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INTRACELLULAR DELIVERY OF BIOMOLECULES TO INDUCE TOLERANCE

CROSS-REREFENCE TO RELATED APPLICATIONS
[6081]  This application claims priority to U.S. Provisional Application No. 62/331,384, filed
on May 3, 2016, which is hereby incorporated by reference in its entirety.
FIELD OF THE INVENTION
{0082]  The present disclosure relates generally to methods for suppressing an imnune
response or inducing tolerance by delivering a compound into a cell by passing a cell suspension
through a cell-deforming constriction.
BACKGROUND
{0083] Undesired immune responses contribuite to autoimmunity, transplant rejection,
allergy, and anti-drug responses. Autoimmunity develops when an organism mounts an anti-self
response, usually as a vesult of a dysregulated immune response against self-antigens.
Autoimmunc diseases inciude, for example, type I diabetes, systemic lupus erythematosus,
rheumatoid arthritis, autoimmune hemolytic ancmia, and multiple sclerosis. Pathogenic imnune
responses after transplantation of a donor organ in a receiving organism can lead to rejection of
the transplant and decreased patient sarvival. In addition, unwanted tmmone responses against
food and environmental antigens drive allergic discascs such as asthma, food allergy, and atopic
dermatitis. Therefore, approaches to establish immunological tolerance to an antigen are a focus
of intense therapeutic development.
{6004] Current intracellular delivery methods are not effective at modulating cell phenotype
or function in order to induce antigen-specific tolerance. Thus, there is an unmet need for
intracelhular delivery techmniques that can load antigen and tolerogenic factors into the cytoplasm
of cells and drive a powerful mmunosuppression response for the treatment of pathogenic
immune responses underlying autoimmune discases and transplant rejection. References that
describe methods of using microfhudic constrictions to deliver compounds to cells include
WO2013059343, WO2015023982, WO2016070136, WO2016077761, and PCT/US2016/13113.
{0065] Al references cited herein, including patent applications and publications, are
incorporated by reference in their entirety.
BRIEF SUMMARY OF THE INVENTION
{0086]  The prosent invention provides a method for inducing tolerance to an antigen in an

individual, the wethod comprising passing a cell suspension comaprising an ironwne celf through
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a constriction, wherein said constriction deforms the ccll thereby causing a perturbation of the
cel such that an antigen and/or a tolerogenic factor enter the inunune cell, wherein a tolerogenic
immune cell is generated, and introducing the immune cell into the individual. In some
embodiments, the olerogenic immune cell i3 capable of inducing tolerance to the antigen, for
cxample by presentation of said antigen by said tolerogenic immune cell. In some embodiments,
the tolerogenic factor rnodulates activity and/or expression of a costumulatory molecule,
modulates activity and/or expression of an immunosuppressive molecule, modulates activity
and/or expression of an inflammatory molecule, and/or modules activity of another immune cell.
{60071  Certain aspects of the present invention provide a method for suppressing an imnune
response in an individual, the method comprising passing a cell suspension comprising an
immune cell through a constriction, wherein said constriction deforms the cell thereby causing a
perturbation of the cell such that an antigen and/or a tolerogenic factor enter the mmune cell,
wherein an imnunosuppressive mnune cell is generated, and introducing the tmmune cell into
the individual. In some embodiments, presentation of said antigen by said immunosuppressive
immune cell suppresses an immune responsce to the antigen.

{6008]  Certain aspects of the present invention provide a method for inducing tolerance to an
antigen in an individeal, the method comprising mtroducing an immaune cell into the individual,
wherein the immune cell comprises an antigen and/or a tolerogenic factor, wherein the antigen
and the tolerogenic factor were introduced to the immume cell by passing the immune cell
through a constriction, wherein said constriction deformed the cell thereby causing a
perturbation of the cell such that the antigen and/or the tolerogenic factor entered the immune
cell,

{600%]  Certain aspects of the present invention provide a method for suppressing an immune
response in an individual, the method comprising introducing an immune cell into the individual,
wherein the inunune cell comprises an antigen and/or a tolerogenic factor, wherein the antigen
and the tolerogenic factor were introduced to the immume cell by passing the immune cell
through a constriction, wherein said constriction deformed the cell thereby causing a
perturbation of the cell such that the antigen and/or the tolerogenic factor entered the immune
cell,

{6018]  Certain aspects of the present invention provide a method for generating a tolerogenic
immune cell, the method comprising passing a cell suspension comprising an tmmune cell

through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
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of the cell such that a tolerogenic factor enters the immune cell, thereby gencrating a tolerogenic
immune cell.

{6011]  Certain aspects of the present invention provide a method for generating an
immunosuppressive imnune cell, the method comprising passing a cell suspension comprising
an immune cell through a constriction, wherein said constriction deforms the cell thereby
causing a perturbation of the cell such that a tolerogenic factor enters the tramune cell, thereby
generating an immunosuppressive immune cell.

10012]  Certain aspects of the present invention provide a method of generating a tolerogenic
antigen-presenting immune cell, wherein a tolerogenic imamune cell is further passed through a
second constriction, wherein said second constriction deforms the cell thereby causing a
perturbation of the cell such that an antigen enters the immune cell. In some embodiments, the
antigen is presented by the tolerogenic immune cell.

{6013]  Certain aspects of the present invention provide a method of generating an
IMMUNosuppIessive antigen-presenting iramune ccll, wherein an immunosuppressive immune
ccHl is further passed through a sccond constriction, wherein said second constriction deforms
the cell therchy causing a perturbation of the cell such that an antigen enters the imumone cell. In
some embodiments, the antigen is presented by the tmmunosuppressive immune cell.

{6014]  Certain aspects of the present invention provide a method of generating a tolerogenic
antigen-presenting cell, wherein an antigen-presenting cell is passed through a constriction,
wherein said constriction deforms the cell thereby causing a perturbation of the cell such that a
tolerogenic factor enters the antigen-presenting cell. In some embodiments, the tolerogenic
factor modulates expression and/or activity of an immunomodulatory agent (such as an
immunostimulatory agent {e.g., a costimulatory molecule), an immuonosuppressive agent, or an
inflammatory or ant-inflammatory molecule). In some embodiments, the antigen presenting cell
is generated in vitro or in vivoe prior to introduction of the immunosuppressive molecule.

{6015]  Certain aspects of the present invention provide a method of generating an
inpnunosuppressive antgen-presenting cell, wherein an antigen-presenting cell is passed
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that a tolerogenic factor entors the antigen-presenting cell. In some
embodiments, the tolerogenic factor modulates expression and/or activity of an
immunomodulatory agent (such as an immunostimulatory agent (¢.g., a costimulatory molecule),

an immunosuppressive agent, or an inflammatory or anti-inflammatory molecule). In some
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embodiments, the antigen presenting cell is generated in vitro or in vivo prior to introduction of
the tolerogenic factor.

{6016]  Certain aspects of the present invention provide a method for delivering a tolerogenic
factor that generates a tolerogenic phenotype into an immuine cell, the method comprising
passing a cell suspension comprising the inunune cell through a counstriction, wherein said
constriction deforms the tmmune cell, thereby causing a perturbation of the cell such that the
tolerogenic factor enters the cell, wherein said cell suspension 1s contacted with the wlerogenic
factor. In some embodiments, the tolerogenic factor modulates expression and/or activity of an
immunomodulatory agent (such as an immunostimulatory agent {e.g., a costimulatory molecule),
an imrpunosuppressive agent, or an inflaramatory or anti-inflaromatory molecule)

{0017]  Certain aspects of the present invention provide a method for delivering a tolerogenic
factor that generates an immunosuppressive phenotype into an immune cell, the method
comprising passing a cell suspension comprising the immune cell through a constriction,
wherein said constriction deforms the immunc cell, thereby causing a perturbation of the cell
such that the tolerogenic factor that generates an immunosuppressive phenotype enters the cell,
wherein said cell suspension is contacted with the tolerogenic factor. In some embodiments, the
tolerogenic factor modulates expression and/or activity of an immunomodulatory agent (such as
an immunostimuiatory agent {e.g., a costimuiatory molecule), an immunosuppressive agent, or
an inflaromatory or anti-inflammatory molecule).

[0018]  Certain aspects of the present invention provide a method for suppressing an immune
response in an individual, comprising passing a first cell suspension comprising a first immune
cel through a constriction, wherein said constriction deforms the cell thereby causing a
perturbation of the cell such that an antigen enters the iramune cell, passing a second cell
suspension comprising a second immune cell through a constriction, wherein said constriction
deforms the ccll thereby causing a perturbation of the ccll such that a tolerogenic factor enters
the immune cell, wherein an immunosuppressive immune cell is generated, and introducing the
first imumune cell and second immune cell into the individual. In some embodiments,
presentation of said antigen by said first or second immune cell suppresses an imumune response
to the antigen. In some cmbodiments, the first immune celf and the second immune cell are
introduced into the individual simultancously. In some embodiments, the first immune cell and
the second immune cell are infroduced into the individual sequentially. In some embodiments,

the tolerogenic factor modulates expression and/or activity of an immunomodulatory agent (such
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as an immunostimulatory agent {e.g., a costimulatory molecule), an immunosuppressive agent,
or an inflanyoatory or anti-inflaramatory molecule).

{6019]  Certain aspects of the present invention provide a method for inducing tolerance to an
antigen in an individeal, comprising passing a first cell suspension comprising a first immune
cell through a constriction, wherein said constriction deforms the cell thercby causing a
perturbation of the cell such that an antigen enters the imwmune cell, passing a second cell
suspension comprising a second immune cell through a constriction, wherein said constriction
deforms the celi thereby causing a perturbation of the cell such that a tolerogenic factor enters
the immune cell, wherein a tolerogenic tmmune cell is generated, and introducing the first
immune cell and second immune cell into the individual. In some embodiments, presentation of
said antigen by said first or second immune cell induces tolerance to the antigen. In some
embodiments, the first immune cell and the second immune cell are introduced into the
individual simultancously. In some embodiments, the first immune cell and the second irumune
ccll are introduced into the individual sequentially. In some embodiments, the tolerogenic factor
modulates expression and/or activity of an tmomnomodulatory agent (such as an
immunostimulatory agent {e.g., a costimulatory molecule), an immuonosuppressive agent, or an
inflammatory or antd-inflammatory molecule).

[0020]  Certain aspects of the present invention provide a method for suppressing an immune
response in an individual, the method comprising passing a cell suspension coroprising an
innune cell through a constriction, wherein said consuriction deforms the cell thereby causing a
perturbation of the ccll such that a compound encoding a nonfunctional cytokine binding protein
enters the immune cell, and introducing the immune cell into the individual, wherein said
nonfunctional cytokine binding protein is cxpressed, wherein said nonfunctional cytokine
binding protein binds free inflammatory cytokines, thereby suppressing an immune response, for
cxample by inhibiting an inflammatory immune cell. In some embodiments, the nonfunctional
cytokine binding protein comprises a nonfunctional cytokine receptor. In some embodiments,
the nonfunctional cytokine receptor lacks cytoplasmic signaling domains. In some embodiments,
the nonfunctional cytokine binding protein comprises a proteolytic site that cleaves the target
cytokine. In some embodiments, the nonfunctional cytokine binding protein compriscs an anfi-
cytokine antibody. In some embodiments, the nonfunctional cytokine binding protein comprises

an anti-cytokine B ccll receptor.
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16021]  In some embodiments that can be combined with the previous embodiments, the
immune cell is from the individoal. In some embodiments, the immune cell is from a different
individual. In some embodiments, the inmmune cell is from a pool of cells from multiple
individuals.

{6022]  In some embodiments that can be combined with the previous embodiments, the
constriction is contained within a microfhndic channel. In some embodiments, the constriction is
a pore or contained within a pore. In some embodiments, the pore is contained in a surface. In
some embodiments, the surface is a filier. In some embodiments, the surface is a membrane. In
some embodiments, the constriction size 18 a function of the diameter of the immune cell. In
some embodiments, the constriction size is about 20%, about 30%. about 40%, about 50%, about
60%, about 70%, about 809, about 90%. or about 999 of the cell diameter. In some
cmbodiments, the channel comprises a constriction length of about 10 ym and a constriction
width of about 4 jro. In some the pore size is about 0.4p0, about 3pum, about 4um, about Sum,
about 8um, about 10um, about 12um. or about 14um. In some embodiments, the method is
performed between about -5°C and about 45°C.

{00231 Reference to a diameter of an anucleate cell means the diameter of the cell in fluid
prior to being passed through a coustriction, e.g., as the cell approaches the constriction, unless
otherwise specified.

{6024]  In some embodiments that can be combined with the previous embodiments, the cell
suspension comprises a mixed cell population. In some embodiments, the cell suspension i3
whole biood. In some embodiments, the cell suspension comprisces peripheral biood
mononuclear cells. In some embodiments, the cell suspension comprises a purified cell
population. In sorme embodiments, the cell suspension comprises mammalian cells. In some
cembodiments, the cell suspension comprises monkey, mouse, dog, cat, horse, rat, sheep, goat,
pig, or rabbit cells. In some embodiments, the cell suspension comprises human cells. in some
embodiments, the cell suspension comprises non-mammalian cells. In some embodiments, the
cell suspension comprises bacteria, yeast, chicken, frog, insect, fish, or nematode cells. In some
embodiments, the immune cell is a mammalian cell. In some embodiments, the immune cell is a
monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cell. In some embodiments, the
immune cell s a human cell. In some embodiments, the inunune cell s a T cell, B cell, dendritic
cell, monocyte, macrophage, NK cell, innate lymphoid cell, neutrophil, basophil, eosinophil,

myeloid derived suppressor cell, or mast cell. In some embodiments, the antigen-presenting cell
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is a manunalian cell. In some embodiments, the anfigen-presenting cell is a monkey, mouse,
dog, cat, horse, rat, sheep, goat, pig, or rabbit cell. In some embodiments, the antigen-presenting
cell is a human cell. In some embodiments, the antigen-presenting cell is a T eell, B cell,
dendritic cell, monocyte, macrophage, NK cell, innate lymphotid cell, neutrophil, basophil,
cosinophil, myeloid derived suppressor cell, or mast cell.

{6025]  In some embodiments that can be combined with the previous embodiments, the
antigen is a foreign antigen. In some embodiments, the antigen is a self-antigen. In some
embodiments, the antigen is an allograft transplantation antigen. In some embodiments, the
antigen is a modified antigen. In some embodiments, the modified antigen comprises an antigen
fused with a therapeutic agent. In some embodiments, the modified antigen comprises an antigen
fused with a targeting peptide. In some embodiments, said cell suspension is contacted with the
antigen before, concurrently, or after passing through the constriction.

{6026]  In some embodiments that can be combined with the previous embodiments, the
tolerogenic factor inhibits the activity of a costimulatory melecule. {n some embodiments, the
tolerogenic factor decreases expression of a costimulatory molecule. In some embodiments, the
tolerogenic factor deletes nucleic acid that modulates expression of the costimulatory molecule.
In some embodiments, the tolerogenic factor inhibits the costimulatory molecule. In some
cmbodiments, the tolerogenic factor increascs the activity of a transcriptional regulator that
suppresses expression of the costimulatory molecule. In some embodiments, the tolerogenic
factor increases the activity of a profein inhibitor that suppresses expression of the costimulatory
molecule. In some embodiments, the tolerogenic factor comprises nucleic acid encoding a
suppressor of the costimulatory molecule. In some embeodiments, the costimulatory molecule is
CD8G or CD8G.

{6027]  In some embodiments that can be combined with the previous embodiments, the
tolerogenic factor enhances the activity of an inuaunosuppressive factor. In some embodirents,
the immunosuppressive factor is a co-inhibitory molecule, a transcriptional regulator, or an
innunosuppressive molecule. In some embodiments, the tolerogenic factor enhances the
activity of the co-inhibitory molecule. In some embodiments, the tolerogenic factor increases
expression of a co-inhibitory molecule. In some embodiments, the tolerogenic factior encodes the
co-inhihitory molecule. In some embodiments, the tolerogenic factor increases the activity of the
co-inhibitory molecule. In some embodiments, the tolerogenic factor increases the activity of a

transcriptional regulator that enhances expression of the co-inhihitory molecule. In some
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embodiments, the tolerogenic factor increases the activity of a polypeptide that increases
cxpression of the co-inhibitory molecule. In some embodiments, the tolerogenic factor
comprises nucleic acid encoding an enhancer of the co-inhibitory molecule. In some
embodiments, the co-inhihitory molecale is PD-L1, PD-L2, or CTLA-4.

{6028]  In some embodiments, the tolerogenic factor enhances the activity of the
immunosuppressive molecule. In some embodiments, the tolerogenic factor increases expression
of an tmmanosuppressive molecule. In some embodiments, the tolerogenic factor encodes the
immunosuppressive molecule. In some embodiments, the tolerogenic factor increases the
activity of the immunosuppressive molecule. In some emibodiments, the tolerogenic factor
increases the activity of a transcriptional regolator that enhances expression of the
immunosuppressive molecule. In some embodiments, the tolerogenic factor increases the
activity of a polypeptide that enhances expression of the immunosuppressive molecule. In some
embodiments, the tolerogenic factor comprises nucleic acid encoding an enhancer of the
immunosuppressive molecule. In some embodiments, the immunosuppressive molecule is
arginasc-1 (ARGI), nitric oxide (NO), nitric-oxide synthase 2 (NOS2), indoleamine 2,3-
dioxygenase (1D0), [L-4, [L-10, {L.-13, {L.-35, IFNog, or TGFp.

[6029]  In some embodiments, the tolerogenic factor inhibits the activity of an inflammatory
maolecule. In some embodiments, the inflammatory molecule is an inflammatory transcription
factor. {n some embodiments, the tolerogenic factor inhibits the inflaromatory transcription
factor. In some embodiments, the tolerogenic factor decreases expression of an inflammatory
transcription factor. In some embodiments, the tolerogenic factor deletes nucleic acid encoding
the inflammatory transcription factor. In some embodiments, the tolerogenic factor increases the
activity of a transcriptional regulator that suppresses expression of the inflammatory
transcripuaon factor. In some embodiments, the tolerogenic factor increases the activity of a
protein inhibitor that suppresses expression of the inflammatory transcription factor. In some
embodiments, the tolerogenic factor comprises nucleic acid encoding a suppressor of the
inflammatory tanscription factor. In some embodiments, the inflammatory transcription factor
is NF-kB, an interferon regulatory factor, or a molecule associated with the JAK-STAT
signaling pathway. In some embodiments, the tolerogenic factor encodes a modified TCR
containing cytoplasmic signaling domain that triggers production of immunosuppressive

cytokines upon binding to antigen. In some embodiments, the tolerogenic factor encodes a
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chimeric antigen receptor confaining cytoplasmic signaling domains that trigger production of
immunosuppressive cytokines upon binding to antigen.

{60386]  In some embodiments that can be combined with the previous embodiments, the
tolerogemc factor comprises a nucleic acid. In some embodiments, the tolerogenic factor
comprises a nucleic acid encoding siRNA, mRNA, miRNA, IncRNA, tRNA, or shRNA. In some
embodiments, the tolerogenic factor 1s a plasmid. In some ermbodiments, the tolerogenic factor
comprises a protein-nucleic acid complex. In some embodiments, the tolerogenic factor
comprises a Cas polypeptide and a guide RNA or donor DNA| In some embodiments, the
tolerogenic factor comprises nucleic acid encoding for a Cas polypeptide and a guide RNA or
donor DNA. In some embodirnents, the tolerogenic factor comprises a Cas9 polypeptide and a
guide RNA or donor DNA. In some embodiments, the tolerogenic factor comprises nucleic acid
encoding for a Cas? polypeptide and a guide RNA or donor DNA. In some embodiments, the
tolerogenic factor coraprises a polypeptide. In some embodiments, the polypeptide is a nuclease,
TALEN protein, Zinc finger nuclease, mega nuclease, or CRE recombinase. In some
cmbodiments, the polypeptide is a transposase or integrase enzyme. In some embodiments, the
polypeptide is an antibody. In some embodiments, the polypeptide s a transcription factor. In
some embodiments, the tolerogenic factor is a small molecule. In some embodiments, the
tolerogenic factor is a nanoparticle. In some embodiments, said cell suspension is contacted with
the tolerogenic factor before, concurrently, or after passing through the constriction.

{0031]  In embodiments where an immune response 1s sappressed, the immne response is
suppressed by at least about 25%, about 50%, about 75%, about 100%, about 150%, about
200%, or more than about 200%. In some embodiments, the suppressed Unnuine response
comprises a decreased T cell response. In some embodiments, the decreased T cell response
comprises decreased T cell activation. In some embodiments, the decreased T cel response
comprises decreased T cell survival. In some embodiments, the decreased T cell response
comprises decreased T cell proliferation. In some embodiments, the decreased T cell response
comprises decreased T cel functionality. In some embodiments, the decreased T cell response
comyprises a change in T cell phenotype. In some embodimentis, the suppressed imimune response
comprises uncostimulated activation of a T cell. In some enibodiments, the suppressed immune
response comprises an enhanced Treg response. In some embodiments, the suppressed immune
response comprises a decreased B cell response. In some embodiments, the decreased B cell

response comprises decreased antibody production. In some embodiments, the suppressed
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immune response comprises decreased cytokine production. In some embodiments, the
suppressed Humune response comprises a decreased autoimmmune response. In some
cmbodiments, the suppressed imunune response comprises a decreased allergic response. In
some embodiments, the antigen is an antigen associated with transplanted tissue. In some
cmbodiments, the suppressed immune response compriscs a decreased irnmune response against
the transplanted tissue. In some embodiments, the antigen is associated with a virus. In some
embodiments, the suppressed impiune response comprises a decreased pathogenic immane
response to the virus. In some ecmbodiments, the antigen is associated with a bacterium. In some
cmbodiments, the suppressed immune response comprises a decreased pathogenic immune
response to the bacterium. In some embodiments, the antigen is associated with a fungus. In
some embodiments, the suppressed iminune response comprises a decreased pathogenic immune
response to the fungus. In some embodiments, the supprossed immune response CoOmprises a
decreased immune response against a therapeutic agent. In some embodiments, the suppressed
HMMUNe response comprises a decreased immune response against a therapeutic vehicle.

{0032]  In embodiments where tolerance is induced, the tolerance may comprise a decreased
T cell response. In some embodiments, the decreased T cell response comprises decreased T cell
activation. In some embodiments, the decreased T cell response comprises decreased T cell
survival. In some embodiments, the decreased T cell response comprises decreased T cell
proliferation. In some embodiments, the decreased T cell response comprises decreased T cell
functionality. In some embodiments, the decreased T cell response comprises a change in T cell
phenotype. In some embodiments, the tolerance comprises uncostimulated activation of a T cell.
In some embodiments, the tolerance comprises an enhanced Treg response. In some
cmbodiments, the tolerance comprises a decreased B cell response. In some emnbodiments, the
decreased B cell response comprises decreased antibody production. In some embodiments, the
tolerance comprises decreased cytokine production. In some embodiments, the tolerance
comprises a decreased autoimroune response. In some embodiments, the tolerance comprises a
decreased allergic response. In some embodiments, the tolerance comprises a decreased tmmune
response against the transplanted tissue. In some embodiments, the tolerance comprises a
decreased pathogenic immune response to the virus. In some embodiments, the tolerance
comprises a decreased immune response against a therapeutic agent. In some emnbodiments, the

tolerance comprises a decreased immune response against a therapeutic vehicle.
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{60331 In some embodiments where a modified imnmune cell is administered to an individual,
the method further comprises at Icast one (such as at least 2, 3. 4, 5, 6, or more) additional
administration of a modified immuone cell as described above. In some embodiments, the
duration of time between any two administrations is at least 1 day, 1 week, 1 month, 2 months, 3
months, 4 months, 5 months, 6 months, or 1 year.
{6034]  Certain aspects of the present invention relate to a system comprising the constriction,
imnune cell, antigen, and/or tolerogenic factor for use in any ong of the aforementioned
methods. Certain aspects of the present invention relate to a system comprising the constriction,
immune cell, and compound encoding a nonfunctional cytokine binding protein for use in any
one of the aforementioned methods.

BRIEF DESCRIPTION OF THE BRAWINGS
{00351  FIG. 1 shows a schematic of the treatment schedule.
[8036]  FIG. 2 shows the number of OT-1- and OT-IE-specific T cells on day 12 in mice from
the four treatment groups.
{00371 FIG. 3 shows the percent of splenic T cells that expressed high levels of IFN-y (left)
and the level of IFN-y production (right).
[6038] FIG. 4 shows the number of OT-1 T cells producing IFN-y as determined by ELISpot.
{603%]  FIG. 5 shows representative flow cytograms for TURVaZ+ splenic OT-1 and lymph
node OT-I T cells for each treatment group.
{0048] FIG. 6 shows representative flow cytograms for OT-1 cells with high IFN-y and CD44
antigen-activation marker.
{30411  FIG. 7 shows a schematic of the treatment schedule.
{0042] FIG. 8 shows the number of OT-I- and OT-IE-specific T cells on day 12 in mice from
the four treatrent groups.
{6043]  FIG. 9 shows the percent of splenic T cells that expressed high levels of IFN-y.
{6044] FiG. 10 shows representative flow cytograms for OT-1 T cell numbers vs. CDB+ T
cells (top panels) and for cells with high IFN-y vs. CD44 antigen-activation marker (bottom
panels).
{6045] FIGS. 11A and 118 show schematics of representative treatinent schedules.
{6046] FIGS. 12A and 12B show schematics of representative treatinent schedules.

DETAILED DESCRIPTION
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{60471  The invention provides methods for inducing tolerance and/or suppressing an immune
response in an individual by passing a cell suspension containing an immune ccll through a
constriction, enabling delivery of an antigen and/or a tolerogenic factor to the immune cell. In
some embodiments the constriction is contained within a microfluidic channel. In some
cmbodiments the constriction is a pore or contained within a pore,

{6048]  Certain aspects of the present disclosuare relate to methods for inducing tolerance
and/or suppressing an immune response {0 an antigen in an individual, the method comprising
passing a cell suspension comprising an immune cell through a constriction, wherein the
constriction deforms the cell therchy causing a perturbation of the celt such that an antigen
cnters the immune cell, and introdocing the immune cell into the individual. In some
embodiments, presentation of the antigen in a tolerogenic cell induces tolerance and/or
suppresses an immune response to the antigen. In some embodiments, the antigen is presented in
a tolerogenic environment. In some embodiments, the antigen i processed in a tolerogenic
environment. In some embodiments, the tolerance and/or immune suppression arc antigen-
specific. In some embodiments, the tolerance and/or inunune suppression are non-specific,
inchuding tolerance and/or suppression of an inunune response to a phlurality of antigens.

[0049]  Certain aspects of the present disclosure relate to methods for inducing tolerance
and/or suppressing an immune response to an antigen in an individual, the method comprising
passing a cell suspension comprising an iromune cell through a constriction, wherein the
constriction deforms the cell thereby causing a perturbation of the cell such that an antigen and a
tolerogenic factor enter the iamune cell, and introducing the immune cell into the individual,
thereby inducing tolerance and/or suppressing an immune response to the antigen. In some
cmbodiments, said antigen is presented in a tolerogenic environment. In some embodiments, the
tolerogenic factor generates a tolerogenic environment, wherein presentation of the antigen in
said tolerogenic environment induces tolerance and/or suppresses an immune response to the
antigen. In some embodiments, said antigen is processed in a tolerogenic environment. In some
embodiments, the tolerance and/or immune suppression are antigen-specific. In some
embodiments, the tolerance and/or immune suppression are non-specific, inchiding tolerance
and/or suppression of an immune responsc to a plurality of antigens.

{6058]  Certain aspects of the present disclosure relate to methods for inducing tolerance
and/or suppressing an immune response to an antigen in an individual, the method comprising

passing a cell suspension comprising an immmune cell through a constriction, wherein the
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constriction deforms the cell thercby causing a perturbation of the celf such that a tolerogenic
factor enters the immune cell, and introducing the immune cell into the individual, thereby
inducing tolerance and/or suppressing an immune response to an antigen. In some embodirents,
the tolerogenic factor generates a tolerogenic environment, wherein presentation of an antigen in
said tolerogenic environment induces tolerance and/or suppresses an immune response to the
antigen. In some embodiments, the tolerance and/or romune suppression are antigen-specific. In
some embodiments, the tolevance and/or tmmune suppression are non-specitic, including
tolerance and/or suppression of an immune response to a plurality of antigens.

{0051]  Certain aspects of the present disclosure relate to methods for generating a tolerogenic
and/or immunosuppressive antigen-presenting cell, wherein the antigen-presenting cell is passe
through a constriction, wherein the constriction deforms the cell thereby causing a perturbation
of the cell such that a tolerogenic factor enters the antigen-presenting cell. In sonwe
embodiments, the tolerogenic factor modulates expression and/or activity of an
immunomodulatory agent (such as an immunostimulatory agent {e.g., a costimulatory molecule),
an immunosuppressive agent, or an inflammatory or anti-inflaromatory molecule).

L GENERAL TECHNIQUES

[6052]  The technigues and procedures described or referenced herein are generally well
understood and commonly employed using conventional methodology by those skilled in the art,
such as, for example, the widely utilized methodologies described in Molecular Cloning: A
Laboratory Manual {Sambrook et al., 4™ ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 2012); Current Protocols in Molecular Biology (F.M. Ausubel, ef af. eds., 2003};
the serics Methods in Enzvmology (Academic Press, Inc); PCR 20 A Practical Approach (ML)
MacPherson, B.D. Hames and G.R. Taylor eds., 1995); Antibodies, A Laboratory Manual
(Harlow and Lane, eds., 1988); Culture of Animal Cells: A Manual of Basic Technigue and

Specialized Applications (R Freshney, &h

ed., I. Wiley and Sons, 2010); Gligonucieotide
Svathesis (ML), Gait, ed., 1984); Methods in Molecular Biology, Humana Press; Cell Biology: A
Laboratory Notebook (1.E. Cellis, ed., Academic Press, 1998); Introduction to Cell and Tissue
Culiure (J.P. Mather and P.E. Roberts, Plenum Press, 1998); Cell and Tissue Culture:
Laboratory Procedures (A. Dovle, LB. Griffiths, and D.G. Newell, eds., J. Wiley and Sons,
1993-8); Handbook of Experimental Immunology (D M. Weir and C.C. Blackwell, eds., 1996);
Gene Transfer Vectors for Mammalian Cells (.M. Miller and MLP. Calos, eds., 1987}, PCR: The

Polymerase Chain Reaction, (Mullis er al., eds., 1994); Current Protocols in Immunology (J.E.
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Coligan ef al., eds., 1991); Short Protocols in Molecular Biology (Ausubel ef al., eds., J. Wiley
and Sons, 2002); Immunobiology (C.A. Janeway ef al., 2004); Antibodies (P. Finch, 1997);
Antibodies: A Practical Approach (D, Catty ., ed., IRL Press, 1988-1989); Monoclonal
Antibodies: A Practical Approach (P. Shepherd and C. Dean, eds., Oxford University Press,
2000); Using Antibodies: A Laboratory Manual (E. Harlow and D. Lane, Cold Spring Harbor
Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D. Capra, eds., Harwood Academic
Publishers, 1995); and Cancer: Principles and Practice of Oncology (V. T. DeVita et al., eds.,
E.B. Lippincott Company, 2011).

il DBEFINITIONS

{0033] For purposes of interpreting this specification, the following definitions will apply and
whenever appropriate, terms used in the singular will also include the plural and vice versa. In
the event that any definition set forth below conflicts with any document incorporated herein by
reference, the definition set forth shall control.

{0054]  As used herein, the singular form “a”, “an”, and “the” includes plural references
unless indicated otherwise.

{6055] It is understood that aspects and embodiments of the invention described herein
inchide “comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.
{0056] The term “about” as used herein refers to the usual error range for the respective value
readily known to the skilled person in this technical field. Reference to “about” a value or
parameter herein includes (and describes) embodiments that are directed to that value or
parameter per se.

{60571  The term “pore” as used herein refers to an opening, including without limitation, a
hole, tear, cavity, aperture, break, gap, or perforation within a material. In some examples,
{where indicated) the term refers (o a pore within a surface of the present disclosure. In other
cxamples, (where indicated) a pore can refer to a pore in a cell membrane.

{6058]  The term “membrane” as used herein refers to a selective barrier or sheet containing
pores. The erm includes a pliable sheetlike structure that acts as a boundary or Hning. In some
examples, the term refers to a surface or filter containing pores. This term is distinet from the
term “‘cell membrane”.

{6059]  The term "filter” as used herein refers to a porous article that allows selective passage

through the pores. In some examples the term refers to a surface or membrane containing pores.

14



WO 2017/192786 PCT/US2017/030933

{0068]  The term “heterogencous” as used herein refers to something which is mixed or not
uniform in structure or composition. In some examples the term refers to pores having varied
sizes, shapes or distributions within a given surface.

[6061]  The term “homogencous” as used herein refers to something which is consistent or
uniform in structure or composition throughout. In some examples the term refers to pores
having consistent sizes, shapes, or distribution within a given surface.

{6062]  The term “heterologous” as used herein refers to a molecule which is derived from a
different organism. In some examples the term refers to a nucieic acid or protein which is not
normally found or expressed within the given organisn.

{6063]  As used herein, the term “inhibit” may refer to the act of blocking, reducing,
climinating, or otherwise antagonizing the presence, or an activity of, a particular target.
Inhibition may refer to partial inhibition or complete inhibition. For example, inhibiting an
immune response may refer to any act leading to a blockade, reduction, elimination, or any other
antagonism of an immune response. In other examples, inhibition of the expression of a nucleic
acid may include, but not limited to reduction in the transcription of a nucleic acid, reduction of
mRNA abundance {(e.g., silencing mRNA transcription), degradation of mRNA, inhibition of
mBENA transtation, and so forth. In other examples, inhibition of the expression of a protein may
inchude, but not be limited to, reduction in the transcription of a micleic acid encoding the
protein, reduction in the stability of mRNA encoding the protein, inhibition of translation of the
protein, reduction in stability of the protein, and so forth.

{0064]  As used herein, the term “suppress” may refer to the act of decreasing, reducing,
prohibiting, limiting, lessening, or otherwise diminishing the presence, or an activity of, a
particular target. Suppression may refer to partial suppression or complete suppression. For
cxample, suppressing an immuone response may refer to any act leading to decreasing, reducing,
prohibiting, limiting, lessening, or otherwise diminishing an iamune response. In other
examples, suppression of the expression of a nucleic acid may inchide, but not imited to
reduction in the transcription of a nucleic acid, reduction of mRNA abundance (e.g., silencing
mRNA transcription), degradation of mRNA, inhibition of mRNA translation, and so forth. In
other examples, suppression of the expression of a protein may include, but not be limited to,
reduction in the transcription of a mucleic acid encoding the protein, reduction in the stability of
mRNA encoding the protein, inhibition of translation of the protcin, reduction in stability of the

protein, and so forth.

15



WO 2017/192786 PCT/US2017/030933

{0065]  As used herein, the term: “enhance” may refer to the act of improving, boosting,
heightening, or otherwise increasing the presence, or an activity of, a particular target. For
cxample, enhancing an immune response may refer to any act leading to improving, boosting,
heightening, or otherwise increasing an imynune response. In other examples, enhancing the
cxpression of a nucleic acid may include, but not limited to increase in the transcription of a
nucleic acid, increase in mRMA abundance {e.g., increasing mRNA transcription), decrease in
degradation of mRNA, increase in mRNA translation, and so forth. In other examples,
enhancing the expression of a protein may include, but not be limited to, increase in the
transcription of a nucleic acid encoding the protein, increase in the stability of mRNA encoding
the protein, increase in translation of the protein, increase in the stability of the protein, and so
forth.

[0066]  As used herein, the term “induce” may refer o the act of initiating, prompting,
stirnulating, establishing, or otherwise producing a result. For example, inducing an immune
response may rcfer to any act leading to initiating, prompting, stimulating, cstablishing, or
otherwise producing a desired immune response. In other examples, inducing the expression of a
nucleic acid may include, but not limited to initiation of the transcription of a nucleic acid,
intttation of mRNA translation, and so forth. In other examples, inducing the expression of a
protein may include, but not be limited to, increase in the transcription of a nucleic acid
encoding the protein, increase in the stability of mRNA encoding the protein, increase in
transiation of the protein, increase in the stability of the protein, and so forth.

{00671  The term "homologous” as used herein refers to a molecule which is derived from the
same organism. In some examples the term refers to a nucleic acid or protein which is normally
found or expressed within the given organism.

[6068] The term "polynucleotide” or "nucleic acid” as used herein refers to a polymeric form
of nucleotides of any length, including ribonucleotides and deoxyribonucleotides. Thus, this
term includes, but is not limited to, single-, double- or multi-stranded DNA or RNA, genomic
DNA, cDNA, DNA-RNA hybrids, or a polymer comprising purine and pyrimidine hases, or
other natural, chemically or biochemically modified, non-natural, or derivatized nucleotide
bases. The backbone of the polynucleotide can comprise sugars and phosphate groups (as may
typically be found in RNA or DNA), or modified or substituted sugar or phosphate groups. The
backbone of the polynucleotide can comprisc repeating units, such as N-(Z-aminoethyl)-

glycine, linked by peptide bonds (i.e., peptide nucleic acid). Alternatively, the backbone of the
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polynucleotide can comprise a polymer of synthetic subunits such as phosphoramidates and thus
can be an oligodeoxynucleoside phosphoramidate (P-NH2) or a mixed phosphoramidate-
phosphodicster oligomer. In addition, a double-stranded polynucleotide can be obtained from the
single stranded polynucicotide product of chemical synthesis gither by synthesizing the
complementary strand and annealing the strands under appropriate conditions, or by
synthesizing the complementary strand de novo using a DNA polymerase with an appropriate
primer.

{006%] The terms "polypeptide” and "protein” are used interchangeably to refer to a polymer
of armino acid residues, and are not imited to a minbnum length. Such polymers of amine acid
residues may contain natural or non-natural amino acid residues, and include, but are not limite
to, peptides, oligopeptides, dimers, trimers, and multimers of amino acid residues. Both fuil-
length proteins and fragments therecof are encompassed by the definition. The terms also include
post-expression modifications of the polypeptide, for example, glycosylation, sialylation,
acetylation, phosphorylation, and the like. Furthermore, for purposes of the present invention, a
"polypeptide” refers to a protein which includes modifications, such as deletions, additions, and
substitutions {generally conservative in natare), to the native scquence, as long as the protein
maintains the desired activity. These modifications may be deliberate, as through site-directed
mutagenesis, or may be accidental, such as through mutations of hosts which produce the
proteins or errors due to PCR amplification.

{6070]  For any of the structural and functional characteristics described herein, methods of
determining these characteristics arc known in the art.

i IMMUNE SUPPRESSION AND TOLERANCE

{60711  In certain aspects, the invention provides methods for suppressing an irnmne
response and/or inducing tolerance in an individual, the method comprising passing a cell
suspension comprising an inmune cell through a constriction, wherein said constriction deforms
the cell theveby causing a perturbation of the cell such that an antigen and/or a tolerogenic factor
enter the immune cell, wherein a tolerogenic or immumosuppressive immune cell is generated,
and introducing the immune ccll into the individual, wherein presentation of said antigen
induces tolerance and/or suppresses an inmune response to the antigen.

{6072] A tolerogenic imumone cell is characterized as an imunune cell capable or presenting
an antigen in a tolerogenic manner (e.g., presentation of the antigen by the tolerogenic immune

cell induces tolerance to the antigen), or capable of conferring a tolerogenic phenotype on
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another cell, such as another antigen-presenting cell, thereby generating a tolerogenic antigen-
presenting cell. An immunosuppressive immune cell is characterized as an immune cell capable
of presenting an antigen in an imnunosuppressive manner {e. g., presentation of the antigen by
the immunosuppressive inmone cell suppresses an inmune response to the antigen), or capable
of conferring an immunosuppressive phenotype on another cell, such as another antigen-
presenting cell, thereby generating an imynunosuppressive antigen-presenting cell.

{0073]  In some embodiments, a tolerogenic and/or immunosuppressive imnuime cell
described herein, or a precursor thereof, was not contacted with an adjuvant. In some
embodiments, the adjuvant includes ligands for paitern recognition receptors (PRR) {e.g., toll-
like receptors (TLRs), NOD-like receptors (INLRs), RIG-I-like receptors {RLRs}, and C-type
lectin receptors (CLRs)), and pathogen-associated molecular patterns (PAMPS). In some
cmbodiments, the adjuvant is selected from the group consisting of TLR3 and RLR ligands {e.g.,
synthetic analogs of dsRNA, such as poly(I:C)), TLR4 ligands (e.g., lipopolysaccharides (LPS),
monophosphoryl lipid A (MPLA)), TLRS ligands (e.g., bacterial flagellin (alone or fused to
antigen)), TLR7/8 ligands (e.g., imidazoquinolines such as imiquimod, gardiquimod, and R848),
TLRS ligands (e.g., oligodeoxymucleotides containing specific CpG motifs, including CpG
ODNs such as ODN 1826 and ODN 2006), NOD?Z ligands (e. g, bacterial cell wall fragments
such as muramyl dipeptide (MDP)), alum, water-in-oil emuisions (Freund’s Incomplete
Adjovant, MF59), rhll-2, anti-CD40 or CD40L, 1L-12, and cyclic dinucieotides.

{0074]  In some embodiments, a tolerogenic and/or immunosuppressive imnuime cell
described herein comprises a reduced ability to provide one or more costimulatory signals as
compared to a non-tolerogenic and/or non-immunosuppressive precursor. In some embodiments,
the costimulatory signals including signaling through CD40, CDB0, CD86, CD54, CDR3, C79,
or ICOS ligand.

{0075]  In some cmobodiments, a tolerogenic and/or immunosuppressive immune cell
described herein comprises a reduced ability to provide one or more inflaromatory signals as
compared to a non-tolerogenic and/or non-inmmunosuppressive precursor. In some embodiments,
the inflammatory signals including signaling through interlevkin-1 (IL-1), IL-12, IL-18, mmor
necrosis factor (TNF), interferon gamma (IFN-gamma), granulocyic-macrophage colony
stimulating factor (GM-CSF), NF-«B, an interferon regulatory factor (IRF), or JAK-STAT.
{0076] Immunclogical tolerance is an imnwnological unresponsiveness to challenge with the

antigen to which tolerance has been induced. Tolerance is demonstrated when a subject is
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unresponsive to subsequent to challenge with the tolerance-inducing antigen. Tolerance can be
mediated by several different mechanisms which include apoptosis of the autoreactive cells,
induction of anergy, or deviation of lymphocyte phenotype. In some embodiments, the tolerance
may inchude T cell non-responsiveness, causing deactivation of imniune response to a specific
antigen. Tolerance can also be mediated by regulatory T cells (Tregs) through secretion of
immunosuppressive cytokines and via contact-dependent interactions with cell surface
molecules or cytotoxic factors. Defects in tolerogenic mechanisms can contribute to autoimmune
discases, transplantation rejection, anti-drug responses, and pathogenic responses to viral
infection. Immunosuppression is a decrease in the activity of the immune response. For example,
immunosuppression may include, without lmitation, decreased responsiveness to challenge with
antigen, decreased immune cell activation and proliferation, modulated cytokine production
and/or secretion, decreased immune cell survival, or decreased immune cell effector functions.
{6077]  In some embodiments, the invention provides methods for delivery to an immune cell,
wherein the cell is a mammalian cell. In some embodiments, the cell is a primary cell or a cell
fine cell. In some embodiments, the cell is a blood cell. In some embodiments, the blood cell is
an imroune cell. In some embodiments, the immune cell is a lvmphocyte. In some embodiments,
the immaone cell is a T cell, B cell, natural kifler (NK) cell, dendritic cell (DC), NKT cell, mast
cell, monocyte, macrophage, basophil, eosinophil, or neutrophil. In some embodiments, the
immune cell is an adaptive immmune cell such as a T cell or a B cell. In some embodiments, the
imnune cell is an ex vive gencrated cell {e.g. an ex vive generated dendritie cell). Exemplary ex
vivo generated cells include immune cells generated from stem cells or precursor cells {e.g.,
autologous stem cells or precursor cells) In some embodiments, the immune cell is an innate
immune cell. Exemplary innate immune cells inchude innate ymphoid cells (JLC 1, 11.C2,
IE3), basophils, eosinophils, mast cells, NK cells, neutrophils, and monocytes. In some
cmbodiments, the immune cell is a memory cell. In some embodiments, the immune cell is a
primary human T cell. In some embodiments, the cell 1s a mouse, dog, cat, horse, rat, goat,
monkey, or rabhit cell. In some embodiments, the cell is a human cell. In some embodiments,
the cell suspension comprises non-mammalian cell. In some embodiments, the cell is a chicken,
frog, insect, fish, or nematode cell.

{6078]  In certain aspects, the invention provides methods for indocing tolerance to an antigen
in an individual, the method comprising passing a cell suspension comprising an immune cell

through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
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of the cell such that an antigen contacted with the cell enters the immune cell, and introducing
the tmmune cel into the individual, wherein the immune cell is a tolerogenic immune cell, and
wherein presentation of said antigen induces tolerance to the antigen. In some embodiments, the
antigen is presented by the tolerogenic inpnune cell to induce tolerance to the antigen. In some
cmbodiments, the tolerogenic immune cell confers a tolerogenic phenotype on another antigen-
presenting cell, thereby generating a tolerogenic antigen-presenting cell, and the antigen is
presented by the tolerogenic antigen-presenting cell o induce tolerance to the antigen. In some
embodiments, the tolerance is antigen-specific.

{6079]  In certain aspects, the invention provides methods for inducing tolerance to an antigen
in an individual, the method comprising passing a cell suspension comprising an ummune cell
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that an antigen and a tolerogenic factor contacted with the cell enter the immune
cell, thereby generating a tolerogenic immune cell comprising the antigen, and introducing the
tolerogenic immwne cell into the individual, wherein presentation of said antigen induces
tolerance to the antigen. In some cmbodiments, the antigen is presented by the tolerogenic
immune cell to induce tolerance to the antigen. In some embodiments, the tolerogenic immune

i

an

cell confers a tolerogenic phenotype on another antigen-presenting cell, thereby generating
tolerogenic antigen-presenting cell, and the antigen is presented by the tolerogenic antigen-
presenting cell to induce tolerance to the antigen. In some embodiments, the tolerance is antigen-
specific.

{0080]  In certain aspects, the invention provides methods for suppressing an immune
response to an antigen in an individual, the method comprising passing a cell suspension
comprising an immune cell through a constriction, wherein said constriction deforms the cell
thereby causing a perturbation of the cell such that an antigen contacted with the cell enters the
immune cell, and introducing the immunosuppressive immune cell into the individual, wherein
the immune cell is an immunosuppressive immune cell, and wherein presentation of said antigen
suppresses an immune response to the antigen. In some embodiments, the antigen is presented
by the inununosuppressive immune cell to suppress an immune response to the antigen. In some
cmbodiments, the immunosuppressive immune cell confers an immunosuppressive phenotype
on another antigen-presenting cell, therchy generating an immunosuppressive antigen-presenting

cell, and the antigen is presented by the immunosuppressive antigen-presenting ccli to suppress
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an immune response to the antigen. In some embodiments, the IMmMUNOsUppIcssion is antigen-
specific.

{6081]  In certain aspects, the invention provides methods for suppressing an iromne
response to an antigen in an individeal, the method comprising passing a cell suspension
comprising an immunc cell through a constriction, wherein said constriction deforms the cell
thereby causing a perturbation of the cell such that an antigen and a tolerogenic factor contacted
with the ccll enter the inmnune cell, thereby generating an immuonosuppressive immune cell
comyprising the antigen, and introducing the immunosuppressive immune cell into the individual,
wherein presentation of said antigen suppresses an immune response to the antigen. In some
cmbodiments, the antigen is presented by the immunosuppressive immune cell to suppress an
immune response to the antigen. In some embodiments, the immunosuppressive immune cel
confers an immunosuppressive phenotype on another antigen-presenting cell, thereby generating
an tnmunosuppressive antigen-presenting cell, and the antigen is presented by the
immunosuppressive antigen-presenting cell to suppress an immunce response to the antigen. In
some emmbodiments, the immunosuppression is antigen-specific.

{6082]  In certain aspects, the invention provides methods for indocing tolerance to an antigen
in an individual, the method comprising introducing a tolerogenic immaune cell into the
individual, wherein the tolerogenic immune ccll comprises an antigen, wherein presentation of
said antigen induces tolerance to the antigen, and wherein the antigen was introduced to the
tolerogenic immaune cell by passing the tolerogenic immune cell or a precursor thereof through a
constriction, wherein said constriction deformed the cell thereby causing a perturbation of the
cchl such that the antigen entered the tolerogenic immune ccll or precursor thereof. In some
cmbodiments, the antigen is presented by the tolerogenic tmmune cell to induce tolerance to the
antigen. In some embodiments, the tolerogenic tmmuane cell confers a tolerogenic phenotype on
another antigen-presenting cell, thereby generating a tolerogenic antigen-presenting cell, and the
antigen is presented by the tolerogenic antigen-presenting cell to induce tolerance to the antigen.
In some embodiments, the tolerance s antigen-specific.

{0083]  In certain aspects, the invention provides methods for inducing tolerance o an antigen
in an individual, the method comprising introducing a tolerogenic immune cell into the
individual, wherein the tolerogenic immune cell comprises an antigen and a tolerogenic factor,
wherein presentation of said antigen induces tolerance to the antigen, and wherein the antigen

and the tolerogenic factor were introduced to the tolerogenic immune cell by passing the
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tolerogenic immune cell or a precursor thereof through a constriction, wherein said constriction
deformed the cell thereby causing a perturbation of the cell such that the antigen and the
tolerogenic factor entered the tolerogenic immune cell or precursor thereof. In some
cmbodiments, the antigen is presented by the tolerogenic tmmune cell to induce tolerance to the
antigen. In some embodiments, the tolerogenic immune cell confers a tolerogenic phenotype on
another antigen-presenting cell, thereby generating a4 tolerogenic antigen-presenting cell, and the
antigen is presented by the tolerogenic antigen-presenting cell to induce tolerance to the antigen.
In some embodiments, the tolerance is antigen-specific.

{0084]  In cortain aspects, the invention provides methods for suppressing an iromune
response to an antigen in an individual, the method comprising introducing an
immunosuppressive imumune cell into the individual, wherein the immunosuppressive immune
ccll compriscs an antigen, wherein presentation of said antigen Suppresses an mmune 1esponse
to the antigen, and wherein the antigen was introduced to the immumosuppressive iromune cell
by passing the immunosuppressive immune cell or a precursor thereof through a constriction,
wherein said constriction deformed the cell thereby causing a perturbation of the cell such that
the antigen entered the immunosuppressive immune cell or precursor thereof. In some
cmbodiments, the antigen is presented by the immunosuppressive inmune cell to suppress an
immune response to the antigen. In some embodiments, the immunosuppressive immune cel
confers an immunosuppressive phenotype on another antigen-presenting cell, thereby generating
an immunosuppressive antigen-presenting cell, and the antigen is presented by the
immunosuppressive antigen-presenting cell to suppress an immunce response to the antigen. In
some emmbodiments, the immunosuppression is antigen-specific.

{6085]  In certain aspects, the invention provides methods for suppressing an irnmne
response to an antigen in an individual, the method comprising introducing an
immunosuppressive immune cell into the individual, wherein the immunosuppressive immune
cell comprises an antigen and a tolerogenic factor, wherein presentation of said antigen
suppresses an immune response to the antigen, and wherein the antigen and the tolerogenic
factor were introduced to the immunosuppressive immunc cell by passing the
immunosuppressive immune cell or a precursor thercof through a constriction, wherein said
constriction deformed the cell thercby causing a perturbation of the cell such that the antigen and
the tolerogenic factor entered the immunosuppressive immune cell or precursor thereof. In some

cmbodiments, the antigen is presented by the immunosuppressive immune cell to suppress an



WO 2017/192786 PCT/US2017/030933

immune response o the antigen. In some embodiments, the immunosuppressive immune cel
confers an immunosuppressive phenotype on another antigen-presenting cell, thereby generating
an imrpunosuppressive antigen-presenting cell, and the antigen is presented by the
immunosuppressive antigen-presenting cell to suppress an inane response o the antigen. In
some embodiments, the immunosuppression is antigen-specific.

{6086]  In certain aspects, the invention provides methods for generating a tolerogenic
inmnune cell, the method comprising passing a cell suspension comprising an immune cell
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that a tolerogenic factor contacted with the cell enters the immune cell, thereby
generating the tolerogenic iramune cell. In certain aspects, the invention provides methods for
generating a tolerogenic antigen-presenting immune cell, wherein the tolerogenic inunune cell is
further passed through a second constriction, wherein said second constriction deforms the cell
thereby causing a perturbation of the cell such that an antigen contacted with the cell enters the
immune cell, wherein the antigen is presented by the tolerogenic immune cell.

{00871  In certain aspects, the invention provides methods for generating an
immunosuppressive iramune cell, the method comprising passing a cell suspension comprising
an immune cell through a constriction, wherein said constriction deforms the cell thereby
causing a perturbation of the cell such that a tolerogenic factor contacted with the cell enters the
immune cell, thereby generating the iromunosuppressive immune cell. In certain aspects, the
invention provides methods for generating an immunosuppressive antigen-presenting immune
ccll, wherein the immunosuppressive immune cell is further passed through a second
constriction, wherein said second constriction deforms the cell thereby causing a perturbation of
the cell such that an antigen contacted with the cell enters the timmune cell, wherein the antigen
is presented by the immunosuppressive immune eell

{0088]  In some cmobodiments, the tnmune suppression and/or tolerance comprises
modulation of the expression andfor activity of an immunomodulatory agent (e.g., a
costimulatory molecule, an immunosuppressive agent, or an inflammatory or anti-inflammatory
molecule). In some embodiments, the imnmne suppression and/or tolerance comprises inhibition
of the expression and/or activity of an immunostimulatory agent (e.g., a costimulatory
molecule), enhancement of the expression and/or activity of an rnnunosuppressive agent,
inhibition of the expression and/or activity of an inflaramatory molecule, and/or enhancement of

the expression and/or activity of an anti-inflanunatory mwolecule.
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10082]  In some embodiments, the immune suppression and/or tolerance comprises inhibition
of the expression and/or activity of an immunostimulatory agent (e.g., a costimulatory
molecule). In some embodiments, the immunostimulatory agent is a costimulatory molecule.
Interaction between costimulatory molecules and their ligands 1s important (o sustain and
integrate TCR signaling to stimulate optimal T cell proliferation and differentiation. In some
embodiments, the immune suppression and/or tolerance comprises decreased expression of a
costimulatory molecule. Exemplary costimulatory molecules expressed on antigen-presenting
cells include, without himitation, CD40, CD80, CDE86, CD54, CD83, CD79, or ICOS Ligand. In
some embodiments, the costimulatory molecule is CDO or CD86. In some embodiments, the
immune suppression and/or tolerance comprises inhibition of the expression of a nucleic acid
that expresses or modulates expression of the costimulatory molecule. In some embodiments, the
nucleic acid that expresses or modulates expression of the costimulatory molecule is deleted. In
some embodiments, deletion of the nucleic acid that expresses or modulates expression of the
costimulatory molecule is achieved via gene editing. In some embodiments, the immune
suppression and/or tolerance comprises inhibition of the costimulatory molecule. In some
embodiments, the iramune suppression and/or tolerance comprises inhibition of the expression
or function of the costimulatory molecule. In some embodiments, the tmmone suppression
and/or tolcrance comprises increased activity of a transcriptional regulator that suppresses
expression of the costimulatory molecule. In somme embodiments, the ramune suppression and/or
tolerance comprises increased activity of a protein inhibitor that suppresses expression of the
costimulatory molecule. In some embodiments, the immune suppression and/or tolerance
comprises degradation of the costimulatory molecule. In some embodiments, the immune
suppression and/or tolerance comprises labeling of the costimulatory molecule for destruction.
For example, the immune suppression and/or tolerance may comprise ubiquitination of the
costimulatory molecule, thereby targeting it for destruction.

{6096]  In some embodiments, the imnune suppression and/or tolerance comprises
enhancement of the expression and/or activity of an immunosuppressive agent. In some
embodiments, the immunosuppressive agent is a co-inhibitory molecule, a transcriptional
regelator, or an immunosuppressive molecule. Co-inhibitory molecules negatively regulate the
activation of bymphocyies. Exemplary co-inhibitory molecules include, without imitation, PD-
L1, PD-L2, HVEM, B7-H3, TRAIL, immunoglobulin-like transcripts (IL'T) receptors (ILT2,
ILT3, 1ILT4), FasL., CTLA4, CD39, CD73, and B7-H4. In some embodiments, the co-inhibitory
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molecule is PD-L1 or PD-L2. In some embodiments, the immune suppression and/or tolerance
comprises increased activity of the co-inhibitory molecule. In some embodiments, the immune
suppression and/or tolerance comprises increased expression of a co-inhibitory molecule. In
some embodiments, the immune suppression and/or tolerance comprises increased activity of a
transcriptional regulator that enhances expression of the co-inhihitory molecule. In some
embodiments, the immune suppression and/or tolerance comprises increased activity of a
polypeptide that increases expression of the co-hibitory molecule. In some embodiments, the
immune suppression and/or tolerance comprises inhibition of an inhibitor of a co-inhibitory
molecule.

{6091]  In some embodiments, the immune sappression and/or tolerance comprises increased
expression and/or activity of an immunosuppressive molecule. Exemplary immunosuppressive
molecules include, without limitation, arginase-1 (ARG1), indoleamine 2,3-dioxygenase (1DO),
Prostaglandin B2 (PGE2), inducible nitric-oxide synthase (iNOS), nitric oxide (NO), nitric-oxide
synthase 2 (NOSZ), TSLP, vascular intestinal peptide (VIP), hepatocyte growth factor (HGF),
TGER, IFNa, 1L-4, 1L-10, [L-13, and 1L-35. In some embodiments, the immunosuppressive
molecule is NO or IDO. In some embodiments, the immuine suppression and/or tolerance
comprises increased activity of the immunosuppressive molecule. In some embodiments, the
immune suppression and/or tolerance comprises increased activity of a transcriptional reguiator
that enhances expression of the immunosuppressive molecule. In some emboduments, the
immnune suppression and/or tolerance comprises increased activity of a polypeptide that
enhances expression of the immunosuppressive molecule. In some embodiments, the immune
suppression and/or tolerance comprises inhibition of a negative regulator of an
immunosuppressive molecule.

[6092] In some embodiments, the immune suppression and/or tolerance comprises inhibition
of the expression and/or activity of an inflammatory molecule. In some embodiments, the
inflarmmatory molecule is an wflammatory cytokine. In some ernbodiments, the inflammmatory
cyiokine 1s selected from interleukin-1 (JL-1), IL-12, and HL-18, tumor necrosis factor (TNE},
interferon gamma (IFN-gamma), and granulocyte-macrophage colony stimulating factor (GM-
C5F). In some embodiments, the inflammatory molecule is an inflaromatory transcription factor.
In some embodiments, the imroune suppression and/or tolerance comprises inbibition of the
inflamnmatory transcription factor. In some embodiments, the immune suppression and/or

tolerance comprises decreased expression of an inflaramatory transcription factor. In some
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cmbodiments, the inflammatory transcription factor is NF-xB, an interferon regulatory factor
(IRF), or a molecule assoctated with the JAK-STAT signaling pathway. The NF-«xB pathway is a
prototypical proinflammatory signaling pathway that mediates the expression of
proinflammatory genes inchuding cytokines, chemokines, and adhesion molecules. Interferon
regulatory factors (IRFs) constitute a family of transcription factors that can regulate the
expression of proioflammatory genes, The JAK-STAT signaling pathway transmits information
from extracelular cytokine signals to the nucleus, resulting in DNA transcription and expression
of genes involved in immune cell proliferation and differentiation. The JAK-STAT system
consists of a cell surface receptor, Janus kinases (JAKs), and Signal Transducer and Activator of
Transcription (STAT) proteins. Exemplary JAK-STAT molecules include, without limitation,
JAKI, JAK2, JAK 3, Tyvk2, STATI, STATZ, STAT3, STAT4, STATS (STATSA and STATSB),
and STATS. In some embodiments, the immune suppression and/or tolerance comprises
cnhanced expression of a suppressor of cytokine signaling (SOCS) protein. SOCS proteins may
inhibit signaling through the JAK-5TA'T pathway. In some erobodiments, the tmmune
suppression and/or tolerance comprises inhibition of the expression of a nucleic acid encoding
the inflammatory transcription factor. In some embodiments, the nucleic acid encoding the
inflammatory transcription factor is deleted. In some embodiments, the immune suppression
and/or tolerance comprises increased activity of a wanseriptional regulator that suppresses
expression of the inflammmatory transcription factor. In some embodiments, the immune
suppression and/or tolerance comprises increased activity of a protein inhibitor that suppresses
expression of the inflammatory transcription factor.

[6093]  In some embodiments, the immune suppression and/or tolerance comprises
cnhancement of the expression and/or activity of an anti-inflammatory molecule. In some
embodiments, the anti-inflammatory molecule is an anti-inflaromatory cytokine. In some
embodiments, the anti-inflammatory cytokine 1s selected from IL-4, IL-10, 11-13, IFN-alpha and
transforming growth factor-beta (TGFR). In some embodiments, the anti-inflaramatory molecule
is an anti-inflammatory transcription factor. In some embodiments, the immuine suppression
and/or tolerance comprises enhancement of the anti-inflamnatory transeription factor. In some
embodiments, the immune suppression and/or tolerance comprises increased expression of an
anti-inflammatory transcription factor. In some embodiments, the imumune suppression and/or
tolerance comprises enhancement of the expression of a nucleic acid encoding the anti-

inflammatory transcription factor. In some cmbodiments, the nucleic acid encoding the anti-
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inflammatory transcription factor is deleted. In some embodiments, the immune suppression
and/or tolerance compriscs decreased activity of a transcriptional regulator that suppresses
cxpression of the anti-inflammatory transcription factor. In some embodiments, the immuane
suppression and/or tolerance comprises decreased activity of a protein inhibitor that suppresses
cxpression of the anti-inflammatory transcription factor.

{6094]  In certain aspects, the invention provides methods for generating a tolerogenic
antigen-presenting cell comprising an antigen, wherein a tolerogenic antigen-presenting cell is
passed through a constriction, wherein said constriction deforms the cell thereby causing a
perturbation of the cell such that the antigen enters the tolerogenic antigen-presenting cell,
thereby generating the tolerogenic antigen-presenting cell comprising the antigen.

{0095]  In certain aspects, the invention provides methods for gencrating a tolerogenic
antigen-presenting ccll, wherein an antigen-presenting cell is passed through a constriction,
wherein said constriction deforms the cell thereby causing a perturbation of the cell such that a
tolerogenic factor enters the antigen-presenting cell, thereby generating the tolerogenic antigen-
presenting cell. In some embodiments, the tolerogenic factor modulates expression and/or
activity of an immuonomodulatory agent (such as an immunostimulatory agent {e.g., a
costimulatory molecule), an immuncsuppressive agent, or an inflammatory or anti-inflammatory
molecule).

{6096]  In certain aspects, the invention provides methods for generating a tolerogenic
antigen-presenting cell comprising an antigen, wherein an antigen-presenting ecll is passed
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that the antigen and a tolerogenic factor enter the antigen-presenting cell, therchy
generating the tolerogenic antigen-presenting cell comprising the antigen. In some embodiments,
the tolerogenic factor modulates expression and/or activity of an tmmunomodulatory agent (such
as an immunostioulatory agent (e. g., a costimulaiory molecule), an ironmunosuppressive agent,
or an inflammatory or anti-inflammatory molecule).

{0097]  In certain aspects, the invention provides methods for generating an
immunosuppressive antigen-presenting cell comprising an antigen, wherein an
immunosuppressive antigen-presenting cell is passed through a constriction, wherein said
constriction deforms the cell thereby causing a perturbation of the cell such that the antigen
cnters the immunosuppressive antigen-presenting cell, thereby generating the

umnunosuppressive antigen-presenting cell comprising the antigen.



WO 2017/192786 PCT/US2017/030933

{0098]  In certain aspects, the invention provides methods for generating an
immunosuppressive antigen-presenting cell, wherein an antigen-presenting cell is passed
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that a tolerogenic factor enters the antigen-presenting cell, thereby generating the
immunosuppressive antigen-presenting cell. In some embodiments, the tolerogenic factor
modulates expression and/or activity of an immunormodulatory agent {(such as an
innnunostintulatory agent {e. g, a costimnulatory molecule), an immunosuppressive agent, of an
inflammatory or anti-inflammatory molecule).

{00991 In certain aspects, the invention provides methods for generating an
immunosuppressive antigen-presenting cell comprising an antigen, wherein an antigen-
presenting cell is passed through a constriction, wherein said constriction deforms the cell
thereby causing a perturbation of the cell such that the antigen and a tolerogenic factor cnter the
antigen-presenting cell, thereby geverating the immunosuppressive antigen-presenting cell
comyprising the antigen. In some embodiments, the tolerogenic tactor modulates cxpression
and/or activity of an immunomodulatory agent (such as an immunostinilatory agent {(e.g., a
costimulatory molecule), an tmmunosuppressive agent, or an inflammatory or anti-inflanunatory
molecule).

{00100]  In certain aspects, the invention provides methods for delivering an antigen into a first
vmmune cell {e.g., a tolerogenic immune cell), the methbod comprising passing a cell suspension
comprising the first immune cell through a constriction, wherein said constriction deforms the
first imimune cell, thereby causing a perturbation of the cell such that the antigen eniers the celi,
wherein said cell suspension is contacted with the antigen. In some embodiments, a tolerogenic
factor is delivered to the first imunane cell by the methods disclosed herein, thereby conferring a
tolerogenic phenotype to the first immune cell. In some embodiments, the antigen is presented in
a tolerogenic manner, e.g., by the first immune cell. In some embodiments, the antigen is
presented in a tolerogenic manner by another immmune cell, e g., a second immune cell, such as
an immune cell having a tolerogenic phenotype conferred by a property of the first immune cell,
or an immune cel having a tolerogenic phenotype independent from the first immune cell. In
some embodiments, the antigen is processed and presented by class I MHC by a tolerogenic
immune cell {e.g., by the first or second umuwnune cell). In some ermmbodiments, the antigen is
processed and presented by class H MHC by a tolerogenic immune cell {e.g., by the first or

sccond imumune cell).
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{6108} In certain aspects, the invention provides methods for delivering a tolerogenic factor that
generates a tolerogenic phenotype into a first immune cell, the method comprising passing a cell
suspension comprising the first inwnune cell through a constriction, whercin said constriction
deforms the wmune cell, thereby causing a perturbation of the cell such that the tolerogenic
factor enters the cell, wherein said cell suspension is contacted with the tolerogenic factor,
thereby generating a tolerogenic immune cell. In some embodiments, the tolerogenic factor
modulates expression and/or activity of an immunomodulatory agent (such as an
immunostimulatory agent {e.g., a costimulatory molecule), an immunosuppressive agent, or an
inflammatory or anti-inflammatory molecule). In some embodiments, an antigen is endocytosed
by the first romune cell or the tolerogenic immaune cell. In some embodiments, an antigen is
delivered to the first immune cell or the tolerogenic immune cell by any of the methods
disclosed herein. In some embodiments, the antigen is presented in a tolerogenic manner, e. g.,
by the tolerogenic immume cell. In some embodiments, the antigen is presented in a tolerogenic
manner by another immune cell, e.g., a second immune cell, e.g., an immune ccll having a
tolerogenic phenotype conferred by a property of the tolerogenic ironune cell, or an tmmune cell
having a tolerogenic phenotype independent from the tolerogenic immaune cell. In some
embodiments, the antigen is processed and presented by class I MHC by a tolerogenic immune
cell {e.g., by the tolerogenic immune ccll or the second imumune cell}. In some embodiments, the
antigen is processed and presented by class [ MHC by a tolerogenic imumune cell {e.g., by the
tolerogenic immune cell or the second immune cell).

{0161} In certain aspects, the invention provides methods for delivering an antigen and a
tolerogenic factor that generates a tolerogenic phenotype into a first immune cell, the method
comprising passing a cell suspension comprising the first immune cell through a constriction,
wherein said constriction deforms the innune cell, thereby causing a perturbation of the cell
such that the antigen and the tolerogenic factor enter the cell, wherein said cell suspension is
contacted with the antigen and the tolerogenic factor, thereby generating a tolerogenic immune
cell comprising the antigen. In some embodiments, the tolerogemc factor modalates expression
and/or activity of an immunomaodulatory agent (such as an immunostimulatory agent {€.£., a
costimulatory molecule), an immunosuppressive agent, or an inflammatory or anti-inflammatory
molecule). In some embodiments, the antigen is presented in a tolerogenic manner, e.g., by the
tolerogenic immune cell. In some cmbodiments, the antigen is presented in a tolerogenic manner

by another imnmuune cell, ¢.g., a sccond immune cell, ¢.g., an immune cell having a tolerogenic
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phenotype conferred by a property of the tolerogenic immune cell, or an immune cell having a
tolerogenic phenotype independent from the tolerogenic imunune cell. In some entbodiments, the
antigen is processed and presented by class I MHC by a tolerogenic imamune cell (e.g., by the
tolerogenic immune cell or the second immune cell). In some embodiments, the antigen is
processed and presented by class 2 MHC by a tolerogenic immune cell (¢.g., by the tolerogenic
wunmane cell or the second vomume cell).

{0182] In certain aspects, the invention provides methods for delivering an antigen into a first
immune cell {e.g., an immunosuppressive immune ccll), the method comprising passing a cell
suspension comprising the first immune cell through a constriction, wherein said constriction
deforms the first immune ccll, thereby causing a perturbation of the cell such that the antigen
cnters the ccll, wherein said cell suspension is contacted with the antigen. In some embodiments,
a tolerogenic factor is delivered to the first ironwne cell by the methods disclosed herein, thereby
conferring an immunosuppressive phenotype to the first immune cell. In some embodiments, the
antigen is presented in an IMMUNOSUPPressive manner, €.g., by the first immune cell. In some
cmbodiments, the antigen is presented in an immunosuppressive manner by another immune
cell, e.g., a second tmmune cell, such as an immune cell having an tronumosuppressive
phenotype conferred by a property of the first immune cell, or an tinmune cell having an
immunosuppressive phenotype independent from the first immune cell. In some embodiments,
the antigen is processed and presented by class I MHC by an imynunosuppressive immune cell
{e.g.. by the first or second immumne ccll). In some embodiments, the antigen is processed and
presented by class I MHC by an immunosuppressive immune cell (e.g., by the first or second
immne cell).

{6103] In certain aspects, the invention provides methods for delivering a tolerogenic factor that
generates an immunosuppressive phenotype into an e cell, the method comprising passing
a cell suspension comprising the immune cell through a constriction, wherein said constriction
deforms the immune cell, thereby causing a perturbation of the cell such that the tolerogenic
factor that generates an immunosuppressive phenotype enters the cell, wherein said cell
suspension is contacted with the tolerogenic factor, thereby generating an immunosuppressive
immune cell. In some embodiments, the tolerogenic factor modulates expression and/or activity
of an immunomodulatory agent (such as an immunostimulatory agent {e.g., a costimulatory
molecule), an immunosuppressive agent, or an inflammatory or anti-inflammatory molecule). In

some embodiments, an antigen is endocytosed by the first immune cell or the
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immunosuppressive immune cell. In some embodiments, an anfigen is delivered to the first
immune cell or the immunosuppressive immune cell by any of the wethods disclosed herein. In
some embodiments, the antigen is presented 0 an immunosuppressive manner, e.g., by the
immunosuppressive immune celll In some embodiments, the antigen is presented in an
immunosuppressive manner by another immune cell, e.g., a second immune cell, ¢.g., an
immune cell having an immunosuppressive phenotype conferred by a property of the
innunosuppressive tmmone cell, or an immune cell having a tolerogenic phenotype
independent from the immunosuppressive immune cell. In some embodiments, the antigen is
processed and presented by class § MHC by an Unnwunosuppressive immune cell {e.g., by the
immunosuppressive immune cell or the second imroune cell). In some embodiments, the antigen
is processed and presented by class H MHC by an immunosuppressive immune cell (e.g., by the
immunesuppressive immune cell or the second immune cell).

{6104] fn certain aspects, the invention provides methods for delivering an antigen and a
tolerogenic factor that generates an immunosuppressive phenotype into a first immune ccll, the
method comprising passing a cell suspension comprising the first immune cell through a
constriction, wherein said constriction deforms the immune cell, thereby causing a perturbation
of the cell such that the antigen and the tolerogenic factor enter the cell, wherein said cell
suspension is contacted with the antigen and the tolerogenic factor, thereby generating an
immunosuppressive imimune cell comprising the antigen. In some embodiments, the tolerogenic
factor modulates expression and/or activity of an immunomoduiatory agent (such as an
immunostimulatory agent {e.g., a costimulatory molecule), an immunosuppressive agent, or an
inflammatory or anti-inflammatory molecule). In some embodiments, the antigen is presented in
an imrpunosuppressive manner, .2., by the immonosuppressive imunune cell. In some
cmbodiments, the antigen is presented in a immonosuppressive manner by another immune cell,
¢.g., a second immune cell, e.g., an iramune cell having an immunosuppressive phenotype
conferred by a property of the immmunosuppressive tnmune cell, ot an immuone cell baving an
innunosuppressive phenotype independent from the immunosuppressive immune cell. In some
embodiments, the antigen is processed and presented by class I MHC by an immunosuppressive
immune cell {¢.g., by the immunosuppressive immune cell or the second immune cell). In some
embodiments, the antigen is processed and presented by class Il MHC by an immunosuppressive

immune cell {e.g., by the immunosuppressive immune ccll or the sccond immune cell).
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{0165] In certain aspects, the invention provides methods for suppressing an immune respoinse
in an individual, comprising passing a first cell suspension comprising a first imynune ccll
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that an antigen enters the immune cell, passing a second cell suspension
comprising a second immune cell through a constriction, wherein said constriction deforms the
cell thereby causing a perturbation of the cell such that a tolerogenic factor enters the immune
cell, wherein an immunosuppressive immune cell i3 generated, and introducing the first tmmune
cchl and second immune cell into the individual, whercin said antigen is presented in an
immunosuppressive manner and suppresses an imoune response to the antigen. In some
cmbodiments, the antigen is presented in the first immune cell. In some embodiments, the first
immune cell has a tolerogenic phenotype conferred by a property of the second immune cell. In
some embodiments, the antigen is presented by the sccond immune cell. In some embodiments,
the antigen is presented by a third immune cell, e.g., an tromune cell having a tolerogenic
phenotype conferred by a property of the second immune cell. In some embodiments, the third
immune cell has a tolerogenic phenotype independent of a property of the second immune cell
{e.g., the third imumuone cell had a tolerogenic phenotype prior to introduction of the second
immune cell into the individual). In some embodiments, the tolerogenic factor modulates
expression and/or activity of an immunomodulatory agent (such as an immunostimulatory agent
{e.g., a costimulatory molecule), an immunosuppressive agent, or an inflammatory ov anti-
inflammatory molecuole). It some embodiments, the first immune cell and second immune cell
are infroduced simultaneously. In some cmbodiments, the first immune ccll and the second
immune cell are combined in a cell suspension prior to introduction o the individual. In some
cmbodiments, the first immune cell and second tomune cell are introduced sequentially. In
some embodiments, the first immune cell is introduced to the individual before introduction of
the second irnmune cell. In some embodiments, the first immune cell is introduced to the
individual more than any of about 1 minute, 5 minutes, 10 minutes, 15 minutes, 30 minutes, 1
hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 12 hours, or 24 hours before introduction of the
second immune cell. In some embodiments, the second immune cell is introduced to the
individual before introduction of the first immune cell. In some embodiments, the second
immune cell is introduced to the individual more than any of about 1 minute, 5 minutes, 10
minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 12 hours, or

24 hours before introduction of the first immune cell. In some embodiments, delivery of the
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tolerogenic factor to the second cell imparts the second cell with a secretory function. For
cxample, the second cell may secrete 1-4, 1L-10, 1L-13, IFNg, and/or TGFR, thereby enbancing
an imrpunosuppressive microenvironment. In some embodiments, the immuonosuppressive
microenvironment allows tolerogenic presentation of antigen by the first cell

{6106] In certain aspects, the invention provides methods for inducing antigen-specific {olerance
in an individual, comprising passing a first cell suspension comprising a first immune cell
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that an antigen enters the immune cell, passing a sccond cell suspension
comprising a second immune cell through a constriction, wherein said constriction deforms the
cell thereby causing a perturbation of the cell such that a tolerogenic factor enters the immune
cell, and introducing the first immune cell and second immune ccll into the individual, wherein
said antigen is presented in a tolerogenic manner and suppresses an immune response to the
antigen. In some emboduments, the antigen is presented in the fivst immone cell. In some
embodiments, the first immune cell has a tolerogenic phenotype conferred by a property of the
second immune cell. In some embodiments, the antigen is presented by the second immune cell.
In some embodiments, the antigen is presented by a third immaune cell, e.g., an immune cell
having a tolerogenic phenotype conferred by a property of the second immune cell. In some
cmbodiments, the third immune cell has a tolerogenic phenotype independent of a property of
the second immune cell (e.g., the third immune cell had a tolerogenic phenotype prior to
introduction of the second immune cell into the individual). In some embodiments, the
tolerogenic factor modulates expression and/or activity of an immunomodulatory agent (such as

an immunostimulatory agent (c.g., & costimuiatory molecule), an immunosuppressive agent, or

an inflammatory or anti-inflammatory molecule). In some embodiments, the first immune cell
and sccond tmmune cell are introduced simuitancously. In some embodiments, the first immune
cell and second immune cell are introduced sequentially. In some embodiments, the first
immune cell and the second immune cell are combined 1n a cell suspension prior to introduction
to the individual. In some embodiments, the first immune cell 1s infroduced to the individual
before introduction of the second immune cell. In some embodiments, the first immune cell is
introduced to the individual more than any of about 1 minute, 5 minutes, 10 minutes, 15
muanutes, 30 munutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 12 hours, or 24 hours
before introduction of the second immune cell. In some embodiments, the second immune cell is

introduced to the individual before introduction of the first immune cell. In some embodiments,
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the second immune cell is introduced to the individual more than any of about 1 minute, 5
minutes, 10 minuies, 15 minutes, 30 nunutes, 1 bour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours,
12 hours, or 24 hours before introduction of the first immuone cell. In some embodiments,
delivery of the tolerogenic factor to the second cell imparts the second cell with a secretory
function. For example, the second cell may secrete HL-4, 1L-10, {L-13, {FNa, and/or TGFp,
thereby enhancing an immuanosuppressive microenvironment. In some embodiments, the
innunosuppressive microenvironment allows tolerogenic presentation of antigen by the first
cell.

{61071 In certain aspects, the invention provides methods for suppressing an imnwne response
in an individual, the method comprising passing a cell suspension comprising an ummune cell
through a constriction, wherein said constriction deforms the cell thereby causing a perturbation
of the cell such that a compound encoding a nonfunctional cytokine binding protein enters the
mnmune cell, and introducing the irsmune cell into the individual, wherein said
nonfunctional cytokine binding protein is expressed, wherein said nonfunctional cytokine
hinding protein binds free inflammatory cytokines, thereby suppressing an immune response.
For example, the nonfunctional cytokine hinding protein may bind and/or sequester free
inflammatory cytokines, thereby preventing them from binding o functional cyiokine receptors
and triggering downstream signaling. In some embodiments, the cytokines arc destroyed upon
internalization and intracelular processing of the nonfunctional cytokine binding proteins. In
some embodiments, the nonfunctional cytokine binding protein comprises a nonfunctional
cytokine receptor. In some embodiments, the nonfunctional cytokine receptor lacks cytoplasmic
signaling domains. In some embodiments, the nonfunctional cytokine binding protein compriscs
a proteolytic site that cleaves the target cytokine. For example, the nonfunctional cytokine
binding protein may contain an enzyme that cleaves or degrades the cytokine upon binding. In
some embodiments, the nonfunctional cytokine binding protein comprises an anti-cytokine
antibody. In some embodiments, the nonfunctional cytokine binding protein comprises a B cell
receptor. Exemplary cytokines that can be bound by the nonfuncuonal cytokine veceptor include,
without limitation, IL-2, IL-6, TNF[, IL-1, and IFNy.

{0198] In some embodiments, the immune response is suppressed by at least any of about 10%,
about 15%, about 20%, about 25%, about 30%, about 40%, about 50%, about 60%, about 70%,
about 75%, about 80%, about 90%, or about 100%. In some embodiments, the suppressed

immune response and/or induced tolerance comprise a decreased T ccll response. For example, a
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decreased T cell response may include, without limitation, decreased T cell activation or
proliferation, decreased T cell survival, or decreased cell functionality. In some entbodiments,
the decreased T cell response corprises decreased T cell activation. In some embodiments, the
decreased T cell response comprises decreased T cell survivall In some embodiments, the
decreased T cell response comprises decreased T cell proliferation. In some embodiments, the
decreased T cell response comprises decreased T cell functionality. For example, decreased T
cell fonctionality can include, without mitation, modulated cytokine secretion, decreased T cell
migration o sites of inflamamation, and decreased T cell cytotoxic activity. In some
embodiments, the suppressed immune response and/or induced tolerance comprise decreased
inflammatory cytokine prodaction and/or secretion, and/or increased anti-inflamumatory cytokine
production and/or secretion. In some embodiments, the suppressed immune response and/or
induced tolerance coraprise decreased production and/or secretion of one or more inflammatory
cytokines selected from interleukin-1 (d1-1}), 1L-12, and 1L-18, tumor necrosis

factor (TNF), interferon gamma (IFN-gamma), and granulocyte-macrophage colony stimulating
factor {(GM-CSF). In some erbodiments, the suppressed invmune response and/or induced
tolerance comprise decreased production and/or secretion of one or more anti-inflarmmatory
cytokines selected from {L-4, {L-10, IL-13, IL-35, IFN-alpha and transforming growth factor-
beta (TGER). In some embodiments, the suppressed tmmune response and/or induced tolerance
comprises a change in T cell phenotype. For example, the T cell state may change from a pro-
inflammatory phenotype to a regulatory or anti-inflammatory phenotype. In some embodiments,
the suppressed immune response and/or induced tolerance comprises uncostimulated activation
of a T cell, which may subsequently lead 1o cell death. In some embodiments, the suppressed
immune response and/or induced tolerance comprise an enhanced regulatory T cell (Treg)
response. In some embodiments, the suppressed immune response and/or induced tolerance
comprise an cnhanced regulatory B cell (Breg), tolerogenic monocyte, myeloid derived
suppressor cell, or tolerogenic macrophage response. In some embodiments, the suppressed
immune response and/or induced tolerance comprise a decreased B cell response. In some
embodiments, the decreased B cell response comprises decreased antibody production.

{6109] In some embodiments, the suppressed imnmne response and/or induced tolerance
comprise a decreased autoimmune response. For example, the decreased autoimmune response
can include, without limitation, a decreased immune response or induced tolerance against an

antigen associated with Type [ Diabetes, Rheumatoid arthritis, Psoriasis, Multiple Sclerosis,
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Crohn's discase, or Ulcerative Colitis. In some embodiments, the suppressed immune response
and/or induced tolerance comprise a decreased allergic response. For exarople, the decreased
allergic vesponse can include a decreased immune response or induced tolerance against antigens
associated with allergic asthima, atopic dermatitis, allergic rhinitis (hay fever), or food allergy. In
some embodiments, the antigen is an antigen associated with transplanted tissue. In some
embodiments, the suppressed immuime response and/or induced tolerance comprises a decreased
inune response or induced tolerance against the transplanted tissue. In some embodiments, the
antigen is associated with a virus. In some embodiments, the suppressed immune response
and/or induced tolerance comprises a decreased pathogenic immune response or induced
tolerance to the virus. For example, the pathogenic immune response can include the cytokine
storm generated by certain viral infections. A cytokine storn is a potentially fatal immune
reaction consisting of a positive feedback loop between cytokines and white blood cells.

{6118] In some embodiments, the suppressed immune response comprises a decreased immune
response against a therapeutic agent. In some embodiments, the therapeutic agent is a clotting
factor. Exemplary clotting factors include, without limitation, Factor VI and Factor IX. In
some embodiments, the therapeutic agent is an antibody. Exeroplary therapeutic antibodies
inchide, without Hmitation, anti-TNFq, ant-VEGF, anti-CD3, anti-CD20, anti-IL-2R, anti-Her?2,
anti-RSVFE, anti-CEA, anti-IL-1beta, anti-CD15, anti-myosin, anti-PSMA, anti-40 kDa
glycoprotein, anti-CD33, anti-CDS52, anti-igh, anti-CD11a, anti-BEGFR, anti-C3, anti-alpha-4
integrin, ant-1L-12/41-23, anti-IL-6R, and anti-RANKL. In some embodiments, the therapeutic
agent is a growth factor. Exeraplary therapeutic growth factors inchude, without limitation,
Erythropoictin (EPO) and megakarvocyte differentiation and growth factor (MDGE). In some
cmbodiments, the therapeutic agent is a hormone. Exemplary therapeutic hormones include,
without limitation, tnsulin, human growth hormone, and follicle stimulating hormone. In some
cmbodiments, the therapeutic agent is a recombinant cytokine. Exemplary therapeutic
recombinant cytokines include, without limitation, IFNB, IFNg, and GM-CSF. In some
embodiments, the suppressed tmmine response comprises a decreased frmyumne response against
a therapeutic vehicle. In some embodiments, the therapeutic vehicle is a virus, such as an
adenovirus, adeno-associated virus, baculovirus, herpes virus, or retrovirus used for gene
therapy. In some embodiments, the therapeutic vehicle is a lipid-based vehicle, e.g., a liposome.

In some embodiments, the therapeutic vehicle is a nanoparticle.
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V., MICROFLUIDIC CHANNELS TO PROVIDE CELL-DEFORMING
CONSTRICTIONS
{6111] In some embodiments, the invention provides methods for spppressing an immune
response or inducing tolerance by passing a cell suspension through a constriction, wherein the
constriction deforms the immune cell thereby causing a perturbation of the cell such that an
antigen o tolerogenic factor enters the cell, wherein the constriction is contained within a
microfluidic channel. In some embodiments, multiple constrictions can be placed in parallel
and/or in series within the microfluidic channel. Exemplary microfluidic channels containing
cel-deforming consirictions for use in the methods disclosed herein are described in
WO2013059343. Exemplary surfaces having pores for use in the methods disclosed herein arve
described in U.S. Provisional Application 62/214,820, filed 09/04/2015.
{6112] In some embodiments, the microfluidic channel includes a lumen and is configured such
that a cell suspended in a buffer can pass through, wherein the microfluidic channel inchides a
constriction. The microfluidic channel can be made of any one of a number of materials,
including silicon, metal (e.g., stainless steel), plastic (¢.g., polystyrenc), ceramics, glass,
crystalline substrates, amorphous substrates, or polymers (e.g., Poly-methyl methacrylate
{(PMMA), PDMS, Cyclic Olefin Copolymer (COC), etc.). Fabrication of the microfluidic
channel can be performed by any method known in the art, including dry etching, wet etching,
photolithography, injection molding, laser ablation, or SU-8 masks.
{3113] In some embodiments, the constriction within the microfluidic channel includes an
entrance portion, a centerpoint, and an exit portion. In some embodiments, the fength, depth, and
width of the constriction within the microfluidic channel can vary. In some embodiments, the
diameter of the coustriction within the microfhuidic channel is a function of the diameter of the
cell or cluster of cells. In some embodiments, the diameter of the constriction within the
microfluidic channel 18 about 20%, to about 99% of the diameter of the cell. In some
embodiments, the constriction size is about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or about 99% of the cell diameter. In some embodiments, the
constriction size is about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about
(%, about 90%, or about 99% of the mintmum cross-sectional distance of the cell. In some
cmbodiments, the channel comprises a constriction width of between about 2 pm and about 10
um or any width or range of widths thercbetween. For example, the constriction width can be

any one of about 2um, about 3um, about 4um, about Spm, about 6um, or about 7w, In some

37



WO 2017/192786 PCT/US2017/030933

embodiments, the channel comprises a constriction length of about 14 ym and a constriction
width of about 4 um. The cross-section of the channcl, the entrance portion, the centerpoint, and
the exit portion can also vary. For example, the cross-sections can be circular, elliptical, an
clongated slit, sguare, hexagonal, or trianguolar in shape. The entrance portion defines a
consiriction angle, wherein the consiriction angle is optimized to reduce clogging of the chanuel
and optimized for enhanced delivery of a compound into the cell. The angle of the exit portion
can vary as well. For example, the angle of the exit portion 1s configured to reduce the hikelihood
of turbulence that can result in non-laminar flow. In some embodiments, the walls of the
cntrance portion and/or the exit portion are linear. In other embodiments, the walls of the
entrance portion and/or the exit portion are curved.
V. SURFACE HAVING PORES TO PROVIBE CELL DEFORMING
CONSTRICTIONS
{6114] fn some embodiments, the invention provides methods for suppressing an immune
response or inducing tolerance by passing a cell suspension through a constriction, wherein the
constriction deforms the immune ccll thereby causing a perturbation of the cell such that an
antigen and/or tolerogenic factor enters the cell, wherein the constriction is a pore or contained
within & pore. In some embodiments, the pore is contained in a surface. Exemplary surfaces
having pores for use in the methods disciosed herein are described in U.S. Provisional
Application 62/214,820, filed (9/04/2015.
§0115] The surfaces as disclosed herein can be made of any one of a number of materials and
take any one of a number of forms. In some embodiments, the surface is a filter. In some
cmbodiments, the surface is a membrane. In some embodiments, the filter is a tangential flow
filter. In some embodiments, the surface is a sponge or sponge-like matrix. In some
embodiments, the surface 1s a maftrix.
{6116] In some embodiments the surface is a tortuous path surface. In some embodiments, the
tortuous path surface comprises celhulose acetate. In some embodiments, the surface comprises a
material selected from, without lnitation, synthetic or natural polymers, polycarbonate, silicon,
glass, metal, alloy, cellulose nitrate, silver, cellulose acctate, nylon, polyestcr, polyethersuifone,
Polyacrylonitrile (PAN), polypropylene, PVDE, polvtetrafluorcthylene, mixed cellulose ester,
porcelain, and ceramic.
{8117] The swface disclosed herein can have any shape known in the art; e.g. a 3-dimensional

shape. The 2-dimensional shape of the surface can be, without limitation, circular, clliptical,
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round, square, star-shaped, triangular, polygonal, pentagonal, hexagonal, heptagonal, or
octagonal. In some embodiments, the surface is round in shape. In some embodiments, the
surface 3-dimensional shape is cylindrical, conical, or cuboidal.

{3118} The swrface can have various cross-sectional widths and thicknesses. In some
cmbodiments, the surface cross-sectional width is between about 1mm and about 1m or any
cross-sectional width or range of cross-sectional widths therchetween. In some embodiments, the
surface has a defined thickness. In some embodiments, the surface thickness is uniform. In some
embodiments, the surface thickness is variable. For exampie, in some embodiments, portions of
the surface are thicker or thinner than other portions of the surface. In some embodiments, the
surface thickness varies by about 1% to about 90% or any percentage or range of percentages
therebetwecen. In some embodiments, the surface is between about 8.01pm to about Smm thick
or any thickness or range of thicknesscs therebetween.

{6119] In some embodiments, the constriction is a pore or contained within a pore. The cross-
sectional width of the pores is related {o the type of cell to be treated. In some embodiments, the
pore size is a function of the diameter of the cell or cluster of cells 1o be treated. In some
cmbodiments, the pore size is such that a cell is perturbed upon passing through the pore. In
some embodiments, the pore size is less than the diameter of the cell. In some embodiments, the
pore size is about 10% to about 99% of the diameter of the cell. In some embodiments, the pore
size is about 10%, about 15%, about 20%. about 30%, about 40%, about 50%, about 60%, about
70%. about 88%, about 90%, or about 9% of the cell diameter. Optimal pore size or pore cross-
sectional width can vary based upon the application and/or cell type. In some embodiments, the
pore size is about 2 pum to about 14 um. In some embodiments, the pore size is about 2um, about
3uim, about 4um, about Spm, about 8o, about 10um, about 12um, or about T4pm. In some
embodiments, the cross-sectional width is about 2 pm to about 14 um. In some embodiments,
the pore cross-sectional is about 2um, about 3um, about 4um, about Sum, about 8um, about
10pum, about 12um, or about 14um.

{0128] The entrances and exits of the pore passage may have a variety of angles. The pore angle
can be sclected to minimize clogging of the pore while celis are passing through. In some
embodiments, the flow rate through the surface is between about 0.001 ml/cm?2/sec to about 100
Lfem2/sec or any rate or range of vates therebetween. For example, the angle of the entrance or
exit portion can be between about 0 and about 90 degrees. In some embodiments, the entrance or

cxit portion can be greater than 90 degrees. In some embodiments, the pores have identical
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entrance and exit angles. In some cmbodiments, the pores have different entrance and exit
angles. In some embodiments, the pore edge is smooth, ¢.g. rounded or curved. A smooth pore
edge has a contimuous, flat, and even surface without bumps, ridges, or uneven parts. In some
cembodiments, the pore edge is sharp. A sharp pore edge has a thin edge that is pointed or at an
acute angle. In some embodiments, the pore passage is straight. A straight pore passage does not
contain curves, bends, angles, or other trregularitics. In some embodiments, the pore passage is
curved. A curved pore passage is bent or deviates from a straight hine. In some embodiments, the
pore passage has multiple curves, e.g. about 2, 3, 4, 5, 6, 7, 8, 9, 10 or more curves.

{6121} The pores can have any shape known in the art, including a 2-dimensional or 3-
dimensional shape. The pore shape {e.g., the cross-sectional shape) can be, without limitation,
circular, elliptical, round, square, star-shaped, triangular, polygonal, pentagonal, hexagonal,
heptagonal, and octagonal. In some embodiments, the cross-section of the pore is round in
shape. In some embodiments, the 3-dimensional shape of the pore is cylindrical or conical. In
some embodiments, the pore has a fluted entrance and exit shape. In some embodiments, the
pore shape is homogenous (i.c. consistent or regular) among pores within a given surface. In
some embodiments, the pore shape is heterogeneous (i.e. mixed or varied) among pores within a
given surface.

{8122] The swfaces described herein can bave a range of total pore numbers. In some
embodiments, the pores encompass about 10% to about 80% of the total surface area. In some
embodiments, the surface contains about 1.0x105 to about 1.0x1030 total pores or any number
or range of numbers therebetween. In some cmbodiments, the surface comprises between about
10 and about 1.0x1015 pores per nun? surface area.

{6123] The pores can be distributed in numerous ways within a given surface. in some
embodiments, the pores are distributed in parallel within a given surface. In one such example,
the pores are distributed side-by-side in the same direction and arc the same distance apart
within a given surface. In some embodirents, the pore distribution is ordered or homogeneous.
In one such example, the pores are distributed in a reguolar, systematic paticrn or are the same
distance apart within a given surtace. In some embodiments, the pore distribution is random or
heterogeneous. In one such example, the pores are distributed in an irregular, disordered pattern
or are different distances apart within a given surface. In some embodiments, multiple surfaces
are distributed in series. The multiple surtaces can be homogeneous or heterogencous in surface

size, shape, and/or roughness. The multiple surfaces can further contain pores with
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homogeneous or heterogeneous pore size, shape, and/or number, thereby enabling the
simultancous delivery of a range of compounds into different cell types.

{6124} In some embodiments, an individual pore has a uniform width dimension {i.e. constant
width along the length of the pore passage). In some embodiments, an individual pore has a
variable width (i.c. increasing or decreasing width along the length of the pore passage). In some
embodiments, pores within a given surface have the same individual pore depths. {n some
embodiments, pores within a given surface have different individual pore depths. In some
embodiments, the pores are immediately adjacent to cach other. In some embodiments, the pores
are separated from cach other by a distance. In some embodiments, the pores are separated from
cach other by a distance of about 0.001 110 to about 30mm or any distance or range of distances
therchetween.

{3125] In some embodiments, the surface is coated with a material. The material can be sclected
from any material known in the art, including, without Iimitation, Teflon, an adhesive coating,
surfactants, proteins, adhesion molecules, antibodics, anticoagulants, factors that modulate
cchlular function, nucleic acids, lipids, carbohydrates, or transmembrane proteins. In some
cmbodiments, the surface is coated with polyvinylpyrrolidone. In some embodiments, the
material is covalently attached to the surface. 1 some embodiments, the material is non-
covalently attached to the surface. In some embodiments, the surface molecules are released at
the cells pass through the pores.

{0126] In some embodiments, the surface has modified chemical properties. In some
embodiments, the surface is polar. In some embodiments, the surface is hydrophilic. In some
cmbodiments, the surface is non-polar. In some embodiments, the surface is hydrophobhic. In
some embodiments, the surface is charged. In some embodiments, the surface is positively
and/or negatively charged. In some embodiments, the surface can be positively charged in some
regions and negatively charged in other regions. In some embodiments, the surface has an
overall positive or overall negative charge. In some embodiments, the surface can be any one of
smooth, electropolished, rough, or plasma treated. In some embodiments, the surface comprises
a zwitterion or dipolar cormapound. In some embodiments, the surface is plasma {reated.

{6127} In some embodiments, the surface is contained within a larger module. In some
cmbodiments, the surface is contained within a syringe, such as a plastic or glass syringe. In
some embodiments, the surface is contained within a plastic filter holder. In some embodiments,

the surface is contained within a pipette tip.
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Vi CELL PERTURBATIONS

{0128] In some embodiments, the invention provides methods for suppressing an immune
response or inducing tolerance by passing a cell suspension through a constriction, wherein the
constriction deforms the tmmune cell thereby causing a perturbation of the cell such that an
antigen or tolerogenic factor enters the cell, wherein the perturbation in the cell is a breach in the
cell that allows material from outside the cell to move into the cell (e.g., a hole, tear, cavity,
aperture, pore, break, gap, perforation). The deformation can be caused by, for example,
pressure induced by mechanical strain and/or shear forces. In some embodiments, the
perturbation is a perturbation within the cell membrane. In some embodiments, the perturbation
is transient. In some embodiments, the cell perturbation lasts from about 1.0x107 seconds to
about 2 hours, or any time or range of times therebetween. In some embodiments, the cell
perturbation lasts for about 1.0x10 second to about 1 second, about 1 second to about 1 minute,
or about 1 minute to about | hour. In some embodiments, the cell perturbation lasts for between
any onc of about 1.0x10 to about 1.(}X1@"‘, about 1.0x10” to about I‘Oxlﬁ‘z, about 1.0x10” to
about 1.0x 1@'35 about 1.0x10” to about 1.0x },O"&g about 1.0x10™ to about 1.0x },O"S, about 1.0x107
to about 1.0x1 ()"6, about 1.0x10° 1o about 1.0x ],G"7, or about 1.0x107 to about 1.0x10™ seconds.
In some embodiment, the cell perturbation lasts for any one of about 1.0x10° to about 1.0x107,
about 1.0x107 to about 1.(}X1@"‘, about 1.0x10™ to about LOXlﬁ-l, about 1.0x107 to about
1.0x107", about 1.0x10™ to about 1.0x10°Y, about 1.0x107 to about 1.0x10°", or about 1.0x107% w0
about 1.0x10" seconds. The cell perturbations (e.g., pores or holes) created by the methods
described herein are not formed as a result of assembly of protein subunits to form a multimeric
pore structure such as that created by complement or bacterial hemolysins.

{6129] As the cell passes through the constriction, the constriction temporarily imparts injury to
the cell membrane that causes passive diffusion of material through the perturbation. In some
cmbodiments, the cell is only deformed for a bricf period of time, on the order of 100 ps to
minimize the chance of activating apoptotic pathways through cell signaling mechanisms,
although other durations are possible {e.g., ranging {rom nanoscconds to hours}. In some
embodiments, the cell is deformed tor about 1.0 x107 seconds to about 2 hours, or any time or
range of times therebetween. In some embodiments, the cell is deformed for about 1.0x107
second to about 1 second, about 1 second to about 1 minute, or about | minute to about 1 hour.
In some embodiments, the cell is deformed for between any one of about 1.0x107 to about

1.0x107, about 1.0x107 to about l.ﬁxlﬂ’z, about 1.0x10° to about 1.05(10'3, about 1.0x107 10
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about LOxlﬁ"ﬁ', about 1.0x10” to about LGXH}"Sy about 1.0x10” to about L('}xii}"ﬁq about 1.0x107
to about 1.0x1 ()“7, or about 1.0x107 o about 1.0x10™ seconds. In some embodiment, the cell is
deformed for any one of about 1.0x1 0 to about i.OxiO'l, about 1.0x107 to about 1.0x10‘1, about
1.0x10° to about 1.0x107, about 1.0x107 to about 1.0x10™, about 1.0x10™ to about 1.0x107,
about 1.0x107 to about 1.05{10‘1, or about 1.0x107 to about 1.0x107 seconds. In some
embodiments, deforming the cell includes deforming the cell for a time ranging from, without
limitation, about 1 ps to at least about 750 ps, e.g., at least about Tps, 10 ps. 50 ps, 100 ps, 500
us, or 750 us .

{0130] In some embodiments, the passage of the compound into the cell occurs simultancously
with the cell passing through the constriction and/or the perturbation of the cell. In some
cmbodiments, passage of the compound into the cell occurs after the cell passes through the
constriction. In some cmbodiments, passage of the compound into the cell occurs on the order of
minutes after the cell passes through the constriction. In some embodiments, the passage of the
compound into the cell occurs trom about 1.0x107 seconds to at least about 30 minutes after the
cchl passes through the constriction. For example, the passage of the compound into the cell
occurs from about 1.0x107 seconds to about 1 second, about 1 second to about 1 minute, or
about 1 minute to about 30 minutes after the cell passes through the constriction. In some
cmbodiments, the passage of the compound into the cell occurs about 1.0x107 seconds to about
10 mimstes, about 1.0x107 seconds to about 5 munates, about 1.0%x107 seconds to about 1 mnute,
about 1.0x107 seconds to about 50 seconds, about 1.0x107 seconds to about 10 seconds, about
1.0x107 seconds to about | second, or about 1.0x107 seconds to about 0.1 second after the cell
passes through the constriction. In some embodiments, the passage of the compound into the ccll
occurs about 1.0x107 seconds to about 10 minutes, aboat 1 second to about 10 nunutes, about 10
seconds to about 10 minute, about 30 seconds to about 1 minutes, about 1 munute to about 10
minutes, or about 5 minutes to about 10 minutes after the cell passes through the constriction. In
some embodiments, a perturbation in the cell after it passes through the constriction is corrected
within the order of about five minutes after the cell passes through the constriction.

{6131} In some embodiments, the cell viability after passing through a constriction is about 5%
to about 100%. In some embodiments, the cell viability after passing through the constriction is
at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%., 75%, 80%, 85%, 90%, 93%, or 98%.
In some embodiments, the cell viability is measured from about 1.0x107 seconds to at least

about 10 days after the cell passes through the constriction. For example, the cell viability is
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measured from about 1.0x107 seconds to about 1 second, about 1 second to about 1 minute,
about 1 minute to about 30 minutes, or about 30 minutes to about 2 hours after the cell passes
through the constriction. In some embodiments, the cell viability is measured about 1.0x1 o
seconds to about 2 hours, about 1.0x107 seconds to about 1 hour, about 1.0x107 seconds to
about 30 minutes, about 1.0x107 seconds to about | minute, about 1.0x 107 seconds to about 30
seconds, about 1.0x107 seconds to about 1 second, or about 1.0x 107 seconds to about 0.1 second
after the cell passes through the constriction. In some embodiments, the cell viahility is
measured about 1.5 hours to about 2 hours, about 1 hour to about 2 hours, about 30 minutes to
about 2 hours, about 15 nunutes to about 2 hours, about 1 minute to about 2 hours, about 30
seconds to about 2 hours, or about 1 second to about 2 hours after the cell passes through the
constriction. In some embodiments, the cell viability is measured about 2 hours to about 5 hours,
about 5 hours to about 12 hours, about 12 hours to about 24 hours, or about 24 hours to about 10
days after the cell passes through the constriction.

Vil. DELIVERY PARAMETERS

{6132] A number of parameters may influence the delivery of a compound to a cell for
suppressing an irnmune response or inducing tolerance by the methods described herein. In some
cembodiments, the cell suspension is contacted with the compound before, concurrently, or after
passing through the constriction. The cell may pass through the constriction suspended in a
solution that includes the compound to deliver, although the compound can be added to the cell
suspension atter the cells pass through the constriction. In some embodiments, the compound to
bie delivered is coated on the constriction.

{6133] Examples of parameters that may influence the delivery of the compound into the cell
inchude, but are not limited to, the dimensions of the constriction, the entrance angle of the
constriction, the surface properties of the constrictions {e.g., roughness, chemical modification,
hydrophilic, hydrophobic, etc.), the operating flow speeds (e.g., cell transit time through the
constriction), the cell concentration, the concentration of the compound in the cell suspension,
and the amount of time that the cell recovers or incubates after passing through the constrictions
can affect the passage of the delivered compound into the cell. Additional parameters
influencing the delivery of the compound into the cell can include the velocity of the cell in the
constriction, the shear rate in the constriction, the viscosity of the cell suspension, the velocity
component that s perpendicular to flow velocity, and time in the constriction. Such parameters

can be designed to control delivery of the compound. In some embodiments, the cell
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concentration ranges from about 18 to at least about 10" cells/mi or any concentration or range
of concentrations therebetween. In some embodiments, delivery compound concentrations can
range from about 10 ng/mi to about 1g/ml. or any concentration or range of concentrations
therebetween. In some embodiments, delivery compound concentrations can range from about
1pM to at least about 2M or any concentration o range of concentrations therebetween.

{6134] The temperature used in the methods of the present disclosure can be adjusted to affect
compound delivery and cell viabikty. In some embodiments, the method is performed between
about -5°C and about 45°C. For example, the methods can be carried owt at room temperature
(e.z., about 20°C), physiological temperature (¢.g., about 37°C), higher than physiological
temperature {e.g., greater than about 37°C to 45°C or more), or reduced temperature (e.g., about
-5°C 1o about 4°C), or temperatures between these exemplary temperatures.

{6135] Various methods can be utilized to drive the cells through the constrictions. For example,
pressure can be applied by a pump on the entrance side {(e.g., gas cylinder, or compressor), a
vacuuim can be applied by a vacuum pump on the exit side, capillary action can be applied
through a wbe, and/or the systern can he gravity fed. Displacement based flow systems can also
be used {e.g., syringe purap, peristaltic pump, manual syringe or pipette, pistons, ¢tc.). In some
cembodiments, the cells are passed through the conswrictions by positive pressire or negative
pressure. In some embodiments, the celis are passed through the constrictions by constant
pressure or variable pressure. In some embodiments, pressure is applied using a syringe. In some
embodiments, pressure is applied using a pump. In some embodiments, the pump is a peristaltic
pump or a diaphragm pump. In some embodiments, pressure is applicd using a vacuum. In some
cmbodiments, the cells are passed through the constrictions by g-force. In some embodiments,
the cells are passed through the constrictions by centrifugal force. In some embodiments, the
cells are passed through the constrictions by capillary pressure.

{6136] In some embodiments, fluid flow directs the cells through the constrictions. In some
embodiments, the fluid flow is turbulent flow prior to the cells passing through the constriction.
Turbulent flow is a floid flow in which the velocity at a given point varics erratically in
magnitude and direction. In some embodiments, the fluid flow through the constriction is
faminar flow. Laminar flow involves uninterrupted flow in a fluid near a solid boundary in
which the direction of flow at every point remains constant. In some embodiments, the fluid
flow is wrbulent flow after the cells pass through the constriction. The velocity at which the cells

pass through the consirictions can be varied. In some embodiments, the celis pass through the
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constrictions at a uniform cell speed. In some embodiments, the cells pass through the
constrictions at a fluctuating cell speed.

{61371 In other embodiments, a combination treatment is used (o SUPPress an IMmMUNe 1Esponse
or induce tolerance by passing a cell suspension through a constriction, wherein the constriction
deforms the immune cell thereby causing a perturbation of the cell such that an antigen or
tolerogenic factor enters the cell, e.g., the methods described herein followed by exposure to an
electric field downstream of the constriction. In some embodiments, the cell is passed through an
electric ficld generated by at least one electrode after passing through the constriction. In some
cmbodiments, the electric ficld assists in delivery of compounds to a second location inside the
cell such as the cell nucleus. For example, the combination of a cell-deforming constriction and
an electric field delivers a plasmid encoding an antibody into the cell {e.g.. the cell nucleus),
resulting in the de nove production of antibody. In some embodiments, one or more electrodes
are in proximity to the cell-deforming constriction to generate an electric field. In some
embodiments, the electric ficld is between about 80.1kV/m to about 100MVY/m, or any nurmber or
range of numbers therehetween. In some embodiments, an integrated circuit is used to provide
an clectrical signal to drive the clectrodes. In some embodiments, the cells are exposed to the
clectric figld for a pulse width of between about 1ns to about 1s and a period of between about
100ns to about 10s or any time or range of times thercbetween.

Viil. CELL SUSPENSIONS FOR BELIVERY TO IMMURNE CELLS

{0138] The cell suspension may be a mixed or purified population of cells. In some
embodiments, the cell suspension is a mixed cell population, such as whole blood. In some
cmbodiments, the cell suspension is a purified cell population, such as a purified population of
immune cells.

{6139] The composition of the cell suspension (e.g., osmolarity, salt concentration, serom
content, cell concentration, pH, etc.) can impact delivery of the compound for suppressing an
immune response or inducing tolerance. In some embodiments, the suspension comprises whole
blood. Alternatively, the cell suspension is a mixture of cells in a physiological saline solution or
physiological medium other than blood. In some embodiments, the cell suspension comprises an
aqueous solution. In some embodiments, the aguecus solution comprises cell culture medium,
PBS, salts, sugars, growth factors, animal derived products, bulking materials, surfactants,
lubricants, vitamins, amine acids, proteins, cell cycle inhibitors, and/or an agent that impacts

actin polymerization. In some embodiments, the cell culture medium s DMEM, Opti-MEM®,
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IMBEM, or RPMI Additionally, solution bufter can include one or more ubricants (pluronics or
other surfactants) that can be designed, for example, to reduce or climinate clogging of the
surface and improve cell viability. Exemplary surfactants include, without limitation, poloxamer,
polysorbates, sugars or sugar alcohols such as mannitol, sorbitol, animal derived serum, and
albumin protein.

{6140] In some configurations with certain types of ceils, the cells can be incubated in one or
more solutions that aid in the delivery of the compound to the interior of the cell. In some
embodiments, the aqueous solution comprises an agent that impacts actin polymerization. In
some embodiments, the agent that impacts actin polymerization is Latrunculin A, Cytochalasin,
and/or Colchicine. For example, the cells can be incubated in a depolymerization solution such
as Lantrunculin A (O.1ug/ml) for 1 hour prior to delivery to depolymerize the actin cytoskeleton.
As an additional example, the cells can be incubated in 10uM Colchicine (Sigma) for 2 hours
prior to delivery to depolymerize the microtubule network.

{6141} In some embeodiments, the cell population is enriched prior to use in the disclosed
methods. For example, cells are obtained from a bodily fluid, e.g.. peripheral blood, and
optionally enriched or purified to concentrate B cells. Cells may be enriched by any methods
known in the art, including withouot bmitation, magnetic cell separation, fluorescent activated
cell sorting (FACS). or density gradient centrifugation.

{0142] The viscosity of the cell suspension can also impact the methods disclosed herein. In
some embodiments, the viscosity of the cell suspension ranges from about 8.9x1(-4Pa.s o about
4.0x10-3Pa.s or any value or range of values therebetween. In some embodiments, the viscosity
ranges between any one of about 8.9x10-4 Pa.s to about 4.0 x10-3 Pa.s, about 8.9x10-4 Pa.s to
about 3.0 x10-3 Pa.s, about 8.9x10-4 Pa.s to about 2.0 x10-3 Pa.s, or about §9%x10-3 Pas o
about 1.0 x10-3 Pa.s. In some embodiments, the viscosity ranges between any one of about (.89
cP to about 4.0 ¢P, about 0.89 ¢P to about 3.0 ¢P, about .89 ¢P to about 2.0 ¢P, or about .89 ¢P
to about 1.0 cP. in some embodiments, a shear thinning effect is observed, in which the viscosity
of the cell suspension decreases under conditions of shear strain. Viscosity can be measured by
any method known in the art, including without limitation, viscometers, such as a glass capillary
viscometer, or theometers. A viscometer measures viscosity under one flow condition, while a
rheometer is used to measure viscosities which vary with flow conditions. In some
cmbodiments, the viscosity is measured for a shear thinning solution such as blood. In some

cmbodiments, the viscosity is measured between about -3°C and about 453°C. For example, the
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viscosity is measured at room temperature (2.g., about 20°C), physiological temperature (e.g.,
about 37°C), higher than physiological temperature (¢.g., greater than about 37°C 10 45°C or
more), reduced temperature (e.g., about -5°C to about 4°C), or temperatures between these
exemplary temperatures.

IX.  ANTIGENS AND TOLEROGENIC FACTORS TO SUPPRESS AN IMMUNE
RESPONSE OR INDUCE TOLERANCE

{6143] In some embeodiments the invention provides delivery of antigens to suppress an immune
response o induce tolerance, wherein the antigen is delivered to the cell by any of the methods
described herein. In some embodiments, the antigen is a single antigen. In some embodiments,
the antigen is a mixture of antigens. An antigen is a substance that stimulates a specific immune
response, such as a cell or antibody-mediated immune response. Antigens bind to receptors
expressed by imunune cells, such as T cell receptors (TCRs), which are specific to a particular
antigen. Antigen-receptor binding subsequently triggers intracellular signaling pathways that
lcad to downstream immune cffector pathways, such as cell activation, cytokine production, cell
migration, cytotoxic factor secretion, and antibody production.

{6144} In some embodiments, the antigen is a polypeptide antigen. In some embodiments, the
compound compriscs a discase-associated antigen. In some embodiments, antigens are derived
from foreign sources, such as bacteria, fungi, viruses, or aliergens. In some embodiments,
antigens are derived from internal sources, such as self-proteins (Le. self-antigens). In some
embodiments, the antigen is in a cell lysate. Self-antigens are antigens present on or in an
organism’s own cells. Self-antigens do not normally stimulate an immune response, but may in
the context of autoimmune discases, such as Type § Diabetes or Rheumatoid Arthritis. In some
cmbodiments, the antigen is a therapeutic agent. In some embodiments, the antigen is a
therapeutic polypeptide, or a fragment of a therapeutic polypeptide. In some embodiments, the
therapeutic agent is a clotting factor. Exemplary clotting factors include, without imitation,
Factor VI and Factor IX. For example, the antigen may be a Factor VI protein used in the
treatment of hemophilia. In some embodiments, the therapeutic agent is an anttbody. Exemplary
therapeutic antibodies inciude, without imitation, anti-TNFo, anti-VEGF, anti-CD3, anti-CD20,
anti-IL-2R, anti-Her2, anti-RSVF, anti-CEA, anti-IL-1beta, anti-CD135, anti-myosin, anti-PSMA,
anti-40 kDa glvcoprotein, anti-CD33, anti-CD32, anti-Igh, anti-CD11a, anti-EGFR, anti-C3,
anti-alpha-4 integrin, anti-iL-12/1L-23, anti-IL-6R, and anti-RANKL. In some embodiments, the

therapeutic agent is a growth factor. Exemplary therapeutic growth factors include, without
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limitation, Erythropoietin (EPO) and megakaryocyte differentiation and growth factor (MBGE).
In some embodiments, the therapeutic agent is a hormone. Exemplary therapeutic hormones
inchude, without limitation, insulin, hurnan growth bormone, and follicle stimulating hormone.
In some embodiments, the therapeutic agent is a recombinant cytokine. Exemplary therapeutic
recombinant cvtokines include, without limitation, IFNR, IFNg, and GM-CSF.

{6145] In some embodiments, the antigen is an allograft transplantation antigen. An allograft
transplant is a ransfer of cells, ussues, or organs, to a recipient from a genetically non-identical
donor of the same species. In some embodiments, the antigen is a modified antigen. For
examnple, antigens ray be fused with therapeutic agents or targeting peptides. In some
cmbodiments, the modified antigen 1s fused with a polypeptide. In some embodiments, the
maodified antigen is fused with a lipid. In some embodiments, the antigen is a non-protein
antigen, such as a lipid, glycolipid, or polysaccharide. In some cmbodiments, the antigen is a
whole microorganism, such as an intact bacterium.

18146} In some embodiments, the antigen is associated with a virus. In some embodiments, the
antigen is a viral antigen. Exemplary viral antigens include SARS-CoV antigens and influenza
antigens. In some embodiments, the compound comprises cell lysate from tissue infected with an
unknown pathogen. In some embodiments, the antigen is a therapeutic vehicle. In some
cmbodiments, the therapeutic vehicle is a virus, such as an adenovirus, adeno-associated viras,
baculovirus, herpes virus, or retrovirus used for gene therapy. In some embodiments, the
therapeutic vehicle is a liposome. In some embodiments, the therapeutic vehicle is a
nanoparticle.

[0147] In some embodiments, the antigen is associated with a microorganismo; for example a
bacterium. In some embodiments, the suppressed immune response and/or induced tolerance
comprises a decreased pathogenic immune response or induced tolerance to the microorganism;
for example, a bacteriun. In some erabodiments, the microorganism is part of the microbiome of
the individual. In some embodiments, the microorganism may benefit the microbiome of the
individual.

{6148] In certain aspects, the invention provides methods for delivering an antigen into an
immune cell, the method comprising passing a cell suspension comprising the imumune cell
through a constriction, wherein said constriction deforms the immune cell, thereby causing a
perturbation of the cell such that the antigen cnters the cell, wherein said cell suspension is

contacted with the antigen. In some embodiments, processing and presentation of the antigen in
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a tolerogenic environment SUPPresses an immunge response o the antigen. In some ernbodiments,
processing and presentation of said antigen in a tolerogenic environment induces tolerance to the
antigen. In some embodiments, the antigen is delivered to the immune cell in vitro, ex vivo, or in
vivo.

{6149] In some embodiments the invention provides delivery of tolerogenic factors to suppress
an tmmune response ot induce tolerance, wherein the tolerogenic factor is delivered to the cell
by any of the methods described herein. In some embodiments, the tolerogenic factor enhances
suppression of an immune response to an antigen or enhances the induction of tolerance to an
antigen. For example, the tolerogenic factor may promote tolerogenic presentation of the antigen
by an antigen-presenting cell. In some embodiments, the tolerogenic factor is introduced
simultancousty with the antigen. In some embodiments, the tolerogenic factor and antigen are
introduced sequentially.

{8156] fn certain aspects, the invention provides methods for generating an immunosappressive
antigen-presenting immune ccll comprising an antigen, wherein the immunosuppressive immune
cchl is passed through a constriction, wherein said constriction deforms the ccll therehy causing a
perturbation of the cell such that an antigen enters the iramune cell, thereby generating the
immunosuppressive imptune cell comprising the antigen.

{6151} In some embodiments, the tolerogenic factor modulates expression and/or activity of an
immunomodilatory agent (such as an immunostinulatory agent (e.g., a costimulatory molecule),
an immunosuppressive agent, or an inflammatory or anti-inflammatory molecule). In some
embodiments, the tolerogenic factor inhibits expression and/or activity of an immunostimulatory
agent {e.g., a costimautlatory molecule), enhances expression and/or activity of an
immunosuppressive molecule, inhibits expression and/or activity of an inflammatory molecule,
and/or ethances expression and/or activity of an anti-inflammatory molecule. In some
cmbodiments, the tolerogenic factor inhibits the activity of a costimulatory molecule. Interaction
between costimulatory molecules and their ligands is iroportant to sustain and integrate TCR
signaling to stimulate optimal T cell proliferation and differcntiation. In some embodiments, the
tolerogenic factor decreases expression of a costimulatory molecule. Exermplary costimulatory
molecules expressed on antigen-presenting cells include, without limitation, CD40, CDE0,
CD8s, CD54, CDER3, CDY79, or ICOS Ligand. In some embodiments, the costimulatory molecule
s ©DE0 or CD86. In some embodiments, the tolerogenic factor inhibits the expression of a

nucleic acid that expresses or modulates expression of the costimulatory molecule. In some
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embodiments, the tolerogenic factor deletes a nucleic acid that expresses or modulates
cxpression of the costimulatory molecule. In some embodiments, deletion of the nucleic acid
that expresses or modulates expression of the costimulatory molecule is achieved via gene
cditing. In some embodiments, the tolerogenic factor inhihits the costimulatory molecule. In
some embodiments, the tolerogenic factor is a sSiRNA that inhibits the costinulatory molecule.
In some embodiments, the tolerogenic factor increases the activity of a transcriptional regulator
that suppresses expression of the costimnulatory molecule. In some embodiments, the wlerogenic
factor increases the activity of a protein inhibitor that suppresses expression of the costimulatory
molecule. In some embodiments, the tolerogenic factor comprises nucleic acid encoding a
suppressor of the costinuilatory molecule. In some embodiments, the tolerogenic factor degrades
the costimulatory molecule. In some embodiments, the tolerogenic factor labels the
costimulatory molecule for destruction. For example, the tolerogenic factor may enbance
ubiguitination of the costimulatory molecule, thereby targeting it for destruction.

{6152} In some embeodiments, the tolerogenic factor enhances the expression and/or activity of
an immunosuppressive molecule. In some embodiments, the immunosuppressive molecule is a
co-inhibitory molecule, a wranscriptional regulator, or an immunoseppressive molecule. Co-
inhibitory molecules negatively regulate the activation of lymphocyies. Exemplary co-inhibitory
molecules include, without limitation, PD-L1, PD-L2, HVEM, B7-H3, TRAIL,
immunoglobulin-like transcripts (ILT) receptors (1LT2, 1L.T3, 1LT4), FasL, CTLA4, CD39,
CP73, and B7-H4. In some embodiments, the co-inhibitory molecule is PD-LT or PD-L2. In
some embodiments, the tolerogenic factor increases the activity of the co-inhibifory molecule. In
some embodiments, the tolerogenic factor increases expression of a co-inhibitory molecule. In
some embodiments, the tolerogenic factor encodes the co-inhibitory molecule. in some
embodiments, the wolerogenic factor increases the activity of the co-inhibitory molecale. In some
cmbodiments, the tolerogenic factor increascs the activity of a transcriptional regulator that
enhances expression of the co-inhibitory molecule. In some embodiments, the tolerogenic factor
increases the activity of a polypeptide that increases expression of the co-inhibitory molecule. In
some embodiments, the tolerogenic factor comprises nucleic acid encoding an enbancer of the
co-inhibitory molecule. In some embodiments, the tolerogenic factor inhibits an inhibitor of a
co-inhihitory molecule.

{6153} In some embodiments, the tolerogenic factor increases expression and/or activity of an

immunosuppressive molecule. Exemplary immunosuppressive molecules include, without
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limitation, arginase-1 (ARG1}, indoleamine 2.3-dioxygenase (IDO), Prostaglandin E2 (PGE2),
inducible nitric-oxide synthase (iINGS), nitric oxide (NQO), nitric-oxide synthase 2 (NOS2Z3,
thymic stroroal lymphopoietin (TSLP), vascular intestinal peptide (VIP), hepatocyte growth
factor (HGF), transforming growth factor beta (TGER), IFNg, IL-4, IL-10, [1-13, and [L.-35. In
some embodiments, the immunosuppressive mwolecule is NO or IDO. In some embodiments, the
tolerogenic factor encodes the immunosuppressive molecule. In some embodiments, the
tolerogenic factor increases the activity of the immunosuppressive molecule. In some
embodiments, the tolerogenic factor increases the activity of a transcriptional regulator that
cnhances expression of the immunosuppressive molecule. In some embodiments, the tolerogenic
factor increases the activity of a polypeptide that enhances expression of the immunosuppressive
maolecule. In some embodiments, the tolerogenic factor comprises nucieic acid encoding an
cnhancer of the immunosuppressive molecule. In some embodiments, the tolerogenic factor
inhibits a negative regolator of an immunosuppressive molecule.

{6154] In some embodiments, the tolerogenic factor inhibits expression and/or activity of an
inflammatory molecule. In some cmbodiments, the inflammatory molecule is an inflammatory
transcription factor. In some embodiments, the tolerogenic factor inhibits the inflammatory
transcripion factor. In some embodiments, the tolerogenic factor decreases expression of an
inflammmatory transcription factor. In some embodiments, the inflammatory transcription factor
is NF-xB, an interferon regulatory factor (IRF), or a molecule associated with the JAK-STAT
signaling pathway. The NF-«B pathway is a prototypical proinflammatory signaling pathway
that mediates the expression of proinflanumatory genes including cytokines, chemokines, and
adhesion molecules. Interferon regulatory factors (IRFs) constitute a family of transcription
factors that can regulate the expression of proinflamamatory genes. The JAK-STAT signaling
pathway transmits information from extracellular cytokine signals to the nucleus, resulting in
DNA transcription and expression of genes involved in immune cell proliferation and
differentiation. The JAK-STAT systern consists of a cell surface receptor, Janus kinases (JAKs),
and Signal Transducer and Activator of Transcription (STAT) proteins. Exemplary JAK-STAT
molecules include, without limitation, JAK1, JAKZ, JAK 3, Tyk2, STATI, STAT2, STAT3,
STAT4, STATS (STATSA and STATSB), and STAT6. In some embodiments, the tolerogenic
factor enhances expression of a suppressor of cytokine signaling (SOCS) protein. SOCS proteins
may inhibit signaling through the JAK-STAT pathway. In some embodiments, the tolerogenic

factor inhibits the expression of a nucleic acid encoding the inflanunatory transcription factor. In
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some embodiments, the tolerogenic factor deletes a nucleic acid encoding the inflammatory
transcription factor. In some erabodiments, the tolerogenic factor increases the activity of a
transcriptional regulator that suppresses expression of the inflamatory transcription factor. In
some embodiments, the tolerogenic factor increases the activity of a protein inhibitor that
suppresses expression of the inflanumatory transcription factor. In some cmbodiments, the
tolerogenic factor corprises nucleic acid encoding a suppressor of the inflammatory
transcription factor.

[6155] In some embodiments, the tolerogenic factor enhances expression and/or activity of an
anti-inflaromatory molecule. In some embodiments, the anti-inflammatory molecule is an anti-
inflammatory transcription factor. In some embodiments, the tolerogenic factor enhances the
anti-inflammatory transcription factor. In some embodiments, the tolerogenic factor increases
cxpression of an anti-inflammatory transcription factor. In some cmbodiments, the tolerogenic
factor enhances expression of nucleic acid encoding the anti-inflammatory transeription factor.
In some embodiments, the tolerogenic factor decreases the activity of a ranscriptional regulator
that suppresses expression of the anti-inflammatory transcription factor. In some embodiments,
the tolerogenic factor decreases the activity of a protein inhibitor that suppresses expression of
the anti-inflammatory transeription factor. In some embodiments, the tolerogenic factor
comprises nucleic acid encoding an enhancer of the anti-inflaromatory transcription factor.
{6156] In some embodiments, the tolerogenic factor comprises a nucleic acid. In some
embodiments, the tolerogenic factor is a mucleic acid. Exemplary nucleic acids inclode, without
limitation, recombinant nucleic acids, BNA, recombinant DNA, ¢cDNA, genomic DNA, RNA,
siRNA, mRNA, saRNA, miRNA, IncRNA, t(RNA, guide RNA, and shRNA. In some
cmbodiments, the nucleic acid is homologous to a nucleic acid in the cell. In some embodiments,
the nucleic acid is heterologous to a nucleic acid in the cell. In some embodiments, the
tolerogenic factor is a plasmid. In some embodiments, the nucleic acid is a therapeutic nucleic
acid. In some embodiments, the nucleic acid encodes a therapeutic polypeptide. In some
embodiments, the tolerogenic factor comprises a nucleic acid encoding sSiRNA, mRNA, miRNA,
IncRNA, tRNA, or shRNA. For example, the tolerogenic factor can include siRNA to knock
down expression of inflarmmarory genes. In some embodiments, the tolerogenic factor is a DNA
sequence that binds NF«B and prevents NF«B activation and downstream signaling.

{6157} In some embodiments, the tolerogenic factor comprises a polypeptide. In some

cmbodiments, the tolerogenic factor s a polypeptide. [n some embodiments, the protein or
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polypeptide is a therapeutic protein, antibody, fusion protein, antigen, synthetic protein, reporter
marker, or sclectable marker. In some embodiments, the protein is a gene-cditing protein or
nuclease such as a zine-finger nuclease (ZFN), transcription activator-like effector nuclease
(TALEN), mega nuclease, CRE recombinase, transposase, CAS9 enzyme, or infegrase enzyme.
In some embodiments, the fusion proteins can include, without tunitation, chimeric protein drugs
such as antibody drug conjugates or recormbinant fusion proteins such as proteins tagged with
GST or streptavidin. In some embodiments, the compound is a transcription factor. Exemplary
transcription factors include, without limitation, OctS, Sox2, c-Myc, Kif-4, T-bet, GATAS,
FoxP3, and RORyt. In some embodiments, the polypeptide is L4, HL.-10, 11.-13, 11.-35, IFNg,
or TGFR. In some embodiments, the polypeptide is a therapeutic polypeptide. In some
cmbodiments, the polypeptide is a fragment of a therapeutic polypeptide. In some embodiments,
the polypeptide is a peptide nucleic acid (PNA).

{6158] In some embodiments, the tolerogenic factor comprises a protein-nucieic acid complex.
In some embodiments, the tolerogenic factor is a protein-nucleic acid complex. In some
cmbodiments, protein-nucleic acid complexes, such as clustered regularly interspaced short
palindromic repeats (CRISPR}-CasY, are used in genome editing applications. These complexes
contain sequence-specific DNA-binding domains in combination with nonspecific DNA
cleavage nucleases. These complexes enable targeted genome editing, including adding,
disrupting, or changing the sequence of a specific gene. In some embodiments, a disabled
CRISPR is used to block or induce transcription of a target gene. In some embodiments, the
tolerogenic factor contains a Cas9 protein and a guide RNA or donor DNA. In some
cmbodiments, the tolerogenic factor includes a nucleic acid encoding for a Cas9 protein and a
guide RNA or donor DNAL In some embodiments, the gene editing complex targets expression
of a costimulatory molecule {e.g., CD80 and/or CDEG).

{6159] In some embodiments, the tolerogenic factor comprises a chimeric antigen receptor
{(CAR). In some embodiments, the tolerogenic factor is a chimeric antigen receptor (CAR). In
some embodiments, the CAR is a fusion of an extracellular recognition domain (e.g., an anfigen-
binding domain}, a transmembrane domain, and one or more intracelular signaling domains.
Upon antigen engagement, the intracellular signaling portion of the CAR can initiate an
immunosuppression or tolerogenic-related response in an tromune cell. In some emmbodiments,
the CAR is a chimeric T-cell antigen receptor. In some embodiments, the CAR antigen-binding

domain is a single-chain antibody variable fragment (scFv). In some embodiments, the
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tolerogenic factor encodes a modified TCR containing cytoplasmic signaling domains that
trigger production of immunosuppressive cytokines upon binding to antigen. In some
cmbodiments, the tolerogenic factor encodes a chimeric antigen receptor containing cytoplasmic
signaling domains that tigger production of immunosuppressive cytokines upon binding to
antigen.

{8160] In some embodiments, the tolerogenic factor comprises a small molecule. In some
embodiments, the tolerogenic factor is a small molecule. In some embodiments, the smali
molecule inhibits the activity of a costimulatory molecule, enhances the activity of a co-
inhibitory molecule, and/or inhibits the activity of an inflammmatory molecule. Exemplary small
molecules include, without imitation, pharmaceutical agents, metabolites, and radionuclides or
radionuclide-containing molecules. In some embodiments, the pharmaceutical agent is a
therapeutic drug and/or cytotoxic agent. In some embodiments, the compound comprises a
nanoparticle. Examples of nanoparticles include gold nanoparticles, quantum dots, carbon
nanotubes, nanoshells, dendrimers, and liposomes. In some embodiments, the nanoparticle
contains or is linked (covalently or noncovalently) to a therapeutic molecule. In some
cmbodiments, the nanoparticle contains a nucleic acid, such as mRNA or cDNA.

{0161} In certain aspects, the invention provides methods for delivering a tolerogenic factor into
an immune cell, the method comprising passing a cell suspension comprising the immune cell
through a constriction, wherein said constriction deforms the immune cell, thereby causing a
perturbation of the cell such that the tolerogenic factor enters the cell, wherein said cell
suspension is contacted with the tolerogenic factor. In some embodiments, the tolerogenic factor
is delivered to the tonmne cell in vitro, ¢x vivo, or in vivo.

{6162] In some embodiments, the compound to deliver is purified. {n some embodiments, the
compound is at least about 60% by weight (dry weight) the compound of interest. In some
cmbodiments, the purified compound is at least about 75%, 90%, or 99% the compound of
interest. In some embodiments, the purified compound is at feast about 90%, 91%, 92%, 93%,
94%, 95%, 98%, 99%, or 100% (wiw) the compound of interest. Purity is determined by any
known methods, including, without limitation, column chromatography, thin layer
chromatography, HPLC analysis, NMR, mass spectrometry, or SDS-PAGE. Purified DNA or
RNA is defined as DNA or RNA that is free of exogenous nucleic acids, carbohydrates, and

lipids.
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{6163} In some embeodiments, the compound is an intermediate compound. The intermediate
compound may be a molecular entity that is formed from preceding intermediates and reacts
further to give the final reaction product. In some embodiments, the intermediate compound is a
protein precursor, or pro-protein, that is cleaved by an enzyme w produce the manire, functional
form of the protein. In some embodiments, the intermediate corapound is an inactive enzyme
precursor, or Zymogen, that requires modification or cleavage to produce the active enzyme.

X. APPLICATIONS

{0164] In some aspects, the invention provides methods of treating a patient by introducing an
immune cell, modified by passing through a constriction such that a compound enters the cell, to
the patient. In some embodiments, the treatment comprises multiple (suchas any of 2, 3,4, 5, 6,
or more) steps of introducing such modified immune cells to the patient. In some embodiments,
the cell is isolated from a patient, modified according to the methods disclosed, and introduced
back into the patient. For example, a population of immune cells is isolated from a patient,
passed through the constriction to achieve delivery of a compound, and then re-infused into the
paticnt to augment a therapeutic immune response. In some embodiments, the cell is isolated
from an individual, modified according to the disclosed methods, and introduced back into the
individual. For example, a population of immane cells is isolated from an individual, passed
through the constriction to achieve delivery of a compound, and then re-infused into the patient
to suppress an tmmune response or induce tolerance in the individual.

{8165] In some embeodiments, the invention provides methods of treating an individual by
introducing the ccll, modified by passing through a constriction such that a compound enters the
cchl, to the individual. In some embodiments, the cell is an autologous cell. For example, the
immune cell is isolated from an individual (e.g, a patient), modified according to the methods
disclosed, and introduced back into the individual. In some embodiments, the cell is isolated
from an individual, modificd according to the disclosed methods, and introduced back into the
same individual. In some embodiments, the cell is an allogeneic cell. For example, the cell is
isolated from a different individual, modified according to the methods disclosed, and
introduced inte the first individual {e.g., the patient). In some embodiments, a pool of cells from
multiple individuals s modified according to the methods disclosed, and infroduced into the first
individual (e.g., the patient). In some embodiments, the cell is isolated from an individual,
madified according to the disclosed methods, and introduced into a different individual. In some

cmbodiments, a population of cells is isolated from an individual (the patient) or different
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individual, passed through the constriction to achieve delivery of a compound that induces de
novo antibody production, and then infused into a patient to augment a therapeutic respouse.
{6166] In some embodiments, the treatment comprises multiple (such as any of 2, 3, 4, 5, 6, or
more) steps of administering modified immune cells as described herein to the individual. For
cxample, in some embodiments, there is provided a method of treating an individual by
administering a cell, modified by passing through a constriction such that a comspound enters the
cell, to the individual 2, 3, 4, 5, 6, or more times. In some embodiments, the duration of ime
between any two consccutive administrations of the cell is at least about 1 day (such as at least
about any of 2 days, 3 days, 4 days, S days, 6 days, 1 week, 2 weeks, 3wecks, 1 month, 2
months, 3 months, 4 months, S months, 6 wonths, 7 mwonths, 8 onths, 9 moonths, 10 months, 11
months, 1 year, or longer, including any ranges between these values).

{6167] Any of the methods described above are carried out in vitro, ex vivo, or in vivo. For in
vivo applications, the device may be toplanted in a vascular lumen, e.g., an in-line stent in an
artery or vein. In some embodiments, the methods are used as part of a bedside system for ex-
vivo treatment of patient cells and tnmediate reintroduction of the cells into the patient. Such
methods could be emploved as a means of suppressing an tonune response or indacing
tolerance in an individeal. In some embodiments, the method can be mmplemented in a typical
hospital laboratory with a minimally trained technician. In some embodiments, a patient
operated treatment system can be used. In some embodiments, the method is implemented using
an in-line blood weatment system, in which blood is directly diverted from a patient, passed
through the constriction, resulting in compound delivery to blood cells, and directly transfused
back into the patient after treatment.

XE  SYSTEMS AND KITS

[0168] In some aspects, the invention provides a system comprising the constriction, cell
suspension, and compound for use in the methods disclosed herein. The system can include any
embodiment described for the methods disclosed above, including microfluidic channels or a
strface having pores to provide celi-deforming constrictions, cell suspensions, cell pertrbations,
delivery parameters, compounds, and/or applications eic. In some embodiment, the cell-
deforming constrictions are sized for delivery to immune cells. In some embodiments, the
delivery parameters, such as operating flow speeds, cell and compound concentration, velocity

of the cell in the constriction, and the composition of the cell suspension {¢.g.. osmolarity, salt
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concentration, serum content, ccll concentration, pH, ctc.} are optimized for maximum response
of a compound for suppressing an immune response or inducing tolerance.

{6169] Also provided are kits or articles of manufactire for use in delivering a compound to
suppress an tmmune response or induce tolerance. In some embodiments, the kits comprise the
cornpositions described herein {e.g. a microfluidic chanue! or surface containing pores, cell
suspensions, and/or compounds) in suitable packaging. Suitable packaging roaterials are known
in the art, and include, for example, vials (such as sealed vials), vessels, ampules, bottles, jars,
flexible packaging (c.g., sealed Mylar or plastic bags), and the like. These articles of
mamfacture may further be sterilized and/or sealed.

{6178] The invention also provides kits comprising components of the methods described herein
and may further comprise instruction(s} for performing said methods to suppress an immune
response or induce tolerance. The Kits described herein may further include other materials,
including other buffers, diluents, filters, needles, syringes, and package inserts with instructions
for performing any methods described herein; e.g., instructions for suppressing an immune
response or inducing tolerance.

XH. EXEMPLARY EMBODIMENTS

{6171} Embodiment 1. A method for inducing tolerance to an antigen in an individual, the
method comprising:

a. passing a cell suspension comprising an immune cell through a constriction, wherein
said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the timmune cell; and

b. introducing the immune cell into the individual, wherein the invmune cell is a
tolerogenic immune cell, and wherein presentation of said antigen induces tolerance to the
antigen.

{8172] Embodiment 2. A method for inducing tolerance to an antigen in an individual, the
method comprising:

a. passing a cell suspension comprising an immune cell through a constriction, wherein
said constriction deforms the cell, causing a pertfurbation of the celi such that an antigen and a
tolerogenic factor contacted with the ccll enter the immune cell, thereby gencrating a tolerogenic
immune cell comprising the antigen; and

b. introducing the tolerogenic immune cell into the individual,

wherein presentation of said antigen induces tolerance to the antigen.

58



WO 2017/192786 PCT/US2017/030933

{6173} Embodiment 3. A method for suppressing an imnmune response {0 an antigen in an
individual, the method comprising:

a. passing a cell suspension comprising an immune cell through a constriction, wherein
said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the immune cell; and

b. introducing the iromune cell into the individual,

wherein the immune cell is a tolerogenic immune cell, and wherein presentation of said antigen
SUppresses an immune response to the antigen.

{6174] Embodiment 4. A method for suppressing an iamune response {0 an antigen in an
individual, the method comprising:

a. passing a cell suspension comprising an immune cell through a constriction, wherein
said constriction deforms the ccll, causing a perturbation of the cell such that an antigen and a
tolerogenic factor contacted with the cell enter the immune cell, thercby generating an
immunosuppressive immune cell comprising the antigen; and

b. introducing the immunosuppressive immune ccl into the individual,

wherein presentation of said antigen suppresses an immune response to the antigen.

{6175} Embodiment 5. A method for inducing tolerance to an antigen in an individual, the
method comprising introducing a tolerogenic immune ccll comprising the antigen into the
individual, wherein presentation of said antigen induces tolerance to the antigen, and wherein the
antigen was introduced to the tolerogenic immuine cell by passing the tolerogenic immune cell or
a precursor thereof through a constriction, wherein said constriction deformed the ccll thereby
causing a perturbation of the cell such that the antigen cntered the tolerogenic immune cell or
precursor thereof.

{6176} Embodiment 6. A method for inducing tolerance to an antigen in an individual, the
method comprising introducing a tolerogenic immune cell comprising the antigen and a
tolerogenic factor into the individual, wherein presentation of said antigen induces tolerance to
the antigen, and wherein the antigen and the tolerogenic factor were introduced to the
tolerogenic immwne cell by passing the tolerogenic immune cell or a precursor thereof through a
constriction, wherein said constriction deformed the cell thereby causing a perturbation of the
cell such that the antigen and the tolerogenic factor entered the tolerogenic immune cell or

precursor thereod.
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{6177] Embodiment 7. A method for suppressing an imnmune response {0 an antigen in an
individual, the method comprising introducing an imynunosuppressive imynune cell comprising
the antigen into the individual, wherein presentation of said antigen suppresses an imnune
response to the antigen, and wherein the antigen was introduced to the immunosuppressive
immune cell by passing the immunosuppressive immune cell or a precursor thereof through a
constriction, wherein said constriction deformed the cell thereby causing a perturbation of the
cell such that the antigen entered the immunosuppressive immuone cell or precursor thereof.
{6178] Embodiment 8. A method for suppressing an imnmune response {0 an antigen in an
individual, the method comprising introducing an imynunosuppressive imynune cell comprising
the antigen and a tolerogenic factor into the individual, wherein presentation of the antigen
suppresses an immune response to the antigen, and wherein the antigen and the tolerogenic
factor were introduced to the immunosuppressive immune ccll by passing the
immunosuppressive immune cell or a precursor thereof through a constriction, wherein said
constriction deformed the cell thercby causing a perturbation of the cell such that the antigen and
the tolerogenic factor entered the immunosuppressive immune cell or precursor thereof,

{6179] Embodiment 9. A method for generating a tolerogenic imumune cell, the method
comprising passing a cell suspension comprising an immune cell through a constriction, wherein
said constriction deforms the coll thereby causing a perturbation of the cell such that a
tolerogenic factor contacted with the cell enters the immune cell, thereby generating the
tolerogenic immune cell.

{0180] Embodiment 10. A method for generating an immunosuppressive immune celi, the
method comprising passing a cell suspension comprising an immune cell through a constriction,
wherein said constriction deforms the cell thereby causing a perturbation of the cell such that a
tolerogenic factor contacted with the cell enters the immune cell, thereby generating the
immunesuppressive immune cell.

[3181] Embodiment 11. The method of embodiment 9 or 10, wherein said constriction deforms
the cell thereby causing a perturbation of the cell such that a tolerogenic factor and an antigen
contacted with the cell enter the immmune cell.

{31821 Embodiment 12. The method of embodiment 9 or 10, wherein the immune cell is further
passed through a second constriction, and wherein said second constriction deforms the cell
thereby causing a perturbation of the cell such that an antigen contacted with the cell enters the

immune cell.
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{6183} Embodiment 13. The method of any one of embodiments 9-12, wherein the immune cell
is an antigen-presenting cchl.

{6184] Embodiment 14. A method of generating a tolerogenic antigen-presenting cell
comprising an antigen, wherein a tolerogenic antigen-presenting cell is passed through a
constriction, and wherein said constriction deforms the cell, causing a perturhation of the cell
such that an antigen contacted with the cell enters the antigen-presenting cell.

{0185] Embodiment 15. A method of generating an immunosappressive antigen-presenting cell
compeising an antigen, wherein an immunosuppressive antigen-presenting cell is passed through
a constriction, wherein said constriction deforms the ccll, causing a perturbation of the cell such
that an antigen contacted with the cell enters the antigen-presenting cell.

[0186]

{0187] Embodiment 16. A method for delivering a tolerogenic factor that generaies a tolerogenic
phenotype into an immune cell, the method comprising passing a cell suspension comprising the
immune cell through a constriction, wherein said constriction deforms the immune cell, causing
a perturbation of the cell such that the tolerogenic factor can enter the cell, and contacting said
cell suspension with the tolerogenic factor, wherein the tolerogenic factor inhibits expression
and/or activity of an immunostimulatory agent, enhances expression and/or activity of an
immunosuppressive molecule, inhibits expression and/or activity of an inflammatory molecule,
and/or enhances expression and/or activity of an anti-inflanunatory molecule.

{0188] Embodiment 17. A method for delivering an antigen into a tolerogenic immune cell, the
method comprising passing a cell suspension comprising the tolerogenic immune cell through a
constriction, wherein said constriction deforms the tolerogenic immune cell, causing a
perturbation of the cell such that the antigen can enter the cell, and contacting said cell
suspension with the antigen.

{0189] Embodiment 18. A method tor delivering a tolerogenic factor that generates an
immunosuppressive phenotype into an immune cell, the method comprising passing a cell
suspension comprising the immune cell through a constriction, wherein said constriction
deforms the immune cell, causing a perturbation of the cell such that the tolerogenic factor can
cnter the cell, and contacting said cell suspension with the tolerogenic factor, wherein the
tolerogenic factor inhibits expression and/or activity of an immunostimulatory agent, enhances

expression and/or activity of an immunosuppressive molecule, inhibits expression and/or activity
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of an inflammatory molecule, and/or enhances expression and/or activity of an anti-
inflammatory molecule.

{6198] Embodiment 19. A method for delivering an antigen into an immuonosuppressive inmune
cell, the method comprising passing a cell suspension comprising the immuanosuppressive
immune cell through a constriction, wherein said constriction deforms the immunosuppressive
immune cell, causing a perturbation of the cell such that the antigen can enter the cell, and
contacting said cell suspension with the antigen.

{6121] Embodiment 20. A methoed for suppressing an tmamune response [0 an antigen in an
individual, comprising:

a. passing a first cell suspension comprising a first immune cell through a constriction,
wherein said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the immune cell,

b. passing a second cell suspension comprising a second immune cell through a
constriction, wherein said constriction deforms the cell, causing a perturbation of the ccll such
that a tolerogenic factor contacted with the ccll enters the immune cell, thereby generating an
immunosuppressive irnmune cell; and

C. introducing the first immune cell and second immune cell into the individual,

wherein presentation of said antigen suppresses an immune response to the antigen.

{6192] Embodiment 21. The method of embodiment 20, wherein presentation of said antigen by
said first or second immune cell suppresses an immune response to the antigen.

{6393] Embodiment 22. The method of embodiment 20, wherein the second immune cell
confers an immunosuppressive phenotype on the first immune cell, thereby generating an
immunosuppressive first imrmune cell, and wherein presentation of said antigen by said
immunosuppressive {irst immune cell suppresses an e response to the antigen.

{0194] Embodiment 23. A method for inducing tolerance to an antigen in an individual,
comprising:

a. passing a first cell suspension comprising a first immune cell through a constriction,
wherein said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the timmune cell,

b. passing a second cell suspension comprising a second immune cell through a

constriction, wherein said constriction deforms the cell, causing a perturbation of the cell such
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that a tolerogenic factor contacted with the ccll enters the immune celi, thereby generating a
tolerogenic imnwne cell; and

C. introducing the first immune cell and second iromumne cell into the individual, wherein
presentation of said antigen suppresses an wnmune response to the antigen.

{8195] Embodiment 24. The method of embodiment 23, wherein presentation of said antigen by
said first or second {iromume ccll induces tolerance to the antigen.

{6196 Embodiment 25, The method of embodiment 23, wherein the second immmine cell
confers a tolerogenic phenotype on the first immune cell, thereby generating a tolerogenic first
immune cell, and wherein presentation of said antigen by said tolerogenic first inunune cell
induces tolerance to the antigen.

{6197] Embodiment 26. The method of any one of embodiments 20-25, wherein the first
immune cell and the second immune cell are introduced into the individual simultancously.
{6198] Embodiment 27. The method of any one of embodiments 20-25, wherein the first
immune cell and the second immune cell are introduced inéo the individual sequentially.

{6199] Embodiment 28. The method of any one of embodiment 1, 2, 5,6, 9, 11-14, 16, 17, and
23-27, wherein the tolerogenic immune cell or a precursor thereof has not been contacted with
an adjuvant.

{0260] Embodiment 29. The methed of any one of embodimenis 3, 4, 7, 8, 10-13, 15, 18-22, 26,
and 27, wherein the immunosuppressive immune cell or a precursor thercof has not been
contacted with an adjuvant.

16201} Embodiment 30. The method of embodiment 28 or 29, wherein the adjuvant is selected
frora the group consisting of TLR3 and RLR ligands, TLR4 ligands, TLRS ligands, TLR7/8
ligands, TLRS ligands, NOD2 ligands, alurn, water-in-oil emulsions, thil.-2, anti-CD40, CD40L,
[E-12, and cyclic dinacleotides.

{6202] Embodiment 31. The method of any one of enbodiments 1, 2, 5, 6, 9, 11-14, 16, 17, and
23-28, wherein the tolerogenic immune cell comprises a reduced ability to provide one or more
costimulatory signals as compared to a non-tolerogenic precursor of the tolerogenic immune
cell.

{6203] Embodiment 32. The method of any one of embodiments 3, 4, 7, 8, 10-13, 153, 18-22, 26,
27, and 29, wherein the immunosuppressive immune cell comprises a reduced ability to provide
one or morce costimulatory signals as compared {0 a non-immunosuppressive precursor of the

immunesuppressive immune cell.
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{6204] Embodiment 33, The method of embodiment 31 or 32, wherein the one or more
costimulatory signals arc mediated by a molecule selected from the group consisting of C40,
CDRO, CDE6, CDS54, CDE3, CDT79, and ICOS ligand.

{62053] Embodiment 34. The method of any one of embodiments {, 2, 5, 6,9, 11-14, 16, 17, 23-
28, and 31, wherein the tolerogenic immune cell comprises a reduced ability to provide one or
more inflammatory signals as compared to a non-tolerogenic precursor of the tolerogenic
immune cell.

16206] Embodiment 35. The method of any one of embodiments 3, 4, 7, 8, 10-13, 15, 18-22, 26,
27, 29, and 32, wherein the immunosuppressive immune cell comprises a reduced ability to
provide one or more inflammatory signals as compared to a non-imnumosuppressive precursor
of the immunosuppressive immune cell.

{02071 Embodiment 36. The method of embodiment 34 or 35, wherein the one or more
inflarmmatory signals are mediated by a molecule selected from the group consisting of
interleukin-1 (JL-1), IL-12, IL-18&, tumor necrosis factor (TNF), interferon gamma (IFN-
gamma), granulocyte-macrophage colony stimulating factor (GM-CSE), NF-B, an interferon
regulatory factor (IRF), and a molecule associated with the JAK-STAT signaling pathway.
{6208] Embodiment 37. The method of any one of embodiments 2, 4, 6, 8-11, 16, 18, 20, and
23, wherein the tolerogenic factor inhibits expression and/or activity of an immunostimulatory
agent, enhances expression and/or activity of an immunosuppressive molecule, inhibits
expression and/or activity of an inflarnmatory molecule, and/or enhances expression and/or
activity of an anti-inflamematory molecule.

{6209] Embodiment 38. The method of any one of embodiments 1, 2, 5, 6, 11-14, 17, 23-2¥, and
31, wherein the antigen is presented by the tolerogenic e cell.

{6218] Embodiment 39. The method of any one of embodiments 3, 4, 7, 8, 11-13, 15, 19-22, 26,
27,29, and 32, wherein the antigen i8 presented by the tmmunosuppressive inmaune cell.

{6211] Embodiment 40. The method of any one of embodiments 2, 6, 9, 11-13, 16, 23-28, and
31, wherein tolerance to at least one other antigen is induaced.

{6212} Embodiment 41. The method of any one of embodiments 4, 8, 10-13, 18, 20-22, 26, 27,
29, and 32, wherein an tmpiune response o at least one other antigen is suppressed.

{6213] Embodiment 42. The method of any one of embodiments 1-§, 11, 12, 14, 15, 17, 19, and

20-25, wherein at least one additional antigen is introduced into the cell.
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{6214} Embodiment 43. The method of any one of embodiments 2, 4, 6, 8, 9-11, 16, 18, 20, and
23, wherein at least onc additional tolerogenic factor is introduced into the celk

{6215] Embodiment 44. A method for suppressing an immune response in an individual, the
method comprising:

a. passing a cell suspension comprising an inunune cell through a constriction, wherein
said constriction deforms the cell, causing a perturbation of the cell such that a cormnpound
encoding a nonfunctional cytokine binding protein contacted with the cell enters the immune
cell; and

b. introducing the immune cell into the individual,

wherein said nonfunctional cytokine binding protein is expressed, and wherein said
nonfunctional cytokine binding protein binds free inflaramatory cytokines.

{6216] Embodiment 45. The method of embodiment 44, wherein the nonfunctional cytokine
binding protein comprises a nonfunctional cytokine receptor.

162171 Embodiment 46. The method of embodiment 45, wherein the nonfunctional cytokine
receptor lacks cytoplasmic signaling domains.

{6218] Embodiment 47. The method of embodiment 44, whergin the nonfunctional cytokine
binding protein comprises a proteolytic site that cleaves the target cytokine.

{6219] Embodiment 48. The method of embodiment 44, wherein the nonfanctional cytokine
binding protein comprises an anti-cytokine antibody.

{6228] Embodiment 49. The method of embodiment 44, wherein the nonfunctional cytokine
binding protein comprises an anti-cyiokine B cell receptor.

{6221} Embodiment 50. The method of any one of emmbodiments 1-7 and 20-44, wherein the
immune cell is from the individoal.

{6222] Embodiment 51. The method of any one of embodiments {-7 and 20-44, wherein the
immune cell is from a different individual.

{6223] Embodiment 52. The method of any one of embodiment 1-51, wherein the constriction is
contained within a microfluidic channel.

{16224} Embodiment 53. The method of any one of embodiment 1-51, wherein the constriction is
a pore or contained within a pore.

{6225] Embodiment 54. The method of embodiment 53, wherein the pore is contained in a
sutface.

{0226] Embodiment 53, The method of embodiment 54, wherein the surface is a filter.
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{6227] Embodiment 56. The method of embodiment 54, wherein the surface is a membrane.
{6228] Embodiment 57. The method of any one of embodiments 1-56, wherein the constriction
size is a function of the diameter of the immune cell.

{6229] Embodiment 58. The method of any one of embodiments 1-537, wherein the constriction
size is about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 8%, about
90%, or about 99% of the cell diameter.

{6230] Embodiment 59. The method of any one of embodiments 1-58, wherein the channel
comprises a constriction length of about 10 pm and a constriction width of about 4 pm.

{6231] Embodiment 60. The method of any one of embodiments 1-59, wherein the pore size is
about 0.4um, about 3um, about 4um, about Sum, about 8um, about 10um, about 12um, or about
14pm.

{6232] Embodiment 61. The method of any one of embodiments 1-60, wherein the method is
performed between about -3°C and about 45°C.

162331 Embodiment 62. The method of any one of embodiments 1-4, 9, 10, and 16-61, wherein
the cell suspension comprises a mixed cell population.

{6234] Embodiment 63. The method of embodiment 62, whergin the cell suspension is whole
blood.

{62358} Embodiment 64. The method of embodiment 62, wherein the cell suspension comprises
peripheral blood mononuclear cells.

{6236] Embodiment 65. The method of any one of embodiments 1-4, 9, 10, and 16-61, wherein
the cell suspension comprises a purified cell population.

{62371 Embodiment 66. The method of any one of embodiments 1-4, 9, 10, and 16-65, wherein
the cell suspension comprises mammalian cells.

{6238] Embodiment 67. The method of any one of embodiments 1-4, 8, 10, and 16-66, wherein
the cell suspension comprises monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit
cells.

{6239] Embodiment 68. The method of any one of embodiments 1-4, 9, 10, and 16-66, whetein
the cell suspension comprises human cells.

{6240] Embodiment 69. The method of any one of embodiments 1-4, 9, 10, and 16-65, wherein

the cell suspension comprises non-marnmalian cells.
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{6241} Embodiment 70. The method of any one of embodiments 1-4, 9, 10, 16-65, and 69
wherein the cell suspension comprises bacteria, yeast, chicken, frog, insect, fish, or nematode
cells.

{6242] Embodiment 71. The method of any one of embodiments 1-13 and 16-68, wherein the
tmmune cell is a mammalian cell.

{6243] Embodiment 72. The method of any one of embodiments 1-13, 16-68, and 71 wherein
the tmmune celf is a monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cell.

{6244} Embodiment 73. The method of any one of embodiments 1-13, 16-68, and 71, wherein
the tmmune cell is a buman cell.

{6245] Embodiment 74. The method of any one of embodiments 1-13 and 16-73, wherein the
immune cell is a T cell, B cell, dendritic cell, monocyte, macrophage, NK cell, innate lymphoid
cell, neutrophil, basophil, cosinophil, myeloid derived suppressor cell, or mast cell.

{6246] Embodiment 75. The method of any one of embodiments 14, 15, and 50-74, wherein the
antigen-presenting cell is a maromalian cell.

{62471 Embodiment 76. The method of any one of embodiments 14, 15, and 50-75, wherein the
antigen-presenting cell is a monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cell.
{6248] Embodiment 77. The method of any one of embodiments 14, 15, and 50-75, wherein the
antigen-presenting cell is a human cell.

{3249] Embodiment 78. The method of any one of embodiments 14, 15, and 50-77, wherein the
antigen-presenting cell is a T cell, B cell, dendritic cell, monocyie, macrophage, NK cell, innate
Iymphoid cell, neutrophil, basophil, eosinophil, myeloid derived suppressor cell, or mast cell.
{6256¢] Embodiment 79. The method of any one of embodiments 1-15, 20-43, and 50-78,
wherein the antigen is a foreign antigen.

{6251] Embodiment 80. The method of any one of embodiments 1-15, 20-43, and 50-7§,
wherein the antigen is a self-antigen.

{6252] Embodiment 81. The method of any one of embodiments 1-15, 20-43, and 50-78,
wherein the antigen is an allograft ransplantation antigen.

16253} Embodiment 82. The method of any one of embodiments 1-15, 20-43, and 50-78,
wherein the antigen is a protein or polypeptide.

{6254] Embodiment 83. The method of any one of embodiments 1-15, 20-43, and 50-78,

wherein the antigen is a lysate.
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{6255] Embodiment 84. The method of any one of embodiments 1-15, 20-43, and 50-83,
wherein the antigen is a modificd antigen.

{6256] Embodiment 85. The method of embodiment 84, wherein the modified antigen comprises
an antigen fused with a therapeutic agent.

{0257] Embodiment 6. The method of embodiment 84, wherein the modified antigen comprises
an antigen fused with a targeting peptide.

{6258] Embodiment 87. The method of any one of embodiments 1-4, 9, 10, and 16-86 wherein
said cell suspension is contacted with the antigen before, concurrently, or after passing through
the constriction.

{6259] Embodiment 88. The method of any one of embodiments 1-43 and 53-87, wherein the
tolerogenic factor inhibits the activity of a costimulatory molecule.

{6260] Embodiment 9. The method of any one of embodiments 1-43 and 50-88, wherein the
tolerogenic factor decreases expression of a costimulatory molecule.

16261} Embodiment 90. The method of any one of embodiments 1-43 and 58-89, wherein the
tolerogenic factor deletes nucleic acid that modulates expression of a costimulatory molecule.
{6262] Embodiment 91. The method of any one of embodiments 1-43 and 50-88, wherein the
tolerogenic factor imhibits a costimulatory molecule.

{6263] Embodiment 92. The method of any one of embodiments 1-43 and 53-91, wherein the
tolerogenic factor increases the activity of a transcriptional regulator that suppresses expression
of a costimulatory molecule.

16264} Embodiment 93. The method of any one of embodiments 1-43 and 58-91, wherein the
tolerogenic factor increases the activity of a protein inhibitor that suppresses expression of a
costirnulatory molecule.

{6265] Embodiment 94. The method of any one of embodiments 1-43 and 50-88, wherein the
tolerogenic factor comprises nucleic acid encoding a suppressor of the costimulatory molecule.
{6266] Embodiment 95. The method of any one of embodiments 88-94, wherein the
costimuiatory molecule is CD80 or CD&6.

162671 Embodiment 96. The method of any one of embodiments 1-43 and 58-95, wherein the
tolerogenic factor enhances the activity of an tmonwnosuppressive factor.,

{0268] Embodiment 97. The method of embodiment 96, wherein the immunosuppressive factor

is a co-inhibitory molecule, a transcriptional regulator, or an immunosuppressive molecule.
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10262 Embodiment 98. The method of any one of embodiments 1-43, 50-87, 96, and 97
wherein the tolerogenic factor enhances the activity of a co-inhibitory molecule.

{6278] Embodiment 99. The method of any one of embodiments 1-43, 50-87, and 96-98,
wherein the tolerogenic facior increases expression of a co-inhibitory molecule.

{6271] Embodiment 100. The method of any one of embodiments 1-43, 30-87, and 96-99,
wherein the tolerogenic factor encodes a co-inhibitory molecule.

{6272] Embodiment 101. The method of any one of embodiments 1-43, 50-87, and 96-100,
wherein the tolerogenic factor increases the activity of a co-inhibitory molecule.

{6273] Embodiment 102. The method of any one of embodiments 1-43, 50-87, and 96-98,
wherein the tolerogenic factor increases the activity of a transcriptional regulator that enhances
cxpression of a co-inhibitory molccule.

{6274] Embodiment 103. The method of any one of embodiments 1-43, 50-87, 96-98, and 102,
wherein the tolerogenic factor increases the activity of a polypeptide that increases expression of
a co-inhibitory molecule.

{6275] Embodiment 104. The method of any one of embodiments 1-43, 50-87, 96-98, and 102,
wherein the tolerogenic factor comprises mucleic acid encoding an evhancer of a co-inhibitory
molecule,

{6276] Embodiment 105. The method of any one of embodiments 97-104, wherein the co-
inhibitory molecule is PD-L1, PD-L2, or CTLA-4.

{62771 Embodiment 106. The method of any one of embodiments 1-43, 50-87, 96, and 97,
wherein the tolerogenic factor enhances the activity of the immunosuppressive molecule.
{6278] Embodiment 107. The method of any one of embodiments 1-43, 50-87, 96, 97, and 106,
wherein the tolerogenic factor increases expression of an romunosuppressive molecule.

{6279] Embodiment 108. The method of any one of embodiments 1-43, 50-87, 96, 97, and 106,
wherein the tolerogenic factor encodes an immunosuppressive molecule.

{6280] Embodiment 109. The method of any one of embodiments 1-43, 50-87, 96, 97, and 1086,
wherein the tolerogenic factor increases the activity of an immunosuppressive molecule.

16281} Embodiment 110. The method of any one of embodiments 1-43, 50-87, 96, 97, and 106,
wherein the tolerogenic factor increases the activity of a transcriptional regulator that cnhances

cxpression of an immunosuppressive molecule.
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16282 Embodiment 111. The method of any one of embodiments 1-43, 50-87, 96, 97, and 106,
wherein the tolerogenic factor increases the activity of a polypeptide that enhances expression of
an imrounosuppressive molecule.

{6283] Embodiment 112, The method of any one of embodiments 1-43, 50-87, 96, 97, and 106,
wherein the tolerogenic factor comprises nucleic acid encoding an enhancer of an
immunosuppressive molecule.

{06284] Embodiment 113. The method of any one of embodiments 97 and 106, wherein the
immunosuppressive molecule is ARGE, NO, NOS2, ID0, IL-4, 1L-10, IL-13, IL-33, [FNog, or
TGES.

{6285] Embodiment 114. The method of any one of embodiments 1-43 and 50-87, wherein the
tolerogenic factor inhibits the activity of an inflammatory molecule.

§16286] Embodiment 115. The method of embodiment 114, wherein the inflammatory molecule
is an inflammatory transcription factor.

[6287] Embodiment 116. The method of any one of embodiments 1-43, 50-87, 114, and 115,
wherein the tolerogenic factor inhibits an inflammatory transcription factor.

{6288] Embodiment 117. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor decreases expression of an inflamatory transcription factor.
{6289] Embodiment 118. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor deletes nucleic acid encoding an inflammmatory transcription
factor.

{6296] Embodiment 119, The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic facior increases the activity of a transcriptional regulator that suppresses
cxpression of an inflammatory transcription factor.

{6281] Embodiment 120. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor increases the activity of a protein inhibitor that suppresses
expression of an inflammatory transcription factor.

{6292] Embodiment 121. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor comprises nucleic acid encoding a suppressor of an inflammatory
transcription factor.

{6293] Embodiment 122. The method of any one of embodiments 115-121, wherein the
inflarmmatory transcription factor is NF-kB, an interferon regulatory factor, or a molecule

associated with the JAK-STAT signaling pathway.
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16294} Embodiment 123. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor decreases the production and/or secretion of one or more
inflammatory cytokines.

{32951 Embodiment 124. The method of embodiment 123, wherein the one or more
inflammatory cytokines arce selected from the group consisting of interleukin-1 (1L-1), [L-12,
and 11L-18, tumor necrosis factor (TNF), interferon garoma (JFN-gamma), and granulocyte-
macrophage colony stimulating factor (GM-CSF).

16296] Embodiment 125. The method of any one of embodiments 1-43, 50-87, and 114-116,
wherein the tolerogenic factor increases the production and/or secretion of one or more anti-
inflammatory cytokines.

{6297] Embodiment 126. The method of embodiment 125, wherein the one or more anti-
inflammatory cytokines arce selected from the group consisting of 1L.-4, 1L-10, 1L-13, 11.-35,
IFN-g and transforming growth factor-beta (TGEF).

16298 Embodiment 127. The method of any one of embodiments 1-43 and 50-87, wherein the
tolerogenic factor encodes a modified TCR containing cytoplasmic signaling domain that
triggers production of tronunosuppressive cytokines upon binding to antigen.

{6299] Embodiment 128. The method of any one of embodiments 1-43 and 50-87, wherein the
tolerogenic factor encodes a chimeric antigen receptor containing cytoplasmic signaling domains
that trigger production of immunosuppressive cytokines upon binding to antigen.

{6300] Embodiment 129. The method of any one of embodiments 1-43 and 50-128, wherein the
tolerogenic factor comprises a nucleic acid.

{6301} Embodiment 130. The method of any one of embodiments 1-43 and 50-129, wherein the
tolerogenic factor comprises a nucleic acid encoding siRNA, mRNA, miRNA, IncRNA, tRNA,
or shRNA.

{6302] Embodiment 131. The method of any one of embodiments 1-43 and 50-130, wherein the
tolerogenic factor 1s a plasmid.

{6303] Embodiment 132. The method of any one of embodiments 1-43 and 50-128, wherein the
tolerogenic factor comprises a protein-nucleic acid complex.

{6304] Embodiment 133. The method of any one of embodiments 1-43, 50-128, and 132

wherein the tolerogenic factor comprises a Cas9 polypeptide and a guide RNA or donor DNA.
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{6305] Embodiment 134, The method of any one of embodiments 1-43 and 50-129, wherein the
tolerogenic factor comprises nucleic acid encoding for a CasY polypeptide and a guide RNA or
donor DNA.

{6306] Embodiment 135. The method of any one of embodiments 1-43 and 50-128, wherein the
tolerogenic factor comprises a polypeptide.

[0387] Embodiment 136. The method of any one of embodiments 1-43, 50-128, and 135,
wherein the polypeptide is a nuclease, TALEN protein, Zinc finger nuclease, mega nuclease, or
CRE recombinase.

{6308] Embodiment 137. The method of any one of embodiments 1-43, 50-128, and 135,
wherein the polypeptide is a transposase ot integrase enzyme.

{6309] Embodiment 138. The method of any one of embodiments 1-43, 50-128, and 135,
wherein the polypeptide is an antibody.

[0318] Embodiment 139. The method of any one of embodiments 1-43, 50-128, and 135,
wherein the polypeptide is a transcription factor.

{6311} Embodiment 140. The method of any one of embodiments 1-43 and 50-128, wherein the
tolerogenic factor is a small molecule.

{6312] Embodiment 141. The method of any one of embodiments 1-43 and 50-128, wherein the
tolerogenic factor is a nanoparticle.

{6313] Embodiment 142. The method of any one of embodiments 1-43 and 30-141, wherein said
cell suspension is contacted with the tolerogenic factor before, concurrently, or after passing
through the constriction.

{6314] Embodiment 143. The method of any one of embodiments 3, 4, 7, 8, and 10-142,
wherein the immune response is suppressed by at least about 10%, about 15%, about 20%, about
25%, about 30%, about 40%, about 50%, about 60%, about 70%, about 75%, about 80%. about
90%, or about 160%.

{6315] Embodiment 144. The method of any one of embodiments 3, 4, 7, 8, and 10-143,
wherein the suppressed imimune response comprises decreased production and/or secretion of
one or more inflammatory cytokines.

{6316] Embodiment 145. The method of embodiment 144, wherein the one or more
inflammatory cytokines are selected from the group consisting of interleskin-1 (I1L-1), 1L-12,
and IL-18, umor necrosis factor (TNF}, interferon garmnma (IFN-gamma), and granulocyte-

macrophage colony stimulating factor (GM-CSF).
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{6317} Embodiment 146. The method of any one of embodiments 3, 4, 7, 8, and 10-143,
wherein the suppressed immune response comprises increased production andfor secretion of
one or more anti-inflammatory cytokines.

{3318} Embodiment 147. The method of embodiment 146, wherein the one or more anti-
inflammatory cytokines are selected from the group consisting of 1L.-4, 1L-10, 1L-13, 11.-35,
IFN-g and transforming growth factor-beta (TGEF).

{6319] Embodiment 148. The method of any one of embodiments 3, 4, 7, §, and 10-143,
wherein the suppressed imnune response comprises a decreased T cell response.

{6328] Embodiment 149. The method of embodiment 148, wherein the decreased T ccll
response comprises decreased T cell activation.

{6321] Embodiment 150. The method of any one of embodiments 148-149, wherein the
decreased T cell response comprises decreased T cell survival

{6322] Embodiment 151. The method of any one of embodiments 148-150, wherein the
decreased T cell response comprises decreased T cell profiferation.

{6323] Embodiment 152. The method of any one of embodiments 148-151, wherein the
decreased T cell response comprises decreased T cell functionality.

{6324] Embodiment 153. The method of any one of embodiments 3, 4, 7, 8, and 10-152,
wherein the suppressed immune response comprises an enhanced Treg response.

{6325] Embodiment 154. The method of any one of embodiments 3, 4, 7, 8, and 10-153,
wherein the suppressed immune response comprises a decreased B cell response.

{6326] Embodiment 155, The method of embodiment 154, wherein the decreased B cell
response comprises decreased antibody production.

{63271 Embodiment 156. The method of any one of embodiments 3, 4, 7, 8, and 10-155,
wherein the suppressed immune response comprises decreased cytokine production.
{6328] Embodiment 157. The method of any one of embodiments 3, 4, 7, 8, and 10-156,
wherein the suppressed iromune response comprises a decreased autoirnmune response.
{6329] Embodiment 158. The method of any one of embodiments 3, 4, 7, §, and 10-157,
wherein the suppressed imunune response comprises a decreased allergic response.

{6336¢] Embodiment 159. The method of any one of embodiments 1-15, 20-43, and 50-78,

wherein the antigen is an antigen associated with transplanted tissue.

~
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16331} Embodiment 160. The method of any one of embodiments 3, 4, 7, §, and 10-159,
wherein the suppressed inunune response comprises a decrcased immune response against the
transplanted tissue.

{6332] Embodiment 161. The method of any one of embodiments 1-15, 20-43, and 50-78,
wherein the antigen is associated with a virus.

{08333] Embodiment 162. The method of any one of embodiments 3, 4, 7, 8, and 10-161,
wherein the suppressed immune response comprises a decreased pathogenic immune response o
the virus.

{6334] Embodiment 163. The method of any one of embodiments 3, 4, 7, §, and 10-162,
wherein the suppressed inunune response comprises a decreased inunune response against a
therapeutic agent.

{6335] Embodiment 164. The method of any one of embodiments 3, 4, 7, 8, and 10-163,
wherein the suppressed iromune response comprises a decreased immune response against a
therapeutic vehicle.

{336] Embodiment 165. The method of any one of embodiments 1, 2, 5, 6, 23-43, and 50-142,
wherein the tolerance comprises decreased production and/or secretion of one or more
inflammatory cytokines.

{3337] Embodiment 166. The method of embodiment 165, wherein the one or more
inflarmmatory cytokines are selected from the group consisting of interleukin-1 (IL-1), IL-12,
and IL-~18, umor necrosis factor (TINF), interferon gamma (IFN-gamma), and granulocyte-
macrophage colony stimmulating factor (GM-CSF).

{338] Embodiment 167. The method of any one of embodiments 1, 2, 5, 6, 23-43, and 50-142,
wherein the tolerance comprises increased production and/or secretion of one or more anti-
inflammatory cytokines.

{3339] Embodiment 168. The method of embodiment 167, wherein the one or more anti-
inflarmmatory cytokines are selected from the group consisting of 1L-4, 1L.-10, IL-13, [L-35,
IFN-g and transforming growth factor-beta (TGFp).

163408] Embodiment 169. The method of any one of embodiments 1, 2, 5, 6, 23-43, and 50-142,
wherein the tolerance comprises a decreased T ccll response.

{33411 Embodiment 178, The method of embodiment 169, wherein the decreased T celf

response comprises decreased T cell activation.
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16342} Embodiment 171. The method of any one of embodiments 169-170, wherein the
decreased T cell response comprises decreased T cell survival.

{6343] Embodiment 172. The method of any one of embodiments 169-171, wherein the
decreased T cell response comprises decreased T cell profiferation.

{6344] Embodiment 173. The method of any one of embodiments 169-172, wherein the
decreased T cell response comprises decreased T cell functionality.

{8345] Embodiment 174. The method of any one of embodiments 169-173, wherein the
decreased T cell response comprises a change in T cell phenotype.

{6346] Embodiment 175. The method of any one of embodiments 1, 2, S, 6, 23-43, 30-142, and
169-174, wherein the tolerance comprises uncostimulated activation of a T cell

{63471 Embodiment 176. The method of any one of embodiments 1, 2, §, 6, 23-43, 50-142, and
169-175, wherein the tolerance comprises an enhanced Treg response.

{6348] Embodiment 177. The method of any one of embodiments 1, 2, 3, 6, 23-43, 50-142, and
169-176, wherein the tolerance comprises a decreased B cell response.

{3349 Embodiment 178. The method of embodiment 177, wherein the decreased B cell
response comprises decreased antibody production.

{6338] Embodiment 179. The method of any one of embodiments 1, 2, 5, 6, 23-43, 50-142, and
169-178. wherein the tolerance comprises decreased cytokine production.

{6351] Embodiment 180. The method of any one of embodiments 1, 2, 3, 6, 23-43, 50-142, and
169-179, wherein the tolerance comprises a decreased aufoimmune response.

16352} Embodiment 181. The method of any one of embodiments 1, 2, 5, 6, 23-43, 50-142, and
169-180, wherein the tolerance comprises a decreased allergic response.

{0333] Embodiment 182. The method of any one of embodiments §, 2, §, 6, 23-43, 30-142, and
169-181, wherein the tolerance comprises a decreased immune respouse against the transplanted
tissue.

{6354] Embodiment 183. The method of any one of embodiments 1, 2, 3, 6, 23-43, 50-142, and
169-182, wherein the tolerance comprises a decreased pathogenic imnmne response to the viras.
{6355] Embodiment 184. The method of any one of embodiments 1, 2, 5, 6, 23-43, 50-142, and
169-183, wherein the tolerance comprises a decreased immune response against a therapeutic

agent.

~
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18356] Embodiment 185. The method of any one of embodiments 1, 2, 5, 6, 23-43, 50-142, and
169-184, wherein the tolerance comprises a decreased immune response against a therapeutic
vehicle.
{6337] Embodiment 186. The method of any one of embodiments 1-185, wherein the method is
repeated at least 1, 2, 3, 4, 5, or 6 times.
[0358] Embodiment 187. The method of embodiment 186, wherein the duration of time between
any two repetitions of the method is at least 1 day, 1 week, 1 month, 2 months, 3 months, 4
months, 5 months, 6 months, or 1 year.
{6359] Embodiment 188. A system comprising the counstriction, immune cell, antigen, and/or
tolerogenic factor for use in the methods of any one of embodiments 1-43 and 50-187.
{0360] Embodiment 189. A system comprising the constriction, immmune cell, and compound
cncoding a nonfunctional cytokine binding protein for use in the methods of any one of
embodirments 44-187.

EXAMPLES
{0361] The following examples are given for the purpose of illustrating various embodiments of
the disclosure and are not roeant to Hmit the present disclosure in any fashion. One skilled i the
art will appreciate readily that the present disclosure is well adapted to carry out the objects and
obtain the ends and advantages mentioned, as well as those objects, ends and advantages
inherent herein. Changes therein and other uses which are encompassed within the spirit of the

disclosure as defined by the scope of the claims will occur to those skilled in the art.

Example 1: Constriction-mediated delivery of antigen and tolerogenic factors to B cells to
induce tolerance

[0362] A series of experiments are andertaken to demonstrate induction of tolerance using
model antigen and transgenic T-cells.

{0363] B cells are mixed with a tolerogenic factor and OV A antigen +/- a tolevogenic factor, and
passed through a constriction within a microfhudic channel, or through a surface containing
pores (such constriction-mediated delivery also referred to as SQ7). Pressure, temperature, and
buffer composition arc optimized to achieve delivery. CFSE labeled OT-1 or OT-I T cells are
transferred into CD45.1 mice, followed by transfer of the OV A and tolerogenic factor-loaded B
cells. Mice are later challenged by L.d. injection of OVA+LPS. The draining popliteal lymph

nodes are harvested to measure expansion of the OT-1 or OT-1 T cells.

~
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Example 2: Constriction-mediated delivery of antigen to B cells to induce tolerance

{6364] In this study, the ability of B cell antigen-presenting cells (APCs) containing intracellular
antigen generated by constriction-mediated delivery of the antigen to induce in vivo antigen-
dependent tolerance was evaluated. Mice were inoculated with antigen-specific T cells, tolerized
by injection of the B cell APCs, and the number of the antigen-specific T cells and the levels of
the inflammatory cytokine IFN-y were determined.

Muaterials and Methods

{0365] C57BL/6J recipient mice (C45.1+) were adoptively transferred with OV A-specific
CD8" OT-Fcells (1 x 106) and CD4" OT-1E T cells (1 x 106) {both CD45.2+) per mouse from
female donor mice at day 0. On day 1, B cells from C57BL/6J mice were harvested and
incubated with full OV A protein cither without constriction (B cell-Endo) or with constriction-
mediated intracellular delivery of the OV A protein (B cell-SQZ). 5 x 10° of the respective B
cells/mouse were then injected into recipient mice. Control animals received injection of either
PBS (challenge control) or 10 ug free OV A (tolerance control}. Antigen challenge occurred on
day 8, with intradermal injection of 10 pg OV A protein + 50 ng LPS/mouse. Draining lymph
nodes and spleens of cach mouse were analyzed on day 12 and OT-1 and OT-IF T cell response
to antigen challenge was measured by flow cytometry for the number of O7T-1 and OT-1 T cells,
IFN-y intracelalar staining, and ELISpot assays. A schematic of the treatment schedule is shown

in FIG. 1, and the reatment groups are summarized in Table 1.

Tabie 1

Group Bay { Bay 1 Bay &

Challenge Control OT-1 and OT-I PBS OVA +LPS
adoptive transfer

Tolerance Control OT-1 and OT-H OV A protein OVA +LPS
adoptive transfer

B cell-Endo OT-1 and OT-H B cells incubated OVA +LPS
adoptive transfer with OV A without

constriction

B cell-5Q7 OT-1 and OT-I¥ B cells with QVA OVA + LPS

adoptive transfer delivered by

~J
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constriction

Results

10366] OT-I- and OT-H-specific T cell numbers were measured on day 12 in mice from the four
treatment groups. Cells from draining lymph nodes (CD3/CDE" gated or CD37/CD4" gated) and
spleen (CD37/CDE" gated) were analyzed by flow cytometry with staining for T-cell

receptor {TCR) V alpha 2 (TCRVa2} as a marker for antigen-presenting cells and CD45.2 as a
marker for donor T cells. The activation and proliferation of OT-1 T cells in both the draining
tyroph nodes and spleen was significantly inhibited (*P<0.05) in mice primed with B cells
having constriction-mediated delivery of OV A protein compared to the challenge conirol, as
indicated by the decrease in percentage of CDB+ OT-1T cells (TCRVaZ+/CD45.2+) (FIG. 2, left
and middle panels). This effect was dependent on constriction-mediated intracellular antigen
delivery, as B cell-SQZ animals saw decreased levels of CD8+ OT-1 T cells compared to mice
primed with B cells incubated with OV A without constriction (**£«<0.01). The percentage of
CDd+ OT-IF cells (TCRVa2+/CD45.2+) was also significantly inhibited in the lyraph nodes for
B cell-SQY7 animals compared to challenge control (FIG. 2, right panel; *P<0.05). B cell-SQZ
animals also showed a slight decrease in percentage of T-11 post-challenge compared to B cell-
Endo trending towards significance, while there was no significant difference in splenic OT-II
levels between treatment groups (data not shown).

{3367] To assess the functional effect of B cell-SQZ-mediated tolerance on T cell function, the
percent of splenic T cells that expressed high levels of IFN-y (FI(. 3, left) and the level of IFN-y
production per cell (FIG. 3, right; MFI based on TCRVa2+/CD45.2+/CD44bicells) of OT-1 T
cells restimulated with SHNFEKL peptide (SEQ ID NO: 1) (CD8+ active OVA epitope) were
assessed for all groups by intraceilular cytokine staiming. OT-1 T cells from B cell-5QZ mice
showed decreases in both percentage of high IFN-y expressing celfs and IFN-v production

(*#* P<0.0005) compared to challenge control, as well as B cell-Endo treated mice

(¥ P<(.0005, *#¥*P<0.0001). Interestingly, B cell-5QZ mice even showed significant
decreases in the percentage of high IFN-y cells (*£<0.05) compared to the tolerance control. The
number of OT-1 T cells producing IFN-y was further confirmed by ELISpot (FIG. 4).
Correlating with the flow cytometry data, B cell-SQZ animals produced a significantly lower
number of IFN-y-positive T cells compared to chalienge control (**P<{0.01) and B cell-Endo
(FFFEPD.0001).

~
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{0368] Representative flow cytograms for TCRVa2+ splenic OT-1 and lymph node OT-H T cells
for each treatment group show that B cel-5(QZ mice have lower nurnbers of OT-1 and OT-11
compared to challenge control and B cell-Endo (FIG. 5, Table 2). Representative ICS flow
cytograms for OT-I cells with high IFN-y and CD44 antigen-activation marker show that the B
ccl-5Q7 samples had lower numbers of IFN-y-high T cclls relative to challenge control and B

cell-Endo (FIG. 6, Table 3).

Table 2
Percent OT-1 cells out of CO3+/CD8+ cells
Challenge Control | Tolerance Control | B cell-Endo | B cell-SQZ

Splecn 1.47 .79 1.54 .32
Lymph Node .77 .13 0.57 6.15
Table 3

Percent IFN-y and CD44 high cells out of OT-1 cells
Challenge Control | Tolerance Control | B cell-Endo | B cell-SQZ

79.6 67.8 776 54.8

Esample 3: Constriction-mediated delivery of antigen to T cells to induce tolerance

{6369] In order to determine the ability of T cell antigen-presenting cells {(APCs) containing
intracclular antigen gencrated by constriction-mediated delivery of the antigen to induce in vivo
antigen-dependent tolerance, the number of antigen-specific T cells and the levels of
inflammatory cytokine IFN-y were measured by flow cytometry.

Materials and Methods

{03701 CSTBL/6] recipient mice (C345.1) were adoptively transferred with 2.5 x 10° OVA-
specific OT-1 T cells per mouse from female OT-1 donor mice (CD45.2) at day 0. On the same
day, mice were also injected with 5 x 10° T APC cells (CD90.1) either incubated in the presence
of immunogenic OV A epitope (SIINFEKL peptide, SEQ 1D NO: 1) without constriction or T
cells with constriction-mediated delivery of full OV A protein. Antigen challenge occurred on
day &, with intradermal injection of 10 pg OV A protein (antigen) + 58 ng LPS {(adjuvantymouse
in challenged animals, compared to naive (no T APC cells, no antigen). OT-1 T cell response to

antigen challenge was measured by flow cytometry for OT-I T cell numbers and IFN-y
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intraceliular staining on day 12. A schematic of the treatment schedule is shown in FIG. 7, and

the treatment groups are summarized in Table 4.

Table 4
Group Day 0 Pav 8
Naive OT-1 adoptive
transfer
Challenge Control OT-1 adoptive OVA + LPS
transfer
Tolerance Control OT-1 adoptive OVA +LPS
transter and T cells
incubated with
SUHNFEKL peptide
without constriction
T eell-5Q2 OT-1 adoptive OVA + LPS
transfer and T cells
with OV A delivered
by constriction
Results

{6371} The number of OT-I-specific T cells was measared on day 12 in mice from the four
treatment groups. The activation and proliferation of OT-I T cells in both the draining lymph
nodes and spleen were significantly inhibited (**#*P<0.0001) in mice pruved with T cells with
constriction-mediated delivery of OV A protein compared to the challenge control (FIG. 8).
These mice saw OT-1 T cell numbers similar to naive mice or the free OV A tolerance control.
{6372} To assess the functional effect of T cell-SQZ APC-mediated tolerance on OT-1 specific T
cell function, the level of IFN-y production of OT-1 T cells restimulated with free SINFEKL
peptide was assessed for all groups FIG. 9). OT-1 T cells from T cell-5QZ mice showed a large
decrease in the percentage of high IFN-y expressing cells (¥%%*% P<(.0001) compared to
challenge control, simnilar to tolevance control (**%%P<(.0001).

{0373] Representative flow cytograms for OT-1 T cell mumbers vs. CD8+ T cells (FIG. 10, top

panels) and the percentage of cells with high IFN-y vs. CD44 antigen-activation marker (FIG.

&0
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10, bottom panels) show that the T cell-SQZ animals had lower numbers for both OT-1 T celis

and IFN-y production relative to challenge control (Table 5).

Table 5
Challenge Naive (%) SQ7Z-OVA (%) | Tolerance
Control (%) Control (%)
CD45.24/CD8+ | 20.8 1.49 1.52 2.55
IFN-y and CI344 | 87.1 1.37 15.5 26.0
high

Exampile 4A: Prophylaxis in murine type-1 diabetes model

Introduction

{0374] To determine the ability of antigen presenting cells (APCs - ¢.g. B and/or T celis)
containing antigen delivered by SQZ induce antigen-dependent tolerance in a prophylaxis in
vivo model of murine type-I diabetes, the levels of blood glucose is measured weekly over time
after tolerance induction.

Materials and Methods

{0375] NOD/Shilt mice are treated with APCs at 10 weeks of age. On day 0, APCs from
NOD/Shilt) mice are harvested and incubated with insulin B-chain peptide 9-23 (InsB9-23:
CEKEKGSSHLVEALYLVCGERG, SEQ 1D NO: 2) without constriction or InsB9-23 is delivered
by 5QZ conditions, followed by injection of 5M APCs/mouse into recipient mice. Control
animals receive injection with PBS (challenge control). Blood glucose measurements are carried
out weekly, starting on Day 7 after treatiment (age 11 weeks). Mice are considered diabetic when
their blood glucose level exceeded 260 mg/dl. as measured by Baver Contour Diabetes
Meter/Glucose Test Strip. A schematic of a representative treatment schedule is shown in FIG.
11A, and the treatment groups are summarized in Table 6.

Table 6

Group Paysfand 5

Challenge control PBS

APC-Endo APCs incubated with

h’lSBg_g’j

APC-5QZ APCs SQ7 d with

h’lSBg_g’j
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Example 4B: Therapy in murine {ype-I diabetes model

Introduction

{0376] To determine the ability of antigen presenting cells (APCs - e.g. B and/or T cells)
containing antigen delivered by SQZ induce antigen-dependent tolerance in a treatiment in vivo
model of murine type-{ diabetes, the levels of blood glucose is measured weekly over time after
tolerance induction in mice.

Muaterials and Methods

{0377] To induce rapid onset of T1D in recipients, CD4 T cells are harvested from BDC2.5
NOD mice, activated ex vivo with p31 mimetope peptide (YVRPLWVRME, SEQ 1D NG: 3) for
4 days, and adoptively transferred {3M cells/mouse) into normoglycemic NOD

recipients. Tolerance induction begins 8 hours after adoptive ransfer, and is repeated every 3
days for a total of 3 doses. Recipients are treated with PBS (challenge control) or SM APCs
incubated with p31 (APC-Endo) or delivered by SQZL with p31 (APC-SQZ). Blood gliucose is
measured every day by Bayer Contour Biabetes Meter/Glucose Test Strip. Mice are considered
diabetic when their blood glacose level exceeded 260 mg/dl. A schematic of a representative

treatment schedule is shown in FIG. 118, and the reatment groups are summarized in Table 7.

Table 7

Group Baysand 5

Challenge control PBS

APC-Endo APCs incubated with
InsBo.ss

APC-SQZ APCs S(32°d with
InsBo.os

Example 5A: Prophylaxis in murine MS-type autoimmune disorder

Introduction
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{0378] To determine the ability of antigen prescnting cells (APCs - e.g. B and/or T cclis)
containing antigen delivered by SQ7 induce antigen-dependent tolerance in an in vivo
prophylaxis model of a murine MS-type autoiromune disorder, the clinical score of mobility is
assessed daily over time.

Materials and Methods

{6379] Female CSTBL/6 mice (10-12 wks of age) are treated with APCs prior to induction of
experimental autotmmune encephalomyelitis (EAE). On days -7, APCs from C57BL/6 mice are
harvested and incubated with myelin oligodendrocyte glycoprotein peptide 35-55 (MOGas.55:
MEVGWYRSPFSRVVHLYRNGKGS, SEQ ID NO: 4) without constriction, or MOGas.sq or
OV Anpsasg peptide (negative control: ISQAVHAABAFERINEAGRGS, SEQ 1D NO: 3) are
delivered to APCs by 5QZ conditions, followed by injection of 3M APCs/mouse into recipient
mice. On Day 0, EAE is induced by administration of MOGas.ss in CFA and pertussis toxin in
PBS (Hooke kit). Mice are scored daily starting on Day 7, with clinical score defined as follows:
1, limp tail; 2, partial hind leg paralysis; 3, complete hind leg paralysis; 4, complete hind and
partial front leg paralysis; and 5, ooribund. A schematic of a representative treatment schedule

is shown in FIG. 12A, and the treatment groups are sumomarized in Table 8.

Table 8

Group

Bay -7

Pay ¢ (Induction of
EAE)

Challenge control

APCs S’ d with

MOGss.55 + pertussis

OV A33330 toxin

APC-Endo APCs incubated with | MOGas ss + pertassis
MOGs5.55 toxin

APC-SQZ APCs SQZ°d with MOGss.s5 + pertussis
MOGs5.55 toxin
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Exampie 58: Therapy in murine MS-type autoimmnme disorder

Introduction

PCT/US2017/030933

{6388] To determine the ability of antigen presenting cells (APCs - e.g. B and/or T cells)

containing antigen delivered by SQZ induce antigen-dependent tolerance in an in vivo model of

an established murine MS-type autoimmune disorder, the clinical score of mobility is assessed

daily over time.

Materials and Methods

{6381} In female C57BL/6 mice (10-12 wks of age) experimental autoimmune

cncephalomyelitis (HAE) is induced by administration of MOG3s.55 in CFA and pertussis toxin

in PBS (Hooke kit) on Day 0. Mice are then treated with APCs on the day of onset of EAE,

which occurs once mice are scored = 1 based on the below mobility criteria. On day ~11/12, B

cells from US7BL/6 mice are harvested and incubated with myelin oligndendrocyte glycoprotein

peptide 35-35 (MOGassst MEVOWYRSPESRVVHLYRNGEGS, SEQ [D NO: 4) without

constriction, or MOGass.55 or OV Agp o peptide (negative control:

ISQAVHAAHAEINEAGRGS, SEQ 1D NO: 53 were delivered to APCs by SQZ conditions,

followed by injection of 3M APCs/mouse into recipient mice. Mice are scored daily starting on

Day 19, with clinical score defined as follows: 1, limp tail; 2, partial hind leg paralysis; 3,

complete hind leg paralysis; 4, complete hind and partial front leg paralysis; and 5, moribund. A

schematic of a representative treatment schedule is shown in FIG. 12B, and the treatment groups

are summarized in Table 9.

Table 9

Group

Bay -7

Pay ¢ (Induction of
EAE)

Challenge control

APCs S’ d with

MOGss.55 + pertussis

OV A33330 toxin

APC-Endo APCs incubated with | MOGas ss + pertassis
MOGs5.55 toxin

APC-SQZ APCs SQZ°d with MOGss.s5 + pertussis
MOGs5.55 toxin
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Seguence Listing

SEQ Sequence Description

ID NG

1 SHNFEKL CD8+ active OV A epitope

2 CKERGSSHLVEALYLVCGERG B-chain peptide 9-23 {InsBo.p3)

3 Y VRPLWVRME p31 mimetope peptide

4 MEVGWYRSPEFSRYVVHLYRNGKGS | myehn  oligodendrocyte  glycoprotein
peptide 35-55 (MOGasss)

5 ISQAVHAAHAEINEAGRGS OV Asyy 30 peptide

85



WO 2017/192786 PCT/US2017/030933

CLAIMS
What is claimed is:
1. A method for inducing folerance to an antigen in an individual, the method comprising:
4. passing a cell suspension comprising an imnmune cell through a constriction, wherein said

constriction deforms the cell, causing a perturbation of the cell such that an antigen contacted
with the cell enters the immaone cell; and
b. introducing the immune cell into the individual, wherein the immuone cell is a tolerogenic

immune cell, and wherein presentation of said antigen induces tolerance to the antigen.

2. A method for inducing folerance to an antigen in an individual, the method comprising:
a. passing a ccll suspension comprising an immune cell through a constriction, wherein said

constriction deforms the cell, causing a perturbation of the cell such that an antigen and a
tolerogenic factor contacted with the cell enter the immune cell, thercby generating a tolerogenic
immune cell comprising the antigen; and

b. introducing the tolerogenic immune cell into the individual,

wherein presentation of said antigen induces tolerance to the antigen.

3. A method for suppressing an immune response (o an antigen in an individual, the method
comprising:
a. passing a cell suspension comprising an immune cell through a constriction, wherein said

constriction deforms the cell, causing a perturbation of the cell such that an antigen contacted
with the cell enters the immune cell; and

b. introducing the immune cell into the individual,

wherein the immune cell is a tolerogenic immune cell, and wherein presentation of said antigen

SUpPresses an iromune response 1o the antigen.

4. A method for suppressing an fmmune response to an antigen in an individual, the method
comypising:
a. passing a cell suspension comprising an immune cell through a constriction, wherein said

constriction deforms the cell, causing a perturbation of the cell such that an antigen and a
tolerogenic factor contacted with the cell enter the imumune cell, thereby generating an

immunesuppressive immune cell comprising the antigen; and
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b. introducing the immunosuppressive immunc cell into the individual,

wherein presentation of said antigen suppresses an immune response to the antigen.

5. A method for inducing tolerance to an antigen in an individual. the method comprising
introducing a tolerogenic immune ccll comprising the antigen into the individual, wherein
presentation of said antigen induces tolerance to the antigen, and wherein the antigen was
introduced o the tolerogenic immune cell by passing the tolerogenic immune cell or a precursor
thereof through a constriction, wherein said constriction deformed the cell thercby causing a
perturbation of the cell such that the antigen entered the tolerogenic immune ccll or precursor

thereof.

6. A method for inducing tolerance to an antigen in an individual, the method comprising
introducing a tolerogenic tmmune cell comprising the antigen and a tolerogenic factor into the
individual, wherein presentation of said antigen induces tolerance to the antigen, and wherein the
antigen and the tolerogenic factor were introduced to the tolerogenic immune cell by passing the
tolerogenic imnuune cell or a precursor thercof through a constriction, wherein said constriction
deformed the cell thereby causing a perturbation of the cell such that the antigen and the

tolerogenic factor entered the tolerogenic immune cell or precursor thereof.

7. A method for suppressing an fmmune response to an antigen in an individual, the method
comprising introducing an immunosuppressive immune cell comprising the antigen into the
individual, wherein presentation of said antigen suppresses an immune response to the antigen,
and wherein the antigen was introduced to the immuonosuppressive immune cell by passing the
immunosuppressive imnune cell or a precarsor thereof through a constriction, wherein said
constriction deformed the cell thereby causing a perturbation of the cell such that the antigen

entered the imnunosuppressive imnune ccll or precursor thereof.

8. A method for suppressing an immunc response to an antigen in an individual, the method
comprising introducing an immunosuppressive immunc celf comprising the antigen and a
tolerogenic factor into the individual, wherein presentation of the antigen suppresses an immune
response to the antigen, and wherein the antigen and the tolerogenic factor were introduced to

the immunosuppressive immune cell by passing the immunosuppressive immune cell or a
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precursor thereof through a constriction, wherein said constriction deformed the cell thereby
causing a perturbation of the cell such that the antigen and the tolerogenic factor entered the

immunosuppressive immmune cell or precursor thereof.

9. A method for generating a tolerogenic immune cell, the method comprising passing a
cell suspension comprising an immune cell through a constriction, wherein said constriction
deforms the celf thereby causing a perturbation of the cell such that a tolerogenic factor

contacted with the cell enters the immune cell, thereby generating the tolerogenic immune cell.

10. A method for generating an immunosuppressive immune cell, the method comprising
passing a ccll suspension comprising an immune cell through a consiriction, wherein said
constriction deforros the cell thereby causing a perturbation of the cell such that a tolerogenic
factor contacted with the cell enters the immuone cell, thereby generating the immunosuppressive

immune cell.

11. The method of claim 9 or 10, wherein said constriction deforms the cell thereby causing
a perturbation of the cell such that a tolerogenic factor and an antigen contacted with the cell

enter the immune cell.

iZ. The method of claim 9 or 10, wherein the immune cell is further passed through a second
constriction, and wherein said second constriction deforms the cell thereby causing a

perturbation of the cell such that an antigen contacted with the cell enters the immune cell.

13, The method of any one of claims 9-12, wherein the iromune cell is an antigen-presenting
cell.
14. A method of generating a tolerogenic antigen-presenting cell comprising an antigen,

wherein a tolerogenic antigen-presenting cell is passed through a constriction, and whercin said
constriction deforms the cell, causing a perturbation of the cell such that an antigen contacted

with the cell enters the antigen-presenting cell.
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15. A method of generating an immunosuppressive antigen-presenting cell comprising an
antigen, wherein an immunosuppressive antigen-presenting cell is passed through a constriction,
wherein said constriction deforms the cell, causing a perturbation of the cell such that an antigen

contacted with the cell enters the antigen-presenting cell

i6. A method for delivering a tolerogenic factor that generates a tolerogenic phenotype into
an immune cell, the method comprising passing a cell suspension comprising the immune ceil
through a constriction, wherein said constriction deforms the immune cell, causing a
perturbation of the cell such that the tolerogenic factor can enter the cell, and contacting said cell
suspension with the tolerogenic factor, wherein the tolerogenic factor inhibits expression and/or
activity of an immunostimulatory agent, enhances expression and/or activity of an
mmunosuppressive molecule, inhibits expression and/or activity of an inflammatory molecule,

and/or enhances expression and/or activity of an anti-inflarnmatory molecule.

17. A method for delivering an antigen into a tolerogenic tmmune cell, the method
comprising passing a cell suspension comprising the tolerogenic innnone cell through a
constriction, wherein said constriction deforms the tolerogenic immune cell, causing a
perturbation of the cell such that the antigen can enter the cell, and contacting said cell
suspension with the antigen.

18 A rmethod for delivering a tolerogenic factor that generates an mumunosuppressive
phenotype into an tnmune cell, the method comprising passing a cell suspension comprising the
immune cell through a constriction, wherein said constriction deforms the immune cell, causing
a perturbation of the cell such that the tolerogenic factor can enter the cell, and contacting said
cell suspension with the tolerogenic factor, wherein the tolerogenic factor inhibits expression
and/or activity of an immunostirnulatory agent, enhances expression and/or activity of an
tmmunosuppressive molecule, inhibits expression and/or activity of an inflanumatory molecule,

and/or enhances expression and/or activity of an anti-inflaromatory molecule.

19. A method for delivering an antigen into an immunosuppressive immune cell, the method

comprising passing a ccll suspension comprising the immunosuppressive immune cell through a
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constriction, wherein said constriction deforms the immunosuppressive immune cell, causing a
perturbation of the cell such that the antigen can enter the cell, and contacting said cell

suspension with the antigen.

29, A method for suppressing an immune response to an antigen in an individual,
comprising:
a. passing a first cell suspension comprising a first immuone cell through a constriction,

wherein said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the timmune cell,

b. passing a sccond cell suspension comprising a second immune cell through a
constriction, wherein said constriction deforms the cell, causing a perturbation of the cell such
that a tolerogenic factor contacted with the cell enters the immune cell, thereby generating an
immunosuppressive immmuane cell; and

C. introducing the first immune cell and second immune cell into the individual,
wherein presentation of said antigen suppresses an immune response o the antigen.

21. The method of claim Z0, wherein presentation of said antigen by said first or second

immune cell suppresses an immune responsc o the antigen.

22. The method of claim 20, wherein the second immune cell confers an immunosuppressive
phenotype on the first immune cell, thereby generating an immunosuppressive first immune celi,
and wherein presentation of said antigen by said imvnunosuppressive first tmomne cell

suppresses an imynune response to the antigen.

23, A method for inducing tolerance to an antigen in an individual, comprising:
a. passing a first cell suspension comprising a first immune cell through a constriction,

wherein said constriction deforms the cell, causing a perturbation of the cell such that an antigen
contacted with the cell enters the immune cell,

b. passing a sccond cell suspension comprising a second immune cell through a
constriction, wherein said constriction deforms the cell, causing a perturbation of the cell such
that a tolerogenic factor contacted with the cell enters the immune cell, thereby generating a

tolerogenic immune cell; and
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C. introducing the first immune ccll and second immune cell into the individual, wherein
presentation of said antigen suppresses an immune response to the antigen.
24. The method of claim 23, wherein presentation of said antigen by said first or second

immune cell induces tolerance to the antigen.

25. The method of claim 23, wherein the second immune cell confers a tolerogenic
phenotype on the first immune cell, thereby generating a tolerogenic first immune cell, and
wherein presentation of said antigen by said tolerogenic first immune cell induces tolerance to

the antigen.

26, The method of any one of claims 20-25, wherein the first inunune cell and the second

immune cell are introduced into the individual simultaneously.

27. The method of any one of claims 20-25, wherein the first immmune cell and the second

immune cell are introduced into the individual sequentially.

28. The method of any one of claims 1, 2,5, 6, 9, 11-14, 16, 17, and 23-27, wherein the

tolerogenic immune cell or a precursor theveof has not been contacted with an adjuvant.

29. The method of any one of claims 3, 4, 7, 8, 18-13, 15, 18-22, 26, and 27, wherein the

immunosuppressive immune cell or a precursor thercof has not been contacted with an adjuvant.

30. The method of claim 28 or 29, wherein the adjuvant is selected from the group consisting
of TLR3 and RLR ligands, TLR4 ligands, TLRS ligands, TLR7Y/S ligands, TLR9 ligands, NOD2
ligands, alum, water-in-oil emulsions, rhil-2, anti-CD40, CD40L, H.-12, and cyclic

dinucleotides.

31. The method of any one of claims 1, 2, 5, 6, 9, 11-14, 16, 17, and 23-28, wherein the
tolerogenic imnuune cell comprises a reduced ability to provide one or more costimulatory

signals as compared to a non-tolerogenic precursor of the tolerogenic immune cell.
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32. The method of any one of claims 3, 4, 7, 8, 18-13, 15, 18-22, 26, 27, and 29, wherein the
immunosuppressive immune cell comprises a reduced ability to provide onc or more
costirnulatory signals as compared to a non-immunosuppressive precursor of the

immunosuppressive imnune cell.

33 The method of claim 31 or 32, wherein the one or more costimulatory signals are
mediated by a molecule selected from the group consisting of CD40, CD8O, CDB6, CD54,
CD83, CD79, and ICOS ligand.

34, The method of any one of claims 1, 2, 5,6, 9, 11-14, 16, 17, 23-28, and 31, whercin the
tolerogenic immune cell comprises a reduced ability to provide one or more inflaramatory

signals as compared to a non-tolerogenic precursor of the tolerogenic immune cell.

35. The method of any one of claims 3, 4, 7, 8, 18-13, 15, 18-22, 26, 27, 29, and 32, wherein
the immunosuppressive immune cell comprises a reduced ability to provide one or more
inflammatory signals as compared to a non-ironumnosuppressive precursor of the
immunosuppressive imnune cell.

36. The method of claim 34 or 35, wherein the one or more inflammatory signals are
mediated by a molecule selected from the group consisting of interfeukin-1 (IL-1), IL-12, IL-18§,
tumor necrosis factor (TNF), interferon gamama (IFN-gamma), granulocyte-macrophage colony
stimulating factor (GM-CSF), NF-xB, an interferon regulatory factor (IRF), and a molecule
associated with the JAK-STAT signaling pathway.

e
I
7

3 The method of any one of claims 2, 4, 6, 8-11, 16, 18, 20, and 23, wherein the
tolerogenic factor inhibits expression and/or activity of an tomunostiraulatory agent, enhances
expression and/or activity of an immunosuppressive molecule, inhibits expression and/or activity
of an inflammatory molecule, and/or enhances expression and/or activity of an anti-

inflammatory molecule.

38. The method of any one of claims 1, 2, 5, 6, 11-14, 17, 23-2&, and 31, wherein the antigen

is presented by the tolerogenic immune cell.
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39, The method of any one of claims 3, 4, 7, 8§, 11-13, 15, 19-22, 26, 27, 29, and 32, wherein

the antigen is presented by the immunosuppressive immune cell.

40, The method of any one of claims 2, 6,9, 11-13, 16, 23-28, and 31, wherein tolerance to

at feast one other antigen is induced.

43. The method of any one of claims 4, 8, 10-13, 1§, 20-22, 26, 27, 29, and 32, wherein an

immune response to at least one other antigen is suppressed.

42, The method of any one of claims 1-8, 11, 12, 14, 15, 17, 19, and 20-23, wherein at least

one additional antigen is introduced into the cell.

43. The method of any one of claims 2, 4, 6, 8, 9-11, 16, 18, 20, and 23, whercin at least one

additional tolerogenic factor is introduced into the cell.

44. A method for suppressing an inunene response in an individaal, the method comprising:
a. passing a ccll suspension comprising an immune cell through a constriction, wherein said
constriction deforms the cell, causing a perturbation of the cell such that a compound encoding a
nonfunctional cytokine binding protein contacted with the cell enters the immane celf; and

b. introducing the immune cell into the individual,

wherein said nonfunctional cytokine binding protein is expressed, and wherein said

nonfunctional cytokine binding protein binds free inflammatory cytokines.

45, The method of claim 44, wherein the nonfunctional cytokine binding protein compriscs a

nonfunctional cytokine receptor.

46. The method of claim 45, wherein the nonfunctional cytokine receptor lacks cytoplasmic

signaling domains.

47. The method of claim 44, whercin the nonfunctional cytokine binding protein comprises a

proteolytic site that cleaves the target cytokine.
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48. The method of claim 44, wherein the nonfunctional cytokine binding protein comprises

an anti-cytokine antibody.

49, The method of claim 44, wherein the nonfunctional cytokine binding protein compriscs

an anti-cytokine B cell receptor.

54 The method of any one of claims 1-7 and 20-44, wherein the immune cell is from the
individual,
51. The method of any one of claims 1-7 and 20-44, wherein the immune cell is from a

different mdividual.

52. The method of any one of claim 1-51, wherein the constriction is contained within a

microfiuidic channel.

53. The method of any one of claim 1-51, wherein the constriction is a pore or contained

within a pore.

54. The method of claim 53, wherein the pore is contained in a surface.

55. The method of claim 54, wherein the surface is a filter.

56. The method of claim 54, wherein the surface i1s a membrane.

57. The method of any one of claims 1-36, wherein the constriction size is a function of the

diameter of the imumune cell.

58. The method of any one of claims 1-57, wherein the constriction size is about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or about 99% of

the cell diameter.
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59. The method of any one of claims 1-58, wherein the channel comprises a constriction

fength of about 10 um and a counstriction width of about 4 pm.

60. The method of any one of claims 1-59, wherein the pore size is about 0.4pm, about 3um,

about 4ura, about Sum, about 8urn, about 10um, about 12, or about Hum.

61. The method of any one of claims 1-60, wherein the method is performed between about -
5°C and about 45°C.
62, The method of any one of claims 1-4, 9, 10, and 16-61, wherein the cell suspension

comprises a mixed cell population.

63. The method of claim 62, wherein the cell suspension is whole blood.
64. The method of claim 62, wherein the cell suspension comprises peripheral blood

mononuclear cells.

63. The method of any one of claims 1-4, 9, 10, and 16-61, wherein the cell suspension

comprises a purified cell population.

66. The method of any one of claims 1-4, 9, 10, and 16-65, wherein the cell suspension

comprises mammalian cells.

67. The method of any one of claims 1-4, 9, 10, and 16-66, wherein the cell suspension

comprises monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cells.

68. The method of any one of claims 1-4, 9, 18, and 16-66, wherein the cell suspension

comyprises human cells.

69, The method of any one of claims 1-4, 9, 10, and 16-65, wherein the cell suspension

comprises non-mammalian cells.
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70. The method of any one of claims 1-4, 9, 10, 16-63, and 69 whercin the cell suspension

comprises bacteria, yeast, chicken, frog, insect, fish, or nematode cells.

71. The method of any one of claims 1-13 and 16-68, wherein the immune cell is a

mammalian cell.

72. The method of any one of claims 1-13, 16-65, and 71 wherein the immune cell is a

monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cell.

73. The method of any one of claims 1-13, 16-68, and 71, wherein the iromune cell is a
buman cell.

74. The method of any one of claims 1-13 and 16-73, wherein the imunune cell isa T cell, B
cell, dendritic cell, monocyte, macrophage, NK cell, innate ymphoid cell, neutrophil, basophil,

cosinophil, myeloid derived suppressor cell, or mast cell.

75. The method of any one of claims 14, 15, and 50-74, wherein the antigen-presenting cell

18 a mammualian cell.

76. The method of any one of claims 14, 15, and 50-75, wherein the antigen-presenting cell

is a monkey, mouse, dog, cat, horse, rat, sheep, goat, pig, or rabbit cell.

7. The method of any one of claims 14, 15, and 50-75, wherein the antigen-presenting cell
is a human ceil.

78. The method of any one of claims 14, 15, and 50-77, wherein the antigen-presenting cell
is a T cell, B cell, dendritic cell, monocyte, macrophage, NK cell, innate Iymphoid cell,

neutrophil, basophil, cosinophil, myeloid derived suppressor cell, or mast cell.

79. The method of any one of claims 1-18, 20-43, and 30-78, wherein the antigen is a foreign

antigen.

86



WO 2017/192786 PCT/US2017/030933

80, The method of any one of claims 1-15, 20-43, and 50-78, wherein the antigen is a self-
antigen.
81. The method of any one of claims 1-15, 20-43, and 50-78, wherein the antigen is an

allograft transplantation antigen.

82. The method of any one of claims 1-13, 20-43, and 50-78, wherein the antigen is a protein

or polypeptide.

&3. The method of any one of claims 1-15, 20-43, and 50-78, wherein the antigen is a lysate.
84. The method of any one of claims 1-15, 20-43, and 50-83, wherein the antigen is a

modified antigen.

&5. The method of claim 84, wherein the modified antigen coroprises an antigen fused with a

therapeutic agent.

86. The method of claim 84, whercin the modified antigen comprises an antigen fused with a

targeting peptide.

87. The method of any one of claims 1-4, 9, 10, and 16-86 wherein said cell suspension is

contacted with the antigen before, concurrently, or after passing through the constriction.

88. The method of any one of claims 1-43 and 58-87, wherein the tlevogenic factor inhibits

the activity of a costimulatory molecule.

89. The method of any one of claims 1-43 and 58-88, wherein the tolerogenic factor

decreases expression of a costimulatory molecule.

G0 The method of any one of claims 1-43 and 50-89, wherein the tolerogenic factor deletes

nucleic acid that modulates expression of a costimulatory molecule.
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91. The method of any one of claims 1-43 and 58-88, wherein the tolerogenic factor inhibits

a costimulatory molecule.

9z, The method of any one of claims 1-43 and 50-91, wherein the tolerogenic factor
increases the activity of a transcriptional regulator that suppresses expression of a costimulatory

molecule.

93. The method of any one of claims 1-43 and 58-91, wherein the tolerogenic factor
increases the activity of a protein inhibitor that suppresses expression of a costimulatory

molecuie.

94, The method of any one of claims 1-43 and 50-88, wherein the tolerogenic factor

comprises nucleic acid encoding a suppressor of the costimulatory molecule.

gs. The method of any one of claims 88-94, wherein the costinusiatory molecule is D80 or
CDRG.
a6, The method of any one of claims 1-43 and 50-95, wherein the tolerogenic factor

enhances the activity of an immunosuppressive factor.

97. The method of claim 96, wherein the immunosuppressive factor is a co-inhibitory

molecule, a transcriptional regulator, or an immunosuppressive molecule.

8. The method of any one of claims 1-43, 50-87, 96, and 97 wherein the tolerogenic factor

cnhances the activity of a co-inhibitory molecule.

99, The method of any one of clatms 1-43, 50-87, and 96-98, wherein the tolerogenic factor

increases expression of a co-inhibitory molecule.

100, The method of any one of claims 1-43, 50-87, and 96-99, wherein the tolerogenic factor

cncodes a co-inhibifory molecule.
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101, The method of any one of claims 1-43, 50-87, and 96-100, wherein the tolerogenic factor

increases the activity of a co-inhibitory molecule.

102, The method of any one of claims 1-43, 50-87, and 96-938, wherein the tolerogenic factor
increases the activity of a transcriptional regulator that enhances expression of a co-inhihitory

molecule.

103.  The method of any onc of claims 1-43, 50-87, 96-95, and 102, wherein the tolerogenic
factor increases the activity of a polypeptide that increases expression of a co-inhibitory

molecuie.

104.  The method of any one of claims 1-43, 50-87, 96-9§, and 102, wherein the tolerogenic

factor comprises nmucleic acid encoding an enhancer of a co-inhibitory molecule.

105, The method of any one of clatms 97-104, wherein the co-inhibitory raolecule is PD-L1T,

PD-1.2, or CTLA-4.

106. The method of any one of claims 1-43, 50-87, 96, and 97, wherein the tolerogenic factor

enhances the activity of the immunosuppressive molecule.

107.  The method of any onc of claims 1-43, 50-87, 96, 97, and 106, wherein the tolerogenic

factor increases expression of an immunosuppressive molecule.

108,  The method of any one of claims 1-43, 50-87, 96, 7. and 106, wherein the tolerogenic

factor encodes an immunosuppressive molecule.

109, The method of any one of claims 1-43, 58-87, 96, 97, and 106, wherein the tolerogenic

factor increases the activity of an immunosuppressive molecule.

110, The method of any one of claums 1-43, 30-87, 96, 97, and 106, wherein the tolerogenic
factor increases the activity of a transcriptional regulator that enhances expression of an

immunosuppressive molecule.
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111.  The method of any one of claims 1-43, 30-87, 96, 97, and 106, wherein the tolerogenic
factor increases the activity of a polypeptide that enhances expression of an immunosuppressive

molecule.

112, The method of any one of claims 1-43, 50-87, 96, 97, and 106, wherein the tolerogenic

factor comprises nucleic acid encoding an enhancer of an immumosuppressive molecule.

113, The method of any one of clatms 97 and 106, wherein the immunosuppressive molecule

is ARG1, NO, NOS2, IDO, IL-4, [L-10, 1L-13, 1L-35, IFNa, or TGFB.

114.  'The method of any one of claims 1-43 and 50-87, wherein the tolerogenic factor inhibits

the activity of an inflammatory molecule.

115.  The method of claim 114, wherein the inflammmatory molecule is an inflammatory

transcription factor.

116, The method of any one of claims 1-43, 50-87, 114, and 115, wherein the tolerogenic

factor inhibits an inflammatory transcription factor.

117. The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic

factor decreases expression of an inflammatory transcription factor.

118.  The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic

factor deletes nucleic acid encoding an inflanunatory transcription factor.

119, The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic
factor increases the activity of a ranseriptional regulator that sappresses expression of an

inflammatory transcription factor.
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120.  'The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic
factor increases the activity of a protein inhibitor that suppresses expression of an inflammatory

transcription factor.

121.  The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic

factor comprises nucleic acid encoding a suppressor of an inflanmumatory transcription factor.

122.  'FThe method of any one of claims 115-121, wherein the inflammatory transcription factor
is NF-kB, an interferon regulatory factor, or a molecule associated with the JAK-STAT

signaling pathway.

123, The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic

factor decreases the production and/or secretion of one or more inflammatory cytokines.

124.  The method of claim 123, wherein the one or more inflammatory cytokines are selected
from the group consisting of tnterleukin-1 (11.-1), 1L-12, and IL.-18, tumor necrosis
factor (TNF), interferon gamma (IFN-gamma), and granulocyte-macrophage colony samulating

factor (GM-CSF).

125, 'The method of any one of claims 1-43, 50-87, and 114-116, wherein the tolerogenic

factor increases the production and/or secretion of one or more anti-inflammatory cytokines.

126, The method of claim 125, wherein the one or more anti-inflamomatory cytokines are
selected from the group consisting of IL-4, IL-10, IL-13, IL-35, IFN-0 and transforming growth

factor-beta (TGFP).
127.  'The method of any one of claims 1-43 and 50-87, wherein the tolerogenic factor encodes

a modified TCR containing cytoplasmic signaling domain that triggers production of

immunosuppressive cytokines upon binding to antigen.
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128. 'The method of any one of claims 1-43 and 50-87, wherein the tolerogenic factor encodes
a chimeric antigen receptor containing cytoplasmic signaling domains that trigger production of

immunosuppressive cytokines upon binding to antigen.

129.  The method of any one of claims 1-43 and 50-128, wherein the tolerogenic factor

comprises a nucleic acid.

130.  The method of any one of claims 1-43 and 58-129, wherein the tolerogenic factor

comprises a nucleic acid encoding siRNA, mRNA, miRNA, IncRNA, tRNA, or shRNA.

131, The method of any one of claims 1-43 and 50-130, wherein the tolerogenic factor is a

plasmid.

132.  'The method of any one of claims 1-43 and 58-128, wherein the tolerogenic factor

comprises a protein-nucleic acid complex.

133.  The method of any oune of claims 1-43, 50-128, and 132 wherein the tolerogenic factor

comprises a Cas9 polypeptide and a guide RNA or donor DNA.

134.  The method of any one of claims 1-43 and 58-129, wherein the tolerogenic factor

comprises nucleic acid encoding for a Cas® polypeptide and a guide RNA or donor DNA.

135, The method of any one of claims 1-43 and 50-128, wherein the tolerogenic factor

comprises a polypeptide.

136.  The method of any one of claims 1-43, 50-128, and 135, wherein the polypeptide is a

nuclease, TALEN protein, Zinc finger nuclease, mega nuclease, or CRE recombinase.

137, The method of any one of claims 1-43, 30-128, and 135, wherein the polypeptide is a

transposase or infegrase enzyme.
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138. The method of any one of claims 1-43, 50-128&, and 135, wherein the polypeptide is an
antibody.

139, The method of any one of claims 1-43, 50-128, and 135, wherein the polypeptide is a

transcription factor.

140.  The method of any one of claims 1-43 and 50-128, wherein the tolerogenic factor is a

small molecule.

141, The method of any one of claims 1-43 and 50-128, wherein the tolerogenic factor is a

nanoparticle.

142.  The method of any one of claims 1-43 and 50-141, wherein said cell suspension is
contacted with the tolerogenic factor before, concurrently, or after passing through the

constriction.

143.  The method of any one of claims 3, 4, 7, &, and 13-142, wherein the immune response is
suppressed by at least about 10%, about 15%, about 20%, about 25%, about 30%, about 40%,

about 50%, about 60%, about 70%, aboat 75%. about 80%, about 90%, or about 100%.

144. The method of any one of claims 3, 4, 7, 8, and 10-143, wherein the suppressed immune
response comprises decreased production and/or secretion of one or more inflaromatory

cytokines.

145.  The method of claim 144, wherein the one or more inflammatory cytokines are selected
from the group consisting of interleukin-1 (IL-1), 1L-12, and 1L-18, tumor necrosis
factor (TNF), interferon gamma (IFN-gamma), and granulocyte-macrophage colony stimulating

factor (GM-{CSF).
146, The method of any one of claims 3, 4, 7, §, and 10-143, wherein the suppressed tmmune

response comprises increased production and/or secretion of one or more anti-inflammatory

cytokines.
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147.  The method of claim 146, wherein the one or more anti-inflammatory cytokines are
selected from the group consisting of TL-4, H.-10, 1L-13, 1L-35, IFN-o and transforming growth

factor-beta (TGFR).

148.  The method of any one of claims 3, 4, 7, 8, and 10-143, wherein the suppressed immune

response comprises a decreased T cell response.

149, The method of claim 148, wherein the decreased T cell response comprises decreased T

cell activation.

150.  The method of any one of claims 148-149, wherein the decreased T cell response

comprises decreased T cell survival.

151, The method of any one of claims 148-150, wherein the decreased T cell response

comprises decreased T cel proliferation.

152. 'The method of any one of claims 148-151, wherein the decreased T celf response

comprises decreased T cell functionality.

153.  The method of any one of claims 3, 4, 7, 8, and 10-152, wherein the suppressed immune

response corgprises an enhanced Treg response.

154. The method of any one of claims 3. 4, 7, §, and 10-133, wherein the suppressed immune

response comprises a decreased B cell response.

155,  The method of claim 154, wherein the decreased B cell response comprises decreased

antibody production.

156, The method of any one of claims 3, 4, 7, §, and 10-155, wherein the suppressed tmmune

response comprises decreased cytokine production.
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157.  The method of any one of claims 3, 4, 7, 8, and 10-156, wherein the suppressed immune

response comprises a decreased autoinunune response.

158.  The method of any one of claims 3. 4, 7, §, and 10-157, wherein the suppressed immune

response comprises a decreased allergic response.

1539, The method of any one of claims 1-135, 28-43, and 50-78, wherein the antigen is an

antigen associated with transplanted tissue.

160, The method of any one of claims 3, 4, 7, §, and 10-159, wherein the suppressed tmmune

response comprises a decreased immune response against the transplanted tissue.

161.  The method of any one of claims 1-15, 20-43, and 50-78, wherein the antigen is

associated with a virus.

162, The method of any one of claims 3, 4, 7, §, and 10-161, wherein the suppressed tmmune

response comprises a decreased pathogenic imunune response to the virus.

163.  The method of any one of claims 3, 4, 7, 8, and 10-162, wherein the suppressed immune
response comprises a decreased inunune response against a therapeutic agent.
164.  The method of any one of claims 3, 4. 7, 8, and 10-163, wherein the suppressed immune

response comprises a decreased immune response against a therapeutic vehicle.

165. The method of any one of claims 1, 2, 5, 6, 23-43, and 30-142, wherein the tolerance

comprises decreased production and/or secretion of one or more inflaromatory cytokines.

166.  The method of claim 165, wherein the one or more inflammatory cytokines are selected
from the group consisting of interleukin-1 (IL-1), 1L.-12, and {L.-18, tumor necrosis
factor (TNF), interferon gamma (FFN-gamma), and granulocyte-macrophage colony stinugdating

factor (GM-CSF).
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167. The method of any onc of claims 1, 2, 3, 6, 23-43, and 50-142, wherein the tolerance

comprises increased production and/or secrction of one or more anti-inflammatory cytokines.

168.  The method of claim 167, wherein the one or more anti-inflammatory cytokines are
selected from the group consisting of H.-4, H.-10, 11L-13, IL-35, IFN-¢ and transforming growth

factor-beta (TGFR).

169.  The method of any onc of claims 1, 2, 3, 6, 23-43, and 50-142, wherein the tolerance

comprises a decreased T cell response.

170.  The method of claim 169, wherein the decreased T cell response comprises decreased T

cell activation.

171.  'FThe method of any one of claims 169-170, wherein the decreased T cell response

comprises decreased T celf survival.

172, The method of any one of claims 169-171, wherein the decreased T celf response

comprises decreased T cel proliferation.

173, 'The method of any one of claims 169-172, wherein the decreased T cell response

comyprises decreased T celf functionality.

174.  The method of any one of claims 169-173, wherein the decreased T cell response

comprises a change in T cell phenotype.

175.  The method of any one of claims 1, 2, 5, 6, 23-43, 50-142, and 169-174, wherein the

tolerance comprises uncostimated activation of a T cell.

176.  The method of any one of claims 1, 2, 3, 6, 23-43, 50-142, and 169-175, whercin the

tolerance corprises an enhanced Treg response.

106



WO 2017/192786 PCT/US2017/030933

177. The method of any one of claims 1, 2, 5, 6, 23-43, 50-142, and 169-176, wherein the

tolerance comprises a decreased B ccll response.

178.  The method of claim 177, wherein the decreased B cell response comprises decreased

antibody production.

179, The method of any one of claims 1, 2, 5, 6, 23-43, 53-142, and 169-178, wherein the

tolerance comprises decreased cytokine production.

180, The method of any one of clavms 1, 2, 3, 6, 23-43, 50-142, and 169-179, wherein the

tolerance comprises a decreased autoimmune response.

181.  The method of any one of claims 1, 2, 5, 6, 23-43, 50-142, and 169-180, wherein the

tolerance corprises a decreased allergic response.

182, The method of any one of claims 1, 2, 3, 6, 23-43, 50-142, and 169-181, wherein the

tolerance comprises a decreased immune response against the transplanted tissue.

183,  The method of any one of claims 1, 2, 5, 6, 23-43, 50-142, and 169-182, wherein the

tolerance comprises a decreased pathogenic immune response to the virgs.

184.  The method of any one of claims 1, 2, 3, 6, 23-43, 50-142, and 169-183, whercin the

tolerance comprises a decreased immune response against a therapeutic agent.

185.  The method of any one of claims 1, 2, 5, 6, 23-43, 50-142, and 169-184, wherein the

tolerance comprises a decreased immune response against a therapeutic vehicle.

186.  The method of any one of claims 1-185, wherein the method is repeated at least 1, 2, 3, 4,

5, or 6 times.
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187.  'The method of claim 186, wherein the duration of time between any two repetitions of
the method is at least 1 day, 1 weck, 1 month, 2 months, 3 months, 4 months, 5 months, 6

months, or 1 year.

188. A system comprising the constriction, imuntne cell, antigen, and/or tolerogenic factor for

use in the methods of any one of claims 1-43 and 50-187.

189. A system comprising the constriction, immune cell, and compound encoding a

nonfunctional cytokine binding protein for use in the methods of any one of claims 44-187.



FIG. 1

WO 2017/192786 PCT/US2017/030933

1/7
i i "FH' G
o %
3 - &
g ) - ] ?"o
o >,
o = %
= & &
= )
o, *%
£ I O,
s e { s o %,
9 & * - /Q w&!
%, o,
[
£ ) L) L] Q‘ﬁ\
i€ = © o Y
- R Lo’ < //&{
{+yQD+£QD Buocwie v} k¥
523 |10

2 L s e
« - o
C? h %
& ok %,
3§ . " &
Bl - /e,
& L Y,
@
‘9\}0
- H—o—’ ® | Q’@/
s (o)
(N ¥
v
L) L ) ) Q‘@
« o o~ aem = "«g}
{(+800+£00 Buowe %} ’@g,o
CH NSt Ee]

& 5 3
B o i
b3 N
= g
g O
2
ool
[» X
E
= i
£
2 R .“‘f‘e)
{+209+cqD Buowe %) %

SHEI IO

Day 0
i
FIG. 2



FIG. 3

WO 2017/192786

Spleen

Spleen

B2 L

217
R PN
4 | >
='§ﬁl’“§‘ =
. ' &,
""sz%
- , &
— §i - 4
5}% Q%O
0
X &o
i G
ewer | ail¥ | &
'5'00 ¥
I T T &()2“
8 3 154 < A
52 g B
{+Z SPOD+ZEANDL
ubigepD Suowe}
S SETERTH
b 3“‘+"% 3 e‘a@
:”&
]
&
s
2N
2
o >
22
s
(+]
w2
) &'*’o
.*,;,co 9(
[2}
a o o o o o P
& & ~ @ o N
(+Z srao+zeANO L Buowe %) %5

+¥PAO+ONA

FIG. 4

Spleen

s

PCT/US2017/030933




PCT/US2017/030933

WO 2017/192786

3/7

.\,.f \

I Q\&W W(Q

A
4570

oBUGy
. BOURIBIOL

TR

SR

\\\ ...f«.

i

i e
LD

WY

1
#

7

Z
]
¥

HPOO+Ean ~ 110}
apon yduwiy

R S S #

S PUTR T S -~ e 3,

28 oRUOY

yE g ;i eoumuaol

: ¢ 7

M \ Si?.f.» . 3 % o M\\H .\.«,\\\t f...«.

M .‘/.,f). . \\ : . ..._f .. \\ .. Fmﬁ . ...f.:: .. \~ . .
R %4 % Rl %4 » T %BL G

)

¥

+8Q0+¢0D ~1NLO)
uaapie

L RN

AR PR

S %5 %7
g7 #
P S

ayds

1e¥ 113100y
aBuslipys

%LL0

TRAMIL

St s I 4 e

LGPaD

| Eﬁmau
aBusyriys

R %d¥'h

TEAAIL

S 'Oid



PCT/US2017/030933

WO 2017/192786

a/7

A

L4447

\\\\\\\\\\\\.\\\\u 0\& w> N@

fosuan
ofivsaeys

%%
4

useids ul 5180 L IFLO ansuodsay ANddl

AR

9 'OId



PCT/US2017/030933

WO 2017/192786

57

6 'Old

g1 AeQ g Aeg

uonanpLy
BIURIBIGY

\e &
Sye (5] Ny ) o AN
ol & #° &> ra e
2 25 2 o~ > B
I @ > & Pe & &
@ o 2 Y & ) ry o 3
o A s &> A 2] e v > &£
& ¢ &P & g & F & e g8 o
oo e A NI S
‘ e o Ry : o TR
I ‘ - a,..\mnfﬂ
2 oo 3 -5
© "2 o He 5
oln ] Q ~5
b4 e oy Loy O e
oy B “ v g * g3
i e | $9 oy o T
* . 7 Z
“ 0g m g ad » A
L4 N ® [
1 1 Lao) . ‘ Lot 1 i 82
L FRXX } " 2 % 3 i XEEY J
Fop R R FEH
uaajdg teajtg sapon yduihv

8 'OId

0 AeQ

L '9ld



WO 2017/192786 PCT/US2017/030933
6/7

=4 Tolerance Control
: Tolerance Control

£y S
£33 3
™y R g B T ¥ ¥ B ¥
= o EY . N

N A T RN o Y, e N
R RN R ¥ty N R ey

SQL-OVA

4 3
-~ -~
¥
A S
o S R 3 B SEgNe Py T P g
N AN N 3 X, LN R ™ ™
R R R » 2 W ® R 5 - Y

OGN TR S

S UIRURRRRRE

AR,

s

MNaive

® N 2 i = S

¥
% i
.
.
4
A
4
,

i
L
=
-~ pos
w "
N

hallenge Control

2 ¥ L R o N X ¥

. B % .
« ~ s

Y = \\ ® B Y

o4 ehallenge Control

CD44

B+ TCells

{Zsyant
SHEQ AHLG



PCT/US2017/030933

WO 2017/192786

I

UORINPLE
QIURIBIOL

~

|

L4 e 0 Aey

m

5 A g heq ¢ Avg

4¢T1 'Old

wmy ARG

-~ 13 Aol
da1T 'Old

oL ABQ

HoAnpU
BOUBSHOL

1 #eq

V<t ‘Oid

HOANou

anuwiBn]

_

g ey

|

o Aug
{enenm 0 1)

Vi1 'Ol



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/030933

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K35/17 Ab61K35/15
ADD.

Ab1P37/02

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

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, EMBASE, CHEM ABS Data, WPI Data, BIOSIS, Sequence Search

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 May 2016 (2016-05-06)
cited in the application
the whole document

the whole document

X,P WO 2016/070136 Al (MASSACHUSETTS INST
TECHNOLOGY [US]; HARVARD COLLEGE [US])

Y,P WO 2017/041050 Al (SQZ BIOTECHNOLOGIES
COMPANY [US]) 9 March 2017 (2017-03-09)

1-80,
82-189

1-189

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

12 July 2017

Date of mailing of the international search report

21/07/2017

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Greif, Gabriela

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/030933

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y,P MARTIN P. STEWART ET AL: "In vitro and ex 1-189
vivo strategies for intracellular
delivery",

NATURE,

vol. 538, no. 7624,

12 October 2016 (2016-10-12), pages
183-192, XP055388055,

ISSN: 0028-0836, DOI: 10.1038/naturel9764
the whole document

X WO 2013/059343 Al (MASSACHUSETTS INST 1-189
TECHNOLOGY [US]; SHAREI ARMON [US]; ADAMO
ANDREA [U) 25 April 2013 (2013-04-25)
cited in the application

the whole document

and see especially claims 1,15,55 and
example 3

Y WO 03/020039 Al (RUSH PRESBYTERIAN ST LUKE 1-189
[US]; GALILI URI [US])

13 March 2003 (2003-03-13)
the whole document

Y STEINMAN RALPH M ET AL: "Tolerogenic 1-189
dendritic cells",

ANNUAL REVIEW OF IMMUNOLOGY, ANNUAL
REVIEWS INC, US,

vol. 21, 1 January 2003 (2003-01-01),
pages 685-711, XP002433336,

ISSN: 0732-0582, DOI:
10.1146/ANNUREV.IMMUNOL.21.120601.141040
the whole document

Y RUTELLA SERGIO ET AL: "Tolerogenic 1-189
dendritic cells: cytokine modulation comes
of age",

BLOOD, THE AMERICAN SOCIETY OF HEMATOLOGY,
us,

vol. 108, no. 5,

1 September 2006 (2006-09-01), pages
1435-1440, XP002648261,

ISSN: 0006-4971, DOI:
10.1182/BL0O0D-2006-03-006403

[retrieved on 2006-05-09]

the whole document

Y WO 02/067863 A2 (SCEPENS EYE RES INST INC 1-189
[US]; STEIN-STREILEIN JOAN [US]; STREILEIN
J) 6 September 2002 (2002-09-06)

the whole document

y US 2008/311140 Al (LEE BRENDAN [US] ET AL) 1-189
18 December 2008 (2008-12-18)
the whole document

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/030933
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2016070136 Al 06-05-2016 AU 2015338893 Al 04-05-2017
CA 2964392 Al 06-05-2016
SG 11201703044P A 30-05-2017
WO 2016070136 Al 06-05-2016

WO 2017041050 Al 09-03-2017  NONE

WO 2013059343 Al 25-04-2013 AU 2012326203 Al 15-05-2014
BR 112014009346 A2 18-04-2017
CA 2852672 Al 25-04-2013
CN 103987836 A 13-08-2014
EP 2768942 Al 27-08-2014
JP 2014533936 A 18-12-2014
KR 20140116374 A 02-10-2014
RU 2014119926 A 27-11-2015
US 2014287509 Al 25-09-2014
WO 2013059343 Al 25-04-2013

WO 03020039 Al 13-03-2003 US 2004234511 Al 25-11-2004
WO 03020039 Al 13-03-2003

WO 02067863 A2 06-09-2002 AU 2002252073 Al 12-09-2002
WO 02067863 A2 06-09-2002

US 2008311140 Al 18-12-2008  NONE

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - claims
	Page 92 - claims
	Page 93 - claims
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - wo-search-report
	Page 118 - wo-search-report
	Page 119 - wo-search-report

