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METHOD FOR PRODUCING RECOMBINANT VIRUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of, and priority to, U.S. Provisional Patent
Application serial number 62/483,837 filed April 10, 2017, which is hereby incorporated by

reference herein in its entirety.
FIELD OF THE INVENTION

[0002] The field of the invention relates to methods for producing a recombinant virus, e.g.,

a recombinant oncolytic adenovirus.
BACKGROUND

[0003] Despite extensive knowledge of the underlying molecular mechanisms that cause
cancer, most advanced cancers remain incurable with current chemotherapy and radiation
protocols. Oncolytic viruses have emerged as a platform technology that has the potential to
significantly augment current standard treatment for a variety of malignancies (Kumar, S. et al.
(2008) CURRENT OPINION IN MOLECULAR THERAPEUTICS 10(4):371-379; Kim, D. (2001)
EXPERT OPINION ON BIOLOGICAL THERAPY 1(3):525-538; Kim D. (2000) ONCOGENE
19(56):6660-6669). These viruses have shown promise as oncolytic agents that not only
directly destroy malignant cells via an infection-to-reproduction-to-lysis chain reaction but also
indirectly induce anti-tumor immunity. These immune stimulatory properties have been
augmented with the insertion of therapeutic transgenes that are copied and expressed each time

the virus replicates.

[0004] Previously developed oncolytic viruses include the oncolytic serotype 5 adenovirus
(Ad5) referred to as TAV-255 that is transcriptionally attenuated in normal cells but
transcriptionally active in cancer cells (see, PCT Publication No. W02010/101921). Itis
believed that the mechanism by which the TAV-255 vector achieves this tumor selectivity is
through targeted deletion of three transcriptional factor (TF) binding sites for the transcription
factors Pea3 and E2F, proteins that regulate adenovirus expression of Ela, the earliest gene to

be transcribed after virus entry into the host cell, through binding to specific DNA sequences.
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[0005] Despite the efforts to date, there is a need for improved viruses for treating cancers
and hyperproliferative disorders in human patients, and improved methods for producing

recombinant viruses.
SUMMARY OF THE INVENTION

[0006] The invention is based, in part, upon the discovery that an A549 host cell, e.g., a SF-
BMAGJR 281 A549 host cell, can be used to produce large quantities of a recombinant virus,
e.g., an oncolytic adenovirus. It has surprisingly has been found that certain recombinant
viruses, e.g., recombinant oncolytic adenoviruses, grow to higher densities in a replication
permissive environment in serum-free and suspension-adapted A549 cells than in HEK293

cells, which are widely used for viral vector production.

[0007] Accordingly, in one aspect, the invention provides a method for producing a
recombinant virus comprising: (a) infecting an A549 host cell with a recombinant virus to
produce an infected A549 host cell; and (b) suspension culturing the infected A549 host cell in
a serum-free medium, under conditions (e.g., in a replication permissive environment) to permit
replication of the recombinant virus, thereby to produce the recombinant virus. In certain
embodiments, the A549 host cell is a SF-BMAdJR 281 A549 host cell. In certain embodiments,
the infected A549 host cell is cultured for at least 3 days.

[0008] The method may further comprise, after step (b), the step of purifying the
recombinant virus. The step of purifying the recombinant virus may comprise one or more of
lysing the infected A549 host cell, nuclease treatment, and ion exchange chromatography, e.g.,
anion exchange chromatography. In certain embodiments, the step of purifying the recombinant
virus comprises: (i) lysing the infected A549 host cell to produce a cell lysate; (ii) treating the
cell lysate with nuclease to produce a treated cell lysate; and (iii) purifying the recombinant
virus from the treated cell lysate by ion exchange chromatography, e.g., anion exchange

chromatography.

[0009] The method may result in a greater yield of recombinant virus than a comparable
method for producing a recombinant virus. For example, in certain embodiments, the method
results in at least 5x, 10x, or 20x more recombinant virus compared to a similar method (e.g.,
an otherwise identical method) that comprises, in step (a), infecting a HEK293 host cell with a
recombinant virus to produce an infected HEK293 host cell, and, in step (b), suspension

culturing the infected HEK293 host cell in a serum-free medium, under conditions (e.g., in a
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replication permissive environment) to permit replication of the recombinant virus. In certain
embodiments, the method results in at least 5x, 10x, or 20x more recombinant virus compared
to a similar method (e.g., an otherwise identical method) that comprises, in step (b), adherent
culturing the infected A549 host cell in a serum-free medium, under conditions (e.g., in a
replication permissive environment) to permit replication of the recombinant virus. In certain
embodiments, the method results in at least 5x, 10x, or 20x more recombinant virus compared
to a similar method (e.g., an otherwise identical method) that comprises, in step (b), suspension
culturing the infected A549 host cell in a serum-containing medium, under conditions (e.g., a

replication permissive environment) to permit replication of the recombinant virus.

[0010] In certain embodiments, the recombinant virus is an adenovirus, e.g., a type 5
adenovirus, or an adeno-associated virus. In certain embodiments, the recombinant virus is a
recombinant oncolytic virus. In certain embodiments, the recombinant virus is a recombinant

oncolytic adenovirus.

[0011] In another aspect, the invention provides a method for producing a recombinant
oncolytic adenovirus comprising: (a) infecting an A549 host cell with a recombinant oncolytic
adenovirus to produce an infected A549 host cell; and (b) suspension culturing the infected
AS549 host cell in a serum-free medium, under conditions (e.g., in a replication permissive
environment) to permit replication of the recombinant oncolytic adenovirus, thereby to produce
the recombinant oncolytic adenovirus. In certain embodiments, the A549 host cell is a SF-
BMAGdR 281 A549 host cell. In certain embodiments, the infected A549 host cell is cultured for

at least 3 days.

[0012] The method may further comprise, after step (b), the step of purifying the
recombinant oncolytic adenovirus. The step of purifying the recombinant oncolytic adenovirus
may comprise one or more of lysing the infected A549 host cell, nuclease treatment, and ion
exchange chromatography, e.g., anion exchange chromatography. In certain embodiments, the
step of purifying the recombinant oncolytic adenovirus comprises: (i) lysing the infected A549
host cell to produce a cell lysate; (ii) treating the cell lysate with nuclease to produce a treated
cell lysate; and (iii) purifying the recombinant virus from the treated cell lysate by ion

exchange chromatography, e.g., anion exchange chromatography.

[0013] The method may result in a greater yield of recombinant oncolytic adenovirus than a

comparable method for producing a recombinant oncolytic adenovirus. For example, in certain
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embodiments, the method results in at least 5x, 10x, or 20x more recombinant oncolytic
adenovirus compared to a similar method (e.g., an otherwise identical method) that comprises,
in step (a), infecting a HEK293 host cell with a recombinant oncolytic adenovirus to produce
an infected HEK293 host cell, and, in step (b), suspension culturing the infected HEK293 host
cell in a serum-free medium, under conditions (e.g., in a replication permissive environment) to
permit replication of the recombinant oncolytic adenovirus. In certain embodiments, the
method results in at least 5x, 10x, or 20x more recombinant oncolytic adenovirus compared to a
similar method (e.g., an otherwise identical method) that comprises, in step (b), adherent
culturing the infected A549 host cell in a serum-free medium, under conditions (e.g., in a
replication permissive environment) to permit replication of the recombinant oncolytic
adenovirus. In certain embodiments, the method results in at least 5x, 10x, or 20x more
recombinant oncolytic adenovirus compared to a similar method (e.g., an otherwise identical
method) that comprises, in step (b), suspension culturing the infected A549 host cell in a
serum-containing medium, under conditions (e.g., in a replication permissive environment) to

permit replication of the recombinant oncolytic adenovirus.

[0014] In another aspect, the invention provides a method for producing a recombinant
oncolytic adenovirus comprising: (a) introducing a nucleic acid comprising a nucleotide
sequence encoding a recombinant oncolytic adenovirus into an A549 host cell; and (b)
suspension culturing the A549 host cell in a serum-free medium, under conditions (e.g., in a
replication permissive environment) to permit production of the recombinant oncolytic
adenovirus, thereby to produce the recombinant oncolytic adenovirus. In certain embodiments,
the A549 host cell is a SE-BMAJR 281 A549 host cell. In certain embodiments, the A549 host

cell is cultured for at least 3 days.

[0015] The method may further comprise, after step (b), the step of purifying the
recombinant oncolytic adenovirus. The step of purifying the recombinant oncolytic adenovirus
may comprise one or more of lysing the A549 host cell, nuclease treatment, and ion exchange
chromatography, e.g., anion exchange chromatography. In certain embodiments, the step of
purifying the recombinant oncolytic adenovirus comprises: (i) lysing the A549 host cell to
produce a cell lysate; (ii) treating the cell lysate with nuclease to produce a treated cell lysate;
and (iii) purifying the recombinant virus from the treated cell lysate by ion exchange

chromatography, e.g., anion exchange chromatography.
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[0016] The method may result in a greater yield of recombinant oncolytic adenovirus than a
comparable method for producing a recombinant oncolytic adenovirus. For example, in certain
embodiments, the method results in at least 5x, 10x, or 20x more recombinant oncolytic
adenovirus compared to a similar method (e.g., an otherwise identical method) that comprises,
in step (a), introducing a nucleic acid comprising a nucleotide sequence encoding a
recombinant oncolytic adenovirus into a HEK293 host cell, and, in step (b), suspension
culturing the HEK293 host cell in a serum-free medium, under conditions (e.g., in a replication
permissive environment) to permit production of the recombinant oncolytic adenovirus. In
certain embodiments, the method results in at least 5x, 10x, or 20x more recombinant oncolytic
adenovirus compared to a similar method (e.g., an otherwise identical method) that comprises,
in step (b), adherent culturing the A549 host cell in a serum-free medium, under conditions
(e.g., in a replication permissive environment) to permit replication of the recombinant
oncolytic adenovirus. In certain embodiments, the method results in at least 5x, 10x, or 20x
more recombinant oncolytic adenovirus compared to a similar method (e.g., an otherwise
identical method) that comprises, in step (b), suspension culturing the A549 host cell in a
serum-containing medium, under conditions (e.g., in a replication permissive environment) to

permit replication of the recombinant oncolytic adenovirus.

[0017] In certain embodiments, the recombinant oncolytic adenovirus comprises an Ela
promoter having a deletion of a functional Pea3 binding site. For example, the virus may
comprise a deletion of nucleotides corresponding to about -300 to about -250 upstream of the
initiation site of Ela, e.g., a deletion of nucleotides corresponding to -305 to -255 or -304 to -
255 upstream of the initiation site of Ela. In certain embodiments, the deletion comprises a
deletion of nucleotides corresponding to 195-244 of the AdS genome (SEQ ID NO: 1), and/or
the Ela promoter comprises the sequence GGTGTTTTGG (SEQ ID NO: 2).

[0018] In certain embodiments, the recombinant oncolytic adenovirus comprises an Ela
promoter having a deletion of a functional TATA box, e.g., the deletion of an entire TATA
box. For example, in certain embodiments, the virus comprises a deletion of nucleotides
corresponding to -27 to -24, -31 to -24, -44 to +54, or -146 to +54 of the adenovirus type 5 Ela
promoter, which correspond, respectively, to nucleotides 472 to 475, 468 to 475, 455 to 552,
and 353 to 552 of the Ad5 genome (SEQ ID NO: 1). In certain embodiments, the virus
comprises a polynucleotide deletion that results in a virus comprising the sequence

CTAGGACTG (SEQ ID NO: 3), AGTGCCCG (SEQ ID NO: 8), or TATTCCCG (SEQ ID
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NO: 9), which result from joining the two polynucleotide sequences that would otherwise flank

the deleted polynucleotide sequence.

[0019] In certain embodiments, the recombinant oncolytic adenovirus comprises a deletion
of nucleotides corresponding to -29 to -26, -33 to -26, -44 to +52, or -148 to +52 of the
adenovirus type 5 Ela promoter. In certain embodiments, the virus comprises a deletion of
nucleotides corresponding to 353 to 552 of the Ad5 genome (SEQ ID NO: 1). In certain
embodiments, the virus comprises a polynucleotide deletion that results in a virus comprising
the sequence CTAGGACTG (SEQ ID NO: 3), which results from joining the two

polynucleotide sequences that would otherwise flank the deleted polynucleotide sequence.

[0020] In certain embodiments, the recombinant oncolytic adenovirus comprises an Ela
promoter having a deletion of a functional CAAT box, e.g., the deletion of an entire CAAT
box. For example, in certain embodiments, the virus comprises a deletion of nucleotides
corresponding to -76 to -68 of the adenovirus type 5 Ela promoter, which corresponds to
nucleotides 423 to 431 of the Ad5 genome (SEQ ID NO: 1). In certain embodiments, the virus
comprises a polynucleotide deletion that results in a virus comprising the sequence
TTCCGTGGCG (SEQ ID NO: 10), which results from joining the two polynucleotide

sequences that would otherwise flank the deleted polynucleotide sequence.

[0021] In certain embodiments, the recombinant oncolytic adenovirus comprises a
nucleotide sequence encoding a transgene, which may, e.g., be inserted into an E1b-19K
insertion site, wherein the E1b-19K insertion site is located between the start site of E1b-19K
and the start site of E1b-55K. In certain embodiments, the E1b-19K insertion site is located
between the start site of E1b-19K and the stop site of E1b-19K. In certain embodiments, the
E1b-19K insertion site comprises a deletion of from about 100 to about 305, about 100 to about
300, about 100 to about 250, about 100 to about 200, about 100 to about 150, about 150 to
about 305, about 150 to about 300, about 150 to about 250, or about 150 to about 200
nucleotides adjacent the start site of E1b-19K. In certain embodiments, the E1b-19K insertion
site comprises a deletion of about 200 nucleotides, e.g., 202 or 203 nucleotides adjacent the
start site of E1b-19K. In certain embodiments, the E1b-19K insertion site comprises a deletion
corresponding to nucleotides 1714-1917 or 1714-1916 of the Ad5 genome (SEQ ID NO: 1). In
certain embodiments, the nucleotide sequence encoding the transgene is inserted between

nucleotides corresponding to 1714 and 1917 or between nucleotides corresponding to 1714 and
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1916 of the Ad5 genome (SEQ ID NO: 1). In certain embodiments, the nucleotide sequence
encoding the transgene is inserted between CTGACCTC (SEQ ID NO: 4) and TCACCAGG
(SEQ ID NO: 5), e.g., the virus comprises, in a 5’ to 3’ orientation, CTGACCTC (SEQ ID NO:
4), the nucleotide sequence encoding the transgene, and TCACCAGG (SEQ ID NO: 5).

[0022] In certain embodiments, the nucleotide sequence encoding the transgene is not

operably linked to an exogenous promoter sequence.

[0023] In certain embodiments, the transgene encodes a polypeptide selected from CD80,
CD137L, IL-23, IL-23A/p19, p40, IL-27, IL-27A/p28, IL-27B/EBI3, ICAM-1, a TGF-p trap,
TGF-B, CD19, CD20, IL-1, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, CD154, CD86, BORIS/CTCFL,
FGF, IL-24, MAGE, NY-ESO-1, acetylcholine, interferon-gamma, DKK1/Wnt, p53, thymidine
kinase, an anti-PD-1 antibody heavy chain or light chain, and an anti-PD-L1 antibody heavy

chain or light chain..

[0024] In certain embodiments, the recombinant virus, e.g., the recombinant oncolytic
adenovirus, may selectively replicate in a hyperproliferative cell and/or selectively express the

transgene in a hyperproliferative cell. The hyperproliferative cell may be a cancer cell.

[0025] In another aspect, the invention provides a recombinant virus, e.g., a recombinant

oncolytic adenovirus, produced by a method disclosed herein.

[0026] In another aspect, the invention provides a method of treating cancer in a subject in
need thereof, the method comprising administering to the subject an effective amount of a
recombinant virus, e.g., a recombinant oncolytic adenovirus, produced by a method disclosed

herein to treat the cancer in the subject.

[0027] These and other aspects and advantages of the invention are illustrated by the

following figures, detailed description and claims.
DESCRIPTION OF THE DRAWINGS

[0028] The invention can be more completely understood with reference to the following

drawings.

[0029] FIGURE 1 is a line graph depicting mean tumor volumes in mice following

treatment with the indicated virus.
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[0030] FIGURE 2 is a line graph depicting progression free survival of mice treated with

the indicated virus. Progression is defined as tumor volume exceeding 200 mm’.

[0031] FIGURE 3 depicts viral production from a HEK-293 derived cell line and the SF-
BMAGdR 281 (A549 derived) cell line. No results were available for unmodified A549 cells

because they could not be adapted to serum-free suspension culture.
DETAILED DESCRIPTION

[0032] The invention is based, in part, upon the discovery that an A549 host cell, e.g., a SF-
BMAGJdR 281 A549 host cell, can be used to produce large quantities of a recombinant virus,
e.g., an oncolytic adenovirus. It has surprisingly has been found that certain recombinant
viruses, e.g., recombinant oncolytic adenoviruses, grow to higher densities in a replication
permissive environment in serum-free and suspension-adapted A549 cells than in HEK293

cells, which are widely used for viral vector production.

[0033] Accordingly, in one aspect, the invention provides a method for producing a
recombinant virus comprising: (a) infecting an A549 host cell with a recombinant virus to
produce an infected A549 host cell; and (b) suspension culturing the infected A549 host cell in
a serum-free medium, under conditions (e.g., in a replication permissive environment) to permit
replication of the recombinant virus, thereby to produce the recombinant virus. In certain
embodiments, the recombinant virus is an adenovirus, e.g., a type 5 adenovirus, or an adeno-
associated virus. In certain embodiments, the recombinant virus is a recombinant oncolytic

virus. In certain embodiments, the recombinant virus is a recombinant oncolytic adenovirus.

[0034] In another aspect, the invention provides a method for producing a recombinant
oncolytic adenovirus comprising: (a) infecting an A549 host cell with a recombinant oncolytic
adenovirus to produce an infected A549 host cell, and (b) suspension culturing the infected
AS549 host cell in a serum-free medium, under conditions (e.g., in a replication permissive
environment) to permit replication of the recombinant oncolytic adenovirus, thereby to produce

the recombinant oncolytic adenovirus.

[0035] In another aspect, the invention provides a method for producing a recombinant
oncolytic adenovirus comprising: (a) introducing a nucleic acid comprising a nucleotide
sequence encoding a recombinant oncolytic adenovirus into an A549 host cell, and (b)

suspension culturing the A549 host cell in a serum-free medium, under conditions (e.g., in a
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replication permissive environment) to permit production of the recombinant oncolytic
adenovirus, thereby to produce the recombinant oncolytic adenovirus. The nucleic acid can be
introduced into the cell using any method known in the art, e.g., liposome-based transfection,
chemical-based transfection (e.g., utilizing calcium phosphate, cationic polymers, DEAE-5
dextran, or activated dendrimers), microinjection, electroporation, nanoparticles, or cell
squeezing. The nucleic acid may, for example, be part of a plasmid, or may, for example, be

part of more than one plasmid.

[0036] In certain embodiments of any of the foregoing methods, the A549 host cell is a SF-
BMAGJR 281 A549 host cell.

[0037] An A549 host cell, e.g., an infected A549 host cell, may be cultured for at least 1
day, at least 2 days, at least 3 days, at least 4 days, at least 5 days, at least 6 days, or at least 7
days.

[0038] Following production, viral particles are recovered from the culture and optionally
purified. Typical purification steps may include centrifugation, e.g., cesium chloride gradient
centrifugation, clarification, enzymatic treatment, e.g., nuclease or protease treatment,
chromatographic steps, e.g., ion exchange chromatography, (e.g., anion exchange
chromatography), or filtration steps. Accordingly, in certain embodiments, any of the foregoing
methods further comprise, after step (b), the step of purifying a recombinant virus, e.g., a
recombinant oncolytic adenovirus. The step of purifying the recombinant virus, e.g., the
recombinant oncolytic adenovirus, may comprise lysing an A549 host cell, e.g., an infected
AS549 host cell, nuclease treatment, and/or ion exchange chromatography, e.g., anion exchange
chromatography. In certain embodiments, the step of purifying the recombinant virus, e.g., the
recombinant oncolytic adenovirus, comprises: (i) lysing an A549 host cell, e.g., an infected
AS549 host cell, to produce a cell lysate; (ii) treating the cell lysate with nuclease to produce a
treated cell lysate; and (iii) purifying the recombinant virus from the treated cell lysate by ion

exchange chromatography, e.g., anion exchange chromatography.

[0039] In certain embodiments, any of the foregoing methods may result in a greater yield
of recombinant virus, e.g., recombinant oncolytic adenovirus, than a comparable method for
producing a recombinant virus. For example, in certain embodiments, a method may result in
greater yield of recombinant virus, e.g., recombinant oncolytic adenovirus, compared to a

similar method that is the same method but for the use of a different host cell type. Viral yield
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can be assayed by any method known in the art, including, e.g., gPCR, immunocytochemistry,

or a luciferase reporter assay.

[0040] For example, in certain embodiments, a method results in at least 2x, at least 3x, at
least 4x, at least 5x, at least 10x, at least 15x%, at least 20x, at least 25x, or at least 30x more
recombinant virus, e.g., recombinant oncolytic adenovirus, compared to a similar method (e.g.,
an otherwise identical method) that comprises, in step (a), infecting a HEK293 host cell with a
recombinant virus to produce an infected HEK293 host cell, and, in step (b), suspension
culturing the infected HEK293 host cell in a serum-free medium, under conditions (e.g., in a
replication permissive environment) to permit replication of the recombinant virus. In certain
embodiments, a method results in at least 2x, at least 3x, at least 4x, at least 5x, at least 10x, at
least 15%, at least 20x, at least 25x, or at least 30x more recombinant virus, e.g., recombinant
oncolytic adenovirus, compared to a similar method (e.g., an otherwise identical method) that
comprises, in step (a), introducing a nucleic acid comprising a nucleotide sequence encoding a
recombinant oncolytic adenovirus into a HEK293 host cell, and, in step (b), suspension
culturing the HEK293 host cell in a serum-free medium, under conditions (e.g., in a replication

permissive environment) to permit replication of the recombinant virus.

[0041] In certain embodiments, the method may result in greater yield of recombinant
virus, e.g., recombinant oncolytic adenovirus, compared to a similar method that is the same
method but for the use of adherent culture in place of suspension culture. For example, in
certain embodiments, the method results in at least 2x, at least 3x, at least 4x, at least 5x, at
least 10x, at least 15x, at least 20x, at least 25x, or at least 30x more recombinant virus, e.g.,
recombinant oncolytic adenovirus, compared to a similar method (e.g., an otherwise identical
method) that comprises, in step (b), adherent culturing an A549 host cell, e.g., an infected A549
host cell, in a serum-free medium, under conditions (e.g., in a replication permissive
environment) to permit replication of the recombinant virus. In certain embodiments, the
method may result in greater yield of recombinant virus, e.g., recombinant oncolytic
adenovirus, compared to a similar method that is the same method but for the use of serum-
containing media in place of serum-free media. For example, in certain embodiments, the
method results in at least 2x, at least 3x, at least 4x, at least 5x, at least 10x, at least 15x, at least
20x, at least 25x, or at least 30x more recombinant virus e.g., recombinant oncolytic
adenovirus, compared to a similar method (e.g., an otherwise identical method) that comprises,

in step (b), suspension culturing an A549 host cell, e.g., an infected A549 host cell, in a serum-
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containing medium, under conditions (e.g., in a replication permissive environment) to permit

replication of the recombinant virus.

[0042] In certain embodiments, a method further comprises contacting an A549 host cell
with an epigenetic agent, e.g., a DNMT, HDAC, and/or tyrosine kinase inhibitor, Exemplary
epigenetic agents include vorinostat, romidepsin, azacitidine, decitabine, RRx-001 and CUDC-
101. In certain embodiments, a method further comprises contacting an A549 host cell with an
interferon. In certain embodiments, a method further comprises contacting an A549 host cell

with an antioxidant, e.g., vitamin C, vitamin E, glutathione, or N-acetylcysteine.
[0043] Various features and aspects of the invention are discussed in more detail below.

I. Viruses

[0044] The term "virus" is used herein to refer any of the obligate intracellular parasites
having no protein-synthesizing or energy-generating mechanism. The viral genome may be
RNA or DNA. A recombinantly modified virus is referred to herein as a “recombinant virus.”
A recombinant virus may, e.g., be modified by recombinant DNA techniques to be replication
deficient, conditionally replicating, or replication competent, and/or be modified by
recombinant DNA techniques to include expression of exogenous transgenes. Chimeric viral
vectors which exploit advantageous elements of each of the parent vector properties (See, e.g.,
Feng et al. (1997) NATURE BIOTECHNOLOGY 15:866-870) may also be useful in the practice of
the present invention. Although it is generally favored to employ a virus from the species to be
treated, in some instances it may be advantageous to use vectors derived from different species

that possess favorable pathogenic features.

[0045] In certain embodiments, the recombinant virus is an oncolytic virus, e.g., a virus that
exhibits tumor-selective replication and/or viral mediated lysis. In certain embodiments, the
oncolytic virus allows for selective expression of a gene, e.g., a transgene. For example, in
certain embodiments, the virus permits expression of the gene in neoplastic cells, but attenuates
expression in normal cells. In certain embodiments, the expression of the gene in a non-
hyperproliferative cell is about 90%, about 80%, about 70%, about 60%, about 50%, about
40%, about 30%, about 20%, about 10% , or about 5% of the expression of in a
hyperproliferative cell. In certain embodiments, the virus exhibits no detectable expression of
the gene in a non-hyperproliferative cell. Gene expression may be determined by any

appropriate method known in the art, e.g., Western blot or ELISA. The hyperproliferative cell
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may be a cancer cell, e.g., a carcinoma, sarcoma, leukemia, lymphoma, prostate cancer, lung
cancer, gastrointestinal tract cancer, colorectal cancer, pancreatic cancer, breast cancer, ovarian
cancer, cervical cancer, stomach cancer, thyroid cancer, mesothelioma, liver cancer, kidney

cancer, skin cancer, head and neck cancer, or brain cancer cell.

[0046] In certain embodiments, the recombinant virus is an adenovirus or an adeno-
associated virus. In certain embodiments, the recombinant virus is an adenovirus. Adenoviruses
are medium-sized (90-100 nm), non-enveloped (naked), icosahedral viruses composed of a
nucleocapsid and a double-stranded linear DNA genome. Adenoviruses replicate in the
nucleus of mammalian cells using the host's replication machinery. The term "adenovirus"
refers to any virus in the genus Adenoviridiae including, but not limited to, human, bovine,
ovine, equine, canine, porcine, murine, and simian adenovirus subgenera. In particular, human
adenoviruses includes the A-F subgenera as well as the individual serotypes thereof, the
individual serotypes and A-F subgenera including but not limited to human adenovirus types 1,
2,3,4,4a,5,6,7,8,9,10,11 (Adlla and Adl1p), 12, 13, 14, 15, 16, 17, 18, 19, 19a, 20, 21,
22,23,24,25, 26,27, 28,29, 30, 31, 32, 33, 34, 34a, 35, 35p, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, and 91. Preferred are recombinant viruses derived from human adenovirus types
2 and 5. Unless stated otherwise, all adenovirus type 5 nucleotide numbers are relative to the

NCBI reference sequence AC_000008.1, which is depicted herein in SEQ ID NO: 1.

[0047] The adenovirus replication cycle has two phases: an early phase, during which 4
transcription units E1, B2, B3, and E4 are expressed, and a late phase which occurs after the
onset of viral DNA synthesis when late transcripts are expressed primarily from the major late
promoter (MLP). The late messages encode most of the virus's structural proteins. The gene
products of E1, B2 and E4 are responsible for transcriptional activation, cell transformation,

viral DINA replication, as well as other viral functions, and are necessary for viral growth.

[0048] The term "operably linked" refers to a linkage of polynucleotide elements in a
functional relationship. A nucleic acid sequence is "operably linked" when it is placed into a
functional relationship with another nucleic acid sequence. For instance, a promoter or
enhancer is operably linked to a gene if it affects the transcription of the gene. Operably linked
nucleotide sequences are typically contiguous. However, as enhancers generally function when

separated from the promoter by several kilobases and intronic sequences may be of variable
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lengths, some polynucleotide elements may be operably linked but not directly flanked and

may even function in trans from a different allele or chromosome.

[0049] In certain embodiments, the recombinant virus has one or more modifications to a
regulatory sequence or promoter. A modification to a regulatory sequence or promoter
comprises a deletion, substitution, or addition of one or more nucleotides compared to the wild-

type sequence of the regulatory sequence or promoter.

[0050] In certain embodiments, the modification of a regulatory sequence or promoter
comprises a modification of sequence of a transcription factor binding site to reduce affinity for
the transcription factor, for example, by deleting a portion thereof, or by inserting a single point
mutation into the binding site. In certain embodiments, the additional modified regulatory

sequence enhances expression in neoplastic cells, but attenuates expression in normal cells.

[0051] In certain embodiments, the modified regulatory sequence is operably linked to a
sequence encoding a protein. In certain embodiments, at least one of the adenoviral Ela and
E1b genes (coding regions) is operably linked to a modified regulatory sequence. In certain

embodiments, the Ela gene is operably linked to the modified regulatory sequence.

[0052] The Ela regulatory sequence contains five binding sites for the transcription factor
Pea3, designated Pea3 I, Pea3 II, Pea3 III, Pea3 IV, and Pea3 V, where Pea3 [ is the Pea3
binding site most proximal to the Ela start site, and Pea3 V is most distal. The Ela regulatory
sequence also contains binding sites for the transcription factor E2F, hereby designated E2F [
and E2F II, where E2F I is the E2F binding site most proximal to the Ela start site, and E2F II
is more distal. From the Ela start site, the binding sites are arranged: Pea3 [, E2F [, Pea3 II,
E2F 11, Pea3 III, Pea3 IV, and Pea3 V.

[0053] In certain embodiments, at least one of these seven binding sites, or a functional
binding site, is deleted. As used herein, a “functional binding site” refers to a binding site that is
capable of binding to a respective binding partner, e.g., a transcription factor, e.g., a binding
site that has at least 100%, at least 90%, at least 80%, at least 70%, at least 60%, at least 50%,
or at least 40%, of the binding activity of a corresponding wild-type binding site sequence. As
used herein, a “non-functional binding site” refers to a binding site that, e.g., has less than 30%,
less than 20%, less than 10%, or 0% of the binding activity of a corresponding wild-type

binding site sequence.
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[0054] In certain embodiments, a recombinant adenovirus, e.g., a recombinant oncolytic
adenovirus, comprises an Ela promoter having a deletion of a functional Pea3 binding site,
e.g., the deletion of an entire Pea3 binding site. As used herein, a “functional Pea3 binding site”
refers to a Pea3 binding site that is capable of binding to its respective transcription factor (e.g.,
Pea3), e.g., a Pea3 binding site that has at least 100%, at least 90%, at least 80%, at least 70%,
at least 60%, at least 50%, or at least 40%, of the Pea3 binding activity of a corresponding
wild-type Pea3 binding site sequence. As used herein, a “non-functional Pea3 binding site”
refers to a Pea3 binding site that, e.g., has less than 30%, less than 20%, less than 10%, or 0%
of the Pea3 binding activity of a corresponding wild-type Pea3 binding site sequence. Assays
for determining whether a Pea3 binding site binds to Pea3 are known in the art. Exemplary
binding assays include electrophoretic mobility shift assays, chromatin immunoprecipitation

assays, and DNAse footprinting assays.

[0055] In certain embodiments, at least one Pea3 binding site, or a functional Pea3 binding
site, is deleted. The deleted Pea3 binding site can be Pea3 I, Pea3 II, Pea3 III, Pea3 IV, and/or
Pea3 V. In certain embodiments, the deleted Pea3 binding site is Pea3 II, Pea3 III, Pea3 IV,
and/or Pea3 V. In certain embodiments, the deleted Pea3 binding site is Pea3 IV and/or Pea3
V. In certain embodiments, the deleted Pea3 binding site is Pea3 II and/or Pea3 III. In certain
embodiments, the deleted Pea3 binding site is both Pea3 Il and Pea3 III. In certain

embodiments, the Pea3 I binding site, or a functional Pea3 I binding site, is retained.

[0056] In certain embodiments, at least one E2F binding site, or a functional E2F binding
site, is deleted. In certain embodiments, at least one E2F binding site, or a functional E2F
binding site, is retained. In certain embodiments, the retained E2F binding site is E2F I and/or
E2F II. In certain embodiments, the retained E2F binding site is E2F II. In certain
embodiments, the recombinant adenovirus, e.g., recombinant oncolytic adenovirus, may
comprise a deletion of at least one E2F binding site, or a functional portion thereof, and not
comprise a deletion of a Pea3 binding site. In certain embodiments, the total deletion consists
essentially of one or more of Pea3 II, Pea3 III, Pea3 IV, and/or Pea3 V. In certain
embodiments, the virus has a deletion of a 50 base pair region located from -304 to -255
upstream of the Ela initiation site, e.g., corresponding to 195-244 of the Ad5 genome (SEQ ID
NO: 1), hereafter referred to as the TAV-255 deletion. In certain embodiments, the TAV-255
deletion results in an Ela promoter that comprises the sequence GGTGTTTTGG (SEQ ID NO:
2).
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[0057] In certain embodiments, a recombinant adenovirus, e.g., a recombinant oncolytic
adenovirus, comprises an Ela promoter having a deletion of a functional TATA box, e.g., the
deletion of an entire TATA box. As used herein, a “functional TATA box” refers to a TATA
box that is capable of binding to a TATA box binding protein (TBP), e.g., a TATA box that has
at least 100%, at least 90%, at least 80%, at least 70%, at least 60%, at least 50%, or at least
40%, of the TBP binding activity of a corresponding wild-type TATA box sequence. As used
herein, a “non-functional TATA box” refers to a TATA box that, e.g., has less than 30%, less
than 20%, less than 10%, or 0% of the TBP binding activity of a corresponding wild-type
TATA box sequence. Assays for determining whether a TBP binds to a TATA box are known
in the art. Exemplary binding assays include electrophoretic mobility shift assays, chromatin

immunoprecipitation assays, and DNAse footprinting assays.

[0058] For example, in certain embodiments, a recombinant adenovirus, e.g., a recombinant
oncolytic adenovirus, comprises a deletion of nucleotides corresponding to -27 to -24, -31 to -
24, -44 to 454, or -146 to +54 of the adenovirus type 5 Ela promoter, which correspond,
respectively, to nucleotides 472 to 475, 468 to 475, 455 to 552, and 353 to 552 of the AdS
genome (SEQ ID NO: 1). In certain embodiments, the virus comprises a deletion of nucleotides
corresponding to -29 to -26, -33 to -26, -44 to +52, or -148 to +52 of the adenovirus type 5 Ela
promoter. In certain embodiments, the virus comprises a deletion of nucleotides corresponding
to 353 to 552 of the AdS genome (SEQ ID NO: 1).In certain embodiments, the virus comprises
a polynucleotide deletion that results in a virus comprising the sequence CTAGGACTG (SEQ
ID NO: 3), AGTGCCCG (SEQ ID NO: 8), or TATTCCCG (SEQ ID NO: 9), which result from
joining the two polynucleotide sequences that would otherwise flank the deleted polynucleotide
sequence. In certain embodiments, the virus comprises a polynucleotide deletion that results in

a virus comprising the sequence CTAGGACTG (SEQ ID NO: 3),

[0059] In certain embodiments, a recombinant adenovirus, e.g., a recombinant oncolytic
adenovirus, comprises an Ela promoter having a deletion of a functional CAAT box, e.g., the
deletion of an entire CAAT box. As used herein, a “functional CAAT box” refers to a CAAT
box that is capable of binding to a C/EBP or NF-Y protein, e.g., a CAAT box that has at least
100%, at least 90%, at least 80%, at least 70%, at least 60%, at least 50%, or at least 40%, of
the a C/EBP or NF-Y binding activity of a corresponding wild-type CAAT box sequence. As
used herein, a “non-functional CAAT box™ refers to a CAAT box that, e.g., has less than 30%,
less than 20%, less than 10%, or 0% of the a C/EBP or NF-Y binding activity of a
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corresponding wild-type CAAT box sequence. Assays for determining whether a C/EBP or
NF-Y protein binds to a CAAT box are known in the art. Exemplary binding assays include
electrophoretic mobility shift assays, chromatin immunoprecipitation assays, and DNAse

footprinting assays.

[0060] For example, in certain embodiments, a recombinant adenovirus, e.g., a recombinant
oncolytic adenovirus, comprises a deletion of nucleotides corresponding to -76 to -68 of the
adenovirus type 5 Ela promoter, which correspond to nucleotides 423 to 431 of the Ad5
genome (SEQ ID NO: 1). In certain embodiments, the virus comprises a polynucleotide
deletion that results in a virus comprising the sequence TTCCGTGGCG (SEQ ID NO: 10),
which results from joining the two polynucleotide sequences that would otherwise flank the

deleted polynucleotide sequence.

[0061] The adenoviral E1b-19k gene functions primarily as an anti-apoptotic gene and is a
homolog of the cellular anti-apoptotic gene, BCL-2. Since host cell death prior to maturation of
the progeny viral particles would restrict viral replication, E1b-19k is expressed as part of the
El cassette to prevent premature cell death thereby allowing the infection to proceed and yield
mature virions. Accordingly, in certain embodiments, a recombinant adenovirus, e.g., a
recombinant oncolytic adenovirus, is provided that includes an E1b-19K insertion site, e.g., the
recombinant adenovirus has a nucleotide sequence encoding a transgene inserted into an E1b-
19K insertion site. In certain embodiments, the insertion site is located between the start site of
E1b-19K (i.e., the nucleotide sequence encoding the start codon of E1b-19k, e.g.,
corresponding to nucleotides 1714-1716 of SEQ ID NO: 1) and the start site of E1b-55K (i.e.,
the nucleotide sequence encoding the start codon of E1b-55k, e.g., corresponding to nucleotides
2019-2021 of SEQ ID NO: 1). In certain embodiments, the E1b-19K insertion site is located
between the start site of E1b-19K (i.e., the nucleotide sequence encoding the start codon of
Elb-19k, e.g., corresponding to nucleotides 1714-1716 of SEQ ID NO: 1) and the stop site of
El1b-19K (i.e., the nucleotide sequence encoding the stop codon of E1b-19k, e.g.,
corresponding to nucleotides 2242-2244 of SEQ ID NO: 1).

[0062] Throughout the description and claims, an insertion between two sites, for example,
an insertion between (i) a start site of a first gene (e.g., E1b-19k) and a start site of a second
gene, (e.g., E1b-55K), (ii) a start site of a first gene and a stop site of a second gene, (iii) a stop

site of a first gene and start site of a second gene, or (iv) a stop site of first gene and a stop site
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of a second gene, is understood to mean that all or a portion of the nucleotides constituting a
given start site or a stop site surrounding the insertion may be present or absent in the final
virus. Similarly, an insertion between two nucleotides is understood to mean that the

nucleotides surrounding the insertion may be present or absent in the final virus.

[0063] In certain embodiments, the E1b-19K insertion site comprises a deletion of from
about 100 to about 305, about 100 to about 300, about 100 to about 250, about 100 to about
200, about 100 to about 150, about 150 to about 305, about 150 to about 300, about 150 to
about 250, or about 150 to about 200 nucleotides adjacent the start site of E1b-19K. In certain
embodiments, the E1b-19K insertion site comprises a deletion of about 200 nucleotides, e.g.,
202 or 203 nucleotides adjacent the start site of E1b-19K. In certain embodiments, the E1b-19K
insertion site comprises a deletion corresponding to nucleotides 1714-1917 or 1714-1916 of the
Ad5 genome (SEQ ID NO: 1). In certain embodiments, a nucleotide sequence encoding a
transgene is inserted between nucleotides corresponding to 1714 and 1917 or between
nucleotides corresponding to 1714 and 1916 of the Ad5 genome (SEQ ID NO: 1). In certain
embodiments, a nucleotide sequence encoding a transgene is inserted between CTGACCTC
(SEQ ID NO: 4) and TCACCAGG (SEQ ID NO: 5), e.g., the recombinant adenovirus
comprises, in a 5’ to 3’ orientation, CTGACCTC (SEQ ID NO: 4), a nucleotide sequence
encoding a transgene, and TCACCAGG (SEQ ID NO: 5). CTGACCTC (SEQ ID NO: 4) and
TCACCAGG (SEQ ID NO: 5) define unique boundary sequences for the E1b-19K insertion
site within the Ad5 genome (SEQ ID NO: 1). Throughout the description and claims, a deletion
adjacent a site, for example, a deletion adjacent a start site of a gene or a deletion adjacent a
stop site of a gene, is understood to mean that the deletion may include a deletion of all, a

portion, or none of the nucleotides constituting a given start site or a stop site.

[0064] In certain embodiments, a recombinant adenovirus, e.g., a recombinant oncolytic
adenovirus, is provided that includes an E3 insertion site, e.g., the recombinant adenovirus has
a nucleotide sequence encoding a transgene inserted into an E3 insertion site. In certain
embodiments, the insertion site is located between the stop site of pVIII (i.e., the nucleotide
sequence encoding the stop codon of pVIII, e.g., corresponding to nucleotides 27855-27857 of
SEQ ID NO: 1) and the start site of Fiber (i.e., the nucleotide sequence encoding the start codon
of Fiber, e.g., corresponding to nucleotides 31042-31044 of SEQ ID NO: 1). In certain
embodiments, the E3 insertion site comprises a deletion of from about 500 to about 3185, from

about 500 to about 3000, from about 500 to about 2500, from about 500 to about 2000, from
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about 500 to about 1500, from about 500 to about 1000, from about 1000 to about 3185, from
about 1000 to about 3000, from about 1000 to about 2500, from about 1000 to about 2000,
from about 1000 to about 1500, from about 1500 to about 3185, from about 1500 to about
3000, from about 1500 to about 2000, from about 2000 to about 3185, from about 2000 to
about 3000, from about 2000 to about 2500, from about 2500 to about 3185, from about 2500
to about 3000, or from about 3000 to about 3185 nucleotides. In certain embodiments, the E3
insertion site is located between the stop site of E3-10.5K (i.e., the nucleotide sequence
encoding the stop codon of E3-10.5K, e.g., corresponding to nucleotides 29770-29772 of SEQ
ID NO: 1) and the stop site of E3-14.7K (i.e., the nucleotide sequence encoding the stop codon
of E3-14.7K, e.g., corresponding to nucleotides 30837-30839 of SEQ ID NO: 1). In certain
embodiments, the E3 insertion site comprises a deletion of from about 500 to about 1551, from
about 500 to about 1500, from about 500 to about 1000, from about 1000 to about 1551, from
about 1000 to about 1500, or from about 1500 to about 1551 nucleotides adjacent the stop site
of E3-10.5K. In certain embodiments, the E3 insertion site comprises a deletion of about 1050
nucleotides adjacent the stop site of E3-10.5K, e.g., the E3 insertion site comprises a deletion of
1063 or 1064 nucleotides adjacent the stop site of E3-10.5K. In certain embodiments, the E3
insertion site comprises a deletion corresponding to the Ad5 d1309 E3 deletion. In certain
embodiments, the E3 insertion site comprises a deletion corresponding to nucleotides 29773-
30836 of the Ad5 genome (SEQ ID NO: 1), or, a nucleotide sequence encoding a transgene is
inserted between nucleotides corresponding to 29773 and 30836 of the AdS5 genome (SEQ ID
NO: 1). In certain embodiments, a nucleotide sequence encoding a transgene is inserted
between CAGTATGA (SEQ ID NO: 11) and TAATAAAAAA (SEQ ID NO: 12), e.g., the
recombinant adenovirus comprises, in a 5’ to 3’ orientation, CAGTATGA (SEQ ID NO: 11), a
nucleotide sequence encoding a transgene, and TAATAAAAAA (SEQ ID NO: 12).
CAGTATGA (SEQ ID NO: 11) and TAATAAAAAA (SEQ ID NO: 12) define unique
boundary sequences for an E3 insertion site within the Ad5 genome (SEQ ID NO: 1).

[0065] In certain embodiments, the E3 insertion site is located between stop site of E3-
gpl9K (i.e., the nucleotide sequence encoding the stop codon of E3-gp19K, e.g., corresponding
to nucleotides 29215-29217 of SEQ ID NO: 1) and the stop site of E3-14.7K (i.e., the
nucleotide sequence encoding the stop codon of E3-14.7K, e.g., corresponding to nucleotides
30837-30839 of SEQ ID NO: 1). In certain embodiments, the E3 insertion site comprises a
deletion of from about 500 to about 1824, from about 500 to about 1500, from about 500 to
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about 1000, from about 1000 to about 1824, from about 1000 to about 1500, or from about
1500 to about 1824 nucleotides adjacent the stop site of E3-gp19K. In certain embodiments, the
E3 insertion site comprises a deletion of about 1600 nucleotides adjacent the stop site of E3-
gpl9K. e.g., the E3 insertion site comprises a deletion of 1622 nucleotides adjacent the stop site
of E3-gp19K. In certain embodiments, the E3 insertion site comprises a deletion corresponding
to nucleotides 29218-30839 of the Ad5 genome (SEQ ID NO: 1). In certain embodiments, a
nucleotide sequence encoding a transgene is inserted between nucleotides corresponding to
29218 and 30839 of the AdS genome (SEQ ID NO: 1). In certain embodiments, a nucleotide
sequence encoding a transgene is inserted between TGCCTTAA (SEQ ID NO: 13) and
TAAAAAAAAAT (SEQ ID NO: 14), e.g., the recombinant adenovirus comprises, ina 5’ to 3’
orientation, TGCCTTAA (SEQ ID NO: 13), a nucleotide sequence encoding a transgene, and
TAAAAAAAAAT (SEQ ID NO: 14). TGCCTTAA (SEQ ID NO: 13) and TAAAAAAAAAT
(SEQ ID NO: 14) define unique boundary sequences for an E3 insertion site within the Ad5
genome (SEQ ID NO: 1).

[0066] In certain embodiments, a recombinant adenovirus, e.g., a recombinant oncolytic
adenovirus, comprises an E4 deletion. In certain embodiments, the E4 deletion is located
between the start site of E4-ORF6/7 (i.e., the nucleotide sequence encoding the start codon of
E4-ORF6/7, e.g., corresponding to nucleotides 34075-34077 of SEQ ID NO: 1) and the right
inverted terminal repeat (ITR; e.g., corresponding to nucleotides 35836-35938 of SEQ ID NO:
1). In certain embodiments, the E4 deletion is located between the start site of E4-ORF6/7 and
the start site of E4-ORF1 (i.e., the nucleotide sequence encoding the start codon of E4-ORF1,
e.g., corresponding to nucleotides 35524-35526 of SEQ ID NO: 1). In certain embodiments, the
E4 deletion comprises a deletion of a nucleotide sequence between the start site of E4-ORF6/7
and the start site of E4-ORF]1. In certain embodiments, the E4 deletion comprises a deletion of
from about 500 to about 2500, from about 500 to about 2000, from about 500 to about 1500,
from about 500 to about 1000, from about 1000 to about 2500, from about 1000 to about 2000,
from about 1000 to about 1500, from about 1500 to about 2500, from about 1500 to about
2000, or from about 2000 to about 2500 nucleotides. In certain embodiments, the E4 deletion
comprises a deletion of from about 250 to about 1500, from about 250 to about 1250, from
about 250 to about 1000, from about 250 to about 750, from about 250 to about 500, from 500
to about 1500, from about 500 to about 1250, from about 500 to about 1000, from about 500 to
about 750, from 750 to about 1500, from about 750 to about 1250, from about 750 to about



10

15

20

25

30

WO 2018/191313 PCT/US2018/026977

-20 -

1000, from about 1000 to about 1500, or from about 1000 to about 1250 nucleotides adjacent
the start site of E4-ORF6/7. In certain embodiments, the E4 deletion comprises a deletion of
about 1450 nucleotides adjacent the start site of E4-ORF6/7, e.g., the E4 deletion comprises a
deletion of about 1449 nucleotides adjacent the start site of E4-ORF6/7. In certain
embodiments, the E4 deletion comprises a deletion corresponding to nucleotides 34078-35526

of the Ad5 genome (SEQ ID NO: 1).

[0067] Nucleic acids encoding viral genes can be incorporated into plasmids and
introduced into host cells through conventional transfection or transformation techniques.
Specific production and purification conditions will vary depending upon the virus and the
production system employed. For adenovirus, the traditional method for the generation of viral
particles is co-transfection followed by subsequent in vive recombination of a shuitle plasmid
{(usually contaiming a small subset of the adenoviral genome and optionally containing a
potential transgene an expression cassette} and an adenoviral helper plasmid (containing most
of the entire adenoviral genome). Alternative technologies tor the generation of adenovirus
inclade utilization of the bacterial astificial chromosome (BAC) system, in vivo bacterial
recombination in a recA+ bacterial strain utilizing two plasmids containing complementary

adenoviral sequences, and the yeast artificial chromosome (YAC) system.

II. Therapeutic Transgenes

[0068] A recombinant virus, e.g., a recombinant oncolytic adenovirus, produced using a
method disclosed herein may comprise an exogenous nucleotide sequence that encodes for a
therapeutic transgene. The term “transgene” refers to an exogenous gene or polynucleotide
sequence. The term “therapeutic transgene” refers to a transgene, which when replicated
and/or expressed in or by the virus imparts a therapeutic effect in a target cell, body fluid,

tissue, organ, physiological system, or subject.

[0069] The therapeutic transgene may encode a therapeutic nucleic acid, e.g., an antisense
RNA or ribozyme RNA. The therapeutic transgene may encode a therapeutic peptide or
polypeptide, e.g., an apoptotic agent, antibody, CTL responsive peptide, cytokine, cytolytic
agent, cytotoxic agent, enzyme, heterologous antigen expressed on the surface of a tumor cell
to elicit an immune response, immunostimulatory or immunomodulatory agent, interferon, lytic

peptide, oncoprotein, polypeptide which catalyzes processes leading to cell death, polypeptide
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which complements genetic defects in somatic cells, tumor suppressor protein, vaccine antigen,

or any combination thereof.

[0070] In certain embodiments, the therapeutic transgene encodes a therapeutic polypeptide
selected from CD80, CD137L, IL-23, IL-23A/p19, p40, IL-27, IL-27A/p28, IL-27B/EBI3,
ICAM-1, a TGF-B trap, TGF-B, CD19, CD20, IL-1, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, CD154,
CD86, BORIS/CTCFL, FGF, IL-24, MAGE, NY-ESO-1, acetylcholine, interferon-gamma,
DKK1/Wnt, p53, thymidine kinase, an anti-PD-1 antibody heavy chain or light chain, and an
anti-PD-L1 antibody heavy chain or light chain.

II1. Pharmaceutical Compositions

[0071] For therapeutic use, a recombinant virus, e.g., a recombinant oncolytic adenovirus,
produced using a method disclosed herein is preferably combined with a pharmaceutically
acceptable carrier. As used herein, “pharmaceutically acceptable carrier” means buffers,
carriers, and excipients suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. The carrier(s) should be “acceptable” in the
sense of being compatible with the other ingredients of the formulations and not deleterious to
the recipient. Pharmaceutically acceptable carriers include buffers, solvents, dispersion media,
coatings, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. The use of such media and agents for pharmaceutically active

substances is known in the art.

[0072] Pharmaceutical compositions containing recombinant viruses can be presented in a
dosage unit form and can be prepared by any suitable method. A pharmaceutical composition
should be formulated to be compatible with its intended route of administration. Examples of
routes of administration are intravenous (IV), intraarterial, intradermal, inhalation, transdermal,
topical, transmucosal, and rectal administration. A preferred route of administration is [V
infusion. Useful formulations can be prepared by methods known in the pharmaceutical art.
For example, see Remington's Pharmaceutical Sciences, 18th ed. (Mack Publishing Company,
1990). Formulation components suitable for parenteral administration include a sterile diluent
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or

methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such
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as EDTA; buffers such as acetates, citrates or phosphates; and agents for the adjustment of

tonicity such as sodium chloride or dextrose.

[0073] For intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJ) or phosphate buffered saline
(PBS). The carrier should be stable under the conditions of manufacture and storage, and
should be preserved against microorganisms. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene

glycol, and liquid polyetheylene glycol), and suitable mixtures thereof.

[0074] Pharmaceutical formulations preferably are sterile. Sterilization can be
accomplished by any suitable method, e.g., filtration through sterile filtration membranes.
Where the composition is lyophilized, filter sterilization can be conducted prior to or following

lyophilization and reconstitution.

[0075] The term “effective amount™ as used herein refers to the amount of an active
component (e.g., the amount of a recombinant virus) sufficient to effect beneficial or desired
results. An effective amount can be administered in one or more administrations, applications

or dosages and is not intended to be limited to a particular formulation or administration route.

[0076] In certain embodiments, a therapeutically effective amount of active component is
in the range of 0.1 mg/kg to 100 mg/kg, e.g., 1 mg/kg to 100 mg/kg, 1 mg/kg to 10 mg/kg. In
certain embodiments, a therapeutically effective amount of the recombinant virus is in the
range of 10° to 10" plaque forming units (pfus), e.g., 10°to 10" 10*to 10°, 10’ to 10", 10’ to
10", or 10" to 10" plaque forming units. The amount administered will depend on variables
such as the type and extent of disease or indication to be treated, the overall health of the
patient, the in vivo potency of the virus, the pharmaceutical formulation, and the route of
administration. The initial dosage can be increased beyond the upper level in order to rapidly
achieve the desired blood-level or tissue-level. Alternatively, the initial dosage can be smaller
than the optimum, and the daily dosage may be progressively increased during the course of
treatment. Human dosage can be optimized, e.g., in a conventional Phase [ dose escalation
study designed to run from 0.5 mg/kg to 20 mg/kg. Dosing frequency can vary, depending on
factors such as route of administration, dosage amount, serum half-life of the virus, and the
disease being treated. Exemplary dosing frequencies are once per day, once per week and once

every two weeks. A preferred route of administration is parenteral, e.g., intravenous infusion.
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IV. Therapeutic Uses

[0077] A recombinant virus, e.g., a recombinant oncolytic adenovirus produced using a
method disclosed herein, can be used to treat various medical indications, for example, cancers.
As used herein, “treat”, “treating” and “treatment” mean the treatment of a disease in a subject,
e.g., in a human. This includes: (a) inhibiting the disease, i.e., arresting its development; and
(b) relieving the disease, i.e., causing regression of the disease state. As used herein, the terms
“subject” and “patient” refer to an organism to be treated by the methods and compositions
described herein. Such organisms preferably include, but are not limited to, mammals (e.g.,

murines, simians, equines, bovines, porcines, canines, felines, and the like), and more

preferably includes humans.

[0078] Examples of cancers include solid tumors, soft tissue tumors, hematopoietic tumors
and metastatic lesions. Examples of hematopoietic tumors include, leukemia, acute leukemia,
acute lymphoblastic leukemia (ALL), B-cell, T-cell or FAB ALL, acute myeloid leukemia
(AML), chronic myelocytic leukemia (CML), chronic lymphocytic leukemia (CLL), e.g.,
transformed CLL, diffuse large B-cell lymphomas (DLBCL), follicular lymphoma, hairy cell
leukemia, myelodyplastic syndrome (MDS), a lymphoma, Hodgkin's disease, a malignant
lymphoma, non-Hodgkin's lymphoma, Burkitt's lymphoma, multiple myeloma, or Richter’s
Syndrome (Richter’s Transformation). Examples of solid tumors include malignancies, e.g.,
sarcomas, adenocarcinomas, and carcinomas, of the various organ systems, such as those
affecting head and neck (including pharynx), thyroid, lung (small cell or non-small cell lung
carcinoma (NSCLQ)), breast, lymphoid, gastrointestinal (e.g., oral, esophageal, stomach, liver,
pancreas, small intestine, colon and rectum, anal canal), genitals and genitourinary tract (e.g.,
renal, urothelial, bladder, ovarian, uterine, cervical, endometrial, prostate, testicular), CNS

(e.g., neural or glial cells, e.g., neuroblastoma or glioma), or skin (e.g., melanoma).

[0079] In certain embodiments, the cancer is selected from melanoma, squamous cell
carcinoma of the skin, basal cell carcinoma, head and neck cancer, breast cancer, anal cancer,
cervical cancer, non-small cell lung cancer, mesothelioma, small cell lung cancer, renal cell
carcinoma, prostate cancer, gastroesophageal cancer, colorectal cancer, testicular cancer,
bladder cancer, ovarian cancer, hepatocellular carcinoma, cholangiocarcinoma, brain cancer,

endometrial cancer, neuroendocrine cancer, and pancreatic cancer.
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[0080] In certain embodiments, the cancer is selected from nasopharyngeal cancer, basal
cell carcinoma, synovial cancer, hepatocellular cancer, renal cancer, cancer of connective
tissues, melanoma, lung cancer, bowel cancer, colon cancer, rectal cancer, colorectal cancer,
brain cancer, throat cancer, oral cancer, liver cancer, bone cancer, pancreatic cancer,
choriocarcinoma, gastrinoma, neuroendocrine, pheochromocytoma, prolactinoma, T-cell
leukemia/lymphoma, neuroma, von Hippel-Lindau disease, Zollinger-Ellison syndrome,
adrenal cancer, anal cancer, bile duct cancer, bladder cancer, ureter cancer, brain cancer,
oligodendroglioma, neuroblastoma, meningioma, spinal cord tumor, bone cancer,
osteochondroma, chondrosarcoma, Ewing's sarcoma, cancer of unknown primary site,
carcinoid, carcinoid of gastrointestinal tract, fibrosarcoma, breast cancer, Paget's disease,
cervical cancer, colorectal cancer, rectal cancer, esophagus cancer, gall bladder cancer, head
cancer, eye cancer, neck cancer, kidney cancer, Wilms' tumor, liver cancer, Kaposi's sarcoma,
prostate cancer, lung cancer, testicular cancer, Hodgkin's disease, non-Hodgkin's lymphoma,
oral cancer, skin cancer, mesothelioma, multiple myeloma, ovarian cancer, endocrine
pancreatic cancer, glucagonoma, pancreatic cancer, parathyroid cancer, penis cancer, pituitary
cancer, soft tissue sarcoma, retinoblastoma, small intestine cancer, stomach cancer, thymus
cancer, thyroid cancer, trophoblastic cancer, hydatidiform mole, uterine cancer, endometrial
cancer, vagina cancer, vulva cancer, acoustic neuroma, mycosis fungoides, insulinoma,
carcinoid syndrome, somatostatinoma, gum cancer, heart cancer, lip cancer, meninges cancer,
mouth cancer, nerve cancer, palate cancer, parotid gland cancer, peritoneum cancer, pharynx

cancer, pleural cancer, salivary gland cancer, tongue cancer and tonsil cancer.

[0081] In certain embodiments, a recombinant virus, e.g., a recombinant oncolytic
adenovirus, is administered to the subject in combination with one or more therapies, e.g.,
surgery, radiation, chemotherapy, immunotherapy, hormone therapy, or virotherapy. In certain
embodiments, a recombinant virus is administered in combination with a tyrosine kinase
inhibitor, e.g., erlotinib. In certain embodiments, a recombinant virus of the invention is
administered in combination with a checkpoint inhibitor, e.g., an anti-CTLA-4 antibody, an
anti-PD-1 antibody, or an anti-PD-L1 antibody. Exemplary anti-PD-1 antibodies include, for
example, nivolumab (Opdivo®, Bristol-Myers Squibb Co.), pembrolizumab (Keytruda®,
Merck Sharp & Dohme Corp.), PDR001 (Novartis Pharmaceuticals), and pidilizamab (CT-011,

Cure Tech). Exemplary anti-PD-L1 antibodies include, for example, atezolizumab (Tecentrig®,
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Genentech), duvalumab (AstraZeneca), MEDI4736, avelumab, and BMS 936559 (Bristol
Myers Squibb Co.).

[0082] The term administered "in combination,” as used herein, is understood to mean that
two (or more) different treatments are delivered to the subject during the course of the subject’s
affliction with the disorder, such that the effects of the treatments on the patient overlap at a
point in time. In certain embodiments, the delivery of one treatment is still occurring when the
delivery of the second begins, so that there is overlap in terms of administration. This is
sometimes referred to herein as "simultaneous” or "concurrent delivery.” In other
embodiments, the delivery of one treatment ends before the delivery of the other treatment
begins. In some embodiments of either case, the treatment is more effective because of
combined administration. For example, the second treatment is more effective, e.g., an
equivalent effect is seen with less of the second treatment, or the second treatment reduces
symptoms to a greater extent, than would be seen if the second treatment were administered in
the absence of the first treatment, or the analogous situation is seen with the first treatment. In
certain embodiments, delivery is such that the reduction in a symptom, or other parameter
related to the disorder is greater than what would be observed with one treatment delivered in
the absence of the other. The effect of the two treatments can be partially additive, wholly
additive, or greater than additive. The delivery can be such that an effect of the first treatment

delivered is still detectable when the second is delivered.

[0083] Throughout the description, where viruses, compositions and systems are described
as having, including, or comprising specific components, or where processes and methods are
described as having, including, or comprising specific steps, it is contemplated that,
additionally, there are compositions, devices, and systems of the present invention that consist
essentially of, or consist of, the recited components, and that there are processes and methods
according to the present invention that consist essentially of, or consist of, the recited

processing steps.

[0084] In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the element
or component can be any one of the recited elements or components, or the element or
component can be selected from a group consisting of two or more of the recited elements or

components.
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[0085] Further, it should be understood that elements and/or features of a virus, a
composition, a system, a method, or a process described herein can be combined in a variety of
ways without departing from the spirit and scope of the present invention, whether explicit or
implicit herein. For example, where reference is made to a particular virus, that virus can be
used in various embodiments of compositions of the present invention and/or in methods of the
present invention, unless otherwise understood from the context. In other words, within this
application, embodiments have been described and depicted in a way that enables a clear and
concise application to be written and drawn, but it is intended and will be appreciated that
embodiments may be variously combined or separated without parting from the present
teachings and invention(s). For example, it will be appreciated that all features described and
depicted herein can be applicable to all aspects of the invention(s) described and depicted

herein.

[0086] It should be understood that the expression “at least one of” includes individually
each of the recited objects after the expression and the various combinations of two or more of
the recited objects unless otherwise understood from the context and use. The expression
“and/or” in connection with three or more recited objects should be understood to have the

same meaning unless otherwise understood from the context.

[0087] The use of the term “include,” “includes,” “including,” “have,” “has,” “having,”

LT

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
understood generally as open-ended and non-limiting, for example, not excluding additional

unrecited elements or steps, unless otherwise specifically stated or understood from the context.

[0088] At various places in the present specification, viruses, compositions, systems,
processes and methods, or features thereof, are disclosed in groups or in ranges. Itis
specifically intended that the description include each and every individual subcombination of
the members of such groups and ranges. By way of other examples, an integer in the range of 1
to 20 is specifically intended to individually disclose 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16,17, 18, 19, and 20.

[0089] Where the use of the term “about” is before a quantitative value, the present
invention also includes the specific quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” refers to a +10% variation from the nominal value

unless otherwise indicated or inferred.
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[0090] It should be understood that the order of steps or order for performing certain
actions is immaterial so long as the present invention remain operable. Moreover, two or more

steps or actions may be conducted simultaneously.

[0091] The use of any and all examples, or exemplary language herein, for example, “such
as” or “including,” is intended merely to illustrate better the present invention and does not
pose a limitation on the scope of the invention unless claimed. No language in the specification
should be construed as indicating any non-claimed element as essential to the practice of the

present invention.
EXAMPLES

[0092] The following Examples are merely illustrative and are not intended to limit the

scope or content of the invention in any way.
Example 1: Production Of An Oncolytic Adenovirus

[0093] This Example describes the production of a recombinant oncolytic adenovirus in

A549 cells.

[0094] An adenovirus type 5 virus was constructed that carries the deletion of a nucleotide
region located from -304 to -255 upstream of the Ela initiation site, which renders Ela
expression cancer-selective (as previously described in U.S. Patent No. 9,073,980). The

resulting virus is hereafter referred to as TAV.

[0095] TAV was further modified to carry an approximately 200 base pair deletion in the
E1b-19k region. The resulting virus is hereafter referred to as TAV-A19k. The nucleotide
sequence of the modified E1b-19k region is as follows, with residual bases from fused Sall and

Xhol sites underlined:
ATCTTGGTTACATCTGACCTCGTCGAGTCACCAGGCGCTTTTCCAA (SEQ ID NO: 6)

[0096] TAV-A19 was modified to include a nucleotide sequence encoding a mouse TGF-f3
trap (a fusion protein of the mouse TGFp type II receptor and mouse IgG1) in the modified
E1b-19k region. The resulting virus is hereafter referred to as TAV-mTGFf-Trap. The
nucleotide sequence encoding the TGF-f trap is as follows:
ATGGGTCGGGEGEGCTGCTCCGEEGCCTGTGGCCGCTGCATATCGTCCTGTGGACGCGCATCGCC

AGCACGATCCCGCCGCACGTTCCCAAGTCGGTTAACAGTGATGTCATGGCCAGCGACAATGGC
GGTGCGGTCAAGCTTCCACAGCTGTGCAAGTTTTGCGATGTGAGACTGTCCACTTGCGACAAC
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CAGAAGTCCTGCATGAGCAACTGCAGCATCACGGCCATCTGTGAGAAGCCGCATGAAGTCTGC
GTGGCCGTGTGGAGGAAGAACGACAAGAACATTACTCTGGAGACGGTTTGCCACGACCCCAAG
CTCACCTACCACGGCTTCACTCTGGAAGATGCCGCTTCTCCCAAGTGTGTCATGAAGGAAAAG
AAAAGGGCGGGCGAGACTTTCTTCATGTGTGCCTGTAACATGGAAGAGTGCAACGATTACATC
ATCTTTTCGGAAGAATACACCACCAGCAGTCCCGACAGCACCAAGGTGGACAAGAAAATTGTG
CCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATC
TTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTG
GTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTG
CACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAA
CTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCA
GCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGAAGGCTCCGCAG
GTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTCTGACCTGCATG
ATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAGCGGAG
AACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTCTACAGCAAGCTC
AATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTGTTACATGAGGGC
CTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGGTAAATGA (SEQID NO: 7)
[0097] SF-BMAJdR 281 A549 cells (purchased from National Research Council of Canada)
were cultured in serum-free media (Hyclone SFM4Transfx-293) in suspension culture in shake
flasks. After growth to a density of 2x10° cells/mL in a total volume of 100 mL, the cells were
centrifuged and resuspended in 100 mL of fresh SFM4Transfx-293 media. 50 mL of the
resuspended culture was infected with the TAV-A19k adenovirus, and 50 mL of the
resuspended culture was infected with the TAV-mTGFpB-Trap adenovirus. The cells were
maintained in suspension culture in shake flasks for three days to allow for viral replication,

and the cultures were then lysed with freeze-thaw cycles to produce cell lysate.

[0098] The viruses were then purified from the cell lysate by centrifugation, nuclease
treatment, anion exchange chromatography, and dialysis into a buffer appropriate for in vivo

administration (10 mM Tris, 1 mM MgCl,, 3% sucrose, pH 8).

[0099] The viruses were then tested for efficacy in vivo. Adult 12954 mice were injected
subcutaneously with 1x10° ADS-12 cells, a pulmonary cancer cell line, and allowed to form
subcutaneous tumors. After the tumors grew large enough to treat, 10 mice each were treated
with intratumoral injections of either the TAV-A19k adenovirus or the TAV-mTGFB-Trap
adenovirus. Three doses of 1x10° IU of each virus were administered every four days. Mean
tumor volume in mice treated with each virus is depicted in FIGURE 1, and progression free

survival of mice treated with each virus is depicted in FIGURE 2.
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Example 2: Production Of An Oncolytic Adenovirus

[00100] This Example describes the production of a recombinant oncolytic adenovirus in

A549 derived cells relative to HEK-293 derived cells.

[00101] An adenovirus type 5 virus was constructed that carries the deletion of a nucleotide
region located from -304 to -255 upstream of the Ela initiation site, which renders Ela
expression cancer-selective (as previously described in U.S. Patent No. 9,073,980). The

resulting virus is hereafter referred to as TAV.

[00102] TAV was further modified to carry an approximately 200 base pair deletion in the
E1b-19k region. The resulting virus is hereafter referred to as TAV-A19k. The nucleotide
sequence of the modified E1b-19k region is as follows, with residual bases from fused Sall and

Xhol sites underlined:
ATCTTGGTTACATCTGACCTCGTCGAGTCACCAGGCGCTTTTCCAA (SEQ ID NO: 6)

[00103] TAV-Al9k was modified to include a nucleotide sequence encoding a human TGF-
B trap (a fusion protein of the human TGFp type II receptor and human IgG1) in the modified
E1b-19k region. The resulting virus is hereafter referred to as TAV-hTGFp-Trap.

[00104] TAV-hTGFp-Trap adenovirus was produced in both HEK-293 cells (293-3F6) and
A549 cells (SF-BMAdR). HEK-293 cells cultured in serum-free medium (SFM4Transfx-293)
at 5x10° cells/mL were infected with TAV-hTGFp-Trap at a multiplicity of infection (MOI) of
3. At 4 days post-infection the yield was 42 PFU/cell. In a separate experiment, HEK-293 cells
cultured in serum-free medium (SFM4Transfx-293) at 1x10° cells/mL were infected with
TAV-hTGFp-Trap at an MOI of 3. At 4 days post-infection the yield was less than 10 PFU/cell.
A549 cells cultured in serum-free medium (SFM4Transfx-293) at 1x10° cells/mL were infected
with TAV-hTGFB-Trap at an MOI of 3. At 4 days post-infection the yield was 1100 PFU/cell.
Unmodified A549 cells could not be adapted to grow in the same serum-free medium

(SFM4Transfx-293) in suspension culture. Viral production from these cell lines is depicted in

FIGURE 3.

[00105] Together, these results show that A549 derived host cells, e.g., SF-BMAdR A549
host cells, produce greater yields of certain oncolytic viruses, e.g., the TAV-hTGFp-Trap

adenovirus.
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INCORPORATION BY REFERENCE

[00106] The entire disclosure of each of the patent documents and scientific articles referred

to herein is incorporated by reference for all purposes.
EQUIVALENTS

[00107] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and the range of equivalency of the

claims are intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A method for producing a recombinant oncolytic adenovirus comprising:

(a) infecting an A549 host cell with a recombinant oncolytic adenovirus to
produce an infected A549 host cell or introducing a nucleic acid comprising a nucleotide
sequence encoding a recombinant oncolytic adenovirus into an A549 host cell; and

(b) suspension culturing the infected A549 host cell in a serum-free medium,
under conditions to permit replication of the recombinant oncolytic adenovirus, thereby to
produce the recombinant oncolytic adenovirus, wherein the recombinant oncolytic adenovirus
comprises an Ela gene comprising an Ela protein coding region operably linked to a
modified regulatory sequence comprising (i) deletion of a functional Pea3 binding site, (ii)
deletion of a functional E2F binding site, (iii) deletion of a functional TATA box, (iv)
deletion of a functional CAAT box, (v) deletion of the nucleotides corresponding to the
nucleotides from 195-244 of the Ad5 genome (SEQ ID NO: 1), or (vi) has two, three, or four
of (1), (ii), (iii), and (iv).

2. The method of claim 1, wherein the A549 host cell is a SF-BMAdR 281 A549 cell.

3. The method of claim 1 or 2, wherein the infected A549 host cell is cultured for at least
3 days.
4. The method of any one of claims 1-3, further comprising, after step (b), the step of

purifying the recombinant oncolytic adenovirus.

5. The method of claim 4, wherein the step of purifying the recombinant oncolytic

adenovirus comprises lysing the infected A549 host cell.

6. The method of claim 4 or 5, wherein the step of purifying the recombinant oncolytic

adenovirus comprises nuclease treatment.

7. The method of any one of claims 4-6, wherein the step of purifying the recombinant

oncolytic adenovirus comprises ion exchange chromatography.

8. The method of claim 7, wherein the step of purifying the recombinant oncolytic
adenovirus comprises:

(1) lysing the infected A549 host cell to produce a cell lysate;
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(ii) treating the cell lysate with nuclease to produce a treated cell lysate; and
(ii1) purifying the recombinant virus from the treated cell lysate by ion exchange

chromatography.

9. The method of any one of claims 1-8, wherein the recombinant oncolytic adenovirus

is a type 5 adenovirus (Ad5).

10. The method of any one of claims 1-9, wherein the recombinant oncolytic adenovirus

comprises an Ela promoter having the deletion of a functional Pea3 binding site.

11.  The method of any one of claims 1-10, wherein the recombinant oncolytic adenovirus

comprises an Ela promoter having the deletion of a functional TATA box.

12. The method of claim 11, wherein the deletion comprises a deletion of the entire
TATA box.
13. The method of claim 11 or 12, wherein the deletion comprises a deletion of

nucleotides corresponding to 472 to 475 of the Ad5 genome (SEQ ID NO: 1).

14. The method of claim 13, wherein the deletion comprises a deletion of nucleotides

corresponding to 468 to 475 of the Ad5 genome (SEQ ID NO: 1).

15. The method of claim 14, wherein the deletion comprises a deletion of nucleotides

corresponding to 455 to 552 of the Ad5 genome (SEQ ID NO: 1).

16. The method of claim 15, wherein the deletion comprises a deletion of nucleotides

corresponding to 353 to 552 of the Ad5 genome (SEQ ID NO: 1).

17. The method of any one of claims 1-16, wherein the recombinant oncolytic adenovirus

comprises an Ela promoter having the deletion of a functional CAAT box.

18. The method of claim 17, wherein the deletion comprises a deletion of the entire
CAAT box.
19. The method of claim 17 or 18, wherein the deletion comprises a deletion of

nucleotides corresponding to 423 to 431 of the Ad5 genome (SEQ ID NO: 1).

20. The method of any one of claims 1-19, wherein the recombinant oncolytic adenovirus

comprises a nucleotide sequence encoding a transgene.
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21. The method of claim 20, wherein the nucleotide sequence is inserted into an E1b-19K
insertion site, wherein the E1b-19K insertion site is located between the start site of E1b-19K

and the stop site of E1b-19K.

22. The method of claim 21, wherein the E1b-19K insertion site comprises a deletion of

about 200 nucleotides adjacent the start site of E1b-19K.

23. The method of claim 21 or 22, wherein the E1b-19K insertion site comprises a

deletion corresponding to nucleotides 1714-1917 of the Ad5 genome (SEQ ID NO: 1).

24, The method of claim 21 or 22, wherein the E1b-19K insertion site comprises a

deletion corresponding to nucleotides 1714-1916 of the Ad5 genome (SEQ ID NO: 1).

25. The method of any one of claims 21-24, wherein the transgene is inserted between

nucleotides corresponding to 1714 and 1917 of the Ad5 genome (SEQ ID NO: 1).

26. The method of any one of claims 21-24, wherein the transgene is inserted between

nucleotides corresponding to 1714 and 1916 of the Ad5 genome (SEQ ID NO: 1).

27. The method of any one of claims 20-26, wherein the transgene is not operably linked

to an exogenous promoter sequence.

28. The method of any one of claims 20-27, wherein the transgene encodes a polypeptide
selected from CD80, CD137L, I1L-23, IL-23A/p19, p40, IL-27, IL-27A/p28, 1L-27B/EBI3,
ICAM-1, a TGF-p trap, TGF-B, CD19, CD20, IL-1, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9,
CD154, CD86, BORIS/CTCFL, FGF, 1L-24, MAGE, NY-ESO-1, acetylcholine, interferon-
gamma, DKK1/Wnt, p53, thymidine kinase, an anti-PD-1 antibody heavy chain or light
chain, and an anti-PD-L1 antibody heavy chain or light chain..

29. The method of any one of claims 1-28, wherein the recombinant oncolytic adenovirus

selectively replicates in a hyperproliferative cell.

30.  The method of any one of claims 20-29, wherein the recombinant oncolytic

adenovirus selectively expresses the transgene in a hyperproliferative cell.
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14322_12-304.txt
SEQUENCE LISTING

<116> AMICUS THERAPEUTICS, INC.
<120> RECOMBINANT HUMAN ACID ALPHA-GLUCOSIDASE
<130> 14322.12-304

<140>
<141>

<150> 62/660,758
<151> 2018-04-20

<150> 62/624,638
<151> 2018-01-31

<150> 62/618,021
<151> 2018-01-16

<150> 62/567,334
<151> 2017-10-03

<150> 62/564,083
<151> 2017-09-27

<150> 62/506,574
<151> 2017-05-15

<150> 62/506,569
<151> 2017-05-15

<150> 62/506,561
<151> 2017-05-15

<160> 5

<170> PatentIn version 3.5
<216> 1

<211> 952

<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 1
Met Gly Val Arg His Pro Pro Cys Ser His Arg Leu Leu Ala Val Cys
1 5 10 15

Page 1



Ala

His

Leu

Pro

65

Gln

Ala

Ala

Phe

Glu

145

Pro

Asn

Val

Tyr

Leu

Asp

Glu

50

Arg

Cys

Ile

Lys

Pro

130

Met

Lys

Arg

Pro

Ser
210

Val

Phe

35

Glu

Asp

Asp

Thr

Gln

115

Pro

Gly

Asp

Leu

Leu

195

Val

Ser

20

Leu

Thr

Ala

Val

Gln

100

Gly

Ser

Tyr

Ile

His

180

Glu

Glu

Leu

Leu

His

Gln

Pro

85

Glu

Leu

Tyr

Thr

Leu

165

Phe

Thr

Phe

Ala

Val

Pro

Ala

70

Pro

Gln

Gln

Pro

Ala

150

Thr

Thr

Pro

Ser

Thr

Pro

Ala

55

His

Asn

Cys

Gly

Ser

135

Thr

Leu

Ile

Arg

Glu
215

Ala

Arg

40

His

Pro

Ser

Glu

Ala

120

Tyr

Leu

Arg

Lys

Val

200

Glu

14322_12-304.txt

Ala Leu Leu Gly His

25

Glu

Gln

Gly

Arg

Ala

105

Gln

Lys

Thr

Leu

Asp

185

His

Pro

Leu

Gln

Arg

Phe

90

Arg

Met

Leu

Arg

Asp

170

Pro

Ser

Phe

Ser

Gly

Pro

75

Asp

Gly

Gly

Glu

Thr

155

Val

Ala

Arg

Gly

Page 2

Gly

Ala

60

Arg

Cys

Cys

Gln

Asn

140

Thr

Met

Asn

Ala

Val
220

Ser

45

Ser

Ala

Ala

Cys

Pro

125

Leu

Pro

Met

Arg

Pro

205

Ile

Ile

30

Ser

Arg

Val

Pro

Tyr

110

Trp

Ser

Thr

Glu

Arg

190

Ser

Val

Leu

Pro

Pro

Pro

Asp

95

Ile

Cys

Ser

Phe

Thr

175

Tyr

Pro

His

Leu

Val

Gly

Thr

80

Pro

Phe

Ser

Phe

160

Glu

Glu

Leu

Arg



Gln

225

Phe

Ile

Trp

Ala

Gly

305

Val

Leu

Gln

Leu

Arg

385

Gln

Asn

Leu

Ala

Thr

Thr

Asn

290

Ser

Leu

Asp

Tyr

Gly

370

Gln

Trp

Lys

Asp

Asp

Gly

Arg

275

Leu

Ala

Gln

Val

Leu

355

Phe

Val

Asn

Asp

Gly

Gln

Leu

260

Ile

Tyr

His

Pro

Tyr

340

Asp

His

Val

Asp

Gly
420

Arg

Phe

245

Ala

Thr

Gly

Gly

Ser

325

Ile

Val

Leu

Glu

Leu

405

Phe

Val

230

Leu

Glu

Leu

Ser

Val

310

Pro

Phe

Val

Cys

Asn

390

Asp

Arg

Leu

Gln

His

Trp

His

295

Phe

Ala

Leu

Gly

Arg

375

Met

Tyr

Asp

Leu

Leu

Leu

Asn

280

Pro

Leu

Leu

Gly

Tyr

360

Trp

Thr

Met

Phe

14322_12-304.txt

Asn Thr Thr Val Ala

Ser

Ser

265

Arg

Phe

Leu

Ser

Pro

345

Pro

Gly

Arg

Asp

Pro
425

Thr

250

Pro

Asp

Tyr

Asn

Trp

330

Glu

Phe

Tyr

Ala

Ser

410

Ala

235

Ser

Leu

Leu

Leu

Ser

315

Arg

Pro

Met

Ser

His

395

Arg

Met

Page 3

Leu

Met

Ala

Ala

300

Asn

Ser

Lys

Pro

Ser

380

Phe

Arg

Val

Pro

Leu

Pro

285

Leu

Ala

Thr

Ser

Pro

365

Thr

Pro

Asp

Gln

Pro

Ser

Ser

270

Thr

Glu

Met

Gly

Val

350

Tyr

Ala

Leu

Phe

Glu
430

Leu

Gln

255

Thr

Pro

Asp

Asp

Gly

335

Val

Trp

Ile

Asp

Thr

415

Leu

Phe

240

Tyr

Ser

Gly

Gly

Val

320

Ile

Gln

Gly

Thr

Val

400

Phe

His



Gln

Ser

Gly

465

Trp

Ala

Asp

Ser

Pro

545

Ser

Leu

Thr

Tyr

Ala
625

Gly

Gly

450

Val

Pro

Trp

Gly

Glu

530

Gly

His

Thr

Arg

Ala

610

Ser

Gly

435

Pro

Phe

Gly

Trp

Met

515

Asp

Val

Gln

Glu

Pro

595

Gly

Ser

Arg

Ala

Ile

Ser

Glu

500

Trp

Gly

Val

Phe

Ala

580

Phe

His

Val

Arg

Gly

Thr

Thr

485

Asp

Ile

Cys

Gly

Leu

565

Ile

Val

Trp

Pro

Tyr

Ser

Asn

470

Ala

Met

Asp

Pro

Gly

550

Ser

Ala

Ile

Thr

Glu
630

Met

Tyr

455

Glu

Phe

Val

Met

Asn

535

Thr

Thr

Ser

Ser

Gly

615

Ile

Met

440

Arg

Thr

Pro

Ala

Asn

520

Asn

Leu

His

His

Arg

600

Asp

Leu

14322_12-304.txt

Ile val Asp Pro Ala

Pro

Gly

Asp

Glu

505

Glu

Glu

Gln

Tyr

Arg

585

Ser

Val

Gln

Tyr

Gln

Phe

490

Phe

Pro

Leu

Ala

Asn

570

Ala

Thr

Trp

Phe

Asp

Pro

475

Thr

His

Ser

Glu

Ala

555

Leu

Leu

Phe

Ser

Asn
635

Page 4

Glu

460

Leu

Asn

Asp

Asn

Asn

540

Thr

His

Val

Ala

Ser

620

Leu

445

Gly

Ile

Pro

Gln

Phe

525

Pro

Ile

Asn

Lys

Gly

605

Trp

Leu

Ile

Leu

Gly

Thr

Val

510

Ile

Pro

Cys

Leu

Ala

590

His

Glu

Gly

Ser

Arg

Lys

Ala

495

Pro

Arg

Tyr

Ala

Tyr

575

Arg

Gly

Gln

Val

Ser

Arg

Val

480

Leu

Phe

Gly

Val

Ser

560

Gly

Gly

Arg

Leu

Pro
640



Leu

Leu

Asn

Glu

Leu

705

Glu

Thr

Thr

Leu

Ser

785

Glu

His

Thr

Val

Cys

His

Pro

690

Leu

Thr

Trp

Pro

Gly

770

Leu

Gly

Leu

Thr

Gly

Val

Asn

675

Ala

Pro

Val

Thr

Val

755

Thr

Pro

Gln

Arg

Glu
835

Ala

Arg

660

Ser

Gln

His

Ala

Val

740

Leu

Trp

Pro

Trp

Ala

820

Ser

Asp

645

Trp

Leu

Gln

Leu

Arg

725

Asp

Gln

Tyr

Pro

Val

805

Gly

Arg

Val

Thr

Leu

Ala

Tyr

710

Pro

His

Ala

Asp

Pro

790

Thr

Tyr

Gln

Cys

Gln

Ser

Met

695

Thr

Leu

Gln

Gly

Leu

775

Ala

Leu

Ile

Gln

Gly

Leu

Leu

680

Arg

Leu

Phe

Leu

Lys

760

Gln

Ala

Pro

Ile

Pro
840

14322_12-304.txt

Phe Leu Gly Asn Thr
650

Gly Ala Phe Tyr Pro
665

Pro Gln Glu Pro Tyr
685

Lys Ala Leu Thr Leu
700

Phe His Gln Ala His
715

Leu Glu Phe Pro Lys
730

Leu Trp Gly Glu Ala
745

Ala Glu Val Thr Gly
765

Thr Val Pro Ile Glu
780

Pro Arg Glu Pro Ala
795

Ala Pro Leu Asp Thr
810

Pro Leu Gln Gly Pro
825

Met Ala Leu Ala Val
845

Page 5

Ser

Phe

670

Ser

Arg

Val

Asp

Leu

750

Tyr

Ala

Ile

Ile

Gly

830

Ala

Glu

655

Met

Phe

Tyr

Ala

Ser

735

Leu

Phe

Leu

His

Asn

815

Leu

Leu

Glu

Arg

Ser

Ala

Gly

720

Ser

Ile

Pro

Gly

Ser

800

Val

Thr

Thr



Lys Gly

850

Gly

Leu Glu Val

865

Arg Asn Asn

Ala Gly Leu

Gln Gln

915

Pro

Pro
930

Ser Asp

Glu
945

Gln Phe

<210> 2
<211> 3624
<212> DNA

Glu Ala

Leu Glu

Arg

Arg

14322_12-304.txt

Gly Glu

855

Gly Ala

870

Thr Ile

885

Gln
900

Leu
Val Leu
Thr

Lys

Leu Val

Val

Gln

Ser

Val

Ser

Asn Glu

Lys Val

Asn Gly

920

Leu
935

Asp

Trp Cys

950

<213> Artificial Sequence

<220>

Leu Phe Trp

Thr Gln

875

Tyr

Val
890

Leu Arg

Thr
905

Val Leu

Val Pro Val

Ile Cys Val

Asp Asp
860

Gly

Val Ile Phe

Val Thr Ser

Val Ala

910

Gly

Asn Phe

925

Ser

Ser Leu Leu

940

<223> Description of Artificial Sequence: Synthetic

polyn

<400> 2
cagttgggaa

ggtaggacag
gccegttgtt
ggageggecc
tgctcccacc

gggcacatcc

gtcctggagg

ucleotide

agctgaggtt
tgacctcggt
cagcgaggga
tgtaggagct
ggctcctgge
tactccatga

agactcaccc

gtcgecegggg
gacgcgaagg
ggctctgggce
gtccaggcca
cgtctgegcec
tttcctgetg

agctcaccag

ccgegggtgg
accccggeca
ctgccgceagce
tctccaacca
ctcgtgtect

gttccccgag

cagggagcca
Page 6

aggtcgggga
cctctaggtt
tgacggggaa
tgggagtgag
tggcaaccgc
agctgagtgg

gcagaccagg

Glu Ser

Ala
880

Leu

Glu
895

Gly

Thr Ala

Thr Tyr

Met Gly

tgaggcagca
ctcctegtec
actgaggcac
gcacccgecc
tgcactcctg

ctcctcccca

gcceccgggat

60

120

180

240

300

360

420



gcccaggceac
agccgctteg
tgctgctaca
ttcttecccac
tacacggcca
cggctggacg
aacaggcgct
ctctacagceg
ggccgegtgc
ctgtccacct
atgctcagca
ggtgcgaacc
cacggggtgt
cttagctgga
aagagcgtgg
ggcctggget
gtggagaaca
atggactccc
gtgcaggagc
agctcgggcec
atcaccaacg
cccgacttca
gaccaggtgc
ggctctgagg

gttgggeesa

cactacaacc

accccggecg
attgcgcccc
tccctgcaaa
ccagctaccc
ccctgacccg
tgatgatgga
acgaggtgcc
tggagttctc
tgctgaacac
cgctgecectc
ccagctggac
tctacgggtc
tcctgctaaa
ggtcgacagg
tgcagcagta
tccacctgtg
tgaccaggsgc
ggagggactt
tgcaccaggg
ctgccgggag
agaccggcca
ccaaccccac
ccttcgacgg
acggctgecc
ccctccaggce

tgcacaacct

14322_12-304.txt

tcccagagca gtgcccacac agtgcgacgt

tgacaaggcc
gcaggggctg
cagctacaag
taccaccccc
gactgagaac
cttggagacc
cgaggagccc
gacggtggcg
gcagtatatc
caggatcacc
tcaccctttc
cagcaatgcc
tgggatcctg
cctggacgtt
ccgetgggec
ccacttcccc
cacgttcaac
cggeeggegc
ctacaggccc
gccgetgatt
agccctggcec
catgtggatt
caacaatgag
ggccaccatc

ctacggcctg

atcacccagg
cagggagccc
ctggagaacc
accttcttcc
cgccteccact
ccgegtgtcec
ttcggggtga
cccctgttcet
acaggcctcg
ctgtggaacc
tacctggegc
atggatgtgg
gatgtctaca
gtgggatacc
tactcctcca
ctggacgtcc
aaggatggct
tacatgatga
tacgacgagg
gggaaggtat
tggtgggage
gacatgaacg
ctggagaacc
tgtgcctcca

accgaagcca

Page 7

aacagtgcga
agatggggca
tgagctcctc
ccaaggacat
tcacgatcaa
acagccgggc
tcgtgcaccg
ttgcggacca
ccgagcacct
gggaccttgc
tggaggacgg
tcctgeagec
tcttectggg
cgttcatgcece
ccgctatcac
aatggaacga
tccgggactt
tcgtggatcc
gtctgeggag
ggcccgggtc
acatggtggc
agccttccaa
caccctacgt
gccaccagtt

tcgectcecca

cccccccaac
ggccegeggce
gccctggtgce
tgaaatgggc
cctgaccctg
agatccagct
accgtcccca
gcagctggac
gttccttcag
cagtcccctg
gcccacgecc
cgggtcggea
gagccctgcec
cccagagccc
gccatactgg
ccgccaggtg
cctggactac
cccggecatg
tgccatcagc
gegggttttc
cactgccttc
tgagttccat
cttcatcaga

gcctggeetg

tctctccaca

cagggegctg

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



gtgaaggctc
cgatacgccg
gtgccagaaa
ggcttcctgg
taccccttca
agcgagecgg
cacctctaca
ttcctggagt
gaggccctgc
cccttgggea
cccccacctg
ccggcecccc
ggccctggec
accaagggtg
ctggagcgag
gagctggtac
ggcgtggcca
tacagccccg
ctcgtcagcet
ccagggaagc
tcacctggag
gcegggectc
cggggectgg
gccggeatgc
gtgctcaggt

cccaacgcga

gggggacacg

gccactggac
tcctgeagtt
gcaacacctc
tgcggaacca
cccagcaggc
cactgttcca
tccccaagga
tcatcacccc
catggtacga
cagctccccg
tggacaccat
tcacaaccac
gagaggcccg
gggcctacac
gtgtgaccag
cggcgeccca
acaccaaggt
ggtgttagcc
agagcctgtg
ctgggcacta
tggcccccaa
agggctgctc
gggtagtatt
ggaggtgteg

ccgecttcecg

14322_12-304.txt

cccatttgtg

gggggacgtg
taacctgctg
agaggagctg
caacagcctg
catgaggaag
ccaggcccac
ctctagcacc
agtgctccag
cctgcagacg
tgagccagcc
caacgtccac
agagtcccgc
aggggagceteg
acaggtcatc
tgagggagct
gcaggtcctc
cctggacatc
gegcggagtg
tgcgggcagce
accattccaa
cgtgtctagg
tgtgttaata
agccaccccc
ggtatgcacc

gctgcccaga

atctcccgcet
tggagctcct
ggggtgectc
tgtgtgegcet
ctcagtctgc

gccctcaccc

gtcgegegee
tggactgtgg
geegggaagyg
gtgccaatag
atccacagcg
ctccgggetg
cagcagccca
ttctgggacg
ttcctggecea
ggcctgeage
tccaacggtg
tgtgtctcegc
tgttagtctc
agctgtgtgc
gccgecgeat
agagctttct
agattgtaag
ctccatctgt
tgagctcctg

gggctggatg
Page 8

cgacctttge
gggagcagct
tggtcgggsc
ggacccagct
cccaggagcc
tgcgctacgc
agaccgtggc
accaccagct
ccgaagtgac
aggcccttgg
aggggcagtg
ggtacatcat
tggcectggc
atggagagag
ggaataacac
tgcagaaggt
tcectgtcetc
tgttgatggg
tccagaggga

gggcctgggs

cgcttgttte
ccctagatcg
gtttgccctc
tcccagceacc
cttcgegect

cctgeeggtce

tggccacggc

cgcctectec
cgacgtctgc
gegggccttce
gtacagcttc
actcctcccc
ccggeccctce
cctgtgggss
tggctacttc
cagcctccca
ggtgacgctg
ccccctgeag
tgtggcectg
cctggaagtg
gatcgtgaat
gactgtcctg
caacttcacc
agagcagttt
ggctggttcc
gttgcatgtg
cacctcctgg
cactgtgggc
ctcacctgtt
ggagaagees
gctgetetge

cccgagcaag

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



14322_12-304.txt

cctgggaact caggaaaatt cacaggactt gggagattct aaatcttaag tgcaattatt 3600
ttaataaaag gggcatttgg aatc 3624
<210> 3

<211> 952

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 3
Met Gly Val Arg His Pro Pro Cys Ser His Arg Leu Leu Ala Val Cys
1 5 10 15

Ala Leu Val Ser Leu Ala Thr Ala Ala Leu Leu Gly His Ile Leu Leu
20 25 30

His Asp Phe Leu Leu Val Pro Arg Glu Leu Ser Gly Ser Ser Pro Val
35 40 45

Leu Glu Glu Thr His Pro Ala His Gln Gln Gly Ala Ser Arg Pro Gly
50 55 60

Pro Arg Asp Ala Gln Ala His Pro Gly Arg Pro Arg Ala Val Pro Thr
65 70 75 80

Gln Cys Asp Val Pro Pro Asn Ser Arg Phe Asp Cys Ala Pro Asp Lys
85 90 95

Ala Ile Thr Gln Glu Gln Cys Glu Ala Arg Gly Cys Cys Tyr Ile Pro
100 105 110

Ala Lys Gln Gly Leu Gln Gly Ala Gln Met Gly Gln Pro Trp Cys Phe
115 120 125

Phe Pro Pro Ser Tyr Pro Ser Tyr Lys Leu Glu Asn Leu Ser Ser Ser
130 135 140

Page 9



14322 12-304.txt
Glu Met Gly Tyr Thr Ala Thr Leu Thr Arg Thr Thr Pro Thr Phe Phe
145 150 155 160

Pro Lys Asp Ile Leu Thr Leu Arg Leu Asp Val Met Met Glu Thr Glu
165 170 175

Asn Arg Leu His Phe Thr Ile Lys Asp Pro Ala Asn Arg Arg Tyr Glu
180 185 190

Val Pro Leu Glu Thr Pro Arg Val His Ser Arg Ala Pro Ser Pro Leu
195 200 205

Tyr Ser Val Glu Phe Ser Glu Glu Pro Phe Gly Val Ile Val His Arg
210 215 220

Gln Leu Asp Gly Arg Val Leu Leu Asn Thr Thr Val Ala Pro Leu Phe
225 230 235 240

Phe Ala Asp Gln Phe Leu Gln Leu Ser Thr Ser Leu Pro Ser Gln Tyr
245 250 255

Ile Thr Gly Leu Ala Glu His Leu Ser Pro Leu Met Leu Ser Thr Ser
260 265 270

Trp Thr Arg Ile Thr Leu Trp Asn Arg Asp Leu Ala Pro Thr Pro Gly
275 280 285

Ala Asn Leu Tyr Gly Ser His Pro Phe Tyr Leu Ala Leu Glu Asp Gly
290 295 300

Gly Ser Ala His Gly Val Phe Leu Leu Asn Ser Asn Ala Met Asp Val
305 310 315 320

Val Leu Gln Pro Ser Pro Ala Leu Ser Trp Arg Ser Thr Gly Gly Ile
325 330 335

Leu Asp Val Tyr Ile Phe Leu Gly Pro Glu Pro Lys Ser Val Val Gln
340 345 350
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14322 12-304.txt
Gln Tyr Leu Asp Val Val Gly Tyr Pro Phe Met Pro Pro Tyr Trp Gly
355 360 365

Leu Gly Phe His Leu Cys Arg Trp Gly Tyr Ser Ser Thr Ala Ile Thr
370 375 380

Arg Gln Val Val Glu Asn Met Thr Arg Ala His Phe Pro Leu Asp Val
385 390 395 400

Gln Trp Asn Asp Leu Asp Tyr Met Asp Ser Arg Arg Asp Phe Thr Phe
405 410 415

Asn Lys Asp Gly Phe Arg Asp Phe Pro Ala Met Val Gln Glu Leu His
420 425 430

Gln Gly Gly Arg Arg Tyr Met Met Ile Val Asp Pro Ala Ile Ser Ser
435 440 445

Ser Gly Pro Ala Gly Ser Tyr Arg Pro Tyr Asp Glu Gly Leu Arg Arg
450 455 460

Gly Val Phe Ile Thr Asn Glu Thr Gly Gln Pro Leu Ile Gly Lys Val
465 470 475 480

Trp Pro Gly Ser Thr Ala Phe Pro Asp Phe Thr Asn Pro Thr Ala Leu
485 490 495

Ala Trp Trp Glu Asp Met Val Ala Glu Phe His Asp Gln Val Pro Phe
500 505 510

Asp Gly Met Trp Ile Asp Met Asn Glu Pro Ser Asn Phe Ile Arg Gly
515 520 525

Ser Glu Asp Gly Cys Pro Asn Asn Glu Leu Glu Asn Pro Pro Tyr Val
530 535 540

Pro Gly Val Val Gly Gly Thr Leu Gln Ala Ala Thr Ile Cys Ala Ser
545 550 555 560
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14322 12-304.txt
Ser His Gln Phe Leu Ser Thr His Tyr Asn Leu His Asn Leu Tyr Gly
565 570 575

Leu Thr Glu Ala Ile Ala Ser His Arg Ala Leu Val Lys Ala Arg Gly
580 585 590

Thr Arg Pro Phe Val Ile Ser Arg Ser Thr Phe Ala Gly His Gly Arg
595 600 605

Tyr Ala Gly His Trp Thr Gly Asp Val Trp Ser Ser Trp Glu Gln Leu
610 615 620

Ala Ser Ser Val Pro Glu Ile Leu Gln Phe Asn Leu Leu Gly Val Pro
625 630 635 640

Leu Val Gly Ala Asp Val Cys Gly Phe Leu Gly Asn Thr Ser Glu Glu
645 650 655

Leu Cys Val Arg Trp Thr Gln Leu Gly Ala Phe Tyr Pro Phe Met Arg
660 665 670

Asn His Asn Ser Leu Leu Ser Leu Pro Gln Glu Pro Tyr Ser Phe Ser
675 680 685

Glu Pro Ala Gln Gln Ala Met Arg Lys Ala Leu Thr Leu Arg Tyr Ala
690 695 700

Leu Leu Pro His Leu Tyr Thr Leu Phe His Gln Ala His Val Ala Gly
705 710 715 720

Glu Thr Val Ala Arg Pro Leu Phe Leu Glu Phe Pro Lys Asp Ser Ser
725 730 735

Thr Trp Thr Val Asp His Gln Leu Leu Trp Gly Glu Ala Leu Leu Ile
740 745 750

Thr Pro Val Leu Gln Ala Gly Lys Ala Glu Val Thr Gly Tyr Phe Pro
755 760 765
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Leu

Ser

785

Glu

His

Thr

Lys

Leu

865

Arg

Ala

Pro

Ser

Glu
945

Gly

770

Leu

Gly

Leu

Thr

Gly

850

Glu

Asn

Gly

Gln

Pro

930

Gln

<210> 4
<211> 952
<212> PRT
<213> Artificial Sequence

Thr

Pro

Gln

Arg

Glu

835

Gly

Val

Asn

Leu

Gln

915

Asp

Phe

Trp

Pro

Trp

Ala

820

Ser

Glu

Leu

Thr

Gln

900

Val

Thr

Leu

Tyr

Pro

Val

805

Gly

Arg

Ala

Glu

Ile

885

Leu

Leu

Lys

Val

Asp

Pro

790

Thr

Tyr

Gln

Arg

Arg

870

Val

Gln

Ser

Val

Ser
950

Leu

775

Ala

Leu

Ile

Gln

Gly

855

Gly

Asn

Lys

Asn

Leu

935

Trp

Gln

Ala

Pro

Ile

Pro

840

Glu

Ala

Glu

Val

Gly

920

Asp

Cys

14322_12-304.txt

Thr Val Pro Ile Glu

Pro Arg

Ala Pro
810

Pro Leu
825

Met Ala

Leu Phe

Tyr Thr

Leu Val

890

Thr Val
905

Val Pro

Ile Cys

Page 13

Glu

795

Leu

Gln

Leu

Trp

Gln

875

Arg

Leu

Val

Val

780

Pro

Asp

Gly

Ala

Asp

860

Val

Val

Gly

Ser

Ser
940

Ala

Thr

Pro

Val

845

Asp

Ile

Thr

Val

Asn

925

Leu

Ala

Ile

Ile

Gly

830

Ala

Gly

Phe

Ser

Ala

910

Phe

Leu

Leu

His

Asn

815

Leu

Leu

Glu

Leu

Glu

895

Thr

Thr

Met

Gly

Ser

800

Val

Thr

Thr

Ser

Ala

880

Ala

Tyr

Gly



<220>
<223> Description of Artificial
polypeptide

<400> 4
Met Gly Val Arg His

1

Ala

His

Leu

Pro

65

Gln

Ala

Ala

Phe

Glu

145

Pro

Asn

Leu

Asp

Glu

50

Arg

Cys

Ile

Lys

Pro

130

Met

Lys

Arg

Val

Phe

35

Glu

Asp

Asp

Thr

Gln

115

Pro

Gly

Asp

Leu

Ser

20

Leu

Thr

Ala

Val

Gln

100

Gly

Ser

Tyr

Ile

His
180

5

Leu

Leu

His

Gln

Pro

85

Glu

Leu

Tyr

Thr

Leu

165

Phe

Pro

Ala

Val

Pro

Ala

70

Pro

Gln

Gln

Pro

Ala

150

Thr

Thr

Pro

Thr

Pro

Ala

55

His

Asn

Cys

Gly

Ser

135

Thr

Leu

Ile

Cys

Ala

Arg

40

His

Pro

Ser

Glu

Ala

120

Tyr

Leu

Arg

Lys

14322_12-304.txt

Sequence: Synthetic

Ser His
10

Ala Leu
25

Glu Leu

Gln Gln

Gly Arg

Arg Phe
90

Ala Arg
105

Gln Met

Lys Leu

Thr Arg

Leu Asp

170

Asp Pro
185

Page 14

Arg

Leu

Ser

Gly

Pro

75

Asp

Gly

Gly

Glu

Thr

155

Val

Ala

Leu

Gly

Gly

Ala

60

Arg

Cys

Cys

Gln

Asn

140

Thr

Met

Asn

Leu

His

Ser

45

Ser

Ala

Ala

Cys

Pro

125

Leu

Pro

Met

Arg

Ala

Ile

30

Ser

Arg

Val

Pro

Tyr

110

Trp

Ser

Thr

Glu

Arg
190

Val

15

Leu

Pro

Pro

Pro

Asp

95

Ile

Cys

Ser

Phe

Thr

175

Tyr

Cys

Leu

Val

Gly

Thr

80

Lys

Pro

Phe

Ser

Phe

160

Glu

Glu



14322_12-304.txt

Val Pro Leu Glu Thr Pro His Val His Ser Arg Ala Pro Ser Pro Leu
195 200 205

Tyr Ser Val Glu Phe Ser Glu Glu Pro Phe Gly Val Ile Val Arg Arg
210 215 220

Gln Leu Asp Gly Arg Val Leu Leu Asn Thr Thr Val Ala Pro Leu Phe
225 230 235 240

Phe Ala Asp Gln Phe Leu Gln Leu Ser Thr Ser Leu Pro Ser Gln Tyr
245 250 255

Ile Thr Gly Leu Ala Glu His Leu Ser Pro Leu Met Leu Ser Thr Ser
260 265 270

Trp Thr Arg Ile Thr Leu Trp Asn Arg Asp Leu Ala Pro Thr Pro Gly
275 280 285

Ala Asn Leu Tyr Gly Ser His Pro Phe Tyr Leu Ala Leu Glu Asp Gly
290 295 300

Gly Ser Ala His Gly Val Phe Leu Leu Asn Ser Asn Ala Met Asp Val
305 310 315 320

Val Leu Gln Pro Ser Pro Ala Leu Ser Trp Arg Ser Thr Gly Gly Ile
325 330 335

Leu Asp Val Tyr Ile Phe Leu Gly Pro Glu Pro Lys Ser Val Val Gln
340 345 350

Gln Tyr Leu Asp Val Val Gly Tyr Pro Phe Met Pro Pro Tyr Trp Gly
355 360 365

Leu Gly Phe His Leu Cys Arg Trp Gly Tyr Ser Ser Thr Ala Ile Thr
370 375 380

Arg Gln Val Val Glu Asn Met Thr Arg Ala His Phe Pro Leu Asp Val
385 390 395 400
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14322_12-304.txt

Gln Trp Asn Asp Leu Asp Tyr Met Asp Ser Arg Arg Asp Phe Thr Phe
405 410 415

Asn Lys Asp Gly Phe Arg Asp Phe Pro Ala Met Val Gln Glu Leu His
420 425 430

Gln Gly Gly Arg Arg Tyr Met Met Ile Val Asp Pro Ala Ile Ser Ser
435 440 445

Ser Gly Pro Ala Gly Ser Tyr Arg Pro Tyr Asp Glu Gly Leu Arg Arg
450 455 460

Gly Val Phe Ile Thr Asn Glu Thr Gly Gln Pro Leu Ile Gly Lys Val
465 470 475 480

Trp Pro Gly Ser Thr Ala Phe Pro Asp Phe Thr Asn Pro Thr Ala Leu
485 490 495

Ala Trp Trp Glu Asp Met Val Ala Glu Phe His Asp Gln Val Pro Phe
500 505 510

Asp Gly Met Trp Ile Asp Met Asn Glu Pro Ser Asn Phe Ile Arg Gly
515 520 525

Ser Glu Asp Gly Cys Pro Asn Asn Glu Leu Glu Asn Pro Pro Tyr Val
530 535 540

Pro Gly Val Val Gly Gly Thr Leu Gln Ala Ala Thr Ile Cys Ala Ser
545 550 555 560

Ser His Gln Phe Leu Ser Thr His Tyr Asn Leu His Asn Leu Tyr Gly
565 570 575

Leu Thr Glu Ala Ile Ala Ser His Arg Ala Leu Val Lys Ala Arg Gly
580 585 590

Thr Arg Pro Phe Val Ile Ser Arg Ser Thr Phe Ala Gly His Gly Arg
595 600 605
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Tyr

Ala

625

Leu

Leu

Asn

Glu

Leu

705

Glu

Thr

Thr

Leu

Ser

785

Glu

Ala

610

Ser

Val

Cys

His

Pro

690

Leu

Thr

Trp

Pro

Gly

770

Leu

Gly

Gly

Ser

Gly

Val

Asn

675

Ala

Pro

Val

Thr

Val

755

Thr

Pro

Gln

His

Val

Ala

Arg

660

Ser

Gln

His

Ala

Val

740

Leu

Trp

Pro

Trp

Trp

Pro

Asp

645

Trp

Leu

Gln

Leu

Arg

725

Asp

Gln

Tyr

Pro

Val
805

Thr

Glu

630

Val

Thr

Leu

Ala

Tyr

710

Pro

His

Ala

Asp

Pro

790

Thr

Gly
615

Ile

Gln

Ser

Met

695

Thr

Leu

Gln

Gly

Leu

775

Ala

Leu

Asp

Leu

Gly

Leu

Leu

680

Arg

Leu

Phe

Leu

Lys

760

Gln

Ala

Pro

14322_12-304.txt

Val Trp Ser

Gln

Phe

Gly

665

Pro

Lys

Phe

Leu

Leu

745

Ala

Thr

Pro

Ala

Phe

Leu

650

Ala

Gln

Ala

His

Glu

730

Glu

Val

Arg

Pro
810

Asn

635

Gly

Phe

Glu

Leu

Gln

715

Phe

Gly

Val

Pro

Glu

795

Leu

Page 17

Ser

620

Leu

Asn

Tyr

Pro

Thr

700

Ala

Pro

Glu

Thr

Val

780

Pro

Asp

Trp

Leu

Thr

Pro

Tyr

685

Leu

His

Lys

Ala

Gly

765

Glu

Ala

Thr

Glu

Gly

Ser

Phe

670

Ser

Arg

Val

Asp

Leu

750

Tyr

Ala

Ile

Ile

Gln

Val

Glu

655

Met

Phe

Tyr

Ala

Ser

735

Leu

Phe

Leu

His

Asn
815

Leu

Pro

640

Glu

Arg

Ser

Ala

Gly

720

Ser

Ile

Pro

Gly

Ser

800

Val



His

Thr

Lys

Leu

865

Arg

Ala

Pro

Ser

Glu
945

Leu

Thr

Gly

850

Glu

Asn

Gly

Gln

Pro

930

Gln

<210> 5
<211> 896
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<400> 5
Gln Gln Gly Ala Ser Arg Pro Gly Pro Arg Asp Ala Gln Ala His Pro

1

Arg

Glu

835

Gly

Val

Asn

Leu

Gln

915

Asp

Phe

Ala

820

Ser

Glu

Leu

Thr

Gln

900

Val

Thr

Leu

Gly

Arg

Ala

Glu

Ile

885

Leu

Leu

Lys

Val

5

Tyr

Gln

Arg

Arg

870

Val

Gln

Ser

Val

Ser
950

Ile

Gln

Gly

855

Gly

Asn

Lys

Asn

Leu

935

Trp

Ile

Pro

840

Glu

Ala

Glu

Val

Gly

920

Asp

Cys

14322_12-304.txt

Pro

825

Met

Leu

Tyr

Leu

Thr

905

Val

Ile

Leu

Ala

Phe

Thr

Val

890

Val

Pro

Cys

10

Page 18

Gln Gly Pro

Leu

Trp

Gln

875

Arg

Leu

Val

Val

Ala

Asp

860

Val

Val

Gly

Ser

Ser
940

Val

845

Asp

Ile

Thr

Val

Asn

925

Leu

Gly

830

Ala

Gly

Phe

Ser

Ala

910

Phe

Leu

Leu

Leu

Glu

Leu

Glu

895

Thr

Thr

Met

15

Thr

Thr

Ser

Ala

880

Gly

Ala

Tyr

Gly



Gly

Arg

Ala

Gln

65

Lys

Thr

Leu

Asp

His

145

Pro

Asn

Ser

Ser

Arg

Phe

Arg

50

Met

Leu

Arg

Asp

Pro

130

Ser

Phe

Thr

Thr

Pro
210

Pro

Asp

35

Gly

Gly

Glu

Thr

Val

115

Ala

Arg

Gly

Thr

Ser

195

Leu

Arg

20

Cys

Cys

Gln

Asn

Thr

100

Met

Asn

Ala

Val

Val

180

Leu

Met

Ala

Ala

Cys

Pro

Leu

85

Pro

Met

Arg

Pro

Ile

165

Ala

Pro

Leu

Val

Pro

Tyr

Trp

70

Ser

Thr

Glu

Arg

Ser

150

Val

Pro

Ser

Ser

Pro

Asp

Ile

55

Cys

Ser

Phe

Thr

Tyr

135

Pro

His

Leu

Gln

Thr
215

Thr

Lys

40

Pro

Phe

Ser

Phe

Glu

120

Glu

Leu

Arg

Phe

Tyr

200

Ser

14322_12-304.txt

Gln Cys Asp Val Pro

25

Ala Ile

Ala Lys

Phe Pro

Glu Met
90

Pro Lys
105

Asn Arg

Val Pro

Tyr Ser

Gln Leu

170

Phe Ala
185

Ile Thr

Trp Thr

Thr

Gln

Pro

75

Gly

Asp

Leu

Leu

Val

155

Asp

Asp

Gly

Arg

Page 19

Gln

Gly

60

Ser

Tyr

Ile

His

Glu

140

Glu

Gly

Gln

Leu

Ile
220

Glu

45

Leu

Tyr

Thr

Leu

Phe

125

Thr

Phe

Arg

Phe

Ala

205

Thr

Pro

30

Gln

Gln

Pro

Ala

Thr

110

Thr

Pro

Ser

Val

Leu

190

Glu

Leu

Asn

Cys

Gly

Ser

Thr

95

Leu

Ile

Arg

Glu

Leu

175

Gln

His

Trp

Ser

Glu

Ala

Tyr

80

Leu

Arg

Lys

Val

Glu

160

Leu

Leu

Leu

Asn



14322 12-304.txt
Arg Asp Leu Ala Pro Thr Pro Gly Ala Asn Leu Tyr Gly Ser His Pro
225 230 235 240

Phe Tyr Leu Ala Leu Glu Asp Gly Gly Ser Ala His Gly Val Phe Leu
245 250 255

Leu Asn Ser Asn Ala Met Asp Val Val Leu Gln Pro Ser Pro Ala Leu
260 265 270

Ser Trp Arg Ser Thr Gly Gly Ile Leu Asp Val Tyr Ile Phe Leu Gly
275 280 285

Pro Glu Pro Lys Ser Val Val Gln Gln Tyr Leu Asp Val Val Gly Tyr
290 295 300

Pro Phe Met Pro Pro Tyr Trp Gly Leu Gly Phe His Leu Cys Arg Trp
305 310 315 320

Gly Tyr Ser Ser Thr Ala Ile Thr Arg Gln Val Val Glu Asn Met Thr
325 330 335

Arg Ala His Phe Pro Leu Asp Val Gln Trp Asn Asp Leu Asp Tyr Met
340 345 350

Asp Ser Arg Arg Asp Phe Thr Phe Asn Lys Asp Gly Phe Arg Asp Phe
355 360 365

Pro Ala Met Val Gln Glu Leu His Gln Gly Gly Arg Arg Tyr Met Met
370 375 380

Ile Val Asp Pro Ala Ile Ser Ser Ser Gly Pro Ala Gly Ser Tyr Arg
385 390 395 400

Pro Tyr Asp Glu Gly Leu Arg Arg Gly Val Phe Ile Thr Asn Glu Thr
405 410 415

Gly Gln Pro Leu Ile Gly Lys Val Trp Pro Gly Ser Thr Ala Phe Pro
420 425 430
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14322 12-304.txt
Asp Phe Thr Asn Pro Thr Ala Leu Ala Trp Trp Glu Asp Met Val Ala
435 440 445

Glu Phe His Asp Gln Val Pro Phe Asp Gly Met Trp Ile Asp Met Asn
450 455 460

Glu Pro Ser Asn Phe Ile Arg Gly Ser Glu Asp Gly Cys Pro Asn Asn
465 470 475 480

Glu Leu Glu Asn Pro Pro Tyr Val Pro Gly Val Val Gly Gly Thr Leu
485 490 495

Gln Ala Ala Thr Ile Cys Ala Ser Ser His Gln Phe Leu Ser Thr His
500 505 510

Tyr Asn Leu His Asn Leu Tyr Gly Leu Thr Glu Ala Ile Ala Ser His
515 520 525

Arg Ala Leu Val Lys Ala Arg Gly Thr Arg Pro Phe Val Ile Ser Arg
530 535 540

Ser Thr Phe Ala Gly His Gly Arg Tyr Ala Gly His Trp Thr Gly Asp
545 550 555 560

Val Trp Ser Ser Trp Glu Gln Leu Ala Ser Ser Val Pro Glu Ile Leu
565 570 575

Gln Phe Asn Leu Leu Gly Val Pro Leu Val Gly Ala Asp Val Cys Gly
580 585 590

Phe Leu Gly Asn Thr Ser Glu Glu Leu Cys Val Arg Trp Thr Gln Leu
595 600 605

Gly Ala Phe Tyr Pro Phe Met Arg Asn His Asn Ser Leu Leu Ser Leu
610 615 620

Pro Gln Glu Pro Tyr Ser Phe Ser Glu Pro Ala Gln Gln Ala Met Arg
625 630 635 640

Page 21



14322 12-304.txt
Lys Ala Leu Thr Leu Arg Tyr Ala Leu Leu Pro His Leu Tyr Thr Leu
645 650 655

Phe His Gln Ala His Val Ala Gly Glu Thr Val Ala Arg Pro Leu Phe
660 665 670

Leu Glu Phe Pro Lys Asp Ser Ser Thr Trp Thr Val Asp His Gln Leu
675 680 685

Leu Trp Gly Glu Ala Leu Leu Ile Thr Pro Val Leu Gln Ala Gly Lys
690 695 700

Ala Glu Val Thr Gly Tyr Phe Pro Leu Gly Thr Trp Tyr Asp Leu Gln
705 710 715 720

Thr Val Pro Ile Glu Ala Leu Gly Ser Leu Pro Pro Pro Pro Ala Ala
725 730 735

Pro Arg Glu Pro Ala Ile His Ser Glu Gly Gln Trp Val Thr Leu Pro
740 745 750

Ala Pro Leu Asp Thr Ile Asn Val His Leu Arg Ala Gly Tyr Ile Ile
755 760 765

Pro Leu Gln Gly Pro Gly Leu Thr Thr Thr Glu Ser Arg Gln Gln Pro
770 775 780

Met Ala Leu Ala Val Ala Leu Thr Lys Gly Gly Glu Ala Arg Gly Glu
785 790 795 800

Leu Phe Trp Asp Asp Gly Glu Ser Leu Glu Val Leu Glu Arg Gly Ala
805 810 815

Tyr Thr Gln Val Ile Phe Leu Ala Arg Asn Asn Thr Ile Val Asn Glu
820 825 830

Leu Val Arg Val Thr Ser Glu Gly Ala Gly Leu Gln Leu Gln Lys Val
835 840 845
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14322 12-304.txt
Thr Val Leu Gly Val Ala Thr Ala Pro Gln Gln Val Leu Ser Asn Gly
850 855 860

Val Pro Val Ser Asn Phe Thr Tyr Ser Pro Asp Thr Lys Val Leu Asp
865 870 875 880

Ile Cys Val Ser Leu Leu Met Gly Glu Gln Phe Leu Val Ser Trp Cys
885 890 895
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