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(57) Abstract: This invention relates generally to compositions and methods for identifying the regulatory network that modulates,
controls or otherwise influences T cell balance, for example, Thl7 cell differentiation, maintenance and/or function, as well composi-
tions and methods for exploiting the regulatory network that modulates, controls or otherwise influences T cell balance in a variety
of therapeutic and/or diagnostic indications. This invention also relates generally to identifying and exploiting target genes and/or
target gene products that modulate, control or otherwise influence T cell balance in a variety of therapeutic and/or diagnostic indica-
tions.
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T CELL BALANCE GENE EXPRESSION, COMPOSITIONS OF MATTERS AND
METHODS OF USE THEREOF
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February 26, 2015; US provisional patent application 62/181,697, filed June 18, 2015 and US
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2015 and published on September 3, 2015 as WO2015130968, WO/2012/048265;
WO0/2014/145631; WO/2014/134351; and US provisional patent application 61/945,641, filed
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reference.
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or referenced in herein cited documents, together with any manufacturer’s instructions,
descriptions, product specifications, and product sheets for any products mentioned herein or in
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may be employed in the practice of the invention. Appln cited documents, herein cited
documents, all documents herein referenced or cited, and all documents indicated to be
incorporated herein by reference, are incorporated by reference to the same extent as if each
individual document was specifically and individually set forth herein in full and indicated to be

incorporated by reference when or where cited or referenced.
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FIELD OF THE INVENTION

[0005] This invention relates generally to compositions and methods for identifying the
regulatory network that modulates, controls or otherwise influences T cell balance, for example,
Th17 cell differentiation, maintenance and/or function, as well compositions and methods for
exploiting the regulatory network that modulates, controls or otherwise influences T cell balance
in a variety of therapeutic and/or diagnostic indications. This invention also relates generally to
identifying and exploiting target genes and/or target gene products that modulate, control or

otherwise influence T cell balance in a variety of therapeutic and/or diagnostic indications.
BACKGROUND OF THE INVENTION

[0006] Despite their importance, the molecular circuits that control the balance of T cells,
including the differentiation of naive T cells, remain largely unknown. Recent studies that
reconstructed regulatory networks in mammalian cells have focused on short-term responses and
relied on perturbation-based approaches that cannot be readily applied to primary T cells.
Accordingly, there exists a need for a better understanding of the dynamic regulatory network that
modulates, controls, or otherwise influences T cell balance, including Th17 cell differentiation,
maintenance and function, and means for exploiting this network in a variety of therapeutic and
diagnostic methods. Citations herein are not intended as an admission that anything cited is
pertinent or prior art; nor does it constitute any admission as to the contents or date of anything

cited.
SUMMARY OF THE INVENTION

[0007] The invention has many utilities. The invention pertains to and includes methods and
compositions therefrom of Drug Discovery, as well as for detecting patients or subjects who may or
may not respond or be responding to a particular treatment, therapy, compound, drug or combination of
drugs or compounds; and accordingly ascertaining which drug or combination of drugs may provide a
particular treatment or therapy as to a condition or disease or infection or infectious state, as well as
methods and compositions for selecting patient populations (e.g., by detecting those who may or may
not respond or be responding), or methods and compositions involving personalized treatment—a
combination of Drug Discovery and detecting patients or subjects who may not respond or be
responding to a particular treatment, therapy, compound, drug or combination of drugs or compounds

(e.g., by as to individual(s), so detecting response, nor responding, potential to respond or not, and
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adjusting particular treatment, therapy, compound, drug or combination of drugs or compounds to be
administered or administering a treatment, therapy, compound, drug or combination of drugs or
compounds indicated from the detecting).

[0008] The invention provides a method of diagnosing, prognosing and/or staging an
immune response involving T cell balance, comprising detecting a first level of expression,
activity and/or function of Toso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4,
Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssi, Galkl, Gnpda2 or
Mipap or any one of the foregoing or any combination thereof with one or more of Gpré35, Plzp
or Cd5] or any combination thereof Gpr65, Plzp or Cd5l in any combination of Gpré35, Plzp,
Toso or Cd5l or one or more products of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl,
Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssli, Galkl,
Gnpda2 or Mipap or any one of the foregoing or any combination thereof with one or more of
Gpr65, Plzp or Cd5l or any combination thereof Gpré65, Plzp or Cd5l in any combination of
Gpr65, Plzp, Toso or Cd5land comparing the detected level to a control of level of 7oso,
advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d, Sirt6,
Sle25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mtpap or any one of the foregoing or
any combination thereof with one or more of Gpr65, Plzp or Cd5! or any combination thereof
Gpr65, Plzp or Cd5] in any combination of Gpr65, Plzp, Toso or Cd5l or gene product
expression, activity and/or function, wherein a difference in the detected level and the control
level indicates that the presence of an immune response in the subject.

[0009] The invention also provides a method of monitoring an immune response in a subject
comprising detecting a level of expression, activity and/or function of 7oso, advantageously
Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2,
Ino80c, Med21, Pdss 1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination
thereof with one or more of Gpré65, Plzp or Cd5! or any combination thereof Gprés, Plzp or
(Cd5!] in any combination of Gpré5, Plzp, Toso or Cd5[ at a first time point, detecting a level of
expression, activity and/or function of one or more signature genes or one or more products of
Toso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d,
Sirt6, Slc25al3, Chd2, Ino80c, Med2l, Pdssl, Galkl, Gnpda2 or Mipap or any one of the
foregoing or any combination thereof with one or more of Gpré5, Plzp or Cd5l or any

combination thereof Gpré35, Plzp or Cd5l in any combination of Gpr635, Plzp, Toso or Cd5[ at a
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second time point, and comparing the first detected level of expression, activity and/or function
with the second detected level of expression, activity and/or function, wherein a change in the
first and second detected levels indicates a change in the immune response in the subject.

[0010] The invention also provides a method of identifying a patient population at risk or
suffering from an immune response comprising detecting a level of expression, activity and/or
function of Toso, advantageously Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll,
Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mipap or any one of
the foregoing or any combination thereof with one or more of Gpré65, Plzp or Cd5l or any
combination thereof Gpré635, Plzp or Cd5! in any combination of Gpr65, Plzp, Toso or Cd5l or
one or more products of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3,
Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssi, Galkl, Gnpda?2 or Mtpap or
any one of the foregoing or any combination thereof with one or more of Gpré5, Plzp or Cd5/ or
any combination thereof Gpré5, Plzp or Cd5[ in any combination of Gpro65, Plzp, Toso or Cd5l
in the patient population and comparing the level of expression, activity and/or function of one or
more signature genes or one or more products of 7oso, advantageously Ctla2b, Gatm, Bdh?2,
Bceatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2, Ino80c, Med21, Pdss|,
Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination thereof with one or
more of Gpr65, Plzp or Cd5! or any combination thereof Gpr65, Plzp or Cd5l in any
combination of Gpr65, Plzp, Toso or Cd5[ in a patient population not at risk or suffering from an
immune response, wherein a difference in the level of expression, activity and/or function of one
or more of Toso, advantageously Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll,
Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mipap or any one of
the foregoing or any combination thereof with one or more of Gpré65, Plzp or Cd5l or any
combination thereof Gpré635, Plzp or Cd5! in any combination of Gpr65, Plzp, Toso or Cd5l or
one or more products of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3,
Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssi, Galkl, Gnpda?2 or Mtpap or
any one of the foregoing or any combination thereof with one or more of Gpré5, Plzp or Cd5/ or
any combination thereof Gpré5, Plzp or Cd5[ in any combination of Gpro65, Plzp, Toso or Cd5l
in the patient populations identifies the patient population as at risk or suffering from an immune

response.
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[0011] The invention also provides a method for monitoring subjects undergoing a treatment
or therapy specific for a target gene selected from the group consisting of candidates 7oso,
advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d, Sirt6,
Sle25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mipap or any one of the foregoing or
any combination thereof with one or more of Gpr65, Plzp or Cd5! or any combination thereof
Gpr635, Plzp or Cd5! in any combination of Gpr635, Plzp, Toso or Cd5[ for an aberrant immune
response to determine whether the patient is responsive to the treatment or therapy comprising
detecting a level of expression, activity and/or function of Toso, advantageously Ctla2b, Gatm,
Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21,
Pdssi, Galkl, Gnpda2 or Mitpap or any one of the foregoing or any combination thereof with one
or more of Gpr65, Plzp or Cd5] or any combination thereof Gpré5, Plzp or Cd5l in any
combination of Gpré65, Plzp, Toso or Cd5l in the absence of the treatment or therapy and
comparing the level of expression, activity and/or function of 7oso, advantageously Ctla2b,
Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Sic25al3, Chd2, Ino80c,
Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination thereof
with one or more of Gpré635, Plzp or Cd5l or any combination thereof Gpr65, Plzp or Cd5l in any
combination of Gpr65, Plzp, Toso or Cd5[ in the presence of the treatment or therapy, wherein a
difference in the level of expression, activity and/or function of 7oso, advantageously Ctla2b,
Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Sic25al3, Chd2, Ino80c,
Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination thereof
with one or more of Gpré635, Plzp or Cd5l or any combination thereof Gpr65, Plzp or Cd5l in any
combination of Gpré5, Plzp, Toso or Cd5l or products of 7oso, advantageously Ctla2b, Gatm,
Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21,
Pdssi, Galkl, Gnpda2 or Mitpap or any one of the foregoing or any combination thereof with one
or more of Gpr65, Plzp or Cd5l or any combination thereof Gpré5, Plzp or Cd5l in any
combination of Gpré5, Plzp, Toso or Cd5/ in the presence of the treatment or therapy indicates
whether the patient is responsive to the treatment or therapy.

[0012] In these methods the immune response is an autoimmune response oOr an
inflammatory response; or the inflammatory response is associated with an autoimmune
response, an infectious disease and/or a pathogen-based disorder; or the signature genes are

Th17-associated genes; or the treatment or therapy is an antagonist as to expression of 70so,
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advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d, Sirt6,
Sle25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mipap or any one of the foregoing or
any combination thereof with one or more of Gpr65, Plzp or Cd5! or any combination thereof
Gpr635, Plzp or Cd5l in any combination of Gpr63, Plzp, Toso or Cd5l in an amount sufficient to
induce differentiation toward regulatory T cells (Tregs), Th1 cells, or a combination of Tregs and
Th1 cells; or the treatment or therapy is an agonist that enhances or increases the expression of
Toso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d,
Sirt6, Slc25al3, Chd2, Ino80c, Med2l, Pdssl, Galkl, Gnpda2 or Mipap or any one of the
foregoing or any combination thereof with one or more of Gprés, Plzp or Cd5l or any
combination thereof Gpré5, Plzp or Cd5[ in any combination of Gpré635, Plzp, Toso or Cd5/ in an
amount sufficient to induce T cell differentiation toward Th17 cells; or the treatment or therapy
is an antagonist of a target gene selected from the group consisting of Toso, advantageously
Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2,
Ino80c, Med21, Pdss 1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination
thereof with one or more of Gpré65, Plzp or Cd5/ or any combination thereof Gprés, Plzp or
(Cd5! in any combination of Gpr65, Plzp, Toso or Cd5/ in an amount sufficient to switch Th17
cells from a pathogenic to non-pathogenic signature; or the treatment or therapy is an agonist that
enhances or increases the expression of a target gene selected from the group consisting of 70so,
advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d, Sirt6,
Sle25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mipap or any one of the foregoing or
any combination thereof with one or more of Gpr65, Plzp or Cd5! or any combination thereof
Gpr635, Plzp or Cd5l in any combination of Gpr63, Plzp, Toso or Cd5l in an amount sufficient to
switch Th17 cells from a non-pathogenic to a pathogenic signature; or the T cell modulating
agent is an antibody, a soluble polypeptide, a polypeptide agent, a peptide agent, a nucleic acid
agent, a nucleic acid ligand, or a small molecule agent.

[0013] The invention also provides a method of modulating T cell balance, the method
comprising contacting a T cell or a population of T cells with a T cell modulating agent in an
amount sufficient to modify differentiation, maintenance and/or function of the T cell or
population of T cells by altering balance between Th17 cells, regulatory T cells (Tregs) and other
T cell subsets as compared to differentiation, maintenance and/or function of the T cell or

population of T cells in the absence of the T cell modulating agent; wherein the T cell
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modulating agent is an antagonist for or of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl,
Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssli, Galkl,
Gnpda2 or Mipap or any one of the foregoing or any combination thereof with one or more of
Gpr65, Plzp or Cd5l or any combination thereof Gpré65, Plzp or Cd5l in any combination of
Gpr635, Plzp, Toso or Cd5[ in an amount sufficient to induce differentiation toward regulatory T
cells (Tregs), Thl cells, or a combination of Tregs and Thl cells, or wherein the T cell
modulating agent is an agonist that enhances or increases the expression of 7oso, advantageously
Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2,
Ino80c, Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination
thereof with one or more of Gpré65, Plzp or Cd5! or any combination thereof Gprés, Plzp or
(Cd5! in any combination of Gpr65, Plzp, Toso or Cd5!/ in an amount sufficient to induce T cell
differentiation toward Th17 cells, or wherein the T cell modulating agent is specific for a target
gene selected from the group consisting of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl,
Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssli, Galkl,
Gnpda2 or Mipap or any one of the foregoing or any combination thereof with one or more of
Gpr65, Plzp or Cd5l or any combination thereof Gpré65, Plzp or Cd5l in any combination of
Gpro65, Plzp, Toso or Cd5l, or wherein the T cell modulating agent is an antagonist of a target
gene selected from the group consisting of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl,
Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssli, Galkl,
Gnpda2 or Mipap or any one of the foregoing or any combination thereof with one or more of
Gpr65, Plzp or Cd5l or any combination thereof Gpré65, Plzp or Cd5l in any combination of
Gpr65, Plzp, Toso or Cd5] in an amount sufficient to switch Th17 cells from a pathogenic to
non-pathogenic signature, or wherein the T cell modulating agent is an agonist that enhances or
increases the expression of a target gene selected from the group consisting of 7oso,
advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl0d, Sirt6,
Sle25al3, Chd2, Ino80c, Med?21, Pdssl, Galkl, Gnpda2 or Mtpap or any one of the foregoing or
any combination thereof with one or more of Gpr65, Plzp or Cd5! or any combination thereof
Gpr635, Plzp or Cd5l in any combination of Gpr63, Plzp, Toso or Cd5l in an amount sufficient to
switch Th17 cells from a non-pathogenic to a pathogenic signature. In these methods the T cell
modulating agent is an antibody, a soluble polypeptide, a polypeptide agent, a peptide agent, a

nucleic acid agent, a nucleic acid ligand, or a small molecule agent; or the T cells are naive T
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cells, partially differentiated T cells, differentiated T cells, a combination of naive T cells and
partially differentiated T cells, a combination of naive T cells and differentiated T cells, a
combination of partially differentiated T cells and differentiated T cells, or a combination of
naive T cells, partially differentiated T cells and differentiated T cells.

[0014] The invention also provides a method of enhancing Th17 differentiation in a cell
population, increasing expression, activity and/or function of one or more Thl7-associated
cytokines or one or more Th17- associated transcription regulators selected from interleukin 17F
(IL-17F), interleukin 17A (IL- 17A), STATS3, interleukin 21 (IL-21) and RAR-related orphan
receptor C (RORC), and/or decreasing expression, activity and/or function of one or more non-
Thl17-associated cytokines or non-Thl7-associated transcription regulators selected from
FOXP3, interferon gamma (IFN-y), GATA3, STAT4 and TBX21, comprising contacting a T cell
with an agent that enhances expression, activity and/or function of 7oso, advantageously Ctla2b,
Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Sic25al3, Chd2, Ino80c,
Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination thereof
with one or more of Gpré635, Plzp or Cd5l or any combination thereof Gpr65, Plzp or Cd5l in any
combination of Gpré63, Plzp, Toso or Cd5l.

[0015] In methods herein the agent enhances expression, activity and/or function of at least
Toso. The agent can be an antibody, a soluble polypeptide, a polypeptide agonist, a peptide
agonist, a nucleic acid agonist, a nucleic acid ligand, or a small molecule agonist;
advantageously an antibody, such as a monoclonal antibody; or an antibody that is a chimeric,
humanized or fully human monoclonal antibody.

[0016] The invention comprehends use of an antagonist for or of 7oso, advantageously
Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2,
Ino80c, Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination
thereof with one or more of Gpré65, Plzp or Cd5/ or any combination thereof Gprés, Plzp or
(Cd5! in any combination of Gpré5, Plzp, Toso or Cd5/ in an amount sufficient to induce
differentiation toward regulatory T cells (Tregs), Thl cells, or a combination of Tregs and Thl
cells for treating or Drug Discovery of or formulating or preparing a treatment for an aberrant
immune response in a patient.

[0017] The invention comprehends use of an agonist that enhances or increases the

expression of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil,
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Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssl, Galkl, Gnpda2 or Mipap or any
one of the foregoing or any combination thereof with one or more of Gpré5, Plzp or Cd5/ or any
combination thereof Gpré5, Plzp or Cd5[ in any combination of Gpré635, Plzp, Toso or Cd5/ in an
amount sufficient to induce T cell differentiation toward Th17 cells for treating or Drug
Discovery of or formulating or preparing a treatment for an aberrant immune response in a
patient.

[0018] The invention comprehends use of an antagonist of a target gene selected from the
group consisting of 7oso, advantageously Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil,
Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssl, Galkl, Gnpda2 or Mipap or any
one of the foregoing or any combination thereof with one or more of Gpré5, Plzp or Cd5/ or any
combination thereof Gpré5, Plzp or Cd5[ in any combination of Gpré635, Plzp, Toso or Cd5/ in an
amount sufficient to switch Th17 cells from a pathogenic to non-pathogenic signature for
treating or Drug Discovery of or formulating or preparing a treatment for an aberrant immune
response in a patient.

[0019] The invention comprehends use of an agonist that enhances or increases the
expression of a target gene selected from the group consisting of 7oso, advantageously Ctla2b,
Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Sic25al3, Chd2, Ino80c,
Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination thereof
with one or more of Gpré635, Plzp or Cd5l or any combination thereof Gpr65, Plzp or Cd5l in any
combination of Gpr65, Plzp, Toso or Cd5/ in an amount sufficient to switch Th17 cells from a
non-pathogenic to a pathogenic signature for treating or Drug Discovery of or formulating or
preparing a treatment for an aberrant immune response in a patient.

[0020] The invention comprehends a treatment method or Drug Discovery method or method
of formulating or preparing a treatment comprising any one of the methods or uses herein
discussed.

[0021] The invention comprehends a method of drug discovery for the treatment of a disease
or condition involving an immune response involving T cell balance in a population of cells or
tissue which express a target gene selected from the group consisting of 7oso, advantageously
Ctla2b, Gatm, Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25ai3, Chd2,
Ino80c, Med21, Pdss1, Galkl, Gnpda2 or Mipap or any one of the foregoing or any combination
thereof with one or more of Gpré65, Plzp or Cd5/ or any combination thereof Gprés, Plzp or
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Cd5! in any combination of Gpré5, Plzp, Toso or Cd5] comprising the steps of (a) providing a
compound or plurality of compounds to be screened for their efficacy in the treatment of said
disease or condition; (b) contacting said compound or plurality of compounds with said
population of cells or tissue; (c) detecting a first level of expression, activity and/or function of a
target gene selected from the group consisting of Toso, Ctla2b, Gatm, Bdh2, Beatl, Zfp36, AcslA,
Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21, Pdssi, Galkl, Gnpda2 or
Mipap or any one of the foregoing or any combination thereof with one or more of Gpré35, Plzp
or Cd5] or any combination of Gpr63, Plzp or Cd5/ in any combination thereof Gpré635, Plzp,
Toso or Cd5l or one or more products of a target gene selected from the group consisting of
Toso, Ctla2b, Gatm, Bdh2, Bcatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mettl10d, Sirt6, Slc25al3,
Chd2, Ino80c, Med21, Pdssi, Galkl, Gnpda2 or Mipap or any one of the foregoing or any
combination thereof with one or more of Gpr635, Plzp or Cd5! or any combination thereof Gpré3s,
Plzp or Cd5!] in any combination of Gpr65, Plzp, Toso or Cd5l; (d) comparing the detected level
to a control of level of a target gene selected from the group consisting of 7oso, Ctla2b, Gatm,
Bdh2, Beatl, Zfp36, Acsl4, Acat3, Adil, Dotll, Mett10d, Sirt6, Slc25al3, Chd2, Ino80c, Med21,
Pdssli, Galkl, Gnpda2 or Mitpap or any one of the foregoing or any combination thereof with one
or more of Gpr65, Plzp or Cd5l or any combination of Gpré5, Plzp or Cd5/ in any combination
thereof Gprés, Plzp, Toso or Cd5] or gene product expression, activity and/or function; (e)
evaluating the difference between the detected level and the control level to determine the
immune response elicited by said compound or plurality of compounds.

[0022] The invention provides compositions and methods for modulating T cell balance. As
used herein, the term “modulating” includes up-regulation of, or otherwise increasing, the
expression of one or more genes, down-regulation of, or otherwise decreasing, the expression of
one or more genes, inhibiting or otherwise decreasing the expression, activity and/or function of
one or more gene products, and/or enhancing or otherwise increasing the expression, activity
and/or function of one or more gene products.

[0023] As used herein, the term “modulating T cell balance” includes the modulation of any
of a variety of T cell-related functions and/or activities, including by way of non-limiting
example, controlling or otherwise influencing the networks that regulate T cell differentiation;
controlling or otherwise influencing the networks that regulate T cell maintenance, for example,

over the lifespan of a T cell; controlling or otherwise influencing the networks that regulate T
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cell function; controlling or otherwise influencing the networks that regulate helper T cell (Th
cell) differentiation; controlling or otherwise influencing the networks that regulate Th cell
maintenance, for example, over the lifespan of a Th cell; controlling or otherwise influencing the
networks that regulate Th cell function; controlling or otherwise influencing the networks that
regulate Th17 cell differentiation; controlling or otherwise influencing the networks that regulate
Th17 cell maintenance, for example, over the lifespan of a Th17 cell; controlling or otherwise
influencing the networks that regulate Th17 cell function; controlling or otherwise influencing
the networks that regulate regulatory T cell (Treg) differentiation; controlling or otherwise
influencing the networks that regulate Treg cell maintenance, for example, over the lifespan of a
Treg cell; controlling or otherwise influencing the networks that regulate Treg cell function;
controlling or otherwise influencing the networks that regulate other CD4+ T cell differentiation;
controlling or otherwise influencing the networks that regulate other CD4+ T cell maintenance;
controlling or otherwise influencing the networks that regulate other CD4+ T cell function;
manipulating or otherwise influencing the ratio of T cells such as, for example, manipulating or
otherwise influencing the ratio of Th17 cells to other T cell types such as Tregs or other CD4+ T
cells; manipulating or otherwise influencing the ratio of different types of Th17 cells such as, for
example, pathogenic Th17 cells and non-pathogenic Th17 cells; manipulating or otherwise
influencing at least one function or biological activity of a T cell; manipulating or otherwise
influencing at least one function or biological activity of Th cell, manipulating or otherwise
influencing at least one function or biological activity of a Treg cell; manipulating or otherwise
influencing at least one function or biological activity of a Th17 cell; and/or manipulating or
otherwise influencing at least one function or biological activity of another CD4+ T cell.

[0024] The invention provides T cell modulating agents that modulate T cell balance. For
example, in some embodiments, the invention provides T cell modulating agents and methods of
using these T cell modulating agents to regulate, influence or otherwise impact the level(s) of
and/or balance between T cell types, e.g., between Th17 and other T cell types, for example,
regulatory T cells (Tregs), and/or Th17 activity and inflammatory potential. As used herein,
terms such as “Th17 cell” and/or “Th17 phenotype” and all grammatical variations thereof refer
to a differentiated T helper cell that expresses one or more cytokines selected from the group the
consisting of interleukin 17A (IL-17A), interleukin 17F (IL-17F), and interleukin 17A/F
heterodimer (IL17-AF). As used herein, terms such as “Th1 cell” and/or “Thl phenotype” and
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all grammatical variations thereof refer to a differentiated T helper cell that expresses interferon
gamma (IFNy). As used herein, terms such as “Th2 cell” and/or “Th2 phenotype” and all
grammatical variations thereof refer to a differentiated T helper cell that expresses one or more
cytokines selected from the group the consisting of interleukin 4 (IL-4), interleukin 5 (IL-5) and
interleukin 13 (IL-13). As used herein, terms such as “Treg cell” and/or “Treg phenotype” and
all grammatical variations thereof refer to a differentiated T cell that expresses Foxp3.

[0025] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to regulate, influence or otherwise
impact the level of and/or balance between Th17 phenotypes, and/or Th17 activity and
inflammatory potential. Suitable T cell modulating agents include an antibody, a soluble
polypeptide, a polypeptide agent, a peptide agent, a nucleic acid agent, a nucleic acid ligand,
or a small molecule agent.

[0026] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to regulate, influence or otherwise
impact the level of and/or balance between Th17 cell types, e.g., between pathogenic and
nonpathogenic Th17 cells. For example, in some embodiments, the invention provides T cell
modulating agents and methods of using these T cell modulating agents to regulate, influence
or otherwise impact the level of and/or balance between pathogenic and non-pathogenic Th17
activity.

[0027] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to influence or otherwise impact the
differentiation of a population of T cells, for example toward Th17 cells, with or without a
specific pathogenic distinction, or away from Th17 cells, with or without a specific pathogenic
distinction.

[0028] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to influence or otherwise impact the
differentiation of a population of T cells, for example toward a non-Th17 T cell subset or away
from a non-Th17 cell subset. For example, in some embodiments, the invention provides T cell
modulating agents and methods of using these T cell modulating agents to induce T-cell

plasticity, i.e., converting Th17 cells into a different subtype, or into a new state.
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[0029] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to induce T cell plasticity, e.g.,
converting Th17 cells into a different subtype, or into a new state.

[0030] For example, in some embodiments, the invention provides T cell modulating
agents and methods of using these T cell modulating agents to achieve any combination of the
above.

[0031] In some embodiments, the T cells are naive T cells. In some embodiments, the T
cells are differentiated T cells. In some embodiments, the T cells are partially differentiated T
cells. In some embodiments, the T cells are a mixture of naive T cells and differentiated T cells.
In some embodiments, the T cells are mixture of naive T cells and partially differentiated T
cells. In some embodiments, the T cells are mixture of partially differentiated T cells and
differentiated T cells. In some embodiments, the T cells are mixture of naive T cells, partially
differentiated T cells, and differentiated T cells.

[0032] The T cell modulating agents are used to modulate the expression of one or more
target genes or one or more products of one or more target genes that have been identified as
genes responsive to Thl7-related perturbations. These target genes are identified, for example,
by contacting a T cell, e.g., naive T cells, partially differentiated T cells, differentiated T cells
and/or combinations thereof, with a T cell modulating agent and monitoring the effect, if any,
on the expression of one or more signature genes or one or more products of one or more
signature genes. In some embodiments, the one or more signature genes are selected from those
listed in Table 1 or Table 2 of W(O/2014/134351, incorporated herein by reference; alone or
with those of other herein disclosed methods.

[0033] In some embodiments, the target gene is one or more Th17-associated cytokine(s)
or receptor molecule(s) selected from those listed in Table 3 of W0/2014/134351, incorporated
herein by reference; alone or with those of other herein disclosed methods. In some
embodiments, the target gene is one or more Th17-associated transcription regulator(s) selected
from those shown in Table S3 (Gaublomme 2015) or listed in Table 4 of W0/2014/134351,
incorporated herein by reference; alone or with those of other herein disclosed methods.

[0034] In some embodiments, the target gene is one or more Th17-associated transcription
regulator(s) selected from those shown in Table S3 (Gaublomme 2015) or Table 5 of
WO/2014/134351, incorporated herein by reference; alone or with those of other herein
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disclosed methods. In some embodiments, the target gene is one or more Thl7-associated
receptor molecule(s) selected from those listed in Table 6 of W0/2014/134351, incorporated
herein by reference; alone or with those of other herein disclosed methods. In some
embodiments, the target gene is one or more Thl7-associated kinase(s) selected from those
listed in Table 7 of W0O/2014/134351, incorporated herein by reference; alone or with those of
other herein disclosed methods. In some embodiments, the target gene is one or more Th17-
associated signaling molecule(s) selected from those listed in Table 8 of W0/2014/134351,
incorporated herein by reference; alone or with those of other herein disclosed methods. In
some embodiments, the target gene is one or more Thl7-associated receptor molecule(s)
selected from those listed in Table 9 of W0O/2014/134351, incorporated herein by reference;
alone or with those of other herein disclosed methods. In some embodiments, the target gene is
one or more target genes involved in induction of Th17 differentiation such as, for example one
or more of the target genes listed in Table 2 herein or Table 5 of W0/2014/134351,
incorporated herein by reference (alone or with those of other herein disclosed methods), as
being associated with the early stage of Th17 differentiation, maintenance and/or function. In
some embodiments, the target gene is one or more target genes involved in onset of Th17
phenotype and amplification of Th17 T cells such as, for example, one or more of the target
genes listed in Table 2 herein or Table 5 of WO/2014/134351, incorporated herein by reference
(;alone or with those of other herein disclosed methods), as being associated with the
intermediate stage of Th17 differentiation, maintenance and/or function. In some embodiments,
the target gene is one or more target genes involved in stabilization of Th17 cells and/or
modulating Th17-associated interleukin 23 (IL-23) signaling such as, for example, one or more
of the target genes listed in Table 2 herein or Table 5 of W(O/2014/134351, incorporated herein
by reference (alone or with those of other herein disclosed methods), as being associated with
the late stage of Th17 differentiation, maintenance and/or function. In some embodiments, the
target gene is one or more of the target genes listed in Table 6 of W(0/2014/134351,
incorporated herein by reference (;alone or with those of other herein disclosed methods), as
being associated with the early stage of Th17 differentiation. In some embodiments, the target
gene is one or more of the target genes listed in Table 6 of W(O/2014/134351, incorporated
herein by reference (alone or with those of other herein disclosed methods), as being associated

with the intermediate stage of Th17 differentiation, maintenance and/or function. In some
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embodiments, the target gene is one or more of the target genes listed in Table 6 of
WO/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the late stage of Th17 differentiation, maintenance
and/or function. In some embodiments, the target gene is one or more of the target genes listed
in Table 7 herein or Table 7 of WO/2014/134351, incorporated herein by reference (alone or
with those of other herein disclosed methods), as being associated with the early stage of Th17
differentiation, maintenance and/or function. In some embodiments, the target gene is one or
more of the target genes listed in Table 7 of W(0/2014/134351, incorporated herein by
reference (alone or with those of other herein disclosed methods), as being associated with the
intermediate stage of Th17 differentiation, maintenance and/or function. In some embodiments,
the target gene is one or more of the target genes listed in Table 7 of W(O/2014/134351,
incorporated herein by reference (alone or with those of other herein disclosed methods), as
being associated with the late stage of Th17 differentiation, maintenance and/or function. In
some embodiments, the target gene is one or more of the target genes listed in Table 8 of
WO/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the early stage of Th17 differentiation,
maintenance and/or function. In some embodiments, the target gene is one or more of the target
genes listed in Table 8 of W0O/2014/134351, incorporated herein by reference (alone or with
those of other herein disclosed methods), as being associated with the intermediate stage of
Th17 differentiation, maintenance and/or function. In some embodiments, the target gene is
one or more of the target genes listed in Table 8 of W0O/2014/134351, incorporated herein by
reference (alone or with those of other herein disclosed methods), as being associated with the
late stage of Th17 differentiation, maintenance and/or function. In some embodiments, the
target gene is one or more of the target genes listed in Table 9 of W(0/2014/134351,
incorporated herein by reference (alone or with those of other herein disclosed methods), as
being associated with the early stage of Th17 differentiation, maintenance and/or function. In
some embodiments, the target gene is one or more of the target genes listed in Table S6
(Gaublomme 2015), Table 7 or in Table 9 of W0O/2014/134351, incorporated herein by
reference (alone or with those of other herein disclosed methods), as being associated with the
intermediate stage of Th17 differentiation, maintenance and/or function. In some embodiments,

the target gene is one or more of the target genes listed in Table S6 (Gaublomme 2015), Table

15



WO 2016/138488 PCT/US2016/019949

7 or Table 9 of W0O/2014/134351, incorporated herein by reference (alone or with those of
other herein disclosed methods), as being associated with the late stage of Th17 differentiation,
maintenance and/or function.

[0035] In some embodiments, the target gene is one or more target genes that is a promoter
of Th17 cell differentiation. In some embodiments, the target gene is GPR6S. In some
embodiments, the target gene is also a promoter of pathogenic Th17 cell differentiation and is
selected from the group consisting of CDSL, DEC1, PLZP and TCF4.

[0036] In some embodiments, the target gene is one or more target genes that is a promoter
of pathogenic Th17 cell differentiation. In some embodiments, the target gene is selected from
the group consisting of CDSL, DEC1, PLZP and TCF4.

[0037] The desired gene or combination of target genes is selected, and after determining
whether the selected target gene(s) is overexpressed or under-expressed during Thl7
differentiation and/or Th17 maintenance, a suitable antagonist or agonist is used depending on
the desired differentiation, maintenance and/or function outcome. For example, for target genes
that are identified as positive regulators of Th17 differentiation, use of an antagonist that
interacts with those target genes will shift differentiation away from the Th17 phenotype, while
use of an agonist that interacts with those target genes will shift differentiation toward the Th17
phenotype. For target genes that are identified as negative regulators of Th17 differentiation,
use of an antagonist that interacts with those target genes will shift differentiation toward from
the Th17 phenotype, while use of an agonist that interacts with those target genes will shift
differentiation away the Th17 phenotype. For example, for target genes that are identified as
positive regulators of Th17 maintenance, use of an antagonist that interacts with those target
genes will reduce the number of cells with the Th17 phenotype, while use of an agonist that
interacts with those target genes will increase the number of cells with the Th17 phenotype. For
target genes that are identified as negative regulators of Th17 differentiation, use of an
antagonist that interacts with those target genes will increase the number of cells with the Th17
phenotype, while use of an agonist that interacts with those target genes will reduce the number
of cells with the Th17 phenotype. Suitable T cell modulating agents include an antibody, a
soluble polypeptide, a polypeptide agent, a peptide agent, a nucleic acid agent, a nucleic acid

ligand, or a small molecule agent.

16



WO 2016/138488 PCT/US2016/019949

[0038] In some embodiments, the positive regulator of Th17 differentiation is a target gene
selected from MINA, TRPS1, MYC, NKFB1, NOTCH, PML, POU2AF1, PROCR, RBPJ,
SMARCA4, ZEB1, BATF, CCR5, CCR6, EGR1, EGR2, ETV6, FAS, IL12RB1, IL17RA,
IL21R, IRF4, IRF8, ITGA3, and combinations thereof In some embodiments, the positive
regulator of Th17 differentiation is a target gene selected from MINA, PML, POU2AFI,
PROCR, SMARCA4, ZEB1, EGR2, CCR6, FAS and combinations thereof.

[0039] In some embodiments, the negative regulator of Th17 differentiation is a target gene
selected from SP4, ETS2, IKZF4, TSC22D3, IRF1 and combinations thereof. In some
embodiments, the negative regulator of Th17 differentiation is a target gene selected from SP4,
IKZF4, TSC22D3 and combinations thereof.

[0040] In some embodiments, the T cell modulating agent is a soluble Fas polypeptide or a
polypeptide derived from FAS. In some embodiments, the T cell modulating agent is an agent
that enhances or otherwise increases the expression, activity, and/or function of FAS in Th17
cells. As shown herein, expression of FAS in T cell populations induced or otherwise influenced
differentiation toward Th17 cells. In some embodiments, these T cell modulating agents are
useful in the treatment of an immune response, for example, an autoimmune response or an
inflammatory response. In some embodiments, these T cell modulating agents are useful in the
treatment of an infectious disease or other pathogen-based disorders. In some embodiments, the
T cell modulating agent is an antibody, a soluble polypeptide, a polypeptide agonist, a peptide
agonist, a nucleic acid agonist, a nucleic acid ligand, or a small molecule agonist. In some
embodiments, the T cells are naive T cells. In some embodiments, the T cells are differentiated
T cells. In some embodiments, the T cells are partially differentiated T cells. In some
embodiments, the T cells are a mixture of naive T cells and differentiated T cells. In some
embodiments, the T cells are mixture of naive T cells and partially differentiated T cells. In
some embodiments, the T cells are mixture of partially differentiated T cells and differentiated
T cells. In some embodiments, the T cells are mixture of naive T cells, partially differentiated T
cells, and differentiated T cells. In some embodiments, the T cell modulating agent is an agent
that inhibits the expression, activity and/or function of FAS. Inhibition of FAS expression,
activity and/or function in T cell populations repressed or otherwise influenced differentiation
away from Th17 cells and/or induced or otherwise influenced differentiation toward regulatory

T cells (Tregs) and towards Thl cells. In some embodiments, these T cell modulating agents
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are useful in the treatment of an immune response, for example, an autoimmune response or an
inflammatory response. In some embodiments, these T cell modulating agents are useful in the
treatment of autoimmune diseases such as psoriasis, inflammatory bowel disease (IBD),
ankylosing spondylitis, multiple sclerosis, Sjogren’s syndrome, uveitis, and rheumatoid arthritis,
asthma, systemic lupus erythematosus, transplant rejection including allograft rejection, and
combinations thereof. In addition, enhancement of Th17 cells is also useful for clearing fungal
infections and extracellular pathogens. In some embodiments, the T cell modulating agent is an
antibody, a soluble polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid
antagonist, a nucleic acid ligand, or a small molecule antagonist. In some embodiments, the T
cells are naive T cells. In some embodiments, the T cells are differentiated T cells. In some
embodiments, the T cells are partially differentiated T cells that express additional cytokines. In
some embodiments, the T cells are a mixture of naive T cells and differentiated T cells. In some
embodiments, the T cells are mixture of naive T cells and partially differentiated T cells. In
some embodiments, the T cells are mixture of partially differentiated T cells and differentiated
T cells. In some embodiments, the T cells are mixture of naive T cells, partially differentiated T
cells, and differentiated T cells.

[0041] In some embodiments, the T cell modulating agent is an agent that inhibits the
expression, activity and/or function of CCRS. Inhibition of CCRS expression, activity and/or
function in T cell populations repressed or otherwise influenced differentiation away from Th17
cells and/or induced or otherwise influenced differentiation toward regulatory T cells (Tregs)
and towards Thl cells. In some embodiments, these T cell modulating agents are useful in the
treatment of an immune response, for example, an autoimmune response or an inflammatory
response. In some embodiments, the T cell modulating agent is an inhibitor or neutralizing
agent. In some embodiments, the T cell modulating agent is an antibody, a soluble polypeptide,
a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic acid ligand,
or a small molecule antagonist. In some embodiments, the T cells are naive T cells. In some
embodiments, the T cells are differentiated T cells. In some embodiments, the T cells are
partially differentiated T cells. In some embodiments, the T cells are a mixture of naive T cells
and differentiated T cells. In some embodiments, the T cells are mixture of naive T cells and

partially differentiated T cells. In some embodiments, the T cells are mixture of partially
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differentiated T cells and differentiated T cells. In some embodiments, the T cells are mixture of
naive T cells, partially differentiated T cells, and differentiated T cells.

[0042] In some embodiments, the T cell modulating agent is an agent that inhibits the
expression, activity and/or function of CCR6. Inhibition of CCR6 expression, activity and/or
function in T cell populations repressed or otherwise influenced differentiation away from Th17
cells and/or induced or otherwise influenced differentiation toward regulatory T cells (Tregs)
and towards Thl cells. In some embodiments, these T cell modulating agents are useful in the
treatment of an immune response, for example, an autoimmune response or an inflammatory
response. In some embodiments, the T cell modulating agent is an antibody, a soluble
polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic
acid ligand, or a small molecule antagonist. In some embodiments, the T cells are naive T cells.
In some embodiments, the T cells are differentiated T cells. In some embodiments, the T cells
are partially differentiated T cells. In some embodiments, the T cells are a mixture of naive T
cells and differentiated T cells. In some embodiments, the T cells are mixture of naive T cells
and partially differentiated T cells. In some embodiments, the T cells are mixture of partially
differentiated T cells and differentiated T cells. In some embodiments, the T cells are mixture of
naive T cells, partially differentiated T cells, and differentiated T cells.

[0043] In some embodiments, the T cell modulating agent is an agent that inhibits the
expression, activity and/or function of EGR1. Inhibition of EGR1 expression, activity and/or
function in T cell populations repressed or otherwise influenced differentiation away from Th17
cells and/or induced or otherwise influenced differentiation toward regulatory T cells (Tregs)
and towards Thl cells. In some embodiments, these T cell modulating agents are useful in the
treatment of an immune response, for example, an autoimmune response or an inflammatory
response. In some embodiments, the T cell modulating agent is an antibody, a soluble
polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic
acid ligand, or a small molecule antagonist. In some embodiments, the T cells are naive T cells.
In some embodiments, the T cells are differentiated T cells. In some embodiments, the T cells
are partially differentiated T cells. In some embodiments, the T cells are a mixture of naive T
cells and differentiated T cells. In some embodiments, the T cells are mixture of naive T cells

and partially differentiated T cells. In some embodiments, the T cells are mixture of partially
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differentiated T cells and differentiated T cells. In some embodiments, the T cells are mixture of
naive T cells, partially differentiated T cells, and differentiated T cells.

[0044] In some embodiments, the T cell modulating agent is an agent that inhibits the
expression, activity and/or function of EGR2. Inhibition of EGR2 expression, activity and/or
function in T cell populations repressed or otherwise influenced differentiation away from Th17
cells and/or induced or otherwise influenced differentiation toward regulatory T cells (Tregs)
and towards Thl cells. In some embodiments, these T cell modulating agents are useful in the
treatment of an immune response, for example, an autoimmune response or an inflammatory
response. In some embodiments, the T cell modulating agent is an antibody, a soluble
polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic
acid ligand, or a small molecule antagonist. In some embodiments, the T cells are naive T cells.
In some embodiments, the T cells are differentiated T cells. In some embodiments, the T cells
are partially differentiated T cells. In some embodiments, the T cells are a mixture of naive T
cells and differentiated T cells. In some embodiments, the T cells are mixture of naive T cells
and partially differentiated T cells. In some embodiments, the T cells are mixture of partially
differentiated T cells and differentiated T cells. In some embodiments, the T cells are mixture of
naive T cells, partially differentiated T cells, and differentiated T cells.

[0045] For example, in some embodiments, the invention provides T cell modulating agents
and methods of using these T cell modulating agents to regulate, influence or otherwise impact
the phenotype of a Th17 cell or population of cells, for example, by influencing a naive T cell
or population of cells to differentiate to a pathogenic or non-pathogenic Th17 cell or population
of cells, by causing a pathogenic Th17 cell or population of cells to switch to a non- pathogenic
Th17 cell or population of T cells (e.g., populations of naive T cells, partially differentiated T
cells, differentiated T cells and combinations thereof), or by causing a non-pathogenic Th17 cell
or population of T cells (e.g., populations of naive T cells, partially differentiated T cells,
differentiated T cells and combinations thereof) to switch to a pathogenic Thl7 cell or
population of cells.

[0046] In some embodiments, the invention comprises a method of drug discovery for the
treatment of a disease or condition involving an immune response involving T cell balance in a
population of cells or tissue of a target gene comprising the steps of providing a compound or

plurality of compounds to be screened for their efficacy in the treatment of said disease or
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condition, contacting said compound or plurality of compounds with said population of cells or
tissue, detecting a first level of expression, activity and/or function of a target gene, comparing
the detected level to a control of level of a target gene, and evaluating the difference between
the detected level and the control level to determine the immune response elicited by said
compound or plurality of compounds. For example, the method contemplates comparing tissue
samples which can be inter alia infected tissue, inflamed tissue, healthy tissue, or combinations
of tissue samples thereof.

[0047] In one embodiment of the invention, the reductase null animals of the present
invention may advantageously be used to modulate T cell balance in a tissue or cell specific
manner. Such animals may be used for the applications hereinbefore described, where the role
of T cell balance in product/drug metabolism, detoxification, normal homeostasis or in disease
etiology is to be studied. It is envisaged that this embodiment will also allow other effects, such
as drug transporter-mediated effects, to be studied in those tissues or cells in the absence of
metabolism, e.g., carbon metabolism. Accordingly the animals of the present invention, in a
further aspect of the invention may be used to modulate the functions and antibodies in any of
the above cell types to generate a disease model or a model for product/drug discovery or a
model to verify or assess functions of T cell balance.

[0048] In another embodiment, the method contemplates use of animal tissues and/or a
population of cells derived therefrom of the present invention as an in vifro assay for the study
of any one or more of the following events/parameters: (i) role of transporters in product
uptake and efflux; (ii) identification of product metabolites produced by T cells; (iii) evaluate
whether candidate products are T cells; or (iv) assess drug/drug interactions due to T cell
balance.

[0049] The terms “pathogenic” or “non-pathogenic” as used herein are not to be construed
as implying that one Th17 cell phenotype is more desirable than the other. As described herein,
there are instances in which inhibiting the induction of pathogenic Th17 cells or modulating the
Th17 phenotype towards the non-pathogenic Th17 phenotype is desirable. Likewise, there are
instances where inhibiting the induction of non-pathogenic Th17 cells or modulating the Th17
phenotype towards the pathogenic Th17 phenotype is desirable.

[0050] As used herein, terms such as “pathogenic Th17 cell” and/or “pathogenic Th17

phenotype” and all grammatical variations thereof refer to Th17 cells that, when induced in the
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presence of TGF-33, express an elevated level of one or more genes selected from Cxcl3, 1L22,

IL3, Ccl4, Gzmb, Lrmp, Ccl5, Caspl, Csf2, Ccl3, Tbx21, Icos, IL17r, Stat4, Lgals3 and Lag, as

compared to the level of expression in a TGF-B3-induced Th17 cells. As used herein, terms

such as “non-pathogenic Thl17 cell” and/or “non-pathogenic Th17 phenotype” and all

grammatical variations thereof refer to Th17 cells that, when induced in the presence of TGF-

B3, express a decreased level of one or more genes selected from IL6st, IL1rn, Ikzf3, Maf, Ahr,

IL9 and IL.10, as compared to the level of expression in a TGF-f3-induced Th17 cells.

[0051] In some embodiments, the T cell modulating agent is an agent that enhances or
otherwise increases the expression, activity and/or function of Protein C Receptor (PROCR, also
called EPCR or CD201) in Th17 cells. As shown herein, expression of PROCR in Th17 cells
reduced the pathogenicity of the Th17 cells, for example, by switching Th17 cells from a
pathogenic to non-pathogenic signature. Thus, PROCR and/or these agonists of PROCR are
useful in the treatment of a variety of indications, particularly in the treatment of aberrant
immune response, for example in autoimmune diseases and/or inflammatory disorders. In some
embodiments, the T cell modulating agent is an antibody, a soluble polypeptide, a polypeptide
agonist, a peptide agonist, a nucleic acid agonist, a nucleic acid ligand, or a small molecule
agonist.

[0052] In some embodiments, the T cell modulating agent is an agent that inhibits the
expression, activity and/or function of the Protein C Receptor (PROCR, also called EPCR or
CD201). Inhibition of PROCR expression, activity and/or function in Th17 cells switches non-
pathogenic Th17 cells to pathogenic Th17 cells. Thus, these PROCR antagonists are useful in the
treatment of a variety of indications, for example, infectious disease and/or other pathogen-based
disorders. In some embodiments, the T cell modulating agent is an antibody, a soluble
polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic
acid ligand, or a small molecule antagonist. In some embodiments, the T cell modulating agent is
a soluble Protein C Receptor (PROCR, also called EPCR or CD201) polypeptide or a
polypeptide derived from PROCR. In some embodiments, the invention provides a method of
inhibiting Th17 differentiation, maintenance and/or function in a cell population and/or
increasing expression, activity and/or function of one or more non-Th17-associated cytokines,
one or more non-Th17 associated receptor molecules, or non-Thl7-associated transcription

regulators selected from FOXP3, interferon gamma (IFN-y), GATA3, STAT4 and TBX21,
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comprising contacting a T cell with an agent that inhibits expression, activity and/or function of
MINA, MYC, NKFB1, NOTCH, PML, POU2AF1, PROCR, RBPJ, SMARCA4, ZEB1, BATF,
CCRS, CCR6, EGR1, EGR2, ETV6, FAS, IL12RB1, IL17RA, IL21R, IRF4, IRF8, ITGA3 or
combinations thereof. In some embodiments, the agent inhibits expression, activity and/or
function of at least one of MINA, PML, POU2AF1, PROCR, SMARCA4, ZEB1, EGR2, CCR6,
FAS or combinations thereof In some embodiments, the agent is an antibody, a soluble
polypeptide, a polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic
acid ligand, or a small molecule antagonist. In some embodiments, the antibody is a monoclonal
antibody. In some embodiments, the antibody is a chimeric, humanized or fully human
monoclonal antibody. In some embodiments, the T cell is a naive T cell, and wherein the agent
is administered in an amount that is sufficient to modulate the phenotype of the T cell to become
and/or produce a desired non-Th17 T cell phenotype, for example, a regulatory T cell (Treg)
phenotype or another CD4+ T cell phenotype. In some embodiments, the T cell is a partially
differentiated T cell, and wherein the agent is administered in an amount that is sufficient to
modulate the phenotype of the partially differentiated T cell to become and/or produce a desired
non-Th17 T cell phenotype, for example, a regulatory T cell (Treg) phenotype or another CD4+
T cell phenotype. In some embodiments, the T cell is a Th17 T cell, and wherein the agent is
administered in an amount that is sufficient to modulate the phenotype of the Th17 T cell to
become and/or produce a CD4+ T cell phenotype other than a Th17 T cell phenotype. In some
embodiments, the T cell is a Th17 T cell, and wherein the agent is administered in an amount
that is sufficient to modulate the phenotype of the Th17 T cell to become and/or produce a shift
inthe Th17 T cell phenotype, e.g., between pathogenic or non-pathogenic Th17 cell phenotype.

[0053] In some embodiments, the invention provides a method of inhibiting Thl17
differentiation in a cell population and/or increasing expression, activity and/or function of one
or more non-Th17-associated cytokines, one or more non-Th17-associated receptor molecules, or
non-Thl7-associated transcription factor selected from FOXP3, interferon gamma (IFN-y),
GATA3, STAT4 and TBX21, comprising contacting a T cell with an agent that enhances
expression, activity and/or function of SP4, ETS2, IKZF4, TSC22D3, IRF1 or combinations
thereof. In some embodiments, the agent enhances expression, activity and/or function of at least
one of SP4, IKZF4, TSC22D3 or combinations thereof. In some embodiments, the agent is an

antibody, a soluble polypeptide, a polypeptide agonist, a peptide agonist, a nucleic acid agonist, a
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nucleic acid ligand, or a small molecule agonist. In some embodiments, the antibody is a
monoclonal antibody. In some embodiments, the T cell is a naive T cell, and wherein the agent is
administered in an amount that is sufficient to modulate the phenotype of the T cell to become
and/or produce a desired non-Th17 T cell phenotype, for example, a regulatory T cell (Treg)
phenotype or another CD4+ T cell phenotype. In some embodiments, the T cell is a partially
differentiated T cell, and wherein the agent is administered in an amount that is sufficient to
modulate the phenotype of the partially differentiated T cell to become and/or produce a desired
non-Th17 T cell phenotype, for example, a regulatory T cell (Treg) phenotype or another CD4+
T cell phenotype. In some embodiments, the T cell is a Th17 T cell, and wherein the agent is
administered in an amount that is sufficient to modulate the phenotype of the Th17 T cell to
become and/or produce a CD4+ T cell phenotype other than a Th17 T cell phenotype. In some
embodiments, the T cell isa Th17 T cell, and wherein the agent is administered in an amount that
is sufficient to modulate the phenotype of the Th17 T cell to become and/or produce a shift in
the Th17 T cell phenotype, e.g., between pathogenic or non-pathogenic Th17 cell phenotype.

[0054] In some embodiments, the invention provides a method of enhancing Thl7
differentiation in a cell population increasing expression, activity and/or function of one or more
Th17-associated cytokines, one or more Thl7-associated receptor molecules, or one or more
Th17-associated transcription regulators selected from interleukin 17F (IL-17F), interleukin 17A
(IL-17A), STATS3, interleukin 21 (IL-21) and RAR-related orphan receptor C (RORC), and/or
decreasing expression, activity and/or function of one or more non-Th17-associated cytokines,
one or more Thl7-associated receptor molecules, or one or more non-Thl7-associated
transcription regulators selected from FOXP3, interferon gamma (IFN-y), GATA3, STAT4 and
TBX21, comprising contacting a T cell with an agent that inhibits expression, activity and/or
function of SP4, ETS2, IKZF4, TSC22D3, IRF1 or combinations thereof. In some embodiments,
the agent inhibits expression, activity and/or function of at least one of SP4, IKZF4, TSC22D3 or
combinations thereof. In some embodiments, the agent is an antibody, a soluble polypeptide, a
polypeptide antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic acid ligand, or a
small molecule antagonist. In some embodiments, the antibody is a monoclonal antibody. In
some embodiments, the antibody is a chimeric, humanized or fully human monoclonal antibody.
In some embodiments, the T cell is a naive T cell, and wherein the agent is administered in an

amount that is sufficient to modulate the phenotype of the T cell to become and/or produce a
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desired Th17 T cell phenotype. In some embodiments, the T cell is a partially differentiated T
cell, and wherein the agent is administered in an amount that is sufficient to modulate the
phenotype of the partially differentiated T cell to become and/or produce a desired Th17 T cell
phenotype. In some embodiments, the T cell is a CD4+ T cell other than a Th17 T cell, and
wherein the agent is administered in an amount that is sufficient to modulate the phenotype of
the non-Th17 T cell to become and/or produce a Th17 T cell phenotype. In some embodiments,
the T cell is a Th17 T cell, and wherein the agent is administered in an amount that is sufficient
to modulate the phenotype of the Th17 T cell to become and/or produce a shift in the Th17 T
cell phenotype, e.g., between pathogenic or non-pathogenic Th17 cell phenotype.

[0055] In some embodiments, the invention provides a method of enhancing Thl17
differentiation in a cell population, increasing expression, activity and/or function of one or more
Th17-associated cytokines, one or more Th17-associated receptor molecules, and/or one or more
Th17-associated transcription regulators selected from interleukin 17F (IL-17F), interleukin 17A
(IL-17A), STATS3, interleukin 21 (IL-21) and RAR-related orphan receptor C (RORC), and/or
decreasing expression, activity and/or function of one or more non-Th17-associated cytokines,
one or more Thl7-associated receptor molecules, or one or more non-Thl7-associated
transcription regulators selected from FOXP3, interferon gamma (IFN-y), GATA3, STAT4 and
TBX21, comprising contacting a T cell with an agent that enhances expression, activity and/or
function of MINA, MYC, NKFB1, NOTCH, PML, POU2AF1, PROCR, RBPJ, SMARCA4,
ZEB1, BATF, CCR5, CCR6, EGR1, EGR2, ETV6, FAS, IL12RB1, IL17RA, IL21R, IRF4,
IRF8, ITGA3 or combinations thereof. In some embodiments, the agent enhances expression,
activity and/or function of at least one of MINA, PML, POU2AF1, PROCR, SMARCA4, ZEBI,
EGR2, CCR6, FAS or combinations thereof. In some embodiments, the agent is an antibody, a
soluble polypeptide, a polypeptide agonist, a peptide agonist, a nucleic acid agonist, a nucleic
acid ligand, or a small molecule agonist. In some embodiments, the antibody is a monoclonal
antibody. In some embodiments, the antibody is a chimeric, humanized or fully human
monoclonal antibody. In some embodiments, the agent is administered in an amount sufficient to
inhibit Foxp3, IFN-y, GATA3, STAT4 and/or TBX21 expression, activity and/or function. In
some embodiments, the T cell is a naive T cell, and wherein the agent is administered in an
amount that is sufficient to modulate the phenotype of the T cell to become and/or produce a

desired Th17 T cell phenotype. In some embodiments, the T cell is a partially differentiated T
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cell, and wherein the agent is administered in an amount that is sufficient to modulate the
phenotype of the partially differentiated T cell to become and/or produce a desired Th17 T cell
phenotype. In some embodiments, the T cell is a CD4+ T cell other than a Th17 T cell, and
wherein the agent is administered in an amount that is sufficient to modulate the phenotype of
the non-Th17 T cell to become and/or produce a Th17 T cell phenotype. In some embodiments,
the T cell is a Th17 T cell, and wherein the agent is administered in an amount that is sufficient
to modulate the phenotype of the Th17 T cell to become and/or produce a shift in the Th17 T
cell phenotype, e.g., between pathogenic or non-pathogenic Th17 cell phenotype.

[0056] In some embodiments, the invention provides a method of identifying genes or
genetic elements associated with Th17 differentiation comprising: a) contacting a T cell with an
inhibitor of Thl17 differentiation or an agent that enhances Thl7 differentiation; and b)
identifying a gene or genetic element whose expression is modulated by step (a). In some
embodiments, the method also comprises ¢) perturbing expression of the gene or genetic element
identified in step b) in a T cell that has been in contact with an inhibitor of Th17 differentiation
or an agent that enhances Th17 differentiation; and d) identifying a gene whose expression is
modulated by step ¢). In some embodiments, the inhibitor of Th17 differentiation is an agent that
inhibits the expression, activity and/or function of MINA, MYC, NKFB1, NOTCH, PML,
POU2AF1, PROCR, RBPJ, SMARCA4, ZEB1, BATF, CCRS5, CCR6, EGR1, EGR2, ETV6,
FAS, IL12RB1, IL17RA, IL21R, IRF4, IRF8, ITGA3 or combinations thereof In some
embodiments, the agent inhibits expression, activity and/or function of at least one of MINA,
PML, POU2AF1, PROCR, SMARCA4, ZEB1, EGR2, CCR6, FAS or combinations thereof. In
some embodiments, the inhibitor of Th17 differentiation is an agent that enhances expression,
activity and/or function of SP4, ETS2, IKZF4, TSC22D3, IRF1 or combinations thereof. In
some embodiments, the agent enhances expression, activity and/or function of at least one of
SP4, IKZF4 or TSC22D3. In some embodiments, the agent that enhances Th17 differentiation is
an agent that inhibits expression, activity and/or function of SP4, ETS2, IKZF4, TSC22D3,
IRF1 or combinations thereof. In some embodiments, wherein the agent that enhances Th17
differentiation is an agent that enhances expression, activity and/or function of MINA, MYC,
NKFB1, NOTCH, PML, POU2AF1, PROCR, RBPJ, SMARCA4, ZEB1, BATF, CCR5, CCRS,
EGR1, EGR2, ETV6, FAS, IL12RB1, IL17RA, IL21R, IRF4, IRF8, ITGA3 or combinations

thereof. In some embodiments, the agent is an antibody, a soluble polypeptide, a polypeptide
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antagonist, a peptide antagonist, a nucleic acid antagonist, a nucleic acid ligand, or a small
molecule antagonist.

[0057] In some embodiments, the invention provides a method of modulating induction of
Th17 differentiation comprising contacting a T cell with an agent that modulates expression,
activity and/or function of one or more target genes or one or more products of one or more
target genes selected from IRF1, IRF8, IRF9, STAT2, STAT3, IRF7, STAT1, ZFP281, IFI35,
REL, TBX21, FLI1, BATF, IRF4, one or more of the target genes listed in Table 2 herein or
Table 5 of WO/2014/134351, incorporated herein by reference (alone or with those of other
herein disclosed methods), as being associated with the early stage of Th17 differentiation,
maintenance and/or function, e.g., AES, AHR, ARIDSA, BATF, BCL11B, BCL3, CBFB,
CBX4, CHD7, CITED2, CREBI1, E2F4, EGR1, EGR2, ELL2, ETS1, ETS2, ETV6, EZHI,
FLI1, FOXO1, GATA3, GATAD2B, HIF1A, ID2, IFI35, IKZF4, IRF1, IRF2, IRF3, IRF4,
IRF7, IRF9, IMJD1C, JUN, LEF1, LRRFIP1, MAX, NCOA3, NFE2L2, NFIL3, NFKB1, NML
NOTCHI1, NR3C1, PHF21A, PML, PRDMI, REL, RELA, RUNXI, SAP18, SATB1, SMAD2,
SMARCA4, SP100, SP4, STAT1, STAT2, STAT3, STAT4, STATSB, STAT6, TFEB, TP53,
TRIM24, and/or ZFP161, or any combination thereof.

[0058] In some embodiments, the invention provides a method of modulating onset of Th17
phenotype and amplification of Th17 T cells comprising contacting a T cell with an agent that
modulates expression, activity and/or function of one or more target genes or one or more
products of one or more target genes selected from one or more of the target genes listed in Table
2 herein or Table 5 of W(O/2014/134351, incorporated herein by reference (alone or with those
of other herein disclosed methods), as being associated with the intermediate stage of Th17
differentiation, maintenance and/or function. In some embodiments, the invention provides a
method of modulating stabilization of Th17 cells and/or modulating Th17-associated interleukin
23 (IL-23) signaling comprising contacting a T cell with an agent that modulates expression,
activity and/or function of one or more target genes or one or more products of one or more
target genes selected from one or more of the target genes listed in Table 2 herein or Table 5 of
WO/2014/134351 (alone or with those of other herein disclosed methods), incorporated herein
by reference, as being associated with the late stage of Th17 differentiation, maintenance and/or
function. In some embodiments, the invention provides a method of modulating one or more of

the target genes listed in Table S6 (Gaublomme 2015), Table 7 or in Table 6 of
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WO/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the early stage of Thl17 differentiation,
maintenance and/or function. In some embodiments, the invention provides a method of
modulating one or more of the target genes listed in Table S6 (Gaublomme 2015), Table 7
herein or Table 6 of W0O/2014/134351, incorporated herein by reference (alone or with those of
other herein disclosed methods), as being associated with the intermediate stage of Th17
differentiation, maintenance and/or function. In some embodiments, the invention provides a
method of modulating one or more of the target genes listed in Table S6 (Gaublomme 2015),
Table 7 hereinor Table 6 of W0O/2014/134351 (alone or with those of other herein disclosed
methods), incorporated herein by reference, as being associated with the late stage of Th17
differentiation, maintenance and/or function. In some embodiments, the invention provides a
method of modulating one or more of the target genes listed in Table 7 of W0O/2014/134351
(alone or with those of other herein disclosed methods), incorporated herein by reference, as
being associated with the early stage of Th17 differentiation, maintenance and/or function. In
some embodiments, the invention provides a method of modulating one or more of the target
genes listed in Table 7 of W0O/2014/134351, incorporated herein by reference (alone or with
those of other herein disclosed methods), asc being associated with the intermediate stage of
Th17 differentiation, maintenance and/or function. In some embodiments, the invention
provides a method of modulating one or more of the target genes listed in Table 7 of
WO0/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the late stage of Th17 differentiation, maintenance
and/or function. In some embodiments, the invention provides a method of modulating is one or
more of the target genes listed in Table 8 of W0/2014/134351, incorporated herein by reference
(alone or with those of other herein disclosed methods), as being associated with the early stage
of Th17 differentiation, maintenance and/or function. In some embodiments, the invention
provides a method of modulating one or more of the target genes listed in Table 8 of
WO0/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the intermediate stage of Th17 differentiation,
maintenance and/or function. In some embodiments, the invention provides a method of
modulating one or more of the target genes listed in Table 8 of W(0/2014/134351, incorporated

herein by reference (alone or with those of other herein disclosed methods), as being associated
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with the late stage of Th17 differentiation, maintenance and/or function. In some embodiments,
the invention provides a method of modulating one or more of the target genes listed in Table 9
of W0O/2014/134351, incorporated herein by reference (alone or with those of other herein
disclosed methods), as being associated with the early stage of Thl17 differentiation,
maintenance and/or function. In some embodiments, the invention provides a method of
modulating one or more of the target genes listed in Table 9 of W0/2014/134351, incorporated
herein by reference (alone or with those of other herein disclosed methods), as being associated
with the intermediate stage of Th17 differentiation, maintenance and/or function. In some
embodiments, the invention provides a method of modulating one or more of the target genes
listed in Table 9 of WO/2014/134351, incorporated herein by reference (alone or with those of
other herein disclosed methods), as being associated with the late stage of Th17 differentiation,
maintenance and/or function. In some embodiments, the invention provides a method of
inhibiting tumor growth in a subject in need thereof by administering to the subject a
therapeutically effective amount of an inhibitor of Protein C Receptor (PROCR). In some
embodiments, the inhibitor of PROCR is an antibody, a soluble polypeptide, a polypeptide
agent, a peptide agent, a nucleic acid agent, a nucleic acid ligand, or a small molecule agent. In
some embodiments, the inhibitor of PROCR is one or more agents selected from the group
consisting of lipopolysaccharide; cisplatin; fibrinogen, 1, 10-phenanthroline; 5-N-
ethylcarboxamido adenosine; cystathionine; hirudin; phospholipid; Drotrecogin alfa, VEGF;
Phosphatidylethanolamine; serine; gamma- carboxyglutamic acid; calcium; warfarin;
endotoxin; curcumin; lipid; and nitric oxide.

[0059] In some embodiments, the invention provides a method of diagnosing an immune
response in a subject, comprising detecting a level of expression, activity and/or function of one
or more signature genes or one or more products of one or more signature genes selected from
those listed in Table 1 or 2 of WO/2014/134351, incorporated herein by reference (alone or with
those of other herein disclosed methods), and comparing the detected level to a control of level
of signature gene or gene product expression, activity and/or function, wherein a difference
between the detected level and the control level indicates that the presence of an immune
response in the subject. In some embodiments, the immune response is an autoimmune response.

In some embodiments, the immune response is an inflammatory response, including
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inflammatory response(s) associated with an autoimmune response and/or inflammatory
response(s) associated with an infectious disease or other pathogen-based disorder.

[0060] In some embodiments, the invention provides a method of monitoring an immune
response in a subject, comprising detecting a level of expression, activity and/or function of one
or more signature genes or one or more products of one or more signature genes, e.g., one or
more signature genes selected from those listed in Table 1 or 2 of WQ0/2014/134351,
incorporated herein by reference (alone or with those of other herein disclosed methods), at a
first time point, detecting a level of expression, activity and/or function of one or more signature
genes or one or more products of one or more signature genes, e.g., one or more signature genes
selected from those listed in Table 1 or 2 of W0O/2014/134351 (alone or with those of other
herein disclosed methods), incorporated herein by reference, at a second time point, and
comparing the first detected level of expression, activity and/or function with the second
detected level of expression, activity and/or function, wherein a change between the first and
second detected levels indicates a change in the immune response in the subject. In some
embodiments, the immune response is an autoimmune response. In some embodiments, the
immune response is an inflammatory response.

[0061] In some embodiments, the invention provides a method of monitoring an immune
response in a subject, comprising isolating a population of T cells from the subject at a first time
point, determining a first ratio of T cell subtypes within the T cell population at a first time point,
isolating a population of T cells from the subject at a second time point, determining a second
ratio of T cell subtypes within the T cell population at a second time point, and comparing the
first and second ratio of T cell subtypes, wherein a change in the first and second detected ratios
indicates a change in the immune response in the subject. In some embodiments, the immune
response is an autoimmune response. In some embodiments, the immune response is an
inflammatory response.

[0062] In some embodiments, the invention provides a method of activating therapeutic
immunity by exploiting the blockade of immune checkpoints. The progression of a productive
immune response requires that a number of immunological checkpoints be passed. Immunity
response 1s regulated by the counterbalancing of stimulatory and inhibitory signal. The
immunoglobulin superfamily occupies a central importance in this coordination of immune

responses, and the CD28/cytotoxic T-lymphocyte antigen-4 (CTLA-4):B7.1/B7.2 receptor/ligand
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grouping represents the archetypal example of these immune regulators (see e.g., Korman AJ,
Peggs KS, Allison JP, “Checkpoint blockade in cancer immunotherapy.” Adv Immunol. 2006;
90:297-339). In part the role of these checkpoints is to guard against the possibility of unwanted
and harmful self-directed activities. While this is a necessary function, aiding in the prevention
of autoimmunity, it may act as a barrier to successful immunotherapies aimed at targeting
malignant self-cells that largely display the same array of surface molecules as the cells from
which they derive. The expression of immune-checkpoint proteins can be dysregulated in a
disease or disorder and can be an important immune resistance mechanism. Therapies aimed at
overcoming these mechanisms of peripheral tolerance, in particular by blocking the inhibitory
checkpoints, offer the potential to generate therapeutic activity, either as monotherapies or in
synergism with other therapies.

[0063] Thus, the present invention relates to a method of engineering T-cells, especially for
immunotherapy, comprising modulating T cell balance to inactivate or otherwise inhibit at least
one gene or gene product involved in the immune check-point.

[0064] Suitable T cell modulating agent(s) for use in any of the compositions and methods
provided herein include an antibody, a soluble polypeptide, a polypeptide agent, a peptide
agent, a nucleic acid agent, a nucleic acid ligand, or a small molecule agent. By way of non-
limiting example, suitable T cell modulating agents or agents for use in combination with one or
more T cell modulating agents are shown in Table 10 of W0/2014/134351, incorporated herein
by reference (alone or with those of other herein disclosed methods), of the specification.

[0065] One skilled in the art will appreciate that the T cell modulating agents have a
variety of uses. For example, the T cell modulating agents are used as therapeutic agents as
described herein. The T cell modulating agents can be used as reagents in screening assays,
diagnostic kits or as diagnostic tools, or these T cell modulating agents can be used in
competition assays to generate therapeutic reagents.

[0066] In some embodiments, the invention provides a method of diagnosing, prognosing
and/or staging an immune response involving Th17 T cell balance, comprising detecting a first
level of expression of one or more of saturated fatty acids (SFA) and/or polyunsaturated fatty
acids (PUFA) in Th17 cells, and comparing the detected level to a control level of saturated fatty
acids (SFA) and/or polyunsaturated fatty acids (PUFA), wherein a change in the first level of

expression and the control level detected indicates a change in the immune response in the
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subject. In one embodiment, a shift torwards polyunsaturated fatty acids (PUFA) and away from
saturated fatty acids (SFA) indicates a non-pathogenic Th17 response.

[0067] In some embodiments, the invention provides a method for monitoring subjects
undergoing a treatment or therapy involving T cell balance comprising, detecting a first level of
expression of one or more of saturated fatty acids (SFA) and/or polyunsaturated fatty acids
(PUFA) in Th17 cells in the absence of the treatment or therapy and comparing the detected level
to a level of saturated fatty acids (SFA) and/or polyunsaturated fatty acids (PUFA) in the
presence of the treatment or therapy, wherein a difference in the level of expression in the
presence of the treatment or therapy indicates whether the subject is responsive to the treatment
or therapy.

[0068] In another embodiment, the invention provides a method for monitoring subjects
undergoing a treatment or therapy involving T cell balance comprising detecting a first level of
expression of one or more of saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA)
in Th17 cells in the absence of the treatment or therapy and comparing the ratio of detected level
to a ratio of detected level of saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA)
in the presence of the treatment or therapy, wherein a shift in the ratio in the presence of the
treatment or therapy indicates whether the subject is responsive to the treatment or therapy. Not
being bound by a theory, a shift in the ratio torwards polyunsaturated fatty acids (PUFA) and
away from saturated fatty acids (SFA) indicates a non-pathogenic Th17 response.

[0069] In another embodiment, the therapy may be a lipid, preferably a mixture of lipids of
the present invention. The lipids may be synthetic. Not being bound by a theory, a treatment
comprising lipids may shift T cell balance.

[0070] In another embodiment, the treatment or therapy involving T cell balance is for a
subject undergoing treatment or therapy for cancer. Not being bound by a theory, shifting Th17
balance torwards a pathogenic phenotype would allow a stronger immune response against a
tumor.

[0071] In some embodiments, the invention provides a method of drug discovery for the
treatment of a disease or condition involving an immune response involving Th17 T cell balance
in a population of cells or tissue comprising: (a) providing a compound or plurality of
compounds to be screened for their efficacy in the treatment of said disease or condition; (b)

contacting said compound or plurality of compounds with said population of cells or tissue; (c)
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detecting a first level of expression of one or more of saturated fatty acids (SFA) and/or
polyunsaturated fatty acids (PUFA) in Th17 cells, optionally calculating a ratio; (d) comparing
the detected level to a control level of saturated fatty acids (SFA) and/or polyunsaturated fatty
acids (PUFA), optionally comparing the shift in ratio; and, (e) evaluating the difference between
the detected level and the control level to determine the immune response elicited by said
compound or plurality of compounds.

[0072] In some embodiments, a panel of lipids is detected. The panel may include saturated
fatty acids (SFA) and/or polyunsaturated fatty acids (PUFA) whose expression is changed at
least 1.5 fold when comparing wild type Th17 cells to CD5L”" Th17 cells after treatment with
non-pathogenic inducing cytokines. The non-pathogenic inducing cytokines may be TGF-f1+IL-
6. The panel may include lipids whose expression is changed upon differentiation into a
pathogenic or non-pathogenic Th17 cell. In another embodiment single saturated fatty acids
(SFA) and/or polyunsaturated fatty acids (PUFA) representative of lipids whose expression is
changed in response to CDS5L loss or differentiation are detected. In a preferred embodiment, the
SFA is a cholesterol ester or palmitic acid and the PUFA is a PUFA-containing triacylglyceride
or arachidonic acid. In one embodiment only a single SFA or PUFA is detected.

[0073] In some embodiments, the treatment or therapy is a formulation comprising at least
one lipid. The at least one lipid may be a synthetic lipid. Not being bound by a theory an
autoimmune disease may be treated with polyunsaturated fatty acids (PUFA) and a disease
requiring an enhanced immune response may be treated with saturated fatty acids (SFA).

[0074] Accordingly, it is an object of the invention to not encompass within the
invention any previously known product, process of making the product, or method of using

the product such that Applicants reserve the right and hereby disclose a disclaimer of any
previously known product, process, or method. It is further noted that the invention does not
intend to encompass within the scope of the invention any product, process, or making of the
product or method of using the product, which does not meet the written description and
enablement requirements of the USPTO (35 U.S.C. §112, first paragraph) or the EPO
(Article 83 of the EPC), such that Applicants reserve the right and hereby disclose a
disclaimer of any such subject matter.

[0075] It is noted that in this disclosure and particularly in the claims and/or paragraphs,

29 (13

terms such as “comprises”, “comprised”, “comprising” and the like can have the meaning
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attributed to it in U.S. Patent law; e.g., they can mean “includes”, “included”, “including”,
and the like; and that terms such as “consisting essentially of” and “consists essentially of”
have the meaning ascribed to them in U.S. Patent law, e.g., they allow for elements not
explicitly recited, but exclude elements that are found in the prior art or that affect a basic or
novel characteristic of the invention. Nothing herein is to be construed as a promise.

[0076] These and other embodiments are disclosed or are obvious from and

encompassed by, the following Detailed Description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0077] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will
be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[0078] Figure 1A-1G. Single-cell RNA-seq of Thl7 cells in vivo and in vitro. (A)
Experimental setup; left: Procedure to isolate Th17 cells from in vivo tissues. EAE was
induced by MOG immunization of IL-17A reporter mice, and CD3 CD4 TL-17A/GFP" cells
were harvested at the peak of disease (inset cartoon graph: Y axis: disease score; X axis —
days; Red arrow: the peak at clinical score 2.5-3) from the draining LNs and CNS and
analyzed by single-cell RNA-Seq. Right: Procedure to differentiate Th17 cells in vitro.
Naive CD4'CD62L"CD44" T cells were isolated from the LN and the spleen of non-
immunized mice and subsequently differentiated by CD3/CD28 activation and either TGF-
B1+IL-6 to derive non-pathogenic Thl17 cells, or IL-1B+IL-6+IL-23 to derive more
pathogenic cells. Single-cell RNA-seq was performed at 48h into differentiation. (B-E)
Quality of single-cell RNA-seq. Scatter plots (B-D) compare transcript expression
(FPKM+1, logio) from the in vitro TGF-B1+IL-6 48hr condition, between two bulk
population replicates (B), the ‘average’ of single-cell profile and a matched bulk population
control (C), or two single cells (D). Histograms (E) depict the distributions of Pearson
correlation coefficients (X axis) between single cells and their matched population control
(red) and between pairs of single cells (blue). The Pearson correlation coefficient between

the two replicates or between the single cell average and the matched population profile are
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marked by a blue cross and red triangle, respectively. (F,G) Agreement between single-cell
RNA-Seq and RNA Flow-FISH. (F) Comparison between expression distributions measured
by RNA-seq (left) and transcript count distributions measured by RNA Flow-FISH (right)
for the unimodally expressed gene Batf (top) and the bi-modally expressed ///7a (bottom).
As a negative control, expression of the bacterial DapB gene was measured (light green). (G)
Bright-field images of RNA Flow-FISH samples (n=5,000 cells) with the corresponding
fluorescence channel for cells negative for ///7a transcripts (yellow) and positive for //17a
transcript (brown). Scale bar in the bright-field images is 7 um. See also Figure 6, Table S1,
related Figure 1.

[0079] Figure 2A-2F. Th17 cells span a progressive trajectory of states from the

LN to the CNS. (A) Principal component analysis (PCA) separates CNS-derived cells

(purple diamonds) from LN-derived cells (orange crosses). Shown are 302 cells in the space

of the first two PCs. Numbered circles are selected features (signatures) that significantly

correlate with PC1 or PC2 (p < 10, Table S2 (Gaublomme 2015) positioned based on the

values of their Pearson correlation coefficient with each PC (axis values; to facilitate this

view, the plotted PC values were normalized to be in the range between -1 and 1). Features

were identified by the analysis depicted in (B) as either significantly diverse within a

condition (with GSEA; FDR < 0.05); or between conditions (with a KS test comparing CNS

and LN, FDR < 10™). (B) Functional annotation scheme. From top to bottom: Gene

signatures are defined from literature (e.g., by comparing CD4" memory and naive T cells,

top) distinguishing ‘plus’ and ‘minus’ genes (e.g., genes that are, respectively, high and low

in CD4™ memory vs. naive cells; bar plot). A signature score is calculated for each signature

in each single cell, as the difference in weighted z scores between the ‘plus’ and ‘minus’

genes in the signature (Experimental Procedures). Finally (bottom), for each signature and

PC Applicants compute the Pearson correlation coefficient between the signature score for

each cell, and the loading on the PC for each cell. Applicants plot these Pearson correlation

coefficients on the PCA plot (circled numbers in (A)). (C) Five progressive Th17-cell states
from the LN to the CNS. Shown is the PCA plot as in A, but where Voronoi cells (defined

by the signatures characterizing the cells populating the extremities of PCA space;

Experimental Procedures (colored circles, Table S2 (Gaublomme 2015)) define five

feature-specific subpopulations: Th17 self-renewing (green, defined by a LCMV-specific
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CD4 signature comparing naive cells to cells isolated 8 days post acute LCMV infection,
GSE30431), Th17/pre-Th1 effector (pink, defined by a signature using TRP1 CD4" T cells
comparing 5 day ex vivo Th17-polarized and stimulated cells to day 0 Th17 in vifro cells,
GSE26030), Th17/Thl1-like effector (yellow, LCMV-specific CD4 signature comparing cells
isolated 8 days vs. 30 days post chronic LCMV infection, GSE30431), Th17/Th1-like
memory (light blue, LCMV-specific CD4 signature comparing cells isolated 30 days post
chronic infection to naive cells, GSE30431), and Th17 dysfunctional/senescent (moss grey,
inverse of a LCMV-specific CD4 signature comparing cells isolated 30 days post acute vs.
chronic infection, GSE30431). The self-renewing state was observed in two technical
replicates of one of the two in vivo biological replicates, potentially due to differences in
disease induction or progression. (D) Example genes that distinguish each sub-population.
For each of the five subpopulations in (C) (color coded rows) shown are cumulative
distribution function (CDF) plots of expression for key selected genes. In each case, the
gene’s CDF is shown for cells from each sub-population. For the subpopulations that have a
substantial mixture of LN and CNS cells, the dotted curve corresponds to cells from the
CNS, and the solid line for cells from the LN of that subpopulation (E,F) Transcription
factors (nodes) whose targets are significantly enriched in PC2 (E) or PC1 (F). Nodes are
sized proportionally to fold enrichment (Table S3 Gaublomme 2015) and colored according
to the loading of the encoding gene in the respective PC (red and green: high and low PC
loading, respectively; loadings were normalized to have zero mean and standard deviation of
1).

See also Figure 7 and 13-14, Table S2-5 (Gaublomme 2015), Table 2 and 6, related to

Figure 2.

[0080] Figure 3A-3E. A spectrum of pathogenicity states in vitro (A) PCA plot of
Th17 cells differentiated in vitro. PC1 separates cells from most (left) to least (right)
pathogenic, as indicated both by the differentiation condition (color code), and by the
correlated signatures (numbered circles). PC2 separates IL-17a+ sorted Thl7 cells
differentiated under pathogenic conditions (red triangles) from non-pathogenic cells (Light
blue squares) and non-pathogenic cells not sorted to be IL-17A positive (Black circles) at
48h. Presented are features that correlate with PC1 or PC2 (p<0.05); and that were identified
as significantly diverse within a condition (using GSEA; with an FDR cutoff of 0.05); or
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between conditions (using KS-test to compare CNS and LN, with an FDR cutoff of le-4).
(B-D) Key signatures related to pathogenicity. CDFs of the single-cell scores for key
signatures for the three in vitro populations (colored as in A): (B) a signature distinguishing
the in vivo Th17/Thl-like memory sub-population (blue in Figure 2C); (C) a signature
distinguishing the in vivo Th17 self-renewing sub-population (green in Figure 2C); and (D)
a signature of pathogenic Th17 cells (Lee et al., 2012). (E) CDFs of expression level
(FPKM+1, logio) of 1110 for the three in vitro populations.
See also Table S2 (Gaublomme 2015) related to Figure 3.

[0081] Figure 4A-4E. Modules of genes that co-vary with pro-inflammatory and
regulatory genes across single cells. (A) Single-cell expression distribution of genes. The
heat map shows for each gene (row) its expression distribution across single cells
differentiated under the TGF-B1+IL-6 condition for 48h (without further IL-17A-based
sorting). Color scale: proportion of cells expressing in each of the 17 expression bins
(columns). Genes are sorted from more unimodal (top) to bimodal (bottom). (B) Modules
co-varying with pro-inflammatory and regulatory genes. Heat map of the Spearman
correlation coefficients between the single-cell expression levels of signature genes of
pathogenic T cells (Lee et al., 2012) or of other CD4" lineages (columns) and the single-cell
expression of any other bimodally expressed gene (rows) in cells differentiated under the
TGF-B1+IL-6 condition at 48h. Genes are clustered by similarity of these correlations,
revealing two diametrically opposed modules of co-varying genes: a pro-inflammatory
module (orange; e.g., /l17a, 1121, Ccl20) and a regulatory module (green, e.g., 1110, 1124,
1127ra). (C) The modules co-varying with pro-inflammatory and regulatory genes
distinguish key variation. Each cell (TGF-B1+IL-6, 48h) is colored by a signature score
comparing the two co-variation modules. Shown is a PCA plot (first two PCs) with the cells
differentiated under the TGF-B1+IL-6 condition at 48h, where each cell is colored by a
signature score (by the method of Figure 2B) comparing the two modules from Figure 4B
(color code). Other signatures correlated to the PCs are marked by numbered circles. (D)
Expression of key module genes. Each panel shows the PCA plot of (C) where cells are
colored by an expression ranking score of a key gene, denoted on top. (from top left corner
clockwise: 1110, Toso, 1l17a, and Plzp. (E) A ranking of the top 100 candidate genes co-

varying with pro-inflammatory or regulatory genes (out of 184; Table 2 herein), sorting
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from high (left) to lower (right) ranking scores (bar chart). Bar chart (top) indicates ranking
score deduced from single-cell data (Experimental Procedures). Genes are ordered from
high (left) to low (right) scores. Purple-white heat map (middle) shows ranking scores for
(top to bottom row): pathogenicity, pro-inflammatory vs. regulatory co-variation module and
in vitro and in vivo PC’s. Bottom matrix indicates ‘known’ (black, top row) genes previously
associated with Th17 function; ‘novel validated’ (black, middle) genes that were tested and
validated by follow-up experiments, and assignment to the ‘pro-inflammatory/regulatory
module’ (orange & green, bottom) determined in this study.

See also Figure 10 and 15, Table S2 (Gaublomme 2015) &S8 related to Figure 4.
[0082] Figure S5SA-5J. GPR65, TOSO and PLZP are validated as T-cell
pathogenicity regulators. (A,B) Reduction in IL17A-producing cells in GPR65™~ T-cells
differentiated in vitro. (A) Intracellular cytokine staining for IFN-y (Y axis) and IL-17a (X
axis) of CD4” T cells from respective WT (top) or GPR65™~ (bottom) cells activated in vitro
for 96h with anti-CD3 and anti-CD28, either without (ThO; left) or with Th17-polarizing
cytokines (TGF-B1+IL-6, middle; or IL-1B+IL-6+IL-23, right). (B) Quantification of
secreted IL-17A and II-17F (Y axis) by cytometric bead assays (CBA) in corresponding
samples (X axis). * p < 0.05, ** p < 0.01, *** p < 0.001. (C) Reduced IL-17A and IFN-y
production by GPR65™ memory (CD62L'CD44"CD4") T cells in a recall assay. Ragl_/_
mice were reconstituted with 2x10° naive CD4 T cells from WT or GPR65" mice, and,
immunized with MOGs3s.5s/CFA one week post transfer. Draining LN and spleen cells were
isolated 8 days after immunization and cultured ex vivo for 4 days with MOGg3s.ss for recall
assay (Experimental Procedures). These cells were subsequently analyzed for production
of IFN-y (Y axis) and IL-17A (X axis). (D) Loss of GPR65 reduces tissue inflammation and
autoimmune disease in vivo. Rag-1"" mice (n = 10 per category) reconstituted with 2x10°
naive CD4 T-cells from WT or GPR65™" mice, then induced with EAE one week post
transfer. Shown is the mean clinical score (Y axis) at days post immunization (X axis) for
WT (black circles) or GPR65™ (open circles) mice. Error bars indicate the standard
deviation of the mean clinical score. (E) Transcriptional impact of a loss of GPR65, TOSO
and PLZP. Shown is the significance of enrichment (-log;o (P-value); hypergeometric test, Y
axis) of genes that are dysregulated compared to WT during the TGF-31+IL-6 differentiation
of GPR65™ (96h), PLZP™ (48h) and TOSO™ (96h) cells. Red (blue) bars represent genes
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characterizing PC1 of Figure 4C negatively (positively). Dashed red line: p = 0.01. (F,G)
Reduction in IL17A-producing cells in TOSO™ T cells differentiated in vitro. (F)

77 CD4" T-cells, activated in

Intracellular cytokine staining as in (A) but for WT or TOSO
vitro for 96h. (G) Quantification of secreted IL-17A and II-17F for CD4™ T cells from
respective WT (dark green) or TOSO™~ (light green) mice as in (B) but at 48h. * p < 0.05,
¥ 1< 0.01, ¥** p < 0.001. (H) Reduced IL-17A production by TOSO™~ LN memory T cells
in a recall assay as in (C). (I) Hampered IL-17A production by PLZP™™ CD4+ T cells in an
in vitro recall assay. PLZP™'~ (bottom row) and littermate controls (top row) were immunized
with 100 pg of MOGss.ss/CFA. Cells were harvested from the draining LNs and spleen 8
days post immunization and cultured ex vivo for 4 days with progressive concentrations of
MOGss.ss (left column: 0 pg, middle: 5 pg and right: 20 ug) and 20ng/ml of IL-23. CD4" T
cells were analyzed for IFN-y (Y axis) and IL-17A (X axis) production by intracellular
cytokine staining. (J) Quantification of secreted IL-17A and IL-17F of a MOGss.ss recall
assay for littermate controls (dark green) and PLZP™™ mice (light green) at 96h post ex vivo.
All experiments are a representative of at least three independent experiments with at least
three experimental replicates per group.

[0083] Figure 6A-61. related to Figure 1. Single-cell RNA-seq quality control. (A,B)
Correlation between the first three PCs (X axis), and different RNA-seq quality measures
(colored bars). (A) Before filtering and normalization, the main PCs highly correlate with
various library quality scores (Legend below panel A & B), indicating that the dominant
signal in the pre-normalization data may reflect experimental artifacts. (B) Normalization
strongly reduces these correlations. Applicants find that before filtering and normalization
(panel A) the main PCs highly correlate with the various library quality scores, as opposed to
post-normalization (panel B). These results indicate that the dominant signal in the pre-
normalization data might reflect experimental artifacts. (C) An example of a cell-specific
false-negative curve (FNC). The false-negative rate (Y axis, percentage of genes in an
expression bin that are detected in this cell (non zero estimated abundance)) is depicted as a
function of transcript abundance in the bulk population (X axis, average expression level of
genes within each bin). Each blue circle corresponds to a set of housekeeping genes
(stratified according to their bulk-population expression levels). The false-negative curve

(black solid line) is derived using a logistic function fit. (D) Correlations between single-cell
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and bulk population profiles. Bar chart depicts the Spearman correlations coefficients (X
axis) for each experimental batch (Y axis), where cells from each batch originate from a
single mouse. A unique batch identifier is indicated in parentheses. Shown are Spearman
correlations of gene expression profiles between pairs of single cells (blue bars, mean and
standard deviation); between each single cell and a matched bulk population (orange bars,
mean and standard deviation);, between an average over all single cells and a matched bulk
population (red bars); and between two bulk population replicates (green bars). (E) RNA-
FlowFISH validation of expression distribution obtained by RNA-seq. Shown are the single-
cell expression distributions for a set of select genes (rows) by RNA-seq (left column) and
RNA-FlowFISH (right column). For RNA-seq distributions, the frequency of cells (Y axis)
is shown as a function of expression (X axis, FPKM+1, logi), whereas RNA-FlowFISH is
plotted as number of cells (Y axis) as a function of transcript (spot) count (X axis).
Applicants find agreement for a variety of distributions, ranging from non-expressing (Csf2,
Itgax, Sdcl) to unimodal distributions (/rf4, Batf, Actb) and bimodal distributions (///7a,
112).(F) Constitutively expressed genes are enriched for housekeeping functions. Shown is
the fold enrichment of housekeeping genes among all the non-bimodally expressed genes (X
axis) for each condition (Y axis) (G) As in (A), corresponding p-values (hypergeometric
test). (H, I) Applicants find greater variation in expression levels for key immune genes. (H)
Standard deviation (Yaxis) of all the detectably expressed genes in the non-pathogenic
(TGF-B1+IL-6) condition is plotted vs. their single-cell average expression (X axis). Shown
are housekeeping genes (green crosses), immune-response-related genes (red crosses, based
on Gene Ontology) and other genes (blue dots). Selected outliers are highlighted by black
squares. (I) As in (G), but where the standard deviation (Yaxis) and mean (X axis) of every
gene are computed only for cells that express it (defined as those cells that are associated
with the Gaussian distribution in our mixture model).

[0084] Figure 7A-7E. Population controls compared to single cell profiles. (A) Gene
expression levels of selected genes for in vivo derived cells projected on PCs. Cells (CNS
cells: diamonds, LN cells: crosses) are shown in a PCA plot as in Figure 2C and each cell is
colored proportionally to the ranked expression of the denoted gene in this cell relative to the
other cells (blue — low expression; red — high expression). Top: Gpr65 is predominantly

expressed in the CNS, and particularly high in the Th17/Thl-like memory subpopulation
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(light blue). Bottom: Ccr8, previously associated with Th2 cells but not Th1/Th17 cells, is
also highly expressed in most CNS derived cells. (B) Gene expression levels of selected
genes for in vitro derived cells projected on PCs. Similar analysis as in (A) but for the
different differentiation conditions in vifro and plotted on a PCA plot as in Figure 3A; (Left
column) regulatory genes (IL-9, IL-16, Podoplanin and Foxp1) show high expression in the
non-pathogenic condition (TGF-B1+IL-6), whereas inflammatory genes such as IL-22, IL-
231, Cxcr3 and Gm-csf are more highly expressed in the pathogenic differentiation condition
(IL-1B+IL-6+1L-23). Figure 7 is sometimes also referred to as Supplementary Figure 2.(C,
D, E) Shown are PCA plots based on single cell profiles (small circles, triangles, squares and
crosses) along with projected matching population controls (large circles) and single cell
averages (large squares) for (C) In vitro Th17 single cells only from the non-pathogenic
conditions (TGF-B1+IL-6); (D) /n vivo Th17 cells (CNS: purple, LN: orange); and (E) /n
vitro Th17 cells from all conditions: pathogenic (IL-1B+IL-6+IL-23; red icons); and non-
pathogenic conditions (TGF-B1+IL-6. Black icons: cells not sorted for IL-17A/GFP+; light
blue icons: IL-17A/GFP+ cells).

[0085] Figure 8A-8D. (A) GPR65" memory cells express less IL-17A upon IL-23
reactivation. Sorted memory (CD62L'CD44"CD4") T cells from wild type (WT, top row)
and GPR65™ (bottom row) mice were reactivated with IL-23 (20 ng/ml) for 96 h.
Intracellular cytokine (ICC) analysis shows a reduction of ~45% IL-17A-positive cells (X
axis) for GPR65” cells when compared to WT (B) IL-17A and IFN-y production is
hampered in vivo for GPR65™ cells. A reduced frequency of IL-17A (X axis) and IFN- vy (Y
axis) positive cells from the draining LNs and spleen of MOGss.ss/CFA-immunized RAG-1""
mice reconstituted with WT (top row) or GPR65™ (bottom row) naive CD4"™ T-cells 30 days
post EAE induction (C) GPR65” CD4" T-cells express less IL-17A and more IL-10.
Quantification of secreted cytokines (Y axis) by cytometric bead assays (CBAs) for
differentiation conditions (X axis) either without (ThO; left) or with Th17 polarizing
cytokines (TGF-P1+IL-6, middle; or IL-1B+IL-6+IL-23, right) for GPR65™ cells (light
green) and littermate control cells (dark green). * p<0.05, ** p<0.01, *** p<0.001. All data
presented here are a representative of three independent experiments, with at least 3
replicates per experiment. (D) Linear regression analysis of EAE disease progression for

GPR65 KO vs. WT mice. Mean clinical score (Y axis) is shown as a function of days post
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immunization (X axis) for WT (solid line) and GPR65” mice (dotted line). *** p<0.001.
Data presented here is a representative of at least three independent experiments.

[0086] Figure 9A-9C. (A) TOSO™ cells express less IL-17A but more IFN-y upon IL-23
reactivation. Sorted memory (CD62L°CD44°CD47) T cells from WT and TOSO™ mice were
reactivated (anti-CD3/CD28) with IL-23 (20 ng/ml) for 96 h. The ICC analysis shows hardly
any IL-17A (X axis) positive cells amongst TOSO™ cells (bottom row) whereas WT does
show a small IL-17A positive population (top row). On the other hand, IFN-y (Y axis) gets
induced to a larger extend in the TOSO™" cells. (B) TOSO™ cells exhibit lower FOXP3 levels
during Treg differentiation. Naive CD4™ T-cells from WT (top row) and TOSO” mice
(bottom row) were differentiated in vitro with TGF-1 (2 ng/ml) for 96h, and subsequently
stained and analyzed by ICC for intracellular FOXP3 expression (Y axis) and CD4
expression (X axis). (C) TOSO™ cells secrete less IL-17A, less IL-10, but more IFN- v.
Quantification of secreted cytokines (Y axis) by CBA for a 96h differentiation in conditions
(X axis) without (ThO; left) or with Th17 polarizing cytokines (TGF-1+IL-6, middle; or IL-
1B+IL-6+IL-23, right) for TOSO™ cells (light green) and WT cells (dark green). * p<0.05,
** p<0.01, *** p<0.001. All data presented here are a representative of three independent
experiments, with at least three replicates per experiment.

[0087] Figure 10A-10C. (A) PLZP”" T cells show comparable IL-17A and IFN-y
production to littermate controls (PLZP HET). ICC staining for I[FN-y (Y axis) and IL-17A
(X axis) of CD4" T cells from respective littermate controls (top) or PLZP™ (bottom) cells
activated in vitro for 48h with anti-CD3 and anti-CD28 either without (ThO; left) or with
Th17 polarizing cytokines (TGF-B1+IL-6, middle; or IL-1B+IL-6+IL-23, right). (B) PLZP "
cells produce less IL-17A cells upon IL-23 stimulation. PLZP™" mice and littermate controls
were immunized with 100 pg of MOGs;s.ss/CFA. Cells harvested 8 days after immunization
from the draining LNs and spleen were cultured ex vivo for 4 days with (right column) or
without (left) IL-23 (20 ng/ml). CD4™ T cells were analyzed for IFN-y and IL-17A
production by ICC staining. (C) PLZP™" cells express significantly less pro-inflammatory
cytokines in a MOG recall assay. Quantification of secreted cytokines (Y axis) by CBA in a
MOG recall assay with different MOGss.ss concentrations (X axis) for PLZP”" mice (light
green) and littermate controls (dark green). * p<0.05, ** p<0.01, *** p<0.001, showing

significant reduction of cytokine expression under MOG reactivation conditions. All data
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presented here are a representative of three independent experiments, with at least 3
replicates per experiment.

[0088] Figure 11A-11M. CDSL shifts Th17 cell lipidome balance from saturated to
unsaturated lipid, modulating Roryt ligand availability and function. Figure 11A, B
show Lipidome analysis of Thl7 cells. (A) WT and CD5L” naive T cells were
differentiated. Cells and supernatant were harvested at 96 hours and subjected to MS/LC.
Three independent mouse experiments were performed. Data shown are median expression
of each metabolite identified that have at least 1.5 fold differences between WT and CDSL™”"
under the TGFB1+IL-6 condition. (B,C) Expression of representative metabolites including a
cholesterol ester and a PUFA-containing TAG species. (D) Microscopy of wt and CD5L™"
cells stained for free cholesterol. (E,F) Roryt ChIP from Thl17 cells differentiated as
described in A. under various conditions as indicated. (G-J) Dual luciferase reporter assays.
(G,H) Dual luciferase reporter assays were performed in EL4 cells stably transfected with a
control vector or Roryt vector. CDSL retroviral vector was cotransfected in G. (H).CDSL
retroviral vector was cotransfected at 0, 25, 50 and 100ng / well. (I-J) 10uM of either
arachidonic acid (PUFA) or 20uM of palmitic acid (SFA) were used whenever a single dose
was indicated.. All ChIP and luciferase assay are representative of at least 3 independent
experiments. Representative metabolites were used, including a cholesterol ester and a
PUFA-containing TAG species. (K) Lipids from the two clusters in (A) are partitioned based
on the length and saturation of their fatty acyl (FA) side chains. Those carrying more than
one FA are further grouped by their FAs with the least saturation or longest carbon chain (in
that order). Complete FA profile is shown in (L) Ratio of specific lipids in WT vs. CD5L”"
Th17 cells carrying various PUFA side chains. Phospholipids included in this analysis:
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine and their respective
lyso-metabolites. Neutral lipid included in this analysis: Triacylglyceride, diacylglyceride
and monoacylglyceride. Asterisk (*) denotes to p < 0.05 in Student’s t-test. (M) Expression
of cyp51 and sc4mol mRNA in WT or CD5L”" Th17 cells (TGF-B1+IL-6, left panels) or WT
Th17 cells (TGF-B1+IL-6 with control or IL-23, right panels). SFA (palmitic acid, 25uM) or
PUFA (arachidonic acid, 25uM) was added at 48h and cells analyzed at 96h.
