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BACKGROUND OF THE INVENTION

Technical Field

jaonz] This invention relates to mathods and materials for treating cancer.
The invention provides methods and materials for making multivalent PD-LT binding
compounds. This invention also provides methods and materials for expressing PD-
1 polypeptides in cells of a8 mammal having cancer. In patticular, the invention
relates to compositions comprising PD-1 polypeptides, the PD-1 polypeptides may
be in the form of one or more multivalent programmed death-ligand 1 (PD-L1}
hinding compounds. In some cases, a multivalent PD-L1 binding compound can
include two or more programmed celf death protein 1 {(PD-1) polypeptides {and/or
fragraents thereof having the ability to bind PD-L1). The compositions compriging
PD-L1 binding compounds are administared 1o & mammial having cancer in an
amount effective to treat the cancer and, optionally, are administered in combination
with one or more cancer therapies.

{003} PD-L1, also called B7-H1, s an immune checkpoint protain that
regulates the immune system thraugh its binding of the PD-1 receptor. In the tumor
micrognvironment, overexpression of PD-UT on tumor cells helps suppress antitumor
immunity {Dong ef all, Nat Med. 8:783-800, {(2002); Hamanishi et al, Int. J Clin.
Oncol 21:482-473 (2016); Dong el al, Nat. Med. 5:1385-1389 (1989): Chen ef al, J.
Clin. Invest, 125:3384-3381 (2015); He et al, Soi. Rep. 513110 (2015); Chen ef al,
Clin. Cancer Res. 18:6580-8587 (2012); Ohaegbulam ef al., Trends Mol. Med.
21:24-33 (2015); and Postow et al, J. Glin. Oncol, 33:1874-1882 (2015)).

{0004] Antigen-presenting cells (APC) take up antigens released from cancer
celis and present them to T cells. Cancer cells can also present antigens to
activated T cells in the context of the major histocompatability complex. Upon T ot
activation, PD-1 receplors are expressed on T cells and inhibit immune responses by
engagament of PD-L1 and PD-L2 ligands on APC and PR-L1 on cancer cells.
Therefore, monocional artibody (mAb)-mediated specific blockade of the PD-1/PD-
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LI/PD-L2 pathway can enhance anti-tumor immunity. o addition to T cells and ARG,
PD-1 and PD-L1 can be induced on other immune cells.

{0005] ir the cancer disesase state, the interaction of the PD-L1 which is
present on a PD-L1 positive cancer cell with the PD-1 which is present on a T-oell
can reduce T-cell function signals to prevent the immune system from attacking the
PD-L1 positive cancer cell. Soluble PD-1 {8PD-1) ¢can act a3 a decoy by binding to
PR-L1 present on PD-L1 positive cancer calls. For example, when sPD-1 is bound
fo PD-L1 present on a PD-L1 positive cancer cell, the PD-L1 is not free 1o interact
with a PD-1 present on a T-cell, thereby allowing the T-cell fo function by attacking
the PD-L1 positive cancer call.

BRIEF SUMMARY OF THE INVENTION

{ot08] This invention provides methods and materials for making ong of more
multivalent FD-L1 binding compounds. This invention provides compositions
compriging PR-L1 binding compounds comprising PD-1 polypeptides, the PD-1
polypeptides may be in the form of one or more multivalent PR-L1 binding
compounds. The PD-L1 binding compounds can act as a decoy by binding to PD-L1
present on PD-L1 positive cancer cells.

{0007} This invention provides methods and materials comprising PD-1
polypeptides, the PD-1 polypeptides may be in the form of one or more multivalent
PD-L1 binding compounds which are administered 1o a mammal having cancer t©
treat the mammal. In some cases, a multivalent PD-L1 binding compound includes
two or morg amino acld segments that can bind PD-Lt {e.g., PD-1 polypeptides
and/or fragments thereof), A multivalent PD-L1 binding compound includes two or
more PD-1 polypeptides {or fragments thereof having the ability 1o bind PD-L1) such
that the compound can bind two or more PD-L1 polypeptides. This invention also
provides methods of making PD-L1 binding compounds and compositions
compriging recombinant Ads comprising at least one amino acid segment comprising
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a PD-1 polypeptlide which forms a PD-L1 binding compournd or a multivalent PR-L1
binding compound described herein.

{0008] In an embodiment, mouse PD-1 polypeptides and/or human PD-1
polypeptidas fused o a scaifold polypeptide can form a polypeptide conjugate (8.9,
a polypeptide conjugate including a plurality of {e.g., two or mora) associated amino
acid chains} such that when the scaffold polypeptide fused to ong or more PD-1
polypeptides ig in a polypeptide conjugate, the polypeptide conjugate canform a
multivalent PR-L1 binding compound that includes two or mare PDR-1 polypeplides.

{0008 in an embodiment, a polypeptide conjugate can include thres amino
acid chains, where the scaffold polypeptide can be a sigma-1 polypeptide derived
from Mammalian arthoreovirug 3, and where the polypeptide conjugate can include
threa PD-1 polypeplides.

{00010} in an embodiment, a polypeptide conjugate can includs four aming acid
chaing, where the scaffold polypeptide can be a streptavidin polypeptide, and where
the polypeptide conjugate can include four PD-1 polypeptides.

{00011 This invention also provides compositions comprising recombinant Ads
comprising nucleit acids encoding PD-1 polypeptides which bind PD-L1. Inan
embodimant, a mouse PD-1 polypeptide and/or a human PD-1 polypeptide is fused
o a Vitamin K-dependent gamma-carboxyglutamic domain of a factor X single-chain
antibody polypeptide (a GLA or GLA-EGF domain of an FX polypeptide) and is
presant on adanoviral hexon polypeptidas such that when the polypeptide is prasent
on two of more viral hexon polypeptides presert on the capsid of a virus particle, the
virus particls can form a multivalent PD-L1 binding compound that includes from
about 240 to about 720 PD-1 polypeptidas.

{00012} This invention provides methods and materials for ireating cancer by
administering one or more recombinant adenoviruses {Ads) expressing a PD-1
protein and/or amino acid segments which bind PD-L1 {e.g., PR-1 polypeplides
and/or fragments thereof), The recombinant Ads expressing PD-1 may be
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administered in combination with a cancey immunotherapy according to a therapeutic
treatment regime.

{00013} Using multivalent PD-L1 binding compounds {&.g., as compared to
monomeric PD-1 polypeptides) can increase the efficacy of PD-1 {o neutralize PD-L1
present on PD-L1 positive cancer cells, can prevent PD-L1 positive cancer cells from
escaping the immune system, anddor can allow anti-cancer agents {&.g., cancer
immuniotherapies) 1o more effectively target PD-L1 positive cancer cells. in some
cases, adenovirus presentation of PD-1 polypeptides can be used to retargst
thaerapeutic Ads to PD-L1 on a cell for nucleic acid delivery or to kil PD-L1-
gxpressing cells by oncolytic cell death.

{00014} inan embodiment, a PD-L1 binding compound also can include a
targeting molecule. A targsting and cell fusion molecule can be a viral polypeptids
such as a measles virus (MV) hemaggiinin (H) polypeptide, a MV fusion {F)
polypeptids, or a vesicular stomatitls virus (V3V) glvcoprotein (3} polypeptida.

[00015] The PD-L1 binding compound also can include one or more
tharapeutic polypeptidas. The therapautic polypeptide is selacted from a 4-18BB
ligand (4~1BBL) polypeptide, a OX40 ligand {OX40L) polypeptide, a CD40 ligand
{CDA0L) polypeptide, or a granulocyte-macrophage colony-stimulating factor {(GM-
CSF) pelypeptide. The therapeutic polypeplide may also be a polypeptide which
activates glucocorticoid-induced tumor necrosis factor recaptor {TNFR)-related
protein {GITR) signaling.

{00018} The PR-L1 binding compound also can include a detectabls
polypeptide. The detectable polypeptide can be a green fluorescent protein (GFP) or
a luciferase polypeptide.

o017} The invention encompasses recombinant vectars for the soprassion of
PD-L1 binding compounds comprising nucleic acids encoding PD-1 polypeptides,
the PD-1 polypeptides may be expressed with ona or more targeting polypeptides,
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and/or one or mare therapeutic polypeptides, andfor proteins {e.g., collagen, elastin,
faminin, and firinogen). The PD-1 polypeptides may be expressed as fusion
proteins with hetarologous polypeptides. The nucleic acids encoding PD-1
polypeptides, as well as the nucleic acids enceding targeting polypeaptides,
therapeutic polypeptides and proteins, may be comprised in expression vectars,
optionally comprising expression cassettes, which allow for expression of the
polypeptides in prokaryotic ar eukaryotic cells. The vactor can be a viral vectar, The
viral vector can be an Ad, an adeno-associated virus (AAV), or a lentivirus. The viral
vector may be an Ad selected from AdB57, Ad6/57/8, and variants thersof. The Ad
may be a Conditionally Replicating Ad (CRAd). The viral vector can be an oncolytic
viral vector,

100018} In another aspect, the invention encompasses viral vectors for the
amino acid chain including a PD-1 polypeaptide and a scaffold polypeptida as
described herein {e.g., a polypeptide conjugate that can include a plurality of amino
acid chains, where gach amino acld chain includes a PD-1 polypeptide and a
scaffold polypeptide; and where the plurality of amino acid chaing can form the
polypeplide conjugate).

{00018} in another aspact, the invention sncompasses methads for {reating a
mammal having cancer. The methods can include, or consist essentially of,
administering a composition comprising a PD-L1 binding compound to a mammal
having cancer.

{00020} The method of the invention comprises administering an sffective
amount of compositions comprising PD-L1 binding compounds described herein. In
an embodiment, the PD-L1 binding compounds are administersed in combination with
one or move cancey therapeutics to the mammal, whereby the number of cancer
cells present in the mammal is reduced. The one or more cancer therapeutics may
include an immunotherapy which targsts PD-1 or PR-LY. The immunoctherapy may
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be selectad from nivolumab, pembrrolizumab, atezolizumab, avelumab, cemiplimab,
and durvalumab.

j00021] in another aspect, the invention relates to methods for treating a
mammal having cancer comprising, of consisting essentially of, administering a
composition comprising & multivalent PD-L1 binding compound o a mammal having
cancer. The multivalent PD-L1 binding compound may comprise a polypeptide
conjugate described herein {e.g.. a polypeptide conjugate including a plurality of
amino acid chains, where each aminp acid chain includes a PD-1 polypeptide and a
scaffold polypeptide). The cancer may be a prostate cancer, breast cancer, ovarian
cancer, lung cancer {g.g., & non-small cell lung cancer), hepatocellular carcinama,
pancraatic cancer, kidney cancer, melanoma, brain cancer, colon cancer, lymphoma,
myeloma, lymphocytic leukemia, or mysiogenous leukemia. The administering can
include systemic or lacal administration {(&.q. intravenous, intratumoral,
inframuscular, intracrgan, intralymph node administration).

{aoaza An aspect of the invention relales o muitivalent programmed cell death
protein ligand 1 {PD-L1)} binding compounds comprising a plurality of amino acid
chains, whergin gach amino acid chain comprises at least one programmed cell
death protein 1 (FD-1) polypeptide.

{00023] A further aspect of the invention relates to such a multivalent PD-L1
binding compound, wherain the multivalent PD-L1 binding compound is a
polypeptide conjugate compriging a scaffold polypeptide selected from g
polypeptidas, sigma-1 polypeptides and straptavidin polypeptides.

{00024]
binding compound, wherain the multivalent PD-L1 binding compound is a

A turther agpect of the invention relates to such a multivalent PD-L1

polypeptide conjugate comprising more than one scaffold polypeptide.
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[000285] A further aspect of the invention relates to such a multivalent PD-L1
binding compound, wharein the PD-1 polypeptide is a human PD-1 or a muring PD-
i.

{00026] A further agpsct of the invention relates to such a multivalent PD-L1
binding compound, whergin the plurality of amino acid chains comprise a therapeutic
polypeptide, a targeting polypeptide or an antigenic polypeptide.

{00027} A further aspect of the invention relates to such a multivalent PD-L1
hinding compuound, whersin the targeting polypeptide is selectad from a measles
virus hemagglutinin (MVH) polypeptide, a measies virus fusion (MVF) polypeplide,
and a vesicular stomatitls virus glycoprotein (VSVG) polypeptide.

100028] A further aspect of the invention relates to such a multivalent PD-L1
binding compuound, wherain the therapeutic polypeptide is selacted from a 4-1BB
ligand {(4-1BBL} polypeplide, a OX40 ligand {OX40L) polypeptids, a CD40 ligand
{CD40L) polypeptide, a granulocyte-macrophage colony-stimulating factor (GM-CSF)
polypeptide and a GITR agonist.

j00029] A further aspect of the Invention relates to such a multivalent PD-L1
binding compound wherein each amino acid chain comprising at least one
programmad cell death protein 1 {(PD-1) polypeptide is associated with a
recombinant Adenovirus {Ad} and the plurality of amino acid chains are presenton a
coat polypeptide of the recombinant Ad.

{0030] A further aspact of the invention relatss o such a multivalent PD-L1
binding compound, wherein the recombinant Ad comprizes capsid hexon
polypeptides of an Ad strain AdB and at least one capsid hexon hypervaribale region
{HVR)} polypeptide from Ad strain AdS7.

{0031} A further aspect of the invention relates to such a multivalent PO-LY
binding compound, wherein the capsid hexon polypeptides of an Ad strain Adg
comprise HVR polypeptides 1-7 from Ad strain AdS7.

"y
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{on3e] A further aspect of the invention relates fo such a multivalent PD-L1
binding compound, wherein the capsid hexon polypeptides of an Ad strain AdE
comprise HVR polypeptides 2-8 from Ad strain Ad57.

[00033]

A turther aspect of the invention relates to such a multivalent PD-L1
binding compound, wherein the programimed cell death protein 1 (PD-1) polypeptide
is human PD-1.

{00034] A further aspect of the invention relates to such a multivalent PD-L1
binding compound, wherein the PD-1 polypeptide is fused to a Vitamin K-dependent
gamma-carboxyglutamic domain of a factor X single-chain antibody polypeptide {a
GLA domain of an FX polypeptide).

{00035] Afurther aspect of the invention relates to such a multivalent PD-L1
binding compound, wherein each amino acid chain comprises a targeting molscule
selected from a measles virus hemaggiutinin (MVH) polypeptide, a measles virus
fusion {MVF) polypeptide, and a vesicular stomatitis virus glycoprotein (VSVG)
polypeptide.

{00038] A further aspect of the invention relates o such a multivalent PD-L1
binding compound, wherein each amino acid chain comprises one or more
therapeutic polypeplides selected from a 4-1BB ligand (4-1BBL) polypeptlide, a OX40
ligand {OX40L) polypeptide, a CD40 ligand {CD40L) polypeptide, and a granulocyte-
macrophage colony-stimulating factor (GM-CSF} polypeptids.

{00037] A further aspect of the invention relates to such a pharmaceutical
compuosition comprising the multivalent PD-L1 binding compound and a
pharmaceutically acceptable carrier.
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[00038] A further aspect of the invention relates o a method of treating cancer
in a subject in need thereo!f, comprising administering the multivalent PD-L1 binding
compound.

{00039] A further aspect of the invention relates to such a method further

comprising administering ong or more cancer therapeutics o the mammal,

{00040] A further aspect of the invention relates o such a method whergin the
cancey therapeutic is an immunotherapy which targets PD-1.

{00041 A turther aspect of the invention relates 1o such a method wherein the
immunotherapy is selected from the group consisting of nivolumab, pembrolizumab,
alezolizumab, avelumab, ceriplimab, and durvalumab,

[00042] Unless otherwise defined, all technical and scientific terms usead herein
have the same meaning as commaonly undersiood by one of ordinary skill in the art
to which this invention pertains. Although methods and materials similar or
equivalent to those described herein can be used o practics the invention, sullable
methods and materials are described below. All publications, patent applications,
patents, and other references mentioned herein are incorporated by reference in
their entirety. In case of conflict, the present specification, including definttions, will
control. In addition, the materials, methods, and examples are illustrative only and
not intended to be imiting.

[00043] The details of one or more embaodiments of the invention are set {orth
in the accompanying drawings and the description below. Other features, objects,
and advantages of the invantion will be apparent fror the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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{00044} Figure 1A shows schematics of exemplary angineered multivalent PD-
L1 binding compounds. A multivalent PD-L1 binding compound comprising a PD-1
polypeptide fused 1o an Ig polypeptide which is a dimeric polypeptide conjugate that
includes two amine acid chains that each include one PD-1 polypeptide. A
multivalent PD-L1 binding compound that is a trimeric polypeptide conjugate
somprising three amino acid chains that each include one PD-1 polypeptide fused to
a sigma polypeptide. A multivalent PD-L1 binding compound that is a telrameric
polypeptide conjugate comprises four amino acid chains that each include one PD-1
polypeptide fused o a streplavidin polypeptide.

{00045] An amino acid chain including one PD-1 polypeptide fused to a GLA
domain of an FX polypeptide. The fusion proteins can be constructad with either
antity on the N-terminus or the C-terminus. The fusion protein which is bound to the
surface of an adenovirus particls generates a multivalent PD-L1 binding compaund.

{00048] Figure 1B shows enginesred PD-L1 binding compounds by introduction
of PD-1 motifs into natural biopolymers like coflagen, laminin, flbronectin, or elastin.
Fusion of PD-1 to protein monomers and expression in cells will allow their assembly
info multivalent polymers displaying many PR-L1-binding motifs.

{00047 Figure 2A shows nucleic acid vectors that can encode amino acid
chains that can be used fo generate multivalent PD-L1 binding compounds. Figure
2A shows schematics of a nucleic acid vector that can encode an amino acid chain
that includes one murine PD-1 (mPD-1) polypeptide fused to an 1gG polypeptide {top
feft}, a nucleic acid vactor that can encode an aming acid chain that includes one
human PD-1 (hPD-1) polypeptide fusad to an igG polypeptide {lop right}, and an
exemplary cloning strategy (bottom) for replacing nucleic acid encoding the 1gG with
nucleic acid encoding a GLA domain of a FX polypeptide to generate a nucleic acid
vector that can encode an amino acid chain that includes a PD-1 polypeptide fused
e a GLA domain of an FX polypeptide, or for replacing nucleic acid encoding the igG
with nucleic acid encoding a sigma-1 polypseptide to generate a nudeic acid vector

10
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that can encode an amino acid chain that includes a PD-1 polypeplide fused lo a
sigma-1 polypeptide.

{00048] Figure 28 containg images of gels showing expression of an aming
acid chain comprising a PD-1 polypeptide. Lane 1: Molecular Weight Marker (base
pairs; bp); Lane 2. 8 PD-1 polypeptide fused to a GLA domain of an FX polypeptide;
Lane 3 Molecular Weight Marker (bp): Lane 4 an amino acid chain including a PD-1
polypeptide fused 1o a gigma-1 polypeplide.

{00049 Figure 3 shows schematics of a nucleic acid vector that can encode an
amino acid chain that includes a hPD-1 polypeptide fused to a GLA domain of an FX
polypeptida (top lefl), a hucleic acid vector that can encode an amino acid chain that
includes a hPD-1 polypeptide fused o a sigma-1 polypeptide (top right}, and an
exemplary cloning strategy (bottom) for replacing the nuclaic acid ancoding the hPD-
1 polypeptide with nuclaio acid encoding a mPR-1 polypeptida.

{a0050] Figure 4 shows schematics of exemplary nuclgic acid vectors that can
encode amino acid chains that can be used to generate multivatent PD-L1 binding
compaunds.

{00051] Figure § shows schematics of exemplary adenoviral (Ad) vectors that
can encode amino acid chains that can be used to generate multivalent PD-L1
binding compounds.

{00052] Figurs 8 shows a schematic of a genome of an Ad having nuclsic acid
encoding an immune checkpoint polypeptide that can activate T cells {$-1BBL},
nucleic acid encoding one or more PD-1 polypeptides (PD-1-X, where X is 3 dimeric,
frimeric, tetrameric, or polymeric binding scatffold), and nucleic acid encoding an
antigen such as a cancer antigen or an infectious disease antigen (HPV epitope).
Also shown is a restriction stte map of the Ad genome.

11
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[00053] Figure 7 shows an alignment of AdS, 6, and §7 showing variation in
hexon and E3 regions. {A) A Pustell DNA alignment of the genomes of Ad6 and
AdS7. Boxes indicate hexon and E3 regions whers variation is highest batween the
two viruses. {B) ClustalW amine acid alignment of the hypervariable region in hexon
proteins from AdS, AdS, and AdS7.

{00054] Figure 8 shows the construction of Ad6S7 by replacament of the AdB
HVRs with AdS7 HVRs. Abbreviation: HVRs, hypervariable regions.

{00055] Figure 9 is a schematic of a replication competert Ad {RC-Ad), wherain
E1 exprassion is controlled by the native E1 promoter; a variant CRAd —Probasin-
E1A (Ad-PB), wherein E1 exprassion is controlled by prostate-specilic probasin
promoter; CRAd-dI1 101, wherein p300 pathway binding ablated, susceptible to IFN
pathway in normal cells; CRAJ-gl1107, whersin pRE binding ablated allows virus 1o
kill cancer cells with BB pathway distuptions, but is repressed in RB+ normal cells;
CRAD-dl1101/07, wherein p300 pathway binding ablated, susceptible to IFN pathway
pREB binding ablated allows virus to kill cancer cells with RB pathway disruptions, but
is repressed in RB+ normal celis.

{00056} Figure 10 shows amino acid sequences of the N-terminal portion of the
wild-type E1A polypeptide and the E1A N-terminus of the CRAd variants, dit101,
dit107 and dl1101/1107.

[00057] Figure 11 shows as schematic of different E3 immune evasion genes in
Ad species C axemplar AdS and Ad species D exemplar Ad26. Both Ads express
size and seguence variants of E3 12.5K, 87K, 18K, 10.4K (RiDa}, 14.5K (BRIDB),
and 14.7K genes, as well as a depiction of the functions of these E3 encoded
proteins.

{20058] Figure 12 depicts sites on Ad HVRs which may be modifiad, for
example, by PEGylation or "BAPylation” with biotin acceplor peplides (BAPs).

12
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[00059] Figure 13 is a schematic showing Ad therapeutic cycles, A} A
schematic of serotype-switching with Ads. B} A schematic of an exemplary
therapeutic cycle where Ad6 and Ad657 can be used for multiple rounds of reatment
by serofype-switching in combination with covalent polymer conjugation.

[00060] Figure 14 shows conjugation of polyethylene glycol (PEG) to AdBS7-
HVR1-C. A) SDB-PAGE of Ad proteins with and without PEGylation. Arrows show
size increages due 1o chemical attachiment of PEG to hexon. B} Elfects of targsted
PEGylation by maleimide-PEG and non-targeting NHS-PEG on virus infection.

{00061 Figure 15 shows chimeric HVR construgts that combine different HVRs
from different Ad serotypes to modulate natural interactions with cells and blood
factors improve pharmacology combined with insertion of cell binding and cell
detargeling peptidas in differant HVRs 1o change cell entry and cell avoidance. In
this example, a single cysteing amino acid is inserted into the HVR1 and HVRS of
AdBS57 1o modulate pharmacology and allow targeted conjugation of polymers like
polyethylensa glycol or othar moieties like imaging agents ke fluorophores.

jouog2] Figure 16 shows plasmid maps for representative CRAds and paptide

combinations. Showt are hexons as well as insertions of cell targeting peplides inlo
individual HVRs.

{000863] Figure 17 shows plasmid maps for representative CRAds and peplide
combinations. Shown are hexons ag well as insertions of cell targeting peptides into
individual HVRs.
[000864]
combinations. Shown are hexons as well as insertions of cell targeting peptides info
individual HVRs,

Figure 18 shows plasmid maps for representative CRAds and peptide

{00065] Figure 19. PD-1 PD-L1 Blockade Assay - Fusion protein was purified
from cells infacted with pAdB/ST7/8-dI1107-DES-RSV-hPD-1-HA-ig-1 on a protein A
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colummn, Thig protein was titrated along side positive controf, anti-PD-1 monaclonal
antibody from Promega (Madison, Wi, USA).

{00066] Figure 20. Tumor Growth Assessment - B18-CAR melanoma cells
werg injected subcutansously in C57BL/E mice and tumors were injected with a1
viral particles of the indicated veciors. CRAD+PD-L1 decoy is pAd&/S7/6-di1107-
AEB-R8V-hPD-1-HA-lg-l. CRAJ+PD-L1 decoy + immune simulator represent fumors
that were co-injected with pAdB/S7/6-di1 107-AES-RBV-hPD~1-HA-Ig-! and 8 second
adenavirus expressing 4-18BL.

DETAILED DESCRIPTION OF THE INVENTION

000871 This invention provides methods and compositions for treating cancer
comprising PD-1 polypeptides, The PD-1 polypeptides may be in the form of
multivalent PD-L1 binding compounds.

[ou0ss] in some casas, a multivalent PD-L1 binding compound comprisas two
or more aming aoid segments that can bind PD-L1 {a.g., PD-1 polypeptidas and/ior
fragments thereof). For exampls, a multivalant PD-L1 binding compound that
includes two or more PD-1 polypeptides {and/or fragments thereo! having the ability
to bind PD-L1) can bind two or more FD-L{ polypeptides, In some cases, a
multivatent PR-L1 hinding compound can includs a single aming acid chain that
includes two or more amino acid segments that can bind PD-L1.

00069] in some cases, a multivalent PD-L1 binding compound can include a
polypaptide conjugate including a plurality of (e.g., two or more) amino acid chains
that each include one or more aming acid segmenis that can bind PD-L1. For
example, an amino acid chain that includes one or more amine acid segments that
can bind PD-L1 can be & fusion polypeptide that includes one or more PD-1
polypeptides fused 1o a scaffold polypeptide that can form a polypeptide conjugate
with one or mora ather polypeptides that include one or morg amino acid segments
that can bind PD-L1 {e.g., a polypeptide conjugate including a plurality of associated
amino acid chains). When the scaffold polypeptide fused to one or more PD-1

14
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polypeptides is in a polypeptide conjugate, the polypeptide conjugate can include
two or more PD-1 polypeptides.

{00070 in an embodiment, a virus particle comprising a PD-1 polypeptide may
be in the form of a multivalent PD-L1 binding compound wherein two or more viral
goat polypeptides are madified to include one or more amino acid chains that include
one of move aming scid segments that can bind PR-LT.

{00071] in an embodiment, a PD-L1 binding compound comprises a
rgcombinant virus which is genetically modified {o express the PD-1 polypeptide,
wherein the PD-1 polypeptide is displayed on the coatl of the virus. Ina further
embiodiment, the recombinant virus is genetically modified fo express the PD-1
polypeptide in combination with one or more polypeptides which are heterologous fo
fhe recombinant virus backboneg, for example, therapeutic polypeplides, targating
mulecules/polypeptides and antigenic polypeptidas.

Q0073 It an embodiment, a PD-L1 binding compound comprises a
racombinant Ad (i.e., AdB57, AdE/57/6 and variants thersof} which is modified in one
or more hexon hypervariable regions (HVRs) of the virus capsid protein and
comprises at least ong PD-1 polypeptide. In an embodiment, the recombinant Ad is
further modified to comprise heterclogous polypeptides such as targeting
polypeptides, therapsutic polypeptides and/or antigens. The PD-1 polypeptides, as
well as the heterologous polypeptides, are expressed upon viral replication. Upon
virus assembly, the expressed polypeptides may be displayed on the surface of the
virus as a component of the virus capsid structure.

j00073] Int & further embodiment, a PR-L1 binding compound comprises a
racombinant Ad which is genstically modified to exprass the PD-1 polypeptide as a
fusion protein with one or more heterologous polypeptides, wherein the fusion
protein is displaysd on the capsid of the virus particle. Heterologous polypeptides
may include a GLA domain from a FX polypeptide, CAR polypeptides, G486
nolypaplides, dasmoglein polypeptides, integrin polypaptides, single-chain antibody
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polypeptides, camelid antibody polypeptides, capsid polypeptides, and envelope
binding polypeptides.

{00074] in some cases, an amine acid chain that includes one or mare PD-1
polypeplides and a polypeptide that can hind to a viral coaf polypeptide canbe a
fusion polypeptide including one ormore PD-1 polypeptides and a polypeptide that
can bind to a viral coat polypeptide. In an embaodiment, the fusion protein of PD-1
and a heterologous polypeptide may be expressed in g host cell, purified and
admixed with an Ad such that the fusion protein is bound to the surlace of the Ad via
covalent attachment of the helerologous polypeptide fo the Ad. When a first fusion
polypeptide including one or more PD-1 polypeptides fused {0 a polypeptide that can
bind to a viral coat polypaptide is bound to a first viral coat polypeptide on a virus
particle and a second {usion polypeptide including one or more PD-1 polypeptides
fused to a polypaptide that can bind 10 a viral coat polypeptide is bound o a second
viral coat polypeptide on that virug particle, the virug particle will include two or more
PD-1 polypeptides,

j00075] in some cases, a PD-L1 binding compound can include a virus particle
where one or more viral coat polypeptides are modified to include one or more amino
acid chains that include one or more amine acid segments that can bind PD-L1 {e.g.,
PD-1 polypeptides and/or fragments thergof). The PD-1 polypeptides may be
expressed during viral replication and assembly and displayed on the coat of the
virus. In an embodiment, the Ad {Le., AdB57, Ad8/57/6 and variants thereol) is
modified in an HVR region to express the PD-1 polypeptide in combination with one
or more hsterologous polypeptides selected from therapsutic polypeplides, targeting
polypeptides and antigenic polypeptides. The PD-1 polypeptide may be expressed
as a fusion protein with one or more heterologous polypeptides. For example, a
virus parlicle is genetically modified {0 express two or more amino acgid chains that
gach include at least one PD-1 polypeptide and a heterologous polypeptide, wherein
the amino agid chains are displayed on the surface of the virug particle as a
component of the virus capsid thereby forming a multivalent PD-L1 binding
compound. In some cases, a virusg particle is genstically modified to express two or
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more amino acid chains that sach include a PD-1 polypeptide and is modified to
express one or more amine acid chains that comprise a heterplogous polypeptids,
wherein the amino acild chains are displayed on the surfage of the virus parficle as a
component of the virus capsid thereby forming a multivalent PD-L1 binding
compound. In some cases, an amino acid chain includes two or mare PD-1
polypeptides and a heterologous polypeptide that are displayed on the surface of the
virus particla.

{00076] in an embodiment, an amino acid chain that comprises one or morg
PD-1 polypeptides can be a fusion protein that comprises one or more PDA
polypeptides fused o a heterologous polypeptide. The heterciogous polypeptide
may bind o the surface of an Ad o coat the virus particle. In an embodiment, the
fusion proteing are expressed in a host cell, purified and admixed with an Ad such
that the fusion protein coats the surface of the Ad viral particle thereby forming a
muttivalent PR-LT binding compound.

{Q0077] It some cases, & multivalent PR-LT binding compound described
herain can have increased affinity for PD-L1 {&.g., as compared 1o a monomeric PO-
1 polypeptide}. In some cases, a multivalent PD-L1 binding compound described
herein can have increased avidity for PR-L1 {e.g., as compared {0 a monomeric PD-
1 polypeptida).

{00078} This invention provides methods and materials for making
compasitions comprising PD-1 polypeptides and multivalent PD-L1 binding
compounds, as wall as methods and materisls for making recombinant viruses
comprising nucleic acid molscules that sncode an aming acid chain that can be used
to generate rmultivalent PD-L1 binding compounds described herein,

{00079] Muttivalent PD-L1 binding compounds described herein (2.9., a fusion
polypeptids that includes one or two or more PD-1 polypeptides, or & polypeptide
conjugate thal includes two or more amino acid chains that each include one or more
PD-1 polypeptides, or a virus particle where viral coat proteins comprise one or mare
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amino acid chains that include one or mare PD-1 polypeptides, or a virus patticle
where gne or more PD-1 polypeptides are bound to the surface of the virus particle)
can include any appropriate number of amino acid segments that can bind PD-L1
{e.g.. PD-1 polypeptides and/or fragments thereof that can bind PD-L1).

{00080}

herein can include two or more (8.g., 2, 8, 4, 5, 8, 240, 720, or more) aming acid

In some cases, a multivalent PD-L1 binding compound desaribed

segments that can bind PD-L1. In some casges, a multivalent PD-L1 binding
compound describad herein can include from about two 1o about 720 amino acid
sagments that can bind PR-L1. For example, when a multivalent PD-L1 binding
gompound described herein is a single amino acid chain that includes two or more
amino acid segments that can bind PD-U1, the multivalent PD-L1 binding compound
can include about 2, 8, 4, 5, 6, 7, or 8 PD-1 polypeptides {or fragments thereof that
bingd PD-L1). For example, when a multivalent PD-L1 binding compound dascribed
hersin is a polypeptide conjugats including a plurality of amino acid chains that gach
include one or more aming acikd segments that can bind PD-L1, the multivalent PD-
L1 binding compound can include about 2, 8, 4, 5, 6, 7, or 8 PD-1 polypeptides {or
fragments thereof that bind PD-L1}

{00081} For example, when a multivalent PD-L1 binding compound described
herein is a virus parlicle where fwo or more viral coat polypeptides {&.g. capsid
polypeptides) are modified to include one or more amino acid chains that include one
or morg amino acid segments that can bind PD-L1, the multivalent PD-L1 binding
compound can include from about 240 PD-1 polypeptides to about 720 RPD-1
polypsptidas {or fragments thersof that bind PD-L1}. In cases whare a multivalent
PD-L1 binding compound described hearein includes two amino acid sagmaents that
can bind PD-L1 {or a virus particle where one or more viral coat polypeptides are
madified to include one or more amino acid chains that include two ar more aming
acid segments that can bind PD-L1), the multivalent PD-L1 binding compound can
be referrad {0 as a dimeric or divalent PD-L1 binding compound. In cases wherga
muitivalent PD-L1 binding compound described herein includes three amine acid
sagments that nan bind PD-L1, the multivalent PD-L1 binding compound can be
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referred fo as a Wimeric or trivalent PD-L1 binding compound. in cases where g
multivalent PD-L1 binding compound described herein includes four aming acid
segments that can bind PD-L1, the multivalent PD-L1 binding compound can be
referred 1o as a tetrameric or tetravalent PD-L1 binding compound.

{00082] Multivalent PD-L1 binding compounds described herain can include

any appropdate aming acid segment(s} that can bind PD-L1.

{00083] in an embodiment, an amine acid segment that can bind PD-L1 can
include a PD-1 polypeptide. In some cases, an aming acid segment that can bind
PD-L1 can include any fragment of g8 PD-1 polypeptide provided that the fragment
retains the ability to bind PR-L1. In some cases, a PD-1 polypeptide can be a sPD-1
polypeptide. A RPD-1 polypeptide can be from any appropriate animal. Insome
cases, a PD-1 polypeplide can be from a mammal. For example, a PD-1
polypeptide can ba an hPR-1 polypeptide. For exampls, a PD-1 polypeptide can be
a mPD-1 polypeptide. A PD-1 polypeptide can include any appropriate PD-1
polypeptide sequence. In some cases, a PR-1 polypeptide can be modified {e.g., for
higher affinity interactions with PD-L1). Exemplary PD-1 polypeptide sequences
{and the nucleic acids encoding such polypeptides) can be as set forth in the
National Genter for Biotechnology information (NGB! databases al, for example,
Accession No. AlS28135 (Version Al928135.13, Accession No. AY238517 (Varsion
AY238517.1), and Accession No. CRI88122 {Version CR988122.1), Accession No.
U64883 (Version U64863,1}, Accession No, NM_008788 (Version NM_D08798.2),
and Accession No. NP_032824 (Version NP_032824.1}. In some cases, a PD-1
polypeptide comprises the amino acid sequence set forth in SEQ 1D NG5, In soms
casas, a PD-1 polypeptide comprises the amino acid sequence set forth in SEQ 1D
NOS,

{60084} In some cases, an amino acid segment that can bind PD-L1 {2.g., PD-1
polypeptidas and/or fragments thergof} can have a sequence that deviates from a
wild type PD-1 polypeptide sequence (e.g., a wild type PD-1 polypeptide having the
amino acid saquence sat forth in S8EQ 1D NO5 or SEQ 1D NO8), sometimas
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refarred to as a variant seguance. For example, a PD-1 polypeptide sequence
{and/or a fragment thereof having the ability to hind PD-L1) can have at least 80%
sequance identity to SEQ 1D NOS or SEQ ID NOS. In some smbodiments, an
amino goid segment that can bind PD-L1 can have at least 85% sequence identity,
90% sequence identity, 85% sequence identity, or at least 99% sequence identily to
SEQ D NO5 or SEQ D NOE, Percerd sequence identity is calculated by
determining the number of matched positions in alighed polypeptide sequences,
dividing the number of matched positions by the total number of aligned amino acids,
ragpectively, and multiplying by 100, A matched position refers o a position in which
identical amino acids occur at the same position in aligned sequences. The total
number of aligned amino acids refers to the minimum number of aminp acids in a
PD-1 polypeptide that are necessary to align the second sequence, and does not
include alignment {e.g., forced alignment) with non-PD-1 sequences, such as those
fused to a PD-1 polypeptide {e.g.. amino acids from an 1IgG polypeptide. a
streptavidin polypeptide, sigma-1, or a2 GLA domain of an FX polypsptide that s
fused to a PD-1 polypeptide). The total number of aligned amino acids may
corraspond to the entire PD-1 sequence or may correspond to fragments of the full-
length PD-1 sequence. Segquences can be aligned using the algorithm described by
Altachul ef al. (Nuckeic Acids Res., 25:3388-3402 {1997)) as incorporated inta
BLAST (basic local alignment search tool) programs, available at nebinlm.nih.gov on
the World Wide Web. BLAST searches or afignments can be performed to
determine percent sequence identity between a PD-1 polypeptide and any other
sequence or portion thareof using the Altschul et al. algorithm. BLASTN is the
program used 1o align and compare the identity between nucleic acid sequences,
while BLASTP is the program used to align and compare the identity betwean aming
acid sequences. When utilizing BLAST programs to calculate the percent identity
between a PD-1 sequence and another sequence, the defaull parameters of the

raspective programs arg used.
{00085] fn some cases, a multivalent PD-L1 binding compound can include a

polypeptide conjugate including a plurality of amino acid chains that sach include
one orf mora aming acid segments that can bind PD-L1 {e.g., PD-1 polypeptides
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andfor fragments thereof). As uged hergin, a plurality of amino acid chains that each
include one oy more amino acid segments that can bind PD-L1 refers {o two or more
(8.9, 2. 3,4, 5, 6,7, 8, or more) amino acid chaing that each include ane or more
amino goid segments that can bind PD-L1. For example, an amino acid chain that
includes one or more PD-1 polypeptides can be a fusion polypeptide that includes
one or more PD-1 polypeptides fused to a scaffold polypeptide that can form a
polypeptide conjugate with one or more other polypeptides that include one or more
amino acid segments that can bind PD-L1 {e.g.. a polypeptide conjugate including a
plurality of associated aming acid chains). When the scaffold polypeptide fused to
one of more PD-1 polypeptides is in a polypeptide conjugate, the polypeptide
conjugate can include twa or more PD-1 polypeptides, In some cases, a polypeptide
conjugate including a plurality amino acid chains that sach include one or more PD-1
polypeptides can be a homomeric PD-1 polypeptide (8.9, can include two or more of
fhe sama amino acid chaing that each include ong or more PD-1 polypeptidas). In
some £ases, a polypeptide conjugate including a plurality aming acid chaing that
each include one or more PD-1 polypeptides can be a heteromeric PD-1 polypaptide
{e.g., can include two or more different amino acid chains that each include one or
mare PD-1 polypeptides).

{00086} An amine acid chain including one of more amino acid segments that
can bind PD-L1 {&.g., PD-1 polypeptides and/or fragments thersof} pregentin a
polypeptide conjugate described herein {e.g., a polypeptide conjugate including a
plurality amino acid chains that each include one or more PD-1 polypeptides) can
include one or marg amino acid segments that can bindg PR-L1 fused o any
appropriate scatfold polypeptide. For example, an amino acid chain including ong or
more PD-1 polypeptides pregent in a polypeptide conjugate described herain can be
a fusion polypeptide that includes one or more PD-1 polypeptides fused to any
appropriate scaffold polypeptide. In some cases, a scatfold polypeptide can have
the ability to form a polypeptide conjugate {e.g., a polypeptide conjugate including a
plurality of associated amino acid chaing). For example, two or more aming acid
chains including one or more PD-1 polypeplides fused fo a scafiold polypeplide can
form a polypeptide conjugate that inoludes two or more PD-1 polypeptides. When
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fwo or more amino acid chains including one or more PD-1 polypeptides fused o a
scaffold polypeptide form a polypeptide conjugats, the two or more amino acid
chains can be bonded {e.g., by a covalent bonid or an lonic hond). A scaffold
polypeptide can be any appropriate polypeptide that can form a polypeptide
conjugate with ancther polypeptide. A scafiold polypeptide can naturally form a
polypeptide conjugate or can be engineered to form a polypeptide conjugate.
Examples of scaffold polypeptides that can form a polypeptide conjugate can
include, without imitation, Ig polypeptides {e.g., lgG polypeptides such as IgG2
polypeptides), sigma-1 polypeptides, and streptavidin polypeptides.

{00871 An amino acid chain including one or more amino acid segments that
can bind PD-L1 (e.g.. PD-1 polypeptides andfor fragments thersof) that can be
present in a polypeptide conjugate described herein (8.g., a polypeptide conjugate
including a plurality amino agid chains that each include one or more PD-1
polypeptides) can include any appropriate aming acid seguence. For exampleg, an

polypeptide can include any appropriate amine acid sequence. Exemplary amino
acid sequences of amino acid chains including one or more PD-1 polypeptides and a
scaffold polypeptide include, without imitation, those amino acid saquences sat forth
in SEQ ID NO: 7,10, 11, 12, 18, 16, 17, 18, 19, 20, 21, 24, 25, 26, or 27. In some
casas, the amino acid sequance of an amino acid chain including ong or more PD-1
polypeptides and a scafiold polypeptide can have a sequence that deviales from one
of the amino acid sequences set forth in SEQ 1D NO: 7, 10, 11, 12,18, 16, 17, 18,
18, 20, 21, 24, 25, 26, or 27, sometimes referred {0 as a variant sequence. For
gxample, an amino acid sequence of a fusion polypeptide containing one or more
PD-1 polypeptides and a scafiold polypeptide can have at least 80% sequence
identity 1o any one of the aming acid sequences set forth in SEQ 1D NO: 7, 10, 11,
12, 13, 18, 17, 18, 19, 20, 21, 24, 25, 26, or 27. in some embodiments, an amino
acid sequence of a fusion polypeptide containing one or more PD-1 polypeptides
and a scafiold polypaptide can have at least 85% sequence identily, 80% sequence
identity, 98% sequence identity, or at least 89% sequence identily to any one of the
amino acid sequences sat forth in SEQ ID NG 7, 10, 11,12, 13, 18, 17,18, 18, 20,
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21,24, 25,26, or 27. Percent sequence identity is calculated by determining the
number of matched positions in aligned polypeptide sequences, dividing the number
of matched positions by the total number of aligned amino acids, respectively, and
multiplying by 100. A matched position refers {0 8 position in which identical amino
acids occur at the same position in aligned sequences. Sequences can be aligned
using the algorithm described by Altschul &f al. (Nucleic Acids Res.. 25:3389-3402
{1997}) as incorporated into BLAST (basic local alignment search toal) programs,
available at nebi.nlnunih.gov on the World Wide Web. BLAST searches or
alignments can be performed to determine percent sequence identity betwsen a
polypeptide and any other sequence or portion thereof using the Altschul ef al.
algorithm. BLASTN is the program used to align and compare the identity between
nucleic acid sequences, while BLASTP is the program used {o align and compare
the identity between amino acid sequences. When utilizing BLAST programs fo
calculata the pereent identity betwaen a polypeplide sequence and anothey
sgquence, the defaull parameters of the respective programs are ussd. I some
£ASEs, an amino acid chain including one or more PD-1 polypeptides that can be
prasent in a polypeptide conjugate described herein (e.g., a polypeptide conjugate
including a plurality amino acid chains that each include one or more PD-1
polypeptides) can be as set forth in Example 7.

{aonss] in some cases, an aming acid chain including one or more amino acid
segments that can bind PD-L1 {e.g.. PD-1 polypeptiides andfor fragments thergof)
can be fused to a scaffold polypeptide that can form a polypeptide conjugate
including two associaled amino acid chains {e.g., an IgG polypeptide such as an
g2 polypeptide). For example, two aming acid chains each including one PD-1
polypeptide fused to an IgG2 polypeptide can form a polypeptide conjugate that
includes two PD-1 polypeptides. Exemplary amino acid sequences of amino acid
chains including one PD-1 polypeptide fused to an IgG2 polypseplide include, without
limitation, those aming acid sequences set forth in SEQ D NG7, SEQ 1D NO:13, or
SEQID NO:21.
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{00089] i some cases, an amino acid chain including one o more aming acid
segments that can bind PD-L1 {e.g., PD-1 polypeptides and/or fragments thereof}
can be fused io a scaffold polypeplide that can form a polypeptide conjugate
including three associated amino acid chains {e.g., a sigma-1 polypeptide). For
example, three amino agid chains each including one PD-1 polypeptide fused o a
sigma-1 polypeptide can form a polypeptide conjugate that includes three PD-1
polypeptides. Exemplary amino acid sequences of amino acid chains including one
PD-1 polypeptide fused 1o a sigma-~1 polypeptide include, without limitation, those
amino acid sequences sat forth in SEQ 1D NO:10, SEQ 1D NO:18, or SEQ 1D NO:24.

[00090] In some gages, an aming acid chain ingluding one or more amino acid
segments that can bind PD-L1 {e.g.. PD-1 polypeptides and/or fragments thersof)
can be fused 1o a scaffold polypeptide that can form a polypeptide conjugate
including four assoclated aming acid chains {e.g., & streptavidin polypaptide). For
gxample, four amine acid chains each including ong PR-1 polypeptide fused o a
streptavidin polypaptide can form a polypeptide conjugate that includes four PD-1
polypeptides, Exemplary amino acid sequences of amino acid chains including ong
PD-1 polypeptide fused to a streptavidin polypeptide include, without imitation, those
amino acid sequences sat forth in SEQ 1D NO:11 or SEQ IR NO:7.

{00091} in some cases, a multivalent PD-L1 binding compound can include a
virus particle where two or more viral coat polypeptides are modified to include one
or morg amino acid chains that include cne or more amino acid segments that can
bind PD-L1 {e.g., PD-1 polypeptides and/or fragments thereof). For example, a virus
particle can be modified by coating the virus particle with two or more amino acid
chains that each include one or more PD-1 polypeptides and a polypeptide that can
bind to & viral cost polypeptide. An amino acid chain including one or more amino
acid segments that can bind PD-L1 {e.g., PD-1 polypeptides and/or fragments
thereof) that can be used to coatl a virus particle o generate a multivalent PD-L1
binding compound {e.g., a virus particle where two or mare viral coatl polypeptides
arg modified to include one or more aming acid chaing that include one of more PD-
1 polypeptides) can include one or mare amino acid segments that can bind PD-L1
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fused o any appropriate polypeptide that can bind o a viral coat polypeptide. In
some cases, a.polypeptide that can bind 1o a viral coat polypeptide can covalently
bind to one or more viral coat polypeptides. In some cases, a polypeptide that can
hind io a viral coat polypeptide can bind 1o 3 viral coat polypeptide with high affinity
{e.g., from about 0.25 uM to about 100 pM). A polypeptide that can bind fo a viral
goat polypeplide can naturally bind o a viral coat polypeptide or iz engineerad 1o
bind to a viral coat polypeptide. A polypeptide that can bind to a viral coat
polypeptide can bind to any appropriate viral coat polypeplide.

{o0082] Examples of viral coat polypeptides include, without imutation, capsid
polypeptides {&.g., hexon polypaptides, fibsr polypeptides, penton polypeptides), and
adenovirus iX polypepltides. A polypeptide that can bind fo a viral coat polypeptide
can bind to a viral coat polypeptide present on any appropriate type of virus particle.
A virus particle can be a replication compstent {RC} virus particle {8.9., helper-
dependent (HD) vitus particles and single-cycle (8C) virug particles), a virus particle
can be a replication-defective (RD) virus particle, or a virus can be a conditionally
replicating virus particle (CRAd). In some cases, a virus particle can be an oncolytic
virus particle.

{00083} In some cases, a virus particle can be a viral vector, Examples of virus
particlas that can be coated with one or more amino acid chains that include one or
more PD-1 polypeptides and a polypeptide that can bind 1o a viral coat polypeptide
include, without imitation, Ads, adeng-associated viruses {AAVs), lentiviruses,
enteroviruses, reoviruses, poxviruses, maasles virus, and herpes viruses.

{00094} Examples of polypeptides which may be present on a viral coat
polypeptide include, without limitation, a GLA domain polypeptide {e.g., a GLA
domain from a FX polypeptide), CAR polypeptides, CD48 polypaptides, desmoglein
polypeptides, integrin polypeptides, single-chain antibody polypeptidas, camelid
antibody polypeptides, capsid polypeptides, and envelope binding polypeptides.
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{00095] An amino acid chain including ong or more amino acid segments that
can bind PD-L1 {e.g., PD-1 polypeptides and/or fragments thereof} that can be used
1o coat a vitus particle to generate a muitivalent PD-L1 binding compound {8.g., a
virus particle where one or two or more viral coat polypeptides are modified to
include one or more amino acid chains that include one or more PD-1 polypeptides)
can include any appropriate amino acld sequence. For example, a virus particls can
be contacted with a composition comprising two or mare amino acid chains that each
include ong ar more PD-1 polypeptides and a polypeptide that can covalently bind o
a vival coat polypeptide such that the amino acid chains coat the virus paricle. In
some cases, an aming acid chain that includes one or more PR-1 polypeplides and a
polypeptide that can bind to a viral coat polypeptide can be a fusion polypeptide
including one or more PD-1 polypeptides and a polypeptide that can bind to a viral
coat polypeptide. An amino acid chain that includes one or more PD-1 polypeptides
and a polypeplide that can bind to a viral coat polypeptide can include any
appropriate amino acid sequence. Exgmplary amino agid sequences of amino agid
chains including one or more PD-1 polypeptides and a polypeptide that can bindto a
viral coat polypeptide include, without limitation, those amino acid seguences sat
forth in SEQ 1D NO: 8, 9, 14, 15, 22, or 23. In some cases, the amino acid sequence
of an aming acid chain ingluding one or more PD-1 polypeptides and a polypeptide
that can bind to a viral coat polypeptide can have a sequence that deviates from one
of the amino acid sequences sat forth in SEQ 1D NO: 8,8, 14, 15,22, or 23
sometimes referred o as a variant sequence, For example, an amino acid sequence
of a fusion polypeptide containing one or more PD-1 polypeplides and a polypsplide
that can bind to a viral coat polypeptide can have at least 80% sequence identity to
any one of the amino acid sequences sat forth in SEQ 1D NQ: 8, 9, 14, 15, 22, or 23.
In some embodiments, an aminoc acid sequence of g fusion polypeptide containing
ane or more PD-1 polypeptides and a polypeptide that can bind 1o a viral coat
polypeptide can have at least 85% sequence identity, 80% sequence identily, 95%
sequence identity, or al least 89% sequence identity to any one of the amino acid
sequences set forth in SEQ 1D NO: 8, 8, 14, 15, 22, or 23, Parcent sequence
identity is calculated by determining the number of maiched positions in aligned
nolypeptide sequences, dividing the number of matched positions by the total
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number of aligned amino acids, respectively, and multiplying by 100. A maiched
position refers o a position in which identical amino acids oceur at the same position
i aligned sequences. Sequences can be aligned using the algorithm described by
Altschul et af, (Nucleic Acids Res., 25:3388-3402 (1887} as incorporatad into
BLAST (basiz local alignment search tool) programs. In some cases, an amino acid
chain including one or more PD-1 polypeptides and a polypeptide that can bind 1o &
viral coat polypeptide can be as set forth in the Examples.

{000%6] In some cases, an amino acid chain including one or more aming acid
sggmants that can bind PR-L1 {a.g., PD-1 polypeptidas and/or fragmeants thereof)
fused to a polypeptide that can bind to a viral coat polypeptide {e.g., a GLA domain
of a FX polypeplids) can be usad 1o coal {&.g., o modify one or mwore viral coal
polypeptides) a virus particle to form a coated virug particle having two or more
amino acid chains including ona or more aming acid segments that can bind PD-L3
which is bound o one of more viral coat polypeptides present on the surface of the
virus particla,

{00087} For example, one or more amino acid chains each including one PD-1
polypaptide fused fo a GLA domain of a FX polypepiide can be bound o two of more
viral hexon polypeptides andior ather viral coat proteins 1o coat a virus particle with
two or mora amino acid chains each including one PD-1 polypeptide fusad to a GLA
domain of a FX polypeptide. When a virus pariicle is an Ad, 240 hexon polypeplide
homo-trimers {e.g., polypeptide conjugales including three hexon polypeplides) can
be present on the virus particle {see, &.g.. Chen et al., Human gene therapy, 21:739-
749 (20101, In some cases, a fusion polypeptide including one PD-1 polypeptids
and a GLA domain of a FX polypeptide can be used to coat an Ad particle to
generate a multivalent PO-L1 binding compound that includes about 240 PD-1
polypeplides. For example, when a fusion polypeptide including ons PD-1
polypeptide fused to a GLA domain of a FX polypeptide is bound 1o each hexon
polypeptids trimer on an Ad virus particle, the virus particle will include 240 PD+
polypeptides. In some cases, a fusion polypeplide including one PD-1 polypeptide
and a GLA domain of a FX palypeptide can be used o coat an Ad particle to
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generate a muitivalent PD-L1 binding compound that may include betwsen about
240 PD-1 pulypeptides and about 720 PD-1 polypeptides. For example, when a
fusion polypeptide including one PD-1 polypeptide fused to a GLA domain of a FX
polypeptide is bound {0 each hexon polypeptide on an Ad virus particle, the virug
particle will include 720 PD-1 polypseptides.

{00098] In some cages, muitivalent PR-L1 binding compounds described herein
{e.g., a tusion polypeptide that includes two or more PD-1 polypeplides, or a
polypeptide conjugate that includes one or two or more amino acid chains that each
include one or more PD-1 polypeptides, or a virus particle where two of more viral
coat polypeptides include one or more amino acid chains that include one or more
PO-1 polypeptides, or a virus particle where ong or more viral coat polypeptides
include one or more amino acid chains that include two or more PD-1 polypeptides)
also gan include one or more additional molecules/polypeptides.

{00098] Examples of molecules that can be includad in a multivalent PD-11
binding compound deseribed herain include, without limitation, targsting molecules
{e.g., targeting polypeptides and targeting nucleic acid sequences), antigens,
therapeutic molecules, and detactable polypeptlides. In some cases, whana
muttivalent PD-L1 binding compound i& a polypeptide conjugate including a plurality
of amino acid chaing that each include ong or more PD-1 polypeptidas and/or PD-1
polypeptide fragments having the ability o bind PD-L1, and the polypeptide
conjugate includes one or more additional molecules, the one or more additional
molecules can be included in atleast one {e.g., 1, 2, 3, 4, or more) amino acid chain
including one or more PD-1 polypsptides andior PD-1 polypeptide fragments having
the abifity to bind PD-L1 that is present in the polypeptide conjugate. For example,
when a multivalent PD-L1 binding compound is a polypeptide conjugate including a
plurality of amino acid chains that each include one or more PD-1 polypeplides
andior PD-1 polypeptide fragments having the ability to bind PD-L1, and the
polypeptide conjugate includes one or more additional molecules, the one or more
additional molecules can be included in each amino acid chain including one or more
PD-1 polypeptides and/or PD-1 polypeptide fragments having the ability to bind PD-
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L1 that s present in the polypeptide conjugate. In some cases, when a multivalent
PD-L1 binding compound is a virus particle wheve two or more viral coat
polypeptidas are modified to include one or more amino acid chains that include one
ar more PD-1 polypeptides and/or PD-1 polypeptide fragments having the ability to
bind PD-L1 {or a virus particle whers ang or more viral coat polypeptides are include
one or more aming acid chains that include two or more aming acid segments that
include one or more PD-1 polypeptides and/or PD-1 polypeptides fragments having
the ability ta bind PD-L1}, the one or more additional molecules can be included in at
least one {e.g.. 1, &, & 4, or more} amino acid chain including ong or more PD-1
polypeptides and/or PD-1 polypeptide fragments used {o modily a viral coal
polypeptide on a virus particle. For example, when a multivalent PO-L1 binding
compound is a virus patticle where two or more viral coat polypeptides are modified
o include ong or more aming acid chainsg that include one of more PD-1
polypeplides andfor PD-1 polypeplide fragments having the ability to bind PO-Lt {or
a virus particle where one or more viral coat polypeptides are modifiad to includa one
or more amino acid chains that include two or mare amino acid segments that
include ong o more PD-1 polypeptides andior PD-1 polypeptides fragments having
the ahility to hind PD-L1)}, the one or more additional molecules can be includad in
gach amino acld chain including one or mare PD-1 polypeptides andfor PD-1
polypeptide fragments used to modify a viral coat polypeptide on a virus panicls.

1000100} When PD-L1 binding compounds described herein also include one or
maore targeting molecules (e.g., targeting polypeptides and fargeting nucleic acid
sequences), a largeting molecule can be any appropriate targeting molecule. In
sSOmMe ¢ases, a targeting moleculs can be a polypeptide {(e.g., a targeting
polypeptida). In some cages, a targeting molecule can be nucleic acid sequence
{e.g., a targeting nucleic acid sequence}. In some cases, a targeting molecule can
attract a T-cell to a PD-L1 positive call {e.g., a PD-L1 positive cancer cell). For
example, when a multivalent PD-L1 binding compound that includes a targsting
molecula is bound to PD-L1 on a PD-L1 positive cell, the targeting molecule on the
multivalent PD-L1 binding compound can aftract T cells 1o the PD-L1 positive cell.
For sxample, whan a mulivatent PD-L1 binding compound includes a targeting
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motacule, the targeting molecule on the multivalent PR-L1 binding compound can
direct the multivalent PD-L1 binding compound o a target location (e.g., a target
Higsue} within a mammal. Examples of targeting malecutes that can be included in a
multivalent PD-L1 binding compound describad herein include, viral polypeptides,
antigens {&.g., peptide antigens), miRNA targsting sequencss {e.g., lissug-specific
miRNA targeting sequences), antibodies, growth factors, and carbohydrates. When
a fargeting polypeptide is g viral polypeptide, the viral polypeptide can be derived
from any appropriate virus {e.g., measles virus {MV), canine distemper virus (CDV),
vesicular stomatitis virus (V8V}, gibbon ape leukemia virus (GALV), Zika virus,
human immunodeliciency virus (HIV), and human endogenous retrovirus (HERV)).
When a targeting polypeplide is a viral polypeptide, the viral polypeptide can be any
appropriate viral polypeptide {2.9., a hemagglutinin (H) polypeptide such ags a
detargeted H polypeptide, a fusion (F) polypeptide, a viral glycoprotein (G)
polypeplide, envelope {env; g.g., HERV anv), syneytin-, and syneytin-2. In some
cases, a viral polypeptlide can be a MV H polypeptide. In some cases, a viral
polypeptids can be a MV F polypeptide. In some cases, a viral polypeptidecan be a
VSV G polypeptide.

{000101} When PD-L1 binding compounds described herein also include one or
more therapeutic molecules, a therapeautic molecule can be any appropriate
therapsutic molecule. In some cases, a therapeutic molecule can be a therapeutic
polypeptide. In some cases, a therapeutic molecule can reduce or sliminate PD-L1
inactivation of one or more T cells, in some cases, a therapeutic molscule can
activals and/or accumulate one or more pharmacautical agents {e.qg., anti-cancer
drugs). Examples of therapeutic molecules that can be included in g multivalent PD-
.1 binding compound described herein include, a 4-18B ligand (4-1BBL}
polypeptide, an OX40 ligand {OX40L) polypeptide, a granulocyte-macrophage
colony-stimulating factor (GM-CSF) polypeptide, anti-PD-1 antibodiss, nucleic acid
encoding anti-PD-1 antibodies, thymidine Kinase, cylosine deaminase, and iodide
symporter. In some cases, 8 therapeutic molscule can be a therapeutic antibody.
The tharapeutic antibody may be an agonist antibody which targets GITR. Signaling
through GITR enhances T-cell proliferation and effector functions and protects T
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celdig from activation-induced cell death, which in twn increases the frequency of
memory T cells. Combining GITR agonists with the PD-L1 binding compounds of the
invention may demonstrate a strong synergy.

000102} When PD-L1 binding compounds described herein also include one or
more detectable polypeptides, a detectable polypeptide can be any appropriate
detectable polypeptide. In some cases, a detectable polypeptide can be delectad
{e.g., by a clinician) 1o determine the location of one or more PD-L1 binding
compounds descaribed herein. In some cases, a detectable polypeptide can be
detectad {g.g., by a clinician} 1o monitor the persistence of one or more mullivalent
PD-L1 binding compounds described herein. Examples of detectable polypeptides
that can be included in a PD-L1 binding compound described herain are salacted
from fluorescent polypeptides {e.g., green fluorescent protein {GFP), luciferase
polypeptides, paptide labels, and sodium fndide symporter.

j000103] This document also provides nucleic acids {e.g., nucleic acid veciors)
that can encode amino acid chains described herein (2.g., an amino acid chain that
includes one or more PD-1 polypeptides fused to a scaffold polypeptide, or an amino
acid chain that includes one or mora PD-1 polypeptides fused to a polypeptide that
can bind o a viral coat polypeptide) that can be used o generate multivalent PD-L1
binding compounds described herein (e.g., a fusion polypeptide that includas two or
more PD-1 polypeptides, or a polypeptide conjugate that includes two or more amino
acid chains that sach include one or more PD-1 polypeptides, or a virus particks
where one or two or more viral coat polypeptides are modified fo include one or more
aming acid chains that include one or more PD-1 polypeptides, or a virus particle
wherg one or more viral coal polypeptidss are modified o include one or more amino
acid chains that include two or more PD-1 polypeptides). In some cases, nucleio
acid can encods an amino acid chain that can be ussed to generate a polypeptids
conjugate ncluding two or more aming acid chains that each include one or more
PD-1 polypeptides. For example, nucleic acid can encode an amino chain including
ane or more PD-1 polypeptides and a scaffold polypeptide. In some cases, nuclsic
acid can snonde an amino acid chain that can be used to generate a virus particle
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where one or more viral coat polypeptides comprise one or more amino ackd chains
that include one or more PD-1 polypeptides, For example, nucleic acid can encode
an amino chain including one or more PD-1 polypeptides and a polypeptide that can
bind o a viral coat polypeptide.

{000104] Nucleic acid {e.g., nuclelc acid vectors) encoding aming acid chains
described herein {8.g., an amine acid chain that includes one or mote PFD-1
polypeptides fused 1o a scaffold polypeptide, ar an amino acid chain that includes
one ov more PD-1 polypeptides fused to a polypeptide that can bind 1o a viral coat
polypeptide) that can be used {o generate multivalent PD-L1 binding compounds
described herein can be a nugleic acid selected from DNA {e.g., a DNA construct},
RNA {e.g.. mRNA}, or a combination thereof. In some cases, nucleic acid encoding
an amino acid chain described herein can be a vector (e.g.. an expression vector or
a viral vector). A vector can be a RO vactor (g.g., HD veclors and 8C vectors} or g
vactor can ba a BD vecior. When a vectoris a viral vactor, the viral vector can be
derivad from any appropriate type of virus. In some cases, a viral veclor can be
derived from an oncolytic virus. Examples of viruges from which viral vectors can be
derived include, without limitation, Ads, adeno-associated viruses (AAVs),
lentiviruges, enteroviruses, reavirusas, poxviruses, measles virug, and herpes
viruses.

000105} In some cases, nucleic acid encoding an aming acid chain described
herain also can include one or more regulatory elemants {e.g., to regulate
exprassion of the amino acid chain). Examples of regulatory elements that can be
included in nugleic acid encoding an amino acid chain described herein include,
without limitation, promoters (e.g., constitutive promaoters, tissue/cell-speaific
promoters, and inducible promoters such as chemically-activated promoters and
light-activated promoters), enhancers, nucleic acid sequences {e.g., suicide genes)
whose expression gan induce apoptosis, necrosis, and other forms of call death.

{0001086] in some cases, nucleic acids {e.g.. nucleic acid vectors) encoding

amino acid chains described herein {e.g., an amino acid chain that includes one o
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more PD-1 polypeptides fused to a scaffold polypeptide, or an amina acid chain that
includes one or more PD-1 polypeptides fused to a polypeptide that canbindto a
viral coat polypeptide) that can be used to generate multivalent PD-L1 binding
compounds described herein (e.9., a fusion polypeptide that includes two or mare
PD-1 polypeptides, or a polypsptide conjugate that includes two or more amino acid
chains that each include one or more PD-1 polypeptides, or a virus particle where
two or mors viral coal polypeptides are madified to include one or more amino agid
chains that include ong or more PD-1 polypeptides, or a virus panticle where ong or
maore viral coat polypeptides are modified to include one or more aming acid chains
that include two of more PD-1 polypeptides) can produce two or morg {e.g., 2, 3, 4,
5,8,7,8, 9, 10, or move) amino agid chains described herein.

1000107} in some cases, nucleic acids {e.g.. nucleic acid vectors) encoding
amino acid chains describad herein {e.g., an amino ackd chain that includes one or
muore PD-1 polypeptides fused to-a scaffold polypeptide, or an aming acid chain that
includes ong or more PD-1 polypeptides fused to a polypeptide that can bind to a
viral coat polypeptide) that can be used o generate multivalent PD-L1 binding
compounds described herain {e.g., a fusion polypeptide that includes two or more
PD-1 polypeptides, or a polypaptide conjugate that includes two or more amino acid
chains that each include one or more PD-1 polypeptides, or a virus panticle where
two or mora viral coat polypeptides are madifiad to includea one or more amino acid
chains that include one or more PD-1 polypeptides, or a virus particle where one or
maore viral coat polypeptides are modified to include one or more amino acid chains
that include two or more PD-1 polypeptides) can conmtinuously produce ong or more
{8.g.,.1,2,3, 4,5 8 7 8 8 10, or more) aming acid chains dascribed harein.

000108} In some cases, nucleic acids {e.g., nucleis acid vectors) encoding
amino acid chains described herein {g.g., an amino ackd chain that includes one or
more PD-1 polypeptides fused o a scaffold polypeptide, or an amino acid chain that
includes one or more PD-1 polypeptides fused to a polypeptide that can bindto a
viral coat polypeptlide) that can be used to generate multivalent PD-L1 binding
compounds describad hersin (e.g., a fusion polypeptide that includes two or more
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PD-1 polypeptides, or a polypeplide conjugate that includes two or more amino acid
chains that each include one or more PD-1 polypeptides, or a virus particle wherg
two or mors viral coat polypeptides are modified to include one or more amino acid
chains that include one or more PD-1 polypeptides, or a virus particle where one or
more viral coat polypeptides arg modified fo include ong or more aming acid chains
that include two or more PD-1 polypeptides) can produce one or more {eg., 1, 2, 3,
4,5,6,7, 8 9 10, or more} amino acid chains described herein for the duration of
the persistence of the nucleic acid (e.g., until the nucleic acid is degraded),

[000108] In some casas, aming acld chaing encaded by nucleie acid described
herein can be used to generate multivalent PD-U1 binding compounds described
herein. For example, two or mare amino acid chaing including ong or more PD-1
polypeptides fused to a scaffold palypeptide can assemble {e.g., can self-assamble}
into a polypeptide conjugate including two or more amina acid chains that each
include one or mare PD-1 polypeptides to ganarate a polypeptide conjugate
described herein. When two or more amino acid chains including one or more PD-1
polypeptides fused 10 a scaffold polypeptide assamble into & polypeptide conjugate
including two or more amino acid chains that each include one or more PD-1
polypeptides {o genarate a polypeplide conjugate, the amino acid chains can
assembile i vivo or in vitro. For example, one or more aming agid chains including
one or more PD-1 polypeptides fused to a polypeptide that can bind 1o & viral coat
polypeptide can bind to two or more viral coat polypeptides present on the surface of
a virus particle to coat 1o generate a coated virus particle described herein, When
one or more aming acid chaing including one or more PD-1 polypeptides fusedtio a
polypeptids that can bind {o a viral coat polypeptide coat virus particle to gensrate a
coated virus particle, the virus particle can be coated in vive or in vilro.

{00010} in some cases, multivalent PD-L1 binding compounds desaribed hersin
can be purified. A “puritied” polypeptide, protein or nucleic acid refers to a
polypeptide or nucleic acid that constitutes the major component in a mixturs of
components, e.g., 30% or more, 40% or more, 50% or more, 60% or more, 70% or
maxe, 80% or morg, 90% or more, 85% or more, or 98% or more by weight. For
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example, a purified multivalent PD-L1 binding compound can constitute about 30%
or more by weight of a compagsition containing one or more multivalent PD-L1
binding compounds. Puolypeptides may be purified by methods including, but not
fimited to, affinity chromatography and immunosorbert affinity column. For example,
a puritied nucleic acid encoding an amine acid chain thal can be used to generate a
multivalent PD-L1 binding compound described herein can constitute about 30% or
maore by weight of g composition containing one or more aming acid chaing that can
be used to generate a multivalent PD-L1 binding compound described harein.
Nucleic acid may be purified by methods including, but not imited to, phenol-
chioroform extraction and column purification {e.g., mini-column putification).

jaoat11] Alternatively, the invention also provides multivalent PD-1 binding
compounds that include two or more amino acid segments that can bind PR-1 (e.g.,
PD-L1 polypeptides and/or fragments thergof) as well as methods for making and
using multivalent PD-1 binding compounds that include two or more aming acid
segments that can bind PD-1 {s.g., PD-L1 polypaptides and/or fragments thereof),
In some cases, a multivalent PD-1 binding compound can include two or more amino
acid segments that can bind PD-1 {e.g., PD-L1 polypeptides and/or fragmenis
thereof). For example, a multivalent PD-1 binding compound that includes two o
more PD-L1 polypeplides (and/or fragments thereof having the ability to bind PD-1)
can bind two or more PD-1 polypeptides. In some cases, a multivalant PD-1 binding
compound can include a single amino acid chain that includes two or more aming
acid segments that can bind PD-1.

{a00112] Also providad harein are methods and materials for treating cancer, for
example, administering a composition containing ong or more multivalent PD-L
hinding compounds described herein. The one or more multivalent PD-L1 binding
compaounds may be administered {o a subject in combination with therapeutic
polypeptides. In an embodiment a multivalent PD-L1 binding compound comprisaes a
therapeutic polypeptide which is administered 1o a subject for treating cancer. In
another embodimeant a muitivalent PR-L1 binding compound is co-administered with
an Ad sxprassing a therapautic polypeptide 1o a subject for treating cancer.
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{00118} The invention encompasses virus particles wherain two or maore viral
coat polypeplides comprise ong of more amino acid chains that include one or more
PD-1 polypeptides. The virus particle may be a recombinant virus particle
comprising PD-1 polypeptides, including PD-1 fusion proteins, in the capsid profein
of the virus particle. The virug particle may be a virus particle which has been
coated with PD-1 polypeptides, for example, PD-1 fusion proteins.

000114} in an embodiment, where the PD-L1 binding compound comprises a
rcombinant virus, the virug is a recombinant Ad, for sxampls, Ad strain AdBSY or Ad
strain AdE/57/6, and varfants thereof. The recombinant Ad may be modifiedtobe a
conditionally replicating Ad (CRAd). Such recombinant Ads are dascribed in US
Application Serial No. 16/680,733, the disclogsure of which ig incorporated herein in
is entiraty by reference as if fully set forth herain.

000115} In an embodiment, the invention encompasses a recombinant,
conditionally replicating Ad virus particle which comprises one ar more amino acid
chains that each include one or two or mare PD-1 polypeptides, or nucleic acid
gncoding amino acid chains that can be used to ganerate multivalent PD-L1 binding
compaunds.

0001186} I some cases, a recombinant Ad described herein (e.g., 8
racombinant Ad having oncolytic anti-cancer activity such as a recombinant AdBS7)
can include an Ad genome containing one or mare nucielc acld deletions. A nuglele
acid delation can be a full delstion {e.g., deletion of a nugleic acid encoding a
polypeptida) or a partial delgtion {e.g., deletion of one or more nucleotides within a
nucleic acid encoding a polypeptide). A nucleic acid deletion can reduce or eliminate
franscription and transtation of a polypeptida encoded by the deleted nuddeic acid. In
some cases, a nucleic acid encoding a polypeptide associated with production of
infectious progeny can be deleted. Examples of nugleic acids that can be deleted
and/or muodified in a recombinant Ad described herein may encade E1 (e.g., E1A
and E1B), E2, E3, B4, plliA, fiber, E1B, and include viral enhancers and promoters.
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For example, a recombinant Ad described herein {e.9., a recombinant Ad having
ongolytic anti-cancer activity such as a recombinant AdeS7) can include an Ad
genome containing a deletion of one or more nuclectides within a nucleic acid
encoding an E1 polypeptide. In some cases, a recombinant Ad described herein can
include one or more substitutions in a nucleic acid encoding an E1 polypeptide.

o017 in particular embodimants, a recombinant Ad described harein is
modified to comprise a probasin promaoter comprising, for example, a nucleic acid of
SEQ 1D NO:41, is modified to comprise a dit101 deletion in a nucleic acid encoding
an E1 polypeptide; a recombinant Ad described herein is modified to comprise a
di1107 deletion in 2 nucleic acid encoding an E1 polypeptide; a recombinant Ad
described herein is modified to comprise a di1101 deletion and a di1107 deletion.
The di1101 modification 1o E1a prevents binding to p300 and to make virus
susceptible to Interfaron (INF) repressions. The di1107 mutation in E1a pravents its
binding to pRB {o blogk virus replication in cells with intact pRB pathways. See

wild-type Ad E1A, and CRAJ-857-dl1 1, CRAJ-857-di1107 and CRAJ-657-
dH101/1107 varianis.

000118} Schematic of mulations in Ad8, AdBS7 and variants thergof invalving
mutations in the E1 protein 1o convert the virus 1o a conditionally-replicating Ad
{CRAd) is shown in Figure 8 and Figure 10, These include di1101 and/or the 1107
that block binding to p300 and pRB, respactively.

{I00119] Figure 10 shows the N-terminal amino acid sequencss of EtAina
wild-type Ad, as well as Ad variants E1A dIT101, E1A 107 and E1A a1 10171107,

[o00120] Also shown i the replacement of the Ad E1 promater with the
prostate-specific promoter probasin-E1 DNA sequence {(SEQ 1D NO:41) to generate
the CRAd, Ad-PB {Figure 8). The probasin promotey is andragen dependent, so will
work in androgen-sensitive tumaors fike LNCaP, but not in andragen-resistant tumors
like DU148,
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faontet The replication competent Ads, as well as the CRAds, of the invention
are genetically modified by methads known to those skilled in the ant {o exprass one
ar more therapeudic polvpeptides. The therapeutic polypeptides may be immune
stimulatory polypeptides, for example, CD40L, 4-1BBL, OX40, GM-CSF, and
combinations thereof,

joo0122} Moreover, in an embodimeant, the replication competent Ads, as well ag
the CRAds, of the invention are genstically modified by methods known to those
skillad in the artt 1o express both PD-1 polypeptides and one or more therapsutic
polypeptides as fusion proteins.

1000123} The replication competent Adg, as well as the CRAdSs, of the invention
may be genetically modified by methods known to those skillad in the art to comprise
maodified fiber/knob capsid proteing. The Ad fiber protein is a complex of thres
apparently identical subunits which mediates the initial attachment step. The native
Adg fiber protein (SEQ 1D NQ:35) binds CAR.

[000124] in a furthar aspect of the invention, fiber-maodified recombinant Ads
having different fiber proteing or modifications in the fiber/knob proteing which are
not native {o the parental Ad were genarated. Recombinant Ads, including CRAds,
comprising capsid proteins from different Ad strains and heterologous fiber/knob
proteins were generated, for example, recombinant Ads comprising a heterclogous
Ad35 fiber polypeptide or Chimpanzee C68 fiber polypeptide, +/- a K7 peptide.

{0001 25] A chimeric Ad, AdF35 fiber chimara, hag the amino acid sequence of
SEQ D NO:36 and is shorler than AdB and AdS fiber proteins and retargets virus fo
CD4s.

{00126} A fiber-modified recombinant Ad, comprising K7 Fiber having the

sequence of SEQ 1D NQ:37, targets virus 1o heparin sulfate proteoglycans and
negative charges on cells.

38



WO 2020/223217 PCT/US2020/030240

0001271 A recombinant, chimeric Ad, 8/FC88 Fiber comprising the sequence of
SEQ 1D NO:38, is a chimeric Ad having a fiber protein from chimpanzee adenovirus
G868, The fiber protein is shorter than AdS or Ad6 fiber proteins and binds CAR.

[000128] A recombinant, chimeric Ad, 6/FC88-K7 Fiber comprising the sequence
of SEQ D NO:39, is a chimeric Ad having a fiber protein from chimpanzee
adenovirus 088, The fiber protein i shorter than AdS or Ads fiber proteins. The
6/F88-K7 Fiber binds CAR and is relargeted to heparin sullate and negative
charges.

{000129] A recombinan, chimeric Ad, §/FC88-HI-K7 Fiber compiising the
sequence of SEQ 1D NO:40, is a chimeric Ad having a fiber protein from chimpanzee
adenovirus G&8. The fiber protein is shorter than AdS or AdS Tiber proteing. The
B/FC68-HI-K7 Fiber binds CAR and is refargeted to heparin sulfate and negative

charges.

{Q0Q1301 It sume cases, a recombinant Ad desuribed hergin (8.g., &
racombinant Ad having oncolytic anti-cancer aclivity such as a recombinant AdB57)
can includea an Ad genome containing one or more nucleic acid insertions. For
gxample, a nucleic acid insertion can include a nucleic acid encoding a polypeptide,
for example a therapeutic polypeptide. A nucleic acid can be insetted into any
appropriate location within a genome of a recombinant Ad described herein. In some
cases, a nucleie acid encoding a polypeptide can be inserted into a HVR {a.g., HVR
5 loop) of a genome of a recombinant Ad described herein. For example, when a
nucleic acid encoding a polypsptide is inserted into a HVR of a genome of a
recombinant Ad described herein, the nuclgic acid encoding a polypeptide can
axpress one or more polypeptides, and the expressed polypeptide(s} can be
incorporated into the capsid of the recombinant Ad. In cases where a nuclgic acid
encoding a polypeptide is ingerted into a HVR region of a genome of a recombinant
Ad describad herein, the recombinant Ad can present from about 1 & about 720
polypeptides encoded by the inserted nucleic acid on its surface. A nucleic acid
insertion can ke nuclsin ackd encoding any appropriate polypeptide. In some cages,
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a nucleic acid insertion can encode a therapsutic polypeptide, a polypeptide antigen
or a cytokine.

000131} in general, Ads may be modified to include CRAd modifications
described hergin,

{00132 In an embodiment, a recombinant Ad is a conditionally replicating Ad
with a dl1 101 modification to E1a, which prevents binding to p300 and makes the
virus susceptible to IFN repression, and a di1107 mutation in Ela o prevent its
binding to pRB to blogk virus replication in cells with intact pRB pathways, and an
E3A deletion. The CRAd expresses human PD-1 fused fo human immunoglobulin.

1000133} inan embodiment, a recombinant Ad {for example Ade57} is a
condiftonally replicating Ad with a dit101 modification In Eta, which prevents binding
{o p300 and makes virus susceptible to IFN repression, and an E3A deletion. The
CRAd expresses human PD-1 fused {o human Factor X {GLA) on the surface of the
virus particle, wherein the CRAd is retargeted to cells expressing PD-L1 onthe
surface of the cell.

000134} in an embaodiment, a recombinant Ad is a conditionally replicating Ad
{for example AdBE7} with a di1101 modification to E1a, which prevents binding lo
p300 and makes virus susceptible to IFN repression, and a dit107 mutation in Eta
o prevant its binding to pRE o block virus replication in cells with intact pRB
pathways, and an E3A deletion. The CRAdJ expresses human PR-1 fused to human
Factor X {GLA) on the surface of the virus particle, wherain the CRAd is retargeted
to cells expressing PD-L1 on the cell surface.

[000135] The virus particles having PD-1 polypeptides bound to the surface of
the virus particle can be used for reating a mammal having cancer (e.g., 8 cancer
including one or more PD-L1 positive cancer cells). The virus particles may be
administerad to a subject in an amount effective for the treatment of cancer and,
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optionally, may be administered in combination with cancer therapigs, including
immungtherapies and chemotherapeutic agents.

000136} in an aspect of the invention, a composition containing one or more
multivalent PD-L1 binding compounds or nugleic acid encoding an aming acid chain
that can be used to generate multivalent PD-L1 binding compounds describad herain
and, optionally, one or more cancer therapies, can be administered to a mammal
having cancer o treat the mammal. A multivalent PD-L1 binding compound
described herein can bind to PD-L1 on PD-L1 positive cancer cells. Binding of a PD-
1 polypeptides can neutralize PD-L1 function, and can thereby prevent PD-L1
positive cells {e.g., PD-L1 positive cancer cells) from escaping the immung system
and/or can aflow anti-cancer agents {€.g., cancer immunatherapies) 1o more
affectively targst PD-LY positive cells. In cases where nucleic acid encoding a
multivalent PD-L1 binding compound described herein is an oncolytic Ad vector
sncoding a mullivalent PD-L1 binding compound described herain, the ancolytic Ad
can infect call and can drive T call responses directed to the infected cell. An
oncolytic Ad can infect any appropriate type of call. In some cases, an ancolytic Ad
can infect a PD-L1 positive cell {e.g., a PD-L1 positive cancer gell). In some cases,
an oncolvtic Ad can infect non-dividing cells {e.g.. kidney cells).

{000137] In some cases, a composition comprising or consisting essentially of
one or more PD-L1 binding compounds described herein can be used for treating a
mammal having cancer {e.¢., a cancer including one or more PD-L1 positive cancer
celig). For example, a composition containing one or more multivalent PD-LY
binding compounds and, optionally, one or more cancer therapeutics, can ba
administerad to a mammal having canger (o treat the mammal,

[000138] Alternatively, the methods and materials described herein can be used
for treating other diseases or disorders associated with PD-L1 positive cells. In
some cases, a composition containing one or more PR-L1 binding compounds
described herein can be used for realing & mammal having an infectious dissase
{e.g., an infectious diseass including one or mure PD-L1 positive macrophages such
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as cancer infillrating macrophages). Examplas of infectious diseases that can
include one or more PD-L1 positive cells include, without limitation, HIV, hepatitis,
and malaria. In some cases, a composition containing one or more PD-L1 binding
compounds described herain can be used for freating a mammal having an
autoimmunes disease {e.g., an autoimmune disease including one or more PD-L1

positive macrophages such as cancer infilirating macrophages).

{000139] Any appropriate mammatl having cancer can be treated as described
hersin. For example, humans and other primates such as monkeys having cancey
can be treated with a compaosition containing ohe or more PR-L1 binding compounds
described herein and, optionally, can be freated in combination with one or more
cancer treatments 1o reduce the sevatity of the cancer, to reduce a symptom of the
cancey, and/or 1o reduce the number of cancer celis present within the mammal
within the human or other primate. In some cases, dogs, cals, horsas, cows, pigs,
shesp, mice, and rals having cancer can be freatad with a compuosition containing
one or move multivalent PD-L1 binding compounds described herein, viruses
compriging PR-L1 binding compounds, or nucleie acid encoding an amino acid chain
that can be used to generate multivalent PD-L1 binding compounds described
hergin, and, optionally, can be treated with one or more cancer irsatments as
described herein,

1000140} When treating a mammat {2.9., a human} having a cancer as described
herain, the cancer can be any appropiate cancer. A gancer can include one or more
PO-L1 positive cancer cells. A cancer can include one or more solid tumors. A
cancer can be a blond cancer. Examples of cancers that can be reated as
described herein include, without limitation, breast cancer, colorectal cancer, kidnay
canosy, lung cancer {2.g., non-small cell lung cancer), ovarian cancer, melanoma,
brain cancer, sarcoma, prostate cancer, pancreatic cancer, head and neck cancer,
liver cancer, retinoblastoma, ymphoma, and lsukemia.

000141} In some cases, a mammal gan he identified as having a cancer{e.g., &

cancsy including one or more PD-L1 positive cancer gelis). Any appropriate method
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can be usad to identify a mammal having cancer. For example, imaging techniques
and biopsy techniques can be used to identify mammals (e.g., humans) having
cancer.

[000142] Once identified as having a cancer, & mammal can b administerad a
composition cortaining one or more PD-L1 binding compounds described herein,
and, optionally, can be treated with one or more cancer therapeutics andfor cancer
treatments. The one or more cancer therapeutics can include any apprapriate
cancey treatments. In some cases, a cancer treatment can include surgery. In some
cases, a cancar reatment can include radiation therapy. h some cases, a cancef
treatment can include administration of g pharmacotherapy such as a chemotherapy,
hormone tharapy, targeted therapy, and/or cytoloxic tharapy. Examples of cancer
treatments include, without limitation, administration of one or more receplor tyrosing
kinase inhibitars {8.g., erlotiniby), administration of one or marg PD1/PD-LYT inhibitors
{e.g., nivolumab, pembrolizumab, atezolizumab, avelumab, cemiplimab, and
durvalumab), administration of one or more immunotherapias such as
iromunotherapies that can target PDUPD-LT {e.g., nivolumab, pembrolizumab,
atezolizumab, avelumab, cemiplimab, durvalumab, alemtuzumab, ipimumab,
ofatumumab, and rituximab), administration of one or more antibodias which target
GITR, administration of one or more platinum compounds {e.g., a cisplatin or
carboplating, adminisiration of ong or more taxanss {e.g., paclitaxel, docataxel, or an
albumin bound paclitaxel such as nab-paciitaxel), administration of altretamine,
administration of capecitabine, administration of cyclophosphamide, administration of
stoposide {vp-16), administration of gemcitabine, administration of ifosfamide,
administration of iinotecan {cpt-11), administration of liposomal doxorubicin,
administration of melphalan, adminisiration of pemetrexed, administration of
topotecan, administration of vinorelbine, administration of one or more luteinizing-
hormone-releasing hormone (LHRH) agonists {such as goserelin and leuprolide),
administration of one or more anti-estrogen theraples {such as tamoxiten),
administration of ong or more aromatase inhibitars {such as letrozole, anastrozole,
and exemestane), administration of one or morg angiogenesis inhibitors {such as
bevacizumab), administration of one or more poly{ADP}-ribose polymerase (PARP)
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inhibitors {such ag olaparib, rucaparib, and niraparib), administration of external
beam radiation therapy, administration of brachytherapy, administration of
radioactive phosphorus, and administration of any combinations thereol. In cases
where 8 mammal having cancer is reated with a composition containing one or more
multivalent PD-L1 binding compounds or nucleic acid encoding an aming acid chain
that can be used o generate multivalent PD-L1 binding compounds described
herein, and is treated with one or more canger freatments, the composition
containing one or more cancer treatments ¢an be administered at the same time or
independently. For example, the compuosition containing one or more multivalent
PD-L1 binding compounds or nucleie acid encoading an amino acid chain that can be
used o generate multivatent PD-L1 binding compounds described herein can be
administered first, and the one or more cancer {reatments administeraed second, or
vice versa.

000143} In some cases, a composition comprising one or mare PD-L1 binding
compounds dascribed herein can be formulated into a pharmaceutically acceptable
composition for administration 1o a mammal having cancer. For example, a
therapeutically effective amount of one or more multivalent PD-L1 binding
compounds or nucleic acid encoding an amino acid chain that can be used to
generate multivalent PD-L1 binding compounds described herein can be formulated
together with one or more pharmaceutically acceptable carriers {additives) and/or
diluents. The pharmaceutical composition may turther comprise a therapeutic
polypeptide andfor a recombinant virus which is genetically modified to sxpress a
therapeutic polypeptide. A pharmaceutical composition comprising, or congisting
essentially of a multhalent PD-L1 binding compound, and optionally a therapeutic
polypeptide, can be formulated for administration in solid or liquid form including,
without limitation, sterile solutions, suspensions, sustained-release formulations,
fablats, capsules, pills, powders, nano-particles, and granules. Pharmaceutically
acceptable carrers, fillers, and vehicles that may be used in a pharmacsutical
composition described herein include, without limitation, lon exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer
substancas such as phosphates, glycine, sorbic acid, potassium sorbate, partial
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glyceride mixtures of saturated vegetable fatty acids, water, salls or slectrolyles,
such as protaming sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chitride, zine salts, colloidal sifica, magnesium trisilicate,
polyvinyl pyrrofidone, cellidose-based substances, polyethylene glycol, soditm
carboxymathyleeliulose, polyacrylates, wakes, polyethylene-polyoxypropylene-hlock
polymers, polyaethylene glycol and wool fat.

{000144] A pharmaceutical composition comprising or consisting essentially of
one ov more multivalent PD-L1 binding compounds as described herein, and
optionally a therapeutic polypeptide, are formulated for oral or pargnteral {including
subcutaneaous, inframuscular, intravenous, intratumoral, and intradenmal}
administration.

[000145]  When baing administered orally, a pharmaceutical compasition
comprising ong of more PR-L1 binding compounds or nucleie acid encoding an
amine acid chain that can be used {o generate multivalent PD-L1 binding
compourds described herein can be in the form of a pill, tablet, or capsule.

000148} Compositions sultable for parenteral administration include agusous
and non-aqueous sterile injection solutions that can contain anti-oxidants, buffers,
bacteriostatic agents, and solutes which rendar the formulation isatonic with the
blaod of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspanding agents and thickening agents. The formulations can
be presented in unit-dose or multi-dose comainers, for example, sealed ampules and
vials, and may be stored in a freaze dried (yophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediatsly prior
to use. Extemporaneous injection solutions and suspensions may be prepared from
sterile powders, granules, and tablets. Such injection solutions can b in the fovm,
for example, of a sterlle injectable aquesus or oleaginous suspension. This
suspension may be formulated using, for example, suilable dispersing or watling
agenis {such as, for example, Tween 80} and suspending agents. The sterile
injectable preparation can be a starile injectable solution or suspension in a non-toxic
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paranterally-acceptable diluent or solvant, for example, as a solution in 1, 3-
butanediol. Examples of acceptable vehicles and solvents that can be used includs,
without limitation, mannitol, watey, Ringer's solution, and isotonic sodium chioride
solution, In addition, stenlle, fixed oils can be used as a solvent or suspending
medium, In some cases, a bland fixed oil can be used such as synthetic mong- or
di-glvcerides, Fatly acids, such as olelc acid and s glyceride derivatives can he
usad in the preparation of injectablas, as can natural pharmacewtically-acceptable
oils, such as olive oil ar castor oll, including those in thelr polyoxyethylated versions.
in some cases, these oil solutions or suspensions can contain a long-chain alcohol
diluent or dispersant,

{00147 Specific embodiments disclosad harein may be further limited In the
claims using “consisting of" or “consisting essentially of language. When used in the
claims, wheather as fitad or added per amendmant, the transition term "consisting of"
sxcludes any element, step, of ingredient nof specified in the claims. The transition
term "consisting essentially of limits the scope of a claim {o the specified materials
or steps and those that do not materially affect the basic and novel characteristic(s).

{000148] In some cases, a pharmaceutically acceptable composition comprising
one ov more PD-L1 binding compounds described herein can be administered locally
or systemically. For example, a compaosition containing a compound that inhibits the
function of an intracelivlar PD-L1 domain can be administered locally by injection into
or near a cancer {g.9., a tumor) in a mammal (&.g., @ human). Forexample, a
composition containing a compound that inhibits the function of an intracellular PD-
L1 domain can be administered systemically by oral administration or by injection
{e.g., subcutaneous, inframuscular, intravenous, intratumoral, and intradermal
injection) 1o a mammal {e.g., a humanj.

0001491 Effective doses can vary depending on the severity of the cancer, the
route of adminigtration, the age and general health condition of the subject, excipient
usage, the possibility of co-usage with other therapeutic freatments such as use of
othar agents, and the judgment of the fraating physician.
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000150} An gffective amount of a composition containing one ar more PR-L1
binding compounds described herein can be any amount that can reduce the
severtty of the cancer, to reduce a symplom of the cancey, andfor to reduce the
number of cancer cells present within the mammal without producing significant
foxicity to the mammal. The effective amount can remain constant or can be
adjusted as a sliding scale or variable dose depending on the mammal's response to
treatment. Various factors can influence the actual effective amount used for a
particular application. For example, the frequency of administration, duration of
freatment, use of multiple treatment agents. route of administration, and saverity of
the condition {e.g., cancer) may require an incrgase or decrgase in the actual
effective amount administered.

1000151} The frequency of administration can be any frequency that sensitizes
cancar cells in the mammal 1o one or more cancer traatmants (8.g., one or mure
cancet irnmunotherapies) withowt producing significant toxicity to the mammal. For
example, the frequency of administration can be from about once a week to about
three times a day, or from about twice a month to about six times a day, ot rom
about wice a week o about once a day. The frequency of administration can
ramain constant or can be variable during the duration of treatmani. A course of
freatment with g compaosition containing one or more PD-L1 binding compounds
described herein can include rest periods. For example, a composition containing
one or more multivalent PD-L1 binding compounds or nucleic acid encoding an
amino acid chain that can be used o generate multivalant PD-L1 hinding
compounds described hergin can be administered daily over a two-week periad
followed by a two-week rest period, and such a regimen can be repeated multiple
times. As with the sffective amount, various factors can influsnce the actual
frequency of administration used for a particular application, For example, the
effective amount, duration of reatment, use of multiple treatment agents, route of
adminisiration, and severity of the condition {(e.g., cancer} may require an increase or

decrease in administration fraquency.
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000152} An gffective duration for administering a composition containing one o
more PD-L1 binding compounds describad herein can be any duration that can
reduce the severity of the cancer, to reduce a symptom of the cancer, and/or {o
reduce the number of cancer cells present within the mammal without producing
significant toxicity to the mammal. Thus, the effective duration can vary from several
days to several weeks, months, or years. In general, the effective duration for the
treatment of cancer can range in duration from six months o one year. Mulliple
factors can influence the actual effective duration used for a particular treatment.
For sxample, an sffective duration gan vary with the frequency of administration,
effective amount, use of multiple treatment agents, route of administration, and
severity of the condition being treated,

1000153} in certain instances, a course of treatment and the severity of one or
mare symptoms related to the condition being treated {e.g., cancer) can be
monitored. Any appropriate method can be uged o determine whether or not the
sensitivity of cancer calls in the mammal o one or mora cancer freatments {a.g., one
or more cancer imunotheraples) is increased. For example, the respongivenass of
cancer {(e.g., based on the size and/or number of fumors) can be assessed using
office imaging tschniques at different tims points.

{000154] The invention will ba further described in the {ollowing examplas, which
do not limit the scope of the invention described in the claims,

EXAMPLES

Example 1, Construction of Recombinant Adenoviruses: Insertion of Individual
HVRs from Different Ad Serotypes with the insertion of Cell
Targeting/Detargeting Peplides or Novel Amino Acids.

{000155] Recombinant adenoviruses were constructed by recombinant DNA

{fechnology utilizing methods known to those skilled in the art. A recombinant Ad
{ADBET) is derived from a first Ad shrain AdS {e.q., can include g genome of a first Ad
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strain} and may include capsid hexan HVRs from a second Ad strain, AdS7, see
Figure 8. These embudiments have been applied generally in the context of Ads
which combine different capsid hexon HVRs from different Ads {i.e., shuffling HVRs).
Figure 7 shows an alignment of AdB, AdE, and AdS7 showing variation in hexon
ragions. For example, HVR1 of Ad strain Ad6 with HVYRs 2-7 of Ad strain AdS7 or
HVR1 and 7 of Ad strain AdB with HVRs 2-8 of Ad strain Ad57. In a further
embodimant, an AdB/56/6 virus has HVRs 1 and 7 from Ad strain AdS and HVRs 2-6
fram Ad strain Ade57,

000158} in an aspect of the invention, chimetic Ads weare generated which have
an Adé HVR1 and Ad57 HVRs 2-7, the chimera, referred to as Ad6/57 HVR chimera,
comprises the hexan having the aming acid sequence of SEQ 1D NO28.

000187} In yet another aspect of the invention, chimeric Ads were generated
which have Ad6 HVR1 and 7 and AdS57 HVRg 2-6, the chimerg, referred to as
AdB/57/6 HVR chimera, comprises the hexon having the amino acid sequence of
SEQ ID NO:29.

{000158] To obtain recombinant Ad strain Ad657, a nuclaic acid encoding Adb?
HVRs 1-7 was synthesized and inserted into the Ad8 hexon in a plasmid with an
FRT-Zeocin®-FRT casselie between pVi and hexon. This was recombined into
various pAdS plasmids to generate AdES57 and variants thereof. The amino acid
saquence of the AJE57 hexon is set forth in SEQ D NO:30.

{00159] With raspect o variants of Ad857, the Adb7 HVR seguence was
synthesized with HVR1 modifiad with a cysteine, flexibility amino acids, and
regtriction sites to allow insertions of other peptides. This was inserted into the Ad8
hexon in a plasmid with an FRT-Zeocin®-FRT casselte between pVl and heion. This
was recombined into various pAdé plasmids to generate AJES7 variants with
cysteing in HVR1, the variant referred 1o as AdB57-HVR1-XXA comprises the hevion
having the amino acid sequence of SEQ 1D NOM42.
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{000160] With respect {o variants of AdES7, the AdS7 HVR sequence was
synthesized with HVRS modified with 3 cysteine, flexibility amine acids, and
restriction sites {o allow insertions of other peptides. This was inserted into the Adé
hexon in a plasmid with an FRT-Zeocin®-FRT cassette between pVl and hexon, This
was recombined into various pAde plasmids to generate AJBET varianis with
cysteine in HVRE, the variant referred 1o as AJBS7-HVRSE-XXA comprises the hexon
having the amino acid sequence of BEQ 1D NO:43.

{000161] With respect to variants of AdS57, the AdB7 HVE sequence was
synthesized with HVR1 modified with a cysteing, flexibility amino acids, and
restriction sites to allow insertions of other peptides. This was inserted into the Adé
hexon in a plasmid with an FRT-Zeocin®-FRT cassette between pVl and hexon. This
was recombined into various pAdS plasmids to generate AdBS7 variants without
cystaine in HVR1, bul with restriction sites allowing peptide insertions info HVR1, the
variani referred 1o as AdeS7-HVR1-XA comprises the hexon having the aming acid
sequance of SEQ D NO«4.

000162} With respect to variants of Ad857, the AdR7 HVR sequence was
synthesized with HVRS madified with a cysteing, flesdbility amino acids, and
restriction sites to allow insertions of other peptides. This was inserted into the Adg
hexon in a plasmid with an FRT-Zeocin®-FRT cassette between pVl and hexon. This
was recombined into various pAds plasmids o generate AdE57 variants without
cysteine in HVRS, but with restriction sites allowing peptide insertions info HVRE, the
variant referred 10 as AdeST-HVRS-XA comprises the hexon having the amino acld
sequance of SEQ D NO 48,

000163} With respect to variants of Ad857, the AdES7 HVR1-XA sequenice was
maodified by insertion of a biotin acceptor peplide into HVR1, This was recombined
into various pAdS plasmids o generate AJRS7 variants a BAP in HVR1, the variant
referred to as AdBS7-HVR1-PETCD comprises the hexon having the amino acid
sequence of SEQ D NO46.
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000164} The insertion of a biotin acceptor peptide detargets the virus varanis
from the liver, allows the virus 1o be retargeted with avidin or streptavidin and
biotinylated ligands, and allows the virus to be purified on monomaeric avidin or
streplavidin columns.

[pont16s] With respect 1o variants of AdBE7, the AdBE7 HVR1-XA sequence was
modified by insertion of a biotin acceptor peptide (BAP) into HVR1. This was
recombined info various pAdB plasmids 1o generate AdB57 variants a BAP in HVR1,
the variant referred 1o as AdBS7-HVR5-PSTCD comprises the hexon having the
amino acid sequence of SEQ 1D NO47.

{000 186} With respect to variants of AJBE7, the AdESY HVRS-XA sequence was
modified by insertion of a synthetic V1/V2 loop from HIV envelope into HVRS, the
variant referred 1o as AdBST-HVRS-V1/VZ comprises the hexon having the amino
acid sequence of SEQ 1D NO4s,

000167} The insertion of a gynthetic VI/VE loop from HIV envelope allows
display of this antigen {0 ssyve as a vaccing as well as retargsting by binding to
proteing that interact with HIV envelope.

{000168] With respect to variants of Ade57, the AdB57 HVRS-XA sequence was
modified by insertion of synthetic peptides from human papilloma virus {(HPV} into
HVRS, the variani referred to as AdES7-HVRS-HPV comprises the haxon having the
amino acid sequence of SEQ 1D NO:48.

{000169] The insertion of synthetic peptides from human papilloma virus allows

display of HPV peptides as antigens for vaccine purposes as weall as for relargeting
by binding to proteins that interact with HPV peptides.

Q001708 Irvanother aspact of the invention, chimeric Ads were genarated which

have an Ade HVR1 and AdS7 HVRs 2-7, the chimera, referred to ag Ad8/57 HVR
chimara, comprises the hexon having the amino acid segqueance of SEQ 1D NOQ:ED.
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[oont71l In yat another aspact of the invention, chimeric Ads ware generated
which have Ad8 HVR T and 7 and AdB7 HVBs 2-8, the chimera, refeired 1o a8
AdB/57/8 HVR chimera, comprises the hexon having the amino acid sequence of
SEQ ID NOB1L

{00172} The plasmid maps of Figures 18-18 show the combination of the
insertion of individual HVRs from different Ad serotypes with the insertion of cell
targeting/detargeting peptides, therapeutic polypeptides, or novel amino acids such as
cystaine into the hexon for targeted chemical modification and shislding.

{00173} in cartain embodiments, cell binding peptides are insertad into HVR 1 or
HVR 5, which embodimeants sarve as examples of inserting these and other peptides
in any of the HVRs of an Ad.

Example 2. Targeted Chemical Conjugation of Cysteine-modified Hexon-
moditied Ad6ST-HVRSC.

000174} Figure 13 is g depiction of Ad varianis showing the combination of
insertion of individual HVRs from different Ad serotypes with the insertion of novel
aming acids such as gysieine into the hexon for fargeted chemical modification and
shiglding.

[000175] This example demonstirates the ability to targel polymer and other
chemical modifications 1o cysteines inserted into an Ad hexon (Figure 15). Urdargeted
PEG inactivates virus infection whersas cysteina-targsting PEGylation refains virus

functions.

{00176} in an aspect of the ihvention, the use of polymers or inserted
peplides/proteins {o detargst, refarget, and shield from antibodies, proteins, cells s
contemplated. Figures 12 and 14 depict sites of Ad HVRs which may be modified, for
example, by PEGylation or "BAPylation”. Anocther example shows insettion of a bictin
accaptor peptide (BAR) is insaried info these HVRs allowing for vector retargeting with
avidin or streptavidin and biotinylated ligands or with avidin- or streptavidin fusion
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proteins. BAP ingerfion also allows the viruses {o be purilied on monomaetic avidin or
streptavidin columns for vector production. Likewise, AdS7-HVR1-XXA and XA shows
the example of inserting a cystsine info this site to allow targeled chemical modification
with maleimide or other gysteine-reactive agents.

{00177} n an embodiment, the different Ad serotypes and/or variants comprise
polymer shielding to alfow mulli dosing of Adé and AdES7 varianis. An exemplary
therapeutic cycle whare AdB and AdBET can be used for multiple rounds of reatment
by serotypa-switching in combination with covalent polymer conjugation is shown
{Figure 13}

000178} AdBS7-HVR1C expressing GFPLuciferase was produced fram cells and
purified on CsCl gradients. The virus was covalently modified with 5 kDa polysthylene
glycol (PEG). Tha virus was treated with either NHS-PEG that reacts randomly with
amines/lysines on viral proteing or with maleimide PEG that reacts specifically with
cysteine that was ingerted into HVR 1 using the XXA shuttle plasmid. These unmodified
or modified viruses were then purified by a final CsCl spin followed by desalting. The
indicated virus were separated on SDS-PAGE gels, stained with SyproRuby, and
visualized by imaging {Figure 14}. This shows that NHS-PEGylation randomiy modifiss
many viral proteins as demonsirated by increases in the apparent mass of the proteins
{indicated by arrows). In contrasi, targeted maleimide PEG reaction with the cysteine
in HVR1 modifies only hexon and does not damage other viral capsomer proteing. The
effects of PEGylation on virus function is evaluated.

Example 3, Conditionally Replicating Ads {CRAds).

{000179] Schematic of mutations in Ad8, AdB57 and variants thereof involving
mutations inthe E1 protein fo convert the virus to a conditionally-replicating Ad {CRAd)
is shown in Figure 8, Figure 10 and Figure 11. These include dit 101 and/or the di1 107
that block binding to p300 and pRB, respectively.

000180} Figure 10 shows the N-terminal aming acid sequances of E1Ain a
wild-type Ad, as well as Ad varlants E1A diT101, E1A dIT107 and E1A diT101/1107.
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000181} Also shown ig the replacement of the Ad E1 promoter with the
prostate-specific promoter probasin and the £E1 DNA sequence of SEQ 1D NO31 o
gensrate the CRAd, Ad-PB {Figure 9). The probasin promoter is androgen
dependent, so will work in androgen-sensitive tumors like LNCaP, but notin
androgen-resistant fumaors like DU145.

joon1sg] n an embodiment, a conditionally replicative AdB857 virus having 8

dH 101 modification to E1, and a dIT107 mutation in Bla, and an E3A deletion, is
constructed to sxpress human PD-1 fused to human immunoglobulin as a PD-LY
decoy protein. The virus also expresses GFPLuclerase from a MV promoter. Such
gonditionally replicative AJBS7 virus variant is referred o as
CrAded1101/1107DESADP-hPD-1-1g-GL.

Example 4. Retargeted and Detargeted Recombinant Adenovirus.

{000188] in vitro, Ads bind and enter cells through the combined inferactions of
its fiber and penton base proteins with cell surface receptors. The timeric fiber
binds the coxsackie-adenovirus receptor {CAR), and cells that lack CAR are
relatively resistant to infection unless they also express av integring that can be
bound by an RGD motif on the penton base.

{000184] The Ad fiber protein is a complex of thres apparently identicat
subunits which mediates the inftial attachment step. The native Ad6 fiber protein
comprises the amino acid sequence set forth in S8EQ 1D NO:35 and binds CAR.

{o01as] In a further aspsct of the invention, fiber-moditied recambinant Ads
having differant {iber protaine which are nt native {o the parental Ad were
generated, Recombinant Ads, including CRAds, comprising capsid proteins from
different Ad strains wers generated, for exampls, recombinant Ads compriging a
heterologous Ad3S fiber polypeptide or Chimpanzee C88 fiber polypeptide, +/- a K7
paptide.
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{000186] A chimeric Ad, AdF35 fiber chimera, has the amino acid sequeance of
SEQ 1D NO:36 and is shorter than Adb and AdB fiber proleins and retargets virus to
CD48.

[000187} A hibar-modified recombinant Ad, comprising K7 Fiber having the
sequence of SEQ 1D NO:37, targets virus o heparin sultate proteoglycans and
negative charges on cells.

{on0188] A recombinant, chimeric Ad, 8/FC88 Fiber comprising the sequence of
SEQ D NO:3E8, is a chimeric Ad having a fiber protein from chimpanzes adenavirus
68, The fiber protein is shorter than AdS or Ad8 fiber proteins and binds CAR.

1000188} A recombinant, chimeric Ad, 8/FC88-K7 Fibaer comprising the sequence
of SEQ 1D NO:39, is a chimaric Ad having a fibar protein fram chimpanzes
adenovirus GB8. The fibar protein is shorter than AdS or Ad6 fibar proteins. The
8/FCR8-K7 Fiber binds CAR and is refargeted to heparin sulfate and negative
charges.

[0001907 A recombinant, chimeric Ad, 8/FC88-HIKY Fiber compriging the
sequence of SEQ 1D NOQ, is a chimeric Ad having a tiber protein from chimpanzes
adenovirus $88. The fiber protein is shorter than Ad5 or Adg fiber proteins. The
6/FCE8-HI-K7 Fiber binds CAR and is refargeted 1o heparin sulfate and negative
charges.

joou1gt] Blood factor X (FX} binds with nanomolar affinity 1o the hexons of
spacigs (& adenovirus and, conseguently, enables species C adenovitus 1o efficiantly
transduce liver hepatocytes after IV injection.

{000122] The following CRAdJ viruses are constructed which express human
Factor X {GLA} fused to human PD-1, Wild-type and high affinity mouse and human
PD-1 domains were fused o the N~ or C+termini of human FX GLA-EGF domain and
thadr exprassion was driven by either RSV or CMV promoter. In soms cases these
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fusion protein expression cassettes were inseried into the E3 domain of the indicated
viruges. In others, they wers inserted between the fiber and E4 genes of the viruses.

{p00183] Conditionally replicative AJBS7 with a di1 101 modffication to Ela
pravent its binding to p300 and o become susceptible to IFN, an E3A daletion, with
an RSV expression cassetie inserted into the E3 deletion. This virus expresses
human Factor X (GLA) fusad fo human PD-1 and an adenovirus retargeting protein
{o PD-L1+ cells {i.e., CrAdE57d1101 DESADP*hPD1-GLA-GL-L}.

{000194] Conditionally replicative AdB57 with a di1 101 modffication o Ela
pravent its binding to p300 and to make virus susceptible to IFN repression and a
di1 107 mutation in Elg 1o prevent its binding to pRB to bluck virus replication in cells
with intact pRE pathways, with deleted E3, and comprises an RSV expression
cassette insarted into the E3 deletion. This virus expresses human Factor X {GLA}Y
fused to human PD-1 e, CrAd8S7 1101/ 1107DESBSTRSVRPDT-GLAMgIZh.
During viral replication, the PD-1 will be expressad in a cell as a monomer which is
capable of binding PD-L1 when released from the cell. The PD-1 can also be bound
to the surface of an Ad o retarget the Ad to PD-L1-expressing cells.

o0 18s] Conditionally replicative AJB/57/8 with a di1 107 mutation in Ela, and
an E3A delstion with an RSV expression cassette inserted intt the E3 deletion, is
construcied to express human PD-1 fused to human immunoglobutin as a PD-LY
decoy protein {i.e., pAd/ST/E-d1 107-AES-RSV-hPD-1-HA-{g-1}. Ses Figure 16,

{p00186) The fusion protein was puritied from cells infected with pAde/S7/8-

dit 107-DEZ-RSV-hPD-1-HA-Ig-1 on a protein A column, This protein was titrated
along side positive control anti-PD-1 monocional antibody in the PD-1/PD-L1
Blockade Assay from Promega (Madison, Wi, USA) The high affinity human hPD-1-
HA-Ig fusion protein inhibits PD-L1. Ses Figure 18

Example 5. Construction of recombinant Ads for expression of PD-L1 binding
compounds in combination with heterologous polypeptides.

58



WO 2020/223217 PCT/US2020/030240

000197} A conditionally replicative Ad virus {CRAS57 or CRAJ 6/57/6) is
modified to exprass PD-1 polypeptidas in combination with one or more
heterologous polypeptides {e.g.. therapsutic polypeptides andfor targeting
polypeptides). in one embodiment, the RSV-PD-1 fusion casselte is inserted into an
E3 deletion of the virus and the therapeutic transgenes are inserted as CMV or
MOMV or RBY expression cassattes in between fiber and E4 genes according to
methods known to those skilled in the art. Ses Figwre 17 and Figure 18.

Example 8. Tumor Growth Assassment of CRAd Expressing High Affinity
Human hPD-1-HA-lg Fusion Protein Alone or in Combination with Immune
Therapy Payloads.

000198} B18-CAR melanoma cells are injected subcutanaously in C57BL/6
mice and rasulting tumors are injected with 3e11 viral particles of the multivalent PD-
L1 binding compounds of the invention. CRAG+PD-L1 decoy is pAd6/57/6-d11107-
AESZ-RSV-hPD-1-HA-lg-l. CRAd+PD-L1 decoy + immune simulator are co-injected
into tumors using pAdE/57/8-di1107-AE3-RBV-hPD-1-HA-Ig-! and a second
adenovirus expressing 4-18BL. CRAd expressing high aftinity human hPD-1-HA-g
fusion protein delays twmor growth by itself or in combination with immune therapy
payloads. See Figura 20,

jon199] ln an embodiment, the CRAUES7 or CRAJE/S7/6 is modified to express
PD-1 polypeptides in combination with one or more therapeutic polypeptides. The
tharapeutic polypeptide may he selected from GM-CSF, 4-1BBL, CD40L and OX44,
and combinations thereof, In one aspect, the PD-1 polypeptide is expressed with the
therapeutic polypeptide as a fusion protein. In a further aspect, a RSV-PD-1 fusion
cassette is inserted into an E3 deletion of the virus and the therapeutic transgenes
are inserted as CMV or MCMV or RSV expression cassettes in between the virus
fiber and E4 genas. See Figures 17 and 18.

Example 7. Construction of Multivalent PD-L1 Binding Compounds.

{0G0200] Fusion proteing including a PD-1 polypeptide and either a scaffold
polypeptide or a GLA domain of an FX polypeptide are generated from genes that
arg PCR cloned with mutations and fusion junctions from wild-type, mutant, or
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synthetic genes according to mathods kKnown o those skilled in the arnt. Fusion
proteins are assembled by cloning in expression vectors, culturing under conditions
which allow sxpression and assembly of proteins and, optionally, purifying the
proteins from the cellular millew,

000201} The fusion proteing may be produced by plasmid transfection or
infection of calls with veclors sxprassing PD-1 polypeptides and/or fragmants thereot
fused 10 a polypeptide that can bind 1o a viral coat polypeptide, followed by
purification with PD-1 or a fusion pariner on antibody columns or on PD-L1 columns

aron biotincolumns,

(000202 i an embodiment, Ads may be cortacted with the purified PD-1 fusion
proteins under conditions which allow for coating of the Ad surface with the lusion
protein. Forexample, the GLA domain of an FX polypeptide binds to the surface of
the Ad such that the PD-1 is sxposed on the surface of the Ad to bind to PD-L1 on
the surface of a cell. An adenovirus wherein the fusion pariner is bound {o the Ad
surface and the PD-1 is free 1o bind PD-L1 on a cell, provides a multimeric PD-I1

binding compuound.

000203} in an embodiment, nucleic acids encoding the fusion proteins are
inserted into plasmids or viral vectors or are inserted in mRNA production vectors
and these are transfected or infected in vitro into cell cultures or infected in vive in
animals. Samples are assayed for protein expression with antibodies against PDY
andfor fusion protein partners.

000204} Nuclgic acid {e.q., DNA, mRNA, and viral vectors) encoding the fusion
proteing are delivered info normal or cangcer-bearing animals and changes in
peripheral blood callg, lymph node cells, spleen cell, and tumor cell populations are
assessed by staining with CD3, CD4, CD8, PD-1, PO-L1, and T cell activation
markers.

[000205] Nugcleic agid {e.g.. DNA, mRNA) or viral veciors encoding the fusion
proteins are delivered into cancer-bearing animals and effects on tumor sizs,
metastases, dissemination, and survival were assessed.

Other Embodiments,
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0002086} it is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is
intended to Hlustrate and not imi the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and muodifications are
within the scope of the following claims.
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CLAIMS

1. A multivalent programmed cell death protein ligand 1 (FD-L1} binding
compound, comprising a plurality of aming acid chains, wherein each aming acid
chain comprises al least one programmad cell death protsin 1 (PD-1) polypeplide.

2. The multivalent programmed cell death protein ligand 1 {(PD-L1) binding
compound of Claim 1, wherain the multivalent PD-L1 binding compound is a
polypeptide conjugate compriging a scaffold polypeptide selected from ig
polypeptides, sigma-1 polypeptides and streptavidin polypeptides.

3. The multivalent programmed cell death protein figand 1 {PD-L1} binding
compound of Claim 2, wharein the multivalent PD-L1 binding compound is a
polypeptide conjugate comprising moreg than one scaffold polypeptide.

4. The multivalent programmed cell death protein ligand 1 {PD-L1) binding
compound of Claim 1, wherain the programmed call death protein 1 (FD-1)
polypeptide is & human PD-1 or a muwrine PD-1.

5, The muitivalent programmed cell death protein figand 1 (PD-L1) binding
compound of Claim 1, wharein the amino acid chains comprise g therapsutic
polypeptide, a targsting polypeptide or an antigenic polypeptide.

8. The multivalent programmed cell death protein ligand 1 (PD-L1) binding
compound of Claim 5, wherain the targeting polypeptide is selectad from a measles
virus hemaggiutinin (MVH) polypeptide, a measies virus fusion (MVF) polypeplids,
and a vasicular stomatitis virus glycoprotein (VSVQ) polypeptide.

7. The multivalent programmed cell death protein ligand 1 (PD-L1) binding
compound of Claim 5, wherein the therapeulic polypeptide is selected from g 4-1B8B
figand (4-1BBL) polypeptide, a OX40 ligand (OX40L) polypeptide, a CD40 kgand
{CD40L) polypeplide, and a granulocyte-magrophage colony-stimulating factor (GM-
CSF} polypeptide.
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8. The multivalent programmed cell death protein figand 1 (PD-L1} binding
compound of Claim 1, wherein each amino acid chain comprising at least one
programmad cell death protein 1 (PD-1) polypeplids is associated with g
recombinant Adenovirus (Ad) and the plurality of amine acid chains are presenton a
coat polypeptida of the recombinant Ad.

S Tha multivalent programmed oell death protein ligand 1 {(PD-L1) binding
compound of Claim 8, wherein the recombinant Ad comprises capsid hexon
polypeptidas of an Ad strain AdS and at least one capsid hexon hypervaribals region
{HVR} polypeptida from Ad strain Ad57,

10, The multivalent programmed cell death protein ligand 1 {PD-L1) binding
compound of Claim 9, wherein the capsid hexon polypeptides of an Ad sirain Ad6
comprise HVR polypeptides 1-7 from Ad strain Adb7.

it The multivalent programmed cell death protein figand 1 {PD-L1) binding
compound of Claim 9, wherein the capsid hexon polypeptides of an Ad strain AdS
comprise HVR polypeptides 2-8 from Ad strain Adb7.

12. The multivalent programmed cell death protein ligand 1 {PD-L1) binding
compound of Claim 8, wherein the programmed cell death protein 1 (PD-1)
polypeplide is human PD-1.

13. The multivalent programmed oell death protein figand 1 {PD-L1) binding
compound of Claim 8, wherein the PD-1 polypeptide is fused to a Vitamin K-
dependent gamma-carboxyglutamic domain of a factor X single-chain antibody
polypeptide (& GLA domain of an FX polypeptids).

14. The multivalent programmed cell death protein ligand 1 (FD-L1) binding
compaund of Claim 8, whersin each amino acid chain comprises a targsting
maolecule selected from a measles virug hemagglutinin (MVH) polypeptide, a
measles virus fusion (MVF) polypeptide, and a vesicular stomatitis virus glycoprotein
{VEVG) polypeptide.

15, The multivalent programmed cell death protein ligand 1 {PD-L1) binding
compound of Claim 8, wherein each amine acid chain comprises one of more
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therapeutic polypeptides selected from a 4-1BB ligand {(4-18BBL) polypeptide, a OX40
figand (OX40L) polypeptide, a CD4g ligand {CD40L) polypeplide, and a granulocyte-
macrophage colony-stimulating factor (GM-CSF} polypeptide.

18. A pharmaceutical composition comprising the multivalent programmed cell
death protein ligand 1 (PD-L1) binding compound of Glaim 1 and a pharmaceutically
aceceptable cartiar,

17. A method of treating cancer in a subject in nead theveo!, comprising
administering the multivalent programmed cell death protein ligand 1 (PD-L1) binding
compound of Claim 8.

18. The mathod of Claim 17, further comprising administering oha or more cancer
therapeutics 1o the mammal.

18, The method of Claim 18, wherain the cancer thergpeutic is an immunatherapy
which targets PD-1.

20. The method of Claim 19, wharein the immunotherapy is selected from the
group consisting of nivolumab, pembrolizumab, atezolizumab, avelumab,
cemiplimab, and durvalumab,



