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(57) ABSTRACT

Disclosed are compositions and methods for the multiplexed
analysis of one or more intracellular targets of a single cell.
Exemplary compositions of the disclosure comprise a sut-
face comprising a plurality of capture agents operatively-
linked thereto, wherein each capture agent specifically binds
to a distinct intracellular target and wherein the plurality of
capture agents form a repeating pattern; a substrate com-
prising a plurality of chambers, wherein the substrate releas-
ably couples with the surface and wherein each chamber of
the plurality of chambers comprises at least one repeat of the
repeating pattern of the plurality of capture agents of the
surface; a coating composition comprising a cell lysis com-
position; and a linker composition comprising a functional-
ization component and an extension component.
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COMPOSITIONS AND METHODS FOR THE
SIMULTANEOUS GENOMIC,
TRANSCRIPTOMIC AND PROTEOMIC
ANALYSIS OF SINGLE CELLS

RELATED APPLICATIONS

[0001] This application claims the benefit of provisional
application U.S. Ser. No. 62/421,031, filed Nov. 11, 2016,
and U.S. Ser. No. 62/544,521, filed Aug. 11, 2017, the
contents each of which are herein incorporated by reference
in its entirety.

FIELD OF THE DISCLOSURE

[0002] The disclosure is directed to molecular biology,
and more, specifically, to compositions and methods for the
multiplexed analysis of intracellular protein components,
interactions and signaling within a single cell.

BACKGROUND

[0003] There have been long-felt but unmet needs in the
art for a compositions and methods for the multiplexed
analysis of intracellular protein interactions and signaling
within a single cell, as well as secreted protein signals
blocked within cells, in a high-throughput format that can
simultaneously capture and analyze hundreds of intracellu-
lar components, including DNA, RNA, metabolite, and
protein levels, of each of a plurality of thousands of cells in
parallel. The disclosure provides a system and methods to
solve these long-felt but unmet needs.

SUMMARY

[0004] The systems of the disclosure provides composi-
tions and methods for the multiplexed analysis of intracel-
lular protein interactions and signaling within a single cell in
a high-throughput format that can simultaneously analyze
hundreds of intracellular components of each of a plurality
of thousands of cells in parallel. In certain embodiments, the
disclosure provides a composition for the controlled release
a lysing composition, which upon contacting a cell, disrupts
the membrane of the cell and exposes the intracellular
components of the cell to a single repeat of a repeating
pattern of capture agents. Capture agents of the disclosure
specifically bind at least one intracellular component of the
cell to form at least one complex. Visualization of the at least
one complex (comprising a capture agent and an intracel-
lular component), may indicate or demonstrate protein
expression, protein regulation, protein-protein interactions,
protein activation, and/or protein signaling events within the
cell.

[0005] The disclosure provides a composition comprising:
a surface comprising a plurality of capture agents opera-
tively-linked thereto, wherein each capture agent specifi-
cally binds to a distinct intracellular target and wherein the
plurality of capture agents form a repeating pattern; a
substrate comprising a plurality of chambers, wherein the
substrate releasably couples with the surface and wherein
each chamber of the plurality of chambers comprises at least
one repeat of the repeating pattern of the plurality of capture
agents of the surface; a coating composition comprising a
cell lysis composition; and a linker composition comprising
a functionalization component and an extension component.
[0006] The disclosure provides a composition comprising:
a bead comprising a plurality of capture agents operatively-

Sep. 19,2019

linked thereto, wherein each capture agent specifically binds
to a distinct intracellular target; a substrate comprising a
plurality of chambers, wherein the substrate releasably
couples with the surface and wherein each chamber of the
plurality of chambers comprises at least one bead; a coating
composition comprising a cell lysis composition; and a
linker composition comprising a functionalization compo-
nent and an extension component. In certain embodiments,
each chamber of the plurality of chambers comprises a
single bead.

[0007] In certain embodiments of the compositions of the
disclosure, the plurality of capture agents comprises
between 2 and 200 distinct capture agents. In certain
embodiments, the plurality of capture agents comprises
between 2 and 100 distinct capture agents. In certain
embodiments, the plurality of capture agents comprises
between 2 and 50 distinct capture agents. In certain embodi-
ments, the plurality of capture agents comprises between 2
and 25 distinct capture agents.

[0008] In certain embodiments of the compositions of the
disclosure, the plurality of chambers comprises between 2
and 20,000 chambers. In certain embodiments, the plurality
of chambers comprises between 2 and 12,000 chambers. In
certain embodiments, the plurality of chambers comprises
between 2 and 10,000 chambers. In certain embodiments,
the plurality of chambers comprises between 2 and 5,000
chambers. In certain embodiments, the plurality of chambers
comprises between 2 and 2,500 chambers. In certain
embodiments, the plurality of chambers comprises between
2 and 1,000 chambers. In certain embodiments, the plurality
of chambers comprises between 2 and 500 chambers.

[0009] In certain embodiments of the compositions of the
disclosure, each chamber of the plurality of chambers has an
identical shape. In certain embodiments of the compositions
of the disclosure, each chamber of the plurality of chambers
has an equal value for at least one dimension. In certain
embodiments, each chamber of the plurality of chambers has
an equal value for each dimension. In certain embodiments
of the compositions of the disclosure, at least one chamber,
or each chamber of the plurality of chambers is round. In
certain embodiments, at least one chamber, or each chamber
of the plurality of chambers has a diameter of at least 10 um.
In certain embodiments, at least one chamber, or each
chamber of the plurality of chambers has a diameter of at
least 50 um. In certain embodiments, at least one chamber,
or each chamber of the plurality of chambers has a diameter
of at least 100 um. In certain embodiments, at least one
chamber, or each chamber of the plurality of chambers has
a depth of at least 10 pum. In certain embodiments, at least
one chamber, or each chamber of the plurality of chambers
has a depth of at least 50 pum. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a depth of at least 100 pm. In certain embodi-
ments of the compositions of the disclosure, at least one
chamber, or each chamber of the plurality of chambers is
rectangular. In certain embodiments, at least one chamber, or
each chamber of the plurality of chambers has a length of a
first side of at least 10 um. In certain embodiments, at least
one chamber, or each chamber of the plurality of chambers
has a length of a first side of at least 50 um. In certain
embodiments, at least one chamber, or each chamber of the
plurality of chambers has a length of a first side of at least
100 pm. In certain embodiments, at least one chamber, or
each chamber of the plurality of chambers has a length of a
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second side of at least 10 um. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a length of a second side of at least 50 pm. In
certain embodiments, at least one chamber, or each chamber
of the plurality of chambers has a length of a second side of
at least 100 pm. In certain embodiments, at least one
chamber, or each chamber of the plurality of chambers has
a depth of at least 10 um. In certain embodiments, at least
one chamber, or each chamber of the plurality of chambers
has a depth of at least 50 um. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a depth of at least 100 pm.

[0010] In certain embodiments of the compositions of the
disclosure, each chamber of the plurality of chambers has an
equal value for at least one dimension. In certain embodi-
ments, each chamber of the plurality of chambers has an
equal value for each dimension.

[0011] In certain embodiments of the compositions of the
disclosure, at least one chamber, or each chamber of the
plurality of chambers is round. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a diameter of at least 10 um. In certain
embodiments, at least one chamber, or each chamber of the
plurality of chambers has a diameter of at least 50 um. In
certain embodiments, at least one chambet, or each chamber
of the plurality of chambers has a diameter of at least 100
pm. In certain embodiments, at least one chamber, or each
chamber of the plurality of chambers has a depth of at least
10 um. In certain embodiments, at least one chamber, or
each chamber of the plurality of chambers has a depth of at
least 50 um. In certain embodiments, at least one chamber,
or each chamber of the plurality of chambers has a depth of
at least 100 pm.

[0012] In certain embodiments of the compositions of the
disclosure, at least one chamber, or each chamber of the
plurality of chambers is rectangular. In certain embodiments,
at least one chamber, or each chamber of the plurality of
chambers has a length of a first side of at least 10 um. In
certain embodiments, at least one chamber, or each chamber
of the plurality of chambers has a length of a first side of at
least 50 um. In certain embodiments, at least one chamber,
or each chamber of the plurality of chambers has a length of
a first side of at least 100 um. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a length of a second side of at least 10 pm. In
certain embodiments, at least one chamber, or each chamber
of the plurality of chambers has a length of a second side of
at least 50 um. In certain embodiments, at least one chamber,
or each chamber of the plurality of chambers has a length of
a second side of at least 100 pm. In certain embodiments, at
least one chamber, or each chamber of the plurality of
chambers has a depth of at least 10 pm. In certain embodi-
ments, at least one chamber, or each chamber of the plurality
of chambers has a depth of at least 50 um. In certain
embodiments, at least one chamber, or each chamber of the
plurality of chambers has a depth of at least 100 pm.
[0013] In certain embodiments of the compositions of the
disclosure, the substrate comprises a polymer. In certain
embodiments, the substrate has an oxidized surface.

[0014] In certain embodiments of the compositions of the
disclosure, the substrate comprises a polymer. In certain
embodiments, the substrate has an oxidized surface. In
certain embodiments, the polymer comprises polydimethyl-
siloxane (PDMS). In certain embodiments, the PDMS sub-
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strate was formed from a PDMS pre-polymer mixed with a
surfactant prior to manufacture by injection molding, and,
optionally, the surfactant comprises Triton-X-100.

[0015] In certain embodiments of the compositions of the
disclosure, the surface comprises a glass.

[0016] In certain embodiments of the compositions of the
disclosure, at least one capture agent of the plurality of
capture agents comprises an oligonucleotide, an aptamer, an
antibody, a functional fragment of an antibody, or an anti-
body mimetic.

[0017] In certain embodiments of the compositions of the
disclosure, at least one capture agent of the plurality of
capture agents comprises an antibody. In certain embodi-
ments, each capture agent of the plurality of capture agents
comprises an antibody.

[0018] In certain embodiments of the compositions of the
disclosure, the coating composition further comprises a
crosslinking composition. In certain embodiments, the
crosslinking composition comprises a biocompatable poly-
mer. For example, the biocompatable polymer may comprise
poly(vinyl alcohol) (PVA). In certain embodiments, the
crosslinking composition comprises poly(vinyl alcohol)
(PVA). In certain embodiments, the crosslinking composi-
tion comprises 3% v/v PVA. In certain embodiments, the
crosslinking composition further comprises a glutaraldehyde
composition and a hydrochloric acid (HCI) composition. In
certain embodiments, the glutaraldehyde composition com-
prises 0.1% glutaraldehyde. In certain embodiments, the
HCI composition comprises 10% HCIL. In certain embodi-
ments, the crosslinking composition further comprises a
glutaraldehyde composition comprising 0.1% glutaralde-
hyde and a hydrochloric acid (HCI) composition comprising
10%° HCl,

[0019] In certain embodiments of the compositions of the
disclosure, the cell lysis composition comprises a detergent.
For example, the detergent may comprise Triton-X-100. In
certain embodiments, the cell lysis composition comprises
Triton-X-100. In certain embodiments, the cell lysis com-
position comprises 0.2% Triton-X-100.

[0020] In certain embodiments of the compositions of the
disclosure, the coating composition comprises a crosslinking
composition comprising 3% v/v PVA and a cell lysis com-
position comprising 0.2% Triton-X-100. In certain embodi-
ments, the crosslinking composition further comprises a
glutaraldehyde composition comprising 0.1% glutaralde-
hyde and a hydrochloric acid (HCI) composition comprising
10%, HCL.

[0021] In certain embodiments of the compositions of the
disclosure, the coating composition comprises a lysis com-
position, a signaling agent, and at least one crosslinking
composition. The crosslinking composition may be opti-
mized for a controlled release of the lysis composition,
either alone, or in combination with, a signaling agent. For
example, coating compositions of the disclosure may com-
prise a signaling agent that activates, inhibits, or alters a
signaling pathway of the cell in the chamber. Lysis compo-
sitions of the disclosure may comprise a signaling agent that
activates, inhibits, or alters a signaling pathway of the cell in
the chamber. For example, in a coating composition of the
disclosure, a lysis composition may be combined with a first
crosslinking composition and a signaling agent may be
combined with a second crosslinking composition, wherein
the first and second crosslinking compositions are either
identical or are uniquely formulated for release of either the
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lysis composition or the signaling agent at distinct times
and/or distinct rates. In certain embodiments of a coating
composition of the disclosure, a lysis composition is com-
bined with a first crosslinking composition and a signaling
agent is combined with a second crosslinking composition,
wherein the first crosslinking composition is added to the
substrate as a bottom layer that directly contacts the sub-
strate and the second crosslinking composition is added on
top of the first crosslinking composition as a top layer that
does not directly contact the substrate. Upon contacting a
cell suspension, the top layer (i.e. second crosslinking com-
position) of the coating composition may degrade or release
the signaling agent before the bottom layer (i.e. first cross-
linking composition) of the coating composition may
degrade or release the lysis composition. The result of this
stratified coating composition is a sequential contacting of
the cell with the signaling agent followed by a contacting of
the cell with the lysis composition. Without requiring mov-
ing parts or multiple channels, the compositions of the
disclosure can be used to first affect cell signaling and then
lyse the cell to expose the intracellular components for
immediate analysis.

[0022] Exemplary signaling agents of the disclosure
include, but are not limited to, ligands for cell surface and
transmembrane receptors, antigens, growth factors (nerve
growth factor (NGF), epidermal growth factor (EGF), plate-
let-derived growth factor (PDGF), interleukin-2, erythropoi-
etin), cytokines (chemokines, interferons, interleukins, lym-
phokines, and tumour necrosis factors, interleukin-1 (IL-1),
interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-7 (IL-
7), interleukin-9 (IL-9), interleukin-15 (IL-15), interleukin-
21 (IL-21), interleukin-10 (IL-10), interleukin-17 (IL-17),
interleukin-18 (IL-18), interleukin-19 (IL-19), interleukin-
20 (IL-20), interleukin-22 (IL-22), interleukin-24 (IL-24),
interleukin-26 (IL-26), interferon (IFN) types I-III, inter-
feron-alpha (IFN-o), interferon-beta (IFN-f), interferon-
epsilon (IFN-¢), interferon-kappa (IFN-x), interferon-delta
(IFN-6), interferon-tau (IFN-t), interferon-omega (IFN-w),
interferon-zeta (IFN-T), interferon-gamma (IFN-y), inter-
feron-lamba (IFN-A), transforming growth factor beta 1
(TGF-B1), transforming growth factor beta 2 (TGF-$2) and
transforming growth factor beta 3 (TGF-p3) hormones (in-
cluding, but not limited to thyroid hormone, vitamin D3,
retinoic acid, testosterone, estrogen, progesterone, corticos-
teroids, ectysone, insulin, glucagon, growth hormone, fol-
licle-stimulating hormone (FSH), prolactin), lipids (prosta-
glandins, prostacyclin, thromboxanes, and leukotrienes),
peptides (insulin, glucagon, growth hormone, follicle-stimu-
lating hormone (FSH), prolactin, substance P, oxytocin,
vasopressin, enkephalins, f-endorphin, nerve growth factor
(NGF), epidermal growth factor (EGF), platelet-derived
growth factor (PDGF), interleukin-2, erythropoietin), pain
peptides (Neurokinin A, glutamate, substance P, steroids,
physiological stressors (adrenaline, noradrenaline, cortisol,
adrenocorticotropic hormone, corticotropin-releasing hor-
mone, serotonin, neuropeptide Y), neurotransmitters (ace-
tylcholine, dopamine, epinephrine (adrenaline), serotonin,
histamine, glutamate, glycine, y-aminobutyric acid
(GABA), substance P, oxytocin, vasopressin, enkephalins,
[-endorphin), small molecules, ions (calcium, potassium,
and sodium) gas particles (including, but not limited to nitric
oxide, carbon monoxide, carbon dioxide, and oxygen (O,)),
synthetic ligands, synthetic agonists of cell surface and
transmembrane receptors, synthetic antagonists of cell sur-
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face and transmembrane receptors, and competitive ligands
of cell surface and transmembrane receptors (reversible and
irreversible).

[0023] In certain embodiments of the compositions of the
disclosure, the composition comprises water.

[0024] In certain embodiments of the compositions of the
disclosure, the composition does not comprise water.

[0025] 1In certain embodiments of the compositions of the
disclosure, the linker composition does not degrade at room
temperature for at least 1 week. In certain embodiments, the
linker composition does not degrade at room temperature for
at least 1 month. In certain embodiments, the linker com-
position does not degrade at room temperature for at least 6
months. In certain embodiments, the linker composition
does not degrade at room temperature for at least 1 year. In
certain embodiments, the linker composition is “shelf
stable” at a temperature range from above freezing to below
boiling (adjusted as needed according to altitude) for a
period of time extending from end of the manufacturing to
use by the consumer. Compositions of the disclosure may be
temporarily sealed for a period of time extending from end
of the manufacturing to use by the consumer. As long as a
composition of the disclosure is not contaminated, opened
(the surface and substrate separated from one another prior
to use), unsealed, boiled, frozen and/or broken, composi-
tions of the disclosure may remain stable and efficacious for
a period of time extending from end of the manufacturing to
use by the consumer, which may be at least 1 hour, 2 hours,
3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours,
10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours,
16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours,
22 hours, 23 hours, 24 hours or any hourly increment in
between. As long as that a composition of the disclosure is
not contaminated, opened (the surface and substrate sepa-
rated from one another prior to use), unsealed, boiled, frozen
and/or broken, compositions of the disclosure may remain
stable and efficacious for a period of time extending from
end of the manufacturing to use by the consumer, which may
be at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14
days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days,
21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
days, 28 days, 29 days, 30 days or any daily increment in
between. As long as that a composition of the disclosure is
not contaminated, opened (the surface and substrate sepa-
rated from one another prior to use), unsealed, boiled, frozen
and/or broken, compositions of the disclosure may remain
stable and efficacious for a period of time extending from
end of the manufacturing to use by the consumer, which may
be at least 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12
weeks or any weekly increment in between. As long as that
a composition of the disclosure is not contaminated, opened
(the surface and substrate separated from one another prior
to use), unsealed, boiled, frozen and/or broken, composi-
tions of the disclosure may remain stable and efficacious for
a period of time extending from end of the manufacturing to
use by the consumer, which may be at least 1 month, 2
months, 3 months, 4 months, 5 months, 6 months, 7 months,
8 months, 9 months, 10 months, 11 months, 12 months or
any monthly increment in between. As long as that a
composition of the disclosure is not contaminated, opened
(the surface and substrate separated from one another prior
to use), unsealed, boiled, frozen and/or broken, composi-



US 2019/0285626 A1l

tions of the disclosure may remain stable and efficacious for
a period of time extending from end of the manufacturing to
use by the consumer, which may be at least 1 year, 2 years,
3 years, 4 years, 5 years, 6 years or any yearly increment in
between.

[0026] The linker component comprises a functionaliza-
tion component and an extension component. In certain
embodiments of the compositions of the disclosure, upon
contact with the substrate, the functionalization component
covalently bonds at least one functional group to a surface
of the substrate. In certain embodiments, the surface com-
prises an interior surface of each chamber of the plurality of
chambers. In certain embodiments, the surface comprises
each interior surface of each chamber of the plurality of
chambers.

[0027] The linker component comprises a functionaliza-
tion component and an extension component. In certain
embodiments of the compositions of the disclosure, upon
contact with the substrate, the functionalization component
covalently bonds at least one functional group to a surface
of the substrate. In certain embodiments, the at least one
functional group is a silane group. In certain embodiments,
the functionalization component comprises an organofunc-
tional alkoxysilane. For example, the organofunctional
alkoxysilane may comprise an aminosilane. In certain
embodiments, the functionalization component comprises
an aminosilane. For example, the aminosilane may comprise
(3-AminopropyDtriethoxysilane  (APTES). In certain
embodiments, the functionalization component comprises
(3-AminopropyDtriethoxysilane  (APTES). In certain
embodiments, the functionalization component comprises
1% APTES.

[0028] The linker component comprises a functionaliza-
tion component and an extension component. In certain
embodiments of the compositions of the disclosure, the
extension component comprises an organic polymer that
covalently binds to the functionalization component at a first
end. In certain embodiments, the organic polymer comprises
an aldehyde at a second end. In certain embodiments, the
extension component binds to the crosslinking composition.
In certain embodiments, the extension component comprises
glutaraldehyde. In certain embodiments, the extension com-
ponent comprises 1% glutaraldehyde.

[0029] In certain embodiments of the compositions of the
disclosure, the repeating pattern comprises a plurality of
parallel lines. In certain embodiments of the compositions of
the disclosure, the repeating pattern comprises a plurality of
dots. In every embodiment of the repeating pattern of the
plurality of capture agents, each repeat of the pattern com-
prises at least one of each distinct capture agent. For
example, and by means of illustration, if the plurality of
capture agents comprise “A”, “B” and “C” which specifi-
cally bind to intracellular targets “a”, “b” and “c”, respec-
tively, then each repeat of the repeating pattern of the
plurality of capture agents comprises at least one “A”, at
least one “B” and at least one “C”.

[0030] In certain embodiments of the compositions of the
disclosure, the intracellular target is a DNA molecule, an
RNA molecule, a peptide, a polypeptide, a protein, a protein
complex, a channel, an organelle, a lipid, an oligosaccharide,
a cytoskeletal element. Alternatively, or in addition, the
intracellular target may be a transcript of an oncogene, an
oncoprotein, transcript of a tumor suppressor gene, a tumor
suppressor protein, a regulator of an oncogene, a regulator of

Sep. 19,2019

an oncoprotein or a regulator of a tumor suppressor gene.
Alternatively, or further in addition, the intracellular target
may be a receptor, an enzyme, a transcription factor, or a
growth factor. Alternatively, or further in addition, the
intracellular target is a phosphorylized receptor or a phos-
phorylized enzyme. In certain embodiments, the enzyme is
a kinase.

[0031] In certain embodiments of the compositions of the
disclosure, the intracellular target is a DNA molecule, an
RNA molecule, a peptide, a polypeptide, a protein, a protein
complex, a channel, an organelle, a lipid, an oligosaccharide,
a cytoskeletal element. In certain embodiments, the intrac-
ellular target comprises a transcript of an oncogene, an
oncoprotein, a transcript of a tumor suppressor gene, a tumor
suppressor protein, a regulator of an oncogene, a regulator of
an oncoprotein or a regulator of a tumor suppressor gene. In
certain embodiments, the intracellular target comprises a
receptor, an enzyme, a transcription factor, or a growth
factor. In certain embodiments, the intracellular target com-
prises a phosphorylized receptor or a phosphorylized
enzyme. In certain embodiments, the enzyme is a kinase.
[0032] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the at least one chamber of the plurality
of chambers further comprises a functionalized band. In
certain embodiments of the compositions of the disclosure,
including those wherein at least one chamber comprises a
bead, each chamber of the plurality of chambers further
comprises a functionalized band.

[0033] In certain embodiments of the compositions of the
disclosure, the functionalized band captures a bead. In
certain embodiments, the functionalized band captures at
least one bead. In certain embodiments, the functionalized
band captures at most one bead. In certain embodiments, the
functionalized band captures only a single bead.

[0034] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the functionalized band captures a cell. In
certain embodiments, the functionalized band captures at
least one cell. In certain embodiments, the functionalized
band captures at most one cell. In certain embodiments, the
functionalized band captures only a single cell.

[0035] In certain embodiments of the compositions of the
disclosure, the functionalized band captures one bead and
one cell. In certain embodiments, the functionalized band
captures at most one bead and at most one cell.

[0036] In certain embodiments of the compositions of the
disclosure, at least one chamber of the plurality of chambers
has one or more dimensions that prevents a second bead
from entering the chamber or from contacting the function-
alized band. In certain embodiments of the compositions of
the disclosure, each chamber of the plurality of chambers
has one or more dimensions that prevents a second bead
from entering the chamber or from contacting the function-
alized band. In certain embodiments, the one or more
dimensions of the chamber is greater than any dimension of
a first bead, thereby allowing the first bead to enter the
chamber or contact the functionalized band. In certain
embodiments, the one or more dimensions of the chamber is
lesser than the sum of any dimension of the first bead and
any dimension of the second bead, thereby preventing the
second bead from entering the chamber or from contacting
the functionalized band. In certain embodiments, the one or
more dimensions of the chamber is a diameter and wherein
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the diameter is or is about 50 um. In certain embodiments,
the first bead has a diameter of between 30 and 40 pm,
inclusive of the endpoints, thereby allowing the first bead to
enter the chamber or contact the functionalized band. In
certain embodiments, the sum of the diameter of the first
bead and the diameter of the second bead is between 60 and
80 um, thereby preventing the second bead from entering the
chamber or from contacting the functionalized band.
[0037] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the functionalized band has a width of or
of about 10 pm.

[0038] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the chamber comprising the functional-
ized band is prepared according to a method comprising the
steps of: contacting at least one surface of the chamber with
a coating composition to produce at least one coated surface,
passivating of the at least one coated surface of the chamber
to produce at least one passivated surface; covering a portion
of the at least one passivated surface with a photomask,
wherein the photomask comprises a pattern, to produce at
least one masked surface; exposing the at least one masked
surface to a UV light; depositing a capture antibody com-
position on the at least one masked surface of the chamber
to produce at least one functionalized surface, contacting a
bead composition to the chamber, wherein the at least one
functionalized surface captures the bead, introducing a cell
lysis composition to the chamber, and introducing a cell to
the chamber. In certain embodiments, the chamber compris-
ing the functionalized band is prepared according to a
method further comprising the step of: removing the bead
from the chamber. In certain embodiments, the chamber
comprising the functionalized band is prepared according to
a method further comprising the steps of: depositing a
streptavidin  composition in the chamber, wherein the
streptavidin composition is deposited in the chamber after
depositing the capture antibody composition and wherein
the streptavidin composition is deposited in the chamber
before introducing the bead to the chamber.

[0039] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the coating composition comprises a
PVA-ShQ composition.

[0040] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the antibody composition comprises a
capture antibody.

[0041] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, prior to depositing the antibody compo-
sition, at least one masked surface is prepared according to
a method comprising: contacting the at least one masked
surface with a linker composition. In certain embodiments,
the linker composition comprises an extension component.
In certain embodiments, the extension component comprises
an APTES composition. In certain embodiments, the linker
composition comprises a functionalization component. In
certain embodiments, the functionalization component com-
prises a protein G composition.

[0042] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the chamber comprising the functional-
ized band is prepared according to a method comprising the
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steps of: passivating of at least one surface of the chamber;
covering a portion of the at least one passivated surface with
a photomask, wherein the photomask comprises a pattern, to
produce at least one masked surface; exposing the at least
one masked surface to a UV light; depositing a capture
antibody composition in the chamber; and introducing a cell
to the chamber. In certain embodiments, the passivating step
comprises: contacting the at least one surface of the chamber
and oxygen plasma to produce at least one functionalized
surface; contacting the at least one functionalized surface
with pretreatment composition to produce a pretreated sur-
face, and contacting the at least one pretreated surface with
a biotin composition. In certain embodiments, the pretreat-
ment composition comprises N-(3-Dimethylaminopropyl)-
N'-ethylcarbodiimide hydrochloride (EDC) and N-Hydroxy-
sulfosuccinimide sodium salt (Sulfo-NHS). In certain
embodiments, the pretreatment composition further com-
prises a buffer comprising 0.05 M MES and 0.5 M NaCl. In
certain embodiments, the biotin composition comprises PLL
(20)-g[3.5]-PEG(2): poly-L-lysine-g-poly(ethyleneglycol)-
biotin (PLL-g-PEG-biotin). In certain embodiments, the
biotin composition further comprises a HEPES buffer. In
certain embodiments, the pretreatment composition com-
prises 11.5 mg/ml of N-(3-Dimethylaminopropyl)-N'-ethyl-
carbodiimide hydrochloride (EDC), 19.2 mg/ml of N-Hy-
droxysulfosuccinimide sodium salt (Sulfo-NHS) and a
buffer comprising 0.05 M MES and 0.5 M NaCl buffer. In
certain embodiments, the biotin composition comprises 0.5
mg/ml of PLL(20)-g[3.5]-PEG(2): poly-L-lysine-g-poly
(ethyleneglycol)-biotin (PLL-g-PEG-biotin) and a 10 mM
HEPES buffer. In certain embodiments, the passivating step
comprises: contacting the at least one surface of the chamber
and oxygen plasma to produce at least one functionalized
surface; contacting the at least one functionalized surface
with pretreatment composition for 15 minutes to produce a
pretreated surface, and contacting the at least one pretreated
surface with a biotin composition for at least 3 hours.

[0043] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the bead comprises a composition com-
prising a biotinylated oligonucleotide.

[0044] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the cell composition comprises an RNAse
inhibitor solution.

[0045] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the bead composition comprises a bead
and nucleic acid sequence encoding a barcode, wherein the
barcode comprises a sequence encoding a barcode and a
sequence encoding a barcode handle. In certain embodi-
ments, the nucleic acid sequence encoding the barcode
further comprises one or more of a sequence encoding a
PCR handle, a sequence encoding a unique molecular iden-
tifier (UMI), a sequence encoding a template switching
oligonucleotide (TSO) handle, and a sequence encoding a
TSO hybridization site. In certain embodiments, the nucleic
acid sequence encoding the barcode further comprises a
sequence encoding a PCR handle, a sequence encoding a
unique molecular identifier (UMI), a sequence encoding a
template switching oligonucleotide (TSO) handle, and a
sequence encoding a TSO hybridization site. In certain
embodiments, the nucleic acid sequence encoding the bar-
code comprises, from 5' to 3', a sequence encoding a PCR
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handle, a sequence encoding a barcode, a sequence encoding
a barcode handle, a sequence encoding a unique molecular
identifier (UMI), a sequence encoding a template switching
oligonucleotide (TSO) handle, and a sequence encoding a
TSO hybridization site. In certain embodiments, the
sequence encoding a TSO hybridization site comprises a
polyguanine (polyG) sequence. In certain embodiments, the
sequence encoding a TSO hybridization site consists of a
polyguanine (polyG) sequence.

[0046] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, each bead of a bead composition com-
prises a unique barcode. In certain embodiments, each bead
of each chamber comprises a unique barcode. In certain
embodiments, each bead of the plurality of chambers com-
prises a unique barcode. In certain embodiments, the bead
substrate may be interchanged with a glass slide as substrate,
utilizing the same slide positioned over the chambers to
capture both the mRNA as well as the protein.

[0047] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the sequence encoding the barcode com-
prises 12 nucleotides. In certain embodiments, the sequence
encoding the barcode consists of 12 nucleotides.

[0048] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the sequence encoding the barcode com-
prises at least one modified nucleotide. In certain embodi-
ments, the modified nucleotide comprises a label. In certain
embodiments, the label comprises a fluorophore or a chro-
maphore. In certain embodiments, the label is a fluorescent
label. In certain embodiments, each nucleotide of the
sequence encoding the barcode comprises a label. In certain
embodiments, each adenine comprise a first label, wherein
each cytosine comprises a second label, each guanine com-
prises a third label, and each thymine comprises a fourth
label. In certain embodiments, the first label, the second
label, the third label, and the fourth label are distinct labels.
In certain embodiments, the first label, the second label, the
third label, and the fourth label are spectrally-distinguish-
able fluorescent labels.

[0049] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the composition further comprises a
template switching oligo (TSO). In certain embodiments, the
TSO comprises a sequence complementary to the sequence
encoding the UMI, a sequence complementary to the
sequence encoding the TSO handle, a sequence complemen-
tary to the sequence encoding the sequence encoding a TSO
hybridization site, and a sequence complementary to an
intracellular target RNA. In certain embodiments, the intra-
cellular target RNA is an mRNA. In certain embodiments,
the sequence complementary to the sequence encoding the
sequence encoding a TSO hybridization site of the TSO
hybridizes to the sequence encoding a TSO hybridization
site of the nucleic acid encoding the barcode.

[0050] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the composition further comprises an
intracellular target RNA. In certain embodiments, the intra-
cellular target RNA hybridizes with the TSO.

[0051] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the composition further comprises a
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forward primer and a reverse primer, wherein the forward
primer comprises a sequence complementary to the
sequence encoding the PCR handle and wherein the second
primer comprises a sequence complementary to a sequence
of the intracellular target RNA. In certain embodiments, the
reverse primer further comprises a primer-specific identifi-
cation sequence.

[0052] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the intracellular target RNA encodes a
component of a T-cell receptor (TCR). In certain embodi-
ments, the intracellular target RNA encodes an a-chain of a
TCR (TCRa). In certain embodiments, the intracellular
target RNA encodes a [3-chain of a TCR (TCRp).

[0053] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the intracellular target RNA encodes a
non-naturally occurring RNA or mRNA. In certain embodi-
ments, the non-naturally occurring RNA or mRNA com-
prises a synthetic, modified, recombinant or chimeric
sequence. In certain embodiments, the non-naturally occur-
ring RNA or mRNA comprises a mutation when compared
to a wild type version of the sequence. In certain embodi-
ments, the mutation comprises a substitution, an insertion, a
deletion, an inversion, or a transposition. In certain embodi-
ments, the non-naturally occurring RNA or mRNA encodes
a component of a TCR. In certain embodiments, the intra-
cellular target RNA encodes an a-chain of a TCR (TCRa).
In certain embodiments, the intracellular target RNA
encodes a f-chain of a TCR (TCRp).

[0054] In certain embodiments of the compositions of the
disclosure, including those wherein at least one chamber
comprises a bead, the intracellular target RNA encodes a
non-naturally occurring RNA or mRNA. In certain embodi-
ments, the non-naturally occurring RNA or mRNA com-
prises a synthetic, modified, recombinant or chimeric
sequence. In certain embodiments, the non-naturally occur-
ring RNA or mRNA comprises a mutation when compared
to a wild type version of the sequence. In certain embodi-
ments, the mutation comprises a substitution, an insertion, a
deletion, an inversion, or a transposition. In certain embodi-
ments, the non-naturally occurring RNA or mRNA encodes
a fusion protein. In certain embodiments, the non-naturally
occurring RNA or mRNA encodes a chimeric antigen recep-
tor (CAR). In certain embodiments, the CAR is released
from a modified cell. In certain embodiments, the modified
cell is a modified T-cell.

[0055] The disclosure provides a method for the multi-
plexed analysis of one or more intracellular targets of a
single cell, comprising contacting a biological sample and a
composition of the disclosure under conditions sufficient to
cause cell lysis to produce a cell lysate within each chamber
of the plurality of chambers of the substrate, wherein each
chamber of the plurality of chambers comprises a single cell
of the biological sample, wherein the biological sample
comprises a plurality of cells and a fluid, and wherein within
each chamber of the plurality of chambers the biological
sample is in fluid communication with the surface; incubat-
ing the cell lysate within each chamber of the plurality of
chambers for a sufficient time to allow at least one capture
agent of the plurality of capture agents to specifically bind
to at least one intracellular target to produce a capture
agent:target complex; and visualizing at least one capture
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agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis.

[0056] The disclosure provides a method for the multi-
plexed analysis of one or more intracellular targets of a
single cell, comprising contacting a biological sample and
the composition of the disclosure under conditions sufficient
to cause cell lysis to produce a cell lysate within each
chamber of the plurality of chambers of the substrate,
wherein each chamber of the plurality of chambers com-
prises a single cell of the biological sample, wherein the
biological sample comprises a plurality of cells and a fluid,
wherein within each chamber of the plurality of chambers
the biological sample is in fluid communication with a bead,
and wherein the bead comprises a plurality of capture agents
to specifically bind to at least one intracellular target to
produce a capture agent:target complex; incubating the cell
lysate within each chamber of the plurality of chambers for
a sufficient time to allow at least one capture agent of the
plurality of capture agents to specifically bind to at least one
intracellular target to produce a capture agent:target com-
plex; and visualizing at least one capture agent:target com-
plex or sequencing a target of the at least one capture
agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis. In certain
embodiments, the method comprises visualizing at least one
capture agent:target complex and sequencing a target of the
at least one capture agent:target complex to identify one or
more intracellular targets of a single cell in a multiplexed
analysis.

[0057] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
method comprises visualizing at least one capture agent:
target complex or sequencing a target of the at least one
capture agent:target complex to identify one or more intra-
cellular targets of a single cell in a multiplexed analysis.
[0058] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
method comprises sequencing a target of the at least one
capture agent:target complex to identify one or more intra-
cellular targets of a single cell in a multiplexed analysis.
[0059] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
method comprises sequencing a target of the at least one
capture agent:target complex to identify one or more intra-
cellular targets of a single cell in a multiplexed analysis.
[0060] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the bead
composition comprises a bead and nucleic acid sequence
encoding a barcode, wherein the barcode comprises a
sequence encoding a barcode and a sequence encoding a
barcode handle and wherein the method comprises sequenc-
ing the barcode by synthesizing a cDNA barcode sequence.
In certain embodiments, synthesizing the barcode comprises
contacting the sequence encoding the barcode handle, a
primer comprising a sequence complementary to a portion
of the sequence encoding the barcode handle and a poly-
merase, under conditions sufficient for hybridization and
c¢DNA synthesis, wherein the contacting produces a cDNA
barcode sequence. In certain embodiments, the sequencing
step 1s performed in the chamber. In certain embodiments,
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the nucleic acid sequence encoding the barcode further
comprises one or more of a sequence encoding a PCR
handle, a sequence encoding a unique molecular identifier
(UMI), a sequence encoding a template switching oligo-
nucleotide (TSO) handle, and a sequence encoding a TSO
hybridization site. In certain embodiments, the nucleic acid
sequence encoding the barcode further comprises a sequence
encoding a PCR handle, a sequence encoding a unique
molecular identifier (UMI), a sequence encoding a template
switching oligonucleotide (TSO) handle, and a sequence
encoding a TSO hybridization site. In certain embodiments,
the nucleic acid sequence encoding the barcode comprises,
from 5' to 3', a sequence encoding a PCR handle, a sequence
encoding a barcode, a sequence encoding a barcode handle,
a sequence encoding a unique molecular identifier (UMI), a
sequence encoding a template switching oligonucleotide
(TSO) handle, and a sequence encoding a TSO hybridization
site. In certain embodiments, the sequence encoding a TSO
hybridization site comprises a polyguanine (polyG)
sequence. In certain embodiments, the sequence encoding a
TSO hybridization site consists of a polyguanine (polyG)
sequence. In certain embodiments, each bead of a bead
composition comprises a unique barcode. In certain embodi-
ments, each bead of each chamber comprises a unique
barcode. In certain embodiments, each bead of the plurality
of chambers comprises a unique barcode. In certain embodi-
ments, the sequence encoding the barcode comprises 12
nucleotides.

[0061] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
sequence encoding the barcode consists of 12 nucleotides. In
certain embodiments, the conditions sufficient for hybrid-
ization and cDNA synthesis comprise a plurality of deoxy-
nucleotides (ANTPs). In certain embodiments, at least one
dNTP of the plurality of deoxynucleotides (dNTPs) com-
prises a modification. In certain embodiments, each ANTP of
the plurality of deoxynucleotides (ANTPs) comprises a
modification. In certain embodiments, the modification
comprises a label. In certain embodiments, the label com-
prises a fluorophore or a chromaphore. In certain embodi-
ments, the label is a fluorescent label. In certain embodi-
ments, each adenine comprise a first label, wherein each
cytosine comprises a second label, each guanine comprises
a third label, and each thymine comprises a fourth label. In
certain embodiments, the first label, the second label, the
third label, and the fourth label are distinct labels. In certain
embodiments, the first label, the second label, the third label,
and the fourth label are spectrally-distinguishable fluores-
cent labels.

[0062] The disclosure provides a cDNA barcode sequence
produced according to the method of the disclosure.
[0063] The disclosure provides composition comprising
the cDNA barcode sequence of the disclosure.

[0064] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
methods further comprise contacting the nucleic acid
sequence encoding the barcode of the bead and a TSO under
conditions sufficient for hybridization of the TSO to a
portion of the nucleic acid encoding the barcode to produce
a nucleic acid/TSO duplex. In certain embodiments, the
TSO comprises a sequence complementary to the sequence
encoding the UMI, a sequence complementary to the
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sequence encoding the TSO handle, a sequence complemen-
tary to the sequence encoding the sequence encoding a TSO
hybridization site, and a sequence complementary to an
intracellular target RNA. In certain embodiments, the intra-
cellular target RNA is an mRNA. In certain embodiments,
the sequence complementary to the sequence encoding a
TSO hybridization site of the TSO hybridizes to the
sequence encoding a TSO hybridization site of the nucleic
acid encoding the barcode. In certain embodiments, the TSO
hybridizes with an intracellular target RNA to form a nucleic
acid: TSO:intracellular target RNA triplex.

[0065] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
methods further comprise contacting the nucleic acid: TSO:
intracellular target RNA triplex, a forward primer, a reverse
primer, and a polymerase, under conditions sufficient for
hybridization and amplification, wherein the forward primer
comprises a sequence complementary to the sequence
encoding the PCR handle of the nucleic acid encoding the
barcode and wherein the second primer comprises a
sequence complementary to a sequence of the intracellular
target RNA to produce an amplification product. In certain
embodiments, the amplification product comprises a
sequence encoding the barcode, a sequence encoding the
barcode handle, a sequence encoding a UMI, a sequencing
encoding the TSO handle, a sequence encoding a TSO
hybridization site, and a sequence encoding the intracellular
target RNA.

[0066] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
methods further comprise contacting the amplification prod-
uct with a second forward primer, a second reverse primer,
and a polymerase, under conditions sufficient for hybridiza-
tion and amplification, wherein the second forward primer
comprises a sequence complementary to the sequence
encoding the PCR handle of the amplification product and
wherein the second reverse primer comprises a sequence
complementary to a sequence of the intracellular target RNA
of the amplification product to produce a first sequencing
product. In certain embodiments, the second reverse primer
further comprises a primer-specific identification sequence.
[0067] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
intracellular target RNA encodes a component of a T-cell
receptor (TCR). In certain embodiments, the intracellular
target RNA encodes an a.-chain of a TCR (TCRa). In certain
embodiments, the intracellular target RNA encodes a
[-chain of a TCR (TCRp).

[0068] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
intracellular target RNA encodes a non-naturally occurring
RNA or mRNA. In certain embodiments, the non-naturally
occurring RNA or mRNA comprises a synthetic, modified,
recombinant or chimeric sequence. In certain embodiments,
the non-naturally occurring RNA or mRNA comprises a
mutation when compared to a wild type version of the
sequence. In certain embodiments, the mutation comprises a
substitution, an insertion, a deletion, an inversion, or a
transposition. In certain embodiments, the non-naturally
occurring RNA or mRNA encodes a component of a TCR.
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In certain embodiments, the intracellular target RNA
encodes an a-chain of a TCR (TCRa). In certain embodi-
ments, the intracellular target RNA encodes a f-chain of a
TCR (TCRp).

[0069] In certain embodiments of the methods of the
disclosure, including methods for the multiplexed analysis
of one or more intracellular targets of a single cell, the
intracellular target RNA encodes a non-naturally occurring
RNA or mRNA. In certain embodiments, the non-naturally
occurring RNA or mRNA comprises a synthetic, modified,
recombinant or chimeric sequence. In certain embodiments,
the non-naturally occurring RNA or mRNA comprises a
mutation when compared to a wild type version of the
sequence. [n certain embodiments, the mutation comprises a
substitution, an insertion, a deletion, an inversion, or a
transposition. In certain embodiments, the non-naturally
occurring RNA or mRNA encodes a fusion protein. In
certain embodiments, the non-naturally occurring RNA or
mRNA encodes a chimeric antigen receptor (CAR). In
certain embodiments, the CAR is released from a modified
cell. In certain embodiments, the modified cell is a modified
T-cell.

[0070] In certain embodiments of the methods of the
disclosure, the single cell is a healthy cell. In certain
embodiments, the single cell is genetically-modified.
[0071] In certain embodiments of the methods of the
disclosure, the single cell is not a healthy cell. In certain
embodiments, the single cell is isolated, purified, or derived
from an infected or diseased tissue. In certain embodiments,
the single cell is isolated, purified, or derived from an
infected or diseased tissue or fluid. In certain embodiments,
the single cell contains a genetic or epigenetic marker that is
causative, predictive, or correlated with an undesirable state
of health, disease or disorder. In certain embodiments, the
single cell contains a genetic or epigenetic marker that is
causative, predictive, or correlated with a significantly
increased risk of developing an undesirable state of health,
disease, or disorder compared to the risk in the absence of
the genetic or epigenetic marker. In certain embodiments,
the single cell is genetically-modified.

[0072] In certain embodiments of the methods of the
disclosure, the single cell is a tumor cell. In certain embodi-
ments, the tumor cell is benign. In certain embodiments, the
tumor cell is malignant. In certain embodiments, the tumor
cell is a cancer cell. In certain embodiments, the single cell
is a malignant cell. In certain embodiments, the single cell
is a cancer cell. Cancer cells of the disclosure may be
isolated, purified, derived and/or cultured from any tissue of
the body, including, but not limited to, a solid tissue or a
biological fluid.

[0073] In certain embodiments of the methods of the
disclosure, the single cell is a neuronal cell. For example, the
single cell is a may be a neuron, a neural precursor, a neural
stem cell, or a cell capable of differentiating into a neural
cell. In certain embodiments, the neuronal cell may be
isolated, purified, or derived from a tissue or fluid of the
central nervous system. In certain embodiments, the neu-
ronal cell may be isolated, purified, or derived from a tissue
or fluid of the peripheral nervous system. In certain embodi-
ments, the single cell is genetically-modified.

[0074] In certain embodiments of the methods of the
disclosure, the single cell is a glial cell. In certain embodi-
ments, the glial cell may support a neuronal cell (e.g. a
neuroglial cell, a radial glial cell, an astrocyte, an oligoden-



US 2019/0285626 A1l

drocyte, a microglial cell, an ependymal cell, a Schwann cell
or a satellite cell). In certain embodiments, the glial cell may
be isolated, purified, or derived from a tissue or fluid of the
central nervous system. In certain embodiments, the glial
cell may be isolated, purified, or derived from a tissue or
fluid of the peripheral nervous system. In certain embodi-
ments, the glial cell may maintain a homeostatic state of a
neuronal cell. In certain embodiments, the glial cell may
produce, form and/or maintain a myelin or a myelin sheath
around an axon. In certain embodiments, the glial cell may
clear one or more signaling molecules from a synaptic cleft.
In certain embodiments, the glial cell may provide one or
more supportive factors or growth factors for a neuronal cell
or a local microenvironment. In certain embodiments, the
glial cell may facilitate removal of waste products from an
intercellular space in proximity to a neuronal cell. In certain
embodiments, the single cell is genetically-modified.
[0075] In certain embodiments of the methods of the
disclosure, the single cell is an immune cell. In certain
embodiments, the single cell is a B-lymphocyte. In certain
embodiments, the single cell is a leukocyte. Exemplary
leukocytes include, but are not limited to, phagocytes (mac-
rophages, neutrophils, and dendritic cells), lymphoid cells
(e.g. lymphocytes), mast cells, eosinophils, basophils, and
natural killer cells. In certain embodiments, the single cell is
a lymphocyte. In certain embodiments, the single cell is a
T-lymphocyte or a B-lymphocyte. In certain embodiments,
the single cell is a T-lymphocyte. In certain embodiments,
the single cell is genetically-modified.

[0076] In certain embodiments of the methods of the
disclosure, the single cell is a bacterium. Exemplary bacte-
rium may be of any species. Exemplary bacterium may be
isolated, purified, derived or cultured from a biofilm. Exem-
plary bacterium may have a mutualistic or symbiotic asso-
ciation with a host. Exemplary bacterium may have a
pathogenic association with a host. In certain embodiments,
the host is a vertebrate. In certain embodiments, the host is
a mammal, In certain embodiments, the host is a human. In
certain embodiments, the single cell is genetically-modified.
[0077] In certain embodiments of the methods of the
disclosure, the single cell is an archaeon. Exemplary
archaeon may be of any species. Exemplary archacon may
be isolated, purified, derived or cultured from a plurality or
population of archaea. In certain embodiments, the single
cell is genetically-modified.

[0078] In certain embodiments of the methods of the
disclosure, the single cell is a yeast cell. Exemplary yeast
cell may be of any species. Exemplary yeast cell may be
isolated, purified, derived or cultured from a plurality or
population of yeast cells. In certain embodiments, the single
cell is genetically-modified.

[0079] In certain embodiments of the methods of the
disclosure, the single cell is an alga. Exemplary alga may be
of any species. Exemplary alga may be isolated, purified,
derived or cultured from a plurality or population of algae.
In certain embodiments, the single cell is genetically-modi-
fied.

[0080] In certain embodiments of the methods of the
disclosure, the single cell is genetically-modified. In certain
embodiments, the single cell is genetically-modified for use
as a cellular therapy to treat a disease or disorder of the
disclosure.

[0081] In certain embodiments of the methods of the
disclosure, the biological sample comprises any bodily fluid.
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In certain embodiments, the biological sample comprises
blood, cerebral spinal fluid (CSF), lymph fluid, plural effu-
sion, urine or saliva. In certain embodiments, the biological
sample is obtained from a single subject or donor. In certain
embodiments, the biological sample is obtained from at least
one subject or donor. In certain embodiments, the biological
sample is obtained from one or more subject(s) or donor(s).
In certain embodiments, the biological sample is obtained
from a plurality of subject(s) or donor(s).

[0082] In certain embodiments of the methods of the
disclosure, the biological sample comprises a cell culture
media. In certain embodiments, the biological sample com-
prises a biopsy obtained from a subject and maintained as a
primary culture. In certain embodiments, the biological
sample comprises a biopsy obtained from a subject and
maintained as an immortalized culture.

[0083] In certain embodiments of the methods of the
disclosure, the biological sample comprises a tissue sample
or a tissue biopsy. In certain embodiments, the tissue sample
or tissue biopsy is obtained from any tissue of a vertebrate
body. In certain embodiments, the tissue sample or tissue
biopsy is obtained from any tissue of a mammalian body. In
certain embodiments, the tissue sample or tissue biopsy is
obtained from any tissue of a human body. In certain
embodiments, the tissue sample or tissue biopsy is obtained
from any organ, including, those organs extracted from a
body as well as any organ synthesized in vitro. In certain
embodiments, the tissue sample or tissue biopsy is obtained
from any tissue synthesized in vitro (e.g. grown or printed in
vitro).

[0084] In certain embodiments of the methods of the
disclosure, the biological sample comprises a bodily fluid or
fluid biopsy. In certain embodiments, the bodily fluid or fluid
biopsy is obtained from any fluid of a vertebrate body. In
certain embodiments, the bodily fluid or fluid biopsy is
obtained from any fluid of a mammalian body. In certain
embodiments, the bodily fluid or fluid biopsy is obtained
from any fluid of 2 human body. In certain embodiments, the
bodily fluid or fluid biopsy is obtained from any fluid,
including, those fluids extracted from a body as well as any
fluid synthesized in vitro.

[0085] In certain embodiments of the methods of the
disclosure, the subject is healthy.

[0086] In certain embodiments of the methods of the
disclosure, the subject not healthy. In certain embodiments,
the subject has an infection, disease, or disorder. In certain
embodiments, the subject has an infected or diseased tissue
or fluid. In certain embodiments, the subject has a genetic or
epigenetic marker that is causative, predictive, or correlated
with an undesirable state of health, disease or disorder. In
certain embodiments, the subject has a genetic or epigenetic
marker that is causative, predictive, or correlated with a
significantly increased risk of developing an undesirable
state of health, disease, or disorder compared to the risk in
the absence of the genetic or epigenetic marker. In certain
embodiments in which the subject is not a human embryo,
the subject may comprise one or more genetically-modified
cells.

[0087] In certain embodiments of the methods of the
disclosure, the subject has a tumor. In certain embodiments,
the tumor cell is benign. In certain embodiments, the tumor
cell is malignant. In certain embodiments, the tumor cell is
acancer cell. In certain embodiments, the subject has cancer.
In certain embodiments, the subject has at least one cancer.
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In certain embodiments, the subject has one or more cancers.
In certain embodiments, the subject has an aggressive form
of cancer. In certain embodiments, the subject has a rare
cancer or a rare form of a cancer (e.g. a cancer or a form of
cancer affecting less than 10%, 5%, 2%, 1% or any percent-
age in between of any population defined by age, gender,
genetic and/or epigenetic disposition, exposure to risk fac-
tors and/or family history). In certain embodiments, the
subject has metastatic cancer. Subjects of the disclosure may
have a tumor or a cancer cell located in or derived from any
tissue of the body, including, but not limited to, a solid tissue
or a biological fluid.

[0088] In certain embodiments of the methods of the
disclosure, the subject has a cancer. The cancer may be
adrenocortical carcinoma, AIDS-related cancers, AIDS-re-
lated lymphoma, anal cancer, anorectal cancer, cancer of the
anal canal, appendix cancer, childhood cerebellar astrocy-
toma, childhood cerebral astrocytoma, basal cell carcinoma,
skin cancer (non-melanoma), biliary cancer, extrahepatic
bile duct cancer, intrahepatic bile duct cancer, bladder can-
cer, urinary bladder cancer, bone and joint cancer, osteosar-
coma and malignant fibrous histiocytoma, brain cancer,
brain tumor, brain stem glioma, cerebellar astrocytoma,
cerebral astrocytoma/malignant glioma, ependymoma,
medulloblastoma, supratentorial primitive neuroectodeimal
tumors, visual pathway and hypothalamic glioma, breast
cancer, bronchial adenomas/carcinoids, carcinoid tumor,
gastrointestinal, nervous system cancer, nervous system
lymphoma, central nervous system cancer, central nervous
system lymphoma, cervical cancer, childhood cancers,
chronic lymphocytic leukemia, chronic myelogenous leuke-
mia, chronic myeloproliferative disorders, colon cancer,
colorectal cancer, cutaneous T-cell lymphoma, lymphoid
neoplasm, mycosis fungoides, Seziary Syndrome, endome-
trial cancer, esophageal cancet, extracranial germ cell tumor,
extragonadal germ cell tumor, extrahepatic bile duct cancer,
eye cancer, intraocular melanoma, retinoblastoma, gallblad-
der cancer, gastric (stomach) cancer, gastrointestinal carci-
noid tumor, gastrointestinal stromal tumor (GIST), germ cell
tumor, ovarian germ cell tumor, gestational trophoblastic
tumor glioma, head and neck cancer, hepatocellular (liver)
cancer, Hodgkin lymphoma, hypopharyngeal cancer,
intraocular melanoma, ocular cancer, islet cell tumors (endo-
crine pancreas), Kaposi Sarcoma, kidney cancer, renal can-
cer, kidney cancer, laryngeal cancer, acute lymphoblastic
leukemia, acute myeloid leukemia, chronic lymphocytic
leukemia, chronic myelogenous leukemia, hairy cell leuke-
mia, lip and oral cavity cancer, liver cancer, lung cancer,
non-small cell lung cancer, small cell lung cancer, AIDS-
related lymphoma, non-Hodgkin lymphoma, primary central
nervous system lymphoma, Waldenstram macroglobuline-
mia, medulloblastoma, melanoma, intraocular (eye) mela-
noma, merkel cell carcinoma, mesothelioma malignant,
mesothelioma, metastatic squamous neck cancer, mouth
cancer, cancer of the tongue, multiple endocrine neoplasia
syndrome, mycosis fungoides, myelodysplastic syndromes,
myelodysplastic/myeloproliferative diseases, chronic myel-
ogenous leukemia, acute myeloid leukemia, multiple
myeloma, chronic myeloproliferative disorders, nasopha-
ryngeal cancer, neuroblastoma, oral cancer, oral cavity can-
cer, oropharyngeal cancer, ovarian cancer, ovarian epithelial
cancer, ovarian low malignant potential tumor, pancreatic
cancer, islet cell pancreatic cancer, paranasal sinus and nasal
cavity cancer, parathyroid cancer, penile cancer, pharyngeal
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cancer, pheochromocytoma, pineoblastoma and supratento-
rial primitive neuroectodermal tumors, pituitary tumor,
plasma cell neoplasm/multiple myeloma, pleuropulmonary
blastoma, prostate cancer, rectal cancer, renal pelvis and
ureter, transitional cell cancer, retinoblastoma, rhabdomyo-
sarcoma, salivary gland cancer, ewing family of sarcoma
tumors, Kaposi Sarcoma, soft tissue sarcoma, uterine cancer,
uterine sarcoma, skin cancer (non-melanoma), skin cancer
(melanoma), merkel cell skin carcinoma, small intestine
cancer, soft tissue sarcoma, squamous cell carcinoma, stom-
ach (gastric) cancer, supratentorial primitive neuroectoder-
mal tumors, testicular cancer, throat cancer, thymoma, thy-
moma and thymic carcinoma, thyroid cancer, transitional
cell cancer of the renal pelvis and ureter and other urinary
organs, gestational trophoblastic tumor, urethral cancer,
endometrial uterine cancer, uterine sarcoma, uterine corpus
cancer, vaginal cancer, vulvar cancer, and/or Wilm’s Tumor.

[0089] In certain embodiments of the methods of the
disclosure, the subject has an infection. In certain embodi-
ments, the infection is bacterial. In certain embodiments, the
infection is viral. In certain embodiments, the infection is
fungal. In certain embodiments, the infection is microbial.
Infectious agents of the disclosure may be of any species.

[0090] In certain embodiments of the methods of the
disclosure, the subject has an immune disorder. In certain
embodiments of the methods of the disclosure, the subject
has an immunodeficiency disorder. In certain embodiments,
the subject has a primary or congenital immunodeficiency
disorder. Exemplary primary or congenital immunodefi-
ciency disorders include, but are not limited to, ataxia-
telangiectasia, Chediak-Higashi syndrome, combined
immunodeficiency disease, complement deficiencies,
DiGeorge syndrome, hypogammaglobulinemia, Job syn-
drome, leukocyte adhesion defects, panhypogammaglobu-
linemia, Bruton’s disease, congenital agammaglobulinemia,
selective deficiency of IgA, and Wiskott-Aldrich syndrome.
In certain embodiments, the subject has a secondary or
acquired immunodeficiency disorder. Exemplary secondary
or acquired immunodeficiency disorders include, but are not
limited to, a weakening of the immune system as a result of
an infection (e.g. HIV and AIDS), a cancer of the immune
system (e.g. leukemia), a cancer of the blood plasma cells
(e.g. multiple myeloma), an immune-complex disorder (e.g.
viral hepatitis), a severe burn, a medical therapy (e.g.
chemotherapy and radiation), exposure to radiation or a
toxic chemical, and malnutrition.

[0091] In certain embodiments of the methods of the
disclosure, the subject has an autoimmune disorder. In
certain embodiments, the disorder is congenital. In certain
embodiments, the disorder has a genetic and/or epigenetic
cause. Exemplary autoimmune disorders include, but are not
limited to, alopecia areata, autoimmune hemolytic anemia,
autoimmune hepatitis, dermatomyositis, diabetes (type 1),
some forms of juvenile idiopathic arthritis, glomerulone-
phritis, Graves’ disease, Guillain-Barre syndrome, idio-
pathic thrombocytopenic purpura, myasthenia gravis, some
forms of myocarditis, multiple sclerosis, pemphigus/pem-
phigoid, pernicious anemia, polyarteritis nodosa, polymyo-
sitis, primary biliary cirrhosis, psoriasis, theumatoid arthri-
tis, scleroderma/systemic sclerosis, Sjégren’s syndrome,
systemic lupus erythematosus, some forms of thyroiditis,
some forms of uveitis, vitiligo and granulomatosis with
polyangiitis (Wegener’s).
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[0092] In certain embodiments of the methods of the
disclosure, the subject has an inflammatory disorder. In
certain embodiments, the disorder is congenital. In certain
embodiments, the disorder has a genetic and/or epigenetic
cause. Exemplary inflammatory disorders include, but are
not limited to, a disease resulting from long-term oxidative
stress, Alzheimer’s disease, ankylosing spondylitis, arthritis
(osteoarthritis, rheumatoid arthritis (RA), psoriatic arthritis),
asthma, atherosclerosis, Crohn’s disease, colitis, dermatitis,
diverticulitis, fibromyalgia, hepatitis, irritable bowel syn-
drome (IBS), systemic lupus erythematous (SLE), nephritis,
Parkinson’s disease and ulcerative colitis.

[0093] In certain embodiments of the methods of the
disclosure, the subject has a neurological disorder. In certain
embodiments, the disorder is congenital. In certain embodi-
ments, the disorder has a genetic and/or epigenetic cause. In
certain embodiments, the neurological disorder affects the
central nervous system. In certain embodiments, the neuro-
logical disorder affects the peripheral nervous system. In
certain embodiments, the neurological disorder affects the
autonomic nervous system. In certain embodiments, the
neurological disorder affects the sympathetic nervous sys-
tem. In certain embodiments, the neurological disorder
affects the parasympathetic nervous system. In certain
embodiments, the neurological disorder is congenital. In
certain embodiments, the neurological disorder is progres-
sive. In certain embodiments, the neurological disorder is
degenerative. In certain embodiments, the neurological dis-
order affects older adults (e.g. adults of at least 70 years, 80
years, 90 years, 100 years or any age in between). In certain
embodiments, the neurological disorder affects voluntary or
involuntary movement. In certain embodiments, the neuro-
logical disorder affects one or more senses including, but not
limited to vision, hearing, olfaction, touch and taste. In
certain embodiments, the neurological disorder affects lan-
guage processing, including, but not limited to, language
comprehension, ideation and communication (verbal and/or
written). In certain embodiments, the neurological disorder
affects memory. In certain embodiments, the neurological
disorder affects communication and control of pain signals.
In certain embodiments, the neurological disorder affects
movement and/or coordination of the muscles of the heart
and/or vasculature. In certain embodiments, the neurological
disorder affects sleep. Exemplary neurological diseases
include, but are not limited to, Alzheimer’s Disease, Par-
kinson’s Disease, Amyotrophic Lateral Sclerosis (ALS),
autonomic dysfunction, ataxia, dementia, neuropathy,
paralysis, Huntington’s Disease, epilepsy, migraine, motor
neuron disease, multiple sclerosis, muscular dystrophy, nar-
colepsy, neurodegeneration, and traumatic injury (brain and/
or spinal cord). In certain embodiments, the neurological
disorder is secondary to a medical treatment, another medi-
cal condition or a traumatic injury (e.g. concussion).

[0094] In certain embodiments of the methods of the
disclosure, the subject has a metabolic disorder. In certain
embodiments, the disorder is congenital. In certain embodi-
ments, the disorder has a genetic and/or epigenetic cause. In
certain embodiments, the disorder is acquired or secondary
to another medical condition. Exemplary metabolic disor-
ders of the disclosure include, but are not limited to, acid-
base imbalance disorders, metabolic brain diseases, calcium
metabolism disorders, DNA repair-deficiency disorders, glu-
cose metabolism disorders, hyperlactatemia, iron metabo-
lism disorders, lipid metabolism disorders, malabsorption
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syndromes, metabolic syndrome X, mitochondrial diseases,
phosphorus metabolism disorders, porphyrias and proteo-
stasis deficiency.

[0095] In certain embodiments of the methods of the
disclosure, the subject has a degenerative disorder. Exem-
plary degenerative disorders of the disclosure increase dam-
age to cells, tissue, and organs. Often this damage accumu-
lates, leading to an increase in severity of one or more
symptoms over time.

[0096] In certain embodiments of the methods of the
disclosure, the subject has a progressive disorder. Exemplary
progressive disorders of the disclosure increase in severity
as a function of time. Severity includes both the quality and
quantity of a symptom as well as the physical spread of a
disease. An increase in the severity of a disease may also
include an increasingly negative prognosis.

[0097] In certain embodiments of the methods of the
disclosure, the subject has a genetic mutation and/or an
epigenetic modification associated with a disease or disor-
der. The genetic mutation and/or epigenetic modification
may be a biomarker for the disease or disorder. The genetic
mutation and/or epigenetic modification may be correlated
with an increased or decreased occurrence of the disease or
disorder. The genetic mutation and/or epigenetic modifica-
tion may be predictive of an increased or decreased occur-
rence of the disease or disorder. The genetic mutation and/or
epigenetic modification may be causative of an increased or
decreased occurrence of the disease or disorder.

[0098] In certain embodiments of the methods of the
disclosure, the visualizing comprises contacting the at least
one capture agent:target complex with a labeled secondary
antibody that binds the capture agent and detecting the
labeled secondary antibody. In certain embodiments of the
visualizing step, the labeled secondary antibody comprises a
fluorescent, gold or silver label. In certain embodiments, the
visualizing comprises contacting a first capture agent:target
complex with a first labeled secondary antibody that binds
the first capture agent, contacting a second capture agent:
target complex with a second labeled secondary antibody
that binds the second capture agent, and detecting the first
labeled secondary antibody and the second labeled second-
ary antibody, wherein the first labeled secondary antibody
and the second labeled secondary antibody each comprise a
distinct label.

[0099] In certain embodiments of the methods of the
disclosure, the method further comprises quantifying the at
least one intracellular target. In certain embodiments, the
quantifying step comprises measuring an intensity and/or a
density of the labeled secondary antibody. In certain
embodiments, the intracellular target is a phosphoprotein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0100] This patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawings(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0101] FIG. 1A is a schematic depiction of the processes
of coating a substrate of the composition and lysing a single
cell within a chamber of the substrate. The process begins by
1) preparing the microchambers for surface functionaliza-
tion. 2) APTES then glutaraldehyde is coating on the cham-
ber to link the coating to the PDMS microchambers. 3) Lysis
composition and/or signaling agent loaded PVA solution is
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prepared and loaded onto the microchambers. 4) PVA film
immobilizes lysis composition and/or signaling agent onto
the PDMS chambers by spin coating. 5) Cell suspension is
loaded and the surface comprising the plurality of capture
agents attached for protein capture.

[0102] FIG. 1B is a photograph depicting a substrate of the
disclosure including a coating composition comprising
Fluorescein IsoThioCyanate (FITC) in order to visualize the
coating composition on microchambers. The cross section
image was taken showing PVA coat on microchambers.
[0103] FIG. 1C is a photograph depicting microchambers
of a substrate of the disclosure overloaded with cells to fully
illustrate cell lysis within the microchambers at T=0 and
T=30 minutes (at which time nearly all of the cells are
completely lysed).

[0104] FIG. 1D is a graph depicting the total lysis opti-
mization with time. The optimum lysis (top line, orange)
was selected showing 70% lysis after 30 minutes.

[0105] FIG. 2 is a schematic depiction of the signaling
pathways in which the components of the 14-plex antibody
panel developed for studying EGFR signaling pathway are
involved. The highly multiplex panel used by the composi-
tions of the disclosure monitors key intracellular proteins
along multiple signal transduction pathways. Signaling
agent (drug) effectiveness and resistance via non-genetic
(adaptive) mechanisms can be detected within days allowing
for clinically actionable insights into the design of combi-
nation therapy strategies in, for example, glioblastoma
(GBM) patients. The presented panel can be expanded by
adding more antibodies spatially (more antibodies per repeat
of the repeating pattern of capture agents of the composi-
tions of the disclosure) and spectrally (a wider range of
labeled secondary antibodies or more sensitive detection
methods).

[0106] FIG. 3 is a schematic diagram depicting the PDMS/
PVA binding chemistry and preparation of an APTES/GA
linker of the disclosure. 1) 0.1% Triton X-100 PDMS
microchambers are cleaned with methanol before an oxygen
plasma treatment. The oxygen plasma is used to modify the
PDMS surface in order to introduce polar functional groups
which mainly the silanol group (SiOH) required for APTES
functionalization. 2) Chambers are then coated with 1%
APTES in acetone for 10 minutes, silanizing the PDMS
surface and providing an amine group for glutaraldehyde
bonding. Samples were baked at 80° C. for 30 minutes to
promote condensation and siloxane bond formation. 3)
APTES modified PDMS are coated with 1% glutaraldehyde
solution for the generation of aldehyde group required for
PVA bonding. 4) Glutaraldehyde functionalized surface
allows covalent bonding between the PVA coat and the
PDMS.

[0107] FIG. 4 is a schematic diagram depicting an
example of controlled release chemistry and a preparation
for single cell lysis according to the methods of the disclo-
sure. 4) Coating solution (PVA, Triton X-100, HCI and free
glutaraldehyde) is pipetted onto glutaraldehyde functional-
ized surface initiating PVA hydrogel formation on the
PDMS surface. 5) Liquid is removed via spin coating
leaving a thin PVA film across the surface of the PDMS. The
now cross linked PVA film is covalently bonded to the
PDMS surface immobilizing the triton with the film. 6) Cells
are loaded into the coated PDMS chambers and enclosed
with the surface comprising the repeating pattern of capture
agents (which, in this example, are antibodies). Liquid in the
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cell suspension diffuses into the hydrogel causing it to
expand and slowly release the Triton X-100 into the micro-
chambers, lysing the cells within 30 minutes.

[0108] FIG. 5A is a scatter plot demonstrating total protein
capture following single cell lysis produced by the con-
trolled lysis composition and/or signaling agent release by
the coating compositions of the disclosure. Utilizing the
protein intensities from each cell, protein to protein corre-
lations can be elicited to determine signal coordination.
[0109] FIG. 5B is a graph demonstrating how adaptive
resistance can be evaluated to target inhibitors by detecting
the activation of secondary pathways. This data can be used
for selection and optimization of drug combinations for
target therapy in, for example, glioblastoma.

[0110] FIG. 6A-C is a series of graphs demonstrating the
sample-to-sample consistency of analysis using a composi-
tion of the disclosure comprising U87 glioblastoma tumor
cells. Panel A shows an inter-assay coeflicient of variation
(CV) of 21% for the total protein capture which meets the
current pharma standards for a single cell device (CV<25 to
30%). Panel B shows a consistent analysis of protein-protein
correlation with a precision of >75% between all proteins
and all samples. Panel C shows consistent and differential
analysis of unstimulated, EGF and EGF/Erlotinib treated
U87 cells.

[0111] FIG. 7 is a series of schematic diagrams depicting
development of a coating composition of the disclosure.
Although separation of a hydrophilic crosslinking compo-
sition (PVA, for example) from the PDMS-based substrate is
desirable for controlled lysis composition and/or signaling
agent release, the linker composition, including the func-
tionalization component of the linker composition (in this
example, APTES) may be optimized to resist hydrolysis
when the coating composition or the intended cell compo-
sition is aqueous (contains water). Although APTES pro-
vides an adequate seal in this example, the disclosure
provides a linker composition, including the functionaliza-
tion component of the linker composition that will not
undergo hydrolysis under these conditions.

[0112] FIG. 8 is a series of schematic diagrams depicting
development of a coating composition of the disclosure. In
addition to optimizing the linker composition, including the
functionalization component of the linker composition to
resist hydrolysis in the presence of water, this series of
diagrams show alternative methods for increasing stability
of the linker composition over longer periods of time.
Alternative methods, shown include, but are not limited to,
removing low molecular weight (LMW) species from the
PDMS substrate, introducing bonds between molecules of
the functionalization component (in this example, APTES)
to minimize diffusion of LMW species and generate a more
uniform coating, adding a surfactant to the PDMS substrate
to reduce repulsion between the crosslinking composition
and the PDMS substrate, and storing the substrate compris-
ing the coating composition under a vacuum with a desic-
cant to minimize or prevent degradation of the functional-
ization component (in this example, hydrolysis of APTES)
by trace amounts of water.

[0113] FIG. 9 is a pair of schematic diagrams comparing
the signal coordination between a substrate using a combi-
nation of freezing and sonication to apply the coating
composition to the substrate and a substrate comprising a
coating composition including Triton-X-100 loaded PVA.
As shown in the diagram, the signal coordination using the
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substrate comprising a coating composition including Tri-
ton-X-100 loaded PVA (the controlled release method) is
superior to the alternative.

[0114] FIG. 10 is a table providing data for inter-assay
variability of average protein capture using the controlled
release method. As shown by the data, the inter-assay
variability is low, with an average variability of 21%.
[0115] FIG. 11 is a photograph and graph depicting the
optimization of the lysis composition. The left panel is a still
photograph of time lapse photography performed over a
period of two hours for visual confirmation of cell lysis. The
right panel is a graph showing the quantitative analysis of
this data for a coating composition comprising 3% PVA,
0.2% Triton-X-100, 0.2% Glutaraldehyde, and 10% HCI
applied to a PDMS substrate pre-coated with Glutaralde-
hyde. The top line (0.1% Glutaraldehyde coat) on the PDMS
substrate performed better than the (0.1% GA coat, next line
down, blue; 0.25% GA coat, second line down, purple; and
1.0% GA coat, bottom line, red). While all concentrations of
glutaraldehyde induced cell lysis, the 0.1% Glutaraldehyde
pre-coat on the PDMS substrate performed the best.
[0116] FIG. 12 is a table summarizing the optimization of
substrate pre-coating and the coating composition for a
PDMS substrate pre-coated with glutaraldehyde and a coat-
ing composition including a lysis composition comprising
Triton-X-100 and a crosslinking composition comprising
PVA.

[0117] FIG. 13 is a schematic diagram depicting an exem-
plary composition of the disclosure.

[0118] FIG. 14 is a series of schematic diagrams depicting
an exemplary process for the preparation of a coating
composition of the disclosure. In step 1, a lysis composition
and a crosslinking composition are combined to form a
plurality of microbeads. In this particular example, the
crosslinking composition comprises PVA. In step 2, the
coating composition and a cell suspension (comprising
dissociated single cells) are combined. An aliquot of the
composition from step 2 comprising a single cell and a
plurality of microbeads is introduced into at least one
chamber of the substrate (and preferably, this step is
repeated until each chamber contains a single cell and a
plurality of microbeads. Once the composition of step 2 has
been distributed among the chambers of the substrate, the
surface that releasably couples to the substrate is contacted
to the substrate. In step 3, the microbeads release the lysis
composition in a controlled manner into the chamber, initi-
ating lysis of the single cell in the same chamber. In step 4,
the microbeads have released most of the lysis composition
and cell lysis is complete. The intracellular components of
the single cell in the chamber are released into the surround-
ing liquid where these components encounter and specifi-
cally bind to the capture agents of the surface.

[0119] FIG. 15A-L is a series of schematic drawings
depicting a sequencing protocol for single bead, single cell
capture. A. UV crosslinkable PVA is spin-coated onto the
microchamber surface. B. Using a negative photomask, PVA
is crosslinked forming a PVA hydrogel on microchamber
surface with exception of 10 uM bands not exposed to UV
light. C. Exposed PDMS is functionalized with amine
groups/glutaraldehyde for antibody immobilization D. Acry-
lamide-streptavidin is spin-coated onto the surface and E.
immobilized into band utilizing a positive photomask. F.
Biotinylated seq-well beads are bound to streptavidin func-
tionalized surface. Final consumable consists of 1 bead and
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1 cell per microchamber. G. Hydrogel coated PDMS micro-
chambers are soaked in 3% SDS for an hour. During this
time, the lysis agent, SDS, is absorbed by the hydrogel. After
incubation, microchambers are rinsed with dH,O and then
dried with compressed air. H. Cells are resuspended at the
appropriate concentration in an RNAse inhibitor solution,
and pipetted on to the surface of the microchamber PDMS.
The cells are allowed to bind to the capture antibody before
excess cells are washed off. I. Once cells are loaded, the
microchamber is sealed by the addition of an antibody glass
slide and SDS is slowly released from the hydrogel. J. After
lysis, the mRNA transcripts hybridize to the poly-T region of
the oligos on the capture beads. K. After incubation, the
microchamber PDMS is unsealed and the beads are washed
off of the microchambers. The beads are collected in a flacon
tube and washed before further processing. L. A cDNA
library is generated from the beads via template switching-
PCR. The cDNA library is then amplified and indexed for
NGS.

[0120] FIG. 16A-E is a series of schematic drawings
depicting single-cell capture. A. PLL-g-biotin is spin-coated
onto the microchamber surface after PDMS treatment with
ECD/NHS. B. Using a negative photomask, PLL-g-PEG-
biotin is removed from PDMS surface except for 10 pM
bands not exposed to UV light. C. Biotinylated region is
functionalized with cell capture antibody via neutravidin/
protein-G-biotin D. Cell suspension is pipetted onto PDMS
surface, single cells are captured by antibody band in each
microchamber and excess cells are rinsed off the micro-
chambers E. Microchambers are sealed with an antibody
slide and incubated for 16 hours to capture secreted cytok-
ines.

[0121] FIG. 17A-F is a series of schematic drawings
depicting a sequencing protocol for single-bead, single-cell
capture with size exclusion wells. A. UV cross-linkable PVA
is spin-coated onto the microchamber surface. B. Using a
negative photomask, PVA is crosslinked forming a PVA
hydrogel on microchamber surface with exception of 10 pM
bands not exposed to UV light. C. Exposed PDMS is
functionalized with amine groups/glutaraldehyde for anti-
body immobilization D. Seq-well beads are added to the
microchambers and become trapped in the exclusion wells
and excess beads are rinsed off. E. Cell suspension is
pipetted onto PDMS surface, single cells are captured in cell
trap in each microchamber and excess cells are rinsed off. F.
Microchambers are sealed with antibody slide and cells are
lysed releasing mRNA. mRNA transcripts are hybridized to
Drop-Seq beads after 3 hours. Slide is removed from PDMS
and beads are removed for off chip sequencing.

[0122] FIG. 18A-E is a series of photographs depicting
photolithography development and antibody immobilization
chemistry. A. Positive mask photolithography: PDMS
microchambers are coated with PLL-g-PEG. Utilizing con-
tact photolithography, PLL-g-PEG is degraded by UV
lithography, leaving a discrete band within chambers visu-
alized by FITC-BSA. B. Negative mask photolithography.
PDMS microchambers are coated with PLL-g-PEG-biotin.
Utilizing contact photolithography, PLL-g-PEG-biotin is
degraded by UV lithography, leaving a discrete biotin band
within chambers visualized by streptavidin-Alexa Fluor 647
C. Selective antibody deposition. CD8 Antibody band suc-
cessfully deposited on PDMS surface microchambers (vali-
dated with anti-fab Alexa Fluor 647). D. Binding Chemistry.
Selective CD8a antibody deposition on non-UV exposed
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(left) and UV exposed regions (right). E. 5x Microscope
image of single CD8+ T cells, stained with a brilliant violet
membrane stain, trapped by anti-CD8a antibody bands.

[0123] FIG. 19A-C is a series of photographs depicting
validation of photo-cross-linkable polymer (ShQ-PVA) opti-
mized for single cell lysis and surface functionalization. A.
A thin PVA hydrogel coat was UV crosslinked to the surface
of the PDMS microchambers and loaded with lysis buffer.
Cells were stained with a brilliant violet cell stain and loaded
onto the microchamber PDMS. 5x time lapse images were
taken demonstrating that complete cell lysis was achieved
after 10 minutes. B. The hydrogel coated microchambers
were tested through the simultaneous protein and sequenc-
ing capture composition protocol and enabled successful
capture of intracellular phosphoproteins. C. UV curable
hydrogel enabled region specific antibody deposition by
utilizing a negative photomask. Exposed PDMS regions (not
covered by hydrogel) were functionalized with anit-CD8a
antibody bound by the (3-aminopropyltriethoxysilane
(APTFS)/glutaraldehyde PDMS surface modification.

[0124] FIG. 20 is a graph of bioanalyzer data showing
cDNA library smear with a majority of fragments between
200 and 1000 bp. The data demonstrate the ability of the
compositions and methods of the disclosure to i) bind RNA
from lysed cells to beads on chip, i) effectively recover
beads from chip, and iii) process recovered beads in a
manner to effectively produce a single-cell cDNA library for
sequencing.

[0125] FIG. 21 is a series of schematic diagrams depicting
an exemplary proteomic/transcriptomic consumable device
of the disclosure. In this embodiment, beads are captured in
size specific wells at the end of each microchamber allowing
for only one oligo-dT bead per chamber. Surface is coated
with hydrogel for controlled lysis buffer release for single
cell lysis. Single cell trap can also be incorporated to locate
cell capture closer to bead.

[0126] FIG.22A-B is a pair of schematic diagrams depict-
ing an exemplary full sequencing protocol for consumable
preparation (A) and consumable use (B). To summarize,
oligo-dT beads are captured and immobilized onto PDMS
microchambers. Bead barcode is identified on chip with
fluorescently microscopy linking the microchamber (for
single cell and protein capture) with the oligo-dT beads (for
mRNA capture and downstream sequencing). Microcham-
bers are coated with a drug loaded hydrogel that enables
single cell lysis. For the general workflow, cells are loaded
onto sequencing consumable and sealed into microchambers
with barcode identified beads. Cells are lysed, and mRNA
and proteins are captured. Consumable is unsealed where
beads are extracted for off chip sequencing and protein data
is analyzed using standard ELISA protocol. Final data
transcriptomic and proteomic data is linked with an analysis
program that is able to bin the single-cell data, for both the
transcriptomic information and data points, and in addition,
the proteomic information and data points, for simultaneous
analysis of DNA, RNA, and proteome from individual cells.

[0127] FIG. 23 is a series of schematic diagrams depicting
an exemplary embodiment of an on chip sequencing pro-
cess. Sequence handle is added to oligo-dT beads to allow
for cell barcode identification. Beads are loaded into micro-
chamber. Cell barcode is sequenced on chip with fluorescent
labels linking the bead cell barcode to a specific chamber.
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[0128] FIG. 24 is a series of exemplary raw images for use
in a process of bead identification. AF568 and AF647
labeled tags are flowed to identify T and G nucleotides of
cell barcode sequence.

[0129] FIG. 25 is a series of schematic diagrams depicting
exemplary embodiments of bead chemistry and mRNA
capture. Cell barcode is sequenced from sequencing handle
for on chip bead identification. Primer and fluorescent labels
are removed from oligo-dT beads. cDNA is synthesized
from mRNA in the well and captured using template switch-
ing oligo on beads.

[0130] FIG. 26 is a series of schematic diagrams depicting
exemplary embodiments of TCR-specific amplification.
c¢DNA captured by oligo-dT beads is selectively amplified
using TCR specific primers. Final library is sent to MiSeq
for sequencing.

[0131] FIG. 27 is a series of schematic diagrams depicting
exemplary embodiments of Tag-counting from amplified
c¢DNA. Full length ¢DNA is amplified for Tag-counting.
Final library is sequenced using a HiSeq, NovaSeq or
MiSeq.

DETAILED DESCRIPTION

[0132] The disclosure provides compositions and methods
for the multiplexed analysis of intracellular protein interac-
tions and signaling within a single cell in a high-throughput
format that can simultaneously analyze hundreds of intrac-
ellular components of each of a plurality of thousands of
cells in parallel. In certain embodiments, the disclosure
provides a composition for the controlled release a lysing
composition, which upon contacting a cell, disrupts the
membrane of the cell and exposes the intracellular compo-
nents of the cell to a single repeat of a repeating pattern of
capture agents. Capture agents of the disclosure specifically
bind at least one intracellular component of the cell to form
at least one complex. Visualization of the at least one
complex (comprising a capture agent and an intracellular
component), may indicate or demonstrate protein expres-
sion, protein regulation, protein-protein interactions, protein
activation, and/or protein signaling events within the cell.

Intracellular Components and Interactions Thereof

[0133] Although signal transduction inhibitors can offer
clinical benefit for cancer patients, signal flux emanating
from oncogenes is often distributed through multiple path-
ways, potentially underlying the failure of most such inhibi-
tors. Measuring signal flux through multiple pathways, for
example, in response to signal transduction inhibitors using
the compositions and methods of the disclosure, reveals
network interactions that contribute to therapeutic resistance
and that could not be predicted by analyzing individual
pathways in isolation. Although this illustrative example
describes oncogenic pathways, the same principles apply to
nearly every cellular process that leads to the development
of a disease or disorder of the disclosure. Cellular outcomes
are rarely the result of a single signaling pathway, but rather,
interactions between multiple pathways.

[0134] The compositions and methods of the disclosure
are designed to accommodate the cellular and molecular
complexity of an in vivo microenvironment, including, for
example, a solid tumor microenvironment, by using a highly
multiplexed reaction to identify the intracellular components
and signaling events within a single cell, while, simultane-
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ously, performing the same analysis on thousands of single
cells under identical conditions. Thus, the compositions and
methods of the disclosure provide both the detailed analysis
that recapitulates the complexity of the intracellular and in
vivo microenvironments while providing sufficient statisti-
cal power within a single experiment to draw significant
conclusions.

Controlled Release

[0135] The coating compositions of the disclosure incor-
porate a controlled lysis composition and/or signaling agent
release technology. The chambers comprise a coating com-
position that comprises a lysis composition and, optionally,
includes a crosslinking composition. The chambers com-
prise a coating composition that comprises a lysis compo-
sition a signaling agent and, optionally, includes at least one
crosslinking composition. In certain embodiments the com-
positions of the disclosure, the crosslinking composition
comprises a biocompatible polymer such as PVA (poly
(vinyl alcohol). For example, the biocompatible polymer
such as PVA may be loaded with the lysis composition (for
example, a composition comprising Triton X-100). Upon
introducing a desired cell composition (which is preferably
a cell suspension) into a chamber of the composition, the
crosslinking agent (for example, PVA) contacts a fluid of the
cell composition and expands to release the lysis composi-
tion into the chambers in a controlled manner (see, FIG. 2B).
[0136] The crosslinking composition may be optimized
for a controlled release of the lysis composition over a
defined period of time. For example, the crosslinking com-
position may be optimized for a controlled release of the
lysis composition over a period of time of at least 1 second,
2 seconds, 3 seconds, 4 seconds, 5 seconds, 6 seconds, 7
seconds, 8 seconds, 9 seconds, 10 seconds, 15 seconds, 20
seconds, 25 seconds, 30 seconds, 35 seconds, 40 seconds, 45
seconds, 50 seconds, 55 seconds, 60 seconds or any number
of seconds in between. The crosslinking composition may be
optimized for a controlled release of the lysis composition
over a period of time of at least 1 minute, 2 minutes, 3
minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8
minutes, 9 minutes, 10 minutes, 15 minutes, 20 minutes, 25
minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50
minutes, 55 minutes, 60 minutes or any number of minutes
in between. The crosslinking composition may be optimized
for a controlled release of the lysis composition over a
period of time of at least 1 hour, 2 hours, 3 hours, 4 hours,
5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11
hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17
hours, 18 hours, 19 hours, 20 hours, 21 hours, 22 hours, 23
hours, 24 hours or any increment of an hour in between.
[0137] The crosslinking composition may be optimized
for a controlled release of the lysis composition by varying
identify and/or concentration of one or more components of
the crosslinking composition. For example, a crosslinking
composition and/or biocompatible polymer may comprise
any monomer unit and may comprise any number of mono-
mers (anny molecular weight of the polymer). A crosslinking
composition and/or biocompatible polymer may comprise
any concentration of polymer molecules. A crosslinking
composition and/or biocompatible polymer may crosslink to
varying digress forming an either loose matrix or a dense
matrix that may increase or decrease escape of a lysis
composition from the crosslinking composition, respec-
tively.
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[0138] The crosslinking composition may be optimized
for a controlled release of the lysis composition by varying
a mechanism of release of the lysis composition. For
example, a crosslinking composition and/or biocompatible
polymer may degrade in the presence of a cell composition
but not degrade in the absence of a cell composition. In this
instance, as a crosslinking composition of the disclosure
contacts a cell composition, the controlled degradation of
the crosslinking composition results in the release of the
lysis composition into the chamber.

[0139] The crosslinking composition may be optimized
for a controlled release of the lysis composition, either
alone, or in combination with, a signaling agent. For
example, coating compositions of the disclosure may com-
prise a signaling agent that activates, inhibits, or alters a
signaling pathway of the cell in the chamber. Lysis compo-
sitions of the disclosure may comprise a signaling agent that
activates, inhibits, or alters a signaling pathway of the cell in
the chamber. For example, in a coating composition of the
disclosure, a lysis composition may be combined with a first
crosslinking composition and a signaling agent may be
combined with a second crosslinking composition, wherein
the first and second crosslinking compositions are either
identical or are uniquely formulated for release of either the
lysis composition or the signaling agent at distinct times
and/or distinct rates. In certain embodiments of a coating
composition of the disclosure, a lysis composition is com-
bined with a first crosslinking composition and a signaling
agent is combined with a second crosslinking composition,
wherein the first crosslinking composition is added to the
substrate as a bottom layer that directly contacts the sub-
strate and the second crosslinking composition is added on
top of the first crosslinking composition as a top layer that
does not directly contact the substrate. Upon contacting a
cell suspension, the top layer (i.e. second crosslinking com-
position) of the coating composition may degrade or release
the signaling agent before the bottom layer (i.e. first cross-
linking composition) of the coating composition may
degrade or release the lysis composition. The result of this
stratified coating composition is a sequential contacting of
the cell with the signaling agent followed by a contacting of
the cell with the lysis composition. Without requiring mov-
ing parts or multiple channels, the compositions of the
disclosure can be used to first affect cell signaling and then
lyse the cell to expose the intracellular components for
immediate analysis.

[0140] As an example of the use of a signaling agent of the
disclosure, a coating composition of the disclosure may
comprise an antigen (as a signaling agent) that stimulates a
T cell in the chamber. Upon contact of the cell composition
with the coating composition, the crosslinking composition
may expand and/or degrade to release the antigen and the
lysis composition, either sequentially or simultaneously, to
ultimately stimulate and lyse the T cell, exposing the intra-
cellular components and signaling pathways downstream of
the antigen receptor that mediate activation of that T cell.

[0141] Incertain preferred embodiments, the coating com-
position of the disclosure is optimized for complete single
cell lysis within 30 minutes to allow the user sufficient time
to image the single cell chambers and lyse the cells fast
enough to capture the relevant biology in a repeatable and
scalable manner. Compositions of the disclosure comprising
a coating composition optimized for controlled release of the
lysis composition and complete cell lysis within 30 minutes
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may further comprise a plurality of capture agents for the
detection of, for example, 90 distinct intracellular proteins
per single cell and at least 2500 chambers to contain at least
2500 single cells (with a single cell in each chamber).

Consumable Composition

[0142] The compositions and methods of the disclosure
may be used on a benchtop without computer or robotic
control of the multiplexed reaction. The methods of the
disclosure comprise introducing a cell composition into the
substrate such that a single cell, or a defined number of cells,
is introduced into each chamber of the plurality of chambers
and allowing the coating composition present in each cham-
ber to release a lysing composition to lyse the cell and
expose the intracellular components of each cell to the
capture agents on the surface. Once the intracellular com-
ponents form complexes with the capture agents, the surface
may be removed and visualized. Visualization of the intra-
cellular signatures (i.e. the total number of complexes
formed between intracellular components and capture
agents within a single cell that indicate those intracellular
components and pathways involved in any particular cellular
process) may be performed using, for example, a fluorescent
signal detector. Accordingly, once the cell composition is
introduced into the chambers of the substrate, which may be
accomplished manually, the methods of the disclosure may
be accomplished without additional other “moving parts”.
While it is possible to remove the surface from the substrate
to visualize the complexes of intracellular components
bound to capture agents, this step is not required. For
example, if the surface is transparent, the capture agents may
be visualized through the surface.

[0143] The compositions and methods of the disclosure
may be used to simultaneously detect hundreds of intracel-
lular components of a single cell while performing this
multiplexed analysis on thousands of single cells in parallel.
Moreover, visualization of each of the thousands of complex
intracellular signatures may be performed simultaneously in
a single experiment.

[0144] The compositions and methods of the disclosure
may be purchased, stored without degradation of the com-
position, used according to the methods of the disclosure,
and discarded. Thus, the compositions of the disclosure are
consumable compositions. Furthermore, because the com-
positions of the disclosure do not require computer control
or machine operation for the multiplexed reaction, the
compositions of the disclosure may be used without regard
to the adaptability of the compositions to any of the user’s
existing systems. According, the consumable compositions
of the disclosure are not only more efficacious than the
existing technologies, but also far less expensive to operate.

Compositions

[0145] The disclosure provides a composition for the
multiplexed detection of a plurality of compounds from
single cells comprising an array comprising a plurality of
chambers and a plurality of capture agents. Preferred capture
agents include antibodies, however, capture agents may
include any detectable entity that specifically binds to an
intracellular component of the disclosure. The detectable
entity may comprise a detectable label, for example. Detect-
able labels may include, but are not limited to fluorescent
labels.
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[0146] Compositions of the disclosure comprise a plural-
ity of individual chambers, preferably in uniform arrange-
ment. In certain embodiments, at least some of the plurality
of individual chambers have a length of greater than 50 pm
and, optionally, may be configured to contain an isolated
single cell in a sub-nanoliter volume of contents.

[0147] Surfaces of the compositions of the disclosure may
comprise a plurality of immobilized capture agents, each
immobilized capture agent capable of specifically binding to
one of the plurality of target intracellular components of the
disclosure. Preferably, the immobilized capture agents are
attached to the surface in a repeatable pattern, wherein each
repeat of the pattern aligns with a chamber of the plurality
of chambers.

[0148] The substrates and surfaces of the compositions of
the disclosure are coupled to form a plurality of enclosed
interfaces, each enclosed interface comprising a chamber
and at least one repeat of a repeating pattern of a plurality of
capture agents such that the contents of each chamber are
accessible to each and every capture agent of the at least one
repeat of the patterned plurality of capture agents.

[0149] Chambers of the substrate may take on any shape
and may have any dimension, however, in certain embodi-
ments of the disclosure, the substrate comprises at least 1, 2,
5,10, 15, 20, 25, 50, 100, 150, 500, 1000, 1500, 2000 or any
integer between of chambers. Each chamber may have a
depth/height of between 1 wm and 2000 pm, a diameter of
between 1 pm and 2000 pm, a width of between 1 um and
2000 wm and/or a length of between 1 pm and 2000 pm. The
distance between any two chambers of the substrate may be
between 1 um and 2000 pm.

[0150] In certain embodiments, at least one chamber is a
high aspect ratio rectangular well, having dimensions of
about 1-2 mm in length and about 5-50 pum in depth.
[0151] In certain embodiments, each chamber is rectan-
gular with a length of about 10-2000 um, a width of about
10-100 pm, and a depth of about 10-100 pm.

[0152] In certain embodiments, the plurality of capture
agents may comprise between 3 and 500 distinct capture
agents, thereby allowing for the detection of between 3 and
500 distinet intracellular components of a single cell. In
certain embodiments, the plurality of capture agents may
comprise 3 distinct capture agents, thereby allowing for the
detection of 3 distinct intracellular components of a single
cell. In certain embodiments, the plurality of capture agents
may comprise 10 distinct capture agents, thereby allowing
for the detection of between 10 distinct intracellular com-
ponents of a single cell. In certain embodiments, the plu-
rality of capture agents may comprise 50 distinct capture
agents, thereby allowing for the detection of between 50
distinct intracellular components of a single cell. In certain
embodiments, the plurality of capture agents may comprise
100 distinct capture agents, thereby allowing for the detec-
tion of 100 distinct intracellular components of a single cell.
In certain embodiments, the plurality of capture agents may
comprise 150 distinct capture agents, thereby allowing for
the detection of 150 distinct intracellular components of a
single cell. In certain embodiments, the plurality of capture
agents may comprise 200 distinct capture agents, thereby
allowing for the detection of 200 distinct intracellular com-
ponents of a single cell. In certain embodiments, the plu-
rality of capture agents may comprise 250 distinct capture
agents, thereby allowing for the detection of 250 distinct
intracellular components of a single cell. In certain embodi-
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ments, the plurality of capture agents may comprise 300
distinct capture agents, thereby allowing for the detection of
300 distinct intracellular components of a single cell. In
certain embodiments, the plurality of capture agents may
comprise 350 distinct capture agents, thereby allowing for
the detection of 350 distinct intracellular components of a
single cell. In certain embodiments, the plurality of capture
agents may comprise 400 distinct capture agents, thereby
allowing for the detection of 400 distinct intracellular com-
ponents of a single cell. In certain embodiments, the plu-
rality of capture agents may comprise 450 distinct capture
agents, thereby allowing for the detection of 450 distinct
intracellular components of a single cell. In certain embodi-
ments, the plurality of capture agents may comprise 500
distinct capture agents, thereby allowing for the detection of
500 distinct intracellular components of a single cell.
[0153] In certain embodiments, the substrate comprises a
density of about 200 chambers per cm® to about 20,000
chambers per cm?.

Multi-Omic Analysis and Discovery Platform

[0154] The disclosure provides a quantitative, multi-omic
assay capable of capturing intracellular signaling proteins,
intracellular cytokine proteins (from, for example, single
cancer and immune cells), in conjunction with mRNA
transcripts, components of the transcriptome and compo-
nents of the whole genome, from single cancer cells using a
“Simultaneous Protein and Sequencing Capture” device (or
composition).

[0155] In some embodiments of the simultaneous protein
and sequencing capture composition of the disclosure, a
single cell and single bead are isolated within an approxi-
mately 2 nanoliter volume microchamber that contains an
antibody array for the capture and detection of a panel of
proteins. The simultaneous protein and sequencing capture
composition design permits lysis of each individual trapped
cell. Exemplary simultaneous protein and sequencing cap-
ture composition of the disclosure can profile a significant
panel (up to 90 different phosphoproteins) with approxi-
mately 2500 single cells per chip for a statistically repre-
sentative analysis of a sample cell population. Beads can be
cleaved and removed from the chip for further processing.
Alternatively, beads can be maintained on-chip for further
processing.

[0156] The simultaneous protein and sequencing capture
composition of the disclosure provide a novel multi-omic
platform that enables the simultaneous detection of intrac-
ellular phosphoproteins and components the transcriptome
for a single cell, with many single cell analyses proceeding
in parallel. The multi-omic platform of the disclosure pro-
vides a means for users to discover novel correlations and
methods of signal flux in a population of cells (including, for
example, cancer cells) that is not discoverable otherwise
with either of these methods individually (e.g. either of an
analysis of intracellular phosphoproteins or an analysis of
components of the transcriptome, individually).

[0157] The compositions and methods of the disclosure,
including the simultaneous protein and sequencing capture
composition described herein, incorporate controlled drug
release technology into the microchambers of the disclosure.
In some embodiments, PDMS microchambers are coated
with a biocompatible polymer (for example, a poly (vinyl
alcohol) or a PVA), which is loaded with a lysis buffer
(SDS). In some embodiments, a single cell is captured per
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microchamber via binding to a cell capture antibody depos-
ited on a functionalized band in each microchamber. In some
embodiments, this functionalized band is 10 pm in width,
which allows for the capture of only one cell per chamber.
In some embodiments, a PDMS microfluidic chip (e.g. a
simultaneous protein and sequencing capture composition of
the disclosure) facilitates the lysing of cells in a single cell
specific manner. The coating on the chip or on or within a
microchamber of the chip may be optimized to allow for
complete single cell lysis in under 10 minutes. Complete
single cell lysis in under 10 minutes allows the user suffi-
cient time to image the single cell microchambers and lyse
the cells with sufficient speed to capture the relevant biology
in a repeatable and scalable manner.

[0158] Each microchamber of the disclosure is designed to
capture one sequencing bead per microchamber by, for
example, one of the two following methods: i. each micro-
chamber contains a functionalized streptavidin band for the
capture of one sequencing bead per microchamber via a
biotinylated oligo. Due to the size of the functionalized
streptavidin band (10 uM), only one bead is bound per
chamber. The biotin moieties can be cleaved if desired so
that bead processing can be done off chip. ii. Each chamber
possesses a capture antibody deposited on a functionalized
band in conjunction with a size exclusion well so that one
cell and one bead are captured per well. In some embodi-
ments, the sequencing beads can range in size between 30
and 40 pum, and, accordingly, the size exclusion well on the
microchamber has a diameter of 50 um or of about 50 pum,
thereby allowing for only one bead to fit per well.

Definitions

[0159] Unless otherwise defined, scientific and technical
terms used in connection with the disclosure shall have the
meanings that are commonly understood by those of ordi-
nary skill in the art. Further, unless otherwise required by
context, singular terms shall include pluralities and plural
terms shall include the singular. Generally, nomenclatures
utilized in connection with, and techniques of, cell and tissue
culture, molecular biology, and protein and oligo- or poly-
nucleotide chemistry and hybridization described herein are
those well-known and commonly used in the art. Standard
techniques are used for recombinant DNA, oligonucleotide
synthesis, and tissue culture and transformation (e.g., elec-
troporation, lipofection). Enzymatic reactions and purifica-
tion techniques are performed according to manufacturer’s
specifications or as commonly accomplished in the art or as
described herein. The practice of the present invention will
employ, unless indicated specifically to the contrary, con-
ventional methods of virology, immunology, microbiology,
molecular biology and recombinant DNA techniques within
the skill of the art, many of which are described below for
the purpose of illustration. Such techniques are explained
fully in the literature. See, e.g., Sambrook, et al. Molecular
Cloning: A Laboratory Manual (2nd Edition, 1989); Mania-
tis et al. Molecular Cloning: A Laboratory Manual (1982);
DNA Cloning: A Practical Approach, vol. I & 11 (D. Glover,
ed.); Oligonucleotide Synthesis (N. Gait, ed., 1984); Nucleic
Acid Hybridization (B. Hames & S. Higgins, eds., 1985);
Transcription and Translation (B. Hames & S. Higgins, eds.,
1984); Animal Cell Culture (R. Freshney, ed., 1986); Perbal,
A Practical Guide to Molecular Cloning (1984).
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[0160] The following definitions are useful in understand-
ing the present invention:

[0161] The term “antibody” (Ab) as used herein includes
monoclonal antibodies, polyclonal antibodies, multispecific
antibodies (e.g., bispecific antibodies), and antibody frag-
ments, as long as they exhibit the desired biological activity.
The term “immunoglobulin” (Ig) is used interchangeably
with “antibody” herein.

[0162] An “isolated antibody” is one that has been sepa-
rated and/or recovered from a component of its natural
environment. Contaminant components of its natural envi-
ronment are materials that would interfere with diagnostic or
therapeutic uses for the antibody, and may include enzymes,
hormones, and other proteinaceous or nonproteinaceous
solutes. In preferred embodiments, the antibody is purified:
(1) to greater than 95% by weight of antibody as determined
by the Lowry method, and most preferably more than 99%
by weight; (2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence by
use of a spinning cup sequenator; or (3) to homogeneity by
SDS-PAGE under reducing or non-reducing conditions
using Coomassie blue or, preferably, silver stain. Isolated
antibody includes the antibody in situ within recombinant
cells since at least one component of the antibody’s natural
environment will not be present. Ordinarily, however, iso-
lated antibody will be prepared by at least one purification
step.

[0163] Capture agents of the disclosure may comprise one
or more monoclonal antibodies. The term “monoclonal
antibody” as used herein refers to an antibody obtained from
a population of substantially homogeneous antibodies, i.e.,
the individual antibodies comprising the population are
identical except for possible naturally occurring mutations
that may be present in minor amounts. Monoclonal antibod-
ies are highly specific, being directed against a single
antigenic site. Furthermore, in contrast to polyclonal anti-
body preparations that include different antibodies directed
against different determinants (epitopes), each monoclonal
antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal
antibodies are advantageous in that they may be synthesized
uncontaminated by other antibodies.

[0164] Monoclonal antibodies contemplated herein
include “chimeric” antibodies in which a portion of the
heavy and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a par-
ticular species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is identical
with or homologous to corresponding sequences in antibod-
ies derived from another species or belonging to another
antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biological
activity. Chimeric antibodies of primary interest herein
include antibodies having one or more human antigen bind-
ing sequences (e.g., CDRs) and containing one or more
sequences derived from a non-human antibody, e.g., an FR
or C region sequence. In addition, chimeric antibodies of
primary interest herein include those comprising a human
variable domain antigen binding sequence of one antibody
class or subclass and another sequence, e.g., FR or C region
sequence, derived from another antibody class or subclass.
Chimeric antibodies of interest herein also include those
containing variable domain antigen-binding sequences
related to those described herein or derived from a different
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species, such as a non-human primate (e.g., Old World
Monkey, Ape, etc). Chimeric antibodies also include prima-
tized and humanized antibodies.

[0165] Capture agents of the disclosure may comprise
humanized antibodies. A “humanized antibody” is generally
considered to be a human antibody that has one or more
amino acid residues introduced into it from a source that is
non-human. These non-human amino acid residues are often
referred to as “import” residues, which are typically taken
from an “import” variable domain. Humanization is tradi-
tionally performed by substituting import hypervariable
region sequences for the corresponding sequences of a
human antibody. Accordingly, such “humanized” antibodies
are chimeric antibodies wherein substantially less than an
intact human variable domain has been substituted by the
corresponding sequence from a non-human species.

[0166] A “human antibody” is an antibody containing only
sequences present in an antibody naturally produced by a
human. However. as used herein, human antibodies may
comprise residues or modifications not found in a naturally
occurring human antibody, including those modifications
and variant sequences described herein. These are typically
made to further refine or enhance antibody performance.
[0167] Capture agents of the disclosure may comprise
intact antibodies. An “intact” antibody is one that comprises
an antigen-binding site as well as a CL and at least heavy
chain constant domains, CH 1, CH 2 and CH 3. The constant
domains may be native sequence constant domains (e.g,,
human native sequence constant domains) or amino acid
sequence variant thereof. Preferably, the intact antibody has
one or more effector functions.

[0168] Capture agents of the disclosure may comprise an
antibody fragment. An “antibody fragment” comprises a
portion of an intact antibody, preferably the antigen binding
or variable region of the intact antibody. Examples of
antibody fragments include Fab, Fab', F(ab')2, and Fv frag-
ments; diabodies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from anti-
body fragments.

[0169] Capture agents of the disclosure may comprise a
functional fragment or an analog of an antibody. The phrase
“functional fragment or analog” of an antibody is a com-
pound having qualitative biological activity in common with
a full-length antibody. For example, a functional fragment or
analog of an anti-IgE antibody is one that can bind to an IgE
immunoglobulin in such a manner so as to prevent or
substantially reduce the ability of such molecule from hav-
ing the ability to bind to the high affinity receptor, FceRI.
[0170] Papain digestion of antibodies produces two iden-
tical antigen-binding fragments, called “Fab” fragments, and
a residual “Fc” fragment, a designation reflecting the ability
to crystallize readily. The Fab fragment consists of an entire
L chain along with the variable region domain of the H chain
(VH), and the first constant domain of one heavy chain (CH
1). Each Fab fragment is monovalent with respect to antigen
binding, i.e., it has a single antigen-binding site. Pepsin
treatment of an antibody yields a single large F(ab')2 frag-
ment that roughly corresponds to two disulfide linked Fab
fragments having divalent antigen-binding activity and is
still capable of cross-linking antigen. Fab' fragments differ
from Fab fragments by having additional few residues at the
carboxy terminus of the CH1 domain including one or more
cysteines from the antibody hinge region. Fab'-SH is the
designation herein for Fab' in which the cysteine residue(s)
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of the constant domains bear a free thiol group. F(ab')2
antibody fragments originally were produced as pairs of Fab'
fragments that have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known.

[0171] The “F¢” fragment comprises the carboxy-terminal
portions of both H chains held together by disulfides. The
effector functions of antibodies are determined by sequences
in the Fe region, which region is also the part recognized by
Fe receptors (FcR) found on certain types of cells.

[0172] “Fv” is the minimum antibody fragment that con-
tains a complete antigen-recognition and -binding site. This
fragment consists of a dimer of one heavy- and one light-
chain variable region domain in tight, non-covalent asso-
ciation. From the folding of these two domains emanate six
hypervariable loops (three loops each from the H and L
chain) that contribute the amino acid residues for antigen
binding and confer antigen binding specificity to the anti-
body. However, even a single variable domain (or half of an
Fv comprising only three CDRs specific for an antigen) has
the ability to recognize and bind antigen, although at a lower
affinity than the entire binding site.

[0173] Capture agents of the disclosure may comprise
single-chain antibodies (also referred to as scFv). “Single-
chain Fv” also abbreviated as “sFv” or “scFv” are antibody
fragments that comprise the VH and VL antibody domains
connected into a single polypeptide chain. Preferably, the
sFv polypeptide further comprises a polypeptide linker
between the VH and VL domains that enables the sFv to
form the desired structure for antigen binding. For a review
of sFv, see Pluckthun in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds., Springer-
Verlag, New York, pp. 269-315 (1994); Borrebaeck 1995,
infra.

[0174] Capture agents of the disclosure may comprise
diabodies. The term “diabodies” refers to small antibody
fragments prepared by constructing sFv fragments (see
preceding paragraph) with short linkers (about 5-10 resi-
dues) between the VH and VI domains such that inter-chain
but not intra-chain pairing of the V domains is achieved,
resulting in a bivalent fragment, i.e., fragment having two
antigen-binding sites. Bispecific diabodies are heterodimers
of two “crossover” sFv fragments in which the VH and VL
domains of the two antibodies are present on different
polypeptide chains. Diabodies are described more fully in,
for example, EP 404,097; WO 93/11161; and Hollinger et
al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

[0175] Capture agents of the disclosure may comprise
bispecific antibodies. In certain embodiments, antibodies of
the present invention are bispecific or multi-specific. Bispe-
cific antibodies are antibodies that have binding specificities
for at least two different epitopes. Exemplary bispecific
antibodies may bind to two different epitopes of a single
antigen. Other such antibodies may combine a first antigen
binding site with a binding site for a second antigen.

[0176] Methods for making bispecific antibodies are
known in the art. Traditional production of full length
bispecific antibodies is based on the co-expression of two
immunoglobulin heavy chain-light chain pairs, where the
two chains have different specificities. Because of the ran-
dom assortment of immunoglobulin heavy and light chains,
these hybridomas (quadromas) produce a potential mixture
of ten different antibody molecules, of which only one has
the correct bispecific structure. Purification of the correct
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molecule, which is usually done by affinity chromatography
steps, is rather cumbersome, and the product yields are low.
[0177] According to a different approach. antibody vari-
able domains with the desired binding specificities (anti-
body-antigen combining sites) are fused to immunoglobulin
constant domain sequences. Preferably, the fusion is with an
Ig heavy chain constant domain, comprising at least part of
the hinge, C,2, and C,3 regions. It is preferred to have the
first heavy-chain constant region (C,1) containing the site
necessary for light chain bonding, present in at least one of
the fusions. DNAs encoding the immunoglobulin heavy
chain fusions and, if desired, the immunoglobulin light
chain, are inserted into separate expression vectors, and are
co-transfected into a suitable host cell. This provides for
greater flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal
ratios of the three polypeptide chains used in the construc-
tion provide the optimum yield of the desired bispecific
antibody. It is, however, possible to insert the coding
sequences for two or all three polypeptide chains into a
single expression vector when the expression of at least two
polypeptide chains in equal ratios results in high yields or
when the ratios have no significant effect on the yield of the
desired chain combination.

[0178] As used herein, an antibody is said to be “immu-
nospecific,” “specific for” or to “specifically bind” an anti-
gen if it reacts at a detectable level with the antigen,
preferably with an affinity constant, K, of greater than or
equal to about 10* M, or greater than or equal to about 10°
M, greater than or equal to about 10° M™', greater than or
equal to about 10’ M™", or greater than or equal to 10° M~".
Affinity of an antibody for its cognate antigen is also
commonly expressed as a dissociation constant KD, and in
certain embodiments, an antibody specifically binds to an
intracellular component of the disclosure if it binds with a
KD of less than or equal to 10~* M, less than or equal to
about 107> M, less than or equal to about 10° M, less than or
equal to 1077 M, or less than or equal to 10~® M. Affinities
of antibodies can be readily determined using conventional
techniques, for example, those described by Scatchard et al.
(Ann. N\Y. Acad. Sci. USA 51:660 (1949)).

[0179] Cells of the disclosure may be isolated, derived, or
prepared from any species, including any mammal. A “mam-
mal” for purposes of treating n infection, refers to any
mammal, including humans, domestic and farm animals,
and zoo, sports, or pet animals, such as dogs, cats, cattle,
horses, sheep, pigs, goats, rabbits, etc. Preferably, the mam-
mal is human.

[0180] Cells of the disclosure may be used in a cellular
therapy for the treatment of a disease or disorder. “Treating”
or “treatment” or “alleviation” refers to both therapeutic
treatment and prophylactic or preventative measures;
wherein the object is to prevent or slow down (lessen) the
targeted pathologic condition or disorder. Those in need of
treatment include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented. A subject or mammal may be
successfully “treated” when, after receiving a cellular
therapy with a subject cell of the disclosure, the patient
shows observable and/or measurable reduction in or absence
of one or more of the following: reduction in one or more of
the symptoms associated with disease or disorder; reduced
morbidity and mortality, and improvement in quality of life
issues. The above parameters for assessing successful treat-
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ment and improvement in the disease are readily measurable
by routine procedures familiar to a physician. Methods of
the disclosure may be used to determine the safety and/or
efficacy of a cellular therapy before, during or after initiation
of treatment of the subject.

[0181] Capture agents of the disclosure may be labeled to
render them detectable using one or more means. “Label” as
used herein refers to a detectable compound or composition
that is conjugated directly or indirectly to the capture agent
(e.g. an antibody) so as to generate a “labeled” capture agent
(e.g. an antibody). The label may be detectable by itself
(e.g., a fluorescent label) or, in the case of an enzymatic
label, may catalyze chemical alteration of a substrate com-
pound or composition that is detectable.

[0182] Capture agents of the disclosure may selectively or
specifically identify, capture, and/or quantify intracellular
components wherein the intracellular component comprises
one or more small molecules. A “small molecule” is defined
herein to have a molecular weight below about 500 Daltons.

[0183] Capture agents of the disclosure include small
molecules.
[0184] Capture agents of the disclosure may selectively or

specifically identify. capture, and/or quantify intracellular
components wherein the intracellular component comprises
a DNA molecule, an RNA molecule, or any combination
thereof.

[0185] Capture agents of the disclosure may include
nucleic acids or labeled nucleic acids. The terms “nucleic
acid” and “polynucleotide” are used interchangeably herein
to refer to single- or double-stranded RNA, DNA, or mixed
polymers. Polynucleotides may include genomic sequences,
extra-genomic and plasmid sequences, and smaller engi-
neered gene segments that express, or may be adapted to
express polypeptides.

[0186] An “isolated nucleic acid” is a nucleic acid that is
substantially separated from other genome DNA sequences
as well as proteins or complexes such as ribosomes and
polymerases, which naturally accompany a native sequence.
The term embraces a nucleic acid sequence that has been
removed from its naturally occurring environment, and
includes recombinant or cloned DNA isolates and chemi-
cally synthesized analogues or analogues biologically syn-
thesized by heterologous systems. A substantially pure
nucleic acid includes isolated forms of the nucleic acid. Of
course, this refers to the nucleic acid as originally isolated
and does not exclude genes or sequences later added to the
isolated nucleic acid by the hand of man.

[0187] The term “polypeptide” is used in its conventional
meaning, i.e., as a sequence of amino acids. The polypep-
tides are not limited to a specific length of the product.
Peptides, oligopeptides, and proteins are included within the
definition of polypeptide, and such terms may be used
interchangeably herein unless specifically indicated other-
wise. This term also does not refer to or exclude post-
expression modifications of the polypeptide, for example,
glycosylations, acetylations, phosphorylations and the like,
as well as other modifications known in the art, both
naturally occurring and non-naturally occurring. A polypep-
tide may be an entire protein, or a subsequence thereof.
[0188] An “isolated polypeptide” is one that has been
identified and separated and/or recovered from a component
of its natural environment. In preferred embodiments, the
isolated polypeptide will be purified (1) to greater than 95%
by weight of polypeptide as determined by the Lowry
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method, and most preferably more than 99% by weight, (2)
to a degree sufficient to obtain at least 15 residues of
N-terminal or internal amino acid sequence by use of a
spinning cup sequenator, or (3) to homogeneity by SDS-
PAGE under reducing or non-reducing conditions using
Coomassie blue or, preferably, silver stain. Isolated poly-
peptide includes the polypeptide in situ within recombinant
cells since at least one component of the polypeptide’s
natural environment will not be present. Ordinarily, how-
ever, isolated polypeptide will be prepared by at least one
purification step.

[0189] A “native sequence” polynucleotide is one that has
the same nucleotide sequence as a polynucleotide derived
from nature. A “native sequence” polypeptide is one that has
the same amino acid sequence as a polypeptide (e.g., anti-
body) derived from nature (e.g., from any species). Such
native sequence polynucleotides and polypeptides can be
isolated from nature or can be produced by recombinant or
synthetic means.

[0190] A polynucleotide “variant,” as the term is used
herein, is a polynucleotide that typically differs from a
polynucleotide specifically disclosed herein in one or more
substitutions, deletions, additions and/or insertions. Such
variants may be naturally occurring or may be synthetically
generated, for example, by modifying one or more of the
polynucleotide sequences of the invention and evaluating
one or more biological activities of the encoded polypeptide
as described herein and/or using any of a number of tech-
niques well known in the art.

[0191] A polypeptide “variant,” as the term is used herein,
is a polypeptide that typically differs from a polypeptide
specifically disclosed herein in one or more substitutions,
deletions, additions and/or insertions. Such variants may be
naturally occurring or may be synthetically generated, for
example, by modifying one or more of the above polypep-
tide sequences of the invention and evaluating one or more
biological activities of the polypeptide as described herein
and/or using any of a number of techniques well known in
the art.

[0192] Modifications may be made in the structure of the
polynucleotides and polypeptides of the disclosure and still
obtain a functional molecule that encodes a variant or
derivative polypeptide with desirable characteristics. When
it is desired to alter the amino acid sequence of a polypeptide
to create an equivalent, or even an improved, variant or
portion of a polypeptide of the invention, one skilled in the
art will typically change one or more of the codons of the
encoding DNA sequence.

[0193] For example, certain amino acids may be substi-
tuted for other amino acids in a protein structure without
appreciable loss of its ability to bind other polypeptides
(e.g., antigens) or cells. Since it is the binding capacity and
nature of a protein that defines that protein’s biological
functional activity, certain amino acid sequence substitu-
tions can be made in a protein sequence, and, of course, its
underlying DNA coding sequence, and nevertheless obtain a
protein with like properties. It is thus contemplated that
various changes may be made in the peptide sequences of
the disclosed compositions, or corresponding DNA
sequences that encode said peptides without appreciable loss
of their biological utility or activity.

[0194] In many instances, a polypeptide variant will con-
tain one or more conservative substitutions. A “conservative
substitution” is one in which an amino acid is substituted for
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another amino acid that has similar properties, such that one
skilled in the art of peptide chemistry would expect the
secondary structure and hydropathic nature of the polypep-
tide to be substantially unchanged.

[0195] In making such changes, the hydropathic index of
amino acids may be considered. The importance of the
hydropathic amino acid index in conferring interactive bio-
logic function on a protein is generally understood in the art
(Kyte and Doolittle, 1982). It is accepted that the relative
hydropathic character of the amino acid contributes to the
secondary structure of the resultant protein, which in turn
defines the interaction of the protein with other molecules,
for example, enzymes, substrates, receptors, DNA, antibod-
ies, antigens, and the like. Each amino acid has been
assigned a hydropathic index on the basis of its hydropho-
bicity and charge characteristics (Kyte and Doolittle, 1982).
These values are: isoleucine (+4.5); valine (+4.2); leucine
(+3.8); phenylalanine (+2.8); cysteine/cysteine (+2.5);
methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine
(-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3);
proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine
(-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9),
and arginine (-4.5).

[0196] Certain amino acids may be substituted by other
amino acids having a similar hydropathic index or score and
still result in a protein with similar biological activity, i.e.
still obtain a biological functionally equivalent protein. In
making such changes, the substitution of amino acids whose
hydropathic indices are within +2 is preferred, those within
+1 are particularly preferred, and those within 0.5 are even
more particularly preferred. The substitution of like amino
acids can be made effectively on the basis of hydrophilicity.
The greatest local average hydrophilicity of a protein, as
governed by the hydrophilicity of its adjacent amino acids,
correlates with a biological property of the protein.

[0197] The following hydrophilicity values have been
assigned to amino acid residues: arginine (+3.0); lysine
(+3.0); aspartate (+3.0x1); glutamate (+3.0£1); serine (+0.
3); asparagine (+0.2); glutamine (+0.2); glycine (0); threo-
nine (~=0.4); proline (=0.5x1); alanine (~0.5); histidine (=0.
5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine
(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine
(=2.5); tryptophan (-3.4). It is understood that an amino acid
can be substituted for another having a similar hydrophilic-
ity value and still obtain a biologically equivalent, and in
particular, an immunologically equivalent protein. In such
changes, the substitution of amino acids whose hydrophi-
licity values are within +2 is preferred, those within +1 are
particularly preferred, and those within +0.5 are even more
particularly preferred.

[0198] As outlined above, amino acid substitutions are
generally therefore based on the relative similarity of the
amino acid side-chain substituents, for example, their hydro-
phobicity, hydrophilicity, charge, size, and the like. Exem-
plary substitutions that take various of the foregoing char-
acteristics into consideration are well known to those of skill
in the art and include: arginine and lysine; glutamate and
aspartate; serine and threonine; glutamine and asparagine;
and valine, leucine and isoleucine.

[0199] Amino acid substitutions may further be made on
the basis of similarity in polarity, charge, solubility, hydro-
phobicity, hydrophilicity and/or the amphipathic nature of
the residues. For example, negatively charged amino acids
include aspartic acid and glutamic acid; positively charged
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amino acids include lysine and arginine; and amino acids
with uncharged polar head groups having similar hydrophi-
licity values include leucine, isoleucine and valine; glycine
and alanine; asparagine and glutamine; and serine, threo-
nine, phenylalanine and tyrosine. Other groups of amino
acids that may represent conservative changes include: (1)
ala, pro, gly, glu, asp, gin, asn, ser, thr; (2) cys, ser, tyr, thr;
(3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe,
tyr, trp, his. A variant may also, or alternatively, contain
nonconservative changes. In a preferred embodiment, vari-
ant polypeptides differ from a native sequence by substitu-
tion, deletion or addition of five amino acids or fewer.
Variants may also (or alternatively) be modified by, for
example, the deletion or addition of amino acids that have
minimal influence on the immunogenicity, secondary struc-
ture and hydropathic nature of the polypeptide.

[0200] When comparing polynucleotide and polypeptide
sequences, two sequences are said to be “identical” if the
sequence of nucleotides or amino acids in the two sequences
is the same when aligned for maximum correspondence, as
described below. Comparisons between two sequences are
typically performed by comparing the sequences over a
comparison window to identify and compare local regions of
sequence similarity. A “comparison window” as used herein,
refers to a segment of at least about 20 contiguous positions,
usually 30 to about 75, 40 to about 50, in which a sequence
may be compared to a reference sequence of the same
number of contiguous positions after the two sequences are
optimally aligned.

[0201] Optimal alignment of sequences for comparison
may be conducted using the Megalign program in the
Lasergene suite of bioinformatics software (DNASTAR,
Inc., Madison, Wis.), using default parameters. This pro-
gram embodies several alignment schemes described in the
following references: Dayhoff, M. O. (1978) A model of
evolutionary change in proteins—Matrices for detecting
distant relationships. In Dayhoff, M. O. (ed.) Atlas of Protein
Sequence and Structure, National Biomedical Research
Foundation, Washington D. C. Vol. 5, Suppl. 3, pp. 345-358;
Hein I. (1990) Unified Approach to Alignment and Phylo-
genes pp. 626-645 Methods in Enzymology vol. 183, Aca-
demic Press, Inc., San Diego, Calif.; Higgins, D. G. and
Sharp, P. M. (1989) CABIOS 5:151-153; Myers, E. W. and
Muller W. (1988) CABIOS 4:11-17; Robinson, E. D. (1971)
Comb. Theor 11:105; Santou, N. Nes, M. (1987) Mol. Biol.
Evol. 4:406-425; Sneath, P. H. A. and Sokal, R. R. (1973)
Numerical Taxonomy—the Principles and Practice of
Numerical Taxonomy, Freeman Press, San Francisco, Calif ;
Wilbur, W. J. and Lipman, D. J. (1983) Proc. Natl. Acad.,
Sci. USA 80:726-730.

[0202] Alternatively, optimal alignment of sequences for
comparison may be conducted by the local identity algo-
rithm of Smith and Waterman (1981) Add. APL. Math 2:482,
by the identity alignment algorithm of Needleman and
Wunsch (1970) J. Mol Biol. 48:443, by the search for
similarity methods of Pearson and Lipman (1988) Proc.
Natl. Acad. Sci. USA 85: 2444, by computerized implemen-
tations of these algorithms (GAP, BESTFIT, BLAST,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group (GCG), 575 Science
Dr., Madison, Wis.), or by inspection.

[0203] One preferred example of algorithms that are suit-
able for determining percent sequence identity and sequence
similarity are the BLAST and BLAST 2.0 algorithms, which
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are described in Altschul et al. (1977) Nucl. Acids Res.
25:3389-3402 and Altschul et al. (1990)J. Mol. Biol. 215:
403-410, respectively. BLAST and BLAST 2.0 can be used,
for example with the parameters described herein, to deter-
mine percent sequence identity for the polynucleotides and
polypeptides of the invention. Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information.

[0204] “Homology” refers to the percentage of residues in
the polynucleotide or polypeptide sequence variant that are
identical to the non-variant sequence after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent homology. In particular embodiments,
polynucleotide and polypeptide variants have at least 70%,
at least 75%, at least 80%, at least 90%, at least 95%, at least
98%, or at least 99% polynucleotide or polypeptide homol-
ogy with a polynucleotide or polypeptide described herein.
[0205] As used in this specification and the appended
claims, the singular forms “a,” “an” and “the” include plural
references unless the content clearly dictates otherwise.

EXAMPLES

Example 1: Methods of Making Compositions of
the Disclosure

[0206] A mold for an exemplary 12,000+ chamber PDMS
substrate of the disclosure is silicon master etched with the
deep-reactive-ion etching (DRIE) method. It was pretreated
with trimethylchlorosilane (Sigma-Aldrich) vapor in a
vacuum desiccator for 30 minutes to facilitate PDMS
release. The wafer was then compressed in an acrylic mold,
to form to the shape of the PDMS substrate. The PDMS
pre-polymer elastomer base and curing agent, Sylgard 184
(Dow Corning) was mixed completely (parts A and B in a
10:1 ratio) with 0.1% (v/m) Triton X-100 (Sigma-Aldrich
and placed in a vacuum desiccator for 30 minutes to remove
air bubbles. A surfactant (Triton X-100) was added to the
PDMS to minimize long term hydrophobic recovery of the
PDMS. The PDMS was injected into the mold using a
syringe and the mold was cured in the oven at 80° C. for 1.5
hrs. Resultant chips after PDMS removal from the mold
were 25 mm (width)x55 mm (length), and is 4.75 mm in
height.

[0207] Lysis Composition:

[0208] A 3% (v/v) polyvinyl alcohol (PVA) (Mw 146,000-
186,000, 99+% Hydrolyzed. Sigma-Aldrich) solution was
made in deionized water by constantly mixing at 80° C. for
approximately 3 hours. The 3% (v/v) PVA solution was
allowed to cool once solution became completely transpar-
ent. The 3% (v/v) solution was centrifuged at 300xg for 10
minutes to remove any particulates. Before starting the
coating process, 0.2% (v/v) Triton X-100 was added to the
PVA solution and mixed with stir bar for 30 minutes at 200

rpm.
[0209] Linker Composition:
[0210] PDMS chambers were initially cleaned by sonicat-

ing for 15 minutes in methanol. Microchambers were dried
with compressed air and treated with oxygen plasma (30 s,
40W, 4 cc/min with an AutoGlow 200 produced by Glow
Research). Microchambers were then coated with 2%
APTES in acetone for 10 minutes at room temperature.
Microchambers were rigorously washed with acetone then
baked at 80° C. for 30 minutes. The surface amino groups
were subsequently reacted with the cross-linker glutaralde-
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hyde (1% in dH20, 0.1% NaOH, pH 9.2) with a 10 min
incubation at room temperature. Microchambers were soni-
cated (approximately 10 seconds) to removal all air pockets.
Samples were rinsed chambers with deionized water, and
chamber surface was dried completely with compressed air
(60 sec).

[0211] Coating Composition:

[0212] A PVA coating solution was prepared by adding
0.1% glutaraldehyde and 10% hydrochloric acid to the
prepared Triton X-100/PVA solution. Solution was mixed at
100 rpm for 30 seconds and slowly pipetted onto the
microchambers to avoid bubbles. Microchambers were then
spin coated with coating solution at 2000 rpm for 4 minutes.
Samples were then baked for 1 hour at 80 C and vacuum
sealed with desiccant to remove residual moisture. Micro-
chambers were removed from vacuum as required for intra-
cellular protein capture.

[0213] Cell Loading and Chamber Preparation:

[0214] Chambers were removed from vacuum and
blocked with 3% BSA for 30 minutes. Target cells were
stained with CellTrace Violet stain and loaded onto coated
microchambers and enclosed with a surface comprising a
repeating pattern of the plurality of capture agents. Cells
were incubated for 2 hours. The surface comprising a
repeating pattern of the plurality of capture agents was
removed for visualization.

Example 2: Multi-Omic Platforms and Methods of
Use

[0215] Protocol A: Intracellular Dual Band Single Cell/
Single Bead Capture Protocol

[0216] Fabrication of Microchamber Array Chips:

[0217] The mold for the 12,000+ microchamber array
PDMS is a silicon master etched with the deep-reactive-ion
etching (DRIE) method. It was pretreated with trimethyl-
chlorosilane (Sigma-Aldrich) vapor in a vacuum desiccator
for 30 minutes to facilitate PDMS release. The wafer was
then compressed in an acrylic mold, to form to the shape of
the PDMS chip. The PDMS pre-polymer elastomer base and
curing agent, Sylgard 184 (Dow Corning) was mixed com-
pletely (parts A and B in a 10:1 ratio) and placed in a vacuum
desiccator for 30 minutes to remove air bubbles. The PDMS
was injected into the mold using a syringe and the mold was
cured in the oven at 80° C. for 1.5 hrs. Resultant chips after
PDMS removal from the mold were 25 mm (width)x55 mm
(length), and is 4.75 mm in height.

[0218] Hydrogel Coating:

[0219] the PDMS chip is treated with oxygen plasma,
soaked in a 10% (w/v) benzophenone solution in water for
1 minute, rinsed with methanol, and dried with compressed
air. PDMS microchambers are covered in 9% PVA-SbQ
solution in water, and spin coated for 4 minutes at 2000 rpm
to form an even layer. The chip is then covered with a
photomask and exposed to deep UV light for 1 hour.
[0220] Antibody Deposition:

[0221] The PDMS microchamber surface is functionalized
by incubation in 1% (3-Aminopropyl)triethoxysilane
(APTES) in water for 30 minutes. The PDMS microcham-
bers are then rinsed with water and dried using compressed
air followed by incubation in 1% glutaraldehyde in water for
10 minutes. The PDMS microchambers are then rinsed with
water and dried using compressed air followed by incuba-
tion in 1 mg/ml Protein G in PBS for 30 minutes. The PDMS
microchambers are then rinsed with PBS and dried using
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compressed air followed by incubation in cell capture anti-
body for 30 minutes. The PDMS microchambers are then
rinsed with PBS and dried using compressed air.

[0222] Streptavidin Deposition:

[0223] Acrylamide-streptavidin solution (1 mg/ml) in PBS
is spin coated onto PDMS for 4 minutes at 2000 rpm. This
coating is then crosslinked onto PVA-SbQ in a region-
specific manner through a photomask after exposed to deep
UV light for 1 hour.

[0224] Bead Preparation and Loading:

[0225] Beads were washed 2x with PBS and then resus-
pended in PBS at the appropriate concentration. Bead solu-
tion was then pipetted onto microchambers and beads were
incubated for 30 minutes to allow for binding. After incu-
bation, the microchamber PDMS is rinsed with PBS to
remove unbound beads.

[0226] Lysis Buffer Loading to Hydrogel:

[0227] To load lysis buffer into the hydrogel, coated
microchambers are soaked in 3% SDS for 1 hour. The
microchamber PDMS is then rinsed with water and dried
with compressed air.

[0228] Cell Preparation and Loading:

[0229] Target cells were stained with CellTrace Violet
stain and resuspended in RNAse inhibitor solution (50%
PBS, 3% Ficoll PM-400, 10 mM EDTA, 100 mM Tris pH
7.5, 25 mM DTT) at the appropriate concentration before
being loaded onto coated microchambers. Cells are allowed
to bind and are then rinsed with RNase inhibitor solution to
remove unbound cells.

[0230] Post-Assay Bead Removal:

[0231] After the incubation period is complete, the anti-
body slide is removed from the microchamber PDMS. The
slide and PDMS are both rinsed 10x with PBS+0.1% Triton
X-100, which is collected in a 50 mL falcon tube. The
microchamber PDMS is then placed in the same falcon tube
and QCed to 50 mL with PBS-T. This tube is rotated at room
temperature for 10 minutes, then centrifuged at 1000xg for
5 minutes to pellet the beads. After centrifugation, excess
PBS-T is aspirated off and the microchamber PDMS is
rinsed with 10 mL of PBS-T into the same falcon tube, and
then discarded. The falcon tube is spun again at 1000xg for
10 minutes to pellet the beads. After centrifugation, excess
PBS-T is aspirated off, leaving about 5 mL. The pellet is
resuspended in this same 5 mL and run through a 100 pM
filter. Beads are then pelleted at 1000xg for 2 minutes and
resuspended in 1 mL of 6xSSC. At this point beads can be
processed for cDNA synthesis and NGS.

[0232] Protocol B: Intracellular UV-Crosslinkable PVA
Single Cell Capture with Size Exclusion Single Bead Cap-
ture

[0233] Fabrication of Microchamber Array Chips:

[0234] The mold for the 12,000+ microchamber array
PDMS is a silicon master etched with the deep-reactive-ion
etching (DRIE) method. It was pretreated with trimethyl-
chlorosilane (Sigma-Aldrich) vapor in a vacuum desiccator
for 30 minutes to facilitate PDMS release. The wafer was
then compressed in an acrylic mold, to form to the shape of
the PDMS chip. The PDMS pre-polymer elastomer base and
curing agent, Sylgard 184 (Dow Corning) was mixed com-
pletely (parts A and B in a 10:1 ratio) and placed in a vacuum
desiccator for 30 minutes to remove air bubbles. The PDMS
was injected into the mold using a syringe and the mold was
cured in the oven at 80° C. for 1.5 hrs. Resultant chips after

Sep. 19,2019

PDMS removal from the mold were 25 mm (width)x55 mm
(length), and is 4.75 mm in height.

[0235]

[0236] the PDMS chip is treated with oxygen plasma,
soaked in a 10% (w/v) benzophenone solution in water for
1 minute, rinsed with methanol, and dried with compressed
air. PDMS microchambers are covered in 9% PVA-SbQ
solution in water, and spin coated for 4 minutes at 2000 rpm
to form an even layer. The chip is then covered with a
photomask and exposed to deep UV light for 1 hour.
[0237] Antibody Deposition:

[0238] The PDMS microchamber surface is functionalized
by incubation in 1% (3-Aminopropyl)triethoxysilane
(APTES) in water for 30 minutes. The PDMS microcham-
bers are then rinsed with water and dried using compressed
air followed by incubation in 1% glutaraldehyde in water for
10 minutes. The PDMS microchambers are then rinsed with
water and dried using compressed air followed by incuba-
tion in 1 mg/ml Protein G in PBS for 30 minutes. The PDMS
microchambers are then rinsed with PBS and dried using
compressed air followed by incubation in cell capture anti-
body for 30 minutes. The PDMS microchambers are then
rinsed with PBS and dried using compressed air.

[0239]

[0240] Beads are washed 2x with PBS and then resus-
pended in PBS at the appropriate concentration. Bead solu-
tion is then pipetted onto microchambers and single beads
fall into size exclusion wells. After incubation, the micro-

chamber PDMS is rinsed with PBS to remove residual
beads.

[0241]

[0242] To load lysis buffer into the hydrogel, coated
microchambers are soaked in 3% SDS for 1 hour. The
microchamber PDMS is then rinsed with dH2O and dried
with compressed air.

[0243]

[0244] Target cells were stained with CellTrace Violet
stain and resuspended in RNAse inhibitor solution (50%
PBS, 3% Ficoll PM-400, 10 mM EDTA, 100 mM Tris pH
7.5, 25 mM DTT) at the appropriate concentration before
being loaded onto coated microchambers. Cells are allowed
to bind and are then rinsed with RNase inhibitor solution to
remove unbound cells.

[0245]

[0246] After the incubation period is complete, the anti-
body slide is removed from the microchamber PDMS. The
slide and PDMS are both rinsed 10x with PBS+0.1% Triton
X-100, which is collected in a 50 mL falcon tube. The
microchamber PDMS is then placed in the same falcon tube
and QCed to 50 mL with PBS-T. This tube is rotated at room
temperature for 10 minutes, then centrifuged at 1000xg for
5 minutes to pellet the beads. After centrifugation, excess
PBS-T is aspirated off and the microchamber PDMS is
rinsed with 10 mL of PBS-T into the same falcon tube, and
then discarded. The falcon tube is spun again at 1000xg for
10 minutes to pellet the beads. After centrifugation, excess
PBS-T is aspirated off, leaving about 5 mL. The pellet is
resusperded in this same 5 mL and run through a 100 uM
filter. Beads are then pelleted at 1000xg for 2 minutes and
resuspended in 1 mL of 6xSSC. At this point beads can be
processed for cDNA synthesis and NGS.

Hydrogel Coating;

Bead Preparation and Loading:

Lysis Buffer Loading to Hydrogel:

Cell Preparation and Loading:

Post-Assay Bead Removal:
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[0247] Protocol C: Secretion Proteomics PLL-g-PEG-
Biotin Single Cell Capture

[0248] Fabrication of Microchamber Array Chips:

[0249] The mold for the 12,000+ microchamber array
PDMS is a silicon master etched with the deep-reactive-ion
etching (DRIE) method. It was pretreated with trimethy]l-
chlorosilane (Sigma-Aldrich) vapor in a vacuum desiccator
for 30 minutes to facilitate PDMS release. The wafer was
then compressed in an acrylic mold, to form to the shape of
the PDMS chip. The PDMS pre-polymer elastomer base and
curing agent, Sylgard 184 (Dow Corning) was mixed com-
pletely (parts A and B in a 10:1 ratio) and placed in a vacuum
desiccator for 30 minutes to remove air bubbles. The PDMS
was injected into the mold using a syringe and the mold was
cured in the oven at 80° C. for 1.5 hrs. Resultant chips after
PDMS removal from the mold were 25 mm (width)x55 mm
(length), and is 4.75 mm in height.

[0250] PLL-g-PEG-Biotin Passivation:

[0251] PDMS is washed with 70% Ethanol and dried
under air flow. PDMS microchamber surface is functional-
ized by exposure to oxygen plasma. The PDMS is then
soaked in a mixture of 11.5 mg/ml N-(3-Dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride (EDC) and
19.2 mg/ml N-Hydroxysulfosuccinimide sodium salt (Sulfo-
NHS) in a 0.05 M MES+0.5 M NaCl buffer for 15 minutes,
rinsed with PBS and water, and incubated in a solution 0of 0.5
mg/ml of PLL(20)-g[3.5]-PEG(2): poly-L-lysine-g-poly
(ethyleneglycol)-biotin (PLL-g-PEG-biotin) in 10 mM
HEPES buffer for 3 hours or overnight.

[0252] UV Photolithography:

[0253] the passivated PDMS surface is covered with a
photomask with desired micropatterns, and is exposed to
deep UV light for 10 minutes.

[0254] Antibody Deposition:

[0255] The PDMS chip is incubated in 1% Pluronic®
F-127 solution for 30 minutes. The PDMS microchambers
are then rinsed with water and dried using compressed air
followed by incubation in 114 pg/ml Neutravidin solution
for 30 min. The PDMS microchambers are then rinsed with
water and dried using compressed air followed by incuba-
tion in 1 mg/ml Protein G-Biotin for 30 minutes. The PDMS
microchambers are then rinsed with water and dried using
compressed air followed by incubation in cell capture anti-
body for 30 minutes. The PDMS microchambers are then
rinsed with water and dried using compressed air.

[0256] Cell Preparation and Loading:

[0257] Target cells were stained with CellTrace Violet
stain and resuspended in PBS at the appropriate concentra-
tion before being loaded onto coated microchambers. Cells
are allowed to bind and are then rinsed with PBS to remove
unbound cells.

INCORPORATION BY REFERENCE

[0258] Every document cited herein, including any cross
referenced or related patent or application is hereby incor-
porated herein by reference in its entirety unless expressly
excluded or otherwise limited. The citation of any document
is not an admission that it is prior art with respect to any
invention disclosed or claimed herein or that it alone, or in
any combination with any other reference or references,
teaches, suggests or discloses any such invention. Further, to
the extent that any meaning or definition of a term in this
document conflicts with any meaning or definition of the
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same term in a document incorporated by reference, the
meaning or definition assigned to that term in this document
shall govern.

OTHER EMBODIMENTS

[0259] While particular embodiments of the disclosure
have been illustrated and described, various other changes
and modifications can be made without departing from the
spirit and scope of the disclosure. The scope of the appended
claims includes all such changes and modifications that are
within the scope of this disclosure.

What is claimed is:

1. A composition comprising:

a surface comprising a plurality of capture agents opera-
tively-linked thereto, wherein each capture agent spe-
cifically binds to a distinct intracellular target and
wherein the plurality of capture agents form a repeating
pattern;

a substrate comprising a plurality of chambers, wherein
the substrate releasably couples with the surface and
wherein each chamber of the plurality of chambers
comprises at least one repeat of the repeating pattern of
the plurality of capture agents of the surface;

a coating composition comprising a cell lysis composi-
tion; and

a linker composition comprising a functionalization com-
ponent and an extension component.

2. The composition of claim 1, wherein the plurality of
capture agents comprises between 2 and 200 distinct capture
agents.

3. The composition of claim 1, wherein the plurality of
capture agents comprises between 2 and 100 distinct capture
agents.

4. The composition of claim 1, wherein the plurality of
capture agents comprises between 2 and 50 distinct capture
agents.

5. The composition of claim 1, wherein the plurality of
capture agents comprises between 2 and 25 distinct capture
agents.

6. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 20,000
chambers.

7. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 12,000
chambers.

8. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 10,000
chambers.

9. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 5,000 cham-
bers.

10. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 2,500 cham-
bers.

11. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 1,000 cham-
bers.

12. The composition of any one of claims 1-5, wherein the
plurality of chambers comprises between 2 and 500 cham-
bers.

13. The composition of any one of claims 1-12, wherein
each chamber of the plurality of chambers has an identical
shape.
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14. The composition of any one of claims 1-13, wherein
each chamber of the plurality of chambers has an equal value
for at least one dimension.

15. The composition of any one of claims 1-14, wherein
each chamber of the plurality of chambers has an equal value
for each dimension.

16. The composition of any one of claims 1-15, wherein
each chamber of the plurality of chambers is round.

17. The composition of claim 16, wherein the each
chamber of the plurality of chambers has a diameter of at
least 10 pum.

18. The composition of claim 16, wherein the each
chamber of the plurality of chambers has a diameter of at
least 50 pum.

19. The composition of claim 16, wherein the each
chamber of the plurality of chambers has a diameter of at
least 100 pum.

20. The composition of any one of claims 17-19, wherein
the each chamber of the plurality of chambers has a depth of
at least 10 um.

21. The composition of any one of claims 17-19, wherein
the each chamber of the plurality of chambers has a depth of
at least 50 um.

22. The composition of any one of claims 17-19, wherein
the each chamber of the plurality of chambers has a depth of
at least 100 pm.

23. The composition of any one of claims 1-15, wherein
each chamber of the plurality of chambers is rectangular.

24. The composition of any one of claims 1-15 or 23,
wherein each chamber of the plurality of chambers has a
length of a first side of at least 10 um.

25. The composition of any one of claims 1-15 or 23,
wherein each chamber of the plurality of chambers has a
length of a first side of at least 50 um.

26. The composition of any one of claims 1-15 or 23,
wherein each chamber of the plurality of chambers has a
length of a first side of at least 100 pm.

27. The composition of any one of claims 1-15 or 23-26,
wherein each chamber of the plurality of chambers has a
length of a second side of at least 10 pm.

28. The composition of any one of claims 1-15 or 23-26,
wherein each chamber of the plurality of chambers has a
length of a second side of at least 50 pm.

29. The composition of any one of claims 1-15 or 23-26,
wherein each chamber of the plurality of chambers has a
length of a second side of at least 100 pm.

30. The composition of any one of claims 1-15 or 23-29,
wherein each chamber of the plurality of chambers has a
depth of at least 10 pm.

31. The composition of any one of claims 1-15 or 23-29,
wherein each chamber of the plurality of chambers has a
depth of at least 50 pm.

32. The composition of any one of claims 1-15 or 23-29,
wherein each chamber of the plurality of chambers has a
depth of at least 100 pum.

33. The composition of any one of claims 1-32, wherein
the substrate comprises a polymer.

34. The composition of claim 33, wherein the polymer
comprises polydimethylsiloxane (PDMS).

35. The composition of claim 34, wherein the substrate
has an oxidized surface.
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36. The composition of claim 34 or 35, wherein the
PDMS substrate was formed from a PDMS pre-polymer
mixed with a surfactant prior to manufacture by injection
molding.

37. The composition of claim 36, wherein the surfactant
comprises Triton-X-100.

38. The composition of any one of claims 1-37, wherein
the surface comprises a glass.

39. The composition of any one of claims 1-38, wherein
at least one capture agent of the plurality of capture agents
comprises an oligonucleotide, an aptamer, an antibody, a
functional fragment of an antibody, or an antibody mimetic.

40. The composition of any one of claims 1-38, wherein
at least one capture agent of the plurality of capture agents
comprises an antibody.

41. The composition of any one of claims 1-38, wherein
each capture agent of the plurality of capture agents com-
prises an antibody.

42. The composition of any one of claims 1-41, wherein
the coating composition further comprises a crosslinking
composition.

43. The composition claim 42, wherein the crosslinking
composition comprises a biocompatable polymer.

44. The composition of any one of claims 1-43, wherein
the cell lysis composition comprises a detergent.

45. The composition of any one of claims 1-44, wherein
the cell lysis composition comprises Triton-X-100.

46. The composition of any one of claims 42-45, wherein
the crosslinking composition comprises poly(vinyl alcohol)
(PVA).

47. The composition of any one of claims 42-46, wherein
the crosslinking composition comprises 3% v/v PVA and the
cell lysis composition comprises 0.2% Triton-X-100.

48. The composition of claim 47, wherein the crosslinking
composition further comprises a glutaraldehyde composi-
tion and a hydrochloric acid (HCI) composition.

49. The composition of claim 48. wherein the glutaral-
dehyde composition comprises 0.1% glutaraldehyde.

50. The composition of claim 48 or 49, wherein the HCI
composition comprises 10% HCI.

51. The composition of any one of claims 1-50, wherein
the coating composition comprises a signaling agent.

52. The composition of any one of claims 1-51, wherein
the coating composition is formulated as a plurality of
microspheres.

53. The composition of any one of claims 1-52, wherein
the coating composition comprises water.

54. The composition of any one of claims 1-52, wherein
the coating composition does not comprise water.

55. The composition of any one of claims 1-54, wherein
the linker composition does not degrade at room temperature
for at least 1 week.

56. The composition of any one of claims 1-54, wherein
the linker composition does not degrade at room temperature
for at least 1 month.

57. The composition of any one of claims 1-54, wherein
the linker composition does not degrade at room temperature
for at least 6 months.

58. The composition of any one of claims 1-54, wherein
the linker composition does not degrade at room temperature
for at least 1 year.
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59. The composition of any one of claims 1-58, wherein,
upon contact with the substrate, the functionalization com-
ponent covalently bonds at least one functional group to a
surface of the substrate.

60. The composition of claim 59, wherein the surface
comprises an interior surface of each chamber of the plu-
rality of chambers.

61. The composition of claim 59, wherein the surface
comprises each interior surface of each chamber of the
plurality of chambers.

62. The composition of any one of claims 59-61, wherein
the at least one functional group is a silane group.

63. The composition of claim 62, wherein the function-
alization component comprises an organofunctional alkox-
ysilane.

64. The composition of claim 63, wherein the function-
alization component comprises an aminosilane.

65. The composition of claim 63 or 64, wherein the
functionalization component comprises (3-Aminopropyl)tri-
ethoxysilane (APTES).

66. The composition of claim 65, wherein the function-
alization component comprises 1% APTES.

67. The composition of any one of claims 1-66, wherein
the extension component comprises an organic polymer that
covalently binds to the functionalization component at a first
end.

68. The composition of claim 67, wherein the organic
polymer comprises an aldehyde at a second end.

69. The composition of any one of claims 42-68, wherein
the extension component binds to the crosslinking compo-
sition.

70. The composition of any one of claims 1-69, wherein
the extension component comprises glutaraldehyde.

71. The composition of claim 70, wherein the extension
component comprises 1% glutaraldehyde.

72. The composition of any one of claims 1-71, wherein
the repeating pattern comprises a plurality of parallel lines.

73. The composition of any one of claims 1-71, wherein
the repeating pattern comprises a plurality of dots.

74. The composition of any one of claims 1-73, wherein
the intracellular target is a DNA molecule, an RNA mol-
ecule, a peptide, a polypeptide, a protein, a protein complex,
a channel, an organelle, a lipid, an oligosaccharide, a cyto-
skeletal element.

75. The composition of any one of claims 1-73, wherein
the intracellular target is a transcript of an oncogene, an
oncoprotein, transcript of a tumor suppressor gene, a tumor
suppressor protein, a regulator of an oncogene, a regulator of
an oncoprotein or a regulator of a tumor suppressor gene.

76. The composition of any one of claims 1-73, wherein
the intracellular target is a receptor, an enzyme, a transcrip-
tion factor, or a growth factor.

77. The composition of claim 76, wherein the intracellular
target is a phosphorylized receptor or a phosphorylized
enzyme.

78. The composition of claim 76 or 77, wherein the
enzyme is a kinase.

79. The composition of any one of claims 1-78, wherein
at least one chamber of the plurality of chambers further
comprises a functionalized band.

80. The composition of any one of claims 1-78, wherein
each chamber of the plurality of chambers further comprises
a functionalized band.
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81. The composition of claim 79 or 80, wherein the
functionalized band captures a bead.

82. The composition of claim 79 or 80, wherein the
functionalized band captures at least one bead.

83. The composition of claim 79 or 80, wherein the
functionalized band captures at most one bead.

84. The composition of any one of claims 79-83, wherein
the functionalized band captures a cell.

85. The composition of any one of claims 79-83, wherein
the functionalized band captures at least one cell.

86. The composition of any one of claims 79-83, wherein
the functionalized band captures at most one cell.

87. The composition of any one of claims 79-86, wherein
the functionalized band captures one bead and one cell.

88. The composition of any one of claims 79-86, wherein
the functionalized band captures at most one bead and at
most one cell.

89. The composition of any one of claims 79-88, wherein
at least one chamber of the plurality of chambers has one or
more dimensions that prevents a second bead from entering
the chamber or from contacting the functionalized band.

90. The composition of any one of claims 79-88, wherein
each chamber of the plurality of chambers has one or more
dimensions that prevents a second bead from entering the
chamber or from contacting the functionalized band.

91. The composition of claim 89 or 90, wherein the one
or more dimensions of the chamber is greater than any
dimension of a first bead, thereby allowing the first bead to
enter the chamber or contact the functionalized band.

92. The composition of claim 91, wherein the one or more
dimensions of the chamber is lesser than the sum of any
dimension of the first bead and any dimension of the second
bead, thereby preventing the second bead from entering the
chamber or from contacting the functionalized band.

93. The composition of any one of claims 89-92, wherein
the one or more dimensions of the chamber is a diameter and
wherein the diameter is or is about 50 pm.

94. The composition of claim 93, wherein the first bead
has a diameter of between 30 and 40 pm, inclusive of the
endpoints, thereby allowing the first bead to enter the
chamber or contact the functionalized band.

95. The composition of claim 94, wherein the sum of the
diameter of the first bead and the diameter of the second
bead is between 60 and 80 pm, thereby preventing the
second bead from entering the chamber or from contacting
the functionalized band.

96. The composition of any one of claims 79-95, wherein
the functionalized band has a width of or of about 10 pm.

97. The composition of any one of claims 79-96, wherein
the chamber comprising the functionalized band is prepared
according to a method comprising the steps of:

contacting at least one surface of the chamber with a

coating composition to produce at least one coated
surface,

passivating of the at least one coated surface of the

chamber to produce at least one passivated surface;
covering a portion of the at least one passivated surface
with a photomask, wherein the photomask comprises a
pattern, to produce at least one masked surface;
exposing the at least one masked surface to a UV light;
depositing a capture antibody composition on the at least
one masked surface of the chamber to produce at least
one functionalized surface,
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contacting a bead composition to the chamber, wherein
the at least one functionalized surface captures the
bead,

introducing a cell lysis composition to the chamber, and

introducing a cell to the chamber.

98. The composition of claim 97, wherein the chamber
comprising the functionalized band is prepared according to
a method further comprising the steps of?

removing the bead from the chamber.

99. The composition of claim 97 or 98, wherein the
chamber comprising the functionalized band is prepared
according to a method further comprising the steps of:

depositing a streptavidin composition in the chamber,

wherein the streptavidin composition is deposited in the
chamber after depositing the capture antibody compo-
sition and

wherein the streptavidin composition is deposited in the

chamber before introducing the bead to the chamber.

100. The coniposition of any one of claims 79-99, wherein
the coating composition comprises a PVA-SbQ composition.

101. The composition of any one of claims 79-100,
wherein the antibody composition comprises a capture anti-
body.

102. The composition of any one of claims 79-101,
wherein, prior to depositing the antibody composition, at
least one masked surface is prepared according to a method
comprising:

contacting the at least one masked surface with a linker

composition.

103. The composition of claim 102, wherein the linker
composition comprises an extension component.

104. The composition of claim 103, wherein the extension
component comprises an APTES composition.

105. The composition of any one of claims 102-104,
wherein the linker composition comprises a functionaliza-
tion component.

106. The composition of claim 105, wherein the func-
tionalization component comprises a protein G composition.

107. The composition of any one of claims 79-106,
wherein the chamber comprising the functionalized band is
prepared according to a method comprising the steps of:

passivating of at least one surface of the chamber;

covering a portion of the at least one passivated surface
with a photomask, wherein the photomask comprises a
pattern, to produce at least one masked surface;

exposing the at least one masked surface to a UV light;

depositing a capture antibody composition in the cham-
ber; and

introducing a cell to the chamber.

108. The composition of claim 106, wherein the passi-
vating step comprises:

contacting the at least one surface of the chamber and

oxygen plasma to produce at least one functionalized
surface;

contacting the at least one functionalized surface with

pretreatment composition to produce a pretreated sur-
face, and

contacting the at least one pretreated surface with a biotin

composition.

109. The composition of claim 108, wherein the pretreat-
ment composition comprises N-(3-Dimethylaminopropyl)-
N'-ethylcarbodiimide hydrochloride (EDC) and N-Hydroxy-
sulfosuccinimide sodium salt (Sulfo-NHS).
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110. The composition of claim 109, wherein the pretreat-
ment composition further comprises a buffer comprising
0.05 M MES and 0.5 M NaCl.

111. The composition of any one of claims 108-110,
wherein the biotin composition comprises PLL(20)-g[3.5]-
PEG(2): poly-L-lysine-g-poly(ethyleneglycol)-biotin (PLL-
2-PEG-biotin).

112. The composition of claim 111, wherein the biotin
composition further comprises a HEPES buffer.

113. The composition of any one of claims 108-112,
wherein the pretreatment composition comprises 11.5
mg/ml of N-(3-Dimethylaminopropyl)-N'-ethylcarbodiim-
ide hydrochloride (EDC), 19.2 mg/ml of N-Hydroxysulfo-
succinimide sodium salt (Sulfo-NHS) and a buffer compris-
ing 0.05 M MES and 0.5 M NaCl buffer.

114. The composition of any one of claims 108-113,
wherein the biotin composition comprises 0.5 mg/ml of
PLL(20)-g[3.5]-PEG(2): poly-L-lysine-g-poly(ethylenegly-
col)-biotin (PLL-g-PEG-biotin) and a 10 mM HEPES buffer.

115. The composition of any one of claims 108-114,
wherein the passivating step comprises:

contacting the at least one surface of the chamber and

oxygen plasma to produce at least one functionalized
surface;

contacting the at least one functionalized surface with

pretreatment composition for 15 minutes to produce a
pretreated surface, and

contacting the at least one pretreated surface with a biotin

composition for at least 3 hours.

116. The composition of any one of claims 79-115,
wherein the bead comprises a composition comprising a
biotinylated oligonucleotide.

117. The composition of any one of claims 79-115,
wherein the cell composition comprises an RNAse inhibitor
solution.

118. The composition of any one of claims 81-117,
wherein the bead composition comprises a bead and nucleic
acid sequence encoding a barcode, wherein the barcode
comprises a sequence encoding a barcode and a sequence
encoding a barcode handle.

119. The composition of claim 118, wherein the nucleic
acid sequence encoding the barcode further comprises one
or more of a sequence encoding a PCR handle, a sequence
encoding a unique molecular identifier (UMI), a sequence
encoding a template switching oligonucleotide (TSO)
handle, and a sequence encoding a TSO hybridization site.

120. The composition of claim 118, wherein the nucleic
acid sequence encoding the barcode further comprises a
sequence encoding a PCR handle, a sequence encoding a
unique molecular identifier (UMI), a sequence encoding a
template switching oligonucleotide (TSO) handle, and a
sequence encoding a TSO hybridization site.

121. The composition of claim 118, wherein the nucleic
acid sequence encoding the barcode comprises, from 5' to 3',
a sequence encoding a PCR handle, a sequence encoding a
barcode, a sequence encoding a barcode handle, a sequence
encoding a unique molecular identifier (UMI), a sequence
encoding a template switching oligonucleotide (TSO)
handle, and a sequence encoding a TSO hybridization site.

122. The composition of any one of claims 118-121,
wherein the sequence encoding a TSO hybridization site
comprises a polyguanine (polyG) sequence.
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123. The composition of any one of claims 118-121,
wherein the sequence encoding a TSO hybridization site
consists of a polyguanine (polyG) sequence.

124. The composition of any one of claims 118-123,
wherein each bead of a bead composition comprises a
unique barcode.

125. The composition of any one of claims 118-124,
wherein each bead of each chamber comprises a unique
barcode.

126. The composition of any one of claims 118-125,
wherein each bead of the plurality of chambers comprises a
unique barcode.

127. The composition of any one of claims 118-126,
wherein the sequence encoding the barcode comprises 12
nucleotides.

128. The composition of any one of claims 118-126,
wherein the sequence encoding the barcode consists of 12
nucleotides.

129. The composition of any one of claims 118-128,
wherein the sequence encoding the barcode comprises at
least one modified nucleotide.

130. The composition of claim 129, wherein the modified
nucleotide comprises a label.

131. The composition of claim 130, wherein the label
comprises a fluorophore or a chromaphore.

132. The composition of claim 130, wherein the label is
a fluorescent label.

133. The composition of any one of claims 128-132,
wherein each nucleotide of the sequence encoding the
barcode comprises a label.

134. The composition of claim 133, wherein each adenine
comprise a first label, wherein each cytosine comprises a
second label, each guanine comprises a third label, and each
thymine comprises a fourth label.

135. The composition of claim 134, wherein the first
label, the second label, the third label, and the fourth label
are distinct labels.

136. The composition of claim 135, wherein the first
label, the second label, the third label, and the fourth label
are spectrally-distinguishable fluorescent labels.

137. The composition of any one of claims 118-136,
further comprising a template switching oligo (TSO).

138. The composition of claim 137, wherein the TSO
comprises a sequence complementary to the sequence
encoding the UMI, a sequence complementary to the
sequence encoding the TSO handle, a sequence complemen-
tary to the sequence encoding the sequence encoding a TSO
hybridization site, and a sequence complementary to an
intracellular target RNA.

139. The composition of claim 137, wherein the intrac-
ellular target RNA is an mRNA.

140. The composition of any one of claims 137-139,
wherein the sequence complementary to the sequence
encoding the sequence encoding a TSO hybridization site of
the TSO hybridizes to the sequence encoding a TSO hybrid-
ization site of the nucleic acid encoding the barcode.

141. The composition of claim 137-140, further compris-
ing an intracellular target RNA.

142. The composition of any one of claims 137-141,
wherein the intracellular target RNA hybridizes with the
TSO.

143. The composition of any one of claims 137-142,
further comprising a forward primer and a reverse primer,
wherein the forward primer comprises a sequence comple-

Sep. 19,2019

mentary to the sequence encoding the PCR handle and
wherein the second primer comprises a sequence comple-
mentary to a sequence of the intracellular target RNA.
143. The composition of claim 143, wherein the reverse
primer further comprises a primer-specific identification
sequence.
144. The composition of any one of claims 137-144,
wherein the intracellular target RNA encodes a component
of a T-cell receptor (TCR).
145. The composition of claim 144, wherein the intrac-
ellular target RNA encodes an a-chain of a TCR (TCRa).
146. The composition of claim 144, wherein the intrac-
ellular target RNA encodes a-chain of a TCR (TCRp).
147. The composition of any one of claims 137-144,
wherein the intracellular target RNA encodes a non-natu-
rally occurring RNA or mRNA.
148. The composition of claim 147, wherein the non-
naturally occurring RNA or mRNA comprises a synthetic,
modified, recombinant or chimeric sequence.
149. The composition of claim 147 or 148, wherein the
non-naturally occurring RNA or mRNA comprises a muta-
tion when compared to a wild type version of the sequence.
150. The composition of claim 149, wherein the mutation
comprises a substitution, an insertion, a deletion, an inver-
sion, or a transposition.
151. The composition of any one of claims 147-150,
wherein the non-naturally occurring RNA or mRNA encodes
a component of a TCR.
152. The composition of claim 151, wherein the intrac-
ellular target RNA encodes an a-chain of a TCR (TCRa).
153. The composition of claim 151, wherein the intrac-
ellular target RNA encodes a-chain of a TCR (TCRp).
154. The composition of any one of claims 147-150,
wherein the non-naturally occurring RNA or mRNA encodes
a fusion protein.
155. The composition of any one of claims 147-150 or
154, wherein the non-naturally occurring RNA or mRNA
encodes a chimeric antigen receptor (CAR).
156. The composition of claim 155, wherein the CAR 1is
released from a modified cell.
157. The composition of claim 156, wherein the modified
cell is a modified T-cell.
158. A method for the multiplexed analysis of one or more
intracellular targets of a single cell, comprising
contacting a biological sample and the composition of any
one of claims 1-157 under conditions sufficient to cause
cell lysis to produce a cell lysate within each chamber
of the plurality of chambers of the substrate, wherein
each chamber of the plurality of chambers comprises a
single cell of the biological sample, wherein the bio-
logical sample comprises a plurality of cells and a fluid,
and wherein within each chamber of the plurality of
chambers the biological sample is in fluid communi-
cation with the surface;
incubating the cell lysate within each chamber of the
plurality of chambers for a sufficient time to allow at
least one capture agent of the plurality of capture agents
to specifically bind to at least one intracellular target to
produce a capture agent:target complex; and

visualizing at least one capture agent:target complex to
identify one or more intracellular targets of a single cell
in a multiplexed analysis.

159. The method of claim 158, wherein the single cell is
a healthy cell.
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160. The method of claim 158, wherein the single cell is
a tumor cell.

161. The method of claim 158 or 160, wherein the single
cell is a malignant cell.

162. The method of any one of claims 158-161, wherein
the single cell is a neural cell.

163. The method of any one of claims 158-162, wherein
the single cell is a glial cell.

164. The method of any one of claims 158-161, wherein
the single cell is an immune cell.

165. The method of claim 164, wherein the single cell is
a T-lymphocyte or a B-lymphocyte.

166. The method of any one of claims 158-161, wherein
the single cell is a bacterium.

167. The method of any one of claims 158-161, wherein
the single cell is an archaeon.

168. The method of any one of claims 158-161, wherein
the single cell is a yeast cell.

169. The method of any one of claims 158-161, wherein
the single cell is an alga.

170. The method of claim 158, 159, 162, 163 or 166-169,
wherein the single cell is genetically-modified.

171. The method of any one of claims 158-170, wherein
the biological sample is obtained from a subject.

172. The method of claim 171, wherein the biological
sample comprises blood, cerebral spinal fluid (CSF), lymph
fluid, plural effusion, urine or saliva.

173. The method of claim 171 or 172, wherein the
biological sample comprises a cell culture media.

174. The method of any one of claims 171-173, wherein
the biological sample comprises a tissue sample or a tissue
biopsy.

175. The method of any one of claims 171-173, wherein
the subject is healthy.

176. The method of any one of claims 171-173, wherein
the subject has cancer.

177. The method of any one of claims 171-173, wherein
the subject has an infection.

178. The method of any one of claims 171-173, wherein
the subject has an autoimmune disorder.

179. The method of any one of claims 171-173, wherein
the subject has an inflammatory disorder.

180. The method of any one of claims 171-173, wherein
the subject has a neurological disorder.

181. The method of any one of claims 171-173, wherein
the subject has a metabolic disorder.

182. The method of any one of claims 171-173, wherein
the subject has a degenerative disorder.

183. The method of any one of claims 171-173, wherein
the subject has a genetic mutation or epigenetic modification
associated with a disease or disorder.

184. The method of any one of claims 158-183, wherein
the visualizing comprises

contacting the at least one capture agent:target complex

with a labeled secondary antibody that binds the cap-
ture agent and

detecting the labeled secondary antibody.

185. The method of claim 184, wherein the labeled
secondary antibody comprises a fluorescent, gold or silver
label.

186. The method of claim 184 or 185, wherein the
visualizing comprises
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contacting a first capture agent:target complex with a first
labeled secondary antibody that binds the first capture
agent,

contacting a second capture agent:target complex with a

second labeled secondary antibody that binds the sec-
ond capture agent, and

detecting the first labeled secondary antibody and the

second labeled secondary antibody, wherein the first
labeled secondary antibody and the second labeled
secondary antibody each comprise a distinct label.

187. The method of any one of claims 184-186, wherein
the method further comprises quantifying the at least one
intracellular target.

188. The method of claim 187, wherein the quantifying
step comprises measuring an intensity and/or a density of the
labeled secondary antibody.

189. The method of claim 187 or 188, wherein the
intracellular target is a phosphoprotein.

190. A method for the multiplexed analysis of one or more
intracellular targets of a single cell, comprising

contacting a biological sample and the composition of any

one of claims 79-157 under conditions sufficient to
cause cell lysis to produce a cell lysate within each
chamber of the plurality of chambers of the substrate,
wherein each chamber of the plurality of chambers
comprises a single cell of the biological sample,
wherein the biological sample comprises a plurality of
cells and a fluid, wherein within each chamber of the
plurality of chambers the biological sample is in fluid
communication with the bead, and wherein the bead
comprises a plurality of capture agents to specifically
bind to at least one intracellular target to produce a
capture agent:target complex:

incubating the cell lysate within each chamber of the

plurality of chambers for a sufficient time to allow at
least one capture agent of the plurality of capture agents
to specifically bind to at least one intracellular target to
produce a capture agent:target complex; and
visualizing at least one capture agent:target complex or
sequencing a target of the at least one capture agent:
target complex to identify one or more intracellular
targets of a single cell in a nultiplexed analysis.

191. The method of claim 190, wherein the method
comprises visualizing at least one capture agent:target com-
plex and sequencing a target of the at least one capture
agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis.

192. The method of claim 190, wherein the method
comprises visualizing at least one capture agent:target com-
plex or sequencing a target of the at least one capture
agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis.

193. The method of claim 190, wherein the method
comprises sequencing a target of the at least one capture
agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis.

194. The method of claim 190 or 192, wherein the method
comprises sequencing a target of the at least one capture
agent:target complex to identify one or more intracellular
targets of a single cell in a multiplexed analysis.

195. The method of claim 190, wherein the bead compo-
sition comprises a bead and nucleic acid sequence encoding
abarcode, wherein the barcode comprises a sequence encod-
ing a barcode and a sequence encoding a barcode handle and
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wherein the method comprises sequencing the barcode by
synthesizing a cDNA barcode sequence.

196. The method of claim 195, wherein synthesizing the
barcode comprises contacting the sequence encoding the
barcode handle, a primer comprising a sequence comple-
mentary to a portion of the sequence encoding the barcode
handle and a polymerase, under conditions sufficient for
hybridization and ¢cDNA synthesis, wherein the contacting
produces a cDNA barcode sequence.

197. The method of claim 195 or 196, wherein the
sequencing step is performed in the chamber.

198. The method of any one of claims 195-197, wherein
the nucleic acid sequence encoding the barcode further
comprises one or more of a sequence encoding a PCR
handle, a sequence encoding a unique molecular identifier
(UMI), a sequence encoding a template switching oligo-
nucleotide (TSO) handle, and a sequence encoding a TSO
hybridization site.

199. The method of any one of claims 195-197, wherein
nucleic acid sequence encoding the barcode further com-
prises a sequence encoding a PCR handle, a sequence
encoding a unique molecular identifier (UMI), a sequence
encoding a template switching oligonucleotide (TSO)
handle, and a sequence encoding a TSO hybridization site.

200. The method of any one of claims 195-197, wherein
nucleic acid sequence encoding the barcode comprises, from
5" to 3', a sequence encoding a PCR handle, a sequence
encoding a barcode, a sequence encoding a barcode handle,
a sequence encoding a unique molecular identifier (UMI), a
sequence encoding a template switching oligonucleotide
(TSO) handle, and a sequence encoding a TSO hybridization
site,

201. The method of any one of claims 195-200, wherein
the sequence encoding a TSO hybridization site comprises a
polyguanine (polyG) sequence.

202. The method of any one of claims 195-200, wherein
the sequence encoding a TSO hybridization site consists of
a polyguanine (polyG) sequence.

203. The method of any one of claims 195-200, wherein
each bead of a bead composition comprises a unique bar-
code.

204. The method of any one of claims 195-200, wherein
each bead of each chamber comprises a unique barcode.

205. The method of any one of claims 195-200, wherein
each bead of the plurality of chambers comprises a unique
barcode.

206. The method of any one of claims 195-205, wherein
the sequence encoding the barcode comprises 12 nucleo-
tides.

207. The method of any one of claims 195-205, wherein
the sequence encoding the barcode consists of 12 nucleo-
tides.

208. The method of any one of claims 195-207, wherein
the conditions sufficient for hybridization and ¢cDNA syn-
thesis comprise a plurality of deoxynucleotides (ANTPs).

209. The method of any one of claim 208, wherein at least
one dNTP of the plurality of deoxynucleotides (dNTPs)
comprises a modification.

210. The method of any one of claim 208, wherein each
dNTP of the plurality of deoxynucleotides (dNTPs) com-
prises a modification.

211. The method of claim 210, wherein the modification
comprises a label.
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212. The method of claim 211, wherein the label com-
prises a fluorophore or a chromaphore.

213. The method of claim 211, wherein the label is a
fluorescent label.

214. The method of any one of claims 210-213, wherein
each adenine comprise a first label, wherein each cytosine
comprises a second label, each guanine comprises a third
label, and each thymine comprises a fourth label.

215. The method of claim 214, wherein the first label, the
second label, the third label, and the fourth label are distinct
labels.

216. The method of c¢laim 215, wherein the first label, the
second label, the third label, and the fourth label are spec-
trally-distinguishable fluorescent labels.

217. A cDNA barcode sequence produced according to
the method of any one of claims 195-217.

218. A composition comprising the cDNA barcode
sequence of claim 217.

219. The method of any one of claims 195-218, further
comprising contacting the nucleic acid sequence encoding
the barcode of the bead and a TSO under conditions suffi-
cient for hybridization of the TSO to a portion of the nucleic
acid encoding the barcode to produce a nucleic acid/TSO
duplex.

220. The method of claim 219, wherein the TSO com-
prises a sequence complementary to the sequence encoding
the UM, a sequence complementary to the sequence encod-
ing the TSO handle, a sequence complementary to the
sequence encoding the sequence encoding a TSO hybrid-
ization site, and a sequence complementary to an intracel-
lular target RNA.

221. The method of claim 220, wherein the intracellular
target RNA is an mRNA.

222. The method of any one of claims 219-221, wherein
the sequence complementary to the sequence encoding a
TSO hybridization site of the TSO hybridizes to the
sequence encoding a TSO hybridization site of the nucleic
acid encoding the barcode.

223. The method of any one of claims 219-222, wherein
TSO hybridizes with an intracellular target RNA to form a
nucleic acid:TSO: intracellular target RNA triplex.

224. The method of claim 223, further comprising con-
tacting the nucleic acid: TSO:intracellular target RNA tri-
plex, a forward primer, a reverse primer, and a polymerase,
under conditions sufficient for hybridization and amplifica-
tion, wherein the forward primer comprises a sequence
complementary to the sequence encoding the PCR handle of
the nucleic acid encoding the barcode and wherein the
second primer comprises a sequence complementary to a
sequence of the intracellular target RNA to produce an
amplification product.

225. The method of claim 224, wherein the amplification
product comprises a sequence encoding the barcode, a
sequence encoding the barcode handle, a sequence encoding
a UMLI, a sequencing encoding the TSO handle, a sequence
encoding a TSO hybridization site, and a sequence encoding
the intracellular target RNA.

226. The method of claim 224 or 225, further comprising
contacting the amplification product with a second forward
primer, a second reverse primer, and a polymerase, under
conditions sufficient for hybridization and amplification,
wherein the second forward primer comprises a sequence
complementary to the sequence encoding the PCR handle of
the amplification product and wherein the second reverse
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primer comprises a sequence complementary to a sequence
of the intracellular target RNA of the amplification product
to produce a first sequencing product.

227. The method of claim 226. wherein the second reverse
primer further comprises a primer-specific identification
sequence.

228. The method of any one of claims 220-228, wherein
the intracellular target RNA encodes a component of a T-cell
receptor (TCR).

229. The method of claim 228, wherein the intracellular
target RNA encodes an a-chain of a TCR (TCRa).

230. The method of claim 228, wherein the intracellular
target RNA encodes a n-chain of a TCR (TCR).

231. The method of any one of claims 220-230, wherein
the intracellular target RNA encodes a non-naturally occur-
ring RNA or mRNA.

232. The method of claim 231, wherein the non-naturally
occurring RNA or mRNA comprises a synthetic, modified,
recombinant or chimeric sequence.

233. The method of claim 231 or 232, wherein the
non-naturally occurring RNA or mRNA comprises a muta-
tion when compared to a wild type version of the sequence.

234. The method of claim 233, wherein the mutation
comprises a substitution, an insertion, a deletion, an inver-
sion, or a transposition.

235. The method of any one of claims 231-234, wherein
the non-naturally occurring RNA or mRNA encodes a
component of a TCR.

236. The method of claim 235, wherein the intracellular
target RNA encodes an a-chain of a TCR (TCRa).

237. The method of claim 235, wherein the intracellular
target RNA encodes a f3-chain of a TCR (TCRp).

238. The method of any one of claims 231-237, wherein
the non-naturally occurring RNA or mRNA encodes a fusion
protein.

239. The method of any one of claims 231-234 or 238,
wherein the non-naturally occurring RNA or mRNA encodes
a chimeric antigen receptor (CAR).
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240. The method of claim 239, wherein the CAR is
released from a modified cell.

241. The method of claim 240, wherein the modified cell
is a modified T-cell.

242. The method of claim 158 or 159, wherein the
visualizing comprises

contacting the at least one capture agent:target complex

with a labeled secondary antibody that binds the cap-
ture agent and

detecting the labeled secondary antibody.

243. The method of claim 242, wherein the labeled
secondary antibody comprises a fluorescent, gold or silver
label.

244. The method of claim 242 or 243, wherein the
visualizing comprises

contacting a first capture agent:target complex with a first

labeled secondary antibody that binds the first capture
agent,

contacting a second capture agent:target complex with a

second labeled secondary antibody that binds the sec-
ond capture agent, and

detecting the first labeled secondary antibody and the

second labeled secondary antibody, wherein the first
labeled secondary antibody and the second labeled
secondary antibody each comprise a distinct label.

245. The method of any one of claims 158-244, wherein
the method further comprises quantifying the at least one
intracellular target.

246. The method of claim 245, wherein the quantifying
step comprises measuring an intensity and/or a density of the
labeled secondary antibody.

247. The method of claim 245, wherein the quantifying
step comprises measuring an abundance of a transcript
following a predetermined number of rounds of amplifica-
tion.

248. The method of claim 247, wherein the amplification
comprises a quantitative polymerase chain reaction.
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