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MULTIVALENT PD-L.1 BINDING COMPOUNDS FOR TREATING CANCER

BACKGROUND OF THE INVENTION

Technical Field

[aonz] This invention relates fo mathods and materials for treating cancer.
The invention pravides 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 a mammal having cancer. ln 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 cell death protein 1 (PD-1) polypeptides {andfor
fragraents theveo! having the ability 1o bind PD-L1). The compositions comprising
PD-L1 binding compounds are administered to a mammal having canger in an
amount affective to treat the cancer and, optionally, are administered in combination
with one or more cancer theraples.

{0a3] PD-L1, also called B7-H1, is an immune checkpoint protain that
regulates the immune system thraugh its binding of the PD-1 receptor. In the tumor
microenvironment, overexpression of PO-LT on fumor cells helps suppress antifumor
immunity {(Dong of al.,, MNat Med. 8:783-800, {2002}; Hamanishi et &/, Int. J. Glin.
Oncol 21:482-473 {2016); Dong ef al, Nat. Med, 5:1365-1369 (1889); Chen ef al., J.
Clin. Invest, 125:3384-3381 (2015); He ef al., Sofi. Aep. 5113110 (2015); Chen ef al,
Clin. Cancer Res. 18:8580-8587 (2012); Ohaegbulam ef al., Trends Mol. Med.
21:24-33 (2015); and Postow et al, J. Clin. Oncol 33:1974-1882 (2015)).

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

{0005] in the cancer disease state, the interaction of the PD-L1 which is
present ont 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 gell. Boluble PD-1 {(8PD-1) can act as a dedoy by binding to
PDR-L1 presant on PD-LY positive cancer calls. For example, when sPD-1 i8 bound
to PD-L1 present on a PD-L1 positive cancer cell, the PD-L1 is not free 1o interagt
with a PD-1 present on a T-cell, thereby allowing the T-cell {o function by attacking
the PD-L1 positive cancer cell.

BRIEF SUMMARY OF THE INVENTION

{0006] This invantion provides methods and materials for making oneg of more
multivalent PD-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 FD-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 FD-1
polypeptides, the PD-1 polypeptides may be in the form of ong or more multivalent
PD-L1 binding compounds which are administered 1o a mammal having cancer {o
treat the mammal. In some cases, a multivalent PD-L1 binding compound includes
two O mora amino acid segments that can bind PD-L1 {e.g.. PD-1 polypeptides
and/or fragments theveof), A multivalent PD-L1 binding compound includes two or
maore 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 mathods of making PD-L1 binding compounds and compositions
comprising recombinant Ads comprising at least one amino acid segment comprising
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a PD~1 polypeptide which forms g PD-L1 binding compound or a multivalent PD-L1
binding compound described herain,

{0008} in an embodiment, mouse PD-1 polypaptides and/or human PD-1
polypeptidas fused 1o a scaifold polypeptide can form a polypeptide conjugate {e.g.,
a polypeptide conjugate including a plurality of {a.g., two or mora) associated amino
acid chains) such that whan the scaffold polypeptide fused to ong or more PD-1
polypeptides is in a polypeptide conjugate, the polypeptide conjugate canform a
multivalent PD-L1 binding compouryd that includes two or more PD-1 polypeptides.

{0009] in an embodiment, a polypeptide conjugate can include thres amino
acid chaing, where the scaffold polypeptide can be a sigma-1 polypeptide derived
from Mammalian orthoreovirus 3, and whare 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 streplavidin polypeptide, and where
the polypeplide conjugate can includs four FD-1 polypeplides.

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

[00012] This invention provides methods and materials for treating 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., PD-1 polypeplides
and/or fragments thereof). The recombinant Ads expressing PD-1 may be
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administered in combination with a cancer immunotherapy according to a therapeutic
treatment regime.

{00013} Using multivalent PD-L1 binding compounds {&.g., as compared {0
monomeric PD-1 polypeptidas) can intrease the efficacy of PD-1 {0 neutralize PD-LY
present on PD-L1 positive cancer cells, can prevent PD-L1 positive cancer cells from
escaping the imimune system, and/or can allow anti-cancer agents {e.g., cancer
immunotherapies) 1o more effectively target PD-L1 positive cancer cells. In some
cases, adenovirus presentation of PFD-1 polypeptides can be used to refarget
tharapeutic Ads to PD-L1 on a cell for nucleic acid delivery or to kill PLQ-L1-
expressing cells by oncolytic cell death.

{00014} in an embodiment, a PD-L1 binding compound also can include a
targeting molacude. A targsting and celf fusiaon molaecule can ba a viral polypeptide
such g5 a measlas virus (MV} hemagglitinin {H) polypeptide, a MV fusion {F)
polypeptids, or a vesicular stomatitls virus (VSV) glvcoprotein {3} polypeptide.

{0001 5] The PD-L1 binding compound also can include one or more
tharapeutic polypeptides. The therapautic polypeptide is selacted from a 4-18BB
ligand (4-1BBL) polypeptide, a OX40 ligand {OX40L) polypeptide, a CD40 ligand
{CD40L) polypeptide, or a granulocyte-macrophage colony-stimulating factor (GM-
CSF) polypeptide. The therapeutic polypeplide may also be a polypeptide which
activates glucosorticold-induced tumor necrosis factor recaptor {TNFR)-related
protein {GITR) signaling.

{00018
polypeptide. The detectable polypeptide can be a green Hluorescent protein (GFP) or

The PDR-L1 binding compound also can include a detectabls

a luciterase polypeptide.

{Qou17] The invention encompasses recombinant vectars for the soipression of
PD-L1 binding compounds comprising nucleio acids encoding PD-1 polypeptides,
the PD-1 polypeplides may be expressed with one or more targeting polypeptidas,
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andfor one or more therapeutic polypeptides, andfor proteins {e.qg., collagen, elastin,
laminin, and fibrinogen). The PD-1 polypeptides may be expressed as fusion
proteins with heterologous polypeptides. The nucleic acids encoding PD-1
polypeptides, as well as the nucleic acids encoding targeting polypeptides,
therapeutic polypeptides and proteins, may be comprised in expression vectars,
optionally comprising expression casseties, which allow for expression of the
polypeptides in prokaryotic or eukaryotic cells. The vactor can be a viral vector, The
viral vector can be an Ad, an adenc-associated virus (AAV), or a lentivirus. The viral
vector may be an Ad selected from AdBS7, AdB/57/8, and variants thersof. The Ad
may be a Conditionally Replicating Ad (CRAd). The viral vector can be an oncolytic
viral vector,

{00018] in another aspect, the invention encompasses viral vectors for the
amino acid chain including a PD-1 polypaptide and a scaffold polypeptide as
described herein {e.g., a polypeptide conjugate that can include a plurality of amino
acid chains, where gach amino acid chain includes a PD-1 polypeptide and a
scaffold polypeptide; and where the plurality of amino acid chaing can form the
polypeptide conjugate).

{00019 in another agpact, the invantion encompasses methods for treating a
mammal having cancer. The methods can include, or consist essentially of,
administering a composition comprising a PD-U1 binding compound 1o a mammal
having cancet,

{00020] The method of the invention compirises administering an sffective
armount of compositions comprising PD-L1 binding compounds described herein. In
an embodiment, the PD-L1 binding compounds are administerad in combination with
one or more cancer therapeutics to the mammal, whereby the number of cancer
celis present in the mammal is reduced. The one or more cancer therapeutics may

include an immunotherapy which fargsts PD-1 or PR-L1. The immunotherapy may

{93
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be selectad from nivolumab, pembirolizumal, atezolizumab, avelumab, cemiplimab,
and dusvalumab.

{00021] in another aspect, the invention relates to methods for freating a
mammal having cancer comprising, o consisting essentially of, adminisiering a
composition comprising a8 multivalent PD-L1 binding compound 1o 8 mammal having
cancer. The multivalent PD-L1 hinding compound may comprise a polypeptids
conjugate described herein {e.g.. a polypeptide conjugats including a plurality of
amino acid chains, whers sach aming acid chain includes a PD-1 polypeptide and a
scaffold polypeptide). The cancer may be a proslate cancer, breast canger, ovarian
cancer, lung cancer {e.g., a non-small cell lung cancer), hepatocellular carcinoma,
pancraatic cancer, kidney cancer, melanoma, brain cancer, colon cancer, lymphoma,
myeloma, lymphocytic letkemia, or myslogenous leukemia. The administering can
include systemic or local administration (g.g. intravenous, intratumoral,

inframuscular, infragegan, intralymph node administration).

{0022] An aspect of the invention refates to multivalent programmaed cell death
protein ligand 1 {(PD-L1} binding compounds comprising a plurality of amine acid
chains, wherain gach amino acid chain comprises at least ong programmed cell
death protein 1 {(PD-1) polypeptide.

{00023] A further aspect of the invention relates 1o such a multivalent PD-L1
binding compound, whersin the multivalent PD-L1 binding compound is a
polypsepltide conjugate compriging a scaflold polypeplide selected from g
polypsptides, sigma-1 polypeptides and straptavidin polypeptides.

{00024] A further agpect of the invention relates to such a multivalent PD-11

binding compound, whergin the multhivalent PD-L1 binding compound is a
polypeptide conjugate comprising more than one scaifold polypeptide.



WO 2020/223217 PCT/US2020/030240

{00025 A further aspect of the invention relates 1o such a mullivalemt PD-L1
binding compound, wharein the PD-1 polypeptide is a human PD-1 or & murine PD-
1.

{000286] A further agpect of the invention relates to such a multivalent PD-L1
binding compound, whergin the plurality of amino acid chains comprise a therapsutic
polypeptids, a targeting polypeptide or an antigenic polypeptide.

{00027] A further agpect of the invention relates o such a muitivalent PD-L1
hinding compound, whersin the targeting polvpeptide is selectad from a measles
virus hemaggiutinin (MVH) polypeptide, a measles virus fusion (MVF) polypeplids,
and a vesicular stomatitis virus glycoprotein (VBVG) polypeptide.

{00028} A further aspect of the invention relates to such a multivalent PD-LA
binding compound, wherain the therapeutic polypeptide 18 selacted from a 4-1BB
ligand (4-1BRL} polypeplide, a OX40 ligand (OX40L) polypeptids, a CD40 ligand
{CD4DL) polypeptide, a granulocyle-macrophage colony-stimulating factor (GM-CSF)
polypeptide and a GITR agonist,

{00029] A further aspect of the invention relates to such a multivalent PD-L1
binding compound wherein each amino acid chain comprising al least one
programmed cell death protein 1 {(PD-1) polypeplide is associated with a
recombinant Adenovirus {Ad} and the plurality of aminoe acid chains are presenton a
coat polypeptide of the recombinant Ad.

jR0030] A further aspect of the invention relatss 1o such a multivalent PD-L1
binding compound, wherein the recombinant Ad comprigses capsid hexon
polypeptides of an Ad strain Ad6 and at least one capsid hexon hypervaribale region
{HVR} polypeptide from Ad strain AdS7.

{30031] A further aspect of the invention relates to such a multivalent PD-LY
binding compound, wherein the capsid hexon polypeptides of an Ad strain Adg
comprise HVR polypaptides 1-7 from Ad strain AdS7.
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{0032] A further aspect of the invention relates to such a multivalent PD-L1
binding compound, wharein the capsid hexon polypeptides of an Ad strain Ad8
comprise HVR polypeptides 2-6 from Ad strain Ag57.

100033] A further aspect of the invention relates to such a multivalent PD-L1
binding compound, wherein the programmed cell death protein 1 {PD-1) polypeptide
is human PD-1

{00034] A further aspact of the invention relates 1o such a multivalent PD-L1
binding compound, wherein the PD-1 polypeptide ik fused to a Vitamin K-dependent
gamma-carboxyglutamic domain of a faclor X single-chain antibody polypeplide (a
GLA domain of an FX polypeptids).

{00035] A furtheyr aspect of the invention relates to such g multivalent PD-L1
binding compound, wherein each amino acid chain comprizes a targeting molecule
selected from a measles virus hemaggiutinin (MVH) polypeptide, a measles virug
fusion (MVF} polypeptide, and a vesicular stomatitis virus glycoprotein (VSVG)
polypeplide.

{00038] A further aspect of the invention relatas fo such a multivalent PR-L1
binding compound, wherein each amino acid chain comprisaes one ofr more
therapeutic polypeptides selected from a 4-1BB ligand (4-1BBL) polypeptide, a OX40
ligand {QOX40L) polypeptide, a CD40 ligand (CD40L) polypeptide, and a granulocyte-
macrophage colony-stimulating factor (GM-C8F) polypeptide.

{00037] A further aspect of the invention relates to such a phanmaceutical

composiion compyising the multivalent PD-L1 binding compournd and a
pharmaceutically acceptable carrier.
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{00038} A further aspect of the invention relates 1o a method of treating cancer
i & subject in need thereof, comprising administering the multivalent PD-L1 binding
compound.

{00039] A further aspect of the invention relates 16 such a method further

comprising administering ong or more cancer therapeutics to the mammal,

{00040] A further agpect of the invention relates o such a method wherein the
cancer therapeutic is an immunotherapy which fargets PD-1.

[00041] A turther aspect of the invention relates o such a method wherein the
immunotherapy is selected from the group consisting of nivolumab, pembrolizumab,
atezolizumab, avelumab, cemiplimab, and durvalumab.

1000421 Uniess ofherwise defined, all technical and scientific terms used herein
have the same meaning as commonly undersiood by one of ordinary skill in the art
1o which this invention pertains. Although methods and materials similar or
equivalent to those described herein can be used o practice the invention, suilable
methods and materdals are described below. Al publications, patent applications,
patents, and other references mentioned herein arg incorporated by reference in
their entirety. In case of conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples are illustrative only and
not intended to be limiting.

{00043] The details of one or more embodiments of the invention are set forth
in the accompanying drawings and the description below. Other features, objscts,
and advantages of the invention will be apparent from the desoription and drawings,
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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{00044] Figure 1A shows schematics of exemplary engineered multivalent PD-
L1 binding compounds. A multivalent PD-L1 binding compound comprising a PD-1
polypeptids fused 1o an ig polypeptide which is a dimeric polypeptide conjugate that
fncludes two amine acid chains that each include one PD-1 polypeptide. A
mutltivalent PD-L1 binding compound that is a trimeric polypeptide conjugats
somprising three amine acid chains that each include one PD-1 polypeptide fused fo
a sigma polypeptide. A multivalent PD-L1 binding compound that is a {etrameric
polypeptide conjugate comprisas four aming acid chains that each include one PD-1
polypeptide fused o a streptavidin polypeptide.

00045] An amino acid chain including one PD-1 polypeptide fused to a GLA
domain of an FX polypeptide. The fusion proteing can be constructad with either
antity on the N-erminus or the G-terminus. The fusion protein which is bound io the
surfacs of an adenovitus particls generates a multivalent PD-L1 binding compound.

{00048} Figure 1B shows enginegred FI-L1 binding compounds by infroduction
of PD-1 motifs into natural biopolymers like collagen, laminin, fibronectin, 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.

{00471 Figure 2A shows nucleic acid vegtors that can encode amino acid
chains that can be used o generate multivalent PD-L1 binding compounds. Figure
2A shows schematics of a nucleic acld vector that can encods an amino acid chain
that includes one murine PD-1 (mPD-1) polypeptide fused to an 1gG polypeptide {lop
feft}, a nucleic acid vactor that can encode an aming acid chain that includes one
human PRD-1 (hPD-1) polypeptide fused to an g polypeptide (fop right), and an
exemplary cloning stralegy (bottom) for replacing nucleic acid encoding the 1gG with
nucleic acid encoding a GLA domain of a FX polypaptide to generate a nucleic acid
vector that can encode an amino acid chain that includes a PD-1 polypeptide fused
to a GLA domain of an FX polypeptide, or for replacing nuclsic acid encoding the igG
with nucleic acid encoding a sigma-1 polypeptide fo generate a nudieic acid vetar

14
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that can encode an amino acid chain that includes a PD-1 polypeptide fused to a
sigma-1 polypeptide.

{00048] Figure 2B containg images of gels showing expression of an aming
acid chain comprising a PD-1 polypeptide. Lane 1: Molecular Weight Marker (base
pairs; bp); Lang 21 8 PD-1 polypeptide fused fo 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 polypeptide.

{00049] Figure 3 shows schematics of a nuclaic acid vector that can encode an
amino acid chain that includes a hPD-1 polypeptide fused to a GLA domaln of an FX
polypeptidea {top lelt), a nucleic acid vector that can encode an amino acid chain that
includes a hPD-1 polypeptide fused o a sigma-1 polypeptide (top nght), and an
exemplary cloning sirategy (bottom) for replacing the nucleic acid encading the hPD-
1 polypeptlide with nuclais acid ancoding a mPR-1 polypeptida.

j00050] Figure 4 shows schematios of exemplaty nucleic agid vectors that can
encode amino acid chains that can be used to generate multivatent PD-L1 binding
compaunds.

{Q0051] Figure 5 shows schematics of exemplary adenoviral {Ad) vectors that
can encode amino acid chains thal can be used to generate multivalent PD-L1
binding compounds,

[aonse] 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),
nuclele acid encoding one or more PD-1 polypeptides (PD-1-X, where X is a dimeric,
frimeric, fetrameric, or polymeric binding scaffold), and nucleic acid encoding an
antigen such as a cancer antigen or an infectious disease antigen {HPV epitope).
Alsg 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 indicale hexon and E3 regions where variation is highest between the
two viruses. (B} ClustalW aming acid alignment of the hypervariable region in hexon
proteins from AdS, AdS, and AdSE7.

I00054] Figure 8 shows the construction of AJ657 by replacement of the AdS
HVRs with AdS7 HVRs. Abbreviation: HVRSs, hypearvariable regions.

{00055] Figure 9 is a schematic of a replication competent Ad {RC-Ad}, wherain
E1 expression is controlied by the native E1 promoter; a variant CRAd —Probasin~
E1A (Ad-PB}, wherein E1 expression is controlled by prostate-specilic probasin
promoter; CRA-dI1101, wherein p300 pathway binding ablated, susceptible 1o IFN
pathway in normal cells; CRAd-dI1 107, wherain pRE binding ablated allows virus to
ill cancer cells with RB patthiway distuptions, but is repressed in RB+ normal cells;
CRAdJ-dl1101/07, wherein p300 pathway binding ablatad, susceptible to IFN pathway
pRB binding ablated allows virus to kill cancer cells with RB pathway disruptions, but
is repressed in RB+ normal cells.

{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,
di1107 and di1101/1107.

[00057] Figure 11 shows as schematic of different E3 immune evasion genes in
Ad species U sxemplar Ad8 and Ad species D axemplar Ad26. Both Ads express
size and sequence variants of B3 12.5K, 8.7K, 18K, 10.4K (RiDg), 145K (BIDB),
and 14.7K genes, as well as a depiction of the functions of these E3 encoded

proteins.

{o0sa] Figure 12 depicts sies on Ad HVRs which may be modifiad, tor
example, by PEGylation or "BAPylation” with biolin acceplor peptides (BAPs).
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{00059 Figure 13 is a schematic showing Ad therapsutic cycles, Al A
schamatic of serotype-switching with Ads. B} A schematic of an exemplary
therapeutic cycle where AdS and Ad657 can be used for multiple rounds of treatment
by serotype-switching in combination with covalent polymer conjugation,

{00060]

| Figure 14 shows conjugation of polyethylene glycol (PEG) to AdBET-
HVR1-C. A) SDS-PAGE of Ad proteins with and without PEGylation. Arrows show
size increasges due 1o chemical attachment of PEG to hexon. B} Effects of targsted
PEGylation by maleimide-PEG and non-argeting NHS-PEG on virus infection.

00061 Figure 15 shows chimeric HVR constructs that combine different HVRs
from different Ad serotypes to modulate natural interactions with cells and blood
factors improve pharmacoiogy combined with insertion of cell binding and cell
detargeting peptidas in different HVRs o change cell entry and cell avoidance. in
this example, a single cysieing aming acid is insertad into the HVR1 and HVRS of
Ad857 o modutlate pharmacology and allow targeted conjugation of polymaers like
polyethylens glycol or other moieties like imaging agents like fluorophores.

00082] Figure 16 shows plasmid maps for representative CRAdS and peptide
combinations. Shown are hexons as well as insertions of cell targeting peptides into
individual HVRs.

{00063] Figure 17 shows plasmid maps for representative CRAds and peplide
combinations. Shown are hexons as well as inssrtions of cell targeting peptides info
individual HVRs.

1000864] Figure 18 shows plasmid maps for representative CRAds and peptide
combinations. Shown are hexons as well as insertions of cell targeting paptides inlo
individual HVRs,

{00065] Figure 19, PD-1 PD-L1 Blockade Assay - Fugion protein was purified

from cells infacted with pAdB/ST7/8-dl1107-DEZ-REV-hPD-1-HA-Ig-l on a protein A

13
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column, Thig protein was tilrated along side positive control, anti-PD-1 monoclonal
antibody from Promega (Madison, WL USA).

{000686] Figure 20. Tumor Growth Assessment - B18-CAR melanoma cells
werg injecled subcutansously in C57BL/E mice and twmors were injected with 3e11
viral paricles of the indicated vectors, CRAD+PD-L1 decoy is pAde/S7/8-di1107-
AEZ-REV-hPD-1-HA-Ig-l. CRAG+PD-L1 decoy + immune simulator represent tumors
that were co-injected with pAdE/57/8-dl1107-AE-RBV-hPD-1-HA-Ig-1 and a second
adenavirus expressing 4-188L.

DETAILED DESCRIPTION OF THE INVENTION

{00087] This invention provides methods and compaositions for traaling cancer
comprising PD-1 polypeptides. The PD-1 polypeptides may be in the form of
multivalent PR-L1 binding compounds.

{00088] In some casas, a multivalent PD-L1 binding compound comprisas two
or more aming acid segments that can bind PD-L1 {e.g., PD-1 polypeptides and/or
fragments thereof). For exampls, a multivalent PD-L1 binding compound that
includes two or more PD-1 polypeptides {andfor fragmants thereot having the ability
to bind PD-L1) can bind two or more PD-L1 polypeptides. In some cases, a
multivatent PR-L1 binding compound can include a gingle aming acid chain that
includes two of move amino acid segments that can bind PD-L1.

{00069] in some cases, a multivalent PI-L1 binding compound can include g
polypeplide conjugate including a plurality of {e.g., two or mors) amino acid chains
that each include ong or more aming acid segments that can bind PR-L1. For
gxample, an amino acid chain that includes one or more amine acid segments that
can bind PD-L1 can be a fugion polypeptide that includes one or more PR-1
nolypeptides fused o 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 or more PD-1

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

{00070] in an embodiment, a virus particle comprising a FD+1 polypeptide may
be in the form of a multivalent PD-L1 binding cempound wherein two oy more viral
coat polypeptides are modified to include one or more amino acid chains that include
one oF mate amino acid segments that can bind PO-L1.

{00071] in an embodiment, a PD-L1 binding compound comprises a
rgcombinant virus which is genelically modified to express the PD-1 polypeptide,
wherein the PD-1 polypeptide ig displayed on the coat of the virus. in a further
embiodiment, the recombinant visus is genelically modifiad fo express the PD-1
polypeptide in combination with one or more polypeplides which are heterclogous o
the recombinant virus backbona, for example, therapeutic polypeptides, targating
muotecules/polypeptides and antigenic polypeptidas.

100072] it an embodiment, a PD-L1 binding compound comprises a
racombinant Ad {i.e., AdB57, Ad6/57/6 and variants thereof) which is modified in one
or more hexan hyparvariable regions (HVRs) of the virus capsid protein and
comprises at least one PD-1 polypeptide. In an embodiment, the recombinant Ad is
furthey modified to comprise heaterologous polypeptides such as fargeting
polypeptides, therapsutic polypeptides and/or antigens. The PD-1 polypeptides, as
well as the heterologous polypeaptides, are expressed upon viral raplication, Upon
virus assembly, the expressed polypeptides may be displayed on the surface of the
virug as a component of the virus capsid structure.

{00073] It & further embodiment, a PD-L1 binding compound comprises a
racombinant Ad which is genstically modified 0 sxprass the PD-1 polypeptide as a
fusion protein with one or more heterslogous polypeptides, wherein the fusion
protein is displayad on the capsid of the virus particle. Heterologous polypeptidas
may include a GLA domain from a FX polypeplids, CAR polypeptides, CD48
nolypaptides, dasmoglein polypeptides, integrin polypaptides, single-chain antihody

18
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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 more PD-1
polypeptides and a polypeptide that can bind to a viral coat polypeptide canbe a
fusion polypeptide including one or morg PD-1 polypeptides and a polypeptide that
gan bind to a viral coat polypeptide. In an embodiment, the fusion protein of PD-1
and a heterclogous polypeptide may be expressed in g host cell, purtfied and
admixed with an Ad such that the fusion protein is bound to the surface of the Ad via
covalent attachment of the heterologous polypeptide to the Ad. When a Tirst tusion
polypeptide including one or more PD-1 polypeptides fused 1o a polypeptide that can
bind to a viral coat polypepiide s bound {o a first viral coat polypeptide on a virus
particle and a second fusion polypeptide including one or more PR-1 polypeptides
fused to a polypaptide that can bind to a viral coat polypeptide is bound v a second
viral coat polypeptide on that virus particls, the virug particle will include two or more
PD-1 polypeptides,

{00075] in some cases, a PD-L1 binding compound can include a virus particle
where one or more viral coat polypeplides are modified o includa one or mare amino
acid chains that include one or more aming acid segments that can bind PR-L1 {e.g.,
PD-1 polypeplides and/or fragments thereof). The PD-1 polypeptides may be
axprassed during viral replication and assembly and displayed on the coatl of the
virus. In an smbodiment, the Ad {Le., AdB57, AdB/S7/6 and varianis thereol) i
maoditied in an HVR region {o express the PD-1 polypeptide in combination with one
or more heternlogous polypeptides selected from therapsutic polypsptides, 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 particle is genetically modified {o express wo or more amino acid chains that
gach include at least one PD-1 polypeptide and a heterologous polypeptide, wharein
the amino agid chains are displayed on the surface of the virus particle as a
component of the virus capsid thereby forming a multivalent PD-L1 binding
compound. In some casas, a virug particle is gensatically modified o sxpress two o
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more amino acid chains that sach include a PD-1 polypeptide and ig modified to
express one or more aming acid chains that comprise a heternlogous polypeptids,
wherein the amino acid chans ars displayed on the surface of the virus padicle 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 mave PD-1
polypeptides and a heterologous polypeptide that are displayed on the surface of the
virus particle.

{00076} in an embodiment, an aming acid chain that comprises one or more
PD-1 polypeplides can be a fusion protein that comprises ong or more PD-
polypeptides fused o a helerologous polypeptide. The heterclogous polypeptide
may bind to the surface of an Ad o coat the virus particle. In an ambodiment, 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] frr some cases, a multivalent PD-L1 binding compound described
herein can have increased affinity for PD-L1 {&.g., as compared to a monomeric PD-
1 polypeptide}. In soma casas, a multivalent PD-L1 binding compound described
herein can have increased avidity for PD-L1 {e.g., as compared {0 a monometic PD-
1 polypeptida).

{00078] This invention provides methods and materials for making
compaositions comprising PD-1 polypeptides and muliivalent PI-L1 binding
compounds, as wall as methods and materials for making recombinant viruses
comprising nucleic acid molscules that sncods an amine acid chain that can be used
to generate multivalent PD-L1 binding compounds described herein,

[00079) Muttivalent PD-L1 binding compounds described herein {e.g., a fusion
polypeptida that includes ong or two or more PR-1 polypeptides, or a polypeptide
conjugate that includes two or more amino acid chains that each include one or more

PD-1 nolypeptides, or a virus particle where viral coat proteins comprise one or nuwe
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amino acid chains that include one or mare PD-1 polypeptides, or a virus particle
where ong or more PD-1 polypeptides are bound to the surface of the virus particle)
can include any appropriate number of amino acid segmenis that can bind PD-L1
{e.g.. PD-1 polypeptides and/or fragments thereof that can bind PD-L1}.

{00080]

in some cases, a multivalent PD-L1 binding compound described

herein can include two or more {e.g., 2, 3, 4, 5, 8, 240, 720, or more) aming acid
segments that can bind PD-L1. In some cages, a multivalent PR-L1 binding
compound described herein can include from about two 1o about 720 amino acid
sagments that can bind PD-L1. For example, when a multivalent PD-L1 binding
compound described herein is a single amino acid chain that includes two or more
amino acid 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)L For example, when a multivalent PDR-L1 binding compound dascribed
hergin is a polypeptide conjugats ingluding a plurality of amino agid chains that gach
include one o more aming acid segments that can bind PD-L1, the multivalent PD-
L1 binding compound can include abowt 2, 3, 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 particle where two or more viral coat polypeptides {(8.g. capsid
nolypeptides) are modified to include one or more aminge acid chaing that include one
or more 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 PD-Y
polypsptides {or fragments theraof that bind PD-L1}. In cases whare a multivalent
PD-L1 binding compotind described harein includes two amine acid sagmaents that
can bind PD-L1 {or a virus particle where one or more viral coat polypeptides ave
madified 1o include one or more amino acid chains that include two or more aming
acid segments that can bind PD-L1}, the multivalent PD-L1 binding compound can
be referrad o as a dimeric or divalent PD-L1 binding compound. In cases wherg a
muitivalent PD-L1 binding compound described herein includes three amino acid
sagments that nan bind PD-L1, the multivalent PD-L1 binding compound can be
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referred to as a Wimeric or trivalent PD-L1 binding compound. in cases where a
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 telravalent PD-L1 binding compound,

00082] Multivalent PD-L1 binding compounds deseribed herein can include

any approprate amino acid segment(s; that can bind PD-L1.

{00083] in an embodiment, an aminc acid segment that can bind PD-L1 can
include a PD-1 polypeptide. In some cases, an amino acid segment that can bind
PD-L1 can include any fragment of @ PD+1 polypepiide provided that the fragment
retains tha ability to bind PD-L1. In some casas, a PR-1 polypeptide can be a sPD-1
polypeptide. A RPD-1 polypeptide can be from any appropriate animal. o some
cages, a PD-1 polypeplide can be from a mammal. For sxampla, a PO
polypeptide can be an hPD-1 polypeplide. For example, a PD-1 polypeptide can be
a mPD-1 polypeptide. A PD-1 polypeplide can include any appropriate PD-1
polypeptide sequence. In somte cases, a PD-1 polypeptide can be modified (e.g., for
higher affinity interactions with PD-L1). Exemplary PD-1 polypeptide sequences
fand the nucleic acids ancading such polypeptides) can be as set forth in the
National Center for Biotechnology information (NGB! databases al, for example,
Accession No. Alg28135 (Version Al928135.1}, Accession No. AY238517 (Version
AY238517.1), and Accession No. CRO88122 (Version CR888122.1), Accession No.
UB4863 (Version LB4863.1), Accession No, NM_Q08798 (Version NM_D08788.2),
and Accession No. NP _032824 (Version NP_032824.1). In some cases, a PD-1
polypsplide comprises the amino acid sequengce set forth in SEQ 1D NGS5, In soms
cases, a PD-1 polypeptide comprises the aming acid sequence setf forth in SEQ D
NOS.

00084} I some cases, an amino acid segment that can bind PD-L1 (2.0, PO
polypeptidas and/or fragments thereof} 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 set forth in 8EQ 1D NGS5 or SEQ 1D NO:8), sometimas
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referred fo as g variant sequence. For example, a PD-1 polypeptide sequence
{and/or a fragment thereof having the ability {o bind PD-L1) can have at least 80%
sequance identity to SEQ 1D NO:S or SEQ 1D NOS6. In some embodiments, an
aming aeid segment that can bind PO-L1 can have at least 85% sequence identity,
90% segquence identity, 85% sequence identity, or at least 99% sequence identity to
SEQ D NOS or SEQ 1D NOE, Percent sequence identity is calculated by
determining the number of matched positions in aligned polypeptide sequences,
dividing the number of matched positions by the fotal number of aligned amino acids,
ragpectively, and multiplying by 100. A malched position refers to a position in which
identical amino acids ocour at the same position in aligned sequences. The total
number of aligned amino acids refers to the minimum number of amine acids in a
PD-1 polypeplide that are necessary 1o align the second sequence, and does not
include alignment {e.q., forced afignment) with non-PD-1 sequences, such as those
fused to g PD-1 polypaptide {e.g., amino acids from an IgG polypeptide, a
streplavidin polypeptide, sigma-1, or 2 GLA domain of an FX polypsptide that is
fused to a PD-1 polypeptide). The total number of aligned amino acids may
corvaspond to the entire PD-1 sequence or may correspond to fragments of the full-
length PD-1 sequence. Seguences can be aligned using the algorithm described by
Altachul et al. {Nucleic Acids Hes., 25:3388-3402 (1997}) as incorparated into
BLAST (basic local alignment search tool} programs, available at nebinlm.nih.gov on
the World Wide Web. BLAST searches or alignments can be performed to
determine percent sequence identity between a PD-1 polypeptide and any other
sequence or portion thereof using the Allschul ef &/ algorithm. BLASTN is the
program used 1o align and compare the identity belween nucleic acid sequences,
while BLASTP is the program used to align and compare the identity betwean aming
acid sequences. When utilizing BLAST programs o caloulate the percent identity
between g PD-1 sequence and another sequence, the default parameters of the
ragpective programs are used.

{00845] In some cases, a multivalent PO-L1T binding compound can include a

polypeptide conjugate including a plurality of amino acid chains thal each include
one orf mora aming acid segments that can bind POD-L1 {e.g., PD-1 polypaptides
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andfor fragments thareof}. As uged herein, a plurality of amino acid chaing that each
include one oy more aming acid segments that can bind PD-L1 refers {o two or more
{e.g., 2,3, 4, 5,6, 7, 8, or more} aming acid chains that each include ane or more
amino acid 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 RPD-1 polypeptides fused to a scaffold polypeptide that can form a
polypeptide conjugate with one or more othar 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 fusad to
one of more PD-1 polypeptides is in a polypeptlide conjugate, the polypeptide
conjugate can include two or more PD-1 polypeptides, In some cases, a polypeptide
conjugate inchuding a plurality amino acid chains that each include one or more FD-1
polypeplides can be a homomeric PD-1 polypeptide (8.9, can include two or more of
the sama amino ackd chaing that each include one or more PD-1 polypeptidas). In
some cases, § polypeptide conjugate including a plurality amino acid chamng that
each include one or more PD-1 polypeptides can be a heteromeric PD-1 polypeptide
{e.g., can include two or more different amino acid chains that each include one oy
mare PD-1 polypeptides).

1000861 An amino acid chain including one of more amino acid segments that
can bind PD-L1 {e.g., PD-1 polypeptides and/or fragments thersof) presentin a
polypeptide conjugate described herein (e.g., 8 polypeptide conjugate including a
plurality amino acid chains that sach include one or more PD-1 polypeptides) can
include one or maore amino acid segments that can bind PD-L1 fused to any
appropriale scatiold polypeptide. For example, an amino acid chain including ons or
more PD-1 polypeptides present in a polypeptide conjugate described herein can be
a fusion polypeptide that includes one or more PD-1 polypeptides fused o any
appropriate scaffold polypeptide. In some cases, a scalfold polypsptlide can have
the ability 1o form a polypeptide conjugate {eg., 8 polypeptide conjugate including a
plurality of associated amino acid chaing). For example, two or more aming acid
chains including one or mora PD-1 polypeptides fused 1o a scaffold polypeptide can
form a polypeptide conjugate that includes two or more PDA polypeptides. When
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two or more amino acid chains including one or more PR-1 polypeptides fused to a
scaffold polypeptide form a polypeptide conjugats, the two or more amino acid
chains can be bonded {e.g., by a covalent bord or an ionic bond). 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.
Examplas of scaffold polypeptides that can form a polypaptide conjugate can
include, without imitation, Ig polypeptides (e.g., lgG polypeptides such as IgG2
polypeptides), sigma-1 polypeptides, and streptavidin polypeptides.

{00087} An amino acid chain including one or more aminoe acid segments that
can bind PD-L1 {s.g.. PD-1 polypeptides andfor fragments thersof) that can be
present in a polypeptide conjugate described herein {6.g.. 8 polypeptide conjugate
including a plurality amino agid chains thal each include one or more PD-1
polypeptides) can includs any appropriate amino acid gequence. For exampls, an

polypeptide can include any appropriate amino acid sequence. Exemplary aming
acid sequences of aming acid chains including one or more PD-1 polypeptides and a
scafiold polypeptide include, without imitation, thuse amino acid sequences sat forth
in SEQIDNO: 7,10, 11,12, 13, 16, 17, 18, 19, 20, 21, 24, 25, 26, or 27. In some
cases, the amino acid sequance of an amino acid chain including one or more PD-1
polypeptides and a scaffold polypeptide can have a sequence that deviates from one

18, 20, 21, 24, 25, 26, or 27, sometimes referred (o as a variant sequence. For
example, an amino acid sequence of a fusion polypeptide containing one or more
PD-1 polypeptides and a scatfold polypsplide can have at least 80% sequence
identity to 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 ambodiments, an amino
acid sequence of a fusion polypeptide containing one or more PD-1 polypeptides
and a scafinld polypeptide can have at least 85% sequence identily, 30% sequence
identity, 95% sequence identity, or at least 89% sequence ideniity to any one of the
aming acid saquences satforth 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 identlty 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 maiched position refers to a position in which identical amino
acids accur at the same position in aligned sequences. Sequences can be aligned
using the algorithm described by Altschul ef gl {(Nugleic Acids Res. 25:3389-3402
{1997} as incorporated into BLABT (basic local alignment search tool) programas,
available at nebinlmonih.gov on the World Wide Web. BLASTY searches or
alignments can be performed to determing percent sequence identily 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 identily belween
nucleic acid sequences, while BLASTP is the program used o align and comparg
the identity between amino acid sequences. When utilizing BLAST programs fo
calculata the parcent identity between 3 polypeplide segquence and anothey
saquence, the defaull parameters of the respectiva programs are usad. i some
cases, an amino acid chain including one or more PD-1 polypeptides that can be
prasent in a polypeptide conjugate described herein {(e.g.. & polypeptide conjugate
including a plurality amino acid chains that each include one or more PD-1
polypeptides) can ba as set forth in Example 7.

j00088] In some cases, an amine acid chain including one or more amino acid
segments that can bind PD-L1 {e.g.. PD-1 polypeptides andfor tragments thereof)
can be fused o a scaffold polypeptide that can form a polypaptide conjugate
including two associated amino acid chains {e.g., an IgG polypeptide such as an
to32 polypeptide). For exampls, two aming acid chains each including ons PD-1
polypeptide fused 1o an IgG2 polypeptide can form a polypeptide conjugate that
includes two PD-1 polypeplides. Exemplary amino acid sequences of amino acid
chains including one PD-1 polypeptide fused o an igG2 polypsplide include, without
limitation, those aming acid sequences sat forth in SEQHD NO:7, SEQ 1D NOU3, or
SEQ D NO:21.
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[O00RY] in some cases, an amino acid chain including ong or more aming acid
segments that can bind PD-L1 {e.g., PD-1 polypeptides and/or fragments thereof)
can be fused to a scalfold polypeplide thal can form a polypeptide conjugate
including three associated amino acid chains {e.g., a sigma-1 polypaptide). For
gxample, threg amino acid chains each including one PD-1 polypeptide fusedio a
sigma-1 polypeplide can form a polypeptide conjugate thal includes three PD-1
polypeptides. Exemplary amino acid sequences of amino acid chains including one
PD-1 polypeptide fused 1o a sigma-1 polypeptlide include, without limitation, those
amino acid sequences sat forth in BEQ 1D NO:10, SEQ 1D NO18, or SEQ 1D NO:24.

00080} in some casges, an aming acid chain including one or more amino acid
segments that can bind PD-L1 {e.g.. PD-1 polypeptides andfor fragments thersof)
can be fused 1o a scaffold polypeptide that can form a polypeptide conjugate
including four associated aming ackd chains {(e.g., 8 streptavidin polypeptide). For
gxample, four aming acid chains each including one PD-1 polypeptide fused to &
streptavidin polypeptide can form a polypeptide conjugate that includes four PD-1
polypeptides. Exemplary amino acid sequences of amino acid chains including one
PD-1 polypeptide fused o a streptavidin polypeptide include, without imitation, those
amino acid sequences set forth in SEQ 1D NO:11 or SEQ 1D NO7.

{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 includse one
or mors amino acid chains that include one or mora 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 fwo or more amino acid
chains that each include one or more PD-1 polypeptides and a polypeptide that can
bind 1o & viral cost polypeptide. An aming acid chain including one or more amino
acid segments that can bind PR-L1 (e.g., PD-1 polypeptides and/or fragments
thereof) that can be used o coat a virus particle o generate a multivalent PD-L1
binding compound {e.g.. a virus particle where two or more viral coat polypeptides
arg modified to include one or more aming acid chaing that include one or more PD-
1 polypeptides) can include one or maore amino acid segments that can bind PD-L1
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fused to any appropriate polypeptide that can bind to a viral coat polypeptide. In
some cases, a polypeptide that can bind to a viral coat polypeptide can covalently
bind to one or more viral coatl polypeptides. In some cases, a polypeptide that can
hind to a viral coat polypeptide can bind o a viral coat polypeptide with high affinity
{e.g., from about 0.25 pM to about 100 M), A polypeptide that can bind to a viral
coat polypeptide can naturally bind o g8 viral coat polypeptide or is engineered o
bind to a viral coat polypeptide. A polypeptide that can bind o a viral coat
polypeptide can bind to any appropriate viral coat polypeptide.

{00021 Examples of viral coat polypeptides include, without iimitation, capsid
polypeptides {e.g., hexon polypeptides, fiber polypeptides, penton polypeptides), and
adenovirus 1X polypeptides. A polypeptide that can bind to a viral coatl polypeptide
can bind to a viral coat polypeptide present on any appropriate type of virus particle.
A virus patticle can be a replication compstant {RC} virus panticle (e.g., helpar-
dependent (HD) virus particles and single-cycle (8C) virus particles), a virus particle
can be a replication-defective (RD) virug particle, or a virus can be a conditionally
replicating virus particte (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
particles that can be coatad 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, adenc-associated viruses (AAVs), lentiviruses,
enferoviruses, reaoviruses, poxviruses, maasles virus, and herpes viruses.

Q00941 Examples of polypeptides which may be present on a viral coat
polypeptide includs, without limitation, a GLA domain polypeptide {(e.g., a GLA
domain from a FX polypeptide), CAR polypeptides, CD48 polypeplides, desmoglein
polypeptides, integrin polypeptides, single-chain antibody polypeplides, camelid
antibody polypeptides, capsid polypeptides, and snvelope binding polypeptides.
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{00085 An amino acid chain including one or more amino ackd segments that
can bind PD-L1 {g.g., PD-1 polypeptides and/or fragments thereof} that ¢can be used
1o coat a virus particle 1o generate a mudtivalent PD-L1 binding compound {8.g., a
virys 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 approprigte amino acid sequence. For example, 8 virus particle can
be contacted with a composition comprising fwo or more amino acid chains that each
include ong or more PD-1 polypeptides and a polypeptide that can covalently bind to
a vival coat polypeptide such that the amino acid chains coat the virus particle. In
some cases, an aming acid chain that includes one or more PD-1 polypeptides 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 o 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
approprigte aming acid sequence. Exgmplary amino acid ssquences of amino agid
chains including one or more FD-1 polypeptides and a polypeptide that can bindto a
viral coat polypeptide include, without limitation, those amino acid sequences set
forth in SEQ 1D NQO: 8, 89, 14, 15, 22, or 23. In some cases, the amino acid sequence
of an amino acid chain including one or more PD-1 polypeptides and a polypeptide
that can bind to a vival coat polypeptide can have a sequence that deviates from one
of the amino agid sequences sat forth in SEQ ID NO: 8, 9, 14, 15, 22, or 23
somelimes referred 1o as a varlant sequence. For example, an amino acid sequences
of a fusion polypeptide containing one or more PD-1 polypeplides and a polypsptide
that can bind to a viral coat polypeptide can have at least 80% sequence identity to
any one of the aming acid sequsences set forth in SEQ 1D NQO: 8, 9, 14, 15, 22, or 23,
In some embodiments, an amino acid sequence of a fusion polypeptide containing
one or more PD-1 polypeptides and a polypeptide that can bind to a viral coat
polypaplide can have at least 85% sequence identity, 80% sequence identity, 95%
sequence identity, or al least 98% sequence identily to any one of the amino acid
sequances set forth in SEQ 1D NO: B, 8, 14,15, 22, or 23. Percent sequence
identity is caloulated by determining the number of matched positions in alighed
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 1o a posttion in which identical amino acids occur af the same position
in aligned sequences. Sequeances can be aligned using the algorithm described by
Altschul ef 8l (Nugcleic Acids Res., 25:3388-3402 {1997)} as incomporatad into
BLAST (basiz local alignment search tool) programs. In some cases, an amino acid
chain including one or more PR-1 polypeptides and a polypeptide that can bind o a
viral coat polypeptide can be as sat forth in the Examples.

{00036] in some cases, an amino acid chain including one or more aming acid
sagments that can bind PR-L1 {eg., PD-1 polypeptides and/or fragmants thereo!)
fused to a polypeptide that can bind 1o a viral coal polypeptide {e.g., a GLA domain
of a FX polypeptide} can be used 1o coal {8.9.. o modify one or more viral coat
polypeptides) a virus panticle (o form a coaled virug particle having two or morg
amino acid chains including gne or more amino acid segments that can bind PD-L3
which s bound to ong ot more viral coat polypeptides presant on the surfacs of the
virusg particls,

[00097] For example, one or more amino acid chains each including one PD-1
polypeptide fusad o a GLA domain of a FX polypeptide can be bound {0 two or more
viral hexon polypsptides andior other viral coat proteing 1o coat a virus particle with
two or morg amine acid chains gach including one PD-1 polypeptide fused to a GLA
domain of a FX polypeptide. When a virus parlicle is an Ad, 240 hexon polypeptide
homo-trimers {e.g., polypeptide conjugates including three hexon polypeptides) can
be present on the virus particle (see, e.g.. Chen el al, Human gene therapy, 21:738-
749 {(2010)). In some cases, a fusion polypsptide including one PD-1 polypeptids
and a GLA domain of a FX polypeptide can be used fo coat an Ad particle to
generate & multhvalent PD-L1 binding compound that includes about 240 PD-1
polypeplides. For example, when a fusion polypeptide including ong PD-1
polypeptide fused fo a GLA domain of a FX polypeptide is bound to each hexon
polypeptids trimer on an Ad virus particle, the virus particle will include 240 PD-
polypeptides. In some cases, a fusion polypeptide including one PD-1 polypeptide
and a GLA domain of a FX polypeptide can be used {0 coat an Ad particle to
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generate a multivalent PD-L1 binding compound that may include between about
240 PD-1 polypeptides 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 to each hexon polypeptide on an Ad virus particle, the virus
particle will include 720 PD-1 polypsplides.

[00098] in some cages, muitivalent PR-L1 binding compounds described herein
{e.g., a fusion polypeptide that includes two of more PD-1 polypeplides, or a
polypeptide conjugate that includes one or two or more aming 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 chaing that include one or more
PE-1 polypephides, 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 zan include one or more additional molecules/polypeaplides.

{00094 Examples of molecules that can be included in a muitivalent PD-IN
binding compound described herain include, without imitation, targeting molecules
{e.g., iargeting polypeptides and targeting nucleic acld sequences), antigens,
therapeutic moleculas, and detectable polypeplides. In some cases, when a
multivalent PO-L1 binding compound is a polypeptide conjugate including a plurality
of amino acid chaing that each include ane or more PD-1 polypeptidas and/or PD-1
polypeptide fragments having the ability 1o bind PD-L1, and the polypeptide
conjugate includes one or more additional molecules, the one or more additional
molecules can be included in atleast ong {eg., 1, 2, 3, 4, or more) amino acid chain
including one or morg PD-1 polypeptides and/or PD-1 polypeptide fragments having
the ability 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
and/or PD-1 polypeptide fragments having the ability to bind PD-L1, and the
polypeptide conjugate includes one oy more additional molecules, the one or more
additional molecules can be included in each amino acid chain including one or more
PD-1 polypeptides andfor PD-1 polypeptide fragments having the ability to bind PD-
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L1 that ig present in the polypeptide conjugate. In some cases, when a multivalent
PD-L1 binding compound is a virus particle whare two or more viral coat
polypeptides are madified to include one o more aming acikd chains that include one
or more PD-1 polypeptides and/or PD-1 polypeptide fragments having the ability {0
bind PD-L1 (or a virus particle whers ong or more viral coat polypeptides are include
one or more aming acid chains that include two or more amino acid segments that
include one or more PD-1 polypeptides and/or PD-1 polypeptides fragments having
the ability to bind PD-L1}, the one or more additional molecules can be included in at
least one {e.g.. 1, 2, &, 4, or more) amino acid chain including one or more PD-1
polypeptides andfor PD-1 polypeptide fragments used fo modily a viral coal
polypeptide on a virys particle. For example, when a multivalent PO-L1 binding
compound is a virus particle whera two or morea viral coat polypeptides are modiiied
to include ong or more aming acid chaing that include one of more PD-1
polypeptides and/or PD-1 polypaplide fragments having the ability to bind PD-L1 {or
& virus particle where one or mora viral coat polypeplides are modified to include one
or more aming acid chains that include two or more amino acid segmenis that
inciude ong or more PD-1 polypeptides andior PD-1 polypeptidas fragments having
the ability to bind PD-L1}, the one or more additional molecules can be included in
gach amino actd chain including one or mare PU-1 polypeptides and/or PD-1
polypeptide fragments used to modily a viral coal polypeptide on a virus particls,

000100} When PD-L1 binding compounds described herein also include one or
muore fargeting molecules {e.g., targeting polypeptides and targeting nucleic acid
sequences), a largeting molecule can be any appropriate fargeting molecule. In
some ¢ases, a targeting molecule can be a polypeptide {e.g., a targeting
polypeptida). Insome cases, a targeting molecule can be nucleic acid sequence
{e.g., & targeting nucleic acid sequence). In some cases, a targeting molscule can
attract a T-cell to a PD-L1 positive cell {(e.g., & PD-L1 positive cancer cell). For
example, when a multivalent PD-L1 binding compound that includes a targeting
moleculs is bound fo PD-L1 on a PR-L1 positive cell, the fargeting molecule on the
mudtivalent PD-L1 binding compound can aftract T cells o the PD-L1 positive cell.
For sxample, whan a multivalent PD-L1 binding compound includes a targeting
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motecule, the targeting molecuie on the multivalent PD-L1 binding compound can
direct the multivatent PD-L1 binding compound 1o a farget lncation {e.g., a largst
tissue} within a mammal. Examples of targeting molecules that can be included in a
multivalent PD-L1 binding compound describad herein include, viral polypeptidas,
antigens {&.g., peplide antigens}, miRNA targsting sequences {e.g., lissug-specific
miRNA targeting sequences), antibodies, growth factors, and carbohydrates. When
a targeting polypeptide is a viral polypeptide, the viral polypeptide can be derived
from any appropriate virus {e.g., measles virus {(MV), canine distemper virus {CDV},
vasicular stomatilis virus (V8Y), gibbon ape leukemia virus (GALV), Zika virus,
human mmunodeticiency virus (HIV), and human endogenous retrovirus (HERVY).
When a targeting polypeptide is a viral polypeptide, the viral polypeptide can be any
appropriate viral polypeptide {2.g., & hemagolutinin (H) polypeptide such as a
detargeted H polypeptids, a fusion (F) polypeptide, a viral glycoprotein (G)
polypeptide, envelape {env; 8.g., HERV anv), syneytin-d, and syneytin-2. In some
cases, a viral polypeptide can be a MY H polypeptide. In soms tases, a viral
polypeptide can bve a MV F polypeptide. In some cases, a viral polypeptidecanbe a
V8V G polypeptide.

000101} When PD-L1 binding compounds described herein also include one or
maore therapeutic moleculas, a therapeautic molacule can be any appropriate
therapsutic molecule, In some cases, a therapsutic molecule can be a therapsutic
polypeptida. In some cases, a therapeutic molecule can reduce or gliminate PD-L1
inactivation of one or more T cells. In some cases, a therapeutic molscule can
activals and/or accumulate one or more pharmaceutical agents {e.g., anti-cancer
drugs). Examples of therapeutic molecules that can be included in a multivalent PD-
L1 binding compound described herein include, a 4-1BB ligand {(4-1BBL}
polypeptide, an OX40 ligand {OX40L) polypeptide, a granulocyte-macrophage
colony-stimulating factor (GM-CBF) polypeptide, anti-PD-1 antibodiss, nucleic agid
aencoding anti-PD-1 antibodies, thymidine kinase, cytosine deaminass, and iodide
sympotter, In some cases, a therapeutic molecule can be a therapeutic antibody.
The therapeutic antibody may be an agonist antibody which targets GITR. Signaling
through GITR enhances T-cell profiferation and effector funchions and protects T
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cedis from activation-induced cell death, which in um increases the frequency of
memory T cells. Combining GITR agonists with the PD-L1 binding compounds of the
invention may demonstrala a strong synergy.

000102} Whan PD-L1 binding compounds described hersin also include one or
more detectable polypeptides, a detectable polypeptide can be any appropriate
detectable polypeptide. In some ¢ases, a deteciable polypeptide can be delectad
{e.g.. by a cliniclan) 1o determine the location of one or more PI-L1 binding
compounds described herein. In some cases, a deteciable polypeplide can be
detected {(2.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 hergin are selected
from fluorescent polypeptides {e.g., green Huorescent protein (GFP), luciferase
polypeptides, peplide labels, and sodium dide symporter.

joout10as) This document also provides nugcleic acids {e.g., nucleit acid vectors)
that can encode amino acid chains described herein (8.g., an amine acid chain that
includes one or mare PD-1 polypeptides fused {0 a scafiold polypeptide, or an amino
acid chain that includes one or mora PD-1 polypeptides fused o a polypaptide that
can bind to a viral coat polypeptide) that can be used o generate multivalent PD-L1
binding compounds described herein {e.g., a fusion polypeptide that includes two or
more PD-1 polypeptides, or a polypeptide conjugate that includes two or more amino
acid chains that each include one or more PD-1 polypeptides, or 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 mors PD-1 polypsplides, or a virus particle
where one or more viral coal polypeptides are modified o include ona ar more aming
acid chains that include two or more PD-1 polypeptides). In some cases, nuclsic
acid can sncods an amino acid chain that can be used to gensrate a polypaptide
conjugate including two or more aming acid chaings that each 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 scaffold polypeplide. In some cases, nucleic
acid nan ancode an amino acid chain that can be usad to generate a virus particle
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where one or morg viral coat polypeplides comprise one or more amino ackd chaing
that include one or more PD-1 polypeptides. For example, nucleic acid can encode
an amino chain including one or more PR-1 polypeptides and a polypeptide that can
bind to g viral coat polypeptide.

000104} Nucleic acid {e.g., nuclelc acid vectors) enceding amino acid chains
described herein {e.g., an amino acid chain that includes one or more PD-1
polypeptides fused 1o a scaifold polypeptide, or an amino acid chain that includes
one or more PD-1 polypeptides fused o a polypsptide that can bind 1o a viral coat
polypeptide) that can be usad {o generats multivalent PD-L1 binding compounds
described herein can be a nucleic acid selected from DNA {e.g., a DNA construct},
BNA {a.g.. mRNA}, or a combination thereof. In some cases, nucleic acid encoding
an amino acid chain described herein can be a vecior {e.g.. an sxpression vector or
& viral vector). A veotor can be a RO veclor {(g.g., HD veclors and 80 vegtars) or a
vector can ba a BD vector. When a vecloris a viral vactor, the viral vector can be
derived from any appropriate type of virus. In some cases, a viral vector can be
derived from an oncolytic virus. Examples of viruses from which viral vectors can be
derived include, without limitation, Ads, adeno-associated viruses (AAVs),
lentiviruges, enteroviryses, reavirusas, poxviruses, measlas virug, and herpes
viruses.

(000105} It some cases, nucleic acid encoding an aming acid chain describsed
herain also can include one or mors 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 includs,
without limitation, promoters {e.g., constitutive promoters, tissue/cell-spedific
promoters, and inducible promoters such as chemically-activated promoters and
light-activated promoters), enhancers, nuclaic acid sequences {e.g., suicide genes)
whose expression can induce apoplosis, necrosis, and other forms of cell death.

1000106} tn some cases, nucleic acids {e.g.. nucleic acid vectors) encoding

amino acid chains describad herein {2.g., an amino acid chain that inchudes one or
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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 bind o a
viral coat polypeptide) that can be used lo generate multivalent PD-L1 binding
compounds described herein {e.g., a fusion polypeptide that includes two or mare
PD-1 polypeptides, or a polypeptide conjugate that includes two or more amino acid
chains that each include one or more PD-1 polypeptides, or 8 virus particle where
two or mora viral coal polypeptides are modified {0 includs one or more aming agid
chains that include one or more PR-1 polypeptides, or a virus particle where ong or
maore viral coat polypeptides are modified fo include one or more aming acid chains
that include two of more PR-1 polypeptides) can produce two or morg {e.g., 2, 3, 4,
5,8, 7,8, 9,10, or more} amino acid chains described herein.

000107 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 aor
mare PD-1 polypeptides fused 1o g scatiold polypaptide, or an aming acid chain that
includes ong or more PD-1 polypeptides fused to a polypeptide that can bindto a
viral coat polypeptide] that can be used o generate multivalent PR-L1 binding
compounds described herein (e.g., a fusion polypeptide that includes two or mare
PD-1 polypeplides, or a polypaptide conjugate that includes two or more amine acd
chaing that sach include one or more PD-1 polypeptides, or a virus particle where
two or mora viral coatl polypeptides are modifiad {o include one of more amino acid
chains that include one or more PD-1 polypeplides, or a virus particle where one or
mare viral coat polypeptides are modified to include one or more amino acid chains
that include two or more PD-1 polypeptides) can continuously praduce ong or more
{g.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.. nuclein acld vectors) encoding
amino geid chains described harein {e.g., an amino acid chain that includes one or
more PD-1 polypeptides fused to a scaffold polypeptide, or an amine acid chaln that
includes one or more PD-1 polypeptides fused 1o a polypeptide that can bindto a
viral coat polypeptide) that can be used 10 generate multivalent PD-L1 binding
compounds describad hersin (e.g., a fusion polypeptide that includes fwo or more
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PD-1 polypeptides, or a polypsplide conjugate thal includes two or more amino acid
chains that each include gne or mare PD-1 polypeptides, or 3 virus particle where
two or more viral coat polypeplides are modified to include one or more aming acid
chains that include one or more PD-1 polypeptides, or g virus panticle 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 {e.g., 1,2, 3,
4,5,6,7, 8.9, 10, or more} amino acid chains describad herein for the duration of
the persistence of the nuclelc acid (e.g., until the nuclele acld is degraded),

000108} in some casas, amino acid chains encaded by nucleic acid described
herein can be used o generate multivalent PD-L1 binding compounds described
herein. For axample, two or mare amino acid chaing including ong or more PD-1
nolypeptides fused 1o a scalfold polypeptide can assemble {&.g., can self-assambie)
into a polypeplide conjugate including two or more aming acid chains that each
include one oy muore PD-1 polypeptides {o gangrate 3 polypeplide conjugate
described herein. When two or more aming acid chains including one or more FD-1
polypeptides fused 10 a scaffold polypeptide assemble into a polypaptide conjugate
including two or more amino acid chains that each include one or more PD-1
polypeptides to genarate a polypeplida conjugate, the amino acid chaing can
assemble in vivo or in vitro. For example, one or more amino agid chains including
one or more PD-1 polypeplides fusad to a polypeptide thal can bind 1o a viral coat
polypeptide can bind to two or more viral coat polypeptides present on the surface ¢of
a virus particle to coat to generate a coatad virus particle described herein, When
ong or more amino acid chaing including one or more PD-1 polypeptides fusedto a
polypeptids that can bind {o g viral coat polypeptide coat virus particle o gensrale a
coated virus particle, the virus particle can be coatad in vive ar in vilro.

000110} in some caseas, multivalent PD-L1 binding compounds desaribed herain
can be purified. A “puritied” polypeptide, protein or nucleic acid refers to a
polypeptide or nuclsic acid that constitutes the major component in a mixture of
components, e.g., 30% or more, 40% or more, 50% or more, 80% or more, 70% or
more, 80% or morg, 90% or more, 85% or more, or 98% o more by waight. For
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sxample, a purified multivalent PD-L1 binding compound can constitute sbout 30%
or more by weight of a composition containing one or mare multivalent PD-L1
binding compounds. Polypeptides may be purified by methods including, but not
fimited 1o, affinity chromatography and immunosorbent affinity column. For sxample,
a puritied nucleic acid encoding an aming acid chain that can be used o generate a
multivalent PD-LU1 binding compound described herein can constitute about 30% or
more by waight of a composition containing one or more aming acid chaing that can
be used 10 generate a multivalent PD-L1 binding compound described herein.
Nucleic acid may be purified by methods including, hut not imited o, phenoh-
chioroform extraction and column purification {e.g., mini-column purification).

{00111} Alternativaly, the Invention also provides multivalent PD-1 binding
compounds that include two or more aming acid segments that can bind PD-1 {e.g.,
PD-L1 polypeptides andior fragments thereof} as well as methods for making and
using muttivalent 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),
I somea 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 fragments
thareol). For example, a multivalent PD-1 binding compound that includes two or
more PD-L1 polypeplides (and/or fragments thereo! having the ability o bind PD-1)
can bind two or more PD-1 polypeptides. In some cases, a multivalent PD-1 binding
compound can include a single amino acid chain that includes two or more aming
acid segments that can bind PD-1,

jaont12] Also provided harein are methods and materials for treating cancer, ky
example, administering & composition containing ong of more multivalent PD-L1
hinding compounds described herein. The one or more multivalert PO-LT binding
compounds may be administered {o a subject in combination with therapeutic
polypeptides. In an embodiment a multivalent PD-L1 binding compound comprises a
therapautic polypeaptide which is administered to a subject for trealing cancer. In
anothet embodiment a multivalent PR-L1 binding compound is co-administered with
an Ad soprassing a therapautic polypeptide to a subject for ireating cancer,
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00113] The invention encompasses virus particles wherain two or mare viral
coat polypeptides comprise ons or more aming acikd chaing that include ons or more
PD-1 polypeplides. The virus particle may be a recombinant virus particle
comprising PD-1 polypeptides, including PD-1 fusion proteing, in the capsid protein
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 smbodiment, whare the PR-LY binding compound comprises a
racombinant virus, the virus is a recombinant Ad, for sxample, Ad strain AdBSY or Ad
strain AJB/57/6, and varfants thereof. The recombinant Ad may be modifiedto be a
conditionally replicating Ad (CRAd). Such recombinant Ads are dascribed in US
Application Serial No. 16/680,733, the disclosure of which ig incorporated herein in
its entirety 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 or more amino acid
chains that each include one or two or more PD-1 polypeptides, or nucleic acid
encoding amine acid chains that can be used to ganerate multivalent PD-L1 binding
compounds.

0001186} in some cases, a recombinant Ad describad herein (8.9, a
racombinant Ad having onhcolytic anti-cancer activity such as a recombinant AJe57)
can include an Ad genomea containing one or more nucieic acld deletions. A nucleic
acid delation can be a full delstion {e.qg., deletion of a nucleic acid encoding a
polypeptide)} or a partial deletion {e.g., deletion of one or mors nucleotides within a
nuclelc acid encoding a polypeptide). A nucleic acid deletion can reduce or eliminate
franscription and translation of a polypeptide encoded by the deleted nuddele acid. in
some ¢cases, a nucleic acid encoding a polypeptide associated with production of
infectious progeny can be deleted. Examples of nucleic acids that can be deleled
and/or moditied in a recombinant Ad described herein may encade E1 {e.g., E1A
and E1B), E2, EG, B4, pliiA, fiber, E1B, and include viral enhancers and promoters.

38



WO 2020/223217 PCT/US2020/030240

For sxample, a recombinant Ad described herein {e.9., a recombinant Ad having
ongolytic anti-cancer activity such as a recombinant Ad857) can include an Ad
genome containing a deletion of one or more nuclectides within a nucleic acid
encoding an £1 polypeptide. In some cases, a recombinant Ad described herein can
include one or more substitutions in a nucleic acid encading an E1 polypeptide.

{00117 in particular embodiments, & recombinant Ad described hevein is
modified to comprise a probasin promoter compriging, 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 harein is modified to comprise a
diT107 deletion in a nucleic acid encoding an E1 polypeptide; a recombinant Ad
described herein is modified to comprise a dit101 deletion and a di1107 deletion.
The di1101 modification 1o Ela prevents binding to p300 and 1o make virus
sugceptible to Interfgron (INF) repressions. The di1107 mutation in E1a pravents its
binding {o pREB {o blogk virus replication in cells with intact pRB pathways. Seae
Figure 10 for N-terminal amino acid seguences of the E1A polypeptide, for example,
wild-type Ad E1A, and CRAJ-857-di1 11, CRAJ-857-a11107 and CRAJ-657-
ait101/1107 variantis.

(000118} Schematic of mutations in Ad8, AdBS7 and variantg thereof invohing
mutations in tha E1 protein (o convert the virus 1o a conditionally-replicating Ad
{CRAQ) is shown in Figure 9 and Figure 10. These include di1 101 and/or the 1107
that block binding 1o p300 and pRE, respactively.

{00118} Figurs 10 shows the N-{erminal aming acid sequences of E1Aina
wild-type Ad, as well as Ad variants E1A di1101, E1TA a1107 and E1A dH10111G7.

000120 Also shown is the replacement of the Ad E1 promuoter with the
prosiate-specific promoter probasin-E1 DNA sequence (SEQ 1D NO4 1) to generate
the CRAd, Ad-PB (Figure 8). The probasin promotey is androgen dependent, so wall
work in androgen-sensitive tumars tike LNGCaP, but not in androgen-resistant tumors
fike DU145A.
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{00121} The replication compstent Ads, as well as the CRAds, of the invention
are genetically modifiad by methods known fo those skilled in the ant {o exprass one
ar more therapeutic polypeptides. The therapeutic polypeptides may be immune
stimulatory polypeptides, for example, CD40L, 4-1BBL, OX40, GM-CSF, and
combinations thereof,

000122 Moreover, in an embodimeant, the replication compstent Adsg, gz well ag
the CRAdSs, of the invention are genetically modified by methods known to those
skilled in the att lo express both PD-1 polypeplides and one or more therapsutic
polypeptides as fusion proteins.

000123} The replication competent Ads, as well as the CRAds, of the invention
may be genetically modified by methnds known to those skilled in the ant to comprise
muoditied fiber/knob capsid protaing. The Ad fiber protein is a complex of threg
apparently identical subunits which mediates the initial attachment step. The native
Adg fiber protein (SEQ 1D NQ:35) binds CAR.

000124} in a further aspect of the invention, fiber-muodified recombinant Ads
having different fiber proteing or modifications in the fiber/knob proteing which are
not native to the parental Ad wera genarated. Recombinant Ads, including CRAds,
compriging capsid proteins from different Ad strains and heterologous fiber/knob
proteing were generated, for example, recombinant Ads comprising a heterclogous
Ad35 fiber polypeptide or Chimpanzes C68 fiber polypeptide, +/~ a K7 peptide.

[000125] A chimeric Ad, AdF35 fibar chimera, hag the amino acid sequence of
SEQ 1D NO:36 and is shorter than AdB and Ad6 fiber proteins and ratargels virus fo
D48,

0001286} A fiber-modified racombinant Ad, comprising K7 Fiber having the

sequence of SEQ 1D NQ:37, targets virus 1o haparin sulfate proteoglycans and
negative charges on cells.
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000127} A recombinant, chimeric Ad, 6/FC68 Fiber comprising the sequence of
SEQ D NO:38, is a chimeric Ad having a fiber protein from chimpanzee adenovirus
G88. The fiber protein is shorler than AdS or Ad6 fiber proteins and binds CAR.

000128} A recombinant, chimeric Ad, 8/FC88-K7 Fiber comprising the sequenge
of SEQU D NO:39, is a chimeric Ad having a fiber protein from chimpanzes
adenovirus 088, The fiber protein is shorter than AdS or Ags fiber proteins. The
6/FLE8-K7 Fibar binds CAR and is retargeled o heparin sulfate and negative
charges.

{000129] A recombinant, chimeric Ad, §/FC88-HI-K7 Fiber compising the
sequancea of SEQ 1D NO40, is a chimeric Ad having a fiber protein from chimpanzee
adenovirus G88. The fiber protein is shorter than Adb or Adb fiber proteing. The
&/FC68-HI-K7 Fiber binds CAR and is retargeted 10 heparin sulfate and negative
charges.

10001301 fr1 some cases, & recombinant Ad described herain (e.g., &
recombinant Ad having ongolytic anti-cancer activity such as a recombinant AdE57)
can include an Ad genoma containing one or more nucleic acid ingertions. For
sxample, a nucleic acid insertion can include a nucleic acid encoding a polypeptids,
for example a therapeutic polypeptide. A nucleic acid can be inserted into any
appropriate location within a genome of a recombinant Ad described herein, In some
cases, a nucleic acid encoding a polypeptide can be inserted into a HVR {(a.g., HVR
5 loop) of a genome of a recambinant Ad described herein. For example, when a
nucleic acid encoding a polypsplide is inserted into a HVR of a genome of 5
recombinant Ad described herein, the nuclgic acid encoding a polypeptide can
express one or more polypeptides, and the expressed polypeplide(s) can be
incorporated into the capsid of the recombinant Ad. In cases where a nuclsic acid
encoding a polypeptide is ingerted into a HVR region of a genome of a recombinant
Ad described herein, the recombinant Ad can present from about 1 1o about 720
polypeptides encoded by the inserted nucleic acid on #s surface. A nucleic acid
insartion can ke nucleln acid encoding any appropriate polypeptide. In some cases,
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a nuclele acid insertion can encode a therapsutic polypeptide, a polypeplide antigen
or a cytokine.

0001311 in general, Ads may be modified to include CRAdJ modifications
described hergin,

{00132 in an embodiment, a recombinant Ad is a conditionally replicating Ad
with a dit 101 modification to E1a, which prevents binding to p300 and makes the
virus susceptible to IFN repression, and a dit107 mutation in Eta to prevent s
binding to pRB to blogk virus replication in cells with intact pRB pathways, and an
E3A deletion. The CRAd expresgses human PD-1 fused o human immunogiobulin.
{000133] in an embodiment, a recombinant Ad (for example AdB57} s a
condifionally replicating Ad with a dit101 modification to E1a, which pravents binding
fo p300 and makes virus susceptible to IFN repression, and an £E3A deletion. The
CRAdJ exprasses human PB-1 fused to human Factor X {(GLAJ on the surface of the
virus particls, wherein the CRAd is retargeted to cells axpressing PD-L1 on the
surface of the cell.

10001344 in-an embodiment, a recombinant Ad is a conditionally replicating Ad
{for example AdBS7) with a di1 101 modification to E1a, which prevants binding fo
0300 and makes virus susceptible to IFN repression, and a di1107 mutation in Eta
o prevant its binding 1o pRE o block virug replication in celis with intact pRB
pathways, and an E3A deletion. The CRAd expresses human PR-1 fused to human
Factor X {GLA) on the surfage of the virus particle, wherein the ORAd is retargeted
to cells expressing PD-L1 on the cell surface.

[000135] The virus particles having PD-1 polypsplides bound to the surface of
the virus particle can be used for reating a mammal having cancer {8.g.. 8 cancer
including one or more PD-L1 positive cancer cells). The virus particles may be
administered 1o 8 subject in an amount effective for the treatment of cancer and,
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optionally, may be administersd in combination with cancey therapies, including
immunotherapies and chemotherapeutic agents.

[000136] in an agpect of the invention, a composition containing one or more
multivalant 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 1o treat the mammal. A multivalent PD-L1 binding compound
described herain can bind v PD-L1 on PD-L1 positive cancer cells. Binding of a PD-
1 polypeptides can neutralize PR-L1 function, and can thereby prevant PU-L1
positive cells {e.g., PD-L1 positive cancer cells) from escaping the immung system
and/or can affow anti-cancer agents {e.g., cancer immunotherapies) 1o more
affectively farget PD-L1 positive cells. In cases where nucleic acid encoding a
multivatent PR-L1 binding compound desoribad herein is an oncolytic Ad veclor
sncoding a multivalent PD-L1 binding compound describad hergin, the oncolytic Ad
can infect call and can drive T osll responses directed to the infected cell. An
oncolytic Ad can infect any appropriate type of cell. In some cases, an ancolytic Ad
can infect a PD-L1 positive cell {g.g., a PD-L1 positive cancer gell). In some cases,
an oncolytic Ad can infect non-dividing celis {e.g., kidney cells).

[Q00137] In some cases, a composition comprising or consisting essentially of
one or more PD-L1 binding compounds described herein can be used for freating a
mammal having cancer {8.¢., a cancer including one or more PD-L1 positive cancer
cellg). For example, a composition containing one or more multivalent PO-L1
binding compounds and, optionally, one or more cancer therapeutics, can ba
administerad to & mammal having canger to treat the mammal.

000138} Alternatively, the methods and malerials 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 FL-L1 binding compounds
described herein can bhe used for trealing a mammal having an infectious dissase
{e.g., an infectivus diseass including one or more PD-L1 positive macrophages such
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as cancer infiltrating macrophages). Examples of infectious diseases that can
include one oy 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 herein can be used for freating a mammal having an
aufoimmune disease {e.g., an autoimmune disease including one o more PD-L1
positive macrophages such as cancer infilirating macrophages).

{000139] Any appropriate mammal having cancer can be treated as descnbed
hersin. For example, humans and other primates such as monkeys having cancer
can be treated with a compaosition containing ong or more PR-L1 binding compounds
described herein and, optionally, can be treated in combination with one or more
cancer treatments 1o reduce the sevarily of the cancer, to reduce a symptom of the
cancer, and/or 1o reduce the number of cancer celis present within the mammal
within the human or other primate. In some cases, dogs, cats, horsas, Cows, piOs,
shesp, mice, and rals having cancer can be tregted with a compuosition containing
one or move multivalant PD-L1 binding compounds described herein, viruses
compriging PR-L1 binding compounds, or nuclels acid encoding an amino acid chain
that can be used {o generate multivalent PD-L1 binding compounds described
hersin, and, optionally, can be treated with one or more cancer ireatments as
described hergin,

1000140} When treating a mammal {&.g., 2 human} having a cancer as described
herain, the cancer can be any appromiate cancer. A gancer can include one or more
PD-L1 positive cancer cells. A cancer can include one or more solid tumors. A
gancer can be a blood cancer. Examples of cancers that can be reated as
described herein include, without limitation, breast cancer, colorectal cancer, kidney
canoesr, lung cancer {g.g., non-small cell lung cancer), ovarian cancer, melanoma,
brain cancer, sarcoma, prostate cancer, pancreatic cancer, head and neck cancer,

liver cancer, retinoblastoma, lymphoma, and leukemia.

000141} In some cases, a mammal can be identified as having a ¢ancer{e.g. a

canoey including one or more PD-L1 positive cancer gelis). Any appropriate method
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can be usad fo 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, a mammal can be admuistered a
composition containing one or more PO-L1 binding compounds described herein,
and, optionally, can be treated with one or more cancer tharapeutics and/or cancer
treatmenis. The one or morg cancer therapeutics can include any appropriate
cancer treatments. In some ¢ases, a cancer freatment can include swrgery. In some
cases, a cancer treatment can include radiation therapy. I some cases, a cancer
tregtiment can include administration of a pharmacotherapy such as a chemaotherapy,
hormone tharapy, targeled therapy, and/or cytoloxic therapy. Examples of cancer
treatments include, without imitation, administration of one or more receplor tyrosing
kinase inhibitoes {e.g., erlotinib}, administration of one or more PD1/PD-L1 inhibilors
{e.g., nivolumab, pembrolizumab, atezolizumab, avelumab, cemiplimab, and
durvalumab), administration of one or more immunotherapies such as
irnmutiotherapies that can target PDUPD-LY {e.g., nivalumab, pembrolizumab,
atezolizumab, avelumab, cemiplimab, durvalumab, alemiuzumab, ipllimumab,
ofatumumab, and rituximab), administration of one or more antibodias which targst
GITR, administration of one or more platinum compounds {e.g., a cisplatin or
carboplating, administration of one or more faxanss {€.g., paclitaxel, docetaxel, or an
albumin bound paciitaxel such as nab-paclitaxel}, administration of altretamine,
administration of capecitabine, administration of cyclophosphamide, administration of
stoposide {vp-18), administration of gemcitabine, administration of ifosfamide,
administration of irinotecan {pi-11}, administration of iposomal doxorubicin,
administration of melphalan, administration of pemetrexed, adminisiration of
topotecan, administration of vinorelbing, administration of one or more lutelnizing-
hormona-releasing hormone (LHRH) agonists (such as goserelin and leuprolide],
administration of one or more andi-estrogen theraples {such as tamoxifen),
admmistration of one of more aromatase inhibitars {(such as letrozole, anastrozole,
and exemestane), administration of one of more angiogenesis inhibitars {such as
hevacizumab), administration of one or more poly{ADP)-ribpse polymerase (PARP)
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inhibitors {such as olaparib, rucaparib, and nivaparib}, administration of external
beam radiation therapy, administration of brachvtherapy, adminisiration of
radioactive phosphorus, and admintstration of any combinations thereol. In cassas
where 3 mammal having cancer is ireated with a composition containing one or more
mutltivalent PD-L1 binding compounds or nucleic acid encoding an aming acid chain
that can be used o generate multivalent PD-L1 binding compounds desaribad
harein, and is trealed with one or more cancer treatments, the composition
containing one or more cancer freatments can be administerad at the same time or
independently. For example, the compuosition containing ong or more multivalent
PD-L1 binding compounds or nucleic acid encoding an amino acid chain that can be
used 1o generate multivalent PD-L1 binding compounds described herein can be
administered first, and the one or more cancer {reatments administerad second, or
vice versa.

000143} I some caseas, a composition comprising one or marg PD-L1 binding
compounds dascribed herein can be formulated into a pharmaceutically acceptable
compogition for administration 1o a mammal having cancer. Forexample, a
therapeutically effective amount of one or more multivalent PD-L1 binding
compaounds or nucleic acid encoding an amino acid chain that can be used 1o
generate multivalent PD-L1 binding compounds describad herein can be formulated
together with one or more pharmaceutically acceptable carriers {additives) andfor
diluents. The pharmaceutical composition may turther comprise a therapeutic
nolypaptide andfor a recombinant virus which is genetically modified o sxpress a
therapeutic polypeptide. A pharmaceutical composition comprising, or congisting
essentially of a multivalent 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 pharmaceutical
composition dascribed herein include, without limitation, 1on exchangers, aluming,
aluminum stearate, lecithin, setum proteins, such as human serum atbumin, buffer
substancas such as phosphates, glycine, sorbic acid, potassium sarbate, partial

44



WO 2020/223217 PCT/US2020/030240

glycaride mixtures of saturated vegetable fatly acids, waler, salis or slectrolyles,
such as protaming sulfale, disodium hydrogen phosphale, potassium hydrogen
phosphate, sodium chloride, zine salls, colloidal silica, magnesium tristicate,
polyvinyl pyrrolidone, cellidose-based substances, polyethylene glycol, sodium
carboxymathylceliuloss, polyacrylates, waxes, polyethylene-polyoxypropylene-tdock
polymers, polyethylene glycol and wool fat.

000144} A pharmaceutical composition comprising or consisting essentially of
one or more multivalent PD-L1 binding compounds as described herein, and
optionally a therapautic polypeptide, are tormulated for oral or parenteral {including
subcutaneous, intframuscular, intravenous, infratumoral, and intradenmal)
administration.

000145 Whaen being administered orally, a pharmaceutical compusition
comprising ong ot mora PR-L1 binding compounds or nucleie acid encoding an
amino acid chain that can be used {o generate multivalent PD-L1 binding
compounds described herein can be in the form of a pill, tablel, or capsule.

000148} Compositions sultable oy parenteral administration include agueous
and non-agueous sterile injection solutions that can contain anti~oxidants, buffers,
bacteriostatic agents, and solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and non-aqueocus sterile suspensions
which may include suspending agents and thickening agents. The formulations can
be presented in unit-dose or mulli-dose containers, for example, sealed ampules and
vials, and may be stored in a fresze dried {lyophilized) condition requiring only the
addition of the sterile tiquid carrier, for example water for injections, immediately prior
to use. Extemporaneous injection solutions and suspensions may be prepared from
sterile powders, granules, and tablets. Such injsction solutions can ba in the form,
for example, of a sterle injectable aqueous or oleaginous suspension. This
suspension may be formulated using, for example, suitable dispersing or watling
agents (such as, for example, Tween 80} and suspending agents. The sterile
injectable preparation can be a starile injactable solution or suspension in 8 non-toxic
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paranterally-acceptable diluent or solvent, for example, as a solution in 1, 3-
butanediol. Examples of acceptable vehicles and solvenis that can be used includs,
without limitation, mannitol, water, Ringer's solution, and isolonic sodium chioride
solution, In addition, sterile, fixed oils can be used as a solvent or suspending
madium, In some cases, a bland fixed oil can be used such as synthelic mong- or
di-glycerides, Fatty acids, such as oleic geid and its glyceride derivatives can be
used inthe preparation of injectablas, as can natural pharmaceutically-acceptable
oils, such as olive ol or castor oll, including those in their polyoxyethylated versions.
in some cases, these oil solutions or suspensions can contain a long-chain alcohol
diluent or digpersant,

[000147] Speditic embodiments disclosad harein may be further imiled in the
claims using “consisting of" or “consisting essentially of* language. When used in the
claims, whather as filed or added per amendmant, the fransition term "consisting of"
sxcludes any element, step, ot ingredient not specified in the clains, The transition
term "consisting essentially of" limits the scope of a claim to 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 morg PD-L1 binding compounds described herein can be administered locally
or systemically. For example, a composition containing a compound that inhibits the
function of an intraceliuiar PD-L1 domain can be administered locally by injection info
or near g cancer {2.g., a tumor) in a mammal {e.g., 2 human}. Forexampls, a
composition containing a compound that inhibits the function of an intraceliular PD-
L1 domain can be administered systemically by oral adminisiration or by injection
{e.g., subcutaneous, intramuscular, infravenous, intratumoral, and intradermal
injection) 1 a mammal (e.g., a human}.

000149} 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 treatments such as use of
other agents, and the judgment of the traatling physician.
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[000150] An gffective amount of a composition containing one ar more PLR-L1
binding compounds described herein can be any amount that can reduce the
severity of the cancer, I reduce a symptom of the cancer, and/or to reduce the
number of cancer celis present within the mammal without producing significant
foxicity {o the mammal. The effective amount can remain constant or can be
adiusted as a sliding scale or variable dose depending on the mammal's response to
treatment. Vardous factors can influence the actual effective amount used for a
particular application. For example, the frequency of administration, duration of
freatment, use of mulliple treatrment agents, route of administration, and saverity of
the condition {&.g., cancer} may requirg an incrgase or decrgase in the actual
effective amount administered.

0001561} The frequency of adminisiration can be any frequency that sengitizes
canoar cells in the mammal 1o one or more cancer fraatmeants {(8.g., one or more
cancet inmunotherapies) without producing significant toxicity o the mammal. For
example, the frequency of administration can be from about once a week {o about
threa times a day, or from about twice & month to about six times a day, or from
about twice a week {0 about once a day. The frequency of administration can
remnain constant or can be variable during the duration of treatment. A course of
freatment with a compaosition containing one or more PD-L1 binding compounds
described herein can include rest periods. For example, a composition conlaining
one or more mullivalent PD-L1 binding compounds or nucleic acid encoding an
amino acid chain that can be used o generate multivalent PD-L1 binding
compounds described hersin can be administerad dailly over a two-week pertiad
followed by a two-week rest period, and such a regimen can be repaated multiple
times. As with the sffective amount, various factors can influence the actual
frequency of administration used for a particular application, For example, the
effective amount, duration of treatment, use of multiple treatment agents, route of
administration, and severity of the condition {e.g., cancer) may require an ingrease of

decrease in administration fraquency.
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[000152] An gffective duration for administering a composition containing one or
more PD-L1 binding compounds describad herein can be any duration that can
reduce the severity of the cancer, fo reduce a symptom of the cancer, and/or {o
reduce the number of cancer calls 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 1o one year, Mulliple
factors can influence the actual effective duration used for a particular freatment,
For example, an effective duration can vary with the frequency of adminisiration,
gifective amount, use of mulliple treatment agents, route of administration, and
severnty of the condition being treated.

{000153] in certain instances, a courss of reatment and the severity of one or
mare symploms related {o tha condition being treated {e.g., cancer) can be
monitored. Any appropriate mathod can be uged o delermine whether or not the
gensitivity of cancer calls in the mammal fo one or more cancer freatments {&.g., one
or more cancer immunotherapies) is increased. For example, the responsivensass of
cancer {e.g., based on the size and/or number of lumors) can be assessed using
office imaging techniques at different tims points.

{000 154] The invention will ba further described i the following 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 inseriion of Cell
Targeting/Detargeting Peptides or Novel Amino Acids.

000155} Recombinant adenoviruses were constructed by recombinant DNA

technology utilizing methods known to those skilled in the arl. A recombinant Ad
{AdB5T) is derived from a first Ad strain AdS {e.g., can include a genome of a first Ad
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strain} and may include capsid hexon HVRs from a second Ad strain, AdS7, see
Figure 8. These embodiments have been applied generally in the context of Ads
which combine different capsid hexon HVRs from different Ads (iLe., shuffling HYRs).
Figure 7 shows an alignment of AdS, Ad8, and AdS7 showing variation in hexon
ragions. For example, HVR1 of Ad strain Ad6 with HVYRs 2-7 of Ad strain AdS57 or
HVYRT and 7 of Ad strain AdB with HVRs 2-8 of Ad strain Ad57. in a further
embodiment, an AdB/B8/6 virus has HVRs 1 and 7 from Ad strain Ad6 and HVRg 2-6
fram Ad strain Ades7,

0001586} in an aspect of the invention, chimetic Ads were generated which have
an Adé HVR1 and AdB7 HVRs 2-7, the chimera, referred to as Ad6/57 HVR chimera,
comprises the hexan having the amine acid sequence of SEQ 1D NO:28.

000157} In yet another aspert of the invention, chimeric Ads were generated
which have AdB HVR1 and 7 and Ad57 HVRg 2-8, the chimera, relerred to as
Ad8/S7/8 HVR chimera, comprises the hexon having the amino acid sequence of
SEQ ID NO:28.

{000158] To obtain recombinant Ad strain AdS57, a nuclaic acid encading AdbS7
HVRs 1-7 was synthesized and inserted into the AdS hexon in a plasmid with an
FRT-Zeocin®-FRT cassstte between pVi and haxon. This was recombined into
various pAdt plasmids o generate AdE57 and vanants thereof. The aming acid
saquence of the AdE57 hexon is set forth in 8EQ 1D NO:30.

{00158} With ragpect fo varanis of Adgs7, the AdS7 HVR saguence was
synihesized with HVR1 modified with a cysteine, flexibility amino acids, and
restriction sttes to allow nsertions of other peptides. This was inseried into the Ads
hexon in a plasmid with an FRT-Zeocin®-FRT cassette between pVl and heson. This
was recombined into various pAde plasmids to generale AJB57 varianis with
cysteineg in HVR1, the variant referred 1o as ADB5S7-HVR1-XXA comprises the hevon
having the amino acid sequence of SEQ 1D NO:42.
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000160} With respect to variants of AdGS7, the AdS7 HVR sequence was
synthesized with HVRES modified with a cysteine, Hlexibility amino acids, and
restriction sites o allow insertions of other peptides. This was inserled into the AdS
hexon it a plasmid with an FRT-Zeocin®-FRT cassetie between pVi and hexon, This
was recombined inlo various pAde plasmids to generate AJBE7 variants with
cysteing in HVRE, the variant referred to a5 AJBR7-HVRB-XXA comprises the hexon
having the amino acid sequence of SEQ 1D NO:43.

0001811 With respect to variants of Adg57, the AdBY HVH sequence was
synthesized with HVYR1 modified with a cysteing, flexibility amino acids, and
restriction sites to aliow insertions of other peptides. This was ingerted into the Adé
hexoon in a plasmid with an FRT-Zeocin®-FRT cassetie betwean pVl and hexon. This
was recombined into various pAds plasmids 1o generate Ad857 variants withowt
cystaine in HVRY, but with restriction gites allowing peptide insertions info HVH1, the
variant referred o as AdBS7-HVR1-XA comprisas the hexon having the amino acid
sequanee of SEQ D NO«4.

000162} With respect to variants of Ad857, the AdR7 HVR sequence was
synthesized with HVRS muodified with a cysteine, flexibility amino acids, and
restriction sites o allow insertions of other peptides. This was inserled into the AdE
hesoon in & plasmid with an FRT-Zeocin®-FRT cassetie betwean pVi and hexon. This
was recombined into various pAds plasmids o generate AdB57 variants without
cystaine in HVRS, but with restriction sites allowing peplide insertions into HVRB, the
variant referred 1o as AdBST-HVRE-XA comprises the hexon having the amino acid
sequance of SEQ 1D NO45,

000163} With respect to variants of AdS57, the AdES7 HVRT-XA sequence was
muodified by insertion of a biotin acceptor peplide into HYR 1., This was recombined
into various pAdS plasmids to generate AJBS7 variants a BAPF in HVRI1, the variant
referred to as AdBS7-HVR1-PSTCD comprisas the hexon having the amino acid

seguance of SEQ 1D NO48.
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000164} The insertion of a biotin acceptor peplide detargets the virus variants
fram the liver, allows the virus o be retargeted with avidin or streptavidin and
biotinylated ligands, and allows the virus to be purified on monomaeric avidin or
streplavidin colurmns.

1000165] With respect to variants of ADBE7, the AdBET HVR1-XA sequence was
modified by insertion of a biotin acceptor peplide (BAP] into HVR1. This was
recombined into various pAde plasmids o generate AJES7 variants a BAP in HVR1Y,
the variant refevred to as AdB57-HVRE-PSTCD comprises the hexon having the
amino acid sequence of SEQ 1D NO:47.

000186} With respect to variants of AdBE7, the AdBE7 HVRS-XA sequence was
maodified by ingertion of a synthetic V1/VE loop from HIV envelope into HVYRS, the
variant referred 1o as AJSST-HVRE-VI/VZ comprises the hexon having the amino
acid sequence of SEQHD NO48,

000167} The insertion of a synthetic VI/VZ loop from HIV envelope allows
display of this antigen {0 ssyve as a vacoing as well as relargeting by binding to
proteing that interact with HIV envelopea.

000168} With respect to variants of AdB57, the AdES7 HVRS5-XA sequence was
modified by insertion of synthetic peptides from human papilfoma virus (HPV) into
HVRS, the variant referred 1o as AJES7-HVYRS-HPY comprises the hexon having the
amino acid sequence of SEQ 1D NO:49,

000169 The inserlion of synthetic peptides from human papilloma virus allows

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

[Q00170] I another aspsect of the invention, chimeric Ads were generated which

have an Ade HYR1T and AdS7 HVRs 2-7, the chimera, refaved to as AdE/S7 HVR
chimara, compriges the hexon having the amino acid sequence of SEQ 1D NQ:D.
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00171 in yat another aspact of the invention, chimeric Ads ware generatad
which have Ad8 HVRT and 7 and Ads7 HVRs 2-8, the chimera, referred to as
AdB/57/8 HVR chimera, comprises the hexon having the amino acid sequence of
SEQ ID NO:51.

000172} The plasmid maps of Figures 16-18 show the combination of the
insertion of individual HVRs from different Ad serotypes with the insertion of cell
targating/detargeting peptides, therapeutic polypeptides, or novel amino acids such as
cystaine into the hexon for targeted chamical modification and shiglding.

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

Example 2. Targeled Chemical Conjugation of Cysteine-modified Hexon-
muodified Ad8ST-HVRSC.

1000174} Figure 13 is 3 depiction of Ad variants showing the combination of
insertion of individual HVRs from different Ad serolypes with the inserlion of novel
aming acids such as cysteing into the hexon for targeted chemical modification and
shielding.

000175 This example demonstrates the ability o target polymer and other
chemical modifications 1o cysteines insertad into an Ad hexon (Figure 15), Untargeted
PEG inactivales vivus infection whergas cysteine-targeting PEGylation refains virus

functions.

{00176} in an aspect of the invention, the use of polymers or inserted
peptides/proteing to detarget, refargel. and shield from antibodies, proteins, cells is
contemplated. Figures 12 and 14 depict sites of Ad HVRs which may be maodified, for
example, by PEGylation or "BAPviation®. Another example shows insertion of a biatin
accaptor peptide (BAR) is insarted inlo these HVRs allowing for vector retargeting with
avidin or streptavidin and biotinylated ligands or with avidin- or streptavidin {usion
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proteing. BAP ingerfion also allows the viruses to be purified on monomaeric avidin or
streptavidin columng for vector production. Likewise, AdR7-HVR1-XXA and XA shows
the example of insarting a cysisine info this site fo allow {argeted chemical modification

with maleimide or other cysteine-reactive agenis.

1000177} o an embodiment, the different Ad serotypes and/or variants comprise
polymer shielding o allow mulll dosing of Ade and AdEST variants. An exemplary
therapeutic cycle whare AdE and AdBS7 can be used for mulliple rounds of treatment
by serotype-switching in combination with covalent polymer conjugation is shown

{Figure 13).

{000178] AdBS7-HVR1C expressing GFPLucHerase was produced from cells and
purified on CsCl gradients. The virus was covalently modified with & kDa polyethylene
glycol (PEG). Tha virus was trealad with either NHS-PEG that reacts randomly with
amines/lysines on viral proteing or with maleimide PEG that reacts specitically with
cysisine that was inserted into HVR 1 using the XXA shultle 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}. Thig shows that NHS-PEGyiation randomly modifies
many viral proteins as demonstrated by increases in the appareat mass of the proteins
{indicated by arrows). In contrast, 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).

{00179} Schematic of mutations in Ad8, AdB57 and variants theraofl involving
mutations in the E1 protein to convert the virus to a conditionally-replicating Ad {CRAd)
is shown in Figure 8, Figure 10 and Figure 11. These include di1101 and/or the di1 107
that block binding to p300 and pRB, respsctively.

{000 180} Figure 10 shows the N-terminal aming acld sequences of Et1AiIn a
wild-type Ad, as well as Ad varfanis E1A di1101, E1TA dIT107 and E1A dIT101/1107.
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000181} Also shown ig the replacement of the Ad E1 promcter with the
prostate-specific promoter probasin and the £1 DNA seguence of SEQ 1D NO:31 1o
generate the CRAd, Ad-PB (Figure 8). The probasin promoter is androgen
dependent, so will work in androgen-sensitive tumors fike LNCaP, but notin
androgen-resistant fumaors like DU145.

[oon182] in an embodiment, g conditionally replicative Ad857 virus having 8

dif 101 moditication to £1, and a diV107 muutation in BE1g, and an E3A delelion, is
constructed to sxpress human PD-1 fused to human immunoglobulin as a PD-LY
decoy protein. The virus also expresses GFPLucHerase from a CMV promoter. Such
conditionally replicative AJBST virus variant is referred 1o a8

CrAded 1101/1107DEIADP-hPD-1-Ig-GL.

Example 4. Retargeted and Detargeted Recombinant Adenovirus.

0001838 In vitro, Ads bind and enter celis through the combined inferactions of
its fiber and penton base proteins with cell surface receptors. The tiimeric fiber
binds the coxsackie-adenovirus receptor (CAR), and cells thal lack CAR are
relatively resistant 1o infection unless they also express oy integring that can be
bound by an RGD motif on the penton base.

{000184]  The Ad fiber protein is a complex of three apparently identical
subunits which mediates the initial attachment step. The native Ad6 fiber protein
comprises the amino acld sequence set forth in SEQ 1D NO:35 and binds CAR.

Q00185 In a further aspect of the invention, fiber-moditied recombinant Ads
having differant fiber proteins which are not native {o the parental Ad were
generated, Recombinant Ads, including CRAds, comprising capsid proteins from
diferent Ad strains wers generated, for exampls, recombinant Ads compriging a
heterologous Ad3S fibsr polypeptide or Chimpanzee C88 fiber polypeptide, +/- a K7
paptids.
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[{000186] A chimeric Ad, AdF35 fiber chimera, has the amino acld sequence of
SEQHD NO:38 and is shorter than Adb and Ad6 fiber proteins and retargets virus to
GD4s.

000187} A fiber-modified recombinant Ad, comprising K7 Fiber having the
sequence of SEQ 1D NO37, targets virug 1o heparin suliate proteoglycans and
negative charges on cells.

000188} A recombinant, chimeric Ad, 8/FCE8 Fiber comprising the sequence of
SEQ D NO38, is a chimeric Ad having a fiber protein from chimpanzes adenovirus
G&3. The fiber protein is shorter than AdS or Ad6 fiber proteins and binds CAR.

000189} A recombinant, chimeric Ad, 8/FC68-K7 Fiber comprising the sequence
of SEQ 1D NO:39, is a chimeric Ad having a fiber protein from chimpanzes
adenovirus GB8. The fiber protein is shorter than AdS or Ad6 fibar proteins. The
8/FCH8-K7 Fibar binds CAR and is retargated to heparin sulfate and negative
charges.

000190} A recombinant, chimeric Ad, 8/FC88-HI-K7 Fiber comprising the
sequence of SEQ 1D NO4Q, is a chimeric Ad having a fiber protein from chimpanzee
adenovirus 588, The fiber protein is shorter than AdS or AdE fiber proteins. The
6/FCBB-HI-K7 Fiber binds CAR and is retargeted to heparin sulfate and negative
charges.

{00181} Blood factor X {(FX) binds with nanomolar affinity to the hexons of
spacies { adenovirus and, consaquently, enables species C adenovirus 1o efficiently
transduce liver hepatocytes after IV injection.

000192 The following CRAd viruses are constructed which express human
Factor X {GLA} tused to human PD-1. Wild-type and high aftinity mouse and human
PD-1 domains were fuged 1o the N- or C-termint of human FX GLA-EGF domain and

their exprassion was driven by either RSV or CMV promoter. in some cases these
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fusion protein expression casseties were inserted into the E3 domain of the indicated
viruses. In others, they were inserted betwesn the fiber and E4 genes of the viruses.

1000183} Conditionally replicative AJBS7 with a dit 101 modification to Ela
pravent its binding to p300 and to become susceptible to IFN, an E3A dslstion, with
an RSV expression cassetie inserted into the E3 deletion. This virus expresses

human Factor X (GLA} fused to human PD-1 and an adenovirus relargeting protain

fo PD-L1+ cells {i.e., CrAd657d1101DEIADP T hPD1-GLA-GL-L}.

000194} Conditionally replicative Ade57 with a di1 101 modificationto Ela
pravent its hinding to p300 and to make virus susceptible to IFN repression and a
a1 107 mutation in Ela 1o prevent its binding to pRB o black virus replication in cells
with intact pRB pathways, with deleted E3, and comprises an RSV expression
cassette insanted into the E3 delstion. This virus expresses human Factor X {GLA)
fused to human PD-1 {Le., Crad8s7 1 101/1 107DEIBSTREVhPDT-GLA Y giZI).
Diuring viral replication, the PD-1 will be expressed in a cell as a monomer which is
capable of binding PD-L1 when released from the cell. The PD-1 can also be bhound
to the surface of an Ad 1o retarget the Ad to PD-L1-expressing cells.

00185] Conditionally replicative AJB/57/8 with a di1 107 mutation in Ela, and
an E3A deletion with an RSV expression cassette inserled into the &3 deletion, is
constructed to express human PD-1 fused to humarn immunogiobutin as a PD-L1
decoy protein {i.e., pAdRT/E-dI 1O7-AES-RSV-HhPD-1-HA-{g-1). Ses Figure 16

{000196] The fusion protein was purified from cells Infected with pAdE/S7/8-~
dif107-DES-RSV-hPD-1-HA-Ig-l on a protein A column. This protein was titrated
along side positive control anti-PD-1 moneclonal antibody in the PD-1/PD-L1
Blockade Assay from Promega (Madison, W1, USA)L The high affinity human hPD-1-

HA-Ig fusion protein inhibits PR-L1. Ges Figure 18

Exampile §. Construction of recombinant Ads for expression of PD-L1 binding
compounds in combination with heterologous polypeptides.
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000197} A conditionally replicalive Ad virus (ORAJSS7 or CRAJ &/57/8) is
modified to express PD-1 polypeptides in combination with one or more
heterologous polypeptides {e.q., therapsutic polypeptides andfor targeting
polypeptides). in one eambodiment, the RSV-PD-1 fusion casselte is inserted into an
E3 deletion of the virus and the therapeutic ransgenes are inserted as CMV or
MOMV or RSV expression casseattes in between fiber and E4 genes according to
methods known to those skilled in the art. See Figure 17 and Figure 18.

Example 6. Tumor Growth Assessmaent of CRAd Expressing High Aflinity
Human hPRQ-1-HA-lg Fusion Protein Alone or in Combination with numune
Therapy Payloads.

000198 B18-CAR melanoma cells are injected subcutansously in CE7BL/6
mice and rasulting tumors ate injected with 3e 11 viral particles of the multivalent PD-
L1 binding compounds of the invention. CRAJ+PD-L1 decoy is pAd6/57/6-di1107-
AE3-RBV-hPD-1-MHA-Ig-l. CRAd+PD-L1 decoy + immune simulator are co-injected
adenovirug expressing 4-18BBL. CRAd expressing high affinity human hPD-1-HA-Ig
fusion protein delays tumor growth by itself or in combination with immune therapy
payloads. Saee Figurs 20,

j00189] In an embodiment, the CRAJES7 or CRAJE/ST/8 is modified 1o express
PD-1 polypeptides in combination with one or more therapeutic polypeptides. The
therapeutic polypeptide may be selectad from GM-CSF, 4-1BBL, CD40L and OX40,
and combinations thereof, In one aspect, the PD-1 polypeptide is expressed with the
therapautic polypaptide as a fusion protein. In a furthsr aspect, a RSY-PD-1 fusion
cassette is inserted into an E3 deletion of the virus and the therapsutic transgenes
arg inserted as CMV or MCMV or RSV expression casseties in between the virus
fiber and k4 genes. See Figures 17 and 18.

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

000200 Fusion proteins 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 mulations and fusion junctions from wild-type, mutant, or
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synthetic genes according fo methods known 1o those skifled in the art. Fusion
proteins are assembled by cloning in expression vectors, culturing under conditions
which allow expression and assembily of proteins and, oplionally, purifying the
proteins from the cellular millew,

000201} The fusion proteing may be produced by plasmid transfection or
infection of calls with vactors exprassing PD-1 polypeptides and/or fragments therent
fused 1o a polypeplide that can bind to a viral coat polypeptide, followed by
purification with PD-1 or a fusion partner on antibody columns or on PD-L1 columng

or on bintin columns,

(000202} it an embodiment, Ads may be contacted with the purified PD-1 fusion
proteins under conditions which allow for coating of the Ad surface with the fusion
protein. For example, 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 whergin the fusion parner is bound o the Ad
surface and the PD-1 is free 1o bind PD-L1 on a cell, provides a multimeric PR

binding compaound.

000203} in an embodiment, nucleic acids encoding the fusion proteins are
and these are trangiected or infected in vilro into cell cultures or infected in wivo in
animals. Samples are assayed for protein expression with antibodies against PD
and/ar fusion protein partngyrs.

000204} Nuclsic acid {e.g., DNA, mRNA, and viral vectors) encoding the fusion
proteing are delivered into normal or cancer-bearing animals and changes in
paripheral blood cells, lymph node cells, spleen cell, and tumor cell popudations are
assessed by staining with CD3, CD4, CD8, PD-1, PD-L1, and T cell activation
markers,

{O00205] Nucleic agid {e.g., DNA, mRNA) or viral vectors encoding the fusion
proteing are delivered into cancer-bearing animals and sffects on tumor size,
metastases, dissemination, and survival were assessed.

Other Embodiments.
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000208} it is 10 be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is
intended 1o Hlustrate and not imit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advaniages, and modifications are

within the scope of the following claims.
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Claims

1. A multivalent programmed death ligand 1 (PD-L1) binding compound

comprising,

a recombinant Adenovirus (Ad) comprising capsid hexon polypeptides
of an Adenovirus strain Ad6 and at least one capsid hexon

hypervariable region (HVR) polypeptide from Adenovirus strain Ad57,

wherein the recombinant Ad comprises a plurality of amino acid chains

bound to the surface of the recombinant Ad,

wherein each amino acid chain comprises at least one programmed cell

death protein 1 (PD-1) polypeptide.

2. The PD-L1 binding compound of Claim 1, wherein the capsid hexon
polypeptides of the Adenovirus strain Ad6 comprise HVR polypeptides 1-7

from Adenovirus strain Ad57.

3. The PD-L1 binding compound of Claim 1, wherein the capsid hexon
polypeptides of the Adenovirus strain Ad6 comprise HVR polypeptides 2-7
from Adenovirus strain Ad57.

4. The PD-L1 binding compound of Claim 1, wherein the recombinant Ad is a
conditionally-replicating Adenovirus (CRAd) which has been modified in an
E1A gene encoding an E1A polypeptide, wherein the CRAd exhibits amino
acid substitutions in the E1A polypeptide relative to wild-type E1A polypeptide

of an Ad strain.

5. The PD-L1 binding compound of Claim 4, wherein the recombinant Ad is a
conditionally-replicating Adenovirus (CRAd) wherein the N-terminal portion of
the E1A polypeptide comprises an amino acid sequence set forth in SEQ ID
NO:32, SEQ ID NO:33 or SEQ ID NO:34.
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. The PD-L1 binding compound of Claim 1, wherein the PD-1 polypeptide is in
the form of a fusion protein with a heterologous polypeptide selected from

targeting polypeptides, therapeutic polypeptides and/or antigens.

. The PD-L1 binding compound of Claim 1, wherein the PD-1 polypeptide is a

human PD-1 or a murine PD-1.

. The PD-L1 binding compound of Claim 1, wherein the PD-1 polypeptide
exhibits higher affinity interactions with PD-L1 relative to a wild-type PD-1

protein.

. The PD-L1 binding compound of Claim 1, wherein the PD-1 polypeptide is a
fragment of a human PD-1 polypeptide, wherein the fragment of the human
PD-1 polypeptide comprises one or more amino acid changes relative to a

wild type PD-1, which changes cause an increased affinity for human PD-L1.

10. The PD-L1 binding compound of Claim 1, wherein the recombinant Ad

comprises an expression cassette comprising a promoter operably linked to
nucleic acids encoding a PD-1 polypeptide which allows for expression of the

PD-1 polypeptide in eukaryotic cells.

11.The PD-L1 binding compound of Claim 1, wherein the recombinant Ad

comprises nucleic acids which encode one or more therapeutic polypeptides.

12. The PD-L1 binding compound of Claim 11, wherein the recombinant Ad

comprises nucleic acids which encode an antibody.

13.The PD-L1 binding compound of Claim 1, wherein the recombinant Ad

comprises an expression cassette comprising a promoter operably linked to
nucleic acids encoding a therapeutic polypeptide which allows for expression

of therapeutic polypeptides in eukaryotic cells.
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14.The PD-L1 binding compound of Claim 13, wherein the therapeutic
polypeptides are selected from a 4-1BB ligand polypeptide, a OX40 ligand
polypeptide, a CD40 ligand polypeptide, and a granulocyte-macrophage

colony-stimulating factor polypeptide.

15.The PD-L1 binding compound of Claim 6, wherein the PD-1 polypeptide is
fused to a heterologous polypeptide which is a Vitamin K-dependent gamma-
carboxyglutamic domain of a factor X single-chain antibody polypeptide (a

GLA domain of an FX polypeptide).

16. A pharmaceutical composition comprising the multivalent PD-L1 binding
compound of any one of Claims 1 to 15 and a pharmaceutically acceptable

carrier.

17.Use of the multivalent PD-L1 binding compound of any one of Claim 1 to 15 in
the preparation of a medicament for treating cancer in a subject, wherein

cancer cells of the cancer are positive for PD-L-1 expression.

18.The use of claim 17, wherein the subject is identified as having a cancer
selected from the group consisting of breast cancer, lung cancer, melanoma

and renal cancer.

19.The use of Claim 17 or Claim 18, further comprising one or more cancer

therapeutics to be administere to the subject.

20.The use of Claim 19, wherein the cancer therapeutic is an immunotherapy
which targets PD-1/PD-L1 pathways.

21.The use of Claim 20, wherein the immunotherapy is selected from the group

consisting of nivolumab, pembrolizumab, atezolizumab, avelumab,

cemiplimab, and durvalumab.
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22.Use of

a multivalent programmed death ligand 1 (PD-L1) binding compound
comprising a recombinant Adenovirus (Ad) comprising capsid hexon
polypeptides of an Adenovirus strain Ad6 and at least one capsid hexon

hypervariable region (HVR) polypeptide from Adenovirus strain Ad57,

wherein the recombinant Ad comprises a plurality of amino acid chains

displayed on the surface of the recombinant Ad, and

wherein each amino acid chain comprises at least one programmed cell

death protein 1 (PD-1) polypeptide,

in the preparation of a medicament for treating cancer in a subject, wherein

cancer cells of the cancer are positive for PD-L1 expression.
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