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(57) ABSTRACT
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in particular a U20S cell, engineered to express ICP4 and
ICP27 when the cell is infected with HSV for the production
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FIG. 8 (Continued)

LAT 2kb—

GTAGG TAGACACCTGCTTCTCCCCAATAGAGGGGGGGGGACCCAAACGACAGG
GGGCGCCCCAGAGGCTAAGGTCGGCCACGCCACTCGCGGGTGGGCTCGTGTTAC
AGCACACCAGCCCGTTATTTTCCCCCCCTCCCACCCTTAGTTAGACTCTGTTACTT
ACCCGTCCGACCACCAACTGCCCCCTTATCTAAGGGCCGGCTGGAAGACCGCCA
GGGGGTCOGCCGGTGTCGCTGTAACCCCCCALGCCAATGACCCACGTACTCCAA
GAAGGCATGTGTCCCACCCCGCCTGTGTTTTIGTGCCTGGCTCTCTATGCTTGGGT
CTTACTGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGGGTGTGGAAGGAAAT
GCACGGCGCGTGTGTACCCCCCCTAAAGTTTGTCCTAAAGCGAGGATATGGAGG
AGTGGCGGGTGCCGGGGGACCGGGGTGATCTCTGGCACGCGGGGGTGGGAAGS
GTCGUGAGAGGGRGGGATGCRNNNNNGGCCCACCTGGCCGGCGCGGGTGUCGCGT
GCCTTTGCACACCAACCCCACGTCCCCCGGCGGTCTCTAAGAAACACCGCCCCCC
CTCCTTCATACCACCGAGCATGCCTGGGTGTIGGGT TGGTAACCAACACGCCCATC
CCCTCGTCTCCTGTGATTCTCTGGCTGCACCGCATTCTTGTTTTCTAACTATGTTCC
TGTTTCTGTCTCCCCCCCCACCCCTCCGCCCCACCCCCCAACACT
(3" recombination position; LA'T P2 is defined as the Pstl-BstX1 fragment, i.e. LAP2 +the 5°
portion of 2kb LAT)
ceatgottataaaacectagoectataactagtiatiaatagtaatcaattacggpateattasticatageccatatatggastics («—

from CAG doner plasmid, bacterial sequence)

CAG promoier

eATAACTTACGOTAAATGGCCCGCCTOGUTGACCOOUCAALGALCLLRG

<

CUCATTGACOTCAATAATGACGTATETYCCCATAUTAALGUCAATAGGCALTTIC

CATTGACGTOAATOGUTOGAGTAT T TACGE TAAAL TGO CACTTGOUAGTACATC

AAGTOTATCATATGCCAAGTACGUCOCCTATTGALTTIC AR TGACGUTA A ATGUCT

LU POGCATEATY

CAGTACATGACOUTTATGGGACTITCCTACTIGOUAGTAL

ATCTACGT AT AGTCATCOUTATTACCATGUTICGAGGTGARCLCCACETIUTGU T

AT A T OO OO T OO CACCCCCAATTT I IGTATTITATTITATTITTEA

ATEATTTIOTCCAGCCATO OGO GOGOOGHOGGHGGLGGAAAAAGCRAAGUGLG
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FIG. 8 (Continued)

cocling
ERI TRy

ATGOTGAGCAAGGGUOAGGAGCTOTTCACCGGGOTGGTGCOCATCCTGGTCGAG
GATGCCACCTACGGCAAGCTCGACCCTGAAGTTCATCTGCACCACCGOCAAGCTGO
CCGTGCCCTGGCCCACCCTCGTGACCACCCTCGACCTACGGUGTGCAGTGCTTCAG
COOGCTACCCCGACCACATGAAGCAGCACCGACTTCTTICAAGTCCGCCATGCCCGAA
GOUTACOTCCAGGAGCGCACCATCTICTTCAAGGACGACGGCAACTACAAGACC
COUGCOGAGGTOAAGTTCGAGGGUGACACCUTGGTGAACCGUATCGAGCTGAAG
GGCATCOACTTCAAGCAGUACGGCAACATCCTGGGGCACAAGCTGGAGTACAAC
TACAACAGUCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GICAACTICAAGATCCGCCACAACATCGAGCACGGCAGCGTGCAGCTLGCCGAL
CACTACCAGCAGAACACCCCCATCOGCGACGGCCCCGTGCTGCTGCCCGACAAL
CACTACCTCAGCACCCAGTCCGOCCTOAGCAAAGACCCCAACGAGAAGCGCGAT

CACATGOTCCTGOTGOAGTTCOTGACCGCCGCCGGCATCACTCTCGGCATGGALCS
AGCTOGTACAAGTCCGGACTL AL o
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FIG. 8 (Continued)

LAT resumes {3° recombination position)

TGCCAGTGOGCAGGATGCT I COGOUATCOG TG TCAGGCAGCCLGGELLGOLGC

AL ALGEA

ACTUCCALG ; TOOCAL ATAUATCCAACACAGACAG
CGOAAAAGATACAAAAGTAAACCINNENE 'CCCAACAGACAGCAAAAATCCCCTG
AGTTTTTTTTATTAGGGCCAACACAAAAGACCCGCTGOTG
TGTGGTGCCOCGTGTCTTTCACTTTTCCCCTCCCOGACACGGATTCGCTGGTGTAGT
GGGCGCGGCCAGAGACCACCCAGCGCCCGe- ICPO mRNA end (opposite sirand) with

End LAT sequence, LAT 2kb splice acceptor deleted, ICPO coding and most of the 3'UTR
deleted, sequence picks up (opposite strand} with piece of ICPG 5°UTR followed by the TX
promcter originally driving 1ICPO expression in JDBBER4 (BICPO):

caaltgeatatcGGGGULCOCGGTACCGTCGACTGCAGAATTCGAAGCTTCAGCTCGAG
ATC

TGCGOUACGOTGTTCACGUTGTTAAGCGGETCOUTGUAGGGTORC

AGGUCACACGUGTCACTTTAATATGCGAAGTGGACCTGGOA

1/—

COAATTCGOCAATOGACAACGALGUTGGGCGRGOTITETGY
ACTAAAGACATGUAAN {
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FIG. 9 (Continued)
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NON-TOXIC HSV VECTORS FOR
EFFICIENT GENE DELIVERY
APPLICATIONS AND COMPLEMENTING
CELLS FOR THEIR PRODUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/847,405, filed Jul. 17, 2013, the entire
contents of which are incorporated herein in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND
DEVELOPMENT

This invention was made with Government support under
Grant Numbers PO1DKO044935 and S5SROINS064988
awarded by the National Institutes of Health. The Govern-
ment has certain rights in this invention.

BACKGROUND OF THE INVENTION

Among many viral and non-viral genetic vector systems,
Herpes Simplex Virus (HSV)-based vectors have been
investigated for use as gene transfer vectors, including for
possible therapeutic use in human patients. HSV is a com-
plex, non-integrating DNA virus capable of infecting a very
wide range of human and animal cells. The viral genome
contains more than 80 genes and is composed of two unique
segments, U, and Ug, each flanked by inverted repeats that
encode critical diploid genes. An important feature of HSV
replication is the expression of its genes in waves referred to
as cascade regulation (Rajcani, Virus Genes, 28: 293-310
(2004)). Removal of the essential immediate-carly (IE)
genes ICP27 and ICP4 renders the virus completely defec-
tive and incapable of expression of early (E) genes involved
in viral genome replication and late (L) genes functioning in
progeny virion assembly. These replication-defective
viruses can be grown on complementing cells that express
(complement) the missing ICP4 and ICP27 gene products
and can then be used to infect non-complementing cells
where the viral genome takes residence as a stable nuclear
episome. However, vectors that preserve the ICPO and
ICP22 IE genes are toxic to cells, but inactivation or deletion
of these genes, the ICP0 gene in particular, hampers trans-
gene expression.

Accordingly, there remains a need for an HSV vector
capable of expressing a transgene in any tissue or cell, in
vitro or in vivo, without harming the cell or tissue and a
system for propagating such vectors.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a breakthrough in HSV
vector engineering that has provided the opportunity to
express transgenes in a wide variety of tissues or cells
(particularly mammalian), in vitro or in vivo, without
expression of any harmful viral genes. The inventive HSV
vector does not express any toxic viral genes in non-
complementing cells, yet is capable of vigorous, persistent
(e.g., for at least 14 days, such as at least 28 days, and
preferably for at least 60 days) transgene expression. As
such, it fills an extremely important niche in vector tech-
nology since HSV is the only vector that combines the
capability of carrying large single- or multi-transgene
expression cassettes controlled by general or cell-specific
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promoters with the property of highly efficient infection
without vector integration. The inventive vector will allow
efficient gene delivery to tissues, such as liver, for which no
effective vector is currently available.

In one embodiment, the invention provides a herpes
simplex virus (HSV) vector that does not express toxic HSV
genes in non-complementing cells and which comprises a
genome comprising one or more transgenes, wherein the
vector is capable of expression of a transgene for at least 28
days in non-complementing cells. The inventive vector can
comprise a transgene inserted in operable connection with
one or more insulator sequences within the genome, wherein
the vector does not express ICPO, ICP4, ICP22, ICP27, and
ICP47 as immediate early genes. Depending on the activity
of the promoter controlling the transgene, the inventive
vector can express the transgene in any type of mammalian
(especially human) cell that it can infect without the cyto-
toxicity associated with viral gene expression.

In another aspect, the invention provides a complement-
ing cell for the production of the inventive vector. The
inventive cell line is derived from 20S cells, which have
been engineered to express ICP4 and ICP27 when the cell is
infected with HSV.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a vector schematic showing reporter gene
expression. The top line represents the full-length wild-type
HSV-1 strain KOS BAC clone (Gierash, J. Virol. Meth., 135:
197-206 (2006)) used to generate the JANI vectors of the
invention. The second line represents JANIS, i.e. the back-
bone of JANI7-GFP. The third line is a blow-up of the LAT
to UL4 region of JANIS. The left side of the 4th line
(LAT:CAG-GFP) shows the position of the reporter expres-
sion cassette in JANI7-GFP. The right side of the 4th line
(UL3/4:CAG-GFP) shows the position of the same expres-
sion cassette in a JANIS-derived control vector (JANI6-
CAGGFP). FIG. 1A key: TR, terminal repeats; IR, internal
repeats; UL, unique long region; US, unique short; numbers
identify the location of the different IE genes; A, deletion; f3,
early promoter; CTRL, insulator; LAT P2, long-term expres-
sion element; CAG, CMV/actin/globin enhancer/promoter/
intron cassette. FIG. 1B is a set of photographs showing
reporter gene expression. FIG. 1B key: HDF, human dermal
fibroblasts; hpi, hours post-infection; dpi, days post-infec-
tion; MOI, multiplicity of infection.

FIGS. 2A-2B is a set of photographs comparing transgene
expression in JANI6-CAGGFP- and JANI7-GFP-infected
cells. FIG. 2A shows GFP (“EGFP”) and mCherry expres-
sion in HDF and U20S cells infected at the indicated MOls.
Fluorescence microscopy images were acquired 3 days after
infection. FIG. 2B shows the duration of transgene expres-
sion in infected HDF (MOI=0.5). Images were acquired at
1-14 days post-infection.

FIG. 3 is a set of photographs showing expansion of
JANI7-miR302GFP virus on complementing (U20S-ICP4/
ICP27) cells. Photographs were taken at 3 days post-infec-
tion.

FIG. 4 is a schematic of the construction of a targeting
plasmid for insertion of a tetracycline-inducible promoter
and Gateway recombination cassette into the LAT locus of
a HSV vector. FIG. 4 key: Zeo, zeomycin-resistance gene;
Cm, chloramphenicol-resistance gene; ccdB, toxin gene for
negative selection; LATP2, LAT long-term expression ele-
ment; CTRL2, chromatin boundary/insulator element 2 of
the LAT locus.
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FIG. 5 is a schematic of the construction of a lentivirus
plasmid for expressing ICP27 in a U20S-ICP4 cell line.
FIG. 5 key: p, promoter; bla, blasticidin resistance gene.

FIG. 6A is a set of photographs showing ICP27 immu-
nofluorescence staining of U20S-ICP4 cells and different
clonal U20S-ICP4/ICP27 cells infected with QOZHG virus
(ICP4-null; ICP27-null). FIG. 6B is a set of photographs
showing the growth of the QOZHG virus (GFP expression
from an HCMV promoter-GFP cassette in the viral genome)
in U208-ICP4 and U20S-ICP4/ICP27 cells.

FIG. 7 is a schematic of a HSV vector of the present
invention (JANI7-GFP, center), the LAT region of JANI7-
GFP (top), and the LAT region of a wild-type HSV (bottom).

FIG. 8 is the sequence of the LAT region of JAN17-GFP
vector of the present invention. This sequence is SEQ ID
NO:1.

FIGS. 9A-9C. Vector genome structures and complement-
ing cells for virus production. (FIG. 9A) Schematic repre-
sentations of the wild-type HSV-1 KOS genome in KOS-37
BAC (24) and the genomes of the IE gene-deleted deriva-
tives JANI2, JANI3 and JANIS. UL, unique long segment;
US, unique short segment. Open boxes: terminal and inter-
nal inverted repeats. The BAC eclements, including a
chloramphenicol-resistance gene and [-galactosidase
expression cassette, are located between loxP sites in the
UL37-UL38 intergenic region (Gierasch et al., J. Virol
Methods 135, 197-206 (2006)). The US region in KOS-37
BAC and its derivatives is inverted compared to the standard
representation of the HSV genome. Deletions in the JANI
constructs are indicated by black boxes and the A symbol;
the ICP47 promoter and translation initiation codon are
removed as part of the joint deletion. IE genes converted to
early expression kinetics by promoter replacement (ICPO,
1CP27) or TAATGARAT deletion (ICP22) are represented
by hatched boxes and the  symbol in front of the ICP
number. All JANI recombinants contain the hyper-activating
N/T mutations in the gB gene (Uchida et al., J. Virol. 84,
12200-09 (2010)) and a ubiquitin C promoter (UbCp)-
mCherry cassette in the ICP4 locus; the SV40 polyA region
of the mCherry cassette is represented by a small patterned
box. (FIG. 9B) Western blot analysis of complementing
cells. Uninfected cells and cells infected with QOZHG (left)
or JANIS virus (right) at an MOI of 1 were harvested at 24
hpi and extracts were prepared for gel electrophoresis. Blots
were probed with antibodies for ICP4, ICP27, or a-tubulin
as a loading control. (FIG. 9C) JANI2 and JANIS virus
growth in U208, U20S-ICP4, U20S-ICP4/27, and Vero-7b
cells. Cells were infected at an MOI of 0.001 and extracel-
Iular virus was harvested daily from triplicate wells and
titered on U20S-ICP4/27 cells.

FIGS. 10A-10B. Relative nuclear viral DNA levels after
infection with equal gc or PFU. HDF's were infected with the
indicated JANI vectors at 5,000 gc/cell (FIG. 10A) or 1
PFU/cell (FIG. 10B). At 2 hpi, nuclear DNA was isolated
and relative viral gc numbers were determined by qPCR for
the gD gene normalized to the cellular 18S rRNA genes.

FIGS. 11A-11D. JANI cytotoxicity and viral gene expres-
sion in non-complementing cells. (FIG. 11A) In vitro cyto-
toxicity assay. HDFs and Vero cells were infected at 25,000
gc/cell and cell viability in triplicate wells was measured at
5 dpi by MTT assay. Plotted values represent the mean ratio
of virus-infected to mock-infected cells. Brackets with aster-
isks indicate statistically significant differences (p<0.05)
between JANI2- and JANI3-infected Vero cells and between
JANI3- and JANIS-infected Vero cells. (FIG. 11B). Immu-
noblot analysis of IE gene products in HDFs. Cells were
infected with KOS, QOZHG or JANI viruses at 1 PFU/cell
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and extracts were prepared at 24 hpi. Blots were probed with
antibodies for the indicated IE gene products or a-tubulin as
a loading control. (FIG. 11C) JANI IE gene expression
measured by qRT-PCR. HDFs were infected with the indi-
cated viruses at 1,000 gc/cell. mRNA was isolated at 12 hpi
and reverse-transcribed for qPCR determination of the
c¢DNA levels for the genes listed at the top. Expression was
normalized to 18S rRNA levels and is shown relative to
JANI2-infected cells. (FIG. 11D) gRT-PCR analysis for
expression of early (upper panels) and late genes (lower
panels). HDFs were infected and processed as in (FIG. 11C).
ICP6 may be considered a delayed IE gene and is grouped
with the early genes here as its expression is reportedly more
dependent on ICPO than on VP16 or ICP4 (Desai et al., J.
Virol. 67, 6125-35 (1993); Sze et al., Virus Res. 26, 141-52
(1992); Harkness et al., J. Virol. 88(12) 6847-61 (2014)).

FIGS. 12A-12D. Reporter gene expression in JANI-in-
fected HDFs. (FIG. 12A) mCherry fluorescence. Cells were
infected at the indicated gc/cell and photographed at 24 hpi.
(FIG. 12B) Relative mCherry mRNA levels. HDFs were
infected at 5,000 gc/cell and harvested at 6 hpi for mRNA
isolation, reverse transcription and qPCR as in FIG. 3C.
(FIG. 12C) mCherry fluorescence in U20S cells. Cells were
infected at 1,000 gc/cell and photographed at 24 hpi. (FIG.
12D) Induction of mCherry expression in JANIS-infected
HDFs. Cells were infected at the indicted gc/cell, super-
infected at 24 h with QOZHG at 5,000 gc/cell, and photo-
graphed 24 h later.

FIGS. 13A-13D. JANI6GFP and JANI7GFP genome
structures and reporter gene expression. (FIG. 13A)
JANI7GFP contains a CAG promoter-EGFP expression cas-
sette in the 2-kb LAT intron region between the LATP2
long-term expression/enhancer region and a downstream
CTCF-binding motif (CTRL2) in the intron. LATP2 extends
from the LAT transcription initiation site to within the 2-kb
intron. JANI6GFP contains the same CAG promoter-EGFP
expression cassette between the UL3 and UL4 genes. The
rabbit -globin polyA region of the CAGp-EGFP cassette is
represented by a small patterned box. (B-D) EGFP and
mCherry expression in infected HDFs. (FIG. 13B) Cells
were infected with JANI6GFP or JANI7GFP virus at differ-
ent ge/cell and fluorescence was visualized at 3 dpi. (FIG.
13C) HDFs were infected with JANI6GFP or JANI7GFP
vector at 12,500 gc/cell and harvested 3 or 5 d later for
mRNA extraction and qRT-PCR analysis for the 2 reporter
genes. Expression normalized to 18S rRNA is shown rela-
tive to JANI6GFP-infected cells on day 3. (FIG. 13D) HDFs
were infected with JANI6GFP or JANI7GFP virus at 25,000
gc/cell and EGFP fluorescence was photographed at 7, 14
and 28 dpi.

FIGS. 14A-14C. The effect of LAT locus elements on
EGFP expression from JANI7GFP. (FIG. 14A) Genome
representations of JANI7GFP and derivatives deleted for
CTRL1 (AC1), CTRL2 (AC2) or LATP2 (ALP2) individu-
ally or in combinations. The deletion of positions 8978-9161
in JQ673480 encompassed CTRL1, and a deletion of posi-
tions 5694-5857 in JQ673480 encompassed CTRL2. These
deletions encompass a few bases beyond the CTCF binding
motifs. (FIG. 14B) Reporter gene expressin in infected
HDFs. Cells were infected with the indicated viruses at
12,500 ge/cell and fluorescence was recorded at 3 dpi. (FIG.
14C) Relative EGFP mRNA levels in HDFs infected with
JANI7GFP, derivatives deleted for LAT elements, or
JANI6GFP; viruses are identified by abbreviated names.
Cells were infected at 12,500 gc/cell and processed at 3 dpi
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for QRT-PCR analysis. Expression levels were normalized to
18S rRNA and are presented relative to the level in
JANI7GFP-infected cells.

FIGS. 15A-15D. Anti-silencing activity of LAT
sequences positioned elsewhere in the viral genome. (FIG.
15A) Construction of JANI9 and JANI10 vectors. An Xhol
fragment encompassing CTRL1, LATP2 and CTRL2 was
removed from the JANIS genome and a GW recombination
cassette was introduced between UL45 and UL46 to gener-
ate JANIOGW or between ULS50 and ULS51 to produce
JANI1OGW (upper). The same Xhol sites were used to
isolate a CAGp-GFP-containing LAT fragment from
JANI7GFP (lower left). The Xhol fragment was cloned into
PENTRI1A (lower right) and transferred into JANIOGW or
JANI10GW by attl/attR recombination with the respective
GW cassettes (LR reaction) to produce JANI9LAT-GFP and
JANI10LAT-GFP, respectively. As controls, the CAGp-GFP
cassette without LAT sequences was recombined via a
PENTRIA intermediate into the GW locus of JANIOGW or
JANI10GW, producing JANIOGFP and JANI10GFP. (FIG.
15B) Reporter gene expression in HDFs infected with JANI9
or JANI10 viruses. HDFs were infected with the indicated
viruses at 12,500 gc/cell. EGFP and mCherry fluorescence
were recorded at 3 dpi. (FIG. 15C) EGFP mRNA levels in
infected HDFs determined by qRT-PCR as in earlier figures.
Levels are shown relative to JANISGFP- or JANI10GFP-
infected cells. JANI1OAC12LP2-GFP was constructed by
transfer of the Xhol LAT fragment from JANI7AC12LP2-
GFP into the GW site of JANI10GW similar to the construc-
tion of JANI1OLAT-GFP above. (FIG. 15D) Effect of the
deletion of both CTRLs and LATP2 from JANI10LAT-GFP
on transgene expression. HDFs were infected at 12,500
gc/cell and EGFP and mCherry fluorescence were recorded
at 3 dpi.

FIGS. 16A-16D. Reporter gene expression from JANI
vectors in other non-complementing cells. (FIG. 16A) The
cells listed at the top were infected with JANI6GFP or
JANI7GFP at the gc/cell indicated below the panels. EGFP
and mCherry fluorescence were recorded at 3 dpi. (FIG.
16B) EGFP gene expression in cells infected as in (FIG.
16A) was measured at 3 dpi by qRT-PCR analysis. Results
normalized to 18S rRNA are shown relative to JANI6GEP-
infected cells. (FIG. 16C) hMDSCs were infected with
JANI6GFP or JANI7GFP virus at 50,000 gc/cell and EGFP
fluorescence was photographed at 14 and 28 dpi. (FIG. 16D)
qRT-PCR determination of EGFP mRNA levels in hEK,
hPAD and hHEP cells 3 d after infection with JANI10GFP
or JANI10:LAT-GFP at 12,500 gc/cell. Normalized expres-
sion is shown relative JANI10GFP-infected cells.

FIG. 17 graphically depicts the construction of JANI8
from JANIS.

FIG. 18 presents data concerning the growth of JANI8
relative to JANIS in complementing cells (U20S-1CP4/27)
after infection at 1 genome copy (gc)/cell. The upper panel
depicts reporter gene expression (mCherry), whereas the
lower left panel reports virus yields in plaque forming units
(PFU), and the lower right panel reports virus yields in
genome copies (gc).

FIG. 19 depicts data demonstrating that viral genes are
expressed earlier from JANIS than from JANIS in comple-
menting cells. In each panel, the lower line represents data
for JANIS, whereas the upper line represents data for JANIS8.
Data were collected by qRT-PCR and is expressed as the fold
difference relative to the JANIS data point at 6 hours
post-infection (hpi).
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FIG. 20 graphically depicts the genomic structure of
JDNI7GFP (also referred to as JANI7GFP) and JDNISGFP
(also referred to as JANISGFP).

FIG. 21 presents data demonstrating that infection of
human dermal fibroblast (HDF) cells with equal amounts of
JANIS and JANIS (expressed as gc) results in equal amounts
of viral DNA in the nucleus. Data are representative of two
hours post infection (hpi).

FIG. 22 presents data comparing the cell viability (MTT)
of HDF infected with various HSV vectors at two M.O.I.
The lower -X-line in each panel represents the results for
JANIS, while the upper -X-line in each graph represents the
results for JANIS.

FIG. 23 presents data comparing the cell viability analysis
(MTT) of HDF infected with various HSV vectors at dif-
ferent numbers of viral genomic copies per cell. For the left
panel (12500 ge/cell), the M.O.1. of JANIS was 5 PFU/cell,
whereas the M.O.I. for JANI8 was 18 PFU/cell. For the right
panel (25000 gc/cell), the M.O.I. of JANIS was 11, whereas
the M.O.I. for JANI8 was 33. The lower -X-line in each
panel represents the results for JANIS, while the upper
-X-line in each graph represents the results for JANIS.

FIG. 24 presents data comparing the viability of cells
infected with KOS, JANIS, and JANIS in six cell types
(HDF, human neonatal keratinocytes, human neural stem
cells, Vero, human preadipocytes, and human hepatocytes).
The MTT assay was conducted using 25,000 gc/cell, with
data reported at 5 days post infection (dpi).

FIG. 25 presents dose-response data at three days post
infection comparing reporter gene expression (mCherry or
Enhanced Green Fluorescent Protein (EGFP)) between
human dermal fibroblasts (HDF) infected at the indicated
gc/cell with either JANI7GFP and JANISGFP.

FIG. 26 presents time-course data comparing reporter
gene expression (mCherry or EGFP) between human dermal
fibroblasts (HDF) infected at 25,000 gc/cell with either
JANI7GFP and JANISGFP.

FIG. 27 presents the results of experiments comparing
reporter gene expression (mCherry or EGFP) for human
neonatal keratinocytes three days post infection with either
12,500 ge/cell or 25,000 ge/cell of either JANI7GFP or
JANIBGEFP.

FIG. 28 presents the results of experiments comparing
reporter gene expression (mCherry or EGFP) for rat dorsal
root ganglion (DRG) neurons three days post infection with
6250 gce/cell of either JANI7GFP or JANISGFP.

FIG. 29 presents the results of experiments investigating
transgene expression (mCherry or EGFP) in neural cells
infected with JANI7GFP. Top, separate (left; 40x) or merged
(center, right; 20x) images of EGFP and mCherry fluores-
cence at the indicated days post infection (dpi); bottom,
separate and merged images at 15 dpi (10x).

FIG. 30 is a schematic diagram of pCX4Hyg-Cre.

FIG. 31 is a schematic representation of the generation of
pCX4Hyg-Cre.

FIG. 32 presents data comparing EGFP mRNA levels
between JANI7GFP- and JANI6GFP-infected HDF cells as
determined by quantitative reverse transcription (RT)-PCR.

DETAILED DESCRIPTION OF THE
INVENTION

The following patents and publications, which relate to
various HSV vector technologies, are herein incorporated by
reference. U.S. Pat. No. 5,658,724 relates to HSV strains
deficient for ICP4 and ICP27 and methods for their produc-
tion, growth, and use. U.S. Pat. No. 5,804,413 relates to a
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cell line comprising DNA encoding ICP4, ICP27, and ICPO.
U.S. Pat. No. 5,849,571 relates to latency active herpes virus
promoters and their use. U.S. Pat. No. 5,849,572 relates to
a HSV-1 vector containing a LAT promoter. U.S. Pat. No.
5,879,934 relates to a recombinant HSV vector comprising
genomic mutations within the ICP4 and ICP27 genes such
that the ICP4 and ICP27 gene products are defective. U.S.
Pat. No. 5,998,174 relates to methods of preparing a HSV
vector. U.S. Pat. No. 6,261,552 relates to a HSV vector
comprising a HSV genome having a deletion or mutation
within a native TAATGARAT sequence, whereby said dele-
tion or mutation causes the kinetics of expression of a native
immediate early gene within said genome to be delayed
when said genome is within a cell that contains HSV ICP4
gene products. U.S. Pat. No. 7,078,029 relates to HSV
having a genome with a mutation of a TAATGARAT
sequence such that, in the presence of a ICP4 gene product,
a native immediate early gene is expressed from the genome
with delayed kinetics. U.S. Pat. No. 7,531,167 relates to a
HSV vector comprising deletions in only the ICP4, ICP27,
and ULSS genes. U.S. Patent Application Publication No.
2013/0096186 relates to a HSV vector comprising a mutant
gB and/or a mutant gH glycoprotein. International Patent
Application Publication No. WO 1999/06583 relates to a
HSV comprising an envelope including a non-native ligand.

In one embodiment, the invention provides a herpes
simplex virus (HSV) vector that does not express toxic
native HSV genes in non-complementing cells and is
capable of persistent expression of a transgene. For example,
the inventive HSV vector can express a transgene for at least
14 days, such as at least 28 days, and preferably for at least
60 days, in cultured human dermal fibroblast (HDF) cells.
Desirably, such expression of a transgene from the inventive
vector occurs in the absence of measurable ICPO gene
product within such cells, such as the absence of any ICPO
gene product within such cells. In a particular embodiment,
a vector according to the present invention having a trans-
gene (e.g., encoding Enhanced Green Fluorescent Protein
(EGFP) or another marker) inserted into the LAT region
between the LAT P2 element and the CTRL2 element, and
which has both CTRL1 and CTRL2, can express the trans-
gene at least 20 (or at least about 20) times the level as can
a vector having otherwise identical genetic mutations but in
which such a transgene is inserted between U, 3 and U, 4, as
determined by quantitative RT-PCR seven days post infec-
tion and at least 30 (or at least about 30) times the level as
determined by quantitative RT-PCR three days post infec-
tion. See FIGS. 13 and 32. Such vector desirably expresses
such transgene at such levels and for such period of time
wherein the transgene is under the operable control of a
CMV  enhancer/chicken beta-actin promoter/chimeric
intron. That such cells can be cultured for such periods
having been infected with the inventive HSV vector also is
evidence that the vector is not toxic to such cells (that is, not
expressing toxic native HSV genes within the cells). Of
course, the non-complementing cell(s) can be another cell
type as well, and can be a cell in vivo, which is of interest
for therapeutic applications.

For example, the inventive HSV vector can comprise a
genome comprising a transgene inserted (a) within a
latency-associated transcript (LAT) gene region, (b) within
an ICP4 locus (and preferably only one, where the joint is
deleted, as discussed herein) and/or (¢) within the genome of
the vector in operable connection with one or more insulator
sequences within the genome. Preferably, the vector does
not express ICPO, ICP4, ICP22, ICP27, and ICP47 as
immediate early genes (although in some embodiments,
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expression of ICP47 may be desired). Without wishing to be
bound by theory, it is believed that, depending on the activity
of the promoter within the transgene, the inventive vector
can express the transgene in any type of mammalian (espe-
cially human) cell that it can infect without the cytotoxicity
associated with viral gene expression. The inventive vector
can be present as isolated DNA, DNA within a cell, or
packaged in a viral envelope.

Any suitable method can be employed to render the
inventive vector incapable of expressing ICP0, ICP4, ICP22,
ICP27, and ICP47 as immediate early genes within non-
complementing cells. For example, the genome of the inven-
tive vector can be engineered to comprise inactivating
mutations (e.g., deletions) of one or all of these genes (e.g.,
deletions within or of the entire coding sequence of one or
more of the ICPO, ICP4, ICP22, ICP27, and ICP4? genes
(preferably comprising inactivating deletions of at least
ICPO, ICP4, and ICP27, more preferably comprising inac-
tivating deletions of ICPO, ICP4, ICP27 and ICP47), or also
alternatively including the promoter or other regulatory
sequences of such gene(s)). Alternatively, one or more of
these HSV genes can be engineered to be expressed as an
early or late gene. For example, the genome of certain
embodiments of the inventive vector can be engineered to
retain the coding sequence of one of more of these genes, but
replace its promoter with one rendering the gene expressed
as an early (beta) or late (gamma), but not immediate early
(alpha) gene. For example, such gene can be placed under
the control of a promoter responsive to ICP4 (an approach
preferred at least with respect to ICP22, so as to express
ICP22 as an early gene, rather than an immediate early
gene). A suitable promoter for expressing such gene with
early (beta) kinetics is the HSV tk promoter. The ICP22
promoter may be converted to early kinetics by truncation,
i.e. deletion of regulatory sequences including TAATGAR-
ATs. The entire ICP47 promoter and initiation codon can be
deleted. Alternatively, in some embodiments, the ICP47
gene can be expressed as an immediate early gene to protect
infected cells against immune recognition (Hill er al, Nature
1995, 375(6530): 411-415; Goldsmith et al, J Exp Med.
1998; 187(3): 341-348).

In addition to the perturbation of ICPO, ICP4, ICP22,
ICP27, and ICP47 expression, desirably the inventive vector
also does not express UL41 (i.e., the host shut-off (vhs)
gene). UL41 is an RNAse that degrades many host and viral
mRNAs, causes rapid shutoft of host cell protein synthesis,
and enters cells as a virion tegument component. Thus, for
example, the gene encoding UL41 can be deleted from the
genome of the inventive vector. Without wishing to be
bound by theory, it is believed that such manipulation
additionally enhances the ability of the inventive vector to
grow in complementing cells by sparing the complementing
ICP4 and ICP27 mRNAs, and enhances the expression of
transgenes in non-complementing cells by sparing the trans-
gene mRNAs.

It should be recognized that the genome sequences of
several HSV strains are known to persons of ordinary skill
(e.g., MacDonald, J. Virol., 86(11): 6371 (2012); McGeoch,
J. Gen. Virol., 69: 1531-1574 (1988); GenBank Accession
No. JQ673480; NCBI Reference Sequence: NC_001806.1;
MacDonald, J. Virol. 86(17): 9540 (2012); GenBank Acces-
sion No. JX142173, which are incorporated herein by ref-
erence). Accordingly, manipulation of the sequence of HSV
genes and loci is within the level of ordinary skill. It should
also be noted that these published sequences are merely
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exemplary and that other strains or variants of HSV can be
employed as a source genome in engineering the inventive
vector.

Additionally, the genome of the inventive vector can
comprise a bacterial artificial chromosome (BAC) cassette.
The inclusion of such BAC cassette facilitates propagation
and manipulation of the inventive vector’s genome within
bacteria. The BAC cassette can include bacterially-ex-
pressed sequences that assist in the use of bacterial strains,
e.g., selectable genes, such as genes conferring bacterial
resistance to antibiotics or toxins (e.g., preferably chloram-
phenicol, but other resistance genes (e.g., for tetracycline,
ampicillin, zeocin, etc.) can also be employed). The BAC
cassette can further include reporter genes (e.g., LacZ (en-
coding beta-galactosidase), or a fluorescent protein-encod-
ing gene (e.g., gfp (encoding green fluorescent protein), yfp
(encoding yellow fluorescent protein), rfp (encoding red
fluorescent protein), and analogues thereof (e.g., encoding
iRFP, EGFP, and the like)) under the control of a eukaryotic
promoter, such as a constitutive mammalian promoter (e.g.,
an SV40, RSV, CMV, ubiquitin C (UbC), CAG, or p-actin
promoter, etc.).

The BAC cassette can be placed into the genome of the
inventive vector in any suitable location, such as the UL37-
UL38 intergenic region within the vector genome (e.g.,
Gierash, J. Virol. Meth., 135: 197-206 (2006) and Morimoto,
Microbiol. Immunol., 53: 155-161 (2009)). Also, desirably,
the BAC cassette is flanked by sequences facilitating
removal of the BAC cassette, such as by site-specific recom-
binase recognition sites/consensus sequences (e.g., those
recognized by enzymes such as cre, dre, flp, KD, B2, B3, R,
etc.). The inclusion of such sites facilitates excision of the
BAC cassette, if desired, since BAC sequences have been
shown to reduce virus growth in cultured cells (e.g., Gierash,
J. Virol. Meth., 135: 197-206 (2006)). Also, excision of the
BAC cassette can increase the capacity for the vector to
incorporate one or more transgenes, since BAC cassettes are
on the order of about 11 kb. It will be appreciated that, the
inventive vector also can have a consensus sequence for a
recombinase enzyme (e.g., loxP), particularly one not native
to the HSV genome, for example as a result of removal of
a BAC cassette using a cell line that expresses an appropriate
site-specific recombinase for excizing the BAC cassette, as
such leaves a single copy of the consensus sequences for a
recombinase enzyme within the HSV genome (e.g., within
the UL37-UL38 intergenic region, if such was the location
of a BAC cassette insert).

As noted above, the inventive vector can include at least
one transgene inserted in operable connection with one or
more insulator sequences within the HSV vector genome.
By “operably connected,” it is to be understood that the one
or more insulator sequences permit the transgene to be
expressed in a cellular environment in which genetic ele-
ments (i.e., “genes”) otherwise present within the HSV
genome are transcriptionally silent. Without wishing to be
bound by any particular theory, it is believed that such
insulator sequences prevent the formation of heterochroma-
tin at the sites of such insulator sequences and within from
about 1 kb to about 5 kb thereof, which, if formed, silences
gene expression. Thus, an insulator sequence for use in the
inventive vector typically is a sequence that interferes with
the binding or formation of heterochromatin, which would
otherwise silence expression of the transgene. Non-limiting
examples of suitable insulator sequences include HSV chro-
matin boundary (CTRL/CTCF-binding/insulator) elements
CTRL1 and CTRL2 (which can be native to the LAT locus,
as described herein, or moved to an ectopic location within
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10
the genome), chicken hypersensitive site 4 insulator (cHS4),
human HNRPA2B1—CBX3 ubiquitous chromatin opening
element (UCOE), and the scaffold/matrix attachment region
(S'MAR) from the human interferon beta gene (IFNB1)
(Emery, Hum. Gene Ther. 22,761-74 (2011); Antoniou et al.,
Hum. Gene Ther. 24, 363-74 (2013)).

Aside from a transgene being inserted near insulator
sequences native to the HSV genome (such as the CTRL1
and CTRL2 sequences within the LAT region), insulator
sequences can be inserted into the vector genome at any
suitable site. These insulator/boundary elements can be
introduced into the genome of the inventive vectors by
standard methods, and may be included in the same cassette
as a transgene, or introduced separately into the genome so
as to flank or otherwise be in operable connection with a
given a transgene cassette. Thus, it is possible to insert a
genetic cassette including, for example, one or more ectopic
insulator sequences functionally similar to those found
natively in the LAT region flanking, or otherwise in operable
connection to, a transgene. It will be understood that the
inventive vector can include multiple transgenes, operably
linked to multiple insulator sequences, including at sites
ectopic to LAT. In an embodiment in which one or more
transgenes is inserted at a site other than LAT and is operably
linked to CTRL1 and/or CTRL2, it is desired to delete from
LAT or mutate the CTRL1 and/or CTRL2 sequences within
LAT to minimize or eliminate recombination events between
the native sequences within LAT and those engineered to be
operably linked to a transgene within an ectopic (non-LAT)
site of the inventive vector. Whether CTRL1 and CTRL2
remain within LAT or are moved ectopically, a preferred site
for a transgene to be inserted into the genome of the
inventive vector is between CTRL.1 and CTRL2 (e.g., within
about 1-4 kb of each of CTRL1 and CTRL2, wherein the
CTRL1 and CTRL2 flank the transgene).

Within the inventive vector, one or more of such insulator
sequences are operably linked with a transgene such that the
transgene is insulated from gene silencing and is expressed.
Generally, the transgene and the insulator sequence(s)
should be in close proximity within the genome, such as
separated by less than about 5 kb, or less than about 4 kb, or
less than about 3 kb, or less than about 2 kb, or less than
about 1 kb. It also can be desirable for an expression cassette
(including a transgene) to be functionally between two
insulator sequences such that the insulator sequences flank
the transgene(s) of interest (See, e.g., Emery, Hum. Gene
Ther. 22, 761-74 (2011); Antoniou et al., Hum. Gene Ther.
24, 363-74 (2013)).

One preferred site for insertion of a transgene (e.g., a first
transgene) in the inventive vectors is between insulator
sequences within the LAT gene region of the vector
genome—specifically inserted between chromatin boundary
(CTRL/CTCF-binding/insulator) elements located upstream
of the LAT promoter LAP1 (CTRL1) and within the LAT
2-kb intron (CTRL2), respectively (Amelio et al, J Virol
2006, 80(5): 2358-2368; Bloom, Biochim. Biophys. Acta,
1799: 246-256 (2010)). This region is referred to herein as
the LAT (gene) region or locus. Thus, desirably, the genome
of the inventive vector comprises (e.g., retains) CTRL1 and
CTRL2 (see FIG. 7, top). Without wishing to be bound by
theory, it is believed that the presence of CTRL1 and CTRL2
protects the region against heterochromatin formation and,
thus, contributes to the LAT gene region as being a privi-
leged site for the expression of transgenes. Thus, the vector
expresses the transgene inserted in the LAT gene region in
non-complementing cells. In a preferred embodiment, the
vector comprises a plurality of transgene cassettes within the
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LAT gene region, each comprising a separate promoter and
coding region, and wherein each can be mono- or polycis-
tronic.

Also, it is preferred for the LAT region of the inventive
vector (which comprises at least one transgene, as noted
herein) also to comprise (e.g., retain) a LATP2 or LAP2
enhancer element. Again without wishing to be bound by
theory, it is believed that the presence of a LATP2 or LAP2
enhancer element contributes to the ability of the transgene
within the LAT gene region to express the coding
sequence(s) long-term (Goins, J. Virol., 73: 519-532 (1999);
Lilley, J. Virol, 75: 4343-4356 (2001)). In a particularly
preferred embodiment, the transgene(s) within the LAT gene
region is inserted downstream of the LATP2 or LAP2
enhancer element. However, the invention contemplates
embodiments in which the transgene(s) is inserted upstream
(relative to the direction of LAT transcription) of the LATP2
or LAP2 enhancer element. Desirably, the transgene points
away from the LATP2 or LAP2 elements within the LAT
gene region (see, e.g., FIG. 7, top).

Another preferred site for insertion of a transgene (e.g., a
second transgene) in the inventive vectors is within an ICP4
gene locus. For example, a UbC promoter-controlled trans-
gene inserted in this locus within the inventive vector can
produce a long-term signal in hippocampal neurons and is
active at least short-term in rat DRGs.

Transgenes can also be inserted in operable connection
with (e.g., near (<5 kb)) other insulator sequences within the
genome of the inventive vectors. Aside from being inserted
near insulator sequences native to the HSV genome, insu-
lator sequences can be inserted into the vector genome at any
suitable site. Thus, it is possible to insert a genetic cassette
including, for example, ectopic insulator sequences func-
tionally similar to those found natively in the LAT region
flanking a transgene. It will be understood that the inventive
vector can include multiple transgenes.

Within the transgene(s) inserted into the inventive vector,
there are at least a promoter sequence and a transcribed
sequence such that the transcribed sequence(s) is controlled
by the promoter. The promoter within the transgene can be
any promoter desired to control/regulate the expression of
the transcribed sequence(s). For example, the promoter can
be a cell-specific or tissue-specific promoter (e.g., EOS,
OCT4, Nanog (for ESC/iPSC), SOX2 (for neural stem
cells), aMHC, Brachyury, Tau, GFAP, NSE, Synapsin I (for
neurons), Apo A-I, Albumin, ApoE (for liver), MCK, SMC
a-Actin, Myosin heavy chain, Myosin light chain (for
muscle), etc.), such as a promoter that specifically or pref-
erentially expresses genes in a defined cell type (e.g., within
a liver cell, lung cell, epithelial cell, cardiac cell, neural cell,
skeletal muscle cell, embryonic, induced pluripotent, or
other stem cell, cancer cell, etc.). Preferred promoters for
use in sensory neurons include TRPV1, CGRP, and NF200.
In other embodiments, the promoter within a transgene
inserted into the inventive vector can be an inducible pro-
moter (e.g., TRE3G combined with rtTA3G expression from
a separate promoter in LAT or other inducible promoters as
are known in the art). Of course, the promoter within a
transgene expression cassette inserted into the inventive
vector can be a constitutive mammalian promoter, such as
are known in the art (e.g., SV40, CMV, CAG, EFla, UbC,
RSV, f-actin, PGK, and the like).

In addition to the promoter(s) and coding sequence(s), the
transgene(s) inserted into the genome of the inventive vector
also can comprise additional regulatory element(s). For
example, the transgene(s) can include one or more sites for
binding of microRNA. In preferred embodiments, the trans-
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gene(s) comprise tandem binding sites for such microRNAs,
such as 2, 3, 4, 5, or 6 tandem sites (four being typical). The
presence of such sites, particularly tandem binding sites for
such microRNAs, facilitates down-regulation of the trans-
gene expression in certain cell types. Thus, for example, a
vector comprising a transgene desired to be expressed in a
cancer or tumor cell (which may be toxic to many cell types)
can comprise binding sites for microRNAs of “normal” (i.e.,
non-malignant) cells, so that the expression of the transgene
is suppressed in non-malignant cells.

It should be noted that the transgene(s) within the inven-
tive vector can be monocistronic (i.e., encoding a single
protein or polypeptide) or polycistronic (i.e., encoding mul-
tiple proteins or polypeptides). Moreover all or part of the
transcribed portion of the transgene also can encode non-
translated RNA, such as siRNA or miRNA, for example.
Also the inventive vector can comprise multiple separate
monocistronic or polycistronic transgene units (preferably
two separate transgene units but possibly more (e.g., three,
four, five, or more separate units)), each with its own
respective promoter, translated sequence(s) or non-trans-
lated RNA sequence(s), and other regulatory elements.

As noted, the transgene(s) include(s) one or more tran-
scribed sequence(s), which are expressed under the control
of the promoter and optionally other regulatory elements
within the transgene (including the operable connection to
the insulator sequence(s)). A transcribed sequence can be
any sequence desired to be expressed within a given cell into
which the vector is to be introduced. Non-limiting examples
of transcribed sequences that can be present in a transgene
within the inventive vector include Oct4, K1f4, Sox2, c-Myc,
L-myc, dominant-negative p53, Nanog, Glisl, Lin28,
TFID, GATA4, Nkx2.5, Tbx5, Mef2C, Myocd, Hand2,
SRF, Mespl, SMARCD3, SERCA2a, Pax3, MyoD, Lhx2,
FoxG1, FoxP2, Isll, Ctip2, Tbrl, Ebfl, Gsx2, Srebp2,
Factor VIII, Factor IX, Dystrophin, CFTR, GlyRal,
enkephalin, GAD67 (or other GAD isoforms, e.g., GAD 65),
TNFa, IL.-4, a neurotrophic factor (e.g., NGF, BDNF,
GDNF, NT-3), Ascll, Nurrl, Lmx1A, Brn2, Mytll, Neu-
roD1, FoxA2, Hnf4a, Foxal, Foxa2 or Foxa3, any micro-
RNA or combination of miRNAs (e.g., hsa-mir-302/367
gene cluster; hsa-miR200c; hsa-miR369; hsa-mir-124) and/
or one or more other non-coding RNAs (“ncRNA(s)”) or a
reporter gene for expression in mammalian cells, such as
LacZ (encoding beta-galactosidase), CAT (encoding
chloramphenicol acetyltransferase), or a fluorescent protein-
encoding gene (e.g., GFP, YFP, RFP, and analogues thereof
such as iRFP, EGFP, and the like).

In addition to the foregoing, the inventive vector option-
ally also can comprise an expression cassette inserted in a
site other than the LAT region or other than in the vicinity
of known insulator sequences. A preferred site for such
expression cassette is ICP4. For example, when the vector
comprises a complete or inactivating deletion of the ICP4
gene, the expression cassette can be inserted into the site of
the ICP4 deletion. Desirably, the coding sequence of the
expression cassette inserted into a site other than the LAT
region is controlled by a constitutive mammalian promoter
(e.g., SV40, CMV, CAG, EFla, UbC, RSV, B-actin, PGK,
and the like), but other promoters (as discussed herein and
otherwise known in the art) can be used, if desired. One
exemplary expression cassette includes UbCp driving
expression of mCherry, engineered into a deleted ICP4
locus. Of course, such a transgene can encode a factor of
therapeutic interest as well.

In addition to the foregoing, the inventive HSV vector
also desirably comprises a deletion of the internal repeat
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(Joint) region, comprising IR ; and IR, . Deleting this region
can contribute to the stability of the vector genome, and
deleting this sequence of HSV DNA also allows for the
vector to accommodate large transgenes (at least 15 kb) and
still be packaged correctly into mature virions. Deletion of
the Joint eliminates one copy each of the IE genes ICPO and
ICP4 such that the remaining copies can be easily manipu-
lated. It also deletes the promoter for the ICP22 or ICP47
immediate early gene. If desired, expression of the ICP47
gene can be restored by insertion of an immediate early
promoter, preferably the ICPO promoter or the HCMV major
IE promoter, to minimize immune recognition of infected
cells (Hill er al, Nature 1995, 375(6530): 411-415; Gold-
smith et al, J Exp Med. 1998; 187(3): 341-348).

HSV is able to infect a wide variety of mammalian cells;
thus, the inventive vector has broad applicability. However,
to enhance infectivity, desirably the envelope of the inven-
tive vector can further include a mutant glycoprotein that
enhances infection and/or lateral spread relative to a wild-
type glycoprotein. Alternatively or in addition, the envelope
of the inventive vector can further include a mutant glyco-
protein that directs HSV entry into cells through non-
canonical receptors. For example, such mutant
glycoprotein(s) can be gB, gC, gD, gH, or gK; of course, the
vector can have more than one such mutant (enhanced-
penetration or -spread) glycoproteins (e.g., a combination of
two, more, or even all thereof). Furthermore, technology for
mutating such glycoproteins to enhance HSV infection
and/or lateral spread is known, and any such technology can
be employed in the context of the present invention (see,
e.g., U.S. Patent Application Publication No. 2013-0096186
Al; International Patent Application Publication No.
WO/1999/006583, Uchida, J. Virol., 84: 12200-12209
(2010), Uchida et al., J. Virol., 87(3). 1430-42 (2013), and
Uchida, Mol. Ther, 21: 561-569 (2013), which are incor-
porated herein by reference). Moreover, the genome of the
inventive vector can comprise a mutant gene encoding such
mutant glycoprotein(s).

Exemplary vector “backbones” embodying the invention
are described herein as “JANI5S” and “JANI8” with the
understanding that, as “backbones,” it is contemplated that
transgenes with or without extraneous control elements can
be inserted into the LAT region of these specific vectors (see,
e.g., FIG. 7, top).

One application of the inventive vectors is the reprogram-
ming of a variety of cell types to produce pluripotent stem
cells. Stem cells have been at the forefront of biomedical
research in recent years and hold a great deal of promise for
understanding human development, genetic disease and the
creation of new therapies in regenerative medicine. In 2006,
Yamanaka and colleagues discovered a means of creating
embryonic-like stem cells by reprogramming adult fibro-
blasts (Takahashi and Yamanaka, Cell 126: 663-76, 2006).
These novel cells, designated induced pluripotent stem (iPS)
cells, are functionally similar to ES cells (Wernig et al,
Nature 448: 318-24, 2007) and when derived from human
somatic cells (Takahashi et al, Cel/l 131: 861-72, 2007; Yu et
al, Science 318: 1917-20, 2007), sidestep the ethical con-
cerns involving the use of human ES cells. Four reprogram-
ming genes were originally employed for iPS cell produc-
tion (Takahashi and Yamanaka, Cell 126: 663-76, 2006;
Takahashi et al, Cell 131: 861-72, 2007, but the efficiency of
reprogramming with these or other genes has remained
problematic due to inefficient gene transfer methods. The
inventive vector system addresses this issue by combining
high transduction efficiency for many cell types with the
capability of expressing multiple transgenes simultaneously
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from a single vector. For example, the JANI7 and JANI8
vectors described herein are replication-defective and non-
toxic due to deletion or altered expression kinetics of the five
viral IE genes. Since they do not integrate into the cellular
genome, such vectors are diluted during cell division, pro-
viding a hit-and-run gene delivery system.

To facilitate growing, producing, and propagating the
inventive vectors and producing stocks thereof, an aspect of
the invention provides a complementing cell line, which
complements ICPO and ICP4, desirably ICPO, ICP4 and
ICP27. Preferably, the ICPO complementation is achieved
without expressing HSV ICPO, to reduce toxicity within the
complementing cell. Thus, a preferred complementing cell
according to the present invention is derived from a cell type
that naturally complements HSV ICPO function, such as
U20S cells (Yao, J. Virol., 69: 6249-6258 (1995), which is
incorporated herein by reference). Such cells can be engi-
neered to express ICP4 or ICP4 and ICP27 by methods
known in the art (e.g., by introducing ICP4 or ICP4 and
ICP27 expression cassettes within the cells so that they
express ICP4 and ICP27, respectively, from genetic con-
structs other than the HSV genome, such as the cellular
chromosomes). Desirably, the cell line expresses ICP4 and
ICP27, respectively, in trans. Desirably, the introduced ICP4
or ICP4/ICP27 coding sequences are under the control of
their cognate viral promoters. Also, one or both of the ICP4
and ICP27 complementing coding sequences can be induc-
ibly expressed within such cells in response to infection with
HSV.

As noted above, embodiments of the inventive vector
comprise a BAC flanked by sequences facilitating removal
of the BAC cassette by a site-specific recombinase recog-
nition. Accordingly, the inventive complementing cell can
be engineered to further express a gene encoding a site-
specific recombinase appropriate to the recognition
sequences within the vector, thereby producing the recom-
binase protein. Thus, the inventive complementing cell can
express and produce cre, dre, flp, KD, or B2, B3, R, and the
like, or a mutant derivative thereof, as appropriate. Passage
through such a cell line, thus, recovers room for transgenes
(about 11 kb) and can improve virus growth by over 10 fold,
such as over 25 fold, or over 50 fold, such as about 100 fold.
The improved viral growth can be assayed by standard
procedures (to produce growth curves) in comparison with
cells that lack the recombinase. This involves infection of
replicate wells of cells at low MOI, virus collection at
different times post infection, and titration of the yields
typically by plaque assay.

Additionally, the complementing cell line can be engi-
neered to express a gene encoding a selectable marker, such
as markers typically employed in engineering packaging
cells or cells expressing any other foreign gene. Suitable
selectable genes include those conferring resistance to neo-
mycin/G418, hygromycin, blasticidin, puromycin, zeocin,
and the like.

It will be understood that methods for engineering a
source cell type (e.g., U20S cells) to contain expression
constructs encoding the HSV ICP4 and ICP27 proteins, as
well as other proteins (such as the recombinase and/or the
selectable gene product) are known to persons of ordinary
skill. For example, the gene of interest with a selectable
marker can be subcloned into lentiviral vectors, the source
cell infected with the lentiviral vectors, selected for expres-
sion of the marker (e.g., blasticidin resistance), and then
expression of the transgene of interest (e.g., HSV ICP27)
confirmed.
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Of course, the inventive complementing cell can be
propagated and cloned. Thus, the invention provides a clonal
population, i.e., a cell line, comprising or consisting of or
essentially of the complementing cell line as described
herein.

Using the inventive complementing cells of the invention,
the inventive HSV vector can be propagated. Accordingly,
the invention provides a method of propagating the HSV
vector of the present invention. In accordance with the
inventive method, the complementing cell line is transfected
with vector DNA and then cultured until plaques form. The
viral DNA, as noted, can have a BAC, and, if so, then the
inventive cell can express the recombinase appropriate for
excising the BAC from the viral genome, if it is desired not
to include the BAC in the packaged vector. The viral
population is amplified by repeated transfer of infectious
particles to increasingly large, fresh populations of the
complementing cells. For these repeated transfers, multi-
plicity of infection (MOI) can be between about 0.001
pfu/cell and about 0.03 pfu/cell. Ultimately, the inventive
vectors (as packaged viruses) are purified from the cells at
90% cytopathic effect.

Generally, the inventive HSV vector is most useful when
enough of the virus can be delivered to a cell population to
ensure that the cells are confronted with a suitable number
of viruses. Thus, the present invention provides a stock,
preferably a homogeneous stock, comprising the inventive
HSV vector. The preparation and analysis of HSV stocks is
well known in the art. For example, a viral stock can be
manufactured in roller bottles containing cells transduced
with the HSV vector. The viral stock can then be purified on
a continuous nycodenze gradient, and aliquotted and stored
until needed. Viral stocks vary considerably in titer, depend-
ing largely on viral genotype and the protocol and cell lines
used to prepare them. Preferably, such a stock has a viral
titer of about 10° pfu/ml or even more preferably about 107
pfu/ml (or at least about such values). In still more preferred
embodiments, the titer can be about 10® pfu/ml, or about 10°
pfu/ml (or at least about such values), and high titer stocks
of about 10*° pfu/ml or about 10** pfu/ml or even about 10*>
pfu/ml (or at least about such values) are most preferred.
Thus, the titer of an HSV stock according to the present
invention can vary from about 10° pfu/ml to about 10'2
pfu/ml (preferably between about 10° to about 10! pfu/ml).
Genome copy (gc) numbers provide a cell line-independent
measure of the number of virus particles, but include defec-
tive particles. Typically gc values for wild-type HSV-1 are
several to 20x, up to 100x, higher than the pfu values of the
same stocks. For mutant viruses, especially defective viruses
grown on complementing cells, this can increase to 10,000x
higher or even more. Gc and pfu values increase propor-
tionally with the size of the stock.

The invention additionally provides a composition com-
prising the HSV vector and a carrier, preferably a physi-
ologically-acceptable carrier. The carrier of the composition
can be any suitable carrier for the vector. The carrier
typically will be liquid, but also can be solid, or a combi-
nation of liquid and solid components. The carrier desirably
is a pharmaceutically acceptable (e.g., a physiologically or
pharmacologically acceptable) carrier (e.g., excipient or
diluent). Pharmaceutically acceptable carriers are well
known and are readily available. The choice of carrier will
be determined, at least in part, by the particular vector and
the particular method used to administer the composition.
The composition can further comprise any other suitable
components, especially for enhancing the stability of the
composition and/or its end-use. Accordingly, there is a wide
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variety of suitable formulations of the composition of the
invention. The following formulations and methods are
merely exemplary and are in no way limiting.

Formulations suitable for parenteral administration
include aqueous and non-aqueous, isotonic sterile injection
solutions, which can contain anti-oxidants, buffers, bacte-
riostats, and solutes that render the formulation isotonic with
the blood of the intended recipient, and aqueous and non-
aqueous sterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and pre-
servatives. The formulations can be presented in unit-dose or
multi-dose sealed containers, such as ampules and vials, and
can be stored in a freeze-dried (lyophilized) condition
requiring only the addition of a sterile liquid excipient, for
example, water, for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions can be
prepared from sterile powders, granules, and tablets of the
kind previously described.

In addition, the composition can comprise additional
therapeutic or biologically-active agents. For example,
therapeutic factors useful in the treatment of a particular
indication can be present. Factors that control inflammation,
such as ibuprofen or steroids, can be part of the composition
to reduce swelling and inflammation associated with in vivo
administration of the vector and physiological distress.
Immune system suppressors can be administered with the
composition method to reduce any immune response to the
vector itself or associated with a disorder. Alternatively,
immune enhancers can be included in the composition to
up-regulate the body’s natural defenses against disease.
Antibiotics, i.e., microbicides and fungicides, can be present
to reduce the risk of infection associated with gene transfer
procedures and other disorders.

Using the inventive vector (and stocks and compositions
comprising the vector), the invention provides a method of
expressing a transgene within a nucleated cell, especially a
non-complementing cell. In accordance with the method, the
inventive vector is exposed to the cell under conditions
suitable for the vector to infect the cell. Once the cell is
infected, the transgene inserted within the vector’s LAT
region will be transcribed (expressed) within the cell, pro-
vided the promoter within the transgene is one which is
active in the cell and that the transgene is not suppressed by
another regulatory mechanism (e.g., the microRNAs dis-
cussed herein). In other words, the inventive vectors serve as
gene transfer and expression vectors within mammalian
cells.

The inventive method can be employed to express trans-
gene(s) within cells either in vivo or in vitro, as desired. For
use in vivo, the cell can be any type of desired cell, such as
exocrine secretory cells (e.g., glandular cells, such as sali-
vary gland cells, mammary gland cells, sweat gland cells,
digestive gland cells, etc.), hormone secreting gland cells
(e.g., pituitary cells, thyroid cells, parathyroid cells, adrenal
cells, etc.), ectoderm-derived cells (e.g., keratinizing epithe-
lial cells (e.g., making up the skin and hair), wet stratified
barrier epithelial cells (e.g., of the cornea, tongue, oral
cavity, gastrointestinal tract, urethra, vagina, etc.), cells of
the nervous system (e.g., peripheral and central neurons,
glia, etc.)), mesoderm-derived cells, cells of many internal
organs (such as kidney, liver, pancreas, heart, lung) bone
marrow cells, and cancerous cells either within tumors or
otherwise. Preferred, and non-limiting examples of cells
suitable for infection by the inventive vectors include liver
cells, lung cells, epithelial cells, cardiac cells, muscle cells,
stem cells, and cancer cells.
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It will be observed that, when used in vivo, the inventive
method can treat a disease or a condition within a subject,
when the transgene within the vector encodes one or more
prophylactically- or therapeutically-active proteins, poly-
peptides, or other factor (e.g., non-coding RNA (ncRNA)
such as siRNA or miRNA). Thus, the invention provides a
method of treating a disease or condition in a subject,
comprising administering the vector of the present invention
to the subject, in an amount and at a location sufficient to
infect cells of the subject such that the transgene is expressed
within the cells of the subject, and wherein the transgene
encodes one or more prophylactically or therapeutically
active proteins, polypeptides or ncRNA. For example, the
disease or condition can be a type of cancer, in which the
transgene can encode an agent that enhances tumor killing
activity (such as TRAIL or tumor necrosis factor (TNF)). As
additional non-limiting example, the transgene can encode
an agent suitable for the treatment of conditions such as
muscular dystrophy (a suitable transgene encodes Dystro-
phin), cardiovascular disease (suitable transgenes include,
e.g., SERCA2a, GATA4, Tbx5, Mef2C, Hand2, Myocd,
etc.), neurodegenerative disease (suitable transgenes
include, e.g., NGF, BDNF, GDNF, NT-3, etc.), chronic pain
(suitable transgenes encode GlyRal, an enkephalin, or a
glutamate decarboxylase (e.g., GAD65, GAD67, or another
isoform), lung disease (e.g., CFTR), or hemophilia (suitable
transgenes encode, e.g., Factor VIII or Factor IX).

In other embodiments, the inventive method can be used
in vitro to cause expression of the transgene within cells in
culture. Again, any type of cells can be infected in vitro with
the inventive method, such as stem cells and fibroblasts,
such as a human dermal fibroblast (HDF) or a human lung
fibroblast (HLF). Other preferred types of cells for use in
vitro include keratinocytes, peripheral blood mononuclear
cells, hematopoietic stem cells (CD34+), or mesenchymal
stem/progenitor cells. In one embodiment, the transgene(s)
encode one or more factors that can effect the differentiation
of the cell. For example, expression of one or more of Oct4,
Kl1f4, Sox2, c-Myc, L-Myc, dominant-negative p53, Nanog,
Glisl, Lin28, TFIID, mir-302/367, or other miRNAs can
cause the cell to become an induced pluripotent stem (iPS)
cell. See also, Takahashi and Yamanaka, Cell, 126: 663-676
(2006); Takahashi, Cell, 131: 861-872 (2007); Wernig,
Nature, 448: 318-324 (2007); and Yu, Science, 318: 1917-
1920 (2007), the disclosures of which are incorporated
herein by reference. Alternatively, the transgene(s) within
the inventive vectors can encode a factor for transdifferen-
tiating the cells (e.g., one or more of GATA4, Tbx5, Mef2C,
Myocd, Hand2, SRF, Mespl, SMARCD?3 (for cardiomyo-
cytes); Ascll, Nurrl, Lmx1A, Brn2, Mytll, NeuroDl1,
FoxA2 (for neural cells), Hnf4a, Foxal, Foxa2 or Foxa3 (for
hepatic cells)

In practicing the inventive method involving infecting a
cell in vivo or in vitro with the vector, composition, or stock
of the invention, the cell can be any mammalian nucleated
cell for which it is desired to express the transgene. HSV has
broad infectivity and, as noted herein, the inventive vector
can be engineered to alter its natural tropism and to enhance
infectivity by mutating viral envelope glycoproteins. Thus,
the vector can be employed to infect cells of many mam-
malian species. It is believed that the inventive methods can
be applied in agriculture, such as to express exogenous
genes or supplement for deficient genes in animals such as
cattle, horses, sheep, goats, swine, and the like. Similarly,
the inventive method can be employed in a veterinary
context for companion animals, such as cats, dogs, and the
like.
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Of course, the inventive method can be used in vivo in
humans as well, to provide for the expression of a prophy-
lactically- or therapeutically-active agent, or factor, in a
medical setting. The factor (supplied by expression of one or
more of the transgenes within the inventive vectors) can be
exogenous, or one that complements a genetic deficiency.

The following examples further illustrate the invention
but, of course, should not be construed as in any way
limiting its scope.

Example 1

This example describes the development of a comple-
menting cell line for replicating and producing the inventive
HSV vectors.

Several of the immediate early (IE) genes of HSV are
essential for virus replication, but these and other IE genes
have toxic effects in a variety of cell types. While the
removal of these genes prevents vector toxicity, the essential
products must be provided in order to produce infectious
viral particles. A novel cell line, based on U20S human
osteosarcoma cells, was engineered to conditionally express
the essential IE genes ICP4 and ICP27. These genes were
introduced under the control of their cognate viral promoters
by retrovirus-mediated insertion. As such these genes may
remain silent until HSV infection delivers the HSV tegument
protein VP16 to the nucleus where it promotes high-level
expression of the integrated ICP4 and ICP27 genes by
activation of their promoters. Thus, prior to HSV infection,
these genes can be stably maintained in the engineered
U20S cells without unsuitable toxicity. HSV growth also
relies on the expression of ICPO, but this protein inhibits cell
replication, causing cell cycle arrest and programmed cell
death. Remarkably, U20S cells naturally complement ICPO
functions and thus the introduction of ICP4 and ICP27 is
sufficient to provide a cellular environment for efficient
production of vectors deleted for all three IE genes. This
novel engineered cell line is stable, grows well in culture and
can be used for clinical production of non-toxic HSV
vectors.

U20S-ICP4/27 cells and 7b (Vero-ICP4/ICP27) cells
were infected with E1G6 (AICP4::HCMVp-eGFP/AICP27/
B22/1347) or JDQOZEH1 (AICP4/AICP27/AICP22/
AICPO::HCMV-eGFP) viruses. After 3 days, virus in the cell
supernatants were titered on U20S-ICP4/27 cells.

Titer  Fold Difference
Virus Production Cell Line (PFU/ml) (U208S-ICP4/27 vs 7b)
E1G6 U20S-ICP4/27 2.9 x 10°  328x decrease
7b 9.5 x 107
IDQOZEH1 U20S-ICP4/27 2.6 x 10° 2600x increase
7b 1.0 x 102

The data show that E1G6 (ICP4- and ICP27-deleted; no
expression of ICP22 and ICP47) grew on both cell lines
whereas JDQOZEH]1 (deleted for ICPO, ICP4, ICP27 and
ICP22) was only able to grow on U20S-ICP4/27 cells. The
JDQOZEHLI titer in 7b supernatant likely represents residual
input from the 7b infection.

Example 2

This example describes an embodiment of a HSV vector
comprising a genome comprising a transgene inserted within



US 10,174,341 B2

19
a LAT gene region, wherein the vector does not express
ICPO, ICP4, ICP22, ICP27, and ICP47 as immediate early
genes.

The vector genome (FIG. 1A) contains a Cre-removable
bacterial artificial chromosome (BAC) cassette in the UL37-
UL38 intergenic region allowing propagation and manipu-
lation in bacteria. It is deleted for the non-essential internal
repeat region (Joint, 14 kb) separating the U, and Uy
segments to provide space for transgene insertion and

20

tion are indicated. FIG. 1B shows GFP expression from
alternative positions in the vector genome in infected HDF's.
The GFP gene within this vector encodes EGFP.

Example 3

This example lists the structure and properties of various
HSV vector constructs.

vector feature

mCherry GFP
ICP ICP ICP ICP ICP HDF  expression expression
Virus 0 4% 22 27 47 LAT UL, ULz 4 toxicity ok E
JABPR3 B A B B Ap wt wt wt +H++ + n/a
JANI3 A A B B Ap wt wt wt +++ - n/a
JAPPR4 B A B B Ap wt wt EFla-GW +H++ + n/a
JANI4 A A B B Ap wt wt EFl1a-GW +++ - n/a
JANIS A A B A Ap wt wt wt + - n/a
JANI6 A A B A Ap wt wt EFl1a-GW = - n/a
JANI6-EF1aGFP A A B A Ap wt wt EF1a-GFP + - -
JANI6-CAGGEFP A A B A Ap wt wt CAG-GFP + - -
JANI7-GFP A A B A Ap CAG-GFP wt wt + - +++
JANI7-EF1a2GFP A A B A Ap 2EF102-GFP  wt wt + - +
JANI7- A A B A Ap 2EFla2- wt wt ? ? ?
miR302GFP miR302/367-
GFP
JANI8 A A B A Ap wt A wt - - n/a
JANIB-GFP A A B A Ap CAG-GFP A wt - + +++
A= deletion; f = converted to early expression kinetics; Ap = promoter and start codon deleted
LcAG promoter
’Contains EFlo first intron following the EFlo promoter
*All have the same mCherry expression construct in the deleted ICP4 locus
*#* In HDF (human dermal fibroblasts) at 3 dpi
increase vector stability. The vector is replication defective 55 Example 4

due to deletion of the ICP4 and ICP27 genes, and is
additionally deleted for the toxic IE gene ICPO and the
promoter and start codon of the ICP47 IE gene; the remain-
ing toxic IE gene, ICP22, is controlled by an ICP4-depen-
dent (early, 13) promoter, so as to express ICP22 during the
“early,” rather than the “immediate early,” phase of HSV
gene expression in ICP4-complementing cells. Because
U20S cells naturally complement ICPO, the vector was
grown in a U20S-based virus producer cell line, U20S-
ICP4/1CP27, that complements the functions of all of these
IE genes except that of the dispensable ICP47 gene. The
vector genome also contains a pair of mutations in the gB
gene that enhance virus entry into cells and a ubiquitin
(UbC) promoter-mCherry reporter gene expression cassette
at the position of the ICP4 deletion. In non-complementing
cells, the latency-associated transcript (LAT) promoter
region, which is located between insulator (CTRL) elements
that protect the region against heterochromatin formation
remains active. This region includes an enhancer element,
LAT P2 or LAP2, that promotes long-term gene expression.
A CAG promoter-GFP expression cassette was inserted
between LATP2 and CTRL?2 and robust GFP expression was
observed in infected human dermal fibroblast (HDF) cells
whereas minimal expression was observed from the same
GFP cassette inserted at other locations in the genome or
from the mCherry cassette (FIG. 1B). Thus, in the complete
absence of IE gene expression, the LAT locus is a privileged
site for transgene expression.

FIG. 1A shows structures of the complete HSV-1 genome
with the BAC sequences in UL (top), and the base vector
construct. The LAT and UL3-UL4 regions are enlarged
underneath and the alternative positions of CAG-GFP inser-
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This example demonstrates the transgene expression in
JANI7-GFP- and JANI6-CAGGFP-infected cells. The loca-
tion of CAG-GFP in JANI7-GFP is shown in FIG. 1 as
LAT:CAG-GFP; its location in JANI6-CAGGEFP is shown in
FIG. 1 as UL3/4:CAG-GFP. Furthermore, the sequence of
the LAT region of JANI7-GFP HSV is set forth in FIG. 8
(SEQ ID NO:1), including the sequences of various genetic
elements within the LAT region. It will be noted that the
GFP within these vectors encodes EGFP.

The biological titer of the virus stock was determined on
U20S-ICP4/ICP27 cells and the genome copy (gc) titer was
determined by quantitative real-time PCR for the viral
glycoprotein D gene. The particle (gc)-to-plaque forming
units (PFU) ratios for JANI6-CAGGFP and JANI7-GFP
were comparable. See Example 8, table 2.

Non-complementing human dermal fibroblasts (HDF)
and ICPO-complementing U20S cells were infected with
each virus in order to compare their transgene expression.
JANI7-GFP, containing the CAG-GFP cassette in the LAT
locus, showed strong, viral dose-dependent GFP expression
in HDF whereas the highest dose of JANI6-CAGGFP
yielded only minimal GFP expression (FIG. 2A, left panels,
EGFP). GFP expression in JANI7-GFP-infected HDF
remained detectable 2 weeks after infection (FIG. 2B,
EGFP). However, little or no mCherry expression was
observed from either virus in HDF (FIG. 2A, 2B, mCherry),
suggesting that genes outside the LAT locus are silenced in
HDF. In contrast, abundant GFP and mCherry expression
was observed for both viruses at low MOI in U20S cells
(FIG. 2A, right column), consistent with the interpretation
that the ICPO-like activity of these cells prevents the silenc-
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ing of non-LAT loci occurring in HDF. Together, these
results strongly indicated that the LAT locus is a preferred
site for transgene expression from replication-defective,
ICPO-deficient vectors.

Example 5

This example demonstrates the production of two isolates
of JANI7-miR302GFP BAC in U20S-ICP4/ICP27 cells.

The JANI7-miR302GFP BAC construct carries in the
LAT locus an expression cassette for the miR302s/367
cluster (Anokye-Danso, Cell Stem Cell, 8: 376-388 (2011))
as an alternative for the typical Yamanaka somatic cell
reprogramming gene cocktail (OKSM: Oct4, Kif4, Sox2,
c-Myc) (Takahashi and Yamanaka, Cell, 126: 663-676
(2006); Takahashi, Cell, 131: 861-872 (2007). The miR302s/
367 gene cluster is located in an intron connecting the EFla
promoter to the GFP coding sequence. Two isolates of
JANI7-miR302GFP BAC DNA were purified and intro-
duced into U20S-ICP4/ICP27 cells to produce virus par-
ticles for examination of virus growth and transgene expres-
sion. On observation of 90% cytopathic effect in the
cultures, virus was collected from cells and supernatants and
used to infect fresh U20S-ICP4/ICP27 cells. Transgene
expression and virus spread were then monitored daily. As
shown in FIG. 3, at three days post infection, both BAC
isolates produced plaque-forming virus and both viruses
expressed EGFP and mCherry.

Example 6

This example describes the construction of a targeting
plasmid for insertion of a tetracycline-inducible promoter
and Gateway recombination cassette into the LAT locus of
a HSV vector.

Different strategies may be used to prevent genetic rear-
rangement and inactivation of an OKSM expression cassette
during virus expansion, where the cassette has been inserted
into the LAT locus of JANIS or JANI8. One of these
strategies is to replace the constitutively active CAG pro-
moter of the OKSM cassette with a tetracycline-inducible
promoter. Because the tetracycline-inducible promoter is
only active in the presence of both its transactivator (rtTA)
and tetracycline/doxyxycline, transgene expression can be
tightly regulated (repressed) during virus expansion.

A targeting plasmid for insertion of the tetracycline-
inducible promoter into the LAT locus was developed (FIG.
4). A lentivirus construct (pLenti-CMVTRE3G-NeoDEST,
Addgene) carrying the tetracycline-inducible TRE3G pro-
moter was used as a starting construct. The TRE3G promoter
was isolated from pLenti-CMVTRE3G-NeoDEST as a
Dral-Spel fragment and inserted between the Nrul and Spel
sites of plasmid pCMV-GW, replacing the resident CMV
promoter. Plasmid pCMV-GW contained a zeocin (Zeo)-
selectable gene in the Gateway (GW) cassette instead of the
chloramphenicol (Cm)-selectable gene in GW of the lenti-
viral plasmid. The TRE3G-GW (Zeo) expression cassette
was isolated and cloned between LAT sequences in a plas-
mid containing a portion of the LAT locus to add “homology
arms” to the TRE3G-GW (Zeo) cassette for recombination
into BAC DNA.
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Example 7

This example demonstrates immunofluorescence staining
and a complementation assay for ICP27.

U208S-ICP4 cells and individual clones of ICP27 lenti-
virus-infected U20S-ICP4 cells selected for acquisition of
resistance to blasticidin were infected with QOZHG virus
(AICP4, AICP27:HCMV IEp-GFP, B-ICP22, B-ICP47,
AULA41::1CPOplacZ; Chen, J. Virol, 74: 10132-10141
(2000)) at MOI of 0.5 for ICP27 immunofluorescence stain-
ing and 0.01 for the complementation assay. For ICP27
immunofluorescence staining, the cells were fixed and
stained 24 hours post-infection (FIG. 6A). Clones #1 and #8
showed robust induction of ICP27 expression by ICP27-
deficient HSV (QOZHG) infection. For the complementa-
tion assay, virus growth was monitored, and photographs
were taken at 24, 48, and 72 hours post-infection (FIG. 6B).
U20S-ICP4/27 clones #1 and #8 showed and the strongest
ability to support QOZHG virus growth.

Example 8

This example demonstrates the construction and testing of
several HSV vectors.
Materials and Methods
Cells

Human osteosarcoma U20S cells (ATCC, Manassas, Va.,
USA) were grown in DMEM with 10% FBS and penicillin-
streptomycin (P/S). Human neonatal dermal fibroblasts
(HDFs) (ATCC, PCS-201-010) and BJ human foreskin
fibroblasts (ATCC, CRL-2522) were grown in DMEM with
10% Embryonic Stem Cell Qualified FBS (Invitrogen) and
P/S. Vero, Vero-7b (Krisky et al., Gene Ther. 5, 517-30
(1998)) and 293T cells were cultured in DMEM containing
5% FBS and P/S. Human hepatocytes (WHEP) were isolated
and cultured as described (Ueki et al., Hepatology 54,
216-28 (2011); Yoshida et al., Hepatology 58, 163-75
(2013)). Human subcutaneous preadipocytes (hPAD) (PT-
5020, Lonza) were maintained with PBM™-2 Basal
Medium (Lonza). Human muscle-derived stem/progenitor
cells (WMDSCs) were cultured as described (Gao et al., Cel/
Transplant 22, 2393-408 (2013)). Human neonatal keratino-
cytes (hEK) (Invitrogen) were cultured in EpiLife® Medium
supplemented with Human Keratinocyte Growth Supple-
ment (both from Invitrogen). Dorsal root ganglia (rDRGs)
were micro-dissected from day 15 rat embryos, dissociated
with 3 mg/ml type-I collagenase (Sigma, St. Louis, Mo.) in
Leibovitz’s L-15 media for 30 min at 37° C. with constant
shaking, and plated on poly-D-lysine (Sigma)-coated cov-
erslips at approximately 10° cells/well in 24-well plates in
500 wl defined Neurobasal medium with B27 supplement,
Glutamax-I, Albumax-II, and P/S (Gibco/Invitrogen, Grand
Island, N.Y.), supplemented with 100 ng/ml 7.0S NGF
(Sigma). At 1-3 d post plating, cultures were treated with 10
uM uridine and 10 uM fluorodeoxyuridine (Sigma) in the
above media for 1-2 d to limit the expansion of dividing cells
such as fibroblasts and glia. Cells were then washed with
PBS and incubated with NGF-supplemented Neurobasal
medium as above. Virus infections were performed at 10-15
d after plating.

U20S-ICP4 cells were generated by infection of U20S
cells with purified ICP4 lentivirus (see below), isolation of
puromycin-resistant clones (2 mg/ml), and immunofluores-
cence screening for ICP4 expression after infection with
ICP4-deficient virus (QOZHG) at a multiplicity (MOI) of
0.5. U208-ICP4/27 cells were similarly generated by infec-
tion of U20S-ICP4 cells with purified ICP27 lentivirus,
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selection for resistance to puromycin and blasticidin (10
mg/ml), and screening of QOZHG-infected clones for
ICP27 immunofluorescence and virus growth (FIG. 6).
Lentiviruses

Lentiviral ICP4 expression plasmid pCDH-ICP4-puro
was constructed by replacing the complete HCMV IE pro-
moter of plasmid pCDH-CMV-MCS-EF1-Puro (Systembio)
with the ICP4 promoter and coding region from plasmid S3
which consists of the Sphl fragment from pICP4-lox-pac
(Rasty et al., J. Neurovirol. 3, 247-64 (1997)) (GenBank
JQ673480.1 HSV-1 KOS map positions 131,587-124,379;
D. Krisky and J. C. G., unpublished) inserted in the Sphl site
of pUC19. Lentiviral ICP27 expression plasmid pCDH-
1ICP27-SV40-bla was constructed, first, by replacement of
the puromycin-resistance cassette of pCDH-CMV-MCS-
EF1-Puro with the blasticidin-resistance cassette of
pcDNAG6/BioEase™-DEST (Invitrogen) to create pCDH-
CMV-MCS-SV40-bla (FIG. 5). The ICP27 promoter and
coding region were then isolated by digestion of plasmid
PD7 containing the ICP27 gene and flanking sequences
between EcoRV and Sacl sites (GenBank JQ673480.1 map
positions 110,580-115,666; D. Krisky and I. C. G., unpub-
lished) with BamHI (map position 113,244) and Sacl, and
the isolated fragment was used to replace the CMV promoter
in pCDH-CMV-MCS-SV40-bla. The resulting plasmid,
pCDH-ICP27-SV40-bla, is depicted in FIG. 5.

Lentiviruses were produced using the ViraPower™ Len-
tiviral Packaging Mix (Invitrogen) according to the manu-
facturer’s instructions. Briefly, 293T cells were transfected
with pCDH-ICP4-puro or pCDH-ICP27-SV40-bla in
ViraPower™ mix. Supernatants were harvested 2 d later,
clarified, filtered through a 0.45 um filter, and concentrated
by centrifugation. Lentiviruses produced from pCDH-ICP4-
puro are referred to herein as ICP4 lentivirus; lentiviruses
produced from pCDH-ICP27-SV40-bla are referred to as
1CP27 lentivirus.
HSV-BAC Engineering

All HSV-BAC constructs generated in this study and
converted to virus particles are listed in Table 2 and were
derived from KOS-37 BAC (24), a kind gift from D. Leib
(Dartmouth Medical School, NH). All BAC engineering was
performed by scarless Red recombination with pRed/ET
(Gene Bridges, Heidelberg, Germany) and either pBAD-I-
scel plasmid (kindly provided by N. Osterrieder, Free Uni-
versity of Berlin, Germany) or in E. coli strain GS 1783
(from G. Smith, Northwestern University, Chicago, I11.), as
described (Tischer et al., Methods Mol. Biol. 634, 421-30
(2010); Tischer et al., Biotechniques, 40, 191-97 (2006)), or
by in vitro Gateway (GW) recombination according to the
Gateway  Technology Manual (Invitrogen) (http://
tools.lifetechnologies.com/content/sfs/manuals/gateway-
man.pdf). All constructs were confirmed by PCR analysis,
FIGE analysis of restriction enzyme digests, and targeted
DNA sequencing. Targeting plasmids for Red recombination
were constructed as described (Tischer et al., Biotechniques,
40, 191-97 (2006)). The kanamycin-resistance gene flanked
by an I-Scel restriction site (I-Scel-aphAl fragment) was
amplified from pEPkan-S2 (from N. Osterrieder) (Tischer et
al., Biotechniques, 40, 191-97 (2006)) by PCR with the
different targeting primers specified below and listed in
Table 1. Primer portions targeting the viral genome were
designed based on the sequence of HSV-1 strain-17 (Gen-
Bank JN555585.1). All targeting fragments for Red recom-
bination were purified by Qiagen gel extraction kit (Qiagen)
or SpinSmart Nucleic Acid Prep & Purification Columns
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(Denville Scientific). Nucleotide positions provided below
refer to the GenBank JQ673480 sequence of HSV-1 strain
KOS.

To construct the JANI vectors, the previously described
hyperactive N/T double mutation was introduced into the gB
gene (Uchida et al., J. Virol, 84, 12200-09 (2010)) of
KOS-37 BAC and the internal repeat (joint) region was
deleted. The I-Scel-aphAl fragment was cloned into the
SnaBI site of plasmid pgB1:D285N/A549T (Uchida et al., .
Virol., 84, 12200-09 (2010)). The resulting plasmid, pgB:
N/T-kan, was used as template for amplification with prim-
ers 61 and 62 (Table 1), and the product was recombined
with the native gB gene of KOS-37 BAC followed by
I-Scel-enhanced deletion of the aphAl gene in pBAD-I-scel
plasmid-transformed bacteria. Next, I[-Scel-aphAl was
amplified with nested forward primers 46, 48 and reverse
primer 47 for Red-mediated deletion of the joint region
(GenBank JQ673480 positions 117,080-132,466) along with
the first 14 nucleotides (nts) of the adjacent unique short
(Uy) segment of the genome, followed by removal of the
aphAl gene. U in KOS-37 BAC is in the reverse orientation
relative to the typical representation of the HSV genome,
placing the Ug12 (ICP47) gene directly adjacent to the joint
and the Ugl gene adjacent to the Uy terminal repeat. The
14-nt deletion beyond the joint (GenBank JQ673480 posi-
tions 145,377-145,390) thereby removed the ICP47 trans-
lation initiation codon.

Replacement of the ICP4 locus in the joint-deleted
gB:N/T BAC with an mCherry expression cassette was
achieved as follows. Plasmid pUbC-mCherry-SV40 pA was
constructed by cloning of the human ubiquitin C promoter
(UbCp) from pBluescriptUB-Flag-mArt (a gift from H.
Nakai, Oregon Health & Science University, Portland,
Oreg.), the mCherry gene from pEP-miR (Cell Biolabs, San
Diego, Calif.), and the SV40 polyadenylation (polyA or pA)
region from pEP4-EO2SCK2M-EN2L (Addgene plasmid
20924) (Yu et al., Science 324, 797-801 (2009)) into pBlue-
script KS+ (Stratagene). The I-Scel-aphAl fragment was
then cloned into the BamHI site of pUbC-mCherry-SV40
pA at the boundary between UbCp and mCherry to generate
pUbC-mCherry-SV40 pA-KAN. The insert was PCR ampli-
fied with primers 51 and 52 (Table 1) for Red-mediated
recombination with the ICP4 target locus. The resulting
construct was deleted for HSV-1 KOS positions 146,113-
151,581 of the GenBank JQ673480 sequence, including the
TAATGARAT motifs of the ICP22 promoter.

Replacement of the ICPO and ICP27 IE promoters with
the early (f) HSV-1 thymidine kinase (TK) promoter to
generate JANI2 was performed by PCR through the TK
promoter in front of both the ICP0O and the ICP27 coding
region in the JAP virus genome (Craft et al., Stem Cells 26,
3119-29 (2008)) with nested primer pairs 81/82 and 83/84,
respectively, cloning of the product of each reaction into
pCRblunt (Invitrogen) to produce pCRBlunt-0 and pCR-
Blunt-p27, respectively, insertion of I-Sca-aphAl into the
Bglll site of pCRBlunt-f0 and the Hpal site of pCRBlunt-
p27 yielding pCRBlunt-30-KAN and pCRBlunt-$27-KAN,
and PCR amplification of the inserts with primer pairs 85/86
and 87/88, respectively, for Red recombination with the
joint-deleted UbCp-mCherry gB:N/T BAC. JANI3 was then
derived from JANI2 by Red-mediated clean deletion of the
ICPO coding sequence using nested targeting forward prim-
ers 41, 42 and reverse primer 43 for I-Scel-aphAl amplifi-
cation. JANIS was likewise derived from JANI3 by clean
deletion of the ICP27 coding sequence using primer pair
44/45 to produce the targeting [-Sca-aphAl fragment.
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JANI6-CAGGFP was generated by insertion of an EGFP
expression cassette between the UL3 and UL4 genes of
JANIS. First, plasmid pCAG-GFP was constructed by
replacing the gH gene between the CAG promoter (CMV
enhancer/chicken beta-actin promoter/chimeric intron) and
rabbit -globin polyA region in plasmid pPEP100 (a gift
from P. Spear, Northwestern University) (Pertel et al., Virol-
ogy 279(1), 313-24 (2001)) with the EGFP gene from
pEGFP-C1 (Clontech). I-Scel-aphAl was then inserted into
the SnaBI site of pCAG-GFP to create plasmid pCAG-
GFPKAN. Separately, multi-step PCR using KOS-37 BAC
DNA as initial template was performed to generate a frag-
ment that contained novel cloning sites (MCS) between the
UL3 and UL4 polyA regions, as follows. First, extension
PCR was performed to amplify the 3' UTRs of UL3 and UL4
with primer pairs 57/58 and 59/60, respectively, that added
an overlapping MCS region to each 3'UTR fragment. The 2
PCR products were gel-purified and 100 ng of each was used
for overlapping PCR with primers 57 and 59 to create a
continuous fragment. This product was cloned into pCR-
Blunt (Invitrogen), yielding plasmid pCRBluntUL3-4linker.
The insert of pCAG-GFPKAN was then cloned between the
Accl and Psil sites in the MCS of pCRBluntUL3-4linker.
The resulting plasmid was digested with Mfel and PpuMI
and the UL3-CAG-GFPKAN-UL4 fragment was isolated
for recombination with the UL3-UL4 intergenic region of
JANIS followed by aphAl gene removal.

To create JANI7GFP, an Xhol fragment (~6.2 kb) con-
taining the 2 CTRLs, LAP1 and LATP2 of the HSV-1 LAT
locus was isolated from KOS-37 BAC DNA and cloned into
pBluescript KS+. An internal Kpnl-Sall fragment extending
from near the end of LATP2 to ~250 bp downstream of
CTRL2 was isolated from this recombinant and cloned
between the Kpnl and Sall sites of pSP72 (Promega) to
produce pSP72KOS-LAT. A multicloning site was then
introduced between 2 BstXI sites located ~240 and ~430 bp
downstream of the Kpnl site, yielding pSP72KOS-
LATlinker. Separately, plasmid pCAG-GW was constructed
by replacing the gH gene of pPEP100 (Pertel et al., Virology
279(1), 313-24 (2001)) with a PCR-amplified modified GW
recombination cassette [GW-Zeo; zeocin resistance instead
of chloramphenicol resistance (Wolfe et al., J. Virol. 84,
7360-68 (2010))]. The insert of pPCAG-GW was then cloned
into the MCS of pSP72KOS-LATlinker to produce
pSP72KOS-LATlinker-GW. The plasmid was digested with
Kpnl and Hpal to isolate the CAG-GW region with flanking
LAT sequences for Red-mediated recombination with the
LAT locus of JANIS in ccdB-resistant HerpesHogs bacteria
(Wolfe et al., J. Virol. 84, 7360-68 (2010)). Finally, the GW
cassette in the resulting JANIS recombinant BAC was
replaced with the EGFP gene by Red-mediated recombina-
tion with an AatlI-Psil fragment, including CAG and polyA
sequences, of plasmid pCAG-GFPKAN. JANI7GFP deriva-
tives deleted for specific LAT region elements outside the
EGFP cassette (CTRL1, CTRL2, LATP2) were generated by
Red-mediated recombination of JANI7GFP DNA with tar-
geted I-Scel-aphAl cassettes produced by PCR with the
respective F1, F2 and R primers listed in Table 1 (63-65,
66-68, and 69-71, respectively).

For the construction of the different JANI9 and JANI10
vectors, the ~6.2-kb LAT Xhol fragment described above
was deleted from the JANIS genome by recombination with
LAT-targeted I-Scel-aphAl generated by PCR with primers
78, 79 and 80, producing JANISAL. GW-Zeo was then
amplified with targeting primers for the intergenic region
between UL45 and UL46 (74/75) or ULS50 and ULS1
(76/77) and the product of each reaction was recombined
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with JANISAL BAC DNA to create JANIOGW and
JANI10GW. JANT7GFP BAC DNA was digested with Xhol
and the ~7.2-kb CAG-GFP-containing fragment from the
LAT locus was isolated and cloned into pENTR1A (pENTR-
LAT-Xhol). The corresponding ~5.3-kb Xhol fragment of
JANI7GFPAC12LP2 was likewise isolated and cloned into
pENTRI1A (pENTR-LATA-Xhol) and lastly, the insert of
pCAG-GFP (see above) was transferred into pENTRIA
(pENTR-CAG-GFP). In vitro LR Clonase (Invitrogen) reac-
tions were then performed to recombine the different
pENTR constructs with JANII0GW BAC DNA, producing
JANI10LAT-GFP, JANI10DC12LP2-GFP and JANI10GFP,
respectively, and pENTR-LAT-Xhol and pENTR-CAG-GFP
were recombined with JANIOGW BAC DNA to generate
JANIOLAT-GFP and JANI9GFP.

KNTc was constructed by introduction of the gB:N/T
mutations into KOS-37 BAC as described above and the
UbCp-mCherry cassette into the intergenic region between
UL3 and UL4 locus of KOS-BAC by Red recombination
with [-Scel-aphAl targeted by amplification with primers 53
and 54.

Viruses

JANI BAC DNAs were converted to infectious viruses by
transfection of U20S-based complementing cells. DNA in
500 ul OptiMEM (Invitrogen) was incubated with 1 pl
Lipofectamine Plus Reagent (Invitrogen) for 5 min at room
temperature, 6.25 pl Lipofectamine I'TX (Invitrogen) was
added, the mixture was incubated for 30 min at room
temperature and added to cells. After incubation at 37° C. for
6 h, the transfection mix was removed and the cells were
cultured overnight at 37° C. with serum-free DMEM, trans-
ferred to a 33° C. incubator, and monitored for 100%
cytopathic effect (CPE). Supernatants were titered and then
amplified by infection of sequentially larger cultures at a
multiplicity (MOI) of 0.001 PFU/cell. KNTc infectious virus
was produced by transfection of Vero cells using 3 Lipo-
fectamine Plus Reagent and 9 ul Lipofectamine LTX for 4
h at 37° C.; an MOI of 0.01 PFU/cell was used for KNTc
virus amplification on Vero cells. Complementing cells for
transfections and/or virus growth were as follows: U20S-
ICP4 (JANI2, JANI3), U20S-ICP4/27 (JANIS and deriva-
tives), and Vero-7b [QOZHG virus (AICP4, AICP27:
HCMV IEp-GFP B-ICP22, B-ICP47 and AUL41::ICPOp-
lacZ) (Chen et al., J. Virol. 74, 10132-41 (2000))]. All virus
stocks were titered on U20S-ICP4/27 cells (Table 2). Physi-
cal titers [genome copies (gc)/ml] were determined by
quantitative real-time PCR as described below. Fluorescent
images of infected cells were obtained with a Nikon Diaphot
fluorescence microscope (Nikon, Melville, Pa.) at 40x mag-
nification.

Virus Growth Curves

Replicate wells of Vero-7b, U20S, U20S-ICP4 and
U20S-ICP4/27 cells in a 24-well plate were infected at a
multiplicity (MOI) of 0.001 for 2 h, treated with 0.1 M
glycine (pH 3.0) for 1 min to inactivate extracellular virus,
and incubated at 37° C. and 5% CO,. Media were harvested
daily and titered by standard plaque assay on U20S-1CP4/27
cells.

Cytotoxicity Assay

5x10° HDF and Vero cells were seeded in a 96-well plate
and infected with KOS, QOZHG or JANI viruses at 25,000
gc/cell. Cell viability was determined 5 d later by MTT assay
essentially as described (Uchida et al., J. Virol. 87, 1430-42
(2013)).

Western Blotting and Immunofluorescence

Cell lysate preparation and Western blotting were per-

formed as described (Miyagawa et al., PLoS One 4, 4634
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(2009)). Polyclonal rabbit anti-ICPO antibodies were pro-
duced in our laboratory, anti-ICP27 (10-H44) was from
Fitzgerald Industries International (Concord, Mass.), anti-
ICP22 was a gift from John Blaho (Mt Sinai School of
Medicine, NY), anti-ICP4 (10F1) was from Santa Cruz
Biotechnology, and anti-a-tubulin (T6793) was from Sigma.
Immunofluorescence using the same ICP4 and ICP27 anti-
bodies was performed essentially as described (Uchida et al.,
J. Virol. 83, 2951-61 (2009)) and was examined under a
Nikon Fluorescence microscope.

Quantitative Reverse Transcription-PCR (qRT-PCR) and
Genome PCR

For gRT-PCR, total RNA was typically extracted by
RNeasy kit (Qiagen). cDNA was synthesized with a RET-
ROscript® Kit (Ambion). Real-time PCR was carried out by
the StepOnePlus Real-Time PCR System (Applied Biosys-
tems). For small numbers of cells, a Cells-to-cDNA™ II Kit
(Ambion) was used for cell lysis and reverse transcription.
Results for 18S ribosomal (r) RNA were used to normalize
the data. All QRT-PCR primers used in this study are listed
in Table 1.

For the determination of physical (genome copy) titers of
virus stocks, 5 ml of virus was incubated with 300 U/ml of
Benzonase nuclease (Sigma) for 1 h at 25° C. in the presence
of 2 mM MgCl, and viral DNA was extracted by DNeasy
Blood & Tissue Kit (Qiagen). g titers were determined by
qPCR for the glycoprotein D (gD) gene with the gD primers
(38/39) and probe (40) listed in Table 1. Amounts of nuclear
viral DNA were determined by rinsing the cells at 2 hpi,
isolation of nuclei as described (Dignam et al., Nucleic Acids
Res. 11, 1475-89 (1983); Suzuki et al., BMC Res. Notes 3,
294 (2010)), DNA extraction with the DNeasy Blood &
Tissue Kit, and qPCR for the gD gene as above. Cellular 18S
ribosomal DNA levels were measured with the use of
TagMan® Ribosomal RNA Control Reagents (Invitrogen)
and were used to normalize viral DNA amounts.

Statistics

All values are presented as the mean+/—-SD. Differences
between pairs were analyzed by Student’s t test using
Microsoft Excel 14.4.1. P values below 0.05 (P<0.05) were
considered statistically significant.

Results
Vector Engineering and Virus Growth

Efficient transduction of mouse embryonic stem cells
(mESC) with a defective HSV vector, JDBf, has been
reported (Craft et al, Stem Cells 26, 3119-25 (2008)),
without detectable damage to the cells. JDB was deleted for
the internal repeat region (“joint”) of the HSV genome and
for two IE genes (ICP4 and ICP22). In addition, the pro-
moters of two other IE genes (ICPO and ICP27) were
replaced with copies of the viral thymidine kinase (TK)
early (E or §) gene promoter. JDpp-infected non-comple-
menting cells showed minimal IE gene expression, but the
vector was capable of efficient transgene expression in
mESC without interference with embryoid body formation
or developmental transcription programs. To facilitate the
utilization of this vector backbone for diverse gene transfer
applications, Red-mediated recombineering was performed
in bacteria (Tischer et al., Biotechniques 40, 191-97 (2006))
to derive backbone, JANI2 (FIG. 9A), from KOS-37 BAC,
a bacterial artificial chromosome (BAC) containing the
complete genome of HSV-1 strain KOS (Gierasch et al.,
Virol. Methods 135:197-206 (2006)). JANI2 was deleted for
ICP4 and the joint, including the ICP47 promoter, contained
the same ICPO and ICP27 promoter replacements as JDff,
and the consensus VP16-binding (TAATGARAT) motifs in
the ICP22 regulatory region were deleted to change the
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kinetics of ICP22 expression to that of an early gene. To
visualize infection and monitor viral transcriptional activity,
an mCherry reporter gene expression cassette was intro-
duced at the position of the deleted ICP4 locus. In addition,
the glycoprotein B gene was replaced with a hyper-active
allele, gB:N/T (Uchida et al., J. Viro/ 84:12200-9 (2010)), to
enhance virus entry into the cells. To eliminate the potential
for low-level production of the toxic ICPO and ICP27
proteins in non-complementing cells, two derivatives of
JANI2 also were constructed by deletion of the complete
coding sequences for ICPO (JANI3) or ICPO and ICP27
(JANI5) (FIG. 9A).

To convert the different JANI vector constructs to infec-
tious virus particles, a cell line capable of complementing
ICPO, ICP4 and ICP27 was created. Human osteosarcoma
U20S cells naturally complement ICPO (Yao et al., J. Virol.
69, 6249-58 (1995)), eliminating the need to express this
toxic protein. U20S cells were transduced with a lentivirus
carrying the ICP4 gene under the control of its own regu-
latory sequences and a clonal line was isolated that perma-
nently expresses ICP4 (U20S-ICP4; FIG. 9B). Transduction
of these cells with a second lentivirus carrying the ICP27
gene and control region (FIG. 6) was then used to select a
cell line, U20S-ICP4/27, that in addition expresses ICP27
on infection with an ICP4/ICP27-deleted virus (FIG. 9B and
FIG. 6). While the abilities of U20S cells to activate the
ICP4 promoter in the absence of the viral VP16 protein and
tolerate sustained ICP4 expression were unanticipated, it is
unknown whether these features relate to the native ICPO-
complementing activity of these cells. DNA from BAC
constructs JANI2 and JANI3 could be converted to infec-
tious virus by transfection of U20S-ICP4 cells, while DNA
from the JANIS construct yielded infectious particles only
when transfected into U20S-ICP4/27 cells (data not shown).
FIG. 9C illustrates the growth of JANI2 and JANIS viruses
initially produced by transfection of U20S-ICP4 or U20S-
1CP4/27 cells with JANI2 or JANIS BAC DNA, respectively.
Neither virus could grow on unmodified U20S cells or on
Vero-7b cells that complement ICP4 and ICP27, but not
ICPO. JANI2 was able to grow on U20S-ICP4 cells without
ICP27 complementation whereas JANIS growth required
this additional complementing activity. The stability of the
JANIS-complementing properties of the U20S-ICP4/27
cells was tested by plaque assay at different cell passages
and no significant decline was observed in plaquing effi-
ciency through at least 20 passages (Table 3). These results
were consistent with the engineered IE gene modifications in
these viruses and allowed for comparisons of their biological
properties.

Standardization of Virus Input

The relative amounts of each virus needed to deliver equal
amounts of viral DNA to the infected cell nucleus was
assessed. The biological and physical titers of the various
virus stocks were determined by standard plaquing assay on
U20S-ICP4/27 cells and qPCR for the viral glycoprotein D
gene, respectively; a difference in genome copy (gc) to
plaque-forming units (PFU) ratios of approximately 3-fold
was observed between the JANI2, JANI3 and JANIS virus
stocks (Table 2). HDFs were infected with equal PFU or
equal gc of the 3 viruses and the number of HSV genomes
in the cell nuclei at 2 hours (h) post infection (pi) was
determined by qPCR. When equal gc were used for infec-
tion, the number of viral genomes in the nuclei at 2 hpi were
similar between JANI2-, JANI3- and JANI5-infected cells
(FIG.10A). In contrast, infection with equal PFU resulted in
a higher number of JANIS genomes in the nuclei than JANI2
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or JANI3 genomes (FIG. 10B). Thus in the remainder of this
study, gc numbers were used to standardize virus input.
Characterization of Vector Properties in Non-Complement-
ing Cells

The effects of JANI2, JANI3 and JANIS infection on the
viability of non-complementing HDFs and Vero cells com-
pared with wild-type KOS virus and a previous IE gene-
deleted vector, QOZHG (ICP47/ICP277/3-1CP22/3-1CP47;
(Chen et al., J. Virol. 74, 10132-41 (2000)) was first exam-
ined. At 5 days (d) pi with 25,000 gc/cell, approximately 4-5
times more viable cells remained in the JANI-infected HDF
cultures than in the KOS- or QQZHG-infected cultures
while smaller differences were seen between JANI- and
QOZHG-infected Vero cells (FIG. 11A). Among the JANI
viruses, JANI2 was somewhat more toxic to HDFs than
JANI3 (p=0.0017) and 5 (p=0.0430) while toxicity for Vero
cells decreased from JANI2 to JANI3 (p<0.001) to JANIS
(p<0.001). To correlate these findings with IE gene expres-
sion, Western blots of infected HDFs at 24 hpi were probed
with antibodies to 4 of the 5 IE proteins (FIG. 11B). JANI2
and JANI3 both showed residual ICP27 expression, indicat-
ing that the TK promoter in front of the ICP27 gene in both
vectors is not silent in these cells, but no IE proteins were
detected in JANIS-infected cells despite the use of 2-3 fold
more gc/cell (equal PFU/cell, see Table 2). The KOS and
QOZHG patterns were consistent with the reported down-
regulation of ICP0O expression by ICP4 (Douville et al.,
Virology 207, 107-16 (1995); Resnick et al., J. Virol 63,
2497-503 (1989)). Using quantitative reverse transcription-
PCR (qRT-PCR) analysis, ICP0 mRNA was detected in
JANI2-infected HDFs and decreasing levels of ICP22 and
ICP27 mRNAs between JANI2-, JANI3- and JANIS-infected
cells at 12 hpi with equal gc/cell (FIG. 11C). These results
suggested that JANI2 produced sufficient levels of ICPO to
enhance ICP22 and ICP27 expression and confirmed that
progressive deletion of IE genes reduces HSV vector cyto-
toxicity (Krisky et al., Gene Ther 5, 1593-603 (1998);
Samaniego et al., J. Firol. 72,3307-20 (1998); Samaniego et
al.,, J. Virol. 71, 4614-25 (1997)).

gqRT-PCR was used to examine the expression of selected
early and late viral genes (FIG. 11D). At 12 hpi, JANI2
generally expressed the highest levels of these genes and
JANIS the lowest, similar to the pattern observed for the IE
genes. These results showed that substitution of the native
ICPO and ICP27 promoters with an early promoter was not
sufficient to silence the viral genome in the absence of ICP4
while deletion of both genes drastically reduced residual
gene expression.
JANI Reporter Gene Expression

To determine whether the activity of the exogenous
human ubiquitin C (UbC) promoter (p) introduced with the
mCherry reporter gene into the deleted ICP4 locus of the
JANI vectors was also down-regulated in JANI3- and JANIS-
infected cells compared to JANI2-infected cells, mCherry
expression in infected HDFs was examined. At 24 hpi with
5,000 gc/cell, mCherry fluorescence was readily detectable
in JANI2-infected cells but not in JANI3- or JANI5-infected
cells (FIG. 12A). Measurement of mCherry mRNA levels at
6 hpi by qRT-PCR revealed a reduction in transcriptional
activity from the UbC promoter of some 100-fold between
JANI2- and JANI3-infected cells, and an additional reduc-
tion of approximately 5-fold in JANIS-infected cells (FIG.
12B); the KNTc control virus used in this experiment was
replication-competent and contained the UbCp-mCherry
cassette in the intergenic region between UL3 and ULA4.
These data were consistent with the interpretation that the
residual ICPO and ICP27 expression from JANI2 (FIG. 11C)
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is sufficient to prevent global transcriptional silencing of the
viral genome while deletion of these two genes essentially
eliminates all native (FIG. 11D) as well as exogenous (FIG.
12A, 12B) promoter activity. In contrast to HDFs, standard
U20S cells infected with JANI3 or JANIS showed strong
mCherry expression (FIG. 12C), suggesting that the ICPO-
complementing activity of U20S cells was sufficient to
activate these otherwise silent genomes. To confirm that the
viral ICPO protein possessed the same activity, JANIS-
infected HDFs were superinfected with the ICPO+QOZHG
virus (see FIG. 11B). As illustrated in FIG. 12D, super-
infection induced mCherry expression, while mock super-
infection did not. Together, these results demonstrated that
ICP27 was not required to derepress the silent JANIS
genome, at least in the presence of abundant ICPO expres-
sion or complementing activity, and suggested that the
minimal amount of ICPO expressed in JANI2-infected HDFs
sufficed to maintain limited transcriptional activity through-
out the viral genome.
High-Level Transgene Expression from the Silent JANIS
Genome

Upon infection of neuronal cells, HSV enters a latent state
in which the viral genome is transcriptionally silent except
for the LAT locus. Whether the LAT locus would similarly
remain active in non-neuronal cells in the context of an
otherwise silent viral genome was investigated. To this end,
an expression cassette consisting of the CAG enhancer/
promoter and EGFP gene (CAGp-GFP) was introduced into
the LAT 2-kb intron region of JANIS, creating a vector
construct referred to as JANI7GFP (FIG. 13A). As a control,
the same CAGp-GFP cassette was introduced into the UL3-
UL4 intergenic region of JANIS, producing vector
JANI6GFP (FIG. 13A); the UL3-UL4 intergenic region has
been used for non-disruptive insertion of transgene cassettes
(Baines et al., J. Virol. 65, 938-44 (1991); Menotti et al., J.
Virol. 76, 5463-71 (2002)) and is close to but outside the
LAT locus. Elsewhere herein, “JANI6GFP” is referred to as
“JANI6-CAGGFP” (See also FIG. 1A). Infectious viruses
were produced on U20S-ICP4/27 cells and the gc:PFU
ratios of the new virus stocks were similar to that of JANIS
(Table 2). Both JANI6-CAGGFP and JANI7GFP produced
abundant green and red fluorescence during amplification in
U20S-ICP4/27 cells, confirming the integrity of their trans-
gene expression cassettes. To examine the abilities of these
viruses to express the EGFP transgene in non-complement-
ing cells, HDFs were infected with increasing gc/cell and
EGFP fluorescence was recorded at 3 dpi (FIG. 13B).
JANI7GFP-infected cells showed abundant, viral dose-de-
pendent EGFP expression, whereas JANI6-CAGGFP infec-
tion produced limited expression even at the highest dose.
Although a higher virus input was used here than in earlier
JANIS infections, mCherry expression remained minimal.
These results were confirmed by gqRT-PCR measurements of
EGFP and mCherry mRNA levels at 3 and 5 dpi (FIG. 13C)
and were consistent with the suggestion that the JANI6-
CAGGFP and JANI7GFP virus genomes, like the JANIS
genome, were silent in infected HDFs while the LAT locus
remained transcriptionally active. Since EGFP mRNA levels
in JANI7GFP-infected cells were at least as high at 5 dpi as
at 3 dpi (FIG. 13C), whether expression could be detected at
later times when the cells are fully contact-inhibited was
investigated. The results showed that expression could per-
sist for at least 4 weeks in some of the cells (FIG. 13D).
Together, these observations indicated that the LAT locus is
a privileged site for durable transgene expression from an
HSV genome that is non-toxic due to functional deletion of
all IE gene expression.
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CTRLs and LATP2 Support Transgene Expression from the
LAT Locus

It has been demonstrated that LAT expression during
latency is controlled by the latency-associated promoters
(LAPs) 1 and 2 (Goins et al., J. Virol. 68, 2239-52 (1994);
Zwaagstra et al., Virology 182, 287-97 (1991)). LAP1 is
located upstream of the transcription initiation site of the
~8.7-kb unstable primary L AT transcript that is processed to
a stable 2-kb LAT intron, while LAP2 is located downstream
of LAP1 in the first exon and extending into the 2-kb intron
region. A LAP2-containing region extending somewhat fur-
ther into the intron has been referred to as LATP2. In
addition to acting as a promoter, it has been shown that the
LAP2/LLATP2 region can act as a position-independent long-
term expression/enhancer element for transgene expression
in neurons (Berthomme et al., J. Virol. 74, 3613-22 (2000);
Palmer et al., J. Virol. 74, 5604-18 (2000)). However, it has
also been reported that the LAT locus is protected from
global silencing of the viral genome during latency by
regions rich in CTCF binding sites, termed CTRLs, one
located upstream of LAP1 (CTRL1) and the other in the
2-kb intron just downstream of LATP2 (CTRL2) (Blooom et
al., Biochim. Biophys. Acta 1799, 246-56 (2010)). Thus, the
potential roles of the LATP2 and CTRL elements in enabling
the observed EGFP expression in JANI7GFP-infected HDFs
was explored. The three elements were deleted separately
and in combinations from the JANI7GFP genome (FIG.
14A) and reporter gene expression in infected HDFs was
examined (FIGS. 14B, 14C). Deletion of either CTRL1
(AC1) or LATP2 (ALP2) caused a marked decrease in green
fluorescence and EGFP mRNA levels whereas the deletion
of CTRL2 (AC2) had only a minor effect. Deletion of both
CTRLs (AC12) had the same effect as the deletion of CTRL1
alone while deletion of all three elements (AC12LP2)
reduced expression further to the level observed in JANI6-
CAGGFP-infected cells. No mCherry fluorescence was
detectable in any of the infected cells (FIG. 14B), suggesting
that the different deletions did not cause derepression of
other sites in the viral genome. These results indicated that
both CTRL1 and the LATP2 region play significant roles in
protecting the linked transgene from transcriptional silenc-
ing in the context of a viral genome that is functionally
devoid of all IE genes.
LAT Locus Protection of Transgene Expression is Position-
Independent

To determine whether sequences associated with the LAT
locus are sufficient to protect an embedded transgene expres-
sion cassette against silencing in the absence of IE gene
products, a restriction fragment corresponding to the LAT:
CAGp-GFP region of JANI7GFP, including the two CTRLs,
LAP1 and LATP2, was inserted at one of two ectopic
positions in a JANIS derivative that was deleted for the same
LAT region to avoid recombination between the native and
new sites. First, a Gateway (GW) recombination cassette
was introduced into the intergenic region between UL45 and
46 (JANIOGW) or between UL50 and UL51 (JANI10GW) of
the LAT-deleted JANIS genome and then the LAT:CAGp-
GFP fragment or just CAGp-GFP without LAT sequences
were introduced by recombination with the GW cassette
(FIG. 15A). Following virus production on U20S-ICP4/27
cells (Table 2), the vectors were tested for reporter gene
expression in infected HDFs. At 3 dpi, the vectors that
lacked LAT sequences surrounding the reporter cassette
(JANI9GFP and JANI10GFP) showed low levels of EGFP
fluorescence (FIG. 15B) and mRNA (FIG. 15C) in infected
cells, similar to the JANI6-CAGGFP control vector, sug-
gesting that the two intergenic insertion sites were transcrip-
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tionally repressed, like the intergenic region between UL3
and UL4 (FIG. 13). However, when the reporter cassette was
flanked at both sides by LAT sequences (vectors JANIOLAT-
GFP and JANI10LAT-GFP), EGFP expression increased to
the level observed in JANI7GFP-infected cells (FIG. 15B),
indicating that the anti-silencing activity of the LAT-derived
regions is functional in a position-independent manner. To
confirm the dependence of this activity on LATP2 and either
or both CTRLs, a LATP2- and CTRL-deleted version of the
LAT:CAGp-GFP fragment was introduced by GW recom-
bination into JANI1IOGW genome; the deletions were the
same as those in the LAT region of the -earlier
JANI7GFPAC12LP2 vector (FIG. 14A). The deletions
reduced EGFP expression in infected HDFs, although not
fully down to the level observed with the LAT-free
JANI10GFP vector (FIG. 15C, 15D); it is unclear why the
AC12L.P2 deletions appear to have a smaller effect here
(~3.5-fold) than in JANI7GFP (~50-fold, FIG. 14C). How-
ever, these results clearly demonstrate that a portion of the
LAT locus that includes the 2 CTRLs, LAP1 and LATP2 can
protect an embedded transgene expression cassette in a
position independent-manner against global silencing of the
viral genome in the absence of IE gene expression and
indicate that at least CTRL1 and LATP2 play a role in this
activity.

LAT Locus Elements Protect Transgene Expression in Other
Cell Types

To evaluate the applicability of these findings beyond
HDFs, EGFP and mCherry expression from selected vectors
was tested in other cell types. By qRT-PCR, higher EGFP
mRNA levels were observed in JANI7GFP- than in JANI6-
CAGGFP-infected human cells at 3 dpi (FIG. 16B). The
greatest differences were observed in BJ human foreskin
fibroblasts (~35-fold), similar to the difference in HDFs
(~30-fold, FIG. 13C), and in human hepatocytes (hHEP)
(~40-fold). Human neonatal keratinocytes (hEK) showed
the smallest difference (~4.5-fold) with intermediate values
seen in muscle-derived stem cells (hMDSC) (~10-fold) and
preadipocytes (hPAD) (~7-fold). Comparison of the 2 vec-
tors in fetal rat dorsal root ganglion (rDRG) neurons
revealed only a ~2.5-fold difference. FIG. 16A shows rep-
resentative fluorescence images at 3 dpi from an indepen-
dent experiment performed under the same infection condi-
tions. With the exception of hHEPs that were from a
different donor here than in FIG. 16B, the results were
largely consistent with the qRT-PCR data. Of interest, while
none of the human cells showed significant mCherry fluo-
rescence, abundant mCherry expression was observed in
both the JANI6-CAGGFP- and JANI7GFP-infected rat DRG
cultures. It is not yet known whether this observation is
unique to neuronal cells and may be a function of the
promoter in front of the mCherry gene, the location of the
expression cassette in the viral genome, and/or the rat origin
of the cells. h(MDSCs were maintained for an extended
period of time, allowing the monitoring of EGFP expression
over time in JANI7GFP-infected cells. As shown in FIG.
16C, EGFP was readily detectable for at least 4 weeks after
infection in JANI7GFP-infected cells but not in JANI6GFP-
infected cells, similar to the observation with JANI7GFP-
infected HDFs (FIG. 13D).

Lastly, for some of the cells, whether CAGp-GFP activity
in the UL50/51 intergenic region was enhanced by flanking
LAT sequences as in HDFs was determined. The results in
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FIG. 16D show a substantial enhancement in all three cell
types that may, for unknown reasons, exceed the difference
between JANI6-CAGGFP and JANI7GFP in the same cells.
Overall, these results indicated that the position-independent
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anti-silencing activity of genetic elements in the LAT locus
is not limited to HDFs, but is operative in a variety of
non-neuronal human cell types.

Tables for Example 8

TABLE 1

Primer Sequences

PCR primers for gRT-PCR and gPCR

SEQ Forward
1D (F) /Re-
NO verse (R) Seguence
Target
gene
2 Human S18 F GCGGCGGAAAATAGCCTTTG
3 R GATCACACGTTCCACCTCATC
4 EGFP F ATCATGGCCGACAAGCAGAAGAAC
5 R GTACAGCTCGTCCATGCCGAGAGT
6 mCherry F CCTGTCCCCTCAGTTCATGT
7 R GCTTCAAGTAGTCGGGGATG
8 ICPO F ACCACCATGACGACGACTC
9 R AGCCCCGTCTCGAACAGT
10 ICP22 F CGTGTGCAAGCTTCCTTGT
11 R TCTCGAGATTACTAAGATCACACTCC
12 ICP27 F AGTCGTGTCTGCGAGTTGAC
13 R AAAACAGGGAGTTGCAATAAAAA
14 ICP4 F ATGGGGTGGCTCCAGAAC
15 R CTGCCGGTGATGAAGGAG
1l6 ICP34.5 F GTAACCTCCACGCCCAACT
17 R AGCAGCAGCGAACAAGAAG
18 UL11l F ATGGGCCTCTCGTTCTCC
19 R CGGTGATGAGGACGTTGTT
20 UL23 (TK) F TCATCTTCGACCGCCATC
21 R TGCTGCCCATAAGGTATCG
22 UL27 (gB) F GTCAGCACCTTCATCGACCT
23 R CAGGGGGACAAACTCGTG
24 UL29 (ICP8) F AGCTGCAGATCGAGGACTG
25 R CCATCATCTCCTCGCTTAGG
26 UL30 F GTCTGCTCTACGACCTGTCCA
27 R AACCGAGCGAAAACAGGAG
28 UL41 (vhs) F TCCATCCCAATAACACCTACG
29 R GGGGTCCAGTGACATTCG
30 UL44 (gC) F GAGGGTCAGCCGTTCAAG
31 R AACTCCACGGGGTTACGC
32 UL48 (VPle) F GCGCTCTCTCGTTTCTTCC
33 R GGCCAACACGGTTCGATA
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TABLE 1-continued

Primer Sequences
PCR primers for gRT-PCR and gPCR

SEQ Forward
D (F) /Re-
NO verse (R) Seguence
34 UL39 (ICPs6) F CAATCTGGGAAGCGTGAATC
35 R CGCCCAAAGTCAAACGTC
36 Rat S18 F CCACAGGAGGCCTACACG
37 R CTGAAACTTCTCGGGGATCA
38 HSV gD F CCCCGCTGGAACTACTATGACA
39 R GCATCAGGAACCCCAGGTT
40 Probe FAM-TTCAGCGCCGTCAGCGAGGA - TAMRA
Red mediated
recombination
Target gene/
locus
41 AICPO F1 CCCGATATCCAATTGCGGGCGCTGGGTGGTCTCTGGCCGCGCCCACTACACCAGCCAATCCGTGT
AGGATGACGACGATAAGTAGGGATA
42 F2 GATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGCGGGCCCCGATATCCAATTGCGG
GC
43 R ACACGGATTGGCTGGTGTAGTGGGCGCGGCCAGAGACCACCCAGCGCCCGCAACCAATTAACCA
ATTCTGATTAG
44 AICP27 F TATGGATCCCGGACCTGGTTAACCACCCGCCGGTCCTACGCGAACTGGAGGATAAGCGCAGGATG
ACGACGATAAGTAGGGATA
45 R CAGGAATTCGCGCTTATCCTCCAGTTCGCGTAGGACCGGCGGGTGGTTAACCAGGTCCGCAACCA
ATTAACCAATTCTGATTAG
46 Joint F1 GGGCCCTGGAAATGGCGGACACCTTCCTGGACACCATGCGGGTTGGGCCCAGGATGACGACGATA
deletion AGTAGGGATAACAGGG
47 R GGGCCCAACCCGCATGGTGTCCAGGAAGGTGTCCGCCATTTCCAGGGCCCCAACCAATTAACCAA
TTCTGATTAG
48 F2 TTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTAACTGGCTGGGCCCTGGAAATGG
CGGACACC
49 UbC-mCherry F1 TATGGATCCCCGCGGATGGTGAGCAAGGGCGAGGAGGATAACATGGCCATCATAGGATGACGAC
insertion GATAAGTAGGG
50 R1 AATCTGCAGGGATCCCTACAACCAATTAACCAATTCTGATTAG
51 F2 (For CTTGGGGCGGTCCCGCCCGCCGGCCAATGGGGGGGCGGCAAGGCGGGCGGTGGCGGCCGCTCTA
AICP4) GAAGATCTGGC
52 R2 (For CCGCGGGGGGCCCGGGCTGCCACAGGTGAAACCAACAGAGCACGGCGCACGCTGGGTACCGGGC
AICP4) CCCCCCTCGAG
53 F3 (For CCTCACTGCCCGTCGCGCGTGTTTGATGTTAATAAATAACACATAAATTTTGGCGGCCGCTCTAGA
UL3 and AGATCTGGC
4)
54 R3 (For CCGACACTGAAATGCCCCCCCCCCCTTGCGGGCGGTCCATTAAAGACAACGCTGGGTACCGGGCC
UL3 and CCCCCTCGAG
4)
55 CAG-EGFP F1 TATTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTGCTTAGGATGACGA
insertion CGATAAGTAGGGATA
56 R1 AATCTGCAGTACGTACTACAACCAATTAACCAATTCTGATTAG
57 F2 GCAATTGGCTCTGCCCCGCCGTCCCCGTGTTCGTCC
58 R2 TTTTTGCAAAAGCCTAGGCCTCCAATAACTAGTCAATAATCAATGTCGACTTATTTATTAACATCA
AACACGCGC
59 F3 GCACGCGTAGAGGTGCTGCGGGAGATTCAACTGAGC
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TABLE 1-continued

Primer Sequences
PCR primers for gRT-PCR and gPCR

SEQ Forward
D (F) /Re-
NO verse (R) Seguence
60 R3 TATTGACTAGTTATTGGAGGCCTAGGCTTTTGCAAAAAAGCTTATAATGGGTCTTTAATGGACCGC
CCGCAAGGG
61 gB:N/T F TATTACGTACAACCACATACAGCGCCATGTCAACGATATGTTGGGCCGCGTTGAGGATGACGACG
insertion ATAAGTAGGG
62 R AATCTGCAGTACGTACTACAACCAATTAACCAATTCTGATTAG
63 ACTRL1 F1 TATACCCGTGACACCCGACGCTGGGGGGCGTGGCTGCCGGGAGGGGCCGCGTATGAGGATGACG
ACGATAAGTAGGGATA
64 F2 CCACACAAGCCCCGTATCCCCGTTCCCGCGCTTTTCGTTGGTITATATACCCGTGACACCCGACGC
TGGG
65 R CATACGCGGCCCCTCCCGGCAGCCACGCCCCCCAGCGTCGGGTGTCACGGCAACCAATTAACCAA
TTCTGATTAG
66 ACTRL2 F1 AATCCAACACAGACAGGGAAAAGATACAAAAGTAAACCTTTATTTCCCAACAAGGATGACGACG
ATAAGTAGGGATAACA
67 F2 GTCAGGCAGCCCGGGCCGCGGCTCTGTGGTTAACACCAGAGCCTGCCCAATCCAACACAGACAGG
GAAAA
68 R TGTTGGGAAATAAAGGTTTACTTTTGTATCTTTTCCCTGTCTGTGT TGGACAACCAATTAACCAATT
CTGATTAG
69 ALATP2 F1 CAGATAGTAATCAATTACGGGGTCATTAGT TCATAGCCCATATATGGAGT TCCAGGATGACGACG
ATAAGTAGGGATAAC
70 F2 AGACTTTCCGGGCGCGTCCGGGTGCCGCGGCTCTCCGGGCCCCCCTGCAGATAGTAATCAATTAC
GGGGT
71 R GGAACTCCATATATGGGCTATGAACTAATGACCCCGTAATTGATTACTATCAACCAATTAACCAAT
TCTGATTAG
72 GW F1 TGACAATTGACTAGTTATACAAGTTTGTACAAAAAAGCTGAAC
(For LAT)
73 R1 CCATTATAACAATTGAGATCTCCACITTGTACAAGAAAGCTGAACG
(For LAT)
74 F2 (For CGGACCCAAAATAATAAACACACAATCACGTGCGATAAAAAGAACACGCGACAAGTTTGTACAA
UL45 and AAAAGCTGAAC
46)
75 R2 (For CCTGTTTGTCGACGAGATTTAATAAAAATAACCAAAAACACCACAGGGGACCACTTTGTACAAGA
UL45 and AAGCTGAACG
46)
76 F3 (For AAACGTTTGTATCTCATCTTTCCTGTGTGTAGT TGTTTCTGTTGGATGCCATATCACAAGTTTGTAC
UL50 and AAAAAAGC
51)
77 R3 (For TGCGTGTTTTCATCCAACCCGTGTGTTCTGTGT TTGTGGGATGGAGGGGCCGAGAAACGTAAAATG
UL50 and ATATAAATA
51)
78 ALAT F1 CCGGGGACACCGCCAGCAAACGCGAGCAACGGGCCACGGGGATGAAGCAGAGGATGACGACGA
TAAGTAGGGATA
79 F2 CCACACAAGCCCCGTATCCCCGTTCCCGCGCTTTTCGTTGGTTTATATACCCGGGGACACCGCCAG
CAAACGCGA
80 R CTGCTTCATCCCCGTGGCCCGTTGCTCGCGTTTGCTGGCGGTGTCCCCGGCAACCAATTAACCAAT
TCTGATTAG
81 Insertion of F1 (for CCCGGCCAACCAGCGTCCGCCGAGTCTTCGG
TK promoter ICPO pro)
82 R1 (for GCCGGTTCCAGTGTAAGGGTCGGGGGTCCC

ICPO pro)
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TABLE 1-continued
Primer Sequences
PCR primers for gRT-PCR and gPCR

SEQ Forward
D (F) /Re-
NO verse (R) Seguence
83 F2 (for CCTGACAGAGCTGTATTGTA

ICP27

pro)
84 R2 (for AGATCGCTGTCGGAGAGGTCC

ICP27

pro)
85 F3 (for TATAGATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGCGGGCCCAGGATGACGACG

ICPO ATAAGTAGGG

pro)
86 R3 (for AATCTGCAGAGATCTCTACAACCAATTAACCAATTCTGATTAG

ICPO

pro)
87 F4 (for TATGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGT TCAGGGGGAGGTAGGATGACGACG

ICP27 ATAAGTAGGG

pro)
88 R4 (for AATCTGCAGGTTAACCTACAACCAATTAACCAATTCTGATTAG

ICP27

pro)

TABLE 2
Viruses used in this Example

Virus ge/ml pfwml ge/pfu ICPO  ICP4*  ICP22** ICP27 ICP47 ¢B
KOS 5.33E+11 1.30E+10  4.10E+01 + + + + + +
KNTec 8.15E+11  2.96E+09  2.75E+02 + + + + + N/TH**
QOZHG 1.55E+11  2.33E+08  6.64E+02 + - B CMV-GFP B +
JANI2 3.28E+11  4.00E+08  8.20E+02 B - B B - N/T
JANI3 346E+11  3.36E+08  1.03E+03 - - B B - N/T
JANIS 1.17E+12  5.00E+08  2.35E+03 - - B - - N/T
JANI6GFP 7.30E+11  2.66E+08  2.74E+03 - - B - - N/T
JANI7GFP 3.99E+11 1.86E+08  2.14E+03 - - B - - N/T
JANI7GFPAC1 1.66E+11  5.00E+07  3.31E+03 - - B - - N/T
JANI7GFPAC2 8.42E+11  3.50E+08  2.41E+03 - - B - - N/T
JANI7GFPALP2 4.75E+11 1.70E+08  2.80E+03 - - B - - N/T
JANI7GFPAC12 5.97E+11 1.86E+08  3.21E+03 - - B - - N/T
JANI7GFPAC12LP2 8.03E+11  3.00E+08  2.68E+03 - - B - - N/T
JANIOGW — — — - - B - - N/T
JANI9OGFP 6.70E+11  2.00E+08  3.35E+03 - - B - - N/T
JANI9OLAT-GFP 5.58E+11  2.66E+08  2.10E+03 - - B - - N/T
JANI1IOGW — — — - - B - - N/T
JANI10GFP 1.05E+12  1.66E+08  6.33E+03 - - B - - N/T
JANI1OLAT-GFP 2.30E+11  9.33E+07  2.46E+03 - - B - - N/T
JANI1IOLAT-GFPAC12LP2  2.69E+11 1.23E408  2.19E+03 - - B - - N/T
Virus LAT UL, ULsg.s4 ULys.46
KOS + - - -
KNTec + UbC-mCherry - -
QOZHG + - - -
JANI2 + - - -
JANI3 + - - -
JANIS + - - -
JANI6GFP + CAG-GFP - -
JANI7GFP CAG-GFP - - -
JANI7GFPAC1 CAG-GFP, ACTRL1 - - -
JANI7GFPAC2 CAG-GFP, ACTRL2 - - -
JANI7GFPALP2 CAG-GFP, ALATP2 - - -
JANI7GFPAC12 CAG-GFP, ACTRL1/2 - - -
JANI7GFPAC12LP2 CAG-GFP, ACTRL1/2/LATP2 - - -
JANIOGW - - - GW
JANI9OGFP - - - CAG-GFP
JANI9OLAT-GFP - - - LAT-CAG-GFP
JANI1IOGW - - GWHHrEE -
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TABLE 2-continued

Viruses used in this Example

JANI10GFP - -
JANI1OLAT-GFP - -
JANI1OLAT-GFPAC12LP2 -

CAG-GFP -
LAT-CAG-GFP -
LAT-ACTRL1/2/LATP2-CAG-GFP

*All BAC-mediated AICP4 viruses have the same UbC promoter-driving mCherry expression cassette in the deleted ICP4 locus
**For all BAC-mediated ICP22 viruses, the regulatory sequences of ICP22 promoter (TAATGARAT) were deleted to convert the kinetics of [CP22 gene expression

from [E to early gene
B D285SN/AS49T, referred to herein as gB: N/T

#E£EGW: Gateway recombination site

TABLE 3

JANIS plaquing efficiency on
U20S-ICP4/27 cells at different passage numbers

Passage number Plaque number (mean = S.D.)

ps 17.33 = 6.35
pl0 15 £ 2.64
p20 16 = 4

U208-ICP4/27 cells were infected with JANIS virus at 0.1 ge/cell and the cells were
overlayed with methylcellulose at 2 hpi.
Plaques were counted at 4 dpi.

Means +/— SD of 3 determinations.

Example 9

This example demonstrates the construction and proper-
ties of JANIS.

JANI8 was constructed by deletion of UL41 from the
JANIS vector discussed above. This is presented graphically
in FIG. 17. JANI7GFP essentially is JANIS with an insertion
of CAGp-EGFP-polyA in the LAT locus between LATP2
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and CTRL2. JANISGFP is identical to JANI7GFP except for .

the deletion of UL41. See also FIG. 20.

The growth of JANIS was assessed relative to JANIS in
complementing cells, which, as described above, are U20S
cells engineered to express ICP4 and ICP27. The comple-
menting cells were infected with the respective vector at 1
viral genome copy (gc) per cell. As depicted in FIG. 18, as
measured by plaque forming units (PFU), genomic copy
(gc) and expression of the mCherry transgene, JANIS exhib-
ited more robust growth than JANIS. Furthermore, native
HSV genes were observed to be expressed earlier during
infection in complementing cells from JANIS8 as opposed to
JANIS (FIG. 19, representing fold expression relative to
each JDNIS gene at 6 hpi arbitrarily assigned a value of 1).

As revealed in Table 9-1, JANI8 and JANISGFP produced
more plaques per genomic copy (gc) (on complementing

cells) than JANIS and JANI7GFP, respectively. This reveals 5

that the ratio of functional over defective particles (a mea-
sure of quality) in JANI8 and JANISGFP preparations is
higher than in JANIS and JANI7GFP preparations.

TABLE 9-1

Virus ge/ml pfu/ml ge/pfu

JANI5 #1 1.98E+11 8.33E+07 2.38E+03
JANIS #2 1.17E+12 5.00E+08 2.35E+03
JANI7GFP 3.99E+11 1.86E+08 2.14E+03
JANIS #1 3.72E+10 4.66E+07 7.99E+02
JANIS #2 5.56E+11 1.06E+09 5.24E+02
JANISGFP 5.33E+11 8.33E+08 6.40E+02

Also, it was observed that infection at equal levels of gc
resulted in equal amounts of viral DNA in the nucleus of
human dermal fibroblasts. However, using the protocol

N

0

discussed in connection with FIG. 10, this was accomplished
by much lower PFU for JANIS8 vs. JANIS. (FIG. 21) These
data reveal that infections at equal gc should be used for
studies comparing JANI8 to JANIS (or JANI7GFP wvs
JANISGFP). MTT cell viability analysis (see FIG. 22)
demonstrated that JANI8 (upper -X-line in each graph) was
measurably less toxic (approaching or exceeding the viabil-
ity of uninfected control cells) than any of the other vectors
at 5 or 10 PFU/cell (M.O.1.=5 or =10). The lower -X-line in
each graph represents the results for JANIS. These data also
reveal that vectors that have an intact ICPO gene, even under
a p promoter (JABBB3 (also termed JDBBB3 or JABRB3 or
JDBBP3)) or without UL41 (QOZHG), are more toxic than
JANIS or JANI8. As expected, replicating virus (KOS) kills
the cells. Additional MTT experiments using HDFs reveal
that, although JANI8 showed slight toxicity at higher MOIs
it was much less than JANIS at 3-fold lower MOIs (equal
gc/cell) (FIG. 23). Other MTT data revealed that JANIS is
less toxic than JANIS in some (HDF, human neonatal
keratinocytes, and human neural stem cells) but not all
(Vero, human preadipocytes, and human hepatocytes) cell
types (see FIG. 24).

Reporter gene expression from both transgenes (i.e.,
EGFP and mCherry) present within JANI7GFP and
JANISGFP, respectively, were compared in HDF cells at 3
dpi. The results are presented in FIGS. 25 and 26. It was
observed that GFP expression by JANISGFP increased with
dose (from 5000 to 50,000 gc/cell, FIG. 25), but leveled off
for JANI7GFP. Without wishing to be bound by theory, it is
believed that the leveling-off observed for expression from
JANI7GFP may be attributed to high-dose toxicity of the
vector in HDF cells, which implies that such toxicity is

5 lower in JANIBGFP. Also, notable mCherry was observed

55

60

65

from the HDF cells infected with JANISGFP but not by HDF
cells infected with JANI7GFP. Similar experiments were
conducted with a constant dose of either JANI7GFP or
JANISGFP (25,000 gc/cell) with the level of EGFP or

o mCherry fluorescence assayed over time (2, 4, and 6 days

post infection (FIG. 26)). Reporter signals in JANI®GFP-
infected cultures decreased between 4 and 6 dpi, likely a
result of viral genome dilution by unimpaired cell division.
Signals were more stable in JANI7GFP-infected cultures,
likely due to reduced cell division.

Transgene (EGFP or mCherry) expression from other
cells infected with either JANI7GFP vs. JANISGFP also was
investigated. As depicted in FIG. 27, at two measured doses
(12,500 gce/cell and 25,000 ge/cell) JANISGEFP expressed
more GFP in human neonatal keratinocytes than JANI7GFP.

Also, transgene expression from rat dorsal root ganglion
(DRG) cells infected with either either JANI7GFP or
JANISGFP (at 6250 gc/cell) was assayed. As depicted in
FIG. 28, mCherry (inserted in the ICP4 deleted locus of both
vectors) expression from JANI7GFP was enhanced in rat
DRG neurons relative to GFP compared to non-neuronal
cells, and relatively more in JANISGFP- than in JANI7GFP-



US 10,174,341 B2

43

infected cells. These results reveal that JANIS is non toxic
and provides for transgene expression in neurons from both
the LAT and the ICP4 locus.

Example 10

This example demonstrates in vivo expression from the
JANI7-GFP vector in a long-term experiment.

JDNI7-GFP (8.0x10® genome copies/2 pl; 3.7x10° PFU)
was sterotactically injected into the hippocampus of rats
(AP: -1.8; ML: -1.7; P: +#3.5) at a rate of 0.1 ul/min.
Animals were euthanized and perfused at 6, 15 or 30 days
post vector injection (dpi), and brain cryosections were
imaged under a fluorescence microscope. FIG. 29 reveals
robust expression of both EGFP and mCherry co-localized
within the same cells within the hippocampus. In FIG. 29
top, separate (left; 40x) or merged (center, right; 20x)
images of EGFP and mCherry fluorescence at the indicated
days post infection (dpi); bottom, separate and merged
images are depicted at 15 dpi (10x).

Example 11

This example relates to the expression of the mCherry
transgene from the JANI7-GFP vector within infected pri-
mary astrocytes.

Mouse astrocytes were infected (M.O.1.=5) and cultured.
After 25 days post infection, the cells were fixed and
exposed to an antibody specific to glial fibrillary acidic
protein (GFAP), positive binding of which identifies astro-
cytes. Immunofluorescence imaging revealed that JANI7-
GFP is non toxic and provides for persistent expression in
astrocytes.

Example 12

This example demonstrates the generation of a cell line
for complementing the inventive HSV vectors and which
also facilitates exision of a loxP-flanked BAC cassette
during viral propagation.

The U20S-ICP4/27 cell line discussed above was engi-
neered to express Cre recombinase. The resulting cell line,
U20S-ICP4/27/Cre, complements the functions of all of the
deficient HSV IE genes in vectors JDNIS, 7, 8 and their
derivatives except that of the dispensable ICP47 gene, and
removes the BAC cassette during virus growth.

U20S-ICP4/27/Cre cells were generated by infection of
U20S-ICP4/27 cells with a Cre-expressing retroviral vector.
For construction of the retroviral vector, plasmid pCX4Hyg
(PNAS 2003, 100: 13567-13572; GenBank accession num-
ber AB086387) was modified by insertion of a Gateway
recombination cassette into the multi cloning site to create
pCX4Hyg-GW. The complete NLS-Cre coding sequence
from plasmid pTurbo-Cre (GenBank accession number
AF334827.1) was inserted between the attl.1 and att[.2 sites
of pENTR1A (Invitrogen) and then transferred into
pCX4Hyg-GW by LR Clonase-mediated Gateway recom-
bination to create pCX4Hyg-Cre. This plasmid and its
construction are schematically depicted in FIGS. 30 and 31.
Retroviral particles were produced as described by Makino
et al. (Exp Cell Res 2009, 315: 2727-2740). Briefly,
pCX4Hyg-Cre was co-transtected with Gag-Pol and VSV-G
expression plasmids into 293T cells and supernatant was
collected 48 hours later, filtered through a 0.45 micron filter,
and concentrated by centrifugation. Suitable Gag-Pol &
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VSV-G plasmids are commercially available (e.g., pCMV-
Gag-Pol from Cell Biolabs (Cat. No. RV-111) and pCMV-
VSV-G from Addgene).

U20S-ICP4/27 cells were infected with the purified Cre
retrovirus and cells were selected for resistance to puromy-
cin, blasticidin and hygromycin. Resistant colonies were
isolated, amplified, infected with JANI7-GFP at 0.001-1
PFU/cell, and stained for [-galactosidase activity at 2 days
post infection (dpi). Clones showing few blue cells were
found to undergo rapid cytopathic effect (100% CPE at 4 dpi
after infection at MOI=0.01) whereas the parental U20S-
1CP4/27 cells showed plaque-forming clusters of blue cells
and approximately 25% CPE at 9 dpi. These results indi-
cated that Cre-mediated removal of the BAC elements along
with the linked LacZ expression cassette in JANI7-GFP
facilitated virus growth. Accurate removal of the BAC and
LacZ sequences between the loxP sites of JAN17-GFP has
been confirmed by PCR on viral DNA from individual
JANI7-GFP plaques on a selected U20S-ICP4*/27*/Cre*
clone.

It thus has been observed that passage through this
U20S-ICP4/27/Cre cell line removes the approximately 11
KB BAC sequence, recovering room for transgenes, and
markedly accelerates virus growth.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

The use of the terms “a” and “an” and “the” and “at least
one” and similar referents in the context of describing the
invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The use of the term “at least one” followed by a list
of'one or more items (for example, “at least one of A and B”)
is to be construed to mean one item selected from the listed
items (A or B) or any combination of two or more of the
listed items (A and B), unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,”
“having,” “including,” and “containing” are to be construed
as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein,
and each separate value is incorporated into the specification
as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
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equivalents of the subject matter recited in the claims possible variations thereof is encompassed by the invention
appended hereto as permitted by applicable law. Moreover, unless otherwise indicated herein or otherwise clearly con-
any combination of the above-described elements in all tradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 88

<210> SEQ ID NO 1

<211> LENGTH: 5730

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LAT-derived sequence

<400> SEQUENCE: 1

cacggeggec accgccgecg ccgecgecga caccgcagag cceggegcegeg cacacacaag 60
cggcagagge agaaaggcecc cgagtcattg tttatgtgge cgegggccag cagacggcecce 120
gcgacaccee cceecgecceg tgtgggtate cggeccceeg ceccgegecyg gtcecattaag 180
ggcgegegty ccecgegagat atcaatcegt taagtgctet gcagacaggyg gcaccgcgece 240
cggaaatcca ttaggccgca gacgaggaaa ataaaattac atcacctacce catgtggtge 300
tgtggectgt ttttgctgeg tcatctgage ctttataaaa gegggggcge ggccgtgecg 360
atcgeeggtyg gtgcgaaaga ctttceggge gegteegggt geegeggete tecegggecce 420
cctgecageeg gggcggecaa ggggcegtegyg cgacatccte cceectaageg ccggecggcece 480
gctggtetgt tttttegttt teccegttte gggggtggtyg ggggttgegg tttetgttte 540
tttaaccecgt ctggggtgtt tttegttceceg tegeccggaat gtttegtteg tectgteccct 600

cacggggega aggccgegta cggeceggga cgaggggccee ccegaccegegg cggtceeggge 660

ccegtecgga cecgcetegece ggcacgcgac gcgaaaaagyg ccccecggag getttteegg 720
gtteceggee cggggectga gatgaacact cggggttacce gecaacggece ggeccccegtg 780
geggecegge ccoggggecce ggcggaccca aggggcecceg geccggggeco ccacaacgge 840
ccggegeatyg cgctgtggtt tttttttect cggtgttetyg cegggetceceg tegectttece 900
tgttcteget tetcccccce cececttcace cccagtaccee tectecctee cttectecce 960
cgttatccca ctcegtcgagg gegecccggt gtegttcaac aaagacgecg cgtttceccagg 1020
taggttagac acctgcttet ccccaataga ggggggggga cccaaacgac agggggcegcec 1080
ccagaggcta aggtcggeca cgecactege gggtgggcete gtgttacage acaccagecce 1140
gttattttce ccccectecca cecttagtta gactcectgtta cttaccegte cgaccaccaa 1200
ctgceccecectt atctaagggce cggctggaag accgccaggg ggtcggcegg tgtcecgcectgta 1260
acccceccacg ccaatgacce acgtactcca agaaggcatg tgtcccacce cgectgtgtt 1320
tttgtgecctg gectetcectatg cttgggtcett actgectggg gggggggagt gcgggggagyg 1380
gggggggtgt ggaaggaaat gcacggcgcg tgtgtacccce ccctaaagtt tgtcctaaag 1440
cgaggatatg gaggagtggc gggtgccggg ggaccggggt gatctctgge acgegggggt 1500
gggaagggtc gggggagggg gggatggggt accggcccac ctggeccggceg cgggtgegeg 1560
tgcctttgca caccaacccc acgtccceeg geggtetceta agaaacaccg cccccectece 1620
ttcataccac cgagcatgcce tgggtgtggg ttggtaacca acacgcccat ccecctegtcet 1680
cctgtgattce tctggctgca ccgcattctt gttttctaac tatgttcecetg tttetgtcte 1740
cceccecace cctecegecee accccccaac acccacgtet gtgggegtta cataacttac 1800

ggtaaatggce ccgectgget gaccgeccaa cgaccccecge ccattgacgt caataatgac 1860
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gtatgttcce

acggtaaact

tgacgtcaat

ctttectact

ccccacgtte

atttattttt

gcgegeggcey

ctegegeage

cggeecttet

gtggetgegt

ggggggtygcyg

cggctgtgag

gagegeggece

cgtgegggge

accceeectyg

CCgtanggg

geegggegyay

ceggagegec

gtgcgagagg

gegecgecge

aatgggcggg

thgggCtgt

cttetggegt

tttecctacag

attcgagetce

gtggtgccca

dgcgagggcyg

ggcaagctge

ttcageeget

ggctacgtee

gaggtgaagt

aaggaggacyg

tatatcatgg

atcgaggacyg

ggcccegtge

cccaacgaga

cteggeatgyg

tggggacatc

cattgcaata

aaatcattta

atagtaacgc

geccacttygyg

gacggtaaat

tggcagtaca

tgcttcacte

taattatttt

ggcgggagte

cegeceegge

ccteeggget

gaaagcctty

tgcgtgtgtg

CgCthgggC

gggggcggty

gtgtgegtgg

cacceccececte

cgtggegegyg

gcggggecge

ggngCtgtC

gcgcagggac

acccecteta

gagggectte

c¢cgegyggggy

gtgaccggeg

ctcectgggea

ggctaccggt

tcctggtega

agggcgatgc

cegtgeccetyg

accccgacca

aggagcgcac

tcgagggcga

gcaacatcct

ccgacaagca

gcagcgtgca

tgctgeccga

agcgcgatca

acgagctgta

atgaagcccc

gtgtgttgga

aaacatcaga

caatagggac

cagtacatca

ggcecgecty

tctacgtatt

tccccatcete

gtgcagcgat

getgegeget

tctgactgac

gtaattagcg

aggggctccg

tgtgegtggg

gcggegegyay

cececegeggty

gggggtgage

cccgagttge

ggctegeegt

CthggCng

gaggcegeggce

ttectttgte

gcgggegegy

gtgegtegee

acggctgect

getetagage

acgtgetggt

cgccaccatg

gCtggangC

cacctacgge

geccacecte

catgaagcag

catcttette

caccctggty

ggggcacaag

gaagaacggce

getegecgac

caaccactac

catggtecetyg

caagtccgga

ttgagcatct

attttttgtg

atgagtattt

tttccattga

agtgtatcat

gecattatgee

agtcatcget

ccececcectece

d999gcgggy

gecttegece

cgcgttacte

cttggtttaa

ggagggccct

gagcgeegeyg

getttgtgeyg

€ggggggggce

agggggtgtg

tgagcacgge

geegggegyy

ggagggcteg

gagccgcage

ccaaatctgt

dgcgaagcegy

gegecgeegt

teggggggga

ctctgcetaac

tattgtgetyg

gtgagcaagg

gacgtaaacyg

aagctgacce

gtgaccacce

cacgacttct

aaggacgacg

aaccgcateg

ctggagtaca

atcaaggtga

cactaccage

ctgagcacce

ctggagtteg

ctcagatcett

gacttetgge

tctctecacte

ggtttagagt

cgtcaatggg tggagtattt

atgccaagta cgcccectat

cagtacatga ccttatggga

attaccatgg tcgaggtgag

ccaccecccaa ttttgtattt

999999999y aaaaagcgaa

cgtgececcege tecegegecge

ccacaggtga gcgggcggga

tgacggettg tttettttet

ttgtgcgggg ggagcggcetce

tgcggeteeyg cgetgecegy

ctccgcagtg tgcgcgaggyg

tgcgagggga acaaaggctyg

ggCgCgthg tcgggctgca

CngCtthg gtgcggggct

gggtggcgge aggtgggggt

dgggagggygce geggeggecec

cattgecttt tatggtaatc

geggageega aatctgggag

tgcggegecg gcaggaagga

cceettetee ctetecagee

cggggcaggg cggggttcgg

catgttcatg ccttettett

tctcatcatt ttggcaaaga

gecgaggaget gttcaccggg

gccacaagtt cagegtgtcece

tgaagttcat ctgcaccacc

tgacctacgg cgtgcagtge

tcaagtcege catgcccgaa

gcaactacaa gacccgegece

agctgaaggg catcgacttce

actacaacag ccacaacgtce

acttcaagat ccgccacaac

agaacaccce catcggcgac

agtccgecect gagcaaagac

tgaccgcege cgggatcact

tttcectety ccaaaaatta

taataaagga aatttatttt

ggaaggacat atgggagggc

ttggcaacat atgcccatat

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260
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getggetgee atgaacaaag gttggctata aagaggtcat cagtatatga

tgctgtccat tccttattee atagaaaage cttgacttga ggttagattt

ttgttttgtg ttattttttt ctttaacatc cctaaaattt tceccttacatg

cagattttte ctectetect gactactcee agtcataget gtccctette

atccctegac ctgcagecca agettggegt aatcatggte atagetgttt

attgttatcc gctcacaatt ccacacaaca tacgagcegg aagcataaag

ggggtgccta atgagtgagce taactcacat taattgegtt gegetcactg

agtcgggaaa cctgtegtge cageggatcece gecatctcaat tagtcagcaa

geccectaact cegeccatee cgcccctaac tcegeccagt teegeccatt

tggctgacta atttttttta tttatgecaga ggccgaggece gecteggect

ccagaagtag tgaggaggcet tttttggagg cctaggettt tgcaaaaage

attgcagett aaattgecag tggcaggatg ctttegggga teggtggtca

gecgeggete tgtggttaac accagagect geccaacatg geacccccac

cceccactecee acgcaccccce actcccacgc acccccacte ccacgcaccc

gcacccccac tcccacgcac cceccactecee acgcaccccce actcccacgc

ccacgcaccce ccactcccac gcacccccac tcccacgcac cceccactece

actcccacgc accccecacte ccacgcaccce ccactcccac gcacccccge

acacagacag ggaaaagata caaaagtaaa cctttatttc ccaacagaca

cctgagtttt ttttattagg gccaacacaa aagacccget ggtgtgtggt

ttcactttte cccteccecga cacggattgg ctggtgtagt gggegeggece

cagcgecege aattggatat cggggeccge ggtacegteg actgcagaat

agctcgagat ctgcggeacg ctgttgacge tgttaagegg gtegetgcag

tgttcgagge

cacacgcgte accttaatat gcgaagtgga cctgggacceg

actgcatctyg cgtgttegaa ttegecaatg acaagacget gggeggggtt

tagaactaaa gacatgcaaa tatatttctt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 2

geggeggaaa atagectttyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 3

gatcacacgt tccacctcat ¢

<210>
<211>
<212>

SEQ ID NO 4
LENGTH: 24
TYPE: DNA

aacagccccc

tttttatatt

ttttactagce

tcttatggag

cctgtgtgaa

tgtaaagcct

ccegetttee

ccatagtece

ctcegecceca

ctgagcetatt

taacttgttt

ggcagcccgyg

tcccacgeac

ccactcccac

acccccacte

acgcaccccc

gatacatcca

gcaaaaatce

gecegtgtet

agagaccacc

tcgaagetty

ggthCthg

cgecegeceayg

tgtgtcatca

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5730

20

21
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 4

atcatggccg acaagcagaa gaac

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 5

gtacagctcg tccatgecga gagt

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

cctgtecect cagttcatgt

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 7

gctteaagta gteggggatyg

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 8

accaccatga cgacgactc

<210> SEQ ID NO 9

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 9

agcccegtet cgaacagt

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 10

cgtgtgcaag ctteettgt

24

24

20

20

19

18

19
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 11

tctegagatt actaagatca cactec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 12

tctegagatt actaagatca cactec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 13

aaaacaggga gttgcaataa aaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 14

atggggtgge tccagaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 15

ctgcecggtga tgaaggag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 16

gtaacctcca cgcccaact

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 17

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

26

26

23

18

18

19
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-continued

56

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 17

agcagcagceg aacaagaag

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 18

atgggectet cgttetec

<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 19

cggtgatgag gacgttgtt

<210> SEQ ID NO 20

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 20

tcatcttega ccgecate

<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 21

tgctgcccat aaggtateg

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 22

gtcagcacct tcatcgacct

<210> SEQ ID NO 23

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 23

cagggggaca aactcgtg

19

18

19

18

19

20

18
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58

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 24

agctgcagat cgaggactg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 25

ccatcatcte ctegettagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 26

gtctgeteta cgacctgtee a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 27

aaccgagcga aaacaggag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 28

tccatcccaa taacacctac g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 29

ggggtccagt gacattceg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 30

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

19

20

21

19

21

18
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-continued

60

<400> SEQUENCE:

gagggtcage cgttcaag

30

<210> SEQ ID NO 31

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

aactccacgyg ggttacge

31

<210> SEQ ID NO 32

<211> LENGTH:

19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

gegetetete gtttettee

32

<210> SEQ ID NO 33

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

ggccaacacg gttcgata

33

<210> SEQ ID NO 34

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

caatctggga agcgtgaatc

34

<210> SEQ ID NO 35

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

cgcccaaagt caaacgte

35

<210> SEQ ID NO 36

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

ccacaggagyg cctacacg

36

<210> SEQ ID NO 37

<211> LENGTH:

20

18

18

19

18

20

18

18
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-continued

62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 37

ctgaaactte tcggggatca

<210> SEQ ID NO 38

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 38

ccecegetgga actactatga ca

<210> SEQ ID NO 39

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 39

gcatcaggaa ccccaggtt

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: probe has a 5' “FAM” and a 3' “TAMRA”

<400> SEQUENCE: 40

ttcagegeeyg tcagcegagga

<210> SEQ ID NO 41

<211> LENGTH: 90

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 41
cccgatatee aattgeggge getgggtggt ctetggecge geccactaca ccagccaatce

cgtgtaggat gacgacgata agtagggata

<210> SEQ ID NO 42

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 42

gatctcgage tcaagetteg aattctgcag tcgacggtac cgegggeccce gatatccaat

tgcggge

<210> SEQ ID NO 43

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

22

19

20

60

90

60

67
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-continued

64

<223>

<400>

OTHER INFORMATION: primer

SEQUENCE: 43

acacggattyg gctggtgtag tgggcgegge cagagaccac ccagcegeccg caaccaatta

accaattctg attag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 84

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 44

tatggatcce ggacctggtt aaccaccege cggtectacg cgaactggag gataagcegca

ggatgacgac gataagtagg gata

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 84

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 45

caggaattcg cgcttatect ccagttegeg taggacegge gggtggttaa ccaggtcecge

aaccaattaa ccaattctga ttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 81

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 46

gggcectgga aatggceggac accttectgg acaccatgeg ggttgggecce aggatgacga

cgataagtag ggataacagg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 47

gggcccaace cgcatggtgt ccaggaaggt gtccgecatt tccagggecce caaccaatta

accaattctg attag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 73

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 48

tttataacce cgggggtcat tcccaacgat cacatgecaat ctaactgget gggccctgga

aatggcggac acc

60

75

60

84

60

84

60

81

60

75

60

73
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-continued

66

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 49

tatggatcce cgcggatggt gagcaaggge gaggaggata acatggccat cataggatga

cgacgataag taggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 50

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 50

aatctgcagg gatccctaca accaattaac caattctgat tag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 51

cttggggcgg tecccgecege cggecaatgg gggggcggca aggcegggcegg tggeggecge

tctagaagat ctgge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 52

cegegggggy ccegggetge cacaggtgaa accaacagag cacggegeac getgggtace

gggcceceee tegag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 53

cctecactgee cgtegegegt gtttgatgtt aataaataac acataaattt tggeggecge

tctagaagat ctgge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 54

ccgacactga aatgeccccee cececttgeg ggeggtecat taaagacaac getgggtace

60

75

43

60

75

60

75

60

75

60
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-continued

68

gggcceceee tegag

<210> SEQ ID NO 55

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 55
tattacgtat tagtcatcge tattaccatg gtcgaggtga gecccacgtt ctgcttagga

tgacgacgat aagtagggat a

<210> SEQ ID NO 56

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 56

aatctgcagt acgtactaca accaattaac caattctgat tag

<210> SEQ ID NO 57

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 57

gcaattggcet ctgcccegec gtceccegtgt tegtee

<210> SEQ ID NO 58

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

tttttgcaaa agcctaggece tccaataact agtcaataat caatgtcgac ttatttatta
acatcaaaca cgcge

<210> SEQ ID NO 59

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 59

gcacgegtag aggtgctgeg ggagattcaa ctgage
<210> SEQ ID NO 60

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 60

tattgactag ttattggagg cctaggcttt tgcaaaaaag cttataatgg gtctttaatg

gaccgecege aaggg

75

60

81

43

36

60

75

36

60

75
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-continued

70

<210> SEQ ID NO 61

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 61
tattacgtac aaccacatac agcgccatgt caacgatatg ttgggecgeg ttgaggatga

cgacgataag taggg

<210> SEQ ID NO 62

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 62

aatctgcagt acgtactaca accaattaac caattctgat tag

<210> SEQ ID NO 63

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 63

tataccegtyg acacccgacg ctggggggeg tggetgecgg gaggggecege gtatgaggat

gacgacgata agtagggata

<210> SEQ ID NO 64

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 64

ccacacaagce cccgtatcee cgttecegeg cttttegttg gtttatatac ccegtgacace

CganCtggg

<210> SEQ ID NO 65

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 65
catacgecgge ccctecegge agecacgece cccagegteg ggtgtcacgg caaccaatta

accaattctg attag

<210> SEQ ID NO 66

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 66

60

75

43

60

80

60

70

60

75
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-continued

72

catacgecgge ccctecegge agecacgece cccagegteg ggtgtcacgg caaccaatta

accaattctg attag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 67

gtcaggcage ccgggccegeg getetgtggt taacaccaga gectgeccaa tccaacacag

acagggaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 68

tgttgggaaa taaaggttta cttttgtate ttttecetgt ctgtgttgga caaccaatta

accaattctg attag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 69

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 69

cagatagtaa tcaattacgg ggtcattagt tcatagecca tatatggagt tccaggatga

cgacgataag tagggataac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 70

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 70

agacttteceg ggcegegteeg ggtgecegegg cteteeggge cecectgeag atagtaatca

attacggggt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 71

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 71

ggaactccat atatgggcta tgaactaatyg accccgtaat tgattactat caaccaatta

accaattctg attag

<210>
<211>
<212>
<213>

SEQ ID NO 72

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence

60

75

60

70

60

75

60

80

60

70

60

75
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74

<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 72

tgacaattga ctagttatac aagtttgtac aaaaaagctg aac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 73

LENGTH: 46

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 73

ccattataac aattgagatc tccactttgt acaagaaagc tgaacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 74

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 74

cggacccaaa ataataaaca cacaatcacg tgcgataaaa agaacacgceg acaagtttgt

acaaaaaagc tgaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 75

cctgtttgte gacgagattt aataaaaata accaaaaaca ccacagggga ccactttgta

caagaaagct gaacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 76

aaacgtttgt atctcatctt tectgtgtgt agttgtttet gttggatgee atatcacaag

tttgtacaaa aaagc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 77

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 77

tgcgtgtttt catccaacce gtgtgttetg tgtttgtggg atggagggge cgagaaacgt

aaaatgatat aaata

<210>
<211>
<212>

SEQ ID NO 78
LENGTH: 75
TYPE: DNA

43

46

60

75

60

75

60

75

60

75
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-continued

76

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 78
ceggggacac cgccagcaaa cgcgagcaac gggccacggg gatgaagcag aggatgacga

cgataagtag ggata

<210> SEQ ID NO 79

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 79
ccacacaagce cccgtatcee cgttecegeg cttttegttg gtttatatac ccggggacac

cgccagcaaa cgcga

<210> SEQ ID NO 80

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 80
ctgettecate ccegtggece gttgetegeg tttgetggeg gtgtcecegyg caaccaatta

accaattctg attag

<210> SEQ ID NO 81

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 81

cceggecaac cagcegtoege cgagtetteg g

<210> SEQ ID NO 82

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 82

geeggtteca gtgtaagggt cgggggtece

<210> SEQ ID NO 83

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 83
cctgacagag ctgtattgta
<210> SEQ ID NO 84
<211> LENGTH: 21

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

60

75

60

75

60

75

31

30

20
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78

-continued

<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 84

agatcgctgt cggagaggte ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 85

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 85

tatagatcte gagctcaage ttecgaattcet gecagtcgacg gtaccgeggg cccaggatga

cgacgataag taggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 86

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 86

aatctgcaga gatctctaca accaattaac caattctgat tag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 87

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 87

tatgttaaca acaacaattg cattcatttt atgtttcagg ttcaggggga ggtaggatga

cgacgataag taggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 88

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 88

aatctgcagyg ttaacctaca accaattaac caattctgat tag

21

60

75

43

60

75

43

The invention claimed is:

1. A cell for the production of a herpes simplex virus
(HSV) vector, wherein the cell is a U20S cell that comprises
an expression cassette comprising the HSV ICP4 gene and
an expression cassette comprising the HSV ICP27 gene,
wherein the cell supports the production of infectious viral
particles upon infection with an HSV that comprises an
inactivating mutation in the HSV ICPO gene, the HSV ICP4
gene, and the HSV ICP27 gene or the promoters thereof.

2. The cell according to claim 1, wherein the cell does not
detectably express the HSV ICPO gene.

3. The cell according to claim 1, wherein the expression
cassette comprises an inducible promoter that is operably
linked to the HSV ICP4 gene and an inducible promoter that
is operably linked to the HSV ICP27 gene.

4. The cell according to claim 3, wherein one or more
inducible promoter is active in the presence of VP16.
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5. The cell according to claim 3, wherein one or more
inducible promoter is active when the cell is infected with
HSV.

6. The cell according to claim 3, wherein the inducible
promoter that is operably linked to the ICP4 gene is the
cognate viral promoter for the HSV ICP4 gene.

7. The cell according to claim 3, wherein the inducible
promoter that is operably linked to the ICP27 gene is the
cognate viral promoter for the HSV ICP27 gene.

8. The cell according to claim 1, wherein the cell com-
prises an HSV vector that comprises an inactivating muta-
tion in the HSV ICPO gene, the HSV ICP4 gene, and the
HSV ICP27 gene or the promoters thereof.

9. A clonal population comprising a plurality of cells
according to claim 1.

10. A system for the production of a herpes simplex virus
(HSV) vector, the system comprising:
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a) the cell according to claim 1, and

b) an HSV vector that comprises an inactivating mutation

in the HSV ICPO gene, the HSV ICP4 gene and the
HSV ICP27 gene or the promoters thereof.

11. The system according to claim 10, wherein the HSV 5
vector does not detectably express the HSV ICP22 gene as
an immediate early gene.

12. The system according to claim 10, wherein the HSV
vector does not detectably express the HSV ICP47 gene.

13. The system according to claim 10, wherein the HSV 10
vector is does not detectably express the HSV UL41 gene.
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