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METHODS OF DETERMINING RESPONSIVENESS TO CANCER IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS
[1] This application claims the benefit of U.S. Provisional Application No. 63/041,493,

filed June 19, 2020, which s incorporated herein by reference.

SEQUENCE LISTING
[2] The Sequence Listing written in file 560207 SeqListing CXCR3 ST25 is 144

kilobytes in size, was created June 18, 2021, and is hereby incorporated by reference.

BACKGROUND
[3] Cancer immunoediting is responsible for eliminaling tumors and sculpting the
unrounogenic pheootypes of tursors that eventually form in umeounocompetent hosis
following tumor escape from inmunune destruction. Immune system-tumor interactions are
postulated to occur in three continuous phases: elimination, equilibrium, and escape.
Elimination entails the destruction of tumor cells by T lymphocyies. In equilibrium, a
population of immune-resistant tumor cells appears. During escape, the tumor has developed
strategies to evade immune detection or destruction. Escape may occur through loss or
meffective presentation of tumor antigens, secrelion of inhibitory cvtokines, or downregulation
of major histocompatibility complex molecules.
(4] Cancer immunotherapy aims to elicit successtul T-cell response that feads to cancer
regression. Various efforts have been made fo activate effector T-cell responses, such as though
preseniation of tumor antigen by antigen presenting cells (APCs), priming T cells to
successtully target and infiltrate tumors, and eshancing infilirating T cells to bind to the MHCI-
peptide complex to activate a cytotoxic T-cell response.
[5] Studies have shown a survival benefit associated with the presence of tumor infiltrating
lymphoeytes {TILs). There is evidence that immunostimulatory cytokines, sach as 1L-12, can
increase the immune cell infiltrate 1n solid tumors. However, sysiemic administration of 1L-12
has a narrow therapeutic index and is often accompanied by unacceptable levels of adverse
events. The limitations of systemic adminisiration of 1L-12 can be overcome by therapies that
result in local expression of IL-12, such as intratumoral electroporation of plasmid encoding
H-12.
[6] Identification of patients likely to response to cancer immumotherapies would be usetul
in targeting therapies to patients who are most likely to benefit from the therapies. In addition,

it would be helplul to identify therapies that convert non-responding patients to responding
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patients.

7] While [L-12 can increase the number of TILs, there remains a need {o increase the
presence and number of tumor-specific T cells in a tumor. CD3 (cluster of differentiation ) T
cell co-receptor helps to activate both the cytotoxic T cell (CD8' naive T celis) and also T
helper cells (CD4" naive T cells). Because of its role in activating T cell response, anti-CD3
anfibodies have been explored for use as immunosuppressant therapies. Bispecific antibodies,
mneluding Bi-specific T-cell engagers (BiTEs), targeting CD3 and a cancer antigen {iuroor

marker) have been developed to target T cells to cancer cells.

SUMMARY

[8] Described are methods of treating cancer in a subject comprising: (a) administering at
least one dose of a checkpoint inhibitor and/or an immunostimulatory cytokine to the subject;
(b) obtaining a tumor sample from the subject; (¢) measuring CXCR3 expression in the tumor
sample; (d) determining whether CXCR3 expression is increased in the tumor sample relative
to CXCR3 expression in a predetermined control; and (e) if CXCR3 expression is increased in
the tumor sample relative to CXCR3 expression in the predetermined control, then
administering at least one additional dose of the checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject, or if CXCR3 expression is not increased in the
tumor sample relative to CXCR3 expression in the predetermined control, then administering
at least one pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE and at least one
additional dose of the checkpoint inhibitor and/or an immunostimulatory cytokine to the
subject. In some embodiments, the CXCL9 and/or CD3 half-BiTE is administered in
combination with IL-12. The CXCL9 and/or CD3 half-BiTE can be administered prior to,
concurrently with, or subsequent to administration of IL-12. The CXCL9, CD3 half-BiTE,
and/or IL-12 can be administered by intratumoral electroporation (IT-EP) of a nucleic acid
encoding the CXCL9, CD3 half-BiTE, and/or IL-12. In some embodiments, the checkpoint
inhibitor therapy comprises anti-PD-1/anti-PD-L1 therapy. The checkpoint inhibitor therapy
may be administered systemically. In some embodiments, the immunostimulatory cytokine
comprises IL-12 or a nucleic acid encoding IL-12. In some embodiments, the at least one dose
of a checkpoint inhibitor and/or an immunostimulatory cytokine comprises a dose that would
be typically be considered pharmaceutically effective in responsive subjects.

[9] Described are methods of treating cancer in a subject comprising: (a) administering at
least one dose of a checkpoint inhibitor and/or an immunostimulatory cytokine to the subject;

(b) measuring a level of CXCR3 in a tumor sample obtained from the subject after the step of
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administering the checkpoint inhibitor and/or the immunostimulatory cytokine; and (c)
administering to the subject at least one pharmaceutically effective dose of CXCL9 and/or CD3
half-BiTE if the level of CXCR3 in the tumor sample is not increased relative to the level of
CXCR3 in a predetermined control. In some embodiments, the CXCL9 and/or CD3 half-BiTE
is administered in combination with IL-12. The CXCL9 and/or CD3 half-BiTE can be
administered prior to, concurrently with, or subsequent to administration of IL-12. The
CXCL9, CD3 half-BiTE, and/or IL-12 can be administered by intratumoral electroporation
(IT-EP) of a nucleic acid encoding the CXCL9, CD3 half-BiTE, and/or IL-12. In some
embodiments, the checkpoint inhibitor therapy comprises anti-PD-1/anti-PD-L1 therapy. The
checkpoint inhibitor therapy may be administered systemically. In some embodiments, the
immunostimulatory cytokine comprises IL-12 or a nucleic acid encoding IL-12. In some
embodiments, the at least one dose of a checkpoint inhibitor and/or an immunostimulatory
cytokine comprises a dose that would be typically be considered pharmaceutically effective in
responsive subjects.

[10] Described are methods of determining whether a subject having cancer is at risk of not
responding to checkpoint inhibitor and/or immunostimulatory cytokine therapy. The methods
comprise: measuring a level of CXCR3 in a tumor sample obtained from the subject that has
been administered at least one dose of a checkpoint inhibitor and/or an immunostimulatory
cytokine, wherein the level of CXCR3 in the tumor sample less than a predetermined control
indicates the subject is at risk of not responding to the checkpoint inhibitor and/or
immunostimulatory cytokine therapy. In some embodiments, a subject determined to be at risk
of not responding to checkpoint inhibitor and/or immunostimulatory cytokine therapy is
administered at least one pharmaceutically effective dose of CXCL9 and/or CD-3 half-BiTE.
In some embodiments, the CXCL9 and/or CD3 half-BiTE is administered in combination with
IL-12. The CXCL9 and/or CD3 half-BiTE can be administered prior to, concurrently with, or
subsequent to administration of IL-12. The CXCL9, CD3 half-BiTE, and/or IL-12 can be
administered by intratumoral electroporation (IT-EP) of a nucleic acid encoding the CXCL9,
CD3 half-BiTE, and/or IL-12. In some embodiments, the checkpoint inhibitor therapy
comprises anti-PD-1/anti-PD-L1 therapy. The checkpoint inhibitor therapy may be
administered systemically. In some embodiments, the immunostimulatory cytokine therapy
comprises intratumoral electroporation of a nucleic acid encoding IL-12. In some
embodiments, the at least one dose of a checkpoint inhibitor and/or an immunostimulatory
cytokine comprises a dose that would be typically be considered pharmaceutically effective in

responsive subjects.
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[11] Described are methods of treating a patient with cancer comprising: (a) obtaining a
tumor sample from the patient, (b) measuring a level of CXCR3 expression in the tumor
sample, (c) correlating the level of CXCR3 expression in the tumor sample with a reference
level obtained from a predetermined control or standard derived from a population of known
responders and/or known non-responders to determine whether the patient is at risk of
progressing on checkpoint inhibitor therapy, and (d) if the expression level is greater than the
reference level, then administering at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine, or if the expression level is less than the reference level then
administering to the patient at least one pharmaceutically effective dose of CXCL9 and/or CD3
half-BiTE and at least one dose of the checkpoint inhibitor and/or the immunostimulatory
cytokine. In some embodiments, the CXCL9 and/or CD3 half-BiTE is administered in
combination with IL-12. The CXCL9 and/or CD3 half-BiTE can be administered prior to,
concurrently with, or subsequent to administration of IL-12. The CXCL9, CD3 half-BiTE,
and/or IL-12 can be administered by intratumoral electroporation (IT-EP) of a nucleic acid
encoding the CXCL9, CD3 half-BiTE, and/or IL-12. In some embodiments, the checkpoint
inhibitor comprises an anti-PD-1/anti-PD-L1 antibody. The checkpoint inhibitor therapy may
be administered systemically. In some embodiments, the immunostimulatory cytokine
comprises IL-12 or a nucleic acid encoding IL-12. In some embodiments, the at least one dose
of a checkpoint inhibitor and/or an immunostimulatory cytokine comprises a dose that would
be typically be considered pharmaceutically effective in responsive subjects.

[12] Described are methods of treating cancer in a subject comprising: (a) obtaining a tumor
sample from the subject; (b) measuring CXCR3 expression in the tumor sample; (c)
determining whether CXCR3 expression is increased in the tumor sample relative to CXCR3
expression in a predetermined control; and (d) if CXCR3 expression is increased in the tumor
sample relative to CXCR3 expression in the predetermined control, then administering at least
one dose of the checkpoint inhibitor and/or an immunostimulatory cytokine to the subject, or
if CXCR3 expression is not increased in the tumor sample relative to CXCR3 expression in the
predetermined control, then administering at least one pharmaceutically effective dose of
CXCL9 and/or CD3 half-BiTE and at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject. In some embodiments, the CXCL9 and/or CD3
half-BiTE is administered in combination with IL-12. The CXCL9 and/or CD3 half-BiTE can
be administered prior to, concurrently with, or subsequent to administration of IL-12. The
CXCL9, CD3 half-BiTE, and/or IL-12 can be administered by intratumoral electroporation
(IT-EP) of a nucleic acid encoding the CXCL9, CD3 half-BiTE, and/or IL-12. In some
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embodiments, the checkpoint inhibitor comprises anti-PD-1/anti-PD-L1 therapy. The
checkpoint inhibitor therapy may be administered systemically. In some embodiments,
administration of the immunostimulatory cytokine therapy comprises intratumoral
electroporation of a nucleic acid encoding IL-12. In some embodiments, the predetermined
control comprises a standard derived from a population of known responders and/or known
non-responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy. In
some embodiments, the predetermine control comprises a tumor sample obtained prior to
administration of one or more therapies to the subject. The prior therapy can be, but is not
limited to, IL-12 therapy, checkpoint inhibitor therapy, or a combination thereof. In some
embodiments, the at least one dose of a checkpoint inhibitor and/or an immunostimulatory
cytokine comprises a dose that would be typically be considered pharmaceutically effective in
responsive subjects.

[13] Described are methods of identifying a subject with cancer at risk of not responding to
checkpoint inhibitor and/or immunostimulatory cytokine therapy comprising: measuring a
level of CXCR3 in a tumor sample obtained from the subject, wherein the level of CXCR3 in
the tumor sample less than a predetermined control indicates the subject is at risk of not
responding to the checkpoint inhibitor and/or immunostimulatory cytokine therapy. Measuring
alevel of CXCR3 expression in the tumor sample can comprise: measuring CXCR3 mRNA in
the tumor sample, measuring CXCR3 protein in the tumor sample, or measuring a number of
CXCR3" T cells in the tumor sample. In some embodiments, the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy. In some
embodiments, the predetermine control comprises a tumor sample obtained prior to
administration of one or more therapies to the subject. The prior therapy can be, but is not
limited to IL-12 therapy, checkpoint inhibitor therapy, or a combination thereof.

[14] Described are expression cassettes (e.g., nucleic acids) encoding CXCL9, CXCL9 plus
IL-12, anti-CTLA-4 scFv, anti-CTLA-4 scFv plus IL-12, CD3 half-BiTE and CD3 half-BiTE
plus IL-12. The describe expression cassettes are useful in the treatment of cancer. In some
embodiments, the expression cassettes are useful in treating cancer in a subject that has failed
to respond to at least one course of anti-PD-1/anti-PD-L1 therapy, is predicted to be at risk of
not responding to anti-PD-1/anti-PD-L1 therapy, is progressing on anti-PD-1/anti-PD-L1
therapy, or has progressed on anti-PD-1/anti-PD-L1 therapy. Methods of using the described
expression cassettes to treat tumors, including cancers and metastatic cancers, are also

described. The described expression cassettes, when delivered to a tumor, such as by
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electroporation, result in local tumor expression of the encoded proteins, leading to T cell
recruitment and anti-tumor activity. In some embodiments, the methods also result in abscopal
effects, i.e., regression of one or more untreated tumors. In some embodiments, regression
includes debulking of a solid tumor.

[15] Expression cassettes encoding CXCL9 are described. In some embodiments, an
expression cassette encoding CXCL9 further encodes IL-12. The described CXCL9 expression
cassettes can be delivered intratumorally, peritumorally, into a lymph node, intradermally,
and/or intramuscularly. In some embodiments, the CXCL9 and IL12 coding sequences are
expressed on a multicistronic expression cassette from a single promoter and separated by an
IRES or 2A translation modification element. In some embodiments, the 2A element is a P2A
element. IL-12 is a heterodimeric cytokine having both IL-12A (p35) and IL-12B (p40)
subunits. The encoded IL-12 can comprise a fusion construct encoding an 1L-12 p35-IL-12
p40 fusion protein (IL12 p70). In some embodiments, the IL-12 p35 and p40 coding sequences
are expressed from a multicistronic expression cassette from a single promoter and separated
by an IRES or 2A element. In some embodiments, the 2A element is a P2A element. In some
embodiments, multicistronic expression cassettes are described, comprising CXCL9, IL12 p35,
and IL-12 p40 coding regions separated by IRES or 2A elements. In some embodiments, the
2A element is a P2 A element.

[16] Expression cassettes encoding anti-CTLA-4 scFvs are described. An anti-CTLA-4 scFv
comprises an anti-CTLA-4 single-chain variable fragment. The described anti-CTLA-4 scFv
expression cassettes can be delivered intratumorally, peritumorally, into a lymph node,
intradermally, and/or intramuscularly. The lymph node can be a draining lymph node. An anti-
CTLA-4 scFv expression cassette can also be delivered in a peritumoral region between the
tumor and the draining lymph node. For each of intratumoral, peritumoral, lymph node,
intradermal, and/or intramuscular delivery of an anti-CTLA-4 scFv expression cassette, the
delivery can be facilitated by electroporation. Direct expression of an anti-CTLA-4 scFv
expression cassette can result in fewer side effects and/or toxicity when compared to systemic
administration of anti-CTLA-4 antibodies. The described anti-CTLA-4 scFv expression
cassettes facilitate delivery of local yet efficacious dose of anti-CTLA-4.

[17] CD3 half-BiTEs and expression cassettes encoding CD3 half-BiTEs are described.
CD3 half-BiTEs comprise anti-CD3 single-chain variable fragment (scFv) fused to a
transmembrane domain (TM). In some embodiments, an expression cassette encoding a CD3
half-BiTE further encodes a signal peptide. The encoded signal peptide can be operably linked

to the 5’ end of the anti-CD3 single-chain variable fragment coding sequence. In some
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embodiments, an expression cassette encoding a CD3 half-BiTE further encodes IL-12. The
described CD3 half-BiTE expression cassettes can be delivered intratumorally, peritumorally,
into a lymph node, intradermally, and/or intramuscularly. In some embodiments, the CD3 half-
BiTE and IL12 coding sequences are expressed on a multicistronic expression cassette from a
single promoter and separated by an IRES or 2A translation modification element. In some
embodiments, the 2A element is a P2A element. IL-12 is heterodimeric cytokine having both
IL-12A (p35) and IL-12B (p40) subunits. The encoded IL-12 can contain a fusion construct
encoding an IL-12 p35—IL-12 p40 fusion protein (IL12 p70). In some embodiments, the IL-12
p35 and p40 coding sequences are expressed from a multicistronic expression cassette from a
single promoter and separated by an IRES or 2A translation modification element. In some
embodiments, the 2A element is a P2A element. In some embodiments, multicistronic
expression cassettes are described, comprising a CD3 half-BiTE, IL12 p35, and IL-12 p40
coding regions separated by IRES or 2A translation modification elements. In some
embodiments, the 2A element is a P2A element.

[18] Prescribed are methods of treating a cancer comprising adnunistering 1o a subject, by
intratumoral electroporation (IT-EP}), a composition comprising a therapeutically effective
amount one or more of the described expression casseties. The composition 1s imgected into a
fumor, tumor microenvironment, and/or tumor margin tissue and electroporation therapy 18
applied to the turnor, tumor nucroenvironment, and/or turor margin tissue. The electroporation
therapy may be applied by any suitable electroporation system known in the art. In some
embodiments, the electroporation s at a field strength of about 60 V/em to about 1500 Viem,
and a duration of about 10 nicroseconds 1o about 20 mulliseconds. In some embodiments, the
electroporation incorporates Electrochemical Impedance Spectroscopy (EIS). The subject can
be a mammal. The mammal can be, but is not limited to, a human, canine, feline, or equine.
[19] In some embodiments, the methods further comprise adnunistering to the subject a
therapeutically effect amount of an immunostimulatory cviokine. The immunostimulatory
cytokine can be an expression casseite encoding the immumostimudatory cviokine delivered by
IT-EP. The immaunostimulatory cytokine can be, but is not limited to, 1L-12. The
immunostimulatory cytokine can be delivered prior to, subsequent to, or concurrent with one
or more of the described CXCLY, UTLA-4 scFv and €3 half-BiTE expression cassettes.

[20] in some embodiments, the methods further comprise administration of one or more
additional therapies. The one or more additional therapies can be, but are not limited to,
immune checkpoint therapy. Invwoune checkpont therapy can be, but s vot hmited to,

administration of one or more immune checkpoint inhibttors. “Immune checkpoint™ molecules
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refer to a group of immune cell surface receptor/ligands which induce T cell dysfunction or
apoptosis. These immune inhibitory targets attenuate excessive immune reactions and ensure
self-tolerance. Tumor cells harness the suppressive effects of these checkpoint molecules.
Immune checkpoint target molecules include, but are not limited to, Cytotoxic T Lymphocyte
Antigen-4 (CTLA-4), Programmed Death 1 (PD-1), Programmed Death Ligand 1 (PD-L1),
Lymphocyte Activation Gene-3 (LAG-3), T cell Immunoglobulin Mucin-3 (TIM3), Killer Cell
Immunoglobulin-like Receptor (MR), B- and T- Lymphocyte Attenuator (BTLA), Adenosine
A2a Receptor (A2aR), and Herpes Virus Entry Mediator (HVEM). “Immune checkpoint
inhibitors™ include molecules that prevent immune suppression by blocking the effects of
immune checkpoint molecules. Checkpoint inhibitors include, but are not limited to, antibodies
and antibody fragments, nanobodies, diabodies, soluble binding partners of checkpoint
molecules, small molecule therapeutics, and peptide antagonists. An itmmune checkpoint
inhibiior can be, but is not limited (o, a PD-1 and/or PD-L1 antagonist. A PD-1 and/or PD-L1
antagonist can be, but 1s not hmited to, an anti-PD-1 or anti-PD-L1 antibody. Anti-PD-1/anti-
PD-L1 antibodies include, but are not limited to, nivolumab, pembrolizumab, pidilizumab, and
atezolizumab. Immune checkpoint {checkpoint inhibitor) therapy may be administered
systemically.

[21] Described are methods of treating a tumor in a subject comprising. adroinistering at
{east one treatment cvcle to the subject, the cvele comprising: adnunistering to the tumor, by
IT-EP, a composition comprising a therapeutically effective amount of one or more of the
described CXCL9, CXCLO plus IL-12 (i.e., IL12~CXCL9 ), anti-CTLA-4 scFv, anti-CTLA-4
scFv plus IL-12, CD3 half-BiTE, or CD3 half-BiTE plus IL-12 (i.e., CD3 half-BiTE~IL12)
expression cassettes. In some embodiments, the cycle is a three week cycle In some
embodiments, the cycle is a four, five, or six week cvcle. The composition can be administered
by IT-EP ou 1, 2, 3, 4. 3, or 6 davs of a cvcle In some embodiments, the composition is
administered by IT-EP on dav 1 of each cvcle. In some embodiments, the composition
administered by [T-EP on days 1 and 5+2 of each cycle. In some embodiments, the composition
is administered by IT-EP on days I and 842 of each c¢ycle. In some embodiments, the
coraposition 18 admunistered by IT-EP on days 1, 542, and 8+2 of each cycle. The cvcles can
be repeated as often as is necessary to treat the subject. In some embodiments, a cycle further
comprises administration of an additional therapeutic. The additional therapeutic can be, but is
not limited to, an immune checkpoint therapy. In some embodiments, the immune checkpoint
therapy 1s adrinistered to the subject onday 1, 2, or 3 of the cvcle.

[22] In some embodiments, a subject is treated with one of more cycles of IT-EP therapy
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with one or more of the described expression casseites. Any of the above cvcles can be repeated
in subsequent cycles. The subsequent cvcles can be consecutive cycles or alternating cycles.
Alternating cycles can have one or more intervening cycles of no therapy or altervative therapy
{e.g.. immune checkpoint therapy). For example, anv of the described expression cassettes can
be admunistered on days 1, 542, and 8+2 of alternating cvcles (e.g., cveles 1, 3, 5, etc. as
needed} and an alternative therapy can be administered, e.g., on day 1, 2, or 3, of consecutive
cveles (eg, eveles 1, 2, 3, 4, 5, ete. as needed).

[23] In some embodiments, a subject s admuinistered alternating cvcles of TT-EP of any of
the described CXCLY, CTLA-4 scFv, and/or CD3 half-BiTE expression casseites, with or
without immune checkpoint inhubitor therapy, and smomune checkpoint inhibitor therapy. In
other words, a subject can be adnunistered, by IT-EP. a composition comprising a
therapeutically effective amount of one or more of the deseribed CXCLY9, CXCL9 plus IL-12,
anti-CTLA-4 scFv, anti-CTLA-4 scFv plus IL-12, CD3 half-BiTE, or CD3 half-BiTE plus IL-
12 expression cassettes and optionally adroinistered tmumune checkpoint inhibitor therapy on
odd numbered cycles {cyeles 1. 3, ete.} and admunistered immune checkpoint inhibitor therapy
on even numbered cveles {cycles 2, 4, etcy. Alternatively, a patient can be administered
immume checkpoint inhibitor therapy on odd numbered cyeles {cyeles 1, 3, eic) and
admimstered, by IT-EP, a composition comprising a therapeutically effective amount of one or
more of the described CXCL9, CXCL9 plus IL-12, anti-CTLA-4 scFv, anti-CTLA-4 scFv plus
IL-12, CD3 half-BiTE, or CD3 half-BiTE plus IL-12 expression casseties and optionally
administered immune checkpoint inhibilor therapy on even numbered cvcles {cycles 2, 4, ete ).
[24] The expression cassettes and methods can be used to treat a subject having advanced,
metastatic, and/or treatment refractory tumor. A treatment refractory tumor can be, but is not
limited to, an immune checkpoint inhibitor refractory tumor, a hormone refractory tumor, a
radiation refractory tumor, or a chemotherapy refractory tumor. In some embodiments, the
subject has failed to respond to at least one course of immune checkpoint inhibitor therapy. In
some embodiments, the subject is progressing on or has progressed on one or more anti-cancer
therapies, such as, but not limited to, checkpoint inhibitor therapy. In some embodiments, the
subject has failed to respond to at least one course of anti-PD-1/anti-PD-L1 therapy, is
predicted to be at risk of not responding to anti-PD-1/anti-PD-L1 therapy, is progressing on
anti-PD-1/anti-PD-L1 therapy, or has progressed on anti-PD-1/anti-PD-L1 therapy.

[25] The expression cassettes and methods can be used to treat subjects having tumors
predicted to be refractory to or not respond to one or more anti-cancer therapies. In some

embodiments, the subject has low tumor infiltrating lymphocytes, low partially cytotoxic
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lymphocytes, or exhausted T cells. In some embodiments, the described expression cassettes
and methods are used to treat a subject having a CXCR3 level in a tumor sample obtained from
the subject that is not increased in response to checkpoint inhibitor and/or an
immunostimulatory cytokine therapy. In some embodiments, the described expression
cassettes and methods are used to treat a subject having a CXCR3 level in a tumor sample
obtained from the subject that is not increased in response to anti-PD-1/anti-PD-L1 and/or an
IL-12 therapy. In some embodiments, the described expression cassettes and methods are used
to treat a subject having a CXCR3 level in a tumor sample obtained from the subject is less
than a standard derived from a population of known responders and/or known non-responders.

In some embodiments, the subject has advanced on one or more prior cancer therapies.

BRIEF DESCRIPTION OF THE IRAWINGS
[26] FIG. 1A. Illustrations of the expression constructs for MCXCL9~mCherry
(mCXCL9-P2A-mCherry), mCXCL9, mIL12-2A (mIL-12 p35—P2A—mlIL-12 p40),
mIL12~mCXCL9 (mIL-12 p35—P2A-mIL-12 p40—P2A-mCXCL9).
[27] FIG. 1B. Illustrations of expression constructs for hCXCL9, hIL12-2A (hIL-12
p35—P2A—hIL-12 p40), hIL12~hCXCL9 (hIL-12 p35—P2A—hIL-12 p40—P2A-hCXCL9).
[28] FIG. 2. Graphs illustrating (A) mIL12p70 protein expression, and (B) mCXCL9 protein
expression in HEK293 cells following transfection with mIL12-2A, mCXCL9, and
mIL12~mCXCL9 expression vectors.
[29] FIG. 3. Graph illustrating dose-response to mIL-12p70 from transiently transfected
HEK293 cells with mouse IL-12 or mouse IL-12-CXC constructs. Both constructs encode
biologically active IL-12.
[30] FIG. 4A. Graph illustrating transfection-derived mouse CXCL9 induced chemotaxis of
SIINFEKL-pulsed (24hr @ 1 pg/mL, 72hr recovery) OT-I splenocytes through polycarbonate
membranes with 5.0-micron pores (Costar 3421). Migration index is defined as the number of
observed chemotactic cells after 2.5 hours at 37°C, normalized to the number of cells that
passively migrated through the membrane in the OptiMEM negative control. Abrogation of
chemotaxis was observed with the pre-incubation of anti-mCXCL9 neutralizing monoclonal
antibody (BioXCell BE0309).
[31] FIG. 4B. Graph illustrating transfection-derived (HEK293) human CXCL9-induced
chemotaxis of SIINFEKL-pulsed (24hr (@ 1 pg/mL, 72hr recovery) OT-I splenocytes through
polycarbonate membranes with 5.0-micron pores (Costar 3421). Migration index is defined as

the number of observed chemotactic cells after 2 hours at 37°C, normalized to the number of
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cells that passively migrated through the membrane towards the OptiMEM negative control.
[32] FIG. 4C. Graph illustrating transfection-derived (HEK293) human CXCL9-induced
chemotaxis of human peripheral mononuclear cells (thawed from cryopreservation, rested for
24hr in X-VIVO15 medium) through polycarbonate membranes with 5.0-micron pores (Costar
3421). Migration index is defined as the number of observed chemotactic cells after 2 hours at
37°C, normalized to the number of cells that passively migrated through the membrane towards
the OptiMEM negative control.

[33] FIG. 5. Graph illustrating intratumoral expression of mCXCL9 using ELISA for
mCXCL9 (DuoSet ELISA DY392) 48hrs post-electroporation in tumor lysates from mice
bearing CT26 tumors (n=3; * P<0.05; T test with Welch correction).

[34] FIG. 6. Graphs illustrating Kaplan—Meir curves in untreated mice and mice treated with
control vector, IT-EP IL12-2A alone, or IT-EP IL12-2A in combination with IT-EP CXCL9
(** P<0.005; log-rank (Mantel-Cox) test).

[35] FIG. 7. Graphs illustrating (A) decreased tumor volume, and (B) decreased contralateral
(untreated) tumor volume, in tumor bearing mice treated with IT-EP therapy with mIL12-2A
plus mCXCL9 compared to IL-12 therapy alone on control plasmid.

[36] FIG. 8. Flow cytometric analysis of splenocytes from mice treated with IT-EP
pUMCV3 or IL12-2A on day 0 and IT-EP pUMVC3 or mCXCL9 on days 4 and 7

[37] FIG. 9. Graph illustrating fold increase in the number of AH1+ CD8+ T cells in mice
tumors treated with control vector (pUMVC3), IT-EP IL12 (IL-12 p35 — P2A — IL-12 p40), or
IT-EP IL12 plus IT-EP CXCL9. N=2 independent experiments with 3-5 animals/group; *
P<0.05, ** P<0.005; One way ANOVA.

[38] FIG. 10. Graphs illustrating (A) hIL-12 protein expression in HEK293 cells transfected
with hIE12-2A and hIL12~hCXCL9 expression vectors and (B) hCXCL9 protein expression
in HEK293 cells transfected with hCXCL9 and hIL12~hCXCL9 expression vectors.

[39] FIG. 11. Graph illustrating activation of STAT4 pathway in HEK-Blue IL-12 cells
using recombinant human IL-12 (rthIL12, positive control), or hIL12 produced from cells
expressing a hIL12-2A expression vector.

[40] FIG. 12A. Tllustrations of the mouse CD3 half-BiTE expression cassettes for HA-2C11-
Myc scFv, HA-2C11 scFv, 2C11 scFv, and 2C11 scFv~hIL12.

[41] FIG. 12B. ftustrations of human CD3 half-BiTE expression cassettes for HA-OKT3-
Myc scFv, HA-OKT3 scFv, OKT3 scFv, HA-OKT3 scFv~hIL12, and OKT3 scFy~hIL12.
[42] FIG. 13. Western blots showing: (A) expression of anti-CD3 scFv in HEK293 cells
transfected with HA-OKT3 scFv and HA-2C11 scFv CD3 half-BiTE expression vectors, and
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(B) expression of CD3 half-BiTE in B16-F10 cells transfected with HA-2C11 scFv and HA-
2C11 scFv~mIL12 expression vectors.

[43] FIG. 14A-C. Flow cviometry showing the surface expression of anti-CD3 scFv in HEK
293 cells transfected with HA-OKT3 scFv and HA-OKT3 scFv~hIL12 expression vectors.
[44] FIG. 14D-E. (D) Flow cytometry showing the surface expression of anti-CD3 scFv in
B16-F10 cells transfected with HA-2C11 scFv and HA-2C11 scFv~mIL12 expression vectors.
(E) Graph illustrating IL12p70 expression in B16-F10 cells following transfection with mIL12-
2A, HA-2C11 scFv~mIL12 expression vector.

[45] FIG. 15. Graph illustrating IL12p70 expression in HEK293 cells following transfection
with hIL12-2A, HA-OKT3 scFv~hIL12, and OKT3 scFv~hIL12 expression vectors.

[46] FIG. 16A-B. (A) Western blot showing expression of CD3 scFv in B16F10 melanoma
or 4T1 breast cancer cells ir vivo following intratumoral electroporation of HA-2C11 scFv.
(B) Flow analysis of surface expression of CD3 scFv on 4T1 breast cancer cells in vivo
following intratumoral electroporation of HA-2C11 scFv.

[47] FIG. 16C. Graph illustrating IL12p70 expression in B16-F10 cells following
intratumoral electroporation of mIL12-2A and HA-2C11 scFv~mlIL12 expression vectors.
[48] FIG. 17. Graph illustrating induction of IFNy expression following eo-culture of naive
mouse splenocyies with BI6F10 cells transfected in visro with control vector (EV control),
2C 11 scFv expression vector with or without recombinant mouse [L12, or with plate bound
anti-{CD3 (positive conirol}.

[49] FIG. 18. Graphs iliustrating FACS analyses of proliferation of CFSE labeled
CO3+CD45+ T cells following co-culture of natve mouse splevocvies with B16F10 cells
transfected in vitro with control vector {THx control), 2C11 scFv expression vector with or
without recombinant mouse IL12, or with plate bound anti-CD3 (positive control}.

[S0] FIG. 19. Graph illustrating in vivo OT-1 and polyclonal T cell proliferation in DLN in
B16-OVA tumor model mice treated with 2C11 scFv IT-EP or negative control.

[51] FIG. 20. Graphs illustrating an increased CD8+ T cells in CD45.1+ live cells in TILs
in B16-OV A tumor model mice treated with 2C11 scFv IT-EP or negative control.

[S2] FIG. 21. Graph illustrating an increased antigen specific (SIINFEKL+) CD8+ T cells
in TILs in B16-OV A tumor model mice treated with 2C11 scFv IT-EP or negative control.
[53] FIG. 22. FACS analysis of scan CFSE cells displaying (Hi) or not displaying (Lo)
OV Ass7.264 peptide showing increase lysis of OV Azs7.a64 peptide-displaying CFSE cells in B16-
OV A tumor containing mice treated with 2C11 scFv IT-EP compare with negative transfected

control.
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[54] FIG. 23, Graph illustrating increase in lysis of adoptive transferred OV Azs7.o64-
displaying CFSE cells in B16-OV A tumor conlaining mice treated with TT-EP CD3 half-BiTE.
Increased T cell killing ability observed in both spleen and draining lymph node.

[55] FiG 24 FACS analysis of CFSE cells showing increase tumor-specific killing of OVA
expressing cells in mice treated with IT-EP CD3 half-BiTE.

[S6] FIG. 25, Graph iHustrating tumor progression of treated tumors in melanoma model
mice treated with control, 1L-12, or [.-12 plus CD3 half-BiTE {T-EP therapy.

[57] FIG 26A (A} Graph illustrating tumor progression in breast cancer model mice treated
with control, H-12, or IL-12 plus 2C11 IT-EP therapy.

[58] FIG. 26 B-C. (B) Graph illustrating lung metastasis nodides in 4T1 breast cancer model
mice treated with control, IL12-2A or IL12-2A plus 2011 IT-EP therapy. {C) Graph illustrating
the absoluie mumber of effector T cells ((D127-CD62L-CD3+) per ub peripheral blood in 471
breast cancer model mice treated with control, TL12-2A or IL12-2A plus 2C11 TT-EP therapy.
[59] FIG. 27. Graphs illustrating (A) hIL12p70 protein secretion, and (B) hCXCL9 protein
secretion in HEK293 cells following transfection with hIL12-2A, hCXCL9, and
hIL12~hCXCL9 expression vectors. Protein detected by ELISA, n=35.

[60] FIG. 28A. Volcano plots displaying p-values and log2 fold change for the indicated
genes. Differential gene expression was examined in mice treated with mCXCL9 alone (top
panel) and mice treated with mCXCL9 in combination with IL12 (bottom panel). Horizontal
lines indicate False Discovery Rate (FDR) thresholds.

[61] FIG. 28B. Graph illustrating ‘Cytotoxic immune cells’ cell type scores. Each cell type’s
score (Log 2 scale) has been centered to have mean 0.

[62] FIG. 29A. Graph illustrating IL12 p70 expression in 48 hr post electroporation in tumor
lysates from mice bearing B16.F10 tumors after treatment with 10 pg or 100 ug of IL12-2A
(TAVO) on days 1, 5, and 8, or 100 ug of IL12~CXCL9 or CD3 half-BiTE~IL12 (SPARK) on
each of days 1, 5, and 8 (n=8 animals; DuoSet ELISA DY419).

[63] FIG. 29B-C Graph illustrating primary (B) and secondary (C) tumor growth in mice
bearing B16.F10 tumors after treatment with 10 ug or 100 pg of IL12-2A (TAVO) on days 1,
S, and 8, or 100 pg of IL12~CXCL9 or CD3 half-BiTE~IL12 (SPARK) on each of days 1, 5,
and 8. (From left to right for each of days 0 and 12: 10 pug IL12-2A, SPARK, 100 pg of IL12-
2A).

[64] FIG. 30. Graph illustrating: (A) anti-CTLA4 scFv transfection supernatant binding to
recombinant mCTLA-4/Fc, and (B) detection of anti-CLTA-4 scFv on RENCA tumor lysates.
[65] FIG. 31. Graphic illustration of treatment schedule. TAVO = nucleic acid expression
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IL-12 administered by IT-EP. P = pembrolizumab.

[66] FIG. 32. Graphs illustrating Ki-67* CD8" T cells in PBMCs in responders and
nonresponders before and after treatment with IL-12 and pembrolizumab.

[67] FIG. 33. Graph illustrating intratumoral CXCR3 transcript levels in responders and
nonresponders before and after treatment with IL-12 and pembrolizumab.

[68] FIG. 34. Graphs illustrating CD8" CXCR3* T cells in PBMCs 24 hours after IT-EP
with either 50 ug IL-12 (TAVO™ (TAVO(P2A)) or 50 ug control (empty) vector (EV).

[69] FIG. 35. Graph illustrating number of migrating cells isolated from draining lymph
nodes in mice treated with IT-EP IL-12 (TAVO") empty vector (EV) in the presence of absence
of anti-CXCR3 antibodies.

[70] FIG. 36. Graphs illustrating primary and contralateral tumor regression in mice treated
with IT-EP IL-12 (TAVO") in the presence or absence of anti-CXCR3 antibodies.

[71] FIG. 37. Graph illustrating survival in tumor model mice treated with IT-EP IL-12
(TAVO") in the presence or absence of anti-CXCR3 antibodies.

[72] FIG. 38. Graph illustrating IFN-y in CD8" T cells in mice treated with IT-EP with either
2 ug or 50 ug empty vector (EV) or IL-12 (TAVO™).

[73] FIG. 39. Graphs illustrating transcriptome analyzes in tumor model mice treated with
IT-EP empty vector (EV), IL-12 (TAVO™) or IL-12 plus CXCLO9.

[74] FIG. 40. FACS analyses of CD8 T cells in tumor model mice treated with IT-EP empty
vector (EV), IL-12 (TAVO") or IL-12 plus CXCLO9.

[75] FIG. 41. Graphs illustrating enhancement of primary and contralateral tumor regression
in tumor model mice treated sequentially with IT-EP IL-12 (TAVO*) and IT-EP CXCL9 (left
bar each pair = TAVO* + EV + EV; right bar each pair TAVO* + pCXCL9 + pCXCL9).

[76] FIG. 42. Graph illustrating survival in tumor model mice treated sequentially with IT-
EP IL-12 (TAVO") and IT-EP CXCLO.

[77] FIG. 43. Graphs illustrating CXCR3" expression of CD8" T cells from tumor of mice
treated with IT-EP empty vector (EV), IL-12 (TAVO™), or IL-12~CXCL9.

[78] FIG. 44. Graphs illustrating enhancement of primary and contralateral tumor repression
in tumor model mice treated with IT-EP IL-12 (TAVO"), or IL-12~CXCL9 (left bar each pair
=TAVO"; right bar each pair TAVO" + CXC).

[79] FIG. 45. Graph illustrating survival of tumor model mice treated with IT-EP empty
vector (EV), IL-12 (TAVO"), or IL-12~CXCLO9.

[80] FIG. 46. Graphs illustrating survival of tumor model mice treated with IT-EP empty
vector (EV), with or without anti-PD-1 therapy, IT-EP IL-12 (TAVO™) with or without anti-
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PD-1 therapy, sequential IT-EP IL-12 plus IT-EP CXCL9, or sequential IT-EP IL-12 plus IT-
EP CXCL9 with or without anti-PD-1 therapy. In each group, increase survival was observed
in mice treating with anti-PD-1 therapy.

[81] FIG. 47. Graph illustrating percentage of proliferating CD3" T cells after 4 days of co-
culture with B16-F10 cells, which were transfected with EV or anti-CD3 scFv plasmid, with
or without 100 ng/mL mIL-12. Co-cultures were initiated with similar numbers of CD3* T cells
and B16-F10 cells. CD3" T cells were cultured with plate bound anti-CD3 as positive control
(n=3).

[82] FIG. 48. Graphs illustrating flow cytometric analysis of intracellular (A) IFNy and (B)
Granzyme B expression in CD8* and CD4* T cells after 3 days of co-culture with B16-F10
cells, which were transfected in various conditions as described in the graph above (n=3).

[83] FIG. 49. Graphs illustrating (A) tumor volume and (B) spontaneous metastatic lung
modules in 4T1 tumors treated with IT-EP using 50 pg of empty vector (EV) or IL-12
(TAVO(P2A)) on Day 0 followed by subsequent IT-EP on days 3 and 5 with 50 ug of EV or
CD3 half-BiTE: T cell populations were measured 6 days post IT-EP treatment; *» < 0.05, **p
< 0.01, **¥p < 0,001, ****p <0.0001.

[84] FIG. 49C-E. Graphs illustrating (C) CD3* CD8" T cells, (D) CD8" CXCR3* T cells,
and (E) CD45* CD3" T cells in 4T1 tumors treated with IT-EP using 50 ug of empty vector
(EV) or IL-12 (TAVO(P2A)) on Day 0 followed by subsequent IT-EP on days 3 and 5 with 50
ug of EV or CD3 half-BiTE: T cell populations were measured 6 days post IT-EP treatment;
* < 0.05, *p < 0.01, **%p < 0,001, ****p <0.0001.

[85] FIG. 49F-G. Graphs illustrating (F) effector T cells and (G) effector memory T cells in
4T1 tumors treated with IT-EP using 50 ug of empty vector (EV) or IL-12 (TAVO(P2A)) on
Day 0 followed by subsequent IT-EP on days 3 and 5 with 50 pug of EV or CD3 half-BiTE: T
cell populations were measured 6 days post IT-EP treatment; *» < 0.05, **p < 0.01, ***p <
0.001, ****p <0.0001.

[86] FIG. 50A-B. Graphs illustrating (A) percentage of TILs (derived from a patient with
melanoma actively progressing on anti-PD-1 therapy) proliferating after 3 days of co-culture
with HEK293T cells transfected with empty vector or CD3 half-BiTE (aCD3) with or without
IL-12 (tumor infiltrated T cells cultured with plate bound anti-CD3 antibody as positive
control) (n=3); (B) Percentage of PD-1 expression on CD8" TILs after 3 days of co-culture
with HEK293T cells transfected as in (A); # = below detection, *p<0.05, **p<0.01,
*HEP<0.001, *¥***p<0.0001, statistical significance determined by one-way ANOVA.

[87] FIG. 50C. Graph illustrating ELISA measuring IFNy in the conditioned media of co-
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cultures of TILs and HEK293T cells transfected as in (A). # = below detection, *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001, statistical significance determined by one-way
ANOVA. (each set of five bars, in order: EV without pIL-12, EV with pIL-12, anti-CD3 half-
BiTE without pIL1-2, anti-CD3 half-BiTE with pIL-12, plate bound anti-CD3 antibody)

DETAILED DESCRIPTION
I Definitions
[88] A “nucleic acid” includes both RNA and DNA. RNA and DNA include, but are not
limited to, ¢DNA, genomic DNA, plasoud DNA, condensed nucleic acid, nucleic acd
formulated with a delivery vector, nucleic acid formulated with cationic lipids, nucleic acid
formulated with peptides or cationic polymers, RNA, and mRNA. Nucleic acid also includes
modified RNA or DNA,
[89] An “expression cassette” refers to a nuclei acid (RNA or DNA) coding sequence or
segment of RNA or DNA that codes for an expression product (e.g., peptide(s) (i.e.,
polypeptide(s) or protein(s)) or RNA). An expression cassette can be present in a plasmid. An
expression cassette is capable of expressing one or more polypeptides in a cell, such a
mammalian cell. The expression cassette may comprise one or more sequences necessary for
expression of the encoded expression product. The expression cassette may comprise one or
more of an enhancer, a promoter, a terminator, and a poly A signal operably linked to the DNA
coding sequence.
[90] Theterm “plasmid” refers to a nucleic acid that includes at least one sequence encoding
a polypeptide {such as anv of the described expression casseties) that is capable of being
expressed in a marmmalian cell. A plasmid can be a closed circular DNA molecule. A variety
of sequences can be incorporated into a plasmid to alter expression of the coding sequence are
to facilitate replication of the plasnud m a cell. Sequences can be used that influence
transcription, stability of a messenger RNA (mRNA), RNA processing, or efficiency of
translation. Such sequences mclude, but are not limated to, 5 untranslated region (3" UTR),
promoter, introns, and 3" untranslated region (3' UTR). Plasmids can be manufactured in large
scale quantities and/or in high yvield. Plasmids can further be manufacture using c¢GMP
manufacturing. Plasmids can be transformed mnto bacteria, such as & co/i. The DNA plasmids
are can be formulated to be safe and effective for injection into a manmwmalian subject.

[91] “Protein,” “peptide,” or “polypeptide” includes a contiguous string of two or more
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amino acids. A “protein sequence,” “peptide sequence,” “polypeptide sequence,” or “amino

acid sequence” refers to a series of two or more amino acids in a protein, peptide, or
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polypeptide.

[92] ‘The terms “express” and “expression” mean allowing or causing the information in a
gene, RNA or DNA sequence to become mamfest; for exarople, producing a protemn by
activating the cellular functions mnvolved in iranscription and translation of a corresponding
gene. A DINA sequence 15 expressed in or by a cell to form an expression product such as an
ENA {e.g, mRNA) or aprolein. The expression product itself may also be satd to be expressed
by the cell.

[93] “Operably linked” refers to the juxtaposition of two or more components (e.g., a
promoter and ancther sequence element) such that both components function normally and
allow the possibility that at least one of the components can mediate a function that is exerted
upon at least one of the other components. For example, a promoter operably linked to a coding
sequence will direct RNA polymerase mediated iranscription of the coding sequence into RNA,
including mRNA, which may then be spliced (if it contains introns} and, optionally, translated
into a protein encoded by the coding sequence. A coding sequence can be operably linked to
one or more transcriptional or {ranslational conirol seguences. A termunator/polyA signal
operably linked to a gene terminates transcription of the gene into RNA and directs addition of
a poly A signal onto the RNA.

[94] A “promoter” is a DNA regulatory region capable of binding an RNA polymerase ina
cell {e.g.. directly or through other promoter-bound proteins or substances) and intfiating
transcription of a coding sequence. A promoter may comprise one or more additional regions
or ¢lements that influence transcription nitiation rate, including, but not Himited to, enhancers.
A promoter can be, but 1s not hmited to, a constitutively active prorooter, a condifional
promoter, an inducible promoter, or a celi~iype specific promoter. Examples of promoters can
be found, for example, in WO 2013/176772. The promoter can be, but is not limited to, a MV
promoter, algx promoter, a mPGK promoter, a SV40 promoter, a f~actin promoter, an g-actin
promoter, a SRg promoter, a herpes thyvmidine kinase promoter, a herpes simplex virus (HSV)
promoter, a mouse mamimary fumor virus long terminal repeat (LTR} promoter, an adenovirus
major late promoter { Ad MLP), a rous sarcoma virus (RSV) promoter, and an EFla promoter.
The CMV promoter can be, but is not limited to, a CMV immediate early promoter, a human
CMYV promoter, a mouse CNV promoter, and a simian CMV promoter.

[95] A “translation modification element” enables frapstation of {wo or more genes from g
single irapscript. Translation modification elements include Internal Ribosome Entry Sttes
(IRES), whuch allow for initiation of translation from an intemal region of an mRNA, and 24

peptides, derived from picornavirus, which cause the ribosome to skip the synthesis of a peptide
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bond at the C-terminus of the element. Incorporation of a translation modulating element
resulis in co~expression of two or mwore poly peptide from a single polycistronic (multicistronic)
mRNA. 2A modulators include, buf are not imited to, P2A, T2A, E2A or F2ZA. 2A modulators
contain a PG/P cleavage site.

[96] A “homologous™ sequence {(e.g., nucleic actd sequence or amino acid sequence) refers
to a sequence that is either identical or substantially similar to a known reference sequence,
such that 1t is, for example, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 9896, at least 999, or 100% identical {o the known reference
sequence. “Orthologous™ genes (Orthologs) include genes in different species that evolved
from a common ancestral gene by speciation. Orthologs typically retain the same function in
the course of evolution. Sequence identity can be determined by aligning sequences using
algorithms, such as BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package Release 7.0, Genetics Computer Group, 575 Science Dr., Madison, Wis.), using
default gap parameters, or by inspection, and the best alignment (i.e., resulting in the highest
percentage of sequence similarity over a comparison window). Percentage of sequence identity
is calculated by comparing two optimally aligned sequences over a window of comparison,
determining the number of positions at which the identical residues occurs in both sequences
to yield the number of matched positions, dividing the number of matched positions by the
total number of matched and mismatched positions not counting gaps in the window of
comparison (i.e., the window size), and multiplying the result by 100 to yield the percentage
of sequence identity. Unless otherwise indicated the window of comparison between two
sequences is defined by the entire length of the shorter of the two sequences

[97] “Immunostimulatory cvioking” includes cytokines that mediate or enhance the immune
response to a foreign antigen, including viral, bacterial, or tumor antigens. Immunostimulatory
cytokines can include, but are not imited to: TNFa, IL-1, IL-10, IL-12, IL-12 p35, IL-12 p40,
IL-15, IL-15Ra, 1L-23, IL-27, IFNo, IFNpB, IFNy, IL-2, IL-4, IL-5, IL-7, IL-9, IL-21, and
TGFp.

[98] “Cancer immunotherapy” is a therapy used to treat cancer that involves or uses
components of the immune system. Cancer immunotherapy can induce, alter, or enhance a
subject’s immune system to fight cancer. Cancer immunotherapies include, but are not limited
to, antibodies that bind to, inhibit, or alter the function of, proteins expressed by cancer cells
or immune cells (targeted antibodies), cytokines, interferons, interleukins, and chemokines.
[99] The term “cancer” includes a wyriad of diseases generally characterized by

inapproprtate cellular profiferation, or abnormal or excessive cellular proliferation. Examples
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of cancer include, but are not limited to, breast cancer, triple negative breast cancer, ¢olon
cancer, prosiate cancer, pancreatic cancer, melanoma, lung cancer, ovarian cancer, kidney
cancer, brain cancer, or sarcomas.

[100] A “treatment-refractory cancer” (or refractory cancer) is a cancer that does not respond,
or has not responded, to at least one prior medical treatment. In some embodiments, a
treatment-refractory cancer, with respect to a treatment, indicates an inadequate response to a
treatment or the lack of a partial or complete response to the treatment. For example, patients
may be considered refractory to a treatment, (e.g., checkpoint inhibitor therapy such as a PD-1
or PD-L1 inhibitor therapy) if they do not show at least a partial response after receiving at
least 2 doses of the treatment. A refractory cancer can be resistant to a treatment before or at
the beginning of the treatment. A refractory cancer can become refractory during the course of
treatment.

[101] A “responder™is a subject that has achieved, or is achieving, a complete response to an
anti-cancer therapy. A “non-responder” is a subject that has not achieved, or is not achieving,
an adequate response to an anticancer therapy. A non-responder may have a partial response,
stable disease, progressive disease, increase in cancer cell number, or continued or increased
tumor metastasis. Evaluation of subjects in assessing response, symptoms, and/or severity of
the disease may be carried out by various methods, which are known in the art.

[102] The “tumor microenvironment” refers to the environment around a tumor and includes
the non-malignant vascular and stromal tissue that aid in growth and/or survival of a tumor,
such as by providing the tumor with oxygen, growth factors, and nutrients, or inhibiting
immune response to the tumor. A tumor necroenvironnent includes the cellular environment
in which the tumor exists, including swrrounding blood vessels, immune cells, fibroblasts, bone
marrow-derived inflammatory cells, lymphocytes, signaling molecules and the extracellular
matrix.

[103] The “tumor margin™ or “margin tissue” is the visually normal tissue immediately near
or surrounding a tumor. Typically, the margin tissue is the visually normal tissue within 0.1-2
cm of the tissue. Tumor margin tissue is often removed when a tumor is surgically resected.
[104] The term “treatment” mcludes, but 15 not hnuted to, a medicament or therapy for
inhibition or reduction of proliferation of cancer cells, destruction of cancer cells, prevention
of proliferation of cancer cells, prevention of initiation of malignant cells, arrest or reversal of
the progression of transformed premalignant cells to malignant disease, or amelioration of the
disease.

[105] The term “electroporation” refers to the use of an electroporative pulse to facilitate entry
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of biomolecules such as a plasmid, nucleic acid, or drug, into a cell.

[106] A “draining lymph node™ is a lymph node that filters lymph from a particular region or
organ. In context of tumors and tumor treatment, a draining lymph node lies immediately
downstream of the tumor.

[107] An “epitope tag™ is a short amino acid sequence (or nucleic acid sequence encoding the
short amino acid sequence) to which a high affinity antibody binds. Exemplary epitope tags
include, but are not limited to, V5-tag, Myc-tag, HA-tag, Spot-tag, T7-tag, and NE-tag. Epitope
tags can be used to facilitate immunodetection.

[108] A tumor sample refers to a portion, piece, part, segment, or fraction of a tumor or tumor
infiltrating lymphocytes from a subject. A tumor sample may be obtained from or removed
from a subject using methods known in the art. Exemplary methods include, but are not limited
to, surgical resection, biopsy, needle biopsy, or other means for obtaining a sample that
contains a portion, piece, part, segment, or fraction of a tumor or tumor infiltrating
lymphocytes. A tumor sample may be from any solid tumor, including primary tumors,
invasive tumors, and metastatic tumors. The tumor sample may undergo additional purification
and processing, for example, to remove cell debris and other unwanted molecules. Additional
processing may further involve amplification, e.g., using PCR (RT-PCR). For measuring
CXCRS3 level or expression in a tumor sample, the tumor sample may be purified or processed
using methods known in the art appropriate for a particular quantitation test or assay used in

the analysis.

II. CXCR3

[109] Chemokine receptor CXCR3 is a Go; protein-coupled receptor in the CXC chemokine
receptor family. Other names for CXCR3 are G protein-coupled receptor 9 (GPR9) and CD183.
CXCR3 binds to the CXC chemokines CXCL9, CXCL10, and CXCL11. CXCR3 is expressed
primarily on activated T lymphocytes and NK cells. CXCR3 is preferentially expressed on Thl
cells. CXCR3 is able to regulate leukocyte trafficking. CXCR3-ligand interaction attracts Th1
cells and promotes Thl cell maturation. Expression of CXCR3 on leukocytes has been reported
to mediate their migration to the tumor or tumor environment.

[110] Described are methods of predicting response to checkpoint inhibitor therapy and/or
immunostimulatory cytokine therapy comprising measuring CXCR3 level or expression in a
tumor sample obtained from the subject. In some embodiments, CXCR3 level or expression in
the tumor or tumor microenvironment is measured after administering at least one dose of a

checkpoint inhibitor and/or an immunostimulatory cytokine to the subject. CXCR3 level or
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expression may be determined by measuring CXCR3 mRNA in the tumor sample, measuring
CXCR3 protein in the tumor sample, or measuring CXCR3" T cells in the tumor sample. In
some embodiments, the at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine comprises a dose that would be typically be considered
pharmaceutically effective in responsive subjects.

[111] CXCR3 level or expression in a tumor sample may be measured using tests or assays
known in the art for measuring the amount or level of gene or protein expression. In some
embodiments, the test or assay is an FDA-approved test or assay. In some embodiments, the
level of CXCR3 expression in a tumor sample is determined by measuring the level of CXCR3
mRNA in the tumor sample. Exemplary methods of measuring the level of CXCR3 mRNA in
a sample, include, but are not limited to, nucleic acid amplification assays, polymerase chain
reaction (PCR) assays, real time PCR, TagMan-based assays, hybridization assays, and
microarray assays. In some embodiments, the level of CXCR3 expression in a tumor sample is
determined by measuring the level of CXCR3 protein in the tumor sample. Exemplary methods
of measuring the level of CXCR3 protein in a sample, include, but are not limited to, immune-
based detection assays (immunoassays), such as Enzyme-Linked Immunosorbent Assays
(ELISA) and AlphaLISA. In some embodiments, the level of CXCR3 expression in a tumor
sample is determined by measuring the number of CXCR3* T cells in the tumor sample.
Exemplary methods of measuring the number of CXCR3" T cells in a sample, include, but are
not limited to, cell sorting assays.

[112] Insomeembodiments, the tumor sample is obtained from the subject prior to anticancer
therapy. In some embodiments, a tumor sample is obtained from a subject after at least one
round of anticancer therapy. In some embodiments, a tumor sample is obtained from a subject
after at least one round of checkpoint inhibitor therapy. In some embodiments, a tumor sample
is obtained from a subject after at least one round immunostimulatory cytokine therapy. In
some embodiments, a tumor sample is obtained from a subject after at least one round of
checkpoint inhibitor plus immunostimulatory cytokine therapy. In some embodiments, the
tumor sample is obtained from the subject 1-30 days after the at least one round of checkpoint
inhibitor therapy and/or immunostimulatory cytokine therapy. In some embodiments, the
tumor sample is obtained from the subject 1-21 days after the at least one round of checkpoint
inhibitor therapy and/or immunostimulatory cytokine therapy. In some embodiments, the
tumor sample is obtained from the subject 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 21 days after the at least one round of checkpoint inhibitor therapy and/or

immunostimulatory cytokine therapy. The checkpoint inhibitor therapy can be, but is not
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limited to anti-PD-1/anti-PD-L1 therapy. The anti-PD-1/anti-PD-L1 therapy may be
administered systemically. The immunostimulatory cytokine can be, but is not limited to, IL-
12 and/or IL-15 therapy. IL-12 and/or IL-15 therapy can be administered by intratumoral
electroporation of a nucleic acid encoding IL-12 and/or IL-15.

[113] CXCR3 expression as measured in a tumor sample obtained from a subject is compared
with CXCR3 expression as measured in a predetermined control. The level of CXCR3
expression as determined in the tumor sample obtained from the subject is measured using the
same or substantially the same method as used to measure the level of CXCR3 expression in
the predetermined control.

[114] In some embodiments, the tumor sample is obtained from a subject after administering
at least one round of checkpoint inhibitor therapy or immunostimulatory cytokine therapy
(treatment) to the subject and the predetermined control comprises a tumor sample obtained
from the subject prior to the administering checkpoint inhibitor therapy or immunostimulatory
cytokine therapy (treatment) to the subject. The level of CXCR3 expression as measured in the
tumor sample from a subject obtained after administering treatment is compared with the level
CXCR3 expression as measured in the predetermined control. In some embodiments, a level
of CXCR3 expression as measured in the tumor sample obtained after treatment that is higher
relative to the level CXCR3 expression as measured in the predetermined control indicates the
subject is likely to respond to the checkpoint inhibitor therapy and/or immunostimulatory
cytokine therapy, and a level of CXCR3 expression as measured in the tumor sample obtained
after treatment that is the same or lower relative to the level CXCR3 expression as measured
in the predetermined control indicates the subject is at risk of not responding to the checkpoint
inhibitor therapy and/or immunostimulatory cytokine therapy. In some embodiments, a level
of CXCR3 expression as measured in the tumor sample obtained after treatment that is more
than twice the level CXCR3 expression as measured in the predetermined control indicates the
subject is likely to respond to the checkpoint inhibitor therapy and/or immunostimulatory
cytokine therapy, and a level of CXCR3 expression as measured in the tumor sample obtained
after treatment that less than twice the level CXCR3 expression as measured in the
predetermined control indicates the subject is at risk of not responding to the checkpoint
inhibitor therapy and/or immunostimulatory cytokine therapy. In some embodiments, a level
of CXCR3 expression as measured in the tumor sample obtained after treatment that is more
than 1.9x%, 1.8x, 1.7x, 1.6x, 1.5, 1.4x, 1.3x, 1.2x, or 1.1x the level CXCR3 expression as
measured in the predetermined control indicates the subject is likely to respond to the

checkpoint inhibitor therapy and/or immunostimulatory cytokine therapy. In some
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embodiments, a level of CXCR3 expression as measured in the tumor sample obtained after
treatment that less than 1.9x, 1.8x, 1.7x, 1.6x, 1.5, 1.4x, 1.3x, 1.2x, or 1.1x the level CXCR3
expression as measured in the predetermined control indicates the subject is at risk of not
responding to the checkpoint inhibitor therapy and/or immunostimulatory cytokine therapy.

[115] In some embodiments, the predetermined control comprises a standard derived from a
population of known responders and/or known non-responders to checkpoint inhibitor therapy.
In some embodiments, the predetermined control comprises a standard derived from a
population of known responders and/or known non-responders to immunostimulatory cytokine
therapy. In some embodiments, the predetermined control comprises a standard derived from
a population of known responders and/or known non-responders to checkpoint inhibitor plus
immunostimulatory cytokine combination therapy. The level of CXCR3 expression as
determined for the population of known responders and/or known non-responders is measured
using the same or substantially the same method as used to measure the level of CXCR3
expression in the tumor sample obtained from the subject. A level of CXCR3 expression in a
tumor sample obtained from a subject that is the same as or higher relative to alevel of CXCR3
expression as determined for a population of known responders indicates the subject is likely
to respond to checkpoint inhibitor and/or immunostimulatory cytokine therapy. A level of
CXCR3 expression in a tumor sample obtained from a subject that is lower relative to a level
of CXCR3 expression as determined for a population of known responders or is the same as or
lower relative to a level of CXCR3 expression as determined for a population of known non-
responders indicates the subject is likely at risk of not responding to checkpoint inhibitor and/or
immunostimulatory cytokine therapy. In some embodiments, the tumor sample is obtained
from the subject prior to administration of checkpoint inhibitor and/or immunostimulatory
cytokine therapy. In some embodiments, the tumor sample is obtained from the subject after
administration of at least one round of checkpoint inhibitor and/or immunostimulatory cytokine
therapy. In some embodiments, the tumor sample is obtained from the subject concurrent with
administration of at least one round of checkpoint inhibitor and/or immunostimulatory cytokine
therapy. The level of CXCR3 expression in a population of known responders and/or known-
non-responders may be calculated as or expressed as an average or mean of the levels of

CXCR3 expression as measured in the known responders and/or known non-responders.

III. CXCLY
[116] C-X-C Motif Chemokine ligand 9 (CXCL9) is a small cytokine belonging to the CXC

chemokine family. CXCL9 is also known as Monokine Induced by Gamma interferon (MIG).
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CXCL9 is a T-cell chemoattractant, and facilitates chemotactic recruitment of tumor
infiltrating lymphocytes (TIL). The mouse and human CXCL9 amino acid sequences are
represented by SEQ ID NO: 35 and SEQ ID NO: 58, respectively. In some embodiments, a
CXCL9 comprises: (a) the amino acid sequence of SEQ ID NO: 35 or 58 or a functional
equivalent thereof; or (b) an amino acid sequence having at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identify to the amino acid sequence of SEQ ID
NO: 35 or 58.

IV. anti-CTLA-4 scFv

[117] An anti-CTLA-4 scFv comprises an anti-CTLA-4 single-chain variable fragment
(scFv) having affinity for an extracellular domain of CTLA-4 and/or inhibiting CTLA-4
signaling. An scFv comprises a fusion protein of the variable regions of the heavy (VH) and
light chains (VL) of immunoglobulins, connected with a short linker peptide. Exemplary mouse
anti-CTLA-4 heavy chain variable region amino acid sequences are represented by SEQ ID
NO: 39 and 43. Exemplary mouse anti-CTLA-4 light chain variable region amino acid
sequences are represented by SEQ ID NO: 37 and 41.

[118] An anti-CTLA-4 scFv can be identified from phage display. An anti-CTLA-4 scFv can
also be generated by subcloning the VH and VL from a known anti-CTLA-4 antibody, such as
from a hybridoma. Known anti-CTLA-4 antibodies have been described, for instance in
201920048096, 20130136749, 20120148597, 20140099325, 20150104409, 20110296546, and
20080233122, among others. Known anti-CTLA-4 antibodies include, but are not limited to,
ipilimumab and tremelimumab. In some embodiments, the VH and or VL domains of an anti-
CTLA-4 scFv can be humanized. A humanized antibody (or antibody fragment or domain) is
an antibody from a non-human species whose protein sequences have been modified to increase
their similarity to antibody variants produced naturally in humans. In some embodiments,
humanized antibodies can be made by inserting the relevant complementarity-determining
regions (CDRs, also termed hypervariable regions (HVRs)) of an anti-CTLA-4 antibody into
human VH and VL domain scaffolds.

[119] An anti-CTLA-4 scFv can be formed by linking the C-terminus of the VH chain with
the N-terminus of the VL. Alternatively, the C-terminus of the VL can be linked to the N-
terminus of the VH. The peptide linker can be about 10 to about 25 amino acids. In some
embodiments, the scFv peptide linker is rich in glycine. An scFv peptide linker can be, but is
not limited to, (G4S)x where x is an integer from 2 to 5 (inclusive). In some embodiments, the

scFv peptide linked comprises Gly-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly -
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Gly-Ser (i.e., also termed [(Gly)s4Ser]s, (G4S)3 or GuS (x3)). In some embodiments, the scFv
peptide linker consists of G4S (x3). In some embodiments, the encoded anti-CTLA-4 scFv
polypeptide includes a signal peptide such as an Igk signal peptide. Exemplary anti-CTLA-4
scFv amino acid sequences are represented by SEQ ID NO: 70 and 72. In some embodiments,
an anti-CTLA-4 scFv comprises: (a) the amino acid sequence of SEQ ID NO: 70 or 72 or a
functional equivalent thereof; or (b) an amino acid sequence having at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identify to the amino acid sequence of
SEQ ID NO: 70 or 72.

V. CD3 half-BiTE

[120] A CD3 half-BiTE comprises an anti-CD3 single-chain variable fragment (scFv) fused
{0 a transmermbrane domain {TM). An scFv comprises a fusion protein of the variable regions
of the heavy (VH} and light chains (VL) of immunoglobulins, connected with a short linker
peptide. Exemplary anti-CD3 heavy chamn variable region amino acid sequences are
represented by SEQ ID NO: § and 47, Exernplary mouse anti-CD3 light chain variable region
amino acid sequences are represented by SEQ 1D NO: 11 and 50.

[121] An anti-CD3 scFv can be identified from phage display. An anti-CD3 scFv can also be
generated by subcloning the VH and VL from a known anti-CD3 antibody, such as from a
hybridoma. Known anti~CD3 antibodies have been described, for instance 1 US20180117152,
US20140193399, US20100183554, and US20060177826. Known anti-CD3 antibodies also
include, but are not limited to, OKT3 (Muromonab-CD3), 145-2C11, 17A2, SP7, and UCHT!L.
In some embodiments, the VH and or VL domains of an anti-CD3 s¢Fv can be humanized. A
humanized antibody (or antibody fragroent or domain) is an antibody from a nouv-human
species whose protein sequences have been modified to increase their similanty to antibody
variants produced naturally in humans. In some embodiments, humanized antibodies can be
made by inserting the relevant complementarity-determining regions (CDRs, also termed
hypervanable regions (HVRs)) of an anti-CD3 antibody nto human VH and VL domain
scaffolds.

[122] An anti-CD¥3 scFv can be formed by linking the C-terminus of the VH chain with the
N-terminus of the VL. Alternatively, the C-temnunus of the VL can be hoked to the N-ternunus
of the VH. The peptide linker can be about 10 to about 25 arino acids. In some erobodiroents,
the scFv peptide linker 1s rich in glveie. An scFv peptide linker can be, but is not limited to,
{G48) where x 15 an integer from 2 to 5 {inclusive). In some embodiments, the scFy peptide

Iinker comprises Gly-Gly-Glv-Gly -Gly -Ser-Gly-Gly -Gly -Gly -Ser-Gly-Gly -Gly -Gly -Ser {i.e.,
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also termed [{Gly laSer]s, (GaS)s or Ge8 (#3)). In some embodiments, the scFv peptide linker
consists of (48 (3},

[123] A transmembrane doman (TM) comprises a polypeptide capable of being mserted nito
a biological lipid bilayer (imembrane) and anchoring the CD3 half-BiTE to the membrane. TMs
are known in the art and typically consist predominantly of nonpolar amino acids. The
transmersbrane domain can be, but is not Hmited to, a PDGEFRP transmembrane domain or a
PDGFRo transmembrane domain (PDGER is Platelet-derived growth factor receptor). fn some
embodiments, a spacer is included between the anti-CD3 scFv and the transmembrane domain.
In some embodiments, the TM domain comprises an amino acid sequence selected {rom the
group comprising: VOGQDTQEVIVVPHSLPFKVVVISAILALVVLTHSLILIMLWOQKKPR
(SEG 1D NG 25), AVGODTQEVIVVPHSLPFKVYVISAILALVVLETUSLHLIMLWG
KKPR (SEQ ID NO: 27), PDGFRE: VVISAILALVVLTVISLILI (SEG (D NG 83},
PDGFRE: VVISAILALVVLTHSLILI (SEQ ID NO: 84), PDGFRa AAVEVLLVIVISLIVL
VVIW (SEQ 1D NO: 85), and PDGFRo AAVLVELVIVIVSLIVEVVIW (SEQ 1D NO: 86).
In some embodiments, the T™M domain is encoded by a nucleic acid sequence selected from the
group comprising: glgggecaggacacgeaggaggtcatcgtggtoccacactectigecctitaaggtegigateatctcag
ceatcetggecciggtagigeteaceateateicectialeatcetcateatgettiggeagaagaagecacgt (SEQ ID NO:
24), gotgtggeccaggacacgeaggaggteategtggtgccacactoctigeectitaaggiggtggigatetcageeatectggee
ctggtegtacteaccatcatcteccttatcatecteatcatectttggcagaagaagecacgt (SEQ 1D NO: 26}, PDGFRE:
{ggtgatcicagecatoctggcceiggtegiscicaccatcatetcectiatcaiceteate (SEQ ID WNG: 87), PDGFRE:
giggtgatcicagecatectggecctgptagtocicaceatcatctcectiatcatecteate (SEQ 1D NG: 88), PDGFRa
getgeagtectggtgctgtigatgattgtgateatotcacttattgtectgetigteatitggaa (SEQ 1D NO: 89),

[124] in some embodiments, the encoded CD3 half-BiTE polypeptide includes a signal
peptide such as an Igi signal peptide.

[125] Exemplary CD3 half-BiTE amino acid sequences are represented by SEQ 1D NO: 60,
62,74, and 76. In some embodiments, a CD3 half-BiTE comprises: {a) the amino acid sequence
of SEQ ID NO: 60, 62, 74, or 76 or a functional equivalent thereof; or (b} an amino acid
sequence having al least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% dentify to the amino acid sequence of SEQ ID NO: 60, 62, 74, o1 76.

VI. Expression cassettes

[126] Any of the described polypeptides, CXCL9, CD3 half-BiTE, anti-CTLA4 scFv, and IL-
12, may be encoded on a nucleic acid. The nucleic acid can be, but is not limuted 1o, an

expression cassette. The expression cassette can be on a plasmid. The term “plasnud” includes
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any nucleic acid vector including a bacterial vector, a viral vector, an episomal plasmid, an
integrative plasmid, or a phage vector. Delivery of an expression cassetie mciudes delivery of

“c

a plasmud or nucleie acid vector (as termed “expression vector” or “vector”) containing the
expression cassette.
[127] An encoded polvpeptide may be linked, in an expression cassette, 1o a sequence
encoding a second polypeptide. In some ermbodiments, an expression casseite encodes a fusion
protein. The term “fusion protemn” refers to a protein comprising two or more polvpeptides
linked together by peptide bonds or other chemical bonds. In some embodiments, a fusion
protein is recombinantly expressed as a single-chain polypeptide contaiming the two
polypeptides. The two or more polypeptides can be linked directly or via a linker comprising
ofie Of NOre anuno acids.
[128] An expression cassette or plasmid may contain a multicistronic expression cassette.
Multicistronic expression casseties express two or more separate proteins from the same
mRNA and contain one or more franslation modification elements.
[129] in some embodiments, the described expression cassettes encode two or three
polypeptides expressed from a single promoter, with one or more translation modification
elements to allow the two or three polypeptides o be expressed from a single mRNA. In some
embodiments, the expression cassettes comprise:

a)  P-A-T-B,

b)  P-B-T-A,

¢  P-B-T-B

c) P-A-T-B—T'-B’ or

d) P-B-T-B'-T'-A
wherein P is a promoter, A encodes CXCL9 or a CD3 half-BiTE, B and B’ encode cytokines
or cytokine subunits, and T and T' are translation modification elements.
[130] A promoter can be, but is not limited to, a constitutively active promoter, a conditional
promoter, an inducible promoter, or a cell-type specific promoter. Examples of promoters can
be found, for example, in WO 2013/176772. The promoter can be, but is not limited to, a CMV
promoter, a {gx promoter, a mPGK promoter, a SV40 promoter, a B-actin promoter, an a-~achin
promoter, a SRa promoter, a herpes thynudine kinase promoter, a herpes simplex virus (HSV)
promoter, 3 mouse mammary tumor virus long terminal repeat (L TR) promoter, an adenovins
major late promoter {Ad MLP}, a rous sarcoma virus (RSV) promoter, and an EF Lo promoter.
A CMV promoter can be, but is not Hmited to, a CMV immediate early promoter, a human

MY promoter, a mouse CNV promoter, and a sionan CMV promaoter.
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[131] In some embodiments, T and/or T' are internal ribosome entry site (IRES) elements or
ribosomal skipping modulators. A ribosome skipping modulator can be, but is not limited to, a
2A element (also termed 2A peptide or 2A self-cleaving peptide). The 2A element can be, but
is not limited to, a P2A (SEQ ID NO: 29), T2A, E2A or F2A element.

[132] The CXCL9 can be, but is not hmited to, mouse CXCLY and heman CXCLO, or a
functional equivalent or homolog or ortholog thereof.

[133] The CD3 half-BiTE can be, but i3 not hinuted to; anti-CD3 scFv—{ransmernbrane
domain (TM), epitope tag (ETyanti-CD3 scFv—ET—TM, ET—anti-CD3 seFv—TM, anti-CD3,
scFv-ET-TM, HA-anti-CD3  scFv-Myc-TM, HA-anti-CD3  scFv-TM, anti-CD3,
scFv-Mye~TM, anti-CD3 acFv-TM, or anti~-CD3 scFv-TM. The anti-CD3 scFv can be an
anti-mouse CD3 sckFv or an anti-human €03 scFv. Each of these can include a signal peptide.
The signal peptide can be, but is not imited to, an Igk signal peptide. The TM can be, but is
not limnited to, a PDGFR TM. The anti-CD3 scFv can be, but is not limnied to, 2011 or OKT3.
[134] In some embodiments, the cytokine is an immunostimulatory cvtokine. In some
embodiments, the immunostimulatory cytokine 15 an interleukin. Cyiokines include, but are
not limited to, IL-1, IL-2, IL-10, IL-12, {L-15, IL-23, [L-27, IL-35, IFN-g, IFN-§, IFN-y, and
TGF-B. In some embodiments, B and/or B’ encode an 1L.-12, 11-12 p35-1L-12 p40 fusion, IL-
12 p70, TL-12 p35, or IL-12 pd0 polypeptide. The TL~12, IL-12 p35-1L-12 p40 fusion, 1L-12
P70, IL-12 p35, or IL-12 pd0 polypeptide may be. but 15 not limited to, a mouse or human iIL-
12, {L-12 p35-1L-12 p40 fusion, 1L-12 p70, 1L-12 p35, or 1L-12 pd0 polypeptide. In some
embodiments, B encodes TL-12 p35 and B encodes TL-12 pd0.

[135] In some emboduments P is a CMVY promoter, A encodes CXCLY, T 1s a P2A element,
B encodes 1L-12 p35 and B’ encodes IL-12 pd0.

[136] In some embodiments P is a CMV promoter, A encodes a human CXCLY, Tis a P2ZA
element, B encodes 1L-12 p35 and B’ encodes 1.-12 p40.

[137] In some embodiments P is a CMV promoter, A encodes a mouse CXCLS, Tisa P2A
element, B encodes IL-12 p35 and B encodes 1L-12 pd0.

[138] In some embodiments P is a CMV promoter, A encodes an Igw—HA—anti-CD3
scFv—PDGFR T™M CD3 half-BiTE, T 1s a P2A element, B encodes IL-12 p35 and B’ encodes
IL-12 pd0.

[139] In some embodiments P is a CMV promoter, A encodes an Igx—anii-CD3
scFy-PDGEFR T™M CD3 half-BiTE, T is a P2A element, B encodes 1L-12 p35 and B’ encodes
f1.-12 p40.

[140] In some embodiments P is a UMV promoter, A encodes an Ige—HA-Z2C11-PDGFR

28



WO 2021/257943 PCT/US2021/038005

TM CD3 half-BiTE, T is a P2A element, B encodes IL-12 p35 and B' encodes 1L-12 p40.
[141] In some embodiments P is a CMV promoter, A encodes an Ige-2CH-PDGFR TM
CD3 half-BiTE, T 15 a P2A clement, B encodes 1112 p35 and B’ encodes 1L-12 p40.

[142] In some embodiments P is a UMV promoter, A encodes an lgg—HA-OCT3-PDGFR
TM CD3 half-BiTE, T is a P2ZA element, B encodes 1L-12 p35 and B encodes [L-12 pd0.
[143] In some embodiments P is a CMV promoter, A encodes an Ige-OKT3-PDGFR TM
CD3 hall-BiTE, T 1s a P2A element, B encodes [L-12 p35 and B’ encodes 1L~12 p40.

[144] In some embodiments, B encodes IL-12 p35, T is a P2A element, and B’ encodes IL-

12 p40. The promoter can be, but is not himited to, a CMV promoter.

[145] In some embodiments, we describe expression cassettes encoding a polypeptide
comprising the amino acid sequence of SEQ ID NO: 60, 62, 74, or 76 or a polypeptide having
at teast 70% identity to the amino acid sequence of SEQ 1D NG: 60, 62, 74, or 76. In some
embodiments, an expression cassefie encodes a polvpeptide comprising an amwno acd
sequence having greater than 70%, 72%. 75%,. 78%, 80%, 82%, 83%, 85%, 87%, 88%, 909%,
92%, 939, 95%, 96%, 7%, 98%., or 99% identity to the amino acid sequence of SEQ ID NG:
60, 62, 74, or 76, wherein the encoded polypeptide retains the functional activity of an CD3
half-BiTE polypeptide.

[146] In some embodiments, we describe expression cassettes encoding a polypeptide
comprising the amino acid sequence of SEG 1D N 64, 66, 78, or 70, or a polypeptide having
at least 70% identity to the amino acid sequence of SEQ D NG: 64, 66, 78, or 70. In some
erubodunents, an expression cassetie encodes a polvpeptide comprising an amuno acid
sequence having greater than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%, 88%, 90%,
92%, 939, 95%, 96%, 7%, 98%., or 99% identity to the amino acid sequence of SEQ ID NG:
64, 66, 78, or 70, wherein encoded the polypeptides retain the functional activity of an CD3
half-BiTE polypeptide and an IL-12 polvpeptide.

[147] In some embodiments, we describe expression casseties encoding a polypeptide
comprising the amino acid sequence of SEQ ID NO: 33 or 58, or a polvpeptide having at least
70% identity to the amino acid sequence of SEQ ID NO: 35 or 58. In some embodiments, an
expression cassette encodes a polypeptide comprising an amino acid sequence having greater
than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%, 88%, 90%, 92%, 93%, 95%, 96%,
97%, 98%, or 99% identity to the amino acid sequence of SEQ ID NO: 35 or 58, wherein the
encoded polvpeptide retains the functional activity of a CXCLY polypeptide.

[148] In some embodiments, we describe expression cassettes encoding a polypeptide

29



WO 2021/257943 PCT/US2021/038005

comprising the amino acid sequence of SEQ ID NO: 68 or 82, or a polypeptide having at icast
70% identity to the amino acid sequence of SEQ ID NO: 68 or 82, In some embodiments, an
expression cassette encodes a polypeptide comprising an amino acud sequence having greater
than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%, 88%, 90%, 92%, 93%. 25%, 26%,
7%, 98%, or 99% identity to the amino acid sequence of SEQ 1D NO: 68 or 82, wherein
encoded the polvpeptides retain the Rmetional activity of a CXCL9 polypeptide and an H.-12
polypeptide.
[149] In some embodiments, we describe expression cassettes encoding a polvpeptide
comprising the amino acid sequence of SEQ ID NG: 70 or 72 or a polypeptide having at least
T0% identity to the amino acid sequence of SEQ ID NO: 70 or 72. In some embodiments, an
expression cassette encodes a polypeptide comprising an amino acid sequence having greater
than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%, 88%, 90%, 92%, 93%, 95%, 96%,
97%, 98%, or 99% identity to the amino acid sequence of SEQ ID NO: 70 or 72, wherein the
encoded polypeptide retains the functional activity of an anti-CTLA-4 scFv polypeptide.
[150] In some embodiments, we describe expression cassettes comprising the nucleotide
sequence of SEQ ID NQO: S9, 61, 73, or 75, or a nuclestide sequence having at least 70%
identity to the nucleotide sequence of SEQ ID NG: 59, 61, 73, or 75. In some embodiments, an
expression cassetie comprises a sequence having greater than 70%, 72%, 75%, 78%, 80%,
82%, 83%, 85%, 87%, 88%, 90%, 92%, 93%, 95%, 96%, 97%, 98%, or 99% identity to the
nucleotide sequence of SEQ ID NO: 59, 61, 73, or 75 and encodes a polypeptide having the
functional activity of an CD3 half-BiTE polypeptide. In some embodiments, the nucleotide
sequence of SEQ ID NO: 59, 61, 73, or 75 or the nucleotide sequence having at least 70%
identity to the nucleotide sequence of SEQ ID NO: 59, 61, 73, or 75 is operably linked to a
CMYV promoter.
[151] In some embodiments, we describe expression cassettes comprising the nucleotide
sequence of SEQ ID NO: 63, 65, 77, or 79, or a nucleotide sequence having at least 70%
identity to the nucleotide sequence of SEQ 1D NO: 63, 65, 77, o1 79. In some embodiments, an
expression cassette comprises a sequence having greater than 70%, 72%, 75%, 78%, 80%,
82%, 83%, 85%, 87%, 88%, 90%, 92%, 93%, 95%, 96%., 97%, 98%, or 99% identity to the
nucleotide sequence of SEQ ID NO: 63, 65, 77, or 79, and encode polypeptides having the
functional activity of an CD3 halfBITE polypeptide and an IL-12 polvpeptide. In some
embodiments, the nucleotide sequence of SEQ ID NO: 63, 65, 77, or 79 or the nucleotide
sequence having at least 70% identity to the nucleotide sequence of SEQ ID NO: 63, 65, 77,
or 79 is operably linked to a CMV promoter.
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[152] In some embodiments, we describe expression cassettes comprising the nucleotide
sequence of SEQ 1D NO: 34 or 57, or anucleotide sequence having at least 70% identity to the
nucleotide sequence of SEQ ID NQ: 34 or 37, In some embodiments, an expression cassette
comprises a sequence having greater than 70%, 72%., 75%, 78%, 80%, 82%. 83%, 85%, 87%.
88%, 90%, 92%, 93%, 95%, 96%, 97%, 98%, or 99% identity to the nucleotide sequence of
SEQ ID NO: 34 or 57, and encodes a polypeptide having the functional activity of a CXCLY
polypeptide. In some erobodirents, the nucleotide sequence of SEQ 1D NO: 34 or 57 or the
nuclectide sequence having at feast 70% identity to the nucleotide sequence of SEQ 1D NO:
34 or 57 is operably linked to a CMV promoter.

[153] In some embodiments, we describe expression cassettes comprising the nucleotide
sequence of SEQ ID NO: 67 or 81 or a nucleotide sequence having at least 70% identity to the
nucleotide sequence of SEQ I NG 67 or 81. In some embodiments, an expression cassetie
comprises a sequence having greater than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%,
88%, 20%, 92%, 93%, 95%, 36%, 97%, 98%, or 99% identity to the nucleotide sequence of
SEQ ID NOG: 67 or 81, and encodes polypeptides having the functional activity of a CXCLY
polypeptide and an IL-12 polypeptide. In some embodiments, the nucleotide sequence of SEQ
I3 NQ: 67 or 81 or the nucleotide sequence having at least 70% identity to the nucleotide
sequence of SEQ I3 NOG: 67 or 81 is operably linked to a CMV promoter.

[154] In some embodiments, we describe expression cassettes comprising the nucleotide
sequence of SEQ ID NG: 69 or 71, or a nucleotide sequence having at least 70% identity o the
nucleotide sequence of SEQ TD NG: 6% or 71, In some embodiments, an expression cassetie
comprises a sequence having greater than 70%, 72%, 75%, 78%, 80%, 82%, 83%, 85%, 87%,
88%, 90%, 92%, 93%, 95%, 96%, 97%, 98%, or 99% identity to the nucleotide sequence of
SEQ ID NO: 69 or 71, and encodes a polypeptide having the functional activity of an anti-
CTLA-4 scFy polypeptide. In some embodiments, the nucleotide sequence of SEQ ID NO: 69
or 71 or the nucleotide sequence having at least 70% identity to the nucleotide sequence of

SEQ ID NO: 69 or 71 is operably linked to a CMV promoter.

VIIL.  Methods of Treatment

[155] Described are methods for treatment of a tumor in a subject comprising, administering
a composition comprising an effective dose of one or more of the described CXCL9, CD3 half-
BiTE, and or CTLA-4 scFv expression cassettes to the tumor, tumor microenviroiument, and/or
a tumor margin tissue and administering electroporation therapy to the tumor, tumor

microenvironment, and/or a tumor margin tissue (IT-EP therapy). The CXCL9 or CD3 half-
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BiTE expression cassette may further encode IL-12. In some embodiments, the effective dose
of the expression cassette is administered to the tumor, such as by injecting the expression
cassette into the tumor and administering at least one electroporation pulse to the tumor.

[156] The treated tumor can be a cutaneous tumor, a subcutaneous tumor, or a visceral tumor.
The tumor can be cancerous or non-cancerous. The tumor can be, but is not limited to, a solid
tumor, a surface lesion, a non-surface lesion, a lesion within 15 cm of body surface, or a
visceral lesion. In some embodiments, the described methods and expression vectors can be
used to treat primary tumors as well as distant (i.e., untreated) tumors and metastases. In some
embodiments, the described methods provide for reducing the size of or inhibiting the growth
of a tumor, inhibiting the growth of cancer cells, inhibiting or reducing metastasis, reducing or
inhibiting the development of metastatic cancer, and/or reducing recurrence of cancer in a
subject suffering from cancer. The tumor is not limited to a specific type of tumor or cancer.
[157] Insome embodiments, the methods further comprise administering an effective dose of
an immunostimulatory cytokine. The immunostimulatory cytokine can be administered by IT-
EP of an expression cassette encoding the cytokine. In some embodiments, the cytokine is
encoded on the expression cassette encoding the CXCL9 or CD3 half-BiTE. In some
embodiments, the cytokine is encoded on a second expression vector and delivered to the
cancerous tumor by IT-EP. In some embodiments, the cytokine is IL-12. In some embodiments,
the expression cassette comprises B—T—B’, wherein B encodes IL-12 p35, T is a P2A element,
and B’ encodes IL-12 p40. The cytokine may be administered prior to, concurrent with, or
subsequent to IT-EP CXCL9 therapy or IT-EP CD3 half-BiTE therapy.

[158] IT-EP CXCLY9 therapy or treatment comprises injecting a tumor, tumor
micrognvironment, and/or tumor margin tissue with an effective dose of a described expression
cassette encoding CXCL9 and administering electroporation therapy to the tumor. In some
embodiments, the expression cassette is injected into the tumor.

[159] FY-EP IL12~CXCLY therapy or treatment comprises injecting a tumor, fumor
microenvironment, and/or tumor margin tissue with an effective dose of a deseribed expression
cassetie encoding CXCLY and 1L-12 and admunistering electroporation therapy to the tumor.
In some embodiments, the expression cassette is injected into the tumor.

[160] IT-EP D3 half-BiTE therapy or treatment comprises injecting a Gwmor, {umor
microenvironment, and/or tumor margin tissue with an effective dose of a described expression
cassette encoding a CI3 half~BiTE and admunistering electroporation therapy to the tumor. In
some embodiments, the expression cassette is injected into the tumor.

[161] FTT-EP CD3 half-BiTE~IL-12 or treatment therapy comprises injecting a tumor, fumor
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microenvironment, and/or tumor margin tissue with an effective dose of a described expression
cassette encoding D3 half-BITE and TL-12 and administering electroporation therapy (o the
tumor. In some embodiments, the expression cassette is injected into the tumor.

[162] IT-EF anti-CTLA-4 scFv therapy or treatment comprises ujeciing a tumor, fumor
microenvironment, and/or tumor margin tissue with an effective dose of a described expression
cassette encoding anti-CTLA-4 scFv and administering electroporation therapy to the tumor.
In some embodiments, the expression cassette is injected into the tumor.

[163] FT-EP IL1Z therapy or treatment comprises injecting a tumor, tiumor microenvironment,
and/or tumor margin issue with an effective dose of an expression cassette encoding 1L-12 and
admumistenng electroporation therapy to the tumor. In some embodiments the expression
cassette encoding fL-12 comprises IL12-2A (mil12-ZA and hiL12-2A; FIG. 1). In some
embodiments, the expression cassette is injected into the tumor.

[164] In some embodiments, the described expression cassettes, plasmids containing the
described expression cassettes, and methods can be used to treat one or more tumors, tumor
cells, or tumor lesions. The tumor cells can be, but are not limited to cancer cells. The term
“cancer” includes a myriad of diseases generally characterized by inappropriate cellular
proliferation, abnormal or excessive cellular proliferation. The cancer can be, but is not limited
to, solid cancer, sarcoma, carcinoma, and lymphoma. The cancer can also be, but is not limited
to, pancreas, skin, brain, liver, gall bladder, stomach, lymph node, breast, lung, head and neck,
larynx, pharynx, lip, throat, heart, kidney, muscle, colon, prostate, thymus, testis, uterine,
ovary, cutaneous, and subcutaneous cancers. Skin cancer can be, but is not limited to,
melanoma and basal cell carcinoma. Breast cancer can be, but is not limited to, ER positive
breast cancer, ER negative breast cancer, and triple negative breast cancer. In some
embodiments, the described methods can be used to treat cell proliferative disorders. The term
“cell proliferative disorder” denotes malignant as well as non-malignant cell populations which
often appear to differ from the surrounding tissue both morphologically and genotypically. In
some embodiments, the described methods can be used to treat ahuman. In some embodiments,
the described methods can be used to treat non-human animals or mammals. A non-human
mammal can be, but is not limited to, mouse, rat, rabbit, dog, cat, pig, cow, sheep, or horse.
[165] The described expression cassettes and methods are contemplated for use in subjects
afflicted with cancer or other non-cancerous (benign) growths. Tumors treated with the
methods of the present embodiment may be any of noninvasive, invasive, superficial, papillary,
flat, metastatic, localized, unicentric, multicentric, low grade, and high grade tumors. These

growths may manifest themselves as any of a lesion, polyp, neoplasm (e.g. papillary urothelial
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neoplasm), papilloma, malignancy, tumor (e.g., Klatskin tumor, hilar tumor, noninvasive
papillary urothelial tumor, germ cell tumor, Ewing’s tumor, Askin’s tumor, primitive
neuroectodermal tumor, Leydig cell tumor, Wilms® tumor, Sertoli cell tumor), sarcoma,
carcinoma (e.g. squamous cell carcinoma, cloacogenic carcinoma, adenocarcinoma,
adenosquamous carcinoma, cholangiocarcinoma, hepatocellular carcinoma, invasive papillary
urothelial carcinoma, flat urothelial carcinoma), lump, or any other type of cancerous or non-
cancerous growth. The expression cassettes and methods can be used to treat advanced,
metastatic, or treatment refractory cancer.

[166] The expression cassettes and methods described herein are contemplated for use in,
e.g., adrenal cortical cancer, anal cancer, bile duct cancer (e.g., periphilar cancer, distal bile
duct cancer, inirahepatic bile duct cancer) bladder cancer, benign and cancerous bone cancer
(e.g, osteoma, osteoid osteoma, osteoblastoma, osteochrondroma, hemangioma,
chondromyxoid fibroma, osteosarcoma, chondrosarcoma, fibrosarcoma, malignant fibrous
histiocytoma, giant cell tumor of the bone, chordoma, lymphoma, multiple myeloma), brain
and central nervous system cancer (e.g., meningioma, astrocytoma, oligodendrogliomas,
ependymoma, gliomas, medulloblastoma, ganglioglioma, Schwannoma, germinoma,
craniopharyngioma), breast cancer (e.g., ductal carcinoma in situ, infiltrating ductal carcinoma,
infiltrating lobular carcinoma, lobular carcinoma in situ, gynecomastia), Castleman disease
(e.g, giant lymph node hyperplasia, angiofollicular lymph node hyperplasia), cervical cancer,
colorectal cancer, endometrial cancer (e.g., endometrial adenocarcinoma, adenocanthoma,
papillary serous adnocarcinoma, clear cell) esophagus cancer, gallbladder cancer (mucinous
adenocarcinoma, small cell carcinoma), gastrointestinal carcinoid tumors (e.g,
choriocarcinoma, chorioadenoma destruens), Hodgkin’s disease, non-Hodgkin’s lymphoma,
Kaposi’s sarcoma, kidney cancer (e.g., renal cell cancer), laryngeal and hypopharyngeal
cancer, liver cancer (e.g, hemangioma, hepatic adenoma, focal nodular hyperplasia,
hepatocellular carcinoma), lung cancer (e.g., small cell lung cancer, non-small cell lung
cancer), mesothelioma, plasmacytoma, nasal cavity and paranasal sinus cancer (e.g.,
esthesioneuroblastoma, midline granuloma), nasopharyngeal cancer, neuroblastoma, oral
cavity and oropharyngeal cancer, ovarian cancer, pancreatic cancer, penile cancer, pituitary
cancer, prostate cancer, retinoblastoma, rhabdomyosarcoma (e.g., embryonal
rhabdomyosarcoma, alveolar thabdomyosarcoma, pleomorphic rhabdomyosarcoma), salivary
gland cancer, skin cancer, both melanoma and non-melanoma skin cancer), stomach cancer,
testicular cancer (e.g., seminoma, nonseminoma germ cell cancer), thymus cancer, thyroid

cancer (e.g, follicular carcinoma, anaplastic carcinoma, poorly differentiated carcinoma,
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medullary thyroid carcinoma, thyroid lymphoma), vaginal cancer, vulvar cancer, and uterine
cancer (e.g., uterine leiomyosarcoma).

[167] In sorne embodirnents, the subject has low tumor nfiltrating vrophocytes (THLs) and/or
impaired tumoral IFNy signaling.

[168] The described methods can be used to cause one or more of the following: inflame a
tumor, induce T ¢ell infiltration to the tumor or tumor microenvironment (increase the number
of tumor infiltrating lymphocytes (TILs)), enhance systemic T cell response, induce activation
of tumor-specific T cells, increase antigen-specific T cell response, increase proliferation of
antigen-specific T cells, increase polyclonal T cells response, enhance an immune response
against treated and/or untreated tumors, decrease T cell exhaustion, increase lymphocyte and
monocyte cell surface markers in one or more treated or untreated tumors, increase intratumoral
levels of INFy regulated genes in one or more treated or untreated tumors, increase proliferating
effector memory T cells in the subject’s blood, increase short-lived effector cells in the
subject’s blood, increase expression of genes present in activated natural killer cells in a
cancerous tumor, increase expression of genes that function in antigen presentation in a
cancerous tumor, increase expression of genes that function in T cell survival and T cell
mediated cytotoxicity in a cancerous tumor, induce regression of treated and/or untreated
tumors, induce debulking of a treated and/or untreated tumor, and improve response to a second
therapy, such as, but not limited to, immune checkpoint inhibitor therapy. In some
embodiments, enhancement of immune reaction to the tumor leads to increased survival of the
subject.

[169] In some embodiments, the described methods of treating a subject having a cancerous
tumor comprise: injecting the cancerous tumor with an effective dose of a plasmid encoding
CXCL9, and administering electroporation therapy to the tumor. In some embodiments, the
described methods of treating a subject having a cancerous tumor comprise: injecting the
cancerous tumor with an effective dose of a plasmid encoding CD3 half-BiTE, and
administering electroporation therapy to the tumor. In some embodiments, the described
methods of treating a subject having a cancerous tumor comprise: injecting the cancerous tumor
with an effective dose of a plasmid encoding an anti-CTLA-4 scFv, and administering
electroporation therapy to the tumor. In some embodiments, the plasmid is administered
substantially contemporaneously with the electroporation treatment. The term “substantially
contemporaneously” means that the molecule and the electroporation treatment are
administered reasonably close together with respect to time, i.e., before the effect of the

electrical pulses on the cells diminishes.
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[170] In some embodiments, the described methods result in increased NK cells and T cell
populations in a tumor or tumor microenvironment. IT-EP of CXCL9, IL12~CXCL9, CD3
half-BiTE~IL12, and/or CD3 half-BiTE increases homing of tumor-specific T cells to tumors,
increases activation and/or proliferation of tumor-specific T cells, and/or increases recruitment
of CD8+ T cells, NK cells, and NKT cells to the tumor microenvironment. Activation of T
cells can lead to increased tumor cell killing by the activated T cells.

[171] In some embodiments, administration of IL-12 therapy by IT-EP enhances T cell
infiltration of the tumor. Subsequent expression of CD3 half-BiTE in the tumor can activate
the T cells to enhance the population of antigen specific T cells.

[172] In some embodiments, IT-EP CXCL9 therapy enhances an IL-12 effect resulting in
increased effective trafficking of tumor specific lymphocytes.

[173] Insomeembodiments, IT-EP CXCL9 therapy inhibits angiogenesis in a tumor or tumor
microenvironment. In some embodiments, combining IT-EP CXCL9 with IL-12 therapy
increases trafficking of tumor-specific lymphocytes to tumors.

[174] In some embodiments, intratumoral electroporation of an expression cassette encoding
a CXCL9 can be administered with other therapeutic entities. In some embodiments, IT-EP
CXCL9 therapy is combined IL-12 therapy. IL-12 therapy may occur before, concurrent with,
and/or after IT-EP CXCL9 therapy. IL-12 therapy can occur before and concurrent with IT-EP
CXCL9 therapy. IL-12 therapy can occur before and after IT-EP CXCL9 therapy. IL-12
therapy can occur concurrent with and after IT-EP CXCL9 therapy. IL-12 therapy may occur
before, concurrent with, and after IT-EP CXCL9 therapy. IT-EP CXCL9 therapy may occur
before, concurrent with, and/or after IL-12 therapy. IT-EP CXCL9 therapy may occur before
and concurrent with IL-12 therapy. IT-EP CXCL9 therapy may occur before and after IL-12
therapy. IT-EP CXCL9 therapy may occur concurrent with and after IL-12 therapy. IT-EP
CXCL9 therapy may occur before, concurrent with, and after IL-12 therapy. In some
embodiments, the IL-12 therapy is administered by IT-EP of an expression cassette encoding
IL-12. The CXCL9 and IL-12 can be expressed from a single expression cassette or plasmid
or from multiple expression cassettes or plasmids. In some embodiments, for concurrent
therapy, IT-EP CXCL9-IL12 therapy, CXCL9 and IL-12 are expressed from a single
expression cassette or plasmid.

[175] In some embodiments, intratumoral electroporation of an expression cassette encoding
a CD3 half-BiTE can be administered with other therapeutic entities. In some embodiments,
IT-EP CD3 half-BiTE therapy is combined IL-12 therapy. IL-12 therapy may occur before,
concurrent with, and/or after IT-EP CD3 half-BiTE therapy. IL-12 therapy can occur before
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and concurrent with IT-EP CD3 half-BiTE therapy. IL-12 therapy can occur before and after
IT-EP CD3 half-BiTE therapy. IL-12 therapy can occur concurrent with and after IT-EP CD3
half-BiTE therapy. IL-12 therapy may occur before, concurrent with, and after IT-EP CD3
half-BiTE therapy. IT-EP CD3 half-BiTE therapy may occur before, concurrent with, and/or
after IL-12 therapy. IT-EP CD3 half-BiTE therapy may occur before and concurrent with IL-
12 therapy. IT-EP CD3 half-BiTE therapy may occur before and after IL-12 therapy. IT-EP
CD3 half-BiTE therapy may occur concurrent with and after IL-12 therapy. IT-EP CD3 half-
BIiTE therapy may occur before, concurrent with, and after IL-12 therapy. In some
embodiments, IL-12 therapy is administered by IT-EP of an expression cassette encoding IL-
12. The CD half-BiTE and IL-12 can be expressed from a single expression cassette or plasmid
or from multiple expression cassettes or plasmids. In some embodiments, for concurrent
therapy, IT-EP CD3 half-BiTE-IL12 therapy, CD3 half-BiTE and IL-12 are expressed from a
single expression cassette or plasmid

[176] In some embodiments, IT-EP CXCL9 therapy is combined with IT-EP CD3 half-BiTE
therapy. In some embodiments, IT-EP CXCL9 and/or IT-EP CD3 half-BiTE therapy is
combined with IL-12 therapy. IT-EP CD3 half-BiTE therapy may occur before, concurrent
with, and/or after IT-EP CXCL9 therapy. IT-EP CD3 half-BiTE therapy can occur before and
concurrent with IT-EP CXCL9 therapy. IT-EP CD3 half-BiTE therapy can occur before and
after IT-EP CXCL9 therapy. IT-EP CD3 half-BiTE therapy can occur concurrent with and after
IT-EP CXCLO9 therapy. IT-EP CD3 half-BiTE therapy may occur before, concurrent with, and
after IT-EP CXCL9 therapy. IT-EP CXCL9 therapy may occur before, concurrent with, and/or
after IT-EP CD3 half-BiTE therapy. IT-EP CXCL9 therapy may occur before and concurrent
with IT-EP CD3 half-BiTE therapy. IT-EP CXCL9 therapy may occur before and after IT-EP
CD3 half-BiTE therapy. IT-EP CXCL9 therapy may occur concurrent with and after IT-EP
CD3 half-BiTE therapy. IT-EP CXCL9 therapy may occur before, concurrent with, and after
IT-EP CD3 half-BiTE therapy. Either CXCL3 or CD half-BiTE therapy can be combined with
IL-12 therapy, such as by IT-EP of an expression cassette or plasmid encoding both CXCL9
and IL-12 or CD3-half-BiTe and IL-12, respectively (i.e., IT-EP IL12~CXCL9 and IT-EP CD3
half-BiTE~IL12 therapies).

[177] In some embodiments, IT-EP CD3 half-BiTE therapy or IT-EP CD3 half-BiTE~IL-12
therapy can be co-administered with one or more of IT-EP IL12 therapy, IT-EP CXCL9
therapy, and IT-EP IL12~CXCLO9 therapy.

[178] In some embodiments, a described expression cassette is combined with one or more

pharmaceutically acceptable excipients. Pharmaceutically acceptable excipients (excipients)
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are substances other than an active pharmaceutical ingredient (API, therapeutic product) that
are intentionally included with the API (molecule). Excipients do not exert or are not intended
to exert a therapeutic effect at the intended dosage. Excipients may act to a) aid in processing
of the API during manufacture, b) protect, support or enhance stability, bioavailability or
subject acceptability of the API, ¢) assist in product identification, and/or d) enhance any other
attribute of the overall safety, effectiveness, of delivery of the API during storage or use. A
pharmaceutically acceptable excipient may or may not be an inert substance. Excipients
include, but are not limited to: absorption enhancers, anti-adherents, anti-foaming agents, anti-
oxidants, binders, buffering agents, carriers, coating agents, colors, delivery enhancers,
delivery polymers, dextran, dextrose, diluents, disintegrants, emulsifiers, extenders, fillers,
flavors, glidants, humectants, lubricants, oils, polymers, preservatives, saline, salts, solvents,
sugars, suspending agents, sustained release matrices, sweeteners, thickening agents, tonicity

agents, vehicles, water-repelling agents, and wetting agents.

VIII. Treatment Regimens/Cycles

[179] The described IT-EP therapies can be administered at various intervals, depending upon
such factors, for example, as the nature of the tumor, the condition of the subject, the size and
chemical characteristics of the molecule and half-life of the molecule.

[180] In some embodiments, methods for treating a tumor are described comprising,
administering IT-EP IL12 therapy, followed by IT-EP CXCL9 and/or IT-EP IL12~CXCL9
therapy. IT-EP CXCL9 or IT-EP IL12~CXCL9 therapy can increase recruitment of tumor-
specific T cells to the tumor or tumor microenvironment and/or increase activation of T cells.
In some embodiments, IT-EP IL12 therapy is given to a tumor on day O (x1 day) and IT-EP
CXCL9 therapy is given to the tumor on day 4 (2 days) and day 7 (£2 days). In some
embodiments, IT-EP IL12 therapy is given to a tumor on day 0 and IT-EP IL12~CXCL9
therapy is given to the tumor on day 4 (£2 days) and day 7 (£2 days).

[181] In some embodiments, methods for treating a tumor are described comprising,
administering IT-EP IL12 therapy, followed by IT-EP CD3 half-BiTE and/or CD3 half-
BiTE~IL12 therapy. In some embodiments, IT-EP IL12 therapy is given to a tumor on day 0
(x1 day) and IT-EP CD3 half-BiTE therapy is given to the tumor on day 4 (£2 days) and day
7 (£2 days). In some embodiments, IT-EP IL12 therapy is given to a tumor on day O and IT-
EP CD3 half-BiTE~IL12 therapy is given to the tumor on day 4 (+2 days) and day 7 (£2 days).
[182] In some embodiments, methods for treating a tumor are described comprising, IT-EP

IL12 therapy, following by IT-EP CXCL9 or IT-EP IL12~CXCL9 therapy, and/or IT-EP CD3
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half-BiTE or IT-EP CD3 half-BiTE~IL-12 therapy.

[183] In some embodiments, IT-EP IL12 therapy is administered first to increase tumor
infiltrating lymphocytes. The tumor is subsequently treated with IT-EP CXCL9 or
IL12~CXCL9 therapy and/or IT-EP CD3 half-BiTE or IT-EP CD3 half-BiTE~IL-12 therapy.

[184] In some embodiments, IT-EP IL12~CXCL9 therapy and/or IT-EP CD3 half-BiTE~IL-
12 therapy are administered on day 0, days 0 and 4 (2 days), days 0 and 7 (2 days), or days
0, 4 (£2 days), and 7 (£2 days). In some embodiments, IT-EP IL12~CXCL9 therapy is
administered on day 0, days O and 4 (£2 days), days 0 and 7 (£2 days), or days 0, 4 (+2 days),
and 7 (2 days). In some embodiments, IT-EP CD3 half-BiTE~IL-12 therapy is administered
on day 0, days 1 and 4 (£2 days), days 1 and 7 (£2 days), or days 1, 4 (£2 days), and 7 (£2
days). In some embodiments, IT-EP IL12~CXCL9 therapy and IT-EP CD3 half-BiTE~IL-12
therapy are administered on day 0, days 0 and 4 (£2 days), days 0 and 7 (+2 days), or days O,
4 (£2 days), and 7 (2 days). Days 0, 4, and 7 are equivalent to days 1, 5, and 8.

[185] A treatment cycle can comprise 1-6 IT-EP treatments. In some embodiments, a
treatment cycle comprises 1, 2, or 3 IT-EP treatments. A cycle can be from about 1 week fo
about 6 weeks, or from about 2 weeks 1o abowt 5 weeks. In some embodiments, a cvele is about
3 weeks. In some embodiments, a cyele is about 6 weeks. In some embodiments, an IT-EP
therapy is adounistered on one or roore of days 0, 4 (£2 days), and 7 (2 days) on alternating
{every other} 3 week cycles (i.e., every 6 weeks).

[186] In some embodiments, a cycle comprises 1-3 IT-EP treatments. The treatments can
occur on days 1 {+ 2 davs}, 5 {+ 2 days) and/or day 8 {+ 2 days) (i.e., days O (= 2 days), 4 (=2
days) and/or day 7 (% 2 days)). Each treatruent can comprise one or muore of IT-EP 1L.2, IT-EP
CXCLO, IT-EP IL12~CXCL9, IT-EP CD3 half-BiTE, IT-EP CD3 half-BiTE~IL12, and IT-EP
anti-CTLA4 scFv.

[187] In some embodiments, methods for treating a tumor are described comprising:
administering IT-EP IL12 therapy on day 1 of a cycle and administering IT-EP CXCL9 or IT-
EP IL12~CXCL9 on days 5 {+ 2 days} and day 8 {(+ 2 days) of the cycle. In some embodiments,
methods for treating a tumor are described comprising: administering IT-EP IL12 therapy on
day 1 of a cycle and administering IT-EP CD3 half-BiTE or IT-EP CD3 half-BiTE~IL12 on
days 5 (= 2 days) and day 8 (x 2 days) of the cvcle. In some embodiments, methods for treating
a tumor are described comprising: administering IT-EP IL12 therapy on day 1 of a cycle and
administering one or more of IT-EP CXCL9 or IT-EP IL12~CXCL9, IT-EP CD3 half-BiTE,

[188] In some embodiments, methods for treating a tumor are described comprising: a)
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administering IT-EP IL12 therapy in a first cycle, b) administering IT-EP CXCL9 or IT-EP
IL12~CXCL9 therapy in a second cycle, and ¢) administering IT-EP CD3 half-BiTE or IT-EP
CD3 half-BiTE~IL-12 therapy in a third cycle. Each cycle can comprise 1-3 administrations of
the corresponding IT-EP therapy.

[189] Described are dosing regimens encompassing admunistering IT-EP [L12 therapy in
combination IT-EP CXCLO therapy and/or IT-EP CD3 half-BiTE therapy. Also described are
dosing regimens encorupassing admanistering {T-EP CXCLY or L 12~CXCLY therapy with IT-
EP CD3 half-BiTE or IT-EP €D3 half-BiTE~IL12 therapy. The therapies mayv be administered
concurrently, sequentially, or separately. In some embodiments, [T-EP IL12 therapy is
admimstered in a first cycle and IT-EP CXCLY therapy or IT-EP IL12~CXCLY therapy is
administered in a second cycle. In some embodiments, IT-EP IL12 therapy is administered in
a first evcle and IT-EPF CD3 half-BiTE therapy or IT-EP CD3 half-BiTE-IL12 therapy is
administered in a second cycle. In some embodiments, IT-EP 1112 therapy is adnunistered in
a first cvcle, IT-EP CXCLY therapy or IT-EP CXCLY-1L12 therapy is administered in a second
cyele, and IT-EP CD3 halt-BiTE therapy or {T-EP CD3 half-BiTE-LI2 therapy is
administered in a third cycle. The IT-EP therapy may be delivered on day 1 of each cycle. One
or more of the cycles may be repeated as necessary. Within a cycle, the IT-EP therapy may be
administered on a least one, two, or three days of the cvcle. For example, a given expression
cassette may be administered on day 1, day 5 (= 2 davs} and/or day 8 (= 2 days}.

[190] In some embodiments, a CXCL9 or IL12~CXCL9 plus IL-12 expression cassette is
administered on days 1, 5£2, and 8+2 of a cycle. In some embodiments, a CTLA-4 scFv or
anti-CTLA-4 scFv plus IL-12 expression cassette is administered on days 1, 5£2, and 8+2 of a
cycle. In some embodiments, a CD3 half-BiTE or CD3 half-BiTE plus IL-12 expression
cassette is administered on days 1, 5£2, and 8+2 of a cycle.

[191] In some embodiments, a CXCL9 or CXCL9 plus IL-12 expression cassette (e.g.,
IL12~CXCL9) is administered on days 1 and 5+2, and a CD3 half-BiTE or CD3 half-BiTE
plus IL-12 expression cassette (e.g., CD3 half-BiTE~IL12) is administered on day 8+2 of a
cycle. In some embodiments, a CXCL9 or CXCL9 plus IL-12 expression cassette is
administered on day 1, and a CD3 half-BiTE or CD3 half-BiTE plus IL-12 expression cassette
is administered on days 5+2 and 8+2 of a cycle. In some embodiments, a CXCL9 or CXCL9
plus IL-12 expression cassette is administered on days 1 and 8+2, and a CD3 half-BiTE or CD3
half-BiTE plus IL-12 expression cassette is administered on day 5+2 of a cycle.

[192] In some embodiments, a CD3 half-BiTE or CD3 half-BiTE plus IL-12 expression
cassette is administered on days 1 and 5+2, and a CXCL9 or CXCL9 plus IL-12 expression
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cassette 1s administered on day 842 of a cycle. In some embodiments, a CD3 half-BiTE or CD3
half-BiTE plus IL-12 expression cassetie is administered on days 1, and a CXCL9 or CXCLO
plus 1L-12 expression cassette 15 admimstered on days 5+2 and 8£2 of a cyele. In some
embodiments, a CD3 half-BiTE or CD3 half-BiTE plus IL-12 expression cassetie is
admuinistered on days 1 and &2, and a CXCLY or CXCLY plus IL-12 expression cassetie is
admunistered on day 5+2 of a cycle.

[193] In some embodiments, an IL-12-2A expression cassette is administered on day 1 and,
and a CXCL9 or IL12~CXCL9 expression cassette is adnunistered on days 52 and 8+2 of a
cycle. In some embodiments, an IL-12-2A expression cassette is administered on days 1 and
542, and a CXCL9 or IL12~CXCL9 expression casseite is administered on day 842 of a cvele,
[194] In some embodiments, an IL-12-2A expression cassette is administered on day 1 and,
and a CD3 half-BiTE or CD3 half-BiTE~IL-12 expression cassette is administered on days
5+2 and &+2 of a cycle. In some embodiments, an IL-12-2A expression cassette is administered
on days 1 and 5+2, and a CD3 half-BiTE or CD3 half-BiTE~IL-12 expression cassetie is
administered on day 82 of a cvcle.

[195] In some embodiments, an IL12-2A expression cassette is administered on day 1, a CD3
half-BiTE or CD3 half-BiTE~IL-12 expression cassette is administered on day 5+2, and a
CXCL9 or IL12~CXCL9 expression cassette is admunistered on day 8+2 of a ¢cycle. In some
embodiments, an IL-12-2A expression cassette is administered on day 1, a CXCL9 or
IL12~CXCL9 expression cassetie is administered on day 5+2, and a CD3 half-BiTE or CD3
half-BiTE~IL-12 expression cassette is administered on day 842 of a cvele.

[196] Insome embodiments, a subject is administered either IT-EP IL-12~CXCL9 therapy or
IT-EP CD3 half-BiTE~IL12 therapy on days 0, 4 (+2 days), and 7(x2 days) provided the
subject receives at least one IT-EP treatment with IL-12~CXCL9 and one IT-EP treatment with
CD3 half-BiTE~IL12.

[197] Insomeembodiments, atreatment can be administerad every cvcle or every other eycle.
A cycle may be repeated such that 2 or more cycles are admunistered to a subject. Repeated
cycles may be admunisiered consecutively, altemated with one or more different cycles of
treatroent, or run concurrently with one or more difference cyvcles of treatment. Any of the
above described treatments can be combined with other cancer therapies. For example, an §T-

EP ¢cycle can be combined with checkpoint inhibitor therapy.

IX. Combination Therapy

[198] In some embodiments, a therapeutic method includes a combination therapy. A
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combination therapy comprises a combination of therapeutic molecules or treatments.
Therapeutic treatments include, but are not limited to, electric pulse (i.e., electroporation),
radiation, antibody therapy, checkpoint inhibitor therapy, and chemotherapy. In some
embodiments, administration of a combination therapy is achieved by electroporation alone. In
some embodiments, administration of a combination therapy is achieved by a combination of
electroporation and systemic delivery. In some embodiments, administration of a combination
therapy is achieved by a combination of electroporation and radiation. In some embodiments,
administration of a combination therapy is achieved by a combination of electroporation and
oral medication. Therapeutic electroporation can be combined with, or administered with, one
or more additional therapeutic treatments. The one or more additional therapeutics can be
delivered by systemic delivery, intratumoral injection, intratumoral injection with
electroporation, and/or radiation. The one or more additional therapeutics can be administered
prior to, concurrent with, or subsequent to the CXCL9 and/or CD3 half-BiTE electroporation
therapy.

[199] In some embodiments, methods of treating cancer as described comprising:
administering IT-EP therapy on day 1, days 1 and 5 (+2 days), days 1 and 8 (+2 days), or days
1, 5 (2 days), and 8 (2 days) and administering an additional therapeutic treatment on day 1
of a 3-6 week cycle. In some embodiments, methods of treating cancer as described
comprising: administering IT-EP therapy on day 1, days 1 and 5 (£2 days), days 1 and 8 (2
days), or days 1, 5 (2 days), and 8 (+2 days) of every other cycle (i.e., every 6 weeks) and
administering an additional therapeutic treatment on day 1 of each 3 week cycle (i.e., every 3
weeks). In some embodiments, the additional therapeutic treatment comprises a checkpoint
inhibitor. In some embodiments, the additional checkpoint inhibitor therapy comprises anti-

PD-1/anti-PD-L1 therapy. The checkpoint inhibitor therapy may be administered systemically.

X. Electroporation (EP) therapy

[200] Electroporation therapy comprises adounistening at least one eleciroporative pulse to a
cell, tissue, or tumor. As used herein electroporation therapy utilizes “reversible
electroporation.” Reversible electroporation is the reversible, or temporary, permeabilization
of cell membranes to molecules that are normally impermeable to the cell membranes using an
electric pulse that is below the electric field threshold of the target cells. Because the electric
pulse is below the cells’ electric threshold, the cells can repair and are not killed by the electric
pulse. Reversible electroporation can be used to delivery macromolecules, such as nucleic acid,

into a cell without killing the cell. Reversible electroporation is a method that applies electric
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pulses to facilitate uptake of macromolecules, such as nucleic acids, into cells. Reversible
electroporation has been used in several clinical trials to deliver DNA vaccines and has been
shown to dramatically improve gene delivery (100-1000-fold) to cells in vivo.

[201] Electroporation therapy can be performed using a known electroporation device
suitable for use in a mammalian subject. The described expression cassettes can be
administered to a subject before, during, or after administration of the electric pulse. The
expression cassette can be administered at or near the tumor in a subject. The described
expression cassettes can be injected into a tumor using a hypodermic needle.

[202] In some embodiments, electroporation therapy comprises the administration of one or
more voltage pulses. The nature of the electric field to be generated 1s determined by the nature
of the tissue, the size of the selected tissue and its location. The voltage pulse that can be
delivered to the tumor may be about 100 V/cm to about 1500V/cm. In some embodiments, the
voltage pulse is about 700 V/cm to 1500 V/cm. In some embodiments, the voltage pulse may
be about 600 V/cm, 650 V/cm, 700 V/em, 750 V/em, 800 V/em, 850 V/cm, 900 V/em, 950
V/cm, 1000 V/em, 1050 V/em, 1100 V/em, 1150 V/em, 1200 V/em, 1250 V/em, 1300 V/em,
1350 V/cm, 1400 V/em, 1450 V/em, or 1500 V/em. In some embodiments, the voltage pulse
is 700£100. In some embodiments, the voltage pulse is 1300-1500 V/cm. In some
embodiments, the voltage pulse is 1500+£100 V/cm. In some embodiments, the voltage pulse is
about 10 V/ecm to 700 V/cm. In some embodiments, the voltage pulse is about 100 V/cm, 150
V/em, 200 V/em, 250 V/em, 300 V/cm, 350 V/em, or 400 V/cm, 450 V/cm, 500 V/ecm, 550
V/em, 600 V/em, 650 V/em, or 700 V/ecm. In some embodiments, the voltage pulse is about
300 V/cm to about 500 V/ecm. In some embodiments, the voltage pulse is 300-500 V/cm. In
some embodiments, the voltage pulse is 350+50 V/cm.

[203] The pulse duration of the electroporative pulse may be from 10 psec to 1 second. In
some embodiments, the pulse duration is from about 10 psec to about 100 milliseconds (ms).
In some embodiments, the pulse duration is from about 100 psec to about 10 ms. In some
embodiments, the pulse duration is 100 psec, 1 ms, 5 ms, 10 ms, or 100 ms. The interval
between pulses sets can be any desired time, such as one second. The waveform, electric field
strength and pulse duration may also depend upon the type of cells and the tvpe of molecules
that are to enter the cells via electroporation.

[204] The waveform of the electrical signal provided by the pulse generator can be an
exponentially decaying pulse, a square pulse, a umpolar oscillaling pulse train, a bipolar
oscillating pulse train, or a combination of any of these forms. Square wave electroporation

svstems deliver controlled electric pulses that rise quickly to a set voltage, stay at that level for
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a set length of time (pulse lengih}, and then quickly drop to zero.

[205] 1 to 100 pulses may be administered. In some embodiments, 1, 2, 3,4, 5,6, 7, 8,9, or
10 pulses are administered. In some embodiments, 6 pulses are administered. In some
embodiments, 6x0.1 msec pulses are administered. In some embodiments, 6x0.1 msec pulses
are administered at 1300-1500 V/cm. In some embodiments 8 pulses are administered. In some
embodiments 8x10 msec pulses are administered. In some embodiments 8x10 msec pulses are
administered at 300-500 V/cm.

[206] The electroporation device can comprise a single needle electrode, a pair of needle
electrodes, or a pluralily or array of needle electrodes. An array of needle electrodes can
comprise 3, 4, 5, 6,7, 8, 9, 10, or more electrodes. In some embodiments, the electroporation
device can comprise a hypodermic needle or equivalent. In some embodiments, the
electroporation device can comprise an electro-kinetic device (“EKD device™) able to produce
a series of programmable constant-current pulse patterns between electrodes in an array based
on user control and input of the pulse parameters.

[207] Electroporation devices suitable for use with the described compounds, compositions,
and methods include, but are not limited to, those described in U. S. Patent Nos. 7245963,
5439440, 6055453, 6009347, 9020605, and 9037230, and U.S. Paient Publication MNos.
Z008/00352630, 2019/0117964, and patent applications PCT/USZ019/030437 and US. Patent
Applications Serial No. 16/269,022.

[208] “Intratumoral electroporation” comprises injecting a tumor, fumor microenvironment,
and/or tumor margin tissue with an effective dose of a nucleic acid encoding a therapeutic
polypeptide and administering electroporation therapy to the tumor, resulting in delivery of the
nucleic acid into tumor cell and expression of the therapeutic polypeptide. The nucleic acid can
be, but is not limited to, an expression vector, plasmid, or mRNA.

[209]

List of embodiments:
[210] 1. A method of treating cancer in a subject, the method comprising:

(a) administering at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject,

(b) obtaining a tumor sample from the subject;

(¢) measuring CXCR3 expression in the tumor sample;

(d) determining whether CXCR3 expression is increased in the tumor sample relative

to CXCR3 expression in a predetermined control; and
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(e) if CXCR3 expression is increased in the tumor sample relative to CXCR3
expression in the predetermined control, then administering at least one additional dose of the
checkpoint inhibitor and/or the immunostimulatory cytokine to the subject, or if CXCR3
expression is not increased in the tumor sample relative to CXCR3 expression in the
predetermined control, then administering at least one pharmaceutically effective dose of
CXCL9 and/or CD3 half-BiTE and at least one additional dose of the checkpoint inhibitor
and/or the immunostimulatory cytokine to the subject.

[211] 2. The method of embodiment 1, wherein step (a) comprises administering at least
one dose of the checkpoint inhibitor wherein the checkpoint inhibitor is administered
systemically.

[212] 3. The method of embodiment 2, wherein the checkpoint inhibitor comprises an anti-
PD-1 or anti-PD-L1 antibody.

[213] 4. The method of embodiment 3, wherein the checkpoint inhibitor comprises
nivolumab, pembrolizumab, pidilizumab, or atezolizumab.

[214] 5. The method of any one of embodiments 1-4, wherein step (a) comprises
administering at least one dose of the immunostimulatory cytokine wherein the
immunostimulatory cytokine is administered by intratumoral electroporation of a nucleic acid
encoding the immunostimulatory cytokine.

[215] 6. The method of embodiment 5, wherein the immunostimulatory cytokine comprises
IL-12 or IL-15.

[216] 7. The method of embodiment 6, wherein the nucleic acid encoding IL-12 comprises a
first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic acid sequence
encoding an IL-12 p40 subunit wherein the first and second nucleic acid sequences are
separated by an internal ribosome entry site (IRES) or a 2A translation modification element.
[217] 8. The method of embodiment 1, wherein step (a) comprises administering at least
one dose of a checkpoint inhibitor and at least one dose of an immunostimulatory cytokine,
wherein the checkpoint inhibitor comprises an anti-PD-1 or anti-PD-L1 antibody
administered systemically, and the immunostimulatory cytokine comprises IL-12
administered by intratumoral electroporation of a nucleic acid encoding the IL-12.

[218] 9. The method of any one of embodiments 1-8, wherein measuring CXCR3
expression in the tumor sample comprises measuring CXCR3 mRNA in the tumor sample.
[219] 10. The method of embodiment 9, wherein measuring CXCR3 mRNA comprises

performing a quantitative polymerase chain reaction.
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[220] 11. The method of any one of embodiments 1-8, wherein measuring CXCR3
expression in the tumor sample comprises measuring CXCR3 protein in the tumor sample.
[221] 12. The method of any one of embodiments 1-8, wherein measuring CXCR3
expression in the tumor sample comprises measuring a number of CXCR3" T cells in the
tumor sample.

[222] 13. The method of any one of embodiments 1-12, wherein the predetermined control
comprises a tumor sample obtained from the subject prior to step (a).

[223] 14. The method of any one of embodiments 1-12, wherein the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.

[224] 15. The method of any one of embodiments 1-14, wherein administering at least one
pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE comprises intratumoral
electroporation of a nucleic acid encoding CXCL9 and/or CD3 hal{-BiTE.

[225] 16. The method of embodiment 15, wherein the nucleic acid encoding CXCL9 and/or
CD3 half-BiTE further encodes the immunostimulatory cytokine, wherein the
immunostimulatory cytokine comprises I1L-12.

[226] 17. The method of any one of embodiments 1-14, wherein administering at least one
additional dose of the checkpoint inhibitor and/or the immunostimulatory cytokine
comprises: administering at least one additional dose of the checkpoint inhibitor,
administering at least one additional dose of the immunostimulatory cytokine, or
administering at least one additional dose of the checkpoint inhibitor and the
immunostimulatory cytokine.

[227] 18. The method of embodiment 17, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody administered systemically.

[228] 19. The method of embodiment 17, wherein the immunostimulatory cytokine
comprises IL-12 administered by intratumoral electroporation of a nucleic acid encoding the
IL-12.

[229] 20. The method of embodiment 19, wherein the nucleic acid encoding the IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site (IRES) or a 2A translation
modification element.

[230] 21. The method of any one of embodiments 1-20, wherein the subject is a human.

[231] 22. A method of treating cancer in a subject, comprising:
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(a) administering at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject;

(b) measuring a level of CXCR3 in a tumor sample obtained from the subject after the
step of administering the checkpoint inhibitor and/or the immunostimulatory cytokine; and

(¢) administering to the subject at least one pharmaceutically effective dose of
CXCL9 and/or CD3 half-BiTE if the level of CXCR3 in the tumor sample is not increased
relative to the level of CXCR3 in a predetermined control.
[232] 23. The method of embodiment 22, wherein step (a) comprises administering at least
one dose of the checkpoint inhibitor wherein the checkpoint inhibitor is administered
systemically.
[233] 24. The method of embodiment 23, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody.
[234] 25. The method of embodiment 24, wherein the checkpoint inhibitor comprises
nivolumab, pembrolizumab, pidilizumab, or atezolizumab.
[235] 26. The method of any one of embodiments 22-25, wherein step (a) comprises
administering at least one dose of the immunostimulatory cytokine wherein the
immunostimulatory cytokine is administered by intratumoral electroporation of a nucleic acid
encoding the immunostimulatory cytokine.
[236] 27. The method of embodiment 26, wherein the immunostimulatory cytokine
comprises IL-12 or IL-15.
[237] 28. The method of embodiment 27, wherein the nucleic acid encoding IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site (IRES) or a 2A translation
modification element.
[238] 29. The method of embodiment 22, wherein step (a) comprises administering at least
one dose of a checkpoint inhibitor and at least one dose of an immunostimulatory cytokine,
wherein the checkpoint inhibitor comprises an anti-PD-1 or anti-PD-L1 antibody
administered systemically, and the immunostimulatory cytokine comprises IL-12
administered by intratumoral electroporation of a nucleic acid encoding the IL-12.
[239] 30. The method of any one of embodiments 22-29, wherein measuring CXCR3
expression in the tumor sample comprises measuring CXCR3 mRNA in the tumor sample.
[240] 31. The method of embodiment 29, wherein measuring CXCR3 mRNA comprises

performing a quantitative polymerase chain reaction.
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[241] 32. The method of any one of embodiments 22-29, wherein measuring CXCR3
expression in the tumor sample comprises measuring CXCR3 protein in the tumor sample.
[242] 33. The method of any one of embodiments 22-29, wherein measuring CXCR3
expression in the tumor sample comprises measuring a number of CXCR3" T cells in the
tumor sample.

[243] 34. The method of any one of embodiments 22-33, wherein the predetermined control
comprises a tumor sample obtained from the subject prior to step (a).

[244] 35. The method of any one of embodiments 22-33, wherein the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.

[245] 36. The method of any one of embodiments 22-35, wherein administering at least one
pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE comprises intratumoral
electroporation of a nucleic acid encoding CXCL9 and/or CD3 hal{-BiTE.

[246] 37. The method of embodiment 36, wherein the nucleic acid encoding CXCL9 and/or
CD3 half-BiTE further encodes the immunostimulatory cytokine, wherein the
immunostimulatory cytokine comprises I1L-12.

[247] 38. The method of embodiment 22, wherein administering at least one dose of the
checkpoint inhibitor and/or the immunostimulatory cytokine comprises: administering at least
one dose of the checkpoint inhibitor, administering at least one dose of the
immunostimulatory cytokine, or administering at least one dose of the checkpoint inhibitor
and the immunostimulatory cytokine.

[248] 39. The method of embodiment 38, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody administered systemically.

[249] 40. The method of embodiment 38, wherein the immunostimulatory cytokine
comprises IL-12 administered by intratumoral electroporation of a nucleic acid encoding the
IL-12.

[250] 41. The method of embodiment 40, wherein the nucleic acid encoding IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site {IRES) or a 2A translation
modification element.

[251] 42. The method of any one of embodiments 22-41, wherein the subject is a human.
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[252] 43. A method of identifying a subject with cancer at risk of not responding to
checkpoint inhibitor and/or immunostimulatory cytokine therapy, the method comprising:

measuring a level of CXCR3 in a tumor sample obtained from the subject that has
been administered at least one dose of a checkpoint inhibitor and/or an immunostimulatory
cytokine,

wherein the level of CXCR3 in the tumor sample less than a predetermined control
indicates the subject is at risk of not responding to the checkpoint inhibitor and/or
immunostimulatory cytokine therapy.
[253] 44. The method of embodiment 43, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody.
[254] 45. The method of embodiment 44, wherein the checkpoint inhibitor comprises
nivolumab, pembrolizumab, pidilizumab, or atezolizumab.
[255] 46. The method of embodiment 43, wherein the immunostimulatory cytokine
comprises IL-12 or IL-15.
[256] 47. The method of any one of embodiments 43-46, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring CXCR3 mRNA in the tumor sample.
[257] 48. The method of embodiment 47, wherein measuring CXCR3 mRNA comprises
performing a quantitative polymerase chain reaction.
[258] 49. The method of any one of embodiments 43-46, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring CXCR3 protein in the tumor sample.
[259] 50. The method of any one of embodiments 43-46, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring a number of CXCR3" T cells in the tumor
sample.
[260] 51. The method of any one of embodiments 43-50, wherein the predetermined control
comprises a tumor sample obtained from the subject prior to the subject being administered
the at least one dose of the checkpoint inhibitor and/or the immunostimulatory cytokine.
[261] 52. The method of any one of embodiments 43-50, wherein the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.
[262] 53. The method of any one of embodiments 43-52, wherein the subject is a human.
[263] 54. A method of treating cancer in a subject comprising:

(a) identifying whether the subject is at risk of not responding to checkpoint inhibitor

and/or immunostimulatory cytokine therapy by

49



WO 2021/257943 PCT/US2021/038005

(1) administering at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject, and

(i1) measuring a level of CXCR3 in a tumor sample obtained from the subject
after the step of administering the at least one dose of the checkpoint inhibitor and/or the
immunostimulatory cytokine,

wherein the level of CXCR3 in the tumor sample less than a predetermined
control indicates the subject is at risk of not responding to the checkpoint inhibitor and/or
immunostimulatory cytokine therapy; and

(b) administering to the subject identified as being at risk of not responding to

checkpoint inhibitor and/or immunostimulatory cytokine therapy at least one
pharmaceutically effective dose of CXCL9 and/or CD-3 half-BiTE.
[264] 55. The method of embodiment 54, wherein step (a) comprises administering at least
one dose of the checkpoint inhibitor wherein the checkpoint inhibitor is administered
systemically.
[265] 56. The method of embodiment 55, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody.
[266] 57. The method of embodiment 56, wherein the checkpoint inhibitor comprises
nivolumab, pembrolizumab, pidilizumab, or atezolizumab.
[267] 58. The method of any one of embodiments 54-57, wherein step (a) comprises
administering at least one dose of the immunostimulatory cytokine wherein the
immunostimulatory cytokine is administered by intratumoral electroporation of a nucleic acid
encoding the immunostimulatory cytokine.
[268] 59. The method of embodiment 58, wherein the immunostimulatory cytokine
comprises IL-12 or IL-15.
[269] 60. The method of embodiment 59, wherein the nucleic acid encoding IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site {IRES) or a 2A translation
modification element.
[270] 61. The method of embodiment 1, wherein step (a) comprises administering at least
one dose of a checkpoint inhibitor and at least one dose of an immunostimulatory cytokine,
wherein the checkpoint inhibitor comprises an anti-PD-1 or anti-PD-L1 antibody
administered systemically, and the immunostimulatory cytokine comprises IL-12

administered by intratumoral electroporation of a nucleic acid encoding the IL-12.
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[271] 62. The method of any one of embodiments 54-60, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring CXCR3 mRNA in the tumor sample.
[272] 63. The method of embodiment 62, wherein measuring CXCR3 mRNA comprises
performing a quantitative polymerase chain reaction.

[273] 64. The method of any one of embodiments 54-61, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring CXCR3 protein in the tumor sample.

[274] 65. The method of any one of embodiments 54-61, wherein measuring the level of
CXCR3 in the tumor sample comprises measuring a number of CXCR3™ T cells in the tumor
sample.

[275] 66. The method of any one of embodiments 54-65, wherein the predetermined control
comprises a tumor sample obtained from the subject prior to the administering at least one
dose of the checkpoint inhibitor and/or the immunostimulatory cytokine to the subject.

[276] 67. The method of any one of embodiments 54-65, wherein the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.

[277] 68. The method of any one of embodiments 54-67, wherein administering at least one
pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE comprises intratumoral
electroporation of a nucleic acid encoding CXCL9 and/or CD3 half-BiTE.

[278] 69. The method of embodiment 68, wherein the nucleic acid encoding CXCL9 and/or
CD3 half-BiTE further encodes the immunostimulatory cytokine, wherein the
immunostimulatory cytokine comprises IL-12.

[279] 70. The method of embodiment 54-67, wherein administering at least one dose of the
checkpoint inhibitor and/or the immunostimulatory cytokine comprises: administering at least
one dose of the checkpoint inhibitor, administering at least one dose of the
immunostimulatory cytokine, or administering at least one dose of the checkpoint inhibitor
and the immunostimulatory cytokine.

[280] 71. The method of embodiment 70, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody administered systemically.

[281] 72. The method of embodiment 70, wherein the immunostimulatory cytokine
comprises [L-12 administered by intratumoral electroporation of a nucleic acid encoding the
IL-12.

[282] 73. The method of embodiment 72, wherein the nucleic acid encoding the IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic

acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
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sequences are separated by an internal ribosome entry site (IRES) or a 2A translation
modification element.

[283] 74. The method of any one of embodiments 54-73, wherein the subject is a human.
[284] 75. A method for treating a patient with cancer, the method comprising:

(a) obtaining a tumor sample from the patient,

(b) measuring a level of CXCR3 expression in the tumor sample,

(c) correlating the level of CXCR3 expression in the tumor sample with a reference
level obtained from a predetermined control or standard derived from a population of known
responders and/or known non-responders to determine whether the patient is at risk of
progressing on checkpoint inhibitor therapy, and

(d) if the expression level is greater than the reference level, then administering at
least one dose of a checkpoint inhibitor and/or an immunostimulatory cytokine, or if the
expression level is less than the reference level then administering to the patient at least one
pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE and at least one dose of the
checkpoint inhibitor and/or the immunostimulatory cytokine.

[285] 76. The method of embodiment 75, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 mRNA in the tumor sample.

[286] 77. The method of embodiment 76, wherein measuring CXCR3 mRNA comprises
performing a quantitative polymerase chain reaction.

[287] 78. The method of embodiment 75, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 protein in the tumor sample.

[288] 79. The method of embodiment 75, wherein measuring CXCR3 expression in the
tumor sample comprises measuring a number of CXCR3* T cells in the tumor sample.

[289] 80. The method of any one of embodiments 75-79, wherein administering at least one
dose of the checkpoint inhibitor and/or the immunostimulatory cytokine comprises:
administering at least one dose of the checkpoint inhibitor, administering at least one dose of
the immunostimulatory cytokine, or administering at least one dose of the checkpoint
inhibitor and the immunostimulatory cytokine.

[290] 81. The method of embodiment 80, wherein the checkpoint inhibitor is administered
systemically.

[291] 82. The method of embodiment 81, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody.

[292] 83. The method of embodiment 82, wherein the checkpoint inhibitor comprises

nivolumab, pembrolizumab, pidilizumab, or atezolizumab.
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[293] 84. The method of any one of embodiments 80, wherein administering at least one
dose of the immunostimulatory cytokine comprises intratumoral electroporation of a nucleic
acid encoding the immunostimulatory cytokine.
[294] 85. The method of embodiment 84, wherein the immunostimulatory cytokine
comprises IL-12 or IL-15.
[295] 86. The method of embodiment 85, wherein the nucleic acid encoding the IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site (IRES) or a 2A translation
modification element.
[296] 87. The method of any one of embodiments 75-86, wherein administering at least one
pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE comprises intratumoral
electroporation of a nucleic acid encoding CXCL9 and/or CD3 hal{-BiTE.
[297] 88. The method of embodiment 87, wherein the nucleic acid encoding CXCL9 and/or
CD3 half-BiTE further encodes the immunostimulatory cytokine, wherein the
immunostimulatory cytokine comprises I1L-12.
[298] 89. The method of embodiment 88, wherein the IL-12 and the CXCL9 and/or CD3
half-BiTE are expressed from a single promoter.
[299] 90. The method of any one of embodiments 75-89, wherein the subject is a human.
[300] 91. A nucleic acid encoding IL-12 for use in a method of treating a subject with
cancer, wherein the method comprises:

(a) administering at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject,

(b) obtaining a tumor sample from the subject;

(¢) measuring CXCR3 expression in the tumor sample;

(d) determining whether CXCR3 expression is increased in the tumor sample relative
to CXCR3 expression in a predetermined control; and

(e) if CXCR3 expression is increased in the tumor sample relative to CXCR3
expression in the predetermined control, then administering at least one dose of the nucleic
acid encoding IL-12 by intratumoral electroporation, or if CXCR3 expression is not increased
in the tumor sample relative to CXCR3 expression in the predetermined control, then
administering to the subject at least one pharmaceutically effective dose of a nucleic acid
encoding CXCL9 and/or CD3 half-BiTE by intratumoral electroporation and at least one dose

of the nucleic acid encoding IL-12 by intratumoral electroporation.
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[301] 92. A method of treating cancer in a subject, the method comprising:

(a) obtaining a tumor sample from the subject;

(b) measuring CXCR3 expression in the tumor sample;

(¢) determining whether CXCR3 expression is increased in the tumor sample relative
to CXCR3 expression in a predetermined control; and

(d) if CXCR3 expression is increased in the tumor sample relative to CXCR3
expression in the predetermined control, then administering at least one dose of the
checkpoint inhibitor and/or an immunostimulatory cytokine to the subject, or if CXCR3
expression is not increased in the tumor sample relative to CXCR3 expression in the
predetermined control, then administering at least one pharmaceutically effective dose of
CXCL9 and/or CD3 half-BiTE and at least one dose of a checkpoint inhibitor and/or an
immunostimulatory cytokine to the subject.
[302] 93. The method of embodiment 92, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 mRNA in the tumor sample.
[303] 94. The method of embodiment 93, wherein measuring CXCR3 mRNA comprises
performing a quantitative polymerase chain reaction.
[304] 95. The method of embodiment 92, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 protein in the tumor sample.
[305] 96. The method of embodiment 92, wherein measuring CXCR3 expression in the
tumor sample comprises measuring a number of CXCR3" T cells in the tumor sample.
[306] 97. The method of any one of embodiments 92-96, wherein the predetermined control
comprises a standard derived from a population of known responders and/or known non-
responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.
[307] 98. The method of embodiment 97, wherein the checkpoint inhibitor comprises and
anti-PD-1 or anti-PD-L1 antibody.
[308] 99. The method of any one of embodiments 92-98, wherein administering at least one
dose of the checkpoint inhibitor and/or the immunostimulatory cytokine comprises:
administering at least one dose of the checkpoint inhibitor, administering at least one dose of
the immunostimulatory cytokine, or administering at least one dose of the checkpoint
inhibitor and the immunostimulatory cytokine.
[309] 100. The method of embodiment 99, wherein the checkpoint inhibitor is administered
systemically.
[310] 101. The method of embodiment 100, wherein the checkpoint inhibitor comprises an
anti-PD-1 or anti-PD-L1 antibody.
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[311] 102. The method of embodiment 101, wherein the checkpoint inhibitor comprises
nivolumab, pembrolizumab, pidilizumab, or atezolizumab.

[312] 103. The method of any one of embodiments 99, wherein administering at least one
dose of the immunostimulatory cytokine comprises intratumoral electroporation of a nucleic
acid encoding the immunostimulatory cytokine.

[313] 104. The method of embodiment 103, wherein the immunostimulatory cytokine
comprises IL-12 or IL-15.

[314] 105. The method of embodiment 104, wherein the nucleic acid encoding the IL-12
comprises a first nucleic acid sequence encoding an IL-12 p35 subunit and a second nucleic
acid sequence encoding an IL-12 p40 subunit wherein the first and second nucleic acid
sequences are separated by an internal ribosome entry site {IRES) or a 2A translation
modification element.

[315] 106. The method of any one of embodiments 92-105, wherein administering at least
one pharmaceutically effective dose of CXCL9 and/or CD3 half-BiTE comprises
intratumoral electroporation of a nucleic acid encoding CXCL9 and/or CD3 half-BiTE.
[316] 107. The method of embodiment 106, wherein the nucleic acid encoding CXCL9
and/or CD3 half-BiTE further encodes the immunostimulatory cytokine, wherein the
immunostimulatory cytokine comprises IL-12.

[317] 108. The method of any one of embodiments 92-107-20, wherein the subject is a
human.

[318] 109. A method of identifying a subject with cancer at risk of not responding to
checkpoint inhibitor and/or immunostimulatory cytokine therapy, the method comprising:
measuring a level of CXCR3 in a tumor sample obtained from the subject, wherein the level
of CXCR3 in the tumor sample less than a predetermined control indicates the subject is at
risk of not responding to the checkpoint inhibitor and/or immunostimulatory cytokine
therapy.

[319] 110. The method of embodiment 109, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 mRNA in the tumor sample.

[320] 111. The method of embodiment 100, wherein measuring CXCR3 mRNA comprises
performing a quantitative polymerase chain reaction.

[321] 112. The method of embodiment 109, wherein measuring CXCR3 expression in the
tumor sample comprises measuring CXCR3 protein in the tumor sample.

[322] 113. The method of embodiment 109, wherein measuring CXCR3 expression in the

tumor sample comprises measuring a number of CXCR3* T cells in the tumor sample.
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[323] 114. The method of any one of embodiments 102-113, wherein the predetermined
control comprises a standard derived from a population of known responders and/or known
non-responders to checkpoint inhibitor and/or an immunostimulatory cytokine therapy.
[324] 115. The method of any one of embodiments 1-42, 54-114 wherein administering at
least one pharmaceutically effective dose of CXCL9 and/or CD-3 half-BiTE results in

increased numbers of CXCR3* T cells in the tumor.

Table 1. Sequences (nucleotides or amino acids in parenthesis may or may not be present)

Igx signal peptide nucleic acid sequence (SEQ ID NO: 1)
atggagacagacacactcctgectatgggtactgetgetectgggtteccaggtteccactggtgac
Igxk signal peptide amino acid sequence (SEQ ID NO: 2)
METDTLLLWVLLLWVPGSTGD

HA tag nucleic acid sequence (SEQ ID NO: 3)
tatccatatgatgttccagattatgcet

HA tag amino acid sequence (SEQ ID NO: 4)
YPYDVPDYA

Myc tag nucleic acid sequence (SEQ ID NO: 5)
gaacaaaaactcatctcadgaagaggatctg

Myc tag amino acid sequence (SEQ ID NO: 6)

EQKLISEEDL

2C11 Variable heavy chain nucleic acid sequence (SEQ ID NO: 7)
gaggtgcagctggtggagtctgggggaggcttggtgcagectggaaagteccctgaaactetectgtgaggect
ctggattcaccttcagecggctatggcatgcactgggtecegeccaggectecagggagggggetggagteggtege
atacattactagtagtagtattaatatcaaatatgctgacgctgtgaaaggccggttcaccgtcteccagagac
aatgccaagaacttactgtttctacaaatgaacattctcaagtctgaggacacagecatgtactactgtgceaa
gattcgactgggacaaaaattactggggccaaggaaccatggtcaccgtetectecaggtggeggt

2C11 Variable heavy chain amino acid sequence (SEQ ID NO: 8)
EVOLVESGGGLVQPGKSLKLSCEASGETEFSGYGMHWVROAPGRGLESVAYITSSSINIKYADAVKGRETVSRD
NAKNLLFLOMNILKSEDTAMYYCARFDWDKNYWGQGTMVTVSSGGG

2C11 Variable light chain nucleic acid sequence (SEQ ID NO: 9)
atgacccagtctccatcatcactgecctgectecctgggagacagagtcactatcaattgtcaggecagtecagg
acattagcaattatttaaactggtaccagcagaaaccagggaaagctcctaagectectgatctattatacaaa
taaattggcagatggagtcccatcaaggttcagtggcagtggttetgggagagattettetttcactatecage
agcctggaatccgaagatattggatcttattactgtcaacagtattataactatcegtggacgttcecggacctyg
gcaccaagctggaaatcaaa

2C11 Variable light chain nucleic acid sequence (SEQ ID NO: 10)
atgacccagtctccatcatcactgecctgectecctgggagacagagtcactatcaattgtcaggeccagtecagg
acattagcaattatttaaactggtatcagcagaaaccagggaaagctcctaagctecctgatctattatacaaa
taaattggcagatggagtcccatcaaggttcagtggcagtggttectgggagagattcttectttcactatecage
agcctggaatccgaagatattggatecttattactgtcaacagtattataactatecegtggacgtteggacctyg
gcaccaagctggaaatcaaa

2C11 Variable light chain amino acid sequence (SEQ ID NO: 11)
MTQOSPSSLPASLGDRVTINCQOASODISNYLNWYQOKPGKAPKLLIYYTNKLADGVPSRESGSGSGRDSSETIS
SLESEDIGSYYCQOYYNYPWTFGPGTKLEIK

Linker nucleic acid sequence (SEQ ID NO: 12)
agtggctctggagggggctctggeggtggatectgggggtggaagt

Linker amino acid sequence (SEQ ID NO: 13

SGSGGGSGGGSGGGS

Linker nucleic acid sequence (SEQ ID NO: 14)
ggtggcggtggcteccggeggtggtgggtegggtggcggeggatet

Linker amino acid sequence (SEQ ID NO: 15)

GGGGSGGGGSGGGGES

Linker nucleic acid sequence (SEQ ID NO: 16)

ggctceccggeggtggtgggtegggtggeggeggatct
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Linker amino acid sequence (SEQ ID NO: 17)
GSGGGGSGGGG

Linker nucleic acid sequence (SEQ ID NO: 18)
ggcagtgggagtgggagtgggagtggg

Linker amino acid sequence (SEQ ID NO: 19)
GSGSGSGSG

Linker nucleic acid sequence (SEQ ID NO: 20)
ggcagtgggagtggg

Linker amino acid sequence (SEQ ID NO: 21)
GSGSG

Linker nucleic acid sequence (SEQ ID NO: 22)
tctagtggatecggt

Linker amino acid sequence (SEQ ID NO: 23)
SSGSG

PDGFR TM segment nucleic acid sequence (SEQ ID NO: 24)
gtgggccaggacacgcagdgaggtcatecgtggtgccacactceccttgecctttaaggtggtggtgatctcagceca
tcctggececctggtggtgetcaccatecatecteecttatcatectcatcatgetttggcagaagaageccacgt

PDGFR TM segment amino acid sequence (SEQ ID NO: 25)
VGODTQEVIVVPHSLPEFKVVVISAILALVVLTIISLIILIMLWQKKPR

PDGFR TM segment nucleic acid sequence (SEQ ID NO: 26)
gctgtgggccaggacacgcaggaggtcatecgtggtgeccacactecettgecectttaaggtggtggtgatectecag
ccatcctggceccctggtggtgectcaccatcatcteccttatcatectecatecatgetttggecagaagaagccacy
t

PDGFR TM segment amino acid sequence (SEQ ID NO: 27)
AVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR

P2A nucleic acid sequence (SEQ ID NO: 28)
ggatctggggccaccaacttttcattgectcaagecaggegggcgatgtggaggaaaaccetggeccece

P2A amino acid sequence (SEQ ID NO: 29)
GSGATNFSLLKQAGDVEENPGP

mIL12-p35 nucleic acid sequence (SEQ ID NO: 30)

(ggtacc or atg)gtcagcgttccaacagcctcaccctcecggecatceccagecagetectectecagtgeecggtee
agcatgtgtcaatcacgctacctcectectttttggecacecttgeecctectaaaccacctecagtttggecaggg
tcattccagtctctggacctgeccaggtgtcttageccagteccecgaaacctgectgaagaccacagatgacatggt
gaagacggccagagaaaaactgaaacattattcctgecactgctgaagacatcgatcatgaagacatcacacgg
gaccaaaccagcacattgaagacctgtttaccactggaactacacaagaacgagagttgcctggctactagag
agacttcttccacaacaagagggagctgcctgeccecccacagaagacgtectttgatgatgacectgtgecttgg
tagcatctatgaggacttgaagatgtaccagacagagttccaggeccatcaacgcagcacttcagaatecacaac
catcagcagatcattctTgacaagggcatgctggtggccatcgatgagectgatgcagtctectgaatecataatyg
gcgagactctgecgccagaaacctcectgtgggagaagcagacecttacagagtgaaaatgaagetcectgeatecet
gcttecacgececttcagecaccegedgtecgtgaccatcaacagggtgatgggetatectgageteegee

mIL12-35 amino acid sequence (SEQ ID NO: 31)

(M) VSVPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKTTDDMVKT
AREKLKHYSCTAEDIDHEDITRDQTSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPOKTSLMMTLCLGST
YEDLKMYQTEFQATNAALONHNHOQITLDKGMLVAIDELMOSLNHNGETLRQKPPVGEADPYRVKMKLCILLH
AFSTRVVTINRVMGYLSSAAAA

mIL12-p40 nucleic acid sequence (SEQ ID NO: 32)
tgtcectcagaagctaaccatctcetggtttgecategttttgetggtgteteccactecatggecatgtgggage
tggagaaagacgtttatgttgtagaggtggactggactcccgatgeccecectggagaaacagtgaacctecacctyg
tgacacgcctgaagaagatgacatcacctggacctcagaccagagacatggagtcataggetectggaaagace
ctgaccatcactgtcaaagagtttctTgatgectggccagtacacctgeccacaaaggaggcegagactetgagece
actcacatctgctgectccacaagaaggaaaatggaatttggtccactgaaattttaaaGaatttcaaGaacaa
gactttcctgaagtgtgaagcaccaaattactecggacggttecacgtgectecatggectggtgecaaagaaacatg
gacttgaagttcaacatcaagagcagtagcagttccecectgactetegggcagtgacatgtggaatggegtete
tgtctgcagagaaggtcacactggaccaaagggactatgagaagtattcagtgtecectgeccaggaggatgtcac
ctgcccaactgccgaggagaccectgeccecattgaactggegttggaagecacggcagecagaataaatatgagaac
tacagcaccagcttcttcatcagggacatcatcaaaccagaccegeccaagaacttgcagatgaagectttga
agaactcacaggtggaggtcagctgggagtaccctgactecectggagcactceccecattectacttecteecteaa
gttctttgttcgaatccagcgcaagaaagaaaagatgaaggagacagaggaggggtgtaaccagaaaggtgeg
ttecectecgtagagaagacatctaccgaagtceccaatgecaaaggcgggaatgtetgegtgcaagetcaggatecget
attacaattcctcatgcagcaagtgggcatgtgttccctgecagggtececgatec (tag or teg)
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mIL12-p40 amino acid sequence (SEQ ID NO: 33)
CPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEEDDITWT SDQRHGVIGSGKT
LTITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSGRETCSWLVQRNM
DLKFNIKSSSSSPDSRAVTCGMASLSAEKVTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQONKYEN
YSTSFFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYFSLKEEVRIQRKKEKMKETEEGCNQKGA
FLVEKTSTEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRS (S)

mCXCL9 nucleic acid sequence (SEQ ID NO: 34)
(atg)aagtccgetgttettttectettgggecatcatettectggagecagtgtggagttegaggaaccectagt
gataaggaatgcacgatgctecctgcatcagcaccagccgaggcacgateccactacaaateeccetcaaagaccte
aaacagtttgccccaagccccaattgcaacaaaactgaaatcattgctacactgaagaacggagatcaaacct
gcctagatcecggacteggcaaatgtgaagaagctgatgaaagaatgggaaaagaagatcagccaaaagaaaaa
gcaaaagagggggaaaaaacatcaaaagaacatgaaaaacagaaaacccaaaacaccccaaagtcegtegtegt
tcaaggaagactaca(taa)

mCXCL9 amino acid sequence (SEQ ID NO: 35)
(M) KSAVLFLLGIIFLEQCGVRGTLVIRNARCSCISTSRGTIHYKSLKDLKQFAPSPNCNKTELIATLKNGDQ
TCLDPDSANVKKLMKEWEKKI SQKKKQKRGKKHQKNMKNRKPKTPQSRRRSRKTT

Mouse anti-CTLA-4 9D9 variable light chain nucleic acid sequence (SEQ ID NO: 36)
gacattgtgatgacacagaccacactcagtctccecegtttcecttggtgatcaagecteccatatectgtaggt
ctagtcaatctatcgtccactccaacggcaatacctatctggaatggtatcttcaaaagececggacaatcace
aaagcttcttatctataaggtgagcaatagatttagecggggtcecectgaccgattetetggaagtggetetgge
acagactttaccttgaaaatctccagagttgaggctgaggaccttggtgtatactactgectteccaaggetcte
atgttccctacactttcggaggcggaacaaaactggagataaaacgagecgacgecagcececceactgtyg

Mouse anti-CTLA-4 9D9 variable light chain amino acid sequence (SEQ ID NO: 37)
DIVMTQTTLSLPVSLGDQASISCRSSOSIVHSNGNTYLEWYLOKPGQSPKLLIYKVSNRESGVPDRESGSGSG
TDEFTLKISRVEAEDLGVYYCEQGSHVPYTEFGGGTKLELIKRADAAPTV

Mouse anti-CTLA-4 9D9 variable heavy chain nucleic acid sequence (SEQ ID NO: 38)
gaggcaaagcttcaggaatctggtccagtgttggtgaaaccaggtgcatecegtgaaaatgtecctgcaaagcaa
gcggttacacttttactgactattatatgaactgggtaaagcaatcccacggcaaatcecctggaatggattgg
tgtcatcaacccttacaacggtgatacaagttacaaccaaaagttcaaaggtaaggctacattgaccgtagat
aagagtagcagtactgcatacatggaacttaactctcttacatcecgaggactececgetgtttactattgtgeac
gctactacgggagctggttecgecttactggggtcaaggcaccectgataacagtgteccacagccaaaaccacacce
tccectecgtetatectectegeteea

Mouse anti-CTLA-4 9D9 variable heavy chain amino acid sequence (SEQ ID NO: 39)
EAKLQESGPVLVKPGASVKMSCKASGYTETDYYMNWVKQSHGKSLEWIGVINPYNGDT SYNQKFKGKATLTVD
KSSSTAYMELNSLTSEDSAVYYCARYYGSWEAYWGQGTLITVSTAKTTPPSVYPLAP

Mouse anti-CTLA-4 9H10 variable light chain nucleic acid sequence (SEQ ID NO: 40)
gacattgtgatgacacagagtccttcatcecttgcagtcagtgtecggecgaaaaagtaacaatttcatgecaadgt
ctagtcaatctctgttgtacggctcctctcattacctecgecatggtatcaacaaaaagtgggtcaatctcceccaa
attgttgatatactgggcttcaactagacacactggaatccctgacaggttcattggtagecggatcagggact
gactttacactgtccctecagcagecgtacaagcagaagacatggecgactatttctgecaacaatactttagta
caccatggacctttggggctgggaccagagttgagataaaa

Mouse anti-CTLA-4 9H10 variable light chain amino acid sequence (SEQ ID NO: 41)
DIVMTQSPSSLAVSVGEKVTISCKSSOSLLYGSSHYLAWYQOKVGOSPKLLIYWASTRHTGIPDREIGSGSGT
DFTLSLSSVQAEDMADYFCQQYFSTPWTFGAGTRVEIK

Mouse anti-CTLA-4 9H10 variable heavy chain nucleic acid sequence (SEQ ID NO: 42)
caagtgcagctgcttcaatccgaatcagaactegtgaageccaggecgecttcagtgaaattgtettgtaagactt
caggatacactttcactgattactatatacactgggttaagcagaagcctggtcagggtettgaatggattgg
cctcatcaatcccaataacgatggcacaaactacaaccagaaatttcaaggaaaagccacacttaccgcagac
aaatccagttctaccgcatacatggaacttaatagtctcacttttgatgactcagtaatatatttctgtgeca
gggccagtagccgacttagaatggctaggactacctctgactactatgecatggactattggggacagggeat
tcaagtgaccgtgagetcet

Mouse anti-CTLA-4 9H10 variable heavy chain amino acid sequence (SEQ ID NO: 43)
QVQLLQSESELVKPGASVKLSCKTSGYTFTDYYIHWVKQKPGQGLEWIGLINPNNDGTNYNQKFQGKATLTAD
KSSSTAYMELNSLTFDDSVIYFCARASSRLRMARTTSDYYAMDYWGQGIQVTVSS

mlgG1 Fe domain nucleic acid sequence (SEQ ID NO: 44)

ggttgtaagccttgecatatgtacagtcccagaagtatcatectgtettecatetteccececcaaagecccaaggatyg
tgctcaccattactcectgactcecectaaggtcacgtgtgttgtggtagacatcagcaaggatgatececgaggtcecea
gttcagctggtttgtagatgatgtggaggtgcacacagctcagacgcaaccececgggaggagecagttcaacage
actttccgctcagtcagtgaacttccecatcatgcaccaggactggctcaatggcaaggagttcaaatgecaggg
tcaacagtgcagctttcectgecccecatcgagaaaacecatctceccaaaaccaaaggcagacegaaggetecaca

58



WO 2021/257943 PCT/US2021/038005

ggtgtacaccattccacctceccaaggagcagatggccaaggataaagtcagtctgacctgecatgataacagac
ttcttecctgaagacattactgtggagtggcagtggaatgggcagecagecggagaactacaagaacactecage
ccatcatggacacagatggctcttacttegtctacagcaagctcaatgtgcagaagagcaactgggaggcagyg
aaatactttcacctgctctgtgttacatgagggcctgcacaaccaccatactgagaagagcctctececactet
cctggtaaatga

mIgG1 Fe domain amino acid sequence (SEQ ID NO: 45)
GCKPCICTVPEVSSVFIFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNS
TFRSVSELPIMHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMITD
FFPEDITVEWQWNGQPAENYKNTQPIMDTDGSYEVYSKLNVQKSNWEAGNTFTCSVLHEGLHNHHTEKSLSHS
PGK

OKT3 Variable heavy chain nucleic acid sequence (SEQ ID NO: 46)
caggtgcagctgcagcaatctggggctgaactggcaagacctggggectcagtgaagatgtectgecaaggett
ctggctacacctttactaggtacacgatgcactgggtaaaacagaggcctggacagggtectggaatggattgg
atacattaatcctagccgtggttatactaattacaatcagaagttcaaggacaaggccacattgactacagac
aaatcctccagcacagcctacatgcaactgagcagectgacatctgaggactectgecagtectattactgtgeaa
gatattatgatgatcattactgccttgactactggggccaaggcaccacactcaccgtetectea

OKT3 Variable heavy chain amino acid sequence (SEQ ID NO: 47)
QVOLQQSGAELARPGASVKMSCKASGYTFTRY TMHWVKQRPGQGLEWIGYINPSRGYTNYNQKFKDKATLTTD
KSSSTAYMQLSSLTSEDSAVYYCARYYDDHYCLDYWGQGTTLTVSS

OKTS3 Variable light chain nucleic acid sequence (SEQ ID NO: 48)
Cagattgtgctcacccagtctccagecaatcatgtectgecatcteccaggggagaaggttaccatgacctgecagtyg
ccagctcaagtgtaagttacatgaactggtaccagcagaagtcaggcacctceccccaaaagatggatttatga
cacatccaaactggcttctggagtcececetgetcacttcaggggcagtgggtcectgggacctettacteteteaca
atcagcggcatggaggctgaagatgctgccacttattactgeccagecagtggagtagtaaccecattcacgtteg
gctcggggaccaagetggagatcaategt

OKTS3 Variable light chain nucleic acid sequence (SEQ ID NO: 49)
cagattgtgctcacccagtctceccagcaatcatgtctgecatctecaggggagaaggttaccatgacetgecadgtyg
ccagctcaagtgtaagttacatgaactggtatcagcagaagtcaggcacctceccecccaaaagatggatttatga
cacatccaaactggcttctggagtcecctgcectcacttcaggggecagtgggtctgggacctettactetecteaca
atcagcggcatggaggctgaagatgetgccacttattactgeccagecagtggagtagtaaccecattcacgtteg
gctcecggggaccaagctggagatcaategt

OKTS3 Variable light chain amino acid sequence (SEQ ID NO: 50)
QIVLTQSPAIMSASPGEKVTMTCSASSSVSYMNWYQQKSGTSPKRWIYDTSKLASGVPAHFRGSGSGTSYSLT
ISGMEAEDAATYYCQQWSSNPEFTFGSGTKLEINR

hIL12-p35 nucleic acid sequence (SEQ ID NO: 51)
tggccccectgggtcagecctececcagecacegecectcacctgeecgeggceccacaggtetgecateccageggetegee
ctgtgtccectgcagtgeccggectecagecatgtgtecagegegcagectectecttgtggetaceectggtectect
ggaccacctcagtttggccagaaaccteccececgtggccactceccagacccaggaatgttcececcatgectteaccac
tcccaaaacctgctgagggeccgtcagcaacatgecteccagaaggccagacaaactectagaattttacecettgea
cttctgaagagattgatcatgaagatatcacaaaagataaaaccagcacadgtggaggcctgtttaccattgga
attaaccaagaatgagagttgcctaaattccagagagacctctttcataactaatgggagttgectggectee
agaaagacctcttttatgatggccctgtgeccttagtagtatttatgaagacttgaagatgtaccaggtggagt
tcaagaccatgaatgcaaagcttctgatggatcctaagaggcagatctttctagatcaaaacatgectggeagt
tattgatgagctgatgcaggcectgaatttcaacagtgagactgtgccacaaaaatectececettgaagaaceg
gatttttataaaactaaaatcaagctctgcatacttcttcatgectttcagaattecgggcagtgactattgata
gagtgatgagctatctgaatgcttcece

hIL12-p35 nucleic acid sequence (SEQ ID NO: 52)

(atg) tggccececectgggtcagecteccagecacegecctecacectgecgeggecacaggtetgecateccagegge
tcgecectgtgtecctgecagtgecggetecagecatgtgtecagegegecagectectecttgtggetaceetggte
ctcectggaccacctcagtttggeccagaaaccteccecgtggccactccagaccecaggaatgtteccatgectte
accactcccaaaacctgctgagggeccecgtcagecaacatgectccagaaggecagacaaactectegaattttacee
ttgcacttctgaagagattgatcatgaagatatcacaaaagataaaaccagcacagtggaggectgtttacca
ttggaattaaccaagaatgagagttgcctaaattccagagagacctctttcataactaatgggagttgectgg
cctccagaaagacctecttttatgatggcccectgtgecttagtagtatttatgaagacttgaagatgtaccaggt
ggagttcaagaccatgaatgcaaagcttctgatggaccctaagaggcaaatcttectagatcaaaacatgetyg
gcagttattgatgagctgatgcaggeccctgaatttcaacagtgagactgtgccacaaaaatcectececttgaag
aaccggatttctacaagactaaaatcaagctctgcatacttcttecatgetttcagaatececgggcagtgactat
tgatagagtgatgagctatctgaatgcttce

hIL12-p35 amino acid sequence (SEQ ID NO: 53)
(M) WPPGSASQPPPSPAAATGLHPAARPVSLQCRLSMCPARSLLLVATLVLLDHLSLARNLPVATPDPGMEPC
LHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSEFITNGSC
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LASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDONMLAVIDELMQALNENSETVPQKSSL
EEPDEFYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS

hIL12-p40 nucleic acid sequence (SEQ ID NO: 54)
Tgtcaccagcagttggtcatctcttggttttecectggtttttetggecatectecectegtggecatatgggaac
tgaagaaagatgtttatgtcgtagaattggattggtatcecggatgcceccetggagaaatggtggtecteacctyg
tgacacccctgaagaagatggtatcacctggaccttggaccagagcagtgaggtecttaggectectggcaaaacce
ctgaccatccaagtcaaagagtttggagatgctggccagtacacctgtcacaaaggaggcgaggttetaagee
attcgctcectgectgecttcacaaaaaggaadgatggaatttggtceccactgatattttaaaggaccagaaadaacce
caaaaataagacctttctaagatgcgaggccaagaattattctggacgtttcacctgectggtggctgacgaca
atcagtactgatttgacattcagtgtcaaaagcagcagaggctecttctgaccecccaaggggtgacgtgeggag
ctgctacactctctgcagagagagtcagaggggacaacaaggagtatgagtactcagtggagtgccaggagga
cagtgcctgcccagectgectgaggagagtcectgececattgaggtcatggtggatgececgttcacaagectecaagtat
gaaaactacaccagcagcttcttcatcagggacatcatcaaacctgacccacccaagaacttgcagectgaage
cattaaagaattctcggcaggtggaggtcagctgggagtaccecctgacacctggagtactcecacattectactt
ctcecctgacattctgegttcaggtccagggcaagagcaagagagaaaagaaagatagagtcttcacggacaag
acctcagccacggtcatctgecgcaaaaatgecagecattagegtgegggeccaggaccgectactatageteat
cttggagcgaatgggcatctgtgccctgecagt (tag)

hIL12-p40 nucleic acid sequence (SEQ ID NO: 55)

tgtcaccagcagttggtcatctcttggttttecectggtttttetggecatectecececectegtggecatatgggaac
tgaagaaagatgtttatgtcgtagaattggattggtatccggatgeccectggagaaatggtggtcecctecacctyg
tgacacccctgaagaagatggtatcacctggaccttggaccagagcagtgaggtettaggetetggcaaaace
ctgaccatccaagtcaaagagtttggagatgctggccagtacacctgtcacaaaggaggcgaggttcectaagece
attcgctecctgectgettcacaaaaaggaagatggaatttggtceccactgatattttaaaggaccagaaagaacce
caaaaataagacctttctaagatgcgaggccaagaattattctggacgtttcacctgectggtggctgacgaca
atcagtactgatttgacattcagtgtcaaaagcagcagaggctecttcectgacceccaaggggtgacgtgeggag
ctgctacactctctgcagagagagtcagaggggacaacaaggagtatgagtactcagtggagtgccaggagga
cagtgcctgcecccagectgectgaggagagtctgeecattgaggtecatggtggatgecgttcacaagectecaagtat
gaaaactacaccagcagcttcttcatcagggacatcatcaaacctgacccacccaagaacttgcagetgaage
cattaaagaactctcggcaggtggaggtcagctgggagtaccectgacacctggagtactccacattectactt
ctcectgacattectgegttecaggtccagggcaagagcaagagagaaaagaaagatagagtcttcacggacaag
acctcagccacggtcatctgecegcaaaaatgeccagecattagegtgegggeccaggaccgectactatageteat
cttggagcgaatgggcatctgtgeccectgecagtteg

hIL-12p40 amino acid sequence (SEQ ID NO: 56)
CHOOLVISWESLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKT
LTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRETCWWLTT
ISTDLTESVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKY
ENYTSSFFIRDIIKPDPPKNLOLKPLKNSROQVEVSWEYPDTWSTPHSYFSLTEFCVQVQGKSKREKKDRVETDK
TSATVICRKNASISVRAQDRYYSSSWSEWASVPCS

Human CXCL9 (hCXCL9) nucleic acid sequence (SEQ ID NO: 57)
(atg)aagaaaagtggtgttcttttcctcecttgggecatcatettgetggttectgattggagtgcaaggaaccee
agtagtgagaaagggtcgctgttcctgcatcagecaccaaccaagggactatccacctacaateccttgaaagac
cttaaacaatttgccccaagcecttectgecgagaaaattgaaatcattgetacactgaagaatggagttcaaa
catgtctaaacccagattcagcagatgtgaaggaactgattaaaaagtgggagaaacaggtcagccaaaadaa
aaagcaaaagaatgggaaaaaacatcaaaaaaagaaagttctgaaagttcgaaaatctcaacgttctcecgtcaa
aagaagactacataa

Human CXCL9 (hCXCL9) amino acid sequence (SEQ ID NO: 58)

(M) KKSGVLFLLGIILLVLIGVQGTPVVRKGRCSCISTNQGTIHLOSLKDLKQFAPSPSCEKIEITIATLKNGV
QTCLNPDSADVKELIKKWEKQVSQKKKQOKNGKKHQOKKKVLKVRKSQRSROKKTT
Igx—HA-2C11VHC-Linker—C211VLC—Myc—PDGFR nucleic acid sequence (SEQ ID NO: 59)
Atggagacagacacactcctgctatgggtactgctgectetgggttecaggtteccactggtgactatececatatyg
atgttccagattatgctggggeccagececggccagatctgaggtgecagetggtggagtectgggggaggettggte
gcagcctggaaagtceccctgaaactctcecctgtgaggectetggattcaccttcageggectatggecatgecactgg
gtccgeccaggcectccagggagggggctggagteggtegecatacattactagtagtagtattaatatcaaatatg
ctgacgctgtgaaaggccggttcaccgtcecteccagagacaatgccaadgaacttactgtttetacaaatgaacat
tctcaagtctgaggacacagccatgtactactgtgcaagattcgactgggacaaaaattactggggccaagga
accatggtcaccgtetcecctecaggtggecggtggeteecggeggtggtgggtegggtggecggeggatctgacatee
agatgacccagtctccatcatcactgecctgectecectgggagacagagtcactatcaattgtecaggecagtea
ggacattagcaattatttaaactggtaccagcagaaaccagggaaagctcctaagetcctgatctattataca
aataaattggcagatggagtcccatcaaggttcagtggcagtggttctgggagagattecttetttecactatea
gcagcctggaatccgaagatattggatcttattactgtcaacagtattataactatecgtggacgtteggace
tggcaccaagctggaaatcaaagtcgacgaacaaaaactcatctcagaagaggatectgtacactgtgggecag

60



WO 2021/257943 PCT/US2021/038005

gacacgcaggaggtcatcgtggtgccacactecttgeccectttaaggtggtggtgatctcagecatectggece
tggtggtgctcaccatcatctececttatcatectcatcatgetttggecagaagaagecacgt (tag

Igk-HA-2C11VHC-Linker—C211VLC~Myc-PDGFR amino acid sequence (SEQ ID NO: 60)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSEVQLVESGGGLVQPGKSLKLSCEASGETEFSGYGMHW
VROAPGRGLESVAYITSSSINIKYADAVKGRETVSRDNAKNLLELOMNILKSEDTAMYYCAREDWDKNYWGQG
TMVTVSSGGGGSGGGGSGGGGSDIQOMTQOSPSSLPASLGDRVTINCOQASQDISNYLNWYQQKPGKAPKLLIYYT
NKLADGVPSRESGSGSGRDSSETISSLESEDIGSYYCQOYYNYPWTFGPGTKLEIKVDEQKLISEEDLYTVGQ
DTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR

IgK-HA-2C11VHC-Linker-2C11VLC-Linker-PDGFR nucleic acid sequence (SEQ ID NO: 61)
Atggagacagacacactcctgctatgggtactgetgetectgggttccaggttccactggtgactatceceatatyg
atgttccagattatgctggggcccageccggeccagatctgaggtgecagectggtggagtectgggggaggettggt
gcagcctggaaagtcecctgaaactcectectgtgaggectetggattecacecttcageggectatggecatgecactgg
gtccgcecaggcteccagggagggggctggagteggtegeatacattactagtagtagtattaatatcaaatatyg
ctgacgctgtgaaaggccggttcaccgtctccagagacaatgeccaagaacttactgtttectacaaatgaacat
tctcaagtctgaggacacagceccatgtactactgtgcaagattcgactgggacaaaaattactggggccaagga
accatggtcaccgtctcecctecaggtggeggtggeteceggeggtggtgggtegggtggeggeggatectgacatee
agatgacccagtctccatcatcactgecctgectcectgggagacagagtcactatcaattgtcaggececagtea
ggacattagcaattatttaaactggtatcagcagaaaccagggaaagctcecctaagetcctgatctattataca
aataaattggcagatggagtceccatcaaggttcagtggcagtggttectgggagagattecttetttecactatcea
gcagcctggaatccgaagatattggatcttattactgtcaacagtattataactatcecgtggacgtteggace
tggcaccaagctggaaatcaaaggcagtgggadgtgggagtgggagtgggaatgectgtgggccaggacacgcag
gaggtcatcgtggtgccacactcecttgecctttaaggtggtggtgatctcageccatectggecctggtggtge
tcaccatcatctceccecttatcatectecatcatgetttggecagaagaagecacgt (TAG)

IgK-HA-2C11VHC-Linker-2C11VLC-Linker—-PDGFR amino acid sequence (SEQ ID NO: 62)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSEVQLVESGGGLVQPGKSLKLSCEASGETEFSGYGMHW
VRQAPGRGLESVAYITSSSINIKYADAVKGRFTVSRDNAKNLLFLQOMNILKSEDTAMYYCARFDWDKNYWGQG
TMVTVS SGGGGSGGGGSGGGGSDIOMTQSPSSLPASLGDRVTINCOASQDI SNYLNWYQQKPGKAPKLLIYYT
NKLADGVPSRESGSGSGRDSSETISSLESEDIGSYYCQOYYNYPWTFGPGTKLEIKGSGSGSGSGNAVGODTQ
EVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR

Igk—-HA-2C11VHC-Linker-2C11VLC-Linker-PDGFR-P2A-mIL12-p35-P2A-mIL12-p40 nucleic
acid sequence (SEQ ID NO: 63)
Atggagacagacacactcctgctatgggtactgetgectectgggttccaggttccactggtgactateceatatyg
atgttccagattatgctggggcccageccggeccagatctgaggtgecagetggtggagtctgggggaggettggt
gcagcctggaaagtcecectgaaactectecctgtgaggectetggattcacecttcageggectatggecatgecactgg
gtccgcecaggcectceccagggagggggctggagteggtegeatacattactagtagtagtattaatatcaaatatyg
ctgacgctgtgaaaggccggttcaccgtctccagagacaatgeccaagaacttactgtttectacaaatgaacat
tctcaagtctgaggacacagccatgtactactgtgcaagattcgactgggacaaaaattactggggccaagga
accatggtcaccgtectcecctecaggtggecggtggectecggeggtggtgggtecgggtggeggeggatectgacatee
agatgacccagtctceccatcatcactgecctgecctcectgggagacagagtcactatcaattgtecaggececagtea
ggacattagcaattatttaaactggtatcagcagaaaccagggaaagctcecctaagetcctgatctattataca
aataaattggcagatggagtcccatcaaggttcagtggcagtggttctgggagagattcttectttcactatea
gcagcctggaatccgaagatattggatcttattactgtcaacagtattataactatccgtggacgtteggace
tggcaccaagctggaaatcaaaggcagtgggagtgggaatgctgtgggecaggacacgcaggaggtecategtyg
gtgccacactccttgecctttaaggtggtggtgatcectcagecatecctggecectggtggtgetecaccatecatet
cccttatcatcctecatcatgetttggcagaagaagccacgtggatctggggccaccaacttttecattgecteaa
gcaggcgggcgatgtggaggaaaaccctggcececeggtacegtecagegtteccaacagectecacecteggeatee
agcagctcctectcagtgeecggtccagecatgtgtcaatcacgetacctectetttttggecacecttgeecctee
taaaccacctcagtttggccagggtcattccagtectctggacctgecaggtgtecttagecagtceccgaaacct
gctgaagaccacagatdgacatggtgaagacggccagagaaaaactgaaacattattectgecactgetgaagac
atcgatcatgaagacatcacacgggaccaaaccagcacattgaagacctgtttaccactggaactacacaaga
acgagagttgcctggctactagagagacttcttccacaacaagagggagctgecctgeccecccacagaagacgte
tttgatgatgaccctgtgececttggtagecatctatgaggacttgaagatgtaccagacagagttccaggececate
aacgcagcacttcagaatcacaaccatcagcagatcattcttgacaagggcatgectggtggecatecgatgage
tgatgcagtctctgaatcataatggcgagactctgecgeccagaaacctecectgtgggagaagcagacccttacag
agtgaaaatgaagctctgcatectgettcacgecttcagecaceecgegtegtgaccatcaacagggtgatggge
tatctgagctccgececgecggecgcaggatctggggceccaccaacttttecattgectcaagcaggegggegatgtgg
aggaaaaccctggccecccggatcecctgtcctcagaagectaaccatectectggtttgecategttttgetggtgte
tccactcatggccatgtgggagctggagaaagacgtttatgttgtagaggtggactggactececgatgecect
ggagaaacagtgaacctcacctgtgacacgcctgaagaagatgacatcacctggacctcagaccagagacatyg
gagtcataggctctggaaagaccctgaccatcactgtcaaagagtttecttgatgetggeccagtacacectgeca
caaaggaggcgagactctgagccactcacatctgectgectceccacaagaaggaaaatggaatttggtececactgaa
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attttaaagaatttcaagaacaagactttcctgaagtgtgaagcaccaaattactecggacggttcacgtget
catggctggtgcaaagaaacatggacttgaagttcaacatcaagagcagtagcagtteccectgacteteggge
agtgacatgtggaatggcgtctctgtctgcagagaaggtcacactggaccaaagggactatgagaagtattca
gtgtcctgccaggaggatgtcacctgecccaactgecgaggagacectgeccattgaactggegttggaagecac
ggcagcagaataaatatgagaactacagcaccagcttcttcatcagggacatcatcaaaccagacccgeccaa
gaacttgcagatgaagcctttgaagaactcacaggtggaggtcagectgggagtaccectgactectggagecact
ccccattcctacttcecteccecctcaagttectttgttegaatccagegcaagaaagaaaagatgaaggagacagagg
aggggtgtaaccagaaaggtgcgttectegtagagaagacatctaccgaagtccaatgcaaaggecgggaatgt
ctgcgtgcaagctcaggatcgctattacaattectecatgcagcaagtgggcatgtgttecectgecagggtecga
tcctag

Igk—-HA-2C11VHC-Linker—2C11VLC-Linker-PDGFR-P2A-mIL12-p35-P2A-mIL12-p40 amino
acid sequence (SEQ ID NO: 64)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSEVQLVESGGGLVQPGKSLKLSCEASGFTFSGYGMHW
VROAPGRGLESVAYITSSSINIKYADAVKGRETVSRDNAKNLLELOMNILKSEDTAMYYCAREFDWDKNYWGOG
TMVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLPASLGDRVTINCOASODISNYLNWYQOKPGKAPKLLIYYT
NKLADGVPSREFSGSGSGRDSSFTISSLESEDIGSYYCQOQYYNYPWTFGPGTKLEIKGSGSGNAVGQDTQEVIV
VPHSLPFKVVVISAILALVVLTIISLIILIMLWOKKPRGSGATNESLLKQAGDVEENPGPGTVSVPTASPSAS
SSSSQCRSSMCOSRYLLFLATLALLNHLSLARVIPVSGPARCLSOSRNLLKTTDDMVKTAREKLKHYSCTAED
IDHEDITRDQOTSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQATL
NAALONHNHQOOITLDKGMLVAIDELMOSLNHNGETLROKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMG
YLSSAAAAGSGATNESLLKQAGDVEENPGPGSCPOQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAP
GETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLT ITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTE
ILKNEKNKTEFLKCEAPNYSGRETCSWLVQRNMDLKENIKSSSSSPDSRAVTCGMASLSAEKVTLDORDYEKY S
VSCQEDVTCPTAEETLPIELALEARQONKYENYSTSEFEIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSWST
PHSYFSLKFEFVRIQRKKEKMKETEEGCNQKGAFLVEKT STEVQCKGGNVCVQAQDRYYNS SCSKWACVPCRVR
S

Igk—2C11VHC-Linker-2C11VLC-Linker-PDGFR-P2A-mIL12-p35-P2A-mIL12-p40 nucleic acid
sequence (SEQ ID NO: 65)
atggagacagacacactcctgctatgggtactgctgectetgggtteccaggttceccactggtgacggggeccagce
cggccagatctgaggtgcagetggtggagtectgggggaggecttggtgcagectggaaagtececctgaaactete
ctgtgaggcctctggattcacecttcageggectatggecatgcactgggtecegeccaggetccagggagggggcetyg
gagtcggtcgcatacattactagtagtagtattaatatcaaatatgctgacgectgtgaaaggeccggttecacecg
tctccagagacaatgccaagaacttactgtttctacaaatgaacattctcaagtectgaggacacageccatgta
ctactgtgcaagattcgactgggacaaaaattactggggccaaggaaccatggtcaccgtctectecaggtgge
ggtggctcecggeggtggtgggtegggtggecggeggatctgacateccagatgacccagtectecatcatecactge
ctgcctcecectgggagacagagtcactatcaattgtcaggeccagtcaggacattagcaattatttaaactggta
tcagcagaaaccagggaaagctcctaagctcecectgatctattatacaaataaattggcagatggagtceccatcea
aggttcagtggcagtggttctgggagagattettctttcactatcagcagectggaatcecgaagatattggat
cttattactgtcaacagtattataactatcecgtggacgttcecggacctggcaccaagctggaaatcaaaggcag
tgggagtgggaatgctgtgggccaggacacgcaggaggtcatecgtggtgeccacacteccttgeecctttaaggtyg
gtggtgatctcageccatcctggecctggtggtgetcaccatecatectcecttatecatceteatecatgetttygge
agaagaagccacdgtggatctggggccaccaacttttcattgctcaagcaggecgggcgatgtggaggaaaacece
tggcccecggtaccgtcagegttccaacagectcacccteggecateccagecageteectectcagtgeecggtecage
atgtgtcaatcacgctacctecctectttttggecaccecttgecctectaaaccacctcagtttggeccagggtea
ttccagtctectggacctgeccagdgtgtettagecagtececgaaacctgectgaagaccacagatgacatggtgaa
gacggccagagaaaaactgaaacattattcctgcactgectgaagacatcgatcatgaagacatcacacgggac
caaaccagcacattgaagacctgtttaccactggaactacacaagaacgagagttgectggctactagagaga
cttcttccacaacaagagggagctgcetgeccececcacagaagacgtectttgatgatgaccetgtgecttggtag
catctatgaggacttgaagatgtaccagacagagttccaggccatcaacgcagcacttcagaatcacaaccat
cagcagatcattcttgacaagggcatgectggtggccategatgagetgatgcagtetectgaatcataatggeg
agactctgcgccagaaaccteectgtgggagaagcagaccecttacagagtgaaaatgaagetectgecateetget
tcacgccttecagcaccecgegtegtgaccatcaacagggtgatgggetatectgagetcecgecgeggecgecagga
tctggggccaccaacttttecattgetcaagecaggecgggegatgtggaggaaaacceetggeceecggateectgte
ctcagaagctaaccatctecctggtttgececategttttgetggtgtetecactcatggecatgtgggagetgga
gaaagacgtttatgttgtagaggtggactggactcccgatgeccectggagaaacagtgaacctcacctgtgac
acgcctgaagaagatgacatcacctggacctcagaccagagacatggagtcataggctcectggaaagacectga
ccatcactgtcaaagagtttecttgatgctggeccagtacacctgeccacaaaggaggecgagactctgagececacte
acatctgctgctccacaagaaggaaaatggaatttggtccactgaaattttaaagaatttcaagaacaagact
ttcctgaagtgtgaagcaccaaattactecggacggttcacgtgetcatggectggtgcaaagaaacatggact
tgaagttcaacatcaadgagcagtagcagttcececectgactetecgggcagtgacatgtggaatggegtetetgte
tgcagagaaggtcacactggaccaaagggactatgagaagtattcagtgtcctgecaggaggatgtcacctge
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ccaactgccgaggagaccctgeccattgaactggecgttggaagcacggcagcagaataaatatgagaactaca
gcaccagcttcttcatcagggacatcatcaaaccagaceccgeccaagaacttgcagatgaagectttgaagaa
ctcacaggtggaggtcagctgggagtaccctgactcctggagecactceccecattectacttecteecctecaagtte
tttgttcgaatccagcgcaagaaagaaaagatgaaggagacagaggaggggtgtaaccagaaaggtgegttee
tcgtagagaagacatctaccgaagteccaatgecaaaggecgggaatgtctgegtgcaagectcaggategetatta
caattcctcatgcagcaagtgggcatgtgttcectgecagggtececgatectag

Igk—2C11VHC-Linker-2C11VLC-Linker-PDGFR-P2A-mIL12-p35-P2A-mIL12-p40 amino acid
sequence (SEQ ID NO: 66)
METDTLLLWVLLLWVPGSTGDGAQPARSEVOLVESGGGLVOQPGKSLKLSCEASGETESGYGMHWVRQAPGRGL
ESVAYITSSSINIKYADAVKGRETVSRDNAKNLLFLOMNILKSEDTAMYYCARFDWDKNYWGQGTMVTVSSGG
GGSGGGGSGGGGSDIOMTOSPSSLPASLGDRVTINCOASODISNYLNWYQOKPGKAPKLLIYYTNKLADGVPS
REFSGSGSGRDSSETISSLESEDIGSYYCQOYYNYPWTEGPGTKLEIKGSGSGNAVGODTQEVIVVPHSLPEKV
VVISAILALVVLTIISLIILIMLWQKKPRGSGATNFSLLKQAGDVEENPGPGTVSVPTASPSASSSSSQCRSS
MCOSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRD
QTSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPOKTSLMMTLCLGSIYEDLKMYQTEFQATINAALONHNH
QQIILDKGMLVAIDELMQOSLNHNGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLS SAAAAG
SGATNESLLKOAGDVEENPGPGSCPOKLTISWEFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCD
TPEEDDITWTSDQRHGVIGSGKTLTITVKEFLDAGOYTCHKGGETLSHSHLLLHKKENGIWSTEILKNEKNKT
FLKCEAPNYSGREFTCSWLVQRNMDLKEFNIKSSSSSPDSRAVICGMASLSAEKVTLDORDYEKYSVSCQEDVTC
PTAEETLPIELALEARQONKYENYSTSEFEFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYESLKE
FVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRS

mIL12-p35-P2A-mIL12-p40-P2A-mCXCL9 nucleic acid sequence (SEQ ID NO:67)
atggtcagcgttccaacagcctcacccteggecateccagecageteectctecagtgeecggtecageatgtgtecaat
cacgctacctcctetttttggeccaccecttgecetectaaaccacctecagtttggecagggtecattecagtete
tggacctgccaggtgtecttagecagtceccgaaacctgetgaagaccacagatgacatggtgaagacggecaga
gaaaaactgaaacattattcctgcactgctgaagacatcgatcatgaagacatcacacgggaccaaaccagca
cattgaagacctgtttaccactggaactacacaagaacgagagttgecctggctactagagagacttettccac
aacaagagggagctgcctgcceccacagaagacgtectttgatgatgacectgtgecttggtagcatectatgag
gacttgaagatgtaccagacagagttccaggccatcaacgcagcacttcagaatcacaaccatcagcagatca
ttctTgacaagggcatgctggtggecategatgagetgatgecagtetectgaatcataatggegagactetgeg
ccagaaacctcctgtgggagaagcagacccttacagagtgaaaatgaagectctgecatectgettcacgectte
agcacccgcgtecgtgaccatcaacagggtgatgggectatcectgagetcecgecGCGGCCGCAggatectggggeca
ccaacttttcattgctcaagcaggcgggcgatgtggaggaaaaccctggecceGGATCCtgtectecagaaget
aaccatctcctggtttgeccatecgttttgetggtgtecteccactecatggeccatgtgggagetggagaaagacgtt
tatgttgtagaggtggactggactcccgatgeccectggagaaacagtgaacctcacctgtgacacgecectgaag
aagatgacatcacctggacctcagaccagagacatggagtcataggctectggaaagaccctgaccatcactgt
caaagagtttcttgatgctggccagtacacctgeccacaaaggaggcgagactctgagecactcacatectgetyg
ctccacaagaaggaaaatggaatttggtccactgaaattttaaaGaatttcaaGaacaagactttectgaagt
gtgaagcaccaaattactccggacggttcacgtgctcatggctggtgcaaagaaacatggacttgaagttcaa
catcaagagcagtagcagttcececctgactctecgggecagtgacatgtggaatggegtectectgtetgecagagaag
gtcacactggaccaaagggactatgagaagtattcagtgtcctgeccaggaggatgtcacectgeccaactgecg
aggagaccctgcccattgaactggecgttggaagcacggcagcagaataaatatgagaactacagcaccagcett
cttcatcagggacatcatcaaaccagacccgcccaagaacttgcagatgaagectttgaagaactcacaggtyg
gaggtcagctgggagtaccctgactcctggagecactcccecattectacttetececctcaagttetttgttegaa
tccagcgcaagaaadgaaaagatdgaaggagacagaggaggggtgtaaccagaaaggtgecgttectegtagagaa
gacatctaccgaagtccaatgcaaaggcgggaatgtctgegtgcaagectcaggategetattacaattectea
tgcagcaagtgggecatgtgttcectgecagggtecgatcctCgTCTAGAggatectggggecaccaactttteat
tgctecaagcaggcgggcgatgtggaggaaaaccectggecccaagtecgetgttettttectettgggecateat
cttecectggagcagtgtggagttcgaggaaccctagtgataaggaatgcacgatgectectgecatcageaccage
cgaggcacgatccactacaaatccctcaaagacctcaaacagtttgecccaageccecaattgcaacaaaactyg
aaatcattgctacactgaagaacgdgagatcaaacctgectagatcecggactecggcaaatgtgaagaagetgat
gaaagaatgggaaaagaagatcagccaaaagaaaaagcaaaagagggggaaaaaacatcaaaagaacatgaaa
aacagaaaacccaaaacaccccaaagtcgtegtegttcaaggaagactacataa

mIL12-p35—-P2A-mIL12-p40-P2A-mCXCL9 amino acid sequence (SEQ ID NO: 68)

MVSVPTASPSASSSSSQCRSSMCOSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKTTDDMVKTAR
EKLKHYSCTAEDIDHEDITRDQTSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYE
DLKMYQTEFQAINAALONHNHOQOIILDKGMLVAIDELMOSLNHNGETLROKPPVGEADPYRVKMKLCILLHAF
STRVVTINRVMGYLSSAAAAGSGATNESLLKOAGDVEENPGPGSCPOQKLTISWFAIVLLVSPLMAMWELEKDV
YVVEVDWTPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLT ITVKEFLDAGQYTCHKGGETLSHSHLL
LHKKENGIWSTEILKNEFKNKTFLKCEAPNYSGRETCSWLVQORNMDLKENIKSSSSSPDSRAVICGMASLSAEK
VTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQONKYENYSTSFEFIRDIIKPDPPKNLOMKPLKNSQV

63



WO 2021/257943 PCT/US2021/038005

EVSWEYPDSWSTPHSYFSLKEFEVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYNS S
CSKWACVPCRVRSSSRGSGATNEFSLLKQAGDVEENPGPKSAVLELLGITIFLEQCGVRGTLVIRNARCSCISTS
RGTIHYKSLKDLKQFAPSPNCNKTEIIATLKNGDQTCLDPDSANVKKLMKEWEKKI SQKKKQKRGKKHQKNMK
NRKPKTPQSRRRSRKTT

Igk—HA-9D9 VLC-Linker—-9D9 VHC-Linker—-mIgG1 Fc domain (anti-CTLA-4 scFv) nucleic acid
sequence (SEQ ID NO: 69)
atggagacagacacactcctgctatgggtactgctgectetgggttecaggtteccactggtgactatececatatyg
atgttccagattatgctggggcccageccggeccagatctgacattgtgatgacacagaccacactcagtectecee
cgtttcceccttggtgatcaageccecteccatatecctgtaggtectagtecaatectatecgtccactecaacggecaatace
tatctggaatggtatcttcaaaagceccggacaatcaccaaagcttettatctataaggtgagcaatagattta
gcggggtceccectgacecgattectetggaagtggetectggecacagactttacecttgaaaatcteccagagttgagge
tgaggaccttggtgtatactactgcttccaaggctctcatgttcectacacttteggaggecggaacaaaactyg
gagataaaacgagccgacdgcagccceccactgtgagtggetctggagggggetetggeggtggatetgggggtyg
gaagtgaggcaaagcttcaggaatctggtccagtgttggtgaaaccaggtgcatecegtgaaaatgteccectgeaa
agcaagcggttacacttttactgactattatatgaactgggtaaagcaatcccacggcaaatccctggaatgg
attggtgtcatcaacccttacaacggtgatacaagttacaaccaaaagttcaaaggtaaggctacattgaceg
tagataagagtagcagtactgcatacatggaacttaactctcttacatccgaggactcecgetgtttactattyg
tgcacgctactacgggagctggttecgecttactggggtcaaggcaccctgataacagtgtccacageccaaaacce
acacctccctececgtetatecectetegetecagtecgactetagtggateceggtggttgtaagecttgecatatgta
cagtcccagaagtatcatctgtcttcatcttcecceccaaageccaaggatgtgectcaccattactetgactee
taaggtcacgtgtgttgtggtagacatcagcaaggatgatcccgaggteccagttecagectggtttgtagatgat
gtggaggtgcacacagctcagacgcaaccceccgggaggagcagttcaacagecactttecgetecagtecagtgaac
ttccecatcatgcaccaggactggctcaatggcaaggagttcaaatgcagggtcaacagtgecagectttecectge
ccccatcgagaaaaccatctccaaaaccaaaggcagaccgaaggctceccacaggtgtacaccattcecacctece
aaggagcagatggccaagdataaagtcagtctgacctgcatgataacagacttcecttecctgaagacattactyg
tggagtggcagtggaatgggcagccagcggagaactacaagaacactcageccatcatggacacagatggcete
ttacttcgtctacagcaagctcaatgtgcagaagagcaactgggaggcaggaaatactttcacctgetetgtyg
ttacatgagggcctgcacaaccaccatactgagaagagcecctctececcactetecctggtaaatga

Igk—HA-9D9 VLC-Linker-9D9 VHC-Linker-mIgG1 Fc domain (anti-CTLA-4 scFv) amino acid
sequence (SEQ ID NO: 70)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSDIVMTQOTTLSLPVSLGDCASISCRSSQSIVHSNGNT
YLEWYLOKPGOSPKLLIYKVSNRESGVPDREFSGSGSGTDEFTLKISRVEAEDLGVYYCFQGSHVPYTEGGGTKL
EIKRADAAPTVSGSGGGSGGGSGGGSEAKLOESGPVLVKPGASVKMSCKASGYTFTDY YMNWVKQSHGKSLEW
IGVINPYNGDTSYNQKEKGKATLTVDKSSSTAYMELNSLTSEDSAVYYCARYYGSWEAYWGQGTLITVSTAKT
TPPSVYPLAPVDSSGSGGCKPCICTVPEVSSVEIFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQESWEVDD
VEVHTAQTQPREEQFNSTFRSVSELPIMHODWLNGKEFKCRVNSAAFPAPIEKTI SKTKGRPKAPQVYTIPPP
KEQMAKDKVSLTCMITDFEPEDITVEWOWNGOPAENYKNTQPIMDTDGSYEVYSKLNVOKSNWEAGNTETCSV
LHEGLHNHHTEKSLSHSPGK

Igk—HA-9H10 VLC-Linker-9H10 VHC-Linker—-mIgG1 Fc domain (anti-CTLA-4 scFv) nucleic acid
sequence (SEQ ID NO: 71)
atggagacagacacactcctgectatgggtactgetgetectgggttccaggttccactggtgactateceatatyg
atgttccagattatgctggggcccageccggeccagatctgacattgtgatgacacagagtecttcateecttge
agtcagtgtcggcgaaaaagtaacaatttcatgcaagtctagtcaatctectgttgtacggectectecteattac
ctcgcatggtatcaacaaaaagtgggtcaatctcccaaattgttgatatactgggettcaactagacacactg
gaatccctgacaggttcattggtageggatcagggactgactttacactgteccctecagcagegtacaagecaga
agacatggccgactatttctgccaacaatactttagtacaccatggacctttggggctgggaccagagttgag
ataaaaagtggctctggagggggctcectggeggtggatetgggggtggaagtcaagtgcagetgettecaateeg
aatcagaactcgtgaagccaggcgcttcagtgaaattgtcttgtaagacttcaggatacactttcactgatta
ctatatacactgggttaagcagaagcctggtcagggtcttgaatggattggcctcatcaatecccaataacgat
ggcacaaactacaaccagaaatttcaaggaaaagccacacttaccgcagacaaatccagttctacecgecataca
tggaacttaatagtctcacttttgatgactcagtaatatatttctgtgeccagggeccagtagecgacttagaat
ggctaggactacctectgactactatgccatggactattggggacagggcattcaagtgaccgtgagetetgte
gactctagtggatcecggtggttgtaagecttgecatatgtacagtecccagaagtatcatectgtetteatettee
ccccaaagcccaaggatgtgctcaccattactetgactecctaaggtcacgtgtgttgtggtagacatcageaa
ggatgatcccgaggteccagttecagetggtttgtagatgatgtggaggtgcacacagctcagacgcaaceecygyg
gaggagcagttcaacagcactttccgectcagtcagtgaacttcececcatcatgecaccaggactggctcaatggea
aggagttcaaatgcagggtcaacagtgcagctttcecctgececccatcgagaaaaccatctccaaaaccaaagg
cagaccdaaggctccacaggtgtacaccattcecacctecccaaggagcagatggccaaggataaagtecagtetyg
acctgcatgataacagacttcttcecectgaagacattactgtggagtggcagtggaatgggcagccageggadga
actacaagaacactcagcccatcatggacacagatggctcttacttcgtctacagecaagectcaatgtgecagaa

64



WO 2021/257943 PCT/US2021/038005

gagcaactgggaggcaggaaatactttcacctgctctgtgttacatgagggcctgecacaaccaccatactgag
aagagcctctcccactctectggtaaatga

Igk—HA-9H10 VLC-Linker-9H10 VHC-Linker-mIgG1 Fc domain (anti-CTLA-4 scFv) amino acid
sequence (SEQ ID NO: 72)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSDIVMTQSPSSLAVSVGEKVTISCKSSQSLLYGSSHY
LAWYQQKVGQSPKLLIYWASTRHTGIPDRFIGSGSGTDFTLSLS SVQAEDMADYFCQQYFSTPWTFGAGTRVE
IKSGSGGGSGGGSGGGSQVQLLQSESELVKPGASVKLSCKTSGYTFTDYY IHWVKQKPGQGLEWI GLINPNND
GTNYNQKFQGKATLTADKSSSTAYMELNSLTEFDDSVIYFCARASSRLRMARTTSDYYAMDYWGQGIQVTVSSY
DSSGSGGCKPCICTVPEVSSVEFIFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPR
EEQFNSTFRSVSELPIMHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSL
TCMITDFFPEDITVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVOKSNWEAGNTFTCSVLHEGLHNHHATE
KSLSHSPGK

Igk—HA-OKT3 VHC-Linker—-OKT3 VLC-Myc-PDGFR nucleic acid sequence (SEQ ID NO: 73)
atggagacagacacactcctgctatgggtactgctgctectgggtteccaggttccactggtgactatececatatyg
atgttccagattatgctggggceccageceggceccagatectcaggtgecagetgCAGCAATtctggggetgaactgge
aagacctggggcctcagtgaagatgtcectgcaaggcttectggetacacectttactaggtacacgatgecactygg
gtaaaacagaggcctggacagggtctggaatggattggatacattaatecctagecegtggttatactaattaca
atcagaagttcaaggacaaggccacattgactacagacaaatcctccagcacagectacatgcaactgageag
cctgacatctgaggactctgcagtctattactgtgcaAgatattatgatgatcattactgececttgactactgg
ggccaaggcaccACACTCacecgtctectecaggtggeggtggecteceggeggtggtgggtegggtggeggeggat
ctCAGattgtgCTCacccagtctccagcaatcatgtectgcatecteccaggggagaaggttaccatgacctgeag
tgccagctcaagtgtaagttacatgaactggtaccagcagaagtcaggcacctcececcaaaagatggatttat
gacacatccaaactggcttctggagtcecectgetcacttecaggggecagtgggtctgggacctettactetetea
caatcagcggcatggaggctgaagatgctgccacttattactgecagcagtggagtagtaacccattcacgtt
cggctcggggaccaagctggagatcaalcgtgtcgacgaacaaaaactcatctcagaagaggatctgaatget
gtgggccaggacacgcagdaggtcatcgtggtgccacactceccttgecctttaaggtggtggtgatctecageca
tcectggeccctggtggtgetcaccatcatctecocttatcatectecatcatgetttggecagaagaagecacgt (t
ag)

Igx—HA-OKT3 VHC-Linker—-OKT3 VLC-Myc—PDGFR amino acid sequence (SEQ ID NO: 74)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSQVQOLQQSGAELARPGASVKMS CKASGYTFTRYTMHW
VKQRPGQGLEWIGYINPSRGYTNYNQKFKDKATLTTDKSS STAYMQLSSLTSEDSAVYYCARYYDDHYCLDYW
GQGTTLTVSSGGGGSGGGGSGGGGSQIVLTQSPAIMSASPGEKVTMTCSASS SVSYMNWYQQKSGTS PKRWIY
DTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAATYYCQQWSSNPFTFGSGTKLEINRVDEQKLISEEDLNA
VGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR

Igk—HA-OKT3 VHC-Linker—-OKT3 VLC-Linker-PDGFR nucleic acid sequence (SEQ ID NO: 75)
atggagacagacacactcctgctatgggtactgctgectectgggtteccaggttccactggtgactatececatatyg
atgttccagattatgectggggecccageccggceccagatctecaggtgecagetgCAGCAAtctggggectgaactgge
aagacctggggcctcagtgaagatgtcctgecaaggecttectggectacacctttactaggtacacgatgecactgg
gtaaaacagaggcctggacagggtctggaatggattggatacattaatcctagecegtggttatactaattaca
atcagaagttcaaggacaaggccacattgactacagacaaatcctccagecacagectacatgcaactgagcag
cctgacatctgaggactctgcagtctattactgtgcaAgatattatgatgatcattactgeccttgactactgg
ggccaaggcaccACACTCaccgtctectecaggtggeggtggecteceggeggtggtgggtegggtggeggeggat
ctCAGattgtgCTCacccagtctccagcaatcatgtectgcatectccaggggagaaggttaccatgacctgeag
tgccagctcaagtgtaagttacatgaactggtaTcagcagaagtcaggcacctcececccaaaagatggatttat
gacacatccaaactggcttctggagtcecectgetcacttcaggggecagtgggtctgggacctettactetetea
caatcagcggcatggaggctgaagatgctgeccacttattactgecagcagtggagtagtaacccattecacgtt
cggctcecggggaccaagctggagatcaalTcgtGGCAGCGTGGgAGTGGgAGTGGgAGTGGgaatgetgtgggeccag
gacacgcaggaggtcatcgtggtgccacactecttgeccectttaaggtggtggtgatctcagecatectggece
tggtggtgctcaccatcatctcececcttatcatectcatcatgetttggecagaagaagecacgt (tag)

Igx—HA-OKT3 VHC-Linker—-OKT3 VLC-Linker—-PDGFR amino acid sequence (SEQ ID NO: 76)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSQVQLQOQSGAELARPGASVKMS CKASGY TFTRYTMHW
VKORPGQGLEWIGYINPSRGYTNYNQKEKDKATLTTDKSSSTAYMOLSSLTSEDSAVYYCARYYDDHYCLDYW
GOGTTLTVSSGGGGSGGGGSGGGGSQIVLTOSPATIMSASPGEKVTMTCSASSSVSYMNWYQQKSGTSPKRWIY
DTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAATYYCQQWSSNPFTFGSGTKLEINRGSGSGSGSGNAVGQ
DTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR

Igk—HA-OKT3 VHC-Linker—-OKT3 VLC-Linker-PDGFR-P2A-hIL12-p35-P2A-hIL12-p40
nucleic acid sequence (SEQ ID NO: 77)
atggagacagacacactcctgctatgggtactgectgectctgggttccaggtteccactggtgactatcecatatg
atgttccagattatgctggggeccageceggceccagatectcaggtgecagetgCAGCAATtctggggectgaactgge
aagacctggggcctcagtgaagatgtcctgcaaggecttectggectacacctttactaggtacacgatgecactgg
gtaaaacagaggcctggacagggtctggaatggattggatacattaatcectagecgtggttatactaattaca
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atcagaagttcaaggacaaggccacattgactacagacaaatcctccagcacagecctacatgcaactgagcecag
cctgacatctgaggactctgcagtctattactgtgcaAgatattatgatgatcattactgeccttgactactgg
ggccaaggcaccACACTCaccgtctectecaggtggeggtggecteceggeggtggtgggtcgggtggeggeggat
ctCAGattgtgCTCacccagtctccagcaatcatgtctgecatectccaggggagaaggttacecatgacctgeag
tgccagctcaagtgtaagttacatgaactggtaTcagcagaagtcaggcacctceceeccaaaagatggatttat
gacacatccaaactggcttctggagtcectgetcacttcaggggcagtgggtectgggacctecttactectctea
caatcagcggcatggaggctgaagatgctgccacttattactgeccagcagtggagtagtaacccattcacgtt
cggctcggggaccaagctggagatcaaTcgtGGCAGTGGgAGTGGgaatgectgtgggeccaggacacgcagdayg
gtcatcgtggtgccacactceccttgececctttaaggtggtggtgatctcagecatcetggecetggtggtgctea
ccatcatctcccttatcatecctecatcatgectttggcagaagaagccacgtggatctggggccaccaactttte
attgctcaagcaggcgggecgatgtggaggaaaaccectggececceGGTACCtggeceectgggtecagecteeccag
ccaccgccctecacctgecgeggecacaggtcectgecateccageggetegecectgtgtecctgecagtgeecggcectea
gcatgtgtccagcgegcagectectecttgtggectacecectggtecetecectggaccacctcagtttggeccagaaa
cctececcecegtggeccacteccagacccaggaatgtteccatgecttecaccactecccaaaacctgetgagggecdgte
agcaacatgctccagaaggccagacaaactctagaattttacececttgecacttctgaagagattgatcatgaag
atatcacaaaagataaaaccagcacagtggaggcctgtttaccattggaattaaccaagaatgagagttgect
aaattccagagagacctctttcataactaatgggagttgecctggectccagaaagacctecttttatgatggee
ctgtgccttagtagtatttatgaagacttgaagatgtaccaggtggagttcaagaccatgaatgcaaagctte
tgatggatcctaagaggcagatctttctagatcaaaacatgctggcagttattgatgagectgatgecaggececct
gaatttcaacagtgagactgtgccacaaaaatcctecccttgaagaaccggatttttataaaactaaaatcaag
ctctgcatacttcttcatgctttcagaattecgggcagtgactattgatagagtgatgagectatectgaatgett
ccggatctggggccaccaacttttcattgectcaagcaggecgggecgatgtggaggaaaaccctggececectgtea
ccagcadgttggtcatctcttggtttteccectggtttttectggecatectececectecgtggecatatgggaactgaag
aaagatgtttatgtcgtagaattggattggtatccggatgccecetggagaaatggtggtecetecacctgtgaca
cccctgaagaagatggtatcacctggaccttggaccagagcagtgaggtecttaggectetggecaaaaccctgac
catccaagtcaaagagtttggagatgctggccagtacacctgtcacaaaggaggcgaggttctaagecatteg
ctcctgctgcttcacaaaaaggaagatggaatttggtccactgatattttaaaggaccagaaagaacccaaaa
ataagacctttctaagatgcgaggccaagaattattctggacgtttcacctgectggtggectgacgacaatcag
tactgatttgacattcagtgtcaaaagcagcagaggctecttectgacceeccaaggggtgacgtgecggagetget
acactctctgcagagagagtcagaggggacaacaaggagtatgagtactcagtggagtgccaggaggacagtyg
cctgcccagcectgctgaggagagtectgeccattgaggtcatggtggatgeecgttcacaagectcaagtatgaaaa
ctacaccagcagcttcttcatcagggacatcatcaaacctgacccacccaagaacttgcagetgaagecatta
aagaattctcggcaggtggaggtcagctgggagtaccectgacacctggagtactceccacattectacttetece
tgacattctgcgttcaggtccagggcaagagcaagagagaaaagaaagatagagtecttcacggacaagaccte
agccacggtcatctgecgecaaaaatgccagcattagegtgecgggeccaggaccgetactatagectecatettgg
agcgaatgggcatctgtgccectgecagttag

Igx—HA-OKT3 VHC-Linker—-OKT3 VLC-Linker—-PDGFR-P2A-hIL12-p35-P2A-hIL12-p40 amino
acid sequence (SEQ ID NO: 78)
METDTLLLWVLLLWVPGSTGDYPYDVPDYAGAQPARSQVOLQOOSGAELARPGASVKMSCKASGYTEFTRYTMHW
VKQRPGOGLEWIGYINPSRGYTNYNQKEFKDKATLTTDKSSSTAYMOLSSLTSEDSAVYYCARYYDDHYCLDYW
GOGTTLTVSSGGGGSGGGGSGGGGSCIVLTOSPAIMSASPGEKVIMTCSASSSVSYMNWYQQOKSGTSPKRWIY
DTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAATYYCQQWSSNPEFTEFGSGTKLEINRGSGSGNAVGQODTQOE
VIVVPHSLPEFKVVVISAILALVVLTIISLIILIMLWOKKPRGSGATNFSLLKQAGDVEENPGPGTWPPGSASQ
PPPSPAAATGLHPAARPVSLQCRLSMCPARSLLLVATLVLLDHLSLARNLPVATPDPGMEPCLHHSQONLLRAV
SNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSEMMA
LCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDONMLAVIDELMOQALNENSETVPQKSSLEEPDEYKTKIK
LCILLHAFRIRAVTIDRVMSYLNASGSGATNFSLLKQAGDVEENPGPCHQQLVISWESLVFLASPLVAIWELK
KDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHS
LLLLHKKEDGIWSTDILKDOKEPKNKTEFLRCEAKNYSGRETCWWLTTISTDLTFSVKSSRGSSDPOGVTCGAA
TLSAERVRGDNKEYEYSVECQCEDSACPAAEESLPIEVMVDAVHKLKYENYTSSEFFIRDIIKPDPPKNLQLKPL
KNSRQVEVSWEYPDTWSTPHSYESLTECVQVQOGKSKREKKDRVETDKT SATVICRKNASISVRAQDRYYSSSW
SEWASVPCS

Igk—OKT3 VHC-Linker—-OKT3 VLC-Linker-PDGFR-P2A-hIL12-p35-P2A—-hIL12-p40 nucleic
acid sequence (SEQ ID NO: 79)
atggagacagacacactcctgctatgggtactgctgectectgggtteccaggttccactggtgacggggeccage
cggccagatctcaggtgcagectgCAGCAAtctggggctgaactggcaagacctggggectcagtgaagatgte
ctgcaaggcttctggctacacctttactaggtacacgatgcactgggtaaaacagaggccectggacagggtetg
gaatggattggatacattaatcctagccgtggttatactaattacaatcagaagttcaaggacaaggccacat
tgactacagacaaatcctccagcacagcctacatgcaactgagcagcecctgacatectgaggactcectgecagtecta
ttactgtgcaAgatattatgatgatcattactgeccttgactactggggecaaggcaccACACTCacecgtectee
tcaggtggcggtggetceceggeggtggtgggtegggtggeggeggatctCAGattgtgCTCacccagtetecag
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caatcatgtctgcatctccaggggagaaggttaccatgacctgcagtgccagectcaagtgtaagttacatgaa
ctggtaTcagcagaagtcaggcacctcccccaaaagatggatttatgacacatccaaactggettetggagte
cctgctcacttcaggggcagtgggtcectgggacctettactectectecacaatcageggcatggaggctgaagatyg
ctgccacttattactgccagcagtggagtagtaacccattcacgtteggetcggggaccaagectggagatcaa
TcgtGGCAGTGGgAGTGGgaatgctgtgggeccaggacacgcaggaggtcategtggtgeccacacteecttgecee
tttaaggtggtggtgatctcagccatcectggecectggtggtgectcaccatcatcteeccttatecatececteatea
tgctttggcagaagaagccacgtggatctggggccaccaacttttecattgectcaagcaggecgggegatgtgga
ggaaaaccctggccecGGTACCtggeccectgggtecagecteccageccaccgecctcacctgecgeggecaca
ggtctgcatccagcggctcecgeectgtgtecectgecagtgecggetecagecatgtgtecagegegecagectectee
ttgtggctaccctggtcctecectggaccacctecagtttggccagaaaccteccececgtggeccacteccagaceccagyg
aatgttcccatgccttcaccactcceccaaaacctgectgagggecgtcagecaacatgetccagaaggeccagacaa
actctagaattttacccttgcacttctgaagagattgatcatgaagatatcacaaaagataaaaccagcacag
tggaggcctgtttaccattggaattaaccaagaatgagagttgcctaaattccagagagacctctttecataac
taatgggagttgcctggeccteccagaaagacctecttttatgatggeectgtgecttagtagtatttatgaagac
ttgaagatgtaccaggtggagttcaagaccatgaatgcaaagcttctgatggatecctaagaggcagatcttte
tagatcaaaacatgctggcagttattgatgagctgatgcaggeccectgaatttcaacagtgagactgtgecaca
aaaatcctcccttgaagaaccggatttttataaaactaaaatcaagctetgcatacttettecatgetttecaga
attcgggcagtgactattgatagagtgatgagctatctgaatgettececggatectggggecaccaactttteat
tgctcaagcaggcgggcgatgtggaggaaaaccctggcecctgtecaccagecagttggtcatetecttggtttte
cctggtttttctggecatctececctegtggeccatatgggaactgaagaaagatgtttatgtecgtagaattggat
tggtatccggatgccecectggagaaatggtggtcectecacctgtgacaccectgaagaagatggtatcacectgga
ccttggaccagagcagtgaggtcttaggctctggcaaaaccectgaccateccaagtcaaagagtttggagatge
tggccagtacacctgtcacaaaggaggcgaggttctaageccattegectectgetgettcacaaaaaggaagat
ggaatttggtccactgatattttaaaggaccagaaagaacccaaaaataagacctttctaagatgcgaggcecca
agaattattctggacgtttcacctgectggtggctgacgacaatcagtactgatttgacattcagtgtcaaaag
cagcagaggctcttcectgaccceccaaggggtgacgtgeggagectgectacactctectgecagagagagtecagaggyg
gacaacaaggagtatgagtactcagtggagtgccaggaggacagtgcctgeccagectgectgaggagagtectge
ccattgaggtcatggtggatgccgttcacaagectcaagtatgaaaactacaccagcagcttettcatcaggga
catcatcaaacctgacccacccaagaacttgcagctgaagccattaaagaattctecggcaggtggaggtcage
tgggagtaccctgacacctggagtactccacattecctacttectecectgacattectgegttcaggteccagggea
agagcaagagagaaaagaaagatagagtcttcacggacaagacctcageccacggtcatctgecgecaaaaatge
cagcattagcgtgecgggcccaggaccgctactatagetecatecttggagecgaatgggecatetgtgeeectgecagt
tag

Igk—OKT3 VHC-Linker—-OKT3 VLC-Linker—-PDGFR-P2A-hIL12-p35-P2A-hIL12-p40 amino acid
sequence (SEQ ID NO: 80)

METDTLLLWVLLLWVPGSTGDGAQPARSQVOLOOSGAELARPGASVKMSCKASGYTEFTRYTMHWVKQRPGQGL
EWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQOLSSLTSEDSAVYYCARYYDDHYCLDYWGQGTTLTVS
SGGGGSGGGGSGGGGSQIVLTOSPAIMSASPGEKVTIMTCSASSSVSYMNWYQQKSGTSPKRWIYDTSKLASGY
PAHFRGSGSGTSYSLTISGMEAEDAATYYCOQOWSSNPETFGSGTKLEINRGSGSGNAVGODTQEVIVVPHSLP
FKVVVISAILALVVLTIISLIILIMLWQOKKPRGSGATNFSLLKQAGDVEENPGPGTWPPGSASQPPPSPAAAT
GLHPAARPVSLQCRLSMCPARSLLLVATLVLLDHLSLARNLPVATPDPGMEPCLHHSONLLRAVSNMLOKARQ
TLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYED
LKMYQVEFKTMNAKLLMDPKRQIFLDONMLAVIDELMOALNENSETVPQOKSSLEEPDFYKTKIKLCILLHAFR
IRAVTIDRVMSYLNASGSGATNESLLKOAGDVEENPGPCHOQLVISWESLVEFLASPLVAIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKED
GIWSTDILKDQKEPKNKTFLRCEAKNYSGRETCWWLTTISTDLTFSVKSSRGSSDPQOGVTCGAATLSAERVRG
DNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSEFFIRDITIKPDPPKNLOLKPLKNSRQVEVS
WEYPDTWSTPHSYFSLTEFCVOVQOGKSKREKKDRVETDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCS

hIL12-p35-P2A-hIL12-p40—-P2A-hCXCL9 nucleic acid sequence (SEQ ID NO: 81)

atgtggcccectgggtcageccteccageccacegecctcacectgeecgeggecacaggtetgeatccageggete
gceccectgtgtecectgecagtgecggectecagcatgtgtecagegegeagectectecttgtggetaceectggtect
cctggaccacctcagtttggeccagaaacctececeecgtggecacteccagacccaggaatgttececcatgectteac
cactcccaaaacctgctgagggccgtcagcaacatgectecagaaggeccagacaaactectecgaattttaceett
gcacttctgaagagattgatcatgaagatatcacaaaagataaaaccagcacagtggaggecctgtttaccatt
ggaattaaccaadaatdgagagttgcctaaattccagagagacctectttecataactaatgggagttgeetggece
tccagaaagacctecttttatgatggcecctgtgecttagtagtatttatgaagacttgaagatgtaccaggtgg
agttcaagaccatgaatgcaaagcttctgatggaccctaagaggcaaatcttecctagatcaaaacatgetgge
agttattgatgagctgatgcaggccctgaatttcaacagtgagactgtgccacaaaaatcecteccttgaagaa
ccggatttctacaagactaaaatcaagctctgecatacttcttecatgetttcagaatecgggecagtgactattyg
atagagtgatgagctatctgaatgectteccGCGGCCGCAggatectggggeccaccaacttttecattgetcaagea
ggcCggcgatgtggaggaaaaccctggececcecGGATCCtgtcaccagecagttggtecatectettggtttteecctyg
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gtttttctggcatctccectegtggeccatatgggaactgaagaaagatgtttatgtecgtagaattggattggt
atccggatgccectggagaaatggtggtectecacctgtgacaccectgaagaagatggtatcacctggaccett
ggaccagagcagtgaggtcttaggctctggcaaaacccectgaccatccaagtcaaagagtttggagatgetgge
cagtacacctgtcacaaaggaggcgaggttctaagccattcgetecctgetgecttcacaaaaaggaagatggaa
tttggtccactgatattttaaaggaccagaaagaacccaaaaataagacctttctaagatgegaggccaagaa
ttattctggacgtttcacctgectggtggctgacgacaatcagtactgatttgacattcagtgtcaaaagcagce
agaggctcttctgaccceccaaggggtgacgtgecggagectgectacactcectetgecagagagagtcagaggggaca
acaaggagtatgagtactcagtggagtgccaggaggacagtgcctgcccagectgetgaggagagtcectgececat
tgaggtcatggtggatgccgttcacaagctcaagtatgaaaactacaccagcagettcttcatcagggacate
atcaaacctgacccacccaagaacttgcagctgaagccattaaagaaCtctecggecaggtggaggtcagetggg
agtaccctgacacctggagtactccacattcecctacttectecctgacattetgegttcaggtecagggcaagag
caagagagaaaagaaagatagagtcttcacggacaagacctcagccacggtcatctgecgcaaaaatgccage
attagcgtgcgggcceccaggaccgctactatagectcatecttggagegaatgggecatetgtgeectgeagttCgT
CTAGAggatctggggccaccaacttttcattgctcaagecaggegggcgatgtggaggaaaaccctggeecccaa
gaaaadgtggtgttcttttcectettgggecatcatettgetggttetgattggagtgcaaggaacccecagtagtyg
agaaagggtcgctgttcctgecatcagcaccaaccaagggactatccacctacaatecttgaaagaccttaaac
aatttgccccaagcecttectgecgagaaaattgaaatcattgectacactgaagaatggagttcaaacatgtet
aaacccagattcagcagatgtgaaggaactgattaaaaagtgggagaaacaggtcagccaaaadgaaaaagcaa
aagaatgggaaaaaacatcaaaaaaagaaagttctgaaagttcgaaaatctcaacgttctcgtcaaaagaaga
ctacataa

hIL12-p35-P2A-hIL12-p40-P2A-hCXCL9 amino acid sequence (SEQ ID NO: 82)
MWPPGSASQPPPSPAAATGLHPAARPVSLQCRLSMCPARSLLLVATLVLLDHLSLARNLPVATPDPGMEFPCLH
HSCNLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLA
SRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQI FLDONMLAVIDELMOALNENSETVPQKSSLEE
PDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASAAAGSGATNESLLKQAGDVEENPGPGSCHQQLVISWESL
VFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDAG
QYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRETCWWLTTISTDLTESVKSS
RGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSEFEFIRDI
IKPDPPKNLOLKPLKNSROQVEVSWEYPDTWSTPHSYESLTFCVOVQGKSKREKKDRVEFTDKTSATVICRKNAS
ISVRAQDRYYSSSWSEWASVPCSSSRGSGATNESLLKQAGDVEENPGPKKSGVLELLGITILLVLIGVQGTPVV
RKGRCSCISTNQGTIHLQSLKDLKQFAPSPSCEKIEIIATLKNGVQTCLNPDSADVKELIKKWEKQVSQKKKQ
KNGKKHQKKKVLKVRKSQRSROKKTT

PDGFR{ transmembrane domain (SEQ ID NO: 83)

VVISAILALVVLTVISLIILI

PDGFR{ transmembrane domain (SEQ ID NO: 84)

VVISAILALVVLTIISLIILL

PDGFRo transmembrane domain (SEQ ID NO: 85)

AAVLVLLVIVIISLIVLVVIW

PDGFRo. transmembrane domain (SEQ ID NO: 86)

AAVLVLLVIVIVSLIVLVVIW

PDGFR{ transmembrane domain (SEQ ID NO: 87)
tggtgatctcagccatcectggecctggtggtgctcacecatcatecteccttatecateceteate

PDGFR{ transmembrane domain (SEQ ID NO: 88)
gtggtgatctcagccatectggecectggtggtgetcaccatcatectecettatcatectecate

PDGFRo transmembrane domain (SEQ ID NO: 89)
gctgcagtcctggtgetgttggtgattgtgatcatectecacttattgtecectggttgtcatttggaa

[325] Although the invention has been described in detail for purposes of clarity of
understanding, certain modifications may be practiced within the scope of the appended
claims. All publications, accession numbers, web sites, patent documents and the like cited in
this application are hereby incorporated by reference in their entirety for all purposes to the
same extent as if each were so individually denoted. To the extent different information is
associated with a citation at different times, the information present as of the effective filing

date of this application is meant. Unless otherwise apparent from the context any element,
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embodiment, step, feature or aspect of the invention can be performed in combination with

any other.

EXAMPLES
CXCL9
[326] Example 1. CXCL9 plasmid construction. Mouse CXCL9 (mCXCL9) or human
CXCL9 (hCXCL9) nucleic acid sequence was cloned into an expression vector using
standard molecular biology techniques to. Alternatively, mCXCL9 or hCXCL9 was cloned
downstream of mouse (mIL12-2A) or human (hIL12-2A) IL12 p35—-P2A—-IL12 p40 to yield
mIL12~mCXCL9 and hIL12~hCXCL9 (FIG. 1A-B). IL12 p35—P2A-IL12 p40 constructs
were made essentially as described in W02017/106795 or W02018/229696.
[327] The resulting plasmids contained IL-12 p35, IL-12 p40 and CXCL9, all expressed
from the same promoter, with intervening exon skipping (P2A) motifs to allow all three
proteins to be expressed from a single polycistronic message. Similar methods were sued to

make mCXCL9~mCherry

[328] Example 2. Protein expression. The mIL12-2A, mCXCL9, and mIL12~mCXCL9
expression vectors were transfected into HEK293 cells in vitro. 96 h after transfection,
supernatants were collected and IL12 and CXCL9 protein expression were assayed by
ELISA. The results, shown in FIG. 2 show that, while expression was decreased in the cells
transfected with the mIL12~mCXCL9 expression vector, detectable levels of both IL12 and
CXCL9 were produced. FIG. 27 shows high levels of secreted hIL12 and hCXCL9 in cells
transfected with hIL-12~hCXCL9 expression vector.

[329] Similarly, hIL12-2A, hCXCL9, and hIL12~hCXCL9 expression vectors were
transfected into HEK293 cells in vitro. 96 h after transfection, supernatants were collected
and IL12 and CXCL9 protein expression were assayed by ELISA. hIL12 was expressed
nearly equally from both the hIL12-2A (1.59 pg/mL) and hIL12~hCXCL9 (1.37 pg/mL)
expression vectors (FIG. 10A). Decreased, but still substantial levels of hCXCL9 was
expressed in cells transfected with the hIL12~hCXCL9 expression vector (1.75 pg/mL)
compared to cells transfected with the hCXCL9 expression vector (5.19 pg/mL) (FIG. 10B).
[330] mIL12 protein produced from the mIL12~mCXCL9 expression vector was further
tested for activity. mIL12 produced from cells transfected with the mIL12-2A or
mIL12~mCXCL9 expression vectors was incubated with HEK-Blue IL-12 cells. HEK-Blue
IL-12 cells are used to detect bioactive human and mouse IL-12. HEK-Blue IL-12 cells are

used to validate the functionality of recombinant native or engineered human or mouse IL-12.
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Functional IL-12 binds to IL-12 receptor in HEK-Blue IL-12 cells and activates a STAT-4
pathway and a STAT4-inducible SEAP reporter gene. SEAP expression is then assayed. The
response ratio was calculated by dividing the OD at 630 nm for treated cells by the OD at 630
nm for untreated cells. The results, shown in FIG. 3, demonstrate that IL-12, produced from
either the mIL12-2A or the mIL12~mCXCL9 expression vectors is functional.

[331] Similarly, hIL12 protein produced from the hIL12~hCXCL9 expression vector was
also tested for activity. hIL12 produced from cells transfected with the hIL12~hCXCL9
expression vector was incubated with HEK-Blue IL-12 cells. The results, shown in FIG. 11,

demonstrate that IL-12, produced from the hIL12-2A expression vector, is functional.

[332] Example 3. CXCL9-induced migration of T cells in vitro. Mammalian (HEK293)
cells were transfected with CXCL9 expression vectors (CXCL9 or IL12~CXCL9). OT-I
mouse splenocytes were pulsed with 1 ug/mL SIINFEKL peptide for 24 h, then allowed to
recover for 72 h. The CXCL9 transfected cells were then assayed for the induction of
chemotaxis of the SIINFEKL-pulsed OT-I splenocytes through polycarbonate membranes
with 5.0-micron pores. Migration index was defined as the number of observed chemotactic
cells, normalized to the number of cells that passively migrated through the membrane in the
OptiMEM negative control. Results are shown in FIG. 4A, 4B, and 4C. mCXCL9, produced
from mCXCL9 and mIL12~mCXCL9 expression vectors caused about 7-fold and about 3-
fold increases in chemotactic cells, respectively. The increase in chemotaxis was inhibited by
the addition of CXCL9 neutralizing antibodies, indicating the effect was dependent on
mCXCL9.

[333] Example 4. In vivo expression of mCXCL9. CT-26 (colon carcinoma) tumors were
implanted in mice. Tumors were subsequently treated with IT-EP pUMCV3 control vector or
IT-EP mCXCL9 expression vector. 48 h after IT-EP, tumors were homogenized and assay for
CXCL9 expression by ELISA (DuoSet ELISA DY392; n=3; * P<0.05; T test with Welch
correction). The results in FIG. 5 show that the IT-EP treated tumors expressed CXCLO.

[334] Example 5. Tumor regression in mice treated with mIL12-2A and mCXCL9. Mice
were implanted with tumor cells. Anesthetized mice were subcutaneously injected with cells
into the right and/or left flank. Tumor growth was monitored by digital caliper measurements
until average tumor volume reached ~100 mm?>.

[335] Tumors were treated on day O with IT-EP control vector or IT-EP IL12-2A expression
vector and on days 4 and 7 with IT-EP control vector or IT-EP CXCL9 (optionally with

mcherry reported protein). Tumor volumes and survival were monitored. Mice were
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euthanized when the total tumor burden of the primary and contralateral reached 2000 mm®.
[336] The data, shown in FIG. 6, show that mice treated with IT-EP mIL12-2A plus
mCXCL9 therapy showed increased survival compared to untreated mice, mice treated with
control vehicle, or mice treated with IT-EP mIL12-2A alone. Tumor bearing mice treated
with IT-EP mIL12-2A plus mCXCL9~mCherry therapy also showed decreased primary

(treated) and contralateral (untreated) tumor progression (FIG. 7A-B).

[337] Example 6. IT-EP IL12-2A + IT-EP CXCL9 drives systemic expansion of antigen
specific CDS8 and short-lived effector cells (SLECs). On day —8, mice were implanted with
tumor as described above. On day 0, tumors were treated with IT-EP mIL12-2A. On days 4
and 7, mice were treated with control plasmid or mCXCL9 (n=3/group) using IT-EP as
described above. On day 9, spleens were harvested and CD3"CDS8" cells analyzed by FACS.
FIG. 8 shows that CD3"* T cell populations were significantly increased in mice treated with

IL12-2A + CXCL9. Fold increase in the number of AH1+ CD8+ T cells is shown in FIG. 9.

[338] Example 7. Intratumoral CXCL9 synergizes with IL-12 to modulate the tumor
microenvironment, expand antigen-specific T cells, and control contralateral tumor growth. A
mouse model was used to evaluate intratumoral expression post electroporation.

[339] CT26 tumors were implanted in mice on day —7. For NanoString analysis and flow
based assays single, tumor model was used. Mice were treated on day 1 with IT-EP with a
suboptimal dose of IL12-2A followed by treatment on days 4 and 7 with IT-EP using 100 pg
of either mCXCL9 or pUMVC3. Tumor and immune response were then monitored. Tumor
and splenocytes were harvested 2 days after last EP (i.e., Day 9) for NanoString and flow
based analysis. Alternatively, tumor volumes were measured three times a week for
regression/survival studies. Gene expression changes in electroporated CT26 lesions were
assessed by NanoString nCounter® technology. Intratumoral expression of mCXCL9 was
confirmed using ELISA for mCXCL9 48hrs post-electroporation in tumor lysates from mice
bearing CT26 tumors (n=3; * P<0.05; T test with Welch correction).

[340] Volcano plots displaying p-values and log2 fold change for each gene were generated
in mice treated with CXCL9 alone or CXCL9 in combination with IL12-2A (FIG. 28A).
Analysis of cell type scores showed in increase in Cytotoxic immune cells in response to
treatment with either CXCLO9 or IL12-2A. A synergistic increase in Cytotoxic immune cell
scores was further seen when CXCL9 was administered in combination with IL12-2A.
‘Cytotoxic immune cells’ cell type scores are shown in FIG. 28B.

[341] Flow cytometric analysis of was used to analyze splenocytes in treated mice. Antigen
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specific AH1+ CD8+ T cells were measured via tetramer analysis (Immudex). Cells are gated
on Singlets<Live<CD3+CD4- splenocytes (FIG. 8). The fold increase in the number of
AH1+ CD8+ T cells compared to empty vector control (N=2 independent experiments with
3-5 animals/group; * P<0.05, ** P<0.005; One way ANOVA). In mice treated with control
plasmid only, 0.79% of AH1 tetramer were CD8+. In mice treated with IT-EP IL12-2A,
1.43% of AHI1 tetramer were CD8+. In mice treated with IT-EP IL12-2A and CXCL9, 3.22%
of AH1 tetramer were CD8+. Fold increase in the number of AH1+ CD8+ T cells is shown in
FIG. 9.

[342] The results show that IT-EP CXCL9 can substantially enhance anti-tumor immune
response in animal previously treated with a suboptimal dose of IT-EP IL12-2A.

CD3 half-BiTE

[343] Example 8. The Half-BiTE expression cassettes were made in a manner similar to that

described above for the generation of CXCL9 plasmids (FIG. 12A and 12B).

[344] Example 9. Protein expression. The OKT3 scFv and 2C11 scFv, expression vectors
were transfected into HEK293 cells in vitro. HA-2C11 scFv and HA-2C11 scFy~mIL12 were
transfected into B16-F10 tumor cells. 24 h after transfection, supernatants were collected, and
proteins were separated by gel electrophoresis. CD3 scFv, Cadherin (membrane protein) and
Hsp90 were detected by Western blot analysis. The results, shown in FIG. 13 show that the
expression vectors expressed the CD3 scFv protein. The CD3 scFv protein was
predominantly located in the membrane fraction.

[345] HA-OKTS3 scFv, OKT3 scFv~hIL12 expression vectors were transfected into
HEK293 cells in vitro. 72 h after transfection, cells were analyzed by FACS to detect CD3
scFv (FIG. 14A-C). HA-2C11 scFv and HA-2C11 scFv~mIL12 expression vectors were
transfected into B16-F10 cells. Cells were analyzed by FACS to detect surface expression of
CD3 scFv (FIG. 14D). Expression of IL12 from IL12-2A and HA-2C11 scFyv~mIL12
expression vectors is shown in FIG. 14E.

[346] HA-OKT3 scFv~hIL12 and OKT3 scFv~hIL12 expression vectors were transfected
into HEK293 cells in vitro. 72 h after transfection cells supernatant was collected and assayed
for IL12p70 by ELISA. The results confirm that cells transfected with the HA-OKT3
scFv~hIL12 and OKT3 scFv~hIL12 expression vectors express and secrete hIL12p70 (FIG.
15).

[347] In vivo expression: Mice were inoculated with BI6F10 melanoma cells or 4T1 breast

cancer cells on day —7. On day 0, tumors were treated with IT-EP HA-2C11 scFv~hIL12
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(FIG. 16). FIG 16A-B show the CD3 half-BiTE is expressed on the surface of melanoma and
breast cancer tumors following IT-EP. FIG. 16C shows that following IT-EP of HA-OKT3

scFv~hIL12, the expression vector also expresses 1L-12.

[348] Example 10. In vitro Functional assay. BI16F10 cells were transfected in vitro with
control vector and 2C11 scFv expression vector with or without recombinant mouse IL12.
Transfected B16F10 cells were then co-cultured with naive mouse splenocytes for 24, 48, or
72 hours. Following co-culture, supernatants were assayed for IFNy and cell proliferation was
evaluated by FACS. Plate bound anti-CD3 was used as a positive control. The results, shown
in FIG. 17, show that IFNy expression was substantially increased when splenocytes were co-
cultured with B16F10 expressing 2C11 scFv. FACS analyses were performed to analyze
proliferation of CFSE labeled CD3+CD45+ T cells following co-culture of naive mouse
splenocytes with BI6F10 cells transfected in vitro with control vector (Tfx control), 2C11
scFv expression vector with or without recombinant mouse IL12, or with plate bound anti-

CD3 (positive control) (FIG. 18).

[349] Example 11. In vivo functional assay. On day —9, B16-OV A cells were implanted in
mice (n=8/group). On day 0, tumors were treated by IT-EP with 2C11 scFv expression vector
or empty vector (negative control). On day 0, mice were also implanted, by adoptive transfer,
with a 1:1 mix of OT-1 (GFP) CD8" cells T cells and naive mouse lymphocytes. On day 5,
adoptive transferred T cell proliferation in spleen and draining lymph node (DLN) were
examined by FACS. Endogenous T cell populations and SIINFEKL expression in tumor
infiltrating lymphocytes (TILs) were also examined by FACS. An increase in polyclonal T
cell proliferation in DLN was observed in mice treated with IT-EP 2C11 scFv (FIG. 19).
Increases in OT-1 and polyclonal T cell populations were also observed in splenocytes in
mice treated with IT-EP 2C11 scFv. An increase CD8+ T cells in CD45.1+ live cells in TILs
was observed in B16-OV A tumor model mice treated with 2C11 scFv IT-EP (FIG. 20). An
increase antigen specific (SIINFEKL+) CD8+ T cells in TILs was observed in B16-OVA
tumor model mice treated with 2C11 scFv IT-EP FIG. 21. The results demonstrate that IT-EP
with 2C11 results in proliferation of polyclonal T cells and enhanced tumor specific T cell

response in the tumor.

[350] Example 12. In vivo cytotoxic T cells killing assay. Lymphocytes were harvested from
naive mice and labeled with CFSE. Label lymphocytes were then either pulsed with OVA
peptide to activate T cells (CFSE™, treated) or left untreated (CFSE", unpulsed). CFSE™ and

CFSE" lymphocytes were combined in an about 1:1 ratio for administration into the tumor
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bearing mice.

[351] On Day —7, mice were implanted with B16-OV A tumor cells (B16 melanoma cells
expressing ovalbumin) into the flank of ¢57/bl/6 mice. On Day 1, mice were treated with IT-
EP anti-2C11 scFv or empty vector (pUMVC3). On day 2, mice administered pulsed target
cells (cells pulsed with 2 pg/ml SIINFEKL peptide labeled with 1uM CFSE
(5(6)-carboxyfluorescein N-hydroxysuccinimidyl ester) and unpulsed cells by adoptive
transfer. 18 hours after adoptive transfer, spleen and draining lymph nodes were collected and
analyzed.

[352] Western blot analysis indicated the tumors expressed the CD3 half-BiTE. On day 3,
18 h after adoptive transfer, DLN were isolated. DLNs were then analyzed by FACS for the
presence of CFSE" and CFSE" cells. The results, shown in FIG. 22, show a substantial
decrease in the number of CFSEM cells, indicated antigen-specific killing of cells displaying

the OV A peptide. The decrease was quantitated using the following formula:

[pulsed / unpulsed of treated]

o lysis = 1 —
%lysis [pulsed / unpulsed of naive]

[pulsed (CFSE™)EP anti-CD3 + unpulsed (CFSE")EP anti-CD3]
[pulsed (CFSE")EP contol + unpulsed (CFSE!)EP control]

% lysis =1 —

Results are shown in FIG. 23, showing an increase in lysis of CFSE™ cells in both
splenocytes (SP) and DLN. FACS analysis of CFSE cells is shown in FIG. 24. In control
mice, percent lysis of CFSE™ cells was 54.63 £ 12.79%. In mice receiving IT-EP CD3 half-
BiTE therapy, percent lysis of CFSEM cells was 82.44 = 11.35%. OV A expressing cells were
specifically killed in mice treated with IT-EP CD3 half-BiTE, indicating the enhancement of
an antigen-specific cytotoxic T cell response. Activated T lymphocytes were preferentially
retained in tumors expressing a CD3 half-BiTE. Thus, electroporation of nucleic acid
encoding a CD3 half-BiTE provides an effective tumor therapy.

[353] IT-EP of CD3 half-BiTE resulted in increased targeting of tumor cells by T cells.
Flow cytometric analysis of cells from spleen and draining lymph node demonstrating

significant antigen specific killing in the IT-EP anti-CD3(2C11) group (FIG. 23 and 26).

[354] Example 13. Tumor Regression.

[355] A. Melanoma: On Day —7, mice were implanted with B16 melanoma cells. On Day 0,
mice were treated with IT-EP with control empty vector, expression vector encoding IL12-
2A. On days 4 and 7, mice were treated with IT-EP control vector or IT-EP 2C11 (CD3 half-
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BiTE) expression vector. Tumor progression was monitored every three days. The results
show improved contralateral (untreated) tumor regression in mice treated with IL12-2A plus
CD3 half-BiTE compared to treatment with IL12-2A alone (FIGs. 25A and 25B).

[356] B. Breast Cancer: On Day —7, mice were implanted with 4T1 breast cancer cells. On
Day 0, mice were treated with IT-EP with control vector, or IT-EP IL12-2A. On days 4 and
7, mice were treated with IT-EP with control vector or IT-EP 2C11 (CD3 half-BiTE)
expression vector. Tumor progression was monitored every three days. The results show that
combining IT-EP IL12-2A with CD3 half-BiTE therapy improves breast cancer tumor
regression (FIG. 26A). IL12-2A plus CD3 half-BiTE therapy was also effective in treating
lung metastases nodules in 4T1 breast cancer model mice (FIG. 26B). The absolute number
of effector T cells (CD127-CD62L-CD3+) per uL peripheral blood in 4T1 breast cancer

model mice is shown in FIG. 26C.

CXCL9/CD3 half-BiTE combination therapy

[357] Example 14. CXCL9 plus CD3 half-BiTE combination therapy. B16.F10 tumor
bearing mice were treated with IT-EP (days 1, 5, and 8) with 10 pg IL-12 expression plasmid,
100 pg IL-12 expression plasmid, or 100 pg IL-12~CXCL9/CD3 half-BiTE~IL12. For IL-
12~CXCL9/CD3 half-BiTE~IL12, either IL-12~CXCL9 or CD3 half-BiTE~IL12 is
administered on each of days 1, 5, and 8 provided the subject receives at least one IT-EP
treatment with IL-12~CXCL9 and one IT-EP treatment with CD3 half-BiTE~IL12.
Intratumoral expression of IL-12 was confirmed (ELISA) 48 hr post IT-EP in tumor lysates
(n=8 animals). IL12p70 expression is shown in FIG. 29A. Growth of primary (electroporated
lesion) and contralateral (non-electroporated lesion) B16.F10 lesions was measured 12 days
after IT-EP therapy (FIG. 29B-C). With respect to IL12p70 expression, animal treated with
IT-EP with 10 pg IL12-2A expressed the same amount of IL12 as animals treated with 100
ug IL-12~CXCL9/CD3 half-BiTE~IL12 (FIG. 29A). Contralateral tumors were significantly
smaller in IL-12~CXCL9/CD3 half-BiTE~IL12 treated animals compare to 10 ug IL12-2A
treated mice (8-10 animals/group; statistical significance determined using two way ANOV A
* p<0.05), illustrating enhancement of tumor regression using IT-EP IL-12~CXCL9/CD3
half-BiTE~IL12 therapy.

CLTA-4 scFv
[358] Example 15. Intratumoral expression of anti-CTLA4 scFv. Mouse IgG1 ELISA
(ab133045) was performed on RENCA tumor lysates to quantify intratumoral expression of

anti-CTL A4 scFv. Expression of anti-CTLA4 scFv was detected only in the tumor and not in

75



WO 2021/257943 PCT/US2021/038005

the serum highlighting local expression of the antibody upon intratumoral electroporation.
[359] Plasmid encoded anti-CTLA4 scFv bound to recombinant CTLA4 protein.
Transfection-derived secreted anti-CTLA4 (scFv) were evaluated for their binding capacity to
CTLA-4. Recombinant mouse CTLA-4/human IgG1 chimera (R&D Systems) were
immobilized in 96-well plates (1 or 5 ug/mL, or 50 pg/well or 250 pg/well) for 18 hr at room
temperature. Wells were washed three times with 0.1% Tween in PBS and blocked with 1%
BSA in PBS. Conditioned medium from HEK293 cells transfected with S9H10-scFv (168
ng/mL) or 9D9-scFv (130 ng/mL) was added to the wells, and incubated for 2 h at room
temperature. Wells were washed three times, and anti-mouse IgG-horseradish peroxidase
(Jackson ImmunoResearch, 0.2 ug/mL) were added and incubated for 1.5 hours at room
temperature. Wells were again washed three times, developed with HRP Substrate Reagent
(R&D Systems) and stopped with Stop Solution, 2N sulfuric acid (R&D Systems). Optical
density of each well was measured at 450nm. Graphical representation of average OD values
for each condition group are displayed demonstrating binding of plasmid derived anti
CTLA4scFv to recombinant CTLA4 protein (FIG. 30A).

[360] Mouse IgG1 ELISA (ab133045) was performed on RENCA tumor lysates to quantify
intratumoral expression of anti-CTLA4 scFv. Expression of anti-CTLA4 scFv was detected
in the tumor (FIG. 30B). Statistically significant levels of anti-CTLA4 scFv was not observed
in serum, indicating local expression of the antibody upon intratumoral electroporation.

[361] It will be understood that the present invention has been described above by way of
example only. The examples are not intended to limit the scope of the invention. Various
modifications and embodiments can be made without departing from the scope and spirit of

the invention, which is defined by the following claims only.

CXCR3 expression

[362] Example 16. Intratumoral levels of CXCR3 are predictive of response to anti-PD-
1/anti-PD-L1 therapy. Clinical and preclinical studies have demonstrated that plasmid IL-12
delivered intratumorally via electroporation drives IFN-y expression and results in expansion
of T cells and recruits T cells to the tumor microenvironment. This recruitment yields durable
systemic T cell responses. Analysis of biomarker data from patients receiving IL-12/anti-PD-
1 combination therapy shows that clinical response is correlated with intratumoral CXCR3
levels. While all patients had a similar frequency of activated CD8+ T cells in the periphery,
responding patients had a significant increase of intratumoral CXCR3 transcripts post-

treatment (p=0.03) compared to nonresponding patients (p=0.4). The presence of tumor-
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infiltrating CXCR3" immune cells can therefore be used a biomarker for clinical response.
[363] Intratumoral electroporation of CXCL9 leads to efficient trafficking of CXCR3*
CD8* T cells into tumors. CXCLY gradient can productively modulate frequencies of tumor
infiltrating tumor-reactive CXCR3" T cells.

[364] As shown above, intratumoral electroporation of plasmid IL-12 and CXCL9 elicits a
robust anti-tumor immune response evidenced by increased systemic antigen-specific CD8+

T cells and improved regression of both treated and contralateral tumors.

[365] Example 17. Clinical response to IL-12 IT-EP and pembrolizumab combination
therapy. Patients were treated with 0.5 mg/ml of IT-EP IL-12 to accessible lesions on days 1,
5, and 8 every 6 weeks, and 200 mg IV pembrolizumab on day 1 of each 3-week cycle for 27
weeks (FIG. 31). Nucleic acid encoding IL-12 was injected at a dose volume of about ¥4 of
the calculated lesion volume, with a minimum dose volume of 0.1 mL. Electroporation was
administered using an applicator having a hexagonal arrow of 6 microneedles. The
microneedles were placed into and around the injected tumor, with the tip co-localized at the
site(s) and depth of the plasmid injection. Six pulses at a field strength of 1500 V/cm and a
pulse width of 100 psec at 300 millisec intervals were delivered.

[366] An increase in proliferating Ki-67" CD8" T cells post treatment was observed in both
responders and non-responders. Ki-67* CD8+ T cells were analyzed by flow cytometry
(gating strategy Singlets < Live < CD3 <CD8) prior to treatment (pre-treatment) and after
treatment cycle 2 (post-treatment) in both responding and non-responding patients (n = 6 per
group) (FIG. 32). In contrast, an increase in intratumoral CXCR3 transcript levels was

observed only in responders (n =5 for responders and n = 8 for non-responders) (FIG. 33).

[367] Example 18. Anti-CXCR3 antibodies inhibit tumor regression mediated by pIL12 IT-
EP therapy. IT-EP IL-12 (TAVO(P2A)) resulted in an increase in CXCR3" lymphocytes in
the draining lymph node. CT26 tumors were implanted into the flanks of mice. After
development of tumors, mice were treated IT-EP with either 50 pg IL-12 (TAVO(P2A)) or
50 pg control (empty) vector (EV). After 24 hours, PBMCs were obtained from the mice and
analyzed for CD8+ CXCR3+ T cells by flow cytometry (gating strategy Live < singlets <
CD45*CD3" < CD8"CD4~, MFI = mean fluorescence intensity) (FIG. 34).

[368] After 96 hours, cells were obtained from draining lymph nodes (DLN) and analyzed
for CXCL9-induced chemotaxis (FIG. 35). Cells from DLN were placed in an upper chamber
separated from a lower chamber by a polycarbonate membrane having 5.0 micron pores

(Costar 3421). The lower chamber contained conditioned media from HEK cells transfected

77



WO 2021/257943 PCT/US2021/038005

with a plasmid expressing CXCL9. The number of observed chemotactic cells was observed
after 2 hours at 37°C. Cells from DLN of mice treated with IT-EP TAVO(P2A) showed
increase migration compared to cells from DLN of mice treated with empty vector. Pre-
incubation of cells with anti-CXCR3 monoclonal antibody (BioXCell BE0249) abrogated
with chemotaxis, indicating the increase in chemotaxis was the result of increase CXC3R*
cells.

[369] CXCR3 depletion resulted in complete abrogation of IL-12 response. CT26
contralateral tumor model was treated with IT-EP IL-12, with or without concomitant anti-
CXCR3 antibody treatment. Growth of primary (electroporated) tumors and untreated
(contralateral) tumors after IT-EP with empty vector, TAVO(P2A), or TAVO(P2A) plus anti-
CXCR3 was analyzed. Contralateral tumor growth was inhibited in mice treated with IT-EP
IL- 12 (TAVO(P2A)). This inhibition was blocked by anti-CXCR3 antibodies (FIG. 36).
[370] Further, mice treated with IT-EP IL-12 showed a significant survival benefit. The
survival benefit was also blocked by anti-CXCR3 antibodies (FIG. 37).

[371] Example 19. Intratumoral electroporation of IL-12 plus CXCL9 enhanced anti-tumor
efficacy of IT-EP IL-12. CT26 contralateral tumor mouse models were treated with IT-EP IL-
12, using either 2 ug (low dose) or 50 pg empty vector or IL-12 (TAVO(P2A)). After 24
hours, tumor resident CD8" T cells were isolated and stained for intracellular IFN-y
expression. Intratumor IFN-y expression by CD8" T cells was similar regardless of the IL-12
dose, indicating that low dose (2 ug) IL-12 is immunologically active (FIG. 38).

[372] Mice were next treated with IT-EP empty vector, IT-EP IL-12 (TAVO(P2A)) plus IT-
EP empty vector, or IT-EP IL-12 (TAVO(P2A)) plus IT-EP CXCL9 (plasmid expression
CXCL9) as indicated in Table 2.

Table 2.
Group Day 1 Day 5 Day 8
1 2ug EV 100 ug EV 100 g EV
2 2 ug TAVO(P2A) 100 ug EV 100 ug EV
3 2 ug TAVO(P2A) 100 pg CXCL9 100 pg CXCL9

[373] Spleens and treated tumors were harvested at day 10 and analyzed by NanoString and
flow cytometry. Gene expression changes in electroporated tumors were analyzed by
NanoString nCounter technology (mouse PanCancer 10360 panel) with pathway scores.

Pathway scores followed the assumptions of equal variance and normal distribution of ¢
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scores. Ordinary one-way ANOV A was used to calculate significance compared to the empty
vector treated group (n=4 per group). Transcriptomic analysis of the tumor microenvironment
revealed an enrichment of genes associated with immune-related pathways (IFNy signaling,
interleukin signaling, GPCR signaling), antigen presentation machinery, and TCR signaling,
indicating that this combination therapy augmented anti-tumor immunity (FIG. 39).

[374] Antigen specific CD8 T cells (AH1* CD8") were enriched in mice treated with IT-EP
IL-12 plus IT-EP CXCL9 when compared to IT-EP IL-12 alone or empty vector (gating
strategy SSC < Live < Singlets < CD4 " splenocytes).

[375] A significant increase in the percentage of AH1* CD8" T cells was observed in IT-EP
IL-12 treated and IT-EP IL-12 plus CXCL9 treated mice compared to empty vector control

treated mice.

[376] Example 20. IT-EP CXCL9 augments IT-EP IL-12 mediated abscopal anti-tumor
response. Mice bearing implanted tumors in both the left and right flank (contralateral tumor
model) were treated as in Table 2. Treatment was administered to only one tumor. Tumor
volumes were measured three times per week for regression and survival studies. Growth of
treated (left panel) and untreated tumors showed that sequential treatment with IT-EP IL-12
therapy and IT-EP CXCL9 therapy resulted in improved tumor regression and improved
survival in both treated and untreated (contralateral) tumors (FIG. 41).

[377] Mice were treated with IT-EP IL-12 plus CXCL9 using a plasmid expressing 1L-12
p35, IL-12 p40, and CXCL9 from a single CMV promoter. Frequency and mean fluorescence
intensity of CXCR3* expression of CDS cells from tumors collected 24 hours post IT-EP
treatment with empty vector, TAVO(P2A), or TAVO(P2A)-CXCL9 showed an increase in
CD8* CXCR3" cells after IT-EP of IL-12 or IL-12 plus CXCL9 (FIG. 43).

[378] CT26 tumors cells were implanted in the left and right flank of mice on day —7.
Tumor-implanted mice were then treated on days 1, 5, and 8 with either IT-EP empty vector
(group 1), IT-EP IL-12 (TAVO(P2A); group 2), or IT-EP IL-12-CXCL9 (TAVO(P2A)-
CXCL9; group 3) in one of the tumors. The plasmid dose was normalized to the amount of
IL-12 produced in mice treated with TAVO(P2A)-CXCL9 plasmid, as determined by ELISA.
At 12 days post-treatment, contralateral tumors from the IT-EP IL-12-CXCL9 group were
significantly smaller (FIG. 44). Mice treated with IT-EP IL-12~CXCL9 also exhibited a
survival advantage (FIG. 45).

[379] Example 21. Intratumoral electroporation of IL-12 and CXCL9 improves anti-PD-1

therapy. CT-26 tumor cells were implanted into the left and right flank of mice. Mice were
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then treated according to the schedule in Table 3. Tumor volumes were measured three times

per week for regression and survival studies (FIG. 46).

Table 3.
Day 1 Day 5 Day 8 Day 15
Group IP IT-EP IT-EP IP IT-EP IP
150 ug 2 ug 100 pg 150 pg 100 ug 150 ug
la control EV EV control EV control
1b anti-PD-1 EV EV anti-PD-1 EV anti-PD-1
2a control | TAVO(P2A) EV control EV control
2b anti-PD-1 | TAVO(P2A) EV anti-PD-1 EV anti-PD-1
3a control | TAVO(P2A) CXCL9 control CXCL9 control
3b anti-PD-1 | TAVO(P2A) CXCL9 anti-PD-1 CXCL9 anti-PD-1

[380] IT-EP CXCL9, when combined with IT-EP IL12, caused increased generation of
antigen-specific CD8" cytotoxic T lymphocytes (AH1* CD8"), enhanced abscopal response
to IL-12 therapy, and improved anti-PD-1 antitumor response. Without wishing to be bound
by theory, IL-12 may increase the activation and/or proliferation of CXCR3* T cells.
CXCR3" T cells are then recruited to the tumor by the CXCR3 chemokine activity of
CXCL9.

[381] Example 22. IT-EP CD3 half-BiTE increases CXCR3"* T cells in tumors. Biomarker
data have identified non-tumor reactive TILs that, if mobilized could increase clinical
immunotherapy response. CD3 half-BiTE expression on neoplastic and stromal cells
activates CD3" TILs, driving enhanced proliferation and cytotoxicity. Naive T cells, Treg
cells, and exhausted T cells (subsets not typically associated with strong anti-tumor
responses) displayed enhanced effector function (IFNy and granzyme B release) with
engagement of CD3 half-BiTE and IL-12 (FIG. 47-438).

[382] The combination of IL-12 and CD3 half-BiTE enhanced proliferation of T cells
regardless of the affinity for their cognate peptide: MHC, suggesting a T cell receptor
independent mechanism. Thus, IT-EP IL-12 plus CD3 half-BiTE can mobilize broad subsets
of T cells.

[383] Using immune profiling of the tumor microenvironment (TME), it was found that I'T-
EP CD3 half-BiTE significantly upregulated frequencies of CXCR3*CD8" T cells and short-

lived effector T cells. We further show that functional restoration of TILs in melanoma
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patients with active clinical progression on anti-PD-1 therapy was possible with engagement
of CD3 half-BiTE in the presence of IL-12 (FIG. 49).

[384] 4T1 tumors were treated with IT-EP using 50 pug of empty vector (EV) or IL-12
(TAVO(P2A)) on Day 0 followed by subsequent IT-EP on days 3 and 5 with 50 ug of EV or
CD3 half-BiTE: (A) tumor volume, (B) spontaneous metastatic lung modules, (C) CD3*
CDS8' T cells, (D) CD8* CXCR3* T cells, (E) CD45" CD3* T cells, (F) effector T cells, and
(G) effector memory T cells. T cell populations were measured 6 days post IT-EP treatment.
[385] TILs isolated from patients actively progressing on anti-PD-1 therapy were co-
cultured for three days with HEK293T cells transfected with empty vector or CD3 half-BiTE
with or without IL-12. TILs cultured with plate bound anti-human CD3 were used as a
positive control. The percentage or CD8+ T cells, the percentage of PD-1+ CD8+ T cells, and
the level of IFNy expression was higher in TILs incubated with HEK293T cells transfected
with CD3 half-BiTE, indicating that TILs from patient progressing on anti-PD-1 therapy
recover immune function in response to CD3 half-BiTE (FIG. 50).

[386] IT-EP CD3 half-BiTE or IT-EP IL-12~CD3 half-BiTE can increase numbers of
effector T cells, effector memory T cells, and activated T cells in peripheral blood, increase
antigen-specific cytotoxicity, decrease metastatic tumor burden, and restore functional

activity in TILs in patients progressing on checkpoint inhibitor therapy.

81



