibody or a fragment thereof.

[00242] The specifically bound primary activating molecular ligands may have a density
of at least about 1 x 10? molecules per square micron, about 5 x 10> molecules per square
micron, about 1 x 10°> molecules per square micron, about 5 x 10° molecules per square
micron, about 1 x 10* molecules per square micron, about 5 x 10* molecules per square
micron, about 1 x 10° molecules per square micron, or from about 1 x 107 to about 1 x 10°
molecules per square micron in the antigen-presenting covalently functionalized region of the
surface. The specifically bound co-activating molecular ligands may have a density from at
least about 1 x 10> molecules per square micron, about 5 x 10% molecules per square micron,
about 1 x 10° molecules per square micron, about 5 x 10°> molecules per square micron, about
1 x 10* molecules per square micron, about 5 x 10* molecules per square micron, about 1 x
10° molecules per square micron, or about 1 x 10* to about 1 x 10°> molecules per square
micron in the antigen-presenting covalently functionalized region of the surface. In some
embodiments, a ratio of the primary activating molecular ligands to the co-activating
molecular ligands on the covalently modified surface may be about 1:10 to about 2:1, about
1:5 to about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about
1:1 to about 2:1, or about 1:2 to about 1:1. In some embodiments, a ratio of the TCR co-
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands may be about 3:1 to about 1:3. In some embodiments, a ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands may be about 2:1 to about 1:2. In other embodiments, a ratio of
the TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of
co-activating molecular ligands may be about 1:1.

[00243] The method may further include contacting the plurality of T cells with a plurality
of adhesion-stimulating molecular ligands including an ICAM molecule, wherein each of the
plurality of adhesion-stimulating molecular ligands is attached to a region outside of the
antigen-presenting covalently functionalized region of the surface of the well plate. In some
embodiments, the plurality of adhesion-stimulating molecular ligands may be covalently
attached to the region outside of the antigen-presenting covalently functionalized region of the
surface of the well plate.

[00244] In some embodiments, the method may further include contacting the plurality of

T cells with a plurality of growth stimulatory molecular ligands. Each of the growth
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stimulatory molecular ligands may include a growth factor receptor ligand. In some
embodiments, the growth factor receptor ligand may include IL-21 or a fragment thereof.

[00245] In some embodiments, contacting the plurality of T cells with the plurality of
growth stimulatory molecular ligands may be performed after a first period of culturing of at
least one day. Culturing the T cells in contact with the antigen-presenting synthetic surface
may be performed for a period from about four days to about seven days.

[00246] In some embodiments, the method further includes completing a first period of
activation in contact with the antigen-presenting covalently functionalized region of the
surface; and, culturing the plurality of activated T cells in contact with the antigen-presenting
covalently functionalized region of the surface for a second period of culturing, thereby
providing an expanded plurality of activated T cells. A second plurality of growth stimulatory
molecular ligands may be added during the second culturing period. A plurality of IL-2
molecules and a plurality of IL-7 molecules may be added to contact the activated T cells for
a remainder of the second culturing period. In some embodiments, culturing in contact with
the antigen-presenting covalently functionalized region of the surface for the second culturing
may be performed for a period from about four days to about seven days.

[00247] The method may further include completing the second period of activation in
contact with the antigen-presenting covalently functionalized region of the surface; and,
culturing the expanded plurality of activated T cells in contact with the antigen-presenting
covalently functionalized region of the surface for a third period of culturing, thereby
providing a plurality of highly activated T cells. A third plurality of growth stimulatory
molecular ligands may be added during the third culturing period. In some embodiments, a
plurality of IL-2 molecules and a plurality of IL-7 molecules may be added to contact the
activated T cells for a remainder of the third culturing period. Culturing in contact with the
antigen-presenting covalently functionalized region of the surface may be performed for a
third period from about four days to about seven days.

[00248] Phenotype and products. In some embodiments, the T lymphocytes being
activated include CD8+ T lymphocytes, such as naive CD8+ T lymphocytes. In some
embodiments, the T lymphocytes being activated may be enriched for CD8+ T lymphocytes,
such as naive CD8+ T lymphocytes, Alternatively, in some embodiments, the T lymphocytes
being activated may include CD4+ T lymphocytes, such as naive CD4+ T lymphocytes. In
some embodiments, the T lymphocytes being activated are enriched for CD4+ T lymphocytes,
such as naive CD4+ T lymphocytes, CD4+ T lymphocytes can be used, e.g., if T cells specific

for a Class ll-restricted antigen are desired.
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[00249] In some embodiments, the method produces activated T lymphocytes that are

CD45RO+. In some embodiments, the method produces activated T lymphocytes that are
CD28positive. In some embodiments, the method produces activated T lymphocytes that are
CD28+ CD45RO+. In some embodiments, the method produces activated T lymphocytes that
are CD197+. In some embodiments, the method produces activated T lymphocytes that are
CD127+. In some embodiments, the method produces activated T lymphocytes that are
positive for CD28, CD45RO, CD 127 and CD 197, or at least any combination of three of the
foregoing markers, or at least any combination of two of the foregoing markers. The activated
T lymphocytes with any of the foregoing phenotypes can further be CD8+. In some
embodiments, any of the foregoing phenotypes that is CD28+ comprises a CD28high
phenotype.

[00250] In some embodiments, the method produces a population of T cells comprising
antigen-specific T cells, wherein at least 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, or 98% of the antigen-specific T cells are
CD45RO+/CD28High cells, wherein each of the foregoing values can be modified by

"about."

[00251] Alternatively or in addition, in some embodiments, the method produces a
population of T cells wherein at least 1 %, 1.5%, 2%, 3,%, 4%, 5%, 6%, 1%, 8%, 9%, or 10%
of the T cells are antigen-specific T cells; or wherein 1 %-2%, 2%-3%, 3%-4%., 4%-5%, 5%-
6%, 6%-7%, 1%-8%, 8%-9%, 9%- 10%, 10%- 11 %, or 11 %-12% of the T cells are antigen-
specific T cells, wherein each of the foregoing values can be modified by "about.” The
content of the population of T cells can be determined on the "crude" product of the method
following contact with the antigen-presenting surface and optionally further expansion steps,
i.e., before/without enriching or separating product T cells having a particular phenotype. The
determination of antigen-specificity and/or T cell marker phenotype can exclude dead cells.
In some embodiments, the method provides a population of T cells in which the fraction of T
cells that are antigen-specific is increased relative to the starting population.

[00252] Treating a subject using cells activated using the method described herein. A
method of treating a subject in need of treating a cancer includes obtaining a plurality of T
lymphocytes (T cells) from the subject; contacting the plurality of T cells with a surface of a
well plate including an antigen-presenting covalently functionalized region, wherein the
antigen-presenting covalently functionalized region includes a plurality of major
histocompatibility complex (MHC) molecules (e.g., Class I or Class II) configured to bind to
a T cell receptor of each of the plurality of T cells, wherein the MHC molecules include an

antigen specific for the cancer of the subject; producing a plurality of activated T cells, where
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the activation is configured to be specific against the cancer of the subject; separating the
plurality of specific activated T cells from unactivated cells; and, introducing the plurality of
antigen-specific activated T cells into the subject.

[00253] The well plate having a surface including the antigen-presenting covalently
functionalized region may be a well plate including any antigen-presenting covalently
functionalized region as described herein, and may have any combination of features. The
well plate having a surface including the antigen-presenting covalently functionalized region
may be produced by any method described herein and in any combination of steps.

[00254] A method of treating a subject in need of treating a cancer includes obtaining a
plurality of T lymphocytes (T cells) from the subject; producing a plurality of activated T
cells by the method like any method described herein, wherein the activation is configured to
be specific against the cancer of the subject; separating the plurality of specific activated T
cells from unactivated cells; and, introducing the plurality of antigen-specific activated T cells
into the subject.

[00255] Also provided is a use of a plurality of specific activated T lymphocytes for the
manufacture of a medicament for treating a subject in need of treating a cancer, wherein the
plurality of specific activated T lymphocytes were produced by a method described herein.
Also provided is a use of a plurality of specific activated lymphocytes for the manufacture of
a medicament for treating a subject in need of treating a cancer, wherein the plurality of
specific activated lymphocytes were produced by a method described herein. Also provided is
a use of a plurality of specific activated lymphocytes for the manufacture of a medicament for
treating a subject in need of treating a protein deficiency disorder or immunological disorders,
wherein the plurality of specific activated lymphocytes were produced by a method described
herein.

[00256] In some embodiments, separating the plurality of specific activated lymphocytes
may further include detecting surface biomarkers of the specifically activated lymphocytes.

[00257] In some embodiments, the specifically activated lymphocytes are autologous (i.e.,
derived from the subject to which they are to be administered), and may be rapidly expanded
using the surfaces and methods of activation described herein.

[00258] In various embodiments, the methods or the preparation of the plurality or
population of specific activated T lymphocytes may further include rapidly expanding the
activated T lymphocytes to provide an expanded population of activated T lymphocytes. In
some embodiments, the rapid expansion may be performed after separating the specifically
activated T lymphocytes from the non-activated T lymphocytes. The generation of sufficient

levels of T lymphocytes may be achieved using rapid expansion methods described herein or
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known in the art. See, e.g., the Examples below; Riddell, US 5,827,642; Riddell et al., US

Patent No. 6,040,177, and Yee and LI, PCT Patent App. Pub. No. W02009/045308 AZ2.

[00259] Uses of T cells in treatment of human subjects (e.g., for adoptive ceil therapy) are
known in the art. T cells prepared according to the methods described herein can be used in
such methods. For example, adoptive cell therapy using tumor-infiltrating lymphocytes
including MART-1 antigen specific T cells have been tested in the clinic (Powell et al., Blood
105:241-250, 2005). Also, administration of T cells coactivated with anti-CD3 monoclonal
antibody and IL-2 was described in Chang et al., J. Clinical Oncology 21:884-890, 2003.
Additional examples and/or discussion of T cell administration for the treatment of cancer are
provided in Dudley et al. Science 298:850-854, 2002; Roszkowski et al., Cancer Res 65(4):
1570-76, 2005; Cooper et al. Blood 101: 1637-44, 2003; Yee, US Patent App, Pub. No.
2006/0269973; Yee and Li, PCI Patent App. Pub. No, W02009/045308 A2; Gruenberg et al.,
US Patent App. Pub, No. 2003/0170238: Rosenberg, US Patent No. 4,690,915: and Alajez et
al., Blood 105:4583-89, 2005.

[00260] Interest in therapeutic use of NK cells or NK CAR cells has increased, and these
cell types are being investigated for a wide range of haematological and solid tumors, as
described in EBioMedicine 39:1-2, 2019.

[00261] B lymphocytes have recently been reported for use as engineered B cells, for
delivery of therapeutic proteins for a wide range of applications including protein deficiency
disorders, such as hemophilia, and other immunotherapies.

[00262] In some embodiments, the cells are formulated by first harvesting them from
their culture medium as used in the methods of activation described herein, and then washing
and concentrating the cells in a medium and container system suitable tor administration (a
"pharmaceutically acceptable” earner) in a treatment-effective amount. Suitable infusion
medium can be any Isotonic medium formulation, typically normal saline, Normosoi R
(Abbott) or Plasma-Lyte A (Baxter), but also 5% dextrose in water or Ringer's lactate can be
utilized. The infusion medium can be supplemented with human serum albumin.

[00263] In some embodiments, the number of cells in the composition is at least 10° or at
least 10'cells, in some embodiments, a single dose can comprise at least 10 million, 100
million, 1 billion, or 10 billion cells, The number of cells administered is indication specific,
patient specific (e.g., size of patient), and will also vary with the purity and phenotype of the
administered cells, The number of cells will depend upon the ultimate use for which the
composition is intended as will the type of cells included therein, For example, if cells that are
specific for a particular antigen are desired, then the population will contain greater than 70%,

generally greater than 80%, 85% and 90-95% of such cells. For uses provided herein, the cells
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are generally in a volume of a liter or less, can be 500 mLs or less, even 250 mLs or 100 mLs
or less. Hence the density of the desired cells may be greater than 10%ells/mi, greater than
107cells/mi, or 10%cells/ml or greater. The clinically relevant number of Immune cells can be
apportioned into multiple infusions that cumulatively equal or exceed 107, 10 or 10!!cells.

[00264] In some embodiments, T lymphocytes described herein or prepared according to a
method described herein may be used to confer immunity to individuals against a tumor or
cancer cells. By immunity" is meant a lessening of one or more physical symptoms
associated with cancer cells or a tumor against an antigen of which the lymphocytes have
been activated, The cells may be administered by infusion, with each Infusion in a range of at
least 10° to 10'cells/m2, e.g., in the range of at least 107 to 10°cells/m2. The cells may be
administered by a single infusion, or by multiple infusions over a range of time. However,
since different individuals are expected to vary in responsiveness, the type and amount of
cells infused, as well as the number of infusions and the time range over which multiple
infusions are given are determined by the attending physician, and can be determined by
examination.

[00265] Following the transfer of cells back into patients, methods may be employed to
maintain their viability by treating patients with cytokines that could include IL-21 and IL-2
(Bear et al., Cancer Immunol. Immunother.50\2.69-74, 2001 ; and Schultze et al,, Br. J.
Haematol. 113:455-60, 2001), In another embodiment, cells are cultured in the presence of
IL-21 before administration to the patient. See, e.g., Yee, US Patent App. Pub. No.
2006/0269973, IL-21 can increase T cell frequency in a population comprising activated T
cells to levels that are high enough for expansion and adoptive transfer without further
antigen-specific T cell enrichment, Accordingly, such a step can further decrease the time to
therapy and/or obviate a need for further selection and/or cloning.
Kits

[00266] Kit for preparing a well plate having a surface including an antigen-
presenting covalently functionalized region. A kit for preparing a well plate comprising a
surface having an antigen-presenting covalently functionalized region includes a well plate
having a surface including a biotin-presenting covalently functionalized region; and a surface
functionalization reagent comprising streptavidin. In some embodiments, the well plate
having the surface including the biotin-presenting covalently functionalized region may be
any well plate having the surface including the biotin-presenting covalently functionalized
region as described herein, and have any combination of features.

[00267] In some embodiments, the kit may further include a first activating reagent

including a plurality of major histocompatibility complex (MHC) molecules (e.g., Class I or
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Class II) configured to bind with a T cell receptor of the T cell, and further wherein the MHC

molecules are configured to bind to a binding site of streptavidin. In some embodiments, each
of the plurality of MHC molecules may further include at least one biotin functionality.

[00268] In some embodiments, the kit may further include a reagent including co-
activating molecules, each configured to bind a binding site of streptavidin, and wherein each
of the co-activating molecules may be a T cell receptor (TCR) co-activating molecule or an
adjunct TCR activating molecule. In some embodiments, the plurality of co-activating
molecules may include T cell receptor (TCR) co-activating molecules and adjunct TCR
activating molecules. In some embodiments, a container containing the reagent including the
co-activating molecules may contain a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules from about 20:1 to about 1:20. In some embodiments, the TCR co-
activating molecules may be agonists of a CD28 receptor. In some embodiments, the adjunct
TCR activating molecules are agonists of a CD2 receptor.

[00269] In some embodiments, the kit may further include a surface blocking reagent
comprising a surface blocking moiety linked to a reactive group configured to react with the
azido moieties. In some embodiments, the surface blocking moiety may include a hydrophilic
or negatively charged moiety. In some embodiments, the surface blocking reagent may

include polyethylene glycol (PEG) moieties.

[00270] In some embodiments, the kit may further include a reagent including growth
stimulatory molecules, wherein each growth stimulatory molecule includes a growth factor
receptor ligand. In some embodiments, the growth factor receptor ligand may include 1L-21
or a fragment thereof. In some embodiments, the kit may further include a second growth
stimulatory molecule comprising IL-7 or IL-2.

[00271] Kit for preparing a well plate. In other variations, a kit for preparing a well plate
including a surface having an antigen-presenting covalently functionalized region, includes a
well plate comprising a surface comprising an azido-presenting covalently functionalized
region; and a first surface functionalization reagent. In some embodiments, the well plate
comprising the surface having the azido-presenting covalently functionalized region may be
any well plate including a surface having an azido-presenting covalently functionalized region
like any described herein.

[00272] In some embodiments, the first surface functionalization reagent may include a
reagent comprising a biotin moiety linked to a reactive group, wherein the reactive group is
configured to react with the azido moieties of the surface. In some embodiments, the kit may
further include a second surface functionalization reagent comprising streptavidin, which is

configured to bind with a biotin moiety.
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[00273] In some embodiments, the first functionalization reagent comprises a streptavidin
moiety linked to a reactive group, wherein the reactive group is configured to react with azido
moieties.

[00274] In some embodiments, the kit may further include a surface blocking reagent
comprising a surface blocking moiety linked to a reactive group configured to react with the
azido moieties. In some embodiments, the surface blocking moiety may include a hydrophilic
or negatively charged moiety. In some embodiments, the surface blocking reagent may

include polyethylene glycol (PEG) moieties.

[00275] In some embodiments, the kit may further include a first activating reagent
including a plurality of major histocompatibility complex (MHC) molecules (e.g., Class I or
Class II) configured to bind with a T cell receptor of the T cell, and further wherein the MHC
molecules are configured to bind to a binding site of streptavidin. In some embodiments, each
of the plurality of MHC molecules may further include at least one biotin functionality.

[00276] In some embodiments, the kit may further include a reagent including co-
activating molecules, each configured to bind a binding site of streptavidin, and wherein each
of the co-activating molecules may be a T cell receptor (TCR) co-activating molecule or an
adjunct TCR activating molecule. In some embodiments, the plurality of co-activating
molecules may include T cell receptor (TCR) co-activating molecules and adjunct TCR
activating molecules. In some embodiments, a container containing the reagent including the
co-activating molecules may contain a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules from about 20:1 to about 1:20. In some embodiments, the TCR co-
activating molecules may be agonists of a CD28 receptor. In some embodiments, the adjunct
TCR activating molecules are agonists of a CD2 receptor.

[00277] In some embodiments, the kit may further include a reagent including growth
stimulatory molecules, wherein each growth stimulatory molecule includes a growth factor
receptor ligand. In some embodiments, the growth factor receptor ligand may include I1L-21
or a fragment thereof. In some embodiments, the kit may further include a second growth
stimulatory molecule comprising IL-7 or IL-2.

[00278] Kit for preparing a well plate A kit for preparing a well plate comprising a
surface having an antigen-presenting covalently functionalized region for antigen-specific
activation of a T lymphocyte (T cell) includes a well plate including a surface having a
streptavidin-presenting covalently functionalized region; and a first activating reagent
comprising a plurality of major histocompatibility complex (MHC) molecules (e.g., Class I or
Class II) configured to bind with a T cell receptor of the T cell, and further wherein the MHC

molecules are configured to bind to a binding site of streptavidin. In some embodiments, the
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well plate including a surface having a streptavidin-presenting covalently functionalized
region may be like any well plate including a surface having a streptavidin- presenting
covalently functionalized region as described herein, and may have any combination of
features.

[00279] In some embodiments, each of the plurality of MHC molecules may further
include at least one biotin functionality.

[00280] In some embodiments, the kit may further include a reagent including a plurality
of co-activating molecules, each having a binding moiety configured to bind a binding site of
streptavidin, and wherein each of the co-activating molecules includes a T cell receptor (TCR)

co-activating molecule or an adjunct TCR activating molecule.

[00281] In some embodiments, the kit may further include a reagent including co-
activating molecules, each configured to bind a binding site of streptavidin, and wherein each
of the co-activating molecules may be a T cell receptor (TCR) co-activating molecule or an
adjunct TCR activating molecule. In some embodiments, the plurality of co-activating
molecules may include T cell receptor (TCR) co-activating molecules and adjunct TCR
activating molecules. In some embodiments, a container containing the reagent including the
co-activating molecules may contain a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules from about 20:1 to about 1:20. In some embodiments, the TCR co-
activating molecules may be agonists of a CD28 receptor. In some embodiments, the adjunct
TCR activating molecules are agonists of a CD2 receptor.

[00282] In some embodiments, the kit may further include a surface blocking reagent
comprising a surface blocking moiety linked to a reactive group configured to react with the
azido moieties. In some embodiments, the surface blocking moiety may include a hydrophilic
or negatively charged moiety. In some embodiments, the surface blocking reagent may

include polyethylene glycol (PEG) moieties.

[00283] In some embodiments, the kit may further include a reagent including growth
stimulatory molecules, wherein each growth stimulatory molecule includes a growth factor
receptor ligand. In some embodiments, the growth factor receptor ligand may include I1L-21
or a fragment thereof. In some embodiments, the kit may further include a second growth
stimulatory molecule comprising IL-7 or IL-2.

EXAMPLES

[00284] Experiment 1. Preparation of well plates. Polystyrene well plates (Falcon 96

Well Round Bottom, Falcon 96 Well Flat Bottom, Falcon 6 Well Flat Bottom, Costar 96 Well

V Bottom) were placed in an oxygen plasma cleaner (Nordson March AP-300) which was

-72 -



10

15

20

25

30

WO 2020/061499 PCT/US2019/052228

evacuated to 50 mTorr and purged with oxygen at 440 sccm to a pressure of 190 mTorr. The
plates were treated with 100 W plasma for 60 seconds.

[00285] Experiment 2. Chemical vapor deposition (CVD) of plates. 7-azidoheptyl-
trimethoxysilane was synthesized in house. Three 20 mL aluminum pans were filled with 300
mg of the silane and three were filled with 333 mg MgSO4(H20)7. One pan of each reagent
was placed on each of the three shelves in a vacuum oven. Well plates and witness samples
were placed on each shelf. The oven was sealed and evacuated to 250 mTorr. The
temperature was raised to 75°C and CVD proceeded overnight (~18 hours). Following the
CVD process the oven was purged and the well plates and witness samples were removed.

[00286] Experiment 3. Treatment of azido-modified well plates with
dibenzylcyclooctynyl (DBCO)-polyethyleneglycolis (PEG13)-streptavidin (SAV) provided
functionalized well plate with a restricted region of functionalization. A 5 uM solution of
DBCO-PEG13-SAV was synthesized as described in PCT/US2018/043146, filed on July 20,
2018, which disclosure is herein incorporated by reference in its entirety. DBCO-PEG13-
SAV is a copper-less Click reagent having a dibenzocyclooctynyl coupling moiety linked via
a polyethylene glycol linker (thirteen PEG units) covalently attached to streptavidin, and was
prepared in PBS/0.02% sodium azide, to provide SAV covalently bound to well plates, as
shown schematically in FIG 1B. The DBCO-PEG13-SAV solution was added to wells in
volumes ranging from 250nL to S0uL and allowed to contact only the bottom of the well,
without contacting the side walls of each well. After 30 minutes incubation, the wells were
washed twice with 200 uL PBS/azide then aspirated. Subsequently, a solution of 1.5 mM
DBCO-PEG 5K (Creative PEGWorks, Catalog No. PLS-9979) in PBS/azide was added to the
wells to fill them completely. The DBCO-PEG-5k surface blocking reagent, a copper-less
Click reagent containing a polyethylene glycol surface blocking ligand with a molecular
weight of 5000Da, reacted with remaining azide functionalities that were present outside of

(and surrounding) the streptavidin modified region at the bottom of the well.

[00287] Experiment 4. Preparation of activated T-cells using a lymphocyte-activating
covalently functionalized well plate.

[00288] Preparation of well plate: A covalently functionalized well plate was prepared for
activation of T cells, with the wells of the well plate having varying ratios of primary and co-
activating ligands. A streptavidin-functionalized well plate was prepared similarly as
described in Experiment 5, differing in that biotin-streptavidin functionalization was applied
to the bottom of each well without restricting the region extensively (e.g., the area of

functionalization extended to substantially all of the area of the bottom surface of the well).
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[00289] Activating ligand functionalization: stock solutions of biotin-conjugated anti-CD3

(primary stimulation), anti-CD28 and anti-CD2 (costimulation) antibodies were prepared at
100ug/mL and mixed at various ratios in PBS (FIG. 3A). The final total antibody
concentration was S0ug/mL. 50ul of each activation ligand solution was added to individual
wells and allowed to bind for 30 minutes at room temperature. The microplate wells were
next washed once with PBS, then held at 4°C until used to stimulate T cells.

[00290] Preparation of T cells for stimulation: CD3+ T cells were enriched from PBMCs
using a commercial Human T cell enrichment kit (EasySep™, StemCell Technologies,
Catalog No.19051). To each well of the activating plate, 200,000 CD3+ T cells were plated in
200ul of T cell media (Advanced RPMI 1640 (Gibco™, Thermo Fisher, Catalog No. 12-633-
012) supplemented with 10% Human AB Serum (Corning™, Fisher Catalog No.
MT35060CI), 2mM GlutaMAX™ (Thermo Fisher, Catalog N0.35050061), 50uM 2-
MercaptoEthanol (Thermo Fisher, Catalog No.31350010), 25ng/mL IL-7, and 10ng/mL IL-15
(R&D Systems, Catalog No.207-IL/CF; 247-1LB-005). A control condition (Condition 12)
was included in which T cells were activated with a 1:1 ratio of anti-CD3 and anti-CD28-
coated beads (Thermo Fisher, Catalog No.11161D). Cells were cultured for 4 days, at which
point 50ul of cells from each well was transferred into a new, untreated round-bottom 96-well
microplate (Corning, Catalog No0.3879) and 150ul of fresh T cell media was added. At day 4,
50ul samples from each well were also collected to determine the number of T cells in each
well. At day 7, 100ul of cells was removed from each well and replaced with 100ul of T cell
media. At day 10, 100ul of media, leaving cells intact, was removed from each well and
replaced with 100ul of T cell media. At day 11, 200ul samples were collected from each well
to determine the number of T cells in each well, and the surface expression of CD28 and
CD27 on the T cells was assessed. As shown in FIGS 3B, 3C, and 3D (mean and range
provided), the ratios of primary stimulating ligand (CD3) to costimulatory ligands can be
altered to provide effective T cell expansion at day 4 (FIG. 3B) and day 11 (FIG. 3C), and co-
expression of CD27 and CD28 (FIG. 3D). This experiment demonstrates that lymphocyte
activation may be generally achieved, depending on the activating ligands attached to the
wells of the functionalized well plate, and can achieve similar levels of activation and
expansion compared to that observed using CD3/CD28 labeled beads (Condition 12 of FIG.
3A).

[00291] Experiment 5. Preparation of streptavidin-presenting covalently functionalized
wells of a well plate. Treatment of azido-modified well plates (as prepared in Experiments 1
and 2) with DBCO-PEGs-Biotin /DBCO-PEGs-Acid, as shown in FIG. 1B, was performed.

A 10% DBCO-PEGs-Biotin (Broadpharm, Catalog # BP-22295) solution, a copper-less Click
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dibenzocyclooctynyl coupling moiety linked via a polyethylene glycol linker (four PEG units)

covalently attached to biotin, for example, was prepared as a 0.2 mM biotin containing Click
reagent solution which also included 1.8 mM DBCO-PEGs-Acid (Broadpharm, Catalog # BP-
24056), a copper-less Click dibenzocyclooctynyl coupling moiety linked via a polyethylene
glycol linker (five PEG units) covalently attached to a carboxylic acid moiety, prepared in
PBS/0.02% sodium azide. The PEGs-Acid Click reagent functioned as a surface blocking
ligand. Other ratios may be used to vary the density of biotin moieties introduced to the
bottom of the well. This solution was added to wells in volumes ranging from 250 nL to 50
pL, which provided covalently linked biotin moieties in respectively greater regions of the
bottom of the well. After 30 minutes of incubation, the wells were washed twice with 200 uL
PBS/azide then aspirated. A 2 micromolar solution of streptavidin was prepared and added to
the wells. The streptavidin was non-covalently attached to biotin, which was itself covalently
attached to the surface of the well, as in FIG. 1A. Using varying volumes of Click reagent
containing biotin, different size regions containing streptavidin were obtained. After 15
minutes incubation, a solution of 1.5 mM DBCO-PEG 5K (Broadpharm Catalog # BP-
22461), in PBS/azide was added to the wells, filling the wells up and reacting with the
remaining azido reactive moieties still present within each well (i.e., outside of the region
modified by the combination of streptavidin and PEGs-carboxylic acid moieties).

[00292] Experiment 6. Preparation of a region-restricted antigen-presenting T
lymphocyte activating well plate. A standard Polystyrene tissue culture microplate (Corning)
was plasma treated and functionalized to present azide using Chemical Vapor Deposition, as
described in Experiments 1 and 2. A 1 uL drop of 2 micromolar DBCO-conjugated
Streptavidin in PBS (SAV covalently attached to the surface, as in FIG. 1B) was placed in the
center of the functionalized 96-well round-bottom microplate wells using an automated liquid
handling robot (OpenTrons), providing an approximately 1 mm diameter region of
streptavidin functionalization on the bottom of the well. No streptavidin was introduced to
the walls of the well. The spotted drops were dried onto the microplate surface in a Biosafety
Cabinet. To passivate remaining azide groups, wells were filled with a 1.5 mM solution of
DBCO-PEG3000, thereby introducing PEG3000 surface blocking ligands in the remainder of
the surface within the well (i.e., outside of the streptavidin modified region on the bottom of
the well). This solution was applied to the wells for 15 minutes at room temperature. The
wells were then rinsed once with PBS to remove unreacted DBCO-PEG3,000.

[00293] To bind T cell activating ligands to the surface, mixtures of Biotin-conjugated
peptide-HLA (primary stimulation), anti-CD28 antibody and anti-CD2 antibody

(costimulation) were mixed at various concentrations in Buffer (PBS with 2 mM EDTA and
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0.5% Bovine Serum Albumin). For peptide-HLA, four three-fold serial dilutions were

prepared when added to the microplate. For the anti-CD28 and anti-CD2 antibodies, four
nine-fold serial dilutions were prepared. (See FIG. 4A) For this experiment, the ratio of anti-
CD28: anti-CD2 was 1:1, but other ratios may successfully be used to stimulate T cells. The
serial dilutions of peptide-HLA and antibody were further diluted into 16 tubes of Buffer such
that final concentrations of peptide-HLA ranged from 7.5 ug/mL to 0.28 ug/mL, and final
concentrations of costimulation antibodies varied from 15 ug/mL to 0.02 ug/mL (total
antibody concentration), as shown in FIG. 4A. 40 uL of each activating ligand solution was
added to 6 wells and allowed to bind for 30 minutes at room temperature. The microplate
wells were then washed once with PBS, and then held at 4°C until used to stimulate T cells.

[00294] To activate T cells with the microplate, CD8* T cells were enriched from PBMCs
using a commercial CD8+ T cell isolation kit (StemCell Technologies). To each well of the
activating plate, 200,000 cells enriched for CD8* T cells were plated in 200 uL of T cell
media (Advanced RPMI (Thermo Fisher) supplemented with 10% Human AB Serum
(Corning), 2 mM GlutaMAX (ThermoFisher), 50 uM 2-MercaptoEthanol (Thermo Fisher))
with 30 ng/mL IL-21 (R&D Systems). Cells were cultured in an incubator for 48 hours, then
50 uL of T cell media with 150 ng/mL of IL-21 was added to each well, and culturing
continued. After 5 days, 50 uL of media was removed from each well, and the cells were
transferred to a new activating well plate prepared as described above. 50 uL of T cell media
with 150 ng/mL IL-21 was added to each well and culturing continued. The next day, 50 uL.
of media was removed from each well and 50 uL of T cell media with 10 ng/mL IL-7 and 50
IU/mL IL-2 was added to each well. The next day, 50 uL of media was again removed from
each well and 50 uL of T cell media with 150 ng/mL of IL-21 was added to each well.
Culturing was continued for 5 days, at which point, samples were collected from each well to
determine the number of antigen-specific T cells in each well, and the surface expression of
CD28 and CD127 on the antigen-specific T cells was assessed. As shown in FIGS. 4A, 4B,
and 4C, the ratios of primary stimulating ligand (MHC) to costimulatory ligands can be
altered to provide effective antigen-specific activation (FIG. 4A), CD127 expression (FIG.
4B) and CD28 expression (FIG. 4C).

[00295] Experiment 7. Antigen Specific Activation of T lymphocytes within wells
having an antigen-presenting covalently functionalized surface upon the bottom surface of the
well. 96-well, round-bottom, tissue culture-treated microplates (Corning) were functionalized
as in Experiments 1 and 2 to introduce an azido-presenting covalently functionalized surface
upon the bottom surface of each well. A biotin-presenting covalently functionalized surface

was introduced into the bottom of each well by addition of 0.05 mL of 0.5 mM Copper
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Sulfate, 0.1 mM Sodium Ascorbate and 5 mM Alkyne-PEG4-Biotin to the bottoms of the

wells, which functionalized the entire bottom surface of each well.

[00296] To passivate the remaining azide and restrict the Biotin-functionalized region of
the wells to the initially spotted restricted region of deposited functionalization mixture, 0.2
mL of passivation solution (5 mM DBCO-PEG4-Carboxylic Acid in PBS) was added to each
well. This passivation reaction proceeded for 30 minutes at room temperature. The
passivation solution was removed, and the wells washed once with 0.2 mL of PBS before
proceeding. A streptavidin-presenting covalently functionalized region was then introduced
by adding 0.05 mL of 0.25 mg/mL Streptavidin in PBS to each well having a biotin-
presenting covalently functionalized region. After 30 minutes at room temperature, the
streptavidin solution was removed by aspiration, and wells were rinsed twice with 0.2 mL of
PBS.

[00297] Introduction of the antigen-presenting covalently functionalized activating region
upon the botton surface of the well: 0.05 mL of a 0.83 microgram/mL. MART1 pHLA
(antigen peptide loaded site-specific biotinylated monomeric MHC molecule having a C-
terminal BirA tag for site specific biotinylation, where the MHC molecule included a MART1
antigenic peptide preloaded into the MHC) solution in PBS-BSA was added to each well
having a streptavidin-presenting covalently functionalized region. After 30 minutes, the
pHLA mixture was removed by aspiration, and 0.05 mL of a costimulation functionalization
mixture was added to each well. The costimulation functionalization mixture consisted of
Biotinylated anti-CD28 at 2.5 micrograms/mL and Biotinylated anti-CD2 at 2.5
micrograms/mL. After 30 minutes at room temperature, the costimulation functionalization
mixture was removed by aspiration, and the wells having an antigen-presenting covalently
functionalized region were rinsed twice with 0.2 mL of PBS-BSA. This provided a T cell
activating region at the bottom of each treated well, where antigen-presenting ligands and co-
stimulatory ligands (anti-CD28, anti-CD2) were presented for T cell activation.

[00298] Expansion of antigen-specific T Cells within the well containing a surface having
an antigen —presenting region for activation was then compared to expansion with synthetic
Antigen Presenting Beads (prepared as described in PCT/US2018/043146, filed on July 20,
2018, the entire disclosure herein incorporated by reference in its entirety). CD8+ T cells were
isolated from Peripheral Blood Mononuclear Cells using an EasySep™ Human CD8+ T Cell
Isolation Kit (StemCell Technologies) according to the manufacturer’s recommended
procedure. The enriched CD8+ T cells were resuspended at 1e6/mL in growth media with IL-

21 at 30 nanograms/mL (R&D Systems). The growth media consisted Advanced RPMI 1640
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Medium (Thermo Fisher) supplemented with 10 % Human AB Serum (Corning CellGro) plus

GlutaMax (Thermo Fisher) and 50 micromolar Beta-MercaptoEthanol (Thermo Fisher).

[00299] The CD8+ T cells were then split into two samples for stimulation within the
wells having a an antigen-presenting region or synthetic antigen-presenting beads. For bead
stimulation, MART1-specific synthetic antigen-presenting beads were added to the cells at a
1:1 ratio. To each well of a standard 96-well round-bottom tissue culture microplate, 200,000
cells were plated. For antigen-presenting covalently functionalized region stimulation,
200,000 cells were plated per well of a MART1-specific antigen-presenting covalently
functionalized wells of a microplate prepared as described above. The plates were then
incubated in a standard 5% COz, 37°C incubator for two days. After two days in culture, IL-
21 was diluted to 150 nanograms/mL in growth media. 50 microliters of IL-21 diluted in
media was added to each well, and the plate was returned to the incubator additional culture.

[00300] After a total of seven days of culture, the cells were re-stimulated with MART1-
specific synthetic antigen-presenting activating beads or antigen-presenting covalently
functionalized regions of a well. For bead-based re-stimulation, from each well of the plate,
0.05 of media were removed. IL-21 was diluted to 150 ng/mL in fresh media, and synthetic
antigen-presenting activating beads were added to the IL-21/media mixture at a final density
of 4e6 beads/mL. 50 microliters of this IL-21/beads/media mixture were added to each well,
resulting in an additional 2e5 beads being added to each well.

[00301] For re-stimulation in wells having a surface containing an antigen-presenting
covalently functionalized region, 50 microliters of media were removed from each well of the
plate. The cells in the wells were resuspended by repetitive pipetting and the remaining
volume was transferred to a fresh well plate having wells including antigen-presenting
covalently functionalized region therewithin, prepared as described above. IL-21 was diluted
to 150 ng/mL in fresh growth media, and 50 microliters of this IL-21/growth media mixture
were added to each well of the fresh well plate having a surface containing an antigen-
presenting covalently functionalized region.

[00302] The next day, both sets of well plates were removed from the incubator, and 50
microliters of media again removed from each well. IL-2 (R&D Systems) was diluted into
fresh media to 50 Units/mL. To this media containing IL-2, IL-7 (R&D Systems) was added
at a final concentration of 12.5 ng/mL. 50 microliters of this IL-2/IL-7/media mixture was
added to each well, and both sets of well plates were returned to the incubator.

[00303] The next day, both sets of well plates were removed from the incubator, and 50

microliters of media again removed from each well. IL-21 was diluted into fresh media to 150
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nanograms/mL. 50 microliters of this IL-21/media mixture was added to each well, and the
well returned to the incubator.

[00304] After culturing the cells for an additional 5 days, the cells were analyzed for
antigen-specific T Cell expansion and expression of memory precursor surface markers
(CD28 and CD127).

[00305] Results: Like wells loaded with synthetic antigen-presenting beads, the wells
having a surface including an antigen-presenting covalently functionalized activating region
were generally able to expand MART1-specific T Cells (FIG. 5A), as shown by the FACs
results for bead-based activating 510 compared to that of antigen-presenting region activation
520. Nearly all wells including the antigen-presenting covalently functionalized region
yielded high numbers of antigen-specific T Cells, with total numbers of antigen-specific T
Cells being about two-fold lower for the cells 540 produced by the antigen-presenting region
compared to the cell product 530 provided from synthetic antigen-presenting beads (FIG. 5B).
However, when the expression of the memory precursor phenotype markers CD28 and
CD127 was examined, a decrease in the expression of these markers (560 of FIG. 5C (CD28
expression) and 580 of FIG. 5D (expression of CD127) respectively) on the antigen-specific T
Cells generated using the wells having an antigen-presenting activating region was observed
in comparison to the levels of expression seen for antigen-specific T cells produced by use of
synthetic antigen-presenting beads (550 of FIG. 5C (CD28 expression), and 570 of FIG. 5D
(CD127 expression), respectively) . This suggested that while the wells having an antigen-
presenting activating region could support expansion of antigen-specific T Cells, the cells
were more differentiated than the cells expanded using the synthetic antigen-presenting beads.
These results further suggested that limiting the area of stimulation in wells having synthetic
antigen-presenting activating region may be advantageous for some cell activations, such as
antigen-specific T cell stimulation.

[00306] Experiment 8. Covalently functionalized region size control. To prepare well
plates having wells with lymphocyte activating regions (in this case antigen-presenting
covalently functionalized regions for activating T cells antigen specifically of varying area on
the bottom surface of standard tissue culture microplates, standard 96-well round-bottom
tissue culture microplates (Corning) were first functionalized with 7-
Azidoheptyiltrimethylsilane as described in Experiments 1 and 2. A microplate
functionalization mixture consisting of 0.5 mM Copper Sulfate, 0.1 mM Sodium Ascorbate
and 5 mM Alkyne-PEG4-Biotin was then prepared in water. Using an automated liquid
handling robot (OpenTrons), 0.25, 0.5, 1, 2, 4, and 8 microliter drops of functionalization

mixture were delivered to the center of the wells of the coated microplate. The microplate was

-79 -



10

15

20

25

30

35

WO 2020/061499 PCT/US2019/052228

held at room temperature for 45 minutes to allow reaction of the Alkyne Biotin with the
microplate. To passivate the remaining azide and restrict the Biotin-functionalized region of
the wells to the initially spotted restricted region of deposited functionalization mixture, 0.2
mL of passivation solution (5 mM DBCO-PEG4-Carboxylic Acid in PBS) was added to each
well. This passivation reaction proceeded for 30 minutes at room temperature. The
passivation solution was removed, and the wells washed once with 0.2 mL of PBS before
proceeding.

[00307] To measure each area of the biotin-presenting covalently functionalized regions
that were formed at the bottom of the wells, the wells were then stained with 0.05 mL of 0.01
mg/mL Streptavidin conjugated to Alexa Fluor 488 (ThermoFisher Cat. No. S11223) in PBS
for 30 minutes at room temperature. The Streptavidin staining solution was washed away, and
the spots were imaged with an inverted fluorescence microscope (EVOS, ThermoFisher) that
had been calibrated with a calibration slide. The areas of the resulting circular spots were then
measured by creating lines in Imagel] across the images of the patches along several directions
and averaging the lengths. The areas of the spots were then calculated using the formula
relating the radius of a circle to its area.

[00308] Results. Increasing the volume of the functionalization mixture resulted in a
general increase in the size of the resultant functionalized region (Fig 6A). To quantify the
relationship between functionalization drop volume and functionalized area, the fluorescent
spot areas for drops of 0.25, 0.5, 1 or 2 microliters were measured. A linear fit of the spot area
vs drop volume was then calculated (FIG. 6B). This fit was then used to estimate the areas for
functionalized regions prepared using 4 microliter and 8 microliter drops. These directly
measured areas and indirectly measured areas for each covalently functionalized region were
used in the following experiments.

[00309] Experiment 9. Preparation of streptavidin functionalized well plates having a
restricted region for activation, limited to the central region of the bottom surface of wells. A
standard, 96-well round-bottom tissue culture microplate (Corning) was first coated with 7-
Azidoheptyiltrimethylsilane by CVD as described above in Experiment 1 and 2. A microplate
functionalization mixture consisting of 0.5 mM Copper Sulfate, 0.1 mM Sodium Ascorbate
and 5 mM Alkyne-PEG4-Biotin (Click Chemistry Tools, Catalog # TAT105-100) was then
prepared in water. Using an automated liquid handling robot (OpenTrons), a 1.00 microliter
drop of the microplate functionalization mixture was delivered to the center of the wells of the
coated microplate. This resulted in an approximately 2 mm diameter spot at the bottom of
each well, based on the results of Experiment 8, FIG. 6B. The microplate was held at room

temperature for 45 minutes to allow reaction of the alkyne functionality of the Alkyne-PEG4-
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Biotin reagent with the microplate. To passivate the remaining azide and restrict the Biotin-
functionalized region of the wells to the initial ~2 mm diameter spot, 0.2 mL of passivation
solution (5 mM DBCO-PEG4-Carboxylic Acid (Sigma Aldrich, Catalog # 759902-5mg) in
PBS) was added to each well. This passivation reaction proceeded for 30 minutes at room
temperature. The passivation solution was removed, and the wells washed twice with 0.2 mL
of PBS before proceeding.

[00310] To prepare the wells for binding of Biotin-conjugated peptide-HLA (pHLA,
primary stimulation) and costimulation antibodies, 0.05 mL of 0.25 mg/mL Streptavidin was
added to each well and incubated for 30 minutes at room temperature. Excess Streptavidin
was removed by washing each well twice with 0.2 mL of PBS.

[00311] Experiment 10. Functionalization of region—restricted streptavidin-presenting
well plate with T-cell activating species. To load pHLA (antigen peptide loaded site-specific
biotinylated monomeric MHC molecule having a C-terminal BirA tag for site specific
biotinylation, having a MART1 antigenic peptide preloaded into the MHC) onto the
streptavidin-presenting functionalized spots in each well, 0.05 mL of a 0.83 microgram/mL
solution of biotinylated pHLA in PBS with 0.1% BSA was added to each streptavidin
functionalized well. After 30 minutes at room temperature, the pHLA solution was removed,
and a 5 microgram/mL (total antibody) solution of biotinylated anti-CD28 antibody
(Biolegend, Catalog # 302904at 2.5micrograms/mL) and biotinylated anti-CD2 antibody
(Biolegend, Catalog # 23002040 at 2.5 micrograms/mL) in PBS with 0.1% BSA was added to
cach well. After 30 minutes, the functionalization reagents were removed by washing each
well twice with 0.2 mL PBS-BSA. Each treated well included an antigen-presenting
covalently functionalized activating region, constrained to the initially spotted area.
Functionalized microplates were prepared on the same day that T Cells were stimulated and
were stored at 4°C until cells were plated.

[00312] Experiment 11. T Cell Antigen-specific Stimulation and Expansion in wells of
functionalized well plates having a restricted activating region compared to stimulation and
expansion in the presence of synthetic antigen-presenting activating beads within a standard
well plate. CD8+ T cells were isolated from Peripheral Blood Mononuclear Cells using an
EasySep™ Human CD8+ T Cell Isolation Kit (StemCell Technologies) according to the
manufacturer’s recommended procedure. The enriched CD8+ T cells were resuspended at
le6/mL in growth media with IL-21 at 30 nanograms/mL (R&D Systems). The growth media
consisted Advanced RPMI 1640 Medium (Thermo Fisher) supplemented with 10 % Human
AB Serum (Corning CellGro) plus GlutaMax (Thermo Fisher) and 50 micromolar Beta-
MercaptoEthanol (Thermo Fisher).
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[00313] The CD8+ T cells were then split into two samples for stimulation with antigen-

presenting activating beads within a standard well plate or within the region-restricted
antigen-presenting activating well plate of Experiment 10. For antigen-presenting activating
bead stimulation, MART1- antigen-presenting activating beads (prepared as described in
PCT/US2018/043146, filed on July 20, 2018, the entire disclosure herein incorporated by
reference in its entirety) were added to the cells at a 1:1 ratio. To each well of a standard 96-
well round-bottom tissue culture microplate, 200,000 cells were plated. For region-restricted
antigen-presenting activating well plate stimulation, 200,000 cells were plated per well of an
region-restricted antigen-presenting activating well plate prepared as described in Experiment
10. The plates were then incubated in a standard 5 % COz, 37°C incubator for two days. After
two days in culture, IL-21 was diluted to 150 nanograms/mL in growth media. Fifty
microliters of IL-21 diluted in media was added to each well, and the plate was returned to the
incubator for additional culture.

[00314] After a total of seven days of culture, the cells were re-stimulated. For antigen-
presenting activating bead re-stimulation, 50 microliters of media were removed from each
well of the plate. IL-21 was diluted to 150 ng/mL in fresh media, and antigen-presenting
activating beads are added to the IL-21/media mixture at a final density of 4e6 beads/mL. 50
microliters of this IL-21/bead/media mixture were added to each well, resulting in an
additional 2e5 antigen-presenting activating beads being added to each well.

[00315] For region-restricted antigen-presenting activating well plate re-stimulation, 50
microliters of media were removed from each well of the plate. The cells in the wells were
resuspended by repetitive pipetting and the remaining volume (~0.2 mL per well) was
transferred to a freshly prepared region-restricted antigen-presenting activating well plate,
which was prepared as described in Experiment 9. IL-21 was diluted to 150 ng/mL in fresh
growth media, and 50 microliters of this IL-21/growth media mixture were added to each well
of the freshly prepared region-restricted antigen-presenting activating well plate.

[00316] The next day, the plates were removed from the incubator, and 50 microliters of
media again removed from each well. IL-2 (R&D Systems) was diluted into fresh media to 50
Units/mL. To this media containing IL-2, IL-7 (R&D Systems) was added at a final
concentration of 12.5 ng/mL. 50 microliters of this IL-2/IL-7/media mixture was added to
each well of both sets of well plates, and the well plates were returned to the incubator.

[00317] The next day, the plates were removed from the incubator, and 50 microliters of
media again removed from each well. IL-21 was diluted into fresh media to 150
nanograms/mL. 50 microliters of this IL-21/media mixture was added to each well of both

well plates, and the well plates were returned to the incubator.
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[00318] After culturing the cells for an additional 5 days, the cells from each set of region-

restricted antigen-presenting activating well plates and antigen-presenting activating bead
well plates were analyzed for antigen-specific T cell expansion and expression of memory
precursor surface markers (CD28 and CD127).

[00319] Characterization. After the two rounds of stimulation, a 50 microliter sample
was collected from each well of the antigen-presenting activating bead and region-restricted
antigen-presenting activating well plates. Cells were washed once with wash buffer (PBS +
2% Fetal Bovine Serum + 5 mM EDTA). Cells were then stained with a mixture of antibodies
against CD4 (Brilliant Violet™ 510, BioLegend Cat. No. 300545), CDS8 (PerCP-Cy5.5,
BioLegend Cat No. 344709), CD28 (FITC, BioLeend Cat. No. 302906), CD45RO (APC,
BioLegend Cat. No. 304210), CD127 (BV420, BioLegend Cat. No. 351309), as well as a
tetramer reagent (pMHC tetramer, PE) which marks antigen-specific T cells. Cells were
stained for 30 minutes at room temperature in the dark and then washed once with wash
buffer. Cells were resuspended in 0.15 mL of wash buffer with 0.01 mL of CountBright™
Beads (ThermoFisher Catalog # C36950) per well. Cell populations were then analyzed on a
FACSCelesta flow cytometer (Becton Dickinson and Co.) with High Throughput Sample (BD
Biosciences). Total cell counts in the sample were calculated from the number of cells and
CountBright beads collected in the sample according to the manufacturers recommended
protocol. Flow cytometry samples were analyzed in FlowJo (FlowJo) to determine the antigen
specific T cell frequency and expression of memory precursor markers (CD27, CD28, CD62L
and CD127).

[00320] Flow cytometry samples were analyzed in FlowJo (FlowJo) flow cytometry
analysis software program for antigen specific T cell frequency. This analysis indicated that
the region-restricted antigen-presenting activating well plates consistently yielded high
numbers of antigen specific T cells (FIG. 6B). Flow cytometric analysis indicated that region-
restricted antigen-presenting activating well plates yielded equivalent numbers of antigen
specific T cells relative to activation using antigen-presenting activating beads (FIG. 7A).
FIG. 7C shows graphic comparison of numbers of antigen positive T cells produced per well
in the region-restricted activating well compared to the numbers of antigen positive T cells
produced per well using antigen-presenting activating beads. In addition, when the antigen
specific T cells were analyzed for expression of CD127 and high levels of CD28, we observed
that the region-restricted antigen-presenting activating well plate yielded equal or higher
fractions of antigen specific T cells that expressed these markers of memory precursor T cells
(FIG. 7D). Therefore, stimulation in the region-restricted antigen-presenting activating well

plate is highly productive and yields activated T cells having a good central memory
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phenotype (e.g., indicative of Memory Precursor T Cells), and is equivalent to activation
using synthetic antigen presenting activating beads.

[00321] Experiment 12. Comparison of antigen-presenting functionalized region area to
cell product yield and phenotype. Well plates having wells containing an antigen-presenting
covalently functionalized region for activation of T cells were produced with areas ranging
from about 1 sq mm to about 23 sq mm. As shown in FIG. 8A, six different sized regions
were produced: 1 mm?; 1.7 mm?; 3.3 mm?; 5.5 mm?; 11.5 mm?; and 23 mm? (labels above
each graphical figure of FIG. 8A identify the size of the region). The size of the covalently
functionalized regions were controlled by depositing different volumes of 0.5 mM Copper
Sulfate, 0.1 mM Sodium Ascorbate and 5 mM Alkyne-PEG4-Biotin, in a similar fashion to
the process described in Experiment 8, to wells of a round-bottom 96-well microplate having
an azido-presenting covalently functionalized surface prepared as in Experiments 1 and 2.
After passivation of remaining azido moieties as described above (Experiments 8 and 9),
Streptavidin was bound to the biotin-presenting covalently functionalized regions as described
above in Experiments 8 and 9. Primary activating molecule pHLA (antigen peptide loaded
site-specific biotinylated monomeric MHC molecule having a C-terminal BirA tag for site
specific biotinylation, having a MART1 antigenic peptide preloaded into the MHC) and
coactivating molecules (costimulation antibodies biotinylated anti-CD28 and biotinylated
anti-CD2) were bound to the resultant streptavidin-presenting covalently functionalized
regions on the bottom surface of each of the wells, to generate antigen-presenting covalently
functionalized regions on the bottom surface of each of the wells, as described in Experiment
10.

[00322] T Cell Activation and Expansion within wells having antigen-presenting
covalently functionalized activating regions of varying size. Antigen-specific T Cells were
activated and expanded as described above in Experiment 11. When a second, fresh antigen-
presenting covalently functionalized region of a surface of a well plate was required in a
second round of stimulation, the same size of activating region was matched for each well of
the well plate. After completion of both rounds of stimulation, a 0.05 mL sample of cells was
collected from each well, and the frequency of antigen-specific T Cells was determined, as
well as the expression of CD28 and CD127 in the antigen-specific T Cells.

[00323] Results. Stimulation and expansion was seen for the antigen-presenting activating
regions of the wells having an area of about or just over 1 mm?, as shown in FIGS. 8A-8D.
However, the yield of antigen-specific T Cells generally increased as the area of the antigen-
presenting region increased from about 1 mm? (1.29% of the cell product were antigen-

specific) to 23 mm? (34.8% of cell product was antigen specific and CD8 high). Note that the
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population below the flow cytometry gate cutoff are antigen specific, but have downregulated
CD8 relative to the gate threshold chosen, with the amount of Antigen specific T Cells
produced being generally linear relative to the area of activation (antigen-presenting region)
as shown in FIG. 8B. Expression of CD28 in the antigen-specific T Cells was consistently
high independent of the area of the antigen-presenting region (Fig 8C). However, as the area
of the antigen-presenting region increased, the expression of CD127 by the antigen-specific T
Cells increased, indicating that antigen-presenting regions having larger areas better
supported expansion of CD127+ T Cells (Fig 8D), at least up to a point. In FIG. 8D, the
increased expression of CD127 by the antigen-specific T Cells tends to plateau when the area
of the antigen-presenting activating region exceeds about 25 mm? to about 30 mm?. This
indicates that antigen-presenting covalently functionalized region having areas of about 1mm?
to about 50 mm?, or about 3mm? to about 30 mm? provide optimized expansion of antigen-
specific T Cells retaining high levels of expression of the memory precursor marker CD127.
This result is in stark contrast to the phenotype of T cells produced without restriction of the
area of antigen-presenting activation/stimulation, as described in Experiment 7 and shown in
FIGS. 5A-5D. Accordingly, an antigen-presenting activating region having an area of less
than 100 mm?, less than 75 mm?, or less than 50 mm? can be advantageous in terms of

generating T Cells retaining high levels of expression of CD127.

[00324] When a feature or element is herein referred to as being "on" another feature or
element, it can be directly on the other feature or element or intervening features and/or
elements may also be present. In contrast, when a feature or element is referred to as being
"directly on" another feature or element, there are no intervening features or elements present.
It will also be understood that, when a feature or element is referred to as being "connected”,
"attached" or "coupled" to another feature or element, it can be directly connected, attached or
coupled to the other feature or element or intervening features or elements may be present. In
contrast, when a feature or element is referred to as being "directly connected”, "directly
attached" or "directly coupled” to another feature or element, there are no intervening features
or elements present. Although described or shown with respect to one embodiment, the
features and elements so described or shown can apply to other embodiments. It will also be
appreciated by those of skill in the art that references to a structure or feature that is disposed
"adjacent" another feature may have portions that overlap or underlie the adjacent feature.

[00325] Terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. For example, as used herein, the

nan on

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the
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context clearly indicates otherwise. It will be further understood that the terms "comprises™
and/or "comprising,” when used in this specification, specify the presence of stated features,
steps, operations, elements, and/or components, but do not preclude the presence or addition
of one or more other features, steps, operations, elements, components, and/or groups thereof.
As used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items and may be abbreviated as "/".

[00326] Spatially relative terms, such as "under", "below", "lower", "over", "upper" and
the like, may be used herein for ease of description to describe one element or feature's
relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For
example, if a device in the figures is inverted, elements described as "under” or "beneath”
other elements or features would then be oriented "over" the other elements or features. Thus,
the exemplary term "under” can encompass both an orientation of over and under. The device
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly. Similarly, the terms "upwardly"”,
"downwardly", "vertical", "horizontal" and the like are used herein for the purpose of
explanation only unless specifically indicated otherwise.

[00327] Although the terms “first” and “second” may be used herein to describe various
features/elements (including steps), these features/elements should not be limited by these
terms, unless the context indicates otherwise. These terms may be used to distinguish one
feature/element from another feature/element. Thus, a first feature/element discussed below
could be termed a second feature/element, and similarly, a second feature/element discussed
below could be termed a first feature/element without departing from the teachings of the
present invention.

[00328] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variations such as “comprises” and
“comprising” means various components can be co-jointly employed in the methods and
articles (e.g., compositions and apparatuses including device and methods). For example, the
term “comprising” will be understood to imply the inclusion of any stated elements or steps
but not the exclusion of any other elements or steps.

[00329] As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word
"about" or “approximately,” even if the term does not expressly appear. The phrase “about”

or “approximately” may be used when describing magnitude and/or position to indicate that
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the value and/or position described is within a reasonable expected range of values and/or
positions. For example, a numeric value may have a value that is +/- 0.1% of the stated value
(or range of values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value
(or range of values), +/- 5% of the stated value (or range of values), +/- 10% of the stated
value (or range of values), etc. Any numerical range recited herein is intended to include all
sub-ranges subsumed therein.

[00330] Although various illustrative embodiments are described above, any of a number of
changes may be made to various embodiments without departing from the scope of the
invention as described by the claims. For example, the order in which various described
method steps are performed may often be changed in alternative embodiments, and in other
alternative embodiments one or more method steps may be skipped altogether. Optional
features of various device and system embodiments may be included in some embodiments
and not in others. Therefore, the foregoing description is provided primarily for exemplary
purposes and should not be interpreted to limit the scope of the invention as it is set forth in
the claims.

[00331] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As
mentioned, other embodiments may be utilized and derived there from, such that structural
and logical substitutions and changes may be made without departing from the scope of this
disclosure. Such embodiments of the inventive subject matter may be referred to herein
individually or collectively by the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to any single invention or inventive
concept, if more than one is, in fact, disclosed. Thus, although specific embodiments have
been illustrated and described herein, any arrangement calculated to achieve the same purpose
may be substituted for the specific embodiments shown. This disclosure is intended to cover
any and all adaptations or variations of various embodiments. Combinations of the above
embodiments, and other embodiments not specifically described herein, will be apparent to

those of skill in the art upon reviewing the above description.

List of some embodiments of the disclosure.

[00332] 1. A well plate including a surface having a first region which is a reactive
moiety-presenting covalently functionalized region or an activating moiety-presenting
covalently functionalized region, where the reactive moiety is an azido moiety, a biotin

moiety or a streptavidin moiety and the activating moiety is a lymphocyte-activating moiety.
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[00333] 2. The well plate of embodiment 1, where the first region has an area of at least

0.5 mm?. In certain specific embodiments, the first region has an area of at least 0.6 mm?, at
least 0.7 mm?, at least 0.8 mm?, at least 0.9 mm?, at least 1.0 mm?, at least 1.1 mm?, at least
1.2 mm?, at least 1.3 mm?, at least 1.4 mm?, at least 1.5 mm?, at least 1.6 mm?, at least 1.7
mm?, at least 1.8 mm?, at least 1.9 mm?, at least 2.0 mm?, at least 2.5 mm?, at least 3.0 mm>,
at least 3.5 mm?, at least 4.0 mm?, at least 4.5 mm?, at least 5.0 mm?, at least 6.0 mm?, at least
7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least 20 mm?,
at least 25 mm?, at least 30 mm?, or any range formed by two of the foregoing endpoints. In
other specific embodiments, the first region has an area of about 0.5 mm? to about 50 mm?,
about 1.0 mm? to about 40 mm?, about 2 mm? to about 35 mm?, about 3 mm? to about 30
mm?, or about 4 mm? to about 25 mm?.

[00334] 3. The well plate of embodiment 1 or 2, where the first region has a dimension of
about 0.5 to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0
mm).

[00335] 4. The well plate of any one of embodiments 1 to 3, where the first region is
substantially circular and has a diameter of about 0.5 mm to 4.0 mm (e.g., about 1.0 mm to
about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00336] 5. The well plate of any one of embodiments 1 to 4, where the surface of the well
plate further includes a second region which is a covalently modified region including surface
blocking ligands, and optionally, where the second region surrounds the first region.

[00337] 6. The well plate of any one of embodiments 1 to 5, where the surface of the well
plate includes glass or polystyrene.

[00338] 7. The well plate of any one of embodiments 1 to 5, where the surface of the well
plate includes polypropylene, polycarbonate, polyethylene, cycloolefin copolymer, or
melamine.

[00339] 8. The well plate of any one of embodiments 1 to 7, where the first region ion has
a density of respective reactive moieties or activating moieties of at least 50/um?.

[00340] 9. The well plate of any one of embodiments 1 to 8, where the first region
includes respective reactive moieties or activating moieties linked covalently to the surface
via a linker having from 5 to about 20 backbone atoms, about 10 to about 40 backbone atoms,
or about 15 to about 50 backbone atoms selected from carbon, silicon, nitrogen and oxygen.
Alternatively, the reactive moieties or activing moieties may be linked covalently to the
surface through a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 90, 100, 200 bond lengths of a linker or any number of bond lengths therebetween.
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[00341] 10. The well plate of any one of embodiments 1 to 9, where the reactive moiety is
streptavidin, and the streptavidin functionality is covalently attached to the first region of the
surface of the well plate.

[00342] 11. The well plate of any one of embodiments 1 to 9, where the reactive moiety is
streptavidin, and the streptavidin functionality is non-covalently attached to a biotin moiety
which is itself covalently attached to the first region of the surface of the well plate.

[00343] 12. The well plate of any one of embodiments 1 to 11, where the first region is an
activating moiety-presenting covalently functionalized region including a plurality of
specifically bound primary activating molecular ligands and a plurality of specifically bound
co-activating molecular ligands.

[00344] 13. The well plate of embodiment 12, where a ratio of the primary activating
molecular ligands to the co-activating molecular ligands on the first region of the surface is
about 1:10 to about 2:1, about 1:5 to about 2:1, about 1:2 to about 2:1, about 1:10 to about
1:1, about 1:5 to about 1:1, about 1:1 to about 2:1, or about 1:2 to about 1:1.

[00345] 14. The well plate of embodiment 12 or 13, where each ligand of the plurality of
specifically bound primary activating molecular ligands includes a major histocompatibility
complex (MHC) molecule (e.g., Class I or Class II) configured to bind to a T cell receptor
(TCR) of a T cell.

[00346] 15. The well plate of embodiment 14, where the MHC molecule includes a MHC
Class I protein sequence and a beta microglobulin protein sequence.

[00347] 16. The well plate of embodiment 14 or 15, where each ligand of the plurality of
specifically bound primary activating molecular ligands includes an MHC molecule further
including an antigenic peptide.

[00348] 17. The well plate of embodiment 16, where the antigenic peptide is a tumor-
associated antigen, a viral antigen, a bacterial antigen, a fungal antigen, or a protozoan
antigen.

[00349] 18. The well plate of embodiment 17, where the antigenic peptide is a tumor-
associated antigen, and optionally, where the tumor-associated antigen is SLC45A2, TCL1,
VCX3A, MARTI1 or NYESOL.

[00350] 19. The well plate of any one of embodiments 14 to 18, where the MHC molecule
is connected to the activating moiety-presenting covalently functionalized region via a C-
terminal linkage.

[00351] 20. The well plate of any one of embodiments 12 to 19, where each ligand of the
plurality of specifically bound co-activating molecular ligands includes a T cell receptor

(TCR) co-activating molecule or an adjunct TCR activating molecule.
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[00352] 21. The well plate of embodiment 20, where a ratio of the TCR co-activating

molecules to the adjunct TCR activating molecules of the plurality of co-activating molecular
ligands is about 100:1 to about 1:100.

[00353] 22. The well plate of embodiment 20 or 21, where a ratio of the TCR co-
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands is 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1, 50:1
to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10 to
1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80 to

5

1:90, or 1:90 to 1:100, where each of the foregoing values is modified by “about”.

10 [00354] 23. The well plate of any one of embodiments 20 to 22, where a ratio of the TCR

co-activating molecules to the adjunct TCR activating molecules of the plurality of

specifically bound co-activating molecular ligands is from about 20:1 to about 1:20 or about

3:1 to about 1:3.
[00355] 24. The well plate of any one of embodiments 20 to 23, where the TCR co-

15 activating molecules include a CD28 binding protein, or a fragment thereof which retains

binding ability to CD28, and, optionally, where the CD28 binding protein or the fragment

thereof further includes a site-specific C-terminal biotin moiety.

[00356] 25. The well plate of any one of embodiment 20 to 24, where the TCR co-

activating molecules include a CD80 molecule or a fragment thereof, where the fragment

20 retains binding activity to CD28.
[00357] 26. The well plate of any one of embodiments 20 to 25, where the TCR co-

activating molecules includes an anti-CD28 antibody or a fragment thereof, where the

fragment retains binding activity to CD28.
[00358] 27. The well plate of any one of embodiments 20 to 26, where the adjunct TCR

activating molecule includes a CD2 binding protein, or a fragment thereof which retains

25
binding activity to CD2, and optionally, where the CD2 binding protein or the fragment

thereof further includes a site-specific C-terminal biotin moiety.

[00359] 28. The well plate of any one of embodiments 20 to 27, where the adjunct TCR

activating molecule includes a CD58 molecule or fragment thereof, where the fragment

30 retains binding activity with CD2.
[00360] 29. The well plate of any one of embodiments 20 to 28, where the adjunct TCR

activating molecule includes an anti-CD2 antibody or a fragment thereof, where the fragment

retains binding activity with CD2.

[00361] 30. The well plate of any one of embodiments 12 to 29, where the plurality of

35 specifically bound primary activating molecular ligands and the plurality of specifically
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bound co-activating molecular ligands are specifically bound to streptavidin functionalities of
a streptavidin-presenting first region of the well plate.

[00362] 31. The well plate of any one of embodiments 12 to 30, where the plurality of
specifically bound primary activating molecular ligands has a density of at least about 1 x10?
molecules per square micron in the first region, and optionally, a density of about 1 x 107 to
about 1 x 10° molecules per square micron in the first region.

[00363] 32. The well plate of any one of embodiments 12 to 31, where the plurality of
specifically bound co-activating molecular ligands has a density of at least 1x 10> molecules
per square micron or about 1x10° to about 1x 10° molecules per square micron in the first
region.

[00364] 33. A well plate, where each of one or more wells of the well plate includes the
surface and the first region thereof of the well plate of any one of embodiments 1 to 32 (i.c.,
the surface can be an inner surface of a single well and the well plate can have one or more
such surfaces).

[00365] 34. The well plate of embodiment 33, where the first region of each of the one or
more wells is located on a bottom surface of the corresponding well(s).

[00366] 35. The well plate of embodiment 32, where an area of each first region is less
than about 50%, less than about 25%, less than about 15%, less than about 10%, less than
about 5%, or less than about 2% of the area of the bottom surface of the corresponding
well(s).

[00367] 36. The well plate of any one of embodiments 5 to 35, where each of the surface
blocking ligands includes a hydrophilic or negatively charged moiety.

[00368] 37. The well plate of embodiment 36, where the surface blocking ligands include
polyethylene glycol (PEG) moieties.

[00369] 38. A method of activating T lymphocytes (T cells) including contacting a
plurality of T cells with an antigen-presenting covalently functionalized region of a surface of
a well plate, where the antigen-presenting covalently functionalized region includes: a
plurality of primary activating molecular ligands, each including a major histocompatibility
complex (MHC) molecule (e.g., Class I or Class II) configured to bind to a T cell receptor
(TCR) of a T cell, where each of the plurality of primary activating molecular ligands is
linked to the surface; and a plurality of co-activating molecular ligands, each including a T
cell receptor (TCR) co-activating molecule or an adjunct TCR activating molecule, where
each of the co-activating molecular ligands is linked to the surface; and culturing the plurality
of T cells in contact with the antigen-presenting covalently functionalized region of the

surface, thereby converting at least a portion of the plurality of T cells to activated T cells.
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[00370] 39. The method of embodiment 38, where the T cells include CD8+ T cells.

[00371] 40. The method of embodiment 38 or 39, where the antigen-presenting covalently
functionalized region is a first region of a surface of a well plate according to any one of
embodiments 12 to 33.

[00372] 41. The method of any one of embodiments 38 to 40, where the plurality of co-
activating molecular ligands includes TCR co-activating molecules and adjunct TCR
activating molecules.

[00373] 42. The method of any one of embodiments 38 to 41, where a ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is about 100:1 to about 1:100.

[00374] 43. The method of any one of embodiments 38 to 42, where a ratio of the TCR co
activating molecules to the adjunct TCR activating molecules of the plurality of co-activating
molecular ligands is 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to 50:1, 50:1
to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10, 1:10 to
1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80, 1:80 to
1:90, or 1:90 to 1:100, where each of the foregoing values is modified by “about”.

[00375] 44. The method of any one of embodiments 38 to 43, where the ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is from about 20:1 to about 1:20 or about 3:1 to about 1:3.

[00376] 45. The method of any one of embodiments 38 to 44, where each molecule of the
plurality of MHC molecules includes an MHC Class I protein sequence, a beta macroglobulin
protein sequence, and an antigenic peptide.

[00377] 46. The method of embodiment 45, where the protein sequence of the MHC
molecule is connected to the antigen-presenting covalently functionalized region of the
surface via a C-terminal connection of the protein sequence.

[00378] 47. The method of any one of embodiments 38 to 46, where the MHC molecule
includes a biotin moiety and is attached to the antigen-presenting covalently functionalized
region of the surface via a noncovalent interaction with streptavidin.

[00379] 48. The method of embodiment 47, where the streptavidin is itself covalently
bonded to the antigen-presenting covalently functionalized region of the surface.

[00380] 49. The method of embodiment 48, where the streptavidin is bonded to the
surface through a series of about 5, 7, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 95, 100, 200 bond lengths, or any number of bond lengths therebetween.

[00381] 50. The method of embodiment 47, where the streptavidin is noncovalently

associated with the antigen-presenting covalently functionalized region of the surface.
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[00382] 51. The method of embodiment 47 or 50, where the streptavidin is noncovalently

associated with a biotin moiety, and the biotin moiety is covalently bonded to the antigen-
presenting covalently functionalized region of the surface.

[00383] 52. The method of embodiment 51, where the biotin is linked by a linker to the
surface through a series of about 57, 9, 10 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 95, 100, 200 bond lengths, or any number of bond lengths therebetween.

[00384] 53. The method of any one of embodiments 39 to 52, where the antigenic peptide
is a tumor-associated antigen, a viral antigen, a bacterial antigen, a fungal antigen, or a
protozoan antigen.

[00385] 54. The method of embodiment 53, where the antigenic peptide is a tumor-
associated antigen, and optionally, where the tumor-associated antigen is SLC45A2, TCL1,
VCX3A, MARTI1 or NYESOL.

[00386] 55. The method of any one of embodiments 38 to 54, where each of the plurality
of co-activating molecule ligands is linked to the antigen-presenting covalently functionalized
region of the surface.

[00387] 56. The method of any one of embodiments 38 to 55, where the T cell receptor
(TCR) co-activating molecule includes a CD28 binding protein, or a fragment thereof which
retains binding ability to CD28.

[00388] 57. The method of embodiment 56, where the CD28 binding protein or the
fragment thereof further includes a site-specific C-terminal biotin moiety.

[00389] 58. The method of any one of embodiments 38 to 57, where the T cell receptor
(TCR) co-activating molecule includes a CD80 molecule or a fragment thereof, where the
fragment retains binding activity to CD28.

[00390] 59. The method of any one of embodiments 38 to 58, where the T cell receptor
(TCR) co-activating molecule includes an anti-CD28 antibody or a fragment thereof, where
the fragment retain binding activity to CD28.

[00391] 60. The method of any one of embodiments 38 to 59, where the adjunct TCR
activating molecule includes a CD2 binding protein, or a fragment thereof which retains
binding ability to CD2.

[00392] 61. The method of embodiment 60, where the CD2 binding protein or the
fragment thereof further includes a site-specific C-terminal biotin moiety.

[00393] 62. The method of any one of embodiments 38 to 61, where the adjunct TCR
activating molecule includes a CD58 molecule or fragment thereof, where the fragment

retains binding activity with CD2.
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[00394] 63. The method of any one of embodiments 38 to 62, where the adjunct TCR

activating molecule includes an anti-CD2 antibody or a fragment thereof, where the fragment
retains binding activity with CD2.

[00395] 64. The method of any one of embodiments 38 to 63, where the plurality of
specifically bound primary activating molecular ligands has a density of at least about 1 x10?
molecules per square micron in the antigen-presenting covalently functionalized region of the
surface, or, optionally, a density from about 1x 10% to about 1x 10° molecules per square
micron in the antigen-presenting covalently functionalized region of the surface.

[00396] 65. The method of any one of embodiments 38 to 64, where the plurality of
specifically bound co-activating molecular ligands has a density of at least 1x 10> to about 1
x10° molecules per square micron in the antigen-presenting covalently functionalized region
of the surface, or, optionally, about 1x10? to about 1x 10 molecules per square micron in the
antigen-presenting covalently functionalized region of the surface.

[00397] 66. The method of any one of embodiments 38 to 65, where a ratio of the
primary activating molecular ligands to the co-activating molecular ligands in the antigen-
presenting covalently functionalized region of the surface is about 1:10 to about 2:1, about 1:5
to about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1
to about 2:1, or optionally, about 1:2 to about 1:1.

[00398] 67. The method of any one of embodiments 38 to 66, where a ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is about 3:1 to about 1:3.

[00399] 68. The method of any one of embodiments 38 to 67, where a ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is about 2:1 to about 1:2.

[00400] 69. The method of any one of embodiments 38 to 68, where a ratio of the TCR
co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is about 1:1.

[00401] 70. The method of any one of embodiments 39 to 69, further including contacting
the plurality of T cells with a plurality of adhesion-stimulating molecular ligands, and
optionally, where the plurality of adhesion-stimulating molecular ligands include an ICAM
molecule.

[00402] 71. The method of embodiment 70, where the plurality of adhesion-stimulating
molecular ligands is covalently attached to the region outside of the antigen-presenting

covalently functionalized region of the surface of the well plate.
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[00403] 72. The method of any one of embodiments 38 to 71, further including contacting

the plurality of T cells with a plurality of growth stimulatory molecular ligands.

[00404] 73. The method of embodiment 72, where each of the growth stimulatory
molecular ligands includes a growth factor receptor ligand.

[00405] 74. The method of embodiment 73, where the growth factor receptor ligand
includes IL-21 or a fragment thereof.

[00406] 75. The method of any one of embodiments 72 to 74, where contacting with the
plurality of growth stimulatory molecular ligands is performed after a first period of culturing
of at least one day.

[00407] 76. The method of any one of embodiments 38 to 75, where culturing in contact
with the antigen-presenting synthetic surface is performed for a period from about four days
to about seven days.

[00408] 77. The method of any one of embodiments 38 to 76, further including:
completing a first period of activation in contact with the antigen-presenting covalently
functionalized region of the surface; and, culturing the plurality of activated T cells in contact
with the antigen-presenting covalently functionalized region of the surface for a second period
of culturing, thereby providing an expanded plurality of activated T cells.

[00409] 78. The method of embodiment 77, further including adding a second plurality of
growth stimulatory molecular ligands during the second culturing period.

[00410] 79. The method of embodiment 77 or 78, where a plurality of IL-2 molecules and
a plurality of IL-7 molecules are added to contact the activated T cells for a remainder of the
second culturing period.

[00411] 80. The method of any one of embodiments 76 to 79, where culturing in contact
with the antigen-presenting covalently functionalized region of the surface is performed for a
period from about four days to about seven days.

[00412] 81. The method of any one of embodiments 77 to 80, further including:
completing the second period of activation in contact with the antigen-presenting covalently
functionalized region of the surface; and, culturing the expanded plurality of activated T cells
in contact with the antigen-presenting covalently functionalized region of the surface for a
third period of culturing, thereby providing a plurality of highly activated T cells.

[00413] 82. The method of embodiment 81, further including adding a third plurality of
growth stimulatory molecular ligands during the third culturing period.

[00414] 83. The method of embodiment 81 or 82, where a plurality of IL-2 molecules and
a plurality of IL-7 molecules are added to contact the activated T cells for a remainder of the

third culturing period.
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[00415] 84. The method of any one of embodiments 81 to 83, where the culturing in

contact with the antigen-presenting covalently functionalized region of the surface is
performed for a third period from about four days to about seven days.

[00416] 85. The method of any one of embodiments 38 to 84, where the activated T cell
is CD45RO+.

[00417] 86. The method of any one of embodiments 38 to 85, where the activated T cell is
CD28 positive.

[00418] 87. The method of any one of embodiments 38 to 86, where an area of the
antigen-presenting functionalized region is less than about 50%, less than about 25%, less
than about 15%, less than about 10%, less than about 5%, or less than about 2% of the area of
a bottom surface of a well of the well plate.

[00419] 88. A method of activating a lymphocyte, including contacting a plurality of
lymphocytes with an activating moiety-presenting covalently functionalized region of a
surface of a well plate, where the activating moiety-presenting covalently functionalized
region includes a plurality of primary activating molecular ligands linked to the surface; and a
plurality of co-activating molecular ligands linked to the surface; and culturing the plurality of
lymphocytes, thereby converting at least a portion of the plurality of lymphocytes to activated
lymphocytes.

[00420] 89. The method of embodiment 88, where the lymphocytes include B cells, T
cells or NK cells.

[00421] 90. The method of embodiment 88 or 89, where the activating moiety-presenting
covalently functionalized region is a first region of a surface of a well plate according to any
one of embodiments 1 to 13.

[00422] 91. The method of any one of embodiments 88 to 90, where the primary
activating molecular ligands include a CD3 binding molecule or an MHC molecule (e.g.,
MHC Class I or MHC Class II).

[00423] 92. The method of embodiment 91, where the plurality of MHC molecules each
include an MHC Class I protein sequence and a beta microglobulin protein sequence.

[00424] 93. The method of embodiment 91or 92, where the MHC molecule further
includes an antigenic peptide.

[00425] 94. The method of embodiment 93, where the CD3 binding protein is an antibody
or a fragment thereof that retains binding affinity.

[00426] 95. The method of any one of embodiments 88 to 94, where the plurality of co-
activating molecular ligands includes TCR co-activating molecules and adjunct TCR

activating molecules.
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[00427] 96. The method of any one of embodiments 88 to 95, where the plurality of co-

activating molecular ligands includes a CD2 binding molecule and/or a CD28 binding
molecule.

[00428] 97. The method of embodiments 95 or 96, where more than one type of co-
activating molecular ligands are present, the ratio of differing co-activating molecular ligands
is about 20:1 to about 1:20 or about 3:1 to about 1:3.

[00429] 98. The method of any one of embodiments 88 to 97, where the plurality of
specifically bound primary activating molecular ligands has a density of at least about 1 x 107
molecules per square micron, or from about 1 x 107 to about 1 x 10° molecules per square
micron in the activating moiety-presenting covalently functionalized region of the surface.

[00430] 99. The method of any one of embodiments 88 to 98, where the plurality of
specifically bound co-activating molecular ligands has a density of at least 1 x 10* molecules
per square micron, or from about 1 x 10? to about 1 x 10° molecules per square micron, or
from about 1 x 10? to about 1 x 10° molecules per square micron in the activating moiety-
presenting covalently functionalized region of the surface.

[00431] 100. The method of any one of embodiments 88 to 99, where a ratio of the
primary activating molecular ligands to the co-activating molecular ligands in the activating
moiety-presenting covalently functionalized region e is about 1:10 to about 2:1, about 1:5 to
about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1 to
about 2:1, or about 1:2 to about 1:1.

[00432] 101. The method of any one of embodiments 88 to 100, further including
contacting the plurality of lymphocytes with a plurality of growth stimulatory molecular
ligands.

[00433] 102. The method of embodiment 1012, where each of the growth stimulatory
molecular ligands includes a growth factor receptor ligand.

[00434] 103. The method of embodiment 102, where the growth factor receptor ligand
includes IL-21 or a fragment thereof.

[00435] 104. The method of any one of embodiments 101 to 103, where contacting with
the plurality of growth stimulatory molecular ligands is performed after a first period of
culturing of at least one day.

[00436] 105. The method of any one of embodiments 88 to 104, where culturing in
contact with the activating moiety-presenting covalently functionalized region is performed
for a period from about four days to about seven days.

[00437] 106. The method of any one of embodiment 89 to 107, where an area of the

activating moiety-presenting functionalized region is less than about 25%, less than about
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15%, less than about 10%, less than about 5%, or less than about 2% of an area of a bottom

surface of a well of the well plate.

[00438] 107. A kit for preparing a well plate including a surface having an activating
moiety-presenting covalently functionalized region, including a well plate including a surface
including a reactive moiety-presenting covalently functionalized region, where the reactive
moiety is an azido moiety, a biotin moiety or a streptavidin moiety; and an activating reagent;
and optionally, a surface functionalization reagent.

[00439] 108. The kit of embodiment 107, where the kit includes the surface
functionalization reagent, and where the surface functionalization reagent is a biotin
containing reagent or a streptavidin containing reagent configured to react with the reactive
moiety.

[00440] 109. The kit of embodiment 108, where the kit further includes both a biotin
containing reagent and a streptavidin containing reagent.

[00441] 110. The kit of any one of embodiments 107 to 109, where the well plate
including the surface including the reactive moiety-presenting covalently functionalized
region is the well plate of any one of embodiments 1 to 11, the well plate of any one of
embodiments 31 to 33, or the well plate having the reactive moiety-presenting covalently
functionalized region of any one of embodiments 33 to 37 .

[00442] 111. The kit of any one of embodiments 107 to 110, where the activating reagent
includes a primary activating reagent including a plurality of major histocompatibility
complex (MHC)molecules (e.g., Class I or Class II) configured to bind with a T cell receptor
of the T cell, and configured to bind to a binding site of streptavidin or a plurality of CD3
binding molecules.

[00443] 112. The kit of any one of embodiments 107 to 111, further including a co-
activating reagent including a plurality of co-activating molecules, each configured to bind a
binding site of streptavidin, and where each of the co-activating molecules includes a T cell
receptor (TCR) co-activating molecule or an adjunct TCR activating molecule.

[00444] 113. The kit of embodiment 112, where the plurality of co-activating molecules
includes T cell receptor (TCR) co-activating molecules and adjunct TCR activating
molecules.

[00445] 114. The kit of any one of embodiments 107 to 113, further including a co-
activating reagent including a plurality of co-activating molecules, each configured to bind a
binding site of streptavidin, and where each of the co-activating molecules includes a CD2

binding molecule or a CD28 binding molecule.
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[00446] 115. The kit of any one of embodiments 107 to 114, further including a reagent

including growth stimulatory molecules, where each growth stimulatory molecule includes a
growth factor receptor ligand.

[00447] 116. The kit of embodiment 115, where the growth factor receptor ligand includes
IL-21 or a fragment thereof.

[00448] 117. The kit of embodiment 115 or 116, further including a second growth
stimulatory molecule including IL-7 or IL-2.

[00449] 118. A well plate including a surface having an azido-presenting covalently
functionalized region.

[00450] 119. The well plate of embodiment 118, where each of one or more wells of the
well plate includes a surface (i.e., an inner surface) having an azido-presenting covalently
functionalized region.

[00451] 120. The well plate of embodiment 119, where the azido-presenting covalently
functionalized region of each of the one or more wells is located on a bottom surface of the
corresponding well.

[00452] 121. The well plate of any one of embodiments 118 to 120, where the surface of
the well plate or the surface of the one or more wells of the well plate includes glass or
polystyrene.

[00453] 122. The well plate of any one of embodiments 118 to 121, where the surface of
the well plate or one or more wells includes polypropylene, polycarbonate, polyethylene,
cycloolefin copolymer, or melamine.

[00454] 123. The well plate of any one of embodiments 118 to 122, where the azido-
presenting covalently functionalized region has an area of at least 0.5 mm?. In certain specific
embodiments, the azido-presenting covalently functionalize region has an area of at least 1.0
mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0 mm?,
at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at least
20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45 mm?,
at least 50 mm?, at least 75 mm?, at least 100 mm?, at least 150 mm?, at least 200 mm?, at least
250 mm?, at least 300 mm?, at least 400 mm?, at least 500 mm?, at least 600 mm?, at least 700
mm?, at least 800 mm?, at least 900 mm?, at least 1,000 mm?, at least 2,000 mm?, at least
3,000 mm?, at least 4,000 mm?, at least 5,000 mm?, at least 6,000 mm?, at least 7,000 mm?, at
least 8,000 mm?, at least 9,000 mm?, at least 10,000 mm?, at least 20,000 mm?, at least 30,000
mm?, at least 40,000 mm?, at least 50,000 mm?, at least 60,000 mm?, at least 70,000 mm?, at
least 80,000 mm?, at least 90,000 mm?, at least 100,000 mm?, or more (e.g., substantially all

of the inner surface of a well, or each of two or more wells, of the well plate).
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[00455] 124. The well plate of any one of embodiments 118 to 123, where the azido-

presenting covalently functionalized region has a density of azido groups of at least 50/um?.

[00456] 125. The well plate of any one of embodiments 118 to 124, where the azido-
presenting covalently functionalized region includes azido functionalities linked covalently to
the surface via a linker having five or more backbone atoms selected from carbon, silicon,
nitrogen and oxygen. In specific embodiments, the linker can have from 5 to about 20
backbone atoms, or about 10 to about 40 backbone atoms, or a series of about 5, 7, 9, 10, 11,
13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, any
number of bond lengths therebetween.

[00457] 126. A well plate including a surface including a biotin-presenting covalently
functionalized region. In certain embodiments, the surface includes a plurality of biotin-
presenting covalently functionalized regions.

[00458] 127. The well plate of embodiment 126, where each of one or more wells of the
well plate includes a surface (i.e., an inner surface) having one (or more) biotin-presenting
covalently functionalized region(s).

[00459] 128. The well plate of embodiment 127, where the biotin-presenting covalently
functionalized region(s) of each of the one or more wells is located on a bottom surface of the
corresponding well.

[00460] 129. The well plate of any one of embodiments 126 to 128, where the surface of
the well plate or the surface of the one or more wells includes glass or polystyrene.

[00461] 130. The well plate of any one of embodiments 126 to 129, where the surface of
the well plate or the surface of the one or more wells includes polypropylene, polycarbonate,
polyethylene, cycloolefin copolymer, or melamine.

[00462] 131. The well plate of any one of embodiments 126 to 130, where each biotin-
presenting covalently functionalized region has an area of at least 0.5 mm?. In certain specific
embodiments, each biotin-presenting covalently functionalize region has an area of at least
1.0 mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least 5.0 mm?, at least 6.0
mm?, at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10 mm?, at least 15 mm?, at
least 20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at least 40 mm?, at least 45
mm?, or at least 50 mm?>. In certain specific embodiments, each biotin-presenting covalently
functionalize region has an area of no more than 100 mm?®.

[00463] 132. The well plate of any one of embodiments 126 to 131, where each biotin-
presenting covalently functionalized region has a density of biotin functionalities of at least

50/um?.
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[00464] 133. The well plate of any one of embodiments 126 to 132, where each biotin-

presenting covalently functionalized region includes biotin functionalities linked covalently to
the surface via a linker having from ten or more backbone atoms selected from carbon,
silicon, nitrogen and oxygen. In specific embodiments, the linker can have from about 10 to
about 40 backbone atoms, or a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, any number of bond lengths
therebetween.

[00465] 134. The well plate of any one of embodiments 126 to 133, where the area of
each biotin-presenting covalently functionalized region is less than about 50%, less than about
25%, less than about 15%, less than about 10%, less than about 5%, or less than about 2% of
the area of the bottom surface of each of the one or more wells.

[00466] 135. The well plate of any one of embodiments 126 to 134, where each biotin-
presenting covalently functionalized region has a dimension of 0.5 to 4.0 mm (e.g., about 1.0
mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00467] 136. The well plate of any one of embodiments 126 to 135, where each biotin
presenting covalently functionalized region is substantially circular and has a diameter of 0.5
to 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00468] 137. A well plate including a surface including a streptavidin-presenting
covalently functionalized region. In certain embodiments, the surface includes a plurality of
streptavidin-presenting covalently functionalized regions.

[00469] 138. The well plate of embodiment 137, where each of one or more wells of the
well plate includes a surface (i.e., inner surface) having one (or more) streptavidin-presenting
covalently functionalized region(s).

[00470] 139. The well plate of embodiment 138, where the streptavidin-presenting
covalently functionalized region(s) of each of the one or more wells is located on a bottom
surface of the corresponding well.

[00471] 140. The well plate of any one of embodiments 137 to 139, where the surface of
the well plate or one or more wells includes glass or polystyrene.

[00472] 141. The well plate of any one of embodiments 137 to 140, where the surface of
the well plate or one or more wells includes polypropylene, polycarbonate, polyethylene,
cycloolefin copolymer, or melamine.

[00473] 142. The well plate of any one of embodiments 137 to 141, where each
streptavidin-presenting covalently functionalized region has an area of at least 0.5 mm?. In
certain specific embodiments, each streptavidin-presenting covalently functionalize region

has an area of at least 1.0 mm?, at least 2.0 mm?, at least 3.0 mm?, at least 4.0 mm?, at least
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5.0 mm?, at least 6.0 mm?, at least 7.0 mm?, at least 8.0 mm?, at least 9.0 mm?, at least 10
mm?, at least 15 mm?, at least 20 mm?, at least 25 mm?, at least 30 mm?, at least 35 mm?, at
least 40 mm?, at least 45 mm?, or at least 50 mm?. In certain specific embodiments, each
streptavidin-presenting covalently functionalize region has an area of no more than 100 mm?.

[00474] 143. The well plate of any one of embodiments 137 to 142, where each
streptavidin-presenting covalently functionalized region has a density of streptavidin
functionalities of at least 50/um?.

[00475] 144. The well plate of any one of embodiments 137 to 143, where each
streptavidin functionality is covalently attached to the covalently functionalized region of the
surface of the well plate or the one or more wells of the well plate.

[00476] 145. The well plate of any one of embodiments 137 to 144, where each
streptavidin functionality is non-covalently attached to a biotin moiety which is itself
covalently attached to the covalently functionalized region of the surface of the well plate or
the one or more wells of the well plate.

[00477] 146. The well plate of any one of embodiments 138 to 145, where each
streptavidin-presenting covalently functionalized region has an area of less than about 50% of
an area of a bottom surface of each of the one or more wells.

[00478] 147. The well plate of any one of embodiments 138 to 146, where the area of
each streptavidin-presenting covalently functionalized region is less than about 25%, less than
about 15%, less than about 10%, less than about 5%, or less than about 2% of the area of the
bottom of each of the one or more wells.

[00479] 148. The well plate of any one of embodiments 137 to 147, where each
streptavidin-presenting covalently functionalized region has a dimension of 0.5 to 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00480] 149. The well plate of any one of embodiments 137 to 148, where each
streptavidin-presenting covalently functionalized region is substantially circular and has a
diameter of 0.5 to 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0
mm).

[00481] 150. The well plate of any one of embodiments 126 to 149, where the surface of
the well plate includes a plurality of biotin-presenting or streptavidin-presenting covalently
functionalized regions.

[00482] 151. The well plate of embodiment 150, where the plurality of biotin-presenting
or streptavidin-presenting covalently functionalized regions are clustered on the bottom of a

well of the well plate.
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[00483] 152. The well plate of embodiment 151, where an area of each of the plurality of

biotin-presenting or streptavidin-presenting covalently functionalized regions is less than
about 5%, less than about 2%, or less than about 1% of an area of the bottom of each of the
one or more wells, and further where a total area of the plurality of regions is less than about
50% or less than about 25% of the area of the bottom of each of the one or more wells.

[00484] 153. The well plate of any one of embodiments 137 to 152, where the
streptavidin-presenting covalently functionalized region includes streptavidin functionalities
linked covalently to the surface via a linker having ten or more backbone atoms selected from
carbon, silicon, nitrogen and oxygen. In specific embodiments, the linker can have from
about 10 to about 50 backbone atoms, or a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, any number of bond lengths
therebetween.

[00485] 154. The well plate of any one of embodiments 126 to 153, where the surface of
the well plate or each of the one or more wells further includes a second covalently modified
region including surface blocking ligands.

[00486] 155. The well plate of embodiment 154, where each of the surface blocking
ligands includes a hydrophilic or negatively charged moiety.

[00487] 156. The well plate of embodiment 154 or 155, where the surface blocking
ligands include polyethylene glycol (PEG) moieties.

[00488] 157. The well plate of any one of embodiments 154 to 156, where the second
covalently modified region further includes at least one ligand providing a moiety stimulating
adherence.

[00489] 158. The well plate of any one of embodiments 137 to 157, where the streptavidin
functionality is covalently or non-covalently attached to the covalently functionalized region
of the surface of any one of embodiments 122 to 129.

[00490] 159. A well plate including a surface including an antigen-presenting covalently
functionalized region of the well plate for activating a T cell.

[00491] 160. The well plate of embodiment 159, where each of one or more wells of the
well plate includes a surface having an antigen-presenting covalently functionalized region.

[00492] 161. The well plate of embodiment 159 or 160, where the antigen-presenting
covalently functionalized region of each of the one or more wells is located on a bottom
surface of the corresponding well.

[00493] 162. The well plate of any one of embodiments 159 to 161, where the antigen-

presenting covalently functionalized region includes a plurality of specifically bound primary
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activating molecular ligands and a plurality of specifically bound co-activating molecular
ligands.

[00494] 163. The well plate of embodiment 162, where the plurality of specifically bound
primary activating molecular ligands each includes a major histocompatibility complex
(MHC) molecule (e.g., Class I or Class II) configured to bind to a T cell receptor of the T cell.

[00495] 164. The well plate of embodiment 163, where the MHC molecule includes an
MHC Class I protein sequence and a beta microglobulin protein sequence.

[00496] 165. The well plate of embodiment 163 or 164, where each of the plurality of
primary activating molecules including an MHC molecule further includes an antigenic
peptide, and optionally a tumor associated antigen, a viral antigen, a bacterial antigen, a
fungal antigen, or a protozoan antigen.

[00497] 166. The well plate of embodiment 165, where the antigenic peptide is a tumor
associated antigen, and optionally, the tumor associated antigen is SLC45A2, TCL1, VCX3A,
MART]1 or NYESOL.

[00498] 167. The well plate of any one of embodiments 163 to 166, where the protein
sequence of the MHC molecule is connected to the antigen-presenting synthetic surface via a
C-terminal connection of the protein sequence.

[00499] 168. The well plate of any one of embodiments 162 to 167, where the plurality of
specifically bound co-activating molecular ligands each include a T cell receptor (TCR) co-
activating molecule or an adjunct TCR activating molecule.

[00500] 169. The well plate of embodiment 168, where a ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules of the plurality of co-activating molecular
ligands is about 100:1 to about 1:100.

[00501] 170. The well plate of any one of embodiments 168 to 169, where a ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to
50:1, 50:1 to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10,
1:10 to 1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80,
1:80 to 1:90, or 1:90 to 1:100, where each of the foregoing values is modified by “about”.

[00502] 171. The well plate of any one of embodiments 168 to 170, where a ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is from about 20:1 to about 1:20 or about 3:1 to about 1:3.

[00503] 172. The well plate of any one of embodiments 168 to 171, where the TCR co-
activating molecules include a CD28 binding protein or a fragment thereof, which retains

binding ability to CD28.
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[00504] 173. The well plate of embodiment 172, where the CD28 binding protein or the

fragment thereof further includes a site-specific C-terminal biotin moiety.

[00505] 174. The well plate of any one of embodiments 168 to 173, where the T cell
receptor (TCR) co-activating molecules include a CD80 molecule or a fragment thereof,
where the fragment retains binding activity to CD28.

[00506] 175. The well plate of any one of embodiments 168 to 174, where the T cell
receptor (TCR) co-activating molecule includes an anti-CD28 antibody or a fragment thereof.

[00507] 176. The well plate of any one of embodiments 168 to 175, where the adjunct
TCR activating molecule includes a CD2 binding protein.

[00508] 177. The well plate of embodiment 176, where the CD2 binding protein or the
fragment thereof further includes a site-specific C-terminal biotin moiety.

[00509] 178. The well plate of any one of embodiments 168 to 179, where the adjunct
TCR activating molecule includes a CD58 molecule or fragment thereof, where the fragment
retains binding activity with CD2.

[00510] 179. The well plate of any one of embodiments 168 to 178, where the adjunct
TCR activating molecule includes an anti-CD2 antibody or a fragment thereof.

[00511] 180. The well plate of any one of embodiments 166 to 179, where the plurality of
specifically bound primary activating molecular ligands and a plurality of specifically bound
co-activating molecular ligands are specifically bound to streptavidin functionalities of the
streptavidin-presenting covalently functionalized region of the well plate of any one of
embodiments 1 to 11, embodiments 31 to 33, or any one of embodiments 137 to 159

[00512] 181. The well plate of any one of embodiments 166 to 180, where the plurality of
specifically bound primary activating molecular ligands has a density of at least about 1 x10?
molecules per square micron or from about 1 x 107 to about 1 x 10° molecules per square
micron in the antigen-presenting covalently functionalized region.

[00513] 182. The well plate of any one of embodiments 166 to 181, where the plurality of
specifically bound co-activating molecular ligands has a density from about 1x 107 to about 1
x10° molecules per square micron or about 1x10? to about 1x 10° molecules per square
micron in the antigen-presenting covalently functionalized region.

[00514] 183. A method of preparing a well plate including a surface having an azido-
presenting covalently functionalized region, the method including:

[00515] contacting oxide moieties of a portion of the surface of the well plate with an
azido-containing coupling reagent; and

[00516] forming the azido-presenting covalently functionalized region of the well plate.
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[00517] 184. The method of embodiment 183, where the method further includes plasma

cleaning the surface of the well plate before the contacting of the oxide moieties of the portion
of the surface with the azido containing coupling reagent.

[00518] 185. The method of embodiment 183 or 184, where the azido containing coupling
reagent is present in a gaseous phase when the contacting occurs.

[00519] 186. The method of any one of embodiments 183 to 185, where the azido
containing coupling reagent includes a linker having a carbon backbone of 5 to 9 carbons.

[00520] 187. The method of embodiment 186, where the linker has a carbon backbone of
7 carbons.

[00521] 188. The method of any one of embodiments 183 to 187, where the surface of the
well plate includes (or consists of, or consists essentially of) glass, polystyrene,
polypropylene, polycarbonate, polyethylene, cycloolefin copolymer or melamine.

[00522] 189. The method of any one of embodiments 183 to 188, where the azido-
presenting covalently functionalized region has a density of azido groups of at least 50/um?.
[00523] 190. The method of any one of embodiments 183 to 189, where contacting oxide

moieties of the portion of the surface of the well plate with an azido-containing coupling
reagent includes contacting a surface of each of one or more wells of the well plate with the
azido-containing coupling reagent, thereby forming a surface having an azido-presenting
covalently functionalized region in each of the one or more wells.

[00524] 191. The method of embodiment 190, where the contacting the surface of the one
or more wells includes contacting a bottom surface of the corresponding well with the azido-
containing coupling reagent thereby forming an azido-presenting covalently functionalized
region on the bottom surface of each of the one or more wells.

[00525] 192. The method of embodiment 191, where the contacting the bottom surface of
each of the one or more wells includes contacting only the bottom surface, thereby forming an
azido-presenting covalently functionalized region on only the bottom surface of each of the
one or more wells.

[00526] 193. A method of preparing a well plate including a surface having a biotin-
presenting covalently functionalized region, the method including:

[00527] contacting a portion of the surface of the well plate with a reagent including a
biotin moiety linked to a reactive group, where the reactive group is configured to react with
reactive moieties of the surface, thereby forming a biotin-presenting functionalized region of
the well plate, and

[00528] contacting the surface of the well plate with a reagent including surface blocking

ligands linked to a reactive group, where the reactive group is configured to react with
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reactive moieties of the surface, thereby providing a blocking ligand-modified region of the
surface.

[00529] 194. The method of embodiment 193, where the blocking ligand-modified region
and the biotin-presenting region cover the entire surface, and optionally, where the blocking
ligand-modified region and the biotin-presenting region are non-overlapping regions of the
surface.

[00530] 195. The method of embodiment 193 or 194, where contacting the portion of the
surface of the well plate with the reagent including the biotin moiety linked to the reactive
group includes contacting a surface within each of one or more wells of the well plate.

[00531] 196. The method of embodiment 195, where contacting each of the one or more
wells further includes contacting each of the one or more wells at a bottom surface of the
corresponding well with the reagent including the biotin moiety linked to the reactive group
thereby producing the biotin-presenting covalently functionalized region on the bottom
surface of the corresponding well.

[00532] 197. The method of embodiment 196, where the biotin-presenting covalently
functionalized region is formed only on the bottom surface of the corresponding well.

[00533] 198. The method of any one of embodiments 193 to 197, where the biotin-
presenting covalently functionalized region has a density of biotin functionalities of at least
50/um?>.

[00534] 199. The method of any one of embodiments 193 to 198, where the biotin-
presenting covalently functionalized region has an area of less than about 50% of an area of
the bottom of each of the one or more wells.

[00535] 200. The method of any one of embodiments 193 to 199, where an area of the
biotin-presenting covalently functionalized region is less than about 25%, less than about
15%, less than about 10%, less than about 5%, less than about 2%, or less than about 1% of
the area of the bottom of each of the one or more wells.

[00536] 201. The method of any one of embodiments 193 to 200, where an area of the
biotin-presenting covalently functionalized region has an area of less than about 35mm?,
about 20 mm?, about 12 mm?, about 5 mm?, less than about 2 mm?, or less than about Imm?.

[00537] 202. The method of any one of embodiments 193 to 201, where the biotin-
presenting covalently functionalized region has a dimension of about 0.5 mm to about 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00538] 203. The method of any one of embodiments 193 to 202, where the biotin-

presenting covalently functionalized region is substantially circular and has a diameter of
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about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm).

[00539] 204. The method of any one of embodiments 196 to 203, further including
contacting a plurality of regions of the bottom of each of the one or more wells with the
reagent including the biotin moiety linked to the reactive group, thereby producing a plurality
of biotin-presenting regions in each of the one or more wells.

[00540] 205. The method of any one of embodiments 193 to 204, where the reagent
including the biotin moiety linked to the reactive group is a copper-dependent Click coupling
reagent.

[00541] 206. The method of embodiment 205, further including contacting the surface of
the well plate with a thiol-containing reagent or a copper-chelating reagent subsequent to
contacting the portion of the surface with the copper-dependent Click coupling reagent and
prior to contacting the surface with the reagent including surface blocking ligands.

[00542] 207. The method of any one of embodiments 193 to 206, where each of the
surface blocking ligands includes a hydrophilic or negatively charged moiety.

[00543] 208. The method of any one of embodiments 193 to 207, where the surface
blocking ligands include polyethylene glycol (PEG) moieties.

[00544] 209. The method of any one of embodiments 196 to 208, further including
contacting one or more surfaces of each of the one or more wells with a reagent including a
ligand configured to provide adherence stimulation, where the contacting is performed after
contacting the surface of each of the one or more wells with the reagent including the biotin
moiety linked to the reactive group, thereby disposing ligands configured to provide
adherence stimulation outside of the biotin-presenting region of the one or more wells.

[00545] 210. The method of any one of embodiments 193 to 209, where the reactive
moieties are disposed within one or more wells of the well plate.

[00546] 211. The method of any one of embodiments 1937 to 2104, where the reactive
moieties of the surface include azido or alkynyl reactive moieties.

[00547] 212. The method of any one of embodiments 193 to 211, where the well plate
includes glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin
copolymer or melamine.

[00548] 213. A method of preparing a well plate including a surface having a streptavidin-
presenting covalently functionalized region, the method including contacting a portion of the
surface of the well plate with a reagent including a streptavidin functionality linked to a
reactive group or a reagent including a biotin moiety linked to a reactive group, where the

reactive group is configured to react with reactive moieties of the surface, and, when the
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reagent includes the biotin moiety linked to the reactive group, subsequently contacting the
portion of the surface with streptavidin, thereby forming a streptavidin-presenting
functionalized region of the well plate, and contacting the surface of the well plate with a
reagent including surface blocking ligands linked to a reactive group, where the reactive
group is configured to react with reactive moieties of the surface, thereby providing a
blocking ligand-modified region of the surface.

[00549] 214. The method of embodiment 213, where the blocking ligand-modified region
and the streptavidin-presenting region cover the entire surface, and optionally, where the
blocking ligand-modified region and the streptavidin-presenting region are non-overlapping
regions of the surface.

[00550] 215. The method of embodiment 213 or 214, where contacting the portion of the
surface of the well plate with the reagent including the streptavidin moiety linked to the
reactive group or the reagent including the biotin moiety includes contacting a surface within
each of one or more wells of the well plate.

[00551] 216. The method of embodiment 215, where contacting each of the one or more
wells further includes contacting each of the one or more wells at a bottom surface of the
corresponding well with the reagent including the streptavidin moiety linked to the reactive
group or with the reagent including the biotin moiety linked to the reactive group, thereby
producing the streptavidin-presenting covalently functionalized region on the bottom surface
of the corresponding well.

[00552] 217. The method of embodiment 216, where the streptavidin-presenting
covalently functionalized region is formed only on the bottom surface of the corresponding
well.

[00553] 218. The method of any one of embodiments 213 to 217, where the streptavidin -
presenting covalently functionalized region has a density of streptavidin functionalities of at
least 50/um?.

[00554] 219. The method of any one of embodiments 213 to 218, where the streptavidin -
presenting covalently functionalized region has an area of less than about 50% of an area of
the bottom of each of the one or more wells.

[00555] 220. The method of any one of embodiments 213 to 219, where an area of the
streptavidin-presenting covalently functionalized region is less than about 25%, less than
about 15%, less than about 10%, less than about 5%, less than about 2%, or less than about

1% of the area of the bottom of each of the one or more wells.
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[00556] 221. The method of any one of embodiments 213 to 220, where an area of the

streptavidin-presenting covalently functionalized region has an area of less than about 35mm?,
about 20 mm?, about 12 mm?, about 5 mm?, less than about 2 mm?, or less than about Imm?.

[00557] 222. The method of any one of embodiments 213 to 221, where the streptavidin-
presenting covalently functionalized region has a dimension of about 0.5 mm to about 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00558] 223. The method of any one of embodiments 213 to 222, where the streptavidin-
presenting covalently functionalized region is substantially circular and has a diameter of
about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm).

[00559] 224. The method of any one of embodiments 213 to 223, further including
contacting a plurality of regions of the bottom of each of the one or more wells with the
reagent including the streptavidin moiety linked to the reactive group or with the reagent
including the biotin moiety linked to the reactive group, thereby producing a plurality of
streptavidin-presenting regions in each of the one or more wells.

[00560] 225. The method of any one of embodiments 213 to 224, where the reagent
including the streptavidin moiety linked to the reactive group or the reagent including the
biotin moiety linked to the reactive group is a copper-dependent Click coupling reagent.

[00561] 226. The method of embodiment 225, further including contacting the surface of
the well plate with a thiol-containing reagent or a copper-chelating reagent subsequent to
contacting the portion of the surface with the copper-dependent Click coupling reagent and
prior to contacting the surface with the reagent including surface blocking ligands.

[00562] 227. The method of any one of embodiments 213 to 226, where each of the
surface blocking ligands includes a hydrophilic or negatively charged moiety.

[00563] 228. The method of any one of embodiments 213 to 227, where the surface
blocking ligands include polyethylene glycol (PEG) moieties.

[00564] 229. The method of any one of embodiments 215 to 228, further including
contacting one or more surfaces of each of the one or more wells with a reagent including a
ligand configured to provide adherence stimulation, where the contacting is performed after
contacting the surface of each of the one or more wells with the reagent including the
streptavidin moiety linked to the reactive group or with the reagent including the biotin
moiety, thereby disposing ligands configured to provide adherence stimulation outside of the
streptavidin-presenting region of the one or more wells.

[00565] 230. The method of any one of embodiments 213 to 229, where the reactive

moieties are disposed within one or more wells of the well plate.
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[00566] 231. The method of any one of embodiments 213 to 230, where the reactive

moieties of the surface include azido or alkynyl reactive moieties.

[00567] 232. The method of any one of embodiments 213 to 231, where the well plate
includes glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin
copolymer or melamine.

[00568] 233. A method of preparing a well plate including a surface having a streptavidin-
presenting covalently functionalized region, including forming an reactive moiety-presenting
covalently functionalized surface on the surface; contacting the surface with a reagent
including a streptavidin moiety linked to a reactive group or a reagent including a biotin
moiety linked to a reactive group, where the reactive group is configured to react with the
reactive moieties of the reactive moiety-presenting surface, thereby forming a streptavidin-
presenting functionalized region or a biotin-presenting functionalized surface, where when the
reagent includes the biotin moiety linked to the reactive group, subsequently contacting the
portion of the well plate with streptavidin, and further where the reactive moiety-presenting
covalently functionalized ligands of the surface or the biotin-presenting functionalized surface
includes a UV labile linking moiety ; exposing the surface to UV illumination through a mask
configured to expose all surfaces outside of a portion of the surface; and cleaving the UV
labile linkers of exposed streptavidin or biotin modified surface ligands, thereby forming a
streptavidin-presenting covalently functionalized region of the well plate.

[00569] 234. The method of embodiment 233, where forming the reactive moiety-
presenting covalently functionalized surface includes reacting a reactive moiety-containing
coupling reagent with oxide moieties of the surface of the well plate, where the reactive
moiety containing-coupling reagent further includes the UV labile linking moiety.

[00570] 235. The method of embodiment 233 or 234, where the method further includes
plasma cleaning the surface of the well plate before contacting the oxide moieties of the
surface with the reactive moiety-containing coupling reagent.

[00571] 236. The method of any one of embodiments 233 to 235, where contacting the
surface of the well plate with the reagent including the streptavidin moiety linked to the
reactive group or the reagent including the biotin moiety includes contacting a surface within
cach of one or more wells of the well plate.

[00572] 237. The method of embodiment 236, where contacting each of the one or more
wells further includes contacting each of the one or more wells at a bottom surface of the
corresponding well with the reagent including the streptavidin moiety linked to the reactive

group or with the reagent including the biotin moiety linked to the reactive group, thereby
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producing the streptavidin-presenting covalently functionalized region on the bottom surface
of the corresponding well.

[00573] 238. The method of embodiment 237, where the streptavidin-presenting
covalently functionalized region is formed only on the bottom surface of the corresponding
well.

[00574] 239. The method of any one of embodiments 233 to 238, where the streptavidin -
presenting covalently functionalized region has a density of streptavidin functionalities of at
least 50/um?.

[00575] 240. The method of any one of embodiments 233 to 239, where the reactive
moieties of the surface include azido moieties or alkynyl moieties.

[00576] 241. The method of any one of embodiments 236 to 240, where forming the
streptavidin-presenting covalently functionalized region includes forming the streptavidin-
presenting covalently functionalized region only on the bottom of the one or more wells of the
well plate.

[00577] 242. A method of preparing a well plate including a surface having an antigen-
presenting covalently functionalized region for activating a T cell, including contacting a
streptavidin-presenting covalently functionalized region of the well plate with a plurality of
primary activating molecules, each including a major histocompatibility complex (MHC)
Class I molecule configured to bind to a T cell receptor of the T cell and a binding moiety,
where the binding moieties of the plurality of primary activating molecules, are configured to
bind a binding site of streptavidin; and contacting a plurality of co-activating molecules, each
including a T cell receptor (TCR) co-activating molecule; or an adjunct TCR activating
molecule, where the co-activating molecules each further include a binding moiety configured
to bind a binding site of streptavidin, with a second plurality of binding moieties of the
streptavidin-presenting covalently functionalized the region of the well plate, thereby
providing a plurality of specifically bound primary activating molecular ligands and a
plurality of specifically bound co-activating molecular ligands of an antigen-presenting
covalently functionalized region of the well plate.

[00578] 243. The method of embodiment 242, further including contacting the surface of
the well plate with a reagent including surface blocking ligands linked to a reactive group,
where the reactive group is configured to react with reactive moieties of the surface, thereby
providing a blocking ligand-modified region of the surface.

[00579] 244. The method of embodiment 243, where the blocking ligand-modified region

and the antigen-presenting covalently functionalized region cover the entire surface, and
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optionally, where the blocking ligand-modified region and the antigen-presenting covalently
functionalized region are non-overlapping regions of the surface.

[00580] 245. The method of any one of embodiments 242 to 244, where contacting the
streptavidin-presenting covalently functionalized region of the well plate with the plurality of
primary activating molecules and the plurality of co-activating molecules includes contacting
a surface within each of one or more wells of the well plate.

[00581] 246. The method of embodiment 245, where contacting each of the one or more
wells further includes contacting each of the one or more wells at a bottom surface of the
corresponding well with the plurality of primary activating molecules and the plurality of co-
activating molecules, thereby producing the antigen-presenting covalently functionalized
region on the bottom surface of the corresponding well.

[00582] 247. The method of embodiment 246, where the antigen-presenting covalently
functionalized region is formed only on the bottom surface of the corresponding well.

[00583] 248. The method of any one of embodiments 242 to 247, where the streptavidin -
presenting covalently functionalized region has a density of streptavidin functionalities of at
least 50/um?2.

[00584] 249. The method of any one of embodiments 245 to 248, where the antigen-
presenting covalently functionalized region has an area of less than about 50% of an area of
the bottom of the one or more wells.

[00585] 250. The method of any one of embodiments 245 to 248, where an area of the
antigen-presenting covalently functionalized region is less than about 25%, less than about
15%, less than about 10%, less than about 5%, less than about 2%, or less than about 1% of
the area of the bottom of the one or more wells.

[00586] 251. The method of any one of embodiments 242 to 250, where an area of the
antigen-presenting covalently functionalized region has an area of less than about 35mm?, less
than about 20 mm?, less than about 12 mm?, less than about 5 mm?, less than about 2 mm?, or
less than about Imm?.

[00587] 252. The method of any one of embodiments 242 to 251, where the antigen-
presenting covalently functionalized region has a dimension of about 0.5 mm to about 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00588] 253. The method of any one of embodiments 242 to 252, where the antigen-
presenting covalently functionalized region is substantially circular and has a diameter of
about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to

about 3.0 mm).
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[00589] 254. The method of any one of embodiments 245 to 253, where contacting the

streptavidin-presenting covalently functionalized region of the well plate with the plurality of
primary activating molecules and the plurality of co-activating molecules further includes
contacting a plurality of streptavidin-presenting covalently functionalized regions within each
of one or more wells of the well plate, thereby producing a plurality of antigen-presenting
covalently functionalized regions in each of the one or more wells.

[00590] 255. The well plate of embodiment 254, where an area of each of the plurality of
antigen-presenting covalently functionalized regions is less than about 5% of an area of the
bottom of the one or more wells, and further where a total area of the plurality of antigen-
presenting covalently functionalized regions is less than about 50%, about 25%, or about 10%
of the area of the bottom of the one or more wells.

[00591] 256. The method of any one of embodiments 242 to 255, where the reactive
moieties of the surface are azido or alkynyl reactive moieties.

[00592] 257. The method of any one of embodiments 242 to 254, where the well plate
includes glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin
copolymer or melamine.

[00593] 258. The method of any one of embodiments 242 to 257, where the MHC
molecule includes an MHC Class I protein sequence and a beta microglobulin protein
sequence.

[00594] 259. The method of any one of embodiments 242 to 258, where each of the
plurality of primary activating molecules including an MHC molecule further includes a
tumor associated antigen.

[00595] 260. The method of embodiment 259, where the tumor associated antigen is
SLC45A2, TCL1, VCX3A, MART1 or NYESOL.

[00596] 261. The method of any one of embodiments 242 to 260, where the protein
sequence of the MHC molecule is connected to the surface via a C-terminal connection of the
protein sequence.

[00597] 262. The method of any one of embodiments 242 to 261, where the MHC
molecule includes a biotin moiety and is attached to the surface via a noncovalent interaction
with streptavidin.

[00598] 263. The method of any one of embodiments 242 to 262, where the streptavidin
is itself covalently bonded to the surface.

[00599] 264. The method of any one of embodiments 242 to 263, where the streptavidin is
bonded to the surface through a series of about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45,
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50, 55, 60, 65, 70, 75, 80, 90, 100, 200 bond lengths, or any number of bond lengths

therebetween.

[00600] 265. The method of any one of embodiments 242 to 264, where the streptavidin is
noncovalently associated with the surface.

[00601] 266. The method of embodiment 265, where the streptavidin is noncovalently
associated with a biotin moiety, and the biotin moiety is covalently bonded to the surface.

[00602] 267. The method of embodiment 262, where the biotin is linked by a linker to the
surface through about 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 95, 100, 200 bond lengths, or any number of bond lengths therebetween.

[00603] 268. The method of any one of embodiments 242 to 267, where a ratio of the
primary activating molecular ligands to the co-activating molecular ligands in the antigen-
presenting covalently functionalized region is about 1:10 to about 2:1, about 1:5 to about 2:1,
about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1 to about 2:1,
or about 1:2 to about 1:1.

[00604] 269. The method of any one of embodiments 242 to 268, where a ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is about 100:1 to about 1:100.

[00605] 270. The method of any one of embodiments 242 to 269, where a ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is 100:1 to 90:1, 90:1 to 80:1, 80:1 to 70:1, 70:1 to 60:1, 60:1 to
50:1, 50:1 to 40:1, 40:1 to 30:1, 30:1 to 20:1, 20:1 to 10:1, 10:1 to 1:1, 3:1 to 1:3; 1:1 to 1:10,
1:10 to 1:20, 1:20 to 1:30, 1:30 to 1:40, 1:40 to 1:50, 1:50 to 1:60, 1:60 to 1:70, 1:70 to 1:80,
1:80 to 1:90, or 1:90 to 1:100, where each of the foregoing values is modified by “about”.

[00606] 271. The method of any one of embodiments 242 to 270, where the ratio of the
TCR co-activating molecules to the adjunct TCR activating molecules of the plurality of co-
activating molecular ligands is from about 20:1 to about 1:20 or about 3:1 to about 1:3.

[00607] 272. The method of any one of embodiments 242 to 271, where the plurality of
specifically bound primary activating molecular ligands has a density of at least about 1 x10?
molecules per square micron or from about 1 x 107 to about 1 x 10° molecules per square
micron in the antigen-presenting covalently functionalized region.

[00608] 273. The well plate of any one of embodiments 242 to 272, where the plurality of
specifically bound co-activating molecular ligands has a density from about 1x 107 to about 1
x10° molecules per square micron or about 1x10? to about 1x 10° molecules per square
micron on the antigen-presenting synthetic surface in the antigen-presenting covalently

functionalized region.
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[00609] 274. The method of any one of embodiments 242 to 273, where the T cell

receptor (TCR) co-activating molecule includes a CD28 binding protein or a fragment thereof
which retains binding ability to CD28.

[00610] 275. The method of embodiment 274, where the CD28 binding protein or the
fragment thereof further includes a site-specific C-terminal biotin moiety.

[00611] 276. The method of any one of embodiments 242 to 273, where the T cell
receptor (TCR) co-activating molecule includes a CD80 molecule or a fragment thereof,
where the fragment retains binding activity to CD28.

[00612] 277. The method of any one of embodiments 242 to 273, where the T cell
receptor (TCR) co-activating molecule includes an anti-CD28 antibody or a fragment thereof.

[00613] 278. The method of any one of embodiments 242 to 277, where the adjunct TCR
activating molecule includes a CD2 binding protein.

[00614] 279. The method of embodiment 278, where the CD2 binding protein or the
fragment thereof further includes a site-specific C-terminal biotin moiety.

[00615] 280. The method of any one of embodiments 242 to 277, where the adjunct TCR
activating molecule includes a CD58 molecule or fragment thereof, where the fragment
retains binding activity with CD2.

[00616] 281. The method of any one of embodiments 242 to 277, where the adjunct TCR
activating molecule includes an anti-CD2 antibody or a fragment thereof.

[00617] 282. The method of any one of embodiments 242 to 281, where each of the
surface blocking ligands includes a hydrophilic or negatively charged moiety.

[00618] 283. The method of any one of embodiments 242 to 282, where the surface
blocking ligands include polyethylene glycol (PEG) moieties.

[00619] 284. A method of preparing a well plate including a surface having a lymphocyte
activating covalently functionalized region, including contacting a streptavidin-presenting
covalently functionalized region of the well plate with a plurality of first activating molecules
each including a binding moiety, where the binding moieties of the first activating molecules
are configured to bind a binding site of streptavidin, thereby providing the lymphocyte
activating covalently functionalized region.

[00620] 285. The method of embodiment 284, further including contacting the surface of
the well plate with a reagent including surface blocking ligands linked to a reactive group,
where the reactive group is configured to react with reactive moieties of the surface, thereby
providing a blocking ligand-modified region of the surface.

[00621] 286. The method of embodiment 285, where the blocking ligand-modified region

and the lymphocyte activating covalently functionalized region cover the entire surface, and
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optionally, where the blocking ligand-modified region and the lymphocyte activating

covalently functionalized region are non-overlapping regions of the surface.

[00622] 287. The method of any one of embodiments 284 to 286, where contacting the
streptavidin-presenting covalently functionalized region of the well plate with the plurality of
first activating molecules includes contacting a surface within each of one or more wells of
the well plate.

[00623] 288. The method of embodiment 287, where contacting each of the one or more
wells further includes contacting each of the one or more wells at a bottom surface of the
corresponding well with the plurality of first activating molecules, thereby producing the
lymphocyte activating covalently functionalized region on the bottom surface of the
corresponding well.

[00624] 289. The method of embodiment 288, where the lymphocyte activating covalently
functionalized region is formed only on the bottom surface of the corresponding well.

[00625] 290. The method of any one of embodiments 284 to 287, where the streptavidin-
presenting covalently functionalized region has a density of streptavidin functionalities of at
least 50/um?.

[00626] 291. The method of any one of embodiments 287 to 290, where the lymphocyte
activating covalently functionalized region has an area of less than about 50% of an area of
the bottom of the one or more wells.

[00627] 292. The method of any one of embodiments 287 to 291, where an area of the
lymphocyte activating covalently functionalized region is less than about 25%, less than about
15%, less than about 10%, less than about 5%, less than about 2%, or less than about 1% of
the area of the bottom of the one or more wells.

[00628] 293. The method of any one of embodiments 284 to 292, where an area of the
lymphocyte activating covalently functionalized region has an area of less than about 35mm?,
about 20 mm?, about 12 mm?, about 5 mm?, less than about 2 mm?, or less than about 1mm?.

[00629] 294. The method of any one of embodiments 284 to 293, where the lymphocyte
activating covalently functionalized region has a dimension of about 0.5 mm to about 4.0 mm
(e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to about 3.0 mm).

[00630] 295. The method of any one of embodiments 284 to 294, where the lymphocyte
activating covalently functionalized region is substantially circular and has a diameter of
about 0.5 mm to about 4.0 mm (e.g., about 1.0 mm to about 3.5 mm, or about 1.5 mm to
about 3.0 mm).

[00631] 296. The method of any one of embodiments 284 to 295, where contacting the

streptavidin-presenting covalently functionalized region of the well plate with the plurality of
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first activating molecules further includes contacting a plurality of streptavidin-presenting
covalently functionalized regions with the plurality of first activating molecules within each
of one or more wells of the well plate, thereby producing a plurality of lymphocyte activating
covalently functionalized regions in each of the one or more wells.

5 [00632] 297. The well plate of embodiment 296, where an area of each of the plurality of
Ilymphocyte activating covalently functionalized regions is less than about 5% of an area of
the bottom of the one or more wells, and further where a total area of the plurality of
lymphocyte activating covalently functionalized regions is less than about 50%, about 25%,
or about 10% of the area of the bottom of the one or more wells.

10 [00633] 298. The method of any one of embodiments 284 to 297, where the reactive
moieties of the surface are azido or alkynyl reactive moieties.

[00634] 299. The method of any one of embodiments 284 to 298, where the well plate
includes glass, polystyrene, polypropylene, polycarbonate, polyethylene, cycloolefin
copolymer or melamine.

15 [00635] 300. The method of any one of embodiments 284 to 299, where the lymphocyte is
a T cell, a Natural Killer T (NKT) cell, or a B cell.

[00636] 301. The method of any one of embodiments 284 to 300, where the plurality of
first activating molecules are cell surface clusters of differentiation binding molecules, cell
surface immunoglobulin binding molecules, T-cell receptor molecule activating molecules,

20 TNF receptor superfamily binding molecules, chemokine receptor binding molecules, growth
factor molecules, or adhesion promoting molecules.

[00637] 302. The method of embodiment 301, where the plurality of first activating
molecules include an MHC molecule, a protein or fragment thereof retaining cell surface
clusters of differentiation binding activity, a protein or fragment thereof retaining cell surface

25 immunoglobulin binding ability, a protein or fragment thereof retaining T cell receptor
binding activity, a protein or fragment thereof retaining TNF receptor superfamily binding
activity, a protein or fragment thereof retaining chemokine receptor binding activity, a
protein or fragment thereof retaining growth stimulatory activity or a protein or fragment
thereof retaining adhesion promoting activity.

30 [00638] 303. The method of embodiment 301 or 302, where the plurality of first activating
molecules include a protein or fragment thereof retaining cell surface clusters of
differentiation binding activity, a protein or fragment thereof retaining growth stimulatory
activity or a protein or fragment thereof retaining adhesion promoting activity.

[00639] 304. The method of any one of embodiments 284 to 303, where the plurality of

35 specifically bound first activating molecular ligands has a density of at least about 1 x10?
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molecules per square micron or from about 1 x 107 to about 1 x 10° molecules per square
micron in the lymphocyte activating covalently functionalized region.

[00640] 305. The method of any one of embodiments 284 to 304, further including
contacting the streptavidin-presenting covalently functionalized region of the well plate with a
plurality of second activating molecules each including a binding moiety, where the binding
moieties of the second activating molecules are configured to bind a binding site of
streptavidin, thereby providing a plurality of specifically bound second activating molecular
ligands in the lymphocyte activating covalently functionalized region.

[00641] 306. The method of embodiment 305, where the plurality of second activating
molecules are T cell receptor (TCR) co-activating molecules, cell surface immunoglobulin
binding molecules, growth factor molecules, adhesion promoting molecules.

[00642] 307. The well plate of embodiment 304 or 305, where the plurality of specifically
bound co-activating molecular ligands has a density from about 1x 10? to about 1 x10°
molecules per square micron or about 1x10° to about 1x 10° molecules per square micron in
the lymphocyte activating covalently functionalized region.

[00643] 308. The method of any one of embodiments 284 to 307, where a ratio of the
primary activating molecular ligands to the co-activating molecular ligands in the
lymphocyte-activating covalently functionalized region is about 1:10 to about 2:1, about 1:5
to about 2:1, about 1:2 to about 2:1, about 1:10 to about 1:1, about 1:5 to about 1:1, about 1:1
to about 2:1, or about 1:2 to about 1:1.

[00644] 309. The method of any one of embodiments 285 to 308, where the blocking
ligand-modified region and the antigen-presenting covalently functionalized region cover the
entire surface, and optionally, where the blocking ligand-modified region and the lymphocyte
activating covalently functionalized region are non-overlapping regions of the surface.

[00645] 310. The method of any one of embodiments 285 to 309, where each of the
surface blocking ligands includes a hydrophilic or negatively charged moiety.

[00646] 311. The method of any one of embodiments 285 to 310, where the surface
blocking ligands include polyethylene glycol (PEG) moieties.

[00647] 312. A kit for preparing a well plate including a surface having an antigen-
presenting covalently functionalized region, including a well plate including a surface
including a biotin-presenting covalently functionalized region; and a surface functionalization
reagent including streptavidin.

[00648] 313. The kit of embodiment 312, where the well plate including the surface

including the biotin-presenting covalently functionalized region is the well plate of any one of
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embodiments 1 to 11 where the reactive moiety is biotin, or any one of embodiments 31 to 33
where the reactive moiety is biotin, or any one of embodiments 126 to 136.

[00649] 314. The kit of embodiment 312 or 313, further including a first activating reagent
including a plurality of major histocompatibility complex (MHC) molecules (e.g., Class I or
Class II) configured to bind with a T cell receptor of the T cell, and further where the MHC
molecules are configured to bind to a binding site of streptavidin.

[00650] 315. The kit of any one of embodiments 312 to 314, where each of the plurality of
MHC molecules further includes at least one biotin functionality.

[00651] 316. The kit of any one of embodiments 312 to 315, further including a reagent
including a plurality of co-activating molecules, each configured to bind a binding site of
streptavidin, and where each of the co-activating molecules includes a T cell receptor (TCR)
co-activating molecule or an adjunct TCR activating molecule.

[00652] 317. The kit of embodiment 316, where the plurality of co-activating molecules
includes T cell receptor (TCR) co-activating molecules and adjunct TCR activating
molecules.

[00653] 318. The kit of embodiment 317, where a container containing the reagent
including the plurality of co-activating molecules contains a ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules from about 20:1 to about 1:20.

[00654] 319. The kit of any one of embodiments 312 to 318, where the TCR co-activating
molecules are agonists of a CD28 receptor.

[00655] 320. The kit of any one of embodiments 312 to 319, where the adjunct TCR
activating molecules are agonists of a CD2 receptor.

[00656] 321. The kit of any one of embodiments 312 to 320, further including a reagent
including growth stimulatory molecules, where each growth stimulatory molecule includes a
growth factor receptor ligand.

[00657] 322. The kit of embodiment 321, where the growth factor receptor ligand includes
IL-21 or a fragment thereof.

[00658] 323. The kit of embodiment 321 or 322, further including a second growth
stimulatory molecule including IL-7 or IL-2.

[00659] 324. A kit for preparing a well plate including a surface having an antigen-
presenting covalently functionalized region, including a well plate including a surface
including an azido-presenting covalently functionalized region; and a first surface
functionalization reagent.

[00660] 325. The kit of embodiment 324, where the well plate including the surface

having the azido-presenting covalently functionalized region is the well plate of any one of
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embodiments 1 to 11, where the reactive moiety is azido, any one of embodiments 31 to 33
where the reactive moiety is azido, or any one of embodiments 122-129.

[00661] 326. The kit of embodiment 324 or 325, where the first surface functionalization
reagent includes a reagent including a biotin moiety linked to a reactive group, where the
reactive group is configured to react with the azido moieties of the surface.

[00662] 327. The kit of embodiment 326, further including a second surface
functionalization reagent including streptavidin.

[00663] 328. The kit of embodiment 326 or 327, where the first functionalization reagent
includes a streptavidin moiety linked to a reactive group, where the reactive group is
configured to react with azido moieties.

[00664] 329. The kit of any one of embodiments 324 to 328, further including a surface
blocking reagent including a surface blocking moiety linked to a reactive group configured to
react with the azido moieties.

[00665] 330. The kit of embodiment 329, where the surface blocking moiety includes a
hydrophilic or negatively charged moiety.

[00666] 331. The kit of embodiment 329 or 330, where the surface blocking reagent
include polyethylene glycol (PEG) moieties.

[00667] 332. The kit of any one of embodiments 324 to 331, further including a first
activating reagent including a plurality of major histocompatibility complex (MHC)
molecules (e.g., Class I or Class II) configured to bind with a T cell receptor of the T cell, and
further where the MHC molecules are configured to bind to a binding site of streptavidin.

[00668] 333. The kit of embodiment 332, where each of the plurality of MHC molecules
further includes at least one biotin functionality.

[00669] 334. The kit of any one of embodiments 324 to 333, further including a reagent
including a plurality of co-activating molecules, each having a binding moiety configured to
bind a binding site of streptavidin, and where each of the co-activating molecules includes a T
cell receptor (TCR) co-activating molecule or an adjunct TCR activating molecule.

[00670] 335. The kit of embodiment 334, where the plurality of co-activating molecules
includes T cell receptor (TCR) co-activating molecules and adjunct TCR activating
molecules.

[00671] 336. The kit of embodiment 335, where a container containing the reagent
including the plurality of co-activating molecules contains a ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules from about 20:1 to about 1:20.

[00672] 337. The kit of any one of embodiments 324 to 336, where the TCR co-activating

molecules are agonists of a CD28 receptor.
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[00673] 338. The kit of any one of embodiments 324 to 337, where the adjunct TCR

activating molecules are agonists of a CD2 receptor.

[00674] 339. The kit of any one of embodiments 324 to 338, further including a reagent
including growth stimulatory molecules, where each growth stimulatory molecule includes a
growth factor receptor ligand.

[00675] 340. The kit of embodiment 339, where the growth factor receptor ligand
includes IL-21 or a fragment thereof.

[00676] 341. The kit of embodiment 339 or 340, further including a second growth
stimulatory molecule including IL-7 or IL-2.

[00677] 342. A kit for preparing a well plate including a surface having an antigen-
presenting covalently functionalized region for antigen-specific activation of a T lymphocyte
(T cell) including a well plate including a surface having a streptavidin-presenting covalently
functionalized region; and a first activating reagent including a plurality of major
histocompatibility complex (MHC) molecules (e.g., Class I or Class II) configured to bind
with a T cell receptor of the T cell, and further where the MHC molecules are configured to
bind to a binding site of streptavidin.

[00678] 343. The kit of embodiment 342, where the well plate is the well plate including a
surface having a streptavidin-presenting covalently functionalized region of any one of
embodiments 1 to 38, where the reactive moiety is streptavidin, or any one of embodiments
141 to 162.

[00679] 344. The kit of embodiment 343, where each of the plurality of MHC molecules
further includes at least one biotin functionality.

[00680] 345. The kit of any one of embodiments 342 to 344, further including a reagent
including a plurality of co-activating molecules, each having a binding moiety configured to
bind a binding site of streptavidin, and where each of the co-activating molecules includes a T
cell receptor (TCR) co-activating molecule or an adjunct TCR activating molecule.

[00681] 346. The kit of embodiment 345, where the plurality of co-activating molecules
includes T cell receptor (TCR) co-activating molecules and adjunct TCR activating
molecules.

[00682] 347. The kit of embodiment 346, where a container containing the reagent
including the plurality of co-activating molecules contains a ratio of the TCR co-activating
molecules to the adjunct TCR activating molecules from about 20:1 to about 1:20.

[00683] 348. The kit of any one of embodiments 342 to 347, where the TCR co-activating

molecules are agonists of a CD28 receptor.
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[00684] 349. The kit of any one of embodiments 342 to 348, where the adjunct TCR

activating molecules are agonists of a CD2 receptor.

[00685] 350. The kit of any one of embodiments 342 to 349, further including a reagent
including growth stimulatory molecules, where each growth stimulatory molecule includes a
growth factor receptor ligand.

[00686] 351. The kit of embodiment 350, where the growth factor receptor ligand includes
IL-21 or a fragment thereof.

[00687] 352. The kit of embodiment 350 or 351, further including a second growth
stimulatory molecule including IL-7 or IL-2.

[00688] 353. A method of treating a subject in need of treating a cancer; including
obtaining a plurality of T lymphocytes (T cells) from the subject; contacting the plurality of T
cells with a surface of a well plate including an antigen-presenting covalently functionalized
region , where the antigen-presenting covalently functionalized region includes a plurality of
major histocompatibility complex (MHC) molecules (e.g., Class I or Class II) configured to
bind to a T cell receptor of each of the plurality of T cells, where the MHC molecules include
an antigen specific for the cancer of the subject; producing a plurality of activated T cells,
where the activation is configured to be specific against the cancer of the subject; separating
the plurality of specific activated T cells from unactivated cells; and, introducing the plurality
of antigen-specific activated T cells into the subject.

[00689] 354. The method of embodiment 353, where the well plate including the surface
having the antigen-presenting covalently functionalized region is the well plate of any one of
embodiments 12 to 38, where the lymphocyte activating moiety includes primary and co-
activating moieties, or the well plate of any one of embodiments 159 to 182.

[00690] 355. The method of embodiment 353 or 354, where the well plate including the
surface having the antigen-presenting covalently functionalized region is produced by the
method of any one of embodiments 242 to 283.

[00691] 356. A method of treating a subject in need of treating a cancer; including
obtaining a plurality of T lymphocytes (T cells) from the subject; producing a plurality of
activated T cells by the method of any one of embodiments 38 to 87, where the activation is
configured to be specific against the cancer of the subject; separating the plurality of specific
activated T cells from unactivated cells; and, introducing the plurality of antigen-specific

activated T cells into the subject.

- 123 -



10

15

20

25

30

[u—

A~ W N

w

(@)}

~]

oo

WO 2020/061499 PCT/US2019/052228

CLAIMS
What is claimed:

. A well plate comprising a surface having a first region which is a reactive moiety-presenting

covalently functionalized region or an activating moiety-presenting covalently functionalized
region, wherein the reactive moiety is an azido moiety, a biotin moiety or a streptavidin

moiety and the activating moiety is a lymphocyte-activating moiety.

. The well plate of claim 1, wherein the first region has an area of 0.5 mm? to 50 mm?.
. The well plate of claim 1, wherein the first region has a dimension of 0.5 mm to 4.0 mm.

. The well plate of claim 1, wherein the first region is substantially circular and has a diameter of

0.5 mm to 4.0 mm.

. The well plate of claim 1, wherein the surface of the well plate further comprises a second

region which is a covalently modified region comprising surface blocking ligands, wherein

the second region surrounds the first region.

. The well plate of any one of claims 1 to 5, wherein the surface of the well plate comprises

glass or polystyrene.

. The well plate of any one of claims 1 to 5, wherein the surface of the well plate comprises

polypropylene, polycarbonate, polyethylene, cycloolefin copolymer, or melamine.

. The well plate of any one of claims 1 to 5, wherein the first region has a density of respective

reactive moieties or activating moieties of at least 50/um?2.

9. The well plate of any one of claims 1 to 5, wherein the first region comprises respective

10.

11.

12.

reactive moieties or activating moieties linked covalently to the surface via a linker having
from 5 to 20 backbone atoms, 10 to 40 backbone atoms, or 15 to 50 backbone atoms selected
from carbon, silicon, nitrogen and oxygen.

The well plate of any one of claims 1 to 5, wherein the reactive moiety is streptavidin, and the
streptavidin functionality is covalently attached to the first region of the surface of the well
plate.

The well plate of any one of claims 1 to 5, wherein the reactive moiety is streptavidin, and
the streptavidin functionality is non-covalently attached to a biotin moiety which is itself
covalently attached to the first region of the surface of the well plate.

The well plate of any one of claims 1 to 5, wherein the first region is an activating moiety-
presenting covalently functionalized region comprising a plurality of specifically bound
primary activating molecular ligands and a plurality of specifically bound co-activating

molecular ligands.
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The well plate of claim 12, wherein a ratio of the primary activating molecular ligands to the
co-activating molecular ligands on the first region of the surface is 1:5 to 2:1, or 1:2 to 1:1.
The well plate of claim 12, wherein each ligand of the plurality of specifically bound primary
activating molecular ligands comprises a major histocompatibility complex (MHC) molecule
configured to bind to a T cell receptor (TCR) of a T cell.

The well plate of claim 14, wherein the MHC molecule comprises an MHC Class I protein
sequence and a beta microglobulin protein sequence.

The well plate of claim 14, wherein each ligand of the plurality of specifically bound primary
activating molecular ligands comprises an MHC molecule further comprising an antigenic
peptide.

The well plate of claim 16, wherein the antigenic peptide is a tumor-associated antigen, a viral
antigen, a bacterial antigen, a fungal antigen, or a protozoan antigen.

The well plate of claim 17, wherein the antigenic peptide is a tumor-associated antigen, and
optionally, wherein the tumor-associated antigen is SLC45A2, TCL1, VCX3A, MART1 or
NYESOL.

The well plate of claim 14, wherein the MHC molecule is connected to the activating moiety-
presenting covalently functionalized region via a C-terminal linkage.

The well plate of claims 12, wherein each ligand of the plurality of specifically bound co-
activating molecular ligands comprises a T cell receptor (TCR) co-activating molecule or an
adjunct TCR activating molecule.

The well plate of claim 20, wherein a ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules of the plurality of specifically bound co-activating molecular
ligands is 3:1 to 1:3.

The well plate of claim 20, wherein the TCR co-activating molecules comprise a CD28
binding protein, or a fragment thereof which retains binding ability to CD28, and, optionally,
wherein the CD28 binding protein or the fragment thereof further comprises a site-specific C-
terminal biotin moiety.

The well plate of claim 20, wherein the TCR co-activating molecules comprise a CD80
molecule or a fragment thereof, wherein the fragment retains binding activity to CD28.

The well plate of claim 20, wherein the TCR co-activating molecules comprises an anti-CD28
antibody or a fragment thereof, wherein the fragment retains binding activity to CD28.

The well plate of claim 20, wherein the adjunct TCR activating molecule comprises a CD2
binding protein, or a fragment thereof which retains binding activity to CD2, and optionally,
wherein the CD2 binding protein or the fragment thereof further comprises a site-specific C-

terminal biotin moiety.
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The well plate of claim 20, wherein the adjunct TCR activating molecule includes a CD58

molecule or fragment thereof, wherein the fragment retains binding activity with CD2.

The well plate of claim 20, wherein the adjunct TCR activating molecule includes an anti-
CD2 antibody or a fragment thereof, wherein the fragment retains binding activity with CD2.
The well plate of claim 12, wherein the plurality of specifically bound primary activating
molecular ligands and the plurality of specifically bound co-activating molecular ligands are
specifically bound to streptavidin functionalities of a streptavidin-presenting first region of
the well plate.

The well plate of claim 12, wherein the plurality of specifically bound primary activating
molecular ligands has a density of at least 1 x10? molecules per square micron in the first
region, and optionally, a density of 1 x 10> to 1 x 10° molecules per square micron in the first
region.

The well plate of claim 12, wherein the plurality of specifically bound co-activating
molecular ligands has a density of at least 1x 10? molecules per square micron in the first
region, and optionally, 1x10? to 1x 10° molecules per square micron in the first region.

A well plate, wherein each of one or more wells of the well plate comprises the surface and
the first region thereof of the well plate of any one of claims 1 to 5.

The well plate of claim 31, wherein the first region of each of the one or more wells is located

on a bottom surface of the corresponding well(s).

. The well plate of claim 32, wherein an area of each first region is less than about 25% of an

area of the bottom surface of the corresponding well(s).
A method of activating T lymphocytes (T cells) comprising:
contacting a plurality of T cells with an antigen-presenting covalently functionalized region of
a surface of a well plate, wherein the antigen-presenting covalently functionalized region
comprises: a plurality of primary activating molecular ligands, each including a major
histocompatibility (MHC) molecule configured to bind to a T cell receptor (TCR) of a T cell,
wherein each of the plurality of primary activating molecular ligands is linked to the surface;
and a plurality of co-activating molecular ligands, each including a T cell receptor (TCR) co-
activating molecule or an adjunct TCR activating molecule, wherein each of the co-activating
molecular ligands is linked to the surface; and culturing the plurality of T cells in contact with
the antigen-presenting covalently functionalized region of the surface, thereby converting at
least a portion of the plurality of T cells to activated T cells.

The method of claim 34, wherein the T cells comprise CD8+ T cells.
The method of claim 34, wherein the antigen-presenting covalently functionalized region is a

first region of a surface of a well plate according to any one of claims 12 to 30.
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The method of claim 34 or 35, wherein the plurality of co-activating molecular ligands
comprises TCR co-activating molecules and adjunct TCR activating molecules.

The method of claim 37, wherein the ratio of the TCR co-activating molecules to the adjunct
TCR activating molecules of the plurality of co-activating molecular ligands is 3:1 to 1:3.
The method of claim 34 or 35, wherein each molecule of the plurality of MHC molecules
comprises an MHC Class I protein sequence, a beta microglobulin protein sequence, and an
antigenic peptide.

The method of claim 39, wherein the antigenic peptide is a tumor-associated antigen, a viral
antigen, a bacterial antigen, a fungal antigen, or a protozoan antigen.

The method of claim 40, wherein the antigenic peptide is a tumor-associated antigen, and
optionally, wherein the tumor-associated antigen is SLC45A2, TCL1, VCX3A, MARTI or
NYESOL.

The method of claim 34 or 35, wherein the T cell receptor (TCR) co-activating molecule
includes a CD28 binding protein, or a fragment thereof which retains binding ability to CD28.
The method of claim 34 or 35, wherein the T cell receptor (TCR) co-activating molecule
includes a CD80 molecule or a fragment thereof, wherein the fragment retains binding
activity to CD28; or wherein the T cell receptor (TCR) co-activating molecule includes an
anti-CD28 antibody or a fragment thereof, wherein the fragment retain binding activity to
CD28.

The method of claim 34 or 35, wherein the adjunct TCR activating molecule includes a CD2
binding protein, or a fragment thereof which retains binding ability to CD2.

The method of claim 34 or 35, wherein the adjunct TCR activating molecule includes a CD58
molecule or fragment thereof, wherein the fragment retains binding activity with CD2; or
wherein the adjunct TCR activating molecule includes an anti-CD2 antibody or a fragment
thereof, wherein the fragment retains binding activity with CD2.

The method of claim 34 or 35, wherein the plurality of specifically bound primary activating
molecular ligands has a density of at least 1 x10? molecules per square micron in the antigen-
presenting covalently functionalized region of the surface, or, optionally, a density from 1x
10? to 1x 10° molecules per square micron in the antigen-presenting covalently functionalized
region of the surface.

The method of claim 34 or 35, wherein the plurality of specifically bound co-activating
molecular ligands has a density of at least 1x 10? molecules per square micron in the antigen-
presenting covalently functionalized region of the surface, or, optionally, 1x10% to 1x 10°
molecules per square micron in the antigen-presenting covalently functionalized region of the

surface.
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The method of claim 34 or 35, wherein a ratio of the primary activating molecular ligands to
the co-activating molecular ligands in the antigen-presenting covalently functionalized region
of the surface is 1:5 to 2:1, or optionally, 1:2 to 1:1.

The method of claim 34 or 35, wherein a ratio of the TCR co-activating molecules to the
adjunct TCR activating molecules of the plurality of co-activating molecular ligands is 3:1 to
1:3.

The method of claim 34 or 35, further including contacting the plurality of T cells with a
plurality of adhesion-stimulating molecular ligands, and optionally, wherein the plurality of
adhesion-stimulating molecular ligands include an ICAM molecule.

The method of claim 34 or 35, further comprising contacting the plurality of T cells with a
plurality of growth stimulatory molecular ligands.

The method of claim 72, wherein each of the growth stimulatory molecular ligands includes
a growth factor receptor ligand.

The method of claim 73, wherein the growth factor receptor ligand includes IL-21 or a
fragment thereof.

The method of 51, wherein contacting with the plurality of growth stimulatory molecular
ligands is performed after a first period of culturing of at least one day.

The method of claim 34 or 35, wherein culturing in contact with the antigen-presenting
synthetic surface is performed for a period from about four days to about seven days.

The method of claim 34 or 35, wherein the activated T cell is CD45RO+ and/or.

CD28 positive.

The method of claim 34 or 35, wherein an area of the antigen-presenting functionalized
region is less than about 25% of an area of a bottom surface of a well of the well plate.

A method of activating a lymphocyte, comprising:

contacting a plurality of lymphocytes with an activating moiety-presenting covalently
functionalized region of a surface of a well plate, wherein the activating moiety-presenting
covalently functionalized region comprises a plurality of primary activating molecular ligands
linked to the surface; and a plurality of co-activating molecular ligands linked to the surface;
and culturing the plurality of lymphocytes, thereby converting at least a portion of the
plurality of lymphocytes to activated lymphocytes.

The method of claim 58, wherein the lymphocytes comprise B cells, T cells or NK cells.
The method of claim 58 or 59, wherein the activating moiety-presenting covalently
functionalized region is a first region of a surface of a well plate according to any one of

claims 1 to 13.
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The method of claim 58 or 59, wherein an area of the activating moiety-presenting
functionalized region is less than 25% of an area of a bottom surface of a well of the well
plate.

A kit for preparing a well plate comprising a surface having an activating moiety-presenting
covalently functionalized region, comprising:

a well plate comprising a surface comprising a reactive moiety-presenting covalently
functionalized region, wherein the reactive moiety is an azido moiety, a biotin moiety or a
streptavidin moiety; and

an activating reagent; and

optionally, a surface functionalization reagent.

The kit of claim 62, wherein the kit comprises the surface functionalization reagent, and
wherein the surface functionalization reagent is a biotin containing reagent or a streptavidin
containing reagent configured to react with the reactive moiety.

The kit of claim 62 or 63, wherein the activating reagent comprises a primary activating
reagent comprising a plurality of major histocompatibility complex (MHC) molecules
configured to bind with a T cell receptor of the T cell, and configured to bind to a binding site
of streptavidin or a plurality of CD3 binding molecules.

The kit of claim 64, further comprising a co-activating reagent comprising a plurality of co-
activating molecules, each configured to bind a binding site of streptavidin, and wherein each
of the co-activating molecules comprises a CD2 binding molecule or a CD28 binding

molecule.
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