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METHODS AND COMPOSITIONS FOR TRANSGENE EXPRESSION
IN A HERPESVIRUS VECTOR SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to and the benefit of U.S. Provisional
Application No. 61/938,455, filed February 11, 2014, U.S. Provisional Application No.
62/061,945, filed October 9, 2014, U.S. Provisional Application No. 61/938,454, filed
February 11, 2014, and U.S. Provisional Application No. 62/061,943, filed October 9,

2014, which are hereby incorporated herein by reference in their entireties.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety.
Said ASCII copy, created on February 11, 2015, is named 7230-186WO_SL.txt and is
24,620 bytes in size.

FIELD OF THE INVENTION
The present invention is directed to a method for the delivery and expression of a

polynucleotide of interest via a herpesvirus vector system.

BACKGROUND OF THE INVENTION

Herpesviruses represent a group of double-stranded DNA viruses distributed
widely within the animal kingdom. Various forms of genetic engineering have been
performed on herpesviruses which has resulted in the construction of viral vectors in
which the viral genome contains deletions/modifications of certain genomic sequences
and further comprises heterologous nucleic acid (e.g., DNA) sequences. Such viral
vectors can infect a target cell and express the heterologous sequence. In effect, the virus
becomes an elaborate delivery system for the heterologous nucleic acid sequence of
interest. Such compositions find particular use in the fields of gene therapy, drug

delivery and vaccine development.
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Methods continue to be needed in the art to improve the herpesvirus vector

systems and their ability to express nucleic acid sequences of interest.

SUMMARY OF THE INVENTION

Compositions comprising a replication-competent herpesvirus vector system
and/or a herpesvirus vector particle are provided. The various replication-competent
herpesvirus vectors and particles provided herein comprise a polynucleotide comprising a
heterologous recombinant transgene of interest operably linked to a promoter, wherein
the recombinant transgene has been modified to comprise a codon usage signature of at
least one herpesvirus late gene. Such compositions find use in a variety of methods
including, for example, methods of generating an immune response against an antigen of
interest in a subject in need thereof and methods for treating or preventing cancer and
microbial infection comprising administering to a subject a therapeutically effective

amount of the replication competent herpesvirus particle disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides an alignment of the SIVgp160 wild type nucleotide sequence
(SEQ ID NO: 1) aligned with the codon-altered SIVgp160 nucleotide sequence (SEQ ID
NO: 3).

Figure 2 provides an alignment of the SIVgp160 wild type polypeptide (SEQ ID
NO: 2) aligned with the codon-altered SIVgp160 polypeptide (SEQ ID NO: 4).

Figure 3 provides the codon usage of the gH polypeptide of rhesus monkey
rhadinovirus compared to the codon usage found in humans.

Figure 4 provides a summary of the codon changes made to SIVgp160.

Figure 5 provides a schematic of SIV239 n.o. gp160 vs. d.o. gp160.

Figure 6 shows the expression of SIVmac239-SD-gp160.

Figure 7 shows the expression of SIVmac239 SD-gp160.

Figure 8§ shows the codon usage of STV239gp160 verses that of HIV-1gp160.

Figure 9 shows the codon usage of the human exome verses that of SIV239
gpl160.

Figure 10 shows the codon usage of the human exome verses that of RRV gH.
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Figure 11 shows the codon usage of SIVgp160 verses that of RRV gH.

Figure 12 provides schematics of various constructs. Figure 12 discloses SEQ ID
NO: 5.

Figure 13 provides a summary of the codon changes made to gH (gp160-like).

Figure 14 provides an SIV ELISA time course from two monkeys that received
recombinant RRV-SIVenv (d.o.).

Figure 15 provides a neutralization assay of RRV-SIV env against SIV 316.

Figure 16a-16d shows the influence of codon usage for SIV gp160 and RRV gH.
Figure 16a: Comparison of codon usage in SIV gp160 and RRV gH. The usage of each
indicated codon in RRV gH as % of all codons for that particular amino acid is plotted vs.
that for gp160 using a XY scatter plot with a linear regression line and a coefficient of
determination (R?). Codons with the most skewed usage between the two sequences are
those most appreciably removed from the regression line. To generate a codon-modified
(gH-like) SIV gp160, some codons of SIV gp160 (colored circles with x mark) were
changed into corresponding synonymous codons (colored circles) to reflect the codon
usage of RRV gH. To generate a codon-modified (gp160-like) RRV gH, codon changes
were performed in the exact opposite direction. Figure 16b: Schematic representation of
expression cassettes with the codon-modified (gH-like) SIV gp160 and codon-modified
(gp160-like) RRV gH sequence. Rev exonl, splicing donor (SD) sequence (indicated by
* aaacaagtaagt (SEQ ID NO: 6)), and rev-response element (RRE) are shown. Each
codon change is represented by a vertical line above the box. Figure 16¢: Expression
cassettes of gpl160 with the unmodified (U) (lanes 1, 3, and 5), and codon-modified (M,
gH-like) SIV gp160 sequence (lanes 2, 4, and 6) were transfected into 293T cells together
with either control, rev, or orf57 expression plasmid. The expression of gp160 was
detected using kk41 antibody. The expression of orf57 and rev was detected using a v5
antibody. Figure 16d: Expression cassettes of gH with the unmodified (U) or codon-
modified (M, gp160-like) RRV gH sequence with or without flanking splicing donor
(SD, ctaatacatcttctgcatcaaacaagtaagt (SEQ ID NO: 5)) and RRE sequences was
transfected into 293T cells together with either control, rev, or orf57 expression plasmid.

The expressions of RRV gH, orf57, and rev were detected using a v5 antibody.
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Figure 17 shows the induction of luciferase from the expression cassettes with
unmodified and codon-modified luciferase sequences. The coding sequence of firefly
luciferase was modified to make it gp160-like or gH-like (GCC->GCA, CGC->AGQG,
CGG->AGG, AAC->AAT, TGC->TGT, ATC->ATA, CTG->TTG, CCG->CCA, TAC-
>TAT, and GTT->GTA to make gp160-like firefly luciferase; GCC->GCA, GAC->GAT,
TGC->TGT, ATC->ATA, CTC->TTG, CTG->TTA, AAG->AAA, TTC->TTT, TAC-
>TAT and GTC->GTA to make gH-like firefly luciferase) and they were further
modified by 6 additional codon changes listed in Table 2. Each luciferase sequence was
flanked with splicing donor sequence (ctaatacatcttctgcatcaaacaagtaagt (SEQ ID NO: 5))
and the RRE. The levels of firefly luciferase expression from each expression cassette in
the presence of empty vector, orfS7, or rev were measured. The levels of renilla
luciferase expression from a pRL-SV plasmid (Promega) were used for calibration of
transfection efficiency among the samples.

Figure 18a-18f shows the regulation of SIV gp160 expression by schlafens.
Expression cassettes for gp160 with the unmodified (U) or codon-modified (M, gH-like)
SIV gp160 sequence, schlafens, orf57, and rev were transfected into 293T cells as
indicated. The expression of each protein was detected using corresponding antibodies by
immunoblotting. Each well of 293T cells on a 6-well plate was transfected with
increasing amounts of plasmid DNAs (ug) indicated. Figure 18a: Induction of gp160
from the expression cassette with the unmodified SIV gp160 sequence by rev and its
abrogation by schlafens. Figure 18b: Induction of gp160 from the expression cassette
with the codon-modified (gH-like) SIV gp160 sequence by orf57 and its abrogation by
schlafens. The band indicated by * is a degradation product of orf57. Figure 18c:
Schlafen14 inhibits rev-mediated rescue of gp160 expression from the expression cassette
with the unmodified (U) SIV gp160 sequence in a dose-dependent manner. Figure 18d:
Schlafen 14 inhibits orf57-mediated rescue of gp160 expression from the expression
cassette with the codon-modified (M) SIV gp160 (gH-like) sequence in a dose-dependent
manner. Figure 18e: Rev rescues schlafen 14-mediated inhibition of gp160 expression
from the expression cassette with the unmodified gp160 sequence in a dose-dependent

manner. Figure 18f: Orf57 rescues schlafen 14-mediated inhibition of gp160 expression
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from the expression cassette with the codon-modified (gH-like) gp160 sequence in a
dose-dependent manner.

Figure 19a-19b shows the interaction of schlafen 14 with rev and orf57.

Figure 19a: Rev and orf57 from transfected cells were immunoprecipitated using a mouse
v5 antibody. Any co-precipitated schlafen 14 protein in immunoprecipitated fractions
was detected using an anti-FLAG antibody. Figure 19b: Streptactin pull-down of rev and
ort57 with or without nuclease treatments. Samples were treated with DNase I (D, 3ul)
and RNase A (R, 3ul) for 30 minutes at 37°C where indicated. The co-purified schlafen
14 proteins were detected using an anti-FLAG antibody.

Figure 20a-20b shows the elicitation of anti-env antibodies by recombinant RRV
with codon-modified gp160 sequence. Figure 20a: Recombinant RRVs harboring codon-
modified (gH-like) gp160 sequence were inoculated into two rhesus macaques (9 x 10’
genome copies/animal) and levels of anti-SIV envelope antibodies were measured by an
enzyme-linked immunosorbent assay (ELISA). Figure 20b: Neutralization of SIV316 by
sera taken at weeks 17 and 33 post-inoculation with rRRV with codon-modified gp160
sequence. SPF denotes negative control sera from specific pathogen free animals.

Figure 21a-21b shows codon usage of late gene products of five persistent
viruses. Figure 21a: The usage (%) of each codon in RRV gH, SIV gp160, simian virus40
(SV40) VP1, human papilloma virus16 (HPV16) L1, or human adenovirus2 (hAV2) fiber
was plotted on x axis vs. the codon usage of human exome sequences on Y axis. Also
shown is coefficient of determination (Rz). Enterovirus C P1 was included as a
comparison. Figure 21b: Expression of SV40 VPI from the unmodified (lane 1) or
codon-optimized (lane 2) sequence.

Figure 22a-22c¢ shows the effect of rev and orf57 on their target RNA levels.
Expression cassette of gp160 with the unmodified (U) or codon-modified (M, gH-like)
gp160 sequence, schlafen 14, and orf57, and rev were transfected into 293T cells as
indicated. Total cellular RNAs were purified and gp160-specific RNAs were measured
(copies/lig RNA) by a real time RT-PCR. Standard deviations from triplicates were
indicated with error bars. Figure 22a: The change of RNA levels of codon-modified (M,
gH-like) gp160 by expression of rev or orf57. Shown below the bar graph were the

corresponding protein levels of gp160 measured by a immunoblotting using the part of
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cell pellets. Figure 22b: The change of RNA levels of unmodified (U) gp160 by
expression of rev or orf57. Shown below the bar graph were the corresponding protein
levels of gp160 measured by a immunoblotting using the part of cell pellets. Figure 22c:
The ratio of gp160 RNA from expression cassette with the unmodified (U) gp160
sequence between cytoplasm (C) and nucleus (N) in transient over-expression. Total
RNAs from each compartment were isolated and the amount of SIV gp160-specific RNA
was measured by a real time RT-PCR. The ratio of gp160 RNA (cytoplasm over nucleus)
was presented with error bars. RNA fractions from each compartment were analyzed by a
glyoxal-based agarose gel and it revealed that 32S and 45S RNAs were found only in the
nuclear but not cytoplasmic fraction (data not shown).

Figure 23 shows the delayed expression of SIV gp160 by recombinant RRV with
codon-modified gp160 sequence. Recombinant RRVs expressing gp160 from
expression-optimized (e.o) or codon-modified (c.m) (gH-like) sequence were made and
tittered by qPCR. Each well of rhesus fibroblast cells on a 6-well plates was infected with
equal amount of each recombinant RRV (1.0 x 10° genome copies) and harvested at the
indicated time points. Expression of gp160 and RRV viral proteins was measured using
an anti-gp120 (3.11H) antibody and anti-RRV whole sera, respectively. P.I denotes post-

infection.

DETAILED DESCRIPTION OF THE INVENTION

L Overview

Persisting viruses, such as the herpesviruses and the human AIDS virus HIV,
temporally regulate the expression of their gene products. Structural gene products of the
virus, such as the capsid protein and envelope protein, are expressed late in the lytic
cycle. As demonstrated herein, when herpesviruses are used as gene expression vectors,
it is useful to regulate expression of the inserted transgene as a late gene product.
Specifically, temporal regulation of the expression of the transgene inserted into a
herpesvirus vector can be achieved by altering the codon usage of the transgene to reflect
the codon usage signature of the herpesvirus late genes. In the presence of a
corresponding trans-inducer, the herpesvirus vector systems comprising a transgene of

interest (e.g., a transgene encoding an antigen such as a microbial antigen or a tumor-
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associated antigen) having a codon usage signature of the herpesvirus late genes, find use
in producing an increased immune response against the antigen encoded by the transgene
of interest (“antigen of interest”) when compared to other known herpesvirus vector
systems which do not employ the codon usage signatures disclosed herein. Thus, in
specific embodiments, various methods and compositions are provided for improving an
immune response against an antigen of interest (e.g., a microbial antigen or a tumor-

associated antigen).

I, Codon Usage Signature of Herpesvirus Late Genes

Methods and compositions are provided which employ a codon usage signature of
at least one herpesvirus late gene. As used herein a, “herpesvirus late gene” comprises a
polynucleotide encoding a herpesvirus protein required for virus assembly and egress.
Such genes either show an increased expression following the replication of the viral
genome, or alternatively, are expressed exclusively after and are dependent upon viral
DNA replication. Representative herpesvirus late genes include structural proteins of the
capsid, tegument, and envelope. In a specific embodiment, the herpesvirus late gene
comprises a glycoprotein. Herpesvirus late genes that encode glycoproteins can include,
for example, glycoprotein B (gB), gC, gD, gH and gL.

A codon is a series of three nucleotides that encodes a specific amino acid residue
or encode for the termination of translation (stop codons). As used herein, the term
“codon usage” refers to the frequency with which the various alternative codons are used
to specify an amino acid in a given organism. There are 64 different codons (61 codons
encoding for amino acids plus 3 stop codons) but only 20 different translated amino
acids. The overabundance in the number of codons allows many amino acids to be
encoded by more than one codon. Because of such redundancys, it is said that the genetic
code is degenerate. Different organisms and/or different protein groups (i.e., herpesvirus
late genes) and/or a given protein coding region often show particular preferences for one
of the several codons that encode the same amino acid. In other words, a greater
frequency of one codon will be found than expected by chance. The codon usage of any
organism and/or polypeptide can be determined through a routine analysis of the

polynucleotide encoding the polypeptide of interest. Thus, the codon usage of any given
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herpesvirus late gene or for any given group of herpesvirus late genes can be readily
determined.

As used herein, a “codon usage signature” is intended a codon usage that is
similar to (or in some instances identical to) the codon usage of a given target sequence
(i.e., to a given herpesvirus late gene) or to a consensus codon usage derived from a
group of target sequences (i.e., to a consensus codon usage derived from a group of
herpesvirus late genes). A codon usage signature is “similar” to the codon usage of a
given herpesvirus late gene if an engineered transgene of interest (e.g., transgene
encoding a microbial antigen or tumor-associated antigen) comprising the herpesvirus
late gene codon usage signature, when expressed in the corresponding herpesvirus vector,
displays a temporal expression pattern of the herpesvirus late gene and/or results in an
increased immune response when the herpesvirus vector particle having said transgene is
introduced into a subject. The phrase “codon usage signature” as used herein can refer to
the heterologous transgene of interest and to the antigen of interest.

Methods of generating a transgene of interest having a codon usage signature for
a herpesvirus late gene are provided herein in Example 1 and in Figures 1, 2, 4 and 13.
As demonstrated herein, the design of the codon usage signature is influenced both by the
codon usage of the at least one herpesvirus late gene being used and the codon usage
already present in the transgene of interest. Codons to be changed in the transgene of
interest can include, for example, codons in the “natural” transgene of interest that are
highly utilized in the “natural” transgene of interest and/or codons in the “natural”
transgene of interest that are not extensively utilized in a given herpesvirus late gene.
Such codons would then be changed to codons that are highly utilized in the given
herpesvirus late gene and/or changed to codons that are not extensively utilized in the
natural transgene of interest sequence.

In generating a codon usage signature of a herpesvirus late gene, the total number
of codons changed in the transgene of interest can be at least 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%, 30%, 35%, 40% or greater of
the total number of codons in the transgene. Alternatively, the total number of codon
changes in the transgene of interest can be at least 1, 5, 10, 15, 20, 25, 30, 35, 45, 55, 65,
75, 85,95, 105, 115, 125, 135, 145 or greater.
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In one non-limiting embodiment, the codons of a transgene encoding a tumor-
associated antigen of interest are altered, without changing their amino acid-coding
specificities, in order to reflect the codon usage of the late gene of the herpesvirus of
interest.

In one non-limiting embodiment, 10.5% of the codons of SIV gp160 (93 of 880)
were altered, without changing their amino acid-coding specificities, in order to reflect
the codon usage of RRV gH. Six codons of relatively high prevalence in SIV gp160
were selected for change to a different codon encoding that same amino acid. The six
codons selected for change were in general sparsely used (i.e., used less than 25%, less
than 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1% or 0%) in glycoprotein H (gH) of the rhesus monkey rhadinovirus
(RRV). The new codons reflected ones of high prevalence (greater than 15%, 18%, 19%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%. 85%, 87% or
greater) in glycoprotein H of the rhesus monkey rhadinovirus and in general relatively
low prevalence (less than 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or less) in
the human exome. See Figure 4. These changes resulted in a gp160 reading frame whose
codon usage more closely resembled that of RRV gH, a gp160 reading frame that was no
longer inducible by the natural trans-inducer rev but this gp160 reading frame was now
trans-induced by the RRV trans-inducer orf 57. Similar methods could be used to alter
trans-inducibility in other herpesviral systems, for example by changing the reading
frames to reflect the abnormal codon usage in glycoproteins of other hepresviruses.

In still other non-limiting embodiments, the at least one or more codons selected
for change in the transgene of interest are in general sparsely used (i.e., used less than
25%, less than 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1% or 0%) in the late gene of the herpesvirus of interest. The
new codons engineered into the transgene of interest reflect codons of higher prevalence
(at least or greater than 15%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75% 80% or greater) in the herpesvirus late gene of interest and in
general are of relatively low prevalence (less than 45%, 40%, 35%, 30%, 25%, 20%,

15%, 10%, 5% or less) in the human exome.
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Similar methods could be used to alter trans-inducibility in any herpesviral
systems, for example, by changing the reading frames to reflect the abnormal codon
usage in glycoproteins of any of the herpesviruses.

A non-limiting example, of a SIV gp160 coding sequence having an RRV gH
codon usage signature is set forth in SEQ ID NO: 3. Variants and fragments of such a
sequence are also provided. Such variants and fragments of the gp160 will retain the
ability to display a temporal expression pattern of the herpesvirus late gene when
expressed from an appropriate herpesvirus vector and/or result in an increased immune
response when the herpesvirus vector particle having the transgene is introduced into a
subject.

The term “corresponding” or “corresponds” when used to refer a herpesvirus
particle or a herpesvirus vector system and a herpesvirus late gene is intended that the
herpesvirus late gene was native to or derived from the given herpesvirus being used. For
example, if a replication-competent herpesvirus vector or vector system is derived from
herpesvirus KSHV (Kaposi’s Sarcoma-Associated Herpesvirus), then a herpesvirus late
gene (e.g., herpesvirus glycoprotein H (gH)) that corresponds to the replication-
competent herpesvirus vector or vector system is a late gene (e.g., gH) from herpesvirus

KSHV.

1. The Herpesvirus Vector Svstems and Particles

Herpesviruses represent a group of double-stranded DNA viruses distributed
widely within the animal kingdom. The family Herpesviridae comprises three
subfamilies, namely Alphaherpesvirinae, Betaherpesvirinae and Gammaherpesvirinae.
Gammaherpesviruses belong to four separate genera: Lymphocryptovirus, Rhadinovirus,
Macavirus and Percavirus. Herpesvirus from the subfamily Alphaherpesvirinae include
viruses from the genus Simplexvirus, such as, Bovine herpesvirus 2; Cercopithecine
herpesvirus 1 (also known as Herpes B virus), Ateline herpesvirus 1, and Spider monkey
herpesvirus. Herpesvirus from the genus Varicellovirus include, Bovine herpesvirus 1,
Bovine herpesvirus 5, Caprine herpesvirus 1, Porcine herpesvirus 1, Equine herpesvirus
1, Equine herpesvirus 3, Equine herpesvirus 4, Canine herpesvirus 1, Feline herpesvirus

1, and Duck herpesvirus 1. Herpesvirus from the genus Mardivirus include Gallid

- 10 -
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herpesvirus 2, Gallid herpesvirus 3 (GaHV-3 or MDV-2), and Herpesvirus of turkeys
(HVT). Herpesvirus from the Genus Ilovirus include, for example, Gallid herpesvirus 1.
Herpesvirus from the subfamily Betaherpesvirinae include, for example, Porcine
herpesvirus 2. Herpesvirus from the subfamily Gammaherpesvirinae include virus from
the genus Rhadinovirus including, for example, Alcelaphine herpesvirus 1, Bovine
herpesvirus 4, Equine herpesvirus 2, and Equine herpesvirus 5.

The lymphocryptoviruses (gamma-1) can include Epstein-Barr virus (EBV) or
Human herpesvirus 4, Lymphocryptovirus of rhesus monkeys and Herpesvirus papio of
baboons. The rhadinoviruses (gamma-2) include Herpesvirus saimiri (HVS), Kaposi's
sarcoma-associated herpesvirus (KSHV) or Human herpesvirus 8, Rhesus monkey
rhadinovirus (RRV), Equine herpesvirus 2 and Murid herpesvirus 68. Of particular
interest within the Gammaherpesviruses are the two human viruses EBV and KSHV.
Such herpesviruses have been used to generate herpesvirus vectors.

As used herein, a “herpesvirus vector” refers to a recombinant herpesvirus
genome that has been modified to comprise a heterologous polynucleotide of interest.
The term “herpesvirus vector” can also refer to a herpesvirus particle produced from the
modified genome The herpesvirus vector is thereby designed to deliver the heterologous
polynucleotide of interest to a cell. A “herpesvirus vector system” refers to the various
polynucleotide components which comprise and encode the various parts of a herpesvirus
vector particle. As discussed elsewhere herein, a herpesvirus vector system can be
introduced into a cell and under appropriate culture conditions, a herpesvirus vector
“particle” is produced. The term “herpesvirus vector particle” refers to a complete viral
particle, consisting of RNA or DNA surrounded by a protein shell and constituting the
infective form of a herpesvirus.

The herpesvirus vector employed herein can be replication-competent. A
replication-competent herpesvirus vector particle or system comprises a modified
herpesvirus genome such that the virus retains the ability to replicate. In specific
embodiments, the replication-competent herpesvirus vector is an attenuated live virus
(i.e., a herpesvirus which has been modified or cultivated under conditions that reduce its
virulence). Various replication-competent viral vectors are known. See, for example,

Argnani et al. 2005 Gene Ther 12: S170-S177; Meignier et al. (1990) J Infect Dis

-11 -



10

15

20

25

30

WO 2015/123307 PCT/US2015/015432

162::313-321; Spector (1998) J Infect Dis 177:1143-1154 and Prichard et al. (2005)
Vaccine 23:5424-5431, and US Application Publications 20020151033 and
20130251747.

A replication-competent herpesvirus encodes a trans-inducer polypeptide. As
used herein, a “trans-inducer polypeptide” comprises a polypeptide that functions to
enhance the expression of delayed-early and late genes of a virus. It is recognized that
the trans-inducer can correspond to the replication-competent herpesvirus vector being
employed. The term “corresponding” or “corresponds” when used to refer a herpesvirus
particle or a herpesvirus vector system and a trans-inducer is intended that the trans-
inducer was native to or derived from the given herpesvirus being used. For example, a
trans-inducer comprising ORF57 from human KSHV will correspond to the herpesvirus
vector system of human KSHV. Alternatively, the herpesvirus vector can be manipulated
to comprise a trans-inducer from a different herpesvirus or an active variant or fragment
thereof. In such instances, the trans-inducer employed will continue to allow for the
production of a replication-competent viral particle and to enhance the expression of
delayed-early and late genes of the herpesvirus vector system from which it is expressed.

Various methods of making the herpesvirus vector systems and viral particles
disclosed herein are known. For example, BAC cloning and prokaryotic recombination
technology can be employed to generate a herpesvirus vector system which comprises the
transgene of interest having a codon usage signature of the herpesvirus late genes. See,
for example, Gille et al. (2004) Journal of General Biology 4:907-917 and United States
Paternt Application 20120076823, each of which is herein incorporated by reference in
their entirety. Such a system can be introduced into in a host cell by standard
transformation procedures. Such means include, but are not limited to, electroporation,
the use of liposomes, and CaPOj precipitation. See, for example, Ausabel ef al. (1994)
Current Protocols in Molecular Biology; John Wileg and Sons, Inc., and U.S. Patent No.
5,739,081, both of which are herein incorporated by reference.

As used herein, a “host cell” comprises any cell that the herpesvirus vector system
can be introduced into and/or a herpesvirus vector particle can infect. The host cell can
then be cultured (in vitro or in vivo) and thereby produce a herpesvirus vector particle.

Suitable host cells include, but are not limited to, prokaryotic or eukaryotic cells, e.g.
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bacterial cells (including gram positive cells), yeast cells, fungal cells, insect cells, and
animal cells or any cell of the subject being administered the herpesvirus vector particle.
Numerous mammalian cells may be used as host cells.

Methods for culturing the host cell under conditions in which the herpesvirus
vector is produced and for the subsequent isolation of herpesvirus vector particles are
also known in the art. For instance, the host cell comprising the herpesvirus vector
system may be cultured using standard culturing techniques. Such host cells may be
cultured in T-flasks, roller bottles, or bioreactors. Any acceptable culture medium may
be used.

Methods of isolating herpesvirus vector particles are known in the art. As used
herein, "purified herpesvirus vector particles” means a preparation of herpesvirus vector
particles containing at least 50%, 60%, 70%, 80% by weight, preferably at least 85% by
weight, and more preferably at least 90%, 93%, 95%, 98%, 99% by weight, of the

herpesvirus vector particles.

1V, Transgenes of Interest

Methods are provided to express a transgene of interest in a target cell. Ina
typical embodiment, a transgene of interest encodes an antigen of interest, such as, for
example, a microbial antigen or a tumor-associated antigen. As used herein, a
“transgene” refers to a polynucleotide which one desires to be expressed. The target cell
can be from any animal, and in specific embodiments the animal is a vertebrate, and more
particularly the vertebrate is a mammal. In specific embodiments, the vertebrate is a
human. In still other embodiments, the target cell is from an avian. In other
embodiments the vertebrate is a non-human vertebrate. Such non-human vertebrates
include, but are not limited to, rodents, non-human primates, ovines, bovines, ruminants,
lagomorphs, porcines, caprines, equines, murines, canines, felines, aves, etc. By
“subject” is intended a vertebrate, typically a mammal (e.g., primates, humans,
agricultural and domesticated animals such as, but not limited to, dogs, cats, cattle,
horses, pigs, sheep, and the like) or an avian. In one embodiment, the subject undergoing

treatment with the pharmaceutical formulations disclosed herein is a human.
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As used herein, a “tumor-associated antigen” comprises any antigen produced by
a tumor cell. A “tumor-associated antigen” can be an antigen present only in a tumor cell
and not on any other cell, or it may be an antigen present in some tumor cells and also in
some normal cells. Tumor-associated antigens can include, for example, products of
mutated oncogenes and tumor suppressor genes, overexpressed or aberrantly expressed
cellular proteins, tumor antigens produced by oncogenic viruses, oncofetal antigens,
altered cell surface glycolipids and glycoproteins or cell-type specific differentiation
antigens.

In one, non-limiting embodiment, the tumor-associated antigen comprises BAGE,
GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA, CEA,
Mammaglobin-A, pS3, HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m, Myosin/m,
HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H, WT1, PR1,

E75, ras, alpha fetoprotein (AFP), URLC10, VEGFR1 and 2, mutant p53, NY-ESO-1,
HPV16 E7, 3-catenin, CDK4, CDC27, o actinin-4, TRP1/gp75, TRP2, gangliosides,
PSMA, HER2, WT1, EphA3, EGFR, CD20, telomerase, MART-1 or any antigenic
portion thereof.

The transgene of interest used in the compositions and methods provided herein
can comprise any polynucleotide of interest and can be from any organism including, but
not limited to, rodents, non-human primates, ovines, bovines, ruminants, lagomorphs,
porcines, caprines, equines, murines, canines, felines, aves, humans, and/or microbes. As
used herein, a microbe includes any bacterial, viral, parasites, protozoan, mycoplasma,
fungus, yeast or prior. Additionally, the transgene of interest may be a variant of a
naturally occurring sequence or even a synthetic sequence.

A transgene of interest used in the methods and compositions disclosed herein
comprises a nucleotide sequence encoding a polypeptide. Such a sequence may be native
to the target cell of the herpesvirus vector (i.e., naturally expressed in the target cell) or
native to the backbone of the herpesvirus vector being employed or the nucleotide
sequence may be heterologous or foreign to the target cell or to the herpesvirus vector
being employed. As used herein, “heterologous” in reference to a sequence is a sequence

that originates from a foreign species, or, if from the same species, is substantially
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modified from its native form in composition and/or genomic locus by deliberate human
intervention.

While it is recognized that a variety of transgenes of interest may be used in the
methods and compositions disclosed herein, in one embodiment, the transgene of interest
comprises an antigen. As used herein the term “antigen” or “antigenic portion thereof”
refers to a substance which when introduced into the body stimulates the production of
antibodies (antigenicity). In specific embodiments, that antigen may further be
immunogenic. The term “immunogenic” refers to the ability of a substance to induce an
immune response when administered to an animal. Immunogenicity or antigenicity can
be assayed for by a variety of methods including, for example, by detecting binding to
antibody, various immunoassays known in the art, including but not limited to
competitive and non-competitive assay systems using techniques such as
radioimmunoassays, ELISA (enzyme linked immunosorbent assay), “sandwich”
immunoassays, immunoradiometric assays, gel diffusion precipitin reactions,
immunodiffusion assays, in vivo immunoassays (using colloidal gold, enzyme or
radioisotope labels, for example), Western blots, immunoprecipitation reactions,
agglutination assays (e.g., gel agglutination assays, hemagglutination assays),
complement fixation assays, immunofluorescence assays, protein A assays, and
immunoelectrophoresis assays, etc. Many means are known in the art for detecting
binding in an immunoassay and are envisioned for use. In one embodiment for detecting
immunogenicity, T cell-mediated responses can be assayed by standard methods, e.g., in
vitro cytoxicity assays or in vivo delayed-type hypersensitivity assays.

Various antigens (e.g., tumor-associated antigens, microbial antigens) or antigenic
portions thereof can be selected for use as antigens of interest from among those antigens
known in the art or determined by immunoassay to be able to bind to antibody or MHC
molecules (antigenicity) or generate an immune response (immunogenicity) as described
above. Additional, useful antigens or derivatives thereof can also be identified by various
criteria, such as the antigen's involvement in cancer (where it is desired to treat or prevent
cance) or in neutralization of a pathogen's infectivity (wherein it is desired to treat or
prevent infection by such a pathogen) (Norrby (1985) Vaccines 85, Lerner, et al. (eds.),
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y ., pp. 388-389), type or group
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specificity, recognition by patients' antisera or immune cells, and/or the demonstration of
protective effects of antisera or immune cells specific for the antigen. In addition, where
it is desired to treat or prevent a disease caused by pathogen, the antigen's encoded
epitope can display a small or no degree of antigenic variation in time or amongst
different isolates of the same pathogen.

While any antigen of interest can be employed in the methods and compositions
provided herein, non-limiting examples include tumor-associated antigens or antigenic
portions thereof that are associated with, derived from, or predicted to be associated with
a cancer. In such instances the tumor-associated antigen of interest can be from any
cancer cell, including, but not limited to, melanoma, lymphoma, leukemia, lung cancer,
bladder cancer, colon cancer, breast cancer, prostate cancer, esophageal cancer, liver
cancer, pancreatic cancer, ovarian cancer, non-small cell lung cancer, renal cancer,
neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic leukemia, sarcomas,
brain cancer, bone cancer, basal cell carcinoma, cervical cancer, colorectal cancer,
endometrial cancer, Ewing sarcoma, retinoblastoma, gastric cancer, gastrointestinal
cancer, testicular cancer, glioma, head and neck cancer, hepatocellular cancer, kidney
cancer, oral cancer, melanoma, multiple myeloma, nasopharyngeal cancer, thyroid
cancer, rectal cancer, skin cancer, squamous cell carcinoma, throat cancer, AIDS related
cancers such as Kaposi sarcoma and lymphoma, or any antigenic portion thereof.

Additional non-limiting examples of an antigen of interest include antigens or
antigenic portions thereof that are associated with, derived from, or predicted to be
associated with an infectious disease. In such instances the antigen of interest can be
from a microbe including from a bacterium, virus, protozoan, mycoplasma, fungus, yeast,
parasite, or prion. For example, but not by way of limitation, the antigen may be from a
human immunodeficiency virus (HIV) 1 or 2 (see below), a herpes virus such as herpes
simplex or herpes zoster, other retroviruses, such Human T-cell Lymphotropic Virus, a
hepatitis virus, an influenza virus, a rhinovirus, respiratory syncytial virus,
cytomegalovirus, adenovirus, Mycoplasma pneumoniae, polio viruses, hepatitis A virus,
human coxsackie viruses, echoviruses, equine encephalitis viruses, rubella viruses,
dengue viruses, encephalitis viruses, yellow fever viruses, coronaviruses, vesicular

stomatitis viruses, rabies viruses, Ebola viruses, parainfluenza viruses, mumps virus,
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measles virus, Hantaan viruses, bunga viruses, hemorrhagic fever viruses, reoviruses,
orbiviruses, rotaviruses, Hepatitis B virus, parvoviruses, papilloma viruses, polyoma
viruses, adenoviruses), herpes simplex virus (HSV) 1 and 2, varicella zoster virus,
cytomegalovirus (CMV), variola viruses, vaccinia viruses, pox viruses, African swine
fever virus, the unclassified agent of delta hepatitis, the agents of non-A, non-B hepatitis;
a bacterium of the genus Salmonella, Staphylococcus, Streptococcus, Enterococcus,
Clostridium, Escherichia, Klebsiella, Vibrio, Mycobacterium, amoeba, a malarial
parasite, Trypanosoma cruzi, Helicobacter pylori, Borrelia burgdorferi, Legionella
pneumophila, Mycobacterium tuberculosis, Mycobacterium bovis (BCG),
Mycobacterium avium, Mycobacterium intracellulare, Staphylococcus aureus, Neisseria
gonorrhoeae, Neisseria meningitidis, Listeria monocytogenes, Streptococcus pyogenes,
Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catharralis, Klebsiella
pneumoniae, Bacillus anthracia, Corynebacterium diphtheriae, Clostridium perfringens,
Clostridium tetani, Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella
multocida, and Treponema pallidum, infectious fungi like: Cryptococcus neoformans,
Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatitidis, Candida
albicans, and infectious protists like, for example: Plasmodium falciparum,
Trypanosoma cruzi, Leishmania donovani and Toxoplasma gondii; as well as infectious
fungi such as those causing e.g., histoplasmosis, candidiasis, cryptococcosis,
blastomycosis and cocidiodomycosis; as well as Candida spp. (i.e., C. albicans, C
parapsilosis, C. krusei, C. glabrata, C. tropicalis, or C. lusitaniaw); Torulopus spp. (i.e.,
T. glabrata); Aspergillus spp. (i.e., A. fumigalus), Histoplasma spp.(i.e., H. capsulatum);
Cryptococcus spp. (i.e., C. neoformans); Blastomyces spp. (i.e., B. dermatilidis);
Fusarium spp.; Trichophyton spp., Pseudallescheria boydii, Coccidioides immits, and
Sporothrix schenckii, etc or any antigenic portion thereof.

In specific embodiments, the antigen of interest is viral antigen including, for
example, an antigen from Retrovirdae, Flaviviridae, dengue virus, lentivirus, HIV virus
or SIV virus.

In other embodiments, the antigen of interest is a bacterial antigen including, for

example, an antigen from Mycobacterium tuberculosis.
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In other embodiments, the antigen of interest is a parasitic antigen including, for
example, an antigen from plasmodium.

The transgene of interest having the codon usage signature of the herpesvirus late
gene can be operably linked to any promoter that drives expression of the sequence at a
sufficient level to produce the desired level of the gene product. A nucleotide sequence is
“operably linked” to an expression control sequence (e.g., a promoter) when the
expression control sequence controls and regulates the transcription and translation of
that sequence. The term “operably linked” when referring to a nucleotide sequence
includes having an appropriate start signal (e.g., ATG) in front of the nucleotide sequence
to be expressed and maintaining the correct reading frame to permit expression of the
sequence under the control of the expression control sequence and production of the
desired product encoded by the sequence. If a gene that one desires to insert into a
recombinant nucleic acid molecule does not contain an appropriate start signal, such a
start signal can be inserted in front of the gene.

In specific embodiments and as used herein, the DNA construct containing the
transgene of interest will include in the 5'-3' direction of transcription, a transcriptional
and translational initiation region, a nucleotide sequence of interest, and a transcriptional
and translational termination region functional in the targeted host cell. The
transcriptional initiation region, the promoter, may be native or foreign to the target cell.
Additionally, the promoter may be the natural sequence or, alternatively, a synthetic
sequence. By "foreign" is intended that the transcriptional initiation region is not found
in the target cell into which the herpesvirus vector is introduced. While expression of the
sequence using heterologous promoters can be done, the native promoter sequence may
also be used. The termination region may be native with the transcriptional initiation
region, may be native with the operably linked transgene of interest, or may be derived
from another source.

In selecting an expression control sequence, a variety of factors will normally be
considered. These include, for example, the relative strength of the system, its
controllability, and its compatibility with the particular nucleotide sequence or gene to be

expressed.
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Any promoter may be operably linked to the transgene of interest so long as the
promoter is active in the target cell. Non-limiting examples of promoters that can be
employed to express the transgene of interest include, but are not limited to, constitutive
promoter, tissue-preferred (e.g., tissue-specific) promoter, or temporally regulated
promoters.

One example of a useful promoter is the immediate early cytomegalovirus
promoter (CMV-IE) of human or murine origin, or it may optionally have another origin
such as from rat or guinea pig. See, for example, EP 260 148, EP 323 597, U.S. Pat. Nos.
5,168,062, 5,385,839, and 4,968,615, as well as to WO 87/03905. In more general terms,
the promoter may have either a viral or a cellular origin. A strong viral promoter other
than CMV-IE that may be employed is the early/late promoter of the SV40 virus or the
LTR promoter of the Rous sarcoma virus, the promoter of a gene of the cytoskeleton,
such as the desmin promoter (Kwissa M. et al.), or the actin promoter (Miyazaki J. et al.).
Functional fragments or variants of these promoters, i.e., portions of these promoters that
maintain adequate promoter activity can further be employed, e.g. truncated CMV-IE
promoters according to WO 98/00166 or U.S. Pat. No. 6,156,567 and may be used. In
specific embodiments, the promoter is a strong promoter that is functional in eukaryotic
cells.

In preparing the expression cassette, the various polynucleotides may be
manipulated, so as to provide for the polynucleotide sequences in the proper orientation
and, as appropriate, in the proper reading frame. Toward this end, adapters or linkers
may be employed to join the polynucleotides or other manipulations may be involved to
provide for convenient restriction sites, removal of superfluous DNA, removal of
restriction sites, or the like. For example, linkers such as two glycines may be added
between polypeptides. Methionine residues encoded by atg nucleotide sequences may be
added to allow initiation of gene transcription. For this purpose, in vitro mutagenesis,
primer repair, restriction, annealing, resubstitutions, e.g., transitions and transversions,
may be involved.

Conventional molecular biology, microbiology, and recombinant DNA techniques
within the skill of the art may be employed herein. Such techniques are explained fully in

the literature. See, e.g., Sambrook et al., “Molecular Cloning: A Laboratory Manual”
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(1989); “Current Protocols in Molecular Biology” Volumes I-1II [Ausubel, R. M., ed.
(1994)]; “Cell Biology: A Laboratory Handbook™ Volumes I-III [J. E. Celis, ed. (1994))];
“Current Protocols in Immunology” Volumes I-III [Coligan, J. E., ed. (1994)];
“Oligonucleotide Synthesis” (M.J. Gait ed. 1984); “Nucleic Acid Hybridization” [B.D.
Hames & S.J. Higgins eds. (1985)]; “Transcription And Translation” [B.D. Hames & S.J.
Higgins, eds. (1984)]; “Animal Cell Culture” [R.I. Freshney, ed. (1986)]; “Immobilized
Cells And Enzymes™ [IRL Press, (1986)]; B. Perbal, “A Practical Guide To Molecular
Cloning” (1984).

The use of the term "polynucleotide” is not intended to limit the present invention
to polynucleotides comprising DNA. Those of ordinary skill in the art will recognize that
polynucleotides can comprise ribonucleotides and combinations of ribonucleotides and
deoxyribonucleotides. Such deoxyribonucleotides and ribonucleotides include both
naturally occurring molecules and synthetic analogues.

An "isolated" polynucleotide is substantially or essentially free from components
that normally accompany or interact with the polynucleotide as found in its naturally
occurring environment. Thus, an isolated polynucleotide is substantially free of other
cellular material or culture medium when produced by recombinant techniques, or
substantially free of chemical precursors or other chemicals when chemically
synthesized.

A “recombinant polynucleotide” comprises a combination of two or more
chemically linked nucleic acid segments which are not found directly joined in nature.
By “directly joined” is intended the two nucleic acid segments are immediately adjacent
and joined to one another by a chemical linkage. In specific embodiments, the
recombinant polynucleotide comprises a polynucleotide of interest or active variant or
fragment thereof such that an additional chemically linked nucleic acid segment is
located either 5°, 3° or internal to the polynucleotide of interest. Alternatively, the
chemically-linked nucleic acid segment of the recombinant polynucleotide can be formed
by deletion of a sequence. The additional chemically linked nucleic acid segment or the
sequence deleted to join the linked nucleic acid segments can be of any length, including
for example, 1, 2, 3,4,5,6,7,8,9, 10, 15, 20 or greater nucleotides. Various methods

for making such recombinant polynucleotides are disclosed herein, including, for
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example, by chemical synthesis or by the manipulation of isolated segments of
polynucleotides by genetic engineering techniques. In specific embodiments, the
recombinant polynucleotide can comprise a recombinant DNA sequence or a
recombinant RNA sequence. A “fragment of a recombinant polynucleotide” comprises at
least one of a combination of two or more chemically linked amino acid segments which
are not found directly joined in nature.

It is further recognized that the DNA construct may contain various sequences
that facilitate the expression, stabilization, and/or localization of the nucleotide sequence
of interest and/or the resulting gene product. Such sequences include enhancers, introns,
and post-transcriptional elements. In yet other embodiments the DNA construct further
includes affinity tags for purification or labeling (e.g., with antibodies).

At least one DNA construct may further comprise a selectable marker operably
linked to a promoter. Selectable markers include, but are not limited to, luciferase, -gal,
GFP, and various antibiotic resistance sequences. One of skill will appreciate that
numerous possibilities exist.

In preparing the DNA construct, the various DNA fragments may be manipulated,
so as to provide for the DNA sequences in the proper orientation and, as appropriate, in
the proper reading frame. Toward this end, adapters or linkers may be employed to join
the DNA fragments. For this purpose, in vitro mutagenesis, primer repair, restriction,

annealing, resubstitutions, e.g., transitions and transversions, may be involved.

V. Pharmaceutical Compositions

The herpesvirus particles disclosed herein can be incorporated into
pharmaceutical compositions suitable for administration. Such compositions typically
comprise the herpesvirus particle and a pharmaceutically acceptable carrier. As used
herein the language "pharmaceutically acceptable carrier" is intended to include any and
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like, compatible with pharmaceutical administration.
The use of such media and agents for pharmaceutically active substances is well known

in the art. Except insofar as any conventional media or agent is incompatible with the
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active compound, use thereof in the compositions is contemplated. Supplementary active
compounds can also be incorporated into the compositions.

A pharmaceutical composition of the invention is formulated to be compatible
with its intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration. In addition, it may be
desirable to administer a therapeutically effective amount of the pharmaceutical
composition locally to an area in need of treatment. This can be achieved by, for
example, local or regional infusion or perfusion during surgery, topical application,
injection, catheter, suppository, or implant (for example, implants formed from porous,
non-porous, or gelatinous materials, including membranes, such as sialastic membranes
or fibers), and the like. In one embodiment, administration can be by direct injection at
the site (or former site) of a cancer that is to be treated. In another embodiment, the
therapeutically effective amount of the pharmaceutical composition is delivered in a
vesicle, such as liposomes (see, e.g., Langer, Science 249:1527-33, 1990 and Treat et al.,
in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez Berestein and
Fidler (eds.), Liss, N.Y., pp. 353-65, 1989).

Solutions or suspensions used for parenteral, intradermal, or subcutaneous
application can include the following components: 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 as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes, or multiple dose
vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersions. For

intravenous administration, suitable carriers include physiological saline, bacteriostatic
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water, Cremophor EL0 (BASF; Parsippany, NJ), or phosphate buffered saline (PBS). In
all cases, the composition must be sterile and should be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture and storage
and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. 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 the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion, and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride, in the
composition. Prolonged absorption of the injectable compositions can be brought about
by including in the composition an agent that delays absorption, for example, aluminum
monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound
in the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions
are prepared by incorporating the active compound into a sterile vehicle that contains a
basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum drying and freeze-drying, which yields
a powder of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be incorporated with excipients and
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is

applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
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binding agents, and/or adjuvant materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of the following ingredients,
or compounds of a similar nature: a binder such as microcrystalline cellulose, gum
tragacanth, or gelatin; an excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.
For administration by inhalation, the compounds are delivered in the form of an aerosol
spray from a pressurized container or dispenser that contains a suitable propellant, e.g., a
gas such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art,
and include, for example, for transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be accomplished through the
use of nasal sprays or suppositories. For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known in
the art. The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.
The materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected
cells with monoclonal antibodies to viral antigens, liposomes targeted to cancer cells with

monoclonal antibodies to tumor-associated antigens, etc.) can also be used as
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pharmaceutically acceptable carriers. These can be prepared according to methods
known to those skilled in the art, for example, as described in U.S. Patent No. 4,522.811.

It is especially advantageous to formulate oral or parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as unitary dosages for the subject
to be treated with each unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are
dictated by and directly dependent on the unique characteristics of the active compound
and the particular therapeutic effect to be achieved, and the limitations inherent in the art
of compounding such an active compound for the treatment of individuals.

The pharmaceutical compositions can be included in a container, pack, or

dispenser together with instructions for administration.

VI. Methods of Use

The methods provided herein comprise contacting a target cell with an effective
amount of a replication-competent herpesvirus vector particle comprising a transgene of
interest which has been modified to comprise a codon usage signature of a herpesvirus
late gene operably linked to an active promoter. Such methods find use in delivering to
the target cell the transgene of interest and modulating (i.e. increasing or decreasing) the
level of the transgene of interest or the encoded polypeptide in the target cell. As used

29 < 2% <<

herein, the term “modulating” includes “inducing”, “inhibiting”, “potentiating”,
“elevating”, “increasing”, “decreasing” or the like. Each of these terms denote a
quantitative difference between two states and in particular, refer to at least a statistically
significant difference between the two states. A decrease or an increase in level and/or
activity of a polypeptide or polynucleotide comprises any statistically significant increase
or decrease including, for example, a decrease of at least about 5%, 10%, 15%, 20%,
25%, 30%., 35%, 40%, 45%, 50%, 55%, 60%, 65%., 710%, 15%, 80%, 85%. 95% or 100%

of the desired activity compared to an appropriate control. One example of a control is a

recombinant transgene that lacks the codon usage signature.
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Various methods of administering a herpesvirus vector particle to a cell in order
to allow for the modulation in the level of the transgene of interest or the product encoded
thereby are well known in the art. Any means of administering (i.e., contacting) the cell
with the viral particle that permits the viral particle to infect the target cell may be used.
In such embodiments, the effective dose administered to the target cells will be sufficient
to allow for the production of the desired modulation of the level/activity of the transgene
and/or the protein it encodes.

In further embodiments, the delivery and expression of the transgene of interest in
a cell of a subject finds use in the improvement of a clinical outcome of the subject. For
example, delivery of a therapeutically effective amount of a herpesvirus vector particle to
a target cell of a subject may be accomplished via administration of a pharmaceutical
composition comprising a therapeutically effective dose of the herpesvirus vector
particle. By "therapeutically effective amount” or "dose" is meant the concentration of
viral vector particle that is sufficient to elicit the desired therapeutic effect. For example,
a therapeutically effective dose will be sufficient to reduce or lessen the clinical
symptoms of the disorder (e.g., cancer, infection) being treated or prevented via the
expression of the transgene of interest. Thus, an effective amount of the herpesvirus
vector particle disclosed herein brings about a positive therapeutic response with respect
to treatment or prevention of the disorder (e.g., cancer, infection). “Positive therapeutic
response” refers to, for example, an increased immune response and/or improving the
condition of at least one of the symptoms of disorder being treated. A positive
therapeutic response in regard to treating a cancer includes curing or ameliorating the
symptoms of the disease. In the present context, a deficit in the response of the subject
can be evidenced by continuing or spreading of the cancer. An improvement in a
clinically significant condition in the subject includes a decrease in the size of a tumor,
increased necrosis of a tumor, clearance of the tumor from the host tissue, reduction or

amelioration of metastasis, or a reduction in any symptom associated with the cancer.
a. Methods of Increasing an Immune Response

Further provided are methods of inducing an immune response against an antigen

of interest in a subject. The methods comprise administering to the subject an effective
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amount of a pharmaceutical composition comprising a replication-competent herpesvirus
vector particle comprising a polynucleotide comprising a heterologous transgene of
interest encoding an antigen of interest, wherein the transgene of interest has been
modified to comprise a codon usage signature of a herpesvirus late gene operably linked
to an active promoter. The effective amount of the herpesvirus vector is sufficient to
provide an immune response against the antigen of interest.

In specific embodiments, administration of a therapeutically effective amount of
the herpesvirus vector particle having a heterologous transgene of interest encoding an
antigen of interest and having been modified to comprises a codon usage signature of a
herpesvirus late gene results in an increased immune response against an antigen of
interest, when compared to the immune response produced by a herpesvirus vector
particle comprising the heterologous transgene of interest encoding the antigen of
interest, wherein the transgene of interest is not encoded by a polynucleotide comprising
the codon usage signature of a herpesvirus late gene.

By “increased” or “enhanced” immune response is intended a statistically
measurable induction or increase in an immune response over the control sample. In
specific embodiments, the increased immune response comprises an increase in serum
immunoglobulin levels against the antigen of interest. As used herein, an “increase in
serum immunoglobulin levels” comprises any statistically significant increase in the level
of serum antibody titers of any one or all of the immunoglobulin classes (i.e. IgE, IgG,
IgM, IgD and/or IgA) in a subject. Such an increase can comprise an increase in serum
IgE, IgM, IgD, or IgA antibody titers of at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95% or greater in the serum of a subject following the administration of the
herpesvirus vector particle comprising a heterologous transgene of interest encoding an
antigen of interest having been modified to comprise a codon usage signature of a
herpesvirus late gene.

An increased immune response can also refer to not only a greater response in
terms of the production of more antibody or T cells but also the production of more
protective antibody or T cells. Thus, in specific embodiments, an increase in an immune
response refers to any statistically significant increase in the level of antibodies or T cells

or antibody or T cell production or any statistically significant increase in a protective
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antibody response. Such an increase can include a 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100% or higher increase in the level of antibodies or in the
protective antibody response. The immunogenicity of a polypeptide can be assayed for
by measuring the level of antibodies or T cells produced against the polypeptide. Assays
to measure for the level of antibodies are known, for example, see Harlow and Lane
(1988) Antibodies, A Laboratory Manual (Cold Spring Harbor Publications, New York),
for a standard description of antibody generation, immunoassay formats and conditions
that can be used to determine specific immunoreactivity. In other instances, increased
immunogenicity can be detected as an improved clinical outcome, as discussed elsewhere
herein.

In specific embodiments, the increased immune response against the antigen of
interest having the codon usage signature of a herpesvirus late gene is increased when
compared to the immune response generated against the antigen of interest when this
codon usage signature is not used.

Such methods find use in, for example, increasing the immune response against
the antigen of interest. As such, the various methods and compositions provided herein
can be used to treat or prevent a variety of diseases including cancer and infectious
diseases caused by various microbes including, for example, bacterium, virus, protozoan,
mycoplasma, fungus, yeast, parasite, or prion.

“Treatment” is herein defined as curing, healing, alleviating, relieving, altering,
remedying, ameliorating, improving, or affecting the condition or the symptoms of a
subject. The subject to be treated can be suffering from or at risk of developing a cancer
or various infectious diseases caused by various microbes including, for example,
bacterium, virus, protozoan, mycoplasma, fungus, yeast, parasite, or prion.
Administration of a replication-competent herpesvirus vector system comprising a
polynucleotide comprising a heterologous transgene of interest encoding an antigen of
interest, wherein the antigen of interest has been modified to comprise a codon usage
signature of a herpesvirus late gene operably linked to an active promoter, can be for
either a prophylactic or therapeutic purpose. By “preventing” is intended that the
combination of agents is provided prophylactically, i.e., the herpesvirus vector particle is

provided in advance of any symptom. The prophylactic administration of the herpesvirus
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vector particle serves to prevent or attenuate any subsequent symptom. When provided
therapeutically, the substance is provided at (or shortly after) the onset of a symptom.
The therapeutic administration of the substance serves to attenuate any actual symptom.
In specific embodiments, the subject undergoing treatment with the pharmaceutical
formulations of the invention is a human.

Thus, provided are various methods to treat or prevent a variety of cancers,
including, but not limited to, melanoma, lymphoma, leukemia, lung cancer, bladder
cancer, colon cancer, breast cancer, prostate cancer, esophageal cancer, liver cancer,
pancreatic cancer, ovarian cancer, non-small cell lung cancer, renal cancer,
neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic leukemia, sarcomas,
brain cancer, bone cancer, basal cell carcinoma, cervical cancer, colorectal cancer,
endometrial cancer, Ewing sarcoma, retinoblastoma, gastric cancer, gastrointestinal
cancer, testicular cancer, glioma, head and neck cancer, hepatocellular cancer, kidney
cancer, oral cancer, melanoma, multiple myeloma, nasopharyngeal cancer, thyroid
cancer, rectal cancer, skin cancer, squamous cell carcinoma, throat cancer, AIDS related
cancers such as Kaposi sarcoma and lymphoma, etc. or any antigenic portion thereof.
Such methods can include increasing the immune response in the subject against a tumor-
associated antigen of any one of the cancers to be targeted.

Thus, also provided are various methods to treat or prevent a variety of infectious
diseases caused by bacterium, virus, protozoan, mycoplasma, fungus, yeast, parasites, or
prion including, but not limited to, increasing the immune response in the subject against
human immunodeficiency virus 1 or 2, a herpes virus such as herpes simplex or herpes
zoster, other retroviruses, such Human T-cell Lymphotropic Virus, a hepatitis virus, an
influenza virus, a rhinovirus, respiratory syncytial virus, cytomegalovirus, adenovirus,
Mycoplasma pneumoniae, polio viruses, hepatitis A virus, human coxsackie viruses,
echoviruses, equine encephalitis viruses, rubella viruses, dengue viruses, encephalitis
viruses, yellow fever viruses, coronaviruses, vesicular stomatitis viruses, rabies viruses,
Ebola viruses, parainfluenza viruses, mumps virus, measles virus, Hantaan viruses, bunga
viruses, hemorrhagic fever viruses, reoviruses, orbiviruses, rotaviruses, Hepatitis B virus,
parvoviruses, papilloma viruses, polyoma viruses, adenoviruses), herpes simplex virus

(HSV) 1 and 2, varicella zoster virus, cytomegalovirus (CMV), variola viruses, vaccinia
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viruses, pox viruses, African swine fever virus, the unclassified agent of delta hepatitis,
the agents of non-A, non-B hepatitis; a bacterium of the genus Salmonella,
Staphylococcus, Streptococcus, Enterococcus, Clostridium, Escherichia, Klebsiella,
Vibrio, Mycobacterium, amoeba, a malarial parasite, Trypanosoma cruzi, Helicobacter
pylori, Borrelia burgdorferi, Legionella pneumophila, Mycobacterium tuberculosis,
Mycobacterium bovis (BCG), Mycobacterium avium, Mycobacterium intracellulare,
Staphylococcus aureus, Neisseria gonorrhoeae, Neisseria meningitidis, Listeria
monocytogenes, Streptococcus pyogenes, Streptococcus pneumoniae, Haemophilus
influenzae, Moraxella catharralis, Klebsiella pneumoniae, Bacillus anthracia,
Corynebacterium diphtheriae, Clostridium perfringens, Clostridium tetani, Enterobacter
aerogenes, Klebsiella pneumoniae, Pasturella multocida, and Treponema pallidum;
infectious fungi like: Cryptococcus neoformans, Histoplasma capsulatum, Coccidioides
immitis, Blastomyces dermatitidis, Candida albicans,; and infectious protists like, for
example: Plasmodium falciparum, Trypanosoma cruzi, Leishmania donovani and
Toxoplasma gondii; as well as infectious fungi such as those causing e.g., histoplasmosis,
candidiasis, cryptococcosis, blastomycosis and cocidiodomycosis; as well as Candida
spp. (i.e., C. albicans, C parapsilosis, C. krusei, C. glabrata, C. tropicalis, or C.
lusitaniaw); Torulopus spp. (1.e., T. glabrata); Aspergillus spp. (i.e., A. fumigalus),
Histoplasma spp.(i.e., H. capsulatum); Cryptococcus spp. (1.e., C. neoformans);
Blastomyces spp. (i.e., B. dermatilidis); Fusarium spp.; Trichophyton spp.,
Pseudallescheria boydii, Coccidioides immits, and Sporothrix schenckii, etc or any
antigenic portion thereof. Such method can include increasing the immune response in
the subject against an antigen of any one of the pathogens to be targeted.

As disclosed elsewhere herein, the methods comprise administering to a subject a
therapeutically effective amount of a replication-competent herpesvirus vector particle
comprising a polynucleotide comprising a heterologous transgene of interest encoding an
antigen of interest, wherein the antigen of interest has been modified to comprise a codon
usage signature of a herpesvirus late gene operably linked to an active promoter. In such
methods, the therapeutically effective amount of the herpesvirus vector particle produces

an improved immune response against the antigen of interest.
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The herpesvirus vector particles provided herein can be used as a vaccine to treat
various types of cancers. Various tumor-associated antigens can be used, including, for
example, BAGE, GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase,
PSA, CEA, Mammaglobin-A, p53, HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m,
Myosin/m, HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H,
WTI, PR1, E75, ras, alpha fetoprotein (AFP), URLC10, VEGFRI1 and 2, mutant p53,
NY-ESO-1, HPV16 E7, B-catenin, CDK4, CDC27, a actinin-4, TRP1/gp75, TRP2,
gangliosides, PSMA, HER2, WT1, EphA3, EGFR, CD20, telomerase, MART-1 or any
antigenic portion thereof.

In addition, the herpesvirus vector particles provided herein can be used as a
vaccine to Plasmodium(P.) parasites causing malaria. Various Plasmodium(P.) parasites
antigens can be used, including, for example, an antigen from P. falciparum.

Thus, the herpesvirus vector particles provided herein can be used as a vaccine to
Mycobacterium tuberculosis causing tuberculosis. Various Mycobacterium tuberculosis
antigens can be used, including, for example, a Mycobacterium tuberculosis antigen
comprising the 65 kD heat shock protein (HSP65), antigen 85A (Ag85A), antigen 85B,
antigen 85C, ESAT-6, Des protein, MPT32, MPT51, MPT63, MPT64, HspX and/or
Phosphate binding protein 1.

In other embodiments, the herpesvirus vector particles provided herein can be
used as a vaccine to Bacillus anthracis causing anthrax. Various Bacillus anthracis
antigens can be used, including, for example, a Bacillus anthracis antigen comprising PA
(protective antigen), LF (lethal antigen) or EA (edema antigen), and more preferably PA
(protective antigen).

In addition, the herpesvirus vector particles provided herein can be used as a
vaccine to HAV (Hepatitis A virus) causing Hepatitis A. Various HAV antigens can be
used, including, for example, a HAV antigen comprising VP1, VP2, VP3, VP4, 2A, 2B,
2C, 3A, 3B, 3C and 3D protein.

The herpesvirus vector particles provided herein can be used as a vaccine to HBV
(Hepatitis B virus) causing Hepatitis B. Various HBV antigens can be used, including,
for example, a HBV antigen comprising HBcAg (core antigen of HBV) or HBsAg
(surface antigen of HBV), and more preferably HBsAg.
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In addition, the herpesvirus vector particles provided herein can be used as a
vaccine to HCV (Hepatitis C virus) causing Hepatitis C. Various HCV antigens can be
used, including, for example, a HCV antigen comprising E1, E2 or NS3/4a antigen, and
more preferably NS3.

The herpesvirus vector particles provided herein can be used as a vaccine to HIV
causing AIDS. Various HIV antigens can be used, including, for example, a HIV antigen
comprising Gag (p55gag), Pol, Vif, Vpr, Tat, Rev, Vpu, Env or Nef antigen, and more
preferably an Env antigen.

In addition, the herpesvirus vector particles provided herein can be used as a
vaccine to influenza causing influenza. Various influenza antigens can be used,
including, for example, an influenza antigen comprising an envelope glycoprotein HA or
NA, and more preferably envelope glycoprotein HA.

In other embodiments, the herpesvirus vector particles provided herein can be
used as a vaccine to Dengue virus causing Dengue fever and dengue hemorrhagic.
Various Dengue virus antigens can be used, including, for example, antigens from DENV
1, DENV 2, DENV 3, or DENV 4.

Examples of possible routes of administration for the herpesvirus vectors include,
for example, administration by oral (solid or liquid), parenteral (intramuscular,
intraperitoneal, intravenous (IV) or subcutaneous injection), transdermal (either passively
or using ionophoresis or electroporation), transmucosal and systemic (nasal, vaginal,
rectal, or sublingual), or inhalation routes of administration, or using bioerodible inserts
and can be formulated in dosage forms appropriate for each route of administration.

In some embodiments, the method comprises administration of multiple doses of
the herpesvirus vector disclosed herein. The frequency and duration of administration of
multiple doses of the herpesvirus vector is such as to allow for a therapeutic effect, which
in some embodiments comprises an increased immune response against the antigen of
interest. Moreover, treatment of a subject with a therapeutically effective amount of a
herpesvirus vector disclosed herein can include a single treatment or can include a series
of treatments. It will also be appreciated that the effective dosage of the herpesvirus

vector disclosed herein may increase or decrease over the course of a particular treatment.
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Changes in dosage may result and become apparent from the results of diagnostic assays
known in the art.

It is further recognized that the therapeutically effective dose of the herpesvirus
vector particle may be administered intermittently. By "intermittent administration” is
intended administration of a therapeutically effective dose of a herpesvirus vector particle
disclosed herein, followed by a time period of discontinuance, which is then followed by
another administration of a therapeutically effective dose, and so forth. The preferred
length of the discontinuance period depends on the disorder being treated. The
discontinuance period can be at least 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 months or
greater. An intermittent schedule of administration of the herpesvirus vector particle can
continue until the desired therapeutic effect is achieved.

Generally, the dosage of the combination of agents will vary depending upon such
factors as the patient's age, weight, height, sex, general medical condition and previous
medical history. In some aspects, patients can be administered the herpesvirus vector
disclosed herein in one or more doses, including, for example, 1, 2, 3,4, 5, 6,7, 8,9, 10
or more doses. The administrations can occur over any time period. In specific
embodiments, the number of administrations will be sufficient to establish the protective
immune response, particularly with respect to the primary immunization schedule. In
some aspects, boosters can be administered at regular intervals such as every 2, 3, 4, 5, or
6 days, every 2, 3, 4,5, 6,7, 8,9, 10, or more weeks, or every 2, 3,4, 5,6,7,8,9, 10, 11,
12, or more months or every 1, 2, 3, 4, 5, 10, or 20 years. Boosters can also be
administered on an as-needed basis. The dose will be determined by the immunological
activity of the composition produced and the condition of the patient, as well as the body
weight or surface areas of the patient to be treated. The size of the dose also will be
determined by the existence, nature, and extent of any adverse side effects that may
accompany the administration of a particular composition in a particular patient.

A vaccine administration schedule, including primary immunization and booster
administration, can continue as long as needed for the subject, for example, over the
course of several weeks, to several months, to several years, to over the lifetime of the
patient. In some aspects, the vaccine schedule includes more frequent administration at

the beginning of the vaccine regimen, and includes less frequent administration (e.g.
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boosters) over time to maintain the protective immunity. "Booster" refers to a dose of the
herpesvirus vector particle administered to a patient to enhance, prolong, or maintain
protective immunity.

A therapeutically effective amount of a herpesvirus particle disclosed herein
comprises from about 5 x 107 to about 4 x 10? virus particles, from about 4 x 10° to about
5 x 10" infectious virus particles, from about 4 x 10° to about 5 x 10° infectious virus
particles, or from about 4 x 10" to about 5 x 10 infectious virus particles.

It is further recognized that in specific embodiments, lower viral titers can be
used. A "sufficient concentration" of herpesvirus vector particles will allow for the
expression of the transgene of interest in a single target cell, but need not result in a
therapeutic effect. Methods to assay for such an event are well known in the art.

For avian subjects, individual administration systems may not by practicable if a
large number of birds require administration, so application by spray, or via feed or
drinking water may be more appropriate. For smaller numbers of birds, it may be possible
to treat each bird individually, which usually results in a more uniform dosage.
Individual administration methods include eye drop administration, intranasal
administration and parenteral delivery.

There may be different composition/formulation requirements dependent on the
different delivery systems for avian subjects. By way of example, the herpesvirus particle
can be formulated to be delivered by an oral route (e.g. in drinking water or feed, or by
spray application) by a mucosal route, or parenterally in which the composition is
formulated by an injectable form, for delivery, by, for example, an intravenous,
intramuscular or subcutaneous route.

The composition may be formulated for in ovo or post-hatch delivery. The term
“in ovo”, means into a bird egg containing a live, developing embryo. The term
“administering in ovo” or “in ovo administration”, means administering the vaccine to a
bird egg containing a live, developing embryo by any means of penetrating the shell of
the egg and introducing the vaccine. Such means of administration include, but are not
limited to, injection of the vaccine.

Various in ovo administration method are known in the art. An injection method

may include the steps of making a hole is made in the egg shell at the large end of the egg
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using an appropriate needle to expose the egg's air cell, inserting a needle connected to a
syringe through the hole and through the membrane of the air cell and then injecting the
vaccine into the egg. The site of injection can be within any region of the egg or embryo.
Preferably, injection is done axially through the centre of the large end of the egg into the
amnion. An automated egg injection system can be used. Such systems known in the art
(see for example U.S. Pat. Nos. 4,681,063, 4,040,388, 4,469,047, and 4,593,646).

Post-hatch vaccination systems for birds include spray applications and
administration via feed or drinking water.

For spray applications a special cabinet may be used. Chicks can be vaccinated in
the hatchery because the sprayer enables uniform distribution. A certain amount of spray
(such as 20 ml) is delivered for each box of 100 chicks. Chicks “preen” to clean and dry
their feathers and ingest the vaccine. Red dye mixed in with the vaccine gets their
attention and stimulates preening, and also indicates which boxes of chicks have been
vaccinated.

Administration via feed/drinking water is less uniform that spraying due to
differences in uptake between birds. There is also a possible contamination problem.
However, this type of administration is possible for older birds (i.e. when hatchery
application is not possible).

Where the composition is to be delivered mucosally through the gastrointestinal
mucosa, it should be able to remain stable during transit though the gastrointestinal tract;
for example, it should be resistant to proteolytic degradation, stable at acid pH and

resistant to the detergent effects of bile.

VII. Sequence Identity

As used herein, "sequence identity" or "identity" in the context of two
polynucleotides or polypeptide sequences makes reference to the residues in the two
sequences that are the same when aligned for maximum correspondence over a specified
comparison window. When percentage of sequence identity is used in reference to
proteins it is recognized that residue positions which are not identical often differ by
conservative amino acid substitutions, where amino acid residues are substituted for other

amino acid residues with similar chemical properties (e.g., charge or hydrophobicity) and
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therefore do not change the functional properties of the molecule. When sequences differ
in conservative substitutions, the percent sequence identity may be adjusted upwards to
correct for the conservative nature of the substitution. Sequences that differ by such
conservative substitutions are said to have "sequence similarity" or "similarity”. Means
for making this adjustment are well known to those of skill in the art. Typically this
involves scoring a conservative substitution as a partial rather than a full mismatch,
thereby increasing the percentage sequence identity. Thus, for example, where an
identical amino acid is given a score of 1 and a non-conservative substitution is given a
score of zero, a conservative substitution is given a score between zero and 1. The
scoring of conservative substitutions is calculated, e.g., as implemented in the program
PC/GENE (Intelligenetics, Mountain View, California).

As used herein, "percentage of sequence identity" means the value determined by
comparing two optimally aligned sequences over a comparison window, wherein the
portion of the polynucleotide sequence in the comparison window may comprise
additions or deletions (i.e., gaps) as compared to the reference sequence (which does not
comprise additions or deletions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of positions at which the identical
nucleic acid base or amino acid residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched positions by the total number of
positions in the window of comparison, and multiplying the result by 100 to yield the
percentage of sequence identity.

Unless otherwise stated, sequence identity/similarity values provided herein refer
to the value obtained using GAP Version 10 using the following parameters: % identity
and % similarity for a nucleotide sequence using GAP Weight of 50 and Length Weight
of 3, and the nwsgapdna.cmp scoring matrix; % identity and % similarity for an amino
acid sequence using GAP Weight of § and Length Weight of 2, and the BLOSUM62
scoring matrix; or any equivalent program thereof. By "equivalent program" is intended
any sequence comparison program that, for any two sequences in question, generates an
alignment having identical nucleotide or amino acid residue matches and an identical
percent sequence identity when compared to the corresponding alignment generated by

GAP Version 10.
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Non-limiting embodiments include:

1. A replication-competent herpesvirus vector system comprising a
polynucleotide comprising a heterologous recombinant transgene of interest operably
linked to a promoter, wherein said recombinant transgene has been modified to comprise
a codon usage signature of at least one (e.g., one, two, three, four, five) herpesvirus late
gene and wherein the at least one herpesvirus late gene corresponds to the herpesvirus
vector system.

2. The replication-competent herpesvirus vector system of embodiment 1,
wherein said herpesvirus vector system is derived from a Gammaherpesvirus.

3. The replication-competent herpesvirus vector system of embodiment 2,
wherein said Gammaherpesvirus is a gamma-2 herpesvirus.

4. The replication-competent herpesvirus vector system of embodiment 3,
wherein the gamma-2 herpesvirus is a gamma-2 KSHV-related herpesvirus.

5. The replication-competent herpesvirus vector system of embodiment 4,
wherein said gamma-2 KSHV-related herpesvirus comprises human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises
a codon usage signature of the human KSHYV late genes.

6. The replication-competent herpesvirus vector system of embodiment 4,
wherein said gamma-2 KSHV-related herpesvirus comprises a human KSHV vector
system and said polynucleotide comprising the heterologous recombinant transgene of
interest comprises a codon usage signature of the gH polypeptide of human KSHV.

7. The replication-competent herpesvirus vector system of any one of
embodiments 1-6, wherein said heterologous recombinant transgene of interest encodes
an antigen.

8. The replication-competent herpesvirus vector system of embodiment 7,
wherein said antigen is a microbial antigen.

9. The replication-competent herpesvirus vector system of embodiment &,
wherein said microbial antigen comprises a viral antigen, a parasitic antigen, a
mycobacteria antigen, or a bacterial antigen.

10. The replication-competent herpesvirus vector system of embodiment 9,

wherein said viral antigen comprises a viral antigen from Retrovirdae or Flaviviridae.
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11. The replication-competent herpesvirus vector system of embodiment 10,
wherein said viral antigen comprises a viral antigen from a dengue virus, a lentivirus, an
HIV virus or an SIV virus.

12. The replication-competent herpesvirus vector system of any of
embodiments 9, 10, and 11, wherein said viral antigen comprises an envelope
polypeptide.

13. The replication-competent herpesvirus vector system of embodiment 12,
wherein said envelope polypeptide is from HIV or SIV.

14. The replication-competent herpesvirus vector system of embodiment 13,
wherein said recombinant transgene comprises the polynucleotide set forth in SEQ ID
NO: 1 or a polynucleotide having at least 90% sequence identity to SEQ ID NO:1,
wherein said polynucleotide provides an improved immune response when compared to
the appropriate control (e.g., when compared to a recombinant transgene that encodes the
envelope polypeptide from HIV or SIV but that lacks the codon usage signature).

15. The replication-competent herpesvirus vector system of embodiment 9,
wherein said bacterial antigen is from Mycobacterium tuberculosis.

16. The replication-competent herpesvirus vector system of embodiment §,
wherein said microbial antigen is from plasmodium.

17. The replication-competent herpesvirus vector system of embodiment 7,
wherein said antigen is a tumor-associated antigen.

18. The replication-competent herpesvirus vector system of embodiment 17,
wherein said tumor-associated antigen is associated with melanoma, lymphoma,
leukemia, lung cancer, bladder cancer, colon cancer, breast cancer, prostate cancer,
esophageal cancer, liver cancer, pancreatic cancer, ovarian cancer, non-small cell lung
cancer, renal cancer, neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic
leukemia, sarcoma, brain cancer or bone cancer.

19. The replication-competent herpesvirus vector system of any of
embodiments 17 and 18, wherein said tumor-associated antigen comprises BAGE,
GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA, CEA,
Mammaglobin-A, p53, HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m, Myosin/m,

HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H, WT1, PR1,
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E75, ras, AFP, URLC10, VEGFRI1 and 2, mutant p53, NY-ESO-1, HPV16 E7, 3-catenin,
CDK4, CDC27, a actinin-4, TRP1/gp75, TRP2, gangliosides, PSMA, HER2, WT1,
EphA3, EGFR, CD20, telomerase, MART-1, or an antigenic portion thereof.

20. A cell line comprising the replication-competent herpesvirus vector
system of any one of embodiments 1-16.

21. A cell line comprising the replication-competent herpesvirus vector
system of any one of embodiments 1-7 and 17-19.

22. A replication-competent herpesvirus vector particle comprising within its
genome a polynucleotide comprising a heterologous recombinant transgene of interest
operably linked to a promoter, wherein said recombinant transgene has been modified to
comprise a codon usage signature of at least one (e.g., one, two, three, four, five)
herpesvirus late gene, wherein the at least one herpesvirus late gene corresponds to the
herpesvirus vector.

23. The replication-competent herpesvirus vector particle of embodiment 22,
wherein said herpesvirus particle is from a Gammaherpesvirus.

24. The replication-competent herpesvirus vector particle of embodiment 23,
wherein said Gammaherpesvirus is a gamma-2 herpesvirus.

25. The replication-competent herpesvirus vector particle of embodiment 24,
wherein the gamma-2 herpesvirus is a gamma-2 KSHV-related herpesvirus.

26. The replication-competent herpesvirus vector particle of embodiment 25,
wherein said gamma-2 KSHV-related herpesvirus comprises a human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises
a codon usage signature of the KSHV late genes.

27. The replication-competent herpesvirus vector particle of embodiment 25,
wherein said gamma-2 KSHV-related herpesvirus comprises a human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises
a codon usage signature of the gH polypeptide of human KSHV.

28. The replication-competent herpesvirus vector particle of any one of
embodiments 22-27, wherein said heterologous recombinant transgene of interest

encodes an antigen.
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29. The replication-competent herpesvirus vector particle of embodiment 28,
wherein said antigen is a microbial antigen.

30. The replication-competent herpesvirus vector particle of embodiment 29,
wherein said microbial antigen comprises a viral antigen, a parasitic antigen, a
mycobacteria antigen or a bacterial antigen.

31. The replication-competent herpesvirus vector particle of embodiment 30,
wherein said viral antigen is from Retrovirdae or Flaviviridae.

32. The replication-competent herpesvirus vector particle of embodiment 31,
wherein said viral antigen is from HIV or SIV.

33. The replication-competent herpesvirus vector particle of embodiment 32,
wherein said viral antigen comprises an envelope polypeptide.

34. The replication-competent herpesvirus particle of embodiment 33, wherein
said envelope polypeptide is from HIV or SIV.

35. The replication-competent herpesvirus vector particle of embodiment 34,
wherein said recombinant transgene comprises the polynucleotide set forth in SEQ ID
NO: 1 or a polynucleotide having at least 90% sequence identity to SEQ ID NO:1,
wherein said polynucleotide provides an improved immune response when compared to
the appropriate control (e.g., when compared to a recombinant transgene that encodes the
envelope polypeptide from HIV or SIV but that lacks the codon usage signature).

36. The replication-competent herpesvirus vector particle of embodiment 30,
wherein said bacterial antigen is from Mycobacterium tuberculosis.

37. The replication-competent herpesvirus vector particle of embodiment 29,
wherein said microbial antigen is from plasmodium.

38. The replication-competent herpesvirus vector particle of embodiment 28,
wherein said antigen is a tumor-associated antigen (e.g., a tumor-associated antigen from
a human).

39. The replication-competent herpesvirus vector particle of embodiment 38,
wherein said tumor-associated antigen is associated with melanoma, lymphoma,
leukemia, lung cancer, bladder cancer, colon cancer, breast cancer, prostate cancer,

esophageal cancer, liver cancer, pancreatic cancer, ovarian cancer, non-small cell lung
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cancer, renal cancer, neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic
leukemia, sarcomas, brain cancer or bone cancer.

40. The replication-competent herpesvirus vector particle of any of
embodiments 38 and 39, wherein said tumor-associated antigen comprises BAGE,
GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA, CEA,
Mammaglobin-A, p53, HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m, Myosin/m,
HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H, WT1, PR1,
E75, ras, AFP, URLC10, VEGFRI1 and 2, mutant p53, NY-ESO-1, HPV16 E7, 3-catenin,
CDK4, CDC27, a actinin-4, TRP1/gp75, TRP2, gangliosides, PSMA, HER2, WT1,
EphA3, EGFR, CD20, telomerase, MART-1 or an antigenic portion thereof.

41. A pharmaceutical composition comprising the replication-competent
herpesvirus vector particle of any one of embodiments 22-37.

42. A pharmaceutical composition comprising the replication-competent
herpesvirus vector particle of any one of embodiments 22-28 and 38-40.

43. A method for delivering a transgene of interest to a cell comprising
contacting the cell with a replication-competent herpesvirus vector particle of any one of

embodiments 22-37.

44, The method of embodiment 43, wherein said cell is contacted in vivo or in
Vitro.

45. The method of embodiment 44, wherein said cell is from a mammal or an
avian.

46. A method for delivering a transgene of interest to a cell comprising

contacting the cell with a replication-competent herpesvirus vector particle of any one of

embodiments 22-28 and 38-40.

47. The method of embodiment 46, wherein said cell is contacted in vivo or in
vitro.

48. The method of embodiment 47, wherein said cell is from a mammal or
avian.

49. A method of generating an immune response against an antigen of interest

in a subject in need thereof comprising administering to said subject a therapeutically

effective amount of the replication competent herpesvirus vector particle of any one of
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embodiments 22-40, wherein an immune response against said antigen of interest is
generated in said subject.

50. A method of generating an immune response against a microbial antigen
in a subject in need thereof comprising administering to said subject a therapeutically
effective amount of the replication competent herpesvirus vector particle of any one of
embodiments 22-37, wherein an immune response against said microbial antigen is
generated in said subject.

51. A method of generating an immune response against a tumor-associated
antigen in a subject in need thereof comprising administering to said subject a
therapeutically effective amount of the replication competent herpesvirus vector particle
of any one of embodiments 22-28 and 38-40, wherein an immune response against said
tumor-associated antigen is generated in said subject.

52. A method for treating or preventing a microbial infection in a subject in
need thereof comprising administering to said subject a therapeutically effective amount
of a replication-competent herpesvirus vector particle comprising within its genome a
polynucleotide comprising a heterologous recombinant transgene encoding a microbial
antigen and operably linked to a promoter, wherein said recombinant transgene has been
modified to comprise a codon usage signature of at least one herpesvirus late gene,
wherein the at least one herpesvirus late gene corresponds to the herpesvirus vector, and
wherein an immune response against said microbial antigen is generated in said subject
and thereby treats or prevents said microbial infection.

53. The method of embodiment 52, wherein said microbial infection is HIV.

54. The method of embodiment 52, wherein said microbial infection is
Mycobacterium titberculosis, plasmodium, or a dengue virus.

55. The method of embodiment of 52, wherein the subject is a human.

56. A method for treating or preventing cancer in a subject in need thereof
comprising administering to said subject a therapeutically effective amount of a
replication-competent herpesvirus vector particle comprising within its genome a
polynucleotide comprising a heterologous recombinant transgene encoding a tumor-
associated antigen and operably linked to a promoter, wherein said recombinant

transgene has been modified to comprise a codon usage signature of at least one
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herpesvirus late gene, wherein the at least one herpesvirus late gene corresponds to the
herpesvirus vector, and wherein an immune response against said tumor-associated
antigen is generated in said subject and thereby treats or prevents said cancer.

57. The method of embodiment 56, wherein the subject is a human.

58. The method of embodiment 56, wherein the cancer is melanoma,
lymphoma, leukemia, lung cancer, bladder cancer, colon cancer, breast cancer, prostate
cancer, esophageal cancer, liver cancer, pancreatic cancer, ovarian cancer, non-small cell
lung cancer, renal cancer, neuroblastoma, colorectal cancer, uterine cancer, acute
myelocytic leukemia, sarcoma, brain cancer or bone cancer.

59. The method of embodiment 56, wherein the tumor-associated antigen
comprises BAGE, GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1,
Tyrosinase, PSA, CEA, Mammaglobin-A, pS3, HER-2/neu, livin, survivin, B-catenin-m,
B-Actin/4/m, Myosin/m, HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn,
globo-H, WTI, PRI, E75, ras, AFP, URLC10, VEGFR1 and 2, mutant p53, NY-ESO-1,
HPV16 E7, 3-catenin, CDK4, CDC27, o actinin-4, TRP1/gp75, TRP2, gangliosides,
PSMA, HER2, WT1, EphA3, EGFR, CD20, telomerase, MART-1, or an antigenic
portion thereof.

60. A method of making a replication-competent herpesvirus vector particle of
any one of embodiments 22-40 comprising introducing into a cell one or more
polynucleotides comprising a herpesvirus vector system and culturing said cell under
conditions to allow for the formation of a herpesvirus vector particle.

61. The method of embodiment 60, further comprising isolating the
replication-competent herpesvirus vector particle.

As used herein, the singular terms “a,” “an,” and “the” include plural referents
unless context clearly indicates otherwise. Similarly, the word “or” is intended to include
“and” unless the context clearly indicates otherwise. It is further to be understood that all
base sizes or amino acid sizes, and all molecular weight or molecular mass values, given
for nucleic acids or polypeptides are approximate, and are provided for description.

The subject matter of the present disclosure is further illustrated by the following

non-limiting examples.
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Example 1. Methods to Generate an RRV gH codon signature in SIVep160

The codons shaded in gray in the natural SIV gp160 coding sequence were

changed to the codons denoted by the ** to more reflect the codon usage in RRV

glycoproteins. The codon-altered form of the SIVgp160 coding sequence is called

d.o.gpl60RRV-like. The decisions on what codons in the natural gp160 coding sequence

to change was based on the desire to make the transgene more RRV glycoprotein-like in

its codon usage.

General rules included:

Change from: Codons in the natural gp160 sequence that were highly utilized in the

natural gp160 sequence and/or codons in the natural gp160 sequence that were not

extensively utilized in RRV gH.

Change to: Codons that were highly utilized in RRV gH and/or codons that were not

extensively utilized in the natural gp160 sequence.

Table 2. RRV gH codon signature in SIVgp160

SIVgp160 having
Siv codon usage
amino acid codon | RRV gH gp160 human | signature of RRV gH

Alanine GCA 43 42 23 42
GCC 24 17 40 17
GCG 14 21 11 21
GCT 19 21 27 21
Arginine AGA 31 49 21 49
CGA 8 9 11 9
CGC 15 4 18 4
CGG 12 0 20 0

CGT** 19** 0** 8 38**
| Asparagine| AAC 41 28 53 28
AAT 59 72 47 72
| Aspartic Acid | GAC 15 38 54 38
GAT 85 63 46 63
| Cysteine | TGC 15 30 54 30
TGT 85 70 46 70




WO 2015/123307 PCT/US2015/015432
| Glutamine | cAA 68 50 27 50
CAG 32 50 73 50
| Glutamic Acid | GAA** | 87** 49** 42 100**

| Glycine

GGA**

62**

41**

54**

GGT 31 20 16 20
| Histidine | CAC 50 25 58 25
CAT 50 75 42 75

| Isoleucin | ATA 45 43 17 43
ATC 7 29 47 29

ATT 47 27 36 27

| Leucin | CTA 7 14 7 14
CTG 15 13 40 13

CTT 14 11 13 11

TTA** | 3%+ 16** 8 33**

T1G 31 27 13 27

Lysine | AAA 83 50 43 50

AAG 17 50 57 50

Methionine | ATG 100 100 100 100

Phenylalanine

Proline

Serine AGC 8 13 24 13
AGT 21 18 15 18
TCA 29 22 15 22
TCC 16 11 22 11
TCG 11 4 5 4
TCT 16 31 19 31
Threonine ACA 38 36 28 36
ACC 24 19 36 19

ACG** 26** 6** 11 40%**

Tryptophan TGG 100 100 100 100
Tyrosine TAC 25 28 56 28
TAT 75 72 44 72
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Valine GTA 32 25 12 25
GTC 7 31 24 31
GTG 23 27 46 27
GTT 38 17 18 17
stop TAA 100 100 30 0
TAG 0 0 24 0
TGA 0 0 47 100
Example 2

Glycoproteins of the rhesus monkey rhadinovirus (RRV, a gamma2 KSHV-
related herpesvirus) and other herpesviruses have a bad codon usage and are naturally
trans-induced by the immediate early gene product ORF57. The viral-encoded
glycoproteins of HIV, SIV and related lenti-retroviruses also have a bad codon usage and
are naturally transinduced by rev. We noticed that the nature of the bad codon usage of
RRYV gH and gL was different from the bad codon usage of HIV and SIV gp160. We
changed the codon usage for six amino acids in a SIV gp160 cassette to reflect the bad
codon usage of RRV gH and gL.. A total of 10.5% of the codons were changed and the
rev-response element (the RRE) was left intact. The effects on expression were
astounding. The SIV gp160 with the altered codon usage was no longer trans-induced by
rev. However, this codon-altered gp160 cassette was now strongly trans-induced by RRV

orf 57. These results indicate that for both SIV rev and RRV orf57, two completely

different virus families, transinduction was dependent on the nature of the bad codon
usage. Furthermore, the codon-dependent transinduction appears to be intimately tied to
cellular proteins called Schlafens. Rev induction of the natural gp160 sequence was
potently inhibited by three of the five known Schlafens and orf57 induction of the codon-
modifed version of gp160 was potently inhibited by all five Schlafens. The inhibitory
activity of Schlafen 11 against codon-modified gp160 could be overcome by increasing
concentrations of orf57 in a dose-dependent manner. Our results suggest that the cellular
Schlafens serve as virus restriction factors for both herpesviruses and lentiviruses and that
both orf57 and rev function at least in part to overcome this restriction. These
observations have practical applications in attempts to use recombinant RRV as an

experimental vaccine approach for AIDS in monkeys. The Desrosiers laboratory has
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previously published that recombinant RRV-SIVenv with a codon-optimized env cassette
and CMV i.e. promoter did NOT elicit detectable anti-env antibody responses in
monkeys. However, the new recombinant RRV-SIVenv with altered codon usage and
ort57-inducible env expression IS eliciting anti-env antibody responses. This
recombinant herpesvirus approach can match, or come close to matching, live attenuated

SIV for the degree of vaccine protection.

Example 3. Persisting Viruses: Importance of Codon Usage for the Regulation of Viral

Gene Expression

Abstract

The glycoproteins of herpesviruses and of HIV/SIV are made late in the
replication cycle and are derived from transcripts that employ an unusual codon usage
that is quite different from that of the host cell. Here we show that the actions of natural
transinducers from these two different families of enveloped viruses (rev of SIV and
orf57 of the rhesus monkey rhadinovirus) are dependent upon the nature of the skewed
codon usage. In fact, transinducibility by rev and by orf57 can be flipped simply by
changing the nature of the codon usage. This codon-dependent transinduction appears to
be intimately tied to cellular proteins called schlafens. Our findings point to a new
general principle in which multiple families of enveloped viruses utilize an unusual,
skewed codon usage to temporally regulate late expression of their structural gene
products.
Introduction

Some viruses are able to maintain lifelong infections in their natural host despite
strong host surveillance measures. Such persisting viruses include members of the
herpes, lenti-retro, polyoma, papilloma, and adeno families of viruses. It is perhaps no
accident that these five families of persisting viruses strictly regulate their gene
expression in a temporal fashion. Structural proteins are made late in the virus
replication cycle and expression of these late gene products is typically induced by viral
trans-inducers made earlier in the viral replication cycle. A variety of strategies are used

by different persisting viruses to achieve this temporal regulation of structural gene
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expression; these include both transcriptional and post-transcriptional mechanisms. For
the gamma-herpesviruses, viral-encoded transcription factors such as the orf5S0/RTA
family of proteins can act on ‘late’ viral promoters to activate their transcriptionl'3 and
the viral-encoded orf57 family of proteins act post-transcriptionally to facilitate
expression of the late structural genes4'6.

We have noticed an uncanny set of similarities when comparing the viral-encoded
envelope glycoproteins of lenti-retroviruses (the gp160 of HIV and SIV) and the viral-
encoded envelope glycoproteins of the herpesviruses. Glycoprotein H of the gamma-2
herpesvirus of rhesus monkeys called RRV (rhesus monkey rhadinovirus) has been used
as the example for some of these comparisons’. Both gp160 and RRV gH are made late
in the lytic cycle of these persistently replicating viruses. They both have an unusual,
skewed codon usage. If one puts a strong promoter (such as the CMV immediate early
promoter/enhancer) in front of each reading frame and transfects the expression cassette
into 293T cells, essentially no protein expression can be detected. There are two ways in
which protein expression can be rescued in these assays: by optimizing the codon usage
to reflect the major codon usage of the cellular exome or by providing the natural viral-
encoded trans-inducer in trans. For HIV and SIV, the natural trans-inducer is the early
viral gene product called rev. For RRV, the natural trans-inducer is the early viral gene
product called orf57. The levels of viral glycoprotein expression from a codon-optimized
sequence far exceed those from the natural coding sequence even when optimal levels of
transinducers are provided®. These observations prompted us to investigate further the
influence of codon usage on the regulated expression of viral genes.

Codon modification of SIV gp160 and RRV gH

An unusual, skewed codon usage for structural gene products is not confined to
the lenti-retro and herpes groups of viruses. Structural gene products of the polyoma,
papilloma, and adeno families of persisting viruses also have unusual, skewed codon
usage patterns when compared to that of the human exome (Fig. 21a). Similar to SIV
gpl60 and RRV gH, expression of SV40 VP1 from an expression cassette of natural
codon usage was below the limit of detection, while codon optimization of VP1 coding

sequence led to readily detectable levels of expression (Fig. 21b).
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Comparison of the codon usage of SIV gp160 and with that of RRV gH revealed
several codons that were overrepresented in one sequence but not the other, i.e. the nature
of the unusual skewed codon usage was different (Fig. 16a and Table 2). Six codons were
chosen based on their bias of usage. To make SIV gp160 more gH-like in its codon
usage, codons were changed in a way that reduced the usage of codons that have
relatively high frequencies in SIV gp160 and/or increased the usage of codons that have
relatively high frequencies in RRV gH. The opposite codon changes were performed to
make RRV gH more gp160-like in its codon usage. More specifically, six codons -AGG,
GAG, CCT, ACT, CTC, and GGG- in SIV gp160 were changed to CGT, GAA, CCG,
ACG, TTA, and GGA, respectively. The number of altered codons was 93, which
comprised 10.5% of the total codons in SIV gp160. Conversely, six codons -CGT, GAA,
CCG, ACG, TTA, and GGA- in RRV gH were changed to AGG, GAG, CCT, ACT,
CTC, and GGG, respectively. The number of altered codons in RRV gH was 104,
accounting 14.3% of its total codons (Table 2). The % GC was 43.1%/42.1% in SIV
gpl160 and 36.5%/40.2% in RRV gH before and after codon modification, respectively.
The codon changes in SIV gp160 and RRV gH were distributed rather evenly throughout
the entire coding region (Fig. 16b). The rev response element (RRE) region in SIV gp160
was not codon-modified; the 1520-1876 nucleotide stretch that contains the RRE*'® was
left intact. A splicing donor sequence was also present in front of the ATG start codon of
each coding sequence since it is required for efficient rev-mediated induction as has been
previously noted'"',

In Table 3, codons in blue (column 2) were changed to the synonymous codons
in red (column 6) to make gp160 more gH-like in its codon usage. Codons in red (column
6) were changed to its synonymous codon in blue (column 2) to make gH more gp160-
like in its codon usage. ‘% in gH’ and ‘% in gp160’ indicate the frequency with which
that codon is used among the different possible codons for the indicated amino acid in the
gH and gp160 coding sequences, respectively. Also shown are the numbers of each
codon change in gH and gp160 sequences, and total accumulated changes in the entire
coding sequences of gH and gp160, respectively.

Table 3. Codon Switches
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23

Pro | CCT 19 19 29 6 12
Thr | ACT 12 40 25 25 11
Leu | CIC 1 19 20 14 27
Gly | GGG 0 18 25 7 16

93/880 | 104/726
(10.5%) | (14.3%)

Induction of SIV gpl160 and RRV gH expression from codon-modified sequences

Expression of SIV gp160 from the expression cassette with natural codon usage
was not detectable in the absence of any inducer (Fig. 16¢, lane 1), but was readily
detectable in the presence of its natural inducer, rev (Fig. 16c, lane 3), as has been

1213 However, SIV gp160 expression from

repeatedly observed in many previous studies
this cassette was not induced by orf57 (Fig. 16c, lane 5), indicating a specific induction of
SIV gp160 by rev but not by orf57. The codon-modified version of the SIV gp160
expression cassette, however, showed completely different results. The codon-modified
(gH-like) SIV gp160 was again not expressed detectably in the absence of trans-inducer
(Fig. 16¢, lane 2). Surprisingly, it was not induced at all by its natural inducer, rev (Fig.
16c, lane 5) even though it still contained the cis-acting sequences RRE and SD that are
known to be required for rev-mediated induction. However, expression of this cassette
was now very nicely induced by the heterologous inducer, ort57 (Fig. 16c, lane 6). Thus,
we were amazingly able to switch the induction pattern of SIV gp160 simply by changing
the codon usage.

We next sought to do similar experiments by modifying the RRV gH coding
sequence to make it more resemble the codon usage of SIV gp160 (Fig. 16d). Again, six

codons were changed but this time in the exact opposite direction of what was used for

the codon changes performed with SIV gp160. Also, to observe any rev-mediated
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induction, SD and RRE were tethered at the 5* and 3’ end of target sequences,
respectively. The RRV gH expression cassette with the natural codon usage was
inducible by adding its homologous inducer, ort57, but not by rev. However, as observed
with codon-modified gp160 above, we could completely switch the induction pattern of
RRYV gH simply by changing its codon usage. The codon-modified (gp160-like) gH,
when tethered by SD and RRE, was inducible by rev but not by orf57 (Fig. 16d). No rev-
mediated induction was observed in the absence of SD and RRE, again showing the
necessity of these cis-acting sequences for rev activity in addition to the nature of the
codon usage.

In order to examine the influence of codon usage in a completely different system,
we changed the coding sequence of firefly luciferase to make it either RRV gH-like or
SIV gpl160-like in its codon usage. Expression of firefly luciferase from the expression
cassette with natural codon usage was not induced to any appreciable extent by either rev
or orf57 (Fig. 17a). However, expression of firefly luciferase from the expression cassette
with gH-like or gp160-like codon usage was efficiently induced by orf57 or rev,
respectively (Fig. 17b and 17¢).

Rev and orf57 overcome schlafen-mediated restriction

Schlafens are interferon-inducible cellular genes; six human schlafens (5, 11, 12,
12L, 13, and 14) have been identified to date™. Li et al. have reported that schlafen 11
restricts HIV-1 gag expression both from proviral clones and from gag expression
cassettes’. We thus investigated a potential influence of schlafens on the codon usage-
dependent trans-inductions that we observed. Rev induction of SIV gp160 from the
expression cassette with natural codon usage was potently inhibited by schlafens 11, 12,
and 14, less so by schlafen 13, and not at all by schlafen 5 (Fig. 18a). Orf57 induction of
SIV gp160 from the codon-modified (gH-like) cassette was also potently inhibited by
schlafens 11, 12, and 14, less so by schlafen 13, and only modestly by schlafen 5 (Fig.
18b).

We next examined the dose dependence of schlafen’s ability to inhibit rev-
induced and orf57-induced expression (Fig. 18c and 318). We also examined the ability
of increasing amounts of rev and of orf57 to overcome the schlafen-mediated inhibition

(Fig. 18e and 18f). Schlafen 14 was used for these experiments. In Fig. 18c and d, with
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input DNA amounts for rev and orf57 kept constant, a dose-dependent increase in the
ability of schlafen 14 to inhibit rev and orf57 was observed. In Fig. 18e and f, with
constant DNA amounts for schlafen 14, a dose-dependent increase in the ability of rev or
orf57 to overcome the schlafen-mediated inhibition was observed. Thus, both rev and
orf57 are able to overcome the restricting effects imposed by schlafen 14.

The above results prompted us to investigate the possibility of an interaction
between schlafen 14 and each trans-inducer. V5-tagged rev, v5-tagged orf57, or v5-
tagged gL (codon-optimized) as control was expressed by transfection and v5-tagged
proteins in cell extracts were immunoprecipitated. Schlafen 14 specifically
immunoprecipitated with rev and with orf57 but not with the gL negative control (Fig.
19a). Twinstrep-tagged GST, GST-rev, or GST-orf57 was co-expressed with schlafen 14
(Fig. 19b). The pulled-down fractions of rev and orf57 but not GST contained schlafen
14. However, treatment of RNase A alone or in combination with DNase I, dissociated
this interaction, indicating that it was mediated by cellular RNA(s).

The effect of rev and orf57 on their target RNAS

To examine the effects of orf57 and rev on levels of target RNA, transfections
were performed in the presence and absence of schlafen 14 (Fig. 22). Schlafen14 was
included to evaluate its restricting activity. Orf57 dramatically increased (about 22-fold)
the level of its target RN'A, codon-modified (gH-like) SIV gp160 RNA, present in the cell
(Fig. 22a, lane 1 vs. 3). The levels of gp160 protein derived from the codon-modified
(gH-like) cassette were well matched with the RNA levels. Addition of schlafen 14 under
these conditions dampened orf57-mediated RNA enhancement (Fig. 22a, lane 3 vs. 6). It
is noteworthy that schlafen 14 almost completely blocked gp160 protein expression (Fig.
22a, lane 6), but the gp160 RNA levels were still markedly higher than control (Fig. 22a,
lane 1), suggesting that schlafen 14-mediated inhibition is related to post-transcriptional
processes.

The effects of rev on its natural target sequence were somewhat different from
those of orf57 described above (Fig. 22b). The levels of gp160 RNA from the expression
cassette with natural codon usage showed only a moderate increase by the co-expression
of rev or orf57 (about 2-fold each). However, gp160 protein expression was very

effectively rescued only by rev, but not by orf57 (Fig. 22b, lanes 2 and 3). Expression of
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schlafen 14 under these conditions diminished gp160 RNA enhancement and,
accordingly, protein expression (Fig. 22b, lanes 4-6). Although the levels of gp160 RNA
with unmodified sequence in the presence of both rev and schlafen 14 were even lower
than control, there was still a detectable level of protein expression as compared to
control (Fig. 22b, lane 1 vs. lane 5). Taken together, these results suggest that rev-
mediated induction is related to post-transcriptional processes in the absence of a
significant enhancement of the levels of its target RNA as was observed with orf57-
mediated induction. Also, it should be noted from Supplementary Fig. 22a and 2b that
orf5S7-mediated enhancement of target RNA levels was dependent on the codon usage of
its target sequence since very different degrees of induction (22-fold for a codon-
modified (gH-like) gp160 vs. 2-fold for an unmodified SIV gp160) were observed.

To further investigate the action of rev on the expression of unmodified SIV
gp160, nuclear vs. cytoplasmic RNAs were separately isolated using the cell pellets that
received the same transfections as in Supplementary Fig. 22b. The ratio of
cytoplasmic/nuclear gp160 RNA was not significantly changed among samples tested
(Fig. 22c) by rev, suggesting that rev induced, at least in our experimental setting, SIV
gp160 protein expression from the expression cassette with natural codon usage via a
mechanism independent of nuclear export of its cognate RNA.

Elicitation of anti-env antibodies by recombinant RRV with codon-modified gp160

sequences

In previous studies with recombinant RRV that employed the CMV immediate
early promoter and a codon-optimized version of gp160 gene sequences, anti-gp160
antibodies were not elicited upon monkey infection'®. Expression of gp160 from this
earlier construct should not be temporally regulated as a late gene product. We thus
constructed a recombinant RRV using the codon-modified version of gpl160 sequences
whose expression should now be temporally regulated as a late gene product. The CMV
immediate early promoter was again used for this new recombinant RRV. Consistent
with expectation, gp160 protein synthesis in fibroblasts infected with the new
recombinant RRV appeared late, coincident with the major RRV proteins (Fig. 23). Now,
for the first time, upon experimental infection of rhesus monkeys, anti-gp160 antibody

responses were readily measured (Fig. 20a). These antibodies have persisted for more
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than one year and were capable of neutralizing SIV316 (Fig. 20 a and b) but not SIV239
(data not shown) in vitro. The titers of anti-gp160 antibodies in these animals were
considerably lower than those found in SIV infected animals. It should be noted that
anti-gp160 antibody responses were also not achieved with a recombinant CMV that

employed a codon-optimized version of gp160 sequences”’ls.

Discussion

We have focused our attention on five families of persisting viruses. All five
have early — late transitions for expression of structural gene products. Representative
structural gene products from all five are derived from RNA transcripts with a markedly
skewed, poor codon usage. We have put a strong promoter in front of three of these and
this yielded essentially no detectable protein expression under transfection conditions that
yielded very strong levels of expression of their codon-optimized versions. These results
alone provide suggestive evidence that multiple families of persisting viruses use
abnormal codon usage to achieve regulated expression of their late structural gene
products.

Our data show that rev induction of Env protein expression depends on the nature
of the bad codon usage. Rev inducibility was lost when 10.5% of the codons were
replaced with synonymous codons reflecting the codon usage of RRV gH. While it had
been previously known that rev induction depended on the rev response element (the

11,1
’9, the

RRE) and the presence of a splice donor upstream of the coding sequence
dependence on the nature of the bad codon usage had not been previously known.
Similarly, our data show that orf57 induction of RRV gH protein expression also depends

on the nature of the bad codon usage. Orf57 inducibility was lost when 14.3% of the

codons were replaced with synonymous codons reflecting the codon usage of SIV gp160.
Again, this dependence of orf57-inducing activity on the nature of the bad codon usage
had not been previously known. Remarkably, rev dependence of gp160 expression can be
flipped to ort57 dependence simply by changing the nature of the codon usage; similarly,
ort57 dependence of RRV gH expression can be flipped to rev dependence simply by
changing the nature of the codon usage. It is important to note that no complicated

algorithms have been used, at least to date, to select the codon biases that have resulted in

-54 -



10

15

20

25

30

WO 2015/123307 PCT/US2015/015432

this remarkable flip in dependencies. It will be interesting for future experiments to sort
out which codons or which locations are most important for the effect.

Our data further suggest that the restricted expression of the parental env and gH
sequences is intimately tied to the schlafen family of cellular proteins. Rev- and orf57-
dependent expression was inhibited by schlafen 14 in a dose-dependent fashion and
schlafen 14-mediated inhibition could be overcome by rev or by orf57 depending on the
target RN'A, again in a dose dependent fashion. Furthermore, rev and schlafen 14 could
be co-immunoprecipitated, but the interaction did not appear to be direct since it was
abrogated by RNase A digestion. It is noteworthy in the context of HIV/SIV replication
that the viral proteins whose expression is inhibited by schlafen 11 (gag, rt, vif, vpu, and
vpr) are expressed from RNAs that contain the RRE". Thus, a main role of rev could be
to rescue expression of HIV/SIV proteins inhibited by cellular schlafens.

While our data unambiguously make the case for the importance of the nature of
aberrantly skewed codon usage for the specificity of trans-induction across multiple
families of enveloped viruses, it should by no means be assumed that this is the only
mechanism for regulating late structural gene expression or that the specific mechanisms
of codon usage dependence is the same across multiple families. Indeed, while the early
literature emphasized the effects of rev in regulating the egress of unspliced and

9,20

minimally spliced RNAs out of the nucleus'*?°, recent literature has emphasized the

21,22

effects of rev on expression of RNA in the cytoplasm™*~ and on other regulatory

23-25

effects™ . The literature is similarly diverse for the post-transcriptional effects of orf57

of gamma-2 herpesviruses with respect to RNA egress, RNA stability, and translation®*®
*°_ At least under the assay conditions employed in our transfection experiments shown in
supplementary Fig. 17, orf57 specifically enhanced the accumulation of target RNA in
the cytoplasm, while rev specifically increased the ability of target RNAs to be translated.
The enhancement of target RNA levels by orf57 is consistent with a previous publication
from our laboratory® and with published work by others®***., What exactly is being
recognized to achieve the codon usage-dependent trans-induction is a fascinating
question. While one could speculate on RNA secondary structure, it is difficult to

imagine how the distributed codon changes could result in specific RNA secondary

structures that could be responsible for the ability to flip rev vs. orf57 trans-induction.

-55-



10

15

20

25

30

WO 2015/123307 PCT/US2015/015432

What advantage might temporal regulation of expression of structural proteins
provide to these five families of persisting viruses? Perhaps in the face of persisting
immune responses, these viruses need to make as much of these essential virion proteins
in as short a time frame as possible in order to get infectious virus out of the cell before
destruction. Even more fascinating is the evolution of abnormal codon usage as a means
for achieving this temporal regulation. If schlafens indeed are key restricting elements in
this story, one can easily envision an evolutionary battle: codon usage and trans-induction
as the armament on the virus’ side, with schlafens trying to keep up on the host side.

Our observations on the influence of codon usage have practical utility for the use
of persisting viruses as vaccine vectors or vectors for gene therapy. The altered codon
usage in our recombinant RRV-SIVenv has allowed us for the first time to achieve anti-
gp160 antibody responses with this herpesvirus vector system.

METHODS SUMMARY

Codon usage was analyzed using the graphical codon usage analyser (GCUA) software’!

and MacVector program. Codon-modified SIVgp160, RRV gH, firefly luciferase, and
codon-optimized SV40 VP1 sequences were synthesized in vitro (GenScript) and cloned
in pcDNA6-v5 HisA. HEK293T/17 cells were maintained in Dulbecco’s modified Eagle
medium (DMEM) supplemented with 10% fetal calf serum (FCS) and transfected using a
JetPRIME transfection reagent (Polyplus transfection) according to the manufacturer’s
suggestion. Recombinant RRV harboring codon-modified SIV gp160 sequence was

generated by the method described earlier'®*

and titrated using a real-time qPCR assay.
Expression of gp160 was verified in vitro by infecting rhesus fibroblast cells with
recombinant RRV followed by immunoblotting. The levels of anti-env antibodies in
animal serum were measured by a enzyme-linked immunosorbent assay (ELISA).
Neutralization assays were performed using monkey sera taken at weeks 17 and 33 post-
inoculation with rRRV according to methods described previously®”.
METHODS

Plasmids. The cDNA sequences encoding unmodified and codon-modified (gH-
like) SIV gp160 were cloned in pcDNAG6-v5-hisA plasmid vector (Life Technologies)
with the splicing donor sequence (aaacaagtaagt (SEQ ID NO: 6)) in front of the

translational start codon of gp160 coding sequence. The cDNA sequences expressing
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unmodified and codon-modified (gp160-like) RRV gH were cloned in pcDNA6-v5-hisA
plasmid vector with or without the splicing donor sequence
(ctaatacatcttctgcatcaaacaagtaagt (SEQ ID NO: 5)) and the RRE as indicated in fig. 16b.
The cDNA sequences expressing unmodified and codon-modified (gp160-like and gH-
like) firefly luciferase were cloned in pcDNA6-v5-hisA plasmid vector with the splicing
donor sequence (ctaatacatcttctgcatcaaacaagtaagt (SEQ ID NO: 5)) in front of the
translational start codon and the RRE after the stop codon. The RRV orf57 and HIV-1 rev
cDNA sequences (from pCMV-HIV-1, NIH AIDS reagent program) were cloned in
pEF1-v5-hisA (Life Technologies) and pcDNA6-v5-hisA plasmid vector, respectively.
The plasmids expressing human schlafen 5, 11, 12, 13, and 14 were in pcDNA4-FLAG
(Life Technologies) and obtained from Dr. Michael David (UCSD). For protein-protein
interaction study, cDNA sequences encoding HIV-1 rev or RRV orf57 were cloned in
pEBG plasmid vector with a twinstrep tag at the N-terminus. Firefly luciferase sequences
with unmodified, gH-like, or gp160-like codon usage were cloned in pcDNA6-v5-hisA
plasmid with splicing donor and the RRE at the N-terminus and C-terminus, respectively.
The wild type and codon-optimized sequence of SV40 VP1 were cloned in pcDNA6-v5-
hisA plasmid.

Cell culture and transfection. HEK293T/17 cells (ATCC) were cultured and

maintained in Dulbecco’s modified Eagle medium (DMEM, Life Technologies)
supplemented with 10% fetal calf serum (FCS, Life Technologies), glutamine, and
penicillin-streptomycin. For rhesus fibroblast (RF) cells, 20% of FCS was added.
HEK?293T/17 cells seeded onto 6-well plates 1 day earlier were transfected, unless it was
indicated otherwise, with 2ug of gp160, 1ug of rev or orf57, and 0.2g schlafen plasmid
DNAs using a jetPRIME transfection reagent (Polyplus transfection).

Antibodies and Reagents. The antibodies and reagents used in this study were

obtained from the following sources; mouse and rabbit anti-v5 (Life Technologies),
mouse and rabbit anti-FLAG (Sigma), kk41 (NIH AIDS reagent program), anti-GST
(sigma), Protein A agarose (Pierce), and strep-tactin agarose (Fisher scientific). Anti-
gp120 antibody (3.11H) was purified from hybridoma cell line acquired from Dr. J.E.
Robinson. DNase I (2,000 U/ml) and RNase A (10 mg/ml) were purchased from New

England Biolabs and Thermo Scientific, respectively.
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Immunoblotting, immunoprecipitation, and strep-tactin pull-down. Cells were

harvested, resuspended, and lysed with lysis buffer (50 mM Tris-pH 8.0, 150 mM NacCl,

0.5% NP-40) supplemented with protease inhibitor (Roche). The supernatants, after
centrifugation (12,000¢g for 5 min), were transferred into new tubes and their protein
levels were measured using a bicinchoninic acid protein assay kit (Pierce) and
normalized. An equal volume of 2x SDS sample buffer (Sigma) was added to each lysate,
and then the samples were incubated at 95 °C for 5 min and separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The proteins from the gels were
transferred to a polyvinylidene difluoride (PVDF) membrane (Roche) and subjected to
immunoblotting. Briefly, the membranes were blocked with phosphate-buffered saline
(PBS) containing 5% skim milk for 30 min at room temperature and incubated with the
appropriate primary antibody for 2 hours, followed by 1 hour incubation with the
appropriate horseradish peroxidase (HRP)-conjugated secondary antibody. Specific
signals were detected by an enhanced chemiluminescence system using a SuperSignal
West Pico chemiluminescent substrate (Pierce). For immunoprecipitation or streptactin
pull-down, the cell lysates above were mixed with the appropriate antibody and incubated
with protein A/G agarose or strep-tactin agarose for 2 hours at 4°C. The agarose beads
were washed with cold lysis buffer 3 times and subjected to immunoblotting.

RNA purification and fractionation. Cells grown on a 10cm culture dish were

rinsed with PBS and detached using PBS containing 1 mM EDTA. Roughly 1/6 of the

cells were subjected to immunoblotting, and the remaining 5/6 of cells were subjected to
fractionation. For fractionation, cells were pelleted by low-speed centrifugation (6,000g,
1 min), and then 1.0 ml of ice-cold cell fractionation buffer (PARIS kit, Ambion) and 3ul
of RNase OUT (Life Technologies) were added to the cell pellets. After incubation of 10
min on ice with gentle mixing, the nuclear pellets and cytoplasmic supernatants were
separated by centrifugation for 3 min at 500g. For the cytoplasmic fraction, 0.3 ml of
supernatant was mixed with an equal volume of 2x lysis/binding buffer (PARIS kit), and
0.3 ml of 100% ethanol was added to the mixture. For the nuclear fraction, the nuclear
pellet obtained above was lysed with 0.6 ml of RLT buffer (RNeasy Plus miniprep kit,
Qiagen) and passed through a QIAshredder and gDNA elimination column (Qiagen). The
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total RNA from these nuclear and cytoplasmic fractions was purified further using an
RNeasy plus miniprep kit according to the manufacturer’s instructions.

Real-time gPCR. For real-time PCR analysis, HEK293T/17 cells on 6-well plate

were transfected with plasmids expressing unmodified or codon-modified (gH-like)
gpl60 (in pcDNA6-v5 HisA), rev (pCMV-HIV-1), orf57 (pIRES-orf57-FLAG), or
human schlafen 14 (pcDNA4-schlafen 14-FLAG). Total RNA or nuclear/cytoplasmic
fraction was purified as described above and normalized. Real-time qPCR was performed
using a primer set (forward; GCCTATCCCTAACCCTCTCC (SEQ ID NO: 7), reverse;
CAGATGGCTGGCAACTAGAA (SEQ ID NO: 8), reporter; FAM-
AAACCCGCTGATCAGCCTCGA-NFQ (SEQ ID NO: 9)) and 4x Tagman Fast Virus 1-
step Master mix (Life Technologies), and AB 7500 real-time PCR system. The thermo
cycle was composed of reverse transcription (50 °C, 5 min), inactivation (95 °C, 1 min)
followed by 40 cycles of amplification (95 °C, 15 sec; 60 °C, 45 sec). The number of
RNA copy was calculated by using a pcDNA6-v5-hisA DNA as a standard.

Luciferase assay. Each well of 293T cells on a 48-well plate was transfected with

250 ng of firefly reporter plasmid, 25 ng of pRL-SV renilla plasmid (Promega), and 62.5
ng of plasmid encoding trans-inducer (pcDNAG6-rev or pEF1-orf57) by using a jetPRIME
transfection reagent. At 36 hr after transfection, firefly and renilla luciferase activities
were measured using the Dual-Luciferase reporter assay reagents (Promega) and the
luciferase activity was normalized as the ratio of firefly/renilla luciferase values. Standard
deviations from triplicates were indicated with error bars.

Generation of recombinant RRV. Recombinant RRV expressing SIV env from the

codon-modified (gH-like) gp160 sequence was made by overlapping cosmid transfection
as described earlier’” and tittered by real-time gPCR using a primer set specific to the
sequence of latency-associated nuclear antigen (LANA) of RRV (Forward;
ACCGCCTGTTGCGTGTTA (SEQ ID NO: 10), reverse; CAATCGCCAACGCCTCAA
(SEQ ID NO: 11), reporter; FAM- CAGGCCCCATCCCC (SEQ ID NO: 12)). Two
rhesus monkeys were inoculated with this recombinant RRV (9 x 10’ genome
copies/animal) and the levels of anti-env antibodies in their serum were measured for

over a year using an enzyme-linked immunosorbent assay.
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SIVgpl120 ELISA. Wells of an ELISA plate (Nunc MaxiSorp 468667) were

coated overnight with 100ul of recombinant SIVmac239 gp120 protein (Immune

Technology Corp, IT-001-022p) diluted to 1pug/ml in bicarbonate buffer solution (0.8g

Na,COs, 1.47g NaHCO3, 500ml deionized water) with a plate cover. Wells were then

washed 12 times with deionized water using a Nunc Immuno Washer. Wells were

blocked using 300pul of 5% skim milk in PBS containing 0.05% of Tween-20 (PBS-T) for
one hour at 37°C with a plate cover. The wells were washed 3 times with deionized
water. Serum was diluted 1:20 or 1:100 in 5% skim milk in PBS-T and 100l was added
to the wells, followed by incubation for 1 hour at 37°C with a plate cover. The wells
were then washed 12 times with PBS-T. HRP-conjugated goat anti-monkey secondary
antibody (Santa Cruz, sc-2458) was diluted 1:2000 in 5% skim milk in PBS-T and 100ul
was added to each well, and incubated for one hour at 37°C with a plate cover. The wells
were washed 12 times with PBS-T and 100ul of TMB substrate (Thermo Scientific,

34028) were then added to the wells. The reaction was allowed to develop for 2 minutes,

and then 100ul of phosphoric acid (1M) was added to each well to stop the reaction and

then absorbance was measured on a Wallac Victor3 Multilabel Counter (Perkin Elmer,

1420-051) at a wavelength 450nM.
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Table 3

SEQ ID AA/DNA Description

1 DNA Wild type gp160

2 AA Wild type gp160

3 DNA SIVgp160 envelope with codon usage signature of RRV
gH

4 AA SIVgp160 envelope with codon usage signature of RRV
gH

The present inventions has been described more fully hereinabove with reference
to the accompanying drawings, in which some, but not all embodiments of the invention
are shown. Indeed, these inventions may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements throughout.

Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit
of the teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the inventions are not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only and not for purposes of
limitation.

All publications and patent applications mentioned in the specification are
indicative of the level of those skilled in the art to which this invention pertains. All
publications and patent applications are herein incorporated by reference to the same
extent as if each individual publication or patent application was specifically and

individually indicated to be incorporated by reference.
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THAT WHICH IS CLAIMED
1. A replication-competent herpesvirus vector system comprising a
polynucleotide comprising a heterologous recombinant transgene of interest operably
linked to a promoter, wherein said recombinant transgene of interest has been modified to
comprise a codon usage signature of at least one herpesvirus late gene and wherein the at

least one herpesvirus late gene corresponds to the herpesvirus vector system.

2. The replication-competent herpesvirus vector system of claim 1, wherein

said herpesvirus vector system is derived from a Gammaherpesvirus.

3. The replication-competent herpesvirus vector system of claim 2, wherein

said Gammaherpesvirus is a gamma-2 herpesvirus.

4. The replication-competent herpesvirus vector system of claim 3, wherein
the gamma-2 herpesvirus is a gamma-2 Kaposi's sarcoma-associated herpesvirus

(KSHV)-related herpesvirus.

5. The replication-competent herpesvirus vector system of claim 4, wherein
said gamma-2 KSHV-related herpesvirus comprises human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises

a codon usage signature of the human KSHYV late genes.

6. The replication-competent herpesvirus vector system of claim 4, wherein
said gamma-2 KSHV-related herpesvirus comprises a human KSHV vector system and
said polynucleotide comprising the heterologous recombinant transgene of interest

comprises a codon usage signature of the gH polypeptide of human KSHV.

7. The replication-competent herpesvirus vector system of any one of claims

1-6, wherein said heterologous recombinant transgene of interest encodes an antigen.
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8. The replication-competent herpesvirus vector system of claim 7, wherein

said antigen is a microbial antigen.

9. The replication-competent herpesvirus vector system of claim §, wherein
said microbial antigen comprises a viral antigen, a parasitic antigen, a mycobacteria

antigen, or a bacterial antigen.

10. The replication-competent herpesvirus vector system of claim 9, wherein

said viral antigen comprises a viral antigen from Retrovirdae or Flaviviridae.

11. The replication-competent herpesvirus vector system of claim 10, wherein
said viral antigen comprises a viral antigen from a dengue virus, a lentivirus, a human

immunodeficiency virus (HIV) or a simian immunodeficiency virus (SIV).

12. The replication-competent herpesvirus vector system of any of claims 9,

10, and 11, wherein said viral antigen comprises an envelope polypeptide.

13. The replication-competent herpesvirus vector system of claim 12, wherein

said envelope polypeptide is from HIV or SIV.

14. The replication-competent herpesvirus vector system of claim 13, wherein
said recombinant transgene comprises the polynucleotide set forth in SEQ ID NO: 1 or a
polynucleotide having at least 90% sequence identity to SEQ ID NO:1, wherein said
polynucleotide provides an improved immune response when compared to a recombinant
transgene that encodes the envelope polypeptide from HIV or SIV but that lacks the

codon usage signature.

15. The replication-competent herpesvirus vector system of claim 9, wherein

said bacterial antigen is from Mycobacterium fuberculosis.
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16. The replication-competent herpesvirus vector system of claim §, wherein

said microbial antigen is from plasmodium.

17. The replication-competent herpesvirus vector system of claim 7, wherein

said antigen is a tumor-associated antigen.

18. The replication-competent herpesvirus vector system of claim 17, wherein
said tumor-associated antigen is associated with melanoma, lymphoma, leukemia, lung
cancer, bladder cancer, colon cancer, breast cancer, prostate cancer, esophageal cancer,
liver cancer, pancreatic cancer, ovarian cancer, non-small cell lung cancer, renal cancer,
neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic leukemia, sarcoma,

brain cancer or bone cancer.

19. The replication-competent herpesvirus vector system of any of claims 17
and 18, wherein said tumor-associated antigen comprises BAGE, GAGE, MAGE, NY-
ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA, CEA, Mammaglobin-A, p53,
HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m, Myosin/m, HSP70-2/m, HLA-A2-
R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H, WT1, PR1, E75, ras, AFP, URLC10,
VEGFRI and 2, mutant p53, NY-ESO-1, HPV 16 E7, B-catenin, CDK4, CDC27, o
actinin-4, TRP1/gp75, TRP2, gangliosides, PSMA, HER2, WT1, EphA3, EGFR, CD20,

telomerase, MART-1, or an antigenic portion thereof.

20. A cell line comprising the replication-competent herpesvirus vector

system of any one of claims 1-16.

21. A cell line comprising the replication-competent herpesvirus vector

system of any one of claims 1-7 and 17-19.
22. A replication-competent herpesvirus vector particle comprising within its

genome a polynucleotide comprising a heterologous recombinant transgene of interest

operably linked to a promoter, wherein said recombinant transgene has been modified to
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comprise a codon usage signature of at least one herpesvirus late gene, wherein the at

least one herpesvirus late gene corresponds to the herpesvirus vector.

23. The replication-competent herpesvirus vector particle of claim 22, wherein

said herpesvirus particle is from a Gammaherpesvirus.

24. The replication-competent herpesvirus vector particle of claim 23,

wherein said Gammaherpesvirus is a gamma-2 herpesvirus.

25. The replication-competent herpesvirus vector particle of claim 24, wherein

the gamma-2 herpesvirus is a gamma-2 KSHV-related herpesvirus.

26. The replication-competent herpesvirus vector particle of claim 25, wherein
said gamma-2 KSHV-related herpesvirus comprises a human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises

a codon usage signature of the KSHV late genes.

27. The replication-competent herpesvirus vector particle of claim 25, wherein
said gamma-2 KSHV-related herpesvirus comprises a human KSHV and said
polynucleotide comprising the heterologous recombinant transgene of interest comprises

a codon usage signature of the gH polypeptide of human KSHV.

28. The replication-competent herpesvirus vector particle of any one of claims

22-27, wherein said heterologous recombinant transgene of interest encodes an antigen.

29. The replication-competent herpesvirus vector particle of claim 28, wherein

said antigen is a microbial antigen.
30. The replication-competent herpesvirus vector particle of claim 29, wherein

said microbial antigen comprises a viral antigen, a parasitic antigen, a mycobacteria

antigen or a bacterial antigen.
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31. The replication-competent herpesvirus vector particle of claim 30, wherein

said viral antigen is from Retrovirdae or Flaviviridae.

32. The replication-competent herpesvirus vector particle of claim 31, wherein

said viral antigen is from HIV or SIV.

33. The replication-competent herpesvirus vector particle of claim 32, wherein

said viral antigen comprises an envelope polypeptide.

34. The replication-competent herpesvirus particle of claim 33, wherein said

envelope polypeptide is from HIV or SIV.

35. The replication-competent herpesvirus vector particle of claim 34, wherein
said recombinant transgene comprises the polynucleotide set forth in SEQ ID NO: 1 or a
polynucleotide having at least 90% sequence identity to SEQ ID NO:1, wherein said
polynucleotide provides an improved immune response when compared to a recombinant
transgene that encodes the envelope polypeptide from HIV or SIV but that lacks the

codon usage signature.

36. The replication-competent herpesvirus vector particle of claim 30, wherein

said bacterial antigen is from Mycobacterium tuberculosis.

37. The replication-competent herpesvirus vector particle of claim 29, wherein

said microbial antigen is from plasmodium.

38. The replication-competent herpesvirus vector particle of claim 28, wherein

said antigen is a tumor-associated antigen from a human.

39. The replication-competent herpesvirus vector particle of claim 38, wherein

said tumor-associated antigen is associated with melanoma, lymphoma, leukemia, lung
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cancer, bladder cancer, colon cancer, breast cancer, prostate cancer, esophageal cancer,
liver cancer, pancreatic cancer, ovarian cancer, non-small cell lung cancer, renal cancer,
neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic leukemia, sarcomas,

brain cancer or bone cancer.

40. The replication-competent herpesvirus vector particle of any of claims 38
and 39, wherein said tumor-associated antigen comprises BAGE, GAGE, MAGE, NY-
ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA, CEA, Mammaglobin-A, p53,
HER-2/neu, livin, survivin, B-catenin-m, B-Actin/4/m, Myosin/m, HSP70-2/m, HLA-A2-
R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H, WT1, PR1, E75, ras, AFP, URLCI10,
VEGFRI and 2, mutant p53, NY-ESO-1, HPV 16 E7, B-catenin, CDK4, CDC27, o
actinin-4, TRP1/gp75, TRP2, gangliosides, PSMA, HER2, WT1, EphA3, EGFR, CD20,

telomerase, MART-1 or an antigenic portion thereof.

41. A pharmaceutical composition comprising the replication-competent

herpesvirus vector particle of any one of claims 22-37.

42. A pharmaceutical composition comprising the replication-competent

herpesvirus vector particle of any one of claims 22-28 and 38-40.

43. A method for delivering a transgene of interest to a cell comprising
contacting the cell with a replication-competent herpesvirus vector particle of any one of

claims 22-37.

44, The method of claim 43, wherein said cell is contacted in vivo or in vitro.
45. The method of claim 44, wherein said cell is from a mammal.
46. A method for delivering a transgene of interest to a cell comprising

contacting the cell with a replication-competent herpesvirus vector particle of any one of

claims 22-28 and 38-40.
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47. The method of claim 46, wherein said cell is contacted in vivo or in vitro.
48. The method of claim 47, wherein said cell is from a mammal.
49. A method of generating an immune response against a microbial antigen

in a subject in need thereof comprising administering to said subject a therapeutically
effective amount of the replication competent herpesvirus vector particle of any one of
claims 22-37, wherein an immune response against said microbial antigen is generated in

said subject.

50. A method of generating an immune response against a tumor-associated
antigen in a subject in need thereof comprising administering to said subject a
therapeutically effective amount of the replication competent herpesvirus vector particle
of any one of claims 22-28 and 38-40, wherein an immune response against said tumor-

associated antigen is generated in said subject.

51. A method for treating or preventing a microbial infection in a subject in
need thereof comprising administering to said subject a therapeutically effective amount
of a replication-competent herpesvirus vector particle comprising within its genome a
polynucleotide comprising a heterologous recombinant transgene encoding a microbial
antigen and operably linked to a promoter, wherein said recombinant transgene has been
modified to comprise a codon usage signature of at least one herpesvirus late gene,
wherein the at least one herpesvirus late gene corresponds to the herpesvirus vector, and
wherein an immune response against said microbial antigen is generated in said subject

and thereby treats or prevents said microbial infection.

52. The method of claim 51, wherein said microbial infection is HIV.

53. The method of claim 51, wherein said microbial infection is

Mycobacterium tuberculosis, plasmodium, or a dengue virus.
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54. The method of claim 51, wherein the subject is a human.

55. A method for treating or preventing cancer in a subject in need thereof
comprising administering to said subject a therapeutically effective amount of a
replication-competent herpesvirus vector particle comprising within its genome a
polynucleotide comprising a heterologous recombinant transgene encoding a tumor-
associated antigen and operably linked to a promoter, wherein said recombinant
transgene has been modified to comprise a codon usage signature of at least one
herpesvirus late gene, wherein the at least one herpesvirus late gene corresponds to the
herpesvirus vector, and wherein an immune response against said tumor-associated

antigen is generated in said subject and thereby treats or prevents said cancer.

56. The method of claim 55, wherein the subject is a human.

57. The method of claim 55, wherein the cancer is melanoma, lymphoma,
leukemia, lung cancer, bladder cancer, colon cancer, breast cancer, prostate cancer,
esophageal cancer, liver cancer, pancreatic cancer, ovarian cancer, non-small cell lung
cancer, renal cancer, neuroblastoma, colorectal cancer, uterine cancer, acute myelocytic

leukemia, sarcoma, brain cancer or bone cancer.

38. The method of claim 55, wherein the tumor-associated antigen comprises
BAGE, GAGE, MAGE, NY-ESO-1, SSX, gp100, Melan-A/Mart-1, Tyrosinase, PSA,
CEA, Mammaglobin-A, p53, HER-2/neu, livin, survivin, B-catenin-m, 3-Actin/4/m,
Myosin/m, HSP70-2/m, HLA-A2-R170J, GM2, GD2, GD3, MUC-1, sTn, globo-H,
WTI, PR1, E75, ras, AFP, URLC10, VEGFR1 and 2, mutant pS3, NY-ESO-1, HPV16
E7, B-catenin, CDK4, CDC27, a actinin-4, TRP1/gp75, TRP2, gangliosides, PSMA,
HER2, WT1, EphA3, EGFR, CD20, telomerase, MART-1, or an antigenic portion

thereof.
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INTERNATIONAL SEARCH REPORT ' International application No.

PCT/US 15/15432

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence dlsclosed in the international application, 1he international search was
carried out on the basis of a sequence listing: .

a forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
I:l on paper or in the form of an image file.

b. D furnished together with the international applicétion under PCT Rule 13ter. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. I:l furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13¢er. 1(a)).

l:l on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a scquéncc listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the apphcatlon as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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INTERNATIONAL SEARCH REPORT [ntemational application No.
PCT/US 15/15432

Box No. 1I Observations where certain claims were found unsearchable (Continuaiion of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) fqr the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescrlbed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 12-14, 19-21, 40-50
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. '

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
" additional fees. .

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I___I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
-restricted to the invention first mentioned in the claims; it is covered by clalms Nos.:

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

L—_l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 15/15432

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61K 39/12, C12N 7/00, C12N 15/09 (2015.01)

CPC - A61K 2039/525, A61K 2039/5256
According to International Patent Classification (IPC) or to both national classnf cation and IPC

‘B. FIELDS SEARCHED

Minimum documentation searched (classification syslem followed by classification symbols)
IPC(8) - A61K 39/12, C12N 7/00, C12N 15/09 (2015.01)

CPC - A61K 2039/625, A61K 2039/5256

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - CO7K 14/005, C12N 7/00

(keyword limited; terms below)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, PUbDWEST (USPT, PGPB, EPAB, JPAB), Google Scholar

Search terms: herpesvirus, herpese, vector, system, vaccine, codon, codon usage, codon optimization, late gene, gH, gl., gamma-2,
Kaposi's sarcoma, Mycobacterium tuberculosis, plasmodium, cancer, tumor, malignancy, tumor-associated antigen, BAGE, GAGE,
MAG

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2011/0123485 A1 (DESROSIERS et al.) 26 May 2011 (26.05.2011) para [0005], [0006], 1-11, 15-18, 22-39, 51-58
[0007], [0026], [0028], [0031], [0094], [0106) :

Y SHIN et al., Rhesus monkey rhadinovirus ORF57 induces gH and gL glycoprotein expression 1-11, 15-18, 22-39, 51-58
through posttranscnptlonal accumulation of target mRNAs. J Viro, August 2011, Vo! 85, No 15, .
-] pp 7810-7. Especially abstract; p 7811, cot 1, para 3

Y WO 2005/092374 A2 (ENSOlLI et al.) 06 October 2005 (06.10.2005) p 1, para 1-3, p 9, para6 | 15-16, 36-37

Y US 2010/0291127 A1 (EISENBACH et al.) 18 November 2010 (18.11.2010) para [0053], [0072], { 17-18, 38-39, 55-58
f0079], (0084} ’

Y . | US 2013/0337009 A1 (CHEBLOUNE) 19 December 2013 (19.12.2013) abstract; para [0012], 35
SEQ ID NO: 11
D Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T” later document published after the international filing date ordprlonty
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhcatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international «X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
.| “L” document which may throw doubts on priority claim(s) or which is step.when the document is taken alone
cited to establish the publication date of another citation or other .y
Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) . considered to involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but laterthan «g» gocument member of the same patent family’
the priority date claimed - .

Date of the actual completion of the international search Date of mailing of the international search report
24 April 2015 (24.04.2015) .' 9 M AY 2075
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Atin: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
e PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP; 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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