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engineered follicular helper T cell (TFH) and methods of isolating or engineering
such cells. Further disclosed herein are methods of using such cells for treating
diseases, such as cancer.
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METHODS AND COMPOSITONS FOR MODULATIONS OF IMMUNE
RESPONSE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application No. 62/722,176, filed August 24, 2018, the content of which is hereby

incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] This invention was made with government support under grant numbers P30
CA030199, awarded by the National Institute of Health (NIH) through the National

Cancer Institute. The U.S. Government has certain rights in the invention.
BACKGROUND

[0003] Throughout and within this disclosure, technical and patent publications are
referenced by an Arabic number that is superscripted, the full citation for which are found
immediately preceding the claims. These publications are incorporated by reference in

their entireties.

[0004] CD8" cytotoxic T cells (CTLs) are vital components of anti-tumor immunity'. A
distinct subset of the CD8* CTLs, tissue resident memory (Trm) T cells, have recently
emerged as critical players in mediating robust anti-tumor immune responses> >+ 3.
Cancer immunotherapies to potentiate CD8" CTL responses have led to remarkable
clinical success, albeit in a small proportion of patients®’. Therapeutic failure is, at least
in part, due to an incomplete understanding of the signals and cell types that operate at

different stages of the CTL immune response to modulate the magnitude and quality of

developing effector or memory CD8" CTLs.

[0005] CD4* T helper cells (Th), the central orchestrators of an efficient immune
response, play a pivotal role in the activation and maintenance of CTL responses and in
facilitating immunological memory®®. During immunization or infections, CD4" T cells

are necessary for robust primary CD8" CTL responses!'® ! 12

and memory transition
through a multitude of mechanisms involving dendritic cell (DC) licensing and
activation'> ¥, CD8" CTL recruitment to cognate DC or, in some instances, by direct

interactions with CD8* CTLs!%. However, within tumors, it is unknown what properties
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of CD4" T cells are essential to provide ‘help’ to generate robust CD8* T cell effector

and Trwm anti-tumor immune responses.

[0006] Previous studies of CD4* T cells in cancer have focused on the evaluation of
specific CD4* T cell subsets such as regulatory T cells (Treg), CD4* Tyl and CD4* Tu17
cells'®. Recently, single-cell sequencing analysis has been applied to tumor cells and
immune cells in melanoma and other tumors, which revealed T cell exhaustion signature
and their link to T cell activation'’. A similar analysis was performed in tumor infiltrating
lymphocytes (TILs) in hepatitis B virus-driven hepatocellular carcinoma where 11
unique T cell subsets were described with a specific focus on exhausted CD8* T cells and
CD4" Tregs'®. Whilst these studies have provided valuable insights into specific CD8" T
cell and CD4* T cell subsets, the global transcriptional program of tumor-infiltrating
CD4* T cells and its association with CD8" T cell effector and Trm anti-tumor immune
responses, which are important predictors of improved patient survival, has not been
elucidated. Understanding the molecular features of tumor-infiltrating CD4* T cell
responses in the context of CD8" CTL responses will reveal novel strategies for
bolstering CD4* T cell effector functions in addition to indirectly augmenting CD8* CTL
responses within tumors. This disclosure satisfies this need and provides related

advantages as well.
SUMMARY OF THE DISCLOSURE

[0007] The properties of human tumor-infiltrating CD4* T cells that provide “help” for
generating robust anti-tumor CD8" T cell effector and tissue resident memory (Trwm)
responses are not known. Applicants performed integrated weighted correlation network
analysis iIWGCNA) by merging the transcriptomes of patient-matched, purified CD4*
and CD8" T cells present in lung tumors. Applicants found that follicular helper T cell
(Trr) program in tumor-infiltrating CD4" T cells was strongly associated with
proliferation, cytotoxicity and tissue residency in CD8* T cells within tumors. Single-cell
transcriptomic analysis of tumor-infiltrating CD4* T cells confirmed the presence of
CXCLI3-expressing Tru-like cells, which despite expressing high levels of PDCDI,
were enriched for features linked to proliferation, cytotoxicity and CD8" T cell ‘help’,
indicative of superior functionality. These findings provide insights into the molecular
identity and functional properties of tumor-infiltrating CD4" T cells that are associated
with robust anti-tumor CTL and Trm responses, and reveal potential targets for

immunotherapy.
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[0008] Applicants have previously reported on the transcriptomic features of tumor-
infiltrating CD8" CTLs in a well-characterized cohort of patients with non-small cell lung
cancer (NSCLC)?. To fully characterize the molecular landscape of adaptive immune
responses at the tumor site and the differences therein between tumors with or without
robust CD8" effector and Trm responses, here, Applicants utilized the transcriptional
profiles of patient-matched, purified tumor-infiltrating CD4* T cells from the same
cohort of patients to define the molecular interactions between tumor-infiltrating CD4*

T cells and CD8* CTLs.

[0009] Also disclosed herein is an engineered T-follicular helper (Tfh)-like tumor-
infiltrating cell engineered to modulate expression of the surface markers CD4, CXCL13
and CXCRS. In some embodiments, the cell is engineered to express the surface markers
CD4 and CXCL13 and lack the surface marker CXCRS5. In some embodiments, the cell
is further engineered to express GZMB. In some embodiments, the cell is a Tth-like
tumor-infiltrating cell that activates a CD8* CTL response. In some embodiments, the
CD8" CTL response is activated in a tumor or tumor microenvironment. In some
embodiments, the cell is a Tth-like tumor-infiltrating cell that activates a CD8* TRM
response. In some embodiments, the CD8* TRM response is activated in a tumor or tumor

microenvironment.

[0010] Disclosed herein is an engineered T-follicular helper-like tumor-infiltrating cell
engineered to modulate expression of one or more proteins selected from Table 11. In
certain embodiments, the one or more proteins are selected from MAF, SH2D1A (SAP),
PDCD1, BTLA, CD200, and BCL6. In some embodiments the cell is engineered to

increase expression and/or function of TNFRSF18.

[0011] Disclosed herein is an isolated T-follicular helper (Tfh)-like tumor-infiltrating
cell expressing the surface markers CD4 and CXCL13 and lacking the surface marker
CXCRS. In some embodiments the cell is a cytotoxic Tfh-like tumor-infiltrating cell

expressing GZMB.

[0012] In some embodiments, any one of the cells disclosed herein is engineered to
increase expression and/or function of one or more of: TNFRSF18, TNFRSF4, IFNG,
Granzyme B and/or IL21 in the cell.

[0013] In some embodiments, any one of the cells disclosed herein is engineered to
increase expression and/or function of one or more of the proteins listed in any of Tables

11, 12, and 13 in the cell. In some embodiments, an engineered cell disclosed herein is
3
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engineered to increase expression and/or function of one or more of the proteins listed in
any of Tables 11, 12, and 13. In some embodiments, an isolated cell disclosed herein is
engineered to increase expression and/or function of one or more of the proteins listed in
any of Tables 11, 12, and 13. In some embodiments, increasing the expression of one or
more of the proteins listed in any of Tables 11, 12, and 13 comprises, consists essentially
of, or consists of, contacting an engineered cell with a polynucleotide that encodes for
one or more of the proteins listed in any of Tables 11, 12, and 13. In some embodiments,
the engineered cell disclosed herein is a cell that is contacted with one or more
polynucleotides encoding one or more of the proteins listed in any of Tables 11, 12, and
13. In some embodiments, the isolated cell disclosed herein is contacted with one or more
polynucleotides encoding one or more of the proteins listed in any of Tables 11, 12, and
13. In some embodiments, the engineered cell or isolated cell is transfected with one or
more polynucleotides encoding one or more of the proteins listed in any of Tables 11, 12,
and 13. In some embodiments, the engineered cell or isolated cell is transduced with a
polynucleotide encoding a CD4 protein. In some embodiments, the engineered cell or
isolated cell is modified to stably express one or more polynucleotides encoding one or
more of the proteins listed in any of Tables 11, 12, and 13. In some embodiments, the
engineered cell or isolated cell is modified to transiently express one or more
polynucleotides encoding one or more of the proteins listed in any of Tables 11, 12, and
13. In some embodiments, the engineered cell or isolated cell is modified to inducibly
express one or more polynucleotides encoding one or more of the proteins listed in any
of Tables 11, 12, and 13. In some embodiments, the polynucleotide encoding a protein
listed in any of Tables 11, 12, and 13 comprises, consists essentially of, or consists of, a
polynucleotide sequence listed or referenced in any of Tables 12 and 13. In some
embodiments, the polynucleotide encoding a protein listed in any of Tables 11, 12, and
13 comprises, consists essentially of, or consists of, a fragment of the polynucleotide
sequence listed or referenced in any of Tables 12 and 13 that encodes for the protein
comprising, consisting essentially of, or consisting of, the amino acid sequence listed or
referenced in any of Tables 12 and 13. In some embodiments, the protein comprises,
consists essentially of, or consists of, the amino acid sequence listed or referenced in
Table 12 or 13. In some embodiments, the polynucleotide encoding the protein
comprises, consists essentially of, or consists of, a nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide

sequence listed or referenced in Table 12 or 13. In some embodiments, the polynucleotide
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encoding the protein comprises, consists essentially of, or consists of, a fragment of a
nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the nucleotide sequence listed or referenced in Table 12 or 13 that
encodes for the protein comprising, consisting essentially of, or consisting of, an amino
acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence listed in Table 12 or 13. In some embodiments, the
polynucleotide encoding the protein comprises, consists essentially of, or consists of, at
least 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 275, or 300 or more contiguous
nucleotides of a nucleotide sequence listed or referenced in Table 12 or 13. In some
embodiments, the polynucleotide comprises, consists essentially of, or consists of, a
nucleotide sequence that differs from the nucleotide sequence listed or referenced in
Table 120r 13 by 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 or more nucleotides. In some
embodiments, the protein comprises, consists essentially of, or consists of, an amino acid
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence listed or referenced in Table 12 or 13. In some
embodiments, the protein comprises, consists essentially of, or consists of, at least 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 100, 125, 150, 175, 200, 225, 250, 275, or 300 or more contiguous amino acids of an
amino acid sequence listed or referenced in Table 12 or 13. In some embodiments, the
protein comprises, consists essentially of, or consists of, an amino acid sequence that
differs from the amino acid sequence listed or referenced in Table 12 or 13 by 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, or 100 or more amino acids. In some embodiments, the protein is

a mammalian protein. In some embodiments, the protein is a human protein.

[0014] In some embodiments, any one of the cells disclosed herein is engineered to
express an antigen binding domain that binds at least one tumor antigen. In some
embodiments, the tumor antigen comprises, consists essentially of, or consists of, any
one of: a CD19, a disialoganglioside-GD2, a c-mesenchymal—epithelial transition (c-
Met), a mesothelin, a ROR1, an EGFRVIII, an ephrin type-A receptor 2 (EphA2), an
interleukin (IL)-13r alpha 2, an EGFR VIII, a PSMA, an EpCAM, a GD3, a fucosyl GM1,
a PSCA, a PLAC1, a sarcoma breakpoint, a Wilms Tumor 1 antigen or a combination

thereof.
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[0015] In some embodiments, any one of the cells disclosed herein is engineered to
express or expresses an antigen binding domain that binds at least one antigen. For
instance, in some embodiments, an engineered cell disclosed herein is engineered to
express an antigen binding domain that binds to at least one antigen. Alternatively, an
isolated cell disclosed herein naturally expresses an antigen binding domain that binds to
at least one antigen. In some embodiments, the antigen is selected from a neo-antigen,

tumor-associated antigen, viral antigen, bacterial antigen, and parasitic antigen.

[0016] In some embodiments, any one of the cells disclosed herein further comprises,

consists essentially of, or consists of, a suicide gene.

[0017] In some embodiments, any one of the cells disclosed herein further comprises,
consists essentially of, or consists of, a chimeric antigen receptor (CAR). In some
embodiments, the chimeric antigen receptor (CAR) comprises, consists essentially of, or
consists of: (a) an antigen binding domain; (b) a hinge domain; (c) a transmembrane
domain; (d) and an intracellular domain. In some embodiments, the CAR further
comprises, consists essentially of, or consists of, a CD3 zeta signaling domain. In some
embodiments, the hinge domain is any one of: CD8a or IgG1 hinge domain. In some
embodiments, the transmembrane domain is any one of: CD28 or a CDS8 «
transmembrane domain. In some embodiments, the intracellular domain comprises,
consists essentially of, or consists of, one or more costimulatory regions selected from a
CD28 costimulatory signaling region, a 4-1BB costimulatory signaling region, an ICOS

costimulatory signaling region and/or an OX40 costimulatory region.

[0018] In some embodiments, the antigen binding domain of the CAR binds a tumor
antigen. In some embodiments, the tumor antigen comprises, consists essentially of, or
consists of, any one of: a CD19, a disialoganglioside-GD2, a c-mesenchymal—epithelial
transition (c-Met), a mesothelin, a ROR1, an EGFRVIII, an ephrin type-A receptor 2
(EphA2), an interleukin (IL)-13r alpha 2, an EGFR VIII, a PSMA, an EpCAM, a GD3,
a fucosyl GM1, a PSCA, a PLAC1, a sarcoma breakpoint, a Wilms Tumor 1 antigen, or

a combination thereof.

[0019] In some embodiments, the CAR further comprises, consists essentially of, or
consists of, an inducible or a constitutively active element. In some embodiments, the
inducible or the constitutively active element controls the expression of a polynucleotide
encoding an immunoregulatory molecule or a cytokine. In some embodiments, the
immunoregulatory molecule or cytokine comprises, consists essentially of, or consists of,

6
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one or more of B7.1, CCL19, CCL21, CD40L, CD137L, GITRL, GM-CSF, IL-12, 1L-2,
low-toxicity IL-2, IL-15, IL-18, IL-21, LEC, and/or OX40L. In some embodiments, the
immunoregulatory molecule or cytokine comprises, consists essentially of, or consists of,
IL-12 and/or GM-CSF; and/or IL-12 and/or one or more of IL-2 and low-toxicity IL-2;
and/or IL-12 and/or 1L-15; and/or 1L-12 and/or IL-21; IL-12 and/or B7.1; and/or IL-12
and/or OX40L; and/or IL-12 and/or CD40L; and/or 1L-12 and/or GITRL; and/or IL-12
and/or IL-18; and/or one or more of IL-2 and low-toxicity IL-2 and one or more of
CCL19, CCL21, and LEC; and/or IL-15 and one or more of CCL19, CCL21, and LEC;
and/or IL-21 and one or more of CCL19, CCL21, and LEC; and/or GM-CSF and one or
more of CCL19, CCL21, and LEC; and/or OX40L and one or more of CCL19, CCL21,
and LEC; and/or CD137L and one or more of CCL19, CCL21, and LEC; and/or
comprises, consists essentially of, or consists of, B7.1 and one or more of CCL19,
CCL21, and LEC; and/or CD40L and one or more of CCL19, CCL21, and LEC; and/or
GITRL and one or more of CCL19, CCL21, and LEC.

[0020] In some embodiments, the antigen binding domain of the CAR comprises,
consists essentially of, or consists of, a heavy chain variable region and a light chain

variable region.

[0021] In some embodiments, the antigen binding domain of the CAR further comprises,
consists essentially of, or consists of, a linker polypeptide located between the heavy
chain variable region and the light chain variable region. In some embodiments, the linker
polypeptide of the CAR comprises, consists essentially of, or consists of, a polypeptide

of the sequence (GGGGS)n wherein n is an integer from 1 to 6.

[0022] In some embodiments, the CAR further comprises, consists essentially of, or

consists of, a detectable marker attached to the CAR.

[0023] In some embodiments, the CAR further comprises, consists essentially of, or

consists of, a purification marker attached to the CAR.

[0024] In some embodiments, any one of the cells disclosed herein comprises, consists

essentially of, or consists of, a polynucleotide encoding the CAR.

[0025] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a promoter operatively linked to the polynucleotide to express the

polynucleotide in the cell.
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[0026] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a 2A self-cleaving peptide (T2A) encoding polynucleotide sequence

located upstream of the polynucleotide encoding the antigen binding domain.

[0027] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a polynucleotide encoding a signal peptide located upstream of the

polynucleotide encoding the antigen binding domain.

[0028] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a vector. In some embodiments, the vector is a plasmid or a viral vector,
wherein the viral vector is optionally selected from the group of a retroviral vector, a

lentiviral vector, an adenoviral vector, and an adeno-associated viral vector.

[0029] Further disclosed herein is a method of producing any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, reducing or eliminating
expression and/or function of CXCRS and increasing the expression of CD4 and
CXCL13 in the cell using one or more of: RNA interference (RNA1), CRISPR, TALEN
and/or ZFN.

[0030] Further disclosed herein is a method of producing any one of the cells disclosed
herein, increasing the expression of one or more of: TNFRSF18, TNFRSF4, IFNG,
Granzyme B and/or IL21 in the cell using one or more of: CRISPR, TALEN and/or ZFN.
In some embodiments, the method comprises, consists essentially of, or consists of,
increasing the expression of 2, 3, or 4 or more of: TNFRSF18, TNFRSF4, IFNG,
Granzyme B and IL21 in the cell using one or more of: CRISPR, TALEN and/or ZFN.

[0031] Further disclosed herein is a method of isolating any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, separating Tth-like tumor-
infiltrating cell from a mixed cell population. In some embodiments, the method further
comprises, consists essentially of, or consists of, sorting for cells that express the surface
markers CD4 and CXCL13 and lack the surface marker CXCRS5. In some embodiments,
the method further comprises, consists essentially of, or consists of, increasing the
expression or function of one or more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B
and/or IL21 in the cell using one or more of: CRISPR, TALEN and/or ZFN.

[0032] Further disclosed herein is a method of producing any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, modulating the expression

and/or function of one or more proteins selected from Table 11. In certain embodiments,

8
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the one or more proteins are selected from MAF, SH2D1A (SAP), PDCD1, BTLA,
CD200, and BCL6. In some embodiments, the expression and/or function of the one or
more surface markers is modulated by using one or more of CRISPR, TALEN and/or

ZFN.

[0033] . In some embodiments, the method further comprises, consists essentially of, or
consists of, increasing the expression or function of one or more of: TNFRSFIS,
TNFRSF4, IFENG, Granzyme B and/or IL21 in the cell using one or more of: CRISPR,
TALEN and/or ZFN.

[0034] Further disclosed herein is an engineered cell prepared by any of the methods

disclosed herein.

[0035] Further disclosed herein is a substantially homogenous population of cells
comprising, consisting essentially of, or consisting of, any one of the cells disclosed
herein. In some embodiments, at least 80%, 85%, 90%, 95%, or more of the cells in the

homogenous population of cells are any one of the cells disclosed herein.

[0036] A heterogeneous population of cells of comprising, consisting essentially of, or
consisting of, any of the cells disclosed herein. In some embodiments, at least 60%, 65%,
70%, 715%, 80%, 85%, 90%, 95%, or more of the cells in the heterogeneous population

of cells are any one of the cells disclosed herein.

[0037] Disclosed herein is a method of preparing any of the population of cells disclosed
herein, comprising, consisting essentially of, or consisting of, isolating the cells from a

subject and culturing the cells ex vivo.

[0038] Disclosed herein is a method of preparing any of the population of cells disclosed
herein, comprising, consisting essentially of, or consisting of, expanding the cells in vivo

and isolating the cells from a subject.

[0039] Further disclosed herein is a composition comprising, consisting essentially of, or
consisting of, a carrier and one or more of: the cells disclosed herein and/or any of the

population of cells disclosed herein.
[0040] In some embodiments, the carrier is a pharmaceutically acceptable carrier.

[0041] In some embodiments, the composition further comprises, consists essentially of,

or consists of, a cryoprotectant.
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[0042] Further disclosed herein is a method of determining whether a subject will
respond to a treatment for cancer, comprising, consisting essentially of, or consisting of,
measuring the amount of one or more of: CD4"CXCL13*CXCRS5" Tfh-like tumor-
infiltrating cell, and/or CD4"CXCL13*CXCR5GZMB* cytotoxic Tth-like tumor-
infiltrating cell in a sample isolated from the subject, wherein higher amounts of the cells
indicates that the subject is likely to respond to the treatment and lower amounts of the

cells indicates that the subject is not likely to respond to the treatment.

[0043] In some embodiments, the treatment for cancer comprises, consists essentially of,
or consists of, a checkpoint inhibitor. In some embodiments, the checkpoint inhibitor is
selected from the group of an anti-PD-1, anti-PD-L1, anti-CTLA-4, anti-B7-1, and anti-

B7-2 immunotherapy treatment.

[0044] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject that is likely to respond to the checkpoint

inhibitor therapy an effective amount of the checkpoint inhibitor therapy.

[0045] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject an effective amount of a cytoreductive therapy.
In some embodiments, the cytoreductive therapy comprises, consists essentially of, or

consists of, one or more of chemotherapy, immunotherapy, or radiation therapy.

[0046] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject an effective amount of one or more of: the cells
disclosed herein, the population of cells disclosed herein and/or the compositions

disclosed herein.

[0047] Further disclosed herein is a method of treating cancer in a subject comprising,
consisting essentially of, or consisting of, administering to the subject an effective
amount of one or more of: the cells disclosed herein, the population of cells disclosed

herein and/or the compositions disclosed herein.

[0048] In some embodiments, the subject is selected for treatment by contacting a sample
isolated from the subject with an agent that detects the presence of a tumor antigen in the
sample and the subject is selected for the treatment if presence of one or more tumor
antigen is detected in the sample. In some embodiments, the subject is a mammal. In

some embodiments, the subject is a human.
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[0049] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the cells disclosed herein for the treatment of

cancer.

[0050] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the populations of cells disclosed herein for the

treatment of cancer.

[0051] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the compositions disclosed herein for the treatment

of cancer.

[0052] Use of any of the cells disclosed herein for the treatment of cancer.

[0053] Use of any of the populations of cells disclosed herein for the treatment of cancer.
[0054] Use of any of the compositions disclosed herein for the treatment of cancer.

[0055] Use of the cells disclosed herein in the manufacture of a medicament for the

treatment of cancer.

[0056] Use of the populations of cells disclosed herein in the manufacture of a

medicament for the treatment of cancer.

[0057] Use of the compositions disclosed herein in the manufacture of a medicament for

the treatment of cancer.
[0058] In some embodiments, the cancer is lung cancer.

[0059] Further disclosed herein is a kit comprising, consisting essentially of, or
consisting of, one or more of: the cells disclosed herein, the populations of cells disclosed
herein, and/or the compositions disclosed herein and instructions to carry out the any of

the methods disclosed herein.
BRIEF DESCRIPTION OF THE FIGURES

[0060] FIGS. 1A — 1D. Core transcriptional profile of CD4* TILs in human lung
cancer. (FIG. 1A) Schematic representation of study method; dotted black box indicates
previously published CD8" TIL transcriptomic data’. (FIG. 1B) Canonical pathways
(horizontal axis; bars in plot) for which CD4" TILs show enrichment, presented as the
frequency of differentially expressed genes encoding components of each pathway that
are upregulated (key) in CD4* TILs relative to their expression in CD4* N-TILs (left

vertical axis), and adjusted P values (right vertical axis; line; Benjamini-Hochberg test).
11
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RA, rheumatoid arthritis; GADDA45, growth arrest and DNA damage-inducible 45;
TNFR2, tumor necrosis factor receptor 2. (FIG. 1C) GSEA of various gene sets (above
plots) in the transcriptome of CD4" TILs versus that of CD4* N-TILs from patients with
NSCLC, presented as running enrichment score (RES) for the gene set, from most over-
represented genes at left to most under-represented at right; values above the plot
represent the normalized enrichment score (NES) and false discovery rate (FDR)-
corrected significance value; Kolmogorov-Smirnov test. (FIG. 1D) Wind rose plot
showing GSEA significance (increasing from center, -logio adjusted P value) of various

gene sets tested as in FIG. 1C. See also FIG. 7; Tables 1-3 and 10.

[0061] FIGS. 2A — 2D. Concordance in immunotherapy target expression between
patient-matched CD8" and CD4" TILs. (FIG. 2A) RNA-Seq analysis (row-wise TPM;
bottom key) of various transcripts (right margin; one per row) in CD8* TILs (top panel)
and CD4* TILs (bottom panel) from patients with NSCLC (one per column); above,
patients ordered based on CD8" TIL expression of PDCDI transcripts; red frame
highlights patient ID 34. (FIG. 2B) Correlation of the expression of transcripts in FIG.
2A in CD8" TILs and that of the same transcripts in CD4* TILs in NSCLC. Spearman
correlation coefficient (vertical axis); P values (horizontal axis), Spearman correlation.
(FIG. 2C) Scatter plot of the ranking order of patients based on expression of PDCD]1
(left) and HAVCR?2 (right) in CD4* TILs (horizontal axis) and CD8" TILs (vertical axis);
red circle shows patient ID 34. (FIG. 2D) RNA-Seq analysis of PDCDI and HAVCR2
transcripts in patient ID 34 presented as TPM in CD4* TILs and CD8* TILs (key). See
also FIG. 8.

[0062] FIGS. 3A - 3D. Follicular program in CD4* T cells is associated with CD8*
T cell proliferation, cytotoxicity and tissue residency within tumors. (FIG. 3A)
Schematic representation of iWGCNA of the CD4* and CD8* TIL transcriptomes and
generation of modules (left). Barplots (right, below) show module size (number of genes,
left margin) and composition of CD4* T cell- and CD8" T cell-transcripts (key above
plot) for each module; number below each bar represents the corresponding module ID.
Significance of correlation (right, above) of proliferation-related eigengene to CD8* T
cell-transcripts within each module represented by symbols (Spearman correlation, left
margin); red line denotes significance threshold of Bonferroni adjusted P value = 0.001;
red symbol denotes modules with significant correlation. Box highlights Module 7. (FIG.

3B) Hierarchical clustering analysis showing Spearman correlation co-expression matrix

12
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of the CD8" T cell- (above) and CD4*-T cell transcripts (below) in Module 7 (bottom
key); black frame within matrix delineates gene clusters; left margin, number of genes in
module; right margin, key genes enriched in the clusters. (FIG. 3C) Enrichment of Ten
signature genes (above) or cell cycle genes (below) in CD4* TILs within each module;
horizontal axis represents module ID; vertical axis represents percentage of genes
(symbols); red symbols denote Bonferroni adjusted P value < 0.001 (hypergeometric
test). Box highlights Module 7. (FIG. 3D) GSEA of Tru (above) or cell cycle signature

high

(below) in the transcriptome of CD4* TILs from Trm™#" versus Trm'®” tumors, presented

as in FIG. 1C. See also FIG. 9; Tables 1, 5, 6 and 10.

[0063] FIGS. 4A — 4G. Single-cell transcriptomics reveal that CXCL13-expressing
tumor-infiltrating CD4" T cells possess superior functional properties. (FIG. 4A)
Sorting strategy for single-cell RNA-Seq assays. Live, singlet gated, CD14 CD19 CD20~
CD8 CD56 CD45*CD3*CD4" lymphocytes from 6 lung tumors were sorted as CXCR5",
CXCR5CD25*CD127- and CXCR5CD25 subsets. (FIG. 4B) Seurat clustering of
~5300 single cell TIL transcriptomes identifying 9 clusters (left); each symbol represents
a cell; circle delineates CXCL13 cluster. tSNE visualization of cells in FIG. 4B (right);
each symbol represents a cell; brown color indicates CXCL13 expression in counts per
million (CPM). Pie chart represents the percentage of CXCLI3-expressing cells among
all TILs (far right, above) and relative proportions of each of the sorted subsets that
express CXCLI3 (far right, below). (FIG. 4C, FIG. 4D) Percentage (left margin) of
CXCLI3-expressing or CXCLI3-non-expressing cells that express the indicated Trn-
related genes (left plot) or cell cycles genes (right plot). Below, GSEA of Trxor cell cycle
signature in the transcriptome of CXCLI3-expressing versus CXCL13-non-expressing
cells, presented as in FIG. 1C. (FIG. 4E) Canonical pathways (horizontal axis; bars in
plot) for which CXCL13-expressing TILs show enrichment, presented as the frequency
of differentially expressed genes encoding components of each pathway that are
upregulated (key) in CXCLI3-expressing TILs relative to their expression in CXCLI3-
non-expressing TILs (left vertical axis), and adjusted P values (right vertical axis; line;
Benjamini-Hochberg test). (FIG. 4F) Percentage (left margin) of CXCL13-expressing or
CXCLI3-non-expressing cells that express the indicated CD4" help-related genes (left
plot) and violin plots of expression of the same genes in CXCL/3-expressing or CXCLI 3-
non-expressing cells (right); shape represents the distribution of expression among cells
and color represents expression (log2(CPM+1)). (FIG. 4G) Percentage (left margin) of

CXCLI3-expressing or CXCLI3-non-expressing cells that express the indicated
13
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cytotoxicity-related genes (left plot). Below, GSEA of cytotoxicity signature in the
transcriptome of CXCLI3-expressing versus CXCL13-non-expressing cells presented as
in FIG. 1C. Right, violin plots of expression of cytotoxicity-related genes in CXCLI3-
expressing or CXCLI3-non-expressing cells, presented as in FIG. 4F. See also FIG. 10;
Tables 6-8 and 10.

[0064] FIG. 5A - 5B. Highly functional Tru-like CD4* T cells were CXCRS5 negative.
(FIG. S5A) Expression of transcripts differentially expressed in CXCLI3-expressing
versus CXCLI3-non-expressing TILs, in various sorted subsets (above heatmap, right
key). Each column represents the average expression (CPM) in a particular subset. Left
margin, vertical colored lines indicate subset in which the genes are differentially
expressed. Right margin, examples of key transcripts expressed uniquely or shared by
corresponding subsets. (FIG. 5B) Expression of indicated transcripts (bars) in various
sorted subsets (key as in FIG. SA), represented as CPM (left margin). Percentage of cells
(black symbol, right margin) that express the indicated transcript (above plot) in each

sorted subset. See also FIG. 11.

[0065] FIGS. 6A-6B. Tru-like cells infiltrate tumor and associate with CD8* Trm

cells

{0066] (FIG. 6A) Flow-cytometry analysis shows expression of CXCL13 and granzyme
B in CXCR5" and CXCRS5™ subsets in live, singlet-gated, CD457CD3*CD4" TlLs;
numbers in quadrants indicate percentage of CD4" TlLs in each. (FIG. 6B) Correlation
of the number of CD4"CXCL13" cells and CD8"CD103" cells in lung tumors (quantified
by THC) (Jeft). Correlation of the percentage of CXCL13" cells in CD4" cells and the
number of CD8*CD103" cells in lung tumors {quantified by IHC)(right). Each symbol
(key) represents an image: 3 images analyzed per patient (n = 41); r values indicates the

Spearman correlation coefficient; £ values, Spearman correlation.

[0067] FIG. 7. Core transcriptional profile of CD4* TILs in human lung cancer.
Related to FIG. 1; Tables 2 and 4. Quantification of clonotypes (average values) among
CD4* N-TILs and NSCLC CD4" TILs (key) according to their frequency in each patient
(horizontal axis), derived from RN A-Seq analysis of genes encoding TCR B-chains. Each
symbol represents a patient; small horizontal lines indicate the mean (+ s.e.m.). *P <

0.05; ***P < (0.001; ****P < (0.0001(Mann-Whitney test).

[0068] FIG. 8. Concordance in immunotherapy target expression between patient-

matched CD8* and CD4" TILs. Related to FIG. 2.Correlation of the expression (TPM)
14
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of the indicated transcripts (above plots) in CD8" TILs and that of the same transcripts in
CD4* TILs in NSCLC. Each symbol represents a patient (n = 36); r values indicate

Spearman correlation coefficient; P values, Spearman correlation.

[0069] FIG. 9. Follicular program in CD4* T cells is associated with CD8* T cell
proliferation, cytotoxicity and tissue residency within tumors. Related to FIG. 3;
Table 1.RNA-Seq analysis of the expression (TPM) of indicated genes in CD4* T cells

from uninvolved lung or TrM" or Trm™&"

tumors (bottom right key). Each symbol
represents an individual patient; small horizontal lines indicate the mean (+ s.e.m.). *P <

0.05; **P < 0.01; ***P <0.001; ****P < 0.0001 (Mann-Whitney test).

[0070] FIGS. 10A - 10F. Single-cell transcriptomics reveal that CXCL13-expressing
tumor-infiltrating CD4* T cells possess superior functional properties. Related to
FIG. 4; Table 7, 8 and 10. (FIG. 10A) Pie charts represent the proportion of CXCLI3-
expressing cells (key) in each cluster of CD4* TILs. (FIG. 10B) Pie chart (middle)
represents the proportion of CXCLI3-expressing cells (key) among all N-TILs. Flow-
cytometry analysis shows the expression {right) and percentage (far right) of CXCL13 in
live, singlet-gated, CD457CD3"CD4" T cells obtained from lung N-TiLs (n = 4) or
NSCLC TiLs (n = 9) from patients with NSCLC. **P <0.01 (Mann-Whitney test). (FIG.
10C) Venn diagram (left) shows overlap of genes differentially expressed in CXCLI3-
expressing cells versus non-expressing cells and Trn signature genes. Violin plots (right)
of expression of key Tru signature genes in CXCLI3-expressing or CXCLI3-non-
expressing cells; shape represents the distribution of expression among cells and color
represents expression (log2(CPM+1)). (FIG. 10D) Flow-cytometry analysis (left) shows
the expression of PD-1 and CXCL13 in live, singlet-gated, CD45"CD3*CD4" TiLs (n =
6) from patients with NSCLC. Barplot (right) shows percentage of PD1" cells in
CD4"CXCL13" TiLs. (FIG. 10E) Flow-cytometry analysis shows the expression (left)
and percentage (muddle) of FOXP3 and CXCLI3 m live, singlet-gated,
CD45"CD3*CD4" TlLs (n = 6) from patients with NSCLC. **P < 0.01 (Mann-Whitney
test). Percentage (left margin) of CXCLI3-expressing or CXCLI3-non-expressing cells
that express FOXP3 (right). GSEA of Treg signature in the transcriptome of CXCLI3-
expressing versus CXCLI13-non-expressing cells presented as in FIG. 1C (far right).
(FIG. 10F) Venn diagram shows overlap of genes differentially expressed in CXCL13-

expressing cells versus non-expressing cells and cytotoxicity signature genes.
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[0071] FIG. 11. Highly functional Tru-like CD4* T cells were CXCRS5 negative.
Related to FIG. 5; Table 10. GSEA of various gene sets (above plots) in the
transcriptome of CXCL13-expressing cells in the indicated subsets (left margin) versus
all CXCL13-non-expressing cells from CD4* TILs presented as in FIG. 1C; red font

indicates significant enrichment.

[0072] FIGS. 12A-12E. Tru-like CD4* T cells are present within human tumors and
enriched following checkpoint blockade. Analysis of CD4* TIL transcriptomes across
a range of human cancers demonstrate that CXCL13-expressing cells are a target of anti-
PD1 therapy and contribute to the ensuing anti-tumor immune response.

[0073] FIG. 13. Induction of Trg by immunization bolsters CD8* CTL response and
impairs tumor growth. Try cells were increased in tumors of immunized mice relative
to unimmunized mice, demonstrating the capacity of Try cells in lymph nodes to home
to tumors. In addition, the proportion of proliferating Trr cells (Ki-67* Trr cells) were
increased in tumors of immunized mice compared to unimmunized mice. Trx infiltration
was also accompanied by increased frequency of CD8" T cells, higher proportions of
which were Cd39" and Pd1" in immunized mice, indicating enhanced activation
following antigen-specific engagement. Furthermore, greater number of tumor-
infiltrating CD8" T cells from immunized mice expressed granzyme B and Ki-67,

implying greater cytotoxic potential and cell proliferation.
DETAILED DESCRIPTION OF THE DISCLOUSRE

[0074] Disclosed herein are engineered cells and/or isolated cells that are Tth-like tumor-
infiltrating cells. The engineered cells and/or isolated cells may be Tfh-like cytotoxic T
lymphocytes (Tfh-like CTLs). The engineered cells and/or isolated cells may be CD4*
Tth-like tumor infiltrating cells.

[0075] Further disclosed herein are methods of producing an engineered cell. Generally
the method comprises, consists essentially of, or consists of, modulating the expression

and/or function of CXCRS5, CD4, and/or CXCL13.

[0076] Further disclosed herein are methods of isolating Tfh-like tumor-infiltrating cells
and/or Tfh-like CTLs. Generally, the method comprises, consists essentially of, or
consists of, contacting a mixed population of cells with an agent that specifically binds

to the Tfh-like tumor-infiltrating cell and/or Tth-like CTL.
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[0077] Further disclosed herein are methods of determining whether a subject will
respond to a treatment for cancer. Generally, the method comprises, consists essentially
of, or consists of, measuring the amount of one or more Tth-like tumor-infiltrating cells

and/or Tth-like CTLs.

[0078] Further disclosed herein are methods of treating cancer in a subject in need
thereof. Generally, the method comprises, consists essentially of, or consists of,

administering a Tfh-like tumor-infiltrating cell and/or Tth-like CTL to the subject.
[0079] Definitions

[0080] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by a person of ordinary skill in the art to which
the present disclosure pertains. As used herein, and unless stated otherwise or required
otherwise by context, each of the following terms shall have the definition set forth

below.

[0081] In one embodiment, the methods described herein make use of the measured
levels of the cell population of the present disclosure to detect surges, increases, or
declines in cell numbers as predictive measures. As used herein, a “surge” or “increase”
indicates a statistically significant increase in the level of relevant cells, typically from
one measurement to one or more later measurements. In other instances, an increase in
the level of relevant cells can be determined from one measure in a subject of interest
relative to control (e.g., a value or a range of values for normal, i.e., healthy, individuals).
Surges may be a two-fold increase in cell levels (i.e., a doubling of cell counts), a three-
fold increase in cell levels (i.e., a tripling of cell numbers), a four-fold increase in cell
levels (i.e., an increase by four times the number of cells in a previous measurement), or
a five-fold or greater increase. In addition to the marked increase described as a surge,
lesser increases in the levels of relevant cells may also have relevance to the methods of
the present disclosure. Increases in cell levels may be described in terms of percentages.
Surges may also be described in terms of percentages. For example, a surge or increase
may be an increase in cell levels of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 100% or more. A “decline” indicates a decrease from one measurement to one or more
later measurements. A decline may be a 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, T0%, T5%, 80%, or 85% or greater decrease in cell levels

from one measurement to one or more later measurements. In other instances, a decrease
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in the level of relevant cells can be determined from one measure in a subject of interest

relative to control (e.g., a value or a range of values for normal, i.e., healthy, individuals).

[0082] In one embodiment, the surges, increases, or declines in cell numbers can be
determined based on a comparison with a reference level derived from samples of at least
20 reference individuals without condition, a non-patient population. The surges or
declines in cell numbers in a sample can also refer to a level that is elevated in comparison
to the level of the cell numbers reached upon treatment, for example with an anti-cancer

compound.

[0083] In one embodiment, the term “cancer” refers to a class of diseases in which a
group of cells display uncontrolled growth, invasion, and/or metastasis. The term is
meant to include, but not limited to, a cancer of the breast, respiratory tract, brain,
reproductive organs, digestive tract, urinary tract, eye, liver, skin, head and neck, bone
marrow, blood, thyroid, and parathyroid. The cancer may be a solid tumor, a non-solid
tumor, or a distant metastasis of a tumor. Some specific examples of cancers include, but
are not limited to, non-small cell lung cancer; small cell lung cancer; head and neck
squamous cell carcinoma; renal cell carcinoma; bladder cancer; Hodgkin lymphoma;
cutaneous squamous cell carcinoma; melanoma; myeloma; leukemia; Merkel-cell
carcinoma; lymphomas; multiple myelomas; bone and connective tissue sarcomas; brain
tumors; breast cancer; adrenal cancer; thyroid cancer; pancreatic cancer; pituitary
cancers; eye cancers; vaginal cancers; cervical cancers; uterine cancers; ovarian cancers;
esophageal cancers; stomach cancers; colon cancers; rectal cancers; gastric cancers; liver
cancers; bladder cancers; gallbladder cancers; cholangiocarcinoma; lung cancers;
testicular cancers; prostate cancers; penile cancers; oral cancers; basal cancers; salivary
gland cancers; pharynx cancers; skin cancers; kidney cancers; melanomas or skin cancer,
blood cancers such as myeloma, lymphoma, and Wilms’ tumor. Examples of solid tumors
include solid tumors of the breast, prostate, colon, pancreas, lung, gastric system, bladder,

skin, and bone/connective tissue.

[0084] As used herein, “relapse” or “recurrence” may include the appearance of at least
one new tumor lesion in, or new leukemia cells in the blood or bone marrow of, a subject
who previously had cancer but has had no overt evidence of cancer as a result of surgery
and/or therapy until relapse. Such recurrence of cancer cells can be local, occurring in

the same area as one or more previous tumor lesions or leukemic cells, or distant,
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occurring in a previously lesion-free or cancer-cell free area, such as lymph nodes or

other areas of the body.

[0085] As used herein, “response to treatment” may include complete response and
partial response to treatment. A “complete response” (CR), in certain embodiments
relating to e.g. cancer, is typically understood to include the disappearance of all target
lesions and non-target lesions and normalization of tumor marker levels. A “partial
response” (PR), in certain embodiments relating to cancer, is typically understood to
include an at least 30% decrease in the sum of the diameters of target lesions. Generally
speaking, in the context of embodiments relating to e.g. cancer, “response to treatment”
may include an at least 30%-100% decrease in the sum of the diameters of target lesions,
or disappearance of all target lesions and non-target lesions and normalization of tumor
marker levels. “Progression” or “progressive disease” (PD), in certain embodiments
relating to e.g. cancer, is typically understood to include an at least 20% increase in the
sum of the diameters of target lesions, progression (increase in size) of any existing non-
target lesions, and is also typically determined upon appearance of at least one new
lesion. Non-CR/non-PD, in certain embodiments relating to e.g. cancer, is typically
understood to include the persistence of one or more non-target lesions and/or
maintenance of above-normal tumor marker levels. “Stable disease” (SD) is typically
understood to include an insufficient increase to qualify for PD, but an insufficient
decrease to qualify for PR. While the concepts of CR, PR, PD, and SD have been
discussed in the context of cancer, the person of skill will readily understand that these

concepts may also apply to other disease / conditions.

[0086] In one non-limiting embodiment, the biological sample from the subject which is
suspected of including cell populations described herein includes blood or a cell fraction

thereof.

[0087] In one non-limiting embodiment, the biological sample from the subject which is
suspected of including the cell population of the present disclosure includes blood,

spleen, tumor tissue, bone marrow or a cell fraction thereof.

[0088] As used herein, a “cell fraction” of a biological sample may be obtained using
routine clinical cell fractionation techniques, such as gentle centrifugation, e.g.,
centrifugation at about 300-800 x g for about five to about ten minutes or fractionated by

other standard methods.
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[0089] In one non-limiting embodiment, the herein described sample can be obtained by
any known technique, for example by drawing, by non-invasive techniques, or from

sample collections or banks, etc.

[0090] In one non-limiting embodiment, the present disclosure provides a kit which
includes reagents that may be useful for implementing at least some of the herein
described methods. The herein described kit may include at least one detecting agent
which is “packaged”. As used herein, the term “packaged” can refer to the use of a solid
matrix or material such as glass, plastic, paper, fiber, foil and the like, capable of holding
within fixed limits the at least one detection reagent. Thus, in one non-limiting
embodiment, the kit may include the at least one detecting agent “packaged” in a glass
vial used to contain microgram or milligram quantities of the at least one detecting agent.
In another non-limiting embodiment, the kit may include the at least one detecting agent
“packaged” in a microtiter plate well to which microgram quantities of the at least one
detecting agent has been operatively affixed. In another non-limiting embodiment, the
kit may include the at least one detecting agent coated on microparticles entrapped within
a porous membrane or embedded in a test strip or dipstick, etc. In another non-limiting
embodiment, the kit may include the at least one detecting agent directly coated onto a
membrane, test strip or dipstick, etc. which contacts the sample fluid. Many other
possibilities exist and will be readily recognized by those skilled in this art without
departing from the disclosure. For example, the kit may include a combination of
detecting agent which can be useful for cell sorting the cell populations of the present

disclosure, as discussed elsewhere in the present document.

[0091] As used herein, a “purified cell population” refers to a cell population which has
been processed so as to separate the cell population from other cell populations with
which it is normally associated in its naturally occurring state. The purified cell
population can, thus, represent an enriched cell population in that the relative
concentration of the cell population in a sample can be increased following such
processing in comparison to its natural state. In one embodiment, the purified cell
population can refer to a cell population which is enriched in a composition in a relative
amount of at least 80%, or at least 90%, or at least 95% or 100% in comparison to its
natural state. Such purified cell population may, thus, represent a cell preparation which
can be further processed so as to obtain commercially viable preparations. For example,

in one embodiment, the cell preparation can be prepared for transportation or storage in

20



WO 2020/041776 PCT/US2019/048036

a serum-based solution containing necessary additives (e.g., DMSO), which can then be
stored or transported in a frozen form. In doing so, the person of skill will readily
understand that the cell preparation is in a composition that includes a suitable carrier,
which composition is significantly different from the natural occurring separate elements.
For example, the serum-based preparation may comprise, consist essentially of, or consist
of, human serum or fetal bovine serum, which is a structural form that is markedly
different from the form of the naturally occurring elements of the preparation. The
resulting preparation includes cells that are in dormant state, for example, that may have
slowed down or stopped intracellular metabolic reactions and/or that may have structural
modifications to its cellular membranes. The resulting preparation includes cells that
can, thus, be packaged or shipped while minimizing cell loss which would otherwise
occur with the naturally occurring cells. A person skilled in the art would be able to

determine a suitable preparation without departing from the present disclosure.

[0092] As used herein, the term “about” for example with respect to a value relating to a
particular parameter (e.g. concentration, such as “about 100 mM”) relates to the variation,
deviation or error (e.g. determined via statistical analysis) associated with a device or
method used to measure the parameter. For example, in the case where the value of a
parameter is based on a device or method which is capable of measuring the parameter
with an error of #10%, “about” would encompass the range from less than 10% of the

value to more than 10% of the value.

[T L 13
a

[0093] As used herein, the singular forms an,” and “the” include plural referents

unless the context clearly indicates otherwise.

[0094] As used herein, the term “comprising” is intended to mean that the compositions
or methods include the recited steps or elements, but do not exclude others. “Consisting
essentially of” shall mean rendering the claims open only for the inclusion of steps or
elements, which do not materially affect the basic and novel characteristics of the claimed
compositions and methods. “Consisting of” shall mean excluding any element or step not
specified in the claim. Embodiments defined by each of these transition terms are within

the scope of this disclosure.

[0095] As used herein “a population of cells” intends a collection of more than one cell

that is identical (clonal) or non-identical in phenotype and/or genotype.

[0096] As used herein, “substantially homogenous™ population of cells is a population

having at least 70 %, or alternatively at least 75 %, or alternatively at least 80%, or
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alternatively at least 85%, or alternatively at least 90%, or alternatively at least 95%, or
alternatively at least 98% identical phenotype, as measured by pre-selected markers,

phenotypic or genomic traits. In one aspect, the population is a clonal population.

[0097] As used herein, “heterogeneous” population of cells is a population having up to
69%, or alternatively up to 60%, or alternatively up to 50%, or alternatively up to 40%,
or alternatively up to 30%, or alternatively up to 20%, or alternatively up to 10%, or
alternatively up to 5%, or alternatively up to 4%, or alternatively up to 3%, or
alternatively up to 2%, or alternatively up to 61%, or alternatively up to 0.5% identical

phenotype, as measured by pre-selected markers, phenotypic or genomic traits.

[0098] The term “subject,” “host,” “individual,” and “patient” are as used
interchangeably herein to refer to animals, typically mammalian animals. Any suitable
mammal can be treated by a method, cell or composition described herein. Non-limiting
examples of mammals include humans, non-human primates (e.g., apes, gibbons,
chimpanzees, orangutans, monkeys, macaques, and the like), domestic animals (e.g.,
dogs and cats), farm animals (e.g., horses, cows, goats, sheep, pigs) and experimental
animals (e.g., mouse, rat, rabbit, guinea pig). In some embodiments a mammal is a
human. A mammal can be any age or at any stage of development (e.g., an adult, teen,
child, infant, or a mammal in utero). A mammal can be male or female. A mammal can
be a pregnant female. In some embodiments a subject is a human, adult, juvenile,
children, and infants. In particular, in the context of cancer, the subject can be a mammal
who previously had cancer but appears to have recovered as a result of surgery and/or
therapy, or who presently has cancer and is undergoing cancer therapy, or has completed
a cancer therapeutic regime, or has received no cancer therapy. In some embodiments, a

human has or is suspected of having a cancer or neoplastic disorder.

[0099] As used herein, the terms “therapeutically effective amount” and “effective
amount” are used interchangeably to refer to an amount of a composition of the disclosure
that is sufficient to result in the prevention of the development, recurrence, or onset of a
disease or condition. For example, in certain embodiments e.g. cancer, these terms refer
to an amount of a composition of the disclosure that is sufficient to result in the prevention
of the development, recurrence, or onset of cancer stem cells or cancer and one or more
symptoms thereof, to enhance or improve the prophylactic effect(s) of another therapy,

reduce the severity and duration of cancer, ameliorate one or more symptoms of cancer,
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prevent the advancement of cancer, cause regression of cancer, and/or enhance or

improve the therapeutic effect(s) of additional anticancer treatment(s).

[0100] A therapeutically effective amount can be administered to a patient in one or more
doses sufficient to palliate, ameliorate, stabilize, reverse or slow the progression of the
disease, or otherwise reduce the pathological consequences of the disease, or reduce the
symptoms of the disease. The amelioration or reduction need not be permanent but may
be for a period of time ranging from at least one hour, at least one day, or at least one
week or more. The effective amount is generally determined by the physician on a case-
by-case basis and is within the skill of one in the art. Several factors are typically taken
into account when determining an appropriate dosage to achieve an effective amount.
These factors include age, sex and weight of the patient, the condition being treated, the
severity of the condition, as well as the route of administration, dosage form and regimen

and the desired result.

[0101] As used herein, “treating” or “treatment” of a disease in a subject refers to (1)
preventing the symptoms or disease from occurring in a subject that is predisposed or
does not yet display symptoms of the disease; (2) inhibiting the disease or arresting its
development; or (3) ameliorating or causing regression of the disease or the symptoms
of the disease. As understood in the art, “treatment” is an approach for obtaining
beneficial or desired results, including clinical results. For the purposes of the present
technology, beneficial or desired results can include one or more, but are not limited to,
alleviation or amelioration of one or more symptoms, diminishment of extent of a
condition (including a disease), stabilized (i.e., not worsening) state of a condition
(including disease), delay or slowing of condition (including disease), progression,
amelioration or palliation of the condition (including disease), states and remission
(whether partial or total), whether detectable or undetectable. Treatments containing the
disclosed compositions and methods can be first line, second line, third line, fourth line,
fifth line therapy and are intended to be used as a sole therapy or in combination with
other appropriate therapies. In one aspect, treatment excludes prophylaxis. When the
disease is cancer, the following clinical end points are non-limiting examples of
treatment: reduction in tumor burden, slowing of tumor growth, longer overall survival,
longer time to tumor progression, inhibition of metastasis or a reduction in metastasis of

the tumor.
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[0102] As used herein, the phrase “respond to treatment” or similar phrases refer to the
clinical benefit imparted to a patient suffering from a disease or condition, such as cancer,
from or as a result of the treatment described herein. A clinical benefit includes a
complete remission, a partial remission, a stable disease (without progression),
progression-free survival, disease free survival, improvement in the time-to-progression
(of the disease), improvement in the time-to-death, or improvement in the overall survival
time of the patient from or as a result of the treatment described herein. There are criteria
for determining a response to therapy and those criteria allow comparisons of the efficacy
to alternative treatments (Slapak and Kufe, Principles of Cancer Therapy, in Harrisons’s
Principles of Internal Medicine, 13" edition, eds. Isselbacher et al., McGraw-Hill, Inc.,
1994). For example, a complete response or complete remission of cancer is the
disappearance of all detectable malignant disease. A partial response or partial remission
of cancer may be, for example, an approximately 50 percent decrease in the product of
the greatest perpendicular diameters of one or more lesions or where there is not an

increase in the size of any lesion or the appearance of new lesions.

[0103] The term “clinical outcome”, “clinical parameter”, ‘“clinical response”, or
“clinical endpoint” refers to any clinical observation or measurement relating to a
patient’s reaction to a therapy. Non-limiting examples of clinical outcomes include
tumor response (TR), overall survival (OS), progression free survival (PFS), disease free
survival (DFS), time to tumor recurrence (TTR), time to tumor progression (TTP),

relative risk (RR), toxicity or side effects.

[0104] A “complete response” (CR) to a therapy defines patients with evaluable but non-

measurable disease, whose tumor and all evidence of disease had disappeared.

[0105] A “partial response” (PR) to a therapy defines patients with anything less than

complete response that were simply categorized as demonstrating partial response.
[0106] “Stable disease” (SD) indicates that the patient is stable.

[0107] “Progressive disease” (PD) indicates that the tumor has grown (i.e. become
larger), spread (i.e. metastasized to another tissue or organ) or the overall cancer has
gotten worse following treatment. For example, tumor growth of more than 20 percent

since the start of treatment typically indicates progressive disease.

[0108] “Disease free survival” (DFS) indicates the length of time after treatment of a

cancer or tumor during which a patient survives with no signs of the cancer or tumor.
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[0109] “Non-response” (NR) to a therapy defines patients whose tumor or evidence of

disease has remained constant or has progressed.

[0110] “Overall Survival” (OS) intends a prolongation in life expectancy as compared to

naive or untreated individuals or patients.

[0111] “Progression free survival” (PFS) or “Time to Tumor Progression” (TTP)
indicates the length of time during and after treatment that the cancer does not grow.
Progression-free survival includes the amount of time patients have experienced a
complete response or a partial response, as well as the amount of time patients have

experienced stable disease.

[0112] “No Correlation” refers to a statistical analysis showing no relationship between
the allelic variant of a polymorphic region or gene expression levels and clinical

parameters.

[0113] “Tumor Recurrence” as used herein and as defined by the National Cancer
Institute is cancer that has recurred (come back), usually after a period of time during
which the cancer could not be detected. The cancer may come back to the same place as
the original (primary) tumor or to another place in the body. It is also called recurrent

cancer.

[0114] “Time to Tumor Recurrence” (TTR) is defined as the time from the date of
diagnosis of the cancer to the date of first recurrence, death, or until last contact if the
patient was free of any tumor recurrence at the time of last contact. If a patient had not

recurred, then TTR was censored at the time of death or at the last follow-up.

[0115] “Relative Risk” (RR), in statistics and mathematical epidemiology, refers to the
risk of an event (or of developing a disease) relative to exposure. Relative risk is a ratio
of the probability of the event occurring in the exposed group versus a non-exposed
group.

EEINTS EEINTS

[0116] As used herein, the terms “stage I cancer,” “stage II cancer,” “stage III cancer,”
and “stage IV” refer to the TNM staging classification for cancer. Stage I cancer typically
identifies that the primary tumor is limited to the organ of origin. Stage II intends that
the primary tumor has spread into surrounding tissue and lymph nodes immediately
draining the area of the tumor. Stage III intends that the primary tumor is large, with

fixation to deeper structures. Stage IV intends that the primary tumor is large, with
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fixation to deeper structures. See pages 20 and 21, CANCER BIOLOGY, 2™ Ed., Oxford
University Press (1987).

[0117] A “tumor” is an abnormal growth of tissue resulting from uncontrolled,
progressive multiplication of cells and serving no physiological function. A “tumor” is

also known as a neoplasm.

[0118] The phrase “first line” or “second line” or “third line” refers to the order of
treatment received by a patient. First line therapy regimens are treatments given first,
whereas second or third line therapy are given after the first line therapy or after the
second line therapy, respectively. The National Cancer Institute defines first line therapy
as “the first treatment for a disease or condition. In patients with cancer, primary
treatment can be surgery, chemotherapy, radiation therapy, or a combination of these
therapies. First line therapy is also referred to those skilled in the art as “primary therapy
and primary treatment.” See National Cancer Institute website at www.cancer.gov, last
visited on May 1, 2008. Typically, a patient is given a subsequent chemotherapy regimen
because the patient did not show a positive clinical or sub-clinical response to the first

line therapy or the first line therapy has stopped.

[0119] The term “contacting” means direct or indirect binding or interaction between
two or more entities. A particular example of direct interaction is binding. A particular
example of an indirect interaction is where one entity acts upon an intermediary
molecule, which in turn acts upon the second referenced entity. Contacting as used herein
includes in solution, in solid phase, in vitro, ex vivo, in a cell and in vivo. Contacting in

vivo can be referred to as administering, or administration.

[0120] As used herein, the term “administer” and “administering” are used to mean
introducing the therapeutic agent (e.g. polynucleotide, vector, cell, modified cell,
population) into a subject. The therapeutic administration of this substance serves to
attenuate any symptom, or prevent additional symptoms from arising. When
administration is for the purposes of preventing or reducing the likelihood of developing
cancer, the substance is provided in advance of any visible or detectable symptom or
relapse. Routes of administration include, but are not limited to, oral (such as a tablet,
capsule or suspension), topical, transdermal, intranasal, vaginal, rectal, subcutaneous
intravenous, intraarterial, intramuscular, intraosseous, intraperitoneal, epidural and

intrathecal.
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[0121] As used herein, the term “expression” or “express” refers to the process by which
polynucleotides are transcribed into mRNA and/or the process by which the transcribed
mRNA is subsequently being translated into peptides, polypeptides, or proteins. If the
polynucleotide is derived from genomic DNA, expression may include splicing of the
mRNA in a eukaryotic cell. The expression level of a gene may be determined by
measuring the amount of mRNA or protein in a cell or tissue sample. In one aspect, the
expression level of a gene from one sample may be directly compared to the expression
level of that gene from a control or reference sample. In another aspect, the expression
level of a gene from one sample may be directly compared to the expression level of that
gene from the same sample following administration of a compound. The terms
“upregulate” and “downregulate” and variations thereof when used in context of gene
expression, respectively, refer to the increase and decrease of gene expression relative to
a normal or expected threshold expression for cells, in general, or the sub-type of cell, in

particular.

[0122] As used herein, the term “gene expression profile” refers to measuring the
expression level of multiple genes to establish an expression profile for a particular

sample.

[0123] As used herein, the term “reduce or eliminate expression and/or function of”
refers to reducing or eliminating the transcription of said polynucleotides into mRNA, or
alternatively reducing or eliminating the translation of said mRNA into peptides,
polypeptides, or proteins, or reducing or eliminating the functioning of said peptides,
polypeptides, or proteins. In a non-limiting example, the transcription of polynucleotides

into mRNA is reduced to at least half of its normal level found in wild type cells.

[0124] As used herein, the term “increase expression of’ refers to increasing the
transcription of said polynucleotides into mRNA, or alternatively increasing the
translation of said mRNA into peptides, polypeptides, or proteins, or increasing the
functioning of said peptides, polypeptides, or proteins. In a non-limiting example, the
transcription of polynucleotides into mRNA is increased to at least twice of its normal

level found in wild type cells.

[0125] An “an effective amount” or “efficacious amount” is an amount sufficient to
achieve the intended purpose, non-limiting examples of such include: initiation of the
immune response, modulation of the immune response, suppression of an inflammatory
response and modulation of T cell activity or T cell populations. In one aspect, the
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effective amount is one that functions to achieve a stated therapeutic purpose, e.g., a
therapeutically effective amount. As described herein in detail, the effective amount, or
dosage, depends on the purpose and the composition, and can be determined according

to the present disclosure.

[0126] A “composition” typically intends a combination of the active agent, and a
naturally-occurring or non-naturally-occurring carrier, inert (for example, a detectable
agent or label) or active, such as an adjuvant, diluent, binder, stabilizer, buffers, salts,
lipophilic solvents, preservative, adjuvant or the like and include pharmaceutically
acceptable carriers. Carriers also include pharmaceutical excipients and additives
proteins, peptides, amino acids, lipids, and carbohydrates (e.g., sugars, including
monosaccharides, di-, tri-, tetra-oligosaccharides, and oligosaccharides; derivatized
sugars such as alditols, aldonic acids, esterified sugars and the like; and polysaccharides
or sugar polymers), which can be present singly or in combination, comprising alone or
in combination 1-99.99% by weight or volume. Exemplary protein excipients include
serum albumin such as human serum albumin (I), recombinant human albumin (rHA),
gelatin, casein, and the like. Representative amino acid/antibody components, which can
also function in a buffering capacity, include alanine, arginine, glycine, arginine, betaine,
histidine, glutamic acid, aspartic acid, cysteine, lysine, leucine, isoleucine, valine,
methionine, phenylalanine, aspartame, and the like. Carbohydrate excipients are also
intended within the scope of this technology, examples of which include but are not
limited to monosaccharides such as fructose, maltose, galactose, glucose, D-mannose,
sorbose, and the like; disaccharides, such as lactose, sucrose, trehalose, cellobiose, and
the like; polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches,
and the like; and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol sorbitol

(glucitol) and myoinositol.

[0127] The compositions used in accordance with the disclosure, including cells,
treatments, therapies, agents, drugs and pharmaceutical formulations can be packaged in
dosage unit form for ease of administration and uniformity of dosage. The term "unit
dose" or "dosage" refers to physically discrete units suitable for use in a subject, each
unit containing a predetermined quantity of the composition calculated to produce the
desired responses in association with its administration, i.e., the appropriate route and
regimen. The quantity to be administered, both according to number of treatments and

unit dose, depends on the result and/or protection desired. Precise amounts of the
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composition also depend on the judgment of the practitioner and are peculiar to each
individual. Factors affecting dose include physical and clinical state of the subject, route
of administration, intended goal of treatment (alleviation of symptoms versus cure), and
potency, stability, and toxicity of the particular composition. Upon formulation,
solutions will be administered in a manner compatible with the dosage formulation and
in such amount as is therapeutically or prophylactically effective. The formulations are
easily administered in a variety of dosage forms, such as the type of injectable solutions

described herein.

[0128] The term “isolated” as used herein refers to molecules or biologicals or cellular
materials being substantially free from other materials. In one aspect, the term “isolated”
refers to nucleic acid, such as DNA or RNA, or protein or polypeptide (e.g., an antibody
or derivative thereof), or cell or cellular organelle, or tissue or organ, separated from other
DNAs or RNAs, or proteins or polypeptides, or cells or cellular organelles, or tissues or
organs, respectively, that are present in the natural source. The term “isolated” also refers
to a nucleic acid or peptide that is substantially free of cellular material, viral material, or
culture medium when produced by recombinant DNA techniques, or chemical precursors
or other chemicals when chemically synthesized. Moreover, an “isolated nucleic acid”
is meant to include nucleic acid fragments which are not naturally occurring as fragments
and would not be found in the natural state. The term “isolated” is also used herein to
refer to polypeptides which are isolated from other cellular proteins and is meant to
encompass both purified and recombinant polypeptides. The term “isolated” is also used
herein to refer to cells or tissues that are isolated from other cells or tissues and is meant

to encompass both cultured and engineered cells or tissues.

[0129] As used herein, the term “isolated cell” generally refers to a cell that is

substantially separated from other cells of a tissue.

[0130] As used herein, the term “antibody” (“Ab”) collectively refers to
immunoglobulins (or “Ig”) or immunoglobulin-like molecules including but not limited
to antibodies of the following isotypes: IgM, IgA, IgD, IgE, IgG, and combinations
thereof. Immunoglobulin-like molecules include but are not limited to similar molecules
produced during an immune response in a vertebrate, for example, in mammals such as
humans, rats, goats, rabbits and mice, as well as non-mammalian species, such as shark
immunoglobulins (see Feige, M. et al. Proc. Nat. Ac. Sci. 41(22): 8155-60 (2014)).

Unless specifically noted otherwise, the term “antibody” includes intact
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immunoglobulins and “antibody fragments” or “antigen binding fragments” that
specifically bind to a molecule of interest (or a group of highly similar molecules of
interest) to the substantial exclusion of binding to other molecules (for example,
antibodies and antibody fragments that have a binding constant for the molecule of
interest that is at least 10°> M! greater, at least 10*M™! greater or at least 10° M! greater
than a binding constant for other molecules in a biological sample). The term “antibody”
also includes genetically engineered forms such as chimeric antibodies (for example,
humanized murine antibodies), heteroconjugate antibodies (such as, bispecific
antibodies). See also, Pierce Catalog and Handbook, 1994-1995 (Pierce Chemical Co.,
Rockford, I11.); Kuby, J., Immunology, 3" Ed., W.H. Freeman & Co., New York, 1997.
One of skill in the art can monitor expression of mRNA using methods such as RNA-
sequencing, DNA microarrays, Real-time PCR, or Chromatin immunoprecipitation
(ChIP) etc. Protein expression can be monitored using methods such as flow cytometry,

Western blotting, 2-D gel electrophoresis or immunoassays etc.

[0131] In one aspect, the term “equivalent” or “biological equivalent” of an antibody
means the ability of the antibody to selectively bind its epitope protein or fragment
thereof as measured by ELISA or other suitable methods. Biologically equivalent
antibodies include, but are not limited to, those antibodies, peptides, antibody fragments,
antibody variant, antibody derivative and antibody mimetics that bind to the same epitope

as the reference antibody.

[0132] One of skill in the art can use methods such as RNA interference (RNAI),
CRISPR, TALEN, ZFN or other methods that target specific sequences to reduce

expression and/or increase expression/and or function of CD33.

[0133] As used herein, “RNAi” (RNA interference) refers to the method of reducing or
eliminating gene expression in a cell by targeting specific mRNA sequences for
degradation via introduction of short pieces of double stranded RNA (dsRNA) and small
interfering RNA (such as siRNA, shRNA or miRNA etc.) (Agrawal, N. et al.; Microbiol
Mol Biol Rev. 2003; 67:657-685, Arenz, C. et al.; Naturwissenschaften. 2003; 90:345—
359, Hannon GJ.; Nature. 2002; 418:244-251).

[0134] As used herein, the term “CRISPR” refers to a technique of sequence specific
genetic manipulation relying on the clustered regularly interspaced short palindromic
repeats pathway. CRISPR can be used to perform gene editing and/or gene regulation,
as well as to simply target proteins to a specific genomic location. “Gene editing” refers
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to a type of genetic engineering in which the nucleotide sequence of a target
polynucleotide is changed through introduction of deletions, insertions, single stranded
or double stranded breaks, or base substitutions to the polynucleotide sequence. In some
aspects, CRISPR-mediated gene editing utilizes the pathways of non-homologous end-
joining (NHEJ) or homologous recombination to perform the edits. Gene regulation
refers to increasing or decreasing the production of specific gene products such as protein

or RNA.

[0135] The term “gRNA” or “guide RNA” as used herein refers to guide RNA sequences
used to target specific polynucleotide sequences for gene editing employing the CRISPR
technique. Techniques of designing gRNAs and donor therapeutic polynucleotides for
target specificity are well known in the art. For example, Doench, J., et al. Nature
biotechnology 2014; 32(12):1262-7, Mohr, S. et al. (2016) FEBS Journal 283: 3232-38,
and Graham, D., et al. Genome Biol. 2015; 16: 260. gRNA comprises or alternatively
consists essentially of, or yet further consists of a fusion polynucleotide comprising
CRISPR RNA (crRNA) and trans-activating CRIPSPR RNA (tracrRNA); or a
polynucleotide comprising CRISPR RNA (crRNA) and trans-activating CRIPSPR RNA
(tracrRNA). In some aspects, a gRNA is synthetic (Kelley, M. et al. (2016) J of
Biotechnology 233 (2016) 74-83).

[0136] The term “Cas9” refers to a CRISPR associated endonuclease referred to by this
name. Non-limiting exemplary Cas9s include Staphylococcus aureus Cas9, nuclease
dead Cas9, and orthologs and biological equivalents each thereof. Orthologs include but
are not limited to Streptococcus pyogenes Cas9 (“spCas9”), Cas 9 from Streptococcus
thermophiles, Legionella pneumophilia, Neisseria lactamica, Neisseria meningitides,
Francisella novicida; and Cpfl (which performs cutting functions analogous to Cas9)
from various bacterial species including Acidaminococcus spp. and Francisella novicida

Ulli2.

[0137] As used herein, “TALEN™ (transcription activator-like effector nucleases) refers
to engineered nucleases that comprise a non-specific DNA-cleaving nuclease fused to a
TALE DNA-binding domain, which can target DNA sequences and be used for genome
editing. Boch (2011) Nature Biotech. 29: 135-6; and Boch et al. (2009) Science 326:
1509-12; Moscou et al. (2009) Science 326: 3501. TALEs are proteins secreted by
Xanthomonas bacteria. The DNA binding domain contains a repeated, highly conserved

33-34 amino acid sequence, with the exception of the '2th and '3th amino acids. These
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two positions are highly variable, showing a strong correlation with specific nucleotide
recognition. They can thus be engineered to bind to a desired DNA sequence. To produce
a TALEN, a TALE protein is fused to a nuclease (N), which is a wild-type or mutated
Fokl endonuclease. Several mutations to Fokl have been made for its use in TALENS;
these, for example, improve cleavage specificity or activity. Cermak et al. (2011) Nucl.
Acids Res. 39: e82; Miller et al. (2011) Nature Biotech. 29: 143-8; Hockemeyer et al.
(2011) Nature Biotech. 29: 731-734; Wood et al. (2011) Science 333: 307; Doyon et al.
(2010) Nature Methods 8: 74-79; Szczepek et al. (2007) Nature Biotech. 25: 786-793;
and Guo et al. (2010) J. Mol. Bio. 200: 96. The Fokl domain functions as a dimer,
requiring two constructs with unique DNA binding domains for sites in the target genome
with proper orientation and spacing. Both the number of amino acid residues between the
TALE DNA binding domain and the Fokl cleavage domain and the number of bases
between the two individual TALEN binding sites appear to be important parameters for
achieving high levels of activity. Miller et al. (2011) Nature Biotech. 29: 143-8. TALENSs
specific to sequences in immune cells can be constructed using any method known in the
art, including various schemes using modular components. Zhang et al. (2011) Nature

Biotech. 29: 149-53; Geibler et al. (2011) PLoS ONE 6: ¢19509.

[0138] As used herein, "ZFN" (Zinc Finger Nuclease) refers to engineered nucleases that
comprise a non-specific DNA-cleaving nuclease fused to a zinc finger DNA binding
domain, which can target DNA sequences and be used for genome editing. Like a
TALEN, a ZFN comprises a Fokl nuclease domain (or derivative thereof) fused to a
DNA-binding domain. In the case of a ZFN, the DNA-binding domain comprises one or
more zinc fingers. Carroll et al. (2011) Genetics Society of America 188: 773-782; and
Kim et al. (1996) Proc. Natl. Acad. Sci. USA 93: 1156-1160. A zinc finger is a small
protein structural motif stabilized by one or more zinc ions. A zinc finger can comprise,
for example, Cys2His2, and can recognize an approximately 3-bp sequence. Various zinc
fingers of known specificity can be combined to produce multi-finger polypeptides which
recognize about 6, 9, 12, 15 or 18-bp sequences. Various selection and modular assembly
techniques are available to generate zinc fingers (and combinations thereof) recognizing
specific sequences, including phage display, yeast one-hybrid systems, bacterial one-
hybrid and two-hybrid systems, and mammalian cells. Like a TALEN, a ZFN must
dimerize to cleave DNA. Thus, a pair of ZFNs are required to target non-palindromic
DNA sites. The two individual ZFNs must bind opposite strands of the DNA with their

nucleases properly spaced apart. Bitinaite et al. (1998) Proc. Natl. Acad. Sci. USA 95:
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10570-5. ZFNs specific to sequences in immune cells can be constructed using any
method known in the art. See, e.g., Provasi (2011) Nature Med. 18: 807-815; Torikai
(2013) Blood 122: 1341-1349; Cathomen et al. (2008) Mol. Ther. 16: 1200-7; Guo et al.
(2010) J. Mol. Bioi. 400: 96; U.S. Patent Publication 201110158957; and U.S. Patent
Publication 2012/0060230.

[0139] The term “culturing” refers to growing cells in a culture medium under conditions
that favor expansion and proliferation of the cell. The term “culture medium” or
“medium” is recognized in the art, and refers generally to any substance or preparation
used for the cultivation of living cells. The term “medium”, as used in reference to a cell
culture, includes the components of the environment surrounding the cells. Media may
be solid, liquid, gaseous or a mixture of phases and materials. Media include liquid
growth media as well as liquid media that do not sustain cell growth. Media also include
gelatinous media such as agar, agarose, gelatin and collagen matrices. Exemplary
gaseous media include the gaseous phase to which cells growing on a petri dish or other
solid or semisolid support are exposed. The term “medium” also refers to material that
is intended for use in a cell culture, even if it has not yet been contacted with cells. In
other words, a nutrient rich liquid prepared for culture is a medium. Similarly, a powder
mixture that when mixed with water or other liquid becomes suitable for cell culture may
be termed a “powdered medium.” “Defined medium” refers to media that are made of
chemically defined (usually purified) components. “Defined media” do not contain
poorly characterized biological extracts such as yeast extract and beef broth. “Rich
medium” includes media that are designed to support growth of most or all viable forms
of a particular species. Rich media often include complex biological extracts. A
“medium suitable for growth of a high density culture” is any medium that allows a cell
culture to reach an OD600 of 3 or greater when other conditions (such as temperature
and oxygen transfer rate) permit such growth. The term “basal medium” refers to a
medium which promotes the growth of many types of microorganisms which do not
require any special nutrient supplements. Most basal media generally comprise of four
basic chemical groups: amino acids, carbohydrates, inorganic salts, and vitamins. A
basal medium generally serves as the basis for a more complex medium, to which
supplements such as serum, buffers, growth factors, lipids, and the like are added. In one
aspect, the growth medium may be a complex medium with the necessary growth factors
to support the growth and expansion of the cells of the disclosure while maintaining their

self-renewal capability. Examples of basal media include, but are not limited to, Eagles
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Basal Medium, Minimum Essential Medium, Dulbecco’s Modified Eagle’s Medium,
Medium 199, Nutrient Mixtures Ham’s F-10 and Ham’s F-12, McCoy’s SA, Dulbecco’s
MEM/F-1 2, RPMI 1640, and Iscove’s Modified Dulbecco’s Medium (IMDM).

[0140] “Cryoprotectants” are known in the art and include without limitation, e.g.,
sucrose, trehalose, and glycerol. A cryoprotectant exhibiting low toxicity in biological

systems is generally used.

[0141] “Classical monocyte” intends a monocyte that is (CD14%).

[0142] “Nonclassical monocyte” intends a monocyte that is (CD14°CD16%).
[0143] “Intermediate monocyte” intends a monocyte that is (CD14*CD16%).

[0144] “Checkpoint inhibitor” intends a drug or therapy that blocks certain proteins made
by some immune cells, such as T cells and some cancer cells. These proteins assist with
immune responses, and keep immune responses in check. When these proteins are
blocked, the brakes on the immune system are released and T cell are able to inhibit the
growth or kill cancer cells. Non-limiting examples of checkpoint proteins on T cell or
cancer cells include PD-1/PD-L1 and CTLA-4/B7-1/B7-2. Checkpoint inhibitors are
used to treat cancer alone or in combination with other therapies and treatments. Non-
limiting examples of PD-1 inhibits include Pembrolizumab (Keytruda), Nivolumab
(Opdivo) and Cemiplimab (Libtayao), which have been shown to treat melanoma,
NSCLC, kidney cancer, bladder cancer, head and neck cancers, and Hodgkin lymphoma.
Non-limiting examples of PD-L1 inhibitors include Atezolizumab (Tecentriq),
Avelumab (Bavencio), and Durvalumab (Imfinzil). These drugs have been shown to treat
bladder cancer, NSCLC, Merkel cell skin cancer (Merkel cell carcinoma). Non-limiting
examples of drugs that target CTLA-1 include Ipilimumab (Yervoy) which has been used
to treat melanoma and other cancers. Additional treatments are under development as
described for example in Darvin et al. (2018) Exper. & Mol. Med. 50, Article number
165 and Tang et al. (2018) Nature Reviews Drug Discover 17:854-855. The Cancer
Research Institute reports that over 2,250 clinical trials are evaluating PD-1/L1
checkpoint inhibitors and 1,716 trials are assessing regimens that combine PD-1/L1
immune checkpoints with other therapies. 240 drug targets are being evaluated in the
current landscape. See cancerresearch.org/news/2018/pd-1-11-checkpoint-inhibitor-

landscape-analysis, last accessed June 5, 2019.
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[0145] As used herein, the phrase “T-follicular helper (Tfh)-like tumor-infiltrating cell”
refers to a cell that is associated with proliferation, cytotoxicity and/or tissue residency
in CD8* T cells within tumors. In some embodiments, a Tfh-like tumor-infiltrating cell
is a cell that is engineered to express features linked to proliferation, cytotoxicity and/or
CD8" T cell ‘help’. Alternatively, a Tth-like tumor-infiltrating cell is a cell that expresses
features linked to proliferation, cytotoxicity and/or CD8" T cell ‘help’.

[0146] Engineered Cells and Isolated Cells

[0147] The methods, uses, kits, and compositions disclosed herein may comprise, consist
essentially of, or consist of, or use one or more engineered cells disclosed herein. In some
embodiments, the engineered cell is an engineered T-follicular helper (Tth)-like tumor-
infiltrating cell. In some embodiments, the engineered Tth-like tumor-infiltrating cell is
engineered to modulate expression of the surface markers cluster of differentiation 4
(CD4), chemokine (C-X-C motif) ligand 13 (CXCL13) and C-X-C Motif Chemokine
Receptor 5 (CXCRS). In some embodiments, the engineered Tth-like tumor-infiltrating
cell is engineered to express the surface markers CD4 and CXCL13 and lack the surface
marker CXCRS. In some embodiments, the engineered Tfh-like tumor-infiltrating cell is
further engineered to express granzyme B (GZMB). In some embodiments, the
engineered cell is a Tth-like tumor-infiltrating cell that activates a CD8* CTL response.
In some embodiments, the CD8" CTL response is activated in a tumor or tumor
microenvironment. In some embodiments the engineered cell is a Tfh-like tumor-
infiltrating cell that activates a CD8" TRM response. In some embodiments, the CD8*

TRM response is activated in a tumor or tumor microenvironment.

[0148] Disclosed herein is an engineered Tfh-like tumor-infiltrating cell engineered to
modulate expression of one or more proteins selected from Proto-Oncogene C-Maf
(MAF), SH2D1A (SAP), programmed cell death 1 (PDCD1), B And T Lymphocyte
Associated (BTLA), CD200, and BCL6. In some embodiments, the cell is engineered to
modulate expression of two, three, four, or five, or more proteins selected from Proto-
Oncogene C-Maf (MAF), SH2D1A (SAP), programmed cell death 1 (PDCDI1), B And T
Lymphocyte Associated (BTLA), CD200, and BCL6. In some embodiments, the cell is
engineered to increase expression of one, two, three, four, or five, or more proteins
selected from Proto-Oncogene C-Maf (MAF), SH2D1A (SAP), programmed cell death
1 (PDCDI1), B And T Lymphocyte Associated (BTLA), CD200, and BCL6. In some

embodiments, the cell is contacted with one or more polynucleotides encoding one or
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more proteins selected from Proto-Oncogene C-Maf (MAF), SH2D1A (SAP),
programmed cell death 1 (PDCD1), B And T Lymphocyte Associated (BTLA), CD200,
and BCL6, thereby increasing expression and/or function of the protein. In some
embodiments, the cell is engineered to decrease expression of one, two, three, four, or
five, or more proteins selected from Proto-Oncogene C-Maf (MAF), SH2DI1A (SAP),
programmed cell death 1 (PDCD1), B and T Lymphocyte Associated (BTLA), CD200,
and BCL6. In some embodiments, the cell is contacted with one or more oligonucleotides
that inhibit expression of one or more proteins selected from Proto-Oncogene C-Maf
(MAF), SH2D1A (SAP), programmed cell death 1 (PDCD1), B and T Lymphocyte
Associated (BTLA), CD200, and BCL6. In some embodiments, the oligonucleotide that
inhibits expression of the protein is an antisense oligonucleotide that targets the protein.
In some embodiments, the antisense oligonucleotide is a miRNA, shRNA, or siRNA. In
some embodiments, the oligonucleotide that inhibits expression of the protein is a guide
RNA that targets the protein. In some embodiments, the cell is engineered to increase

expression and/or function of TNF Receptor Superfamily Member 18 (TNFRSF18).

[0149] In some embodiments, methods to inhibit expression of gene of interest comprise,
consist essentially of, or consist of, delivery of shRNA, such as retroviral transduced CD4
T cells (described in Chen, R., Bélanger, S., Frederick, M.A., Li, B., Johnston, R.J., Xiao,
N., Liu, Y.C., Sharma, S., Peters, B., Rao, A. and Crotty, S., 2014. In vivo RNA
interference screens identify regulators of antiviral CD4+ and CD8+ T cell
differentiation. Immunity, 41(2), pp.325-338., each of which are incorporated by
reference in their entirety)

[0150] The methods, uses, kits, and compositions disclosed herein may comprise, consist
essentially of, or consist of, or use one or more isolated cells disclosed herein. In some
embodiments, the isolated Tth-like tumor-infiltrating cell expresses the surface markers
CD4 and CXCL13 and lacks the surface marker CXCRS5. In some embodiments, the cell
is a cytotoxic Tfh-like tumor-infiltrating cell expressing GZMB.

[0151] Further disclosed herein is a substantially homogenous population of cells
comprising, consisting essentially of, or consisting of, any one of the cells disclosed
herein. In some embodiments, at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
more of the cells in the homogenous population of cells are any one of the cells disclosed
herein. In some embodiments, at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
more of the cells in the homogenous population of cells express CD4 and CXCL13 and
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lack the surface marker CXCRS5. In some embodiments, at least 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or more of the cells in the homogenous population of cells express
CD4, CXCL13, GZMB and lack the surface marker CXCRS.

[0152] A heterogeneous population of cells of comprising, consisting essentially of, or
consisting of, any of the cells disclosed herein. In some embodiments, at least 60%, 65%,
70%, 715%, 80%, 85%, 90%, 95%, or more of the cells in the heterogeneous population
of cells are any one of the cells disclosed herein. In some embodiments, at least 60%,
65%, T0%, 75%, 80%, 85%, 90%, 95%, or more of the cells in the heterogeneous
population of cells express CD4 and CXCL13 and lack the surface marker CXCRS. In
some embodiments, at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more of the
cells in the heterogeneous population of cells express CD4, CXCL13, GZMB and lack
the surface marker CXCRS.

[0153] In some embodiments, any one of the cells disclosed herein is engineered to
increase expression and/or function of one, two, three, or four or more of: TNF Receptor
Superfamily Member 18 (TNFRSF18), TNF Receptor Superfamily Member 4
(TNFRSF4), interferon gamma (IFNG), Granzyme B and/or IL21 in the cell. In some
embodiments, an engineered cell disclosed herein is engineered to increase expression
and/or function of one, two, three, or four or more of: TNF Receptor Superfamily
Member 18 (TNFRSF18), TNF Receptor Superfamily Member 4 (TNFRSF4), interferon
gamma (IFNG), Granzyme B and/or IL21 in the cell. In some embodiments, the
engineered cell is contacted with one or more polynucleotides encoding one or more
proteins selected from: TNF Receptor Superfamily Member 18 (TNFRSF18), TNF
Receptor Superfamily Member 4 (TNFRSF4), interferon gamma (IFNG), Granzyme B
and IL21, thereby increasing expression and/or function of the protein. In some
embodiments, an isolated cell disclosed herein is engineered to increase expression
and/or function of one, two, three, or four or more of: TNF Receptor Superfamily
Member 18 (TNFRSF18), TNF Receptor Superfamily Member 4 (TNFRSF4), interferon
gamma (IFNG), Granzyme B and/or IL21 in the cell. In some embodiments, the isolated
cell is contacted with one or more polynucleotides encoding one or more proteins selected
from: TNF Receptor Superfamily Member 18 (TNFRSF18), TNF Receptor Superfamily
Member 4 (TNFRSF4), interferon gamma (IFNG), Granzyme B and IL21, thereby
increasing expression and/or function of the protein. In some embodiments, an isolated

cell disclosed herein has increased expression and/or function of one, two, three, or four
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more of: TNF Receptor Superfamily Member 18 (TNFRSF18), TNF Receptor
Superfamily Member 4 (TNFRSF4), interferon gamma (IFNG), Granzyme B and/or IL21

in the cell.

[0154] In some embodiments, the engineered cell disclosed herein is a cell that is
contacted with a polynucleotide encoding a CD4 protein. In some embodiments, the
isolated cell disclosed herein is contacted with a polynucleotide encoding a CD4 protein.
In some embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5,
7, and 9. In some embodiments, the polynucleotide encoding the CD4 protein comprises,
consists essentially of, or consists of, a fragment of the nucleotide sequence of any one
of SEQID NOs: 1, 3, 5, 7, and 9 that encodes for the CD4 protein comprising, consisting
essentially of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 2,
4, 6, 8, and 10. In some embodiments, the CD4 protein comprises, consists essentially
of, or consists of, the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and 10.
In some embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 1, 3, 5, 7, and 9. In some embodiments, the polynucleotide encoding the
CD4 protein comprises, consists essentially of, or consists of, a fragment of a nucleotide
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, and 9 that
encodes for the CD4 protein comprising, consisting essentially of, or consisting of, an
amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and
10. In some embodiments, the CD4 protein comprises, consists essentially of, or consists
of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6,
8, and 10. In some embodiments, the CD4 is a mammalian CD4. In some embodiments,

the CD4 is a human CD4.

[0155] In some embodiments, the engineered cell disclosed herein is a cell that is
contacted with a polynucleotide encoding a CXCL13 protein. In some embodiments, the
isolated cell disclosed herein is contacted with a polynucleotide encoding a CXCL13

protein. In some embodiments, the polynucleotide encoding the CXCL13 protein
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comprises, consists essentially of, or consists of, the nucleotide sequence of any one of
SEQ ID NOs: 11 and 13. In some embodiments, the polynucleotide encoding the
CXCL13 protein comprises, consists essentially of, or consists of, a fragment of the
nucleotide sequence of any one of SEQ ID NOs: 11 and 13 that encodes for the CXCL13
protein comprising, consisting essentially of, or consisting of, the amino acid sequence
of any one of SEQ ID NOs: 12 and 14. In some embodiments, the CXCL13 protein
comprises, consists essentially of, or consists of, the amino acid sequence of any one of
SEQ ID NOs: 12 and 14. In some embodiments, the polynucleotide encoding the
CXCL13 protein comprises, consists essentially of, or consists of, a nucleotide sequence
that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
the nucleotide sequence of any one of SEQ ID NOs: 11 and 13. In some embodiments,
the polynucleotide encoding the CXCL13 protein comprises, consists essentially of, or
consists of, a fragment of a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 11 and 13 that encodes for the CXCL13 protein comprising, consisting
essentially of, or consisting of, an amino acid sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%, Y7%, 98%, 99%, or 100% identical to the amino acid sequence of any
one of SEQ ID NOs: 12 and 14. In some embodiments, the CXCL13 protein comprises,
consists essentially of, or consists of, an amino acid sequence that is at least 85%, 90%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
any one of SEQ ID NOs: 12 and 14. In some embodiments, the CXCL13 is a mammalian
CXCL13. In some embodiments, the CXCL13 is a human CXCL13.

[0156] In some embodiments, the engineered cell disclosed herein is a cell that is
contacted with an oligonucleotide that inhibits expression of CXCRS. In some
embodiments, the isolated cell disclosed herein is contacted with an oligonucleotide that
inhibits expression of CXCRS. In some embodiments, the oligonucleotide that inhibits
expression of CXCRS is an antisense oligonucleotide that targets a CXCRS
polynucleotide. In some embodiments, the antisense oligonucleotide is a microRNA
(miRNA), short hairpin RNA (shRNA), or small interfering RNA (siRNA). In some
embodiments, the oligonucleotide that inhibits expression of CXCRS is a guide RNA
(gRNA) that targets a CXCRS polynucleotide. Examples of oligonucleotides that inhibit
expression of CXCRS are known in the art, and include, but are not limited to, CXCRS5
shRNA TL306391 (Origene), CXCRS siRNA SR300441 (Origene), CXCRS5 shRNA

TR306391 (Origene), CXCRS shRNA TL306391V (Origene), CXCRS CRISPR gRNA
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ABIN5115520 (Genomics Online), and CXCRS CRISPR gRNA ABIN5115519
(Genomics Online). In some embodiments, the CXCRS polynucleotide is a mammalian
CXCRS polynucleotide. In some embodiments, the CXCRS polynucleotide is a human
CXCRS polynucleotide. In some embodiments, the CXCRS polynucleotide comprises,
consists essentially of, or consists of, the nucleotide sequence of any one of SEQ ID NOs:
15 and 17. In some embodiments, the CXCRS polynucleotide comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence of any one of SEQ
ID NOs: 15 and 17 that encodes for a CXCRS protein comprising, consisting essentially
of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 16 and 18. In
some embodiments, the CXCRS polynucleotide comprises, consists essentially of, or
consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ ID NOs: 15
and 17. In some embodiments, the CXCRS polynucleotide comprises, consists essentially
of, or consists of, a fragment of a nucleotide sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%., 97%, 98%, 99%, or 100% identical to the nucleotide sequence of any
one of SEQ ID NOs: 15 and 17 that encodes for a CXCRS protein comprising, consisting
essentially of, or consisting of, an amino acid sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%, Y7%, 98%, 99%, or 100% identical to the amino acid sequence of any
one of SEQ ID NOs: 16 and 18. In some embodiments, the CXCRS5 polynucleotide
comprises, consists essentially of, or consists of, the nucleotide sequence of any of SEQ
ID NOs: 15 and 17. In some embodiments, the CXCRS polynucleotide comprises,
consists essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide sequence of
any of SEQ ID NOs: 16 and 18.

[0157] In some embodiments, the engineered cell disclosed herein is a cell that is
contacted with a polynucleotide encoding a GZMB protein. In some embodiments, the
isolated cell disclosed herein is contacted with a polynucleotide encoding a GZMB
protein. In some embodiments, the polynucleotide encoding the GZMB protein
comprises, consists essentially of, or consists of, the nucleotide sequence of any one of
SEQ ID NOs: 19 and 21. In some embodiments, the polynucleotide encoding the GZMB
protein comprises, consists essentially of, or consists of, a fragment of the nucleotide
sequence of any one of SEQ ID NOs: 19 and 21 that encodes for the GZMB protein
comprising, consisting essentially of, or consisting of, the amino acid sequence of any

one of SEQ ID NOs: 20 and 22. In some embodiments, the GZMB protein comprises,
40



WO 2020/041776 PCT/US2019/048036

consists essentially of, or consists of, the amino acid sequence of any one of SEQ ID
NOs: 20 and 22. In some embodiments, the polynucleotide encoding the GZMB protein
comprises, consists essentially of, or consists of, the nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 19 and 21. In some embodiments, the
polynucleotide encoding the GZMB protein comprises, consists essentially of, or consists
of, a fragment of the nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ
ID NOs: 19 and 21that encodes for the GZMB protein comprising, consisting essentially
of, or consisting of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ
ID NOs: 20 and 22. In some embodiments, the GZMB protein comprises, consists
essentially of, or consists of, an amino acid sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%, Y7%, 98%, 99%, or 100% identical to the amino acid sequence of any
one of SEQ ID NOs: 20 and 22. In some embodiments, the GZMB is a mammalian
GZMB. In some embodiments, the GZMB is a human GZMB.

[0158] In some embodiments, the engineered cell disclosed herein is a cell that is
contacted with a polynucleotide encoding a TNFRSF18 protein. In some embodiments,
the isolated cell disclosed herein is contacted with a polynucleotide encoding a
TNFRSF18 protein. In some embodiments, the polynucleotide encoding the TNFRSF18
protein comprises, consists essentially of, or consists of, the nucleotide sequence of any
one of SEQ ID NOs: 23, 25 and 27. In some embodiments, the polynucleotide encoding
the TNFRSF18 protein comprises, consists essentially of, or consists of, a fragment of
the nucleotide sequence of any one of SEQ ID NOs: 23, 25 and 27 that encodes for the
TNFRSF18 protein comprising, consisting essentially of, or consisting of, the amino acid
sequence of any one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the
TNFRSF18 protein comprises, consists essentially of, or consists of, the amino acid
sequence of any one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the
polynucleotide encoding the TNFRSF18 protein comprises, consists essentially of, or
consists of, the nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ ID
NOs: 23, 25 and 27. In some embodiments, the polynucleotide encoding the TNFRSF18
protein comprises, consists essentially of, or consists of, a fragment of the nucleotide

sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
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identical to the nucleotide sequence of any one of SEQ ID NOs: 23, 25 and 27that
encodes for the TNFRSF18 protein comprising, consisting essentially of, or consisting
of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 24, 26,
and 28. In some embodiments, the TNFRSF18 protein comprises, consists essentially
of, or consists of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ
ID NOs: 24, 26, and 28. In some embodiments, the TNFRSFI18 is a mammalian
TNFRSF18. In some embodiments, the TNFRSF18 is a human TNFRSF18.

[0159] In some embodiments, any one of the cells disclosed herein is engineered to
express or expresses an antigen binding domain that binds at least one tumor antigen. In
some embodiments, an engineered cell disclosed herein is engineered to express an
antigen binding domain that binds at least one tumor antigen. In some embodiments, an
isolated cell disclosed herein is engineered to express an antigen binding domain that
binds at least one tumor antigen. In some embodiments, an isolated cell disclosed herein
is naturally expresses an antigen binding domain that binds at least one tumor antigen. In
some embodiments, the engineered cell disclosed herein is a cell that is contacted with a
polynucleotide encoding the antigen binding domain. In some embodiments, the isolated
cell disclosed herein is contacted with a polynucleotide encoding the binding domain. In
some embodiments, the tumor antigen comprises, consists essentially of, or consists of,
any one of: a CD19, a disialoganglioside-GD2, a c-mesenchymal—epithelial transition (c-
Met), a mesothelin, a Receptor Tyrosine Kinase Like Urphan Recepior T {ROR1), an
EGFRUVIII, an ephrin type-A receptor 2 (EphA2), an interleukin (IL)-13r alpha 2, an
EGFR VIII, a PSMA, an EpCAM, a GD3, a fucosyl GM1, a Prostate Stem Cell Antigen
(PSCA), a placenta enriched 1 (PLAC1), a sarcoma breakpoint, a Wilms Tumor 1 antigen

or a combination thereof.

[0160] In some embodiments, any one of the cells disclosed herein is engineered to
express or expresses an antigen binding domain that binds at least one antigen. In some
embodiments, an engineered cell disclosed herein is engineered to express an antigen
binding domain that binds at least one antigen. In some embodiments, an isolated cell
disclosed herein is engineered to express an antigen binding domain that binds at least
one antigen. In some embodiments, an isolated cell disclosed herein expresses an antigen

binding domain that binds at least one antigen. In some embodiments, the engineered cell
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disclosed herein is a cell that is contacted with a polynucleotide encoding the antigen
binding domain. In some embodiments, the isolated cell disclosed herein is contacted
with a polynucleotide encoding the binding domain. In some embodiments, the antigen
is selected from a neo-antigen, tumor-associated antigen, viral antigen, bacterial antigen,

and parasitic antigen.

[0161] In some embodiments, any one of the cells disclosed herein further comprises,
consists essentially of, or consists of, a suicide gene. In some embodiments, the
engineered cell disclosed herein is a cell that is contacted with a polynucleotide encoding
a suicide gene. In some embodiments, the isolated cell disclosed herein is contacted with
a polynucleotide encoding a suicide gene. As used herein, a suicide gene refers to a gene
that, upon expression of the gene, triggers apoptosis in the cell or targets the cell for

degradation.

[0162] In some embodiments, any one of the cells disclosed herein further comprises,
consists essentially of, or consists of, a chimeric antigen receptor (CAR). In some
embodiments, the engineered cell disclosed herein is a cell that is contacted with a
polynucleotide encoding a CAR. In some embodiments, the isolated cell disclosed herein
is contacted with a polynucleotide encoding a CAR. In some embodiments, the chimeric
antigen receptor (CAR) comprises, consists essentially of, or consists of,: (a) an antigen
binding domain; (b) a hinge domain; (c) a transmembrane domain; (d) and an intracellular
domain. In some embodiments, the CAR further comprises, consists essentially of, or
consists of, a CD3 zeta signaling domain. In some embodiments, the hinge domain is any
one of: CD8a or IgG1 hinge domain. In some embodiments, the transmembrane domain
is any one of: CD28 or a CD8 o transmembrane domain. In some embodiments, the
intracellular domain comprises, consists essentially of, or consists of, one or more
costimulatory regions selected from a CD28 costimulatory signaling region, a 4-1BB
costimulatory signaling region, an ICOS costimulatory signaling region and/or an OX40

costimulatory region.

[0163] In some embodiments, the antigen binding domain of the CAR binds a tumor
antigen. In some embodiments, the tumor antigen comprises, consists essentially of, or
consists of, any one of: a CD19, a disialoganglioside-GD2, a c-mesenchymal—epithelial
transition (c-Met), a mesothelin, a ROR1, an EGFRVIII, an ephrin type-A receptor 2
(EphA2), an interleukin (IL)-13r alpha 2, an EGFR VIII, a PSMA, an EpCAM, a GD3,
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a fucosyl GM1, a PSCA, a PLAC1, a sarcoma breakpoint, a Wilms Tumor 1 antigen, or

a combination thereof.

[0164] In some embodiments, the CAR further comprises, consists essentially of, or
consists of, an inducible or a constitutively active element. In some embodiments, the
inducible or the constitutively active element controls the expression of a polynucleotide
encoding an immunoregulatory molecule or a cytokine. In some embodiments, the
immunoregulatory molecule or cytokine comprises, consists essentially of, or consists of,
one or more of B7.1, CCL19, CCL21, CD40L, CD137L, GITRL, GM-CSF, IL-12, 1L-2,
low-toxicity IL-2, IL-15, IL-18, IL-21, LEC, and/or OX40L. In some embodiments, the
immunoregulatory molecule or cytokine comprises, consists essentially of, or consists of,
IL-12 and/or GM-CSF; and/or IL-12 and/or one or more of IL-2 and low-toxicity IL-2;
and/or IL-12 and/or 1L-15; and/or 1L-12 and/or IL-21; IL-12 and/or B7.1; and/or IL-12
and/or OX40L; and/or IL-12 and/or CD40L; and/or 1L-12 and/or GITRL; and/or IL-12
and/or IL-18; and/or one or more of IL-2 and low-toxicity IL-2 and one or more of
CCL19, CCL21, and LEC; and/or IL-15 and one or more of CCL19, CCL21, and LEC;
and/or IL-21 and one or more of CCL19, CCL21, and LEC; and/or GM-CSF and one or
more of CCL19, CCL21, and LEC; and/or OX40L and one or more of CCL19, CCL21,
and LEC; and/or CD137L and one or more of CCL19, CCL21, and LEC; and/or
comprises, consists essentially of, or consists of, B7.1 and one or more of CCL19,
CCL21, and LEC; and/or CD40L and one or more of CCL19, CCL21, and LEC; and/or
GITRL and one or more of CCL19, CCL21, and LEC.

[0165] In some embodiments, the antigen binding domain of the CAR comprises,
consists essentially of, or consists of, a heavy chain variable region and a light chain

variable region of an antibody.

[0166] In some embodiments, the antigen binding domain of the CAR further comprises,
consists essentially of, or consists of, a linker polypeptide located between the heavy
chain variable region and the light chain variable region. In some embodiments, the linker
polypeptide of the CAR comprises, consists essentially of, or consists of, a polypeptide

of the sequence (GGGGS)n wherein n is an integer from 1 to 6.

[0167] In some embodiments, the CAR further comprises, consists essentially of, or

consists of, a detectable marker attached to the CAR.

[0168] In some embodiments, the CAR further comprises, consists essentially of, or

consists of, a purification marker attached to the CAR.
44



WO 2020/041776 PCT/US2019/048036

[0169] In some embodiments, any one of the cells disclosed herein comprises, consists

essentially of, or consists of, a polynucleotide encoding the CAR.

[0170] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a promoter operatively linked to the polynucleotide to express the

polynucleotide in the cell.

[0171] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a 2A self-cleaving peptide (T2A) encoding polynucleotide sequence

located upstream of the polynucleotide encoding the antigen binding domain.

[0172] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a polynucleotide encoding a signal peptide located upstream of the

polynucleotide encoding the antigen binding domain.

[0173] In some embodiments, the polynucleotide further comprises, consists essentially
of, or consists of, a vector. In some embodiments, the vector is a plasmid or a viral vector,
wherein the viral vector is optionally selected from the group of a retroviral vector, a

lentiviral vector, an adenoviral vector, and an adeno-associated viral vector.

[0174] Any of the cells disclosed herein may be modified to express one or more
proteins, antigen binding domains, tumor antigens, CARs, HCVRs, and/or LCVRs
disclosed herein. In some embodiments, the engineered cell disclosed herein is a cell that
is contacted with one or more polynucleotides that encode for any of the proteins, antigen
binding domains, tumor antigens, CARs, HCVRs, and/or LCVRs disclosed herein. In
some embodiments, the engineered cell disclosed herein is a cell that is contacted with
one or more polynucleotides disclosed herein. In some embodiments, the isolated cell
disclosed herein is contacted with one or more polynucleotides that encode for any of the
proteins, antigen binding domains, tumor antigens, CARs, HCVRs, and/or LCVRs
disclosed herein. In some embodiments, the isolated cell disclosed herein is contacted

with one or more polynucleotides disclosed herein.
[0175] Methods of Preparing Engineered Cells and Isolated Cells

[0176] Further disclosed herein is a method of producing any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, reducing or eliminating
expression and/or function of CXCRS and/or increasing the expression of CD4 and

CXCL13 in the cell.
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[0177] In some embodiments, reducing or eliminating expression and/or function of
CXCRS comprises, consists essentially of, or consists of, the use of one or more of: RNA
interference (RNAi), CRISPR, TALEN and/or ZFN. In some embodiments, reducing or
eliminating expression and/or function of CXCRS comprises, consists essentially of, or
consists of, contacting an engineered cell with an oligonucleotide that inhibits expression
of CXCRS. In some embodiments, reducing or eliminating expression and/or function of
CXCRS comprises, consists essentially of, or consists of, contacting an isolated cell with
an oligonucleotide that inhibits expression of CXCRS. In some embodiments, the
engineered cell or isolated cell is transfected with the oligonucleotide. In some
embodiments, the engineered cell or isolated cell is transduced with the oligonucleotide.
In some embodiments, the engineered cell or isolated cell is modified to stably express
the oligonucleotide. In some embodiments, the engineered cell or isolated cell is modified
to transiently express the oligonucleotide. In some embodiments, the engineered cell or
isolated cell is modified to inducibly express the oligonucleotide. In some embodiments,
the oligonucleotide is an antisense oligonucleotide. In some embodiments, the antisense
oligonucleotide is a miRNA, shRNa, or siRNA that targets CXCRS. In some
embodiments, the oligonucleotide is a guide RNA that targets CXCRS. Examples of
oligonucleotides that inhibit expression of CXCRS are known in the art, and include, but
are not limited to, CXCRS shRNA TL306391 (Origene), CXCRS siRNA SR300441
(Origene), CXCRS shRNA TR306391 (Origene), CXCRS shRNA TL306391V
(Origene), CXCRS5 CRISPR gRNA ABIN5115520 (Genomics Online), and CXCRS
CRISPR gRNA ABIN5115519 (Genomics Online). In some embodiments, reducing or
eliminating expression and/or function of CXCRS comprises, consists essentially of, or
consists of, contacting an engineered cell with a TALEN or ZFN that targets CXCRS. In
some embodiments, reducing or eliminating expression and/or function of CXCRS
comprises, consists essentially of, or consists of, contacting an isolated cell with a
TALEN or ZFN that targets CXCRS. In some embodiments, the CXCRS5 polynucleotide
is a mammalian CXCRS polynucleotide. In some embodiments, the CXCRS
polynucleotide is a human CXCRS5 polynucleotide. In some embodiments, the CXCRS
polynucleotide comprises, consists essentially of, or consists of, the nucleotide sequence
of any one of SEQ ID NOs: 15 and 17. In some embodiments, the CXCRS polynucleotide
comprises, consists essentially of, or consists of, a fragment of the nucleotide sequence
of any one of SEQ ID NOs: 15 and 17 that encodes for a CXCRS protein comprising,

consisting essentially of, or consisting of, the amino acid sequence of any one of SEQ ID
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NOs: 16 and 18. In some embodiments, the CXCRS polynucleotide comprises, consists
essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 15 and 17. In some embodiments, the CXCRS polynucleotide comprises,
consists essentially of, or consists of, a fragment of a nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 15 and 17 that encodes for a CXCRS protein
comprising, consisting essentially of, or consisting of, an amino acid sequence that is at
least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino
acid sequence of any one of SEQ ID NOs: 16 and 18. In some embodiments, the CXCRS
polynucleotide comprises, consists essentially of, or consists of, the nucleotide sequence
of any of SEQ ID NOs: 15 and 17. In some embodiments, the CXCRS polynucleotide
comprises, consists essentially of, or consists of, a nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any of SEQ ID NOs: 16 and 18.

[0178] In some embodiments, increasing the expression of CD4 comprises, consists
essentially of, or consists of, contacting an engineered cell with a polynucleotide that
encodes for CD4. In some embodiments, the engineered cell disclosed herein is a cell
that is contacted with a polynucleotide encoding a CD4 protein. In some embodiments,
the isolated cell disclosed herein is contacted with a polynucleotide encoding a CD4
protein. In some embodiments, the engineered cell or isolated cell is transfected with a
polynucleotide encoding a CD4 protein. In some embodiments, the engineered cell or
isolated cell is transduced with a polynucleotide encoding a CD4 protein. In some
embodiments, the engineered cell or isolated cell is modified to stably express a CD4
protein. In some embodiments, the engineered cell or isolated cell is modified to
transiently express a CD4 protein. In some embodiments, the engineered cell or isolated
cell is modified to inducibly express a CD4 protein. In some embodiments, the
polynucleotide encoding the CD4 protein comprises, consists essentially of, or consists
of, the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, and 9. In some
embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence of any one of SEQ
ID NOs: 1, 3, 5, 7, and 9 that encodes for the CD4 protein comprising, consisting
essentially of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 2,

4, 6, 8, and 10. In some embodiments, the CD4 protein comprises, consists essentially
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of, or consists of, the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and 10.
In some embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 1, 3, 5, 7, and 9. In some embodiments, the polynucleotide encoding the
CD4 protein comprises, consists essentially of, or consists of, a fragment of a nucleotide
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, and 9 that
encodes for the CD4 protein comprising, consisting essentially of, or consisting of, an
amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and
10. In some embodiments, the CD4 protein comprises, consists essentially of, or consists
of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6,
8, and 10. In some embodiments, the CD4 is a mammalian CD4. In some embodiments,

the CD4 is a human CD4.

[0179] In some embodiments, increasing the expression of CXCL13 comprises, consists
essentially of, or consists of, contacting an engineered cell with a polynucleotide that
encodes for CXCL13. In some embodiments, the engineered cell disclosed herein is a
cell that is contacted with a polynucleotide encoding a CXCL13 protein. In some
embodiments, the isolated cell disclosed herein is contacted with a polynucleotide
encoding a CXCL13 protein. In some embodiments, the engineered cell or isolated cell
is transduced with a polynucleotide encoding a CXCL13 protein. In some embodiments,
the engineered cell or isolated cell is modified to stably express a CXCL13 protein. In
some embodiments, the engineered cell or isolated cell is modified to transiently express
a CXCL13 protein. In some embodiments, the engineered cell or isolated cell is modified
to inducibly express a CXCL13 protein. In some embodiments, the polynucleotide
encoding the CXCL13 protein comprises, consists essentially of, or consists of, the
nucleotide sequence of any one of SEQ ID NOs: 11 and 13. In some embodiments, the
polynucleotide encoding the CXCLI13 protein comprises, consists essentially of, or
consists of, a fragment of the nucleotide sequence of any one of SEQ ID NOs: 11 and 13
that encodes for the CXCL13 protein comprising, consisting essentially of, or consisting
of, the amino acid sequence of any one of SEQ ID NOs: 12 and 14. In some

embodiments, the CXCL13 protein comprises, consists essentially of, or consists of, the
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amino acid sequence of any one of SEQ ID NOs: 12 and 14. In some embodiments, the
polynucleotide encoding the CXCLI13 protein comprises, consists essentially of, or
consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ ID NOs: 11
and 13. In some embodiments, the polynucleotide encoding the CXCL13 protein
comprises, consists essentially of, or consists of, a fragment of a nucleotide sequence that
is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
nucleotide sequence of any one of SEQ ID NOs: 11 and 13 that encodes for the CXCL13
protein comprising, consisting essentially of, or consisting of, an amino acid sequence
that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
the amino acid sequence of any one of SEQ ID NOs: 12 and 14. In some embodiments,
the CXCL13 protein comprises, consists essentially of, or consists of, an amino acid
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of any one of SEQ ID NOs: 12 and 14. In some
embodiments, the CXCL13 is a mammalian CXCL13. In some embodiments, the

CXCL13 is a human CXCL13.

[0180] In some embodiments, increasing the expression of GZMB comprises, consists
essentially of, or consists of, contacting an engineered cell with a polynucleotide that
encodes for GZMB. In some embodiments, the engineered cell disclosed herein is a cell
that is contacted with a polynucleotide encoding a GZMB protein. In some embodiments,
the isolated cell disclosed herein is contacted with a polynucleotide encoding a GZMB
protein. In some embodiments, the engineered cell or isolated cell is transduced with a
polynucleotide encoding a GZMB protein. In some embodiments, the engineered cell or
isolated cell is modified to stably express a GZMB protein. In some embodiments, the
engineered cell or isolated cell is modified to transiently express a GZMB protein. In
some embodiments, the engineered cell or isolated cell is modified to inducibly express
a GZMB protein. In some embodiments, the polynucleotide encoding the GZMB protein
comprises, consists essentially of, or consists of, the nucleotide sequence of any one of
SEQ ID NOs: 19 and 21. In some embodiments, the polynucleotide encoding the GZMB
protein comprises, consists essentially of, or consists of, a fragment of the nucleotide
sequence of any one of SEQ ID NOs: 19 and 21 that encodes for the GZMB protein
comprising, consisting essentially of, or consisting of, the amino acid sequence of any
one of SEQ ID NOs: 20 and 22. In some embodiments, the GZMB protein comprises,

consists essentially of, or consists of, the amino acid sequence of any one of SEQ ID
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NOs: 20 and 22. In some embodiments, the polynucleotide encoding the GZMB protein
comprises, consists essentially of, or consists of, the nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 19 and 21. In some embodiments, the
polynucleotide encoding the GZMB protein comprises, consists essentially of, or consists
of, a fragment of the nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ
ID NOs: 19 and 21that encodes for the GZMB protein comprising, consisting essentially
of, or consisting of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ
ID NOs: 20 and 22. In some embodiments, the GZMB protein comprises, consists
essentially of, or consists of, an amino acid sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%, Y7%, 98%, 99%, or 100% identical to the amino acid sequence of any
one of SEQ ID NOs: 20 and 22. In some embodiments, the GZMB is a mammalian
GZMB. In some embodiments, the GZMB is a human GZMB.

[0181] In some embodiments, increasing the expression of TNFRSF18 comprises,
consists essentially of, or consists of, contacting an engineered cell with a polynucleotide
that encodes for TNFRSF18. In some embodiments, the engineered cell disclosed herein
is a cell that is contacted with a polynucleotide encoding a TNFRSF18 protein. In some
embodiments, the isolated cell disclosed herein is contacted with a polynucleotide
encoding a TNFRSF18 protein. In some embodiments, the engineered cell or isolated
cell is transduced with a polynucleotide encoding a TNFRSF18 protein. In some
embodiments, the engineered cell or isolated cell is modified to stably express a
TNFRSF18 protein. In some embodiments, the engineered cell or isolated cell is
modified to transiently express a TNFRSFI18 protein. In some embodiments, the
engineered cell or isolated cell is modified to inducibly express a TNFRSF18 protein. In
some embodiments, the polynucleotide encoding the TNFRSF18 protein comprises,
consists essentially of, or consists of, the nucleotide sequence of any one of SEQ ID NOs:
23, 25 and 27. In some embodiments, the polynucleotide encoding the TNFRSF18
protein comprises, consists essentially of, or consists of, a fragment of the nucleotide
sequence of any one of SEQ ID NOs: 23, 25 and 27 that encodes for the TNFRSF18
protein comprising, consisting essentially of, or consisting of, the amino acid sequence
of any one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the TNFRSF18

protein comprises, consists essentially of, or consists of, the amino acid sequence of any
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one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the polynucleotide encoding
the TNFRSF18 protein comprises, consists essentially of, or consists of, the nucleotide
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the nucleotide sequence of any one of SEQ ID NOs: 23, 25 and 27. In some
embodiments, the polynucleotide encoding the TNFRSF18 protein comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence that is at least 85%,
90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 23, 25 and 27that encodes for the TNFRSF18
protein comprising, consisting essentially of, or consisting of, an amino acid sequence
that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
the amino acid sequence of any one of SEQ ID NOs: 24, 26, and 28. In some
embodiments, the TNFRSF18 protein comprises, consists essentially of, or consists of,
an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 24, 26,
and 28. In some embodiments, the TNFRSF18 is a mammalian TNFRSF18. In some
embodiments, the TNFRSF18 is a human TNFRSF18.

[0182] In some embodiments, producing an engineered cell comprises, consists
essentially of, or consists of, increasing expression of one or more proteins selected CD4,
CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, IL21, and a protein listed in Table 11
in the cell. In some embodiments, increasing the expression of CD4, CXCL13, GZMB,
TNFRSF18, TNFRSF4, IFNG, IL21, and a protein listed in Table 11 comprises, consists
essentially of, or consists of, contacting an engineered cell with one or more
polynucleotides that encode for one or more of CD4, CXCL13, GZMB, TNFRSF18,
TNFRSF4, 1ENG, IL21, and a protein listed in Table 11. In some embodiments, the
engineered cell disclosed herein is a cell that is contacted with one or more
polynucleotides encoding one or more of CD4, CXCL13, GZMB, TNFRSFI18,
TNFRSF4, IFNG, 1L21, and a protein listed in Table 11 protein. In some embodiments,
the isolated cell disclosed herein is contacted with one or more polynucleotides encoding
one or more of CD4, CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, IL21, and a
protein listed in Table 11 protein. In some embodiments, the engineered cell or isolated
cell is transduced with one or more polynucleotides encoding one or more of CD4,
CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, IL21, and a protein listed in Table 11
protein. In some embodiments, the engineered cell or isolated cell is modified to stably

express one or more of CD4, CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, IL21,
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and a protein listed in Table 11 protein. In some embodiments, the engineered cell or
isolated cell is modified to transiently express one or more of CD4, CXCL13, GZMB,
TNFRSF18, TNFRSF4, IFNG, IL21, and a protein listed in Table 11 protein. In some
embodiments, the engineered cell or isolated cell is modified to inducibly express one or
more of CD4, CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, 1L21, and a protein

listed in Table 11 protein.

[0183] In some embodiments, producing an engineered cell comprises, consists
essentially of, or consists of, decreasing expression of one or more proteins selected
CXCRS, MAF, SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in
Table 11 in the cell. In some embodiments, decreasing the expression of CXCRS, MAF,
SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in Table
11comprises, consists essentially of, or consists of, contacting an engineered cell with
one or more oligonucleotides that inhibit expression of one or more of CXCRS, MAF,
SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in Table 11. In
some embodiments, the engineered cell disclosed herein is a cell that is contacted with
one or more oligonucleotides that inhibit expression of one or more of CXCRS, MAF,
SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in Table 11. In
some embodiments, the isolated cell disclosed herein is contacted with one or more
oligonucleotides that inhibit expression of one or more of CXCRS, MAF, SH2D1A
(SAP), PDCD1, BTLA, CD200, BCL6, and a protein listed in Table 11. In some
embodiments, the engineered cell or isolated cell is transduced with one or more
oligonucleotides that inhibit expression of one or more of CXCRS, MAF, SH2D1A
(SAP), PDCD1, BTLA, CD200, BCL6, and a protein listed in Table 11. In some
embodiments, the engineered cell or isolated cell is modified to stably express one or
more oligonucleotides that inhibit expression of one or more of CXCRS, MAF, SH2D1A
(SAP), PDCD1, BTLA, CD200, BCL6, and a protein listed in Table 11. In some
embodiments, the engineered cell or isolated cell is modified to transiently one or more
oligonucleotides that inhibit expression of one or more of CXCRS, MAF, SH2D1A
(SAP), PDCD1, BTLA, CD200, BCL6, and a protein listed in Table 11. In some
embodiments, the engineered cell or isolated cell is modified to inducibly express one or
more oligonucleotides that inhibit expression of one or more of CXCRS, MAF, SH2D1A
(SAP), PDCD1, BTLA, CD200, BCL6, and a protein listed in Table 11.
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[0184] In some embodiments, the cell is a mammalian cell. In some embodiments, the
mammalian cell is a human cell. In some embodiments the cell is an immune cell. In
some embodiments, the immune cell is a lymphocyte. In some embodiments, the
lymphocyte is a T cell. In some embodiments, the T cell is a CD4* T cell. In some

embodiments, the lymphocyte is an NK cell.

[0185] In some embodiments, the Tth-like cells are engineered from Tth cells isolated
from human peripheral blood mononuclear cells (PBMCs) and expanded and stimulated,
before transducing cells to generate the desired genetic profile (e.g.,
CD4*CXCRI13*CXCRS, optionally expressing GZMB).

[0186] In some embodiments, the Tth-like cells are engineered from naive CD4+ T cells
isolated from human PBMCs and expanded and stimulated, before transducing cells to
generate the desired genetic profile (e.g. CD4*CXCR13*CXCRS", optionally expressing
GZMB).

[0187] Further disclosed herein is a method of producing any one of the cells disclosed
herein, increasing the expression of one or more of: TNFRSF18, TNFRSF4, IFNG,
Granzyme B and/or IL21 in the cell. In some embodiments, the method comprises,
consists essentially of, or consists of, increasing the expression of 2, 3, or 4 or more of:

TNFRSF18, TNFRSF4, IFNG, Granzyme B and IL21.

[0188] Further disclosed herein is a method of isolating any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, separating Tth-like tumor-
infiltrating cell from a mixed cell population. In some embodiments, the method further
comprises, consists essentially of, or consists of, sorting for cells that express the surface
markers CD4 and CXCL13 and lack the surface marker CXCRS5. In some embodiments,
the method further comprises, consists essentially of, or consists of, increasing the
expression or function of one or more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B
and/or IL21 in the cell.

[0189] In some embodiments, the method of isolating cells comprises, consists
essentially of, or consists of, (a) contacting a sample comprising, consisting essentially
of, or consisting of, a plurality of cells with one or more agents that bind to CD4 and/or
CXCL13; and (b) collecting cells that are bound to the one or more agents. In some
embodiments, isolating cells comprises, consists essentially of, or consists of, (a)
contacting the sample with an agent that binds to CD4 and an agent that binds to
CXCL13; and (b) collecting cells that are bound to both the agent that binds to CD4 and
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the agent that binds to CXCL13. In some embodiments, the one or more agents are
conjugated to a label. In some embodiments, the label that is conjugated to the agent that
binds to CD4 is different from the label that is conjugated to the agent that binds to
CXCL13. The label may be any of the labels disclosed herein. In some embodiments, the
label is a magnetic label. In some embodiments, collecting cells that are bound to the one
or more agents comprises, consists essentially of, or consists of, applying a magnetic field
to the sample. In some embodiments, the label is a ferrofluid magnetic particle. In some
embodiments, collecting cells comprises, consists essentially of, or consists of, the use
of ferrofluid technology. In some embodiments, the label is a fluorescent label. In some
embodiments, collecting cells comprises, consists essentially of, or consists of, the use

of FACS.

[0190] In some embodiments, the method of isolating cells further comprises, consists
essentially of, or consists of, contacting the sample with an agent that binds to CXCRS5
and removing cells from the sample that are bound to the agent that binds to CXCRS. In
some embodiments, the agent that binds to CXCRS is conjugated to a label. The label
may be any of the labels disclosed herein. In some embodiments, the label that is
conjugated to CXCRS is different from the label that is conjugated to the agent that binds
to CD4 and the agent that binds to CXCL13. For instance, if the label that is conjugated
to the agent that binds to CD4 is a green fluorescent protein (GFP), the label that is
conjugated to the agent that binds to CXCRS is not a GFP, but the label may be another

fluorescent protein, such as a red fluorescent protein (RFP).

[0191] In some embodiments, the method of isolating cells further comprises, consists
essentially of, or consists of, contacting the sample with one or more agents that bind to
one or more proteins selected from TNFRSF18, TNFRSF4, IFNG, Granzyme B and
IL21. In some embodiments, these agents are conjugated to a label. The label may be any
of the labels disclosed herein. In some embodiments, the labels that are conjugated to
these agents are different from the labels that are conjugated to the agents that bind to

CD4, CXCL13, and CXCRS.

[0192] Further disclosed herein is a method of producing any one of the cells disclosed
herein, comprising, consisting essentially of, or consisting of, modulating the expression
and/or function of one or more proteins selected from Table 11. In certain embodiments,
the one, two, three, four, or five or more proteins are selected from MAF, SH2D1A

(SAP), PDCD1, BTLA, CD200, and BCL6. In some embodiments, the expression and/or
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function of the one or more surface markers is modulated by using one or more of
CRISPR, TALEN and/or ZFN. In some embodiments, the expression and/or function of
the one or more surface markers is modulated by using one or more polynucleotides

encoding expression of the one or more surface markers.

[0193] In some embodiments, the method further comprises, consists essentially of, or
consists of, increasing the expression or function of one, two, three, or four or more of:
TNFRSF18, TNFRSF4, IFNG, Granzyme B and/or IL21 in the cell using one or more
of: CRISPR, TALEN and/or ZFN. In some embodiments, the expression and/or function
of one or more of TNFRSF18, TNFRSF4, IFNG, Granzyme B and IL21 is modulated by
using one or more polynucleotides encoding expression of the one or more of

TNFRSF18, TNFRSF4, IFNG, Granzyme B and IL21.

{1194} In some embodiments, the method for isolating the cells use of commercially
available products for isolating cells (e.g., T cells) from samples, such as biological fluids
(e.g., blood, serum, and plasma) and samples containing other cells (e.g., peripheral blood
mononuclear cells (PMBCs)). Examples of products that are commercially available to
isolate various T cells from human PBMCs, including Pan T Cell Isolation Kit, human
{Mikenyi Biotech, # 130-096-3335}, U425 Regelatory T Celi Isolation Kit, human
{Miltenyi Biotech, # 136-091-301). In some embodiments, the method for isolating the
cells comprises, consists essentially of, or consists of. {a) a cell separation siep {(C.g.
magnetic beads with antibodies that bind specific cell surface proteins): and {b) a flow
cyvtometry and cell analysis method.

{{11951 In some embodiments, the methods disclosed herein further comprise, consist
essentially of, or consist of, expanding the cell (e.g., T cell) in vitro. Methods of
expanding human T cells in vitro are commercially available. In some embodiments, the
method of expanding the cell comprise, consist essentially of, or consist of, the use of
one or more commercially available kits. Examples of commercially available kits for
expanding human T cells in vifro include, but are not limited to, T el
Activation/Expansion Kit, human (Milteoy: Biotech, #130-091-441) and Treg Expansion
Kit, human (®iltenyt Bintech, 130-095-3435). In some embodiments, the method for
cxpanding the cells corprise. consist essentially of, or consist of, {a) a cell scparation
step {e.g. magnetic beads with antibodies that bind specific cell surface proteins): (b a
flow cytometry and cell analysis method to 1solate ccll populations of interest; and (¢}

expansion of the tsolated cells.
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{4196} In some embodiments, the methods disclosed herein further comprise, consist
essentially of, or consist of, stimulating and/or expanding engineered cells or isolated
cells disclosed herein. Methods for stimulating or expanding cells may comprise, consist
essentially of, or consist of, use of one or more commercially available reagents. In some
embodiments, the commercially available reagents that are used to stimulate and expand
antigen-specific T cells include, but are not limited to, reagents that direct «x
vive characterization of haman antigen-specific CTI547CD4T T cells, and Ivophilized
pepides, such as PepTivator BKY VP (Milteny: Biotech, research grade, human, # 130-
G97-272% and PepTivator BKY LT (Miltenyi Biotech, research grade, homan, # 130-096-
504). In some cases, the methods for stimulating and/or expanding the cells further
comprise, consist essentially of, or counsist of, (2 cell separation (e.g. wagoetic beads
with antibodies that bind specific cell surface proteins); (b flow cytometry and cell
analyeis rocthods to selate cell populations of nterest; and () expansion of the isolated
cells.

[0197] Disclosed herein is a method of preparing any of the population of cells disclosed
herein, comprising, consisting essentially of, or consisting of, isolating the cells from a

subject and culturing the cells ex vivo.

[0198] Disclosed herein is a method of preparing any of the population of cells disclosed
herein, comprising, consisting essentially of, or consisting of, expanding the cells in vivo

and isolating the cells from a subject.

[0199] Further disclosed herein is a composition comprising, consisting essentially of, or
consisting of, a carrier and one or more of: the cells disclosed herein and/or any of the

population of cells disclosed herein.
[0200] In some embodiments, the carrier is a pharmaceutically acceptable carrier.

[0201] In some embodiments, the composition further comprises, consists essentially of,

or consists of, a cryoprotectant.
[0202] Determining Responders to Anti-Cancer Therapy

[0203] Further disclosed herein is a method of determining whether a subject will
respond to a treatment for cancer, comprising, consisting essentially of, or consisting of,
measuring the amount of one or more of: CD4"CXCL13*CXCRS5" Tfh-like tumor-
infiltrating cell, and/or CD4"CXCL13*CXCR5GZMB* cytotoxic Tth-like tumor-

infiltrating cell in a sample isolated from the subject, wherein higher amounts of the cells
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indicates that the subject is likely to respond to the treatment and lower amounts of the
cells indicates that the subject is not likely to respond to the treatment. The amount of the
cells may be measured by any method known in the art for quantifying cells. For
instance, measuring the amount of cells may comprise, consist essentially of, or consist
of, flow cytometry (e.g., FACS), immunoassays, image analysis, stereologic cell
counting, and spectrophotometry. The method may further comprise, consist essentially
of, or consist of, isolating or purifying CD4*CXCL13*CXCRS5" Tth-like tumor-
infiltrating cell and/or CD4*CXCL13*CXCR5 GZMB* cytotoxic Tfh-like tumor-

infiltrating cell from a sample prior to measuring the amount of cells.

[0204] In some embodiments, the treatment for cancer comprises, consists essentially of,
or consists of, a checkpoint inhibitor. In some embodiments, the checkpoint inhibitor is
selected from the group of an anti-PD-1, anti-PD-L1, anti-CTLA-4, anti-B7-1, and anti-

B7-2 immunotherapy treatment.

[0205] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject that is likely to respond to the checkpoint

inhibitor therapy an effective amount of the checkpoint inhibitor therapy.

[0206] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject an effective amount of a cytoreductive therapy.
In some embodiments, the cytoreductive therapy comprises, consists essentially of, or

consists of, one or more of chemotherapy, immunotherapy, or radiation therapy.

[0207] In some embodiments, the method further comprises, consists essentially of, or
consists of, administering to the subject an effective amount of one or more of: the cells
disclosed herein, the population of cells disclosed herein and/or the compositions

disclosed herein.
[0208] Method of Treatment

[0209] Further disclosed herein is a method of treating cancer in a subject comprising,
consisting essentially of, or consisting of, administering to the subject an effective
amount of one or more of: the cells disclosed herein, the population of cells disclosed

herein and/or the compositions disclosed herein.

[0210] In some embodiments, the subject is selected for treatment by contacting a sample
isolated from the subject with an agent that detects the presence of a tumor antigen in the

sample and the subject is selected for the treatment if presence of one or more tumor
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antigen is detected in the sample. In some embodiments, the subject is a mammal. In

some embodiments, the subject is a human.

[0211] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the cells disclosed herein for the treatment of

cancer.

[0212] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the populations of cells disclosed herein for the

treatment of cancer.

[0213] Further disclosed herein is a pharmaceutical composition comprising, consisting
essentially of, or consisting of, any of the compositions disclosed herein for the treatment

of cancer.

[0214] Use of any of the cells disclosed herein for the treatment of cancer.

[0215] Use of any of the populations of cells disclosed herein for the treatment of cancer.
[0216] Use of any of the compositions disclosed herein for the treatment of cancer.

[0217] Use of the cells disclosed herein in the manufacture of a medicament for the

treatment of cancer.

[0218] Use of the populations of cells disclosed herein in the manufacture of a

medicament for the treatment of cancer.

[0219] Use of the compositions disclosed herein in the manufacture of a medicament for

the treatment of cancer.

[0220] In one aspect, the cancer or tumor is an epithelial, a head, neck, lung, lung,
prostate, colon, pancreas, esophagus, liver, skin, kidney, adrenal gland, brain, or
comprises a lymphoma, breast, endometrium, uterus, ovary, testes, lung, prostate, colon,
pancreas, esophagus, liver, skin, kidney, adrenal gland and/or brain cancer or tumor, a
metastasis or recurring tumor, cancer or neoplasia, a non-small cell lung cancer (NSCLC)
and/ or head and neck squamous cell cancer (HNSCC). In some embodiments, the cancer

is lung cancer.
[0221] Compositions and Kits

[0222] Disclosed herein is a composition comprising, or consisting essentially of, or yet
further consisting of any of the cells disclosed herein. Disclosed herein is a composition

comprising, or consisting essentially of, or yet further consisting of any of the engineered
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cells disclosed herein. Disclosed herein is a composition comprising, or consisting
essentially of, or yet further consisting of any of the isolated cells disclosed herein.
Further provided herein is a composition comprising, or alternatively consisting
essentially of, or yet further consisting of a carrier and one or more of: the engineered
cells of this disclosure and/or the population of engineered cells of this disclosure. Further
provided herein is a composition comprising, or alternatively consisting essentially of, or
yet further consisting of a carrier and one or more of: the isolated cells of this disclosure
and/or the population of isolated cells of this disclosure. In one aspect, the population is
a substantially homogenous cell population. In another aspect, the population is a
heterogeneous population. The composition of the present disclosure also can be bound
to many different carriers. Examples of well-known carriers include glass, polystyrene,
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, agaroses and magnetite. The nature of the carrier can be either soluble
or insoluble for purposes of the disclosure. Those skilled in the art will know of other
suitable carriers, or will be able to ascertain such, using routine experimentation.

[0223] Further disclosed herein is a kit comprising, consisting essentially of, or
consisting of, one or more of: the cells disclosed herein, the populations of cells disclosed
herein, and/or the compositions disclosed herein and instructions to carry out the any of
the methods disclosed herein. In some embodiments, the kit comprises, consists
essentially of, or consists of, a CD4*CXCL13*CXCRS5" Tth-like tumor-infiltrating cell.
In some embodiments, the kit comprises, consists essentially of, or consists of, a

CD4*CXCL13*CXCRS5 GZMB* cytotoxic Tth-like tumor-infiltrating cell.

[0224] In some embodiments, a kit comprises, consists essentially of, or consists of, one
or more of: (i) a polynucleotide encoding one or more proteins selected from: CD4,
CXCL13, GZMB, TNFRSF18, TNFRSF4, IFNG, IL21, and a protein listed in Table 11;
(i1) an oligonucleotide that inhibits expression a protein selected from CXCRS, MAF,
SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in Table 11; (iii)
an antibody that binds to one or more proteins selected from: CD4, CXCL13, GZMB,
TNFRSF18, TNFRSF4, IFNG, IL21, CXCRS, MAF, SH2D1A (SAP), PDCD1, BTLA,
CD200, BCL6, and a protein listed in Table 11.

[0225] In some embodiments, a kit comprises, consists essentially of, or consists of, (a)

a cell; and (b) at least one of (i) a polynucleotide encoding a CD4 protein; (ii)
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polynucleotide encoding CXCL13 protein; and (iii) an oligonucleotide that inhibits
expression of a CXCRS protein.

[0226] In some embodiments, a kit comprises, consists essentially of, or consists of, two
or more of (1) a polynucleotide encoding a CD4 protein; (ii) polynucleotide encoding
CXCL13 protein; (ii1) an oligonucleotide that inhibits expression of a CXCRS protein;

and (iv) a polynucleotide encoding a granzyme B protein.

[0227] In some embodiments, a kit comprises, consists essentially of, or consists of,: (a)
a polynucleotide encoding a CD4 protein; and a polynucleotide encoding a CXCL13

protein.

[0228] In some embodiments, a kit comprises, consists essentially of, or consists of,: (a)
polynucleotide encoding a CD4 protein; and (b) an oligonucleotide that inhibits
expression of CXCRS.

[0229] In some embodiments, a kit comprises, consists essentially of, or consists of,: (a)
polynucleotide encoding a CXCL13 protein; and (b) an oligonucleotide that inhibits
expression of CXCRS.

[0230] In some embodiments, the kits disclosed herein comprise, consist essentially of,
or consist of, a polynucleotide encoding a CD4 protein. In some embodiments, the
polynucleotide encoding the CD4 protein comprises, consists essentially of, or consists
of, the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, and 9. In some
embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence of any one of SEQ
ID NOs: 1, 3, 5, 7, and 9 that encodes for the CD4 protein comprising, consisting
essentially of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 2,
4, 6, 8, and 10. In some embodiments, the CD4 protein comprises, consists essentially
of, or consists of, the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and 10.
In some embodiments, the polynucleotide encoding the CD4 protein comprises, consists
essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 1, 3, 5, 7, and 9. In some embodiments, the polynucleotide encoding the
CD4 protein comprises, consists essentially of, or consists of, a fragment of a nucleotide
sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, and 9 that

encodes for the CD4 protein comprising, consisting essentially of, or consisting of, an
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amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6, 8, and
10. In some embodiments, the CD4 protein comprises, consists essentially of, or consists
of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 2, 4, 6,
8, and 10. In some embodiments, the CD4 is a mammalian CD4. In some embodiments,

the CD4 is a human CD4.

[0231] In some embodiments, the kits disclosed herein comprise, consist essentially of,
or consist of, a polynucleotide encoding a CXCL13 protein. In some embodiments, the
polynucleotide encoding the CXCLI13 protein comprises, consists essentially of, or
consists of, the nucleotide sequence of any one of SEQ ID NOs: 11 and 13. In some
embodiments, the polynucleotide encoding the CXCL13 protein comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence of any one of SEQ
ID NOs: 11 and 13 that encodes for the CXCLI13 protein comprising, consisting
essentially of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 12
and 14. In some embodiments, the CXCL13 protein comprises, consists essentially of,
or consists of, the amino acid sequence of any one of SEQ ID NOs: 12 and 14. In some
embodiments, the polynucleotide encoding the CXCL13 protein comprises, consists
essentially of, or consists of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%,
95%, 96%, Y7%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of
SEQ ID NOs: 11 and 13. In some embodiments, the polynucleotide encoding the
CXCL13 protein comprises, consists essentially of, or consists of, a fragment of a
nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the nucleotide sequence of any one of SEQ ID NOs: 11 and 13 that
encodes for the CXCL13 protein comprising, consisting essentially of, or consisting of,
an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 12 and
14. In some embodiments, the CXCL13 protein comprises, consists essentially of, or
consists of, an amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID
NOs: 12 and 14. In some embodiments, the CXCL13 is a mammalian CXCL13. In some
embodiments, the CXCL13 is a human CXCL13.
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[0232] In some embodiments, the kits disclosed herein comprise, consist essentially of,
or consist of, an oligonucleotide that inhibits expression of CXCRS. In some
embodiments, the oligonucleotide that inhibits expression of CXCRS is an antisense
oligonucleotide that targets a CXCRS polynucleotide. In some embodiments, the
antisense oligonucleotide is a microRNA (miRNA), short hairpin RNA (shRNA), or
small interfering RNA (siRNA). In some embodiments, the oligonucleotide that inhibits
expression of CXCRS is a guide RNA (gRNA) that targets a CXCRS5 polynucleotide.
Examples of oligonucleotides that inhibit expression of CXCRS are known in the art, and
include, but are not limited to, CXCRS shRNA TL306391 (Origene), CXCRS siRNA
SR300441 (Origene), CXCRS shRNA TR306391 (Origene), CXCRS shRNA
TL306391V (Origene), CXCRS CRISPR gRNA ABIN5115520 (Genomics Online), and
CXCRS CRISPR gRNA ABINS5115519 (Genomics Online). In some embodiments, the
CXCRS polynucleotide is a mammalian CXCRS polynucleotide. In some embodiments,
the CXCRS5 polynucleotide is a human CXCRS polynucleotide. In some embodiments,
the CXCRS polynucleotide comprises, consists essentially of, or consists of, the
nucleotide sequence of any one of SEQ ID NOs: 15 and 17. In some embodiments, the
CXCRS polynucleotide comprises, consists essentially of, or consists of, a fragment of
the nucleotide sequence of any one of SEQ ID NOs: 15 and 17 that encodes for a CXCRS
protein comprising, consisting essentially of, or consisting of, the amino acid sequence
of any one of SEQ ID NOs: 16 and 18. In some embodiments, the CXCRS polynucleotide
comprises, consists essentially of, or consists of, a nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 15 and 17. In some embodiments, the CXCRS
polynucleotide comprises, consists essentially of, or consists of, a fragment of a
nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the nucleotide sequence of any one of SEQ ID NOs: 15 and 17 that
encodes for a CXCRS protein comprising, consisting essentially of, or consisting of, an
amino acid sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of any one of SEQ ID NOs: 16 and 18. In
some embodiments, the CXCRS polynucleotide comprises, consists essentially of, or
consists of, the nucleotide sequence of any of SEQ ID NOs: 15 and 17. In some
embodiments, the CXCRS5 polynucleotide comprises, consists essentially of, or consists
of, a nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, Y7%, 98%,
99%, or 100% identical to the nucleotide sequence of any of SEQ ID NOs: 16 and 18.
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[0233] In some embodiments, the kits disclosed herein comprise, consist essentially of,
or consist of, a polynucleotide encoding a GZMB protein. In some embodiments, the
polynucleotide encoding the GZMB protein comprises, consists essentially of, or consists
of, the nucleotide sequence of any one of SEQ ID NOs: 19 and 21. In some embodiments,
the polynucleotide encoding the GZMB protein comprises, consists essentially of, or
consists of, a fragment of the nucleotide sequence of any one of SEQ ID NOs: 19 and 21
that encodes for the GZMB protein comprising, consisting essentially of, or consisting
of, the amino acid sequence of any one of SEQ ID NOs: 20 and 22. In some
embodiments, the GZMB protein comprises, consists essentially of, or consists of, the
amino acid sequence of any one of SEQ ID NOs: 20 and 22. In some embodiments, the
polynucleotide encoding the GZMB protein comprises, consists essentially of, or consists
of, the nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the nucleotide sequence of any one of SEQ ID NOs: 19 and
21. In some embodiments, the polynucleotide encoding the GZMB protein comprises,
consists essentially of, or consists of, a fragment of the nucleotide sequence that is at least
85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence of any one of SEQ ID NOs: 19 and 21that encodes for the GZMB protein
comprising, consisting essentially of, or consisting of, an amino acid sequence that is at
least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino
acid sequence of any one of SEQ ID NOs: 20 and 22. In some embodiments, the GZMB
protein comprises, consists essentially of, or consists of, an amino acid sequence that is
at least 85%, 90%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of any one of SEQ ID NOs: 20 and 22. In some embodiments, the

GZMB is a mammalian GZMB. In some embodiments, the GZMB is a human GZMB.

[0234] In some embodiments, the kits disclosed herein comprise, consist essentially of,
or consist of, a polynucleotide encoding a TNFRSF18 protein. In some embodiments, the
polynucleotide encoding the TNFRSF18 protein comprises, consists essentially of, or
consists of, the nucleotide sequence of any one of SEQ ID NOs: 23, 25 and 27. In some
embodiments, the polynucleotide encoding the TNFRSF18 protein comprises, consists
essentially of, or consists of, a fragment of the nucleotide sequence of any one of SEQ
ID NOs: 23, 25 and 27 that encodes for the TNFRSF18 protein comprising, consisting
essentially of, or consisting of, the amino acid sequence of any one of SEQ ID NOs: 24,
26, and 28. In some embodiments, the TNFRSF18 protein comprises, consists essentially

of, or consists of, the amino acid sequence of any one of SEQ ID NOs: 24, 26, and 28. In
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some embodiments, the polynucleotide encoding the TNFRSF18 protein comprises,
consists essentially of, or consists of, the nucleotide sequence that is at least 85%, 90%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide sequence of
any one of SEQ ID NOs: 23, 25 and 27. In some embodiments, the polynucleotide
encoding the TNFRSFI18 protein comprises, consists essentially of, or consists of, a
fragment of the nucleotide sequence that is at least 85%, 90%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the nucleotide sequence of any one of SEQ ID
NOs: 23, 25 and 27that encodes for the TNFRSF18 protein comprising, consisting
essentially of, or consisting of, an amino acid sequence that is at least 85%, 90%, 93%,
94%., 95%, 96%, Y7%, 98%, 99%, or 100% identical to the amino acid sequence of any
one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the TNFRSF18 protein
comprises, consists essentially of, or consists of, an amino acid sequence that is at least
85%, 90%., 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
sequence of any one of SEQ ID NOs: 24, 26, and 28. In some embodiments, the
TNFRSF18 is a mammalian TNFRSF18. In some embodiments, the TNFRSF18 is a
human TNFRSF18.

[0235] In some embodiments, the kits disclosed herein may further comprise, consist
essentially of, or consist of, one or more vectors. The vectors may comprise, consist
essentially of, or consist of, any of the polynucleotides and/or oligonucleotides disclosed
herein. For instance, the vector may comprise, consist essentially of, or consist of, one or
more polynucleotides encoding one or more proteins selected from CD4, CXCL13,
GZMB, TNFRSF18, TNFRSF4, IENG, IL21, and a protein listed in Table 11. In some
embodiments, the vector comprises, consists essentially of, or consists of, one or more
oligonucleotides that inhibit expression of one or more proteins selected from CXCRS,
MAF, SH2D1A (SAP), PDCDI1, BTLA, CD200, BCL6, and a protein listed in Table 11.
In some embodiments, the vector is a mammalian expression vector. In some
embodiments, the vector is a plasmid. In some embodiments, the vector is a viral vector
selected from the group of a retroviral vector, a lentiviral vector, an adenoviral vector,

and an adeno-associated viral vector.

[0236] The kits disclosed herein may comprise, consist essentially of, or consist of, one
or more cells. In some embodiments the cell is a mammalian cell. In some embodiments,
the mammalian cell is a human cell. In some embodiments the cell is an immune cell. In

some embodiments, the immune cell is a lymphocyte. In some embodiments, the
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lymphocyte is a T cell. In some embodiments, the T cell is a CD4* T cell. In some

embodiments, the lymphocyte is an NK cell.

[0237] The kits disclosed herein may further comprise, consist essentially of, or consist
of, one or more agents that bind to one or more proteins selected from CD4, CXCL13,
GZMB, TNFRSF18, TNFRSF4, IFNG, IL21, CXCRS, MAF, SH2D1A (SAP), PDCDI1,
BTLA, CD200, BCL6, and a protein listed in Table 11. The one or more agents may be
an antibody or antigen binding fragment thereof. In some embodiments, the kit
comprises, consists essentially of, or consists of, (1) an agent that binds to CD4; (ii) an
agent that binds to CXCL13, and (iii) an agent that binds to CXCRS. In some
embodiments, the kit comprises, consists essentially of, or consists of, (i) an agent that
binds to CD4; (ii) an agent that binds to CXCL13, (iii) an agent that binds to CXCRS;
and (iv) an agent that binds to GZMB.

[0238] In some embodiments, the agents disclosed herein are conjugated to a label. In
some embodiments, the one or more agents that bind to different proteins are conjugated
to different labels. In some embodiments, the label is a purification marker. A non-
exhaustive list of purificiation markers include His, lacZ, GST, maltose-binding protein,
NusA, BCCP, c-myc, CaM, FLAG, GFP, YFP, cherry, thioredoxin, poly(NANP), VS5,
Snap, HA, chitin-binding protein, Softag 1, Softag 3, Strep, or S-protein. Suitable direct
or indirect fluorescence marker comprise, consist essentially of, or consist of, FLAG,
GFP, YFP, RFP, dTomato, cherry, Cy3, Cy 5, Cy 5.5, Cy 7, DNP, AMCA, Biotin,
Digoxigenin, Tamra, Texas Red, rhodamine, Alexa fluors, FITC, TRITC or any other

fluorescent dye or hapten.

[0239] Examples

[0240] The disclosure is further illustrated by the following non-limiting examples.
[0241] Example 1

[0242] Human subjects

[0243] Written informed consent was obtained from all subjects®. Newly diagnosed,
untreated patients with non-small cell lung cancer (Table 1), UK between 2014 and 2017
were prospectively recruited. Freshly resected tumor tissue and, where available,
matched adjacent non-tumor tissue was obtained from patients with lung cancer

following surgical resection.

[0244] METHOD DETAILS
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[0245] Flow cytometry of fresh samples

[0246] Samples were processed as described previously®. For sorting of fresh CD4*" TILs
for transcriptomic analysis, cells were first incubated with FcR block (Miltenyi Biotec),
then stained with a mixture of the following antibodies: anti-CD45-FITC (HI30;
Biolegend), anti-CD4-PE (RPA-T4; BD Biosciences), anti-CD3-PE-Cy7 (SK7;
Biolegend), anti-CD8a-PerCP-Cy5.5 (SK1; BD Biosciences), anti-HLA-DR-APC
(L243; BD Biosciences), anti-CD14-APC-H7 (M@P9; BD Biosciences), anti-CD19-
PerCP-Cy5.5 (clone HIB19; Biolegend) and anti-CD20-PerCP-Cy5.5 (clone 2H7;
Biolegend) for 30 min at 4°C. Live/dead discrimination was performed by DAPI staining.
Stained samples were analyzed using BD FACSAria™ (BD Biosciences) and FlowJo
software (Treestar), and CD4* T cells were sorted into ice-cold TRIzol LS reagent

(Ambion).
[0247] Flow cytometry of cryopreserved samples

[0248] For 10x single-cell transcriptomic analysis and phenotypic characterization,
tumor and lung samples were first processed and cryopreserved in freezing media (50%
complete RMPI (Fisherscientific), 40% human decomplemented AB serum, 10% DMSO
(both Sigma). Cryopreserved samples were thawed, incubated with FcR block (Miltenyi
Biotec), then stained with a combination of anti-CD45-AlexaFluor700 (HI30;
BioLegend); anti-CD3-APC-Cy7 (SK7; Biolegend); anti-CD8A-PerCP-Cy5.5 (SK1;
Biolegend); anti-CXCRS5-BB515 (RF8B2; BD Biosciences); anti-CD25-PE (MA251;
BD Biosciences); anti-CD127-APC (eBioRDRS; eBiosciences); anti-CD19/20-BV421
(HIB19/2H7; Biolegend); anti-CD56-BV570 (HCDS56; Biolegend) and anti-CD4-BV510
(OKT4; Biolegend) for flow cytometric analysis and sorting. Live/dead discrimination
was performed using propidium iodide (PI). 1500 TILs from each of the three subsets,
CD4*CXCR5*, CD4*CXCR5CD25 and CD4*CXCR5 CD25*CD127 from tumor and
4500 CD4* T cells (N-TILs) from adjacent uninvolved lung of each patient were sorted
into 50% ice cold PBS, 50% FBS (Sigma) using BD Aria-III (BD Biosciences).

[0249] For intracellular staining for the chemokine CXCL13 and granzyme B, TILs and

N-TILs were incubated in RPMI 1640 medium (Life Technologies) containing brefeldin

A (Sug/ul) for 3.5 hrs. TILs and N-TILs were stained using Zombie Aqua fixable viability

kit (Biolegend), following which surface staining was performed with a mixture of

fluorescently conjugated antibodies: anti-CD45-Alexafluor700 (HI30; Biolegend), anti-

CD3-APC-Cy7 (SK3; Biolegend), anti-CD4-PE-Cy7 (RPA-T4; Biolegend), anti-CD8-
66



WO 2020/041776 PCT/US2019/048036

PerCP-Cy5.5 (SK1; Biolegend), anti-CXCRS5-BB515 (RF8B2; BD Biosciences), anti-
CD25-BV421 (2A3; BD Biosciences), anti-CD127-PE-Dazzle594 (A019D5;
Biolegend), anti-PD1-BV605 (EH12.2H7, Biolegend) for 30 min at 4°C. After fixation
(BD Cytofix/Cytoperm) and permeabilization (BD Perm/Wash buffer), intracellular
staining was performed with anti-CXCL13-APC (53610, R&D Systems) and anti-
GZMB-PE (REA226, Miltenyl Biotec) for 30 min at 4°C. For intracellular staining for T
regulatory cells, the following intracellular antibodies and buffers were used: anti-Foxp3-
APC (PCH101, ThermoFisher), anti-CXCL13-PE (53610, ThermoFisher) and Foxp3
staining buffer kit (eBioscience). Samples were analyzed on BD LSRII and ImageStream.

All FACS data was analyzed in FlowJo 10.4.1.
[0250] ImageStream Analysis

[0251] Samples were processed as described above for flow cytometry. Images were
acquired on a 2-camera ImageStreamX MKII imaging flow cytometer (Amnis, Seattle) at
low speed with 40X objective and INSPIRE software version 200.1.620.0. The cytometer
passed all ASSIST performance checks prior to image acquisition. BB515 (Ch02, 480-
560 nm), PE (Ch03, 560-595 nm) PE-Dazzle594 (Ch04, 595-642 nm), PerCP-Cy5.5
(Ch05, 648-745 nm) and PE-Cy7 (Ch06, 745-780 nm) were excited at 488nm (40 mW).
BV421 (Ch07, 435-505 nm) was excited at 405 nm (20 mW). APC (Chl11, 640-745 nm)
and APC-Cy7 (Ch12, 745-780 nm) were excited at 642 nm (150 mW). The acquisition
gate was set to include all single, in-focus, live, CD3* events. Data was compensated and

analyzed with IDEAS software version 6.2.64.0 using the default masks and feature set.
[0252] Histology and immunohistochemistry.

[0253] Deparaffinisation, rehydration, antigen retrieval and IHC staining was carried out
using a Dako PT Link Autostainer. Antigen retrieval was performed using the EnVision
FLEX Target Retrieval Solation, High pH (Agilent) for all antibodies. The primary
antibodies used for IHC includes anti-CD103 (EPR4166(2); 1:500; Abcam), anti-
CXCL13 (polyclonal; 1:100; ThermoFisher Scientific), anti-CD8 (C8/144B; pre-diluted,
Agilent Dako), anti-CD4 (4B12; pre-diluted; Agilent Dako), anti-PanCK (AE1/AE3; pre-
diluted; Agilent Dako). Primary antibodies were detected using EnVision FLEX HRP
(Agilent Dako) and either Rabbit or Mouse Link reagents (Agilent Dako) as appropriate.
Chromogenic visualization was completed with either two washes for five minutes in
DAB or one wash for thirty minutes in AEC and counterstained with hematoxylin. To
analyze multiple markers on single sections, multiplexed IHC staining was performed as
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described previously®. 4 micron tissue sections were stained with anti-PanCK antibody,
visualized using DAB chromogenic substrate and scanned using a ZEISS Axio Scan.Z1
with a 20x air immersion objective. Each immune marker was then visualized using AEC
chromogenic substrate and scanned. Between each staining iteration, antigen retrieval
was performed along with removal of the labile AEC staining and denaturation of the

preceding antibodies.

[0254] For each tissue section, regions within the tumor core (1 per section) or at the
invasive margin (2 per section) were identified by a pathologist (GJT). These regions
were exported as ome.tiff files and processed using Fiji image analysis software® as
follows. The PanCK alone image was used as a reference for registering each iteration of
staining, using the linear stack alignment with SIFT plugin. Color deconvolution for
hematoxylin, DAB and AEC staining was performed using a customized vector matrix®!,
8bit deconvoluted images were then visually inspected to determine a pixel intensity
threshold of positive staining for each marker and this value was subtracted from each
image to remove non-specific staining. This color deconvolution approach resulted in
DAB positive regions also being identified as AEC positive, therefore the PanCK alone
image was used to generate a 0/255 pixel intensity binary “DAB mask”, which was then
subtracted from each AEC image. Cell simulation and analysis was then performed using
Tissue Studio image analysis software (Definiens). A machine learning classifier was
trained to recognize epithelial and stromal regions using hematoxylin and PanCK
staining. Cells were then identified by nucleus detection and cytoplasmic regions were
simulated up to Sum. CD4*CXCL13* and CD8"CD103" cells were then enumerated
within the stromal regions of each image. This analysis was performed for 41 patients
out of the total 45 patients in the cohort; due to insufficient sample, 4 patients were not

analyzed.
[0255] Bulk RNA sequencing

[0256] Total RNA was purified using a miRNAeasy micro kit (Qiagen, USA) and
quantified as described previously®” (on average, ~8000 CD4* T cells per sample were
processed for RNA-Seq analysis). Purified total RNA was amplified following the smart-
seq2 protocol®® %3, cDNA was purified using AMPure XP beads (1:1.1 ratio, Beckman
Coulter). From this step, 1 ng of cDNA was used to prepare a standard Nextera XT
sequencing library (Nextera XT DNA sample preparation kit and index kit, Illumina).
Samples were sequenced using HiSeq2500 (Illumina) to obtain 50-bp single-end reads.

68



WO 2020/041776 PCT/US2019/048036

Quality control steps were included to determine total RNA quality and quantity, optimal
number of PCR pre-amplification cycles, and cDNA fragment size®?. Samples that failed

quality control were eliminated from further downstream steps.
[0257] 10x Single-cell RNA sequencing

[0258] Samples were processed using 10x v2 chemistry as per manufacturer’s
recommendations; 11 and 12 cycles were used for cDNA amplification and library
preparation respectively®®. Barcoded RNA was collected and processed following
manufacturer recommendations, as described previously. Libraries were sequenced on a
HiSeq4000 (Illumina) to obtain 100- and 32-bp paired-end reads using the following read
length: read 1, 26 cycles; read 2, 98 cycles; and i7 index, 8 cycles.

[0259] Bulk-RNA-Seq analysis

[0260] Bulk RNA-Seq data were mapped against the hg19 reference using TopHat®

(v1.4.1 (--library-type fr-unstranded --no-coverage-search) and read counts were
calculated using htseq-count -m union -s no -t exon -i gene_id (part of the HTSeq

framework, version 0.7.1))%

. Cutadapt (v1.3) was used to remove adapters. To identify
genes expressed differentially by two groups, Applicants performed negative binomial
tests for paired comparisons by employing the Bioconductor package DESeq?2 (v1.14.1),
disabling the default options for independent filtering and Cooks cutoff®’. Applicants
considered genes to be expressed differentially by any comparison when the DESeq2
analysis resulted in a Benjamini-Hochberg—adjusted P value of < 0.05 and a fold change
of at least 1.5. The Qlucore Omics Explorer 3.2 software package was used for
visualization and representation (heat maps, principal component analysis) of RNA-Seq
data®. The biological relevance of differentially expressed genes identified by DESeq2
analysis was further investigated using the Ingenuity Pathways Analysis platform as
reported previously®. Unsupervised hierarchical clustering of samples based on the
expression of genes (n = 2000) with the highest variance, which accounted for 35% of
the total variance, was performed using DESeq2 package and custom scripts on R. For
tSNE analysis, the data frame was filtered to genes with >1 TPM expression in at least
one condition and visualizations created using the top 2000 most variable genes, as
calculated in DESeq2; this allowed for unbiased visualization of the Log> (TPM + 1)
data, using package Rtsne (v0.13). T cell receptor (TCR) sequences were retrieved from
CD4" T cell RNA-Seq data sets and the frequency of TCR beta chain clonotypes was
determined using default parameters of the MiXCR v2.1.5 package® (Table 4). The
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CD103 status of TILs was determined as previously described®. GSEA, correlations, and
heatmaps were generated as previously described™ ®®. Genes used in the GSEA analysis
are shown in Table 10. Windrose plot was generated on Microsoft Office Excel suite.
Union gene signatures were calculated using the online tool jvenn’’, of which genes must

have common directionality.
[0261] Weighted Gene Coexpression Network Analysis

[0262] WGCNA was completed using a R package WGCNA (v/.617) from the TPM data
matrix>’. Expressed genes with TPM >1 in at least 25% of the samples, were used in both
CD4" and CDS8* TIL data. In the integrated WGCNA approach, highly correlated genes
from combined transcriptomes of patient-matched CD4* TILS and CD8* TILS were
identified and summarized with a modular eigengene (ME) profile?’. Gene modules were
generated using blockwiseModules function (parameters: checkMissingData = TRUE,
power = 6, TOMType = "unsigned”, minModuleSize = 50, maxBlockSize = 25426,
mergeCutHeight = 0.40). Module 30, which represented the default ‘grey’ module
generated by WGCNA for non-co-expressed genes, was excluded from further analysis.
For each gene module, individual MEs were also calculated for CD4* TIL-genes and
CD8" TIL-genes separately. As each module by definition is comprised of highly
correlated genes, their combined expression may be usefully summarized by eigengene
profiles, effectively the first principal component of a given module. A small number of
eigengene profiles may therefore effectively ‘summarize’ the principle patterns within
the cellular transcriptome with minimal loss of information. This dimensionality-
reduction approach also facilitates correlation of ME with traits. Cell cycle signature was
used to generate an eigengene vector from CD8* TIL-genes, which was then used as a
trait and correlated with MEs. Significance of correlation between this trait and MEs was
assessed using linear regression with Bonferroni adjustment to correct for multiple

testing.

[0263] To visualize co-expression network, Applicants wused the function
exportNetworkToCytoscape at weighted = true, threshold = 0.05. A soft thresholding
power was chosen based on the criterion of approximate scale-free topology. Networks

were generated in Gephi (v0.92)"1 72

using Fruchterman Reingold and Noverlap
functions. The size and color were scaled according to the Average Degree as calculated

in Gephi, while the edge width was scaled according to the WGCNA edge weight value.

[0264] Single-cell RNA-Seq analysis
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[0265] Raw 10x data was processed as previously described, merging multiple
sequencing runs using cellranger count function in cell ranger, then merging multiple
cell types with cell ranger aggr (v2.0.2). The merged data was transferred to the R
statistical environment for analysis using the package Seurat (v2.1)** 7. Only cells
expressing more than 200 genes and genes expressed in at least 3 cells were included in
the analysis. The data was then log-normalized and scaled per cell and variable genes
were detected. Transcriptomic data from each cell was then further normalized by the
number of UMI-detected and mitochondrial genes. A principal component analysis was
then run on variable genes, and the first 6 principal components (PCs) were selected for
TILs for further analyses based on the standard deviation of PCs, as determined by an
elbow plot in Seurat. Cells were clustered using the FindClusters function from Seurat
with default settings, resolution = 0.6. Clusters with less than 50 cells were excluded from
analysis. Seurat software was used to identify cluster-specific differentially expressed

gene sets (cutoff used is g < 0.05).

[0266] Differential expression between two groups was determined by converting the
data to CPM and analyzing group-specific differences using MAST (g < 0.05, v1.2.1)
(Figure 4; Table 8)%7*75, For differential expression between three groups (Figure 5A),
pairwise comparisons were performed. A gene was considered significantly different
(unique to a group), only if the gene was commonly positively enriched in every
comparison for a singular group®* %, A gene was considered shared between two groups
if the gene was commonly positively enriched in the two groups compared to the third
group. For this analysis in Figure 5A, only genes differentially expressed in CXCLI3-
expressing versus CXCLI3-non-expressing cells (FIG. 4; Table 8) were used.

[0267] The mean CPM and percentage of cells expressing a transcript expressing cells
was calculated with custom R scripts. Further visualizations of exported normalized data
were generated using the Seurat package and custom R scripts. Cell-state hierarchy maps
were generated using Monocle version 2.4.07° and default settings with
expressionFamily=negbinomial.size(), lowerDetectionLimit = 0.5 and num_dim=3,
including the most variable genes identified in Seurat for consistency. Average
expression across a cell cluster was calculated using the AverageExpression function,

and downsampling was achieved using the SubsetData function (both in Seurat).

[0268] Quantification and Statistical Analysis
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[0269] Comparison between two groups was assessed with Mann-Whitney test (FIG. 7,
S3B, S4C and S4F) using GraphPad Prism 7. Hypergeometric test using phyper function
and p.adjust in R was used to calculate adjusted significance values for gene enrichment
tests (FIG. 3C). Spearman correlation coefficient (r value) was calculated to assess

significance of correlation between any two parameters of interest (FIG. 6B; FIG. 8).
[0270] Experimental Results

[0271] Tumor-infiltrating CD4* T cells show features of activation and co-stimulation

[0272] Applicants recently reported on the transcriptomes of human tumor-infiltrating
CDB8" T cells, however, the global gene expression profile of tumor-infiltrating CD4* T
cells and their state of activation, differentiation and function within tumors has not been
fully characterized'”- 1% 2% 2!, Specifically, the nature of CD4" T cell responses that are
linked to robust anti-tumor CDS8* effector and Trm responses within tumors, where

22.23.24 are unknown. To understand

priming and induction of T cell responses may occur
the molecular interactions between CD4" and CD8" T cells in the tumor
microenvironment that lead to robust anti-tumor CD8* effector and Trwm responses,
Applicants analyzed the transcriptomes of CD4* T cells present in tumor samples (TILs)
and in adjacent uninvolved lung tissue (N-TILs) from 45 treatment-naive patients with

early stage NSCLC, and related these findings to transcriptomic data from patient-

matched tumor-infiltrating CD8" T cells (FIG. 1A; Table 1)°.

[0273] Over 750 transcripts were differentially expressed by tumor-infiltrating CD4* T
cells when compared to lung CD4* T cells (Benjamini-Hochberg adjusted P < 0.05 and
>1.5 fold change, Methods) (; Table 2), which suggested major changes in the
transcriptional landscape of tumor-infiltrating CD4* T cells. Pathway analysis of the
transcripts with increased expression in tumor-infiltrating CD4* T cells revealed
significant enrichment of T cell and B cell activation and T cell receptor (TCR)
engagement pathways (FIG. 1B; Table 3). Applicants next performed gene set
enrichment analysis (GSEA) to test for enrichment of transcriptional signatures reflecting
various T cell-related phenotypes that may co-exist within tumors. The dominant
signatures that emerged were that of T cell activation and co-stimulation but not
exhaustion (FIG. 1C and FIG. 1D), which suggested that tumor-infiltrating CD4* T cells
were undergoing TCR ligation-mediated activation and differentiation, likely driven by
tumor-associated antigens (TAA) presented by antigen presenting cells (APCs) within
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tumors. In support of this, analysis of TCR repertoire demonstrated significantly greater
clonal expansion of tumor-infiltrating CD4" T cells when compared to lung CD4* T cells
(FIG. 7; Table 4). These findings indicated that such activated CD4* T cells might have

an important functional role in immune responses within lung tumors.

1183741 Concordant expression pattern of immunotherapy target molecules in tumor-

infiltrating CD4* and CD8* T cells

[0275] Therapeutic targeting of signaling pathways involved in T cell co-stimulation, co-
inhibition as well as immune checkpoints have shown considerable promise in preclinical
and human studies® > 2°, Although typically CD8* T cells are presumed to be the key
cellular targets of such therapies, e.g., anti PD-1 therapy, it is important to determine
whether concordant responses can occur in the CD4" T cells present in the tumor, as
therapies that simultaneously boost CD8" and CD4" T cell responses may be more
beneficial. Applicants therefore evaluated the pattern of expression of some important
immunotherapy targets in CD4* T cells and CD8" T cells present in the tumor
microenvironment of the same patients. Similar to CD8" T cells, considerable inter-
patient heterogeneity was observed in the expression of transcripts encoding the co-
stimulatory and co-inhibitory molecules in CD4* T cells (FIG. 2A). Most importantly,
the expression of these transcripts was positively correlated between patient-matched
tumor-infiltrating CD4* and CD8" T cells (FIG. 2B; FIG. 8). This suggested that
biological therapies targeting molecules on CD8* T cells may also activate CD4* T cells
present in the tumor. But, there were some exceptions; for example, whilst patient 34 was
low for PDCDI (encoding for PD-1) expression in CD8* TILs, there was substantial
PDCD] expression in matched CD4" TILs; the converse was true for the expression
pattern of HAVCR2, encoding for the immune checkpoint molecule TIM-3 (FIG. 2C and
FIG. 2D). Thus, a detailed assessment of the global gene expression programs of tumor-
infiltrating CD8* and CD4* T cells may provide information to guide the rational choice

of combination therapies aimed at activating both cell types.

[0276] Follicular program in CD4" T cells is associated with CD8" T cell proliferation,

cytotoxicity and tissue residency

[0277] The general concordance in the expression pattern of potential immune therapy
targets between CD4* and CD8" T cells present in the tumor microenvironment suggested
TCR engagement and activation of both cell types, presumably in response to TAA. To

characterize the molecular interplay between these cells and to define the properties in
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CD4" T cells that are strongly associated with either robust or poor anti-tumor CD8"
effector and Trum responses across these cohort of patients with lung cancer, Applicants
performed integrated weighted gene correlation network analysis (iWGCNA). In a
complex set of data such as the transcriptome, similar measurements may be grouped
together by weighted gene correlation network analysis (WGCNA) to form discrete gene
modules that may be correlated with specific traits to determine the gene network module
linked to that trait*”. Applicants applied this principle in iWGCNA to group transcript
expression from different cell types of matched patients to form integrated gene modules
to reveal the molecular cross talk between cell types and their relationship to specific

traits that are variable across the cohort.

[0278] Applicants performed iWGCNA by merging the transcriptomes from patient-
matched CD4" and CD8* T cells present in the tumor (n = 36) and generated 29 gene
network modules, each of which were composed of varying proportions of CD4* T cell-
and CD8* T cell-transcripts (FIG. 3A; Table 5). To determine what properties in CD4* T
cells were associated with robust CD8" T cell responses, Applicants correlated these gene
modules with CD8* T cell proliferation signature as a trait (Methods), as it represented a
feature of productive and robust TAA-specific T cell responses within tumors. Module 7
emerged as the most significantly correlated gene module (FIG. 3A) and, as expected,
nearly 25% of the CD8" T cell-transcripts in Module 7 were cell cycle-related genes.
Clustering analysis of the CD8* T cell-transcripts (rn = 407) present in Module 7 identified
a tightly correlated and co-expressed subset of transcripts (n = 171), which included cell
cycle genes and several genes encoding products linked to effector and cytotoxic
functions such as GZMB, CCL3, STATI, FKBPIA, KIR2DIL4 (FIG. 3B and FIG. 3C;
Tables 5 and 6). Remarkably, this highly co-expressed cluster of CD8" T cell-transcripts
also contained ITGAE (which encodes for the ogsubunit of the integrin molecule agf7), a
well-established marker of lung CD8" Tru cells?® ?°, which Applicants have recently
shown to be a critical determinant of survival outcomes in lung cancer (FIG. 3B; Tables
5 and 6)°. Of note, FABP5, a member of this cluster, encodes for fatty-acid-binding
protein 5, which plays a crucial role in the maintenance, longevity and function of
CDS8" Tru cells®®. Module 7 also contained NABI, which encodes for a transcriptional
regulator, which in murine models has been linked to CD4* T cell-mediated ‘help’ to
CD8" T cells (Table 5)*!. Together, these findings indicated that cell proliferation,
effector functions and Trm features are highly correlated and interconnected processes in

CD8" T cells present within the tumors.
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[0279] To assess the properties in CD4* T cells associated with these functional features
in tumor-infiltrating CD8" T cells, Applicants next analyzed the CD4* T cell-transcripts
(n=178) present in Module 7. Applicants observed a tightly correlated and co-expressed
cluster of transcripts (n = 61), which included several genes linked to follicular helper
CD4* T cells®® (Teu) such as CXCL13, BATF, CD38, ILI2RB2, PDCDI and cell
proliferation (e.g., MKI67, TOP2A, STMNI, CDKI) (FIG. 3B; Tables 5 and 6). Try cells,
first identified in human tonsils, are the principal CD4* T cell subpopulation that provides
essential ‘help’ to B cells promoting antibody affinity maturation in germinal centers
(GC)*. Among the Tru-related transcripts in this cluster, BATF encodes for a
transcription factor involved in Tru differentiation*. CXCL13 is a chemokine produced
by human Trn cells, but not by their murine counterparts; CXCL13 has been shown to
play an important role in the homing of B cells to follicles®> %37, JL12RB2 encodes for
the 1L-12 receptor beta2 subunit, and IL-12 is a key cytokine that mediates Trn cell
formation in humans, in addition to IL-23 and TGF-B*®. In further support of a Tru-like
transcriptional program in CD4* TILs, Module 7 contained the transcript encoding for
the canonical NOTCH signaling mediator, RBPJ, which has been shown to be a critical
regulator of Tru development and function (Table 5)*°. Furthermore, Module 7 exhibited
the highest enrichment for both the Trx and cell cycle signature genes among the 29 total

gene modules generated from the iIWGCNA (FIG. 3C).

[0280] Recently activated Tru cells are marked by the expression of markers such as
CD38%*41-42 Tn addition to CD38 transcripts, the Module 7 cluster was also composed
of transcripts encoding other T cell activation-related molecules such as TNFRSF9
(which encodes for 4-1BB), TNFRSF18 (which encodes for GITR), and TNFRSFS
(which encodes for CD30) (FIG. 3B; Table 5). CD30 has been shown to be preferentially
expressed by activated and memory Tru cells* whilst GITR-mediated co-stimulation is
known to augment Ty cell responses*. These results demonstrated that the Tru program

was coupled with proliferation and activation of CD4* T cells in the tumor milieu.

[0281] Consistent with iWGCNA that indicated the link between Trg program in CD4*

T cells and Trwm features, the CD4* T cell-transcripts in Module 7 showed increased

high

expression in Trm™#" tumors relative to their expression in Trm'” tumors (FIG. 9; Table

1; Methods). Furthermore, GSEA also showed significant enrichment of proliferation

high

and Trr gene signatures in tumor-infiltrating CD4* T cells from Trym™&" tumors relative

to Trm™" tumors (FIG. 3D). Taken together, these results demonstrate that a Tru-like
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transcriptional program in tumor-infiltrating CD4* T cells was strongly associated with
CD8* T cell proliferation, effector function and Trm features in the tumor milieu, all

features of a robust immune response.

[0282] CXCLI3-expressing tumor-infiltrating CD4* T cells possess superior functional

properties

[0283] Applicants next sought to compare tumor-infiltrating CD4* T cells with or
without a follicular program to determine the functional properties of T cells that render
them superior at supporting robust CD8" T cell effector and Trm responses. Conventional
GC Tex cells are characterized by the expression of CXCRS, however in the context of
tumor and inflammation, Tem cells lacking expression of CXCRS have also been
described*> ¢, Therefore, to capture the entire spectrum of CD4* T cells with a follicular
program, Applicants performed single-cell RNA-Seq of purified populations of tumor-
infiltrating CD4" T cells from an additional 6 patients. The CD4* T cells were flow-sorted
as CXCRS5*, CXCR5CD25"CD127 or CXCR5 CD25 subsets to enrich for Tru, Tregs
and effector CD4* T cells, respectively (FIG. 4A; Table 1). Given that GC Ty are the
major producers of the B cell chemoattractant, CXCL13, involved in the organization of
GCs and tertiary lymphoid structures (TLS), Applicants utilized CXCLI3 expression as

a surrogate marker for Ty cells.

[0284] Unbiased analysis of the ~5300 single-cell CD4" TIL transcriptomes revealed 9
clusters (Methods). Cells expressing CXCLI13 transcripts were highly enriched in cluster
3 (~70% of cells expressed CXCLI3), which suggested that CXCL/3-expressing cells
likely represented a distinct CD4" T cell subset (FIG. 4B; FIG. 10A; Table 7). In marked
contrast, very little CXCL13 expression was seen in lung-infiltrating CD4* T cells ( FIG.
10B). These findings were confirmed at the protein level by flow cytometry analysis of
CXCL13 expression in TILs and N-TILs (FIG. 10B). Single-cell differential gene
expression analysis of the CXCLI3-expressing versus CXCLI3-non-expressing CD4*
TILs (Methods) revealed over 1000 differentially expressed transcripts, which indicated
a discrete biological identity for the CXCL13-expressing cells (Table 8). GSEA showed
significant enrichment of Tru signature genes, nearly one third of which showed
increased expression in the CXCLI13-expressing cells (FIG. 4C; FIG. 10C). Applicants
found both higher expression and higher percentage of cells expressing Tru-related genes
(MAF, SH2DIA, PDCDI, BTLA, CD200, BCL6) in CXCLI13-expressing cells than in
CXCLI3-non-expressing cells (FIG. 4C; FIG. 10C). These findings clearly established
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that the expression of CXCLI3 delineated a Tru program, i.e., CXCLI3-expressing cells
represented Tru-like cells. Notably, Applicants found that CXCL13-expressing cells were
present in equal proportions in CXCRS5* and the two CXCR5™ subsets (FIG. 4B), which
indicated that using CXCRS as a surface marker for Tru cells would have missed several

other potentially important Tru subsets.

[0285] Consistent with iWGCNA results (FIGS. 3B - 3C), GSEA demonstrated
enrichment of cell cycle genes in the CXCLI3-expressing cells (FIG. 4D). Higher
proportions of CXCLI3-expressing cells also expressed cell cycle-related transcripts
(FIG. 4D), and remarkably, Applicants found that cluster 8 was specifically enriched for
cycling Tru cells. Together these results indicated that despite expressing high levels of
PDCDI, encoding for the immune checkpoint molecule PD-1 (FIG. 4C; FIG. 10C and
FIG. 10D), Trx cells actively proliferated in the tumor microenvironment presumably in

response to TAA.

[0286] To probe the functional properties of these Ten-like cells, Applicants performed
pathway analysis of the transcripts with increased expression in CXCL13-expressing cells
relative to CXCLI3-non-expressing cells. CXCL13-expressing Trn-like cells showed
significant enrichment of pathways linked to helper T cell (Tx) co-stimulation (CD28
signaling in Tw cells) and ICOS-ICOSL signaling, which is important for Ten activation
(FIG. 4E; Table 9)*. As expected of activated and co-stimulated T cells in the tumor,
these Tru-like cells showed increased expression of transcripts encoding for cytokines
(IFN-gammaand 1L21) and co-stimulation molecules (GITR and OX-40), which are all
known to play an important role in CD4* T cell-mediated ‘help’ to CD8* T cells (FIG.
4F)*7-48.49.50 Notably, the immunosuppressive CD4* T cell subset, i.e., Tregs, was seen
mainly within CXCL13-non-expressing CD4* T cells, which also showed differential
expression of FOXP3 transcripts (FIG. 10E).

[0287] A surprising finding was the enrichment of cytotoxicity pathway in CXCLI3-
expressing cells relative to CXCLI3-non-expressing cells. (FIG. 4E; Table 9). This
finding was independently confirmed by GSEA, which also showed significant
enrichment of cytotoxicity signature genes, in the CXCLI3-expressing cells (FIG. 4G;
FIG. 10F). Applicants found higher expression and higher percentage of cells expressing
cytotoxicity-related transcripts such as GZMB, GZMM, FKBPIA, RAB27A, CCL4 and
ZEB2? in CXCLI3-expressing than in CXCLI3-non-expressing cells (FIG. 4G), which
suggested the presence of cytotoxic Tru-like CD4" T cells in the tumor
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microenvironment. In summary, these single-cell RNA-Seq studies unraveled the
presence and superior functional properties of an important CD4* T cell subset — activated
and proliferating Trn-like cells that had the potential for direct cytotoxicity as well as

provision of ‘help’ to CD8* CTLs.
[0288] Highly functional Trr-like CD4* T cells were CXCRS negative

[0289] Because these anti-tumor functions were not previously ascribed to Try cells,
which predominantly provide ‘help’ to B cells, Applicants sought to investigate the
precise nature of the cells that harbored these functions. Since the CXCLI3-expressing
Tru-like cells were present in equal proportions in CXCRS5* and the two CXCRS5™ subsets
(CD25"CD127 and CD257), Applicants first asked whether the superior functional
properties were attributes of all or unique to one subset. Pairwise comparisons for
differential expression analysis between the three subsets (Methods) showed that Ten
signature genes were significantly enriched in all three Tru subsets (FIG. 11), which
suggested that all subsets had switched on a Trg molecular program. However, transcripts
linked to superior anti-tumor properties, such as cytotoxicity (KLRBI, GZMB, CCL3,
CCLA, FKBPIA, SODI, ZEB?2) and provision of CD8* T cell ‘help’ (IFNG, GITR, OX40)
were mainly enriched in the CXCRS5™ Tgn subsets (FIG. SA and FIG. 5B; FIG. 11).
Notably, cell cycle-related transcripts were also expressed predominantly in this CXCR5™
Trr subset, which together suggested that the highly functional Trx cells that proliferated
in the tumor milieu were contained within this subset (FIG. 5A and FIG. 5B; FIG. 11).

[0290] Tru-like cells infiltrate tumor and associate with CD8* Try cells

[0291] The enrichment of cytotoxicity pathways and transcripts encoding cytotoxic
molecules in CD4" Try cells was unexpected (FIG. 4E and FIG. 4G). Therefore,
Applicants assessed co-expression of CXCL13 and granzyme B in tumor-infiltrating
CD4* T cells using three independent approaches: a) intracellular staining by flow
cytometry, b) ImageStream imaging cytometry, and c¢) immunohistochemical (IHC)
analyses of human lung tumor samples. Importantly, to directly capture in vivo
expression states, tumor-infiltrating CD4" T cells were analyzed without in vitro
stimulation in all the three strategies. CXCL13 and granzyme B co-expression was
observed by all methods, albeit in a small proportion of tumor-infiltrating CD4* T cells

that were indeed predominantly CXCRS™ (FIG. 6A).

[0292] Applicants next undertook a spatially resolved analysis using multi-parametric

immunohistochemistry to gain global insights into the organization of T cells within
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tumors, and importantly, determine the spatial relationship between tumor cells, Tru-like
CD4" T cells and CD8* Tru cells, which has been linked to good survival outcomes™ > *
5. CXCL13-expressing Tru-like CD4* T cells were localized in TLS as well as in the
tumor core and its invasive margins. CD8*CD103" Trwm cells in the tumor core and
invasive margins were seen in close proximity to CXCL13-expressing CD4* T cells,
which suggested potential for crosstalk and ‘help’. The high density of cells in TLS
rendered precise quantification of individual cell types infeasible, hence Applicants
enumerated cells in the tumor core and invasive margins. Applicants found a positive
correlation between the absolute number of Trum cells (CD8*CD103* cells) and Trx cells
(CD4*CXCL13* cells) in both tumor core and invasive margins (FIG. 6B). Importantly,
the absolute number of Trum cells (CD8*CD103* cells) also positively correlated with the
proportion of CD4* cells that were CXCL13* (FIG. 6B), indicating a strong association

between follicular program in CD4* T cells and CD8* Trm responses, a finding that

warrants experimental and functional verification.
[0293] Experimental Discussion

{0294} Applicants have mterrogated the transcriptomes of patient-matched CD4" and
CD8" TILs using a novel, integrated gene correlation network analysis-based approach
(iIWGCNA) to identify molecular features of CD4" TILs linked to robust CD8" anti-
tumor ioymune responses and thus better patient outcomes. Published transcriptional
studies of tumor-infiltrating CD4* T cells from patients with cancer have largely focused
on the analysis of specific CD4% T cell subiypes or CD4* TILs in isolation without

16.17. 18 " Applicants have previously reported on

integration with CD&" T cell responses
the transcriptional profile of tumor-infiltrating CD8" T cclls using a well-characterized
cohort of patients with treatment-naive NSCLC who had a spectrum of TIL responses’.
In this study, Applicants surveyed the transcriptomes of CD4" TILs and N-TILs derived
from lung tumors and the adjacent uninvolved lung of the same patient cohort in which
CDg" TIL transcriptomic analysis was previously performed. This combined TIL
transcriptomic dataset generated from patient-matched samples facilitated the capture of
in vivo TIL interactions within the tumor microenvironment and functional mapping of
CD4" TIL responses with those of CD8" TILs. Such cell specific, context dependent,

cross-talk would have otherwise been challenging to decipher in patients.

{0295] Applicants revealed a core CD4" TIL transcriptional program comprising ~750

genes that was shared by tumor subtypes and was distinct from that of N-TILs. This
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profile suggested extensive molecular reprogramming within the tumor microenviron-
ment and enrichment of presumably TAA-specific cells following TCR engagement,
activation and co-stimulation. An additional finding of considerable clinical importance
was the striking correlation in the expression of immunotherapy target molecules
between CD4" and CD8" TILs within patients despite heterogeneity in levels of
expression between patients. This observation suggested the occurrence of coordinated
TIL responses in tumors that were “immune hot” and that CD4* TILs may also constitute
a critical target, in addition to CD8" TILs, for immune therapies such as anti-PD1 agents.
This notion was further supported by recent studies that showed that the gut microbiome
modulated responses to PD-1-based therapy. an effect that was dependent on both CD4™"
and CD8" T cells®"- %2, Taken together, these data raise the speculation that in addition to
potentially acting as one of the direct mediators of checkpoint blockade-induced
responses, CD4" TiLs may also indirectly contribute to the observed effects of such
therapies by potentiation of CD8" TILs. Applicants propose that evaluation of expression
patterns of immune therapy molecules in both CD4™ and CD8" TILs may guide rational
combination of therapies that beneficially target both cell types for synergistic anti-tumor

TCSpOnses.

[0296] Using this cohort of paticnts with a range of CDS8" and Trm TIL densities,
Applicants unexpectedly discovered a link between Try program in CD4™ TilLs and
features of a robust CD8" T cell anti-tumor immune response such as proliferation,
cytotoxicity and tissue residency. Furthermore, Applicants found that Trg-like CD4"
TILs possessed superior functional properties including proliferation, cytotoxicity and
provision of ‘help’ to CD8" CTLs. Conventional GC Trr are known to provide B cell
‘help’ during viral infections by promoting GC development, B cell affinity maturation
and class switch recombination®?. Consistent with their established role, Trzcells induced
B cell responses in breast cancer and were associated with improved survival*>. However,
the association of Try cells with CD8" T cell ‘help’ and robust CD8* T cell responses has
not been described before. Applicants uncovered increased expression of transcripts
encoding molecules that mediate CD8" T cell ‘help’ (TNFRSFI1S8, TNFRSF4, IFNG,
IL21) in Tya-like CD4* TILs. CD4" helper-derived 1L.21 has a prominent role in CD8* T
cell ‘help’ by inducing the BATF-IRF4 axis to sustain CD8" T cell maintenance and
effector response®. OX40 and GITR signaling on CD4" T cells critically impacts CD8"
T cell priming, accumulation and expansion*’-*. The role of interferon-y produced by

CD4" T cells in helping CD&" T cells and CDS" Tru cells has been well established>® 33,
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Applicants further showed the co-localization of CD8* Trm cells with CD4*CXCL13*
Ten cells in tumor invasive margins and tumor core, which lends support to the notion
that Trx cells may mediate CD8* T cell ‘help’, a finding that will require experimental

confirmation.

[0297] This single-cell RNA-Seq studies unraveled another novel finding, the expression
of granzyme B by the Tru-like CD4™ Tils. The existence of MHC class Il-restricted
CD4* CTLs has been demonstrated in viral infections where they may play a particularly
important role in viral clearance in the face of virus escape strategies to CD8* CTL
responses>*. Although Tsy cells with cytotoxic potential has not been reported, it is
plausible to hypothesize that a CTL program may also be induced in tumor-infiltrating
Trer cells within tumors that have downregulated their MHC I expression. Interestingly,
TGE-B signaling has been shown to promote differentiation of both CD4* CTLs>> 3¢ 57
and CD8* Trum cells® %8, whilst IL2 depletion may induce CXCL13 production and Trx
development®. Strikingly, both these signaling cues are abundant within tumors that
harbor Tregs, suggesting that such CD4" T cell plasticity may have evolved as a
mechanism to provide these TILs with survival fitness in such immunosuppressive 1L2-
deprived environments. Applicants utilized a number of complementary methods and
provided a spatially resolved analysis to confirm the presence and location of these
GZMB- and CXCL13-expressing CD4* TILs. These results warrant further in vivo
studies in mouse models of tumor to elucidate the temporal dynamics of the development

of this novel subset and their functional role in tumor elimination.

[0298] In further dissecting the molecular profile of the Trg-like CD4" TILs using single
cell resolution, Applicants revealed Tru features in both the CXCRS5* and CXCR5™ CD4*
T cell subsets. These results are consistent with recent studies, which demonstrated the
presence of CXCL13-producing Tru cells that lacked CXCRS expression both in breast
cancer and rheumatoid arthritis*> *°. An additional finding from these studies was that
the superior functional properties such as cytotoxicity, provision of CD8" ‘help’ and

proliferation observed in Trg-like CD4* TiLs, specifically resided in the CXCRS5™ subset.

{0299] Thus, this study has not only revealed a close link between Tru program in CD47
TILs and robust CD8" CTL and Trv response within tumors, but has also shed light on
the distinct functional potential of the Try-like CXCRS5 CD4" TiLs. Experimental
validation of these findings in vive in murine models will enable further understanding

of the mechanisms underlying generation of these cells and their functional significance
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in anti-tumor immune responses. These findings suggest that eliciting a Tru program in
CD4" T cells may be an important component of immunotherapies and vaccination
approaches aimed to generate robust and durable CDS* CTL and TrM responses against

neo-antigens or shared tumor antigens.

[0300] Tru-like CD4* T cells are present within human tumors and enriched
following checkpoint blockade

[0301] The Applicants validated these findings in NSCLC by performing an integrated
analysis of nine published single-cell studies of CD4" TIL transcriptomes (n=25,149)
derived from six different cancers. Consistent with the data provided herein, a distinct
cluster of CXCL13-expressing cells (cluster 3) was found, reported by some of these
studies as “exhausted”, which indeed displayed Trm program (Fig. 12A). Remarkably,
cluster 6, which was composed of proliferating cells, also exhibited CXCL/3 transcript
expression and Tem cell features, indicating that CXCLI3-expressing cells were not
exhausted. In addition to the presence of CXCLI3-expressing cells, expression of GZMB
transcripts by a fraction of the CXCLI3-expressing cells (Fig. 12B) was also found.
Although the CXCLI3-expressing cells displayed functional features such as
proliferation and cytotoxic potential, higher PDCD] transcript expression by CXCLI3-
expressing cells relative to CXCLI3-non-expressing cells (Fig. 12C) was discovered,
showing that CXCL13-expressing cells may be a potential target of anti-PD1 therapy and
may contribute at least in part to the ensuing anti-tumor immune response. In support of
this, GSEA showed significant enrichment of Tra gene signatures within tumors
following checkpoint blockade and there was a trend for increased proportion of
CXCLI3-expressing cells in tumors post-PD1 therapy when compared to matched pre-
therapy tumors (Fig. 12D). Furthermore, differential gene expression analysis of
CXCLI3-expressing cells in tumors post-PD1 therapy relative to matched tumors pre-
PD1 therapy, showed over 100 upregulated transcripts including that of CXCL13, GZMH
and those involved in pathways such as CTL-mediated apoptosis, antigen presentation,
cell cycle and fatty acid activation (Fig. 12E). Overall, meta-analysis of large published
single cell datasets derived from a range of human cancers confirm the presence of Trn.
like cells with unique functional features within tumors and their enrichment following
PD1-blockade therapies.

[0302] Induction of Trg by immunization bolsters CD8" CTL response and impairs

tumor growth

82



WO 2020/041776 PCT/US2019/048036

[0303] In order to evaluate the functional role of Trn cells in anti-tumor immunity
in vivo, the Applicants utilized the B16F10-OV A syngeneic mouse tumor model. The
Applicants subcutaneously injected C57BL/6 mice with B16F10-OV A, a melanoma cell
line engineered to express the exogenous antigen chicken ovalbumin (OVA). In this
widely established model, the aggressive growth of the B16F10-OVA is unhindered by
immunotherapy. To assess the impact of Tru responses, OT-II mice were first immunized
with OV A-alum, an approach known to generate Tru cells, and adoptively transferred
purified OT-1I Teu cells or OT-II Terrcells to tumor-bearing mice at 11 days post-tumor
inoculation. Significant impairment of tumor growth immediately following OT-1I Tru
transfer was found when compared with that following OT-II Tegr transfer or no transfer
at all; however, the restraint in tumor growth was not sustained, likely due to the attrition
of the transferred OT-II Tex cells (Fig. 13A). The Applicants employed a second strategy
to validate previous findings by transferring OT-II cells and immunized tumor-bearing
mice with OVA-alum (by footpad and tail-base injection), an approach well established
for the induction of Tru cells in secondary lymphoid organs. The Applicants found
significant reduction in tumor volumes in the mice that received OT-II transfer and
immunization relative to control mice that received OT-II transfer alone (Fig. 13B). The
tumors in immunized mice were marked by an increased frequency of infiltrating T cells.
Tru cells were increased in tumors of immunized mice relative to unimmunized mice,
demonstrating the capacity of Tru cells in lymph nodes to home to tumors. In addition,
the proportion of proliferating Trx cells (Ki-67* Trr cells) were increased in tumors of
immunized mice compared to unimmunized mice (Fig. 13B). Trn infiltration was also
accompanied by increased frequency of CD8" T cells, higher proportions of which were
Cd39* and Pd1* in immunized mice, indicating enhanced activation following antigen-
specific engagement. Furthermore, greater number of tumor-infiltrating CD8* T cells
from immunized mice expressed granzyme B and Ki-67, implying greater cytotoxic
potential and cell proliferation (Fig. 13B). Taken together, these results revealed that
induction of Trx response functionally bolsters anti-tumor CD8* CTL response and
improved tumor control.

[0304] Example 2: Cell Isolation

[0305] This example provides an exemplary method for isolating cells using flow
cytometry.

[0306] A sample comprising a plurality of cells is contacted with the following
antibodies: anti-CXCR5-BB515 (RF8B2; BD Biosciences), anti-CXCL13 (MA3-23629;
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ThermoFisher), and anti-CD4-BV510 (OKT4; Biolegend) for flow cytometric analysis
and sorting. Cells that were positive for CXCL13 and CD4, but negative for CXCRS

were isolated from the sample.

[0307] Example 3: Differentiating CXCL13* Th cells in vitro

{6308] This example provides an exemplary method of differentiating CXCL13-
expressing helper T cells in vitro. They culture cells in TGF-p+, IL-2-neutralizing culture
conditions that give rise to PD1hiCXCR5-CD4+ T cells that preferentially express
CXCL13.

[0309] Healthy human naive CD4" T cells were isolated from PBMCs and differentiated
under several inflammatory conditions in vitro. TGF-B-positive conditions induced
CXCL13-producing CD4" T cells that were highly positive for PD-1 and negative for
CXCRS. IL-2-neutralizing antibody was added to the culture conditions, which resulted
in a significant upregulation of CXCL13 production by PD-1MCXCR5 CD4*T.
Specifically, TGF-B-positive, IL-2-limiting conditions, which are consistent with local
inflamed sites in several inflammatory diseases, gave rise to CXCL13-producing PD-
1MCXCR5CD4* T cells in vitro. For additional details, see Yoshitomi, H., Kobayashi,
S., Miyagawa-Hayashino, A., Okahata, A., Doi, K., Nishitani, K., Murata, K., Ito, H.,
Tsuruyama, T., Haga, H. and Matsuda, S., 2018. Human Sox4 facilitates the development
of CXCLI13-producing helper T cells in inflammatory environments. Nature
communications, 9(1), p.3762, which is incorporated by reference in its entirety.

[0310] Example 4: In vitro differentiation of Tfh-like cells expressing CD4, IL-21,
PD-1, CXCR5+ and producing IL-21, IFN-gamma, but are SAP-deficient
(Sh2d1a™")

[0311] This example provides an exemplary method for in vitro differentiation of Tth-
like cells expressing CD4, IL-21, PD-1, CXCRS5+ and producing IL-21, IFN-gamma, but
are SAP-deficient (Sh2d1a™")

[0312] To evaluate differentiation of a Tth-like cell population in vitro, sorted naive
CD4* T cells from OT-1I mice were stimulated in the presence of antigen presenting cells
(e.g. mitomycin-treated T-depleted splenocytes) and neutralizing antibodies against IL-
4, IL-12, IFNy and TGF-p, along with IL-6 and IL-21, cytokines important for Tth cell
differentiation in vivo and IL-21 production in vitro. For additional details, see Lu, K.T.,
Kanno, Y., Cannons, J.L., Handon, R., Bible, P., Elkahloun, A.G., Anderson, S.M., Wei,
L., Sun, H., O’Shea, J.J. and Schwartzberg, P.L., 2011. Functional and epigenetic

analyses of in vitro-generated and in vivo-derived interleukin-21-producing follicular T
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helper-like cells. Immunity, 35(4), p.622, which is incorporated by reference in its
entirety.

[0313] Example 5: Isolation of Tfh cells from mice

[0314] This example provides an exemplary method for isolating Tth cells from mice.
[0315] CD4* T cells are isolated by anti-CD4 microbeads (Miltenyi Biotec, Bergisch
Gladbach, Germany), and CD4*CD25 CD44 CD62L" naive T cells isolated from pooled
spleen and peripheral lymph nodes of naive C57BL/6 mice. CD4"PD-1"CXCRS5" Tth
cells were isolated from the draining lymph nodes of mice. Treg cells isolated from
Foxp3Rf* mice using Treg isolation kit (Miltenyi Biotec) were stimulated using Treg
expansion kits (Miltenyi Biotec), according to the manufacturer’s protocols with a small
modification (50 U/ml of mlIL-2, instead of 1000 U/ml). Cells were cultured in RPMI
1640 medium (Lonza, Houston, TX, USA) supplemented with 10% FBS, 55 uM 2-
mercaptoethanol, 2 mM L-glutamine, 100 units penicillin-streptomycin (all from Gibco,
Carlsbad, CA, USA), and 10 pg/ml gentamicin (Sigma-Aldrich, St. Louis, MO, USA).
For additional details, see Kim, Y.U., Kim, B.S., Lim, H., Wetsel, R.A. and Chung, Y.,
2017. Enforced Expression of CXCRS Drives T Follicular Regulatory-Like Features in
Foxp3+ T Cells. Biomolecules & therapeutics, 25(2), p.130, which is incorporated by
reference in its entirety.

[0316] Example 6: Isolating and expanding Tregs from mice, then genetically
modifying Treg cells by retrovirally introducing gene of interest.

[0317] This example provides an exemplary method for isolating and expanding Tregs
from mice, followed by genetic modification of the Treg cells to introduce a gene of
interest by retroviral transduction

[0318] Mouse Cxcr5 cDNA PCR fragment was ligated into RVKM-IRES-Gfp retroviral
vector (RV). 10 pg of pCL-Eco packaging vector with 10 ug of RV-empty vector or RV-
Cxcr5 were co-transfected into the 293T cells using calcium phosphate/chloroquine (100
uM, Sigma, St. Louis, MO, USA) method. Twenty four hours later, stimulated Treg cells
were transduced with RV-empty vector or RV-Cxcer5in the presence of 8 pg/ml of
polybrene (Sigma). For additional details, see Kim, Y.U., Kim, B.S., Lim, H., Wetsel,
R.A. and Chung, Y., 2017. Enforced Expression of CXCRS5 Drives T Follicular
Regulatory-Like Features in Foxp3+ T Cells. Biomolecules & therapeutics, 25(2), p.130,
which is incorporated by reference in its entirety.

[0319] Example 7: Generation of Tth-like cells in vitro
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[0320] This example provides an exemplary method for generating Tfh-like cells in vitro
by co-culturing CD4+ T cells from mouse PBMCs with antigen-specific dendritic cells
or B cells expressing a transgenic B cell receptor (BCR) with the antigen of interest. Cells
were cultured in R10 medium (RPMI-1640 (Gibco, Gaithersburg, MD), supplemented
with 10% fetal calf serum, 50 IM b-mercaptoethanol, 10 mM HEPES buffer and
penicillin-streptomycin). CD4+ T cells were plated and then B cells were added in a ratio
of 1:2 (B:T) or DCs were added in a ratio of 1:5 (DC:T) and incubated for 3 or 6 days in
the presence of different stimuli. After co-culture, the cells were collected and stained
with anti-B220, CD4, CXCRS5, GL-7, ICOS, PD-1 and CD40L antibodies for surface
expression and with anti-BCL-6, T-bet, GATA3, IL-21, IL-4 and IFN-c antibodies for
intracellular proteins. For additional details, see Kolenbrander, A., Grewe, B., Nemazee,
D., Uberla, K. and Temchura, V., 2018. Generation of T follicular helper cells in vitro:
requirement for B-cell receptor cross-linking and cognate B-and T-cell
interaction. Immunology, 153(2), pp.214-224, which is incorporated by reference in its
entirety.

[0321] Note that titles or subtitles may be used throughout the present disclosure for
convenience of a reader, but in no way should these limit the scope of the disclosure.
Moreover, certain theories may be proposed and disclosed herein; however, in no way
they, whether they are right or wrong, should limit the scope of the disclosure so long as
the disclosure is practiced according to the present disclosure without regard for any

particular theory or scheme of action.

[0322] All references cited throughout the specification are hereby incorporated by

reference in their entirety for all purposes.

[0323] It will be understood by those of skill in the art that throughout the present
specification, the term “a” used before a term encompasses embodiments containing one
or more to what the term refers. It will also be understood by those of skill in the art that
throughout the present specification, the term “comprising”, which is synonymous with

b NS

“including,” “containing,” or “characterized by,” is inclusive or open-ended and does not

exclude additional, un-recited elements or method steps.

[0324] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure pertains. In the case of conflict, the present document, including definitions

will control.
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[0325] As used in the present disclosure, the terms “around”, “about” or “approximately”
shall generally mean within the error margin generally accepted in the art. Hence,
numerical quantities given herein generally include such error margin such that the terms

“around”, “about” or “approximately” can be inferred if not expressly stated.

[0326] With respect to ranges of values, the disclosure encompasses the upper and lower
limits and each intervening value between the upper and lower limits of the range to at
least a tenth of the upper and lower limit's unit, unless the context clearly indicates

otherwise. Further, the disclosure encompasses any other stated intervening values.

[0327] Although various embodiments of the disclosure have been described and
illustrated, it will be apparent to those skilled in the art in light of the present description
that numerous modifications and variations can be made. The scope of the disclosure is

defined more particularly in the appended claims.
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Table 1. Related to Figures 1, 3 and 4; FIG. 9
Demographic, clinical and histopathological characteristics of NSCLC patients.

A. Patient cohort used for bulk RNA sequencing

NSCLC_01 72 F ITA 2b 0 0
NSCLC_02 84 F ITA 1b 1 0
NSCLC_03 72 F I11A 4 0 0
NSCLC_04 68 M ITA 2b 0 0
NSCLC_05 63 M IB 2a 0 0
NSCLC_06 77 F IITA 2a 2 0
NSCLC_07 79 M 1B 3 0 0
NSCLC_08 80 M IB 2a 0 0
NSCLC_09 51 F IB 2a 0 0
NSCLC_10 70 F IA 1b 0 0
NSCLC_11 73 M 1B 2a 0 0
NSCLC_12 69 F IB 2a 0 0
NSCLC_13 70 M IITA 3 2 0
NSCLC_14 76 M IA 1b 0 0
NSCLC_15 77 M 1A 2b 2 0
NSCLC_16 50 M IB 2b 0 0
NSCLC_17 87 M IA la 0 0
NSCLC_18 65 F IA la 0 0
NSCLC_19 64 M IB la/2a 0 0
NSCLC_20 74 M 1IB 2b 1 0
NSCLC_21 60 F IA 1b 0 0
NSCLC_22 68 F N/A la 0 0
NSCLC_23 74 M N/A 2a 0 0
NSCLC_24 72 F 1B 2a 0 0
NSCLC_25 72 M IA 1b 0 0
NSCLC_26 67 M IB 2a 0 0
NSCLC_27 81 F 111B 4 2 0
NSCLC_28 72 M IV la 0 1B
NSCLC_29 75 M IITA 3 1 0
NSCLC_30 N/A N/A N/A 3 1 N/A
NSCLC_31 58 F IA la 0 0
NSCLC_32 75 F 1B 3 0 0
NSCLC_33 66 M IA la 0 0
NSCLC_34 77 F IB 2a 0 0
NSCLC_35 81 M IA la 0 0
NSCLC_36 68 M IA 1b 0 0
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NSCLC_37 68 F ITA 2a 1 0
NSCLC_38 69 M 1B 1b 0 0
NSCLC_39 67 M 11B 3 0 0
NSCLC_40 77 F ITA 2a 1 0
NSCLC_41 83 M ITA 2b 0 N/A
NSCLC_42 76 M 1B 2a 0 0
NSCLC_43 74 M 1A la 0 0
NSCLC_44 81 F 11B la 0 0
NSCLC_45 74 M 11B 3 0 0
NSCLC_01 0 Never No Neg Neg adenocarcinoma
NSCLC_02 0 Ex No Neg Neg adenocarcinoma
NSCLC_03 0 Current No Neg Neg adenocarcinoma
squamous
NSCLC_04 0 Ex No Neg Neg carcinoma
NSCLC_05 0 Ex No Neg Neg adenocarcinoma
NSCLC_06 1 Never No Neg Neg adenocarcinoma
squamous
NSCLC_07 0 Ex No Neg Neg carcinoma
1 Ex squamous
NSCLC_08 N/A Neg Neg carcinoma
NSCLC_09 0 Never No Neg Pos adenocarcinoma
NSCLC_10 1 Ex N/A Neg Neg adenocarcinoma
NSCLC_11 0 Ex No Neg Neg adenocarcinoma
NSCLC_12 0 Ex No Neg Neg adenocarcinoma
NSCLC_13 1 Ex Yes Neg Neg adenocarcinoma
squamous
NSCLC_14 0 Current No Neg Neg carcinoma
NSCLC_15 0 Ex Yes Neg Neg adenocarcinoma
NSCLC_16 0 Current No N/A Neg adenocarcinoma
NSCLC_17 0 Ex No Neg Neg adenocarcinoma
NSCLC_18 1 Ex No Neg Neg adenocarcinoma
NSCLC_19 0 Ex Yes Neg Neg adenocarcinoma
squamous
NSCLC_20 0 Ex No Neg Neg carcinoma
NSCLC_21 1-2 Ex No Neg Neg adenocarcinoma
NSCLC_22 0 Ex No N/A N/A adenocarcinoma
NSCLC_23 1 Ex No Neg Neg adenocarcinoma
NSCLC_24 0 Ex No Neg Neg adenocarcinoma
NSCLC_25 1 Ex No Neg Neg adenocarcinoma
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squamous
NSCLC_26 0 Ex Yes Neg Neg carcinoma
NSCLC_27 1-2 Never No Neg Neg adenocarcinoma
NSCLC_28 1 Ex No Neg Neg adenocarcinoma
squamous
NSCLC_29 0 Current Yes Neg Neg carcinoma
squamous
NSCLC_30 N/A N/A N/A N/A N/A carcinoma
NSCLC_31 0 Current No Neg Neg adenocarcinoma
NSCLC_32 1 Never No Neg Neg adenocarcinoma
NSCLC_33 0 Ex No Neg Neg adenocarcinoma
NSCLC_34 1 Ex No Neg Neg adenocarcinoma
squamous
NSCLC_35 1 Ex Yes N/A N/A carcinoma
squamous
NSCLC_36 0 Current No Neg Neg carcinoma
NSCLC_37 1 Ex No Neg Neg adenocarcinoma
NSCLC_38 0 Ex No N/A N/A adenocarcinoma
squamous
NSCLC_39 1 Current Yes Neg Neg carcinoma
NSCLC_40 0 Ex No Neg Pos adenocarcinoma
squamous
NSCLC_41 N/A N/A N/A N/A N/A carcinoma
NSCLC_42 0 Ex No Neg Neg adenocarcinoma
NSCLC _43 0 Ex No N/A N/A adenocarcinoma
squamous
NSCLC_44 N/A N/A N/A N/A N/A carcinoma
NSCLC_45 N/A N/A N/A N/A N/A adenocarcinoma

NSCLC_01 28.1 High Intermediate Yes Yes Yes 7
NSCLC_02 11.4 Intermediate High Yes No Yes 13
NSCLC_03 9.9 Intermediate | Intermediate Yes Yes Yes 6
NSCLC_04 17.5 High Low Yes Yes Yes 21
NSCLC_05 21.2 High High Yes Yes Yes 5
NSCLC_06 4.8 Low Low Yes Yes Yes 30
NSCLC_07 0.3 Low N/A Yes Yes N/A N/A
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NSCLC_08 18.6 High High Yes Yes Yes 27
NSCLC_09 9.6 Intermediate | Intermediate Yes Yes Yes 18
NSCLC_10 12.6 Intermediate | Intermediate Yes Yes Yes 17
NSCLC_11 3.7 Low Intermediate Yes Yes Yes 24
NSCLC_12 6.8 Low Intermediate Yes Yes Yes 32
NSCLC_13 4.1 Low Low Yes Yes Yes 20
NSCLC_14 2.7 Low Intermediate Yes Yes Yes 23
NSCLC_15 28.2 High High Yes Yes Yes 9
NSCLC_16 7.1 Low High Yes No Yes 10
NSCLC_17 32.7 High High Yes Yes Yes 1
NSCLC_18 3.0 Low Intermediate Yes Yes Yes 11
NSCLC_19 23.2 High High Yes Yes Yes 2
NSCLC_20 8.6 Intermediate High Yes Yes Yes 8
NSCLC_21 10.7 Intermediate | Intermediate Yes Yes Yes 33
NSCLC_22 6.5 Low Low Yes Yes Yes 15
NSCLC_23 8.3 Intermediate Low Yes No Yes 14
NSCLC_24 38.7 High High Yes No Yes 34
NSCLC_25 15.6 High High Yes No Yes 3
NSCLC_26 14.7 High Intermediate Yes No Yes 22
NSCLC_27 4.3 Low Low Yes Yes Yes 35
NSCLC_28 10.3 Intermediate Low Yes No Yes 25
NSCLC_29 9.7 Intermediate N/A Yes Yes N/A N/A
NSCLC_30 15.0 High Low Yes Yes Yes 12
NSCLC_31 29.1 High N/A Yes Yes N/A N/A
NSCLC_32 6.3 Low N/A Yes No N/A N/A
NSCLC_33 10.1 Intermediate | Intermediate Yes Yes Yes 28
NSCLC_34 10.8 Intermediate Low Yes No Yes 29
NSCLC_35 0.7 Low N/A Yes Yes N/A N/A
NSCLC_36 2.7 Low N/A Yes No N/A N/A
NSCLC_37 9.2 Intermediate High Yes Yes Yes 19
NSCLC_38 2.8 Low N/A Yes Yes N/A N/A
NSCLC_39 4.4 Low Low Yes Yes Yes 31
NSCLC_40 6.3 Low Low Yes Yes Yes 36
NSCLC_41 11.4 Intermediate | Intermediate Yes No Yes 16
NSCLC_42 6.4 Low N/A Yes Yes N/A N/A
NSCLC_43 5.0 Low N/A Yes No N/A N/A
NSCLC_44 10.8 Intermediate | Intermediate Yes No Yes 26
NSCLC_45 80.3 High Intermediate Yes No Yes 4

Data not available is indicated by ‘N/A’.

“ALK translocation status” negative indicates the absence of a translocation involving

anaplastic lymphoma kinase gene (ALK)
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“EGFR mutation status” positive indicates presence of activating mutations in epidermal

growth factor receptor gene (EGFR)

NSCLC_50 58 F 1A 1A 0
NSCLC_51 60 F 2A 2B 0
NSCLC_52 75 M 1A 1B 0
NSCLC_53 64 M 1B 2A 0
NSCLC_54 59 M 1B 2A 0
NSCLC_55 64 M 1B 2A 0

NSCLC_50 0 0 Current N/A adenocarcinoma
NSCLC_51 0 1 Ex N/A adenocarcinoma
NSCLC_52 N/A N/A Ex No adenocarcinoma
NSCLC_53 N/A 0 Current N/A adenocarcinoma
squamous
NSCLC_54 N/A 0 Ex No carcinoma
NSCLC_55 N/A N/A Ex No adenocarcinoma

NSCLC_50 34.3 High High Yes No
NSCLC_51 32.5 High High Yes Yes
NSCLC_52 29.7 High Intermediate Yes No
NSCLC_53 25.2 High Low Yes Yes
NSCLC_54 30.1 High Low Yes No
NSCLC_55 47.1 High High Yes No

Data not available is indicated by ‘N/A’.
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Table 2. Related to FIG. 1.

PCT/US2019/048036

List of differentially expressed genes in CD4* TILs versus N-TILs.

AASS 1.14 1.98E-05 6.12E-04
ABL?2 -0.78 8.21E-04 1.30E-02
ACE -0.81 1.25E-03 1.80E-02
ACO! -0.73 4.12E-03 4.53E-02
ACOTI -0.92 1.55E-03 2.13E-02
ACOT?2 -0.61 2.70E-03 3.29E-02
ACOT7 -0.70 1.96E-03 2.57E-02
ACTG2 1.09 5.98E-04 1.02E-02
ACTNI -0.73 2.20E-03 2.80E-02
ACVRLI -1.56 5.28E-07 2.65E-05
ADAMTSLA -1.87 1.33E-09 1.15E-07
ADARBI -0.76 6.41E-04 1.08E-02
ADAT? 1.20 1.89E-08 1.27E-06
ADRB2 -1.49 1.94E-08 1.30E-06
AGPAT4 -0.98 4.68E-04 8.41E-03
AGPATH4-ITI -0.90 3.69E-03 4.17E-02
AGTPBPI -0.62 1.75E-03 2.34E-02
AHII 0.76 2.71E-06 1.10E-04
AHNAK -0.85 3.73E-16 1.31E-13
AlF] -1.26 1.78E-06 7.79E-05
AIM 1 -0.63 3.77E-06 1.47E-04
AKAPS 0.83 3.12E-04 5.99E-03
AKIRIN?2 -0.80 1.65E-06 7.39E-05
ALDH? -2.67 5.64E-21 4.57E-18
ALDH3B1 -1.74 2.19E-09 1.79E-07
ALDH7A] -1.00 1.44E-03 2.02E-02
ALOX1S5 -1.01 6.11E-04 1.04E-02
ALOXS5 -2.09 3.31E-18 1.53E-15
AMOTLI -0.93 1.62E-03 2.20E-02
ANKRD?28 -1.18 1.15E-12 1.90E-10
ANKSIB 1.72 8.20E-10 7.52E-08
ANPEP -1.96 5.47E-10 5.19E-08
ANXAI -1.39 8.70E-29 2.82E-25
ANXA2 -1.11 7.60E-23 1.10E-19
ANXA2P2 -0.95 9.40E-09 6.90E-07
ANXAS -0.66 2.39E-07 1.28E-05
AP3DI1 -0.61 4.92E-04 8.74E-03
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AP4E] -0.64 2.02E-03 2.62E-02
APOBEC3A -0.95 1.83E-03 2.43E-02
APOBEC3H -0.64 3.16E-03 3.74E-02
APOCI -1.47 1.86E-08 1.26E-06
APOE -1.05 1.06E-05 3.57E-04
APOLA -1.58 9.23E-09 6.81E-07
APOLDI 0.76 3.27E-07 1.72E-05
AQP9 -1.15 1.21E-04 2.78E-03
ARHGAPI0 -0.71 8.08E-04 1.28E-02
ARHGAP26 -0.76 3.00E-04 5.80E-03
ARHGEFIOL -1.02 3.13E-04 5.99E-03
ARLAA -0.61 2.69E-04 5.27E-03
ARRB?2 -0.59 5.47E-14 1.18E-11
ARRDC4 -1.66 1.14E-07 6.51E-06
ARSB -0.72 1.35E-04 3.00E-03
ASAH]I -0.76 1.34E-08 9.39E-07
ASB2 1.12 1.73E-06 7.69E-05
ATMIN -1.08 6.08E-06 2.23E-04
ATP2B1 -1.05 2.36E-12 3.61E-10
ATPAF?2 0.85 2.97E-04 5.75E-03
AVPl] -0.94 1.55E-03 2.12E-02
AXL -1.62 2.82E-10 2.86E-08
B3GNT7 -1.20 9.79E-05 2.32E-03
B4GALTS -1.14 5.64E-06 2.09E-04
BACE1 -0.82 1.06E-03 1.60E-02
BATF 0.58 6.80E-07 3.38E-05
BHLHEA40 -0.64 1.69E-06 7.52E-05
BHLHE41 -1.10 2.80E-04 5.45E-03
BPIFBI -1.17 9.80E-05 2.32E-03
BRI3 -0.90 6.22E-06 2.26E-04
BTLA 1.40 9.52E-14 1.96E-11
Cl10orf28 0.65 4.19E-03 4.58E-02
C120rf75 -0.62 1.30E-05 4.23E-04
Cl3orfl5 -0.95 2.23E-09 1.81E-07
Cl4orfl82 0.87 9.57E-04 1.47E-02
Cl6orf45 1.24 2.33E-05 7.04E-04
Cl6orf54 -0.69 2.99E-14 6.94E-12
C190rf59 -2.87 4.27E-22 5.54E-19
Clorfl62 -0.99 3.71E-13 6.79E-11
Clorfl§2 0.89 4.49E-03 4.84E-02
Clorf21 -0.88 3.71E-03 4.18E-02
Clorf38 -1.00 1.21E-09 1.06E-07
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CIQA -1.96 3.35E-13 6.21E-11
Cl10B -2.05 9.83E-15 2.50E-12
cl10C -1.80 4.92E-12 7.06E-10

C2 -1.36 1.22E-05 4.01E-04
C2201129 0.66 3.48E-03 4.03E-02
C5AR] -1.60 2.28E-07 1.23E-05
CSorf62 -0.65 4.26E-03 4.63E-02
C6orfl108 1.17 1.01E-33 6.54E-30
CY9orf21 -1.14 2.94E-07 1.56E-05
C90rf89 -0.66 2.64E-05 7.63E-04
CA5B -0.96 1.72E-08 1.18E-06
CADM1 1.34 6.04E-07 3.02E-05
CAPG -0.77 3.81E-07 1.97E-05
CAPS -0.75 2.39E-04 4.81E-03
CASS4 -0.95 8.51E-05 2.06E-03
CCDCl112 -0.97 1.23E-03 1.78E-02
CCDC50 0.86 8.32E-06 2.90E-04
CCDC84 0.72 2.76E-04 5.38E-03
CCDC8SA -1.25 4.19E-07 2.14E-05
CCLIS -1.16 9.34E-05 2.23E-03
CCL20 0.88 1.36E-04 3.01E-03
CCL22 1.55 5.69E-09 4.43E-07
CCL4 -0.88 3.30E-06 1.31E-04
CCLS5 -0.67 1.06E-07 6.10E-06
CCNDI 0.96 1.63E-03 2.21E-02
CCNG2 0.85 1.04E-03 1.59E-02
CCPI110 -0.74 1.99E-03 2.60E-02
CCRS 1.13 1.74E-06 7.70E-05
CDI163 -1.14 2.50E-04 4.98E-03
CD177 1.43 1.95E-06 8.41E-05
CD200 1.79 1.68E-09 1.42E-07
CD27 1.18 1.31E-17 5.68E-15
CD300C -1.49 2.71E-06 1.10E-04
CD300LF -1.48 2.88E-06 1.16E-04
CD36 -1.34 4.27E-06 1.65E-04
CD55 -0.82 6.44E-14 1.37E-11
CD63 -0.67 1.78E-08 1.22E-06
CD68 -1.89 8.01E-14 1.68E-11
CD7 0.95 1.98E-18 9.51E-16
CD70 0.61 3.48E-03 4.02E-02
CD79A 1.02 1.30E-03 1.86E-02
CD79B 0.84 3.60E-07 1.86E-05
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CcDY -0.98 4.36E-05 1.14E-03
CD97 -1.09 8.13E-19 4.23E-16
CDC42BPB -1.25 7.36E-05 1.82E-03
CDCPI -1.28 4.99E-06 1.89E-04
CDHR3 -0.93 6.91E-04 1.14E-02
CDK?2 0.68 2.66E-03 3.25E-02
CDKN2D -0.74 7.92E-05 1.93E-03
CDT1 -0.97 5.63E-04 9.75E-03
CEACAMS 0.95 1.47E-03 2.05E-02
CEACAMG6 1.03 1.06E-03 1.60E-02
CEBPB -0.89 3.17E-10 3.12E-08
CEBPD -0.83 1.61E-03 2.18E-02
CECRI -0.82 9.39E-07 4.48E-05
CES] -2.51 9.42E-19 4.70E-16
CFD -1.44 1.01E-06 4.82E-05
CHNI 0.85 1.95E-05 6.09E-04
CHPTI -0.82 1.82E-03 2.43E-02
CHRNA6 1.19 1.08E-04 2.52E-03
CHST2 1.09 2.60E-04 5.14E-03
CISH -0.65 7.97E-04 1.27E-02
CITED4 -0.84 4.00E-03 4.42E-02
CKS?2 0.64 1.68E-03 2.26E-02
CLECI2A -0.97 2.05E-03 2.64E-02
CLEC4A -0.87 3.61E-03 4.13E-02
CLEC4E -0.84 3.43E-03 3.99E-02
CLU -1.19 3.93E-11 4.96E-09
COL9A2 1.05 1.80E-04 3.82E-03
coQ2 -0.89 1.22E-03 1.77E-02
CPA5 1.13 1.81E-04 3.82E-03
CPTIA -0.77 5.14E-05 1.33E-03
CPVL -1.27 1.99E-05 6.17E-04
CRIM1 -0.91 2.41E-05 7.24E-04
CRIP] -0.84 1.19E-15 3.86E-13
CRIP2 -1.35 1.86E-09 1.55E-07
CSDA -0.85 4.46E-03 4.81E-02
CSF1 0.79 1.75E-06 7.72E-05
CST3 -1.72 2.98E-12 4.45E-10
CSTA -1.63 1.22E-07 6.93E-06
CTBP2 -0.95 1.10E-03 1.65E-02
CTDP! -0.66 1.04E-03 1.59E-02
CTLA4 0.94 2.99E-14 6.94E-12
CTSD -1.01 1.48E-09 1.27E-07
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CTSH -0.80 2.43E-07 1.30E-05
CTSS -0.84 1.14E-08 8.18E-07
CTSwW -0.99 1.88E-06 8.20E-05
CTTN 0.89 2.70E-03 3.29E-02
CTUl -0.94 7.76E-04 1.25E-02
CUL9 0.59 1.33E-04 2.99E-03

CX3CRI -1.06 4.65E-04 8.38E-03
CXCLI3 2.59 6.50E-20 4.45E-17
CXCLI6 -1.55 1.67E-09 1.42E-07
CXCL2 -0.95 2.71E-03 3.30E-02
CXCL3 -1.43 6.62E-06 2.39E-04
CXCL5 -0.95 9.33E-04 1.44E-02
CXCR?2 -2.44 1.54E-15 4.56E-13
CXCR5 1.18 7.01E-06 2.51E-04
CYBB -1.89 2.48E-11 3.22E-09
CYP27A1 -2.11 5.88E-13 1.05E-10
CYP4F22 -1.05 5.77E-04 9.93E-03
CYP51A] -1.15 1.32E-12 2.14E-10
CYP7B1 1.20 8.56E-05 2.06E-03
D4S234E -0.65 1.91E-03 2.52E-02
DAB?2 -1.36 8.15E-06 2.85E-04
DDAH?2 -0.66 4.14E-03 4.54E-02
DENND2D 0.79 1.18E-10 1.31E-08
DENND4A -0.66 2.58E-04 5.11E-03
DENNDSA -1.30 1.97E-05 6.12E-04
DGKD -0.59 4.24E-03 4.62E-02
DHCR24 -0.94 4.82E-04 8.62E-03
DKK3 1.07 6.84E-04 1.13E-02
DNAHS8 1.52 1.06E-06 4.98E-05
DNAJA4 0.90 1.91E-04 3.99E-03
DNAJBI 1.07 6.32E-08 3.80E-06
DNAJB4 1.02 2.32E-04 4.71E-03
DOK3 -0.89 3.34E-03 3.92E-02
DOPEY? -0.62 2.40E-03 3.00E-02
DPP4 -0.81 1.22E-05 4.00E-04
DSC?2 -0.92 3.11E-03 3.69E-02
DSE -0.84 1.85E-03 2.45E-02
DSG?2 0.84 4.04E-03 4.46E-02
DTHD] 0.96 8.63E-04 1.35E-02
DUSIL -0.63 1.89E-03 2.49E-02
DUSPI6 0.81 2.36E-06 9.90E-05
DUSP2 0.60 3.53E-06 1.38E-04

105



WO 2020/041776 PCT/US2019/048036
DUSP4 0.78 3.80E-06 1.48E-04
EBI3 1.71 4.61E-09 3.62E-07
EID?2 -0.93 9.09E-04 1.41E-02
ELK2AP 1.47 1.05E-06 4.97E-05
ELOVL6 -0.90 3.27E-03 3.84E-02
EMILIN?2 -0.82 5.60E-04 9.73E-03
EMP] -1.05 4.84E-04 8.63E-03
EMP3 -0.61 8.27E-13 1.43E-10
EMR?2 -0.74 3.66E-03 4.16E-02
ENDOG -0.88 1.42E-03 1.99E-02
ENG -0.82 3.98E-04 7.34E-03
ENPP4 -0.85 1.14E-03 1.68E-02
ENTPDI] 1.38 1.16E-14 2.89E-12
EPB41L4A -1.35 1.16E-06 5.44E-05
EPHX2 1.02 4.05E-05 1.07E-03
EPSTII 0.61 1.79E-04 3.81E-03
ETS2 -0.82 6.43E-04 1.08E-02
ETV7 0.83 8.34E-04 1.31E-02
F5 1.10 2.64E-08 1.71E-06
FAAR2 0.97 8.46E-07 4.13E-05
FABP3 -1.23 2.45E-05 7.33E-04
FABP4 -3.10 8.05E-26 1.49E-22
FADS] -1.59 1.33E-08 9.39E-07
FADS3 -0.83 3.99E-03 4.42E-02
FAIM? 1.37 1.44E-05 4.64E-04
FAMI0IB -0.86 6.35E-11 7.53E-09
FAM159A -0.70 3.91E-03 4.35E-02
FAM174B 1.26 3.33E-05 9.16E-04
FAM211A -1.12 3.81E-04 7.08E-03
FAM212B -0.86 3.95E-03 4.39E-02
FAMO65B -0.63 2.46E-06 1.03E-04
FAMGS82A2 -0.92 7.07E-06 2.53E-04
FANKI 0.80 4.00E-03 4.42E-02
FAR2 -0.88 3.23E-04 6.16E-03
FBLN7 1.25 1.44E-10 1.56E-08
FBP] -1.77 7.11E-10 6.69E-08
FBXLS -0.90 4.17E-04 7.63E-03
FCERIG -1.58 5.97E-09 4.57E-07
FCGRIA -1.12 3.69E-04 6.89E-03
FCGR2A -1.63 2.60E-08 1.70E-06
FCGR3A -1.94 1.71E-12 2.71E-10
FCGR3B -1.26 6.61E-05 1.65E-03
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FCGRT -1.14 8.82E-07 4.24E-05
FCNI1 -1.24 9.00E-05 2.15E-03
FCRL3 1.27 8.66E-07 4.20E-05
FCRL6 -1.14 8.14E-05 1.97E-03
FEMIA -0.67 3.58E-03 4.11E-02
FGD?2 -1.38 1.17E-06 5.45E-05
FGD4 -0.77 2.01E-03 2.62E-02
FGFBP2 -1.77 8.63E-09 6.44E-07
FGR -1.83 2.60E-10 2.66E-08
FHADI -1.38 2.58E-06 1.06E-04
FIG4 -0.59 3.79E-03 4.24E-02
FLJ35776 0.81 4.22E-07 2.15E-05
FLJ39639 -0.88 3.68E-03 4.17E-02
FLNA -0.66 1.14E-20 8.73E-18
FLT] 1.04 7.44E-06 2.62E-04
FNI -1.96 1.32E-11 1.81E-09
FOSL2 -0.71 1.68E-03 2.27E-02
FOXP3 1.59 4.98E-20 3.59E-17
FPRI -1.23 1.01E-04 2.39E-03
FRMDA4A -0.79 3.00E-03 3.58E-02
FRMDA4B -0.84 4.41E-06 1.70E-04
FSDIL -0.92 3.74E-03 4.20E-02
FTHI -0.67 2.56E-10 2.64E-08
FTL -0.85 3.79E-08 2.37E-06
GAA -1.02 1.30E-04 2.92E-03
GAB3 -0.85 2.66E-08 1.72E-06
GADD45A 0.78 7.17E-07 3.56E-05
GADD45G 1.18 9.35E-07 4.48E-05
GALNT6 -0.83 2.08E-04 4.31E-03
GAS2L1 -1.20 5.82E-05 1.48E-03
GAS7 -1.16 2.58E-06 1.06E-04
GCNT?2 0.91 3.48E-03 4.02E-02
GEM 1.76 1.02E-08 7.37E-07
GFM?2 0.69 2.49E-03 3.09E-02
GLBIL -0.85 3.37E-03 3.94E-02
GLDN -1.71 4.54E-08 2.79E-06
GLIPR2 -0.74 1.32E-10 1.44E-08
GLT25D]1 -0.72 6.23E-06 2.26E-04
GLUL -1.33 1.33E-15 4.20E-13
GNG4 1.99 2.63E-16 9.75E-14
GNGS 1.17 2.23E-04 4.57E-03
GNLY -0.81 1.20E-05 3.98E-04
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GOLGA7B -0.84 4.56E-03 4.90E-02
GPA33 -1.13 2.73E-04 5.33E-03
GPDI -1.38 7.08E-06 2.53E-04
GPHN 0.74 2.01E-03 2.62E-02
GPNMB -0.96 3.34E-04 6.33E-03
GPRI114 -1.12 6.85E-05 1.70E-03
GPRI146 -0.90 3.73E-03 4.20E-02
GPRI174 0.88 1.88E-07 1.03E-05
GPX3 -0.98 1.46E-03 2.04E-02
GRAP 0.64 1.74E-06 7.69E-05
GRN -1.50 1.53E-12 2.45E-10
GSN -1.19 9.14E-06 3.11E-04
GZMB -0.77 1.24E-03 1.78E-02
GZMH -1.45 1.65E-13 3.31E-11
GZMK 0.74 1.21E-05 3.99E-04
HIFO 0.76 1.60E-03 2.18E-02
HAVCR?2 0.86 2.29E-05 6.98E-04
HBAI -1.38 1.14E-05 3.80E-04
HBA?2 -1.31 1.65E-05 5.29E-04
HBB -1.27 3.51E-05 9.53E-04
HBEGF -1.29 2.66E-05 7.63E-04
HCAR?2 -1.08 4.00E-04 7.36E-03
HCK -1.94 5.25E-11 6.43E-09
HCP5 0.63 3.72E-04 6.94E-03
HDGFRP3 -1.10 1.34E-04 3.00E-03
HDHD? 0.63 2.20E-03 2.80E-02
HEXB -0.59 1.04E-04 2.44E-03
HIATLI -0.66 2.66E-04 5.23E-03
HISTIH2AC 0.90 3.11E-06 1.24E-04
HISTIH3H 0.85 3.39E-03 3.96E-02
HIST2H2BE 0.96 8.28E-04 1.30E-02
HK2 -0.92 1.50E-03 2.08E-02
HK3 -1.94 7.78E-10 7.27E-08
HLA-DMB -0.86 1.31E-04 2.94E-03
HLA-DPAI -0.64 1.93E-06 8.34E-05
HLA-DPBI -0.67 7.71E-09 5.82E-07
HLA-DQAI -1.04 5.37E-08 3.26E-06
HLA-DQA?2 -0.72 1.09E-03 1.64E-02
HLA-DQBI -0.79 2.53E-05 7.47E-04
HLA-DQB?2 -0.75 1.90E-03 2.50E-02
HLA-DRA -1.51 6.71E-15 1.82E-12
HLA-DRBI -1.16 1.15E-12 1.90E-10
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HLA-DRB5 -1.13 5.70E-11 6.92E-09
HLA-DRB6 -1.23 7.51E-13 1.32E-10

HMG20A 0.61 1.41E-03 1.98E-02
HMGCS! -0.65 2.38E-03 2.99E-02
HNMT -1.22 7.32E-05 1.81E-03
HOPX -1.18 4.95E-12 7.06E-10
HP -1.49 2.33E-06 9.78E-05
HSDI17B13 -0.83 1.29E-03 1.85E-02
HSD3B7 -1.19 1.25E-04 2.86E-03
HSPAI4 -0.82 3.14E-05 8.73E-04
HSPAIA 1.45 2.04E-09 1.67E-07
HSPAIB 2.10 1.90E-15 5.36E-13
HSPA2 1.01 1.47E-03 2.05E-02
HSPA6 1.82 4.52E-10 4.38E-08
ICAl 2.28 2.71E-29 1.17E-25
ICOS 0.61 1.37E-06 6.30E-05
ID3 1.15 3.36E-06 1.33E-04
IFI30 -1.63 7.61E-11 8.75E-09
IFIT3 -0.76 2.64E-03 3.23E-02
IGF1 -0.82 1.76E-04 3.76E-03
IGF2R -0.64 1.41E-03 1.98E-02
IGFBP2 -1.17 2.23E-04 4.57E-03
IGFL2 1.03 1.12E-03 1.67E-02
IGLLS5 1.18 3.39E-05 9.32E-04
IGSF6 -1.25 7.40E-06 2.61E-04
IKZF?2 1.28 4.38E-07 2.22E-05
IKZF4 1.01 7.56E-04 1.22E-02
ILI2RB2 0.64 1.61E-03 2.18E-02
ILI3RAI -1.12 1.28E-04 2.91E-03
ILISR] 0.82 2.14E-06 9.05E-05
ILIR2 0.92 8.27E-04 1.30E-02
ILIRN -0.90 3.22E-03 3.80E-02
IL2IR 0.70 2.48E-04 4.96E-03
IL24 0.90 2.33E-03 2.93E-02
IL2RA 0.83 5.28E-08 3.23E-06
ILS -0.99 1.71E-03 2.29E-02
IMPDH1 -0.60 1.82E-04 3.84E-03
INHBA -2.13 1.39E-11 1.88E-09
INPP] 0.77 2.65E-03 3.24E-02
INPPSF 1.53 1.97E-13 3.88E-11
10CC -0.72 4.24E-03 4.62E-02
IQSEC? -0.92 3.02E-03 3.60E-02

109




WO 2020/041776 PCT/US2019/048036
IRAK3 -1.20 2.58E-05 7.54E-04
IRF8 -1.09 4.92E-04 8.74E-03
ITGAS -0.66 6.09E-04 1.03E-02
ITGAM -1.31 2.93E-05 8.24E-04
ITGAX -1.15 2.36E-05 7.12E-04
ITGB1 -0.68 9.21E-10 8.37E-08
ITGB7 -0.73 8.16E-15 2.12E-12
ITM2A 0.61 3.50E-09 2.79E-07
IVNSIABP -0.71 9.68E-11 1.10E-08
KCNE3 -1.29 3.60E-07 1.86E-05
KCNK5 1.31 1.21E-05 3.99E-04
KCNN4 0.62 3.95E-04 7.30E-03
KCTDI2 -0.96 2.51E-03 3.11E-02
KIAA0907 0.67 1.56E-04 3.40E-03
KIAA1324 0.81 2.95E-04 5.72E-03
KIAA1841 -0.84 6.25E-04 1.05E-02
KIAA2013 -0.62 2.23E-03 2.83E-02
KIF13B -0.89 2.88E-05 8.13E-04
KIF21B -0.74 3.20E-05 8.86E-04
KLFI11 -0.94 2.08E-03 2.66E-02
KLFI13 -0.63 8.89E-04 1.38E-02
KLF2 -1.09 1.15E-08 8.18E-07
KLF3 -0.97 9.02E-08 5.30E-06
KLF4 -1.10 4.66E-04 8.39E-03
KLF6 -0.74 1.99E-12 3.11E-10
KLF9 -0.88 5.86E-04 1.01E-02
KLRDI -0.97 2.54E-05 7.47E-04
KRTS 0.94 6.84E-04 1.13E-02
KYNU -0.98 1.86E-03 2.46E-02
LAG3 0.72 2.67E-04 5.25E-03
LAIR? 1.29 9.81E-12 1.37E-09
LAPTM4B 1.46 1.52E-08 1.06E-06
LAT2 -0.73 3.80E-03 4.25E-02
LAX] 0.66 7.14E-08 4.25E-06
LAYN 2.21 8.54E-16 2.84E-13
LDLR -1.62 1.18E-10 1.31E-08
LGALS1 -0.94 5.79E-11 6.96E-09
LGALS3 -0.96 1.15E-09 1.01E-07
LIF 0.91 4.13E-03 4.54E-02
LILRAS -1.83 3.06E-10 3.03E-08
LILRA6 -1.95 2.84E-13 5.43E-11
LILRBI -1.63 2.81E-08 1.80E-06
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LILRB3 -1.64 2.91E-10 2.92E-08
LINC00167 0.92 2.66E-03 3.25E-02
LINC00239 0.74 1.16E-03 1.71E-02
LINC00341 -0.89 1.53E-08 1.06E-06
LMCDI 1.14 1.29E-04 2.91E-03
LMF] -0.70 4.12E-03 4.53E-02
LMNA -1.68 1.18E-21 1.18E-18
LOC100129196 -0.82 3.17E-03 3.75E-02
LOC100131067 0.75 2.58E-03 3.18E-02
LOCI00131176 -1.10 4.20E-05 1.11E-03
LOC100507582 1.37 9.57E-09 6.98E-07
LOC286442 1.99 3.66E-11 4.67E-09
LOC387723 -0.84 2.68E-04 5.26E-03
LOC389641 0.80 1.11E-04 2.57E-03
LOC541471 0.86 2.38E-09 1.92E-07
LOC731424 -2.19 2.34E-14 5.74E-12
LPCAT2 -0.87 6.52E-04 1.09E-02
LPL -2.14 9.27E-12 1.31E-09
LRP] -2.01 3.95E-12 5.83E-10
LRRC2 0.85 7.52E-04 1.22E-02
LRRC25 -0.82 1.24E-03 1.79E-02
LRRN3 -1.02 3.55E-04 6.65E-03
LSS -1.12 1.93E-06 8.34E-05
LST1 -0.90 2.18E-05 6.69E-04
LTA 0.81 5.51E-06 2.05E-04
LTA4H -0.84 3.99E-05 1.06E-03
LY86 -0.97 2.25E-03 2.84E-02
LYAR -0.60 3.45E-05 9.45E-04
LYN -0.92 3.73E-03 4.20E-02
LYZ -2.05 7.45E-19 4.03E-16
LZTS] -1.04 7.76E-04 1.25E-02
MACCI -0.90 2.64E-03 3.23E-02
MAGEH] 1.27 3.61E-10 3.52E-08
MAPILC3A 1.32 8.81E-09 6.54E-07
MARCH3 1.10 2.08E-04 4.31E-03
MARCHY9 -1.01 5.25E-05 1.35E-03
MARCO -2.51 4.32E-19 2.44E-16
MATK -1.01 1.49E-05 4.78E-04
MCTP2 -1.04 7.13E-05 1.77E-03
MEOX! 0.89 2.70E-03 3.29E-02
METTL7A 0.80 3.59E-03 4.11E-02
METTLS 0.88 8.05E-07 3.96E-05
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MFSD4 0.78 1.98E-03 2.59E-02
MFSD7 -0.98 1.98E-03 2.59E-02
MGST3 -0.59 3.07E-07 1.63E-05
MICAL2 1.02 4.63E-09 3.62E-07
MILRI -1.05 4.87E-04 8.68E-03
MIR2] 0.79 9.17E-04 1.42E-02

MIR210HG 1.17 5.02E-05 1.30E-03
MME -1.32 3.33E-05 9.16E-04
MMPI9 -1.41 8.29E-06 2.90E-04
MNDA -1.49 1.61E-06 7.24E-05
MOB3B -1.26 7.41E-05 1.82E-03
MRCI -1.53 2.35E-07 1.27E-05
MS4A4A -1.65 2.34E-08 1.55E-06
MS4A6A -0.80 2.74E-03 3.32E-02
MS4A7 -2.11 3.20E-14 7.17E-12
MSC -1.09 3.88E-05 1.04E-03
MSRI -2.11 2.13E-13 4.12E-11
MTIG -0.92 3.71E-03 4.18E-02
MTMRI1 -0.93 2.97E-03 3.55E-02
MXRA7 -0.72 2.57E-03 3.17E-02
MYADM -1.66 1.06E-21 1.15E-18
MYBLI -0.83 1.71E-03 2.29E-02
MYL6B 1.44 4.67E-10 4.49E-08
MYLIP 0.79 5.71E-05 1.45E-03
MYOIG -0.67 6.38E-11 7.53E-09
MYO5C 0.95 1.26E-04 2.88E-03
NAGLU -0.80 2.34E-03 2.94E-02
NAPSA 0.90 2.07E-03 2.66E-02
NAPSB -1.10 5.20E-04 9.15E-03
NAV2 1.07 7.22E-04 1.18E-02
NCEHI -0.98 6.73E-04 1.12E-02
NCFI -1.05 2.55E-05 7.47E-04
NCF?2 -1.29 2.65E-05 7.63E-04
NCOR2 -0.64 3.89E-03 4.34E-02
NDFIP?2 0.77 1.72E-05 5.49E-04
NDSTI -1.42 6.00E-06 2.21E-04
NEK6 -0.85 3.09E-03 3.67E-02
NELF -0.87 1.44E-03 2.01E-02
NFAMI -1.54 1.04E-09 9.30E-08
NFATS 0.78 1.17E-04 2.69E-03
NFKB2 0.73 1.97E-06 8.48E-05
NFKBID 0.72 1.11E-03 1.65E-02
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NGFRAPI 0.62 1.17E-03 1.72E-02
NINJ1 0.65 1.21E-04 2.78E-03
NKG7 -1.05 8.14E-10 7.52E-08
NLRC4 -1.04 6.16E-04 1.04E-02
NMB 0.89 4.29E-05 1.13E-03
NOMI -0.68 4.39E-04 7.96E-03
NRID?2 -0.75 1.03E-04 2.42E-03
NRIH3 -0.97 1.61E-03 2.19E-02
NTRKI 1.24 3.61E-05 9.76E-04
NUDTI5 -0.60 4.40E-03 4.76E-02
NUP43 0.69 1.11E-05 3.70E-04
NUPRI -1.17 2.91E-05 8.20E-04
O3FARI -1.21 6.18E-06 2.26E-04
OGFRLI -0.84 8.62E-04 1.35E-02
OLFM?2 0.89 6.37E-04 1.07E-02
OLRI -2.33 2.26E-16 8.65E-14
OPN3 -0.96 2.36E-04 4.77E-03
OSCAR -2.21 9.43E-13 1.61E-10
OSM -1.16 2.89E-06 1.16E-04
OXSR1 -0.62 5.99E-04 1.02E-02
P2RX5 0.65 1.13E-03 1.68E-02
PAQRS5 -1.35 1.95E-05 6.09E-04
PASK 0.71 2.45E-05 7.32E-04
PCOLCE2 -1.33 2.01E-05 6.21E-04
PCSK5 -0.83 3.78E-03 4.23E-02
PDCD] 1.05 2.50E-10 2.61E-08
PDCD7 -0.64 4.24E-03 4.62E-02
PDE4A -0.76 1.86E-03 2.46E-02
PDE4DIP 0.79 1.83E-09 1.53E-07
PDE7B 2.27 1.88E-15 5.36E-13
PDGFA 1.04 1.80E-04 3.82E-03
PDLIM1 -1.61 2.58E-08 1.70E-06
PECAM1 -1.33 1.26E-06 5.86E-05
PER] -0.63 1.87E-03 2.47E-02
PGD -0.77 3.58E-05 9.70E-04
PHLDA? 1.14 1.28E-05 4.17E-04
PHYH -0.72 2.04E-03 2.64E-02
Pl16 -1.00 1.35E-03 1.92E-02
PIGR -0.99 5.11E-04 9.00E-03
PIGW -0.93 1.41E-04 3.10E-03
PILRA -1.58 5.31E-08 3.24E-06
PION -1.27 8.81E-07 4.24E-05
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PKD?2 -0.99 1.62E-04 3.50E-03
PKP2 -1.04 3.89E-04 7.21E-03

PLACS -0.59 6.76E-04 1.12E-02
PLAUR -0.91 8.23E-04 1.30E-02
PLBDI1 -2.00 2.08E-11 2.73E-09
PLEKHG3 -0.77 2.94E-03 3.53E-02
PLIN?2 -0.59 1.23E-07 6.95E-06
PLXDC2 -1.56 8.08E-07 3.96E-05
PMAIPI 1.49 5.28E-17 2.14E-14
PMCH 0.99 1.16E-03 1.72E-02
PNPLA6 -0.86 1.89E-05 5.93E-04
POUZ2AF1 1.13 6.20E-06 2.26E-04
PPARG -1.29 3.06E-06 1.22E-04
PPIC -0.97 1.86E-03 2.46E-02
PPP3CA -0.65 3.16E-08 2.00E-06
PRKX -0.65 8.84E-05 2.12E-03
PROCR -1.13 3.25E-04 6.18E-03
PROK?2 -1.38 9.72E-06 3.27E-04
PROSI -1.20 8.14E-05 1.97E-03
PSAP -0.62 8.22E-10 7.52E-08
PTAFR -1.95 7.84E-15 2.08E-12
PTGER4 -0.68 4.66E-11 5.76E-09
PTP4A3 0.73 1.95E-03 2.55E-02
PTPLA 1.23 2.77E-05 7.86E-04
PTPN4 -0.84 3.21E-05 8.87E-04
PTPN7 0.66 2.92E-10 2.92E-08
PTPRO -0.89 4.28E-03 4.65E-02
PVALB 1.40 8.47E-06 2.92E-04
PVR -1.60 2.12E-07 1.15E-05
pPZpP -0.80 3.07E-03 3.65E-02
RAB31 -1.23 1.78E-05 5.65E-04
RAB33A 0.92 5.43E-05 1.39E-03
RAB3GAPI 0.60 1.80E-05 5.69E-04
RAP2A -0.78 2.32E-03 2.93E-02
RARA -0.72 6.70E-04 1.11E-02
RASGEFIB -1.05 2.80E-05 7.93E-04
RASGRP2 -0.76 8.74E-08 5.16E-06
RBM15B -0.59 3.65E-03 4.16E-02
RBM47 -1.06 5.58E-04 9.72E-03
RBMS?2 -0.75 4.76E-04 8.53E-03
RBP4 -1.66 1.65E-07 9.11E-06
REREP3 1.33 7.28E-06 2.58E-04
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RETN -1.75 3.18E-08 2.00E-06
RGS! 1.15 3.22E-13 6.06E-11
RGS?2 1.18 4.05E-11 5.05E-09
RHOU -1.02 3.35E-04 6.33E-03

RNF130 -0.82 6.50E-04 1.09E-02
RNF144B -0.93 1.87E-03 2.47E-02
RNF157 -1.25 1.37E-06 6.30E-05
RPGR -0.86 1.02E-03 1.56E-02
RRAGD -1.08 3.29E-04 6.24E-03
RTKN?2 1.31 9.89E-08 5.74E-06
RXRA -1.20 2.97E-05 8.29E-04
S100A10 -0.96 3.91E-18 1.75E-15
SI100A11 -0.69 6.46E-11 7.56E-09
SI100AS8 -1.75 8.06E-09 6.05E-07
S100A9 -1.29 4.73E-06 1.81E-04
SIPRI -0.66 4.61E-05 1.20E-03
SI1PR5 -1.07 4.96E-04 8.79E-03
SAP30 -0.88 1.73E-03 2.31E-02
SARDH 1.00 2.51E-10 2.61E-08
SAYSDI 0.67 5.58E-04 9.72E-03
SC5DL -0.59 7.19E-04 1.18E-02
SCD -1.36 1.60E-07 8.87E-06
SCD5 -0.64 1.56E-03 2.14E-02
SCGBIAI -2.98 5.31E-22 6.27E-19
SCGB3Al -2.07 1.31E-16 5.15E-14
SCGB3A2 -0.95 2.44E-03 3.04E-02
SCPEP] -1.10 1.96E-05 6.09E-04
SDC4 0.71 7.38E-05 1.82E-03
SDCBP -0.66 2.42E-10 2.58E-08
SDSL -0.95 7.13E-04 1.17E-02
SEC61A2 0.78 9.37E-04 1.44E-02
SEMA3C -1.06 5.53E-04 9.66E-03
SEMASA -1.25 4.05E-06 1.57E-04
SEPTI0 -1.06 8.21E-04 1.30E-02
SEPTI] -0.86 2.35E-08 1.55E-06
SERPINAI -2.24 1.73E-17 7.23E-15
SERPINB6 -0.70 3.42E-03 3.99E-02
SERPINGI1 -2.07 1.19E-11 1.65E-09
SESN3 0.82 3.53E-03 4.06E-02
SFTPAI -1.06 3.81E-04 7.08E-03
SFTPC -2.68 4.78E-21 4.14E-18
SGMS2 -1.52 1.54E-06 6.95E-05
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SGPP2 1.67 5.29E-10 5.06E-08
SH2B3 -0.83 4.22E-04 7.772E-03

SH3BP5 -0.90 1.26E-04 2.88E-03
SIDT2 -1.02 7.13E-06 2.53E-04
SIGLECI0 -0.81 8.77E-04 1.37E-02
SIGLECI14 -1.73 1.06E-09 9.40E-08
SIRPA -1.92 2.45E-10 2.58E-08
SIRPBI -1.18 3.85E-05 1.03E-03
SIRPB?2 -1.21 2.31E-05 7.02E-04
SIRPG 1.51 6.59E-23 1.07E-19
SLAMFS -0.90 3.68E-03 4.17E-02
SLCIIAI -2.57 2.16E-19 1.28E-16
SLCI2A2 -0.76 7.63E-04 1.23E-02
SLCI5A3 -1.03 1.18E-03 1.73E-02
SLCI6A6 -0.89 3.27E-03 3.84E-02
SLCI9A3 -2.12 1.76E-11 2.34E-09
SLC25A24 -0.83 8.56E-05 2.06E-03
SLC27A3 -1.00 1.46E-04 3.20E-03
SLC2A6 -0.84 3.96E-03 4.40E-02
SLC2A9 -0.94 2.98E-03 3.56E-02
SLC31A1 -0.64 6.22E-04 1.05E-02
SLC31A2 -0.92 6.08E-04 1.03E-02
SLC44A4 -1.02 1.12E-03 1.67E-02
SLC47A1 -1.17 2.24E-04 4.57E-03
SLC4A10 -0.99 9.18E-04 1.42E-02
SLC7A7 -1.32 2.69E-05 7.71E-04
SLCO2BI -1.73 1.21E-08 8.61E-07
SLCO3Al -0.89 6.25E-05 1.58E-03
SLFNI11 -0.69 7.97E-04 1.27E-02
SLPI -1.38 5.86E-06 2.17E-04
SMAD! 1.05 8.43E-04 1.32E-02
SNORA4 0.89 4.35E-04 7.93E-03
SNORAG63 0.69 3.81E-03 4.26E-02
SNORD? 0.82 3.55E-03 4.08E-02
SNORD50A 0.77 4.63E-04 8.35E-03
SNORDS50B 0.71 1.16E-03 1.72E-02
SNTAI -0.72 4.66E-03 4.99E-02
SNTB1 -0.73 4.14E-03 4.54E-02
SNTB? -0.62 3.35E-03 3.93E-02
SNTN -1.52 4.78E-07 2.41E-05
SNX10 -0.96 4.54E-08 2.79E-06
SOCS2 -1.17 8.71E-06 2.99E-04
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SORBS3 -0.77 1.85E-04 3.89E-03
SORT] -1.21 1.01E-04 2.39E-03
SOS1 -0.67 4.04E-03 4.46E-02
SOWAHC -1.27 2.72E-05 7.77E-04
SOX4 1.39 9.70E-08 5.65E-06
SPAG6 -0.95 2.08E-03 2.66E-02
SPARC -1.03 1.19E-03 1.74E-02
SPI1 -2.13 4.82E-14 1.06E-11
SPIRE] -1.34 2.50E-05 7.41E-04
SPON2 -1.34 2.11E-06 8.96E-05
SPP] 2.24 2.74E-14 6.59E-12
SPRYI 0.98 1.21E-03 1.76E-02
SSBP4 -0.85 1.20E-07 6.85E-06
STO6GALNAC? -0.94 2.87E-03 3.46E-02
ST8SIAT 0.84 1.29E-03 1.86E-02
STAC -1.21 9.05E-05 2.16E-03
STAG3 1.12 1.66E-04 3.58E-03
STAM 1.00 9.30E-08 5.44E-06
STAMBPLI 0.92 1.53E-09 1.30E-07
STX16 0.59 3.48E-05 9.49E-04
STX3 -1.63 5.82E-09 4.50E-07
STX6 0.62 6.71E-06 2.42E-04
SUOX 0.94 2.51E-03 3.11E-02
SVIL -0.81 4.45E-06 1.70E-04
SYK -1.26 2.56E-06 1.06E-04
TAGLN?2 -0.67 1.02E-12 1.73E-10
TBCID2 -0.65 4.10E-03 4.51E-02
TBCID4 1.28 4.06E-15 1.12E-12
TBCIDS8 0.95 7.82E-04 1.25E-02
TBX21 -0.65 2.90E-03 3.49E-02
TCEA3 -1.00 7.19E-04 1.18E-02
TCF7L2 -1.16 2.37E-04 4.78E-03
1GFBI -0.86 3.67E-16 1.31E-13
TGFBI -0.84 2.71E-04 5.30E-03
TGFBR3 -0.76 7.40E-05 1.82E-03
TGM?2 -1.45 2.61E-06 1.07E-04
THADA 1.04 2.89E-06 1.16E-04
THBD -1.17 2.01E-04 4.20E-03
THBS! -1.31 1.87E-05 5.88E-04
TIAM1 1.15 6.92E-11 8.03E-09
TIGDS -0.90 1.70E-03 2.28E-02
TIGIT 1.82 1.82E-35 2.37E-31
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TKT -0.65 8.66E-05 2.08E-03
TLE4 -1.01 2.51E-06 1.04E-04
TLR4 -1.00 1.49E-03 2.06E-02
TLR7 -1.05 5.20E-05 1.34E-03
TM6SF1 -1.22 1.26E-04 2.88E-03
TMEMI102 -0.61 3.70E-03 4.18E-02
TMEM136 0.84 2.03E-03 2.63E-02
TMEM170B -1.12 8.03E-05 1.95E-03
TMEMI9 -0.85 2.61E-04 5.15E-03
TMEM?220 -0.94 2.05E-03 2.64E-02
TMEMSA -0.74 1.37E-03 1.94E-02
TMPRSS3 1.02 1.30E-04 2.92E-03
TNFAIP] -0.78 1.46E-03 2.04E-02
TNFAIP2 -1.31 2.22E-05 6.77E-04
TNFRSF18 1.51 3.77E-28 9.79E-25
TNFRSF4 1.44 4.05E-26 8.77E-23
TNFRSF9 1.37 4.56E-12 6.66E-10
TNFSF13 -1.73 9.66E-09 7.01E-07
TNFSF13B 0.96 1.42E-06 6.50E-05
TNIP3 0.84 1.36E-03 1.93E-02
T0X 0.71 9.32E-06 3.16E-04
TOX2 1.18 7.17E-08 4.25E-06
TP53INP] 0.62 3.41E-07 1.78E-05
TPCNI 0.61 2.01E-03 2.62E-02
TPPP -1.51 1.53E-06 6.95E-05
TPPP3 -1.08 6.46E-04 1.08E-02
TRAF] 1.11 1.49E-21 1.39E-18
TREM1 -2.32 1.41E-15 4.34E-13
TREM? -1.11 1.10E-04 2.56E-03
TRIM16 0.90 1.23E-05 4.01E-04
TSPANI3 1.05 7.83E-04 1.25E-02
TSPAN2 -1.23 5.28E-06 1.98E-04
TSPANS 0.59 2.50E-03 3.10E-02
TTPAL 0.60 1.11E-03 1.66E-02
TTYH? -0.91 3.66E-03 4.16E-02
TUBB6 -1.37 1.49E-05 4.78E-04
TULP3 -0.93 2.14E-03 2.73E-02
TULP4 0.74 8.38E-06 2.90E-04
TYROBP -1.98 1.51E-15 4.55E-13
TYWS5 0.62 6.11E-04 1.04E-02
UBE2E?2 -1.27 3.51E-05 9.53E-04
UNC93B1 -0.69 1.61E-06 7.24E-05
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UNQ6494 1.74 5.98E-09 4.57E-07
URI] -0.59 4.25E-03 4.62E-02
VATI -0.66 5.35E-04 9.38E-03
VDR 0.98 2.17E-04 4.47E-03
VIM -0.92 5.63E-16 1.93E-13
VMO1 -1.16 2.44E-04 4.89E-03
VPS37B -0.78 5.19E-05 1.34E-03
VSIG4 -2.51 2.03E-19 1.26E-16
VIRNAI-3 0.82 1.06E-03 1.60E-02
WNTI0A 0.90 7.12E-04 1.17E-02
XBP! -0.85 9.56E-20 6.21E-17
XIST 0.67 3.46E-04 6.49E-03
ZBED?2 1.41 6.92E-08 4.14E-06
ZBED4 -1.07 8.39E-06 2.90E-04
ZBTB7A -0.81 5.44E-06 2.03E-04
ZC3HI2D 0.78 7.11E-06 2.53E-04
ZC3H7A 0.64 6.20E-08 3.74E-06
ZDHHCI1] -1.21 6.42E-05 1.62E-03
ZDHHCS -0.70 4.02E-03 4.44E-02
ZEB2 -1.06 2.94E-05 8.24E-04
ZFP36L1 0.66 1.29E-13 2.61E-11
ZFYVE28 -0.68 6.94E-04 1.14E-02
ZMATS3 0.61 1.18E-03 1.73E-02
ZMYNDI0 -0.81 2.07E-03 2.66E-02
ZNF150 -0.93 1.71E-03 2.30E-02
ZNF232 0.72 1.94E-03 2.55E-02
ZNF550 0.76 6.72E-05 1.68E-03
ZNF683 -1.41 3.30E-07 1.73E-05
ZNF708 0.76 6.30E-04 1.06E-02
ZNF80 1.39 1.56E-07 8.71E-06
ZNRF1 0.78 3.16E-05 8.76E-04
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Table 3. Related to Figure 1.

PCT/US2019/048036

Pathway analysis of differentially expressed genes in CD4" TILs relative to N-TILs.

Altered T Cell

and B Cell

Signaling in SPP1,CD79B,CXCLI13,

Rheumatoid CSFI1,LTA,CD79A, NFK

Arthritis 3.02 90 8 0.0889 B2, TNFSF13B
IL2IRICOS, FOXP3,1L1

T Helper Cell 2RB2,IL.2RA,CXCRS5,IL

Differentiation 2.92 73 7 0.0959 18R1
TNFRSF4,HAVCR2,LT

Th1 and Th2 A ICOS,CCRS,1LI12RB?2,

Activation IL2RA, 1124, mir-

Pathway 2.77 185 10 0.0541 21,ILISRI

GADD45 GADD45A, GADD45G,

Signaling 2.62 19 4 0.211 CCND1,CDK?2

B Cell

Activating

Factor NFKBID,NFAT5,NFKB

Signaling 2.51 41 5 0.122 2,TNFSFI13B,TRAF1

Role of

Macrophages,

Fibroblasts and

Endothelial ILIR2,NFKBID,NFATYS,

Cells in WNTI10A,PDGFA,CSF1,

Rheumatoid DKK3 LTA,CCND1, TN

Arthritis 2.44 312 12 0.0385 FSFI3B,ILISRI, TRAF]
GNG4,AKAPS5,PTPN7,
MYL6B,NFKB2,DUSP2,
NFKBID,NFATS5,PDE7

Protein Kinase B,DUSP4,HIFO,EBI3,D

A Signaling 2.11 400 13 0.0325 USP16

TNFR2 NFKBID,LTA,NFKB2,T

Signaling 2.11 30 4 0.133 RAF1

4-1BB

Signaling in T NFKBID,TNFRSF9,NF

Lymphocytes 2.05 32 4 0.125 KB2,TRAF]

Role of

Osteoblasts,

Osteoclasts ILIR2, NFKBID,SPP1 N

and FAT5,WNTI10A,CSF1,D

Chondrocytes 1.86 233 9 0.0386 KK3,SMADI1,ILISRI
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in Rheumatoid

Arthritis

April Mediated NFKBID,NFAT5,NFKB

Signaling 1.86 39 0.103 2,TRAF1

D-myo-inositol

(1,4,5,6)-

Tetrakisphosph PTPN7,INPP5F,PDCD

ate 1,EPHX2,SGPP2,DUSP

Biosynthesis 1.86 144 0.0486 2,DUSPI16

D-myo-inositol

(3,4,5,6)-

tetrakisphosph PTPN7,INPP5F,PDCD

ate 1,EPHX2,SGPP2,DUSP

Biosynthesis 1.86 144 0.0486 2,DUSPI16
TNFRSF4,1COS,CCRS,1
LI2RB2,1L2RA,1L24, mir

Th2 Pathway 1.79 150 0.0467 -21
PMAIPI1, TP53INP1,GA
DD45A,GADD45G,CC

pS53 Signaling 1.78 111 0.0541 ND1,CDK?2

3.

phosphoinositi PTPN7,INPP5F,PDCD

de 1,EPHX2,SGPP2,ICOS,

Biosynthesis 1.78 200 0.04 DUSP2,DUSP16

3- PTPN7,INPP5SF,PDCD

phosphoinositi 1,EPHX2 SGPP2,DUSP

de Degradation 1.74 158 0.0443 2,DUSPI16

D-myo-

inositol-5- PTPN7,INPP5SF,PDCD

phosphate 1,LEPHX2,SGPP2,DUSP

Metabolism 1.7 162 0.0432 2,DUSPI16

Small Cell

Lung Cancer NFKBID,NFKB2,CCND

Signaling 1.61 85 0.0588 1,CDK2,TRAF1

CD27

Signaling in NFKBID,CD70,NFKB?2,

Lymphocytes 1.55 53 0.0755 CD27
ILIR2,NFKBID,FLTI L

NF-xB TA,NTRKI1,NFKB2,TNF

Signaling 1.5 181 0.0387 SF13B
HAVCR2,LTAICOS,ILI

Thl Pathway 1.5 135 0.0444 2RB2,mir-21,ILISR1

Superpathway

of Inositol PTPN7,INPP5F,PDCD

Phosphate 1,EPHX2,SGPP2,ICOS,

Compounds 1.49 235 0.034 DUSP2,DUSP16
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Role of NFAT
in Regulation
of the Immune

PCT/US2019/048036

GNG4,AKAP5,NFKBID,
NFATS5,CD79B,CD79A,

Response 1.49 186 0.0376 NFKB2

Hepatic

Fibrosis /

Hepatic ILIR2, FLTI1,PDGFA,CS
Stellate Cell FIMYL6B NFKB2,COL
Activation 1.49 187 0.0374 9A2

Lymphotoxin

B Receptor NFKBID,LTANFKB2,T
Signaling 1.3 67 0.0597 RAF1
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Table 4. Related to FIG. 7.

Analysis of TCR beta chain sequences from RNA-Seq data of CD4* TILs versus N-TILs.

NSCLC_01 36 37 12 20 2 12 0 5
NSCLC_02 | N/A 58 N/A 29 N/A 14 N/A 11
NSCLC_03 29 38 12 13 5 6 2 0
NSCLC_04 13 51 4 17 1 4 1 2
NSCLC_05 23 60 12 26 6 10 3 4
NSCLC_06 57 41 22 16 16 6 5 2
NSCLC_07 30 43 13 19 4 7 1 3
NSCLC_08 30 94 14 41 9 19 8 10
NSCLC_09 31 30 7 9 3 4 2 2
NSCLC_10 30 56 8 26 4 12 3 7
NSCLC_11 6 29 3 15 2 7 2 6
NSCLC_12 81 74 48 28 23 11 12 5
NSCLC_13 23 33 7 9 3 3 2 2
NSCLC_14 21 36 12 10 7 2 4 1
NSCLC_15 14 40 5 11 1 3 1 3
NSCLC_16 | N/A 36 N/A 20 N/A 11 N/A 6
NSCLC_17 15 39 3 21 2 9 0 7
NSCLC_18 16 25 7 13 3 6 1 2
NSCLC_19 33 54 11 25 7 9 6 5
NSCLC_20 12 44 8 18 4 10 3 5
NSCLC_21 16 26 5 18 1 0 6
NSCLC_22 19 52 12 17 9 4 2
NSCLC_23 N/A 46 N/A 15 N/A 7 N/A 3
NSCLC_24 | N/A 45 N/A 27 N/A 23 N/A 13
NSCLC_25| N/A 31 N/A 12 N/A 6 N/A 5
NSCLC_26 | N/A 53 N/A 19 N/A 10 N/A 4
NSCLC_27 32 67 11 25 3 15 1 9
NSCLC_28 | N/A 34 N/A 16 N/A 11 N/A 7
NSCLC_29 20 36 9 17 7 12 3 10
NSCLC_30 16 47 13 13 8 3 6 1
NSCLC_31 10 17 4 7 4 4 3
NSCLC_32 | N/A 34 N/A 29 N/A 14 N/A 10
NSCLC_33 18 47 7 13 1 4 1 2
NSCLC_34 | N/A 48 N/A 24 N/A 13 N/A 6
NSCLC_35 34 34 10 18 7 6 6 3
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NSCLC_36 | N/A 37 N/A 21 N/A 14 N/A 8
NSCLC_37 26 26 16 18 10 14 7 8
NSCLC_38 8 34 2 15 2 7 2 3
NSCLC_39 54 75 32 50 18 29 12 15
NSCLC_40 17 33 5 16 3 5 1 1
NSCLC_41 N/A 75 N/A 36 N/A 17 N/A 11
NSCLC_42 29 30 14 12 7 5 4 1
NSCLC_43 N/A 28 N/A 7 N/A 3 N/A 1
NSCLC_44 | N/A 64 N/A 32 N/A 17 N/A 9
NSCLC_45 N/A 50 N/A 25 N/A 16 N/A 10
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Table 5A. Related to FIG. 3 and FIG. 9.

A. List of CD4+ T cell-transcripts in Module 7 in order of clustering.

GPSM3 Cluster 1
CERS2 Cluster 1
LY9 Cluster 1
DEGS1 Cluster 1
SLC46A3 Cluster 1
SLC2A1 Cluster 1
EMP3 Cluster 1
AKTIP Cluster 1
NUDCD3 Cluster 1
DHRS3 Cluster 1
RBM?23 Cluster 1
PWP2 Cluster 1
PSATI Cluster 1
GDPD5 Cluster 1
SPATS2L Cluster 2
LOC541471 Cluster 2
IL12RB2 Cluster 2
STMN1 Cluster 2
BATF Cluster 2
TNIP3 Cluster 2
CD38 Cluster 2
GBP2 Cluster 2
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C9Yorfl6 Cluster 2
TNFRSF18 Cluster 2
LINCO00152 Cluster 2
NME] Cluster 2
CXCLI3 Cluster 2
PDCDI1 Cluster 2
UCP2 Cluster 2
CD7 Cluster 2
TYMP Cluster 2
TK1 Cluster 2
PKM?2 Cluster 2
ENOI Cluster 2
RRM?2 Cluster 2
TPI1 Cluster 2
GAPDH Cluster 2
TRIM69 Cluster 2
ILIR?2 Cluster 2
ACTG?2 Cluster 2
SOD1 Cluster 2
NCAPG Cluster 2
ZWINT Cluster 2
H2AFV Cluster 2
MCM4 Cluster 2
TNFRSF9 Cluster 2
GINS?2 Cluster 2
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FAM96A Cluster 2
KIF2C Cluster 2
LDHA Cluster 2
MYBL?2 Cluster 2
LMNB1 Cluster 2
SLCIA4 Cluster 2
TNFRSF8 Cluster 2
CDCAS Cluster 2
CKAP2L Cluster 2
MELK Cluster 2
UHRF1 Cluster 2
CEP55 Cluster 2
SMC4 Cluster 2
ARLG6IP1 Cluster 2
TOP2A Cluster 2
MTHFDI1 Cluster 2
TPX2 Cluster 2
MKI67 Cluster 2
MLFI1IP Cluster 2
FAMI111B Cluster 2
DLGAPS Cluster 2
FKBPIA Cluster 2
BIRCS Cluster 2
CDCAS Cluster 2
KIAAOIO] Cluster 2
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CDK1 Cluster 2
UBE2C Cluster 2
DTL Cluster 2
GLMN Cluster 3
CDKN2C Cluster 3
ARLIS5 Cluster 3
GBP4 Cluster 3
EED Cluster 3
PARP9 Cluster 3
SYTI11 Cluster 3
STATI Cluster 3
GBPI Cluster 3
ASB2 Cluster 3
UBE2L6 Cluster 3
PSMB9 Cluster 3
GBP5 Cluster 3
SPCS1 Cluster 3
HISTIH2AH Cluster 3
GBPIPI Cluster 3
CCZIB Cluster 3
FAM166B Cluster 3
HISTIH2BJ Cluster 3
NEK?2 Cluster 3
CAMK1 Cluster 3
BTN2A2 Cluster 3
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DEPDCI Cluster 3
CCNBI Cluster 3
ALDOC Cluster 3

SLBP Cluster 3
RAC3 Cluster 3
IDH?2 Cluster 3

SLC27A2 Cluster 3

TYMS Cluster 3
TPM3 Cluster 3
CDC45 Cluster 3
CALM3 Cluster 3
LEMDI Cluster 3
BUBI Cluster 3
KIF15 Cluster 3
MCM10 Cluster 3
AURKA Cluster 3
DHFR Cluster 3
ASAH2B Cluster 3
MYO5C Cluster 3
SLC3A2 Cluster 3
HNRPLL Cluster 3
H2AFY Cluster 3
SP140 Cluster 3
TRPC4AP Cluster 3
RBPJ Cluster 3
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HMGBI Cluster 3
SNORD70 Cluster 3
Cllorf82 Cluster 3
RAB27A Cluster 3
LYST Cluster 3
NCAPH Cluster 3
RFC5 Cluster 3
ZNF593 Cluster 3
TMSBI10 Cluster 3
COX8A Cluster 3
SUBI Cluster 3
CKSIB Cluster 3
EPSTII Cluster 3
TUBB Cluster 3
RANBPI1 Cluster 3
LMCDI Cluster 3
LOC10050752 Cluster 3
TIGIT Cluster 3
SIRPG Cluster 3
MAPILC3A Cluster 3
WARS Cluster 3
ZBED?2 Cluster 3
SLC44A3 Cluster 4
RARRES3 Cluster 4
IDO1 Cluster 5
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COPS2 Cluster 5
SLC35A3 Cluster 5
HELLS Cluster 5
NEBL Cluster 5

Table 5B: List of CD8+ T cell-transcripts in Module 7 in order

of clustering

SCARNAI7 Cluster 1
SH2B3 Cluster 1
PITPNCI Cluster 1
XPO6 Cluster 1
LSR Cluster 1
TRIM44 Cluster 1
FXYD2 Cluster 1
Clorf21 Cluster 1
TCF7 Cluster 1
ICAM?2 Cluster 1
LTB Cluster 1
C20o0rf3 Cluster 1
ZDHHC?2 Cluster 1
LYAR Cluster 1
RABY9A Cluster 1
TP73 Cluster 2
KIFI18B Cluster 2
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MNDI Cluster 2
CDC20 Cluster 2
UBE2L6 Cluster 2
TK1 Cluster 2
CDKN3 Cluster 2
FKBPIA Cluster 2
GAPDH Cluster 2
PGAM1 Cluster 2
TUBB Cluster 2
HMGN2 Cluster 2
MCM4 Cluster 2
ASFIB Cluster 2
TPI1 Cluster 2
CD38 Cluster 2
HISTIH2AH Cluster 2
KIF15 Cluster 2
MCM6 Cluster 2
MCM?2 Cluster 2
CDC45 Cluster 2
CCNE2 Cluster 2
CKAP2L Cluster 2
FENI Cluster 2
KIR2DL A4 Cluster 2
TNS3 Cluster 2
ZWINT Cluster 2
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ETV7 Cluster 2
KPNA2 Cluster 2
HAVCR?2 Cluster 2
RRM?2 Cluster 2
STMN1 Cluster 2
KIAAO0I01 Cluster 2
DLGAPS Cluster 2
BIRCS Cluster 2
AURKB Cluster 2
CDCA2 Cluster 2
DTL Cluster 2
PKMYTI Cluster 2
TYMS Cluster 2
TOP2A Cluster 2
LOC100507600 Cluster 2
TPX2 Cluster 2
RACGAPI Cluster 2
PLK1 Cluster 2
CCNA2 Cluster 2
NUSAPI Cluster 2
KIF23 Cluster 2
FBXO5 Cluster 2
BUBI Cluster 2
GINS?2 Cluster 2
SLC25A5 Cluster 2
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NEIL3 Cluster 2
TOMM34 Cluster 2
MELK Cluster 2
HISTIH3G Cluster 2
HISTIH2AJ Cluster 2
EPSTII Cluster 2
ANXAS Cluster 2
CASCS Cluster 2
UHRF1 Cluster 2
CLSPN Cluster 2
RANBPI1 Cluster 2
HJURP Cluster 2
MYBL?2 Cluster 2
HISTIH2AM Cluster 2
FABPS5 Cluster 2
MLFI1IP Cluster 2
GZMB Cluster 2
MAD2LI Cluster 2
PSMC3 Cluster 2
RAN Cluster 2
PRDX6 Cluster 2
NCAPG Cluster 2
CENPF Cluster 2
MKI67 Cluster 2
MTHFD?2 Cluster 2
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UBE2T Cluster 2
HISTIH4C Cluster 2
HISTIHIB Cluster 2
ESCO2 Cluster 2
CDCA7 Cluster 2
VDR Cluster 2
GTSEI Cluster 2
PIF] Cluster 2
CDCAS Cluster 2
CCNB2 Cluster 2
TROAP Cluster 2
LOC541471 Cluster 2
GEM Cluster 2
FANCI Cluster 2
CCNBI Cluster 2
WDHD1 Cluster 2
RFC2 Cluster 2
PDIA6 Cluster 2
ENOI Cluster 2
CDS82 Cluster 2
CHMP4A Cluster 2
CSF1 Cluster 2
PTPN7 Cluster 2
PRKAGI Cluster 2
C3orfl4 Cluster 2
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GBP4 Cluster 2
STATI Cluster 2
GBPI Cluster 2
PTMA Cluster 2
RRM1 Cluster 2
HPRTI1 Cluster 2
ARPC2 Cluster 2
PGK1 Cluster 2
LDHA Cluster 2
KIF11 Cluster 2
GALNT2 Cluster 2
PKM?2 Cluster 2
MCMS5 Cluster 2
GBP2 Cluster 2
ITGAE Cluster 2
SMC?2 Cluster 2
CcoTLI Cluster 2
COX5A Cluster 2
bUT Cluster 2
TUBAIB Cluster 2
ACOT7 Cluster 2
TALDO1 Cluster 2
WARS Cluster 2
CHEK1 Cluster 2
NDFIP2 Cluster 2
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WDR34 Cluster 2
BST2 Cluster 2
PSME?2 Cluster 2
CALM3 Cluster 2
TOX2 Cluster 2
SHMT?2 Cluster 2
TRAFDI Cluster 2
ID3 Cluster 2
SARDH Cluster 2
HAPLN3 Cluster 2
IGFLRI Cluster 2
PSMDS Cluster 2
IFI35 Cluster 2
GBP5 Cluster 2
OBFC2B Cluster 2
ANKRD35 Cluster 2
E2F2 Cluster 2
PSMB9 Cluster 2
SNRPB Cluster 2
FDPS Cluster 2
SPC24 Cluster 2
MAD2L?2 Cluster 2
CDK1 Cluster 2
CKSIB Cluster 2
SNAP47 Cluster 2
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CXCR6 Cluster 2
P2RY1 Cluster 2
CXorf69 Cluster 2
CCL3 Cluster 2
Cl6orf59 Cluster 2
PBK Cluster 2
EXOl1 Cluster 2
CCDC74A Cluster 2
PCNA Cluster 2
KIF2C Cluster 2
PARK7 Cluster 2
SLC27A2 Cluster 2
AKAPS Cluster 2
GLDC Cluster 2
SIRPG Cluster 2
TNFRSF9 Cluster 2
SCCPDH Cluster 2
LIMK1 Cluster 2
TSPANI17 Cluster 2
NXT2 Cluster 3
CHSTI4 Cluster 3
RASDI Cluster 3
MAOB Cluster 3
ACAT2 Cluster 3
KLRC2 Cluster 3
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1L21 Cluster 3
LOC729234 Cluster 3
IFNG Cluster 3
SLC50A1 Cluster 3
HISTIH2BM Cluster 3
CCDCI21 Cluster 3
HISTIH4L Cluster 3
TMEM97 Cluster 3
HISTIH3J Cluster 3
PRRG4 Cluster 3
HIFO Cluster 3
HISTIH3F Cluster 3
HISTIH3H Cluster 3
HISTIH2AE Cluster 3
PIK3AP1 Cluster 3
SPRY2 Cluster 3
CHAFIA Cluster 3
IRF7 Cluster 3
FAM3C Cluster 3
MYOIE Cluster 3
KCNK1 Cluster 3
WDR65 Cluster 3
UQCRC2 Cluster 4
LOC254559 Cluster 4
LOCI10050627 Cluster 4
4
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SLC7A5 Cluster 4
GALNTI Cluster 4
POCIA Cluster 4
FKBP4 Cluster 4
H2AFV Cluster 4
FAMO64A Cluster 4
GSTZ1 Cluster 4
CCDC86 Cluster 4
POLE2 Cluster 4
PTMS Cluster 4
GPRI19 Cluster 4
AMZI Cluster 4
MAPKI?2 Cluster 4
PMVK Cluster 4
CHAC2 Cluster 4
HISTIH2AL Cluster 4
E2F1 Cluster 4
NDC80 Cluster 4
HISTIH2BF Cluster 4
SCUBEI Cluster 4
DPF3 Cluster 4
TMEM?206 Cluster 4
HMGB3 Cluster 4
CDCAS Cluster 4
CENPH Cluster 4
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PAQR4 Cluster 4
NCAPH Cluster 4
WDR76 Cluster 4
TRAIP Cluster 4
PARP2 Cluster 4
HISTIH3C Cluster 4
STIL Cluster 4
EME] Cluster 4
NUF2 Cluster 4
CENPN Cluster 4
HADH Cluster 4
GBPIPI Cluster 4
YWHAE Cluster 4
KIF4A Cluster 4
APOBEC3B Cluster 4
FOXM1 Cluster 4
E2F7 Cluster 4
PRDX3 Cluster 4
CDTI Cluster 4
DHFR Cluster 4
SHCBP1 Cluster 4
RADS51 Cluster 4
CISD1 Cluster 4
UBB Cluster 4
CKS2 Cluster 4
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FAMI111B Cluster 4
DEPDCI Cluster 4
TMEM106C Cluster 4
Cllorf75 Cluster 4
UBE2C Cluster 4
RAD5IAPI Cluster 4
CEP55 Cluster 4
ORC6 Cluster 4
HMGB?2 Cluster 4
DIAPH3 Cluster 4
KIFCI Cluster 4
HMMR Cluster 4
CENPW Cluster 4
CENPM Cluster 4
CENDI Cluster 4
SPAGS Cluster 4
ANLN Cluster 4
E2F8 Cluster 4
PHGDH Cluster 4
MCM10 Cluster 4
SKA3 Cluster 4
NEK?2 Cluster 4
PPAI Cluster 4
CMC2 Cluster 4
CDCA3 Cluster 4
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CENPA Cluster 4
SAE] Cluster 4
ENSA Cluster 4

DNAJBI1 Cluster 4
ECHI Cluster 4
DONSON Cluster 4
PDLIM7 Cluster 4
ID2 Cluster 4
GOLIM4 Cluster 4
CTNNALI Cluster 4
GMNN Cluster 4
CACYBP Cluster 4
COMMD7 Cluster 4
TRIPI3 Cluster 4
CCZIB Cluster 4
PTPRK Cluster 4
PPAP2A Cluster 4
ETVI Cluster 4
TNFSF4 Cluster 4

LINCO00158 Cluster 4

INPP5F Cluster 4

ZBED?2 Cluster 4
PDCDI Cluster 4
PHEX Cluster 4
IFITM10 Cluster 4

143



WO 2020/041776 PCT/US2019/048036

CAMK1 Cluster 4
LAYN Cluster 4
NABI Cluster 4

PDLIM4 Cluster 4

PETI12 Cluster 4
WIPF3 Cluster 4

AFAPIL2 Cluster 4

TWEF?2 Cluster 4

SEMA4A Cluster 4

LOC10050666 Cluster 4
8

MCM7 Cluster 4

ZNF367 Cluster 4

DDX49 Cluster 4
SMTN Cluster 4

REEP2 Cluster 4
TTYH3 Cluster 4
ORC1 Cluster 4

KIF20A Cluster 4

KCNKS5 Cluster 4

MYO5B Cluster 4

SLC4A2 Cluster 4

KRTS86 Cluster 5
TIGIT Cluster 5

UBE2F Cluster 5
TSHZ2 Cluster 5
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VOPPI Cluster 5
NOTCHI Cluster 5
GPR25 Cluster 5
PKIA Cluster 5
CALR Cluster 5
CD160 Cluster 5
MXD3 Cluster 5
SPIN4 Cluster 5
LRRC61 Cluster 5
CLIP3 Cluster 5
MAPILC3A Cluster 5
FASN Cluster 5
OAZI Cluster 5
ATP5B Cluster 5
HNRNPF Cluster 5
CCT3 Cluster 5
FAMI110A Cluster 5
IDH?2 Cluster 5
MDH? Cluster 5
CPNE7 Cluster 5
TNFSFI0 Cluster 5
TREXI Cluster 5
NKG7 Cluster 5
I1L32 Cluster 5
PSMBI10 Cluster 5
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FIBP Cluster 5
ELOFI1 Cluster 5
COPE Cluster 5
LAG3 Cluster 5
PFNI Cluster 5
PSME] Cluster 5
LSM?2 Cluster 5
ASNAI Cluster 5
CCL5 Cluster 5
PPIB Cluster 5
Cl8orf56 Cluster 5
MVD Cluster 5
C9orfl6 Cluster 5
SDHC Cluster 5
KIAAI1671 Cluster 5
CCRL2 Cluster 5
PSMB7 Cluster 5
GSTM4 Cluster 5
GPR34 Cluster 5
CSNK2B Cluster 5
ECHS1 Cluster 5
UBL7 Cluster 5
EIF31 Cluster 5
RALY Cluster 5
FBX0O6 Cluster 5
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YBX1 Cluster 5
MCM3 Cluster 5
GTF3C6 Cluster 5
POLDI Cluster 5
H2AFX Cluster 5

PMF1 Cluster 5
BARDI Cluster 5
PHF19 Cluster 5
TFDPI Cluster 5
RDM 1 Cluster 5
SFXN2 Cluster 5
DAPK2 Cluster 5
DCPS Cluster 5
FDFTI Cluster 5
SUMO2 Cluster 5
KIAA1524 Cluster 5
RFC3 Cluster 5
TBK1 Cluster 5
RADI17 Cluster 5
NETO?2 Cluster 5
SNORD74 Cluster 5
CHCHDA4 Cluster 5
GPSM?2 Cluster 5
LOC284581 Cluster 5
CDTI Cluster 5
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AK4 Cluster 5
TUBAIB Cluster 5
JAKMIP1 Cluster 5
SKA2 Cluster 5
ABII Cluster 5
COX4NB Cluster 5
SAMDSYL Cluster 5
CHSTI1 Cluster 5
VDAC2 Cluster 5
SEPT2 Cluster 5
ATADS Cluster 5
KIF20B Cluster 5
FAM193A Cluster 5
MRC?2 Cluster 5
RDHI0 Cluster 5
PRRI19 Cluster 5
CTLA4 Cluster 5
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Table 6. Related to Figure 3.

List of nodes for network analysis in Module 7.

AK4 CD4+ TIL
BATF CD4+ TIL
BIRCS CD4+ TIL
BUBI CD4+ TIL

Cllorf§2 CD4+ TIL
CAMKI CD4+ TIL

CD38 CD4+ TIL
CDCAS5 CD4+ TIL
CDK1 CD4+ TIL
CDT1 CD4+ TIL
CEP55 CD4+ TIL

CKAP2L CD4+ TIL
CXCLI3 CD4+ TIL
DLGAPS CD4+ TIL
EPSTII CD4+ TIL
FAMI111B CD4+ TIL
GAPDH CD4+ TIL
GBPIPI CD4+ TIL

GBP4 CD4+ TIL
GINS2 CD4+ TIL
H2AFV CD4+ TIL

HISTIH2AH CD4+ TIL
KIAA0101 CD4+ TIL
KIF15 CD4+ TIL
KIF2C CD4+ TIL
LOC541471 CD4+ TIL
MCMI10 CD4+ TIL
MCM4 CD4+ TIL
MELK CD4+ TIL
MKI67 CD4+ TIL
MLFIIP CD4+ TIL
MRC?2 CD4+ TIL
MTHFDI CD4+ TIL
MYBL?2 CD4+ TIL
NCAPG CD4+ TIL
NUDCD3 CD4+ TIL
PSMB9 CD4+ TIL
RANBPI CD4+ TIL
RRM?2 CD4+ TIL
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SNORD?70 CD4+ TIL
SNORD74 CD4+ TIL
SPATS2L CD4+ TIL
STMN1 CD4+ TIL
TNIP3 CD4+ TIL
TOP2A CD4+ TIL
TPX2 CD4+ TIL
TRIM69 CD4+ TIL
UBE2C CD4+ TIL
UHRF1 CD4+ TIL
ZWINT CD4+ TIL
ACOT7 CD8+ TIL
ANLN CD8+ TIL
ANXAS CD8+ TIL
APOBEC3B CD8+ TIL
ARPC2 CD8+ TIL
ASFIB CD8+ TIL
ATP5B CD8+ TIL
AURKB CD8+ TIL
BIRCS CD8+ TIL
BST?2 CD8+ TIL
BUBI CD8+ TIL
Cllorf75 CD8+ TIL
C9orfl6 CDS8+ TIL
CACYBP CD8+ TIL
CALM3 CD8+ TIL
CAMKI CD8+ TIL
CASCS CD8+ TIL
CCDC74A CD8+ TIL
CCL3 CD8+ TIL
CCNA2 CD8+ TIL
CCNBI1 CD8+ TIL
CCNB2 CD8+ TIL
CCNE2 CD8+ TIL
CD38 CD8+ TIL
CDS2 CD8+ TIL
CDC20 CD8+ TIL
CDC45 CD8+ TIL
CDCA2 CD8+ TIL
CDCA3 CD8+ TIL
CDCAS CD8+ TIL
CDCA7 CD8+ TIL
CDCAS CD8+ TIL
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CDK1 CD8+ TIL
CDKN3 CD8+ TIL
CDTI CD8+ TIL
CENPA CD8+ TIL
CENPF CD8+ TIL
CENPM CD8+ TIL
CENPN CD8+ TIL
CENPW CD8+ TIL
CEP55 CD8+ TIL
CHEKI CD8+ TIL
CHSTI14 CD8+ TIL
CKAP2L CD8+ TIL
CKSIB CD8+ TIL
CKS?2 CD8+ TIL
CLIP3 CD8+ TIL
CLSPN CD8+ TIL
COTLI CD8+ TIL
COX5A CD8+ TIL
CSF1 CD8+ TIL
CTNNALI CD8+ TIL
CXorf69 CDS8+ TIL
DEPDCI CD8+ TIL
DHFR CD8+ TIL
DIAPH3 CD8+ TIL
DLGAPS CD8+ TIL
DPF3 CD8+ TIL
DTL CD8+ TIL
DUT CD8+ TIL
E2F2 CD8+ TIL
E2F7 CD8+ TIL
E2F8 CD8+ TIL
EME] CD8+ TIL
ENOI CD8+ TIL
EPSTII CD8+ TIL
ETVI CD8+ TIL
ETV7 CD8+ TIL
EXOI CD8+ TIL
FABPS CD8+ TIL
FAMI111B CD8+ TIL
FAM3C CD8+ TIL
FAM64A CD8+ TIL
FANCI CD8+ TIL
FBX05 CD8+ TIL
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FBX06 CD8+ TIL
FDFTI CD8+ TIL
FENI CD8+ TIL
FKBPIA CD8+ TIL
FOXM1 CD8+ TIL
GAPDH CD8+ TIL
GBPI CD8+ TIL
GBPIPI CD8+ TIL
GBP2 CD8+ TIL
GBP4 CD8+ TIL
GBP5 CD8+ TIL
GEM CD8+ TIL
GINS2 CD8+ TIL
GMNN CD8+ TIL
GSTM4 CD8+ TIL
GTSE] CD8+ TIL
GZMB CD8+ TIL
H2AFX CD8+ TIL
HADH CD8+ TIL
HAPLN3 CD8+ TIL
HAVCR? CD8+ TIL
HISTIHIB CD8+ TIL
HISTIH2AH CD8+ TIL
HISTIH2AJ CD8+ TIL
HISTIH2AM CD8+ TIL
HISTIH2BF CD8+ TIL
HISTIH2BM CD8+ TIL
HISTIH3C CD8+ TIL
HISTIH3G CD8+ TIL
HISTIH3H CD8+ TIL
HJURP CD8+ TIL
HMGB2 CD8+ TIL
HMGB3 CD8+ TIL
HMGN?2 CD8+ TIL
HMMR CD8+ TIL
ICAM?2 CD8+ TIL
IDH? CD8+ TIL
IFI35 CD8+ TIL
IFITM10 CD8+ TIL
IGFLRI CD8+ TIL
ITGAE CD8+ TIL
KIAA0101 CD8+ TIL
KIFl1 CD8+ TIL

152

PCT/US2019/048036



WO 2020/041776

KIF15 CD8+ TIL
KIF18B CD8+ TIL
KIF20A CD8+ TIL

KIF23 CD8+ TIL
KIF4A CD8+ TIL
KIFC1 CD8+ TIL
KPNA2 CD8+ TIL

LAG3 CD8+ TIL

LDHA CD8+ TIL
LIMKI CD8+ TIL

LOC541471 CD8+ TIL
MAD2L] CD8+ TIL
MAD2L2 CD8+ TIL
MAPKI?2 CD8+ TIL
MCMI10 CD8+ TIL

MCM?2 CD8+ TIL
MCM4 CD8+ TIL
MCMS5 CD8+ TIL
MCM7 CD8+ TIL

MELK CD8+ TIL
MKI67 CD8+ TIL
MLFI1IP CD8+ TIL
MNDI CD8+ TIL

MXD3 CD8+ TIL
NCAPG CD8+ TIL
NCAPH CD8+ TIL
NDCS0 CD8+ TIL

NEIL3 CD8+ TIL

NEK?2 CD8+ TIL

NUF2 CD8+ TIL
NUSAPI CD8+ TIL

OAZ] CD8+ TIL
P2RY] CD8+ TIL

PBK CD8+ TIL

PCNA CD8+ TIL
PDIA6 CD8+ TIL
PDLIM4 CD8+ TIL

PFNI CD8+ TIL
PGAM1 CD8+ TIL

PGK1 CD8+ TIL

PHEX CD8+ TIL
PHGDH CD8+ TIL

PIF] CD8+ TIL
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PKM?2 CD8+ TIL
PKMYTI CD8+ TIL
PLK]1 CD8+ TIL
PPAI CD8+ TIL
PRDX6 CD8+ TIL
PRKAGI CD8+ TIL
PSMB7 CD8+ TIL
PSMC3 CD8+ TIL
PSME] CD8+ TIL
PSME2 CD8+ TIL
PTMA CD8+ TIL
PTMS CD8+ TIL
PTPN7 CD8+ TIL
RACGAPI CD8+ TIL
RADS5IAPI CD8+ TIL
RADS1 CD8+ TIL
RANBPI CD8+ TIL
RAN CD8+ TIL
REEP2 CD8+ TIL
RFC2 CD8+ TIL
RRM?2 CD8+ TIL
SCARNAI7 CD8+ TIL
SCCPDH CD8+ TIL
SEMA4A CD8+ TIL
SHCBP! CD8+ TIL
SHMT?2 CD8+ TIL
SMC2 CD8+ TIL
SNRPB CD8+ TIL
SPAGS CD8+ TIL
SPC24 CD8+ TIL
STATI CD8+ TIL
STIL CD8+ TIL
STMN1 CD8+ TIL
1CF7 CD8+ TIL
TIGIT CD8+ TIL
TK1 CD8+ TIL
TNFRSF9 CD8+ TIL
TNS3 CD8+ TIL
TOP2A CD8+ TIL
TOX2 CD8+ TIL
TP73 CD8+ TIL
TP CD8+ TIL
TPX2 CD8+ TIL
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TRAIP CD8+ TIL
TRIPI3 CD8+ TIL
TROAP CD8+ TIL
TSPAN17 CD8+ TIL
TUBAIB CD8+ TIL
TUBB CD8+ TIL
TYMS CD8+ TIL
UBB CD8+ TIL
UBE2C CD8+ TIL
UBE2L6 CD8+ TIL
UBE2T CD8+ TIL
UHRF! CD8+ TIL
VDR CD8+ TIL
WARS CD8+ TIL
ZBED?2 CD8+ TIL
ZWINT CD8+ TIL
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Table 7. Related to Figure 4 and FIG. 10.

List of Seurat cluster-specific genes for CD4* TILs.

CXCLI3 2.59 3.53E-279
AC092580.4 1.07 2.52E-76
CCL4 0.96 7.14E-10
NR3CI 0.91 4.60E-123
FKBP5 0.86 8.16E-93
RBPJ 0.81 4.62E-72
CHNI 0.78 1.22E-50
KLRBI 0.75 6.73E-51
IFNG 0.71 2.84E-25
ALOXS5AP 0.70 1.07E-55
BTLA 0.69 5.99E-48
SRGN 0.68 8.19E-107
MAF 0.68 5.61E-50
IL6ST 0.61 1.42E-35
RNFI9A 0.59 9.80E-48
ITM2A 0.59 5.92E-41
TNFRSF18 0.58 6.41E-49
SNX9 0.57 8.16E-38
cD7 0.56 1.33E-32
NAPIL4 0.56 2.03E-36
ICAl 0.54 8.29E-24
PDCDI1 0.54 3.07E-34
TSHZ2 0.54 2.44E-34
FABP5 0.54 1.32E-27
RP5-1028K7.2 0.52 5.60E-29
SLA 0.51 4.90E-31
UCP2 0.49 6.65E-22
CTSD 0.49 4.66E-22
ANKRD?28 0.49 1.90E-13
YWHAQ 0.48 1.36E-24
ID?2 0.48 2.77E-22
MT2A 0.48 2.30E-17
PKM 0.48 1.71E-22
LIMS1 0.48 9.52E-25
BST2 0.47 3.35E-19
PGAM1 0.47 8.38E-23
ELMO! 0.46 6.06E-22
GAPDH 0.45 1.18E-45
RAB27A 0.44 5.49E-23
TPl 0.44 3.54E-22
COTLI 0.43 8.17E-25
DUSP4 0.43 1.51E-19
ENTPD] 0.42 2.48E-17
RGS?2 0.40 2.68E-13
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SH2DIA 0.40 1.79E-15
CD?2 0.39 8.45E-30
LAPTMS 0.39 6.87E-22
CDS2 0.38 6.78E-16
LYST 0.38 1.58E-12
PPPICC 0.37 1.76E-15
IQGAP] 0.37 1.86E-14
FKBPIA 0.36 4.27E-13
CY9orf16 0.36 3.17E-14
SECIIA 0.35 3.72E-13
CD3D 0.35 4.07E-27
LBH 0.35 5.99E-11
TMEMI167A 0.34 3.42E-11
H2AFZ 0.34 1.37E-09
CKLF 0.33 1.63E-11
RPL7LI 0.33 9.22E-11
VOPPI 0.33 3.06E-13
MSI2 0.33 3.65E-10
SMAP2 0.33 6.03E-09
ITGA4 0.33 3.15E-11
CTLA4 0.33 6.92E-27
CITED?2 0.33 2.13E-05
SPOCK?2 0.33 4.98E-12
RILPL?2 0.33 1.16E-08
METTLS 0.33 2.57E-10
RHOA 0.32 9.62E-12
TMBIM6 0.32 1.67E-13
ANXAS 0.32 1.35E-08
CD247 0.32 1.50E-09
LY6E 0.31 3.04E-07
CD84 0.31 1.30E-08
HMGBI 0.31 2.09E-23
HMGNI 0.31 4.09E-13
ECHI 0.31 8.97E-10
PHPT] 0.31 3.53E-09
FAMI107B 0.30 5.53E-09
HIFIA 0.30 1.12E-06
ISCU 0.30 4.36E-09
TSPO 0.30 5.56E-08
PDIA6 0.30 1.63E-06
SOD1 0.30 2.16E-11
GADD45G 0.30 2.85E-05
CD40LG 0.30 4.56E-06
ACTB 0.30 1.17E-31
SHFM 1 0.30 1.32E-11
SPCS2 0.29 2.97E-10
PARK7 0.29 1.12E-09
ARAP2 0.29 8.56E-07
WDRS830S 0.29 3.89E-09
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SERF?2 0.29 6.86E-23
HMGN3 0.29 7.04E-07
NDUFV2 0.29 1.15E-07
RGS! 0.29 5.35E-19
SH3BGRL3 0.28 2.90E-12
HPIBP3 0.28 3.09E-09
RTFDCI 0.28 2.16E-08
TANK 0.28 2.27E-06
CCND3 0.28 8.78E-08
OXNAD! 0.28 6.25E-06
DNPH1 0.28 1.57E-07
PAG! 0.28 6.72E-06
TCEB?2 0.28 2.28E-10
SEPT7 0.27 1.28E-09
GNG5 0.27 3.46E-06
MYCBP2 0.27 6.73E-07
PDIA3 0.27 2.06E-07
PTPRC 0.27 4.29E-24
VDACI 0.27 9.56E-08
PTPN7 0.27 2.59E-06
COX8A 0.27 7.66E-09
TIGIT 0.27 2.51E-16
CTSB 0.27 2.31E-10
ANAPCI6 0.27 1.09E-07
EID] 0.26 1.28E-05
SPCS1 0.26 4.45E-07
SAMSNI 0.26 6.83E-07
SI100A11 0.26 1.49E-05
LSP1 0.26 8.51E-06
ARPC4 0.26 1.09E-06
PPPIR7 0.26 1.37E-05
TMEM50A 0.26 4.96E-06
ITGB1 0.26 0.001340903
GALM 0.26 0.000119486
BSG 0.26 2.76E-06
C4orf48 0.26 1.27E-05
NDUFAI3 0.26 6.64E-07
CNOT6L 0.26 0.000101892
CCDCI67 0.25 5.51E-06
TMEM173 0.25 0.003201356
ARPCIB 0.25 2.87E-07
BRK] 0.25 0.000124877
PHACTR?2 0.25 0.000101417
H3F3A 0.25 2.14E-11
GPX4 0.25 6.84E-05
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Table 8. Related to FIG. 4.

List of differentially expressed genes in CXCLI3-expressing versus CXCL13-non-expressing CD4* TILs.

AC006129.4 0.33 1.01E-08 11.05 36.39 1.88 7.43
ACO018816.3 0.24 1.13E-02 15.10 35.36 3.28 7.33
AC069363.1 0.45 7.52E-19 4.76 36.50 0.66 6.18
AC092580.4 1.74  1.48E-36 164.44 487.27 19.26 37.91
AC104820.2 0.48 2.07E-05 33.49 73.16 7.27 15.29
AC112721.2 0.07 1.28E-02 1.23 5.36 0.25 1.68
ACADVL 0.32 3.31E-02 49.76 71.73 10.82 17.49
ACSL3 0.06 4.55E-02 19.29 20.56 4.26 6.28
ACTB 0.46 3.40E-26 3954.80 | 5231.59 97.48 98.43
ACTGI 0.63 3.68E-10 968.16 1238.11 77.74 84.71
AF165138.7 0.03 3.80E-02 0.00 3.55 0.00 0.52
AGFGI 0.41 8.32E-07 18.45 50.70 4.52 12.04
AGPATS 0.1 3.70E-02 10.12 26.76 2.50 5.34
AHII 0.81] 4.40E-17 27.33 87.29 6.21 18.64
AKT3 0.13 3.87E-02 14.84 20.60 3.51 5.97
ALOXS5AP 1.29 4.00E-29 209.29 428.10 33.65 49.42
ANKRD28 0.58 2.66E-06 89.43 172.74 13.92 21.36
ANKRD35 0.37 2.12E-11 6.56 27.63 1.28 6.39
ANKRDS55 0.28 1.76E-07 4.57 19.47 1.12 5.03
ANXAS5 0.55 5.55E-04 96.70 163.91 19.07 29.53
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APOBEC3C 0.67 6.94E-05 103.16 189.18 16.21 25.13
ARL3 0.61 6.10E-13 19.28 70.61 4.33 13.40
ARMCI2 0.06 4.62E-03 0.32 3.67 0.07 1.05
ARPCIB 0.67 3.46E-03 386.32 505.48 53.09 64.29
ARPC2 0.37 3.46E-10 504.17 648.22 63.80 70.26
ARPC3 0.19 4.10E-02 395.55 464.60 57.77 64.19
ASCL2 0.08§ 3.95E-02 1.30 6.88 0.34 1.78
ATF7IP 0.08§ 1.26E-02 94.73 96.85 19.42 24.08
ATPSE 0.36 4.43E-11 1640.73 1940.26 91.04 94.14
ATP5G2 0.24 5.67E-04 479.92 570.77 63.20 68.90
ATP51 0.40 2.24E-02 361.20 448.87 54.72 62.93
ATP5J2 0.54 6.02E-04 218.90 319.81 38.88 49.32
ATPSL 0.05 5.04E-06 643.50 741.95 73.15 75.81
ATPY9A 0.11 2.12E-03 1.27 791 0.30 1.88
AURKA 0.10 3.16E-02 4.46 11.11 0.66 2.30
B2M 0.08 4.97E-02 16940.03 | 17928.38 99.93 100.00
BAD 0.32 8.41E-03 26.38 51.83 6.30 12.25
BASP1 0.10 1.13E-02 2.95 11.41 0.66 2.93
BATF 0.54 7.95E-03 256.71 303.14 31.61 42.51
BCAS3 0.42 1.28E-07 17.56 48.24 3.69 10.47
BCATI 0.25 7.34E-11 2.64 23.56 0.60 5.03
BHLHE40-AS1 0.43 6.67E-14 8.50 47.75 1.86 9.42
BIRCS 0.16 1.26E-02 8.94 24.26 0.94 2.93
BNIP3L 0.24 2.59E-02 36.46 51.30 8.16 13.61
BRD4 0.44 2.60E-02 71.66 116.94 14.63 22.30
BST2 0.64 1.89E-04 115.45 199.81 21.46 32.77
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BTLA 0.99 2.09E-19 | 4232 | 130.16 8.41 23.04
Cldorf2 0.18 226E-02 | 365.16 | 43845 | 54.68 60.73
Cl6orf45 0.19 932E-04 | 7.04 19.41 1.63 5.13
C1601187 0.40 201E-03 | 53.93 88.94 10.75 19.27
C1701158 0.10 2.44E-02 1.68 9.48 0.41 1.88
Clorf228 0.47 224E-09 | 14.05 45.67 3.39 10.37
Clorf52 0.21 2.03E-03 | 31.89 42.44 722 11.62
C70rf55-
Luc7L2 0.37 291E-03 | 43.28 70.64 9.93 17.49
C90rf16 0.68 3.05E-06 | 187.46 | 288.07 | 3331 45.65
CALM?2 0.25 0.48E-03 | 51225 | 61777 | 6417 69.95
CAMK]I 0.29 5.68E-05 | 1344 | 40.10 2.89 8.38
CAVI 0.16 9.12E-09 1.92 12.46 0.21 272
CBLB 0.50 534E-04 | 5536 89.95 11.33 19.79
CCDC30 0.64 123E-12 | 2620 | 70.10 5.18 15.18
CCDC6 0.63 474E-09 | 3534 87.46 8.12 18.95
CCL3 0.75 460E-19 | 5213 | 273.08 225 9.21
CCLA 1.03 877E-11 | 53621 | 1517.09 | 14.24 22.83
CCLALI 0.08 3.61E-02 1.76 12.39 0.16 1.05
CD109 0.15 205E-05 | 227 11.98 0.41 272
CD2 0.41 270E-09 | 146442 | 1886.19 | 86.75 90.26
CD200 0.55 243E-15 | 13.63 5231 252 10.79
CD247 0.53 204E-03 | 15211 | 22727 | 2850 38.74
CD2BP2 0.33 159E-02 | 3583 63.33 7.89 14.45
CD3D 0.56 251E-20 | 1063.16 | 144652 | 84.71 89.32
CD3G 0.54 5.82E-03 | 437.69 | 55205 | 5857 | 67.64
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CcD7 1.15 8.14E-12 347.34 576.45 42.11 56.86
CD82 0.75 7.30E-06 93.79 166.29 18.36 31.31
CD84 0.81 3.15E-08 72.97 136.26 14.65 26.81
CDK1 0.14 2.36E-03 3.92 20.84 0.71 2.30
CDO1 0.05 3.56E-02 0.20 3.04 0.05 0.73
CFLI 0.20 9.12E-05 833.84 987.52 78.18 81.36
CGGBPI1 0.13 3.41E-02 78.84 86.95 16.69 21.78
CH25H 0.34 5.13E-05 18.26 57.35 2.93 7.85
CHNI1 1.15 2.92E-22 57.82 167.39 8.41 23.56
CHORDCI1 0.23 1.06E-02 82.71 97.96 15.75 21.68
CKLF 0.51 9.93E-05 350.52 483.05 48.07 56.96
CLECLI 0.44 6.05E-10 12.89 38.79 2.09 7.33
COLO6A3 0.26 3.28E-08 5.12 25.09 1.01 5.34
COL9A2 0.13 1.46E-02 7.65 26.73 1.99 4.82
COROIC 0.18 1.49E-03 6.29 21.58 1.26 4.40
COTL! 1.61 4.76E-26 311.81 554.64 45.05 63.87
coxeC 0.38 5.86E-05 435.90 559.39 60.00 67.43
COX8A 0.79 2.72E-05 268.23 376.75 43.92 56.44
CPD 0.27 4.63E-03 18.34 38.34 4.20 9.21
CPM 0.45 3.88E-11 13.15 49.55 2.75 10.26
CRTAM 0.17 2.48E-02 9.70 29.78 1.31 3.25
CSF2 0.30 9.84E-07 12.92 55.29 1.03 4.29
CSGALNACT 0.36 5.40E-04 25.47 55.00 5.36 11.41
1
CTA- 0.15 7.15E-05 2.51 10.78 0.50 2.83
293F17.1
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CTHRCI 0.09 2.33E-04 0.76 8.00 0.09 1.47
CTLA4 1.22 3.58E-10 289.33 420.92 30.81 47.33
CTNNBI 0.54 1.72E-03 118.51 188.39 16.39 22.20
CTSB 0.48 8.21E-03 74.46 118.00 15.04 24.50
CTSD 0.78 3.23E-07 93.80 180.04 17.95 29.84
CTTN 0.14 1.68E-05 2.20 9.96 0.44 2.93
CXCLI3 11.02 0.00E+00 0.00 4695.42 0.00 100.00
CYP7B1 0.13 6.64E-03 3.31 12.59 0.83 3.25
CYSLTRI 0.52 1.99E-04 55.07 99.73 10.02 17.38
DAPK2 0.43 1.17E-12 8.27 35.42 1.67 7.85
DBI 0.48 2.97E-03 168.21 243.63 30.28 40.10
DCAF7 0.03 2.06E-02 35.73 38.41 8.32 11.31
DTHDI1 0.61 6.81E-17 16.86 63.61 2.96 11.52
DTYMK 0.20 2.83E-02 17.61 40.82 3.87 7.64
DUSP4 0.92 1.94E-06 280.55 430.96 32.69 46.18
DYNLLI 0.72 1.38E-03 187.00 270.67 31.96 44.82
ECHS1 0.30 3.64E-02 44.13 80.94 10.50 17.07
EED 0.39 4.45E-03 48.99 79.37 9.97 17.49
EGOT 0.14 2.97E-03 3.45 13.87 0.73 3.04
ELMOI 0.88 7.51E-13 56.83 134.27 12.20 24.82
ELMOZ2 0.13 2.80E-02 6.83 13.34 1.56 3.87
ENTPDI 0.55 3.94E-04 102.23 153.90 13.73 22.83
ESCO2 0.11 9.48E-03 1.97 12.28 0.32 1.68
ETFA 0.03 3.56E-02 42.72 48.33 9.83 13.93
ETV7 0.37 7.47E-06 19.86 53.85 4.10 11.10
EVI5 0.13 1.87E-02 3.70 12.08 0.80 2.83
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FABP5 1.38 5.15E-31 55.27 191.04 8.85 26.70
FAIM?2 0.09 1.54E-02 2.07 8.99 0.50 2.51

FAMI107B 0.56 4.68E-07 257.64 359.83 43.08 53.19
FAMI3A 0.18 1.96E-02 10.65 28.56 2.43 5.34
FAM166B 0.04 1.45E-02 0.11 3.86 0.02 0.84
FAM174A 0.01 4.13E-02 10.34 10.65 2.52 3.66
FAM3C 0.52 2.70E-11 21.56 76.15 4.93 13.30
FAMA43A 0.20 1.25E-02 24.48 38.15 4.86 9.21
FBLN5 0.05 2.92E-04 14.46 13.99 3.35 4.82
FBLN7 0.15 1.45E-02 38.20 47.86 8.25 12.36
FDXR 0.17 5.26E-03 5.52 20.59 1.40 4.40
FKBPIA 0.67 9.76E-06 141.36 233.05 27.53 40.21
FKBP5 2.37 4.55E-55 159.57 423.25 27.40 54.55

FLTI 0.07 4.83E-02 1.18 9.20 0.34 1.47

FRYL 0.07 4.01E-02 55.59 61.10 12.20 16.23

FYB 0.20 3.55E-03 470.04 590.03 58.71 64.50

FZD3 0.15 9.17E-04 3.74 11.22 0.78 2.93

FZD6 0.12 6.15E-04 0.99 9.34 0.28 1.99

GOS2 0.20 6.63E-07 6.98 22.76 0.57 3.35

GADDA45 0.74 9.98E-06 110.76 178.76 17.15 28.38
G
GALNT! 0.40 2.83E-04 36.50 66.57 8.09 16.02
GALNT?2 0.22 1.44E-03 14.41 30.06 3.32 8.17
GAPDH 1.18 1.56E-47 1130.85 1862.47 80.22 89.32
GATAD2B 0.03 3.86E-02 24.61 25.53 5.57 7.43
GFIl 0.21 2.72E-02 13.95 31.78 3.21 7.33
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GIMAP6 0.27 1.66E-02 24.92 42.33 6.03 11.41
GLCCI! 0.46 4.08E-04 59.31 97.69 12.45 21.99

GLDC 0.05 3.35E-02 0.18 3.63 0.05 0.84
GNGH4 0.54 1.34E-34 3.03 48.77 0.46 9.32
GNG5 0.62 2.95E-03 123.37 191.20 23.98 35.71

GOLIM4 0.36 1.85E-11 5.09 35.05 0.92 5.45

GPR56 0.41 4.74E-16 4.48 37.34 0.78 6.28

GSKIP 0.10 2.12E-02 19.66 25.04 4.36 7.43
GSTT1 0.09 3.99E-02 7.67 11.71 1.81 3.66
GTDCI1 0.21 2.12E-03 13.92 26.15 3.16 6.91
GZMB 0.54 2.88E-10 35.40 131.68 3.37 9.32
GZMM 0.43 2.44E-02 70.10 111.31 15.27 22.83
H2AFZ 1.18 1.20E-20 226.07 450.26 36.63 52.04
H3F3A 0.37 3.96E-08 797.18 981.92 76.52 81.15
HAVCR2 0.50 2.12E-11 17.67 68.04 3.48 11.20
HBSIL 0.43 9.93E-05 47.80 75.59 9.47 17.17
HIFIA 0.49 8.24E-04 109.59 173.81 22.24 31.73
HINTI 0.29 2.05E-02 579.35 689.64 68.82 74.76
HISTIH2BD 0.13 1.50E-03 15.82 20.03 3.12 5.55
HISTIH2BN 0.03 1.97E-02 14.61 13.30 2.77 3.87
HLA-A 0.20 2.43E-05 2936.05 3298.89 97.36 98.64
HLA-B 0.16 1.17E-03 3069.64 3427.32 97.34 98.32

HMGBI1 0.86 1.72E-23 901.09 1322.99 78.93 87.23

HMGB2 0.23 7.98E-03 263.10 358.47 39.52 44.92

HMGNI 0.94 1.24E-13 396.81 586.22 5591 68.06

HMGN?2 0.12 3.60E-02 399.34 499.62 54.72 59.79
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HMGN3 0.52 5.35E-04 70.51 129.57 15.29 25.45
HMHBI 0.17 9.21E-08 1.83 13.33 0.32 3.14
HMOX1 0.09 3.31E-02 2.27 11.33 0.53 2.30
HMSD 0.04 4.66E-02 0.41 3.47 0.11 1.15
HNRNPAI 0.12 1.14E-04 1007.12 1155.52 83.20 84.82
HNRNPA2BI 0.23 9.48E-03 663.38 778.42 72.03 76.54
HNRNPA3 0.37 5.36E-03 290.93 380.98 45.09 53.82
HNRNPH1 0.43 1.21E-02 403.78 511.58 45.94 49.74
HNRNPK 0.40 2.33E-06 408.91 526.03 58.09 65.86
HNRNPL 0.50 1.50E-02 103.93 153.72 16.76 23.04
HNRNPLL 0.41 2.08E-02 67.60 100.09 13.39 20.52
HSDI11B1 0.10 1.82E-03 0.95 8.31 0.18 1.57
HSPBI 0.62 1.91E-02 221.37 304.94 29.25 39.37
HTRAI 0.22 5.29E-08 1.92 17.08 0.50 3.66
ICA 1.24 8.83E-17 109.77 232.98 15.52 32.67
1
ID2 1.45 1.06E-18 495.71 827.36 48.07 64.19
IFI16 0.73 1.29E-07 444.74 601.59 58.41 68.69
IFI6 0.50 1.46E-07 223.83 480.28 23.89 29.74
IFITM10 0.12 1.64E-04 0.95 9.03 0.16 1.68
IFNG 1.49 1.42E-27 132.90 385.90 9.95 25.76
IGFBP4 0.23 3.49E-04 12.68 25.87 2.84 7.23
IGFL2 0.62 1.13E-34 3.37 59.67 0.46 8.90
IL2 0.38 4.08E-15 5.29 35.69 0.85 6.49
1

IL2]1-AS1 0.13 4.16E-05 1.19 10.69 0.23 2.09
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L2 0.09 3.12E-02 2.94 12.25 0.60 1.68
6
IL6ST 1.40 6.56E-25 90.04 226.65 17.26 35.81
IPP 0.13 1.06E-02 6.79 13.51 1.63 3.98
IQGAPI 0.56 1.04E-03 169.39 248.13 31.16 41.88
ISCU 0.66 1.59E-04 179.16 262.32 33.36 45.03
ITGA2 0.13 1.21E-05 3.13 10.01 0.48 2.83
ITM2A 1.27 6.35E-18 253.56 456.16 38.15 54.45
ITPRI1 0.55 8.67E-10 22.94 69.32 5.07 13.40
ITPRIPL2 0.14 5.25E-06 1.27 13.27 0.39 3.14
JARID?2 0.35 2.00E-02 40.83 75.05 8.80 15.71
KCNK5 0.20 2.39E-05 4.05 16.58 0.99 4.29
KIAA0101 0.18 2.55E-02 15.20 39.85 1.81 4.08
KIAA0247 0.29 8.21E-03 24.38 47.52 5.04 10.05
KIAAO319L 0.44 5.66E-05 30.47 65.71 6.46 13.51
KIAA1432 0.00 7.37E-03 9.33 8.12 2.25 3.04
KIAAI671 0.12 1.22E-02 6.14 11.25 1.26 3.25
KLF7 0.18 8.23E-03 5.58 15.89 1.35 3.87
KLRBI 1.79 5.94E-18 612.43 1030.23 36.38 55.50
KRTS86 0.20 2.39E-08 2.46 22.57 0.28 3.04
LAG3 0.70 6.79E-13 39.72 139.74 5.20 14.66
LAMTORS3 0.20 3.19E-02 22.53 36.84 5.32 10.16
LAPTMS 0.72 2.05E-07 352.32 486.54 5291 63.56
LB 0.59 2.33E-03 209.58 302.97 35.21 46.07
H

LHFP 0.40 1.21E-21 2.62 28.86 0.34 5.55
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LIF 0.05 4.82E-02 0.40 4.04 0.16 1.15
LIMAI 0.51 1.46E-04 53.43 99.52 10.68 20.84
LIMS1 0.89 1.89E-08 95.80 176.66 19.65 34.24
LINCOO116 0.20 2.24E-02 53.61 65.47 11.10 16.02
LINC00158 0.11 8.49E-04 1.26 8.77 0.18 1.57
LMO4 0.67 9.96E-13 35.29 109.38 6.99 15.92
LRMP 0.58 2.53E-08 29.57 70.82 6.65 15.50
LRRCS8D 0.21 8.69E-03 9.55 24.95 2.52 6.39
LY6E 0.20 1.58E-06 195.52 301.83 33.72 40.10
LYST 0.70 1.32E-06 78.92 147.32 15.20 26.07
MAD2LI 0.25 1.28E-02 21.39 42.25 4.31 8.90
MAD2L2 0.25 1.25E-02 20.70 37.85 4.86 9.63
MAF 1.58 8.51E-20 255.32 462.00 35.10 54.55
MAGEF] 0.14 4.03E-02 9.86 17.78 2.34 5.03
MAML?2 0.26 1.52E-04 39.18 50.18 8.46 13.30
MB 0.07 3.63E-03 0.22 8.23 0.02 0.84
METTLS 0.47 1.22E-02 76.63 127.50 14.44 22.93
MIF 0.28 1.94E-02 216.56 286.08 39.34 46.81
MIRI5S5HG 0.34 4.44E-04 25.86 55.74 4.01 9.01
MIR4435- 0.33 1.80E-02 195.61 223.31 25.63 34.03
IHG
MIS18BP1 0.41 1.02E-02 63.86 98.32 13.41 21.78
MKLI 0.04 1.94E-02 7.95 9.40 1.90 3.14
MORFA4LI 0.25 3.83E-02 358.76 435.01 54.59 61.68
MPST 0.17 1.30E-03 16.40 26.66 3.58 7.85
MRPL51 0.44 4.73E-02 80.80 131.76 17.06 26.60

168




WO 2020/041776 PCT/US2019/048036

MS4A6A 0.22 3.86E-06 3.92 17.95 0.71 3.56
MSI2 0.64 4.16E-05 76.08 134.42 15.77 26.81
MTIE 0.42 1.20E-06 22.23 60.12 4.36 11.52
MT2A 1.12 5.12E-11 299.90 514.98 35.72 49.95
MTUSI 0.12 2.46E-02 4.28 9.52 0.92 2.62
MTX3 0.17 1.07E-03 10.77 18.35 2.25 5.13
MX1 0.07 9.16E-03 49.41 85.61 10.41 13.40
MXD3 0.07 2.60E-02 2.24 4.74 0.30 1.26
MYB 0.10 1.51E-02 5.36 11.37 1.15 3.46
MYL6 0.24 8.53E-09 919.32 1125.89 79.46 82.30
MYO6 0.17 4.19E-03 5.81 15.02 1.28 3.87
MYO7A 0.29 7.96E-13 3.21 22.92 0.73 5.97
NABI 0.39 6.05E-05 25.81 57.21 5.55 12.57
NAPI1LA4 1.34 2.22E-18 163.12 308.73 29.14 47.02
NCALD 0.23 9.86E-03 15.23 34.50 3.21 7.54
NCL 0.13 3.16E-02 447.80 524.93 58.21 63.46
NCOA7 0.42 4.67E-02 73.34 114.01 15.15 22.51
NDFIP2 0.41 9.98E-04 37.97 75.73 8.23 16.13
NDUFAI 0.16 1.10E-07 304.52 389.93 50.76 56.96
NDUFAI3 0.50 3.50E-02 234.20 310.04 41.29 51.52
NEBL 0.18 9.66E-10 2.38 14.68 0.30 3.25
NELL2? 0.40 8.36E-06 21.88 53.86 5.09 11.20
NENF 0.44 4.00E-03 48.69 89.01 11.21 19.06
NFIA 0.13 2.60E-02 9.45 14.98 2.09 4.50
NFYA 0.02 4.59E-02 6.69 6.01 1.44 2.09
NMB 1.04 3.84E-32 24.82 160.87 3.83 17.59
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NPDCI1 0.38 3.57E-05 24.65 55.89 5.55 13.19
NR3C1 2.28 9.75E-52 251.34 573.27 36.91 61.68
NSMAF 0.13 4.42E-02 15.90 22.35 3.78 6.60
NUCKS! 0.57 2.06E-02 194.15 263.59 33.04 42.72
NUDTI6 0.39 1.93E-07 13.14 38.80 3.12 9.42
NUDT7 0.17 3.30E-03 4.65 16.92 1.17 3.77
NUSAPI 0.23 1.98E-02 20.25 47.76 3.05 6.60

OAZ] 0.52 8.78E-10 698.76 870.80 73.57 80.10
ORMDL3 0.20 4.97E-02 36.36 53.16 8.14 13.19
OSBPL2 0.09 2.57E-02 15.36 18.20 3.51 5.55

PAM 0.16 4.19E-02 15.55 28.02 3.51 7.12

PARK7 0.61 1.11E-03 239.58 334.38 39.45 51.10
PCBP3 0.07 3.14E-02 1.50 4.90 0.37 1.57

PCNA 0.32 2.16E-02 35.76 68.78 6.67 12.15
PCNXL?2 0.29 2.03E-03 21.09 38.26 4.42 8.80
PDCDI 1.29 1.25E-32 35.90 129.05 7.11 24.50

PDE7B 0.84 8.15E-42 5.44 55.53 1.10 12.57
PDIA6 0.49 2.58E-02 116.10 186.33 22.63 33.51
PEAKI 0.12 2.31E-02 4.43 11.55 0.99 3.04

PFNI 0.50 8.10E-11 988.20 1236.23 80.67 85.76
PGAM1 0.91 7.97E-10 106.63 222.41 20.47 35.71
PGM2LI 0.32 2.55E-03 25.19 52.76 5.34 11.41
PHACTR? 0.53 2.29E-03 76.86 124.37 15.22 24.92

PHEX 0.30 8.22E-13 3.23 24.97 0.64 5.45

PIN4 0.30 2.01E-02 59.15 79.23 12.61 19.27

PKM 1.47 2.79E-17 213.12 392.78 30.72 49.95

170




WO 2020/041776 PCT/US2019/048036
PLEKHF1 0.19 3.44E-02 14.98 29.79 3.71 8.06
PLS3 0.07 6.95E-03 0.32 5.78 0.09 1.05
POLR2G 0.33 4.64E-02 75.84 122.38 16.51 23.77
PON2 0.12 2.24E-03 3.00 10.33 0.71 3.04
POU2AFI 0.11 7.98E-03 2.69 10.44 0.57 2.51
PPARG 0.23 2.97E-09 3.17 16.24 0.50 3.77
PPIA 0.10 2.90E-04 563.31 664.31 67.06 71.10
PPPICC 0.90 3.62E-08 99.71 171.94 20.56 34.97
PPP4C 0.48 8.23E-03 72.96 126.65 16.37 26.49
PRDM 1 0.02 6.59E-03 315.49 370.78 39.02 40.84
PSMA7 0.82 3.90E-09 342.26 488.28 49.47 61.05
PTMS 0.76 4.80E-18 25.16 93.87 4.49 15.81
PTPN11 0.40 1.96E-04 28.12 63.71 6.46 13.93
PTPNI3 0.75 9.94E-30 9.82 55.42 2.04 13.19
PTPRC 0.14 1.74E-11 1509.53 1759.96 89.61 88.80
PTPRN2 0.30 4.97E-04 15.13 38.86 3.55 8.80
PVALB 0.61 2.86E-24 6.36 45.90 1.15 8.90
RABI2 0.13 1.12E-02 13.50 31.25 1.99 3.35
RAB27A 0.92 1.37E-12 62.81 141.98 13.82 27.96
RANBPI1 0.39 4.01E-03 151.91 238.09 27.26 35.71
RBPJ 2.12 2.66E-44 194.44 495.48 30.24 54.35
RDHI0 0.34 2.T7E-15 5.21 28.78 0.89 6.81
REEP2 0.07 6.46E-03 1.06 5.33 0.21 1.57
RGS1 0.79 2.11E-06 2539.03 3037.52 79.62 86.39
RGS2 1.29 4.58E-12 334.89 526.03 37.48 53.30
RHOA 0.43 2.43E-04 213.50 299.48 37.99 47.85
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RNF19A 1.12 3.36E-13 326.15 517.93 44.70 59.58
ROMOI1 0.69 1.26E-03 138.67 208.16 26.11 38.43

RPI11- 0.04 1.22E-02 0.16 3.66 0.05 1.05
132N15.3

RP11-25K19.1 0.40 4.45E-10 10.77 34.56 2.48 9.01

RPI11- 0.38 3.54E-08 16.99 45.00 3.60 10.99

265P11.2
RP11-279F6.3 1.00 2.04E-41 12.01 93.20 2.32 16.75

RPI11- 0.22 1.79E-04 8.03 30.18 1.65 5.76
316P17.2

RPI11- 0.31 4.07E-08 11.99 33.79 1.70 6.28

345M22.1

RP11- 0.08 3.36E-02 1.03 6.27 0.28 1.47
431M7.3

RPI11- 0.06 2.55E-02 0.84 3.59 0.18 1.15
444D3.1

RP11-553L6.2 0.19 4.32E-02 21.27 31.45 4.49 7.85
RP11-65J3.1 0.06 1.36E-03 0.36 3.18 0.05 1.05
RP11-94L15.2 0.47 1.82E-02 83.51 129.82 16.44 24.40

RP13- 0.30 2.64E-14 1.91 18.69 0.41 4.71

143G15.4
RP5-1028K7.2 1.27 1.26E-31 36.62 130.95 7.47 24.71
RP6-109B7.3 0.29 1.27E-03 36.47 52.97 7.27 12.77
RP6-91HS8.3 0.23 1.46E-04 7.39 29.06 1.56 5.24

RPA3 0.49 1.31E-02 81.92 132.62 17.10 26.81
RPL7LI 0.45 1.44E-02 72.85 116.15 15.08 23.46

RYR2 0.06 2.76E-04 0.00 3.17 0.00 0.94

SAE] 0.29 3.66E-02 30.85 60.45 7.15 13.40
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SARDH 0.40 2.02E-09 10.87 37.38 2.71 9.63
SCAMPA 0.14 3.50E-02 13.44 20.19 2.93 5.45
SECIIA 0.89 2.04E-07 118.04 201.74 23.73 37.80
SECI4L2 0.25 5.53E-06 5.04 20.44 1.12 4.61
SEC22C 0.14 3.60E-02 23.88 30.73 5.55 8.90
SEPT7 0.34 3.92E-05 372.90 475.72 54.79 62.20
SERF?2 0.52 8.31E-28 902.93 1210.48 81.84 85.86
SERPINE? 0.10 2.40E-02 4.56 18.88 0.92 3.46
SESN1 0.33 1.86E-02 39.86 70.86 7.79 13.30
SET 0.59 1.53E-02 292.73 387.00 41.66 50.26
SFXN1 0.46 1.59E-02 77.83 122.84 15.98 24.50
SGK1 0.42 1.77E-05 59.10 80.20 10.25 17.70
SH2DIA 0.77 5.15E-05 149.92 235.73 26.87 40.00
SH3BGRL3 0.03 8.31E-09 610.64 761.92 68.02 70.99
SHCBP1 0.08 6.64E-03 0.71 9.64 0.18 1.36
SHFM1 0.75 2.25E-04 212.76 300.26 36.57 49.11
SIRPG 0.61 6.40E-05 76.17 127.70 14.86 26.07
SLA 1.11 1.53E-12 278.90 464.51 40.99 55.92
SLAMF6 0.29 4.66E-04 23.02 40.07 5.18 10.58
SLC25A46 0.21 5.68E-04 15.71 26.89 3.69 7.96
SLC27A2 0.19 4.76E-04 6.34 23.81 1.49 5.34
SLC28A3 0.04 8.28E-04 0.00 3.88 0.00 0.94
SLCY9A9 0.63 8.31E-09 38.84 78.26 8.46 18.43
SMADI1 0.09 1.51E-02 1.97 8.82 0.46 2.30
SMARCA?2 0.67 1.70E-08 47.17 105.42 10.55 21.36
SMC2 0.20 2.46E-02 17.41 33.77 3.65 17.75
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SMCO4 0.76 5.08E-17 25.95 78.92 5.48 17.38
SMOX 0.10 1.68E-02 2.44 7.80 0.44 1.88

SMPDL3A 0.10 7.58E-05 0.62 6.99 0.11 1.57
SNRPF 0.37 4.43E-02 154.63 217.16 30.19 38.74
SNX14 0.15 4.43E-02 25.20 33.58 5.62 9.21

SNX9 0.71 2.81E-08 56.70 119.48 11.23 23.77
SOD1 1.01 5.10E-12 504.92 701.94 59.58 72.04
SON 0.57 4.98E-07 572.88 702.04 69.19 76.86
SPC24 0.12 2.55E-02 3.70 18.18 0.50 1.78
SPC25 0.09 9.48E-03 1.16 12.06 0.18 1.36
SPCS2 0.60 2.05E-02 177.71 243.72 33.63 44.92
SPOCK2 0.26 1.68E-02 295.06 390.83 45.05 52.88
SPRY1 0.49 2.53E-07 28.36 61.19 4.56 10.89
SRGAP3 0.37 8.15E-05 23.33 59.39 4.84 10.47
SRGN 1.08 2.32E-56 1366.39 | 2268.95 84.89 92.77
SRP14 0.42 1.24E-08 603.96 756.95 70.93 77.07
ST6GALNACS 0.09 5.00E-03 1.20 4.93 0.25 1.47
STMN1 0.41 1.52E-04 57.60 140.99 6.37 10.89
STON1 0.09 4.00E-03 1.06 6.15 0.21 1.57
STRIP2 0.09 2.12E-03 2.45 6.37 0.32 1.57
SUBI 0.47 2.61E-04 499.25 630.70 61.76 69.84
SUMO?2 0.26 5.42E-03 382.12 461.56 56.37 63.46
SYT11 0.40 1.14E-04 28.71 61.07 6.17 13.61
TBCID4 0.28 5.12E-04 158.64 175.09 23.41 31.73
TBCEL 0.11 6.76E-03 4.10 10.50 0.96 3.46
TBXASI 0.26 1.07E-05 8.06 21.59 1.65 5.45
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TCEB2 0.42 8.98E-03 332.84 421.03 51.86 60.52
TGIF1 0.56 5.32E-05 51.47 95.64 10.55 18.85
THADA 0.92 2.14E-13 60.94 149.59 10.66 23.66
TIGIT 1.29 2.33E-13 214.01 319.73 28.29 46.60
TIMM17B 0.06 1.09E-02 29.30 31.35 6.58 8.90
TMA7 0.20 8.92E-03 1036.36 1151.74 84.89 87.54
TMBIM6 0.47 4.19E-02 279.43 368.31 46.79 56.65
TMEMI128 0.24 1.70E-02 24.18 40.19 5.41 9.74
TMEMI167A 0.52 6.52E-04 63.60 115.09 14.03 23.77
TMEM?245 0.12 2.12E-02 24.26 30.32 5.78 9.01
TMSB10 0.15 2.91E-03 4459.94 5059.17 98.62 99.48
TMSB4X 0.10 6.79E-03 16960.05 | 18155.01 99.91 100.00
TNFRSF18 1.61 6.95E-21 198.22 372.72 21.92 42.83
TNFRSF4 0.69 6.66E-06 322.44 330.75 26.23 38.22
TNFSF8 0.36 1.98E-03 27.88 55.21 5.73 10.68
TOMM34 0.12 2.76E-03 4.81 12.87 1.15 3.66
TOP2A 0.31 5.83E-04 26.22 57.18 2.89 6.70
TOPORS 0.17 1.90E-02 34.09 44.98 7.52 12.04
T0X 0.95 7.84E-21 35.08 96.10 6.83 20.21
T0X2 0.85 1.14E-15 39.94 103.14 8.21 22.20
TP53TG1 0.00 5.70E-03 31.07 30.92 7.15 8.80
TP73 0.07 1.22E-02 1.68 5.37 0.21 1.15
TPII 1.45 1.78E-23 197.01 392.90 34.41 53.09
TPM3 0.41 2.86E-05 364.76 476.86 52.36 60.73
TRPSI 0.57 1.44E-06 42.02 84.17 8.83 18.12
TSHZ2 1.73 3.40E-31 101.70 255.74 16.67 38.32
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TSPANI3 0.11 7.61E-04 3.80 11.07 0.60 2.83
TSPANS 0.02 1.38E-02 49.42 55.46 10.22 14.66
TSPO 0.64 5.13E-05 154.63 232.89 30.12 41.26
T7TC38 0.11 1.43E-02 3.46 10.20 0.83 2.93
TUBA3D 0.09 7.41E-03 1.08 7.94 0.21 1.47
TWISTI 0.19 1.25E-03 6.90 23.17 0.96 3.35
TXNDC17 0.10 9.45E-03 57.56 71.08 11.74 17.28
TXNRD2 0.10 1.40E-02 8.12 11.81 1.70 3.46
TYMS 0.14 1.22E-02 8.12 29.87 0.96 241
TYWS 0.18 8.58E-03 10.82 22.43 241 5.76
UBB 0.33 1.68E-02 762.41 888.86 73.34 78.85
UBE2T 0.16 2.33E-02 6.92 22.31 1.38 3.66
UBL5 0.28 3.93E-06 435.79 536.11 61.51 67.64
UBXN10- 0.13 4.71E-02 5.80 14.40 1.40 3.87
AS1
UCP2 0.98 1.08E-07 148.94 259.01 24.23 39.37
UQCRI1.1 0.50 7.29E-04 477.27 587.85 64.60 72.88
UROS 0.10 1.23E-03 29.18 33.52 6.85 10.68
USMG5 0.36 1.34E-02 296.87 380.22 48.44 56.86
VDAC! 0.58 7.76E-04 114.83 190.97 22.97 34.97
VOPPI 0.67 4.12E-06 64.42 123.26 14.14 26.49
WARS 0.18 8.70E-03 9.69 27.67 2.48 7.02
WSB2 0.21 3.32E-03 10.02 26.59 1.83 5.03
XXYLTI 0.12 1.64E-02 7.16 14.02 1.33 3.56
YWHAQ 0.90 1.23E-11 108.74 213.51 22.51 37.07
ZBED?2 0.74 2.16E-23 19.22 101.87 2.66 13.51
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ZEB2 0.75 1.20E-17 22.16 86.00 4.33 14.66
ZMYM?2 0.42 3.06E-02 67.82 103.15 14.40 21.68
ZNF280D 0.27 8.97E-03 30.18 47.18 6.46 11.62
ZNF281 0.36 1.45E-03 40.07 68.83 8.14 15.50
ZNF700 0.06 4.96E-03 7.05 7.35 1.44 2.72
ZNF789 0.02 2.44E-02 4.33 10.91 1.15 1.47
ZNF831 0.08 3.19E-02 13.11 16.53 2.87 4.50
ZNRF1 0.39 3.01E-04 32.31 66.27 7.36 15.50
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Table 9. Related to FIG. 4.

PCT/US2019/048036

Pathway analysis of differentially expressed genes in CXCLI3-expressing versus CXCL13-non-expressing

CD4* TILs.

al Dysfunction

CD28 Signaling CD247,ARPCIB,HLA-AHLA

in T Helper Cells 394 132 14 0.11 B, ITPRI1,CTLA4,CD3D,PTPRC
\CALMI1 (includes
others),CD3G,PTPNI11,ARPC2
\AKT3 ARPC3

Cytotoxic T

Lymphocyte- 3 3¢ 32 7 0.22 CD247,B2M,CD3G,GZMB,HL

mediated A-A,HLA-B,CD3D

Apoptosis of

Target Cells

Cdc4?2 Signaling

2.62 167 13 0.08 CD247,B2M,ARPCIB,MYL6,C

FLI,HLA-A,ITGA2,HLA-
B,IQGAP1,CD3D,CD3G,ARP
C2,ARPC3

1COS-iCOSL CD247,PTPRC,CD3G,CALM1

Signalingin .62 123 1 0.09 (includes
others),BAD,PTPNII1,HLA-

T Helper Cells
A, HLA-B,AKT3,ITPR1,CD3D
ATPSMC2,UCP2,PARK7,COX

Mitochondri .62 171 13 0.08 6C,COXSA,ATPSMF,ATPSMG

. VDACI1,TXNRD2,ATP5SME,N
DUFAI,NDUFAI3

VATPSFIE
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Epithelial ARPCIB,MYL6,RHOA,MYO7A
Adherens b 61 150 12 0.08 VACTB,ARPC2,TUBA3C/TUBA
Junction 3D,ARPC3,AKT3,CTNNBI1,1Q
S; . GAPI1,ACTGI
ignaling
Remodeling of ARPCIB,ACTB,ARPC2,TUBA3
Epithelial b 51 69 g 0.12 C/TUBA3D,ARPC3,CTNNBI,1
Adherens QGAPIL,ACTGI
Junctions
Regulation of PFN1,ARPCIB,CFLI,MYL6,R
Actin- based b 51 90 9 0.10 HOA,ACTB,ARPC2,ITGA2,AR
Motility by PC3
Rho
Fcy Receptor- HMOXI1,ARPCIBACTB,ARPC
mediated b 45 93 9 0.10 2,ARPC3,AKT3,FYBI,CSF2,A
Phagocytosis in C1G1
Macrophage s and
Monocytes
TSPANS,PFNI1,ARPCIB,ACTB
Integrin Signaling 2.4 219 14 0.06 ATGA2, PTPNILLIMSI,RHOA,
ARPC2,CAVI,AKT3,ARPC3,C
TTN,ACTGI
CTLA4 CD247,B2M,CD3G,PTPN11,
Signalingin .32 99 9 0.09 HLA-A.HLA-B, AKT3,
Cytotoxic T CTLA4,CD3D
Lymphocytes
Sirtuin Signaling PPARG,UCP2,GADD45G,TP7
Pathway b 18 oo 16 0.05 3, TIMM17B,HIF1A,SODI,ND

UFALATP5SFIE,NDUFAI3,H3
F3A/H3F3B,PGA M1,
TOMM34, TUBA3C/TUBA3D,
TSPO,VDACI
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Oxidative ATPSMC2,COX6C,COX8A,AT

Phosphoryla tion b 09 109 9 0.08 PSMF,ATPSMG,ATP5SME,ND
UFAINDUFAI3 ATP5FIE

Calcium- induced CD247,CD3G,CALM 1

T Lymphocyte b 09 66 o 0.11 (includes others), HLA-AHLA -

A ) B,ITPRI,CD3D

poptosis
pS3 Signaling PCNA,PTPN11,GADD45G, TP
b 08 111 9 0.08 73, AKT3 HIFIA,CTNNB1,BIR

C5,SERPINE?2

Mouse ILO6ST,ID2,LIF,PTPNI11,FZD?3,

Embryonic Stem b 08 112 9 0.08 FZDO,AKT3,CTNNB1,SMAD1

Cell

Pluripotency

Signaling by Rho GNG4,ARPCIB,MYL6,CFLI,A

Family GTPases H hso 14 0.06 CTB,ITGA2,IQGAP1,STMN1,P
TPNI11,RHOAARPC2,ARPC3,
GNGS5,ACTGI

Caveolar- B2M HIA-A,ACTB,HILA-

mediated H 1 o 0.10 B, ITGA2,CAVI,ACTGI

Endocytosis

Signaling

CCRS Signaling CD247,GNG4,CD3G,CALM 1

in Macrophages 1.96 95 g 0.08 (includes
others),CCL4,GNGS5,CCL3,CD
3D

Actin PENI,ARPCIB,MYL6,CFLI1,A

Cytoskeleton 191 b33 13 0.06 CTB,ITGA2,IQGAPI1,PTPN11,

Signaling RHOA,ARPC2,ARPC3,TMSB1

O/TMSB4X,ACTG1
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GNG4,ARPCIB,CFLI, MYL6,R
RhoGDI 191 177 11 0.06 HOA,ACTB,ARPC2,ITGA2,AR
Si ) PC3,GNG5,ACTGI
ignaling
CD247,CD3G,IFNG,TNFRSF4
Th2 Pathway  |1.91 150 10 0.07 PTPNILHLA-AMAF,HLA-
B,GFIl1,CD3D
RhoA Signaling PFN1,ARPCIB,CFLI,MYL6,R
191 124 9 0.07 HOA,ACTB,ARPC2,ARPC3,AC|
1G1
Ephrin Receptor GNG4,ARPCIB,PTPNI1,CFLI
Signaling 1.9 179 11 0.06 \PTPNI3,RHOAARPC2,ITGA
2 ARPC3,AKT3,GNG5
Protein Kinase A SMPDI.3A,GNG4,BAD,MYLO,
Signaling 185 101 18 0.04 PTPNI13,RYR2,ITPRI1,PTPRC,
YWHAQ,CALMI1 (includes
others),PPPICC,H3F3A/H3F3
B,PTPN11,PDE7B,RHOA,DUS
P4,CTNNBI,GNG5
Differential IFNG,CCIA4,CSF2,CCL3
Regulation of |y g4 D3 4 0.17
Cytokine
Production in
Intestinal
Epithelial Cells
by IL- 17A and
1L-17F
Nur77 Signaling CD247,CD3G,CALM1
inT 1.84 50 6 0.10 (includes others), HLA-AHLA -

Lymphocytes

B,CD3D
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Th1 and Th2 CD247,CD3G,IFNG, TNFRSF4
Activation 1.84 185 11 0.06 \PTPNI1 HLA-
Pathway A, HAVCR2, MAF HLA-
B,GF1l,CD3D
Glucocorticoid CD247 IFNG,SGK1,ACTB,CC
Receptor 178 345 16 0.05 .3,CD3D,NR3CI,KRTS86,POL
Signaling R2G,HMGBI1,CD3G,PTPN11,S
MARCA2,AKT3,CS F2, FKBP5
Role of NFAT in CD247,GNG4,CD3G,CALM1
Regulation of the 1.74 192 11 0.06 (includes others), PIPN11,
Immune HILA-A, HLA-B, AKT3, ITPRI,
Response GNGS5, CD3D
Type I Diabetes CD247,CD3G,IFNG,ICAL,GZ
Mellitus 173 111 3 0.07 MB,HIA-A,HLA-B,CD3D
Signaling
TPII,PGAMI,PKM,GAPDH
Glycolysis | 1.73 26 4 0.15
Regulation of the ID2, PTPNI1,FZD3 RHOA,ZE
Epithelial- 173 195 11 0.06 B2, TWISTI1,FZD6,AKT3,RBPJ,
Mesenchymal HIFIA,CTNNB1
Transition
Pathway
ILK Signaling 1.71 197 11 0.06 PTPNII,CFLIMYL6,LIMSI,R
HOA,ACTB,AKT3 HIFIA, TMS
B1O/TMSB4X,CTNNB1,ACTG1
Virus Entry via B2M PTPNI11 HILA-
Endocytic 1.66 116 3 0.07 A, ACTB,HLA-
Pathways B, ITGA2,CAVI,ACTGI
0X40 Signaling CD247,B2M,CD3G, TNFRSF4,
Pathway 1.66 91 o 0.08 HIA-A,HLA-B,CD3D

182




WO 2020/041776 PCT/US2019/048036
Hematopoiesis CD247,CD3G,LIF,CSF2,CD3
from Pluripotent 16 48 5 0.10 D
Stem Cells
Communication B2M IFNG,CCL4,HLA-AHLA-
between Innate 158 95 o 0.07 B,CSF2,CCL3
and Adaptive
Immune Cells
Germ Cell- PTPNI1I,CFLI,RHOAMYO7A,
Sertoli Cell 157 179 10 0.06 ACTB,ITGA2, TUBA3C/TUBAS3
Junction D, CTNNB1,IQGAPIL,ACTGI
Signaling
ERKS5 WL6ST,YWHAQ,LIF,BAD,PTPN|
Signaling 1.57 72 6 0.08 11,5GK1
Rac Signaling ARPCIB,PTPNI1,CFLI,RHOA

157 123 g 0.07 VARPC2,ITGA2,ARPC3,IQGAP

7

Breast Cancer STMNI,GNG4,CALM1

Regulation by 157 h11 11 0.05 (includes others), PPPICC,

Stathminl CAMKI, PTPNI1, RHOA,
TUBA3C/TUBA3D, ITPRI1,
GNGS5, CDK1

Ephrin B GNG4,CFL1,RHOA,CTNNB1,G

Signaling 157 73 6 0.08 NGS,HNRNPK

Osteoarthriti s PPARG.HMGB1,FZD3,ANXAS

Pathway 157 h12 11 0.05 JTGA2 FZD6,RBPJ HIF1A HT
RA1,CTNNB1,SMAD1

Role of NANOG 1L6ST,LIF,PTPN11,FZD3,FZD6

in 15 128 g 0.06 L,AKT3,CTNNB1,SMADI1
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Mammalian
Embryonic Stem

Cell

Pluripotency

tMLP GNG4,CALMI1 (includes

Signaling in 1.49 129 3 0.06 others), ARPC1B,PTPN11,ARPC

Neutrophils 2,ARPC3,ITPR1,GNG5

Colorectal Cancer 1L6ST,GNG4,IFNG,BAD,.PTPN

Metastasis 1.45 54 12 0.05 11,FZD3,RHOA FZD6,AKT3,C

Si . TNNB1,GNG5,BIRCS

ignaling

GNG4,HMOX1,CALM1

Gogq Signaling  [1.45 161 9 0.06 (includes others), RGS2,
PTPN11, RHOA, AKT3,I TPR1,
GNGS5

Differential CCLA4, CSE2, CCL3

Regulation of 1y 49 18 3 0.17

Cytokine

Production in

Macrophage s and

T Helper Cells by

IL-17A

and IL-17F

Th1 Pathway CD247,CD3G,IFNG,PTPN11,H

1.41 135 3 0.06 LA-A.HAVCR2,HLA-B,CD3D
VEGEF Signaling BAD,FLT1,PTPN11,ACTB,AK
1.37 109 7 0.06 T3 HIF1A,ACTGI
GADD45 PCNA,GADD45G,CDK1
Signaling 1.36 19 3 0.16
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Systemic Lupus

Erythematos ;35 D33 11 0.05 CD247,PTPRC,CD3G,CD2BP2,

us Signaling PTPNI11,HLA-
A,SNRPF,HNRNPA2BI,HLA-
B,AKT3,CD3D

Role of CALMI (includes

Osteoblasts, 135 b33 11 0.05 others),IFNG,BAD,PTPNI11,FZ

Osteoclasts and D3 ITGA2,FZD6,AKT3,CTNNB

Chondrocyte s in [,CSF2,SMAD 1

Rheumatoid

Arthritis

Antigen B2M IFNG,HLA-A,HLA-B

Presentation 135 38 4 0.11

Pathway

CXCR4 GNG4,PTPN11,MYL6,RHOA A

Signaling 135 171 9 0.05 KT3,ITPRI,ELMO2,GNGS5,ELM
0y

Nitric Oxide CALMI (includes others), FLTI,

Signaling in the 135 113 o 0.06 PTPNI11, RYR2, CAVI, AKT3,

Cardiovascular ITPR1

System

PCP pathway PFN1,FZD3, RHOA,FZD6,CTH

1.35 61 5 0.08 RCI

ERK/MAPK PPARG,YWHAQ,LAMTOR3,PP

Signaling 135 o4 10 0.05 PICC H3F3A/H3F3B,BAD,PTP
N11,ITGA2,DUSP4,HSPB1

Actin Nucleation ARPCIB,RHOA,ARPC2,ITGA2,

by ARP-WASP 134 62 5 0.08 ARPC3

Complex
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D-myo- inositol
(1,4,5.6)- 1.34 144 8 0.06 PTPRC,SET,PPPI1CC,PTPNII,
Tetrakisphosphate PDCDI1,PTPNI3NUDTI16,PPP
Biosynthesis 4C
D-myo- inositol
(3:4.5.,6)- 1.34 144 8 0.06 PTPRC,SET,PPPI1CC,PTPNII,
tetrakisphos phate PDCDI1,PTPNI3NUDTI16,PPP
Biosynthesis #C
T Cell Receptor CD247,PTPRC,CD3G,CALM1
Signaling 134 115 o 0.06 (includes others) ,PTPN11,

CTLA4, CD3D

Clathrin- MYOO6,UBB,SNX9,ARPCIB,PT
mediated 134 b7 10 0.05 PNI11,ACTB,ARPC2,ARPC3,CT
Endocytosis TN ACTGI
Signaling
Crosstalk between IFNG,HILA-A,ACTB,HLA-
Dendritic Cells 132 9 6 0.07 B,CSF2,ACTGI1
and Natural
Killer Cells
Altered T Cell 121, IFNG,CXCLI3,HLA-
and B Cell 131 90 6 0.07 A, HILA-B,CSE?2
Signaling in
Rheumatoid
Arthritis
Phospholipase C CD247,GNG4,HMOX1,CD3G,C
Signaling 13 had 11 0.05 ALM1 (includes

others),MYL6,RHOA,ITGA2,ITP
RI,GNG5,CD3D
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Polyamine PPARG,0OAZI1,CTNNBI1
Regulation in 13 ) 3 0.14

Colon Cancer

Table 10. Related to Figures 1, 3, 4, 10, and 11.

Gene signatures used for GSEA.

CADM 1
CDID
CD?2
CD24
CD276
CD28
CD3D
CD3E
CD4
CD47
CD7
CLEC7A
CRTAM
EBI3
ELF4
GLMN
ICOSLG
ILI2B
ILI8
IL2
IL2]
IL27
IL4

IL7

INS
JAG?2
LAT
LAX]
LCK
NCK1
NCK2
NHEJ]
NLRC3
PTPRC
SART]
SFTPD
SIRPG
SIT1
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SLA2
SOCS5
SPINKS
THY!
ZAP70
CD58
CLECI
HLADRA
HLADRBI
SLAMF]
HLADPAI
HLADPBI

Table 11: Genes associated with cell programs that confer superior functional properties of CD4+ Tth-
like tumor infiltrating cells and CD4+ Tth CTL cells.

Cytotoxicity-related Provision of CD8+ Cell—cyc‘le regulation Tfh‘—relat‘ed
‘help’ (Proliferation) (Proliferation)

GZMB TNFRSF18 STMN1 MAF

KLRB (GITR) MAD2L1 SH2D1A (SAP)

FKBPIA TNFRSF4 SMC2 PDCD1

SOD1 (0X40) NUSAP1 BTLA

CCL3 IFNG TOP2A CD200

CCL4 IL21 BCL6

ZEB2
Table 12
Description SEQ ID Sequence

NO:

Human CD4 1 ctctetteatttaagcacgactctgecagaaggaacaaagceaccctececactgggctectggttgcagagetecaag
variant 1 tcctcacacagatacgectgtttgagaagecagegggcaagaaagacgeaageccagaggcecctgeeatttctgtg
(Genbank ggctcaggtecctactggetcaggeccctgectecctcggeaaggecacaatgaaccggggagteccttttaggce
Accession No. acttgcettctggtgetgeaactggegetectcccageagecactcagggaaagaaagiggtectgggcaaaaaag
NM_000616) gggatacagtggaactgacctgtacagcttcccagaagaagageatacaattccactggaaaaactccaaccagat

aaagattctgggaaatcagggctccticttaactaaaggtccatccaagetgaatgatcgegetgactcaagaagaa
gectttgggaccaaggaaactticcectgatcatcaagaatcettaagatagaagactcagatacttacatctgtgaagt
ggaggaccagaaggaggaggtgcaattgetagtgttcggattgactgecaactetgacaccecacctgettcaggg
gcagagcctgaccctgaccttggagagecceectggtagtageecctcagtgeaatgtaggagtccaaggggtaa
aaacatacagggggggaagaccctctecgtgtctcagetggagetecaggatagtggcacctggacatgeactgt
cttgcagaaccagaagaaggtggagttcaaaatagacatcgtggtgctagetttccagaaggectccageatagtct
ataagaaagagggggaacaggtggagtictccticccactcgectttacagttgaaaagetgacgggcagtggeg
agctgtggtggcaggeggagagggcttcctectccaagtettggatcacctitgacctgaagaacaaggaagtgtct
gtaaaacgggttacccaggaccctaagetccagatgggeaagaagetcecgetcecaccteaccectgeeccagge
cttgectcagtatgetggctetggaaacctcaccetggecctigaagecgaaaacaggaaagitgeatcaggaagig
aacctggtggtgatgagagccactcagetccagaaaaatttgacctgtgaggtgtggggacccacctecectaage
tgatgctgagtttgaaactggagaacaaggaggcaaaggtctcgaagegggagaaggeggtgtgggtactgaac
cctgaggcggggatgtggcagigtctgctgagtgactcgggacaggtectgctggaatccaacatcaaggttctge
ccacatggtccaccccggtgcagecaatggecctgatigtgctggggggcgtcgecggectectgettticattgg
gctaggcatcttettetgtgtcaggtgecggeaccgaaggegecaageagageggatgictcagatcaagagacte
ctcagtgagaagaagacctgecagtgtectcaccggtttcagaagacatgtagecceattigaggeacgaggeca
ggcagatcccacttgeagectceccaggtgtetgeeccgegtticctgectgeggaccagatgaatgtageagate
ccecagectetggectectgttcgectectctacaatttgecattgtttctectgggttaggcceccggcettcactggtiga
gigttgctetetagtitccagaggcettaatcacaccgtcctecacgecatttcOcttttccttcaagectageecttetete
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attatttctetctgaccctetececactgeteatttggatcccaggggagtgttcagggecagecctggetggeatgga
gggtgaggctggatetictggaageatggageatgggactgticttttacaagacaggaccctgggaccacagagg
gcaggaacttgcacaaaatcacacagecaagecagtcaaggatggatgecagatccagalggtttetggecageca
gtacctectgecccatgetgecegettcteaccctatgtgggtggOgaccacagactecacateetgaccttgeacaa
acagcccctetggacacagecccatgtacacggectcaagggatgtctcacatectctgtetatttgagacttagaaa
aatcctacaaggcetggcagtgacagaactaagatgatcatctccagtttatagaccagaaccagagetcagagagg
ctagatgattgattaccaagtgccggactagcaagtgctggagtcgggactaacccaggteccttgtcccaagttce
actgctgectettgaatgecagggacaaatgecacacggletctcaccagtggetagtggtgggtactcaatgtgtac
ttttgggttcacagaagcacagcacccatgggaagggtccatctcagagaatttacgagcagggatgaaggcectce
ctgtctaaaatcectecttecateccecgetggtggeagaatetgttaccagaggacaaagectttggctettctaatca
gagcgcaagetgggageacaggeactgecaggagagaatgeccagtgaccagteactgaccctgtgcagaacct
cctggaagegagcetttgetgggagagggggtageltagectgagagggaaceetctaagggacctcaaaggtga
ttgtgccaggctetgegectgecccacacecteccttacectectccagaccatticaggacacagggaaatcaggg
ttacaaatcttcttgatccacttctctcaggateccctetettectacecttectcaccacttecctcagteccaactectttt
ccctatttecttctectectgtetttaaagectgectettccaggaagaceccectattgetgetggggeteeccatttge
ttactttgcatttgtgeccaO0ctetccaccectgeteecectgagetgaaataaaaatacaataaacttac

Human CD4
variant 1
polypeptide
(Genbank
Accession No.
NP_000607.1)

MNRGVPFRHLLLVLQLALLPAATQGKKVVLGKKGDTVELTCTASQKKS
IQFHWKNSNQIKILGNQGSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKN
LKIEDSDTYICEVEDQKEEVQLLVFGLTANSDTHLLQGQSLTLTLESPPGS
SPSVQCRSPRGKNIQGGKTLSVSQLELQDSGTWTCTVLQNQKKVEFKIDI
VVLAFQKASSIVYKKEGEQVEFSFPLAFTVEKLTGSGELWWQAERASSS
KSWITFDLKNKEVSVKRVTQDPKLOMGKKLPLHLTLPQALPQYAGSGN
LTLALEAKTGKLHQEVNLVVMRATQLQKNLTCEVWGPTSPKLMLSLKL
ENKEAKVSKREKAVWVLNPEAGMWQCLLSDSGQVLLESNIKVLPTWST
PVQPMALIVLGGVAGLLLFIGLGIFFCVRCRHRRRQAERMSQIKRLLSEK
KTCQCPHRFQKTCSPI

Human CD4
variant 2
polynucleotide
(Genbank
Accession No.
NM_001195014

)

ctctetteatttaagcacgactctgecagaaggaacaaagceaccctececactgggctectggttgcagagetecaag
tcctcacacagatacgectgtttgagaagecagegggcaagaaagacgeaageccagaggtecatccaagetgaat
gatcgcgctgactcaagaagaagectttgggaccaaggaaactttccectgatcatcaagaatcttaagatagaaga
ctcagatacttacatctgtgaagtggaggaccagaaggaggaggtgcaattgetagtgticggattgactgOccaac
tctgacacccacctgetticaggggcagagectgacectgacctiggagageeccectggtagtagecectecagtge
aatgtaggagtccaaggggtaaaaacatacagggggggaagaccctctccgtgtctcagetggagetccaggata
gtggcacctggacatgcactgtcttgecagaaccagaagaaggtggagitcaaaatagacatcgtggtgctagggte
atgaatacgcctctaaggagtggaggccaaatggcttctgtggtccaggaatectaaggacageaagglatcecct
gtggctgggctgctetgtgatggcticcgggaggagggaggtggcctgctgtaggaaaatgetgggtggaagaa

gggagagaaggctggagaggtaggaaggaactgaagtatctgaagtgacaaggtgggtetctggactegteggg
teeccttecateteectgetgectccacatgecaacceccactcegtgeacceteatcttectatctectcacccagggtcet
cteectteecacctecagcetttccagaaggectecageatagtetataagaaagagggggaacagOgtggagttet

cctteccactcgectttacagttgaaaagetgacgggcagtggegagetgtggtggcaggeggagagggcttecte
ctccaagtettggatcacctitgacctgaagaacOaaggaagtgtetgtaaaacgggttacccaggaccectaagete
cagatgggcaagaagetcQccgetecacctcaccetgeccecaggectigecteagtatgetggetetggaaaccte
accctggeccttigaagegaaaacaggaaagttgeatcaggaagtgaacctggtggtgatgagalgecactcaget
ccagaaaaatttgacctgtgaggtgteggegacccacctccectaagetgatgctgagtitgaaactggagaacaag

gaggcaaaggtctcgaagegggagaaggeggtgtgggtectgaaccctgaggcggggatgtggeagigtctgc

tgagtgactcgggacaggtcectgetggaatccaacatcaaggttctgeccacatggtecaccceggtgcagecaat
ggcectgattgtgetggggggcgtegeeggectectgcttttcattgggetaggeatcttettcOtgtgtcaggtgee

ggcaccgaaggcegecaageagageggatgtctcagatcaagagactectcagtgagaagaagacctgecagtgt
cctcaccggtttcagaagacatgtagecccatttgaggcacgaggccaggeagatceecacttgecagectececag

gtgtetgeeccgegtttectgectgeggaccagatgaatgtageagatceccagectetggectectgttecgectect
ctacaatttgccattgtttctcetgggttaggeeccggcettcactggttgagtgttgcteOtctagtttccagaggettaat
cacaccgtcctccacgecatttecttttecttcaagectageecttctcteattatttetctctgacecteteeccactgete
atttggatcccaggggagtgttcagggecagecctggetggeatggagggtgagectgggtgtctggaageatgg
agcatgggactgttcttttacaagacaggaccctgggaccacagagggcaggaactigcaclaaaatcacacage
caagccagtcaaggatggatgcagatccagaggtttctggeagecag(Otaccteetgeeccatgetgeecgettet

caccctatgtgggtgggaccacagactcacatcctgaccttgecacaaacageccctetggacacagecccatgtac
acggcctcaagggatgtctcacatcctetgtctatttgagacttagaaaaatcctacaaggetggcagtgacagaact
aagatgatcatctccagtttatagaccagaaccagagctcagagaggctagatgattgattaccaagtgecggacta
gcaagtgctggagtcgggactaacccaggteecttgtceccalagttceactgetgectettgaatgcagggacaaat
gccacacggcetctcaccagtggetagtggtegotactcaatgtgtactittgggticacagaageacageacccatg
ggaagggtccatctcagagaatttacgagecagggatgaaggcecteectgtctaaaatcectecttecateccecgetg
gtggcagaatctgttaccagaggacaaagcectitggetcttctaatcagagegeaagetgggageacaggeactge
aggagagaatgcccagtgaccagtcactgaccetgOtgecagaacctectggaagegagcetttgetgggagaggg
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ggtagctagectgagagggaaccctctaagggacctcaaaggtgatigtgeccaggetctgegectgecccacace
cteecttacectectccagaccattcaggacacagggaaatcagggttacaaatcttettgatccacttctetcaggat
ccectetettectaccecttectcaccacttcectcagteecaactectttteectatttecttctectectgtetttaaagect
gecetettecaggaagaccecectaQ0ttgetgetggggctecceatttgettactttgeatttgtgeccactetecace
cctgetcOccctgagetgaaataaaaatacaataaacttac

Human CD4
variant 2
polypeptide
(Genbank
Accession
No.NP_0011819
43.1)

MPTPLVHPHLPISSPRVSPFPPPAFQKASSIVYKKEGEQVEFSFPLAFTVEK
LTGSGELWWQAERASSSKSWITFDLKNKEVSVKRVTQDPKLQMGKKLP
LHLTLPQALPQYAGSGNLTLALEAKTGKLHQEVNLVVMRATQLQKNLT
CEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMWQCLLSD
SGQVLLESNIKVLPTWSTPVQPMALIVLGGVAGLLLFIGLGIFFCVRCRHR
RRQAERMSQIKRLLSEKKTCQCPHRFQKTCSPI

Human CD4
variant 3
polynucleotide
(Genbank
Accession No.
NM_001195015
)

ctctetteatttaagcacgactctgecagaaggaacaaagceaccctececactgggctectggttgcagagetecaag
tcctcacacagatacgectgtttgagaagecagegggcaagaaagacgeaageccagaggtecatccaagetgaat
gatcgcgctgactcaagaagaagectttgggaccaaggaaactttccectgatcatcaagaatcttaagatagaaga
ctcagatacttacatctgtgaagtggaggaccagaaggaggaggtgcaattgctagtgticggatgtgagtOgggg
cagtgactgccaactctgacacccacctgettcaggggcagagectgacccetgaccttggagageccecctggta
gtagcecctcagtgeaatgtaggagtccaaggggtaaaaacatacagggggggaagaccctetecgtgtetcage
tggagctccaggatagtggeacctggacatgeactgtcettgcagaaccagaagaaggtggagtticaaaatagacat
cgtggtgctagcetttccagaaggectccageatagictataagaaagagggggaacaggtggagttctecOtteece
actcgectttacagttgaaaagetgacgggeagtggcgagetgtggtggcaggeggagagggcttcctecteccaa
gicttggatcacctttgacctgaagaacaaggaagtgtctgtaaaacgggttacccaggaccctaagetccagatgg
gcaagaagctcecgcetcecaccteacectgeeccaggecttgectcagtatgetggctctggaaacctcaccetgge
ccttgaagcgaaaacaggaaagttgeatcaggaagtgaacctggtggtgatgagagecactcagetcOcagaaaa
atttgacctgtgaggtgtggggacccacctccectaagetgatgctgagtttgaaactggagaacaaggaggcaaa
ggtctcgaagegggagaaggeggtgtgggtgctgaaclectgaggeggggatgtggeagtgtetgetgagtgac
tcgggacaggtectgetggaatecQaacatcaaggttctgeccacatggtecaceccggtgeagecaatggeect
gattgtgctggggggcgtegecggectectgettticattgggetaggeatctictictgtgtecaggtgclOcggeace
gaaggcgecaageagageggatgtctcagatcaagagactectcagtgagaagaagacctgecagtgtecteac
cggtttcagaagacatgtagecccatttgaggecacgaggecaggcagateccacttgecagectcecccaggtgtetg
ceecgegtttectgectgeggaccagatgaatgtagecagatecccagectetggectectgttcgectectetacaat
ttgecattgtitcteetgggttaggecccggettcactggttgagtgttgcetetctagtttccaglaggcettaatcacace
gtectecacgecatttecttttecttcaagectageectteteteattatttetetetgaccetctceccactgcteatttgg
atcccaggggagtgttcagggccagecctggetggceatggagggtgaggctgggtgtctggaageatggageat
gggactgttcttttacaagacaggaccctgggaccacagagggeaggaacttgcacaaaatcacacagecaagee
agtcaaggatggatgcagatccagaggtttctggcagecagtacctectgeccOcatgetgeccgcettetcacecta
tgtgggtgggaccacagactcacatcctgaccttgecacaaacageccctctggacacagecccatgtacacggect
caagggatgtctcacatcctetgtctatttgagacttagaaaaatcctacaaggcetggcagtgacagaactaagatga
tcatctccagtitatagaccagaaccagagetcagagaggetagatgattgattaccaagtgcOcggactageaagt
gctggagtcgggactaacccaggtecctigteccaagttecactgetOgectettgaatgecagggacaaatgeeac
acggctctcaccagtggctagtggtggatactcaatgtgtacttttggettcacagaagcacageacccatgggaag
ggtccatctcagagaatttacgagcagggatgaaggcctcectgtctaaaatcectecttcatcceecgetggtggc
agaatctgttaccagaggacaaagcctttggctcttctaatcagagegcaagetgggagcacaggceactgeagga
gagaatgcccagtgaccagtcactgacectgtgecagaacctecOtggaagegagetitgetgggagagggggta
gctagectgagagggaaccetctaagggacctcaaaggtgatigtgccaggetctgegectgecccacacccetee
cttaccctcctccagaccattcaggacacagggaaatcagggttacaaatcttcttgatcecacttctctcaggatceec
tetettectacecttectcaccacttecctcagteccaactectttteectatttectictectectgtctttaaageetgect
cttccaggaagaccecectattgetgetggggOcteeccatttgettactttgeatttgtgeecactetccacceetget
ccectgagetgaaataaaaatacaataaacttac

Human CD4
variant 3
polypeptide
(Genbank
Accession
No.NP_0011819
44.1)

MGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEVNLVVMRATQ
LQKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
QCLLSDSGQVLLESNIKVLPTWSTPVQPMALIVLGGV AGLLLFIGLGIFFC
VRCRHRRRQAERMSQIKRLLSEKKTCQCPHRTFQKTCSPI

Human CD4
variant 4
polynucleotide
(Genbank
Accession No.

ctctetteatttaagcacgactctgecagaaggaacaaagceaccctececactgggctectggttgcagagetecaag
tcctcacacagatacgectgtttgagaagecagegggcaagaaagacgeaageccagaggtecatccaagetgaat
gatcgcgctgactcaagaagaagectttgggaccaaggaaactttccectgatcatcaagaatcttaagatagaaga
ctcagatacttacatctgtgaagtggaggaccagaaggaggaggtgcaattgetagtgticggattgactgOccaac
tctgacacccacctgetticaggggcagagectgacectgacctiggagageeccectggtagtagecectecagtge
aatgtaggagtccaaggggtaaaaacatacagggggggaagaccctctccgtgtctcagetggagetccaggata
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NM_001195016
)

gtggcacctggacatgcactgtcttgecagaaccagaagaaggtggagitcaaaatagacatcgtggtgctagetttc
cagaaggcctecageatagtctataagaaagagggggaacaggtggagtictecttcecactcgectOttacagttg
aaaagctgacgggcagtggcgagctgtggtggcaggeggagagggcttcctectccaagtcttggatcacctttg
acctgaagaacaaggaagtgtctgtaaaacgggttacccaggaccctaagetccagatgggcaagaageteccg
ctccacctecaccctgecccaggecttgectcagtatgetggetctggaaacctecacectggeecttgaagegaaaac
aggaaagttgcatcaggaagtgaacctggtggtgatgagagecactcagetccagaaaaatttgalectgtgaggt
gtggggacccacctcecctaagetgatgetgagttigaaactggagaacaaggaggcaaaggtctcgaageggg
agaaggcggtgtgggotectgaacectgaggeggggaligtggcagtgtctgetgagtgactcgggacaggtect
gctggaatccaacatcaaggticOtgeccacatggtccaccecggtgeagecaatggecctgattgtgetggggg
gegtegeeggectectgcettttcattgggetaggceatcttettetgtgtcaggtgecggeaccgaaggelgecaage
agagcggatgtctcagatcaagagactectcagtgagaagaagacctgecagtgtectcaccggtttcagaagaca
tgtagececcatttgaggecacgaggecaggceagatcccacttgecagectecccaggtgtetgeccegegtttectge
ctgcggaccagatgaatgtagcagatceccagectetggectectgtticgectectetacaatttgecattgtetctect
gggttaggecceggcettcactggttgagtgttgetetctagtttccagaggcttaatcacalcegtectccacgecatt
tecttttecttcaagectageccttetctcattatttctetctgaccctetecccactgeteatttggatcccaggggagtgt
tcagggccageectggetggeatggagggtgaggctgggtgtctggaageatggageatgggactgttettttaca
agacaggaccctgggaccacagagggeaggaacttgecacaaaatcacacagecaagecagtcaaggatggatg
cagatccagaggttictggeagecagtacctectgececatgetgecegetOtctcacectatgtgggtgggaccac
agactcacatcctgaccttgecacaaacageccctctggacacagecccatgtacacggectcaagggatgtctcac
atcctetgtetatttgagacttagaaaaatcctacaaggcetggcagtgacagaactaagatgatcatctccagtttatag
accagaaccagagctcagagaggcetagatgattgattaccaagtgecggactageaagtOgetggagtegggact
aacccaggtcccttgtcccaagticcactgetgectettgaatgecOagggacaaatgecacacggcetctcaccagtg
gctagtggtegotactcaatgtgtactittgggttcacagaagecacagecacccatgggaagggtecatctcagagaa
tttacgagcagggatgaaggcctcectgtctaaaatcectecttcatceccegetggtggcagaatctgttaccagag
gacaaagcctttggctctictaatcagagegeaagetgggageacaggeactgeaggagagaatgeccagtgace
agtcactgaccctgtgecagaaccteetggaagegagettOtgetgggagagggggtagetageetgagagggaa
ccetctaagggacctcaaaggtgatigtgecaggctetgegectgeeccacacccteccttaceetectecagacca
ttcaggacacagggaaatcagggttacaaatcttcttgatccacttctctcaggateccetetcttcctacecttectea
ccacttcectcagteccaactecttticcctatttectictectectgtetttaaagectgecteticcaggaagaccceece
tattgetgetggggctececatttgetOtactttgeatttgtgeccactetcecaccectgeteecctgagetgaaataaa
aatacaataaacttac

Human CD4
variant 4
polypeptide
(Genbank
Accession
No.NP_0011819
45.1)

MGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEVNLVVMRATQ
LQKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
QCLLSDSGQVLLESNIKVLPTWSTPVQPMALIVLGGV AGLLLFIGLGIFFC
VRCRHRRRQAERMSQIKRLLSEKKTCQCPHRTFQKTCSPI

Human CD4
variant 5
polynucleotide
(Genbank
Accession No.
NM_001195017

)

ctctetteatttaagcacgactctgecagaaggaacaaagceaccctececactgggctectggttgcagagetecaag
tcctcacacagatacgectgtttgagaagecagegggcaagaaagacgeaageccagaggtecatccaagetgaat
gatcgcgctgactcaagaagaagectttgggaccaaggaaactttccectgatcatcaagaatcttaagatagaaga
ctcagatacttacatctgtgaagtggaggaccagaaggaggagtgactgecaactctgacacccacctgetOtcag
gggcagagcctgaccctgaccttggagageccecctggtagtageecctcagtgcaatgtaggagtccaaggget
aaaaacatacagggggggaagaccctctecgtgtetcagetggagetecaggatagtggcacctggacatgeact
gicttgcagaaccagaagaaggtggagttcaaaatagacatcgtggtgctagetitccagaaggectccageatagt
ctataagaaagagggggaacaggtggagttctecttcccactegectttacagttgaaaagetgacggglcagtgg
cgagctgtggtggcaggcggagagggcttcctectecaagtcettggatcacctttgacctgaagaacaaggaagtg
tctgtaaaacgggttacccaggaccctaagetccagatgggcaagaageteccgetecacctecaccetgecceag
gecttgectcagtatgetggetctggaaacctcaccctggeccttgaagegaaaacaggaaagttgeatcaggaag
tgaacctggtggtgatgagagecactcagetccagaaaaatttgacetgtgaggtgtggggaccecaclctececta
agctgatgctgagtttgaaactggagaacaaggaggcaaaggictcgaagegggagaaggeggtgtggatectg
aaccctgaggeggggatgtggcagtgtetgetgagtgalctcgggacaggtectgetggaatccaacatcaaggt
tetgeecacatggtecaccecggtOgeagecaatggecctgattgtgetggggggegtcgeecggecteetgetttte
attgggctaggcatcttettctgtgtcaggtgecggeaccgaaggegecaageagageggatgtetcalgatcaag
agactcctcagtgagaagaagacctgecagtgtectcaccggtttcagaagacatgtagecccatttgaggeacga
ggccaggceagatcccacttgeagectecccaggtgtetgeccegegtitcctgectgeggaccagatgaatgtage
agatccccagectetggectectgticgectectetacaatttgecattgtttetectgggttaggeeccggcttcactg
gttgagtgttgctetctagtttccagaggcttaatcacacegtceetecacgecatttecttOttecttcaagectagecctt
cteteattatttetetetgaccctetceccactgeteatttggatcccaggggagtgticagggecagecetggetggc
atggaggetgagectgggtgtctggaageatggageatgggactgttcttttacaagacaggaccctgggaccac
agagggcaggaacttgcacaaaatcacacagccaagcecagtcaaggatggatgcagatccagaggttictggca
gccagtaccteetgecccatgetgecegetictcaccetatgtgggtgggaclcacagactcacatcetgaccttge
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acaaacagcccctetggacacagecccatgtacacggectcaagggatgtctcacatectetgtetatttgagactta
gaaaaatcctacaaggctggcagtgacagaactaagatgatcatctcecagtttatagaccagaaccagagetcaga
gaggctagatgattgattaccaagtgceggactageaagtgetggagtegggactaacccaglgteccttgtceca
agttccactgetgectettgaatgeagggacaaatgecacacggetcOtcaccagtggetagtggtgggtactcaat
gtgtacttttgggticacagaagecacagcacccatgggaagggtccatctcagagaatttacgagcagggatgaag
gccteectgtetaaaateectectteatececcgetggtggeagaatctgttaccagaggacaaagectttggetcttc
taatcagagcgcaagctgggagcacaggeactgecaggagagaatgeccagtgaccagtcactgacectgtgeag
aacctcctggaagegagcetttgetgggagagggggtagetaglectgagagggaacectctaagggacctcaaa
ggtgattgtgccaggctctgcgectgecceacacccteccttaccctectccagaccattcaggacacagggaaat

cagggttacaaatcticttgatcecacttctctcaggatccectetettectacecttectcaccacttecctcagteccaa

ctectttteectatttecttetectectgtetttaaagectgectettccaggaagaccccectattgetgetggggcteec
catttgcttactttgcatttgtgeccactcQtecaccectgetecectgagetgaaataaaaatacaataaacttac

Human CD4 10 MGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEVNLVVMRATQ
variant 5 LOKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
polypeptide(Gen QCLLSDSGQVLLESNIKVLPTWSTPVQPMALIVLGGVAGLLLFIGLGIFFC
bank Accession VRCRHRRRQAERMSQIKRLLSEKKTCQCPHRFQKTCSPI
No.
N_001181946.1)
Human 11
. gagaagatgtttgaaaaaactgactctgetaatgagectggactcagagctcaagtetgaactctacctccagacag
CXCL13 variant
1 polynucleotide aatgaagttcatctcgacatctetgcttctecatgetgetggtcageagectetctccagtccaaggtgttctggaggtct
(Genbank attacacaagcttgaggtgtagatgtgtccaagagagctcagtctttatccctagacgcttcattgatcgaattcaaate
Accession No. 0
NM_006419) ttgccecgtgggaatggtigtccaagaaaagaaatcatagtctggaagaagaacaagtcaattgtgtgtgtggace
- ctcaagctgaatggatacaaagaatgatggaagtattgagaaaaagaagticttcaactctaccagttccagtgtttaa
gagaaagattccctgatgctgatatttccactaagaacacctgeattettcecttatcectgetctggattttagtittgte
cttagttaaatcttttccaggaaaaagaacttccccatacaaataagcatgagactatgtaaaaataaccttgecagaag
ctgatggggcaaactcaagcettcticactcacageaccctatatacalcttggagtttgeattcttattcatcagggag
gaaagtttctttgaaaatagttattcagttataagtaatacaggattattttgattatatacttgttgtttaatgtttaaaatttct
tagaaaacaatggaatgagaatttaagcectcaaatttgaacatgtggcttgaattaagaagaaaattatggcatatatta
aaagcaggcttctatgaaagactcaaaaagctgectgggaggcagatggaacttgagectgtcaagaggeaaag
gaatccatgtagtagatatcetetgettOaaaaactcactacggaggagaattaagtectacttttaaagaatttctttat
aaaatttactgtctaagattaatagcaticgaagatccecagacttcatagaatactcagggaaageaOtttaaagggt
gatgtacacatgtatcctttcacacatttgeettgacaaacttctttcacOtcacatctttttcactgactttttttgtggggg
geggegeaccgggoggactictggtatctaattctttaatgattcctataaatctaatgacattcaataaagttgagecaaac
attttactOtaaaaaaaaaaaaaaaaaa
Human . 12 mkfistsllimllvsslspvqgvlevyytslrcrevqessviiprrfidriqilprgngeprkeiivwkknksivevd
CXCL13 variant
1 polypeptide pqaewigrmmevlrkrssstlpvpvfkrkip
(Genbank
Accession No.
NP_006410)
Human 13 aca
. gcctggactcagagetcaagictgaactctacctccagacagaatgaagttcatctcgacatetetgetteteatg
CXCL13 variant
2 polynucleotide ctgctggtcageagectetctccagtccaaggtgttctggaggtctattacacaagettigaggtgtagatgtgtecaa
(Genbank gagagctcagtctttatccctagacgcttcattgatcgaaticaaatcttgeeccgtgggaatggtigtccaagaaaag

Accession No.
NM_00137155)

aaatcatagtctggaagaagaacaagtcaattgtgtgtgtggaccetcaagetgaatggatacalaagaatgatgga
agtattgagaaaaagaagttcttcaactctaccagttccagtgtitaagagaaagattcectgatgetgatatttcecact

aagaacacctgcattcttcccttatecctgetetggattttagttttgtgcttagttaaatcttttccaggaaaaagaacttc
cccatacaaataagcatgagactatgtaaaaataaccttgcagaagetgatggggcaaactcaagcettcttcacteac
agcaccctatatacacttggagtttgeattcttattcatcagggaggQaaagtttctttgaaaatagttattcagttataag
taatacaggattattttgattatatacttgtigtttaatgtttaaaatttcttagaaaacaatggaatgagaatttaagcctca
aatttgaacatgtggcttgaattaagaagaaaattatggcatatattaaaagcaggcttctatgaaagactcaaaaagc
tgectgggaggcagatggaacttgagectgtcaagaggcaaaggaatceatgtagtagatatectctgettaaaaac
tcactacggaggagaattaagtcctaOctittaaagaatttctttataaaatttactgtctaagattaatageattcgaaga
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tccccagacttcatagaatactcagggaaageatttaaagggtgatgtacacatgtatectttcaOcacatttgecttga
caaacttctttcactcacatctttttcactgacttttttgtggggOggeggggecggggggactetggtatctaattettt

aatgattcctataaatctaatgacattcaataaagtigagcaaacattttacttaa

gl(néinw - 14 MKFISTSLLLMLLVSSLSPVQGVLEVYYTSLRCRCVQESSVFIPRRFIDRIQ
varian

2 polypeptide ILPRGNGCPRKEIIVWKKNKSIVCVDPQAEWIQRMMEVLRKRSSSTLPVP
(Genbank VFKRKIP

Accession No.

NP_001358487.

D

Humaltl 1CXCR5 15 ctctcaacataagacagtgaccagtctggtgactcacagecggeacagecatgaactaccegetaacgetggaaat
varian

polynucleotide ggacctcgagaacctggaggacctgttctgggaactggacagattiggacaactataacgacacctecctggtgga
(Genbank aaatcatctctgecctgecacagaggggceccctcatggectecttcaaggecgtgttcgtgcccgtggectacage
Accession No. cteatcttcetectgggegtgatcggeaacgtectggtgctggtgatectggageggeaccggeagacacgealgt
NM_001716)

tccacggagaccttcctgttccacctggecgtggecgacctectgetggtcttcatcttgecctitgecgtggecgag
ggctctgtgggctgggtectggggaccticctetgcaaaactgtgatigecctgeacaaagtcaactictactgeage
agcectgetectggectgeatecgecgtggaccgetacctggecattgtccacgecgtecatgectaccgecaccgee
gcctectetecatecacateacetgtgggaccatetggetggtgggcticetecttgecttgecagagattctettcg
ccaaagtcagccaaggcecatcacaacaactcectgecacgttgeacctictcccaagagaaccaagcagaaacge
atgcctggttcacctcccgattectetaccatgtggegggattectgetgeccatgetggtgatgggctggtactacgt
ggggetagtgcacaggtigegecaggeccageggegeectcageggeagaaggeagtcagggtggccatect
ggtgacaageatcticticetetgetggteaccetaccacategteatettectggacacccOtggegaggetgaagg
ccgtggacaatacctgecaagetgaatggctceteteccegtggecatcaccatgtgtgagttecctgggectggeccac
tgctgectcaaccecatgetetacacttOtcgecggegtgaagticegeagtgacctgtegeggetectgacgaage
tgggctgtaccglgeectgecteectgtgecagetettcectagetggegeaggageagtetetetgagtcagaga
atgccacctetctcaccacgttetaggteccagtgteeccttttattgetgettttcOcttggggeaggeagtgatgcetg
gatgctcctticcaacaggagetgggatectaagggctcaccgtggctaagagtgtectaggagtatecteatttggg
gtagctagaggaaccaacccccatttctagaacatccctgecagetcettctgecggecectggggetaggcetggage
ccagggagcggaaageagcetcaaaggeacagtgaaggctgtecttacecatctgeaccecectgggcetgagaga
acctcacgcacctcecatectaatcatccaatgetcaagaaacaacttetaOcttetgeecttgecaacggagageg
cctgeecctceccagaacacactecatcagettaggggctgctgacctecacagettecectetetectectgeccac
ctgtcaaacaaagccagaagctgageaccaggggatgagiggaggttaaggctgaggaaaggecagetggeag
cagagtgtggccttcggacaactcagtccctaaaaacacagacattctgecaggececccaagectgeagtcatcett
gaccaagcaggaagctcagactggttgagttcaggtagetgeccetggeltetgaccgaaacagegetgggicea
cceccatgtcaccggatcectgggtggtctgecaggeagggctgactctaggtgcccttggaggccagecagtgacct

gaggaagcgltgaaggccgagaagceaagaaagaaacccgacagagggaagaaaagagcetttcticccgaacce

caaggagggagatggatcaatcaaacceggeggtecectecgecaggegagatggggtggggtegagalacte

ctagggtggctgggtccaggggatgggaggtigtgggcattgatggggaaggaggeltggcettgtcecctectca
cteectteccataagetatagacccgaggaaactcagagtcggaacggagaaaggiggactggaaggggeccgt

gggagtcatctcaaccatceectcegtggeatcaccttaggecagggaagtgtaagaaacacactgaggeagggaa
gtececcaggecccaggaagecgtgeectgecccegtgaggatgtcactcagatggaaccgecaggaagetgetee
gtgcttgtttgctcacctggggtgtgggaggeccgtecggeagtictgggtgctecctalccacctecccagectttg
atcaggtgggegagtcagggaccectgecctigtcecactcaagecaagecagecaagetecttgggaggecccact
ggggaaataacagctgtggetcacgtgagagtgtcttcacggecaggacaacgaggaagecectaagacgteectttt
ttctetgagtatetectcgecaagetgggtaatcgatgggggagtctgaageagatgcaaagaggcaagaggctgga
ttttgaattttettittaataaaaaggeacctataaaacaggtcaatacagtacalggeageacagagacceecggaa

caagcctaaaaattgtttcaaaataaaaaccaagaagatgtcttcacatattgtatttatatatttatatttatatatatattta
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tataatggtacaaaatggctggggetotegccatggatggagggaagagtaggctggectgtggegtgggtegge
aggagagggegacggagagggcactcggeccgcetgeaatctgacecctetetectcagggeaggaaacacagag

tcagacagtttgggggggtetigggccaggggtggagggctcaaggllgeacagggcecaggetgaggeagg
gcgggcaaagegectggeaggatgaagggcaagtgglecccecaaacacagaggecctggecatggacectg
ggaggtgaccggggtgagtcaggggcctgttgtcageecccagaggaagegetggacctggecgatggtgggce
gagaggacagcaccaggctgggagaagtggggocgagttcectitgtattacagetgecagtgecaagaccaggec
ctccaggecaggaaggetagggacgggtectggtagaagacacectgtetagaatggelecttggtectggaggt
ggggcgeaaaaggectcagecagggaactgecctgecacctececgaggeaggaaaggaagigagaaaagga

gaagtttttttactcctggggccaaagtagggggacaaacacccagtcgtatatggcttcagetctgaccaaaggeg
gatagggagctctcctgggtaggagcagggagecaagggggaggcagiggctgtgcctgggtgggcacagac

agatctggtacatggecctgagecctgggeagagggacaacctigeeggtgagtgggcaggcaglagaggagg
cggeaggatgcetgtticcecgattecatectcagggagtggagactggaggggaggtgcactgactcagatgaact

gttctceeccttctttgataagaagtaggtggcageagectetggaaaagtcagggcecctggaggttacctggecca
gggctactacagccacaggcecccagtggeaccatgecacceccticcatggetecactcaagggggecacacage
caccgcctettectectticeticateccaaactgggacaaaagacttcaagtictggetaagatQgtagcagecageg
gatgcecgggceatccaaagtggaaagecagggeccegtgtcaccggtgtgggcaaacacacatgeacgtgceac
acatgttctcectgaatcactcagcageagacaggOctgecgeectgggggtctcageectgetagggetcacca
ggtggaagectaggtggtetglaccteagtttaggagtgggteatttacgtcatettaccatitggggacgagacag
gaatggtatcccttagggacecagagacactgecaaacagigggtggccatgtagggcetgeatgtcOeetgggtee
aggggaatggaggegagcaataactigaagaaggggggaagggttictittatecttttttttttgtgtgacttctatcaa

daca

WO 2020/041776
Human CXCR5 | 16
variant 1
polypeptide
(Genbank

Accession No.
NP_001707.1)

MNYPLTLEMDLENLEDLFWELDRLDNYNDTSLVENHLCPATEGPLMAS
FKAVEFVPVAYSLIFLLGVIGNVLVLVILERHRQTRSSTETFLFHLAVADLL
LVFILPFAVAEGSVGWVLGTFLCKTVIALHKVNFYCSSLLLACIAVDRYL
AIVHAVHAYRHRRLLSIHITCGTIWLVGFLLALPEILFAKVSQGHHNNSLP
RCTFSQENQAETHAWFTSRFLYHVAGFLLPMLVMGWCYVGVVHRLRQ
AQRRPQRQKAVRVAILVTSIFFLCWSPYHIVIFLDTLARLKAVDNTCKLN
GSLPVAITMCEFLGLAHCCLNPMLYTFAGVKFRSDLSRLLTKLGCTGPAS
LCQLFPSWRRSSLSESENATSLTTF

Human CXCRS
variant 2
polynucleotide
(Genbank
Accession No.
NM_032966)

17

ccactctaaggaatgeggtceectttgacaggegaaaaactgaagttggaaaagacaaagtgatttgttcaaaattga
aatttgaaacttgacatttggtcagtgggccctatgtaggaaaaaacctccaagagagetagggttcctctcagaga
ggaaagacaggtccttaggtectcacecteccgtetecttgeccttgeagtictgggaactggacagattggacaact
ataacgacacctcectggtggaaaatcatetetgecctgecacagaggggeccctcatggecteettcQaaggecg
tgttcgtgeecgtggectacagecteatcttectectgggegtgatcggcaacgtectggtgctggtgatectggage
ggceaccggcagacacgcagticcacggagaccticctgttccacctggecgtggecgacctectgetggtettcat
cttgeectttgeegtggecgagggctetgtgggetgggtectggggaccticctetgecaaaactgtgattgecctgea
caaagtcaacttctactgcagcageetgetectggectgeategecgtggacegetacctglgecattgtccacgee
gtecatgectaccgecaccgecgectectetecatecacatcacctgtgggaccatctggetggtgggcttectectt
gecttgecagagattctettcgecaaagtcagecaaggecatcacaacaactecctgecacgttgeacctteteeca
agagaaccaagcagaaacgcatgectggttcaccteccgattectctaccatgtggegggattectgetgeccatge
tggtgatgggctggtgctacgtgggggtagtgcacaggttgcgecaggeccagleggegecctecageggeaga
aggcagtcagggtggccatcctggtgacaageatcttcttcctetgetggtcaccctaccacatcgteatcttectgg
acaccctggegaggcetgaaggeclgtggacaatacctgeaagetgaatggcetetcteccegtggecatecaceatg
tgtgagttcOctgggectggeccactgetgectcaaccecatgetetacacttticgecggegtgaagticegeagtg
acctgicgeggctectgacgaagetgggctgtaccggecctgectecctgtgeOcagetceticectagetggegea
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ggagcagtctctctgagtcagagaatgecacctcetctcaccacgttctaggteccagtgteeecttitattgetgcettttc
cttggggcaggcagtgatgctggatgctecttccaacaggagetgggatectaagggctcaccgtggctaagagt
gtectaggagtatecteatttggggtagetagaggaaccaacceccattictagaacatceetgecagcetettetgee
ggeectggggctaggetggageccagggageggaaageagetcafaaggeacagtgaaggetgteettaceca
tetgeacceecectgggctgagagaacctcacgeaccteccatectaatcatccaatgetcaagaaacaacttctactt
ctgeecttgecaacggagagegectgecectcccagaacacactecatcagettaggggctgetgaccteccacag
cttcecctetetectectgeccacctgtcaaacaaagecagaagetgageaccaggggatgagtggagettaaggc
tgaggaaaggccagetggeageagagtgtggecttcggacaacOtcagtecctaaaaacacagacattctgecag
gceeccaagectgeagteatcttgaccaageaggaagetcagactggttgagticaggtagetgeccetggetctg
accgaaacagcgctgggtccaccccatgtcaccggatcctgggtggtetgecaggeagggcetgactetaggtgcce
ttggaggcecagecagtgacctgaggaagegtgaaggecgagaageaagaaagaaaccclgacagagggaag
aaaagagctticttcccgaaccccaaggagggagatggatcaatcaaaleccggeggteccetecgecaggega
gatgggglgggglggagaactectaggglggciggglccaggggalgggaggligigggeatigalggggaag
gaggctggcttgtccectectecactcecttceccataagetatagacccgaggaaactcagagtcggaacggagaaa
ggtggactggaaggggcccgtgggagtcatctcaaccatecccteccgtggeatcaccttaggeagggaagigtaa
gaaacacactgaggcagggaagtccccaggecccaggaagecgtgeeetgelOcceegtgaggatgtcactcag
atggaaccgcaggaagcetgctecgtgcttgtitgetcacctggggtgtgggaggeccgtccggeagtictgggtec
tecctaccacctececagectttgatcaggtggggagicagggaccecctgeecttgtcccactcaagecaageage
caagctecttgggaggccccactggggaaataacagetgtggctcacgtgagagtgtcttcacggcaggacaacg
aggaagccctaagacgteccttttttctctgagtatetectecgeaagetgggOtaategatgggggagtctgaagea
gatgcaaagaggcaagaggctggattttgaattttctttttaataaaaaggcacctataaaacaggtcaatacagtaca
ggcagcacagagacccccggaacaagectaaaaattgtttcaaaataaaaaccaagaagatgtcttcacatattgta

daddaaaadaadadaaaa

Human CXCRS5
variant 2
polypeptide
(Genbank
Accession No.
NP_116743.1)

18

MASFKAVFVPVAYSLIFLLGVIGNVLVLVILERHRQTRSSTETFLFHLAVA
DLLLVFILPFAVAEGSVGWVLGTFLCKTVIALHKVNFYCSSLLLACIAVD
RYLAIVHAVHAYRHRRLLSIHITCGTIWLVGFLLALPEILFAKVSQGHHN
NSLPRCTFSQENQAETHAWEFTSRFLYHVAGFLLPMLVMGWCYVGVVHR
LRQAQRRPQRQKAVRVAILVTSIFFLCWSPYHIVIFLDTLARLKAVDNTC
KLNGSLPVAITMCEFLGLAHCCLNPMLYTFAGVKFRSDLSRLLTKLGCT
GPASLCQLFPSWRRSSLSESENATSLTTF

Human
Granzyme B
variant 1
polynucleotide
(Genbank
Accession No.
NM_004131)

19

agctccaaccagggceagcecticctgagaagatgcaaccaatcctgettetgetggcecttectectgetgeccagggc
agatgcaggggagatcatcgggggacatgaggccaagecccacteccgeccctacatggcttatcttatgatctgg
gatcagaagtctctgaagaggtecggtggcttcctgatacgagacgacttcgtgctgacagetgetcactgtigggg
aagctccataaatgtcacctigggggeccacaatatcaaagaacaggagecgacccageagtttatcectOgtgaa
aagacccatcccccatccagectataatcctaagaacttctccaacgacatcatgetactgecagetggagagaaag

gccaageggaccagagctgtgecageecctcaggetacctagecaacaaggeccaggtgaagecagggceagacat
geagtgtggccggctgggggcagacggeccecctgggaaaacactcacacacactacaagaggtgaagatgac
agtgcaggaagatcgaaagtgegaatctgacttacgecattattacgacagtaccattgagttgtgegtgggglgac
ccagagattaaaaagacttcctitaagggggactctggaggccctetigtgtgtaacaaggtggcccagggcattgt
ctcctatggacgaaacaatggeatgectccacgagectgeaccaaagtctcaagetttgtacactggataaagaaaa
ccatgaaacgctactaactacaggaagcaaactaagcececcgetgtaatgaaacaccttctctggagecaagteca

gatttacactgggagaggigccagcaactgaataaataccicttagetgagtggaaaa

Human
Granzyme B
variant 1
polypeptide
(Genbank

20

MQPILLLLAFLLLPRADAGEIIGGHEAKPHSRPYMAYLMIWDQKSLKRC
GGFLIRDDFVLTAAHCWGSSINVTLGAHNIKEQEPTQQFIPVKRPIPHPAY
NPKNEFSNDIMLLQLERKAKRTRAVQPLRLPSNKAQVKPGQTCSVAGWG
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Accession No.
NP_004122.2)

QTAPLGKHSHTLQEVKMTVQEDRKCESDLRHY YDSTIELCVGDPEIKKT
SFKGDSGGPLVCNKVAQGIVSYGRNNGMPPRACTKVSSFVHWIKKTMK
RY

Human 21 agctccaaccagggceagcecticctgagaagatgcaaccaatcctgettetgetggcecttectectgetgeccagggc

Granzyme B

variant 2 agatgcagacttttccttcaggggagatcatcgggggacatgaggecaagececacteccgeccctacatggetta

polynucleotide tcttatgatctgggatcagaagictctgaagaggtgcggtggcticctgatacgagacgacticgtgctgacagetge

(Genbapk tcactgttggggaagetcecataaatgteacctigggggeccacaatatcaaagaacaggageecgacccalgeagtt

Accession No.

NM_001346011 tatccctgtgaaaagacccateccccatccagectataatcctaagaacttetccaacgacatcatgetactgeaget

) ggagagaaaggccaageggaccagagcetgtgcageccctcaggetacctagcaacaaggeccaggtgaagee
agggcagacatgcagtgtggccggctgggggcagacggecccectgggaaaacactcacacacactacaaga
ggtgaagatgacagtgcaggaagatcgaaagtgegaatetgacttacgecattattacgacagtaccattgaOgttg
tgcgtgggggacccagagattaaaaagacticctttaagggggactctggaggccctettgtgtgtaacaaggteg
cccagggcattgtetectatggacgaaacaatggeatgectccacgagectgeaccaaagtctcaagcetttgtacac
tggataaagaaaaccatgaaacgctactaactacaggaagcaaactaageccecgetgtaatgaaacaccttctet
ggagccaagtccagatitacactgggagaggtgecageaactgaataaatacctettagetgagtggOaaaa

gg;‘;me B 22 MOQTFPSGEIIGGHEAKPHSRPYMAYLMIWDQKSLKRCGGFLIRDDFVLT

variant 2 AAHCWGSSINVTLGAHNIKEQEPTQQFIPVKRPIPHPA YNPKNFSNDIMLL
polypeptide QLERKAKRTRAVQPLRLPSNKAQVKPGQTCSVAGWGQTAPLGKHSHTL
fgi‘:;;‘g; No. QEVKMTVQEDRKCESDLRHY YDSTIELCVGDPEIKKTSFKGDSGGPLVC

NP_001332940. NKVAQGIVSYGRNNGMPPRACTKVSSFVHWIKKTMKRY

D

%1\111112112%1: 18 23 gtgggctcttgaaacccgageatggeacageacggggcgatgggegegtttcgggeectgtgeggectggegct

variant 1 gctgtgcgegetcagectgggtcagegecccaccgggggteecgggtgeggccctgggcgectectgettggga

polynucleotide cgggaacggacgegegcetgctgecgggttcacacgacgegetgetgecgegattacccgggegaggagtgctg

(Genbapk ttccgagtgggactgeatgtgtgtccagectgaattccactgeggagaccecttgetgeacgacctgecggeaccac

Accession No.

NM_004195) cctOtgtcccccaggecagggggtacagtcccaggggaaattcagtittggeticcagtgtatcgactgtgeetegg
ggaccttctccgggggecacgaaggecactgeaaacctiggacagactgecacccagttcgggtttctcactgtgtic
cctgggaacaagacccacaacgetgtgtgegteccagggtecccgecggeagagecgetigggtegctgacegt
cgtectectggecegtggecgectgegtectectectgacctcggeccagettggactgeacatctggecagetgagg
Oagtcagtgcatgtggceccgagagacccagetgetgetggaggtgcegecgtegaccgaagacgecagaage
tgecagttcceccgaggaagageggggegagegatcggeagaggagaagggecggctgggagacctgtgggt
gtgagectggecgtectececggggecaccgaccgeagecageccctccecaggagetecccaggecgeaggeg
ctetgegttetgetetgggecgggccctgetececctggeageagaagtgggtecaggaaggtggceagtgaccage
gcectggaccOatgeagticggeggecgeggetgggeectgeaggagggagagagagacacagtcatggece
cctteeteecttgetggecctgatggggtggggtettaggacgggaggctgtgtecegtglggtgtgeagtgeecag
cacgggacccggetgeaggggaccttcaataaacacttgtccagltga

?;III:I;EFIB 24 MAQHGAMGAFRALCGLALLCALSLGQRPTGGPGCGPGRLLLGTGTDAR

variant 1 CCRVHTTRCCRDYPGEECCSEWDCMCVQPEFHCGDPCCTTCRHHPCPP

polypeptide GQGVQSQGKFSFGFQCIDCASGTFSGGHEGHCKPWTDCTQFGFLTVFPG
fgi‘:;;‘g; No. NKTHNAVCVPGSPPAEPLGWLTVVLLAVAACVLLLTSAQLGLHIWQLRS

NP_004186.1) QCMWPRETQLLLEVPPSTEDARSCQFPEEERGERSAEEKGRLGDLWYV

Human 25

TNFRSF18
variant 2
polynucleotide
(Genbank

gtgggctcttgaaacccgageatggeacageacggggcgatgggegegtttcgggeectgtgeggectggegct
gctgtgcgegetcagectgggtcagegecccaccgggggteecgggtgeggccctgggcgectectgettggga
cgggaacggacgegegcetgctgecgggttcacacgacgegetgetgecgegattacccgggegaggagtgctg
ftccgagtgggactgcatgtgtgtccagectgaattccactgeggagacccttgetgeacgacctgecggeaccac
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Accession No.
NM_148901)

cctOtgtcccccaggecagggggtacagtcccaggggaaattcagtittggeticcagtgtatcgactgtgeetegg
ggaccttctccgggggecacgaaggecactgeaaacctiggacagactgetgetggaggtgecgecgtcgaccg
aagacgccagaagctgccagttccccgaggaagageggggegagegatcggeagaggagaagggecggcty
ggagacctgtgggtetgagcctggecgtectccggggecaccgaccgeagecageccctecccaggageteee
caggccgcalggggctetgegtictgetetgggeecgggecctgetccectggeageagaagigggtgcaggaag
gtggcagtgaccagcgecctggaccatgeagttcggeggecgeggetgggccctgeaggagggagagagaga
cacagtcatggcccccttecteccttgetggecctgatggggtgggetcttaggacgggaggctgtgtecgtgggt
gtgcagtgcccageacgggacceggctgcaggggaccttcaataaacacttgtccagtga

Human
TNFRSF18
variant 2
polypeptide
(Genbank
Accession No.
NP_683699.1)

26

MAQHGAMGAFRALCGLALLCALSLGQRPTGGPGCGPGRLLLGTGTDAR
CCRVHTTRCCRDYPGEECCSEWDCMCVQPEFHCGDPCCTTCRHHPCPP
GQGVQSQGKFSFGFQCIDCASGTFSGGHEGHCKPWTDCCWRCRRRPKT
PEAASSPRKSGASDRQRRRGGWETCGCEPGRPPGPPTAASPSPGAPQAA
GALRSALGRALLPWQQKWVQEGGSDQRPGPCSSAAAAGPCRRERETQS
WPPSSLAGPDGVGS

Human
TNFRSF18
variant 3
polynucleotide
(Genbank
Accession No.
NM_148902)

27

gtgggctcttgaaacccgageatggeacageacggggcgatgggegegtttcgggeectgtgeggectggegct
gctgtgcgegetcagectgggtcagegecccaccgggggteecgggtgeggccctgggcgectectgettggga
cgggaacggacgegegcetgctgecgggttcacacgacgegetgetgecgegattacccgggegaggagtgctg
ttccgagtgggactgeatgtgtgtccagectgaattccactgeggagaccecttgetgeacgacctgecggeaccac

cctOtgtcccccaggecagggggtacagtcccaggggaaattcagtittggeticcagtgtatcgactgtgeetegg
ggaccttctccgggggecacgaaggecactgeaaacctiggacagactgecacccagttcgggtttctcactgtgtic
cctgggaacaagacccacaacgetgtgtgegteccagggtecccgecggeagagecgetigggtegctgacegt
cgtectectggecegtggecgectgegtectectectgacctcggeccagettggactgeacatctggecagetgagg

Oaagacccagctgetgetggaggtgecgeegtcgaccgaagacgecagaagetgecagticcccgaggaagag
cggggcgagegalcggeagaggagaagggecggclgggagacclglggglglgageelggeegiectecggg
gceaccgaccgeagecagecectececcaggagetecccaggecgeaggggctetgegttcetgetetgggecgg

geectgetecectggecageagaagtgggtgcaggaaggtggcagtgaccagegecectggaccatgeagttcgge
ggeegeggeltgggecctgeaggagggagagagagacacagtcatggeccecttecteecttgetggecctgat

ggggtegggtcttaggacgggaggctgtgtecegtgggtgtgeagtgcecageacgglgacceggetgecagggg
accttcaataaacacttgtccagtga

Human
TNFRSF18
variant 3
polypeptide
(Genbank
Accession No.
NP_683700.1)

28

MAQHGAMGAFRALCGLALLCALSLGQRPTGGPGCGPGRLLLGTGTDAR
CCRVHTTRCCRDYPGEECCSEWDCMCVQPEFHCGDPCCTTCRHHPCPP
GQGVQSQGKFSFGFQCIDCASGTFSGGHEGHCKPWTDCTQFGFLTVFPG
NKTHNAVCVPGSPPAEPLGWLTVVLLAVAACVLLLTSAQLGLHIWQLR
KTQLLLEVPPSTEDARSCQFPEEERGERSAEEKGRLGDLWYV

All polynucleotide and amino acid sequences referenced by the Genbank accession numbers are incorporated by

reference in their entirety.
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Table 13
Uniprot Entry name Gene names Protein Cross-reference (RefSeq)
Entry names
CXCL13 BCA1 ) )
043927 | CXCL13_HUMAN BLC SCYB13 CXCL13 NP_006410.1;XP_006714126.1;
CXCRS BLR1 NP_001707.1 [P32302-
P32302 CXCRS_HUMAN MDRI15 CXCRS 1];NP_116743.1 [P32302-2];
GZMB CGL1
P10144 GRAB_HUMAN CSPB CTLA1 GZMB NP_004122.2;
GRB
KLRB1 CLEC5B .
Q12918 | KLRB1_HUMAN NKRPIA KLRB NP_002249.1;
P62942 FKB1A_HUMAN EEEE}? FKBP1 FKBP1A NP_000792.1;NP_463460.1;
P00441 SODC_HUMAN SOD1 SOD1 NP_000445.1;
CCL3 G0S19-1 )
P10147 CCL3_HUMAN MIP1A SCYA3 CCL3 NP_002974.1;
CCL4 LAG1 . .
P13236 | CCL4_HUMAN MIP1B SCYA4 CCL4 NP_002975.1;NP_996890.1;
551312211?}%?1?3569 NP_001165124.1 [060315-
060315 | ZEB2_HUMAN ZEX1B ZEB2 2];:NP_055610.1 [060315-
HRIHFB2411 1]1;XP_006712944.1;XP_006712945.1;
TNFRSF18 AITR TNFRSF18 NP_004186.1 [Q9Y5US-
Q9YS5US | TNR18_HUMAN GITR GITR 1];NP_683699.1 [Q9Y5US5-
UNQ319/PRO364 ( ) 2];:NP_683700.1 [Q9YSUS-3];
TNFRSF4 TNFRSF4 . .
P43489 TNR4_HUMAN TXGPIL (0X40) NP_003318.1;XP_016857721.1;
PO1579 IFNG_HUMAN IFNG IFENG NP_000610.2;
NP_001193935.1 [Q9HBE4-
Q9HBE4 | IL21_HUMAN IL21 1L21 2]:NP_068575.1 [QOHBE4-1];
NP_001138926.1 [P16949-
STMNI1 Clorf215 2];NP_005554.1 [P16949-
P16949 STMNI_HUMAN LAP18 OP18 STMN1 1];NP_981944.1 [P16949-
1];NP_981946.1 [P16949-1];
Q13257 | MD2L1_HUMAN | MAD2L1 MAD2 | MAD2L1 NP_002349.1 [Q13257-1];
NP_001036015.1 [095347-
1];NP_001036016.1 [095347-
1];NP_001252531.1 [095347-
1];:NP_006435.2 [095347-
SMC2 CAPE 1];XP_006716996.1 [095347-
095347 | SMC2_HUMAN SMC2L1 SMC2 1]1;XP_011516450.1 [095347-
PRO0324 11;XP_011516451.1 [095347-

1];XP_011516455.1 [095347-
2];XP_016869695.1 [095347-
1];XP_016869696.1 [095347-
1];XP_016869697.1 [095347-1];
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NP_001230071.1 [Q9BXS6-
3];NP_001230072.1 [Q9BXS6-
6];NP_001230073.1 [Q9BXS6-

QIBXS6 | NUSAP_HUMAN | BM-037 NUSAPI 7];NP_001288065.1 [Q9BXS6-
PRO0310 5];NP_057443.2 [QIBXS6-
11:NP_060924.4 [QIBXS6-
2];XP_005254487.1 [QIBXS6-4];
P11388 | TOP2A_HUMAN | TOP2A TOP2 TOP2A NP_001058.2 [P11388-1];
NP_001026974.1 [075444-
075444 | MAF_HUMAN MAF MAF 21:NP_005351.2 [075444-1]:
SH2D1A DSHP NP_001108409.1 [060880-
060880 | SH2IA_LHUMAN | ¢ 0 SH2D1A 41:NP 002342, 1 [OB0880-1]:
Q15116 | PDCDI_HUMAN | PDCDI PD1 PDCD1 NP_005009.2;
NP_001078826.1 [Q7Z6A9-
Q7Z6A9 | BTLA_HUMAN | BTLA BTLA 2];NP_861445.3 [Q7Z6A9-
11:XP_016861237.1 [Q7Z6A9-1];
NP_001004196.2 [P41217-
P41217 | OX2G_HUMAN 54%2;()(2) 1\1\//[[;)0)3(; CD200 3];:NP_001305757.1;NP_005935.4
[P41217-2];XP_005247539.1;
NP_001124317.1 [P41182-
BCL6 BCLS 1]:NP_001128210.1 [P41182-
P41182 | BCL6_HUMAN | LAZ3ZBTB27 | BCL6 2];NP_001697.2 [P41182-
ZNF51 11:XP_005247751.1 [P41182-

11;XP_011511364.1 [P41182-2];

All polynucleotide and amino acid sequences referenced by the Genbank accession numbers are incorporated by

reference in their entirety.
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WHAT IS CLAIMED IS :

1.

10.

11.

12.

13.

14.

An engineered T-follicular helper (Tfh)-like tumor-infiltrating cell engineered to modulate

expression of the surface markers CD4, CXCL13 and CXCRS.

The cell of claim 1, wherein the cell is engineered to express the surface markers CD4 and

CXCL13 and lack the surface marker CXCRS.
The cell of claim 1 or 2 wherein the cell is further engineered to express GZMB.

The cell of claim any preceding claim, wherein the cell is a Tfh-like tumor-infiltrating cell that

activates a CD8* CTL response.

The cell of claim 4, wherein the CD8" CTL response is activated in a tumor or tumor

microenvironment.

The cell of claim 1, 2, or 3, wherein the cell is a Tth-like tumor-infiltrating cell that activates a

CD8" TRM response.

The cell of claim 6, wherein the CD8" TRM response is activated in a tumor or tumor

microenvironment.

An engineered T-follicular helper-like tumor-infiltrating cell engineered to modulate
expression of one or more proteins selected from MAF, SH2D1A (SAP), PDCDI1, BTLA,
CD200, and BCL6.

The cell of claim 8, wherein the cell is engineered to increase expression and/or function of

TNFRSF18.

An isolated T-follicular helper (Tth)-like tumor-infiltrating cell expressing the surface
markers CD4 and CXCL13 and lacking the surface marker CXCRS.

The cell of claim 10, wherein the cell is a cytotoxic Tfh-like tumor-infiltrating cell expressing

GZMB.

The cell of any one of claims 1 to 11, wherein the cell is engineered to increase expression
and/or function of one or more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B and/or IL21 in
the cell.

The cell of any one of claims 1 to 12, wherein the cell is engineered to expresses an antigen

binding domain that binds at least one tumor antigen.

The cell of claim 13, wherein the tumor antigen comprises any one of: a CD19, a

disialoganglioside-GD2, a c-mesenchymal—epithelial transition (c-Met), a mesothelin, a
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
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ROR1, an EGFRVIII, an ephrin type-A receptor 2 (EphA2), an interleukin (IL)-13r alpha 2, an
EGFR VIII, a PSMA, an EpCAM, a GD3, a fucosyl GM1, a PSCA, a PLAC1, a sarcoma

breakpoint, a Wilms Tumor 1 antigen or a combination thereof.

The cell of any one of claims 1 to 12, wherein the cell is engineered to express or expresses an

antigen binding domain that binds at least one antigen.

The cell of claim 15, wherein the antigen is selected from a neo-antigen, tumor-associated

antigen, viral antigen, bacterial antigen, and parasitic antigen.
The cell of any one of claims 1 to 16, wherein the cell further comprises a suicide gene.

The cell of any one of claims 1 to 17, wherein the cell further comprises a chimeric antigen

receptor (CAR).

The cell of claim 18, wherein the chimeric antigen receptor (CAR) comprises: (a) an antigen
binding domain; (b) a hinge domain; (c¢) a transmembrane domain; (d) and an intracellular

domain.
The cell of claim 18, wherein the CAR further comprises a CD3 zeta signaling domain.

The cell of claim 19 or 20, wherein the antigen binding domain of the CAR binds a tumor

antigen.

The cell of any one of claims 19 to 21, wherein the hinge domain is any one of: CD8a or IgG1

hinge domain.

The cell of any one of claims 19 to 22, wherein the transmembrane domain is any one of:

CD28 or a CD8 o transmembrane domain.

The cell of any one of claims 19 to 23, wherein the intracellular domain comprises one or
more costimulatory regions selected from a CD28 costimulatory signaling region, a 4-1BB
costimulatory signaling region, an ICOS costimulatory signaling region and/or an OX40

costimulatory region.

The cell of any one of claims 21 to 24, wherein the tumor antigen comprises any one of: a
CD19, a disialoganglioside-GD2, a c-mesenchymal—epithelial transition (c-Met), a
mesothelin, a ROR1, an EGFRVIII, an ephrin type-A receptor 2 (EphA2), an interleukin (IL)-
13r alpha 2, an EGFR VIII, a PSMA, an EpCAM, a GD3, a fucosyl GM1, a PSCA, a PLACI,

a sarcoma breakpoint, a Wilms Tumor 1 antigen, or a combination thereof.

The cell of any one of claims 19 to 25, wherein the CAR further comprises an inducible or a

constitutively active element.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
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The cell of claim 26, wherein the inducible or the constitutively active element controls the

expression of a polynucleotide encoding an immunoregulatory molecule or a cytokine.

The cell of claim 27, wherein the immunoregulatory molecule or cytokine comprises one or
more of B7.1, CCL19, CCL21, CD40L, CD137L, GITRL, GM-CSF, IL-12, IL-2, low-toxicity
IL-2, IL-15, IL-18, IL-21, LEC, and/or OX40L.

The cell of claim 27, wherein the immunoregulatory molecule or cytokine comprises IL-12
and/or GM-CSF; and/or 1L-12 and/or one or more of IL-2 and low-toxicity 1L-2; and/or 1L-12
and/or IL-15; and/or IL-12 and/or IL-21; IL-12 and/or B7.1; and/or IL-12 and/or OX40L; and/
or 1L-12 and/or CD40L; and/or 1L-12 and/or GITRL; and/or 1L-12 and/or 1L-18; and/or one or
more of IL-2 and low-toxicity IL-2 and one or more of CCL19, CCL21, and LEC; and/or
IL-15 and one or more of CCL19, CCL21, and LEC; and/or IL-21 and one or more of CCL19,
CCL21, and LEC; and/or GM-CSF and one or more of CCL19, CCL21, and LEC; and/or
OX40L and one or more of CCL19, CCL21, and LEC; and/or CD137L and one or more of
CCL19, CCL21, and LEC; and/or comprises B7.1 and one or more of CCL19, CCL21, and
LEC,; and/or CD40L and one or more of CCL19, CCL21, and LEC; and/or GITRL and one or
more of CCL19, CCL21, and LEC.

The cell of any one of claims 19 to 29, wherein the antigen binding domain of the CAR

comprises a heavy chain variable region and a light chain variable region.

The cell of claim 30, wherein the antigen binding domain of the CAR further comprises a
linker polypeptide located between the heavy chain variable region and the light chain variable

region.

The cell of claim 31, wherein the linker polypeptide of the CAR comprises a polypeptide of

the sequence (GGGGS)n wherein n is an integer from 1 to 6.

The cell of any one of claims 19 to 32, wherein the CAR further comprises a detectable marker

attached to the CAR.

The cell of any one of claims 19 to 32, wherein the CAR further comprises a purification

marker attached to the CAR.

The cell of any one of claims 19 to 34, wherein the cell comprises a polynucleotide encoding

the CAR.

The cell of claim 35, wherein the polynucleotide further comprises a promoter operatively

linked to the polynucleotide to express the polynucleotide in the cell.
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
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The cell of claim 35 or 36, wherein the polynucleotide further comprises a 2A self-cleaving
peptide (T2A) encoding polynucleotide sequence located upstream of the polynucleotide

encoding the antigen binding domain.

The cell of any one of claims 35 to 37, wherein the polynucleotide further comprises a
polynucleotide encoding a signal peptide located upstream of the polynucleotide encoding the

antigen binding domain.
The cell of any one of claims 35 to 38, wherein the polynucleotide further comprises a vector.

The cell of claim 39, wherein the vector is a plasmid or a viral vector, wherein the viral vector
is optionally selected from the group of a retroviral vector, a lentiviral vector, an adenoviral

vector, and an adeno-associated viral vector.

A method of producing the cell of any one of claims 1 to 7 and 12 to 40 comprising reducing
or eliminating expression and/or function of CXCRS and increasing the expression of CD4
and CXCL13 in the cell using one or more of: RNA interference (RNAi), CRISPR, TALEN
and/or ZFN.

A method of producing the cell of any one of claims 12 to 40 comprising increasing the
expression of one or more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B and/or IL21 in the
cell using one or more of: CRISPR, TALEN and/or ZFN.

A method of isolating the cell of any one of claims 8 to 40 comprising separating Tfh-like

tumor-infiltrating cell from a mixed cell population.

The method of claim 43 further comprising sorting for cells that express the surface markers

CD4 and CXCL13 and lack the surface marker CXCRS.

The method of any one claims 43 to 44 further comprising increasing the expression or
function of one or more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B and/or IL21 in the
cell using one or more of: CRISPR, TALEN and/or ZFN.

A method of producing a cell comprising modulating the expression and/or function of one or

more proteins selected from MAF, SH2D1A (SAP), PDCD1, BTLA, CD200, and BCL6.

The method of claim 46, further comprising increasing the expression or function of one or
more of: TNFRSF18, TNFRSF4, IFNG, Granzyme B and/or IL21 in the cell using one or
more of: CRISPR, TALEN and/or ZFN.

An engineered cell prepared by the method of any one of claims 41 to 47.

203



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

WO 2020/041776 PCT/US2019/048036

A substantially homogenous population of cells comprising the cell of any one of claims 1 to

40 or 48.
A heterogeneous population of cells comprising the cell of any one of claims 1 to 40 or 48.

A method of preparing the population of cells of claim 49 or 50 comprising isolating the cells

from a subject and culturing the cells ex vivo.

A method of preparing the population of cells of claim 49 or 50 comprising expanding the cells

in vivo and isolating the cells from a subject.

A composition comprising a carrier and one or more of: the cell of claims 1 to 40 or 48 and/or

the population of cells of claim 49 or 50.
The composition of claim 53, wherein the carrier is a pharmaceutically acceptable carrier.
The composition of claims 53 or 54, further comprising a cryoprotectant.

A method of determining whether a subject will respond to a treatment for cancer comprising
measuring the amount of one or more of: CD4*CXCL13"CXCRS5" Tth-like tumor-infiltrating
cell, and/or CD4*CXCL13*CXCR5 GZMB" cytotoxic Tfh-like tumor-infiltrating cell in a
sample isolated from the subject, wherein higher amounts of the cells indicates that the subject
is likely to respond to the treatment and lower amounts of the cells indicates that the subject 1s

not likely to respond to the treatment.
The method of claim 56, wherein the treatment for cancer comprises a checkpoint inhibitor.

The method of claim 57, wherein the checkpoint inhibitor is selected from the group of an

anti-PD-1, anti-PD-L1, anti-CTLA-4, anti-B7-1, and anti-B7-2 immunotherapy treatment.

The method of claim 57 or 58 further comprising administering to the subject that is likely to
respond to the checkpoint inhibitor therapy an effective amount of the checkpoint inhibitor

therapy.

The method of any one of claims 56 or 59 further comprising administering to the subject an

effective amount of a cytoreductive therapy.

The method of claim 60, wherein the cytoreductive therapy comprises one or more of

chemotherapy, immunotherapy, or radiation therapy.

The method of any one of claims 56 to 60 further comprising administering to the subject an
effective amount of one or more of: the cell of any one of claims 1 to 40 or 48, the population

of cells of claim 49 or 50 and/or the composition of any one of claims 53 to 55.
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64.
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66.

67.

68.

69.

70.
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A method of treating cancer in a subject comprising administering to the subject an effective
amount of one or more of: the cell of any one of claims 1 to 40 or 48, the population of cells

of claim 49 or 50 and/or the composition of any one of claims 53 to 55.

The method of claim 63, wherein the subject is selected for treatment by contacting a sample
isolated from the subject with an agent that detects the presence of a tumor antigen in the
sample and the subject is selected for the treatment if presence of one or more tumor antigen is

detected in the sample.
The method of any one of claims 56 to 64, wherein the subject is human.
The method of any one of claims 56 to 65, wherein the cancer is lung cancer.

A kit comprising one or more of: the cell of any one of claims 1 to 40 or 48, the population of
cells of claim 49 or 50 and/or the composition of any one of claims 53 to 55 and instructions

to carry out the method of any one of claims 41 to 45, 51, 52, and 56 to 66.

A pharmaceutical composition comprising the cell of any one of claims 1 to 40 or 48, the
population of cells of claim 49 or 50 and/or the composition of any one of claims 53 to 55 for

the treatment of cancer.

Use of the cell of any one of claims 1 to 40 or 48, the population of cells of claim 49 or 50

and/or the composition of any one of claims 53 to 55 for the treatment of cancer.

Use of the cell of any one of claims 1 to 40 or 48, the population of cells of claim 49 or 50
and/or the composition of any one of claims 53 to 55 in the manufacture of a medicament for

the treatment of cancer.
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