WO 2018/006005 PCT/US2017/040354

PSEUDOTYPED ONCOLYTIC VIRAL DELIVERY OF THERAPEUTIC
POLYPEPTIDES

REFERENCE TO RELATED APPLICATIONS

{0001 This application claims prionity to U.S. Provisional Apphlication No.

entirety.

DESCRIPTION OF THE TEXT FILED SUBMITTED ELECTRONICALLY
0002] The contents of the text filed submitted electronically herewith are
mcorporated herein by reference in their eatirety: A computer readable format copy of the
Sequence Listing (file name: ONCR 004 0Z2WO_ST25 txt; date recorded: June 30, 2017; file

size: 193 kilobytes).

BACKGROUND OF THE INVENTION

{003] Patients with certain hematologic and solid tumors remain in need of new
therapies. The use of bispecific antibodies to direct cvtotoxie T cells to tumor cells, and chimeric
antigen receptors {CARs) to engineer antigen specificity onto an inmune effector ccll are being
demonsirated to provide a therapeutic benefit. Also, oncolvtic virus technologies are uscful
additions to the current standard of care of solid tumors, expecied to have a safety profile and the
ability to infect, replicate 1, and lyse tumor cells. However, the antitumor efficacy of the
bispecific antibodies, CARs and oncolytic virus are suboptimal, demonstrating the continued

need for further advances of oncology, antibodies, and oncolyvtic virus therapy.

SUMMARY OF THE INVENTION
{0004] In some embodiments, the present invention provides a pscudotyped
oncolytic viras comprising a recombinant nucleic acid comprising (i} a first nucieie acid
sequence encoding an engager polyvpeptide, wherein the engager polypeptide compriscs an
activation domain specific for ap antigen expressed on an effector cell and an antigen recognition
domain specific for a cell-surface antigen expressed on a target cell. In some embodiments, the
antigen recoguition domain spectfically binds to a tumor antigen. In some cotbodiments, tomor

antigen is selected from Table 2.
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{00S] In some embodiments, the present invention provides a pseudotyped
oncolyvtie virus comprising a recombinant nucleic acid compnsing (i) a first nucleic acid
sequenee encoding an ongager polypeptide, wherein the engager polypeptide comprises an
activation domain specific for an antigen expressed on an effector cell and a therapeutic molecule
domain that binds to an inhibitory antigen expressed on a cell surface. In some embodiments, the
therapeutic molecule domain specifically binds to PB1, PDLI, or £D47. In some embodiments,
the recombinant nucleic acid further comprises a second nucleic acid sequence encoding a
therapeutic polypeptide. In some embodiments, the therapeutic polypeptide s an immume
modidator polypeptide. In some embodiments, the mmmune modulator polypeptide is sclected

from a cytokine, a costimulatory molecule, an mmmune checkpoint polypeptide, an anti-

angiogenesis factor, a matrix metatloprotease (MMP), or a nucleic acid.

{00606] In some embodiments, the immune checkpoint polypeptide comprises (1)
an inhibitor of PD-1, PDL-1, CTLA-4, LAG3, TIM3, neuropilin, or CCR4; (1) an agonist of
GITR, OX-40, or CD23; or (11} a combination of (1) and (i1). In some embodiments, the immune
checkpoint polypeptide comprises an MMP, wherein the MMP is MMP9. In some embodiments,
the immune checkpoint polypeptide comprises a cytokine, wherein the cviokine 15 selected from
1L-15, 1L-12, and CXCLIO.

{00671 In some embodiments, the effector cell engaged by the engager molecules
herein 15 a T cell, an NKT cell, an NK celi, or a macrophage. In some embodiments, the
activation domain of the effector molecule specifically binds to CD3, CD4, CDS5, DR, CDls,
CD28. CD40, D134, CD137, or NKG2D,

O008] In some embodiments, the recombmant nucleic acid provideds herem are
multicistronic sequences. In some cmbodiments, the multicistronic sequence 13 a bicistronie
sequense or a tricistronic sequence. In some embodiments, the muklticistronic sequence comprises
a picornavirus-2a-like scquence, and wherein the first and second mucleic acid sequences are
expressed from a single promoter segquence present in the recombinant nucleic acid.

{0009] In some embodiments, the present invention provides a pscudotyped
oncolytic viras comprising a recombinant nucleic acid sequence compnsing (i} a first nucleic
acid sequence encoding an engager polypeptide, whercin the engager polypeptide comprises an
activation domain specific for an anfigen expressed on an effector cell and an antigen recognition
domain specific for a tumor cell antigen expressed on a target cell, wherein the antigen expressed
on the effector cell 18 CD3, and wherein the tumor cell antigen is CI 9. In some embodiments,
the recombmant nucieic acid sequence encodes a polvpeptide sequence that 1s at least 90%

wdentical to SEQ ID NGO 44, In some embodiments, the recombinant nucleic acid sequence
2
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coraprises SEQ 1D NO: 43, In some embodiments, the recombinant nucleic acid sequence further
comprises (i1} a second nuclete acid sequence encoding a therapeutic molecule, wherem the
therapeutic molecule 15 1L-12. In such embodiments, the recombinant nucleic acid sequence
encodes a polyvpeptide sequence that 15 at least 90% identical to SEQ ID NO: 34 In some
embodiments, the recombinant nucleic acid sequence further comprises (11} a second nucleic acid
sequence encoding a therapeutic molecule, wherein the therapeutic molecule 1s 1L-15. In such
embodiments, the recombinant nucleic acid sequence encodes a polvpeptide sequence that is at
cast 909% identical to SEQ ID NO: 53, In some embodiments, the recombinant nucleic acid
sequence further comprises (11} a second nucleic acid sequence encoding a therapeutic molecule,
wheretn the therapeutic molecule 1s CXCL10. In such embodiments, the recombinant nucleic
acid sequence encodes a polypeptide sequence that is at least 90% identical 1o SEQ 1D NO: 35,
In some embodiments, the recombinant nucleic acid sequence further comprises (11) a second
nucleic acid seguence encoding a therapeutic molecole, wherein the therapeutic molecule is
MMPY,

{411 0] In some embodiments, the present invention provides a pseudotyped
oncolytic virus comprising a recombinant nucleic acid sequence comprising (i} a first nucleic
acid sequence encoding an engager polypeptide, wherein the engager polypeptide comprises an
activation domain specific for an antigen expressed on an cffector cell and an therapeutic
molecule domain specific for an inhibitory antigen, wherein the antigen expressed on the effector
cell s CD3, and wherein the inhibitory antigen is PDL1L. In some embodiments, the recombinant
nucleic acid sequence comprises a nucleic acid sequence encoding a polypeptide sequence that is
at least 90% dentical to SEQ ID NG: 30. In some embodiments, the recombmant nucleic acid
sequence comprises SEQ ID NO: 49 In some embodiments, the recombinant nucleic acid
sequense further comprises (it} a second nmucleic acid sequence encoding a therapeutic molecule,
wherein the therapeutic molecule 15 112, In some embodiments, the recombinant nucleic acid
sequence encodes a polvpeptide sequence that is at least 90% idenuical to SEQ 1D NG: 63 In
some embodiments, the recombinant nucleic acid sequence further comprises (1) a second
nucleic acid sequence encoding a therapeutic molecule, wherein the therapeutic molecule s Ho-
15, In some cmbodiments, the rccombinant nucleic acid sequence cncodes a polvpeptide
sequence that is at least 90% identical to SEQ 1D NO: 62, In some embodiments, the
recombinant nucleic acid sequence further comprises {1t} 3 second nucleic acid sequence
encoding a therapeutic molecule, wherein the therapeutic molecule s CXCL1O. In some
embodiments, the recombinant nucleic acid sequence encodes a polypeptide sequence that 18 at

least 80% identical to SEQ ID NO: 64, In some embodiments, the recombinant nucleic acid

(7S]
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sequence further comprises (11) a second nucleic acid sequence encoding a therapeutic molecule,
wherein the therapeutic molecule 18 MMP9. In some embodiments, the engager molecule further
comprises a third binding domain. o some embodiments, the third binding domain comprises an
mmunoglobulin Fo domain. In some embodiments, the recombinant nucleic acid sequence
encodes a polypeptide sequence that is at least 90% identical to SEQ ID NO: 52, In some
embodiments, the recombinant nucleic acid sequence comprises SEQ 1B NO: 51,

{0011] In some cmbodiments, the present invention provides a pscudotyped
oncolytic virus comprising a recombinant nucleic acid sequence compnsing (1) a first nucleic
acid sequence encoding an engager polvpeptide, wherein the engager polypeptide comprises an
activation domain specific for an antigen expressed on an effector cell and an therapeutic
molecule domain specific for an inhibitory antigen, wherein the antigen expressed on the effector
cell 18 CD3, and wherein the mhibitory antigen i1s 5IRPla. In some embodiments, the
recombmant nucleic acid sequence comprises a nucleic acid sequence encoding a polypeptide
sequence that is at least 90% identical to SEQ ID NO: 46 or 48, In some cmbodiments, the
recombmant nucleic acid sequence comprises SEQ 1D NO: 45 or 47, In some embodiments, the
recombinant nucleic acid sequence further comprises (11} a second nucleic acid sequence
encoding a therapeutic molecule, wherein the therapeutic molecule is 1L-12. in some
embodiments, the recombinant nucleic acid sequence encodes a polypeptide sequence that is at
least 90% identical to SEQ ID NG: 38 or 39, In some embodiments, the recombmant nuclewc acid
sequence further comprises (11} a second nucleic acid sequence encoding a therapeutic molecule,
wherein the therapeutic molecule 1s IL-15. In some embodiments, the recombinant nucleic acid
sequence encodes a polvpeptide sequence that 1s at least 90% identical to SEQ 1D NG: 56 or 57.
In some embodiments, the recombinant nucleic acid sequence further comprises (11) a second
nucleic acid sequence encoding a therapeutic molecule, wherein the therapeutic molecule is
CXCLI0. In some embodiments, the recombinant nucleic acid sequence encodes a polypeptide
sequence that is at least 90% identical to SEQ ID NO: 60 or 61. In some cmbodiments, the
recombmant nucleic acid sequence further compnses (it} a second nucleic acid sequence
encoding a therapeotic molecule, wherein the therapeutic molecule 18 MMPS. In some
embodiments, the recombinant nucleic acid sequence encodes a polypeptide sequence that is at
cast 909% dentical to SEQ D NG 65 or 66. In some embodiments, the recombmant nucleic acid
sequense further comprises (it} a second nmucleic acid sequence encoding a therapeutic molecule,
wherein the therapeutic molecule is an anti-PDL1 scFv linked to an IgG1 Fc domain. fn some

embodiments, the recombinant nucleic acid sequence encodes a polypeptide sequence that 18 at
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cast 909% dentical to SEQ D NG: 68 or 70. In some embodiments, the recombmant nucleic acid
sequence comprises SEQ 1D NO: 67 or 69,

{001 2] In some embodiments, the pseudotyped oncolvtic viruses of the present
mvention are selected from adenovirus, herpes simplex virus 1 (HSV 1), myxoma virus, reovirus,
polioviras, vesicular stomatitis virus (VSV), measles virus (MV), lassa virus (LASY), or
Newcastle disease virus (NDV). In some embodiments, the pscudotvped oncolviic vinus
comprises a reduced neurotropism activity and/or neurotoxicity activity in a human subject as
compared to a reference virus. In some embodiments, the reference virus is 1) a non-pseudotyped
oncolytic virus, or 1) a vaccimia virus. In some embodiments, the pseudotyped oncolytic virus is
an attenuated oncolytic virus. In some embodiments, the virus is not a vaccinia virus.

{001 3] In some embodiments, the pseudotyped oncolytic viruses of the present
mvention comprise a single recombinant nucleic acid. In some embodiments, the pseudotyped
oncolytic viruses comprise a plurality of recombinant nucleic acids. In some embodiments, the
oncolvtic virus selectively infects a target cell. In some embodiments, the target cell is 2 tumor
cell and wherein the oncolyitic viras 18 capable of selectively replicating within the tumor cell.

001 4] In some embodiments, the engager polypeptide 1s a bipartite polvpeptide
and is comprised of an antibody, an antibody domain, a human mmunocglobwlin heavy chain
variable domain, a dual-variable-domain antibody (DVD-Ig), a Tandab, a diabody, a flexibody, a
dock-and-lock antibody, a Scorpion polypeptide, a single chain vanable fragment (scFv), a BiTE,
a DuoBody, an Fe-engineered Ig(G, an Feab, a Mab2, or DART polypeptide.

{0601 5] In some embodiments, the present mvention provides a pharmaceutical
corposition comprising any of the pseadotyped oncolvtic viruses described herein. In some
embodiments, the pseuadotyped oncolvtic virus induces an immune response. In some
embodiments, immune response s selectively cvictoxic to a target cell. In some cmbodiments,
the target cell is a solid tumor cell or a hematologic cancer cell. In some embodiments, the target
cell expresses one or more tumor antigens. In some embodiments, the one or more fumor
antigens are selected from Table 2.

{0016] In some embodiments, the present invention provides a method of treating
a cancer in a subject in need thereof, comprising adounistering a therapeutically effective amount
of an oncolvtic virus descnibed herein or a pharmaceutical composition described heremn. In some
embodiments, the method further comprises administering one or more additional therapies to the
subject in need thercof. In some cmbodiments, the one or more additional therapies comprise

surgery, radiation, chemotherapy, immunotherapy, hormone therapy, or a combination thereof.
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[0017] In some embodiments, the present mvention provides a method of treating
one or more tumors in a subject in need thereof comprisimg administering a therapeutically
cffective amount of an oncolytic virus described herein or a pharmaceutical composition
described herein to a patient, wherein the one or more tumors express a tumor antigen.

{0018] In some embodiments, the present invention provides a method of
selecting a patient for treatment comprising {a) determining the expression of a tumor antigen on
one or more tumor cells derived from the paticot; and (b) administering an oncolvtic virus
described herein or a pharmaceutical composition described herein if the tumor cells obtained
from the patient express the one or more tumor antigens. In some embodiments, the one or more
temor antigens are selected from Table 2. In some embodiments, the present invention provides a
method of delivering an engager polypeptide and a therapeutic polypeptide to a tumor site
comprising administering to a patient in need thereof an oncolviic virus descnibed herein or a

pharmaceutical composition described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

0019] FIG. 1 illustrates an amino acid sequence of a CP19-CD3 bipartite
polypeptide comprising a first single chain variable fragment (scFv} directed agamst €D19
linked to a second scfv directed against CD3.

{0026] FIG. 2 illustrates an amino acid sequence of a CP19-CD3-IL15 construct
encoded by a bicistronic gene. The first gene encodes a bipartite polypeptide comprising a first
scFyv directed against CD19 linked to a second sckFv directed agammst D3, A second gene
encoding 1L-15 1s linked to the bipartite gene sequence by a T2A self-cleaving polypeptide
linker.

{00211 FiGG. 3 illustrates an amino acid sequence of a CBI9-CD3-1L12 construct
encoded by a multicistronic gene. The first gene encodes a bipartite polypeptide comprising a
first sckv directed against CD19 linked to a second scFv divected against CD3. A second gene
encoding the p35 subunit of 1L-12 15 linked to the bipartitc gene seguence by a T2A self-cleaving
polypeptide linker and a third gene encoding the p40 subunit of [L-12 is linked by a T2A self-
cleaving polypeptide linker.

[0022] FIG. 4 iillustrates an amino acid sequence of a CDI9-CD3-CXCLIO
construct encoded by a bicistronic gene. The first gene encodes a bipartiie polypeptide
comprising a first scFv directed against CD19 linked to a seccond sctv directed against CD3. A
second gene encoding CXCL 10 1s linked to the bipartite gene sequence by a T2A self-cleaving

polypeptide linker.
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[023] FIG. 5 illustrates an anino acid sequence of a SIRP1o-CD3 bipartite
polypeptide comprising a first protein comprising the first 120 amino acids of SIRPla hinked by
a single amino acid linker to an sckFv directed against CD3,

[0024] FIG. 6 sllustrates an amuno acid sequence of a SIRP1u-CD3-LL bipartite
polypeptide comprising a first protein comprising the first 120 amino acids of SIRPlo linked by
a 545 motif linker to an scFv directed against CD3.

0025) FIG. 7 tllustrates an anuno acid sequence of a SIRPLa-CD3-1L1S construct
encoded by a bicistronic gene. The first gene encodes a bipartite polypeptide comprising the first
120 amino acids of SIRP1g linked by a single amino acid linker to an scFv directed against CD3.
A second gene encoding FL-15 is linked to the bipartite gene sequence by a TZA self-cleaving
polypeptide linker.

{0026] FIG. 8 illustrates an amino acid sequence of a SIRPIa-CD3-IL15-LL
construct encoded by a bicstromc gene. The first gene encodes a bipartite polypeptide
corapnsing the first 120 ammo acids of SIRPia linked by a G485 motif inker to an scFv directed
against CD3. A second gene encoding 1L-15 1s linked to the bipartite gene sequence by a T2A
self-cleaving polypeptide linker.

{00271 FiG. 9 illustrates an amino acid sequence of a SIRP1g-CD3-1L12 construct
encoded by a multicistronic gene. The first gene encodes a bipartite polypeptide comprising the
first 120 amimno acids of SIRP1g Iinked by a single amino acid linker to an scFv directed against
CD3. A second gene encoding the p35 subunit of 1L-12 is hinked to the bipartite gene sequence
by a TZA scif-cleaving polvpeptide hinker and a third gene encoding the p4 subunit of IL-12 is
hinked by a T2 A self-cleaving polypeptide linker.

JO028] FIG. 10 lustrates an aminc acid sequence of a SIRPla-CD3-IL12-LL
construct encoded by a multicistronic gene. The first gene encodes a bipartite polypeptide
comprising the first 120 amino acids of SIRPla linked by a G458 motif linker to an scFv directed
against CD3. A second gene encoding the p3S subunit of 1L-12 1s linked to the bipartite gene
sequence by a T2A self-cleaving polypeptide linker and a third gene encoding the p40 subunit of
1L-12 is linked by a T2A seif-cleaving polyvpeptide linker.

{0029] FIG. 11 dlustrates an amino acid sequence of a SIRPlg-CD3-CXCLIO
construct encoded by a bicistronic gene. The first gene encodes a bipartite polypeptide
comprising the first 120 amino acids of SIRPla linked by a single amino acid linker to an scFv
directed against CD3. A second gene encoding CXCL10 is linked to the bipartite gene sequence

by a T2A self-cleaving polvpeptide linker.
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{4130] FIG. 12 illustrates an amino acid sequence of a SIRP1a-CD3-CXCLIO-LL
construct encoded by a bicistronic gene. The first gene encodes a bipartite polvpeptide
comprising the first 120 amino acids of SIRP 1o linked by a G45 motif linker {o an scFv directed
against CD3. A second gene encoding CXCLI0 is Tinked to the bipartite gene sequence by a T2A
self-cleaving polypeptide linker.

{0031} FIG. 13 illustrates an amino acid sequence of a PDLI-CD3 bipartite
polypeptide comprising a first scFv directed aganst PDLI linked to a second scFv directed
agamst CD3.

0032] FIG. 14 illustrates an amino acid sequence of a PDLT-CD3-1L1S construct
encoded by a bicistronic gene. The first gone encodes a bipartite polypeptide comprising a first
scFv directed against PDL1 linked to a second scFv directed agamst CD3. A second gene
encoding 1L-~15 is linked to the bipartite gene sequence by a T2A self-cleaving polypeptide
hinker.

{0033] FIG. 15 illustrates an amino acid sequence of a PDL1-CD3-IL12 construct
encoded by a multicistronic gene. The first gene encodes a bipartite polypeptide comprising a
first sckFv directed against PDL1T linked to a second scFv directed against CD3. A second gene
encoding the p35 subunit of IL-12 15 linked to the bipartite gene sequence by a T2A self-cleaving
polypeptide hinker and a third gene encoding the p40 subunit of 1L-12 is linked by a T2A scif-
cleaving polvpeptide linker.

{0034] Fiz. 16 ilustrates an aminc acid sequence of a PRLI-CD3-CXCLI10
construct encoded by a bicistronic gene. The firet gene encodes a bipartite polypeptide
comprising a first scFv directed against PDLI linked to a second scFv directed agamst CD3. A
second gene encoding CXCL10 15 linked to the bipartite gene sequence by a T2ZA self-cleaving
polypeptide linker.

{0035] FiG. 17 dlustrates an amino acid sequence of a PDLI1-CD3-Fo tripartite
polypeptide comprising a first scFv directed against CD3, linked by a G48 motif binker to a
second scFv directed against PDLI, which 18 1n turn linked to the CH2Z-CH3 domain of human
1gG1 by an 1gG1 hinge.

{0036] FIG. 1% illustrates an amino acid sequence of a SIRP1a-CD3-MMP9-SL
construct encoded by a bicistronic gene (FIG. 18A) and an amino acid sequence of a SIRPlo-
CD3-MMPS-LL construct encoded by a bicistronic gene (FIG. 18B).

{0037] FIG. 19A — 19C illustrate the binding of CD19-CD3 BiTE constructs
(F1G. 19A), SIRPIe-CD3 BiTE constructs (FIG. 19B), and PDLI-CD3-Fe tnpartite T cell
engagers (FIG. 19C) CD37 T cells.
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0038] FIG. 20 illustrates the quatification ot the T cell engager construct binding
shown m FIG. 19,

{039] FiG. 21 illustrates the CD3-specific binding of CD19-CB3 BiTE
constructs (FIG. 21A), SIRP1a-CD3 BIiTE constructs (FIG. 21B), and PDLI1-CD3-Fc trpartite T
cell engagers (FIG. 21C) through the use of an anti-CD3 antibody, OKT3.

§8040] Fiz. 22 illustrates the specificity of the CD47-binding SIRPly arm of a
SIRP1a-CD3 BiTE construct.
{0041 FIG. 23A - FIG. 238 dlustrate the binding of CD19-CD3 and SIRPlo-

CD3 BiTE constructs (FIG. 23A) to Raji cells (CD197CDR4T). % binding is quantified m FIG.
238.

{00472} FIG. 24A - FIG 24B dlustrate the binding of CB19-CD3 and SIRPlg-
CD3 BIiTE constructs (FIG. 24A) to U208 cells (CD19CD477). % binding is quantified in FIG.
248,

{0043] FiG. 25A - FIG. 25B illustrate the binding of CD19-CD3 and SIRPla-
CD3 BiTE constructs (FIG. 25A) to GBM30-luc cells (CD19CN47Y). % binding is quantified in
FIG. 25B.

§8044] Fiz. 26A -~ FIG. 26B illustrate the binding of CD19-CD3 and 5IRPlg-
CD3 BiTE constructs (FIG. 26A) to U251 cells (CD19CD47"). % binding is quantified in FIG.
268,

§O045] FIG. 27A - FIG. 27C idlustrate the binding of PDLI-Fe-CD3 tnipartite T
cell engagers to U251 cells. The binding of the PDL1-Fe-CB3 constructs (FIG. 27B) is compared
to the binding of an anti-PDL1I antibody {(FIG. 27A). Binding was not mediated by FoyRs, as
U257 cells do not express FoyRI, FeyRIE, or FoyRE (FIG. 27C).

{0046] FIG. 28 illustrates CD19-CD3 BiTE, SIRP1¢-CD3 BITE, and PDL1-CD3-
Fe tnpartite T cell engager-mediated T cell-dependent cytotoxicity (TDCC) of Rap cells.

{0047 FIG. 29 illustrates CD19-CD3 BiTE and PDLI-CD3-Fc tnipartite T cell
engager-mediated TDCC of THPI cells.

JO0348] FIG. 30 illustrates CD19-CD3 BIiTE and PDL1-UD3-Fc tripartite T cell
engager-mediated TDCC of U251 cclls.

[0049] FIG. 31 iflustrates SIRPlo-CD3 BiTE-medated TDCC of 293F celis

compared to an osteopontin-fusion control construct.
{0050] FIG. 32 illustrates expression of SIRPlo-CD3 BiTE constructs from

oncolvtic-HSV vectors. Expression of SIRP1g-CD3 BiTE constructs with short linkers (Lancs 1-

o
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4 and ONCROS8S m lanes 5-6, shown in FIG. 3) and S5IRP1g-CD3 BiTE constructs with long
linkers (ONCRO87 in lanes 7-8, shown in FIG. 6) are shown.

{0051 FiG. 33 illustrates expression of PDLI-CD3-Fc BITE constructs from
oncolytic-HSV vectors. Punifed PDLI-CD3-Fe BiTE protein is shown in lanes 1-4. Concentrated
viral supernatants are shown in lanes 5-6.

{0052] FIG. 34A ~ FIG 34B dhustrates TDCC of U251 cells by virally produced
SIRP1o-CD3, SIRPle-CD3-LL, and PDLI-CD3-F¢ BiTE constructs. Photographs of U251 cell
cultures after incubation with the indicated BiTE constructs and CD8+ T cells are shown in FIG.
34A. Activity of virally produced BiTE constracts, measared by % of cell killing and quantified
by flow cytometry, is shown in FHG. 34B.

{0053] FIG. 35 illustrates that Amucon ultrafiltration effectively removes virus
from sampies, as deternuned by Western blotting with polyclonal anti-HSV antibody, and
mdicated that BiTE-killing 18 duc to the BiTE and not viral infection.

{0054] FIG. 36 illustrates a carfoon representation of the production of a
pseudotyped oncolyitic virus and a recombinant oncolytic virus and infection of a target cell by
the respective pseadotvped oncolytic viras and the recombinant oncolytic virus.

{0055] FiG. 37 illostrates an amino acid sequence of a SIRPI«-CUD3-PDLI-Fc
(SL) construct encoded by a bicistronic gene wherein the first gene encodes an anti-PDLT scFv
hinked to an IgGl Fe domam and the second gene encodes a bipartite polvpeptide comprising the
first 120 ammo acids of SIRP1og linked by a single amino acid hinker to an scFv directed against
CD3.

{136] FIG. 38 illustrates an amino acid sequence of a SIRPla~-CD3-PDL1I-Fc
(LL) construct encoded by a bicistronic gene whergin the first gene encodes an anti-PDL1T scFv
linked to an IgG1 Fc domatn and the second gene encodes a bipartite polypeptide comprising the
first 120 amino acids of SIRPlg linked by a G48 motif linker to an scFv directed against CD3,

{0057] FIG. 39 illustrates a schematic of a SIRPla-CD3-PDLI-Fo expression
plasmid. Two plasmud constructs, one for SIRP1a-CD3-PDL1I-Fc (S5L) and one for SIRP1g-CD3-
PBLI-Fo (LL) were generated.

{0058] FIG. 40 illustrates purification of the SIRP1g-CD3 BiTE (SL), SIRPla-
CD3 BiTE (LL}, and the anti-PDL1-Fc compounds from supematants of transfected 293 T cells.
FIG. 40A chows purification of anti-PDL1-Fo compounds assessed by Coomassie. FIG. 40B
tHustrates purification of 8IRP1a-CD3 BiTE compounds as assessed by Western Blot using an

anti-His detection antibody.
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{4159] FIG. 41 shows results of a PR U/PDLI blockade assay. A schematic of the
assay is shown in FIG. 41A - FIG. 41B. The results of the PR1I/PBL1 blockade assay using the

anti-PDEL1-Fe compound produced from 293 cells transfected are shown in FIG. 41C

Prranep DESCRIPTION OF THE INVENTION

{0060] The present disclosure provides novel engincered oncolytic viruses, in
particular pseudotvped oncolyvtic viruses that produce multipartite polvpeptides and/or other
therapeutic polvpeptides for the treatment of cancer including solid tumors {e.g., advanced sohd
temors) and hematologic malignancies. In some embodiments, the oncolytic virus is engineerad
by pseudotyping or other recombinant techuology in order to modulate the tropism of the virus to
result m a viral infection specific for tumor cells and/or surrounding tumor stroma and/or for
other beneficial purposes as provided hercin. In some embodiments, the multipartite and/or
therapeutic polypeptides produced by the oncolyiie viruses described herein mediate or enhance
the anti-tumor effects of the oncolvtic viruses, such as by eftector-cell mediated Iysis of target
cells (e.g., tumor cells). The oncolvtic viruses described herein may have multiple {e.g. dual)
modes of action, including effector cell-mediated cytolysis of target cells as a resualt of the
expression of multipartitc polvpeptides, and viral-mediated destruction of target cells. The
present disclosure further provides therapeutic compositions comprising the engineered oncolvtic

viruses and methods of use in the treatment of solid tumors and hematologic malignancies.

Overview

[0061] In some embodiments, the present invention provides pseudotyped
oncolytic viruses, compositions thereof, and methods of use for the {reatment of cancer. The
pseudotyped oncolytic viruses provided herein comprise recombinant nucleic acids that encode
engager polvpeptides and/or other therapeutic molecules (e.g., therapeutic polvpeptides).
Typically, the engager polvpeptides function as offector cell engagers and generally comprise a
first domain directed against an activation molecule expressed on an effector cell {eg., an
activation domain or an e¢ngager domain} and a second domain directed against a target cell
antigen {e.g., an antigen recognition domain) or other cell-surface molecule (e.g., a therapeutic
molecule domain}. Also provided are bipartite, tripartite or multipartite polypeptides {(e.g..
comprising onc or multiple engager domains, one or nwltiple antigen recognition domains, or
one or multiple therapeutic molecule domains, and optionally one or multiple other functional

domains).

11
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[062] Also provided are methods of treating cancer, comprising the step of
delivering to human subject it need thereof a therapeutically effective amount of the oncolviic
viruses or pharmaceutical compositions thereof provided herein. Such methods optionally
mehude the step of delivening to the human subject an additional cancer therapy, such as surgery,

radiation, chemotherapy, immunctherapy, hormone therapy, or a combination thereof.

Definitions

[0163] As used herein, the singular forms "a," "an," or “the” mclude plural
references unless the context clearly dictates otherwise.

[0064] Throughout this specification, voless the context requires otherwise, the
word “comprise”, or variations such as “comprises” or “comprising”, will be understood to unply
the mclusion of a stated element or infeger or group of elements or integers but not the exclusion
of any other element or integer or group of elements or integers.

{0065] As used in this application, the terms “about” and “approximately” are
used as equivalents. Any numerals used in this apphication with or without about/approximately
are meant to cover any normal fluctuations appreciated by one of ordinary skill in the relevant
art. In certain embodiments, the term “approximately” or “about” refers to a range of values that
fall within 30%, 25%, 20%, 19%, 18%., 17%, 16%, 15%., 14%, 13%, 12%., 11%, 10%, 9%, 8%,
T%, 6%, 5%, 4%, 3%, 2%, 1%, or less n either direction (greater than or less than) of the stated
reference value unless otherwise stated or otherwise evident from the context {except where such
number would exceed 100% of a possible value).

(166] As used herein the specification, "subject” or "subjects” or “mndividuals”™
mclude, but are not limited to, mammals such as humans or non-human mammals, including
domesticated, agricultural or wild, amimals, as well as birds, and aguatic animals. In some
embodiments, subjects are livestock such as caitle, sheep, goats, cows, swine, and the like;
pouliry such as chickens, ducks, geese, turkevs, and the like; and domesticated animals such as
dogs and cats. In some embodiments (e ¢ particularly in research contexts) subjects are rodents
{e.g., mice, rats, hamsters), rabbits, primates, or swine such as imbred pigs and the like In
particular embodiments, the subjoct is a human. “Patients” are subjects sufferning trom or at risk
of developing a disease, disorder, or condition or otherwise in need of the compositions and
methods provided hercin. None of the torms require or are limited to situations characterized by
the supervision {e.g. constant or intermittent) of a health care worker {e.g. a doctor, a registered

nurse, 4 nurse pracitioner, a physician’s assistant, an orderly or a hospice worker}.
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{067) As used herein, "treating” or "treatment” refers to any ndicia of success in
the treatment or amelioration of a disease or condition, particelarly cancer. Treating or treatment
may be performed i virre and/or i vive. and may comprise delivering an oncolvtic virus, or
composition thereof, described herein to a patient or subject m need thercof In some
embodiments, treating includes, for example, reducing, delaving or alleviating the seventy of one
or more sympioms of the disease or condition, and/or reducing the frequency with which
symptoms ot a disease, defect, disorder, or adverse condition are experienced by a subject or
patient. Herein, "treat or prevent” is used herem 1o refer to a method that results 1n some level of
treatment or amelioration of the disease or condition, and contemplates a range of results directed
to that end, including but not restricted to prevention of the condition entirely.

{0068] As used hercin, "preventing” refers to the prevention of a discase or
condition, e.g., tumor formation, in a patient or subjet and may also be refered to as “prophylactic
treatment.” Prevention of disease development can refer to complete prevention of the symptoms
of discase, a delay in discasec onsct, or a lessening of the severity of the symptoms i a
subsequently developed disease. As a non-hinuting illustrative example, if an individual at risk of
developing a tumor or other form of cancer is treated with the methods of the present invention
and does not later develop the tumor or other form of cancer, then the disease has been
prevented, at least over a period of tune, in that individual.

{0069] The terms "therapeutically etfective amount” and “therapeuticaliv effective
dose” arg used mterchangeably hercin and refer to the amount of an oncolytic viruse or
compoesition thereof that is sufficient to provide a beneficial offect or to otherwise reduce a
detrimental non-beneficial event {e.g. an amount or dose sufficient to treat a disease). The exact
amount or dose of an oncolytic vires comprised within a therapeutically effective amount or
therapeutically effective dose will depend on variety of factors including: the purpose of the
treatment; the weight, sex, age, and general health of the subject or patient; the route of
administration; the tinung of administrations; and the nature of the disease to be treated. The
therapeutically effective amount for a given subject or patient is ascertainable by one skilled in
the art using known techniques (see, e.g. Licberman, Pharmaceutical Dosage Forms {vols. 1-3,
1992y, Llovd, The Art, Science and Technology of Pharmaceuntical Compounding (1999); and
Pickar, Dosage Calculations (1999}).

{0070] “Pseudotype” refers to a virus particle, wherein a portion of the virus
particle {e.g., the envelope or capsid) comprises heterologous proteins, such as viral proteins
derived from a heterologous viras or non-viral proteins. Non-viral proteins may include

antibodies and antigen-binding fragments thereof. Preferably, a pseudotyped virus is capable of 1)
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altered tropism relative to non-pseudotyped virus, and/or 1) reduction or ¢limination of a non-
beneficial effect. For example, in some embodiments a pseudotyped virus demonstrates reduced
toxicity or reduced infection of non-tumor cells or non-tumor tissue as compared io a non-
pseudotyped virus.

{06071] The term “targeting moiety” refers herein to a heterclogous protem linked
to a virus particle that is capable of binding to a protein on the cell surface of a selected cell type
in order to direct mteraction between the virus particle and the sclected cell tvpe. The targeting
moiety may be covalently or non-covalently linked and is generally linked to an envelope
protein, e.g., E1, B2, or E3. Representative targeting moieties inclode antibodies, antigen binding
fragments thereof, and receptor ligands. A viral “envelope™ protein, or “Env” protein, refers to
any polypeptide sequence that resides on the surface lipid bilayer of a virion and whose function
is to mediate the adsorption to and the penctration of host cells susceptible to mfection.

{0072] The term “vector” is used hergin to refer fo a nucleic acid molecule
capable transferring or transporting another nucleic acid molecule. The transferred nucleic acid s
generally hinked to, e.g., mseried into, the vector nucleic acid molecule. A vector may include
sequences that direct autonomous replication in a cell, or may include sequences sufficient to
allow integration to host cell BNA . In some embodiments, the vector 18 a virus {ie., a viral
vector or oncolviic viral vector) and the transferred nucleic acid sequence is a recombinant
nucleic acid sequence encoding an engager molecule and/or a therapeutic molecule. A viral
vector may sometimes be referred to as a “recombinant viras” or a “virus.” The terms “oncolytic
virus” and “oncolytic vector” are used interchangeably herein.

73] “Nucleic acid genome” or “viral genome” refers to the nucleic acid
component of a virus particle, which encodes the genome of the virus particle including any
proteins required for replication and/or integration of the genome. In some embodiments, a viral
genome acts as a viral vector and may comprise a heterologous gene operably linked to a
promoter. The promoter may be cither native or heterologous to the gene and may be viral or
non-viral m origin. The viral genomes described herein may be based on any virus, may be an
RNA or DNA genome, and may be either single stranded or double stranded. Preferably, the
nucleic acid genome is from the family Rhabdovinidac.

7 4] “Retroviral vectors,” as used herem, refer to viral vectors based on viruses
of the Retrovindae family. In their wild-type (WT) form, retroviral vectors typically contain a
nucleic acid genome. Provided herein are pseudotyped retroviral vectors that also comprise a

heterologous gene, such as a recombinant nucleic acid sequence deseribed herein.
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[0075] The term "antibody fragment or derivative thereof” includes polypeptide
sequences containing at least one CDR and capable of specifically binding to a target antigen.
The term further relates to single chain antibodics, or fragments thereof, synthetic antibodies,
antibody fragments, such as a Camel Ig, Ig NAR, Fab fragments, Fab' fragments, F{ab)?
fragments, F(ab)3 fragments, Fv, simgle chain Fv antibody ("scFv"}, bis-scFv, (scFv)2,
minibody, diabody, triabody, tetrabody, disulfide stabilized Fv protein ("dsbFv"), and single-
domain antibody (sdAb, nanobody), ctc., or a chemically modified denivative of any of these. In
some embodiments, antibodics or their corresponding immunoglobulin chain(s) are further
modified by using, for example, amino acid deletion(s), insertion(s), substitution(s), addition(s},
and/or recombination(s} and/or any other modification{s} {¢.g. postiranslational and chemical
modifications, such as glycosviation and phosphorviation), either alone or in combination.
Methods for mtroducing such modifications in the DNA sequence underlying the amino acid
sequence of an immunoglobulin chain are well known to the person skilled i the art.

{0076] The term "single-cham" as used in accordance with the present disclosure
refers to the covalent linkage of two or more polypeptide sequences, preferably in the form of a
co-linear amino acid sequence encoded by a smgle nucleic acid molecule.

{00771 The terms "binding to” and “interacting with" are used interchangeably
herein and refer to the interaction of at least two "antigen-interaction-sites” with cach other. An
"anfigen-interaction-site” refers (o a mout of a polypeptide (e.g., an antibody or anfigen binding
fragment thereof) capable of specific interaction with an antigen or a group of antigens. The
binding/interaction is also anderstood to define 3 "specific interaction” or “specific binding.”

[0078] The terms "specific binding” or “specific interaction” refer to an antigen-
mteraction-site that is capable of specifically interacting with and/or binding to at least two
amino acids of a target molecule as defined herein. The term relaies to the ability of the antigen-
mteraction-site to discriminaic between the specific regions {e.z. epitopes) of the target
molecules defined herein such that it does not, or essentially does noti, cross-react with
polvpeptides of similar structures. In some embodiments, the epitopes are linear. In some
embodiments, the epitopes are conformational epitopes, a structural epitope, or a discontinuous
epitope consisting of two regions of the human target molecules or parts thereof. In context of
this disclosure, a conformational epiiope 15 defined by two or more discrete amino acid
sequenaes separated in the primary sequence which come together on the surface of the folded
protein. Specificity and/or cross-reactivity of a panel of antigen bindings construct under
mvestigation can be tested, for example, by assessing binding of the panel of the construcis to the

polvpeptide of interest as well as to a number of more or less (structurally and/or functionally)
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closely related polvpeptides under conventional conditions (see, e.g, Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988 and Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999}, Only those
constructs that bind 1o the polypeptide/protein of mterest and do not, or essentially do not, bind 1o
any of the other polypeptides are considered specific for the polypeptide/protemn of interest.
Examples of specific mteractions of an antigen-interaction-site with a specific antigen include the
interaction of ligands which induce a signal upon binding to its specific receptor, the spectficity
of a hzand for its receptor, such as cviokines that bind to specific cyvtokine receptors, and the
binding of an antigen binding site of an antibody to an antigenic epitope, among others.

{0079] In some nstances, the specific interaction of the antigen-interaction-gite
with a specific antigen results in the initiation of a signal, e.g. due to the induction of a change of
the conformation of the antigen, oligomenzation of the antigen, etc. In some embodiments,
specific binding encompasses a "key-lock-principle.” Therefore in some embodiments, specific
motifs in the amino acid sequence of the antigen-interaction-site interact with specific motifs
the antigen and bind to each other as a result of their primary, secondary or tertiary structure, or
as the result of secondarv modifications of said structure. In some embodiments, the specific
miteraction of the antigen-interaction-site with its specific antigen results in a simple binding of

the site to the antigen.

Oncolytic Viruses

{0080 Oneolyvtic viruses are able to nfect, replicate in, and lvse tumor cells, and
are further capable of spreading o other tumor cells in successive rounds of replication. While
past oncolvtic virus therapy has shown promise in preclinical models and chinical studies, anti-
temor efficacy of these oncolytic vinus, such as vaccinia, has been suboptimal, For example,
these viruses demonstrated himited viral spread throughout the tumor and/or limited activation of
anti-tumnor T cell responses within the tumor, Thercfore, the present disclosure provides an
oncolytic virus that 1) facilitates tumor infiltration and activation of effector cells (o2, T cells),
and 2} effectively lyses tumor cells that are not infected the virus {also known as by-stander
killing}.

[0081] In some embodiments, provided are viral vectors which have advantages
mcluding one or more of the following propertics:

(1) the vectors arc oncolvtic and have a particularly high oncolytic activity compared to

other previously described oncolytic viral vectors;
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(11} the vectors replicate preferentially in tumor cells and have a particularly high
replication capability compared to other oncolytic viral vectors;

(111} the vectors mfect actively dividing cells as well as resting cells;

{1v}) the vectors induce a strong innate, humoral, and cellular immune response;

{v} the vectors replicate purely cvtoplasmatically, 1¢., as RNA viruses they cannot
mtegrate into the host cell genome or recombine into replication-competent viruses;

{vi) the vectors are casy to package; and/or

{vii) the native viral glveoprotein 1s interchangeable with a foreign envelope protem.

0082] Some embodiments of the invention relate to recombinant vesicular
stomatitis viruses (VSV} and VSV vectors. The VSV genome includes five genes. L m, i, p and
g, which encode the proteins L, M, N, P and G and are essential for the reproduction of the virus.
N is a nucleoprotein which packages the VSV genomic RNA. The VSV genome is replicated as
RNA-protein complex and © and P together form a polymerase complex which replicates the
V5V genome and transcribes the V5V mRNA. M is a matrix protein which provides structural
support between the lipid envelope and nucleocapsid and is important for particle sprouting at the
cell membrane. G is the envelope protein which is meomporated in the viral envelope and is

essential for the infectivity and tropism of the virus.

Pseudotyped oncolytic viruses

{0083] In some embodiments, the present mvention provides oncolytic vinises
that arc capable of being pscudotyped or otherwise engincered. “Pseudotyped viruses™ refer to
viruses in which one or more of the viral coat proteins {(e.g., envelope proteins) have been
replaced or modified. In some embodiments, a pseudotyped viras is capable of infecting a cell or
tissue type that the corresponding non-pseudotyped virus is not capable of infecting. In some
embodiments, a pseudotyped virus is capable of perferentially infecting a cell or tissue type
compared to a non-pseudotyped virus.

{0084] In general, viruses have natural host cell populations that they infect most
efficiently. For example, retroviruses have himited natural host cell ranges, while adenoviruses
and adeno-associated viruses are able to efficiently infect a relatively broader range of host cells,
although some cell types are refractory to infection by these viruses. The proteins on the surface
of a virus {e.g., envelope proteins or capsid proteins) meditate attachment o and entry into a
susceptible host cell and thereby deternvine the tropism of the virus, 7. e, the ability of a particular
vitus to nfect a particular cell or tissue tvpe. In some embodiments, the oncolyiic viruses

described herein comprise a single types of protein on the surface of the virus. For example,
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retroviruses and adeno-associated viruses have a single protein coating their membrane. In some
embodiments, the oncolytic viruses described herein comprise more than one type of protein on
the surface of the virus. For example, adenoviruses are coated with both an envelope protein and
fibers that extend away from the surface of the virus.

{0085] The proteins on the surface of the virus can bind to cell-surface molecules
such as hepann sulfate, thereby localizing the virus to the surface of the potential host cell. The
proteins on the surtace of the virus can also mediate interactions between the virus and specific
protein recepiors expressed on a host cell that induce structural changes in the viral protein n
order to mediate viral entry. Alternatively, interactions between the proteins on the surface of the
virus and celf receptors can facilitate viral internalization into endosomes, whergin acidification
of the endosomal lumen nduces refolding of the viral coat. In cither case, viral entry into
potential host cells requires a favorable mteraction between at least one molecule on the surface
of the viras and at least one molecule on the surface of the cell.

{0086] In some embodiments, the oncolviic viruses described herein comprse a
viral coat {e.g., a viral envelop or viral capsid), wherein the proteins present on the surface of the
viral coat {e.g., viral envelop proteins or viral capsid proteins) modulate recognition of a potential
target cell for viral entry. In some instances. this process of determining a potential target cell for
entry by a virus 1s reterred to as host tropisn. In some embodiments, the host tropism is celiular
tropism, wherein viral recognition of a receptor occurs at a cellular level, or tissue tropism,
wherein viral recognition of cellular receptors occurs at a tissue level. In some instances, the viral
coat of a virus recognizes receptors present on a single type of cell In other nstances, the viral
coat of a virus recognizes recepiors present on multiple cell types {(e.g., 2, 3, 4, 5, 6 or more
different cell types). In some instances, the viral coat of a virus recogmizes cellular receptors
present on a single type of tissue. In other instances, the viral coat of a virus recognizes cellular
receptors preseut on mudtiple tissue tvpes {e.g., 2, 3, 4, 5, 6 or more different tissuc types).

{00871 In some embodiments, the oncolvtic viruses described herein comprise a
viral coat that has been modified to incorporate surface proteins from a different virus in order to
facilitate viral entry to a particular cell or tissue type. Such oncolytic viruses are refered to herem
as pseudotyped oncolvtic viruses. In some embodiments, a pseudotyped oncolytic viruses
coraprises a viral coat wherein the viral coat of a first virus 1s exchanged with a viral coat of
second, wherein the viral coat of the second virus is allows the pseudotyped oncolyvtic virus to
mfect a particular cell or tissue type. In some embodiments, the viral coat comprises a viral
envelope. In some mstances, the viral envelope comprises a phosphohipid bilaver and proteins

such as proteins obtained from a host membrane. In some embodiments, the viral envelope
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further comprises glveoproteins for recognition and attachment to a receptor expressed by a host
cell. In some embodiments, the viral coat comprises a capsid. In some mstances, the capsid is
assembled from oligomeric protein subunits termed protomers. In some embodiments, the capsid
18 assembled from one type of protomer or protein, or is assembled from two, three, four, or more
types of protomers or proteins.

{O088] In some embodiments, # is advantagecus to hmit or expand the range of
cells susceptible to transduction by an oncolvitic virus for the purpose of oncolvtic therapyv. To
this end, many viruses have been developed 1n which the endogenous viral coat proteins {e.g.,
viral envelope or capsid proteins} proteins have been replaced by viral coat proteins from other
viruses or by chimeric proteins. In some embodiments, the chimeric proteins are comprised of
parts of a viral protein necessary for mcorporation into the virion, as well proteins or nucleic
acids designed to interact with specific host cell proteins, such as a targeting moiety.

{0089] In some embodiments, the pseudotyped oncolvitic viruses described herein
arc pseudotyped in order to limit or control the viral tropism (7.¢., to reduce the number of cell or
tissue types that the psendotyped oncolytic virus 1s capable of infecting). Most strategies adopted
to limit tropism have used chimeric viral coat proteins {e.g., envelope proteins) linked antibody
fragments. These viruses show great promise for the development of oncolyvtic therapies. In some
embodiments, the pseudotyped oncolytic viruses descnbed herein are pseudotyped in order to
expand the viral tropism (i.e., to increase the number of cell or tissue types that the pseudotyped
oncolytic viras is capable of infecting). One mechanism for expandimg the cellalar tropism of
viruses {e.g., enveloped viruses} is through the formation of phenctypically mixed particles or
pseudotypes, a process that commonly occurs during viral assembly in cells infected with two or
more viruses. For example, human mmmunodeficiency virus type 1 (HIV-1). HIV] infects cells
that express CCR4 with an appropriate co-receptor. However, HIV1 forms pseudotypes by the
meorporation of heterologous glycoproteins (GPs) through phenotypic mixing, such that the viras
can infect cells that do not express the CD4 receptor and/or an appropriate co-receptor, thereby
expanding the tropism of the virus. Sceveral studies have demonstrated that wild type HIV-1
produced in cells infected with xenotropic murine keukemia virus (MLV}, amphotropic MLV, or
herpes simplex virus gives rise to phenotypically nuxed virions with an expanded host range,
mdicating that pseudotyped virions had been produced. Phenotypic mixing of viral GPs has also
been shown to occur between HIV-1 and VSV in coinfected cell cultures. These carly
observations were key to the subsequent design of HIV-1-based lentiviral veciors bearing

heterologous GPs.
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{0098] There is an cver-growing list of altemative GPs for pseudotyping
lentiviruses, each with specific advantages and disadvantages. The widespread use of V5V G-
proteins (VSV-G) to pseudotype lentiviruses has made this GP in effect the standard against
which the uvsefulness of other viral GPs to form pseudotypes are compared. Addtional non-
hmiting examples of lentivirus pseudotypes include pseadotvpes bearing lyssavirus-derived GPs,
pseudotyped lentivirases bearing lymphoeytic choriomeningitis virus GPs, lentivirus pseudotypes
bearing alphavirus GPs (e.g.. lentiviral vectors pseudotyped with the RRY and SFV GPs,
lentiviral vectors pseudotyped with sindbis virus GPs), pseudotypes bearing filovirus GPs, and
lentiviral vector pseudotypes containing the baculovirus GP64.

0091 ] In some embodiments, the engineered {e.g., pscudotyped) viruses are
capable of binding to a tumor and/or tumor cell, typically by binding to a protein, lipid, or
carbohvdrate expressed on a tumor cell. In such embodiments, the engineered viruses described
herein may comprise a targeting motety that directs the virus to a particular host cell. In some
mstances, any cell surface biological material known in the art or vet to be identified that s
differentially expressed or otherwise present on a particular cell or tissue tvpe {e.g., a tumor or
tamor cell, or tmor associated stroma or stromal cell) may be used as a potential target for the
oncolytic viruses the present invention. In particular embodiments, the cell surface material s a
protein. fn some cmbodiments, the targeting moicty binds ccll surface antigens indicative of a
disease, such as a cancer {e.g., breast, lung, ovarian, prostate, colon, lvmphoma, leukemia,
melanoma, and others), an astoimmune discase {e.g. myasthenia gravis, multiple sclerosis,
systemic hipus erythymatosis, rheumatoid arthritis, diabetes mellitus, and others); an mfectious
disease, mciuding infection by HIV, HCV, HBY, CMV, and HPV, and a genetic disease
mcloding sickle cell anemia, cystic fibrosis, Tay-Sachs, J3-thalassemia, seurcfibromatosis,
polycystic kidney disease, hemophilia, ctc. In certain embodiments, the targeting moicty targets a
cell surface antigen specific to a particular cell or tissue tvpe, e.g., cell-surface antigens present in
neural, lung, kidoey, muscle, vascular, thyroid, ocular, breast, ovanan, testis, or prostate tissue.

{0092] Exemplary antigens and cell surface molecules for targeting imchude, e g
P-glveoprotein, Her2/New, erythropoietin (EPQO), epidermal growth factor recepior (EGFR),
vascular endothehial growth factor receptor (VEGF-R), cadherin, carcinocmbryonic antigen
(CEA), CD4. CDS§, CDI9. CD20, CD33, CD34, CD45, CD17 {c-kit), CD133, HLA-A HLA-B,
HLA-C, chemokine receptor 5 (CCRS3). stem cell marker ABCG2 transporter, ovarian cancer
antigen CA125, immunoglobulins, integrins, prostate specific antigen (PSA), prostate stern cell
antigen (PSCA), dendntic cell-specific mterceliular adhesion molecule 3-grabbing nonintegrn

(DC-5IGN), thyroglobulin, granulocyte-macrophage colony stimmdating  factor {(GM-CSF),
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myogenic differentiation promoting factor-1 (MyoD-1), Leu-7 (CD357), LeuM-1, cell
proliferation-associated human noclear antigen defined by the monoclonal antibody Ki-67 (Ki-
67y, viral envelope proteins, HIV gpl20, transfernn receptor, etc. Additional antigens and cell
surface molecules for targeting are shown in Table 2.

{0093] In some embodiments, the pseudotyped oncolytic viruses provided herein
are capable of sclectively entering, replicating in, and/or lysing tumor cells. Such an embodiment
is ilfustrated 1 FIG. 36, wherein the pscudotyped oncolytic virus gains entry to the target cell due
to the incorporation of viral glveoproteins derived from a different (7.2, heterologous) virus that
allow for entry of the pseudotyped oncolytic viras into the target cell. In contrast, the non-
pseudotyped oncolytic virus is unable to gain entry into the target cell due to the non-permissive
nature of the envelope proteins. In some instances, the ability of a pseudotyped oncolyviic virus to
selectively enter, replicate in, and/or lyvse a tumor cells 15 due to a reduced or otherwise
meffective celhdar interferon (IFN) response. In some embodiments, the pseudotyped oncolytic
viruses produce an congager molecule and/or a therapeutic molecule, such as an immune
modulating polypeptide, that interferes or impairs the cellular IFN response, thereby enhancing
the replication of the pseudotyped or engingered virus,

{0094] The pseudotyped oncolyvtic viruses described herein may be derived from
a varicty of viruscs, non-limiting examples of which include vaccinia virus, adenovirus, herpes
simpiex virus T (HS8V1), myxoma virus, reovirus, poliovirus, vesicalar stomatitis virus {(VSVY),
measles virues {(MV), lassa viras {LASV) and Newcastle disease virus (NDV). In some
embodiments, the pseudotyped oncolytic viruses descnbed herein can infect substantially any
cell type. An exemplary lentivirus for use in oncolvtic therapy is Simian immumodeficiency virus
coated with the envelope proteins, G-protein (GP), from VSV, In some instances, this viras is
referred to as VSV G-pseudotyped lentivirus, and is known to infect an almost vniversal set of
cells.

{0095] In some embodiments, the pseudotyped oncolviic viruses of the present
mvention are VSV viruses pseudotvped against healthy brain cells, 1.e., neurons and exhibit
considerably reduced toxicity. Since neurotropism is a dose-limiting factor in all applications of
oncolytic VSV, the use of the vector according to some embodiments of the present invention is
that they are used for all tumors types of solid tumors.

{096] In some embodiments, the pseodotyped VSV vectors have one or more
kev attributes including: (1) the VSV is not cell-toxic; (it} the vectors are concentrated by
ultracentrifugation without loss of nfectivity; and (111) the vectors show a tropiem for tumor cells,

whereas newrons and other non-tumor cells are infected mefficiently. To increase the safety
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during the use of replicable viruses in therapeutic uses, some embodiments of the present
mvention provide a vector system which ensures that replication, oncolysis and the production of
Y5V viruses takes place only m cells which are infecied by at least two replication-deficient,
mutually complementing vectors.

{00971 In some embodiments, the genetic matenal (e.g , the viral coat protein or
the core genctic material} for generating a pscudotyped oncolytic virus is obtained from a DNA
virus, an RNA virus, or from both virus types. In some embodiments, a DNA virus is a single-
stranded (ss) DNA virus, a double-stranded {ds) DNA virus, or a DNA virus that contains both ss
and ds DNA regions. In some embodiments, an RNA virus s a single-stranded {ss) RNA virus or
a double-stranded {ds} RNA virus. In some embodiments, an ssRNA virus 15 further classified
mto a positive-sense RNA virus or a negative-sense RNA virus.

{0098] In some instances, the genetic matenal for generating a pseudotyped
oncolytic viras is obtained from a dsDNA vinus of any one of the following families: Myovindae,
Podovindac, Siphovindae, Alloherpesviridag,  Herpesvindae, Malacoherpesvinidae,
Lipothrixvindae, Rudiviridae, Adenovindae, Ampullaviridae, Ascovindae, Astaviridae,
Baculoviridae, Bicaudaviridae, Clavaviridae, Corticovindae, Fusellovindae, Globuloviridae,
Guttavindae, Hytrosaviridae, Indovindae, Marseilleviridae, Mimiviridas, Nimaviridae,
Pandoravindac,  Papillomaviridac,  Phvcodnavinidac,  Plasmavindae,  Polvdnaviruses,
Polvomavindae, Poxviridae, Sphacrolipovindae, or Tectiviridae.

{0099] In some cases, the genetic material for generating a pseudotyped oncolytic
virus is obtamned from a ssDNA virus of any one of the following families: Anellovindae,
Bacillariodnavindae, Bidnavinidae, Circovindae, Gemumvinidae, Inovindae, Microvinidae,
Nanoviridae, Parvoviridae, or Spiraviridae.

{00100] In some embodiments, the genetic material for gengrating a pseudotyped
oncolytic virus is obtained from a DNA virus that contains both ssDNA and dsDNA regions. In
some cases, the DNA virus is from the group pleolipoviruses. In some cases, the pleolipoviruses
mehide Haloarcula hispanica pleomorphic virus 1, Halogeometricum pleomorphic viras 1,
Halorubrum pleomorphic vires 1, Halorubrum pleomorphic virus 2, Halorubrum pleomorphic
virus 3, or Halorubrum pleomorphic virus 6.

00101] In some cases, the genetic material for generating a pseudotyped oncolytic
viras is obtained from a dsRNA virus of anv one of the following families: Birnaviridac,
Chrysoviridac, Cvstoviridae, Endomaviridac, Hypoviridae, Megavirnavindae, Partitivindae,

Picobirnaviridae, Reovindae, Rotavirus or Totiviridae.
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00102] In some instances, the genctic matenal for generating a pseudotyped
oncolytic virus is obtaimed from a positive-sense ssRNA virus of any one of the following
families: Alphaflexiviridac, Alphatetraviridac, Alveraviridae, Arteriviridae, Astroviridae,
Bamavindae, Betaflexavindae, Bromovindae, Caliciviridae, Cammotetraviridae, Closterovindae,
Coronaviridae, Dicistroviridae, Flavivindae, Gammaflexiviridae, Iflavindae, Leviviridae,
Lutcovindae, Mamavindae, Mesoniviridae, Narnaviridae, Nodavindae, Permutotetravinidae,
Picornaviridae, Potyviridac, Roniviridae, Secovinidae, Togaviridac, Tombusvindae,
Tymovindae, or Virgavindae.

[00163] In some cases, the genetic material for generating a pseudotyped oncolytic
virgs is obtamed from a negative-sense ssRNA vimus of any one of the following families:
Bomaviridae, Filovindae, Paramyxoviridae, Rhabdovindae, Nvamivindae, Arcnaviridac,
Bunyaviridae, Ophioviridae, or Orthomyxoviridae.

{00104] In some instances, the genetic material for generating a pscudotvped
oncolytic virus is obtained from oncolytic DNA viruses that comprise capsid symmetry that is
isocahedral or complex. In some cases, 1sosahedral oncolytic DNA viruses are naked or comprise
an envelope. Exemplary families of oncolytic DNA viruses include the Adenovindac (for
example, Adenovirus, having a genome size of 36-38kb), Herpesvinidae (for example, HSVE,
having a genome size of 120-200 kb), and Poxviridac (for example, Vaccuia virus and myxoma
virus, having a genome size of 130-280 kb).

{001 05] In some cases, the genetic material for generating a pseudotyped oncolytic
virus is obtained from oncolytic RNA viruses include those having icosahedral or helical capsid
symmetry. In some cases, wcosahedral oncolytic viruses are naked without envelope and include
Reoviridae (for example, Reovirus, having a genome of 22-27 kb) and Picomnavinidae (for
example, Poliovirus, having a genome size of 7.2-8.4 kb}. In other cases, helical oncolytic RNA
viruses are enveloped and include Rhabdovindae (for example, VSV, having genome size of 13-
16 kb} and Paramyxovindae (for example MV and NDV, having genome sizes of 16-20 kb).

{00106] In some instances, the genetic material for generating a pscudotvped
oncolytic virus is obiained from a3 virus such as Abglson leukenua virus, Abelson munne
leukemia virus, Abelson's vitus, Acute larvngotracheohronchitis virus. Adelaide River virus,
Adeno associated virus group, Adenovirus, African horse sickness virus, Afncan swine fover
virgs, AIDS viras, Aloutian mink discase parvovirus, Alpharetroviras, Alphavirus, ALY related
virgs, Amapatt virus, Aphthovirus, Aguarcovirus, Artbovirus, Arbovirus €, arbovirus group A,
arbovirus group B, Arcnavirus group, Argentine hemorrhagic fever virus, Argentine hemorthagic

fever virus, Arterivinus, Astrovirus, Ateline herpesvirus group, Awedy's disease virus, Aura
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virus, Ausduk disease virus, Ausiralian bat Iyvssavirus, Aviadenovirus, avian crvthroblastosis
virus, avian nfectious bronchitis virgs, avian leskemuia virus, avian leukosis virus, avian
fymphomatosis  virus,  avian  myeloblastosts  wirgs, avien  paramyxovirus,  avian
preumoencephalitia virus, avian renculoendotheliosis virus, avian sarcorna virus, avian fype
retrovirus group, Avihepadnavirus, Avipoxvirus, B virus, B19 virus, Babankr virus, baboon
herpesvirus, baculovires, Barmah Forest virus, Bebary virus, Bernimah vuus, Betarctrovirus,
Bunavirus, Bittner virus, BK virus, Black Creck Canal virus, bluctongue virus, Bolivian
hemorrhagic fever virus, Boma disease virus, border disease of sheep virus, boma virus, boving
alphaberpesvires 1, bovine alphaherpesvinis 2, bovine coronavirus, bovine ephemeral fever
viras, bovine vnuncdeficiency virus, boving levkemia virgs, bovine leukosis virus, bovine
mammithitis virus, bovine papillomavirus, bovine papuiar stomatitis virus, boving parvoviws,
bovine svocytial virus, bovine type U oncovirus, bovine viral diarthea virus, Buggy Creek virus,
bullet shaped vires group, Bunvamwera virus supergroup, Bunyvaviras, Burdatt's lvmphoma vires,
Bwamba Fever, CA virgs, Calicivirus, California encephalitis virus, camelpox virus, casarypox
virus, canid herpesvirus, caning coronavirus, camne disiemper virus, camne herpesvirus, caning
mingle  virgs, canine parvovires, Cano BPelgadito virus, caprime arthritis virus, capring
encephalitis virps, Caprine Herpes Vimus, Capripox virus, Cardiovinus, caviidd herpesvirgs 1.
Cercopithecid  horpesvives |, cercopithocine  herpesvirus 1, Cercopithecine  horpesvirus 2,
Chandipura virus, Changoinola virus, channel catfish vivus, Charleville virus, chickenpox viros,
Chikungunva virus, chimpanzes herpesvirus, chub reoviras, chum salmon virus, Cocal virgs,
Coho salmon reovirss, coital exanthema virus, Colorado tick fever virus, Coltivirus, TUclumbia
SK virug, common cold virus, confagious cethyma virus, contagious pustular dermatitis virus,
Coronavines, Corriparta virus, coryza viras, cowpox vinus, coxsackie virugs, {PV {ovtoplasmig
poivhedrosis virus), cricket paralysis virgs, Crimean-Uongo homorrbagic fever vins, croup
associated virus, Crvptovinas, Ovpovirus, Cvitomegalovirus, cviomegalovirus group, cvtnplasmic
polvhedrosis  virus, deer papillomavires,  delfarctroviruas, dengue  virus,  Densovirgs,
Dependoviras, Dhort virus, diploma viras, Drosophtle O viras, duck hepatitis B virus, duck
hepatitis virus 1, duck hepatitis virus 2, duovirus, Duvenhage virus, Deformed wing virus BWY,
castorn equune encephalitis virus, eastern equine encephalomyvelitis virus, EB virus, Ebola virus,
Ebola-like viras, echo virus, echovirus, echovirus 10, echovirus 238, echovirus 8, ectromehia virus,
EEE wvirug, EIA virus, EIA virus, encophalitis vinus, encephalomyocarditis group  vinus,
encephalomyocarditis viras, Entorovirus, enzyme clevating virus, enzyme elevating virus {LDH]),
epidemic hemorrhagic fover virug, epizoofic hemorrthagie disease virus, Epstem-Barr virus, equid

alphaherpesvinis 1, equid alphaherpesvirus 4, equid herpeaviras 2, equine abortion virgs, equing
s}
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arteritis virus, equine encephalosis virus, equmne jnfectious ancnua virus, equine morbithvirus,
cquine  rhinopueamonitis  virus, equine  rhinovirus, Eubenangu  virus, European clk
papillormavinus, European swine fover virus, Everglades virus, Evach virus, felid herpesviras 1,
feline cabicivirus, feline fibrosarcoma virus, feline herpesvirus, feline mumunodeficiency virus,
felime wfectious peritonitis virus, feline leokemia/sarcoma virus, feline leukemia virus, foline
pardeukoperia vires, foline parvovires, feline sarcoma virus, feline syncoyviial vinus, Filovirus,
Flanders virus, Flavivirus, foot and mouth discase virus, Fort Morgan virus, Four Comers
hantaviras, fowl adenovirus 1, fowlpox virus, Friend virus, Gammaretrovirus, GB hepatitis virus,
GB virus, German measles virus, Gelab virus, gibbon ape leokemia vires, glandolar fover virus,
goatpox virus, golden shinner virgs, Gonometa virus, goose parvovirus, graosuosis virus, Gross'
virgs, ground squirrel hepatiis B virus, group A arbovuus, Guananio virns, guinea pig
cvtomegalovimas, guinea pig type € virus, Hantaan virus, Hantavirus, hard clam reovires, hare
fibroma viras, HCMY (human ovtomegalovirus), hemadsorption vinus 2, hemagglatinating virus
of Japan, hemorrhagic fever virus, hendra virus, Henipaviruses, Hepadeavinus, hepatitis & virus,
hepatitis B viros group, hepatitis € virus, hepatitis [ virus, hepatitis delta virus, hepatitis B virus,
hepatitis F virus, hepatitis G viras, hepatitis nonA nonB virgs, hepatitis virus, hepatitis virus
{nonhuman), hopatoencephalomyelitis reoviras 3, Hepatovirus, heron hepatitis B virus, herpes B
virus, herpes simplex vimas, herpes stoplex virus |, herpes simplex virus 2, herpesvirus,
herpesvitus 7, Horpesvirus ateles, Herpesvirus homims, Herpesvirus fection, Herpesvirus
satmiri, Herpesvirus suis, Herpesvires varniceliae, Highlands I virus, Hirame rhabdovirus, hog
cholera vinus, unan adenovinus 2, buman alpbaherpesvings 1, buman alphaherpesvirus 2, homan
alphaherpesvitas 3, human B lyvmphotropic virus, human betaherpesvirus 5, human coronavirus,
human cviomegalovirus group, hoeman foamy vires, homan gammaherpesvines 4, human
gamumaherpesvinus 6, human hepatitis A virus, human berpesvirus 1 group, human herpesvirus 2
group, human herpesvirus 3 group, human herpesvirus 4 group, human herpesvirus 6, human
herpesvitus 8, human immunodeficiency virus, human imnunodeticiency virus 1, human
imunoedeficieney virus 2, human papillomaviens, buman T cell leukemia virus, homan T ecll
leukemia viras I hwman T cell leukemia virus I human T cell leukenua virus I human T cell
bymphoma vires | human T cell lvmphoma virus H, buman T cell lymphotropic virus type 1,
human T cell lymphotropic vitas type 2, human T lymphotropic virus |, buman T lymphotropic
virgs H, buman T lymphotropic vires U Ichnovirus, infantile gastroenteritis vinus, infectious
hovine rhimotrachertis virus, mifoctious hacmatopoietic necrosis virus, infoctious pancreatic
necrosis virus, influenza virgs A, mflocnza virus B, mfluoenza virus €, influenza viras I3,

mflaenza viras pr8, insect indescent virus, insect virus, indovires, Japancse B virus, Japanese
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encephalitis virus, JT virus, Junin virus, Kaposi's sarcoma-associated berpesvirus, Kemerovoe
virus, Kitham's rat vires, Klamath vires, Kolongo virus, Korean hemorrhagic fever virus, kumba
viras, Kysamur forest discase vimus, Kyzviagach viras, La Crosse virus, lactic dehydrogenase
clevating virus, lactic dehydrogenase virus, Lagos bat virus, Langur virus, lapine parvovirus,
Lassa fover virus, Lassa wires, latent rat virgs, LUCM vires, Leaky virgs, Lentivires,
Leporipoxvirus, leukemia virus, levkovirss, lumpy skin discase virss, ivmphadenopathy
associated virus, Lymphocrvptovirus, lvewhocviie chonomenmgitis vivus, lvmphoproliforative
virus group, Machopo vivus, mad itch virns, mammabian type B oncovirus group, mannnalian
type B retroviruses, mammalian type O retrovires groop, mammalian type Db retroviruses,
mammary tumor virus, Mapucra vires, Marburg vires, Marburg-like virus, Mason Pfizer monkey
virgs, Mastadenovirus, Mavaro virus, ME virus, measies vinus, Menangle viros, Mengo vinus,
Mengovirus, Middelburg virus, nulkers nodule virus, nunk enterifis vivus, minule virus of muce,
MLV selated virug, MM viras, Mokola virus, Moluscipoxvirus, Molluscum contagiosum virgs,
monkey B ovirns, monkeypox vius, Mononogavirales, Morbibivirus, Mount Elgon bat virus,
mouse oviomegalovirug, mouse encephalomyelitis vivus, mouse hepatitis virus, mouse K virus,
mouse leokermig virys, mouse mammary QURor vins, mouse mimie virus, mouse pnegmonia
viras, mouse policroyelifis virus, mouse polvomavinis, MOUSE SArcaina VIras, mousepox VIns,
Muozambigue vinus, Mucambo virus, mucosal disease virus, mumps virus, vwirid betaherpesvirus
1, mund cyvtomegalovitus 2, munne cviomegalovinus group, murine encephalomyvelitis virus,
muring  hepatitis  virus, muorine loukemia wvires, murine nodule indocing virus, munsg
poivomavirus, murine sarcoma virus, Moromegaloviras, Mumay Valley encephalitis virus,
myxoma virus, Mysovirus, Myxovires muliiforme, Myxovinus parotitidis, Nairobs sheep disease
virus, Narovirus, Namirnaviras, Nasiva virus, Ndumo viras, Neethling virus, Nelson Bay virus,
neurotropic virus, New World Arenavinus, newhorn pnoumontitis virgs, Newcastle disgase virus,
Nipah vitus, noncytopathogenic virus, Norwalk virus, nuclear polvhedrosiz virus (INPY), nipple
neek virus, Onyong'nvong vitus, Ockelbo virus, oncogenic virus, oncogemce vituslike particle,
oncorpavirus, Orbiviens, Orf viras, Oropouche virus, (rthohepadnavires, Orthomyxovirgs,
Orthopoxvirus, Urthoreovirus, Urungo. ovine papillomavires, ovine catarrbal fever virus, owl
monkey herpesvirus, Palvam virus, Papillomavivus, Papilomavirus sylvilagi, Papovavirus,
paranfluenza vivus, paranfluenza vivus type 1, paramtluenza virus type 2, parainfieenza virus
type 3, parainfluenza virus type 4, Paramyxovirus, Parapoxvinis, paravaceiia vins, Parvovins,

Parvovirus  Bi9, parvovirus  group, Pestivius, Phicbovirus, phocme  distempeor  virus,

¥

g

Picodnavirus, Piocomavirus, pig oviomegalovirus-pigeonpox virus, Piry virus, Pixuna virus,
5 > HRE WS & s > ., B

pneumoma virgs of mice, Preamovirus, poliomyelitis virus, polioviras, Polydnaviras, polvhedral
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viras, polvoma  virus, Polvomavitas, Polvomavirus bovis, Polvomavirus  cercopitheci,
Polvomavirus homins 2, Polvomavirus maccacae 1, Polvomaviras muris 1, Polvomavirys muris
2, Polvomavirus papionis 1, Polvowmavires papionis 2. Polyomavires sylvilagi, Ponging
herpesvirus 1, porcine epidemic diarrhea virus, porcine hemagghitinanng encophalonyyehitis
virgs, porcing parvovirus, porcing transmissible gasiroenternitis virus, porcimg type { virus, pox
virus, poxvirus, poxvirus variolag, Prospect Hill virus, Provirus, psoudocowpox  virgs,
pscudorabics virus, psittacinepox virus, quatipox virus, rabbi fibroma virus, rabbit kidney
vaculolating virus, rabbit papiliomaviros, abics vinis, raccoon parvovirus, TacCoOnpox virus,
Ranikhet virus, rat oytomegalovirus, rat parvovirus, rat virgs, Rauscher's virus, recombinant
vacoinia virus, recombinant viras, reovirus, reovinus |, reovires 2, reovirus 3, repitlian typs
virgs, rospiratory  infection  virus,  wespiratory  synovtial  vites,  respuratory  vinus,

reticuloendotheliosis  virus, Rhabdovirus, Rbabdovirus carpia, Rbhadmovirus, Rhinowviras,

Rhizidiovires, Rift Valley fever virus, Riley's virus, rinderpest virns, RNA tumor virus, Ross
River virus, Rotavirgs, rtougeole virns, Rous sarcoma virus, rubella virus, rubeola virus,
Rubivirus, Hussian awivnm encephabitis virus, SA 11 simian virus, SAZ virus, Sabia virus,
Sagivama viras, Saimirine herpesvirus 1, salivary gland virus, sandfly fever viras group,
Sandjimba virus, SARS virus, SDAY (salodacrvoadentiis virus), sealpox virus, Semiihi Forest
Yirus, Seoul virns, sheeppox virus, Shope fibroma virus, Shope papilloma vitas, simian foamy
virus, smnan hepatits A virus, simian human mmunodeficiency vires, simisn moununodeficiency
virus, simian parainfluenza vivus, simian T cell Iymphotrophic virus, simian virys, simian virus
40, Suoplexvires, Sin Nombre virgs, Sindbis vires, smailpox virus, South American hemorrhagic
fover viruses, sparrowpox virus, Spumavires, squirrel fibroma virus, squirrel monkey retrovirus,
S5V 1 viras group, STLY (simian T vmphotropie virus) type L STLY simian T lymphotropic
virgs) type L STLVY (simian T lymphotropic virus)y type 1L stomatitis papulosa vinus,
submaxitiary virus, suid alphaberpesvirus 1, swid hepesvirus 2, Suipoxvirus, swamp fover virus,
swinepox virus, Swiss mouse leukenna viras, TAC virus, Tacartbe complex virus, Tacartbe
virps, Tanapox virus, Taterapox vires, Tench reovirus, Theiler's encephalomyelitis virus,
Thetler's virus, Thogoto vires, Thottapalavam virus, Tick borpe encophalitis virus, Tioman vires,
Togavirus, Torovirus, fumor virus, Tupaa vires, twkey thinotracheitis virus, turkevpox virus,
tvpe O retroviruses, tvpe D oncovirus, tvpe D retrovitus group, uwlcerative disease rhabdovirus,
Una viras, Unkumiemi virus group, vaccinia virus, vacuolating virus, varncella zosier vinus,
Yarcellovirus, Varicola virus, vanola reajor virus, vaniola virus, Vasio Gishu disease vires, VEE
virus, Veneruelan eguine concephalis virus, Venerzuclan cguine encephalomyelifis virus,

Venezuelan bemorrhagic fover virus, vesicular stomantis virus, Yesicolovirus, Vilyuisk virgs,
s ]
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viper refrovirus, viral haemorrhagic septicemua virus, Visna Maedi virus, Visna virus, volepox
virus, Y8V {vesicular stomatitis virus), Wallal virus, Warrego virus, wart virus, WEE virus, West
Nie virus, western guine encephalitis vires, wosiern equine encephalomyelitis vinus, Whataroa
virgs, Winter Vonuting Virus, woodchuck hepatiis B wvirus, woolly monkey sarcoma virus,
wound temor virgs, WREY virug, Yaba monkey tomor viras, Yaba virus, Yatapoxvins, yellow

fover virus, and the Yug Bogdanovac virus.

Methods of producing pseudotyped oncolytic viruses

[00167] In some instances, a pseudotyped oncolvtic virus described hercin is
generated using methods well koown in the art. In some instances, the methods involve one or
more transfoction steps and one or more infection steps. In some instances, a cell line such as a
mammalian cell bne, an insect cell hne, or a plant cell hine is mfected with a pseudotyped
oncolytic virgs described herein to produce one or more viruses. Exemplary mammalian ccll
lines include: 293A cell line, 293F 7T cell line, 293F cells, 293 H cells, CHO DG44 cclls, CHO-S
cells, CHO-K1 cells, Expi293F™ cells, Flp-In™ T-REx™ 293 cell hne, Flp-In™-293 cell hine,
Flp-In™-3T3 cell line, Fip-In™-BHK cell ling, Flp-In™-CHO cell line, Flp-Iln™-CV-1 ccll line,
Fip-In™-Jurkat cell line, FreeStyie™ 293-F cells, FreeStyle™ CHO-S cells, GripTite™ 293
MSE cell line, GS-CHO cell line, HepaRG™ cells, T-REx™ Jurkat cell line, Per.C6 cells, T-
REx™.293 cell hine, T-REX™-CHO cell line, T-REx™-HeLa ccll line, 3T6, AS49, AY, AtT-20,
BALB/3T3, BHK-21, BHL-100, BT, Caco-2, Chang, Clone 9, Clone M-3, CO§-1, COS8-3, COS-
7, CRFK, CV-1, D-17, Daudi, GH1, GH3, H9, HakK, HCT-15, HEp-2, HL-60, HT-1080, HT-29,
HUVEC, [-16, IM-9, JEG-2, Fensen, K-562, KB, KG-1, L2, LLC-WRC 256, McCoy, MCF7,
VERQ, WI-38, WISH, XC, or Y-1. Exemplary insect cell lines include Drosophiia 82 cells, S19
cells, S21 cells, High Five™ cells, or expresSF+® cells. Exemplary plant cell hnes include
algac cells such as for cxample Phaeocysiis pouchetii.

{00108] Anv method known to one skilled mn the art is used for large scale
production of recombinant oncolytic vectors and vector constructs, such as pscudotyped
oncolytic vectors. For example, master and working sced stocks can be prepared under GMP
conditions 1n qualified primary CEFs or by other methods. In some instances, cclis are plated on
targe surface area flasks, grown to near confluency, and infected at selected MOI. The produced
virus can then be purified. In some cases, cells are harvested and intracellular virus is released by
mechanical disruption. In some embodiments, cell debris is removed by large-pore depth
filtration and/or host cell DNA 1s digested with an endonuclease. In some cases, virus particles

are subsequently purified and concentrated by tangential-flow filtration, followed by diafiltration.
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The resulting concentrated virus can formulated by dilution with a buffer confaining onc or more
stabilizers, filled into vials, and Iyophilized. Compositions and formulations can be stored for
later use. In some embodiments, a lyophilized virus 1s reconstituted by addition of one or more

difuents.

Engager Molecules

{00109] In some embodiments, the oncolytic viral vectors provided herein arc
peeudotyped oncolviic viruses that are further engincered to include a polvnucleotide sequence
that encodes an engager molecule, e.g., an engager polypeptide. The engager molecules of the
present nvention comprise at least two domains cach capable of binding to a different cell
surface molecule. In some cmobodiments, cngager polypeptides comprise an antigen recognition
domain and an activation domain that recognize particular cell surface proteins {e.g., cell-surface
receptors or ligands) expressed by target and effector cells, respectively. As used heremn, an
“antigen recogunition domam” is a polvpeptide that binds one or more molecules present on the
cell surface of a target cell {e.g., a tumor antigen), and an “activation domain” i3 a polvpeptide
that binds to one or more molecules present on the cell surface of an effector cell (e.g., an
activation molecule}. An activation domain may also be referred to as an “engager domain.”

{00119] In some ombodiments, engager polypeptides comprise a therapeutic
molecule domain and an activation domain. A therapeutic molecule domain 1s a polypeptide that
binds to a particular cell surface protein expressed on an effector cell (e. g, cell-surface receptors
or ligands} and that is distinct from the cell surface protein recognized by the activation domain.
In particular embodiments, the therapeutic molecule domain binds to a cell surface protein that is
a negative regulator of effector cell function (e g., an immune checkpomt molecule or other
mwhibitory molecule). Exemplary cell-surface antigen for targeting by a therapeutic domain
mclude CD47, PD1, PDLI, CTLA4, TIM2, LAG3, BTLA, KIR, TIGIT, OX40, FITR, CD27.
SLAME7, and CD200.

[00111] In some embodiments, binding of an activation domam to a molecule
present on the surface of the effector cell results in activation of the effector cell. In certain
crbodiments, binding of an activation domain to a molecule on an effector cell and binding of an
antigen recognition domain to a molecule present on a target cell brings the effector cell in close
proximity to the target cell and thereby facilitates the destruction of the target cell by the effector
cell. In certain embodiments, binding of an activation domain to an activation moleculc on an

effector cell and binding of a therapeutic molecule domain o an inlubitory molecule present on
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an ¢tfector cell enhances the activation of the eftector cell and thereby facilitates the destruction
of one or more bystander target cells by the effector cell.

[00112) In certaun embodiments, the engager molecule is a protein, eg., an
engineered protein. In some embodiments, the engager molecule 1s a bipartite polvpeptide. In
some embodiments, the engager molecule is a tripartite or mudtipartite polypeptide. In such
embodiments, the engager molecule may comprise one or more activation domains and/or
antigen recognition domains, or other domains, including one or more co-stimulatorv domains,
one or more dimerization or trnmerization domains, or other domain capable of binding a
molecule expressed on the cell surface. Alternatively, the one or more additional domains are
optionally present on a separate polvpeptide. In some embodiments, the engager molccule
comprises an antibody or antibody fragment. In some cmabodiments, the engager molecule s a is
a trifunctional antibody, an Fabo, a bi-specitic scFv such as a bi-specific T-cell engager (BiTE), a
bivalent minibody, a bispecific diabody, a DuoBody, or an Mab2. In certain embodiments, the
engager molecule is a bipartite T cell engager (Bi'TE) or a tripartite T cell engager (T1TE).

[00113] In some embodiments, the activation domain, the antigen recognition
domain, and/or the therapeutic molecule domain of the engager molecule comprises an antibody
or an antigen-binding fragment thereof, e.g, a single chain variable fragment {(scFv), a
monoclonal antibody, Fv, Fab, minibody, diabody. In some embodiments, the activation domain,
the antigen recogmition domain, and/or the therapeutic molecule domain of the engager molecule
comprises a ligand, a peptide, a peptide that recognize and interacts with a soluble TCR, or
combinations thereof In some embodiments, these antibody-denived fragments or derivatives
may be modified by chemical, biochemical, or molecular biological methods. Corresponding
methods are known in the art and described, inter alio, m laboratory manuals (see Sambrook et
al ; Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory Press, 2nd edition
1989 and 3rd edition 2001; Gerhardt ot al.; Methods for General and Molecular Bacteriology:
ASM Press, 1994; Lefkovits; Immunology Methods Manual: The Comprehensive Sourcebook of
Techniques; Academic Press, 1997; Golemis; Protein-Protein Interactions: A Molecular Cloning
Manual;, Cold Spring Harbor Laboratory Press, 2002). In some instances, the polypeptides,
antihodies, or antigen-binding fragments thereof used in the construction of the engager
molecules described herein are humanized or deimmunized constructs. Methods for the
humanization and/or deimmunization of polypeptides and, o particular, antibody constructs are
known to the person skilled m the art.

[00114] In some embodiments, for any of the engagers described herein, the

respective domains are in any order from Neterminus to C-termunus. For example, in some
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embodiments, the engager molecule may comprise an N-termunal activation domain and a C-
terminal antigen recognition domain. In some embodiments, the engager molecule may comprise
an N-terminal antigen recognition domain and a C-termunal activation domain. In some
embodiments, the engager molecule may comprise an N-terminal activation domain and a C-
terminal therapeutic molecule domain. In some embodiments, the engager molecule may
comprise an N-terminal therapeutic molecule domain and a C-terminal activation domain. In
certain cmbodiments, T-celis arc modified to secrete engager molecules that have an antigen
recognition domain or therapeutic molecule domain N-terminal to an activation domain.

[00115] In particular embodiments, two or more of the domains of an engager
molecule are linked by a linker. In some instances, the hinker s of any suitable fength, and such &
parameter is routinely optimized in the art. For example, linkers are of a length and sequence
sufficient to ensure that each of the first and second domains can, mdependently from one
another, retain their differential binding specificities. The term "peptide linker” refers to an aming
acid sequence by which the amino acid sequences of a first domain (2.2, an activation domain)
and a second domain {e.g., an antigen recognition domain or therapeutic molecule domain) of a
defined constract are linked together. In some mstance, one techmcal featre of such peptide
linker is that said peptide hinker does not comprise any polyvmerization activity and/or does not
promote formation of secondary structures. Such peptide linkers are kvown i the art and
, i Dalf'Acqua et al. (Biochem. (1998} 37, 9266-9273); Cheadle et al.
{Mol Immunol (1992} 29, 21-30); and Raag and Whitlow (FASEB (1995} 9(1), 73-80}. In some

desenibed, for example

embodiments, the peptide linkers of the present invention comprise less than 5 aming acids, kess
than 4 amino acids, less than 3 amino acids, less than 2 anuno acids, or 1 amino acid. In some
embodiments, the peptide linker is a single amino acid linker. In such embodiments, the single
amino acid is typically a glycine (Gly). In some embodiments, peptide linkers that also do not
promote any secondary structures are preferred. Methods for preparing fused, operatively-linked
constructs and their expression in mammalian or bacterial cells are well-known m the art (See
e.g2., International PCT Publication No. W0 99/54440; Agsubel, Current Protocols in Molecular
Biology, Green Publishing Associates and Wiley Inderscience, N.Y. 1989 and 1994 and
Sambrook ¢t al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor L.aboratory
Press, Cold Spring Harbor, New York, 2001},

[00116] In some embodiments, the engager molecule is a single chan bi-specific
antibody construct. The term "single chain bispecific antibody construct” refers to a construct
comprising two antibody-derived binding domains. One of the binding domams comprises

variable regions {or parts thereof} of both heavy chain (VH) and light chain (VL) of an antibody
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or antigen binding fragments or denvatives thereof, capable of specifically binding to/interacting
with an activation molecule expressed on an effector cell {e.g., CD3). The second binding
domain comprises variable regions {or parts thereof) of both heavy chain (VH) and light chain
(VL) of an antibody or antigen binding fragments or derivatives thereof, capable of specifically
binding to/interacting with a target antigen exspressed on a target cell {e.g., CD19) or an antigen
expressed by and effector cell {e. g, an inhibitor molecule). In particelar embodiments, each of
the two antibody or antigen binding fragments or dervatives comprise at least one
coraplementary determuning region {CDR), particularly a CDR3. In some embodiments, the
single chain bi-specific antibody construct is a bispecific scFv or diabody.

{00117] In specific embodiments, the single chain bigpecific antibody construct is
single cham bispectfic scFv. An scFv in general contains a VH and VL domain connected by a
linker peptide. In some embodiments, a single chamm bispecific scFv 1s comprised of a signal
peptide to allow for secretion from cells, followed by two scFvs connected by one or more linker
peptides (Lx, Ly, Lz}. Bispecific single chain molecules are known i the art and are described in
International PCT Publication No. WO 99/54440; Mack, J. Immaunol. {1997), 138, 3965-3970;
Mack, PNAS, (19953, 92, 7021-7025; Kafer, Cancer Immaunol. Immunocther., (1997}, 45, 193-
197; Loftier, Blood, (2000), 95, 6, 2098-2103; and Bruhl, J. lmmunol., (2001), 166, 2420-2426.

{00118] In some cmbodiments, the molecular format of the polynucleotide
encoding a single chain bi-specific scFv polypeptide comprises nucleic acid sequence encoding a
signal peptide {such as the signal sequences of SEQ ID NO: 2 and 4} followed by two or more
antibody-derived regions {e.g., a first scFv and a second scFv). Each antibody-derived region
{e.g., scFv) comprises one VH and one VL chain. In specific embodiments, the two or more
antibody-derived regions are scFvs and are linked by a peptide linker to form a single chain bi-
spacific scFv construct. In some embodiments, the bi-specific scFv is a tandem bi-scFv or a
diabody. Bispecific scFvs can be arranged in difterent formats mcluding the following: VHO -
Lx-Vea-Ly-Vu -Lz-Vil3, Via-Lx-Vua-Ly-VH -Lz-Vi3, Vea-Lx-Vy -Ly-VL -Lz-VH , Vu -Lx-
Via-Ly-VL -Lz-VH | Vy -Lx-VL -Ly-VH -Lz-Via, Vea-Lx-VL -Ly-VH -Lz-Vi . VH -Lx-VH -
Ly-YL -Lz-Via VLa-Lx-VH -Ly-VL -Lz-Vu , VH -Lx-Via-Ly-Vu -Lz-VL | VL -Lx-Via-Ly-Vu
-Lz-VH, Vu -Lx-VH -Lyv-VLa-Lz-VL VL -Lx-VH -Ly-VLa-L.z-Va.

[00119] In some embodiments, the engager molecule comprises multiple {e.g., 2, 3,
4, 5 or more) antigen binding domains to allow targeting of multiple antigens. In some
embodiments, the engager molecule comprises multiple {e.g, 2, 3, 4, 5 or more) activation
domains to activate effector cells. In some embodiments, the engager molecule comprises

multiple {e.g., 2, 3, 4, § or more) therapeotic molecole domains to activate effector cells.
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10011 20] In specific embodiments of the disclosure, the engager molecule comprises
additional domains for the isolation and/or preparation of recombinantly produced constructs,
such as a tag or a label. The tag or label may be a short peptide sequence, such as a histidine tag
{(SEG ID NO: 12), or may be a tag or label that i1s capable of being imaged, such as fluorescent or
radicactive label.

{00121} In particular embodiments, the engager molecules of the present mvention
specifically bind to/interact with a particular conformational/structural epitope(s) of a target
anfigen expressed on a target cell and an activation molecule expressed on an effector cell {e.g.,
an activation domain that specifically binds to one of the two regions of the human D3
complex, or patts thereof). In particular embodiments, the engager molecules of the present
mvention specifically bind to/mteract with a particular conformational/structural epitope(s) of an
activation molecule expressed on an effector cell and a different cell-surface protemn expressed on
an effector cell. Accordingly, specificity in some instances is determined oxpernimentally by
methods known in the art and methods as disclosed and described herem. Such methods
coraprise, but arc not hinuted to Westemn blots, cnzyme-linked immmunosorbent assay (ELISA),
radigimmunoassay (RIA), radimmmuonoprecipitation (RIP), electrochemuhiminescence (ECL),

immunoradiometac assay (IRMA}, enzyme imownoassay (EIA), and peptide scans.

Activation Molecules and Target Cell Antigens

{80122} In some embodiments, binding of the activation domain of an engager
molecule to an activation molecule on the cell surface of an effector cell results in activation of
the effector cell. As used herein, the term “effector cell” refers to anv mammalian cell type that is
capable of facilitating the death of a target cell. In particular embodiments, the effector cells of
the present invention are tmmune cells, such ag a T cell, a B cell, an innate lymphocyte, a natural
killer (NK} cell, a natural kidler T ccll (NKT), a granulocyie (e.g., a neutrophil, basophil, mast
cell, or eosinophil), a macrophage, a monocvie, or a dendntic cell. Exemplary effector cell tvpes
melude T cells, NK cells, NKT cells, and macrophages.

{00123] In some embodiments, activation of an effector cell may resolt in one or
more of the following: (i) mcrcased proliferation of the effector cell; (i1} changes in the
expression or activity of one or more cell surface proteins of the effector cell; (1) change
gxpression or activity of one or more intracellular proteins expressed by the effector cell; {(iv)
changes m the amount or vature of factors produced and/or secreted by the effector cell, such as
cvtokines, chemokines or reactive oxygen species; (v} changes m the morphology of the effector

cell; (vi) changes in the chemotactic potential of the effector cell, such as through increased or
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decreased expression of one or more chemokine receptors; (vit) changes in the functional activity
of the effector cell, such as increased cytolytic activity and/or increased phagocvtic activity.
Activation of an effector cell, or population of effector cells, can be determined by any means
known in the art. For example, changes in proliferation, protein expression, production, or
secretion can be determined by flow cytometry, Western blot, ELISA, immunchistochemistry,
immunoprecipitation, or immunofiucrescence and changes m cell morphology can be determined
by numerous types of microscopy known in the art.

001 24] The skilled artisan will recognize that the nature of the activating molecule
may vary according to the nature of the effector cell, althoagh different groups of effector cells
may share expression of certain tvpes of activation molecules. For example, T celis express
different surface receptors, 1.e. different activating receptors, than NK cells or macrophages. As
an iltustrative example, CD3 1s an activating receptor expressed by T-cells that is not expressed
by NK cells or macrophages, whereas CD1, D16, NKG2D, and/or NKp30 are activating
receptors expressed by NK cells that are not expressed by T cells. Therefore, in some instances,
engager molecules that activate T-cells have a different activation domain than engager
molecules that activate NK cells, macrophages, NKT cells, or other types of effector cells,
Exemplary activation molecules are described below and shown in Table 1.

{00125] In some embodiments, the effector cell 15 a T cell and the activation
domain of the engager molecule binds to an activation molecule expressed by the T cell. The T-
cell repertoire ts comprised of numerous sub-types of T cell, mclading NKT cells, cyviotoxic T
cells (o or CTL), memory T cells, helper T cells {e.g, Thi, Th2, Thl7, Th9, and/or Th22 cellg),
suppressor T cells (e.g., regulator T cells (Tregs)), mucosal-associated mvariant T cells, and v8 T
cells. In some mstances, one or more surface receptors expressed by one T cell subtype are not
expressed by ancther T cell subtyvpe. In some instances, one or more surface recepiors expressed
by one T cell subtype are expressed by at least one other T cell subtype. In some nstances, one
or more surface receptors expressed by one T cell subtype are generally expressed by all, or
most, T cell subtypes. For example, CD3 i3 a signaling component of the T cell receptor (TCR)
complex and is expressed in multiple T cell subtypes. Exemplary activation molecules expressed
by T cells {e.g, NKT, Te, memory T cells, or helper T cell), include, but are not limited 1o one or
more components of CD3, (e.g, CD3y, CD38, CD3e or CD3E), CD2, CD4, D35, Chs, Ch7,
CB8, CD25, D27, CD28, D30, CD38, P40, CD37, Ch6Y, CD70, CDT73, CDEL, CD82,
Chi34, CHi37, CDI52, or CD278. In some embodiments, the effector coll 15 an NKT-cell. In
such embodiments, the activation molecule includes, but is not hnuted to, CD3 or an invarant
TCR.
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10011 26] In some embodiments, the effector cell is an NK cell and the activation
domain of the engager molecule binds to an activation molecule expressed by the NK cell.
Exemplary activation molecules expressed by NK cells include, but are not limited to, CD186,

CDO4/NEG? (e.g., NKG2D), NKp30, NKp44, NKp46, or killer activation receptors (KARs).

Table 1: Exemplary Activation Molecules

CD3 or components | CD3
thereof (e.g., CD3y,
Ch3s, CD3e or
CD35)

D2
Ch4

CD5 CD16
CD6 CDY4/NKG2  (eg,
NKG2D)

CD7 NKp30

CD8 NKpd4

CD16 NKpd6

D25 KARs

D27
CD2%
CD30
CD38
CD40
CD57
CD69
CD70
CD73
CD81
CDs2
CD134
CD137
CD152
CD278

1001271 In some embodiments, binding of an engager molecule to a target cell and
an effector cell (e.g., binding of an activation domain to a molecule on an effector cell and
binding of an antigen recognition domain to a molecule present on a target cell) brings the
cffector cell in close proxinuty to the target cell and thereby facilitates the destruction of the

target cell by the effector cell. As used herein, the term “target cell” refers to a mammahan cell
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that should be killed, attacked, desiroved, and/or controlled. In particular, target cells are cells
that are i some way altered compared to a normal cell of the same cell type, such as a cancerous
cell, a bactenally-infected cell, a virally-infoected cell, a fimgally-infected cell, and/or an
autormmune cell. In pariicular embodiments, the target cells of the present invention are
cancerous cells {e.g., tumor cells). Destruction (7.e., death) of a target cell can be determined by
anv means known in the art, such as flow cytometry {e.g.. by AnnexinV, propidium iodide, or
other means), cell counts, and/or microscopy to determine the cellular morphology of the target
cells.

JOG128] In some embodiments, the antigen recognition domaim of an engager
molecule brings a target cell {e. g, tumor cell} mto the vicinity of an effector cell via interaction
between the antigen recognition domain and surface antigens expressed by the target cell {e.g.,
target cell antigens). In some embodiments, the target-cell antigen is a tumor antigen. In some
embodiments, a tumor antigen is a tumor-specific antigen (TSA), and 1s expressed only by tumor
cells. In some embodiments, the target coll angien is a tumor-associated antigen (FTAA), and s
expressed by tumor cells and one or more types of normal cells or nonstumor cells. In some
cases, TSA 18 also present in one or more types of normal cells or non-tumor cells, but is
predominantly expressed by tumor cells. In some instances, a tumor antigen (e.g., TSA or TAA)
1s present i one cancer type. In some instances, a fumor antigen is present in multiple cancer
tyvpes. In one embodiment, a tumor antigen is expressed on a blood cancer cell. In another
embodiment, a tumor antigen s expressed on a cell of a sohid tumor. In some embodiments, the
solid tumor is a glioblastoma, a non-small cell lung cancer, a lung cancer other than a non-small
cell lung cancer, breast cancer, prostate cancer, pancreatic cancer, hiver cancer, colon cancer,
stomach cancer, a cancer of the spleen, skin cancer, a brain cancer other than a glioblastoma, a
kidney cancer, a thyroid cancer, or the like. In more specific embodiments, a tumor antigen is
expressed by a tumor cell in an individual.

{00129} Exemplary tumor antigens {e.g., TSAs or TAAs) include, but ar¢ not
hmted to, alphafetoprotein (AFP), carcinoembryonic antigen {(CEA), CA-125, epithelial tumor
antigen {ETA), tyrosinase, CP10 (alsc known as neprilysin, membrane metalio-endopeptidase
{MME}, neutral endopeptidase (NEP), or common acute lymphoblastic leukemia antigen
(CALLA)Y, CDI35, CDi19, CD20, CD21, CD22, CD306, CD33, (D38, D44, CD44vo,
CD44v7/8, CDT0, CD123, CDI38, CD171, ras, p53, v-raf murine sarcoma viral oncogens
homolog Bl (BRAF), caletum binding wrosine-{Y }-phosphorviation  wegulated (CABYR),
cysteine-nch secretory protein 3 {CRISP3Y), CSAG fanmuly, member 2 (CSAGE), cancer/iestis

antigen 2 {CTAGZ), dihvdrotolate redoctase (BHFEFR), formtin, heavy polypeptide 1o tostis-
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specific expression (FTHLAT), G antigen 1 {GAGEL), lactate dehydrogenase € (LDHC),
melanoma antigen famidy A (MAGEAY 1, MAGEA3, MAGEA4, (melanoma antigen family B,
6y MAGERBS, mutogen-activated protein kinase 1 (MAPK 1), MHC Class | polypeptide-related
seguence A (MICA), muocm (MUY 1, cell surface associated (MUCT), MUCIS, NLR family,
pyrin domain contaimng 4 (NLRP4), New York esophageal squamous cell carcinoma 1 (NY-
ERQ-13, PR binding kinase (PB), preferentially oxprossed antigen in melasoma {(PRAME), sex
determatung region Y-box (SOX)-2, SOX 10, SOX 1, sperm protemn associated with the nucleus |
X-linked, fanuly member Al (SPANXAL}, svnovial sarcoma, X (85X} breakpomt 2 (85X723,
SEX4, 85X35, testis specific, 10 (TSGALD), wetis-specific senne kinase 6 (TS5KE}, tubby like
protein {TULPZ), X antigen famiy, member 2 (XAGE2), zine finger protoin 163 (ZNF1I65)
absent tn melavoma 2 (AIMZ), BMIT polvcomb ring finger oncogene (BMI ), cyclooxygenase-2
(COX-23, tyrosine related proten (TRP)-1, TREP-Z, glycoproten 100 (GP100), epidermal growih
factor receptor vanant 1 (EGFRVIH}, enhancer of zeste homolog 2 (EZH2), baman LI cell
adhesion molecule (LICAM), Livin, multidrug resistance protein 3 (MRP-3), Neostin,
chgodendrooyte transeription factor {OLIG2), antigen recognized by T cells (ARTH-1, ARTS,
aguamous cell carcinoma antigen recognized by T cells (SART)-1, SARTZ, SARTE, B-oyclin, B-
catenin, ghioma-associated oncogene homlog 1 (i), caveolin-1 (Cav-1), cathepsin B, chister of
differentiation (C)-74, epuithehal calavn-dependent adhesion {E-cadheriny, EPH recoptor AZ
(EphA2), EphAlZ/iepithehial kinase (EphA2/Eck), foswrelated antigen 1 (Fra-iFosl 1},
Ganglioside/GD2, GD3, acetvlglucosaminyitransferase-¥V {GnT-¥, B1,6-N}), human epidenmal
growth factor receptor 2 (Her2/New), nuclear proliferation-associated antigen of antibody Ki67
{¥1:67}, human Ko heterodimer proteins subunits (w70/50), mterleulain-13 receptor subunit alpha-
2 (JL-13Ra2), melanoma antigen recogmzed by T cells (MART-13, prospero homeobox protein |
{(PROXI), prostate sterm coll antigen (PSCA), Survivin, urokinase-tvpe plasminogen activator
receptor (UPAR), Wilkms' tumsor protein | {(WT-1), Folate receptor a, Glypican-3, 574, 8H9, mfs
mtegrin, B7-H3, B7-H6, CAIX, CA9, CSPG4, EGP2, EGP40, EpCAM, ERBB3, ERBB4,
ErbB3/4, FAP, FAR, FBP, fetal AchR, HLA-AIL HLA-A2 H.-1Re, KDR, Lambda, Lewis-Y,
MCSP, Mesothelin, NCAM, NKG2D ligands, PSCE, PSMA, RORIL, TAG72, TEM1, TEME,
VEGER2Z, HMW-MAA, VEGF, VEGF receptors, P-glycoprotein, ervthropoietin (EPO),
cadherm, CD4, CD8, CD45, CD1I7 (c-kir), CDI33, HLA-A. HLA-B, HLA-C, chemokine
receptor 5 (CCRS), stem cell marker ABCGZ transporter, immunoglobulins, integrins, prostate
specific antigen (PSA), prostate stem cell antigen (PSCA), dendritic cell-specific mterceliular
adhesion molecule 3-grabbing nonintegrin (DC-SIGN), thyroglobulin, granulocyte-macrophage

colony stimulating factor (GM-CSF}), myogenic differentiation promoting factor-1 (MyoD-1},
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Leu-7 (CD57), LeuM-1, cell proliferation-associated human muclear antigen defined by the
monoclonal antibody Ki-67 (Ki-67), viral envelope proteins, HIV gpl20, and transferrin
receptor. Uther exemplary tumor antigens are antigens that are present in the extracelluar matox

of tumors, such as oncofetal variants of fibronectin, tenascin, or necrotic regions of tumors.

Table 2: Exemplary Target Cell Antigens

5T4

8H9
ABCG?2 transporter
AFP
AIM2
ARTIL
ARTY
B7-H3
B7-H6
Becvelin
BMI
BRAF
A9
CABYR
CAIX
cathepsin B
Cav-i
CCRS
D16
CD17
CD 123
CD133
D138
D15
CD171
CD1o
CD2G
D21
D22
D30
D33
CD33
CD4
CD44
{D44v6
CD44v7/8
CD45
CD70
D74
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CDS

CEA

{0X-2

CRISPS

CSAG2

CSPG4

CTAGY

DC-SIGN

DHFR

E-cadhern

EGFR

EGFRvI

EGP2

EGP40

EPCAM

EphA2

EphA2/Eck

ERBB3

ErbB3/4

ERBB4

ervthropoietn (EPO)

ETA

EZH2

FAP

FAR

FBP

fetal AchR

Folate Receptor a

Fra-l/Fost |

FTHLIY

GAGEL

GBb2

GD3

i

Glypican-3

Gt~V BLG6-N

GP100

Her2/Meu

HIY spl20

HEA A

HLA B

HLAC

HLA-A2

HLA-AL

HMW-MAA

.-13Rg2

{1-1Rg

kappa light chan
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KDR

Kae7

Lambda

LDHC

Leu-7 (CDST)

LeuM-i

Lewis-Y

LICAM

favin

MAGEAL

MAGEAS

MAGEA4

MAGEBG

MAPKI

MART-1

MCSP

Mesothelin

MICA

MRP-3

MUCH

MUCI6 or CA1ZS

MyoD1

NCAM

necrotic regions of wmors

Nestin

NKG2D ligands

NLRP4

NY-ESO-]

OLIG2

oncofetal variants of fibronectin

pa3

PB

P-glycoprotein

PRAME

PROX

PSA

PSCH

PsCA

PSCA

PSMA

Ras

RORI1

SARTI

SARTZ

SARTS

SOXI0

SOX 11

50X2
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SPANXAL
SSX2

S85X4

SSX3E
Survivin
TAGT2
TEMI

TEMSE
tenascin
thyroglobulin
transfernin receptor
TRP-1

TRP-2
TSGALD
TSEKS
TULE2
tyrosinase

u 7080
UPAR
VEGF

VEGF Receptors
YEGRR2
W-1
XAGE2
ENF165

avPs mtegrin
B-catenin

{00130] In certain embodiments, the antigen recognition domain of an engager
molecule specifically binds a tumor-associated antigen (FAA) or a tumor-specific antigen (TSA},
In certain embodiments, the antigen recogaition domain comprises an anttbody or an antibody
fragment or an antigen-binding fragment or portion thereof, such as for example, a monoclonal
antibody, Fv, a scFv, Fab, mmnibody, or diabody that is specific for a TAA or TSA. In certain
embodiments, the antigen recognition domain of the engager 15 an scFv that 1s specific fora TAA
or TSA. In a specific embodiment, the TAA or TSA is expressed on a cancer cell. In one
embodiment, the TAA or TSA is expressed on a biood cancer cell. In another embodiment, the
TAA or TS5A 15 expressed on a cell of a solid tumor. In more specific embodiments, the sohid
temor is a glioblastoma, a non-small cell lung cancer, a lung cancer other than a non-small cell
fung cancer, breast cancer, prostate cancer, pancreatic cancer, liver cancer, colon cancer, stomach
cancer, a cancer of the spleen, skin cancer, a brain cancer other than a ghoblastoma, a kidney

cancer, a thyrowd cancer, or the like. In more specific embodiments, the TAA or TSA 13 expressed
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by a tumor cell 1 an mdividual. In some embodiments, the antigen-recogmtion domam of the
J g

engager molecule 1s specific for one or more target cell antigens shown in Table 2.

fiphA2

{80131} In some embodiments, EphA?2 18 referred to as EPH receptor A2 (ephrin
type-A receptor 2; EPHA2, ARCCZ; CTPA; UTPPRI; or ECK), which is a protein that in humans
is encoded by the EPHAZ2 gene in the ephrin receptor subfamily of the protein-tyrosine kinase
family. Receptors in this subfamily generally comprise a single kinase domam and an
extraceliular region compnsing a Cys-rich domam and 2 fibronectin type [H repeats;
embodiments of the antibodies of the disclosure target any of these domains. An exemplary
human EphA2 nucleic sequence is in GenBank® Accession No. NM_004431, and an exemplary
human EphA?2 polvpeptide sequence is in GenBank® Accession No. NP_004422, both of which
sequences are incorporated herein in their entirety. An exemplary human EphA2 nucleic
sequence 15 i GenBank® Accession No. NM 0044482, and an exemplary buman HphAZ2
polypeptide sequence is 1 GenBank® Accession No. NP_(04439, both of which sequences are
mcorporated herein in their entirety.

{00132] The Eph family, the largest group among tyrosing kinase receptor familics,
1s comprised of the EphA (EphAi1-10) or EphB (EphB1i-6) subclasses of receptors classified as
per their sequence homologics and their bindmg affimity for their ligands, Ephrins (Eph receptor
mteracting protein}. The human EphAZ gene is located on chromosome 1, encodes a receptor
tyrosine kinase of 976 amino acids with an apparent molecular weight of 130 kDa and has a 90%
amino acid sequence homology to the mouse EphA2. The Eph family contains an extracellnlar
conserved N-terminal ligand-binding domain followed by a cysteine-rich domain with an
epidermal growth factor-like motif and two fibronectin type-Hi repeats. The extracellvlar motif is
followed by a membrane spanning region and a cvioplasmic region that cncompasses a
juxtamembrane region, a tyrosine kinase domam, a sterile alpha motif (SAM}, and a post
synaptic domain (disc large and zona cccludens protein (PDZ} domain-binding motif). EphA2
shows 25-33% sequence homologies with other Eph receptors, and the tyrosine residucs are
conserved within the juxtamembrane and kinase domain.

100133] EphA2 mRNA expression i3 observed in the skin, bone marrow, thymus,
wterus, tostis, prostate, urinary bladder, kidney, small intestine, colon, spleen, liver, lung and
brain. EphAZ expression in the colon, skin, kidney and lung was over ten-fold relative to the
bone marrow. EphAZ is also expressed during gastrulation m the ectodermal celis and ecarly

embryogenesis in the developing hind brain. In the skin, EphA2 is present in keratinocytes of
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epidermis and hair follicles but not in dermal cells (fibroblasts, vascular cells and inflammatory
cells). EphAZ is also expressed in proliferating mammary glands in female mice at puberty and
differentially expressed during the estrous cycle. Besides its expression in embryo and in normal
adult tissues, EphA2 1s overexpressed in several cancers, such as breast cancer, gastric cancer,
melanoma, ovanan cancer, lunch cancer, gliomas, wrinary bladder cancer, prostate cancer,
esophageal, renal, colon and vulvar cancers. In particular, a high level of EphAZ is detected in
malignant cancer-derived cell lines and advanced forms of cancer. In light of the EphA2
overexpression in pre-clinical models and climical specimens of many different types of cancer,
the increased level of EphA2 expression is informative in both the prediction of cancer osteomes
and in the clinical management of cancer. The differential expression of EphAZ in normal cells

compared to cancer cells also significs its tmportance as a therapeutic target.

{001 34] In some embodiments, HER? is referred to as human Epidermal Growth
Factor Receptor 2 {Neu, ErbB-2, CD340, or pi 853, which is a protein that in humans 1s encoded
by the ERBB2 gene in the epidermal growth factor receptor (EFR/ErbB) family. HERZ contains
an extraccHular ligand binding domain, a transmembrane domain, and an mtracellular domain
that interacts with a multitude of signaling molecules. HER2 is a member of the epidemmal
growth factor receptor family having tyrosine kinase activity. Dimerization of the recepior results
in the autophosphorylation of tyrosine residues within the cytoplasmic domain of the receptors
and initiates a variety of signaling pathways leading to cell proliferation and tumorigenesis.
Amplification or overexpression of HERZ occurs in approximately 15-30% of breast cancers and
10-30% of gastric/gastrocsophageal cancers and serves as a prognostic and predictive biomarker.
HER2 overexpression has also been seen in other cancers like ovary, endometnum, bladder,
lung, colon, and head and neck. HERZ is overexpressed in 15-30% of invasive breast cancers,
which has both prognostic and predictive mmplications. Overexpression of HERZ protem,
determined using IHC was found in 23% and gene amplification determined using FISH m 27%
of 200 resected tumors in a gastric cancer study. HER2 overexpression is directly correlated with
poorer outcome i gasiric cancer. fn a study of 260 gastric cancers, HERZ overexpression was an
mdependent negative prognostic factor and HER2 staning intensity was correlated with tamor
size, serosal mvasion, and fymph node metastases. Other studies also confirmed the negative
mmpact of HERZ overcxpression in gastric cancer. HERZ overexpression is reported n 0-83% of
esophageal cancers, with a tendency towards higher rates of positivity in adenocarcinoma (10—

83%) compared to squamous cell carcinomas (0-356%). Overexpression of HERZ 15 scen 1n 20—
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30% patients with ovaran cancer. In endometiial serous carcinoma, the reported rates of HER2
overexpression range between 14% and 80% with HER2 amplification (by flucrescence in sitw
hybridization [FISH]} ranging from 21% to 47%. Embodiments of the antibodies of the

disclosure target the extracellnlar ligand binding domain.

Disialoganglioside G2

{00135] Disialoganghioside GD2 1s a sialic acid-comtaiming glycosphingolipid
expressed primanily on the cell surface. The function of this carbohvdrate antigen 15 not
completely understood; however, it s thought to play an important role 1 the attachment of
temor celis to extracellular matrix proteins. GD2 expression in normal fetal and adult tissues is
primarily restricted to the central nervous system, peripheral nerves, and skin melanocytes,
although GD2 expression has been described in the stromal component of some normal tissues
and white pulp of the spleen. In malignant cells, GD2 15 uniformly expressed in nesroblastomas
and most melanomas and to a variable degree in a variety of other tumors, including bone and
soft-tissue sarcomas, small cell fung cancer, and brain tumors. G2 18 present and concentrated
on cell sarfaces, with the two hydrocarbon chains of the ceramide moiety embedded m the
plasma membrane and the oligosaccharides located on the extracellular surface, where they
present points of recognition for extracellular molecules or surfaces of neighboring cells.
Because of the relatively tumor-selective expression combined with its presence on the cell
surface, G2 is an attractive target for tumor-specific antibody therapy. Embodiments of the

antibodigs of the disclosure target the extracellular domain.

Therapeutic Moleciules

{00136] In some embodiments, the pscudotyped oncolvtic virus comprises a
nucleie acid sequence that encodes an engager molecule and one or more additional nucleie acid
sequences that encode one or more therapeutic molecules. As used herein, a “therapeutic
molecole” refers to a molecule that enhances the therapeutic efficacy of an oncolytic virus
described herein. In general, the therapeotic molecules described herein are proteins, nucleic
acids, or a combination thereof. Exemplary therapeutic molecules include cyvtokines, chemokines,
antibodies or antigen bmding fragments thereof, proteases, RNA polynucieotides, and DNA
potymucleotides.

{00137] In some embodiments, the therapeutic molecule 15 capable of increasing or
enhancing the therapeutic cfficacy of an oncolytic virus described herein by stimulating, or

activating, a cellular immune response. In some embodiments, the therapeotic molecule is
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capable of increasing or enhancing the therapeutic efficacy of an oncolvtic virus described herem
by antagonizing a suppressive or regulatory immune response. In some embodiments, reduction
of a suppressive HMMUNG FCSPONSe OCCHIS In a tumor microenvironment. In some instances,
reduction of a suppressive immune response by the therapeutic molecule enhances the oncolytic
cffects of a pscudotyped oncolytic virus deseribed herein. In some embodiments, the therapeutic
molecule further reduces immuosoregulatory T cell activity in a subject treated with a
pscudotyped oncolvtic virus described herein. In some embodiments, the therapeutic molecule
modulates or impairs the production level of a protein at a nucleic acid level or at a protem level,
or disrupts a protein function,

{00138] In some embodiments, a nucleic acid sequence encoding an ongager
molecule and a nucleic acid sequence encoding one or more therapeutic molecules are comprised
within the same vector. In some embodiments, a nucleic acid sequence encoding an engager
molecule and a nucleic acid sequence encoding one or morg therapeutic molecules are comprised
in different vectors. In some ecmbodiments, the vector 15 a viral vector. In some instances, a
therapeutic molecule comprises a polypeptide or a nucleic acid polymer. In some embodiments,
the additional nucleic acid sequence is mserted into a viral vector which allows higher expression
levels and production of the therapeutic molecule.

{001 39] In some embodiments, the therapeutic molecule is a polypeptide. In some
mstances, the polypeptide 1s an mumune modulator polypeptide. In some cases, the immune
modulator polypeptide 15 a cvtokine, a co-stimulatory domam, a domain that mhibits negative
regulatory molecules of T-cell activation {e.g., an immune checkpoint inhibitor), or a
cornbination thereof.

[00140] In some embodiments, the immune modulator polypeptide modulates the
activity of one or more cell types, such as regulatory T cells (Tregs), myeloid-derived suppressor
cells (MDSCs), dendritic cells, and/or T cells. Exemplary Treg modulatory polypeptides include
CCR4, Hehos, TIGIT, GITR, ncuropilin, neuritin, CDI03, CTLA-4, ICOS, and Swap70.
Exemplary MDSC modulatory polypeptides include TGF-BRI, GM-CSF, INFy, interfeuking
such as 1L, IL-1F2, IL-6, IL-10, IL-12, IL-13, IL-6, IL~-6Ra, IL~-6/IL-6R complex, TGF-BI, M-
CSF, Prostaglandin E2/PGEZ, Prostaglandin E Synthase 2, S100AR, and VEGF. Exemplary
dendritic-cell directed modulatory polvpeptides include GM-CSF and/or 1L-13. Esemplary T
cell-directed modulatory polypeptides include 1L-12, OX-40, GITR, D28, or IL-28, or an
antibody that agonizes a pathway comprising H.-12, OX-40, GITR, CD28, or H.-28.

{00141} In other embodiments, the therapeutic polypeptides modulate the fibrotic

stroma. Exemplary fibrotic stromal polypeptides mclude fibroblast activation protein-alpha
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{(FAP}). In some cmbodiments, the therapeutic polvpeptide is a protease. In particular
embodiments, the protease is capable of altering the extracellular matrix, particularly the
extracellular matrix within a tomor microenvironment. Exemplary proteases  include

matrixmetalloproteases (MMP), such as MMP9, collagenases, and elastases.

Cvtokines as Therapeutic molecuies

{00142] In some cases, the tumune modulator polypeptide i1s a cvtokine. Cytokines
arc a category of small proteins between about 5-20 kDa that are mvolved m cell signaling and
meiude chemokines, mterferons (INF), miterleukins (IL), and tumor necrosis factors {TNF),
among others. Chemokines play a role as a chemoatiractant to guide the migration of cells and
are classified into four subfanilies: CXC, CC, CX3C, and XC. Exemplary chemokines include
chemokines from the CC subfamuly, such as CCL1, CCOLZ (MOP-1y, CCL3, CCL4, CLLS
{(RANTES), CCLe, CCL7, CCLE, CCLY {or CCLI0, CCLL, CCLIZ, CCLIS, COL4, CCL1S5,
CCLIG, CCLIT, CCLE, CCLIS, CCL2G, CCOL2Y, CCLZ2, CCL23, OCL24, CCL25, CCLIs,
CCLET, and CCL2E; the OXO subfamlby, such as CXCLY, CXCL2, CXCL3, OXOL4, CXCLS,
CXOLe, CXOL7 CXCLR CRCLe, XL, CXCLIL, CXCRIZ, OX{UL13, CXCLi4,
CXCLIS, CXCLIG, and CXCLTT; the XC subfmily, such as XCLT and XTLZ; and the CX3(
subfanuly, such as CX3CLY

{00143] Tnterterons (JFNs) comprise Type T IFNs (o g IFMN-p, TFN-B, {FN-g, IFK-
w, and [FM-w), Tyvpe H IFNs (e g IFNwy}, and Type HE IFNs. In some embodiments, IFN-a s
further classified 1ot about 13 sebivpes iocloding IFMNAT IFNAZ, IFNA4, IFNAS, IFNAS,
IFNAT IFNAR IFNALD, TFNATS, TFNAY, TFNATS, TFNATLT, and IFNAZT

[00144] Interlevking are a broad class of cyviokine that promote the developmeont
and differontiation of mmunc cells, includimg T and B celis, and other homatopoietic cells.
Exeroplary miedesking include H-1, -2, H-3, H-4, 125, HA6, -7, H-8 (OXCRS), 1L-9, Ho-
10, 11, fL-12, JL-13, 014, TL~18, 1016, B~ 7, 1018, TL-19, TL-20, TE-2 0 FE-22 B-23 1
24 1L-28 1E-26 1E-27 1EL-28 §1-29 IL-30, IL-31) §L-32 1L-33 1L-35 and IL-36.

{00145] Tumor agcross factors (INFs) are a group of c¢viokines that modulate
apoptosis. bn some mstances, there are about 19 mombers within the TNF fanuly, including, not
bBmited to, TNFu, lymphotoxin-alpha (L T-0), brophotodn-beta (LT-5), T coll antigen gp39
(CR40L), CO27L, CD30L, FASL, 4-1BBL, OX40L, and TNF-related apoptosic mducing ligand
{(TRAIL).

[00146] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic

acid sequence that encodes an engager and an additional nucleic acid sequence that encodes a
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cviokine selected from chemokine, interferon, interleukin, or tumor necrosis factor. In some
embodiments, a pseudyioped oncolviie virus comprises a nucleie acid sequence that encodes an
engager molecuke and an additional nucleic acid sequence that encodesa chemokine, an

mitcrferon, an interleukin, and/or a fumor necrosis factor.

Co-stimulatory domains as Therapeutic molecules

{00147 In some embodiments, the immune modulator polypeptide is a co-
stimulatory domain. In some cases, the co-stimulatory domam cvhances antigen-specific
cytotoxicity. In some cases, the co-stimulatory domain further enhances cyvtoking production. In
some embodiments, the co-stimulatory domain compnses CD27, CD28, D706, CDROG, D83,
CDR6, CDI34 (0X-40), CD134L (OK-40L), CDI137 (41BB), CDI3T7L (41RBL), or CD224,

{00148] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager and an additional nucleic acid sequence that encodes a ¢co-
stimulatory domamn. In some cmbodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager and an additional nucleic acid sequence that encodes a co-
stimulatory domain selected from CD27, CB28, CDR0, CD83, CD8s, CD134, CD134L, CD137,
CD137L, or CD224,

Immune checkpoint inhiibirors as Therapeutic molecules

{80145} In some embodiments, the mmune modulator polypeptide is an immune
checkpoint inhibitor polypeptide that inbibits a negative regulatory molecule of T-cell activation.
Immune checkpoint mhibitor bind to immune checkpoint molecules, which are a group of
molecules on the cell surface of CD4 and CD8 T cells. In some instances, these molecules
effectively serve as "brakes" to down-modulate or inhibit an anti-tumor immune response. An
mmune checkpoint inhibitor refers to anv molecule that modulates or inhibits the activity of an
mmune checkpoint molecule. In some instances, momune checkpoint inhibitors include
antibodies, antibody-denivatives {(e.g., Fab fragments, scFvs, minobodies, diabodies), antisense
cligonucleotides, siRNA | aptamers, or peptides.

{00150 Excraplary immune checkpoint molecules inciude, but are not hinuted to,
programmed death-ligand 1 (PDLI, also known as B7-H1, CB274), programmed death 1 (PD-1),
PD-L2 (B7-DC, CD273), LAG3, TIM3. 2B4. A2aR, B7HI, B7H3, B7H4, BTLA, CD2. CD16,
CD27, CD28, CD30, CH40, CD70, CDRO, CDE6, CDI37, CDi60, CD226, CD276, DR3, GALDY,
GITR, HAVCR2, HVEM, DO, ID0O2, mducible T cell costimulatory (ICOS), KIR, LAIRI,

LIGHT, macrophage receptor with collageneouns structure {MARCQO), 0X-40, phosphatidviserine
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(PS5, SLAM, TIGHT, VISTA, and VICNI. In some embodiments, an immuneg checkpoint
mhibitor inhibits on or more of PDL1, PD-1, CTLA-4, PD-L2, LAG3, TIM3, 2B4, AZ2aR,
B7HIL, B7TH3, B7H4, BTLA, CD2, D27, CD28, CD30, CD40, €D70, CD3O, CDR6, D137,
CD160, CD226, CD276, DR3, GALY, GITR, HAVCR2, HVEM, IDGIL, IBO2, 1C0S, KIR,
LAIRI, LIGHT, MARCO, 0X-40, PS, SLAM, TIGHT, VISTA, and VICNIL.

{00151} In some embodiments, a pseudytoped oncolvtic virus comprises a nucleic
acid sequence that encodes an engager molecule and an additional nucleic acid sequence that
encodes an immune checkpoint inhibitor. In some embodiments, the immune checkpoint
mhibitor reduces the expression or activity of one or more immune checkpoint molecules. In
some embodiments, the immune checkpoint mhibitor reduces the interaction between an immuneg
checkpoint molecule and its ligand {e.g., reduced the interaction between PD-1 and PDL1). In
some embodiments, a pseudvioped oncolvtic virus comprises a nucleic acid sequence that
encodes an engager and an additional nucleic acid sequence that encodes an immume checkpoint
inhibitor that inhibits one or more of PRLI, PD-1, CTLA-4, PD-L2, LAG3, TIM3, 2B4, A2aR,
B7HI, B7H3, B7H4, BTLA, CD2, D27, CD28, CD30, CD40, CD70, CD30, CD8s, D137,
CDi60, D226, CD276, DR3, GALY, GITR, HAVCR2, HVEM, IDOL, 1D02, 1ICOS, KIR,
LAIRI, LIGHT, MARCO, OX-40, P8, SLAM, TIGHT, VISTA, and VTCNI1.

{00152] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domam and a
therapeutic molecule domain, wherein the therapeutic molecule domam 15 an immune checkpoint
mhibitor. In some cmbodiments, a pseudyioped oncolytic virug comprises a nucleic acid
sequence that encodes an engager molecule comprising an activation domain and a therapeutic
molecule domain, wherein the therapeutic molecule domain 1s an immune checkpoint inhibitor
that inhibits one or more of PDLL, PD-1, CTLA-4, PD-L2, LAG3, TIM3, 2B4, A2aR, B7HI,
B7H3, B7H4, BTLA, CD2, CD27, CD28, CD30, CD40, CD70, CD80, D86, CD137. CD160,
CD226, CD276, DR3, GALY, GITR, HAVCR2, HVEM, IDOL, IDO2, ICOS, KIR, LAIRIL,
LIGHT, MARCO, 0X-40, PS, SLAM, TIGHT, VISTA, and VICNL

a) PDLI Inhibitors
[00153] In some embodiments, the immune checkpoint inhibitor is an mhibitor of
PDLL. In some embodiments, the immune checkpomnt inhibitor 1s an antibody {e.g., a monocional
antibody or antigen-binding fragments thereof, or a humanized or chimeric antibody or antigen-
binding fragments thereof) against PDL1. In some embodiments, the inhibitor of PDLI reduces

the expression or activity of PBL1. In some embodiments, the mhibitor of PBL1I reduces the
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mieraction between PD-1 and PDL1. Exemplary mhibitors of PDL1 include anti-PDLI
antibodics, RNAt1 molecules (e.g, anti-PDL1 RNA1), antisense molecules (e g, an anti-PDLL
antisense RNA), or dominant negative proteins {e.g, a dominant negative PDL1 protein).
Exemplary anti-PDL1 antibodies includes clone EH12;, MPDL3280A (Genentech, R(G7446);
anti-mouse PDL1 antibody Clone 10F 9G2 (BioXcell, Cat # BEO101); anti-PDL1 monoclonal
antibody MDX-1105 (BMS-936559 and BMS-933559 from Brstol-Mevers  Squibb;
MSBO010718C; mouse anti-PDL1 Clone 29E 2A3; and AstraZeneca’s MEDI4736.

{01 54] In some embodiments, the anti-PDL1 antibody 1s an anti-PDL1 antibody
disclosed in Intemational PCT Publication Nos. WG 2013/079174; WO 2010/036959; WO
2013/056716; WO 2007/005874; WO 2010/089411;, WO 2010/077634; WO 2004/004771;, WO
2006/133396; WO 2013/09906; WO 2012/145493; WO 2013/181634; U.S. Patent Application
Publication No. 20140294898; or Chinese Patent Application Publication No. ON 101104640,

{001 55] In some embodiments, the PDLI mhibitor 13 a nucleic acid inhibitor of
PDLI expression. In some embodiments, the PDL1 mhibitor is one disclosed 1 International
PCT Publication Nos. WO 2011/127180 or WO 2011/000841 . In some embodiments, the PDLI
mhibitor is rapamyvcin.

{00156] In some embodiments, a pscudytoped oncolytic virus comprises 3 nucleic
acid sequence that encodes an engager molecule comprising an activation domain that binds 1o
CD3 {e.g., an anti-CD3 sckv) and a therapeutic molecule domain that binds to PDL1 {e.g., an
anti-PDL1 scFv). In such embodiments, the pseudytoped oncolytic virus may further comprise an
additional nucleic acid sequence that encodes an additional therapeutic molecule.

[00157] In some embodiments, a pseudyioped oncolvtic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to PDL1. In some embodiments, a pseudytoped oncolvtic
virus comprses a nucleic acid sequence that encodes an engager molecule comprising an
activation domain and an antigen recognifion domain, and an additional nucleic acid sequence
that encodes a PDL1 nhibitor. In some embodiments, a pseudytoped oncolytic vinus comprises a
nucleic acid sequence that encodes an engager and an additional nucleic acid sequence that
encodes PDL 1 inhibitor selected from EHI12, Genentech’s MPDL32R0A (R(G7446); Anti-mouse
PDLI antibody Clone 10F.9G2 (Cat # BEOGIO) from BioXcell; anti-PDL 1 monoclonal antibody
MDX-1105 (BMS-936539) and BMS-935539 from Bristol-Meyer's Squibb; MSBO010718C;
mouse anti-PDL1 Clone 29E 2A3; and AstraZencca’s MEDI4736.

b) FD-L2 Inhibitors
49



WO 2018/006005 PCT/US2017/040354

{001 58] In some embodiments, the immune checkpoint inhibitor is an hibitor of
PD-L2. In some embodiments, the inhibitor of PD-L2 15 an antibody {e.g., a monoclonal antibody
or fragments, or a humanized or chimeric antibody or fragments thereof) against PD-L2. In some
embodiments, the mhibitor of PD-L2 reduces the expression or activity of PD-L2. In other
embodiments, the mhubitor of PD-L2 reduces the interaction between PD-1 and PD-L2Z.
Exemplary inhibitors of PD-L2 include antibodies {e.g, an anti-PD-L2 antibody), RNAt
maolecules (e 2., an anti-PD-L2 RNAJ), antisense molecules {(e.g., an anti-PD-L2 antiscnse RNA),
or dominant negative proteins {e.g., a dominant negative PD-L2 protein).

JOG139] In some embodiments, the PD-L2 nhibitor 18 GlaxoSmithKline’s AMP-
224 {Amplimmune). In some embodiments, the PD-L2 inhibitor s fHIgM12B7.

{001 60] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and an antigen
recognition domain, and an additional nucleic acid sequence that encodes a PD-L2 inhibitor. In
some cmbodiments, a pseudyioped oncolytic virus comprises a nugleic acid sequence that
encodes an engager and an additional nucleic acid sequence that encodes PD-L2 inlubitor
selected from AMP-224 (Amplimmnune) or tHIgM12B7.

{00161] In some embodiments, a pscudytoped oncolyitic virus comprises 3 nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to PDL2. In some embodiments, a pseudyioped oncolytic
virus comprises a nucleic acid sequence that encodes an engager molecule comprising an
activation domain that binds to CD3 {e.g., an ant-CD3 scFv) and a therapeutic molecule domain
that binds to PD-L2 {e.g., an anti-PDL2 scFv). In such embodiments, the pseudvioped oncolvtic
virus may further comprise an additional nucleic acid sequence that encodes an additional

therapeutic molecule.

¢} PD-I Inhibitors

{80162} In some embodiments, the immune checkpoint inhibitor 18 an inhibitor of
PB1. In some embodiments, the mhibitor of PDL1 is an antibody {e.g., a monoclonal antibody or
fragments, or a humanized or chiumeric antibody or fragments thercof) agamst PD-1. Excmplary
antibodies against PD-1 mclude: anti-mouse PD-1 antibody Clone J43 (Cat # BE0033-2) from
BioXcell; anti-mouse PD-1 antibody Clone RMPI-14 (Cat # BE0146} from BioXcell; mouse
anti-PD-1 antibody Clone EHI2; Merck’s MK-3475 anti-mouse PD-1 antibody (Kevtruda,
pembrolizumab, lambrolizumab); and AnaptysBio’s anti-PD-1 antibody, known as ANBOIL;

antibody MDX-1 106 (ON0O-43338); Bristol-Myers Squibb’s human 1G4 monoclonal antibody
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mivolumab (Opdivo®, BMS-936358, MDX1106); AstraZeneca’s AMP-514, and AMP-224; and
Pidiizumab (CT-011), CureTech Ltd.

{00163] In some embodiments, a pscudytoped oncolytic virus comprises 3 nucleic
acid sequence that encodes an engager molecule comprising an activation domain and an antigen
recognition domain, and an additional nacleic acid sequence that encodes a PD1 ihibitor
selected from ANBOLL; antibody MDX-1 106 {ONO-4538); Bristol-Myers Squibl’s human IgG4
monoclonal antibodyv nivolumab (Opdivo®, BMS-936558, MDX 1106}, AstraZencca’s AMP-
514, and AMP-224; and Piddizumab (CT-011). In some embodiments, a pseudvtoped oncolytic
virus comprises a nucleic acid sequence that encodes an engager and an additional nucleic acid
sequence that encodes PD-1 mhibitor selected from ANBOIL; antibody MDX-1 106 (ONO-
4538}; Bristol-Mvers Squibb’s human 1g(G4 monocional antibody nivolumab (Opdive®, BMS-
936558, MDX1106); Astrafencea’s AMP-514, and AMP-224; and Pidilizumab (CT-01 1}

[00164] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager raolecule comprising an activation domain and an antigen
recognition domain, and an additional nucleic acid sequence that encodes a PD-L2 inhibitor. In
some embodiments, a pssudytoped oncolviic virus comprises a nucleic aciud sequence that
encodes an engager molecule and an additional nucleic acid sequence that encodes PD-L2
mhibitor selected from AMP-224 (Amplivunune) or tHigMI12B7.

{00165] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to PD1. In some embodiments, a pseudytoped oncolytic
virus comprises a nucleic acid sequence that encodes an engager molecule comprising an
activation domain that binds to CD3 {e. 2., an anti-CD3 scFv} and a therapeutic molecule domain
that binds to PD1 {e.g., an anti-PD1 sckFv). In such embodiments, the pseudytoped oncolytic virus

may further comprise an additional nuclcic acid sequence that encodes an additional therapeutic

molecule.
dy CTLA-4 Inhibitors
{00166] In some embodiments, the immune checkpoint inhibitor is an inhibitor of

CTLA-4. In some embodiments, the an inlubitor of CTLA-4 s an antibody (e.g., a monocional
antibody or fragments, or a humanized or chimeric antibody or fragments thereof) against CTLA-
4. In one embodiment, the anti-CTLA-4 antibody blocks the binding of CTLA-4 to CDR0O (B7-1)
and/or CD86 (B7-2) expressed on antigen presenting cells. Exemplary antibodies against CTLA-

4 incluade pilimumab (also known as Yervov®, MDX-010, BMS-734016 and MDX-101, Bristol
51



WO 2018/006005 PCT/US2017/040354

Mevers Squibb); anti-CTLA4 antibody clone 9H 10 from Millipore; tremelinumab (CP-675,206,
ticilimumab, Pfizer); and anti-CTLA4 antibody clone BNI3 from Abcant.

{00167] In some embodiments, the anti-CTLA-4 antibody is one disclosed in any
of International PCT Publication Nos. WO 2001/014424; WO 2004/035607, WO 2003/086459;
WO 2012/120125; WO 2000/037504, WO 2009/100140, WO 2006/09649; WO 2005/092380;
WO 2007/123737, WO 2006/029219; WO 2010/0979597, WO 2006/12168; WO 1997/020574
U.S. Patent Application Publication No. 2005/0201994; or FEuropcan Patent Application
Publication No. EP 1212422, Additional CTLA-4 antibodies are described in U.S. Patent Nos.
5,811,097, 5,835,887, 5977.318; 6,051,227, 6,682,736; 6,984,720, 7,109,003, 7,132,281,
International PCT Publication Nos. WO 01/14424 and WO 00/37504; and in U.S. Patent
Application Publication Nos. 2002/0039581 and 2002/086014. In some cmboduments, the anti-
CTLA-4 antibody is one disclosed m any of Intemational PCT Publication Nos. W0
1998/42752; U.S. Patent Nos. 6,682,736 and 6,207, 156; Hurwitz et al, Proc. Natl. Acad. Sci.
USA, 95(17): 10067-10071 (1998);, Camacho ¢t al, J. Clin. Oncol., 22(145): Abstract No. 2505
(2004} (antibody CP- 675206); Mokyr ¢t al, Cancer Res., 58:53301-5304 (1998).

[00168] In some embodiments, the CTLA-4 mhibitor 15 a CTLA-4 ligand as
disciosed in International PCT Publication No. W{ 1996/040915.

[00169] In some embodiments, the CTLA-4 inhibitor is a nucleic acid inhubitor of
CTLA-4 expression, such as an RNA1 molecule. In some embodiments, anti-CTLA4 RNA1
molecules take the form of those described 1in any of International PCT Publication Nos. WO
1999/032619 and WO 2001/029058; US. Patent Application Publication Nos. 2003/0051263,
2003/0055020, 2003/0056233, 2004/265839, 2005/0100913, 2006/0024798, 2008/0050342,
2008/0081373, 2008/0248576, and 2008/055443; and/or U.S. Patent Nos. 6,506,559, 7,282,564,
7.538,095, and 7,560,438, In some mstances, the anti-CTLA4 RNAL molecules are double
stranded RNA1 molecules, such as those disciosed in European Patent No. EP 1309726, In some
mstances, the anti-CTLA4 RNA1L molecules are double stranded RNA1 molecules, such as those
described 1 U.S. Patent Nos. 7,056,704 and 7,078, 196. In some embodiments, the CTLA4
mhibitor 1s an aptamer, such as those described in International PCT Publication No. WO
2004/081021, such as Del 60 or M9-14 del 55. Additionally, in some embodiments, the anti-
CTLA4 RNA1 molecules of the present invention are RNA molecules, such as those described in
U.S. Patent Nos. 5,898,031, 6,107,094, 7,432 249, and 7,432,250, and European Apphcation No.
EP 0928290,

100170] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic

acid sequence that encodes an engager molecule comprising an activation domain and an antigen
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recognition domain, and an additional nucleic acid sequence that encodes a CTLA-4 mhibitor. In
some embodiments, a pssudytoped oncolviic virus comprises a nucleic aciud sequence that
encodes an engager molecule and an additional nucleic acid sequence that encodes a CTLA-4
mhibitor selected from iptlimumab (also known as Yervoy®, MDX-010, BMS-734016 and
MDX-101};, anti-CTLA4 Antibody, clone SHI10 from Millipore; Pfizer’s tremelimumab {(CP-
675,206, ticidimumab); and anti-CTLA4 antibody clone BNI3 from Abcam.

{00171] In some embodiments, a pseudyitoped oncolvtic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to CTLA-4. In some embodiments, a pseudyioped
oncolytic virus comprises a nucleic acid sequence that encodes an engager molecule comprising
an activation domain that binds to CD3 {e.g., an anti-CD3 scFv) and a therapeutic molecule
domain that binds to CTLA-4 (eg, an ant-CTLA-4 scFv). In such embodiments, the
pseudvioped oncolvtic virus may further comprise an additional nucleic acid sequence that

encodes an additional therapeutic molecule.

e} LAGS3 Inhibitors

[00172] In some embodiments, the immune checkpoint inhibitor is an inhibitor of
LAG3 (CD223). In some crabodiments, the inhibitor of LAG3 is an antibody {e.g., a monoclonal
antibody or fragments, or a humanized or chimeric antibody or fragments thereof) against LAG3.
In additional embodiments, an antibody against LAG3 blocks the interaction of LAG3 with
major histocompatibility complex (MHC) class 11 mwolecules. Exemplary antibodies against
LAG3S include: anti-Lag-3 antibody clone ¢BioCYBTW (CYBTW) from eBioscience; anti-Lag3
antibody LS-B2237 from LifeSpan Biosciences; IMP321 (ImmuFact} from Immutep; anti-Lag3
antibody BMS-986016, and the LAG-3 chimeric antibody ASHIZ. In some embodiments, the
anti-LAG3 antibody is an anti-LAG3 antibody disclosed in Intemational PCT Publication Nos.
WO 2010/019570; WO 2008/132601; or WO 2004/078928.

{00173] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and an antigen
recognition domain, and an additional nucleic acid sequence that encodes LAG3 mhibitor. In
some embodiments, a pseudyvioped oncolviic virus comprises a nucleic acid sequence that
encodes an engager molecule and an additional nmucleic acid sequence that encodes LAG3

mhibitor sclected from anti-Lag-3 antibody clone eBioCO9BTW (CYBTW) from cBioscience; anti-

Lag3 antibody BMS-936016; and the LAG-3 chimeric antibody ASH12.
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1001 74] In some embodiments, a pseudyioped oncolvtic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to LAG3. In some embodiments, a pseudytoped
oncolytic virus comprises a nucleic acid sequence that encodes an engager molecule comprising
an activation domain that binds to D3 (e.g, an anti-CD3 scFv) and a therapeutic molecule
domain that binds to LAGS {e.g.. an anfi-LAG3 sclFvy In such embodiments, the pseudytoped
oncolvtic virus may further comprise an additional nucleic acid sequence that encodes an

additional therapeutic molecule.

Yy TIM3 Inhibitors

{00175} In some embodiments, the immune checkpoint inhibitor s an wnhibitor of
TIM3. In some embodiments, the inhibitor of TIM3 is an antibody {e.z.. a monoclonal antibody
or fragments, or a humanized or chimeric antibody or fragments thereof} against TIM3 (also
known as HAVCR2). In additional embodiments, an antibody against TIM3 blocks the
mieraction of TIM3 with galectin-9 (Gal9). In some embodiments, the anti-TIM3 antibody 15 an
anti-TIM3 antibody disclosed in Interantional PCT Publication Nos. WO 2013/006450; WO
2011/55607, WO 2011/159877; or WO 2001/17057. In another embodiment, a TIM3 inhibitor is
a TIM3 inhibttor disclosed m Intemational PCT Publication No. WO 2009/052623.

{00176} In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and an antigen
recognition domain. and an additional nucleic acid sequence that encodes TIM3 inhibitor. In
some embodiments, a pseudyvioped oncolviic virus comprises a nucleic acid sequence that
encodes an engager molecule and an additional nucleic acid sequence that encodes TIM3
mhibitor such as an antibody against TIM3 blocks the interaction of TIM3 with galectin-9
(Gal9).

1001771 In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to TIM3. In some embodiments, a pseudyioped oncolytic
virus compriscs a nuckeic acid sequence that cncodes an engager molecule comprising an
activation domain that binds to CD3 {e.g., an anti-CD3 scFv) and a therapeutic molecule domain
that binds 10 LAG3 {e.g., an anti-TIM3 scFv). In such embodiments, the pseudytoped oncolvtic
virus may further comprise an additional nucleic acid sequence that encodes an additional

therapeutic molecule.
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g) B7-H3 Infibiiors

JOG1 78] In some embodiments, the immune checkpoint inhibitor is an inhibitor of
B7-H3. In some embodiments, the inhibitor of B7-H3 15 an antibody {e.g., a monoclonal antibody
or tragments, or a humanized or chimeric antibody or fragments thereof) against B7-H3. In some
embodiments, the mbubitor of B7-H3 1§ MGA271 {(MacroGenics).

{80179] In some embodiments, a pseudytoped oncolvtic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and an antigen
recognition domain, and an additional nucleic acid sequence that encodes a B7-H3 intubitor. In
some embodiments, a pssudytoped oncolviic virus comprises a nucleic aciud sequence that
encodes an engager and an additional mucleic acid sequence that encodes a B7-H3 inhibitor such
as MGA271

1001 80] In some embodiments, a pseudytoped oncolytic virus comprises a nucleic
acid sequence that encodes an engager molecule comprising an activation domain and a
therapeutic molecule domain that binds to B7-H3. In some cmbodiments, a pseudytoped
oncolviic virus comprises a nucleic acid sequence that encodes an engager molecule comprising
an activation domain that binds to CD3 (e.g., an anti-CD3 scFv) and a therapeutic molecule
domain that binds to B7-H3 {(e.g, an anti-B7-H3 scFv}. In such embodiments, the pseudytoped
oncolytic virus may further comprise an additional nucleic acid sequence that cncodes an
additional therapeutic molecule.

{00181} In certain other embodiments, the engager molecule additionally
comprises one or more other domains, e g, one or more of a ¢ytcking, a co-stinmudatory domain, a
domain that inlubits negative regulatory molecules of T-cell activation, or a combination thereof.
In alternative embodiments, the engager 1s a first polypeptide provided within the pseudotyped
oncolytic vinus with a second polypeptide having one or more other domains, e.g., one or more of
a cvickine, a co~-stimulatory domain, a domain that inbibits negative regulatory molecules of T-
cell activation, or a combmation thereof. In some embodiments, the first polvpeptide and the
second polypeptide are encoded i the same vector {e.g., viral vector). In some embodiments, the
first polypeptide and the second polypeptide are encoded in different vectors {e.g.. viral vectors).
In specific embodiments, the cytoking 1s IL-15, 1L.-2, and/or 1L-7. In other specific embodiments,
the co-stimulatory domaim is CD27, CDE0, CDE3, CDE6, CD134, or CD37. In other specific
embodiments, the domain that inhibits negative regulatory molecules of T-cell activation is PD-1,

PDLI, CTLA4, or B7-H4.
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[00182] In some embodiments, the therapeutic molecule is a polvpeptide such as an
anti-angiogenic factor. Angiogenesis or neovascularization is the formation of new microvessels
from an established vascolar network. In some instances, the angiogenic process involves
communications from multiple cell types such as endothelial cells (EC) and circulating
endothehal progenitor cells, pericvies, vascular smooth muscle cells, stromal cells, mcluding
stera cells, and parenchymal cells. These communications or interactions occur through secreted
factors such as VEGF, fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), or
angiopoictins. In some instances, an anti-angiogenic tactor is a polvpeptide that disrupts one or
more of the interactions of the cell types: endothelial cells (EC) and circulating endothelial
progenitor cells, pericytes, vascular smooth muscle cells, stromal cells, including stem cells, and
parenchyvmal cells. In some instances, an anti-angiogenic factor is a polypeptide that distupts one
or more of the mteractions of secreted factors such as VEGF, fibroblast growth factor (FGF),
platelet-derived growth factor (PDGF) or angiopoisting.

{00183] In other embodiments, provided arc pscudotyped oncolvtic viruses
comprising nucleic acids that encode therapeutic polypeptides that modulate regulatory T cells.
In some instances, regulatory T cells mamtain the tolerance to sclf-antigens and in some
mstances abrogate autoimmune. In some cases, Treg supresses or downregulates induction and
proliferation of effector T cells. Exemplary Treg modulatory polyvpeptides include CCR4, Helios,
TIGIT, GITR, neuropilin, neuritin, CD103, CTLA-4, ICGS, and Swap70.

{00184] In other embodiments, provided are pscudotyped oncolytic viruses
comprising nucleic acids that ¢ncode therapeutic polypeptides that modelate myeloid-derived
suppressor cclis (MDSCs). MDSCs are a heterogenous population of imoume cells from the
myeloid hncage (a cluster of different cell types that oniginate from bone marrow astem cells), to
which also includes dendritic cclls, macrophages and neutrophils. In some instances, myeloid
cells interact with T cells to regulate the T cell’s function. Exemplary MDSC modulatory
polypeptides melude TGF-BRI, GM-CSF, IFN-y, Interlenkins {e.g., IL-f, IL-1F2, [L-6, 1L-10,
12, 1L-13, 1L-6, IL-6Rq, IL-6/IL-6R complex, TGF-B1, M-CSF, Prostaglandin E2/PGE2,
Prostaglandin E Syunthase 2, ST00AS, and VEGF.

{00185] In other embodiments, provided arc pscudotyped oncolvtic viruses
comprising nucleic acids that encode therapeutic polypeptides that modulate the fibrotic stroma.
In some embodiments, fibrosis occurs in response o inflammation, cither chronic or recurrent.
Over time, the repeated bouts of mflammmation urritate and scar the tissue, causing buildups of

fibrous tissue. In some intances, if enough fibrous material develops, it turns mto stromal
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fibrosis. Exemplary fibrotic stromal polvpeptides include fibroblast activation protein-alpha
(FAP}.

Nucleic acid polvimers as Therapeutic Molecules

{00186] In some embodiments, the therapeotic molecule 18 a nucleic acid polymer.
In some instances, the nucleic acid polvmer is a RNA polvmer. In some instances, the RNA
polymer is an antiscnse polvmer those sequence is complementary 1o a microRNA (nuRNA or
miR) target sequence. In some instances, the RNA polvmer is a microRNA polymer. In some
embodiments, the RNA polvmer comprises a DNA-directed RNA1 (ddRNA1) sequence, which
enables in vivo production of short hairpin RNAs (shRNAs).

{00187 In some embodiments, a mictoRNA polymer is a short non-coding RNA
that is expressed m different tissue and cell types which suppresses the expression of a target
gene. For example, miRNAs are transcribed by RNA polymerase I as part of the capped and
polyadenvlated primary transcripts (pri-miRNAs). In some instances, the primary transcript is
cieaved by the Drosha nbonuclease I enzyme to produce an approximately 70-nt stem-loop
precursor miRNA (pre-miRNA}, which is further cleaved by the cvtoplasmic Dicer ribonuclease
to generate the mature miRNA and antiscose muRNA star (ouRNA*) products. In some
mstances, the mature niRNA is incorporated into a RNA-induced silencing complex (RISC),
which recognizes target mRNAs through imperfect base pairing with the miBRNA and in some
mstances results in transiational inhibition or destabilization of the target mRNA,

{001 85] In some nstances, dysregulated microRNA expression is correlated with
one or more types of cancer. In some embodiments, the microRNA is referred (o as an oncomiR.
In some stances, the dysregalated microRNA expression is an elevated expression. In some
mstances, the elevated expression level of microRNA correlates to one or more types of cancer.
For example, overexpression of microRNA-1535 (miR-155) has been obscrved in cancers such as
Burkitt lvmphoma, or laryngeal squamous cell carcmoma (LSCC) and overexpression of
microRNA-21 (miR-21} has been observed n breast cancer.

{001 89] In some embodiments, exemplary microRNAs with an elevated expression
level melude, but are not himited to, miR-10 family (e.g.. miR-10b), miR-17, miR-21, miR-106
family (e.g., miR-106a), miR-123 family (e.g., ouR-125b), miR-145, miR-146 famuly {e.g., nuR-
146a, miR-146b), miR-155, miR-96, muR-182, ouR-183, miR-221 miR-222 and miR-1247-5p.

{001 99] In some instances, the nucleic acid polymer 15 an antisense polymer those
sequence complements an oncomiR. In some mstances, the nucleic acid polymer is an antisense

polvmer those sequence complements an oncomiR that 15 characterized with an overexpression.
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In some instances, the nucleic acid polvmer is an antisense polymer those sequence complements
a microRNA target seqacnce. In some instances, the nucleic acid polymer i3 an antisense
polymer those sequence complements a microRNA target sequence that is characterized with an
overexpression. In some instances, the therapeutic molecule is an antisense polymer those
sequence complements a microRNA target sequence. In some instances, the therapeutic molecule
i5 an antisense polymer those sequence complements a microRMNA target sequence that is
characterized with an overexpression. fn some instances, the overexpression level is relative to
the endogenous expression level of the microRNA.

[00191] In some instances, the dysregulated microRNA expression is a reduced
gxpression. In some instances. the reduced expression level of microRNA correlates to one or
more types of cancer. For example, a depleted lovel of tuR-31 has been observed in both human
and mousce metastatic breast cancer cell lines.

[00192] In some embodiments, exemplary microRNAs with reduced expression
levels mclude, but are not limited to, miR-31, nuR-34 family {e.g., miR34a, miR-34b, and miR-
34c), miR-101, miR-126, miR-145, miR-196a, and the miR-200 fanuly.

JOG193] In some instances, the nucleic acid polymer 8 an oncomuR. In some
mstances, the oncomiR is equuvalent to an endogeous oncomiR wherein the endogeous oncomiR
1s characterized with a reduced expression level. In some instances, the nucleic acid polymeris a
microRNA polymer. In some instances, the therapeutic molecule is a microRNA polvmer. In
some mstances, the microRNA is equivalent to an endogeous microRNA polvmer wherein the
endogenous microRNA is characterized with a reduced expression level.

1001194] As described above, m some instances the RNA polvmer comprises a
DNA-directed RNA1 (ddRNA1) sequence. In some instances, a ddRNA1 construct encoding a
shRINA is packaged into a viral vector such as a viral vector of a pseudotyped oncolytic virus
described herein. In some instances upon cntry unto the target cell {e.g., a tumor cell), the viral
genome 18 processed 1o produce the encoded shRNAs. The shRNAs are then processed by
endogenous host systems and enter the RNAI pathway to modulate or silence the desired gene
target. In some instances, the gene target is a gene that is overexpressed in a cancer type. In some
mstances, the gene target is a gene that is overexpressed 1o a solid tumor. In some stances, the
gene target is a gene that is overexpressed 1n a hematologic cancer. Exemaplary genes that are
overexpressed in cancer inchude, but are not limited to, 7P53, human epidermal growth factor
receptor 2 (HER2), mucin l-cell surface associated (MUCY), human pituitary tumour-
transforming gene 1 (APPTGT), prostaie and breast cancer overexpressed gene 1 protein

{PBOV ), and the like.
58



WO 2018/006005 PCT/US2017/040354

[00195] In some instances, the nucleic acid polvmer comprises a ddRBRNA:
sequence. In some instances, the nocleic acid polymer is comprises a ddRNA: sequence which
targets a gene that is overexpressed in a cancer. In some instances, the therapeutic molecule
comprises a ddRNA1 sequence. In some mstances, the therapeutic molecule comprises a ddRNA1

sequence which targets a gene that 1s overexpressed in a cancer.

Exemplarly Engager Molecules

[00196] In some embodiments, the engager molecules described herein comprise a
bi-specific antibody construct compnsing an activation domain and an antigen recognition
domain, n which the activation domain interacts or binds to an effecior cell surface receptor
shown in Table 1; and the antigen recognition domain interacts or binds to a target-cell antigen
shown 1n Table 2. In some embodiments, the engager molecules described herein comprise a bi-
specific antibody construct comprising an activation domain and a therapeutic molecule domain,
m which the activation domain nteracts or binds to an effector cclt surface receptor shown in
Table 1; and the therapeutic molecule domain nteracts or binds to a cell surface antigen shown 1n
Table 2.

{00197] In some embodiments, the engager molecules provided hergin comprise an
activation domain, whercin the activation domain comprises an anti-CD3 scFv. In some
embodiments, the anti-CD3 scFv comprises a light chain variable fragment comprising an amino
acid sequence that is at least 80%, at least, 85%, at lgast 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identical to the amino acid sequence of SEQ ID NGO 20 and a
heavy cham vanable fragment comprising an amino acid sequence that is at least 80%, at least,
83%, at least 90%, at least 95%, at least 96%, af least 97%, at least 98%, or af least 99% 1dentical
to the amino acid sequence of SEQ 1D NO: 22, In some embodiments, the anti-CD3 scFv
comprises a light cham variable fragment comprising an anuno acid sequence that is 100%
identical to the amimo acid sequence of SEQ D NO: 26 and a heavy chain variable fragment that
i3 100% identical to the amino actd sequence of SEQ 1D NO: 22, In some embodiments, the anti-
D3 scFv comprises a light chain variable fragment comprising the amino acid sequence of SEQ
1D NO: 20 and a heavy chain variable fragment comprising the amino acid scquence of of SEQ
1D NO: 22, In some embodiments, the anti-CD3 scFv comprises a hight chaim vanable fragment
consisting of the amino acid sequence of SEQ 1D NO: 20 and a heavy chain variable fragment
consisting of the amino acid sequence of of SEQ 1D NO: 22,

{00198] In some embodiments, the engager molecules provided heremm comprise an

activation domain, wherein the activation domain compnses an anti-CD3 scFv, wherein the anti-
59



WO 2018/006005 PCT/US2017/040354

CD3 scFv comprises a hight chain varable fragment nucleic acid sequence that 1s at least 0%, at
feast, 85%, at least 90%, at least 959, at lcast 96%, at least 97%, at least 98%. or at least 99%
wdentical to the nmucleic acid sequence of SEQ 1D NGO 19 and a heavy chain varable fragment
nucleic acid sequence that is at least 80%, at least, 85%, at least 90%, at least 959, at least 96%,
at least 97%, at least 98%, or at least 99% identical to the nucleic acid sequence of SEQ ID NO:
21, In some embodiments, the anti-CD3 scFv comprises a light chain variable fragment nuacleic
acid sequence that is 100% identical to the nucleic acid sequence of SEQ ID NO: 19 and a heavy
chain vanable fragment nucleic acid sequence that is 100% identical to the amino acid sequence
of SEGQ ID NO: 21, In some embodiments, the anti-CD3 scFv comprises a light chain variable
fragment mucleic acid sequence comprising SEQ ID NO: 19 and a heavy chain variable fragment
nucleie acid sequence comprising SEQ 1D NO: 21, In some ombodiments, the anti-CD3 schy
comprises a hght chain vanable fragment nucleic acid sequence consisting of SEQ ID NO: 19
and a heavy chain variable fragment nucleic acid sequence consisting of SEQ 1D NO: 21,

{00199] In some embodiments, the engager molecules provided herein comprise an
antigen recogoition domain, wherein the antigen recognition domain compuses an anti-CD19
scFv. In some embodiments, the anti-CB19 scFv comprises a light cham variable fragment
comprising an amino acid sequence that is at least 80%, at least, 85%, at least 90%, at least 95%.
at least 96%, at least 97%, at least 98%. or at least 99% identical to the amino acid sequence of
SEQ 1D NO: 16 and a heavy chain vanable fragment comprising an amino acid sequence that is
at least 809, at least, 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identical to the amino acid sequence of SEQ 1D NO: 18, In some embodiments, the
anti-CPD19 scFv comprises a light cham variable fragment comprising an amino acid sequence
that 15 100% identical to the amino acid sequence of SEQ 1B NQO: 16 and a heavy chain variable
fragment that is 100% identical to the amino acid sequence of SEQ ID NGO: 18 In some
embodiments, the anti-CD19 scFv comprises a light chain variable fragment comprising the
amino acid sequence of SEQ ID NO: 16 and a heavy chan vanable fragment comprising the
amino acid sequence of of SEQ ID NO: 18, In some cmbodiments, the anti-CD19 scFv
compnses a light chain vanabie fragment counsisting of the amino acid sequence of SEQ 1D NO:
16 and a heavy chain vanable fragment consisting of the amino acid sequence of of SEQ {13 NO:
18,

{00200] In some embodiments, the engager molecules provided hergin comprise an
antigen recognition domain, wherein the antigen recognition domain conywises an anti-C19
scFv, wherein the anti-CDI19 scFv comprises a light cham vanable fragment nucleic acid

sequence that is at least 80%, at least, 85%, at least 90%, at least 95%, at least 969, at least 97%,
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at least 98%, or at least 99% identical to the nucleic acid sequence of SEQ ID NO: 15 and a
heavy chamn vanable fragment nucleic acid sequence that is at least 80%, at least, 85%, at least
90%, at least 95%. at least 969, at least 97%. at least 98%, or at least 99% identical to the
nucleic acid sequence of SEQ ID NO: 17, In some embodiments, the anti-CD 19 scFv comprises
a light chain variable fragment nucleic acid sequence that is 100% identical to the nucleie acid
sequence of SEQ 1D NO: 15 and a heavy chain variable fragment nucleic acid sequence that is
100% identical to the amino acid sequence of SEQ 1D NO: 17 In some embodunents, the anti-
CD19 scFv comprises a light chain varable fragment nucleic acid sequence comprising SEQ ID
NG 15 and a heavy chain vanable fragment nucleic acid sequence comprising SEQ 1D NO: 17
In some embodiments, the anti-CD19 scFv comprises a light chain vartable fragment nucleic acid
sequence consisting of SEQ 1D NO: 15 and a heavy cham varable fragment nucleic acid
sequence consisting of SEQ D NG: 17,

{00201} In some embodiments, the engager molecules provided herein comprise a
therapeutic molecule domain, wherein the therapeutic molecule domain comprises an anti-PDE1
scFv. In some embodiments, the anti-PDL1 scFv comprises a light chain vanable fragment
comprising an amino acid sequence that is at least 80%, at least, 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%. or at feast 99% ideuntical to the amino acid sequence of
SEQ 1D NO: 36 and a heavy chain vanable fragment comprising an amino acid sequence that is
at least 809, at least, 85%, at least 90%, at least 953%, at least 96%, at least 97%, at least 8%, or
at least 99% identical o the amino acid sequence of SEQ ID NO: 38, In some embodiments, the
anti-PDL1 scFv compuses a light cham variable fragment comprising an amino acid sequence
that 15 160% identical to the amino acid sequence of SEQ D NG: 36 and a heavy chamn variable
fragment that is 100% identical to the ammo acid scquence of SEQ ID NG: 38 In some
embodiments, the anti-PDLI scFv comprises a light chain variable fragment comprising the
amino acid scquence of SEQ 1D NO: 36 and a heavy chain vanable fragment comprising the
amino acid sequence of of SEQ ID NGO 38 In some cmbodiments, the anti-PDL1 schv
comprises a hght chain vanable fragment consisting of the amingo acid sequence of SEQ ID NO:
36 and a heavy chain variable fragment counsisting of the amino acid sequence of of SEQ ID NO:
38,

[00202] In some embodiments, the engager molecules provided herem comprise a
therapeutic molecule domain, wherein the therapeutic molecule domain comprises an anti-PDL1
scFv, wherein the anti-PDL1 sckFv compriscs a light chain variable fragment nucleic acid
sequence that 1s at least 80%, at least, 85%, at least 90%, at least 95%, at least 9696, at least 97%,

at least 98%, or at least 99% 1dentical to the nacleic acid sequence of SEQ 1D NO: 35 and a
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heavy cham vanable fragment nucleic acid sequence that is at least 80%, at least, 85%, at least
5%, at least 95%. at least 969, at least 97%, at least 98%, or at least 99% identical to the
nucleic acid sequence of SEQ ID NG 37, In some embodiments, the anti-PDEL1 scFv compnises
a hight chain vanable fragment nucleic acid sequence that 1s 100% 1dentical 1o the nucleic acid
sequence of SEQ 1D NO: 35 and a heavy chain vanable fragment nucleic acid sequence that is
100% identical to the amino acid sequence of SEQ 1D NGO 37 In some embodiments, the anti-
PDLI scFv comprises a light chain variable fragment nucleic acid sequence comprising SEQ ID
NQO: 35 and a heavy chain vanable fragment nucleic acid sequence comprising SEQ 1D NO: 37
In some embodiments, the anti-PDL1 scFv comprises a light chain variable fragment nucleic acid
sequenge consisting of SEQ 1D NO: 35 and a heavy chain variable fragment nucleic acid
sequence consisting of SEQ 1D NO: 37,

{00263] In some embodiments, the engager molecules provided herein comprise a
therapeutic molecole domain, wherein the therapeutic molecule domain comprises a SIRPla
polvpeptide fragement. In some cmbodiments, the SIRPla polypeptide fragement comprises an
ammo acid sequence that 1s at least 80%, at least, 83%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% wdentical to the amine acid sequence of SEQ ID NO:
32, In some embodiments, the SIRP o polypeptide fragement comprises an aming acid sequence
that 15 100% identical to the amino acid sequence of SEQ 1D NO: 32, In some embodunents, the
SIRPla polypeptide fragement comprises the amino acid sequence of SEQ 1D NO: 32, In some
embodiments, the SIRPla polypeptide fragement consists of the amino acid sequence of SEQ 1D
NO: 32,

[00204] In some embodiments, the engager molecules provided herem comprise a
therapeutic molecule domain, wherein the therapeutic molecule domain comprises a SIRPle
polypeptide fragement, wherein the SIRPla polypeptide fragement comprises a nucleic acid
sequence that is at least 80%, at least, 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to the nucleic acid sequence of SEQ ID NG: 31. In some
embodiments, the SIRPlo polypeptide fragement comprises a nucleie acid sequence that 13 100%
wdentical to the mucleic acid sequence of SEQ 1D NO: 31, In some embodiments, the SIRPla
polypeptide fragement comprises the nucleic acid scquence of SEQ 1D NO: 31, In some
embodiments, the SIRPla polypeptide fragement consists of the nucleic acid sequence of SEQ
D NG: 31

{00205] In some embodiments, the engager molecules comprise an activation
domain comprising an scFv that binds to CD3 and an antigen recognition domain comprising an

scFy that binds to CD19, referred to herein as a CD19-CB3 BiTE, or a CEB19 BiTE. A schematic
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of an exemplary CD19-CD3 BiTE 1s shown in FIG. 1 (SEQ 1D NG: 44). In such embodiments,
the anti-CD3 scFv and the anti-CD19 scFy are linked together by a G485 linker (SEQ 1D NO: 6.
In some embodiments, the oncolvtic viruses described herein comprise a bicistronic or
multicistromic nucleic acid sequence, wherein a first nucieic acid sequence encodes a CD19-CD3
BiTE and a second nucleic acid sequence encodes a therapeutic molecale sach as HL-15 (FIG. 2,
SEQ D NO: 5333, IL-12 {(FIG. 3, SEQ ID NG 54), or CXCLI0 (FIG. 4, SEQ 1D NO: 55). In such
embodiments, the CBI19-CD3 BITE (e g, SEQ ID NO: 44) is linked to the therapeutic molecule,
e.g, IL-15 (SEQ ID NO: 24), IL-12 p35 (SEQ ID NG: 28), 1L-12 p40 (SEQ 1D NO: 26), and/or
CXCLIO (SEQ ID NQO: 30), by a T2A self-cleaving peptide linker (SEQ 1D NG: 143

{00206] In some cmbodiments, the cngager molecules comprise an activation
domain comprising an scFv that binds to CD3 and a therapeutic molecule domain comprising a
SIRPla polypeptide fragement that binds to CD47 (SEQ ID NO: 32), referred to herein as an
SIRP1o-CD3 BiTE or a SIRPla BiTE. A schematic of an exemplary SIRP1o-CB3 BIiTE is
shown i FIG. 5 (SIRP1e~-CD3 (SL). SEQ 1D NO: 46) and FIG. 6 (SIRP1a~-CD3 (LL), SEQ ID
NG: 48). In some embodiments, the anti-CD3 scFv and the SIRP la peptide fragment are linked
together by a single amino acid linker, or a “short linker” (8L} {e.g., SIRP1a-CD3 (KL} as shown
i FiG. 5} In some embodiments, the anti-CD3 scFv and the SIRP1a peptide fragment are linked
together by G4S linker, or a “long linker” (LL) (e.g., SIRP1a-CD3 (LL) as shown in FIG. 6). In
some embodiments, the oncolytic viruses described herein comprise a bicisironic or
multicistronie nucleic acid sequence, wherein a first nacleic acid sequence encodes a 5IRPla-
D3 BiTE and a second nucleic acid sequence encodes a therapeutic molecule such as 1L-15
(FIG. 7, SEQ ID NO: 56 and FIG. 8, SEQ ID NO: 37), IL-12 (FIG. 9, SEQ ID NO: 58 and FIG.
10, SEQ ID NO: 59), or CXCLI0 (FIG. 11, SEQ ID NO: 60 and FIG. 12, SEQ ID NG: 61). In
such embodiments, the SIRPIa-CD3 BiTE {e.g.. SEQ ID NO: 46 or SEQ 1D NO: 48) 1 linked 1o
the therapeutic molecule, .z, TL-15 (SEQ ID NO: 24), 1L-12 p35 (SEQ 1D NO: 28), 1L-12 p40
(SEG ID NGO 26), and/or CXCLI10 (SEQ ID NGO: 30), by a T2A self-cleaving peptide linker
(SEQ ID NG: 14).

{00287] In some embodiments, the oncolytic viruses described herein comprise a
bicistronic or multicistronic nucieic acid sequence, whercm a first nucleie acid sequence encodes
a SRPLa-CD3 BiTE and a second nucleic acid sequence encodes a therapeutic molecule such as
MMPO (FIG. 18A, SEQ ID NO: 65 and FIG. 18B, SEQ ID NO: 66). In sach embodiments, the
SIRP1o~-CD3 BiTE (eg., SEQ 1D NO: 65 or 66) is linked to the MMP9 polypeptide (SEQ 1D
NO: 34) by a T2A self-cleaving peptide linker (SEQ 1D NO: 14).
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100208] In some embodiments, the oncolviic viruses described herein comprise a
bicistronic or multicistronic nucleic acid sequence, wherem a first nucleic acid sequence encodes
a SIRPla-CD3 BiTE and a second nucleic acid sequence encodes a therapeutic molecule
comprising an anti-PDL1 scFv linked to an IgG1 Fe domain (e.g., comprises an lgG1 CH2-CH3-
Hinge, SE(} ID NQG: 40), such as the SIRP1e-CD3-PBL1-Fo (SL} construct shown in FIG. 37
{(SEQ 1D NO: 68) or the SIRP1a~-UD3-PDLI-Fc (LL) construct show in FIG. 38 (SEQ ID NO:
70).

100209] In some embodiments, the engager mwlecules comprise an activation
domain comprising an scFv that binds to CB3 and a therapeutic molecule domain comprising an
scFv that binds to PDL1, referred to berein as an PDLI-CD3 BiTE or a PDL1 BiTE. Exemplary
PDL1I-CD3 BiTEs are shown m FIG. 13 (8EQ D NO: 50). In some embodiments, the anti-CD3
scFv and the anti-PDL1 scFv are linked together by G4S hinker (SEQ ID NG: 6). In some
embodiments, the oncolvtic viruses described herein comprise a bicistronic or multicistronic
nucleic acid sequence, wherein a first nucieic acid sequence encodes a PDLI-CD3 BITE and a
second nucleic acid sequence encodes a therapeutic molecule such as IL-15 (FIG. 14, SEQ ID
NG: 62), IL-12 (FIG. 15, SEQ ID NGO: 63), or CXCL10 (FIG. 16, SEQ ID NGO: 64). In such
embodiments, the SIRP1g-CD3 BiTE {e.g, SEQ ID NO: 50} is hinked to the therapeutic
molecule, e.g., IL-15 (SEQ 1D NO: 24), 1L~12 p35 (SEQ 1D NO: 28), IL-12 p40 (SEQ ID NO:
26y, and/or CXCLI0 (SEQ 1D NG: 30), by a T2A self-cleaving peptide tinker (SEQ 1D NG: 14).

{00210] In some embodiments, the engager molecule 15 a inpartite engager
molecole and comprises an activation domain comprising an schv that binds to D3, a
therapeutic molecule domain comprising an scFv that binds to PDLI, and a third domain
comprising an IgG1 Fe domain (e.g., comprises an IgGl CH2-CH3-Hinge, SEQ 1D N{O: 40) and
capable of binding to onc or more FeyRs, referred to herein as an PDLI-CD3-Fo tripartite T cell
engager, or T1TE, or a PDLT TiTE. A schematic of an exeroplary PDLI-CD3-Fc TiTE 1s shown
m FIG. 17 (SEQ ID NO: 52).

{00211} The amimo acid sequences of exemplary engager molecules and

therapeutic molecules are shown in Table 3.

Table 3: Amino acid sequences of exemplary engager molecules and therapeutic molecules

MEFGLSWVFLVALFRGVQCDIQLTOSPASLAVS ATISCKASQSVDYDGDSYLNW
YOQIPGOPPKLLIYDASNLVSGIPPRFSGSGSGTDFTLNIHPVERVDAATYHCQOSTE

64



WO 2018/006005

PCT/US2017/040354

1

DPWTFGGETKLEIKGGGESGEEGSGGEESQVQLOOSGAELVRPGSSV]
SSYWMNWVKQRPGOGLEWIGQIWPGDGDTNYNGKIFKGKATLTADE \YMO
SEDSAVYFCARRETTTVGRYYYAMDYWGSOGTTVIVSSGEGGSDIKLQOSGAELARPS
SVEMSCKTSGYTFTRY TMHWVKQRPGOGLEWIGYINPSRGYT
SSETAYMOLSESLTSEDSAVYYCARYYDDHY CLEYWGQGTTLTVSSVEGGSGGEGESEGE
SGEVDDICLTQSPAIMSASPCGEKVIMTCRASSSVEYMNWYQOKSGTS TYDTSKV
ASGVPYRFSGEGSGTSYSLTISSMEAEDAATYYCQOWS SNPLTFGAGTKLELKHHHEEH
H-

SiRPla-
CD3-SL

METDTLLLWVLLLWVPGSTGDEEELQTI IQPDKSVLVAAGETATLRCTITSLEFRPVGPIQ
WFRGAGPGRVLIYNCRQGPFPRVTTVSDTTERNNMDFSIRIGNITPADAGTYYCIKER
KGSPDDVEFKSGAGTELSVRAKPSASDIKLODSGAELARPGASVKMSCKTSGYTFTRY
TMHWVEKQRPGOGLEWIGYINPSRGYTNYNOKFKDRATLTTRKSSSTAYMQLSSLTSED
CARYYDDHYCLDYWGOGTTLTVESVE ISGESGEVRDIQLTQRSPATM
KVTMTCRASSSVSYMNWY QUKSGTSPKEWIYDTSKVASGVRPYRFSGESGSGTS
SMEAEDAATYYCQQWSSNPLTFGAGTKLELKHEHHIH -
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KGSPRDVEFKSGAGTELSVRAKPSASGGGGSDIKLOQOSGARLARPCGASVEMSCKTSGEY
TETRYTMHAVKQRPGOGLEWIGY INPSRGY TNYNQRFKDKATLTTDKSSSTAYMQLSS
LTSEDSAVYYCARYYDDEYCLEDYWGRGTTLTVSSVEGGSGGEGGSGGSGEVRDIQLTO
SPAIMSASPGEKVIMTCRASSSVSYMNWYQOKSGTSPKRWIYDTSKVASGVPYRFSG
GEGETSYSLTISSMEARDAATYYCOQOWS SNPLTFGAGTK LELKHHHEREHH ~

48

PBLI-CD3

MEFGLSWVFLVALFRGVQCDIKLQOSGAELARPGASVKMSCKTSGYTFTRYTMHWVED
RPGOGLEW
RYYDDHYCLDYWGQGTTLTVSSVEGGSGGESGESGESGEVRDIQLTRSPAIMSASPGER
VITMTCRASSEVSYMNWYQQKS JTSKVASGVPYRFSGSGSGTSYSLTISS
RLKGGGGEDIQMTOSPSSLSASVGDRVTITC
RASCDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVEPSREFSGSGSGTDFTLTISSLOPE
DFATYYCQOYLYHPATFGOGTKVE IKRGEGGGESGGEESGEEGSEVQLVESGGGLVOPEG
GEFTFSDSWIHWVROAPGKGLEWVAWISPYSGESTYYADSVKGRFTISADT
RHWPGGFDYWGOGTLVTVIAH HH -

] i<

fh
&

PDE3-CD3-
Fe

LEWVFLVALFRGVQCDIKLOQQSGAELARPGASVKMSCKTSGYTFTRYTMHWVEQ
RPGOGLEWIGYINPSRGY TNYNOQKFKDKATLTTDRKSSSTAYMOLSSLTSEDSAVYYCA
RYYDOHYCLDYWGOCTTLTVISVEGGEGESGESGESGGEVRDIQLTQ \IMSASPGEK
VIMTCRASSSVSYMNWYQQKSGTSPKRWIYDTSKVASGVRPYREFSGEGSGTSYSLTISS
MEAEDAATYYCQOWSSNPLTFGAGTKLELKGGGGSDIOMTOSPSSLSASVGDRVTITC
RASODVSTAVAWYQQKPCKAPKLLIYSASFLYSGVESRESGSGSGTDFTLTISSLORE
DEFATYYCQOYLYHPATFGQGTRVEIKRGGGESGE GGEGSEVQLVESGGGELVQPGG
SLRLSCAASGEFTESLSWIHWVEQAPGKGLEWVAWISPYGGSTYYADSVKGRFTISADT
SKNTAYLOMNSLRAEDTAVYYCARRHWPGGFDYWGQGTLVIVSAVDEAKSCDKTHTCR
PCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOP
REPQVYTLEPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGORPENNYKTTREVLDSD
GSFFLYSKLTVDKERWQOQGNVESCSVMHEALRNAY TOQKS LS LS PGRHAEHH -

.
felels

CTI9-C13-
¥Lis

MEFGLSWVFLVALFRGVQCDIQLTOSPASLAVSLGORATISCRAZQSVDYDGEDSYLNW
YOQIPGOPPKLLIYDASNLVIGIPPREFSGSGSGTDFTLNIHRPVEKVDAATYHCQOSTE
DPWTFGGGTKLEIKGGGESGEEESGEGESQVOLOQSGAERLVRPGSSVKISCKASGYAF
SEYWMNWVKQRPGOGLEWIGQIWPGDGD TNYNGKFKGKATLTADESSSTAYMQLSSLA
SEDSAVYFCARRETTTVGRYYYAMDYWGQGTTVIVSSGEGGSDIKLOOSGAELARPGA
SVKMSCKTEGYTEFTRYTMHWVRKORPGQGLEWIGYINPSRGY TNYNOQKFKDKATLTTDK

SSSTAYMOLSSLTSERSAVYYCARYYDDHY CLDYWGQGTTLTVSSVEGGSGGSGEEGEE
SGEVDDIQLTOSPAIMSASPGERKVIMTCRASSSVSYMNWYQQKSGTSPERWIYRTSKY

ASGVPYREFSGSGSGTSYSLTISSMEAEDAATYYCQOWSSNPLTFGAGTKLELKHHHEH
HRRKREGRGSLLTCGDVEENFPGPMRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVEL
LGCFSAGLPKTEANWVNVISDLRKIEDLIGEMHIDATLYTESDVHESCRVTAMKCELL:
ELQVISLESGDASTHDTVENLITLANNSLSSNGNVTESGCKECEELEEKNTKEFLOSF
VHIVOMEFINTS-

Chie-Ch3-~
iz

MEFGLSWVFLVALFRGVQUDIQLTQSRPASLAVSLGORATISCKASQSVDYDGDSYLNW
PP L 315G "TLNTHPVEKVDAAT COQSTE

DPWTIFGGETKLEIKGGGGESGEEGSGEEESOVOLOOSGAELVRPGSSVKISCKASGYAF
SSYWMNWVKQRPGOGLEWIGQIWPCDGDTNYNGKFKGKATLTADESSSTAYMOLSSLA
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SEDSAVYFCARRETTTVGRYYYAMDYWGOGTTVIVSSGGGGEDIKLOOSGARELARPGA
SVKMSCKTSGYTFTRYTMHWVKQRPGOQGLEWIGYINPSRGYTNYNQKFEKDKATLTTDK
SESTAYMOLSSLTSEDSAVYYCARYYDDHYCLDYWGOGTTLTVSSVEGGSGGSGESEG
SCGGVDDIQLTRSPATIMSASPGEKVIMTCRASSSVSYMNWYQOKSGTSPKRWIYDTSKY
ASGVPYRFSGEGSGTSYSLTISSMEAEDAATYYCQOWSSNPLTFGAGTKLELKHHEHERA
HERKREGRGSLLTCGRVEENRPGPMWPRPGSASQRPPRPSPAAATGLHPAARPVSLQCRLEM
CPARSLLLVATLVLLDHLSLARNLPVATEDPGMFPCLEHHSONLLRAVSNMLOKARQTL:
EFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTS
FMMALCLSSTYREDLKMYQVEFKTMNAKLLMDPRROIFLDONMLAVIDELMQALNFNSE
TVPCKSSLEEPDFYKTKIKLCILLEAFRIRAVTIDRVMSYLNASRRKREGRGSLLTCG
DVEENPGPPMCHQQLVISWFSLVFLASPLVATWELKKDVYVVELDWY PDAPGEMYVLT
COTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDAGOYTCHKGGEVLSHSLLLLHEK
EDGIWSTDILKDOKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTESVKSSRGSSDE
QGVTCGAATLSAERVRGDONKEYEY SVECQEDSACPAARESLP IEVMVDAVHKLKYENY
TSEFFIRDIIKPDPPKNLOLEPLKNSRQVEVEWEYPDTWSTPHSYFSLTEFCVOVQGKS
KEEKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCS ~

L
n

CB19-Ch3- MEFGLSWVFLVALFRGVOCDIQLTOSPASLAVSLGRRATISCRASQSVIYDGDSY LING
CXCLIo YOQIPGOPPKLLIYDASNLVIGIPPREFSGSGSGTDFTLNIHRPVEKVDAATYHCQOSTE
DPWTFGGGTKLEIKGGGESGEEESGEGESQVOLOQSGAERLVRPGSSVKISCKASGYAF
SEYWMNWVKQRPGOGLEWIGQIWPGDGD TNYNGKFKGKATLTADESSSTAYMQLSSLA
SEDSAVYFCARRETTTVGRYYYAMDYWGOGTTVIVSSGGGGSDIKLOOSGARLARPGA
SVKMSCRTSGYTEFTRYTMHWVKQRPGQGLEWIGYINPSRGYTNYNOQKFEKDKATLTTDK
SSSTAYMOLSSLTSERSAVYYCARYYDDHY CLDYWGQGTTLTVSSVEGGSGGSGEEGEE
SGEVDDIQLTOSPATMSASPGEKVTMTCRASSSVSYMNWYQQKSGTSPEKRWIYDTSEY
ASGVPYREFSGSGSGTSYSLTISSMEAEDAATYYCQOWSSNPLTFGAGTKLELKHHHEH
HRREKREGRGSLLTCGRDVEENPGPMNOTAILICCLIFLTLSGIQGVPLESRTVRCTCIST

SNOQPVNPRSLEKLEIIRPASQFCPRVELTATMKKKGEKRCLNPESKATKNLLKAVSKER

—

ra
[@x

SIRPig- METDTLLLWVLLLWVPGSTGDEEELOL IQPDKSVLVAAGETATLRCTITSLFEVGPIQ
CB3-IL15 WEFRGAGPGRVLIYNCRQGPFPRVTTVEDTTKRNNMDFS IRIGNITPADAGTYYCIKER
{(SL} KGSPLDVEFKSGAGTELSVRAKPSASDIKLOOSGAELARPGASVKMSCKTSGYTFTRY
TMHWVKORPGOGLEWIGYINPSRGY TNYNQKFKDKATLTTDKSSSTAYMOLSSLTSED
DHYCLDYWGOGTTLIVSSVE GGSGESGESGEVRDIQLTQSPATM
ASSEVSYMNWYQUKSGTSPKRWIN / VEYRFSGEGESGTS
MEAEDAATYYCQOWSSNPLTFGAGTKLELKERHAHHRRKREGRGSLLTCGD
VEENPGPMRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVFILGCEFSAGLPKTEANWY
NVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCPFLLELOVISLESGDASTIHD
TVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLOQSEVHIVOMEFINTS -

DTS

o

U
-3

SIRPig- METDTLLLWVLLLWVPGSTGDEEELQI IQPDKSVLVAAGETATLRCTITSLFEVGPIC
CB3-1L15 WEFRGAGPGRVLIYNQRQGPFPRVTTVEDTTKRNNMDFSIRIGNITPADACGTYYCIKER
{1} CDDVEFKEGA LEVRAKPSASGGGGEDIKLQOSGABLARPGASVEMESCKTSGY
TRYTVMHWVKQRPGQGLEWIGYINPSRGY TNYNOKFKDKATLTTDKSSSTAYMOQLSES
LTSEDSAVYYCARYYDDHYCLDYWGOGTTLTVSSVEGGSGGSGGSEESGEGVDDIQLTR
SPAIMSASPGEKVIMTCRASSSVEYMNWYQOKSGTSPKRWIYDTSKVASGVPYREFSES
GSGTSYSLTISEMEAEDAATYYCQOWSSNPLTFGACTKLELKHHEEHARRKREGRGSL

FTEENPGPMR HLR [ VEILGCFSAGLPKT
DLKKIE LLELOVISLESGD
ASTHDTVENLITLANNSLSSNGNVTESGCKECEELEEXNIKEFLOSFVHIVOMEFINTS

SIRP1G-3- | METDTLLLWVLLLWVPGESTGDEEELOIIQPDKSVLVARGETATLRCTITSLFRPVGPIQ
TE32 (SL) WERGAGPGRVLIYNQROQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKER
KGSPDDVEFKSGAGTELSVRAKPSASDIKLQQSGAELARPGASVREMSCKTSGYTEFTRY
TMHWVEKQRPGOGLEWIGYINPSRGYTNYNOKFKDRATLTTRKSSSTAYMQLSSLTSED
SAVYYCARYYDDHYCLDYWGOGTTLTVESVEGGSEGEEGGSGESGGVRDIQLTQSPATIM
SASPGEEVTMTCRASSSVSYMNWYQUKSGTSPKEWIYDTSKVASGVEPYREFSGESGSGETS
YSLTISSMEAEDAATYYCQOWSSNEPLTFGAGTKLELKHHHHHHRRKREGRGSLLTCED
VEENPGPMWPPGSASQPPREPAAATGLHPAARPVSLOQCRLEMCPARSLLILVATLVLLD
HLSLARNLPVATPDRPGMEPCLHHSONLLRAVSNMLOKAROTLEFYRPCTSEEREIDHEDIT
KDKTSTVEACLPLELTENESCLNSRETSFITNGSCLASRKTEFMMALCLSSTYREDLKM
YOVEFKTMNAKLLMDPKROIFLDONMLAVIDELMOALNFNSETVPOKSSLEERPDFYKT
KIKLCILLHAFRIRAVTIDRVMSYLNASRRKREGRGSLLTCCDVEENPGPPMCHQQLYV
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ISWEFSLVFLASPLVAIWELKKDVYVVELDWY PDARPGEMVVLTCRDTPEEDG L TWTLDQOS
SEVLGSGKTLTIQVKEFGDAGOY TCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKER
KNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSRPRGVTCGAATLSAERVR
EYEYSVECQEDSACPAARESLPIEVMVDAVHKLKYENYTSSEFFIRDLIRKPDRRK
NLOLKPLEKNSROQVEVSWEYPDTWS TRPHSYFSLTFCVOVOCKSKREXKKDRVEFTDKTSAT
VICRKNASISVRAQDRYYSSEWSEWASVECS -

SIRPig- METDTLLLWVLLLWVPGSTGDEEELOL IQPDKSVLVAAGETATLRCTITSL]
CB3-1Li2 WFRGAGPGRVLIYNCQRQGPFPRVTTVSDTTKRRNNVMDFSIRIGNITPADAGTYY
{Li) KGSPLDVEFKSGAGTELSVRAKPSASGGGGSDIKLOOSGAELARPGASVEMSCKT
TFTRYTMHWVEQRP

RY

J
td

5
)

9]
av]
3ok
ke

N
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SGVREYRFSGS

A
GOGLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSS
LTSEDSAVYYCARYYDDHYCLDYWGOGTTLTVSSVEGGSGGSGGESEESGGVDDIQLTY

GEGTSYSLTISSMEAEDAATYYCQOWSSNPLTFGACTKLELKHHERHARRKREGRGSEL
LTCGDVEENPGPMWPPGSASQPPPSPAAATGLHPAARPVSLOCRLEMCPARSLLLVAT
LVLLOHLSLARNLPVATEFDPGMFPCLHESONLLRAVSENMLOKARQTLEFYPCTSEEID
HEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSTY
EDLEKMYQVEFKTMNAKLLMDPRROIFLDONMLAVIDELMOALNFNSETVPOKSSLEER
DFYKTKIKLCILLEAFRIRAVTIDRVMESYLNASRRKREGRGELLTCGDVEENPGPRPMC
HOQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITHW
TLDOSSEVLGSGKTLTIQVKEFGDAGQY TCHKGGEVLEHSLLLLEHKKEDGIWSTDILK
DOKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSDRPQGVTCGAATLS
ARRVEGDNKEYEYSVECQOEDSACPAABESLPIEVMVDAVHKLKYENYTSSFFIRDIIK
POPPRKNLOLKPLKNSRQVEVEWEYPDTWS TPHSYFSLTEFCVOVOGKSKREKKDRVETD
{TSATVICRKNASISYVRAQDRYYSSSWSEWASVPCS -

SPAIMSASPGEKVIMTCRASSSVEYMNWYQOKSGTSPKRWIYDTIKV,
It 7‘_
=y

SIRPig- METDTLLLWVLLLWVPGSTGDEEELQY ICPDKSVIVAAGETATLRCTITSLEFPVGRIQ 60
CD3- WEFRGAGPGRVLIYNQROGPFPRVTTVSDTTKRNNMDEFSIRIGNITPADAGTYYCIKEFR
CXCLIG KGEPDDVEFKSGACTELSVRAKPSASDIKLOOSGARLARPGASVEMSCKTSGYTEFTRY
{(SL) TMHEWVKORPGQGLEWIGYINPSRGYINYNQRKERDKATLTTDKSSSTAYMOLSSLTSED
SAVYYCARYYDREYCLDYWGQGETTLTY BGEGSGESGEESGEIGEVERD POSPATIM
ASPGEKVIMTCRASSSVSYMNWYQOKSGTSPRRWIYDTSKVASGVRYRFSGSGSGETS
CSLTISSMEAEDAATYYCOQOWSSNPLTFGAGTKLELKHEHHHHRRKREGRGSLLTCGD
VEENPGPMNQTAILICCLIFLTLEGIQGVPLSRTVRCTCISISNQEVNPRSLEKLETT

fa}
s

-

o

l

i<

PASQEFCPRVEITATMKKRKGEKRCLNPESKATRKNLLKAVSKERSKRS P -
SiRPlg- METDTLLLWVLLLWVPGSTGDEEELQI ICPDKSVLVAAGETATLRCTITSLFEVGPIQ 61
CB3- WERGAGPGRVLIYNQRQGPFFRVTTVEDTTKRNNMDEFSIRIGNITPADAGTYYCIKE

CRCLI0 : SAGTELSVRAKPSASGGGGED DOSGAELARPGASVEMEC
(L} TEFTRYTM HORPGOGLEWIGYINPSRGY TNYNQKFKDKATLTTDKSSSTAYMOLSS
LTSEDSAVYYCARYYDDHYCLDYWGOGTTLTVSSVEGGSGGSGGSEESGEGVDDIQLTR
SPAIMSASPGEKVIMTCRASSSVEYMNWYQOKSGTSPKRWIYDTSKVASGVPYREFSES
GSGTSYSLTISEMEAEDAATYYCQOWSSNPLTFGACTKLELKHHEEHARRKREGRGSL
INPGPMNQTAILICCLIFLTLSGIQGVPLSRTVR ISISNQPVNRPRSLE
QFCRPRVETITATMKKKGEKRCLNPESKATKNLLKAVSKERSKRSP -

SGY

PBLI-CD3- MEFGLSWVFLVALFRGVOCDIKLOOSCGAELARPGASVKMSCKTSGYTFTRYTMHWVKD 652
135 RPGRGLEWIGYINPSEGY TNYNQKFRDKATLTTDKSSSTAYMOLSSLTSEDSAVYYCA
RYYDDHYCLDYWGQGTTLTVSSVEGGSGESGEEGGSGEVIDIQLTQSPATMSASPGE
VIMTCRASSSVSYMNWYQOKEGTSPEKRWIYDTSKVASGVEPYREFSGSGSGTEYSLTISS
MEAEDAATYYCQOWSSNPLTFGAGTKLELKGEGGSDIQMTOSPSSLSASVGEDRVTITC
RASQDVISTAVAWYQOKPGKAPRLLIYSASFLYSGVPSRESGSGESGTDFTLTISSLOPE
DFATYYCOQYLYHRATFGOGTKVE LKRGGGGSGGEESGE IQLVESGGGLVQPGEG
SLRLSCAASGFTFSDSWIHWVROAPGKGLEWVAWISPYGGSTYYADSVEGRFTISADT
SKNTAYLOMNSLRARDTAVYYCARRHWPGGIFDYWEOGTLVTVSAHHHHEHRRKREGR!
SLLTCGDVEENPGPMRISKPHLRSISIQCYLCLLLNSHELTEAGIHVFILGCESAGLP
KTEANWYVNVISDLKKIEDLIQSMEIDATLYTESDVAPSCKVTAMKCFLLELOQVISLES
GRASTHDTVENLITLANNSLISNGNVTESGCKECEELEEKNIKEFLOSFVHIVOMEIN
TS~

PRLI-CD3- MEFGLSWVFLVALFRGVQUDIKLQQSGAELARPGASVEMSCKTSGYTFTRYTMHWVKY 6
1132 RPGOGLEWIGYINPSRGYTNYNOKFKDKATLTTDKSSSTAYMOLSSLTSEDSAVYYCA

RYYDDHYCLDYWGOGTTLTVSSVEGGSGESGESGESGEVERIQLTOSPATIMSASPGEK

o

VIMTCRASSSVSYMNWYQOKSGTSPRRWIYDTSKVASGVRPYRFSGIGSETSYSLTISS
MEAEDAATYYCQQWSSNPLTFGAGTKLELKGGGGSDIOMTQSPSELSASVGDRVTILITC
RASQUVISTAVAWYQUKPGKAPKLLIYSASFLYSGVESRESGEGSGTDEFTLTISSLORE
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DFATYYCOQYLYHRATFGOGTKVE LKRGGGGSGGEESGGEGGIEVQLVESGGGLVORGEGE
SLRLSCAASGFTFSDSWIHWVROAPGKGLEWVAWISPYGGSTYYADSVEGRFTISADT
SKNTAYLOMNSLRAEDTAVYYCARRHW PC—GFD‘"'WGQGTLVWC’AHHHHFHR"?KRE(""
SLLTCGDVEENPGEPMWPPGSASQPPRPSPAAATGLHPAARPVSLQCRLEMCPARSLLLY
ATLVLLDHLSLARNLEPVATPDRPGMEPCLHHSONLLRAVENMLOKARSTLEFYRCTSER
IDHEEDITKDKTSTVEACLPLELTENESCLNSRETSFITNGSCLASRKTESFMMALCLES
IYEDLEMYQVEFKTMNAKLLMDPKROIFLDONMLAVIDELMQALNFNSETVPOKSSLE
DEYKTKIKLCILLHAFRIRAVTIDRVMSYLNASRRKREGRGSLLTCGDVEENPGPP
CHQOLNISWESLVEFLASPLVATWELKKDVYVVELDWYPDAPGEMYVLTCDTPEEDGL
WILDQSSEVLGSGKTLTIQVKEFGLAGOY TCHKGGEVLSHSLLLLHKKEDGIWSTDI
LEKDOQRERPKNKTFLRC] YEGRFTCHWLTTISTDLTFSVKSSRGSSDPOGVTCGAAT
LSAERVRGDNKEYEYSVECQEDSACPAARESLPIEVMVDAVHKLKYENYTSSFFIRDT
IKPDPPRKNLOLKPLRKNSROQVEVSWEYPDTWSTPHSYFELTFCVOVOGKSKEEKKDRVE
TDKTSATVICRKNASTSVRAQDRYYSESWSEWASVECS -

A et

¥

‘I'T)K

M
{38

“:"<ﬁ

PDBLI-CD3- 'V'EFGL.JW”FLVZ-\LHRGVQ”DIKLQQ <JAELARPGA S VKMSCKTSGYTFTRYTMHWVKE 64
CXCLIB RPGRGLEWIGYINPSRGY TNYNQKRERDKATLTTDKSSSTAYMOLSSLTSERSAVYYCA
RYYDDHYCLDYWGQRGTTLTVSSVEGG! ”’*.’"—’(ruS&:G_ SCGVRRIQLTOSPAIMEASPGEE

VIMTCRASSSVSYMNWYQOKEETSPKRWIYDTSKVASGVRY
MEAEDAATYYCQOWSSNPLTFGAGTKLELKGEGGSDIQMTQOS
RASQDVSTAVAWY QOKPGKAPKLLIYSASEFLY SGV?"%"FSGS G
DFATYYCQOQYLYHPATFGOGTKVEIRRGGGGGGEESGE VQLVESGGGLVORGG
SLRLSCAASGETEFSDSWIHWVRQARPGKGLEWVAWISPYCGSTYYADSVEGREFTISADT
SENTAYLOMNSLRAEDTAVYYCARRHWPGGFDYWECOGTLVIVSAHERHEHRREKREGRG
SLLTCGDVEENPGPMNQTATILICCLIFLTLSGIQGVPLSRTVRCTCISISNQPVNERS
LEKLETIPASQFCPRVEITATMKKKGEKRCLNPESKAIKNLLKAVSKERSKRSP

S5GSGSETSYSLTIES
SSLEASVGDRVTITC
’"TDFTATISSLQDE

SIRPig- METDTLLLWVLLLWVPGSTGDEEELQTI IQPDKSVLVAAGETATLRCTITSLEFRPVGPIQ 65
CD3-MMP9 | WFRGAGPGRVLIYNQROGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKER
{(SL) KGSPDDVEFKSGAGTELSVRAKPSASDIKLQQSGAELARPGASVREMSCKTSGYTEFTRY
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Fe (5L} EDFATYYCOOYLYRPATFGQGTRKVEIKRGGGEESGGGGEGCEEGSEVOLVESGGGLVQPG

GESLRLECAASGEFTFSDSWIHWVRQARPGKGLEWVAWISPYGGSTYYADSVKGRETISAD
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KATLTTDK%‘ % Q‘“AYMQLSSI TSEDSAVYYCARYY DLHYC" DYWGQGTTLTVSSVEGES
GGSGGSGESGEGVDDIQLTOSPAIMSASPGEKVIMTCRASSSVSYMNWYQOKSGTSPER
WIYDTSKVASGVPYRFEGSGSGTEYSLTISSMEAEDAATYYCOOWSSNPLTFGAGTKL
ELKHAHEHH-

SIRPig- METDRLLLWVLLLWVEPGSTGDYEFYDVPDYAG, AQPADDIQMTDC‘PSSL.;ASVGDRVTIT 70
CDB3-PDLI- CRASQDVSTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRESGESGSGTDFTLTISSLOP
Fe (LL} EDFATYYCOOYLYRPATFGQGTKVE FESGEGGEEGEESEVOL SGGLVQPG
GSLRLECAASGFTESDSWIHWVEQAEL GK DLL'JWVI‘-\ VISPYGGSTYYADSVKGRETISAD
TSKNTAYLOMNSLRAEDTAVYYCARRHWPGGFDYWGOGCTLVIVSAVDEAKSCDKTHTC
PPCPAPELLGGPSVELIFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENW "\'DGVZV
HNARKTKPREEQYNSTYRVVEVLTVLHODWLNGRKEYKCKVSNKALPAPIEKTISKA

BEPQVYTLREPSRDELTKNQVSLTCLVRKGFYPSDIAVEWESNG( TPEPVLDS
DGSEFFLYSKLTVDKSEWQOGNVFSCSVMHEALHNHY TQKSL: DLJDIPI‘IK\\].JEQK’,«.JT' BED
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HHAHH -

AG TRLELKE

[00212] In some embodiments, the present invention provides recombinant nucleic
acid sequences encoding an engager molecule and/or a therapeutic molecule. Exemplary
recombinant nucleic acid sequences are shown in Table 4.

{00213] In some embodiments, the nucleic acid sequences provided herein encode
a therapeutic molecule, wherein the therapeutic molecule 18 IL-15. In some embodiments, the
nucleic acid sequences provided herein encode an IL-15 therapeutic molecule comprising an
ammo acid sequence that 1s at least 80%, at least, 83%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% wdentical to the amine acid sequence of SEQ ID NO:
24 In some cmbodiments, the nucleic acid sequences provided hercin encode an IL-15
therapeutic molecule that is 100% identical to the amino acid sequence of SEGQ 1D NO: 24, In
some embodiments, the nucleic acid sequences provided herein encode an 1L-15 therapeutic

molecule comprising the amino acid sequence of SEQ ID NG: 24, In some embodiments, the
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nucleic acid sequences provided herein encode an 1L-15 therapeutic molecule consisting of the
amino acid sequence of SEQ ID NOG: 24, In some embodiments, the nucleic acid sequences
provided herein encode an FL-15 therapeutic molecule and comprise a sequence that is at least
0%, at least, 85%, at least 909, at least 959, at least 96%, at least 97%, at least 98%, or at least
99% 1dentical to the nucleic acid sequence of SEQ 1D NO: 23 In some embodiments, the nucleic
acid sequences provided hercin encode an H.-15 therapeutic molecule and comprise the nuacleic
acid sequence of SEQ ID NO: 23, In some embodiments, the nucleic acid sequences provided
herein encode an 1L-13 therapeutic molecule and consist of the nucleic acid sequence of SEQ ID
NG: 23,

{00214] In some embodiments, the nucleic acid sequences provided herein encode
a therapeutic molecule, wherein the therapeutic molecule is 1L-12 (e, 1L-12 p35 and/or 1L-12
p40). In some embodiments, the nucleic acid sequences provided herein encode an 1L-12
therapeutic molecule comprising an amine acid sequence that is at least 830%, at least, 85%, at
least 90%, at least 93%, at lcast 96%. at least 97%, at lcast 98%, or at least 99% wdentical to the
ammo acid sequence of SEQ 1D NO: 26, In some embodiments, the nucleic acid sequences
provided herein encode an 1L-12 therapeutic molecule that is 100% identical to the amino acid
sequence of SEQ 1D NO: 26. In some embodiments, the nucleic acid sequences provided herein
encode an 1L-12 therapeutic molecule comprising the anino acid sequence of SEQ ID NGO 26. In
some embodiments, the nucleic acid sequences provided herein encode an 1L-12 therapeutic
molecule consisting of the amino acid sequence of SEQ ID NO: 26, In some embodiments, the
nucleic acid sequences provided herein encode an {L-12 therapeutic molecole and comprise a
sequence that 1s at least 80%, at least, 85%, at least 90%, at least 93%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to the nucleic acid sequence of SE{Q ID NO: 25, In some
embodiments, the nucleic acid sequences provided herein encode an L-12 therapeutic molecule
and comprise the nucleic acid seguence of SEQ D NO: 25, In some embodiments, the nucleic
acid sequences provided herein encode an 1L-12 therapeutic molecule and consist of the nucleic
acid sequence of SEQ 1D NO: 25

{00215] In some embodiments, the mucleic acid sequences provided herein encode
an H.~12 therapeutic molecule comprising an amine acid sequence that s at least 80%, at lcast,
859%, at least 0%, at least 959, at least 96%, at least 97%, at least 98%, or at least 9% wdentical
to the amino acid sequence of SE(Q 1D NG: 28 In some embodiments, the nucleic acid sequences
provided herein encode an 1L-12 therapeutic molecule that is 100% identical to the amino acid
sequence of SEQ D NO: 28, In some embodiments, the nucleic acid sequences provided herein

encode an 1L-12 therapeutic molecule comprising the amimo acid sequence of SEQ ID NO: 28 In
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some embodiments, the nucleic acid sequences provided herein encode an 1L-12 therapeutic
molecule consisting of the amine acid sequence of SEQ 1D NO: 28, In some embodiments, the
nucleiv acid sequences provided herein encode an {L-12 therapeutic molecule and comprise a
sequence that 1s at least 80%, at least, 85%, at least 90%, at least 95%, at least 9696, at least 97%,
at least 98%, or at least 99% identical to the nucleic acid sequence of SEQ 1D NG: 27, In some
embodiments, the nuckeic acid sequences provided herein encode an 1L-12 therapeutic molacule
and comprise the nucleic acid sequence of SEQ ID NG: 27, In some embodiments, the nucleic
acid sequences provided herein encode an 1L-12 therapeutic molecule and consist of the nucieic
acid sequence of SEQ 1D NO: 27

{00216] In some embodiments, the nucleic acid sequences provided herein encode
an 1L-12 therapeutic molecule comprising an amino acid sequence of SEQ D NO: 26 and 28, In
some embodiments, the nucleic acid sequences provided herein encode an 1L-12 therapeutic
molecole and comprise the nucleic actd sequences of SEQ D NO: 25 and 27.

{00217] In some embodiments, the nucleic acid sequences provided herein encode
a therapeutic molecule, wherein the therapeutic molecule 1s CXCL 10, In some embodiments, the
nucleie acid sequences provided herein encode a CXCLI0 therapeutic molecule compnsing an
amino acid sequence that is at least 80%, at least, 83%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to the anmino acid sequence of SEQ 1D NO:
30. In some embodiments, the nucleic acid sequences provided herein encode a CXCL10
therapeutic molecule that 18 100% identical to the amino acid sequence of SEQ ID NO: 30, In
some embodiments, the nucleic acid sequences provided herein encode a UXCLI0 therapeutic
molecule comprising the amino acid sequence of SEQ ID NO: 30. In some embodiments, the
nucleie acid sequences provided herein encode a CXCL10 therapeutic molecule consisting of the
amino acid sequence of SEQ ID NG: 30, In some embodiments, the nucleic acid sequences
provided herein encode a CXCL10 therapeutic molecule and comprise a sequence that is at least
R(%, at Jeast, 85%, at least 909, at least 95%, at least 96%, at least 979%, at least 98%, or at least
99% 1dentical to the nucleic acid sequence of SEQ 1D NO: 29. In some embodiments, the nucleic
acid sequences provided herein encode a CXCL10 therapeutic molecule and comprise the nucleic
acid sequence of SEQ ID NO: 29 In some embodiments, the nucleic acid sequences provided
herein encode a CXCL10 therapeutic molecule and consist of the nucleic acid sequence of SEQ
1D NG: 29

{00218] In some embodiments, the nucleic acid sequences provided hercin encode
a therapeutic molecule, wherein the therapeutic molecule 15 MMP9. In some embodiments, the

nucleic acid sequences provided herein encode an MMPY therapeutic molecule comprising an
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ammo acid sequence that 1s at least 80%, at least, 83%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% wdentical to the amine acid sequence of SEQ ID NO:
34, In some cmbodiments, the nucleic acid sequences provided herein encode an MMPO
therapeutic molecule that is 100% identical to the amino acid sequence of SEQ D NO: 34, In
some embodiments, the nucleic acid sequences provided herein encode an MMPO therapeutic
molecule comprising the amino acid sequence of SEQ 1D NG 34. In some embodiments, the
nucleic acid sequences provided herein encode an MMPY therapeutic molecule consisting of the
ammo acid sequence of SEQ 1D NO: 34, In some embodiments, the nucleic acid sequences
provided herein encode an MMP9 therapeutic molecule and comprise a sequence that is at least
80%, at least, 85%, at least 90%, at least 95%. at least 96%. at least 97%. at least 98%, or at feast
99% identical to the nucleic acid sequence of SEQ 1D NO: 33 In some embodiments, the nucleic
acid sequences provided herem encode an MMP9 therapeutic molecule and comprise the nucleic
acid sequence of SEQ ID NOG: 33, In some embodiments, the nucleic acid sequences provided
herein encode an MMP9Y therapeutic molecule and consist of the nucleic acid sequence of SEQ
D NG: 33

[00219] In some embodiments, the nucleic acid sequences provided herein encode
a therapeutic molecule, wherein the therapeutic molecule comprises an anti-PDL1 scFv. In some
embodiments, the nucleic acid sequences provided herein cncode a therapeutic molccule
comprising an anti-PDLY scFv, wherein the anti-PDL1 scFv comprises a light chain variable
fragment comprising an amino acid sequence that is at least 80%, at least, 85%, at least 90%, at
lcast 93%, at least 96%, at least 97%. at least 98%, or at least 99% identical to the amino acid
sequence of SEQ ID NO: 36 and a heavy chain variable fragment comprising an amino acid
sequence that is at least 80%, at least, 85%, at least 90%, at least 953%, at least 96%., at least 97%,
at least 98%, or at least 99% identical to the amino acid sequence of SEQ 1D NO: 38, In some
embodiments, the nucleic acid sequences provided herein cncode a therapeutic molccule
comprising an anti-PDLY scFv, wherein the anti-PDL1 scFv comprises a hight chain variable
fragment comprising an amino acid sequence that s 100% identical to the amino acid sequence
of SEG ID NO: 36 and a heavy chain variable fragment that 1s 100% wdentical to the aming acid
sequence of SEQ 1 NG 38, In some embodiments, the nucleic acid sequences provided herein
encode a therapeutic molecule comprising an anti-PDL1 scFv, wherein the anti-PDL1 sckv
comprises a light chain variable fragment comprising the amino acid sequence of SEQ 13 NG«
36 and a heavy chain variable fragment comprising the amino acid sequence of of SEQ 1D NO:
38. In some embodiments, the nucleic acid sequences provided herein encode a therapeutic

molecule comprising an anti-PDL1 scFv, wherein the anti-PDL1 scFv comprises a light chain
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variable fragment consisting of the amino acid sequence of SEQ 1D NO: 36 and a heavy cham
variable fragment consisting of the amino acid sequence of of SEQ 1B NO: 38.

{00220] In some embodiments, the nucleic acid sequences provided herein encode
a therapeutic molecule comprising an anti-PDL1T scFv, wherein the anti-PDL1 scFv comprises a
hght chain variable fragment nocleic acid seqaence that is at least 80%, at least, 85%, at least
90%. at least 95%, at least 96%. at least 979%, at least 98%, or at least 99% identical to the
nucleic acid sequence of SEQ D NO: 35 and a heavy chain variable fragment nucleic acid
sequence that 1s at least 80%, at least, 85%, at least 90%, at least 93%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to the nucleic acid sequence of SE{Q ID NO: 37 In some
embodiments, the nucleic acid sequences provided hercin cncode a therapeotic molecule
comprising an aoti-PDLT scFv, wherein the anti-PDL1 scFv comprises a hight chain variable
fragment nucleic acid sequence that s 100% 1dentical to the nucleic acid sequence of SEQ 1D
NO: 35 and a heavy chain variable fragment nucleic acid sequence that is 100% wdentical to the
aming acid sequence of SEQ ID NG: 37, In some embodiments, the nucleic acid sequences
provided herein encode a therapeutic molecule compnsing an anti-PDL1 scFv, wherein the anti-
PBLI scFv comprises a light chain variable fragment nuacleic acid sequence comprising SE(Q ID
NG 35 and a heavy chain varnable fragment nucleic acid sequence comprising SEQ 1D NO: 37
In some embodiments, the nucleic acid sequences provided herein encode a therapeutic molecule
comprising an anti-PDLY scFv, wherein the anti-PDL1 scFv comprises a hight chain variable
fragment nucleie acid sequence consisting of SEQ ID NG: 35 and a heavy chain variable
fragment nucleic acid sequence consisting of SEQ 1D NG: 37,

002211 In some embodiments, the nucleic acid sequences provided herem encode
a therapevtic molecule comprising an anti-PDLT scFv and an IgGl Fo domam. In some
embodiments, the nucleic acid sequences provided hercin cncode a therapeotic molecule
comprising an anti-PDL] scFv and an IgG1 Fe domain, wherein the IgG1 Fe domain comprises
an amino acid sequence that is that 1s at least 80%, at least, 85%, at least 909, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical to the amino acid sequence of
SEQ ID NO: 40, In some embodiments, the nucleic acid sequences provided herein ¢ncode a
therapeutic molecule comprising an anti-PDL1Y scFv and an 1gG1 Fe domain, wherein the IgGl
Fc domain 1z 100% identical to the amino acid sequence of SEQ ID NGO 40, In some
embodiments, the nucleic acid sequences provided hercin cncode a therapeotic molecule
comprising an anti-PDL] scFv and an IgG1 Fe domain, wherein the IgG1 Fe domain comprises
the amino acid sequence of SEQ 1D NG: 40, In some embodiments, the nucleic acid sequences

provided hersin encode a therapeutic molecole compnsing an anti-PDL1 scFv and an IgG1 Fe
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domain, wherein the IgG1 Fo domain consists of the amino acid sequence of SEQ 1D NG 40, In
some embodiments, the nucleic acid sequences provided herein encode a therapeutic molecule
comprising an anti-PDET scFv and an IgG1 Fe domain, wherein the IgG1 Fe domain nuclew: acid
sequence 18 at feast 80%, at least, 83%, at least 30%, at least 5%, at least 96%, at least 97%., at
least 98%, or at lfeast 99% identical to the nucleic actd sequence of SEQ ID NG 39, In some
embodiments, the nucleic acid sequences provided herein encode a therapeutic molecule
comaprsing an anti-PDL 1 scFv and an lgG1 Fe domain, wherein the IgG1 Fe domain nucleic acid
sequence comprises SEQ 1D NG: 39, In some embodiments, the nucleic acid sequences provided
herein encode a therapeutic molecule comprising an anti-PDL1 scFv and an IgGl Fe domain,
wherein the IgGl Fe domain nucleic acid sequence comprises SEQ 1D NG: 39,

{00222} In somec cmbodiments, the wnucleic acid sequences provided hercin
comprise a nucleic acid sequence selected from SEQ 1D NQGs: 43, 43, 47, 49, 51, 67, and 69. In
some embodiments, the nucleic acid sequences provided herein are at least 80%, at least, 85%, at
least 90%. at least 95%, at [cast 96%, at least 97%, at least 98%, or at least 99% identical to a
nucleic acid sequence selected from SEQ ID NQOs: 43, 45, 47, 49, 51, 67, and 69. In some
embodiments, the nucleic acid sequences provided herein are 100% identical to a nucleic acid
sequenee selected from SEQ 1D NQOs: 43, 45, 47, 49, 51, 67, and 869, In some cmbodiments, the
nucleic acid sequences provided herein consist of a nucleic acid sequence sclected from SEQ ID
NQs: 43, 45,47, 49, 51, 67, and 69.

{00223] In some embodiments, the nucleic acid sequences provided herein encode
an engager molecule and/or therapeutic molecule that is at least 80%, at least, 859, at least 909%,
at least 959, at Icast 96%, at least 97%, at least 989, or at least 99% identical to an amuno acid
sequence selected from SEQ 1D NQs: 44, 46, 48, 50, and 52. In some embodiments, the nucleic
acid sequences provided herein encode an engager molecule protein that is 100% identical to an
amino acid sequence selected from SEQ 1D NOs: 44, 46, 48, 50, and 532, In some embodiments,
the nucleic acid sequences provided herein encode an engager molecule protein comprising an
aming acid sequence selected from SEQ D NOs: 44, 46, 48, 50, and 32. In some embodiments,
the nucleic acid sequences provided herein encode an engager molecule protein congsisting of an
aming acid sequence selected from SEQ 1D NOs: 44, 46, 48, 50, and 52.

100224] In some embodiments, the recombinant nucleic acid sequences provided
herein encode an engager molecule and a therapeutic molecule. In some embodiments, the
recombinant nucleic acid scgucnces cncode an amino acid sequence comprising an engager
molecule and a therapeutic molecule, wherem the anuno acid sequence is at least 80%, at least,

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% idennical
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to an amino acid sequence selected from SEQ ID NQGs: 53 — 66, 68 and 70. In some
embodiments, the nucleic acid sequences encode an aming acid sequence comprising an engager
molecule and a therapeutic molecule, wherein the amino acid sequence 1s 100% identical o an
amino acid sequences selected from SEQ ID NOs: 33 - 66, 68 and 70. In some embodiments, the
nucleic acid sequences encode an aming acid sequence comprising an engager molecule and a
therapeutic molecule, wherein the amino acid sequence consists of an amino acid seguence

sclected from SEQ 1D NOs: 33 - 66, 68 and 70.

Table 4: Nucleic sequences of exemplary engager molecules

CBI9-CH3 A

= L =

TGGAGTTCGGCCTGAGCTGEETGTTCCTGETGGCCCTETTCAGGGGCGETGCAGTGCG 43
ACATCCAGCTGACCCAGAGCCCCGCCAGCCTGECCGTCAGCCTGGECCAGAGGECCAL
CATCAGCTGCAAGGCCAGCCAGAGCGTGGACTACGACGELCGACAGCTACCTGAACTGG

TACCAGCAGATCCCCGGCCAGCCCCCCAAGCTGCTGATCTACGACGCCAGCAACCTSG
TGAGCGGCATCCCCCCCAGETTCAGCGGCAGCEGCAGCEGCACCGACTTCACCCTGAA
CATCCACCCCETGGAGAAGGTGGACGOX! \ ‘GCCAGCAGAGCACCGAG
CCOCTGGACCTTCGGCGGCGGCACCAAGCT AGGGCGECGELEECAGCG
GCGEECGGELHEGECAGCGGCEGLGECEECAGCCAGGTGCAGCTGCAGCAGAGCGGCELCGA
GCTGETGAGGCCCEECAGCAGCGTGAAGATCAGCTECAAGGCCAGCGGCTACGCCTTC
AGCAGCTACTCEGATGAACTGGECTGAAGCAGAGGCCCGGCCAGGGCCTGGAGTEGATCG
GCCAGATCTGGCCCGGCGAC SACACCARACTACARCGGCAAGTTCAAGGGCAAGGET
GACCGCCGACGAGAGCAGCAGCACC TACATGCAGCTGAGCAGCCTGGECC
AGCGAGGACAGCGCCOETGETACTTCTGECGCCAGGAGGGAGACCACCACCGTGGECAGET
ACTACTACGCCATGGACTACTEGGGCCAGGGCACCACCETGACCGTCGAGCAGCEGCEG
CGGCGGCAGCCACATCAAGCTGCAGCAGAGCEGCGCCGAGCTGGCCAGGCCCEECELC
AGCCTGARGATCAGCTGCAAGACCAGC CCTTCACCAGGTACACCATGCACT
SGGTG AGAGGCCCGGCCAGGELCT TACATCALCCCCAGCAG
GGGCTACACCAACTACAACCAGAAGTTCAAGGACAAGGCCACCCTGACCACCGACAAG
AGCAGCAGCACCGCCTACATECAGCTGAGCAGCCTGACCAGCGAGGACAGCGCCETST
GCGCCAGGTACTACGACGACCACTACTGCCTGGACTACTEEGGCCAGGGCAL
GCAGCGTGGAGEG T \ TCAGCGGCGGCAGCGEGETGEL
STGGACGACATCCAGCTGA WGAG CCGCCATCATGAL CCAGCC
AGAAGGTGACCATGACCTGCAGGGCCAGCAGCAGCGTGAGCTACATGAACTG
'CAGCAGAAGAGCGGCACCAGCCCCAAGAGGTGGATCTACGACACCAGCAAGGTG
GGCGTGCCCTACAGGTTCAGCGGCAGCGGCAGCGGCACCAGCTACAGCCTGA
GCAGCATGGAGGCCGAGGACGCCGCCACCTACT . GAGCAG

TCGGCECCGGCACCAAGCTGRAGCTGAAL ACCACCACCAC

=1

CACCCTGACCC

!

S
3

Fe T B B = T e W <

TGCAGACCGATACCCTGCTCTTGTGGGTTTTGCTTCTTTGGETGCCAGGATCTACAG 45
FTGATGAAGAAGAATTGCAGATCATCCAACCAGACAAATCCGTACTCGTGGCCGCAGG
GAGACCGCTACCCTCAGATGTACCATCACTTCTCTCTTCCCCGTTGGCCCCATCCAG
GGTTTCGAGGCGCAGGACCAGGACGAGTGCTTATTTACAATCAACGACAGGSECCCAT
CCCAAGAGTGACRACAGTATCCGATACCACCAAGCGCAATAATATGCACTTTAGCAT
TAGAATCGGCAACATAACACCCGCTGACGL TACATACTATTGTATTAAATTTCGA
AAGGGCTCACCAGACGACGTGGAATTTAAGTCAGCGCGGCCGGAACCCAACTCTCAGTTA
TCARAACCTTCTGCTAGCCACATCAAGCTGCAGCAGAGCEGCGCCGAGCTGGCCAG
CGGCGCCAGCGTGAAGATGAGCTGCAAGACCAGCGGCTACE

SIRP1o-CD3 | £
(8L}

S

NN E
Bl
noo

CCt T

CCATGCACTGCETGAAGCAGAGGCCCEGCCAGGECOTEGAS "CG
ACCCCAGCAGGGGECTACACCAACTACAA TALGTTCAAGGA (GCCE
CACCGACAAGAGCAGCAGCACCGCCTACATECAGCTGASCAGC CC
AGCGCCETGTACTACTGCGCCAGGTACTACGACGACCACTACTGCCTGGEACTACT
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GCCAGGGCACCACCCTGA AG TCAGCGECGGCAGCEGCEE
CAGCGG CC(’CAGC\_CCGGCGTGGACGACAi'CCAGCTGA CCAGAGCCCCGCCATCATG
AGCG“CA CC’“GM GA SAAGGTGACCATGACCTGECAGG CCAGCAG“ACCGTGMJCT

ACATG AGAAGAGCGGCACCAGCCCCAAGAGGTEG ACGACAC
CAGCAAw ; ‘.GG\, STGCCCTACAGETTCAGCG TCGGCAGC ACCAGC

TACAGCCTGACCATCAGCAGCATGGAGGCLGAGGACGCCGCCACCTACTACTGECCAGT
AGTGGAGCAGCAACCCCCTGACCTTCGGCGCCGGCACCAAGCTGGAGCTGAAGCACCA
CCATCATCACCACTGAG

SIRP1a-CD3 | ATCGCAGACCEGATACCCTECTCTTETEGETTTTEGCTTCTTTGEETECCAGGATCTACAG 47
{L1) "T"'ArGAnGA./-\(‘AATTGCI-&Gz TCATCCAACCAGACARATCCGETACTCGTEGCCGCAGG
AGAGACCGCTACCCTCAGATGTACCATCA CTTCTC’"’“TTCCC"‘GTTwGC 'CCATCCAG
TGETTTCGAGGCGCAGGACCAGGACGAGTGCTT TCAACGACAGGGCCCAT
TCCCAAGAGTGACAACAGTATCCGATACCACCA, BATATGGAC ‘""TTL\( FCAT
TAGAATCGGCAACATALCACCCGCTGACCGCCEETACATACTATTGTATTAAATTTCGA
GGGCTCACCAGACGACGTEGAATTTAAGTCAGEGGCCGGAACCGAACTCTCA GTTA
GAGCAALACCTTCTGCTAGCGECGECEECGGCAGCCACATCAAGCTGCACGCAGAGCGG
CCAGCTGGCCAGGCCCGECGCCAGCETGAAGATGAGCTGCARGACCAGCGGCTAL
TTCACCAGGTACACCATGCACTGGETGAAGCAGAGGCCCEGCCAGGECCTGGAGT
GGATCGGCTACATCAACCCCAGCAGEGGCTACACCAACTACAACCAGAAGTTCAAGGA
CAAGGCCACCCTGACCACCGACAAGAGCAGCAGCACCGCCTACATGCAGCTGAGCAGC
CTGACCAGCGAGGACAGCGCCGTCTACTACTGCGCCAGGTACTACGACGACCACTACT
GCCTGGACTACTGGGGCCAGGGCACCACCOTGACCETGAGCAGCAETGGAGGGCEGCAG
CGGCGGECAGCEGC GCGGCGGCAGCGEGCGGCETGGACGACATCCAGCTGACCCAG
AGCCCCGCCATCATGAGCGCCAGCCCCGGCGAGAAGGTCGACCATGACCTGCAGGGCCA
\:LAG\,Aa;’ZGTG‘Z-\GC”"ACATGAA’“‘T’?GTA CCAGCAGRAAGAGCGEGCACCAGCCCCAAGAG
TGGATCTACGACACCAGCAAGGTGGCCAGCGECGTGCCCTACAGGTTCAGCEGCAGT
GGCAGCGGCACCAGCTACAGCCTGACCATCAGCAGCATGCAGGCCGAGGACGCCGCCA
CCTACTACTGCCAGCAGTGGAGCAGCAACCCCCTCACCTTCGELGCCGGCACCAAGCT
GGAGCTGAAGCACCACCACCACCACCACTAG

T,

0

Lo/

PDRLI-CD3 ATGGAGTTCGGCCTGAGCTGEETGTTCCTGETGGCCOCTETTCAGGGGCETGCAGTECG 49
ACATCAAGCTECAGCAGAGCGGCGCCGAGCTGGLCAGGCCCGECGCCAGCGTGAAGAT
GCAAGACCAGCGGCTACACCTTCACCAGGTACACCATGCACTGGETGAAGCAG

GAGCTH
AGGCCCGGCCAGGGCCTGGAGTGCATCGGCTACATCAACCCCAGCAGGGGCTACACCA
ACTACAACCAGAAGTTCAAGGACAAGGC ‘A(‘CJ(,"'CJ\"(‘Af TACAAGAGCAGCAGCAC
CGCCTACATGCAGCTGAGCAGCCTGACCAGCGAGCACAGCGCCEGTGETA ("“AC'T GCGCC
AGGTACTACGACGACCACTACTGCCTGGACTACTGGGGCCAGGGCACCACCCTGACCG
TGAGCAGCGTGGAGG ~GC’:‘GCAGCGGCGCF ’"’C’GGCCGCAGCSGCGGCAG“ GCGGCET

(’G"“k W TCATC ACCG(’”AC‘C‘”’*(’G&;CGAC’AAG
GTGACCATGAC 3 CETGAGCTACAT SGTACCAGCAGA
AGAGCGGECACCAGC YGATCTACGACAC . SCAGCGGC
GCCCTACAGGTTCAGCGECAGCGGCAGCGGCACCAGCTACAGCCTGACCATCAGCAGC
ATGCAGGCCCGAGGACGCCGCCACCTACTACTGCCAGCAGTGCAGCAGCAACCCCCTGA
CCTTCGECGCCGECACCAAG TCAAGGGCGGC CGGCAGCGATATCCAGAT
GACACAGAGCCCATCATCTCTGTCTCCAAGCETAGGAGACCGAGTCACCATTACATGC
AGAGCCTCCCAAGALC GTTTC("AC“’E”Z{"?'T‘G"'CCTSCTAT AGCAARAACCTGGTARLGG
CGCCCAAGCTTCTCATCTATTCAGCCAGTTTTCTGTATAGCGGCGTTCCCAGCCGATT
CTCTGGCTCT 4GZATCCGGCACCGAC’T’TTA"“‘TTT’GA AAT”TLCTCT’“"T GCCCGAA
GATTTTGCAACCTACTACTGTCAGCAATATCTCTACCATCCAGCCACATTCGGACAGS
GCACCAAAGTCGAAATCARAAGAGGCGECGECGGCAGTEELGGCEGEEETTCAGGAGE
CGGEGETTCTGAAGTGCAACTCGTTGAAAGCGCGAGGAGGGCTTGTCCAACCTGECEEG
TCACTGCGGTTGAGCTGCGCCGCAAGCGCATTCACCTTCTCAGACTCTTGGATCCATT
GGGETGCECCAGGCTCCCEGCAAAAGGCTTGGAATGEETTGCTTGGATTTCACCGTATEG
CGGTTCCACATACTACGCTGACAGCGTTAAGGETCGATTCACCATCTCTGCAGATACT
TCAAAAAACACAGCCTACCTTCAGATGAATAGTTTGCGCGCCCGAGCACACAGCEGTTT
ATTATTGTGCCCGAAGACATTGGCCCGGECGETTTCGACTACTGGGGECAAGGTACGTT
GGTGACTGTGAGCGCCCACCACCATCATCACCACTGA

GGACGACATCCAGCT CAGAGCCC

A

PBLI-CD3- ATGGAGTTCGGCCTGAGCTGEETGTTCCTGETGGCCOCTETTCAGGGGCETGCAGTECG 51
Fe ACATCAAGCTECAGCAGAGCGGCGCCGAGCTGGLCAGGCCCGECGCCAGCGTGAAGAT

GAGCTGCAAGACCAGCGGCTACACCTTCACCAGGTACACCATGCACTGGEETGAAGCAG
AGGCCCE CCLA(’(‘:GCCT“ SAGTGGATCGGCTACATCAACCCCAGCAGGGGCTACACCA
ACTACAACCAGAAGTTCAAGGACAAGGCCACCCTGACCACCGACAAGAGCAGCAGCAC
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CGCCTACATGCAGCTGAGCAGCLTGACCAGCGAGEACAGLGCC
AGGTACTACGACGACCACTACTGCCTGGACTACTGGGGCCAGGGCACCACCCTGACCG
GAGCAGCGTGGAGGGCEGCAGCEGECGECAGCGGCGGCAGT ’SGCGCCAG” GCGGCET
GGACGACATCCAGCTGACCCAGAGCCCCGCCATCATGAGCGCCAGCC
GTGACCATGACCTGCAGGGCCAGCAGCAGCAETGAGCTACATGAACTH(
AGAGCGGCACCAGCCCCAAGAGGTGGATCTACGACACCAGCAAGGTGGCCAGCEGCET
GCCCTACAGGTTCAGCGECAGCGGCAGCGGCACCAGCTACAGCCTGACCATCAGCAGC
ATGCAGGCCCGAGGACGCCGCCACCTACTACTGCCAGCAGTGCAGCAGCAACCCCCTGA
cC T""* FGCGCCGGCACCAAGCTGGAGCTCAAG CGCCAGCGATATCCAGAT
! CATCATCTCTGTCTGECAAGC TAGTCACCATTACATGC
ALJA("‘ TCCCAAGACGTTTCCALE \ GGTALGG
CGCCCAAGCTTCTCATCTATTCAGCH A\_—‘rTTCTC—‘Y-&TAGCC \.f‘T'T"” CAGCCGATT

GOCETETA (vvuAer—u OEOC

+3

CGGCGAG AA&:

C GOCOT

CTCTGGCTCTGGATCCGGCACGGACTTTACTTTGAC AAT—"TCCTCT CAGCCCGAA
GATTTTGCAACCTACTACTGTCAGCAATATCTCTACCATCC! CA A”,A’.’f"’" GGACAGG

GCACCAAAGTCGAAATCARAAGAGGCGGCGGECGGCAGTES FGGGETTCAGGAGG
CGGEGGETTCTGAAGTGCAACTCGTTGAAAGCGCGAGGAGG \.T"‘GTCCY-&A’“ CTGGECEEG
CACTGCGGTTGAGCTGCGCCGCAAGCGGATTCACCTTCTCAGACTCTTGGATCCATT
GGGETGCECCAGGCTCCCEGCAAAAGGCTTGGAATGEETTGCTTGGATTTCACCGTATEG
\-&;C"‘""" CCACATACTACGCTGACAGCGTTAAG CCATTCACCATCTCTCCAGATACT
TCAAAAAACACAGCCTACCTTCAGATGAATAG 'GCGC ACAGCGGTTT
ATTATTETGCCCCGAAGACATTEGCCOGGCGGETTTCCACTACTEGGGEGCAAGGTACGTT
GGTGACTCGTGAGCGCCCTAGATGAAGCAAAATCTTGTGACAAAACCCATACCTGCCCA
CCATGCCCAGCCCCAGAACTTCTTGGCEGACCC ’_”‘”"GTC’TTCFTTTTCCCTCC’GA_A‘:L
CCAAGGATACCCTGATGATCAGCCGAACCCC ATGTGTGGTCGTCGATET
TAGCCATGAGCGATCCTGAAGT CARATTTAACTGGTA ‘“(‘ ‘AG \CGET [GAGGTGCAC
AACGCTARLACTAAGCCCAGGCAGGAGCAGTACAACTCAACCTATCCGCGTCGTATCTG
TGCTTACCGTCCTGCATCAAGACTGGCTCAATGGTAAGGAATATAAATGTARAGTGAG
TAACAAGGCACTGCCAGCACCTATCGAARAMAACCATCTCARAGGCGAAGGGACAGCCC
AGGGAACCCCAGETCTATACTCTGCCACC GGAT GACCAAGAACCALG
TTAGCCTGACATGTCTGETGAAAGET I‘T’““AT”' AAGCGATATAGCTGTCGAGTGEGGA
GTCCAATGGCCAACCTGAGAACAATTATAAGACCACCCCACCCGTTCTGEACAGCGAL
GGATCCTTTTT"“‘CTGTA“TCAI“-\_A-\_A“”"CA'““_(.:T\’“GA AMATCAMGATGGCAACAAGGCA
ACGTTTTTAGCTGTAGCGTGATGCACGAAGCACTTCATAATCACTATACACAGAAGTC
ACTCTCTCTTTCTCCAGGACACCACCATCATCACCACTG

L

oo

‘T

s

SIRPig- ATGGAAACCGATACACTTCTETTGTGEETGCTGCTGCTGTGEETCCCTGETTCAACAG 67
CB3-PBL- GCGATTATCCCTACGATGTGCCCGACTACGCAGGCEGCTCAGCCAGCTGATGATATCCA
Fe (8L) GATGACACAGAGCCCATCATCTCTGTCTGCAA ‘AGGAGACCGA: CCATTACA
TGCAGA‘UCCTCCCAAGACGTTTCCACAGCAGTGGCCTGC—‘Y-&T CAGCAALARACCTGGTA
AGGCGCCCALAGCTTCTCATCTATTCAGCCAGTTTTCTGTATAGCGGCGTTCCCAGCCG
ATTCTCTGGCTCTGGATCCGECACGGACTTTACTTTGACAATTTCCTCTCTTCAGCCT
GAAGATTTTGCAACCTACTACTGT CAGCAATATCTCTACCATCCAGCCACATTCGGEAC
AGGGECACCALAGTCGARATCAAALGAGGCGGCGGCGGCAGTGECEGECEGEGGETTCAGG
AGGCGGEEGTTCTGAAGTGCAACTCGTTGAAAGCETAGGAGGELTTETCE Z\s}SCCrG‘J\,
GGGTCACTGCEGTTGAGCTGCGCCECAAGCGEATTCACCTTCTCAGACTCTTEGATCC
ATTGGGTGCGCCAGGCTCCCEEAAARGGCTTGGAATGGETTGCTT w‘Gz-\TT“"CACC(.:TA
TCGCGETTCCACATACTACGCTCGACAGCET GATTCACCATCTCTGCAGAT
ACTTCAAAADACACAGCCTACCTTCAGATGAATAGTTTCGCGCGCCGAGGACACAGCGG
TTTATTATTGTGCCCTAAGACATTGGCCCGGCEETTTCGACTACTGGGGGCAAGGTAL
GTTGGTGACTESTGAGCGCCEGTAGATGAAGCAAAATCTTCTGACAARAACCCATACCTGC
""”h(‘ I"Arj'x/ﬁrﬁ(‘ﬂ(‘ﬁA(j(ﬂfﬂr: *AKJAH fﬂlﬂ)'\(‘ﬁr}ﬁr‘rwﬂ rﬁ(“lr 1‘11\ {“(‘1(‘”‘}’!(‘“1 1‘1("r“(ﬂrﬂl'ﬂ(‘ﬂ(‘ﬁ"ﬁr"r‘r(rﬂrﬁ(‘ﬂ(‘v'ﬁ,ﬂkﬁ\f;l‘
AGCCCAAGGATACCCTGATGATCAGCCGAACCCCGGAGGTAACATGTGTGGTGETCGA
TGTTAGCCATGAGGATCCTGAAGTCAAATTTAACTGGETA’ l’GTA( B CECTETTGAGGTG
CACAACGCTAAMACTAAGCCCAGGGAGGAGCAGTACAACTCAACCTATCGCGTCGTAT
CTGTGCTTACCGTCCTGCATCAAGALCT 4G“TLAATGGTAAG@1-\_¢-\_TATAAT-\ ‘GTAAAGT
sTAACARGGCACTGCCAGCACCTATCGAARAAAACCATCTCARAGGCGAAGGEGACAL
SGGAACCCCAGGTCTATACTCTGCAACCTTCTCG TC‘AATT‘ SACCAAGARCC
AGCCTCGACATGTCTGETGAAAGGTTTCTATCCAAG AGCTGTCGAGTG
GGAG i'CCnZ‘sTGGCCnACC =':AGAAC7-\.AT'T‘ATI-\..7-\GA’" "ACCC("A\,CCGTTCTGC. \CAGC
GACGGATCCTTTTTCCTETACTCAAARCTCACTGTCGATAAATCAAGATGGCAACAAG
GCAACGTTTTTAGCTGTAGCEGTGATCCACGAAGCACTTCATAATCACTAT 'J’A" A(,;A'x
\CTCTCTCTTTCTCCAGGARAGGTT ACAGAAATTCATAT
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CTCAATAGGAGGAAGAGAGAAGGCAGGGGGAGCCTTCTCACTTGCGEC JA'" ST CGAGS
AABATCCGGGGCCTATGEAGACCGATACT ’I‘GCTC"”PT"'GC"”TT’l C TTGGGET
GCCAGGATCTACAGGTGATGAAGAAGAATTGCAGATCATCC CCAGACAAAT 'CGTA
TGGCCGCAGGAGAGRACCGELTA ”f’(”,”""ﬂ A""u TACCATCACTTCTCTCTTCCCCG
_CceaTc TGGTTTCGAGGCG TAT "‘AC CAATCA

>

gt
“

-

Dy

o\

ACGACAGGGCCCATTCCCALGAGTGACAALE \AGCGCAATAAT
ATGCACTTTAGCATTAGAATCGG CA:&CAT‘AA(":&L CGCTGACGCCEETA Y-XTA’“TATT
GTAT AAA“"TT”(JAAAGGGCTCACCf?-\(_:ACGACGTCCAATTTAAGTC’_T-\_GGGGCC’GGAA"“
CGAACTCTCAGTTAGAGCAAAACCTTCTGCTA ATCAAGCTGCAGCAGAGCGGEC
GCCGAGCTGEGEC SCCGGECECCS A’I'(-‘vAC;rC"l’L“;(“Z\ NGACCAGCGGCTACA
CCTTCACCAGGTACAC .‘I‘CJC‘ ACTGGETCAAGCAGAGGCCCE WGGGCCTGGAGTG

GATCGGCTACATCAACCCCAGCAGGEGCTACACCAACTACAACCAGAAGTTCAAGGAC
GGCCAC ”CTGAC(‘ACCGALAA T AGCAGCAGCACCGCCTACATGCAGCTGAGCAGCT
TCGACCAGCGAGGACAGCGCCGETCTA ”TA" TGCGCCAGGTACTACGACGACCACTACTG
CCTGGACTACTGGGGCCAGGGCACCACCCTGACCETGAGCAGCATGEAGGGCL AGC
GGCGFCA\JCGCCG‘UCA\:CGGCGGCAGCSCCGCC(‘TGGACGI-U":nCCZ\f‘C"‘GAC CAGA
GCCCCGCCATCATGAGCECCAGCCCCGGCGAGAAGCETGACCATGACCTGCAGGGCCAG
CAGCAGCETGAGCTACATGAACTGGETACCAGCAGAAGAGCGECACCAGCCCCAAGASG
’t&;(,JA"" CTACGACACCAGCAAGGTGGCCAGCGGLGTECCCTACAGGTTCAGCGECAGCS
GCAGCGGCACCAGCTACAGCCTGACCATCAGCAGCATGGAGGCCGAGGACGCCGLCAL
CTACTACTGCCAGCAGTGGAGCAGCAACCCCCTGACCTCOGGCGCCCGGCACCAAGCTG

GAGCTGAAGCACCACCATCATCACCACTGA

SIRPig- ATGGAMACCGATACACTTCTETTGTGGGETGCTECT ‘CCCTEETTCAACAG 69
CD3-PDLY- GCGATTATCCCTACGATETGCCCGACTACGCAGGCGCTCAGCCAGCTGATGATATCCA
Fe (LL) GATGACACAGAGCCCATCATCTCTGTCTGCAAGCETAGGAGACCGAGTCACCATTACA
TGCAGAGCCTCCCAAGACGTTTCCACAGCAGTGGCCTGGTATCAGCAAAAMACCTGGETA
AGGCGCCCAAGCTTCTCATCTATTCAGCCAGTTTTCTGTATAGCGGCGTTCCCAGCCG
ATTCTCTGEGCTCTGGATCCGECACGGACTTTACTTTG! C‘AAI‘TTC'C‘"f""l‘(,"'l"l'(‘fl\(-‘(‘C"' :
GAAGATTTTGCAACCTACTACTGTCAGCAATATCTCTACCATCCAGCCACATTCGGAC
AGGGCACCAAAGTCGARATCARAAGAGECGGECGECEGCAGTEGCEGECEEEGETTCALG
AGGCGGGGGTTCTGAAGTGCAACTCHTTGARAGCETAGGAGGGCTTGTCCAACCTEGL
GGGTCACTGCEETTGAGCTGCGCCGCAAGCEGATTCACCTTCTCAGACTCTTGGATCC
ATTCGGGTECGCCAGGCTCCCEEAAAAGGCTTGCGAATGGETTGCTTGCGATTTCACCGTA
TGGCGGETTCCACATACTACGCTGACAGCCETTAAGGGTCGATTCACCATCTCTGCAGAT
ACTTCAARAAACACAGCCTACCITTCAL .:A G%—’Z-\C"’"'TU\_GC‘-” G_?-\_G(_:ALAC’ ZWGCEG
TTTATTATTGTGCCCTAAGACATTC &:(,JC‘” STTTCGACT GTAC
G ““’1" DGTGACTG'I‘G SGCCGTAGATE CAARATCTTGTGAC “Ae’-\a

Livehivelele

£

Lilaral

A

LACTAL
CCA AT"lCCCY-‘J‘C’“W ./-\("AA’“'"TC—‘TCGCGTZ\”‘("’“TCTGT("'T‘TCCT‘TT'T"”CC'T‘”‘ GA
Z\(‘C’““u-\C(‘ATACC ATGATCAGCCGAACCCCGGAGETAACATGTGTGGTEGETCGA

mGT”AGCFATuAuwATCCTuAAGTCAAATTTAACTwGTATGTAGACGGTw“TGAGuTG
CACAACGCTARAACTAAGCCCAGGGAGGAGCAG
Cm‘“GUT“AFC“TC”mQCATCAAGAgTuGCTCAATPFT A GAATAEAAANCF" GT
GAGTARACAAGGCACTGCCAGCACCTATCGAAAARMACCATCTCARAGGC GMAG“CACAG
CCAGGGAACCCCAGGTCTATACTCTGCAACCTTCTCGEGATGAATTGACCAAGAACC
AAGTTAGCCTGACATGTCTGETGAAAGGETTTCTATCCAAGCEGATATAGCTGTCGAGTG
GGAGTCCAATGEGGCCAACCTGAGAACAATTATAAGACCACCCCACCCETTCTGGACAGC
GACGGATCCTTTTTCCTETACTCAAAACTCACTGTCGATAAATCAAGATGGCAACAAG
GCAACGTTTTTAGCTGTAGCETGATGCACGAAGCACTTCATAATCACTATACACAGAR
GTCACTCTCTCTTTCTCCAGGARAGGETTGACGARCAGAAATTGATATCCGAGGARAGAT
CTCAATAGGAGGAAGAGAGAAGGCAGGESEG “GCCT“"TCﬂCTT?CJG'bAWGT‘GAGC
AAAATCCGGGECCTATGGAGACCGATACCCTECTCTTGTG
GCCAGGATCTACAGGTGATGAAGAAGAATTGCAGATCA PVL.A”FAQAiAAAFvyGT‘
CTCCTGECCGCAGCAGAGACCGCTACCCTCAGATETACCATCACTTCTCTCTTCCCCG
TTGGECCCCATCCAGTGETTTCCGAGECGCAGGACCAGGACGAGTGCTTATTTACAATCA
ACGACAGGGCCCATTCCCAAGAGTCACAACAGTATCCCATACCACCAAGCGCAATAAT
ATGGACT ,..7"“P“AGAATOGuL»A“A“AACAFCgbCT"AOC”CGCmAfAT CTATT
GTATTAAATTTCGAAAGGGCTCACCAGACGACGT AAT:TAHGTCﬁthJFCubAAC
CGAACTCTCAGTTAGAGCARAALC TﬂchCTACg:CCGCCGGCG S CAGCGACATCAAG
CTGCAGCAGAGCGECGCCGAGCTGEECCAGGCCLGECGUCAGCGTGAAGATGAGCTGCA
A(ACCA“” GCTACACCOTTCACCAGGTACACCATGCACTGCETGAAGCAGAGGCCCGG

AGGGCCTGGAGTGGATCGEECTACATCAACCCCA WGCTACACCAACTACAAT
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CAGRAAGTTCAAGGACAAGGCCACCCTGACCACCGACAAGAGCAGCAGCACCGCCTACA
TGCAGCTGAGCAGCCTGACCAGCGAGGACAGCECCGTETACTACTECGCCAGGTACTA
CGACGACCACTACTGCCTGGACTACTGEGGCCAGEGCACCACCCTGACCEGTGAGCAGC
GTGGAGGGCGGCAGCGGCGGECAGCEECGGCAGCGECGGCAGCGGCGHECETGGACGACA
TCCAGCTGACCCAGAGCCCCGCCATCATGAGCELCAGCCCCGGCGAGAAGGTGACCAT
GACCTGCAGGGCCAGCAGCAGCGTGAGCTACATGAACTGETACCAGCAGAAGAGCGEEC
ACCAGCCCCAAGAGGETGGATCTACCGACACCAGCAAGGTEGCCAGCEGELGTGCCCTACA
GGTTCAGCGGCAGCGGCAGCEGCACCAGCTACAGCCTGACCATCAGCAGCATGGAGEC

CCAGGACGCCGCCACCTACTACTGCCAGCAGTGGAGCAGCAACCCCCTGACCTTCGGEL
GCCE CTCGAGCTGAAGCACCACCACCACCACCACTAG

{00225] Additional exemplarty embodiments of engager molecules include engager
maolecules comprising an activation domain comprising an anii-CD3 sckv (e.g., comprised of
SEQ D NOs: 20 and 22) and a therapeutic domain comprising an sciv that binds to a cell
surface protein such as CTLA4, TIMS3, LAG3, BTLA, KIR, THGIT, OX40, or GITR. In some
embodiments, the oncolytic viruses described hergin comprise a bicistronic or multicistronic
nucleic acid sequence, wherein a first nucleic acid sequence encodes an engager molecules
comprising an activation domain comprising an anti-CB3 sclFv {e.g., comprised of SE{Q 1D NOs:
20 and 22} and a therapeutic domain comprising an scFv that binds to a cell surface proten such
as CTLA4, TIM3, LAG3, BTLA, KIR, TIGIT, OX40, CD47, or GITR, and a second nucleic acid
sequence encoding a therapeutic molecule such as IL-15 (8EQ 1D NG: 24), IL~12 (SEQ 1D NOs:
26 and 28), CXCL10 (SEQ 1D NG: 30), or MMPY {(SEQ 1D NGO: 34). In such embodiments, the
engager molecule s linked to the therapeutic molecule polypeptide by a T2A selfcleaving
peptide linker (SEQ 1D NO: 14).

{00226} Additional exemplarly embodiments of engager molecules imclude engager
molecules comprising an activation domain compnsing an anti-CD3 scFv {e.g., comprised of
SEQ 1 NOs: 20 and 22) and an antigen recognition domain comprising an scFv that binds to
SLAMF7 {also known as CD319) or CD27 (either the membrane bound form of CD27 or the
soluble form of CD27). In some embodiments, the oncolytic viruses described herein comprnise a
bicistronic or multicistronic nucleic acid sequence, wherein a first nucleic acid sequence encodes
an engager molecules comprising an activation domain compnsing an anti-CD3 scFv {eg.,
comprised of SEQ ID NOs: 20 and 22) and an antigen-recognition domain comprising an scFv
that binds to a target cell antigen such as SLAMET or CB27, and a second nucleic acid sequence
encoding a therapeutic molecule such as 1L-15 (SEQ 1D NG: 24), H.-12 (8EQ ID NOs: 26 and
28y, CXCL10 (8EQ 1D NO: 30), or MMPO (SEQ 1D NO: 34). In such embodiments, the engager
molecule 1s linked to the therapeutic molecule polypeptide by a T2A self-cleaving peptide linker
(SEG 1D NG: 14).
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1002271 Additional cell surface proteins that are suitable for target by the engager
molecules described herein are shown below i Table 5. Additional proteins that are suitable for
use as therapeutic molecules are show below 1 Table 6.

Table 5: Cell-surface proteins suitable for targeting by engager molecules

human SLAME7 NP 0670043

human NKGD2L NP 079494 1

human CTLA4 NP 0052052

human TIM3 NP 1161713

human LAG3 NP 0022774

human BTLA (isoform 1 and 2, NP 001078826.1; NP 8614453

respectivelyy

human KiR

human TIGIT NP 7761602

human 0X40 NP 0033181

human GITR (soform 1, 2.3 NP 804186.1; NP 6836991,

respectivelv) NP 6837001

human CD27 NP 0012331

human CD40 Gsoforms 1-5, respectively) NP 0012411, NP 690393 1,
NP 001289682 1, NP _001309330.1;

NP 0013093511
human NKGD2L NP (79494 1
human D200 NP (039354

Table 6: Proteins suitable for use as therapeutic molecules

NF NP 0005852
human CX3CL1 NP (0029871
human CCR4 NP 005499 1
human CSF-1 NP 0007483
human TGER NP 0006513
human IL-7 NP 0008711
human GM-CSF NP (007492

Therapeutic Uses of Oncolytic Viruses

1002281 In some embodiments, the present invention provides compositions and
methods of use for the prevention, treatment, and/or amelioration of a cancerous disease. In some
embodiments, the methods described herein comprise administening an effective amount {e.g2.. a
therapeutically effective amount) of an oncolviic virus described herein to a subject in need
thereof, wherein the virus expresses an engager molecule or an engager molecule and a

therapeutic molecule.
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[00229] In some embodiemnts, compositions and methods of the present mvention
are useful for all stages and types of cancer, including for minimal residual disease, early sohd
temor, advanced solid tumor and/or metastatic solid tumor. In some embodiments, compositions
and methods of the present mvention are used to treat a variety of solid tumors associated with a
number of different cancers. The term "solid tumors" refers to relapsed or refractory tumors as
well as metastases (wherever located), other than metastatses observed in lymphatic cancer.

{00230} Exemplarly schd tumors include, but are not limited to. brain and other
central nervous system tumors {(e.g tumors of the meninges, brain, spinal cord, cranial nerves
and other parts of central nervous system, e.g. glioblastomas or medulla blastomas}; head and/or
neck cancer; breast tumors; circulatory system temors {e.g. heart, mediastinum and pleara, and
other intrathoracic organs, vascular tumors and tumor-associated vascular tissug);, excrotory
system tumors {e.g. kidnev, renal pelvis, ureter, bladder, other and unspecified urinary organs};
gastromtestinal tract tumors {e.g. oesophagus, stomach, small intestine, colon, colorectal,
rectosigmoid junction, rectum, anus and anal canal), tumors involving the liver and intrahepatic
bile ducts, gall bladder, other and unspecified parts of biliary tract, pancreas, other and digestive
organs); head and neck; oral cavity (lip, tongue, gum, floor of mouth, palate, and other parts of
mouth, parotid gland, and other parts of the salivary glands, tonsi, oropharvox, nasopharvox,
pyriform sinus, hypopharynx, and other sites in the lip, oral cavity and pharyox); reproductive
system tumors {e.g. vulva, vagina, Cervix uvieri, Corpus uvteri, uterus, ovary, and other sites
associated with female genttal organs, placenta, penis, prostate, testis, and other sites associated
with male genital organs), respiratory tract tumors {¢.g. nasal cavity and middie car, accessory
sinuses, larynx, trachea, bronchus and fung, e g small cell lung cancer or non-small cell lung
cancer); skeletal system tumors {e.g. bone and articular cartilage of limbs, bone articular cartilage
and other sites); skin tumors {e.g. malighant melanoma of the skin, non-melanoma skin cancer,
basal ccll carcinoma of skin, squamous cell carcinoma of skin, mesothclioma, Kaposi's sarcoma);
and tumors involving other tissues including peripheral nerves and aufonomic nervous system,
connective and soft tissue, retroperitoneum and perttoncum, eye and adnexa, thyroid, adrenal
gland and other endocrine glands and related siructures, secondary and unspecified malignant
neoplasm of lvmoph nodes, secondary malignant neoplasm of respiratory and digestive systoms
and secondary malignant neoplasm of other stes, oligodendroglioma, oligoastrocvioma,
astrocytoma, glioblastoma or medulloblastoma or other solid tumor,

{00231 In particular embodiments, the solid tumor 18 a brain tumor. In some
mstances, the brain tumor includes, but is not limited to, a glioma, in particular ependyvmoma,

oligodendroglioma, oligoastrocytoma, astrocytoma, glioblastoma, or a medulloblastoma.
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1002321 In some embodiments, compositions and methods of the present mvention
arc used to treat a hematologic cancer. The torm “hematologic cancer” refers herein to a cancer
of the blood system and includes relapsed or refractory hematologic cancer as well as a
metastasized hematologic cancer {(wherever located). In some instances, the hematologic cancer
i3 a T-cell mahignancy or a B-cell malignancy. Exemplary T-cell malignancies mehude, but are
not limited to, peripheral T-cell lymphoma not otherwise specitied (PTCL-NOS), anaplastic large
cell lyvraphoma, angloimmunoblastic lviophoma, cutancous T-cell lymphoma, adult T-cell
leukemia/lymphoma (ATLL), blastic NK-cell Iyvmphoma, enteropathy-type T-cell lymphoma,
hematosplenic gamma-delta T-cell lvmphoma, lymphoblastic ymphoma, nasal NK/T-cell
lymphomas, or treatment-related T-cell lymphomas.

100233] Exemplary B-cell malignancies include, but are not imited to, chronic
Iymphocytic leukemia (CLL), small lymphocytic lvmphoma (SLL), high nsk CLL, a non-
CLE/SLL lymphoma, prolymphocytic leukenna (PLL), follicolar lymphoma (FL}, diffise large
B-cell lyraphoma (DLBCL), mantle cell lvmphoma (MCL), Waldenstriim’s macroglobulincmia,
multiple myeloma, extranodal marginal zone B cell lvmphoma, nodal margmal zone B cell
tymphoma, Burkitt’s lvmphoma, non-Burkitt high grade B cell lymphoma, primary mediastinal
B-cell lymphoma (PMBL), mmunoblastic laree cell lymphoma, precursor B-lymphoblastic
lymphoma, B cell prolymphocytic leukenia, lvmphoplasmacytic lymphoma, splenic margmal
zone lymphoma, plasma cell myeloma, plasmacytoma, mediastinal (thvmic) large B ccll
bymphoma, intravascular large B cell lyvmphoma, primary effusion lyvmphoma, or lymphomatoid
granulomatosis. In some cases, the hematologic cancer is a relapsed or refractory hematologic
cancer. In some cases, the hematologic cancer is a metastasized hematologic cancer.

[00234] In some embodiments, the oncolvtic virus 1s engineered to produce a high
level of expression of the engager molecule and/or the therapeutic polypeptide prior to the death
of the virally~-infected cell, eg, within 1, 2,3, 4,5, 6, 7,8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23 or 24 hours of infection, or within 2, 3, 4, S, or 6 days of infection. Expression
of the engager molecule and/or the therapeotic polvpeptide can be determined by methods known
m the art, mecluding Western blot, ELISA, immunoprecipitation, or electrophoresis, among
others. In gencral, a “high level of expression™ m reference to a therapeutic molecule refers to a
level of expression that is greater than the basal level of expression of a corresponding

polypeptide in a cell that is not infected with the oncolytic virus

Compositions and routes of administration



WO 2018/006005 PCT/US2017/040354

[00235] In some embodiments, a therapeutically effective amount of an oncolvtic
virus or compositions thereof are admimnistered to a subject In accordance with this disclosure, the
term "pharmaceutical composition” relates to a composition for administration o an individual.
Admnistration of the compositions described herein can be local or systemic and can be effected
by different ways, e.g., by intravenous, subcutaneous, intraperitoneal, mtramuscular, topical or
miradermal aduounistration. In some ombodiments, compositions disclosed herein  are
admuustered by any means known in the art. For example, the compositions described herein
may be administered to a subject intravenously, intratumorally, mtradermally, miraartenally,
mtraperitoneally, mtralesionally, intracranially, ntraarticularly, mtraprostaticaly, mtrapleurally,
mtratracheally, mtranasally, intravitreally, intravaginally, intrarectally, topically, intratomorally,
mtramuscularly, intrathecally, subcutancously, subconjunctival, intravesicularlly, mucosally,
mtrapericardially, intravmbilically, intraocularly, orally, locally, by inhalation, by injection, by
mfusion, by continuous infusion, by localized perfusion, via a catheter, via a lavage, in a cream,
or in a limd composition. In particular embodiments, the composition is administered o the
mdividual via infusion or injection. In some embodiments, admimstration 18 parenteral, e.g.,
mtravenoos. In some embodiments, the oncolytie virus or composition thereof ts administered
directly to the target site, e.g., by biolistic delivery to an internal or external target site or by
catheter to a site in an artery. In particular embodiments, the compositions described hercin are
administered subcutancously or miravenously. In some embodiments, the oncolviic viruses or
compositions thereof described herein are administered intravenously or intraarterially,

{00236] In a preferred embodiment the compositions described hersin are
formulated for a particular route of adnunistration, for parenteral, transdermal, mtraluminal,
mtra-arterial, intrathecal) intravenous adminstration, or for direct mjection nto a cancer. b some
embodiments, the compositions further comprise a pharmaceutically acceptable carnier.
“Pharmaceutically or pharmacologically acceptable” refer herein to molecular entities and
compositions that do not produce an adverse, allergic or other untoward reaction when
administered to an animal, or a human, as appropriate. In some embodiments, the pharmaceutical
compositions of the present disclosure further comprise a pharmaceutically acceptable carrier. A
"pharmaceutically acceptable carmer” includes any and all solvents, dispersion media, coatings,
buffer, stabilizing formulation, antibacterial and antifungal agents, isotonic and absorption
delaving agents and the like. Examples of suitable pharmaceutical carriers are well known in the
art and include phosphate buffered saline solutions, water, emulsions, such as oil/water
emulsions, various types of wetting agents, stenle solutions, etc. Compositions comprising such

carriers are formulated by well-known conventional methods. In some embodiments,
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supplementary active ingredients are also incorporated into the compositions. For human
administration, the compositions described herein are met with stenihity, pyvrogeniecity, and
general safety and purity standards as required by FDA Office of Biclogics standards.

1002371 In some embodiments, the compositions described herein comprise a
carrier such as a solvent or dispersion medium containing

[y

for example, water, ethanol, polvol
{for example, glycercl, propylene glycol, and liguid polyethylene glveol, and the hke), suitable
nuxtures thereof, and vegetable oils. The proper fluidity 1s maintained, for example, by the use of
a coating, such as lecithin, by the maintenance of the required particle size mn the case of
dispersion and by the use of sarfactants. The prevention of the action of microorganisms is
brought about by various antibacterial and antifungal agents known in the art. In many cases, it is
preferable to include isotonic agents, for cxample, sugars or sodium chlonde. In some
embodiments, prolonged absorption of the inyectable compositions 1s brought about by the use n
the compositions of agents delaving absorption, for example, aluminom monostearate and
gelatim.

[00238] In some embodiments, the oncolviic viruses described herein are
formudated into a composttion in a neutral or salt form.  Pharmmaceutically acceptable salts,
mclude the acid addition salts (formed with the free amino groups of the protein) and which are
formed with norganic acids such as, for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartanc, mandelic, and the like. Salts formed with the free
carboxyl groups are derived from inorganic bascs such as, for example, sodnum, potassium,
ammonium, <alctum, or ferric hydeoxides, and such organic bases as isopropylamine,
trimethylamine, histidine, procaine and the like.

[00239] Pharmaceutical forms switable for mmjectable use include sterile aqueous
solutions or dispersions; formulations including sesame oil, peanut ot or agueous propylens
glveol; and stenile powders for the exieraporancous preparation of sterile injectable solutions or
dispersions. In some cases, the form is sterile and s flmd. In some cases, it 1s stable under the
conditions of manufacture and certain storage parameters {e.g2. refrigeration and freezing) and is
preserved against the contaminating action of microorganisms, such as bactena and fungt.
Agueous compositions of some embodiments herein include an effective amount of a virus,
nucleic acid, therapeutic protein, peptide, construct, stimulator, inhibitor, and the like, dissolved
or dispersed i a pharmaceutically acceptable carrier or agueous medium. Aqueous compositions
of vectors expressing any of the forcgoing are also contemplated.

100240] In certain embodiments, bioclogical matenial is extensively dialyzed to

remove undesired small molecular weight molecudes and/or lyophilized for more rmeady
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formulation mto a desired vehicle, where appropnate. In some embodiments, the active
compounds or constructs are formulated for parenteral admunistration, eg., formulated for
mjection via the intravenous, intramuscular, sub-cutaneous, intralesional, intranasal or
miraperitoneal routes. Any route used for vaccination or boost of a subject is used. The
preparation of an aquecus composition that contains an active component or ingredient is known
to those of skill in the art in hight of the present disclosure. Typically, such compositions are
prepared as mjectables, etther as higuid solutions or suspensions; solid forms suitable for use in
preparing solutions or suspensions upon the addition of a hquid pror to imjection is also
prepared; and the preparations are also emulsified.

{00241] In some mstances, the oncolviic virus is dispersed in a pharmaceutically
acceptable formulation for injection. In some embodiments, stertle injectable solutions are
prepared by incorporating the active compounds or constructs in the required amount in the
appropriate solvent with any of the other ingredients enumerated above, as required, followed by
filtered sterilization.

00242} Upon formulation, the compositions described herein are administered n
a manner compatible with disease to be treated and the dosage formulation and i such amount as
is therapeutically effective. The formulations are casily admumistered in a variety of dosage
forms, such as the type of injectable solutions described above, but also as slow release capsules
or micropariicies and microspheres and the hike.

{00243] For parenteral administration in an aqueous solution, for example, the
solution is suvitably buffered if necessary and the hquid dilvent first rendered isotonic with
sufficient saline or glucose. These particular agueous solutions are especially suitable for
mtravenous, mtratumorally, intramuscelar, subcutaneous and intraperitoneal administration. In
this context, sterile aqueous media that is employed is known to those of skill in the art in light of
the present disclosure. For example, one dosage is dissolved in 1 mL of isotonic Na(l solution
and either added to 1000 mL of hvpodermolysis fluid or injected at the proposed site of infusion.

{00244} In addition to the compounds formulated for parenteral administration,
such as intravencus, infratumorally, intradermal or iotramuscular  imgection, cother
pharmaceutically acceptable forms include, e.g., tablets or other solids for oral admiunistration;
hiposomal formulations; time release capsules; biodegradable and any other form currently use

{00245] In some embodiments, the viruses are encapsulated to inhibit immune
recognition and placed at the site of a tumor.

[00246] In some instances, preparations for parenieral administration include

sterile agueous or non-aqueous solutions, suspensions, and emulsions. Examples of non-agueous
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solvents are propylene glveol, polvethylene glveol, vegetable oils such as olive oil, and njectable
organic esters such as ethyl oleate. Aqueous carriers include water, alcoholic/agquecus sohutions,
emulsions or suspensions, including saline and buffered media. Parenteral vehicles include
sodium chionde solution, Ringer's dextrose, dextrose and sodium chlonde, lactated Ringer's, or
fixed otls. Intravenous vehicles include fluid and nutrient replenishes, electrolyte replenishers
{such as those based on Ringer's dextrose}, and the like. Preservatives and other additives are also
present such as, for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and
the like. In addition, the pharmaceutical composition of the present disclosure might comprise
proteinaceous carriers, like, e.g., serum albumin or immunoglobulin, preferably of human origin.
It 1s envisaged that the pharmaceutical composition of the disclosure might comprise, in addition
to the proteinaceous bispecific single chain antibody constructs or nucleic acid molecules or
vectors encoding the same (as described in thas disclosure}, turther biologically active agents,
depending on the mtended use of the pharmaceutical composition.

{00247} In some embodiments, tumor-infilirating virus-producing cclls which
continuously release vectors are formulated for direct implantation mto a tamor n order to
mcrease the viral oncolysis and the transfer efficiency of the therapeutic genes.

{00248] Intranasal formmulations are known in the art and are described in, for
example, U.S. Patent Nos. 4,476,116, 5,116,817, and 6,391,452, Formulations which arc
prepared according to these and other technigues well-known in the art are prepared as solutions
in saline, emploving benzyl aleohol or other suitable preservatives, fluorocarbons, and/or other
solubilizing or dispersing agends known in the art. Sge, for example, Ansel, H . ot al,
Pharmaceutical Dosage Forms and Drug Delivery Systems, Sixth Ed. (1995). Preferably these
compositions and formulations are prepared with suitable nontoxic phammaceutically acceptable
mgredients. These ingredients are known to those skilled in the preparation of nasal dosage forms
and some of these are found in Remington: The Science and Practice of Pharmacy, 21st edition,
20035, a standard reference in the field. The choice of suitable carmers 1s highly dependent upon
the exact nature of the nasal dosage form desired, 2., solutions, suspensions, ointments, or gels.
Nasal dosage forms generally contain large amounts of water in addition to the active ingredient.
Minor amounts of other ingredients such as pH adjusters, emulsifiers or dispersing agenis,
preservatives, surfactants, gelling agents, or buffering and other stabilizing and solubilizing
agents are also present. The nasal dosage form is 1sotonic with nasal secretions.

{00249] For administration by inhalation described herein is in a form as an
acrosol, a mist or a powder. Pharmaceutical compositions described herein are convenently

delivered in the form of an aerosol spray presentation from pressurized packs or a nebulizer, with
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the use of a suitable propellant, e.g, dichloroditluoromethane, trichlorofluoromethane,
dichlorotetrafluorosthane, carbon dioxide or other suitable gas. In the case of a pressurized
acrosol, the dosage unit s determined by providing a valve to deliver a metered amount.
Capsules and cariridges of, such as, by way of example only, gelatin for use in an nhaler or
msufflator is formulated containing a powder mix of the compound described heremn and a

suitable powder base such as lactose or starch.

Therapeutically Effective Amounts and Therapeutic Regimens

[00250] In some embodiments, the oncolytic viruses and compositions thercof
described herein are adminmistered to a subject at therapevtically effective amount. The
therapeutically effective amount will depend on the subject to be treated, the state (e.g., general
health} of the subject, the protection desired, the disease 1o be treated, the route of administration,
and/or the nature of the virss. In some embodiments, the person responsible for administration
{e.g., an attending phvsician) will determoine the approprate dose for an mdividual. As 1s well
known in the medical arts, dosages for anv one patient depend upon many factors, including the
patient's size, weight, body surface arca, age, sex, and general health, the particular compound to
be adnmunistered, the particular disease to be treated, iming and route of adounistration, and other
drugs being administered concurrently. Therefore, 1t 1s expected that for cach individual patient,
even if the viruses that are administered fo the population at large, each patient 1s monitored for
the proper dosage for the individual, and such practices of monitoring a patient are routine m the
art.

1002511 In some embodiments, the therapeutically effective amount of an oncolvtic
virus described herein is admunistered in a single dose. In some embodiments of the present
mvention, the pscudotyped oncolytic viruses or compositions thereof are administered to a
subject at a dosc ranging from about 1x10%° pfu to about Ix10™ pfu (plague forming units),
about Ix10™ pfu to about Ix107% pfu, about 1x1071 pfu to about Ix10™P pfu, or about 1x10™
pfu to about Ix107%? pfu. For example, in some embodiments, the pseudotyped oncolytic viruses
or compositions thereof are administered to a subject at a dose of about 10°, 10°, 107, 108, 107,
0% 161, 101 105, 10 or 10% pfu of virus. In some embodiments, the dose depends, on the
age of the subject to which a composition is being administered. For example, a lower dose may
be required if the subject is juvenile, and a higher dose may be required if the subject is an adelt
human subject. In certain embodiments, for example, a juvenile subject receives about 1x10™ pfu

+10

and about 1x107'° pfu, while an adult human subject receives a dose between about Ix107 pfu

and about Ix107Y pfu. In some embodiments, the therapeotically effective amount of an
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oncolytic virus described herem s adnunistered over the course of two or more doses. In some
embodiments, the two or more doses are administered simultancously {(e.g., on the same day or
over a short penod of time) or at appropriate intervals, for example as two, three, four or more
sub-doses per day.

{00252] In some embodiments, the oncolytic viruses or compositions thereof
described herein are admunistered to a subject once. In some embodiments, the oncolytic viruses
or compositions thercof described herein are administered to a subject more than once. For
example, a composition disclosed herein may be adnunistered muliiple times, including 1, 2, 3, 4,
5, 6, or more times. In some embodiments, a composition disclosed herein may be administered
to a subject on a daily or weekly basis for a time period or on a monthly, bi-vearly, or yearly
basis depending on need or exposure to a pathogenic organism or to a condition n the subjeoct
{e.g. cancer). In particular embodiments, the oncolytic viruses and compositions thereof are
formulated in such a way, and administered in such and amount and/or frequency, that they are
retained by the subject for extonded periods of time.

100253] In some embodiments, the pseudotyped oncolytic viruges or composiions
thereof are administered for therapeutic applications or is administered as a maintenance therapy,
such as for example, for a patient in remission. In some embodiments, the pseadotyped oncolytic
viruses or compositions thereof are adnunistered once every month, once every 2 months, once
every 6 months, once a vear, twice a year, three times a vear, once every two vears, once every
three vears, or once every five years,

{00254] Im some cmbodiments wherein a patient’s status does improve, the
pseudotyped oncolvtic viruses or compositions thereof may be administered continuously upon
the doctor’s discretion. In some embodiments, the dose composition is temporarily reduced
and/or admimsiration of the composition is temporarily suspended for a certain length of time
(i.c., a “drug holiday™). In some cmbodiments, the length of the drug holiday varies between 2
davs and 1 vear, including by way of example only, 2 days, 3 days, 4 davs, 5 days, 6 days, 7
days, 10 days, 12 days, 15 days, 20 days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days,
150 days, 180 days, 200 days, 250 days, 280 days, 300 days, 320 days, 350 days, or 365 days.
The dose reduction during a drug holiday is from 10%-100%, including, by way of example only,
10 %, 15 %, 20 %, 25 %, 30 %, 35 %, 40 %, 45 %, 50 %, 55 %, 60 %, 65 %, T0 %, 75 %, 80 %,
85 %o, 90 %, 95 %, or 100 %.

{00255] In some embodiments, once improvement of a patient's conditions has
occurred, a maintenance dose may be administered if necessary. In some embodiments, the

dosage and/or the frequency of administration of the composition s reduced, as a function of the
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symptoms, to a level at which the improved disease, disorder or condition 1s retaimed. In some
embodiments, patients may require mtermittent treatment on a long-term basis apon any
recurrence of symptoms.

{00156] In some embodiments, toxiciiy and therapeutic efficacy of such therapeutic
regimens are determined by standard pharmaceutical procedures in cell cultures or experimental
amimals, mchuding, but not hmited to, the determination of the LDse {the dose lethal to 50 % of
the population) and the EDs (the dose therapeutically effective 1 30 % of the population). The
dose ratio between the toxic and therapeutic effects is the therapeutic index and it is expressed as
the ratio between LDso and EDse. Compounds exhibiting high therapeutic mdices are preferred.
The data obtained from cell cultare assays and animal studies are used in formulating a range of
dosage for use in human. The dosage of such compounds lies preferably within a range of
circulating concentrations that mclude the EDso with minimal toxicity. The dosage varies within
this range depending upon the dosage form emploved and the roate of admunistration utilized.

{00257] In some instances, tumor antigen expression levels are evaluated to assess
the progress of treatment in a patient, to stratify a patient, and/or to modulate a therapeutic
regimen. I some instances, assessment of antigen expression levels mchide the use of
immunchistochemistry  {(IHC) (including senu-quantitative of goantitative 1HCY or other
antibodvy-based assays {(Westorn blot, fluorescent immunoassay (FIA), fluorcscence m siu
hybndization (FISH), radioimmunoeassay (RIA}, radisimmunoprecipifation {RIPY, enzyme-linked
nmunosorbent assay (ELISA), immupoassay, wnmonoradiometnic assay, fluoroimmuonoassay,
chemiluminescont assay, biohuminescent assay, gol eloctrophoresis), or indirectly by gquanditating
the transeripts for these genes {e.g by in site hybndization, nuclease profection, Northem blot,
polymerase chain reaction {(PCR) mcluding reverse transeriptase PCR (RT-PCR)Y. In some
mstances, cells, for example, lymphocyies, are analvzed using FACs technology or paraffin
embedded tumor sections using antibodics,

{00158] In some mstances, antibodies are used to charactenize the protein content
of target cells through technigues such as immonchistochemistry, ELISAs and Western blotling.
In some cases, this provides a screen e.g for the presence or absence of a subject hikely o
respond favorably to oncolytic vitas therapy and/or a need for co-administering an imomne
stimnulating agent with an oncolytic virus.

[00259] In some embodiments, immunchistochemistry is performed on a sample of
tissue from a biopsy. In some cases, the sample 15 examined fresh or frozen. In some instances,
antibodics against antigens preseoled o the cell are added 1o the sample on a slide and the

antibodies bind wherever the antigens are present. In some embodiments, excess antibody 1s then
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washed away. In some cases, the anttbodies that remam bound {o the cell are further labeled by a
secondary antibody for visualization under a microscope.

{00260] In some embodiments, test samples are obiamed from a subject such as for
gxample, from tissue {e.g tumor biopsy), cerebrospingl fld (CSF), bhph, blood, plasma,
senurn, peripheral blood monomuclear cells (PEMUs), lvmph fluid, lvmphoeovtes, synovial fluid
and wrine. In particular ombodiments, the test sample is obtaimed fromm CSF or tumor tissge. In
other particular cmbodunents, the tost sarople is obtamed from tumor tissue and e.g. the relative
number of CD47 and/or CDBY cells 1o the sample 18 determined and/or the level of one or more
Thi and/or Th2 cytokines in the sample 1s measured e g by immunofluorescent siaining of fixed
and permeabilized cells from the sample with antibodics against the Thi and/or Th2 evtokings. In
other particular embodiments, the test sample 15 obtained from blood and ez the level of onc or

more Thi and/or Th2 cytokines in the sample 15 measured by ELISA.

Combination Therapy

[00261] In some embodiments, the viruses, expression constructs, nucleic acid
molecules and/or vectors described herein are admunistered i combination with another
therapeutic agent. In some embodiments, the oncolvtic viruses and an adddtional thereapeutic
agent are formulated in the same composttions. In such embodiments, the composition may
further comprise a pharmaccutically acceptable carrier or excipient. In some embodiments, the
oncolytic viruses and an additional thereapeutic agent are formulated in separate compositions
{e.g., two or more compositions suitable for administration to patient or subject). The disclosure
further encompasses co-admimistration protocols with other cancer therapies, e.g bispecific
antibody constructs, targeted toxins or other compounds, including those which act via immune
cells, incloding T-cell therapy. The clinical regimen for co-administration of the inventive
composition{s) cncompass{cs) co-administration at the same time, before and/or afier the
adoinistration of the other component. Particular combination therapies include chemotherapy,
radiation, surgery, hormone therapy, and/or other types of immunotherapy.In some embodiments,
a therapeutically effective amount of a pseudotyped oncolytic virus is administered to a subject in
need thercof i combimation with an additional therapeutic agent. In some instances, the
additional therapeutic agent is a chemotherapeutic agent, a steroid, an immunotherapeutic agent,
atargeted therapy, or a combination thereof.

{00262} In some embodiments, pharraccutical compositions are administered i
conpiction with an adjuvant therapy., For oxamples, activaiing adjuvant treatments are

administered prior to, contemporancous with, or after one or more admimstrations {¢.g,
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miratumoral injection of the pseudotvped virus). For example, adjuvant therapy imchudes
modidation of Toll-like receptor (TLR) higands, such as TLRY activation by DNA molecules
conymising Cpls sequences, or TLRYS activanion {c.g., by RNA ligandsy Other adjuvant
ireatments melnde agonizing antibodies or other polypeptides {e.g., activation of UB40 or GITR
by CD40 Ligand (CD40LY or GITR Ligand (GITRL), vespectivelyv). Further, provided are cyelic
dinicleotides {o.g.. o-di-GMP) that modudate STING. Another activatmg adjuvant includes
mterfouking such as L33

[00263] In some embodiments, the additional therapeutic agent comprises an agent
sclected from: bendamustine, bortezomib, lepnalidomide, idelalisib (G5-1101), vonnostat,
gverolimus, panobinostat, temsirchimus, romidepsin, vorinostat, fludarabine, cyclophosphamide,
mitoxantrone, pentostating, prednisone, ctopside, procarbazine, and thalidomide.

{00264] In some embodiments, the additional therapeutic agent 1s a mulu-agent
therapeutic regimen. In some embodiments the additional therapeutic agent comprises the
HyperCVAD regimen {cyclophosphamide, vincristine, doxorubicin, dexamethasone aliernating
with methotrexate and cvtarabing). In some embodiments, the HyvperCVAD regimen is
administered 1n combmation with riteximab.

{00265] In some embodiments the additional therapeutic agent comprises the R-
CHOP regmment (rituximab, cvelophosphamide, doxorubicin, vincristine, and preduisonc}.

{00166] In some embodiments the additional therapeutic agent compnses the FCR
regimen (FCR (fludarabing, cyclophosphamide, rituxamab).

100267] In some embodiments the additional therapeutic agent comprises the
FCMR regimen (fludarabine, cyclophosphanude, mitoxantrone, ritusimab).

[00268] In some embodiments the additional therapeutic agent comprises the FMR
regimen (fludarabine, mitoxantrone, rituximab},

{00269] In some embodiments the additional therapeutic agent comprises the PCR
regimen {(pentostatin, cyclophosphamide, ritusimab).

{00270] In some embodiments the additional therapeutic agent compnises the PEPC
regimen {prednisong, ctoposide, procarbazine, cyclophosphamide).

{00271] In some cmbodiments the additional therapeutic agent comprises
radicimmunotherapy with *UY -ibritumomab tiuxetan or P-tositumomab.

{00272] In some embodiments, the additional therapeutic agent is an autologous
stem cell transpland.

{00273] In some embodiments, the additional therapeutic agent is selected from:

nitrogen  mustards  such  as  for example, bendamustine, chlorambucil, chlormethine,
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cvelophosphamide, 1tostfamide, melphalan, predmimustine, trofosfanude; alkyl sulfonates like
busulfan, mannosulfan, trecsulfan; cthylens imines like carboguone, thiotepa, triaziguone;
nitrosourcas hike carmusting, fotemustine, lomustine, nimustine, ranimustine, semustine,
streptozocin, epoxides such as for example, ctoglucid: other alkylating agents such as for
example dacarbazine, mitobrontiol, pipobroman, temozolomide; folic acid analogues such as for
example methotrexate, permetrexed, pralatrexate, raltitrexed; purine analogs such ag for example
cladribine, clofarabine, fludarabine, mercaptopurine, nelarabine, tioguanine; pyrimidine analogs
such as for example azacitidine, capecitabine, carmofur, cvtarabine, decitabine, fluorouracil,
gemcitabing, tegafur, vinca alkaloids such as for example vinblastine, vincristine, vindesine,
vinflunime, vinorelbine; podophyllotoxin derivatives such as for example etoposide, teniposide;
colchicing derivatives such as for example demecoleine; taxanes such as for example docetaxel,
pachitaxel, paclitaxe] poliglumex; other plant alkaloids and natural products such as for example
trabecteding actinomycines such as for example dactinomyein; antracvehines such as for example
aclarubicin, davnorubicin, doxorubicin, epirubicin, darubicin, mitoxantrone, pirarubicin,
valrubicin, zorubincin; other cytotoxic antibiotics such as for example bleomyein, ixabepilone,
mitomyein, plicamyem, platinom compoonds soch as for example carboplatin, cisplatin,
oxaliplatin, satraplatin; methylhvdrazines such as for example procarbazine; sensitizers such as
for cxample amnolevubinic acid, efaproxiral, methyl aminclevulinate, porfimer sodium,
temoporfin; protein kinase mnhibitors such as for example dasatimb, erlotimib, everolimus,
gefitinth, imatinib, lapatinib, nilotinib, pazonamb, sorafemib, sunitintb, temsirohimus; other
antineoplastic agents such ag for example alitretinoin, altretamine, amzacnne, anagrelide, arsenic
trioxide, asparaginase, bexarotene, bortezomub, celecoxib, denileukin diftitox, estramustine,
hydroxycarbamide, innotecan, lonidanine, masoprocol, miltefosein, mitoguazone, mitotane,
oblimersen, pegaspargase, pentostatin, romidepsin, sitimagene ceradenovec, tiazofurine,
topotecan, tretinoin, vorinostat; estrogens such as for example diethyistilbenol, cthinyiestradiol,
fosfestrol, polyestradiol  phosphate;  progestogens such as for example gestonorone,
medroxyprogesterone, megestrol; gonadotropin releasing hormone analogs such as for example
buserchin, goserclin, leuprorelin, triptorelin; anti-estrogens such as for example fulvestrant,
tamoxifen, toremifene; anti-androgens such as for example bicalutamide, flutanude, nilutamide,
enzyme nhibitors, aminoglutethimide, anastrozole, exemestane, formestane, letrozole, vorozole;
other hormone antagonists sach as for cxample abarelix, degarelix; Immunostimulants such as
for example histamine dihvdrochlonde, mifanwrtide, pidotimod, plerixafor, roquinimex,
thvmopentin; immunosuppressants such as for example everolimus, gusperimus, leflunomide,

mycophenolic acid, sirolimus; calcineurin mhibitors such as for example ciclosporin, tacrohmus;
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other immunosuppressants such as for example azathioprne, lenalidonmude, methotrexate,
thalidomide; and Radiopharmaceuticals such as for example, ichenguane.

{00274] In some embodiments, the additional therapeutic agent is selected from:
mterferons, mierleuking, tumor necrosis factors, growth factors, or the like.

{00275] In some embodiments, the additional therapeutic agent is selected from:
ancestim, filgrastim, lenograstim, molgramostim, pegfilgrastim, sargramostim; Interferons such
as for exarple [FNw natural, IFN a-Za, IFN o-2b, IFN alfacon-1, IFN g-oi, IFN Pratural, IFN -
la, IFN B-1b, IFN v, peginterferon a-2a, peginterteron a-2b; mterleuking such as for example
aldesleukin, oprelvekin: other immunostimulants such as for example BCG vaccine, glatiramer
acetate, histamine dihydrochloride, immunocyanin, lentinan, melanoma vaccine, mifamurtide,
pegademase, pidotimod, plernixafor, poly LC, poly ICLC, roquimimex, tasoncrmin, thymopentin;
Immunosuppressants such as for example abatacept, abetimus, alefacept, antilvmphocyte
mnmunoglobulin (horse), antithymocyte immunoglobulin  (rabbit), cculizumab, cfalizumab,
cverolinms, gusperimus, leflunomide, muromab-CD3, mvcophenolic acid, natalizumab,
sirolimus; TNFo mhibitors such as for example adalimumab, afelimomab, certolizumab pegol,
ctanercept, golimumab, mfloamab; Interlevkin Inhibitors such as for example anskinra,
basiliximab, canakinumab, dachzumab, mepolizumab, rilonacept, tocihzumab, ustekinumab;
calcineurin inhibitors such as for exarmple ciclosporin, tacrolimus; other immumosuppressants
such as for example azathioprine, lenalidomide, methotrexate, thalidonude.

{00276} In some embodiments, the additional therapeutic agent is selected from:
Adalimumab, Alemtuzamab, Bastlixamab, Bevacizomab, Cetuximab, Certolizumab pegol,
Daclizumab, Eculizumab, Efslizumab, Gemtuzumab, Itbhritumomab tuxetan, Intlamab,
Muromonab-CD3, Natalizaomab, Panitumumab, Ranibizumab, Ruuximab, Tosttumomab,
Trastuzumab, or the like, or a combination thereof.

{00277} In some embodiments, the additional therapeutic agent is selected from:
monoclonal antibodies such as for example alemiuvzumab, bevacizumab, catumaxomab,
cetuximab, edrecolomab, gembuzumab, panitumumab, rituximab, trastuzgmab;
Immunosuppressants, eculizumab, cfalizumab, muoromab-CD3, natalizamab; TNF  alpba
Inhibitors such as for example adalimumab, afelimomab, certolizumab pegol, golimumab,
mfliximab: Interfeukin  Inhibitors, basiliximab, canakinumab, daclizumab, mepolizumab,
toctlizumab, ustckinumab; Radiopharmaceuticals, ibritumomab  tiuxetan, tositumomab;
additional monoclonal antibodics such as for cxample abagovomab, adecattmumab,
alemtuzumab, anti-CD30 monoclonal antibody Xmab2513, anti-MET monocional antibody

MetMab, apolizumab, apomab, arcitumomab, basiliximab, bhispecific  antibody 2Bl
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blinatumomab, brentuximab  vedotin, capromab pendetide, cixutumumab, claudiximab,
conatumumab,  dacetuzomab,  denosumab,  ccohizumab,  cpratuzumab,  epratuzumab,
erfumaxomab, ctaracizumab, figitumumab, fresolimumab, galiximab, ganitumab, gemtuzumab
ozogamicin, glembatumumab, ibritumomab, imotuzumab ozogamicin, ipilimumab, Iexatumumab,
batuzumab, hntuzumab, lucatumumab, mapatumumab, matuzemab, milatuzomab, monoclonal
antibody CC49, necitwmumab, simotuzumab, oregovomab, pertuzumab, ramacurimab,
ranibizumab, siplizumab, sonepecizumab, tanczumab, tositumomab, trastuzumab, tremelimumab,
tucotuzumab celmoleukin, veltuzumab, visilizumab, volociximab, zalutomumab.

[00278] In some embodiments, the additional therapeutic agent is selected from:
agents that affect the tumor micro-cnviroment such as cellular signaling network {e.g
phosphatidviinositol 3-kinase (PI13K) signaling pathway, signaling from the B-ccll receptor and
the IgE receptor). In some embodiments, the additional therapeutic agent 1s a PI3K signaling
mhibitor or 8 sve kinase mnhibitor. In one embodiment, the syk inhibitor i3 R788. In another
crbodiment is a PKCy inhibitor such as by way of example only, enzastaurin.

[00279] Examples of agents that affect the tumor micro-environment include PI3K
signaling inhibitor, sye kinase inhibitor, protein kinase inhibitors such as for example dasatinib,
erlotinib, everohimus, gefitinib, imatib, lapatinib, milotimb, pazonamib, soratentb, sunitinib,
temsirolimus; other angiogenesis inhibitors such as for example GT-111, H-101, R1530; other
kinase mhibitors such as for example AC220, AC480, ACE-041, AMG 900, AP24534, Arry-614,
AT7319, AT9283, AV-951, axitinib, AZD1152, AZD7762, AZD30535, AZDR931, bafetinib,
BAY 73-4506, B(J398, BGT226, BI 811283, Bi6727, BIBF 1120, BIBW 2992, BMS-690154,
BMS-777607, BMS-863233, BSK-461364, CAL-101, CEP-11981, CYClle, DCC-2036,
dinacichb, dovitinib lactate, E7050, EMD 1214063, ENMD-2076, fostamatinib disodium,
GSK2256098, GSK690693, INCBIS424, INNO-406, INJ-26483327, JX-394, KX2-391,
fmifanib, LY2603618, MGCD265, ME-0457, MK 1496, MLNB054, MLN&237, MP470, NMS-
1116354, NMS-1286937, ON 01919 Na, OSI-027, O81-930, Btk inhibuor, PF-00562271, PF-

2341066, PF-03814735, PF-04217903, PF-04554878, PF-04691502, PF-3738309, PHA-
739358, PLC3397, progenipoictin, R547, R763, ramucirumab, regorafenib, RO5185426,
SAR103168, SCH 727965, SGI-1176, SGX323, SNS-314, TAK-393, TAK-901, TKI258, TLN-~
232, TTP6O7, XL147, X1.228, XL281RG5126766, XL418, XL765.

{00280] In some embodiments, the additional therapeutic agent is selected from:
mhibitors of mitogen-activated protein kinase signaling, e.g.. U0126, PDSR0OSY, PDI1R4352,
PD0325901, ARRY-142886, SB239063, SP600125, BAY 43-9006, wortmannin, or LY294002;

Svk inhibitors; mTOR inhibitors; and antibodies (e.g., rituxan).
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[00281] In some embodiments, the additional therapeutic agent 1s selected from:
20-epi-1, 25 dihvdroxyvitamin D3; S-ethvnyvhwracil, abiraterone; aclarubicing acylfulvene;
adecypenol; adozelesin; aldesleukin, ALL-TK antagonists; altretamine; ambamustine; amidox;
amifosting; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole; andrographolide;
angiogenesis inhibitors; antagonist D) antagomst () antarelix; anti-dorsalizing morphogenetic
protein-1; antiandrogen, prostatic  carcinoma; antiestrogen; antincoplaston. antisense
oligonucleotides; aphidicohin glyvcinate; apoptosis gene modulators; apoptosis regulators; apurinic
acid; ara~-CDP-DL-PTBA; arginine deaminase; asulacrine; atamestane; atnmustine; axinastatin 1;
axinastatin 2; axinastatin 3; azasetron; azatoxin, azatvrosing; baccatin U derivatives; balanol;
batimastat, BCR/ABL antagonists; benzochloring; benzovistaurosporing; beta lactam denvatives;
beta-alethine; betaclamyein B; betulimic acid; bFGF inhibitor; bicalutamide; bisantrone;
bisazinidmylspermine; bisnafide; bistratene A; bizelesing breflate; bropinmine; budotitane;
buthionine sulfoximine; calcipotriol; calphostin C; camptothecm derivatives; canarypox [L-2;
capecitabine; carboxamide-amino-triazole; carboxvamidotriazole; CaRest M3; CARN 700;
cartilage denved inhubitor; carzelesing casein kinase mhibitors {(ICOS), castanosperming;
cecropin B cetrorelix; chlorlns;, chloroguinoxaline sulfonamide; cicaprost; cis-porphyring
cladribine; clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4,
combretastatin analogue; conagenin; crambescidim 816; cnsnatol; cryptophyein 8, cryptophyein
A derivatives; curacin A cyclopentanthraqumones; cvcloplatam; cvpemyein;  cyvtarabme
ocfosfate; cytolvtic factor; cytostating dacliximab; decitabine; dehydrodidemmin B; deslorehin;
dexamethasong; dexifosfamide; dexrazoxane, dexverapanul, diaziquone; didemnin B; didox;
dicthylnorspermine; dihydro-5-azacytidine; 9- dioxamyein; diphenyl spiromustine; docosanol;
dolasetron; doxifluridine; droloxifene; dronabmol; duocarmycin SA; chselen; ecomusting;
edelfosing; edrecolomab; eflormithine; clemene; emitefur; epirubicin; epristeride; estramusting
analogue; estrogen agonists; estrogen antagonists; etanidazole; ctoposide phosphate; exemestane;
fadrozole; fazarabine; fenvetinide; filgrastim; finasteride; flavopiridol; flezelastine; fluasterone;
fludarabine; fluorodannonumicin hydrochloride; forfemmex; formestane; fostriccmn; fotemustine;
gadolinium  texaphyrin;  gallium  nitrate;  galocitabine;  ganirelix; gelatinase  imhibitors;
gemcitabine; glutathione inhibitors; bepsulfam; hereguling  hexamethvlene  bisacctamide;
hypencim; ibandronic acid; darubicin; idoxifenc; idramantone; ilmofosine, ilomastat;
imidazoacridones, tmiguimod; immunostimdant peptides; insulin-such as for example growth
factor-1 roceptor inhibitor; mterforon  agonists;  imterferons; interleukins;  iobenguane;
iododoxorubicin; ipomeanol, 4- woplact; irsogladine; isobengazole; isochomohalicondrin B;

ttasetron; iasplakinolide; kabalalide F; lamcHarin-N  tracetate; lanreotide; leinamycin;
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lenograstim; lentinan sulfate; leptolstating letrozole; leukemia inhibiting factor; leukocyte alpha
mterferon;  leaprolidetestrogentprogesterone;  leuproreling  lovamisole; liarozele; hinear
polyvamine analogue; lipophilic disacchande peptide; hpophdic platinum  compounds;
hissochnamide 7, lobaplatin; lombricine; lometrexol, lonidamineg; losoxantrone, lovastatn;
loxoribine; lurtotecan; hutetium texaphyrin; ysofylline; Ivtie peptides; maitansine; marmostatin
A; marimastat, masoprocol; maspin;, matrilysin inhibitors; matrix metalloproteinase inhibitors;
menogard; merbarone; meterelin, methioninase; metoclopramide; MIF inhibitor; mifepristone;
mittetosine; mirimostim; mismatched double stranded RNA; mitoguazone; nutolactol;
mitomyein analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim, monoclonal  antibody, human chorionic  gonadotrophin:
monophosphoryi lipid A-+myobacterium cell wall sk; mopidamol; multiple drug resistance gene
mhibitor; multiple thmor suppressor 1 -based therapy; mustard anticancer agent; mycaperoxide
B; mveobacterial cell wall extract; myriaporone; N-acetyldinaling; N-substituted benzamides;
nafarelin; nagrestip, naloxone+pentazocing; napavin, naphicrpin; nartograstim; nedaplating
nemorabicin, neridronic acid, neutral endopeptidase; nilutamide; nisamycin; nitric  oxide
modulators; nitroxide  antioxidant; nitndlyn,  O6-benzyiguanine;  octreotide;  okicenong;
cligonuclectides, onapristone; ondansetron; ondansetron; oracin; oral cviokine inducer;
ormaplatin; osaterone; oxaliplatin; oxaunomvein: palavamine; pabmitoylrhizoxin, pamidronic
acid; panaxytriol; panomifenc; parabactin; pazelliptine; pegaspargase; peldesine; pentosan
polyvsulfate sodium; pentostatin, pentrozole; perflobron; perfosfamide; periliyl  aleohol;
phenazinomycin, phenvlacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochioride;
pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator mhibitor; platinum
complex; platimum compounds; platinum-triamine complex; porfimer sodium; porfiromyein;
predmisone; propyl bis-acridone; prostaglandin §2; proteasome inhibitors; protein A-based
mmune modulator; protein kinase C mbibitor; protein kinase C inhibitors, microalgal; protein
tyvrosing  phosphatase  inlubitors; purine nucleoside phosphorviase mhibitors; purpurins;
pyrazoloacridine; pyvrdoxylated hemoglobin polvoxyethylerie conjugate; raf antagonists;
raltitrexed; ramosetron; ras farsesyl protein transferase inhibitors, ras inhibitors; ras-GAP
imhibitor; reteliptine demethylated; rhemium Re 186 etidronate; rhizoxin; ribozymes; RIT
retinamide; rogletimide; rohitukine; romurtide; roquinimex; rabiginone Bl ruboxyl; safingol;
saintopin; SarCNU; sarcophviol A sargramostim; Sdi | mimetics; semustine; senescence derived
mhibitor 1; sense oligonucleotides; signal transduction inhibitors; signal transduction modulators;
single chain antigen-bmding protemn; sizofiran; sobuzoxane; sodium borocaptate; sodium

phenylacetate; solverol, somatomedin binding protein; sonermin; sparfosic acid: spicamycin D;
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sprromusting; splenopentin; spongistatin 1, squalamine; stem cell inhibitor; stem-cell division
mhibitors; stipiamuide; stromelysin inhibitors; salfinosine; superactive vasoactive intestinal
peptide antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans; tallimustine;
tamoxifen methiodide; tauromusting; tazarotene; tecogalan sodium; tegafur, tellurapyryiium;
telomerase inhibitors; temoporfing temozolomide; teniposide; tetrachlorodecaoxide; tetrazomine;
thaliblastine; thiocoraline; thrombopoictin: thrombopoietin mimetic; thymalfasin; thymopoictin
receptor agonist; thyvmotrinan; thyroid stimulating hormone; tin ethvl ctiopurpurin tirapazamine;
titanocene bichloride; topsenting toremifene; fotipotent stem cell factor; translation inhibitors;
tretimgin; triacetylundine; triciribine; trimetrexate; triptorehin; tropisetron; turostende; tvrosing
kinase wnhibrtors; tyrphosting; UBC inhibitors; ubenimex; urogenital sinus-derived growth
mhibitory factor; urokinase roceptor antagomists; vapreotide; variolin B, vector system,
ervthrocvte gene therapy; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxalting;
vitaxin; vorozole; zanoterone; zeniplating zilascorb; and zinostatin stimalamer.

{00282] In some embodiments, the additional therapeutic agent is selected from:
alkvlating agents, antimetabolites, natural products, or hormones, ¢.g., nitrogen mustards {e.g.,
mechloroethamine, cvclophosphamide, chlorambucil, ete)), alkyl sulfonates (e.g.. busulfan),
nitroscureas {e.g., carmustine, lomusitne, ¢te.}, or triazenes {decarbazine, ctc. ). Examples of
antimetabolites include but are not limited to folic acid analog {e.g., methotrexate), or pvrimidine
analogs {e.g., Cytarabine}, purine analogs {e.g., mercaptopurine, thioguaning, pentostating,

{00283] In some embodiments, pharmaceutical compositions are admimsicred n
comjuction with an adjuvard therapy., For oxamyples, activating adjuvant treatments are
adroinistered  prior to, contemporanecus with, or afier one or more admunisitations {e.g.,
wivatumoral mjection of the pseudotyped virus). For example, adjuvant therapy mehides
modulation of Toli-hike recoptor (TLR) figands, such as TLRY activation by DNA molecules
comprising Upl sequences, or TLRY activation {e.g, by KNA ligandsy Other adjuvant
irestments melnde agonizing antibodies or other polypeptides {e.g, activation of CB40 or GITR
by CD40 Ligand (CD40LY or GITR Ligand (GITRL), vespectivelyv). Further, provided are cyelic
dinicleotides {2 g.. o-di-GMP) that modidate STING. Another activating adjuvant includes
mterfeuking such as 1-33 In sowne mstances, the pharmaceutical compositions described heremn

are adnuinisiered v conjuction with an adjsvant therapy.

Kits
{00184] In some embodiments, the present invention provides kifs comprising one

or more oncolytic viruses as described herein, a nucleic acid sequence as described herein, a
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vector as described herein, and/or a bost cell as described heremn. In some embodiments, the kits
comprise a pharmaceutical composition as described herein above, ¢ither alone or 1in combination
with forther therapeutic agents to be administered to an ndividual in need thereof.

{00185] In some embodiments, the present invention provides kits for the use of
vectors and virus-producing cells according to the invention as drugs in therapeutic methods. In
particolar, the vectors and virus producing cells according to some embodiments of the invention
arc used for the therapy or treatment of solid tumors in a subject. In some cmbodiments, the
therapeutic effect is caused by the oncolvtic properties of the recombinant vectors and viruses as
well as by the use of therapeutic genes,

{00286] In some embodiments, the present invention provides kits for use with
methods and compositions. Some embodiments concern kits having vaccine compositions of use
to reduce onset of or treat subjects having one or more solid tumors. Other embodiments concern
kits for making and using molecular constructs described herein. In some mstances, kits also
nclude a suitable container, for example, vials, tubes, mini~ or microfuge tubes, test tube, flask,
botitle, syringe or other container. Where an additional component or agent is provided, the kit
contains one or more additional containers nto which this agent or component is placed. Kits
herein also nclude a means for containing the constructs, vaceine compositions and any other
reagent containers in close confinement for commercial sale. Such containers include injection or
blow-molded plastic containers into which the desired vials are retained. Optionally, one or more
additional agents such as other anti-viral agents, anti-fungal or anti-bacterial agents are needed

for compositions described, for example, for compositions of use as a vaceine.

[00287] All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent, or patent application was specifically and mdividuallv indicated to be
meorporated by reference.

EXAMPLES
{00285] The examples below further tlustrate the desenbed embodiments without

limiting the scope of the invention.

Example 1: Preparation of psesdotyped VSY-G
{00289] The following protocol was adopted to prepare an excmplary pseudotvped

VSV, by combiming VSV-Glveoprotein (VSV-GP) with HIV1-gag and rev proteins.
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{00298] Cell culture and transfection: DNA of the following packaging plasmmds
was mixed and prepared for transfection mto 293T cells: pMDLg/pRRE expressmg HIV-1
GAG/POL; pRSV/REY expressing HIV-1 REV: and pMDB2.G 5 60 5.8 V5V glveoproiein. The
DNA mix was added to 500 uL of pre-warmed Optimem I medium. A working stock of
polvethylencimine transfection reagent (PEI} was prepared at 1 pg/ull in IxPBS, pH 4.3, and 88
pk. of the working stock was added to the mixture, maintaining a 4:1 v/w ratio of PELDNA. The
muxture was vortexed brictly and left for 3-10 min at room temperature to form a PELDNA
transfection complex. A total of 2.5 x 10° low passage (less than P20) 2937 cells were seeded per
15 ¢m dish in 15 mL DMEM supplemented with 10% scrum and 1% Pen/Strep. 2 hours prior to
transfection, the coll culture medium was aspirated and replaced with 15 mb of fresh pre-warmed
growth medinm (GM). The transfection complex was then added drop-wise to cach 15 cm plate,
swirled briefly to mix and incubated for & hrs in 10% €0, 35° C. After 8 hours, the medium was
replaced with 10 mL of fresh growth medinim containing 25 mM HEPES and 10% seram. The
mixture was then incubated for 48 hrs post-transtoction.

1002911 Virus collection: The medium from each dish was removed, pooled, and
filtered through a 0.22 um low protein binding/fast flow filter unit and stored at 4° C. A S mL
volume of fresh growth medium was added to cach dish and incubated overnight at 4° C {60-72
hours post transfoction}. The sccond ot of medium from each dish was collected, as in the
previous step, and pooled with previous media harvest. The plasmid carry-over is removed by
digestion with DNASE-I (1 mg/mL stock). A 1 pgiml solution the viral supematant,
supplemented with 1 yl of 1M MgCh, was incubated at room temperature for 30 min followed
by 2-4 hrs at 4° C. The filtered supernatants can be used directly on cultured cells, or aliquoted
and stored at -80° . The pseduotyvped VSV-G viral supematant can be optionally concentrated

and purified.

Example 2: Construction of pseadotyped VSV-G expressing a CD28-CA12S bispecific
antibody engager molecule

100292} Pseudotyped VSV-G is prepared as descnibed in Example 1 and further
processed to express a nucleic acid encoding an engager polypeptide comprising an activation
domain comprising an anti-CD28 molecule and an antigen recognition domain comprising an
anti-CA 125 molecule, and a nucleic acid encoding an anti-PD1 immune modulatory peptide. The
resulting oncolytic virus is a pseudotyped onlcolytic VSV-G virus encoding a CD28-CA123

engager molecule and an anti-PD1 therapeutic molecule (CD28-CA125-PD1 VEV-G).
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Example 3: CD28-CAL125-PDY VEV-G activates human T cells and exhibits anti-tumor
agtivity

{00293] Human T cells are infected with the pseudotvped CD28-CA1235-PD1
VSY-G virus. 24 hrs to 48 hrs post viral infection, the T cell culture medium 1s collected and
checked for the presence of promflammatory cytokines. These results will show that T cells are
activated by CB28-CA125-PD1 VSV-G, as evidenced by presence of proinflammatory cvtokines
such as IFN-P and 1L-2 i the cell culture supernatant of CD2E-CAIZ5-PDY VSV-G infected
human T cclls.

{00294] EphAZ-overespressing gasiric cancer cells, from KATO3 cell line, are
mfected with pseudotvped CD28-CAIZ5-PDI VSV-G or non-pseudotyped CD28-CA1Z5-PD1
VSV virus and the cell proliferation is assessed. These results will show that cell proliferation is
significantly reduced in cells KATO3 cells infected with pseudotyped CD28-CA125-PD1 VEV-
G compared to KATO3 cells mfected with non-pseadotyped CD28-CA125-PD1 VSV virus.

Example 4: CDi9-CH3, SIRP1o-CD3, and PDLI-CD3-Fo engager molecules specifically
bind to T-cells via CD3

{00295) The binding of bipartite ({D19-CD3 and SIRP1a-CD3) and triparte
(PDL1-CD3-Fcy engager molecules to T cells was assessed. Brefly, 25,000 T cells were
stimulated with 200 U/mL [L-2 for 12 days. After 12 days, T cell were incubated with varving
concentrations of engager molecules (500, 1000, or 2000 ng/ml. for CD19-CD3 and 5IRPig-
CD3; neat supermnatant for PRL1I-CD3-Fc) for 20 minutes at room temperature in triplicate. Cells
were then washed twice, tollowed by staming with an anti-6XHis APC antibody at 500 ng/mL
for an additional 20 minutes. Cells were washed again and treated with propidicm iodide (P to
exclude dead cells from further analysis. Stained cells were analyzed by flow cvtometry on a BD
LSR Foriesa cyvtometer and the percentage of the cell population positive for staining was sct at
2% of the secondary only control.

{00296] Results for CD19-CD3 (FIG. 19A), SIRP1e-CD3 (FIG. 19B), and PDL1-
CD3-F¢ (FIG. 190) show that the £D3 hinding maoiety of each of these molecules functional
binds to C3-cxpressing 293F T cells, as mndicated by an increase i the percentage of colls that
are positive for the engager molecules compared to the secondary antibody alone. In particular, a
dose dependent increase in the % positive cells is observed for CD19-CD3 (FIG. 194}, while the
SIRP1a~-C33 construct demonstrated maximal binding at all concentrations. The amount of the
neat PDLI-CD3-Fc supernatant used resulted in binding of the construct to the majority of T

cells (FIG. 19C).
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{00297 The results of this experiment are quantified n FIG. 20. In particular, all of
the constructs demonstrated a significant increase i the % positive T cells compared to samples
where no engager molecule was added.

{00298} Additional experiments demonstrated that the binding of the CD19-CD3,
SIRP1e-CD3, and PDLI-CD3-Fc was mediated by interactions of the anti-CD3 domain of the
engager molecules with U3 expressed by the T cells. Prior to exposure of T celis to the engager
molecules, the T cells were incubated with an anti-CD3 monoclonal antibody (OK'T3).
Preincubation with the OKT3 inlubited binding of the CD19-CD3 engager, and substantially
reduced binding of the PDL1-CD3-Fc engager. The lack of mhibition of binding of the SIRPlo-
CD3 engager by preincubation with QK T3 {FIG. 21} is kkely due to an incomplete inhibition of

CD3 by OKT3 in these samples.

Example 5: SIRP1e-CD3 constructs specifically bind to CD47

{00299] Experiments were performed to determing the binding specificity of the
SIRP1a-CD3 engager constructs. Raji cells were preincubated with SIRP1a-CD3 engagers for 20
min at RT. Cells were then washed and meobated with a fluorescently labelled anti-CD47
monoclonal antibody for 20 min at RT, after which cells were washed and analyzed by flow
cvtometry. Rapi cells that were not preincubated with the SIRP1a-CD3 cngager showed
significant binding of the anti-CD47 monoclonal antibody (FIG. 22, IgG control histogram vs.
the anti-CD47 histogram). Preincubation of Rajt cclis with the SIRP1a-CD3 engager blocked
binding of the anti-C347 monoclonal antibody (FIG. 22, anti-CB47 histogram vs. anti-CD47
+5IRP1a-CD3 histograph).

Example 6: Binding of SIRP1¢-CD3 and CD19-CD3 engager molecules to target cells

{00300] Experiments were performed to determine the ability of SIRP1a-CD3 and
CD19-CD3 BiTEs to bind to Rap (CDI197CD47, FIG. 23), U208 (CDI19ChR47Y, FIG. 24),
GBM30-tuc (CDISCD47, FIG. 253, and U251 (CDI9CDB47, FIG. 26) target cell types. For
cach target cell type, cells were treated with 500 or 1000 ng/mbL of cither {i) His-tagged soluble
SiRPlg; (u) SIRPIo-CD3 BiTE; or (u) or CD19-CD3 BiTE. Cells were then stained with a
fluorescently labelled anti-His antibody and analyzed by flow cytometry.

{00301 ] The results of SIRPIa-CD3 and CD19-CD3 binding to CD197CD47" Raj
cells are shown 1n FIG. 23, Relative to the negative control Ig (2° only), soluble SIRPla,

SIRP1u-CD3 BiTE, and CD19-CD3 BiTE were able to bind to Raji cells, as indicated by a shufi
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towards the night of the engager histograms compared to the IgG control histogram (FIG. 23A).
Quantitation of the binding data showing percentage of BITE positive cells is show m FIG. 23B.

[00302] The results of SIRPlg-CD3 and CD19-CD3 binding to CDIOCD47"
U20S cells are shown m FIG. 24, Relative 1o the negative control Ig (2° only), soluble SIRPla,
SIRP14-CD3 BiTE were able to bind to U208 cells at all concentrations used, as indicated by a
shift towards the right of the engager histograms compared to the IgG control histogram (Fi(.
24A%. CD19-CD3 BiTEs were unable to bind to U208 cells, which was expected based on the
tack of CD19 expression by U208 celis. Quantitation of these binding data showing percentage
of BiTE positive cells is show in FIG. 24B.

[00303] The resufts of SIRPle-CD3 and CD19-CD3 binding to CBI9CD47"
GBM30-luc cells are shown m FIG. 25, Relative to the negative control Ig (2° only}, SIRPla-
CD3 BITE were able to bind to GBM30-luc cells at all concentraions used, as indicated by a
shift towards the right of the engager histograms compared to the IgG control histogram (FIG.
25A). In constast, CD19-CD3 BiTEs were unable to bind to GBM30-luc cells, which was
expected based on the lack of CDI9 expression by GBM30-luc cells. Quantitation of these
binding data showing percentage of BiTE positive cells 1s show n FIG. 25B.

[00304] The results of SIRP1g-CD3 and CB19-CD3 binding to CD19CD477 U251
cells are shown in FIG. 26. Relative to the negative control Ig (2° only), SIRP1o-CD3 BiTE were
able to bind to UZS1 cells at all concentrations used, as indicated by a shift towards the night of
the engager histograms compared to the IgG control histogram (FIG. 26A). In constast, CD19-
D3 BiTEs were unable to bind to U251 cells, which was expected based on the lack of CDI9S
expression by UZS1 cells. Quantitation of these binding data showmg percentage of BiTE

positive cells 1s show in FIG. 26B.

Example 7: Binding of PDLI-CD3-Fo TiTEs to U251 cells is mediated by CD47, not FeyRs
{00365] As the PDLI-CD3-Fc¢ TiTE construct comprnses 2 domains that are
capable of binding to target cells (the ann-PDL1 and the Fo domain) experiments were performed
to assess the binding specificity of these constructs. CD19CD47" U251 cells were treated with 2
o/ml. of a fluorcscently labled anti-PDL1 antibody, an isotype comtrol, or PRLI-CD3-Fc
transfection supernant. Relative to negative control Ig, the PDL1-CD3-F¢ TiTE bound to U251
cells (FIG. 27B). To agsess whether this observed binding was due to interactions with CD47 or
FoyRs expressed by U251 cells, the FoyR expression on U251 cells was deternined. Cells were
menbated with 2 pg/ml of fluorophore-conjugated anti-C16/32 (recognizing FoyRII/FeyRID

or anti-CD64 {recogmzing FeyR1) mAbs for 20 min at RT. Cells were then washed and analyzed
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by flow cvtometry using a BD LSR Fortessa cyvtometer. As shown in FIG. 27C, U251 cells do
not espress FoyRL FeyRIL, or FoyRIL mndicating the binding of the PDL1-CD3-Fe construct was

mediated by interactions with CD47 and not FoyRs.

Esample 8: CD15-CB3, SIRP1¢-CD3, and PDL1-UD3-Fe constructs stimulate CD8™ T cell-
mediated killing of target cells

{00306] Experiments were performed to determine the ablity of CDI9-CD3,
SIRP1e-CD3, and PDL1-CD3-Fe constructs to mediate kilhng of target cells. Briefly, CD8™ T
cells were stimulated for 8-12 days n the presence of 200 U/mL 112 and Dvnabeads. Prior to
co-culture with target cells, all Dynabeads were removed by magnet and cells were washed to
remove 1L-2. Raji (F1G. 28), THP1 (FIG. 29), U251 (FIG. 30), and 293F (FIG. 31) target cells
were labeled with the fluorescent membrane dye PKH67 green before plating. CDS™ effector T
cells were then co-cultured with target cells at an effector to target ratio of 1.1 along with 1000
ng/ml. CO19-CD3 BiTE, SIRP1a-CD3 BiTEs, or a 1.3 dilution of PDL1-CD3-Fc transfection
supernatant. Co-cultures of target and effector cells were incubated for 18 hours, after which they
were stained with 7-AAD andlive/dead analysis was performed by flow cvtometry on a BD LSR
Fortesa cytometer.

{00367] The results of these experiments indicate that the CD19-CD3, SIRPla-
D3 and PDLI-CD3-Fe engager constructs were all capable of inducing effector cell-mediated
death of Raj target cells (FIG. 28), The ECse for each of the CD19-CD3, SIRPI¢-CD3 and

PDLI-CD3-Fc engager molecules on Raji cells are shown below in Table 7.

Table 7: ECso of engager molecules on Raji cells

Engager Molecule | ECss (ng/mlL)
CD19-CD3 0.6997
SIRP1a-CD3 0.0137
PDLI-CUD3-Fc 0.8907
{00308] The results of these experiments further imdicate that the PDLI1-CD3-Fc

engager constructs, but not the CD19-CD3 constructs, were capable of inducing coffector cell-
mediated death of THP target cells (FIG. 29}, Thas 1s likely due to the lack offrelatively low
expression of CE19 by THP1 cells.
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[00369] Further, the PDLI-CD3-Fc engager constructs were capable of mducing
effector cell-mediated death of U251 target cells (FIG. 30), while the CD19-CD3 constructs did
not mduce effector cell-mediated death of U251 cells due to a lack of CD19 expression by U251
cells. The ECso for each of the CD19-CD3 and PDLI-CD3-Fc constructs on U251 cells are

shown below in Table 8.

Table 8: ECs of engager molecules on U251 cells

Engager Molecule | ECse (ng/ml}
CD19-CD3 2247
PDLI-CD3-Fc 2611
{00310} Further, the SIRPlo-CD3 engager constructs were capable of inducing

effector cell-mediated death of 293F target cells (FIG. 31), indicated by the increase in cell death
mn SIRP1a~CD3 containing cultures compared to a control osteopontin-fusion protein (OPN 1).

The ECso for SIRP1a-CD3 engager molecules on 293F cells 1s shown below in Table 9.

Table 9: ECs 0of SIRP1-CD3 on 293F cells

Engager Molecule | ECs (ng/ml}
SIRP1e-CD3 0.0184

Example 9: PBLI-CD3-Fc BiTE eshances primary NK cell killing of U251 celis

{00311} Experiments are performed to assess the ability of PBLI-CD3-Fe
constructs to mduce NK cell-mediated killing of target cells. Brieflv, U251 celis are lableled with
cell membrane dye PKH67 green, and then seeded and allowed to adhere to wells over might
{FI(z. 32}, Primary NK cells {StemCell Techaclogies, Inc.} are then added to cach well at an
cffector to target ratio of 1:1, along with varving amounts of virally produced PDLI-CD3-Fc
protein. Effector/target cell co-culture are mncubated at 37° € for 6 hours prior to Hve/dead
analysis by 7-AAD staming. Stained cells are analyzed by flow cytometry on a BD LSR Fortesa
cytoreter.

{00312] These resulis will demonstrate that virally produced PDLI1-CD3-Fe

compounds are able to stimulate NK cell-mediated death of target cells such as U251

104



WO 2018/006005 PCT/US2017/040354

Example 10: oHSV-infected Vero cells express SIRP-10-CD3 BiTEs

[00313] To demonstrate that the oncolyvtic viruses described here are capable or
producing the engager molecules, Yero cells were mfected with oHSY expressing SIRP1a-CD3
BiTEs (FIG. 32) with etther a short hinker (SL) (ONCR-085; 2A5B SIRPLa-CD3 (8L) BiTE) or
long linker (LL) (ONCR-087; ZAS5B SIRP1-CD3 (LL) BiTE}, or with oHSV expressing PDEL1-
CD3-Fc TiTEs (ONCR-089, FiG. 33). Cells were infected  for 3 days, after whichsupernatants
from infected cells were passed through a 100K MWCO ultrafiltration membrane to remove any
viral particles. The flowthrough was concentrated with a 10K MWCO ultrafiliration membrane.
Concentrated viral supematants and 100 ng, 50 ng, 25 ng, or 12.5 ng of purified SIRP1o-CD3 or
PDLI-CD3-Fc protein were then analyzed by PAGE followed by Western blotting with an anti-
6xHis detection antibody in order to deternune the amount of engager protein present in the viral
supernatants.

{00314] The results demonstrate that cells infected with either ONCR-085 or
ONCR-087 produced the SIRPIa-CD3 (SL) and SIRP1a-CD3 (LL} protein, respectively (FiG.
32). Further, celis infected with ONCR-089 produced the PDL1-CD3-F¢ proten (F1G. 33). The
ability of the 100K and 10K Amicon filtration and concentration steps to remove remaining virgs
was assessed by Western blot. The workflow for clanfying viral supematants comprises low-
speed centrifugation of the supernatants followed by futration through a 0.8 pm filter membrane.
Supematant filtrates are then passaged through an Amicon 100 kDa filter to entram the virus,
followed by passage of the filtrate through an Amicon 10 kDa filter to entrain remaming protein.
Aliquots of supematants from viraily-infected cells were taken before and afier processing with
the Amicon filters and the presence of HSV was determuned by blotting with an anti-HAV
polyclonal antibody. These results show that the ultrafiliration steps used to purnify the engager
constructs effectively removed virus (FIG. 35). Therefore, any target cell killing observed in the
presence of these cngager constructs is due to the engager construct itself, and not a result of viral

mfection of the target cells.

Example 11: Virally-produced SIRP10-CD3 and PDLI-CD3-Fc engager constructs induced
effector-cell mediated killing of target cells

[00315] Experniments were performed to assess the ability of virallv-produced
engager molecules (8IRP1o-CD3 and PDLI-CD3-Fc constructs) to mediate target cell killing.
Briefly, SIRP1g-CD3 (S81), SIRP1o-CD3 (LL) and PDLI1-CD3-Fe proteins were prepared from
Vero cclisas deseribed in Example 10, 30 pL of the resulting SIRP1a-CD3 (SL), SIRP1o-CD3

(LL}, and PDLI-CD3-Fc engager proteins protein samples were diluted 101 in tissue culture
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media containing 20% FBS. The diluted engager protems were then incubated with activated
CD8™ effector T cells co-cultured with fluorescently labelled U231 target cells at a target to
effector ratio of 1:1 for 18 hours. Cell death of U251 cells was assessed by flow cytometry on a
BD LSR Fortesa cviometer.

{00316] The results of this experiment demonstrate that virallv-produced engager
constructs direct T-cell mediated killing of U251 target cells (FIG. 34A) These results are
guantified in FIG. 34B.

Example 12: Expression of SIRP1e-CD3/PDLI-Fe compounds from 293 T cells

{00317] Two expression plasmids encoding a SIRP1¢-CD3 engager molecule and &
PDL1-Fc therapeutic molecule were generated. One construct comprised a first gene encoding an
HA-tagged PDLI-Fe linked to a second gene encoding a His-tagged SIRP1-CD3 BiTE. The
SIRPlo amino acid sequence was linked to the anti-CD3 scFv by a single amino acid linker {(i.e.,
a short linker) (SIRP1a-CD3/PDLI-Fc (SL), FIG. 37). The other construct comprised a first gene
encoding a PDL1-Fc linked to a second gene encoding a SIRP1o-CD3 RiTE. The SIRPla amuno
actd sequence was linked to the anti-CD3 seFv by a G485 lLinker (f.e., a long linker} (SIRPlo-
CD3/PDLI-Fco (LL), FIG. 38). The constructs were mserted into a plasmid (FIG. 39} and the
resultant SIRP1o-CD3/PDLI-Fc expression plasmids were transfected into 293 Free Style T
cells. Four days after plasmid transfection, culture supernatanis were collected.

{00318] Anti-PDEL1-Fo compounds were purified from the culture supernatants
psing a HiTrap MabSeclect SuRe Protein A column HiTrap column (GE Healthcare). Briefly,
supernatants from 293 T cells transtected with either the SIRPIa-CD3/PDLI-Fc (LL) or the
SIRP1o-CD3/PDL1-Fo (LL) expression plasmids were loaded onto the column fo purify the anti-
PDLI-Fc compounds by binding of the HA-tag to the columun. Flow through was collected for
SIRP1o~-CD3 BITE detection by Western Blot using an anti-His antibody (FIG. 40B). Columus
were washed with wash buffer (20 mM sodium phosphate, 150 mM NaCl, pH 7.4). Bound anti-
PDL1-Fc protein was ehuted with IgG elution buffer (pH 2.8, Pierce} and was mmmediately
neutralized with a I M Tns-HC! buffer, pH 8.

{00319] The anti-PDL1-Fc protein content of different clution fractions then were
visualized by Coomassie staming. Briefly, elution fractions were run on a 4% - 12% Bis-Tris
MuPAGE gel in MOPS buffer at 180 volts for 1 hour. Gels were stained for 1 hour in Simply
Blue SafeStain followed by destaining with water. Anti-PDL 1-Fe protein content for cach clution

fraction 1s show in FIG. 40A. After Coomassie analvsis, elution fractions were combined and
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dialvzed against PBS at 4° C. Total anti-PDL 1-Fc protein concentration was then determined by a

BCA assay.

Example 13: Isolated PDL1-Fc proteins stimulate T celi-mediated death of target cells
{00320] The ability of the anti-PDL1-F¢ proteins to induce effector cell-mediated
death of target cells was assessed by a PDI/PDLI blockade assay. A general schematic of the
assay is show in FIG. 41A - 41B. Briefly, CD8" T cells were co-cultured with PDL1-cxpressing
target cells (CHO-K1 cells). Varving concentrations of the anti-PDL1-Fc protein isolated as
described m Example 12 were then added to the culture. The highest concentration of anti-PDL1-
Fc used was 50 ug/mb. 8, 2.5 fold senal dilutions were then performed to generate the remainder
of the anti-PDL1-Fc concentrations. Cell death was analyzed by a CytoTox-Glo™ cytotoxicity
assay in the presence (FIG. 41B) and absence (F1G. 41A) of the anti-PDLI-Fc. Results are
quantified in FIG. 41C. The ECso of the anti-PDLI-Fe 15 shown m Table 10. These results
demonstrate that the anti-PDLI-Fc therapeutic molecules produced from the expression

constructs described herein are capable of mediating effector cell-mediated death of target cells.

Table 18 ECs of anti-PDLI-F¢ compounds

Compound ECsy
anti-PDL1-Fe | 0.45 pg/mL

Example 13: oHSV-infected Vero cells express MMP9 and anti-PDL1-Fe therapeutic
molecales

{00321} In addition to producing the engager molecules as described in Example
10, experiments are performed to demonstrate that the oncolytic viruses described here are
capable or producing the MMP9 and anti-PDL1-Fe therapeutic molecules. Vero cells are infected
with oHSVY expressing SIRP1a-CD3/PBLI-Fe constructs BiTEs (FIG. 37 and FIG. 38) or with
oHSV expressing SIRPLa-CD3/MMPY constructs (FIG. 18A and FiG. 18B). Cells are mfocted
for 3 days, after which supernatants from infected cells are passed through a 100K MWCO
ultrafiltration membrane to remove any viral particles. The flowthrough is concentrated with a
10K MWCO ultrafiltration membrane. MMPY and anti-PDLI-F¢ are purified from filtered,
concentraied superatants according to the protocol outhined m Example 11, Protein A-isolated

MMP9 and anti-PDL1 fractions are amalvzed by PAGE followed by Coomassie staming.

107



WO 2018/006005 PCT/US2017/040354

SIRPla-CD3 BiTEs present in the Protem A flowthrough are analvzed by Westem blotting with
an anti-6x His detection antibody.

{00322] The results will demonstrate that cells infected with oHSV vectors
encoding either SIRPIo-CD3/PDLI-Fe constructs or SIRP1a-CD3/MMPY constructs produce
the SIRP1a-CD3 (SL) and SIRP1o-CD3 (LL) BiTE protemn, MMPY, and anti-PDL1-Fc.

Example 14: Virally-produced SIRPlo-CDI/MMPY and SIRP1o-CD3/PDLI-Fc engager
constructs induce effector-cell mediated killing of target cells

[00323] Experiments are performed to assess the ability of virally-produced
engager molecules (SIRP1a-CD3) and therapeutic molecules (MMPS and anti-PDLI-Fc} to
mediate target cell killing. Brieflv, SIRP1a-CD3 (8L}, SIRPIo-CD3 (LL), MMP9, and anti-
PDL1-Fc¢ proteins are prepared from Vero cells as described i Example 13, 30 ul of the
resulting protein samples are diluted m tissue culture media containing 20% FBS. The diluted
proteins are then incubated with activated CDR™ effector T cells or NK effector cells and are co-
cultured with fluorescently labelled target cells at a target to effector ratio of 1:1 for 18 hours.
Cell death of target cells s assessed by flow cyvtometry on a BD LSR Fortesa cytometer.

{00324] The results of this expenment will demonstrate that virally-produced
SIRP1a~-C33 engager counstructs and therapeutic molecules MMPY and anti-PDE1-Fe are able to
direct T-cell and/or NK cell mediated killing of target cells.

{00325} While preferred embodiments of the present invention have been shown
and descnbed herein, it will be obvious to those skilied in the art that such embodiments are
provided by way of example only. Numerous vanations, changes, and substitutions will now
gecur to those skilled in the art without departing from the invention. It should be understood that
various altematives to the embodiments of the invention descnbed herein may be emploved i
practicing the invention. It is intended that the following claims define the scope of the invention
and that methods and structures within the scope of these claims and their equivalents be covered

thereby.
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CLAIMS
L. A oncolytic herpes simplex virus (HSV) comprising a recombinant nucleic acid comprising:

1) a first nucleic acid sequence encoding a polypeptide comprising a first domain specific for an
antigen expressed on an effector cell and a second domain that binds to an antigen expressed on a target
cell, wherein the antigen expressed on the effector cell is CD3 and wherein the antigen expressed on the
target cell is PDL1 or CD47; and

i1) a second nucleic acid sequence encoding an immune modulator polypeptide selected from the
group consisting of a cytokine, a costimulatory molecule, an immune checkpoint polypeptide, an anti-

angiogenesis factor, and a matrix metalloprotease (MMP).

2. The oncolytic HSV of claim 1, wherein the first and second nucleic acid sequences are

expressed from a single promoter sequence present in the recombinant nucleic acid.

3. The oncolytic HSV of claim 1, wherein the first and second nucleic acids have a size of 7.2-
38kb.

4. The oncolytic HSV of claim 1, wherein the HSV is HSV-1.

5. The oncolytic HSV of claim 1, wherein the immune modulator polypeptide is a cytokine

selected from IL-15, IL-12, and CXCL10.

6. The oncolytic HSV of claim 1, wherein one or more of the HSV glycoproteins are modified to

alter the trophism of the oncolytic HSV.
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