
WO 2011/016830PCT/US2010/002010 1 HERPES VIRUS BACKBONE FOR VIRAL VACCINE
AND VACCINE BASED THEREON This application claims the benefit of U.S.
Provisional Application No. 61/271,938, filed July 28, 2009, the entire
content of which is hereby incorporated by reference herein. Throughout
this application, certain publications are referenced. Full citations for
these publications may be found immediately preceding the claims. The
disclosures of these publications in their entireties are hereby
incorporated by reference into this application in order to describe more
fully the state-of-the art to which this invention relates. The work
disclosed herein was made with government support under grant no. AI-024021
from the National Institutes of Health. Accordingly, the U.S. Government
has certain rights in this invention. Background Viral vaccines were
historically either inactivated viruses or live, attenuated viruses, but
these types of vaccines have not been feasible to pursue for certain
viruses such as herpes viruses or HIV. New types of vaccines including
viral vectors, such as Herpes Simplex Virus-1 (HSV-1) are currently under
investigation. In Herpes Simplex Virus expression of the HSV-1 protein 



WO 2011/016830PCT/US2010/002010 2 'CPO is required to allow efficient
expression of genes from the viral genome and, more importantly, improve
virus titer and thus vaccine yields. However, expression of 'CPO also
interferes with innate immunity, a property which is not compatible with
the ideal vaccine vector. One of the functions of 'CPO is to dissociate
cellular nuclear domain 10 (ND10) complexes and ubiquitinate the
promyelocytic protein (PML) leading to its degradation. PML is one of the
cell's gatekeepers that are responsible for induction of interferon. Herein
a recombinant virus employing the Herpes Simplex Virus genome as a backbone
is disclosed, but with replacement of ICP0. The recombinant virus
replicates to relatively high titers and is sensitive to interferon.
Therefore, the vector only retains the properties of ICP0 that are required
in vaccine development.  WO 2011/016830PCT/US2010/002010 3 



Summary of the Invention A recombinant deoxyribonucleic acid comprising a
human herpes simplex virus (HSV) deoxyribonucleic acid (DNA) having a
heterologous DNA integrated therein wherein the heterologous DNA encodes a
polypeptide comprising a RING-finger domain. A recombinant human herpes
simplex virus (HSV) comprising a heterologous DNA encoding a polypeptide
comprising a RING-finger domain which heterologous DNA is (a) inserted into
a non-essential region of the HSV genome, and (b) expressed in a host cell
into which the recombinant HSV is introduced. A vaccine comprising (1) a
pharmaceutically acceptable carrier and (2) a recombinant virus which
comprises a recombinant deoxyribonucleic acid comprising a human herpes
simplex virus (HSV) genome having (a) a heterologous DNA encoding a
polypeptide comprising a RING-finger domain integrated therein and (b)
having one or more heterologous DNAs, each encoding a glycoprotein,
integrated therein. A method of immunizing a subject against a varicella
zoster virus infection comprising administering to the subject an amount of
the instant vaccine effective to elicit a immune response the varicella
zoster virus in the subject and thereby effect immunization of the subject.
WO 2011/016830PCT/US2010/002010 4 the instant recombinant virus with a live
vaccine stabilizer, so as to prepare the composition. 



WO 2011/016830PCT/US2010/002010 5 Brief Description of the Figures Figure
1: Alignment of the amino acid sequences of ICPO and ORF61p (SEQ ID NOs:1
(ICPO) and 2 (ORF61)). The amino acid sequences of ICP0 and ORF61p (NCBI
protein database accession numbers NP_044601.1 and NP_040183.1
respectively) were aligned using the Gonnet Matrix, an Open Gap Penalty of
10.0 and an Extend Gap Penalty of 0.1. The Cys and His residues of the
C3HC4 RING finger consensus sequence are marked d. The ND10 targeting
domain (18) in ICPO's C-terminus of 'CPO are also marked. The NLS regions
of 'CPO and ORF6lp are underlined (52, 63). The USP7 interaction site is
marked with a black box and the amino acids required for interaction are
identified with arrows (19). The two regions that encode for E3 ubiquitin
ligase activities (30) are marked also. Figure 2: Redistribution of PML and
Sp100 in ICPO or ORF61p expressing cells. MeWo cells grown on glass
coverslips were mock treated (A and D) or transformed with plasmid
constructs expressing 'CPO (B and E) or ORF61p (C and F). Forty-eight hours
post transformation cells were fixed and the localization of viral proteins
and PML (A-C) or Sp100 (D-F) were monitored by indirect immunofluorescence
microscopy. The nuclei were stained with Hoechst. Images were captured with
an 100x objective and analyzed by volume deconvolution. Figure 3: Abundance
of PML and Sp100 in 'CPO or ORF61p expressing cells. MeWo cells were mock
treated or infected with Adempty, AdICP0 or AdORF61 at an MOI of 5.
Forty-eight hpi total cell lysates were analyzed by SDSPAGE. The levels of
PML, Sp100, 'CPO, ORF61p and tubulin  WO 2011/016830PCT/US2010/002010 



6 were analyzed by western blotting. The different species of PML and Sp100
are identified with asterisks. Figure 4: Targeting of ORF61p to NDlOs does
not lead to PML degradation. (A) Schematic diagram of 'CPO, ORF61p and the
ORF61p translational fusion to the C-terminus of ICPO. (B) MeWo cells were
mock treated or transformed with constructs expressing ICP0, ORF6lp or the
ORF6lp fusion protein. Forty-eight hpi total cell lysates were analyzed by
SDS-PAGE. The levels of ICPO, ORF61p and tubulin were analyzed by western
blotting. (C-E) MeWo cells grown on glass coverslips were mock treated (C)
or transformed with plasmid constructs expressing the ORF61p fusion protein
(D and E). After 48 hours cells were fixed and localization of ORF61p and
PML were monitored by indirect immunofluorescence microscopy. Nuclei were
stained with Hoechst. Images were captured with a 100x objective and
analyzed by volume deconvolut ion. Figure 5: Localization of PML during HSV
and VZV infection. MeWo cells grown on glass coverslips were infected with
HSV at an MOI of 1 (A) or cell-free VZV at an MOI of approximately 0.01
(B-D). HSV infected cells were fixed at 6 hpi and VZV infected cells at 24
hpi and the presence of ICP0 (A), ORF61p (B), ORF62p (C), gE (D) and PML
(A-D) were monitored by indirect immunofluorescence microscopy. Nuclei were
stained with Hoechst. Images were captured with a 100x objective and
analyzed by volume deconvolution. Figure 6: Localization of Sp100 during
HSV and VZV infection. MeWo cells grown on glass coverslips were infected
with HSV at an MOI of 1 (A) or cell-free VZV at  WO
2011/016830PCT/US2010/002010 



7 an MOI of approximately 0.01 (B and C). HSV infected cells were fixed at
6 hpi and VZV infected cells at 24 hpi and the localization of 'CPO (A),
ORF62p (B), and gE (C) and Sp100 (A-C) were monitored by indirect
immunofluorescence microscopy. Nuclei were stained with Hoechst. Images
were captured with a 100x objective and analyzed by volume deconvolution.
Figure 7: Abundance of PML, Sp100 and Daxx during HSV and VZV infection.
(A) MeWo cells were infected with HSV at an MOI of 5 or cell-free VZV at an
MOI of approximately 0.01. At the indicated times post infection PML,
Sp100, Daxx, 'CPO, ORF61p and tubulin levels were monitored by western
blotting. (B) MeWo cells were mock treated or incubated with media
containing 1000 or 2000U/m1 interferon a. Forty-eight hours post treatment
total cell lysates were monitored for PML, Sp100, Daxx, STAT1,
phosphorylated STAT1, STAT2 and phosphorylated STAT2. Figure 8: Effect of
PML, Sp100 and Daxx on VZV replication. (A) Total lysates from sicontrol,
siPML, siSp100 and siDaxx cells were analyzed for PML, Sp100, Daxx and
tubulin levels by western blotting. (B) sicontrol, siPML, siSp100 and
siDaxx cells were infected with serial dilutions of VZV. Five days post
infection monlayers were fixed and stained and plaques were counted and
compared to the number formed in sicontrol cells. The error bars indicate
standard deviation from five independent experiments, each performed in
duplicate. (C) sicontrol, siPML, siSp100 and siDaxx cells were infected
with cell-free VZV at an MOI of approximately 0.01. At the indicated times
post infection lysates were analyzed by western blotting for  WO
2011/016830PCT/US2010/002010 8 ORF29p, ORF63p and tubulin. Band intensities
were quantified using ImageJ and normalized to tubulin. (D) sicontrol,
siPML, siSp100 and siDaxx cells were infected with cell-free VZV at an MOI
of approximately 0.01. At the indicated times post infection cells were
harvested and titrated to determine the number of infectious centers on
fresh MeWo monolayers. Four days post infection monolayers were fixed and
stained and plaques were counted to calculate the titer of infectious
centers. Panel D is a representative experiment showing a growth curve in
each of the cell lines. Each data point represents the average of two
samples. Panel E displays the averages of the time points from four
independent experiments and error bars represent standard deviation. Figure
9: Morphology of infected foci on sicontrol, siPML, siSp100 and siDaxx
cells. sicontrol, siPML, siSp100 and siDaxx cells were infected with
cell-free VZV at an MOI of approximately 0.01. At 2 and 3 dpi the cells
were fixed and the localization of ORF63p and gE were monitored by
immunofluorescence microscopy. Nuclei were stained with Hoechst. Images
were captured with a 10x objective. 



Figure 10: Construction of a Herpes Simplex Virus expressing Varicella
Zoster Virus ORF61p. (A) Schematic diagram of the ICP0 locus. (B) pCPC-061
and Hirt DNA prepared from d11403 or HSV-ORF61 infected cells were
amplified using the primer sets specified in Materials and Methods of
results II hereinbelow. (C) MeWo cells were either mock treated or infected
with wild-type HSV1, d11403 or HSV-ORF61 at an MOI of 5. At 8 hpi cells
were harvested and western blotting using the antibodies  WO
2011/016830PCT/US2010/002010 9 described in Materials and Methods monitored
the abundance of 'CPO, ICP4, ORF61p and tubulin. Figure 11: Growth analysis
of Herpes Simplex Virus expressing Varicella Zoster Virus ORF61p. (A) Vero
or L7 cells were infected with serial dilutions of wild-type HSV-1, d11403
or HSV-ORF61. Three days post infection monolayers were fixed and stained,
and plaques were counted. Relative plaguing efficiency is: X 100. The error
bars indicate standard deviation from four independent experiments, each
performed in duplicate. (B) MeWo cells were infected with wild-type HSV-1,
d11403 or HSV-ORF61 at an MOI of 0.1. At 2, 12, 24 and 48 hpi infected
cells were harvested, subjected to three rounds of freeze-thaw and yields
were calculated after titration on L7 cells. Figure 12. Time course of
expression of virus-specified proteins. MeWo cells were infected with
wild-type (HSV1), ICP0- (d11403) and HSV-ORF61 at a moi of 0.2. Infected
cells were harvested at the indicated times and examined for the synthesis
and abundance of ICP4, ICP27, 'CPO and ORF61p by western blot. All lanes
were stained with anti-tubulin antibody to demonstrate that equivalent
amounts of cell protein were loaded in each lane. Figure 13: The fate and
requirement of PML and Sp100 during infection with a Herpes Simplex Virus
expressing Varicella Zoster Virus ORF61p. (A) MeWo cells were either mock
treated or infected with wild-type HSV-1, d11403 or HSV-ORF61 at an MOI of
10. At 2 and 4 hpi cells were harvested and western blotting was used to
monitor the abundance of PML, Sp100, ICP0, ORF61p and  



WO 2011/016830PCT/US2010/002010 10 tubulin. (B) Empty, siPML and siSp100
cells were infected with serial dilutions of wild-type HSV-1, d11403 or
H5V-ORF61. Three days post infection monolayers were fixed and stained, and
plagues were counted and compared to the number formed in empty cells. The
error bars represent standard deviation from three independent experiments,
each performed in duplicate. Figure 14: Sensitivity of a Herpes Simplex
Virus expressing Varicella Zoster Virus ORF61p to interferon a. MeWo, Vero
or U20S cells that were mock treated or treated overnight with interferon a
were infected with serial dilutions of wild-type HSV-1, d11403 or HSVORF61.
Three days post infection monolayers were fixed and stained, and plagues
were counted. The relative plaguing efficiency of each virus on each cell
line was calculated as the titer in mock treated cells/the titer in
interferon a treated cells X 100. Figure 15: Schematic representation of
the VZV genome. ORFsencodingglycoproteinsareidentified.  WO
2011/016830PCT/US2010/002010 11 



Detailed Description of the Invention Non-limiting examples of HSV include
Glasgow strain 7; Human herpesvirus1(HSV-1)HF VR-260TM;Human herpesvirus 1
(HSV-1) MacIntyre VR-539TM; Human herpesvirus 1 (HSV-1) KOS VR-1493m; Human
herpesvirus 2 (HSV-2) G VR-734TM; Human herpesvirus 2 (HSV-2) MS VR540TM;
and Human herpesvirus, recombinant GHSV-UL46 VR1544TM as deposited with the
ATCC at Manassas, VA 20108, USA. Non-limiting examples of VZV include Jones
strain; Oka strain of VZV, VR-795 as deposited with the ATCC at Manassas,
VA 20108, USA. "Recombinant" as used herein, in reference to a nucleic acid
or virus, means a molecular or viral entity having two separate sources of
origin combined into a single form of nucleic acid or virus, respectively.
For example, a recombinant deoxyribonucleic acid could be made from a
herpes simplex virus genome and a gene from a varicella zoster virus both
combined into a single DNA molecule. For example, a recombinant virus is a
virus having therein a nucleic acid which contains a foreign or
heterologous coding sequence/gene. In an embodiment, the two different
courses are different species. "Heterologous" as used herein, in reference
to e.g. a heterologous deoxyribonucleic acid, means derived from a
different organism (or having a sequence identical thereto) than the DNA of
the organism to which the DNA is described as heterologous relative to. In
a non-limiting example, a DNA derived from a varicella zoster virus
inserted into a DNA derived from a herpes simplex virus would be
heterologous DNA relative to the DNA derived from the herpes simplex virus.
WO 2011/016830PCT/US2010/002010 12 "RING finger domain" shall mean a zinc
finger polypeptide which containing a Cys3HisCys4 amino acid motif which
binds two zinc cations. The acronym RING stands for Really Interesting New
Gene. 



"Integrated" as used herein with regard to a heterologous gene or coding
sequence being integrated into a viral DNA shall mean the functional
inclusion of the heterologous gene or coding sequence into the DNA such
that the gene or coding sequence is expressed when the viral DNA is
expressed by a host cell infected by the virus. A "non-essential" gene or
region of a viral DNA is a region of DNA, known to those skilled in the
art, the insertion of a DNA sequence into which does not prevent the
virus's ability to infect a host cell and replicate therein. Varicella
zoster virus glycoproteins and nucleic acid sequences encoding them are
well known in the art, e.g. glycoproteins H, B and E (gH, gB and gE,
respectively), for example see Maresova et al. 2005, J. Virol. 79 (2):
997-1007, which is hereby incorporated by reference in its entirety.
Varicella zoster virus neutralizing epitopes are well known in the art, for
example see Akahori et al., Journal of Virology, February 2009, p.
2020-2024, Vol. 83, No. 4; and Forghani et al. J Clin Microbiol. 1990
November; 28(11): 2500-2506, each of which are hereby incorporated by
reference in their entirety.  WO 2011/016830PCT/US2010/002010 13 Infected
Cell Polypeptide 0 (ICPO) is a protein, encoded by the DNA of herpes
viruses (see NCBI protein database accession number NP_044601.1, hereby
incorporated by reference in its entirety). ORF61 is open reading frame 61
protein (varicella zoster virus), (see NCBI protein database accession
number NP_040183.1, hereby incorporated by reference in its entirety).
Immunization as used herein is the presentation of viral antigen(s) (in a
vaccine for example) to the immune system of a subject, for example a
human, which provokes an immune response and evokes protective humoral
and/or cellular immunity in subsequent exposure to the viral antigen(s). 



Compositions for viral vaccines are known to those in the art and are
described in U.S. 6,616,931, Burke, et al.September 9, 2003; U.S.
6,258,362, Loudon et al.: July 10, 2001;and U.S. 6,787,351, Chen, et al.
September 7, 2004, each of which are hereby incorporated by reference in
their entirety. The viral vector vaccine disclosed herein can be
administered in a pharmaceutically acceptable solution, such as, but not
limited to, sterile saline or sterile buffered saline and can be
administered with or without adjuvants for vaccines known in the art.
"Administering" a vaccine can be effected or performed using any of the
various methods and delivery systems known to those skilled in the art. The
viral vaccines can be administered by methods known in the art including,
but not limited to, by injection, topically, and to mucous membranes/nasal
membranes.  W02011/016830PCUUS2010/002010 14 As used herein, a
"pharmaceutical carrier" is a pharmaceutically acceptable solvent,
suspending agent or vehicle, for delivering the instant viral vectors to
the animal or human. The carrier may be liquid, aerosol, gel or solid and
is selected with the planned manner of administration in mind. In an
embodiment, the pharmaceutical carrier is a sterile pharmaceutically
acceptable solvent. 



Methods of virus vaccine production and storage are known in the art and
are also described in W0/2006/012092, which is hereby incorporated by
reference in its entirety. As described therein, stabilizers often used for
live vaccines of viruses such of measles, rubella and mumps generally
include one or more saccharides, amino acids, sugar alcohols, gelatin and
gelatin derivatives, to stabilize the virus and, in many cases keep the
virus from denaturing during a concentration step. The recombinant virus
described herein may be formulated into a vaccine using a stabilizer or
other additive that includes native or recombinant serum albumin for this
purpose. U.S. Nos. 6,210,683; 5,728,386, 6,051,238, 6,039,958 and 6,258,362
also contain details for stabilizers and methods for more gentle treatment
of live virus vaccines. Each of these disclosures, and particularly those
portions that describe stabilizer compositions and stabilizing methods are
specifically incorporated by reference in their entireties. After
preparation with a stabilizer, the vaccine may be, for example, stored as a
lyophilized vaccine, a lyophilized mixed vaccine, a liquid vaccine or a
liquid mixed vaccine. Methods for forming these are known. Typically, a
lyophilized vaccine is prepared by lyophilizing the vaccine in a vial or an
ampule having a  WO 2011/016830PCT/US2010/002010 15 volume of about 3 to 30
ml, tightly sealing and storing at a temperature of 5 degrees Centigrade or
less. The stored preparation vaccine typically is used according to
instructions attached thereto, as a product insert or a notice on the vial
or other container. In many cases, a lyophilized vaccine is re-constituted
by addition of sterile distilled water before use, and the resultant
solution is inoculated by hypodermic injection in an amount, for example,
of 0.5 ml per dose. The vaccine can also be provided orally or nasally. A
recombinant deoxyribonucleic acid comprising a human herpes simplex virus
(HSV) deoxyribonucleic acid (DNA) having a heterologous DNA integrated
therein wherein the heterologous DNA encodes a poIypeptide comprising a
RING-finger domain. In an embodiment the HSV DNA is genomic DNA and the
heterologous DNA is integrated into the HSV DNA in place of a portion of
genomic HSV DNA which encodes a HSV Infected Cell Polypeptide 0 (ICPO). In
an embodiment the heterologous DNA is inserted into the genomic HSV DNA
between a HSV ICP0 5' untranslated region (UTR) and a HSV ICP0 3'
untranslated region (UTR). In an embodiment the inserted heterolgous DNA is
under the control of the ICP0 promoter and 3'UTR. In an embodiment the
polypeptide comprising the RING-finger domain has the amino acid sequence
of varicella zoster virus ORF61 protein. In an embodiment the heterologous
polypeptide comprising the RING-finger domain has the amino acid sequence
of a equine herpes virus, bovine herpes virus, or pseudorabies virus
protein. In an embodiment the HSV DNA is a HSV genome.  WO
2011/016830PCT/US2010/002010 



16 In an embodiment the recombinant deoxyribonucleic acid further comprises
a heterologous DNA encoding a glycoprotein. In an embodiment the
recombinant deoxyribonucleic acid further comprises up to eight
heterologous DNAs each encoding a different glycoprotein. In an embodiment
the glycoprotein has the amino acid sequence of a varicella zoster virus
glycoprotein. In an embodiment the glycoprotein comprises a varicella
zoster virus neutralizing epitope. In an embodiment no polypeptide encoded
by the recombinant deoxyribonucleic acid degrades mammalian promyelocytic
leukemia protein (PML). In an embodiment the heterologous DNA encoding the
polypeptide is integrated such that the polypeptide is expressed when the
recombinant deoxyribonucleic acid is integrated into a genome of a suitable
host cell. In an embodiment the heterologous DNA encoding the glycoprotein
is inserted into a non-essential gene or region of the HSV DNA. A
recombinant human herpes simplex virus (HSV) comprising a heterologous DNA
encoding a polypeptide comprising a RING-finger domain which heterologous
DNA is (a) inserted into a non-essential region of the HSV genome, and (b)
expressed in a host cell into which the recombinant HSV is introduced. In
an embodiment the heterologous DNA is integrated into the HSV genome in
place of a portion of the HSV genome which encodes a HSV Infected Cell
Polypeptide 0 (ICPO). In an embodiment the heterologous DNA is inserted
into the HSV genome between a HSV 'CPO 5' untranslated region  WO
2011/016830PCT/US2010/002010 17 



(UTR) and a HSV 'CPO 3' untranslated region (UTR). In an embodiment the
polypeptide comprising the RING-finger domain has the amino acid sequence
of varicella zoster virus ORF61 protein. In an embodiment the polypeptide
comprising the RING-finger domain has the amino acid sequence of a equine
herpes virus, bovine herpes virus, or pseudorabies virus protein. In an
embodiment the recombinant HSV further comprises a heterologous DNA
encoding a glycoprotein and inserted into a nonessential region of the HSV
genome. In an embodiment amino acid sequence of a varicella zoster virus
glycoprotein. In an embodiment the glycoprotein comprises a
varicella-zoster virus neutralizing epitope. In an embodiment the
heterologous DNA encoding the glycoprotein is inserted into a non-essential
gene or region of the HSV genome. In an embodiment none of the polypeptides
encoded by the recombinant HSV genome degrade PML. In an embodiment the
recombinant HSV comprises up to eight different heterologous DNAs, each
encoding a different varicella zoster virus glycoprotein. In an embodiment
the recombinant virus is attenuated by those methods known in the art. A
vaccine comprising (1) a pharmaceutically acceptable carrier and (2) a
recombinant virus which comprises a recombinant deoxyribonucleic acid
comprising a human herpes simplex virus (HSV) genome having (a) a
heterologous DNA encoding a polypeptide comprising a RING-finger domain
integrated therein and (b) having one or more heterologous DNAs, each
encoding a glycoprotein, integrated therein.  WO
2011/016830PCT/US2010/002010 18 a HSV Infected Cell Polypeptide 0 (ICPO).
In an embodiment the heterologous DNA is inserted into the HSV genome
between a HSV ICP0 5' untranslated region (UTR) and a HSV 'CPO 3'
untranslated region (UTR). In an embodiment the heterologous polypeptide
comprising a RING-finger domain has the amino acid sequence of varicella
zoster virus ORF61 protein. In an embodiment the heterologous polypeptide
comprising a RING-finger domain has the amino acid sequence of EHV, BHV, or
pseudorabies virus protein. In an embodiment the glycoprotein has the amino
acid sequence of a varicella zoster virus glycoprotein. In an embodiment
the glycoprotein comprises a varicella-zoster virus neutralizing epitope.
In an embodiment the heterologous DNAs encoding the glycoproteins and the a
heterologous DNA encoding the polypeptide comprising the RING-finger domain
are each inserted into non-essential genes or regions of the HSV genome. In
an embodiment the recombinant virus is attenuated by those methods known in
the art. A method of immunizing a subject against a varicella zoster virus
infection comprising administering to the subject an amount of the instant
vaccines effective to elicit a immune response the varicella zoster virus
in the subject and thereby effect immunization of the subject. A method for
preparing a composition useful for preventing infection by a virus,
comprising combining one of the instant recombinant viruses with a live
vaccine stabilizer, so as to prepare the composition.  



WO 2011/016830PCT/US2010/002010 19 In an embodiment of the methods
described herein the subject is mammalian. In an embodiment the subject is
human. In an embodiment of the methods the host cell is mammalian or
derived from a mammal. In an embodiment the host cell is obtained from a
human. All combinations of the various elements described herein are within
the scope of the invention. This invention will be better understood by
reference to the Experimental Details which follow, but those skilled in
the art will readily appreciate that the specific experiments detailed are
only illustrative of the invention as described more fully in the claims
which follow thereafter. Experimental Details Studies disclosed below show
that the corresponding ortholog of HSV ICPO in Varicella Zoster Virus
(VZV), ORF61, is .unable to degrade PML and thus does not interfere with
the host innate immunity. Herein, construction of a recombinant HSV is
disclosed wherein the coding sequence for the a gene 'CPO is replaced with
a sequence encoding ORF61p. Results I Nuclear domains 10 (ND10s), also
known as PML nuclear bodies and PML oncogenic domains, are dynamic
macromolecular inclusions of cellular proteins that form within the
interchromosomal space in the nucleus (2, 65). The size and frequency of
these bodies range from 0.2 to lum and from 2 to 30 per cell, respectively,



WO 2011/016830PCT/US2010/002010 20 depending on cell type and stage of the
cell cycle (2, 17, 62). Cellular proteins that accumulate at these sites
are divided into two groups: proteins that are permanent components, such
as PML (promyelocytic leukemia protein), Sp100 (speckled protein of
100kDa), Daxx, SUMO-1 and the Bloom syndrome helicase BLM, and proteins
that only associate with NDlOs under specific conditions (e.g. DNA repair
machinery) or overexpression (e.g. BRCA1) (70). DNA virus genomes associate
with ND10 components at the initial stages of their replication cycles.
Newly formed transcription and replication sites localize close to proteins
that normally reside within ND1Os (61). The first suggestion that virus
replication affected NDlOs was the demonstration that PML staining
disappeared after Herpes Simplex Virus (HSV) infection (46). Subsequently,
parental genomes of herpesviruses, adenoviruses, simian virus 40 (5V40) and
papillomaviruses were shown to be associated with ND1Os (10, 14, 32, 33,
35, 47). The antagonistic relationship between HSV and components of ND1Os
has been extensively studied. Expression of ICP0, a viral protein, is
required and sufficient for destruction of the nuclear structure (18, 45,
46). 'CPO is a C3HC4 RING finger containing, nuclear phosphoprotein with an
apparent molecular mass of 110kDa (56), that behaves as a promiscuous
activator of both viral and cellular genes (12, 23, 59). Virus mutants
lacking the ICP0 gene have an increased particle to plaque forming unit
(pfu) ratio, substantially lower yield and decreased levels of a gene
expression (13, 64). ICP0 also functions as an E3 ubiquitin ligase to
target a  WO 2011/016830PCT/US2010/002010 



21 growing list of host proteins for proteasomal degradation, including
components of ND10 bodies, such as the SUMO-1 modified forms of PML and
Sp100 (8, 15, 18, 26, 41, 53). HSV mutants that fail to express 'CPO are
defective in their ability to modify and degrade ND10 components (46).
Depletion of PML and Sp100 accelerated virus gene expression and increased
plaguing efficiency of HSV 'CPO defective viruses, but had no effect on
wild-type virus. These data show that PML and Sp100 are components of an
intrinsic anti-HSV defense mechanism that is counteracted by ICPO's E3
ligase activity to ensure efficient virus replication and growth (21, 22).
Varicella-Zoster Virus (VZV) is a common human pathogen that is classified
together with HSV as an alphaherpesvirus. VZV encodes an 'CPO ortholog
(ORF61p) (49, 57) that, similar to 'CPO, transcriptionally activates viral
promoters and enhances infectivity of viral DNA (49, 50). Importantly,
ORF6lp contains a RING finger domain, homologous to the one that is
essential for ICPO's transactivation and ND10 dissociation and degradation
activities. It has previously been shown that expression of 'CPO by HSV is
required to overcome depletion of BAG3, a host co-chaperone protein that
stimulates virus gene expression and protein accumulation (38). Although
ORF61p is considered functionally similar to ICPO (49), VZV is affected by
depletion of BAG3 (37), suggesting that 'CPO and ORF61p have evolved
separately to provide different functions for virus replication.  WO
2011/016830PCT/US2010/002010 22 This report demonstrates that ORF61p and
other VZV encoded proteins do not degrade ND10 components in the same
manner as does ICP0 in HSV infected cells. The role of PML, Sp100 and Daxx
during VZV infection were also studied, and this report highlights key
differences between the two related alphaherpesviruses. 



Materials and Methods: Mammalian cells. Human melanoma (MeWo), siBAG3 (37),
siPML (38) and 293A cells were maintained as previously described (37). To
generate stable cell lines expressing siRNAs targeting Sp100 and Daxx
mRNAs, MeWo cells were infected with retroviruses and selected in growth
medium containing 200ug/m1 and then 500ug/m1 hygromycin. DNA
transformation. DNAs were transformed into the appropriate cell lines using
Fugene HD [Roche, Indianapolis, IN]. Drug treatment. Interferon a was
purchased from PBL Biomedical [Piscataway, NJ]. Viruses. [i] VZV. Jones, a
wild-type clinical isolate, was propagated and titrated as described (24).
Cell-free virus was prepared as described (36, 58). [ii] Retroviruses.
Retroviruses were constructed by transient co-transformation of 293T cells
with the proviral vectors pCK-Super.retro.hygro (38), pCK-siSp100 or
pCKsiDaxx and pgag-polgpt (44) and pHCMV-G (75).  [ii] Adenoviruses.
Adenoviruses Adempty, AdICP0 and AdORF61 were previously described (74,
76).  WO 2011/016830PCT/US2010/002010 23 serial dilutions of virus stocks
and infected cells were fixed, stained and plaques counted. [ii] Growth
curves. The titer of cell associated VZV after infection of MeWo, siPML,
siSp100 or siDaxx cells was determined by mixing infected cells with
uninfected MeWo cells and counting the resulting plaques after fixing and
staining. 



Plasmids construction.[i]siRNA plasmids.The previously described siRNA
oligos targeting Sp100 and Daxx mRNA (22, 68) were modified for cloning
into pCKsuper.retro.hygro (38). To generate pCK-siSp100 and pCKsiDaxx the
annealed oligo pairs siSp100_upper: 5' -
GATCCCCGTGAGCCTGTGATCAATAATTCAAGAGATTATTGATCACAGGCTCACTT
TTTA3'andsiSp100_lower:5'-
AGCTTAAAAAGTGAGCCTGTGATCAATAATCTCTTGAATTATTGATCACAGGCTCA
CGGGorsiDaxx_upper:5'-
GATCCCCGGAGTTGGATCTCTCAGAATTCAAGAGATTCTGAGAGATCCAACTCCTT
TTTA3'siDaxx_lower:5,
AGCTTAAAAAGGAGTTGGATCTCTCAGAATCTCTTGAATTCTGAGAGATCCAACTC CGGG - 3' were
ligated into Bg1II/RindlII cleaved pCKsuper.retro.hygro (38). All primers
were obtained from by Operon Biotechnologies [Huntsville, AL] and all
vector inserts were verified by DNA sequencing. Antibodies. Rabbit
polyclonal antibodies against amino acids [aa] 1086 to 1201 of ORF29p and
aa 1-265 of ORF63p were described (43). 



Polyclonal antibodies to ICPO have been described (40). Monoclonal 'CPO and
ORF62p antibodies were purchased from the Rumbaugh-Goodwin Institute
[Plantation, FL].  WO 2011/016830PCT/US2010/002010 24 Polyclonal antibodies
against a GST-fusion protein containing amino acids 136-248 of ORF61p were
raised in rabbits and purified by affinity chromatography as described
before (37). Monoclonal antibodies to PML, GAPDH and tubulin and polyclonal
antibodies to Daxx were obtained from Santa Cruz Biotechnology [Santa Cruz,
CA]. Polyclonal antibodies against PML and Sp100 were purchased from
Chemicon [Temecula, CA]. Antibodies to STAT1, STAT2 and the phosphorylated
STAT1 were obtained from Abcam [Cambridge, MA]. Antibodies against
phosphorylated STAT2 were purchased from Santa Cruz Biotechnology. Alexa
Fluor 488-conjugated anti-mouse and Alexa Fluor 546-conjugated anti-rabbit
antibodies were obtained from Molecular Probes [Carlsbad, CA]. Goat
anti-rabbit and anti-mouse antibodies conjugated to horseradish peroxidase
for immunoblotting were obtained from KPL [Gaitherburg, MD]. Indirect
immunofluorescence microscopy. Cells on glass coverslips were fixed and
stained with antibody and Hoechst as previously described (37). All samples
were visualized with a Zeiss Axiovert 200M inverted microscope [Carl Zeiss
Microimaging Inc, Thornwood, NY] and images were acquired with a Hamamatsu
C4742-80-12AG Digital CCD Camera [Hamamatsu Photonics, Hamamatsu-City,
Japan] using Openlab 5 software [Improvision, Lexington, MA]. Images were
deconvolved using Openlab 5 and assembled in Photoshop CS3 [Adobe Systems,
San Jose, CA]. 



WO 2011/016830PCT/US2010/002010 25 in 1.5 x SDS sample buffer [75mM TrisHC1
pH 6.8, 150mM DTT, 3% SDS, 0.15% bromophenol blue, 15% glycerol], boiled
and proteins analyzed by SDS-PAGE (39). Proteins were transferred to
nitrocellulose membranes before western blotting. After blocking membranes
in 5% non-fat milk in PBST, immobilized proteins were reacted with the
appropriate antibodies in 1% nonfat milk in PBST. Membranes were washed
three times for 5 min each with PBST, incubated with an anti-rabbit or
anti-mouse antibody conjugated to horseradish peroxidase, then washed again
three times for 5 min with PBST and twice with PBS. Antibodies were
visualized by addition of LumiGLO substrate [KPL] and exposure to X-ray
film. When the antibodies against the STAT proteins were used, blocking and
antibody incubations were performed in PBST supplemented with 50mM NaF and
1mM Na3VO4 and 3% BSA. Sequence alignment. The amino acid sequences of
ORF61p (NP_040183.1) and 'CPO (NP_044601.1) were aligned with MacVector ver
10.0 [MacVector Inc, Cary, NC] using the Gonnet Matrix, an Open Gap Penalty
of 10.0 and an Extend Gap Penalty of 0.1.  WO 2011/016830PCT/US2010/002010
26 



Sequence similarities between 'CPO and ORF61p. Previous reports suggested
that the alphaherpesvirus orthologs, 'CPO and ORF61p, share several
biological features, including their abilities to function as activators of
gene expression and enhancers of viral DNA infectivity (49, 50, 57).
However, it has also been reported that unlike ICPO, ORF61p did not
substitute for loss of BAG3 during virus infection, suggesting that these
proteins do not serve identical functions in their native context (38).
Multiple functions of 'CPO have been mapped to specific domains (16). This
led to the hypothesis that alignment of the amino acid sequences between
these proteins might provide insight into their differences. The amino acid
sequences of ICPO and ORF61p were fetched from the NCBI protein database
(accession numbers NP_044601.1 and NP_040183.1, respectively) and aligned
(Fig. 1). Despite some conservation of their nucleotide sequence (9), there
was found to be little overall amino acid conservation between them (10%
similarity at the amino acid level). However, both contain a C3HC4 RING
finger (C-X2-C-X(9-39)- C-X(1-3)-H-X(2-3)-C-X2-C-X(4- 48)-C-X2-C] (3) close
to their N-termini. A striking difference between these two proteins is the
absence of the 'CPO C-terminus (marked in blue) in the sequence of ORF61p.
Importantly, this region is required for targeting ICPO to ND10 bodies and
subsequently degrading their components (16, 18, 45). Therefore, an
investigation of the ability of ORF6lp to mediate degradation of PML and
Sp100 was performed. ORF61p is unable to efficiently degrade PML and Sp100.
The effects of ORF61p and 'CPO on localization of PML and Sp100 in MeWo
cells transformed with plasmids  WO 2011/016830PCT/US2010/002010 27
encoding these two orthologs were monitored using immunofluorescence
microscopy. In mock treated cells both PML and Sp100 appeared as punctate
nuclear bodies (Fig. 2A and 2D) (2). As previously reported, expression of
ICP0 resulted in disappearance of both cell proteins (Fig. 2B and 2E) (46).
However, cells expressing ORF61p displayed a different phenotype. Although
PML containing bodies were more dispersed and smaller when compared to mock
treated cells, the protein was still detected, mostly in punctate
intracellular structures (Fig. 2C). The effect of ORF61p on Sp100 seemed
more similar to that of ICP0, as staining for Sp100 nuclear bodies
disappeared from most cells expressing ORF61p (Fig. 2F). To directly assay
the effect of virus products on PML and Sp100 abundance, MeWo cells were
mock treated or infected with replication deficient adenoviruses expressing
either no herpesvirus proteins (Adempty), 'CPO (AdICP0) or ORF61p
(AdORF61), and viral and cellular protein levels were monitored by western
blotting (Fig. 3). Using a multiplicity of infection (MOI) of 5 ensured
that every cell was infected and expressed the protein of interest. In mock
infected cells or cells infected with Adempty, PML appeared as a series of
bands with different molecular masses. These represented alternatively
spliced and posttranslationally modified forms of PML (54). Three
predominant forms of Sp100 (Sp100A, Sp100A-SUMO and Sp100-HMG) were
detected as previously described (27, 66). 'CPO expression resulted in
complete disappearance of multiple PML isoforms and preferential loss of
the slower migrating species of Sp100 (Fig. 3) (8). In contrast, expression
of ORF6lp had no effect on abundance or species of PML detected by this
assay. ORF61p consistently reduced Sp100 levels, although not  WO
2011/016830PCT/US2010/002010 28 



as efficiently as did 'CPO (Fig. 3). Immunofluorescence analysis of cells
infected in parallel verified that all cells were infected and expressed
'CPO or ORF61p (data not shown). PML in cells infected with Adempty was
reorganized as elongated tracks, presumably in response to expression of
adenovirus E4 ORF3 (6). Expression of ICPO by AdICP0 led to loss of PML,
whereas PML staining in AdORF61 infected cells was identical to the Adempty
sample (data not shown). This observation further differentiates ICPO from
ORF61p. Taken together, the immunofluorescence data and the western
blotting analysis demonstrate that although ORF61p alters integrity and the
staining pattern of ND10 bodies, its expression does not result in the
disappearance of PML. However, ORF61p expression but does affect Sp100
levels. Targeting of ORF61p to NDlOs does not cause PML degradation. As
mentioned above, the C-terminus of 'CPO, which is required for targeting to
ND1Os and efficient degradation of PML (16, 18, 45), is absent from ORF61p
(Fig. 1). Addition of this domain to P-galactosidase caused its partial
co-localization with PML (18). To test whether ORF61p's failure to decrease
PML levels was a consequence of its inability to target NDlOs because it
lacked this domain, a translational fusion of ORF61p with the C-terminal
188 amino acids of 'CPO was created (Fig. 4A). The resulting protein should
have contained all regions of 'CPO required for PML targeting and
degradation (a homologous RING finger and the C-terminal targeting region)
(16).  WO 2011/016830PCT/US2010/002010 29 constructs expressing 'CPO,
ORF61p or the fusion protein. Western blot analysis of cell lysates
revealed that all protein products accumulated at similar levels and that
addition of the C-terminal region of ICP0 did not alter ORF61p stability
(Fig. 4B). The localization and abundance of these proteins and PML were
then monitored. As described above, 'CPO expression led to disappearance of
PML staining, whereas expression of ORF61p resulted in only slight changes
in its intracellular staining pattern (Fig. 2B and 2C). The fusion protein
had a subcellular localization pattern distinct from that of ICP0 or
ORF61p. In most cells  (approximately 80-90%), the fusion protein was
predominantly cytoplasmic (Fig. 4D). Similar to what was observed with the
P-galactosidase fusion to this domain (18), a subpopulation of cytoplasmic
PML containing bodies co-localized with the fusion protein. In the 10- 20%
of the population where the protein was nuclear, chromatin was marginated
and the fusion protein filled the remaining nuclear space (Fig. 4E).
However, in both cases, although PML distribution was altered, it was still
detected. Thus, failure of ORF61p to lower intracellular levels of PML is
an intrinsic property of the protein, and does not occur because ORF61p
lacks an ND10 targeting domain. Distribution and abundance of PML and Sp100
during VZV infection. ORF61p alone does not efficiently degrade PML and
Sp100 (Figs. 2 and 3). To answer the question whether other VZV proteins
affected distribution of these proteins during infection, MeWo cells were
infected with HSV or cell free VZV and the intracellular distribution of
viral and cellular proteins was monitored by immunofluorescence microscopy.
As WO 2011/016830PCT/US2010/002010 



30 previously reported, in cells infected with HSV, staining for PML and
Sp100 disappeared (Fig. 5A and 6A). During the initial analyses, staining
for ORF6lp was the marker for virus infected cells. In cells expressing
ORF61p, PML containing bodies appeared smaller in size and less bright when
compared to uninfected cells. However, unlike in cells infected with HSV,
PML was still detected in VZV infected cells (Fig. 5B). Nevertheless,
because the expression kinetics of VZV encoded proteins is not fully
understood, and it might be possible that other proteins expressed after
ORF6lp contribute to loss of PML during infection, ORF62p was used as an
alternative marker for infected cells. This protein initially localizes to
the nucleus of infected cells; however, it is subsequently phosphorylated
and translocates to the cytoplasm later in infection (11). Therefore, its
intracellular localization pattern is useful as a marker of infected cells
and as an indicator of the stage of the virus replication cycle. In cells
where ORF62p was nuclear both PML and Sp100 appeared as spherical
structures, very similar to what is seen in uninfected cells (Fig. 5C and
6B). Infected cells at late time points post infection were monitored using
staining for the glycoprotein gE. Late in VZV infection, the localization
of ND10 components was similar to what was observed in transformed cells
(Fig. 2). Specifically PML bodies were still present though their abundance
appeared to be decreased and their staining intensity was less than what
was seen in uninfected cells (Fig. 5D). In contrast the characteristic
punctate staining for Sp100 was not detected (Fig. 6C).  WO
2011/016830PCT/US2010/002010 31 abundance, MeWo cells were infected with
either HSV or cell free VZV and virus and cell protein levels were
monitored by western blotting. As previously described, HSV infection
results in rapid degradation of multiple isoforms of PML and Sp100 (Fig.
7A) (8). VZV cell-free titers are low and the kinetics of virus replication
are very slow compared to HSV. Therefore, to assay the effect of virus
infection on these proteins, their levels were followed for several days
post infection. In contrast to what occurs during HSV infection, levels of
both PML and Sp100 increased during this period of observation (Fig. 7A).
The rate of increase of PML and Sp100 was significantly higher than the
rate of increase of tubulin, indicating that the increase in abundance of
these proteins was not a result of cell growth and replication. To verify
this, intracellular levels of Daxx, another constitutive component of ND10,
was monitored. Unlike PML and Sp100, Daxx intracellular levels remained
almost constant during the course of observation (Fig. 7A). Because PML and
Sp100 are induced by interferon (25, 60), this experiment attempted to
answer the questions whether expression of these proteins is sensitive to
interferon in MeWo cells, and whether interferon has an effect on Daxx.
MeWo cells were treated with two different concentrations of interferon a.
To verify that the interferon pathway was stimulated in MeWo cells, STAT1,
STAT2 levels and their activated phosphorylated forms were monitored by
western blotting (Fig. 7B). As evidenced by increased abundance and
phosphorylation of these signaling molecules, the interferon response was
active in MeWo cells. The abundance of the three ND10 components was
measured. Although PML and Sp100  WO 2011/016830PCT/US2010/002010 



32 expression was induced, Daxx levels remained unaltered by interferon
treatment (Fig. 7B). These experiments suggest that increased levels of PML
and Sp100 during VZV infection result from induction in response to
interferon secreted by infected cells and failure of VZV to target these
proteins for degradation. The functions of PML, Sp100 and Daxx during VZV
infection. 'CPO directed degradation of PML and Sp100 is beneficial for HSV
replication (21, 22). Daxx restricts infection by HCMV and adenoviruses
(34, 68, 72). Because VZV does not efficiently reduce levels of ND10
components, this experiment attempted to answer the question whether
down-regulation of these proteins altered VZV replication kinetics and
yields. Recombinant retroviruses expressing siRNAs targeting either
nothing, PML, Sp100 or DaXx mRNAs were used to transduce MeWo cells and
generate stable cell lines (sicontrol, siPML, siSp100 and siDaxx
respectively). The abundance and localization of the targeted proteins were
monitored in these cell lines by western blot (Fig. 8A) and
immunofluorescence microscopy (data not shown). As previously reported (21,
22), depletion of PML resulted in loss of integrity of ND10 bodies, a
change in the expression pattern of Sp100, but no significant difference in
Daxx levels. In contrast, down-regulation of Sp100 or Daxx did not alter
either the levels or distribution of other ND10 components. These cell
lines were then used to measure VZV plaguing efficiency. Confluent
monolayers were infected with serial dilutions of cell free virus stocks.
Several days  



WO 2011/016830PCT/US2010/002010 33 post infection monolayers were fixed and
stained, and the plagues were counted. The number of plagues formed on each
cell line was normalized to the number formed on control cells. The results
revealed that when PML levels were reduced the number of plagues increased
by approximately 2.5 fold (t(vai)=0.0017) (Fig. 8B). This result mimicked
what is seen with an ICP0- mutant of HSV (22). In contrast, down-regulation
of Sp100 resulted in a minor (1.2 fold), although consistent, increase in
VZV titer (t(vai)=0.031) . Depletion of Daxx had no effect (Fig. 8B). To
further investigate the role of ND10 components on VZV growth, siRNA cell
lines were infected with cell-free virus and accumulation of virus proteins
was monitored over time (Fig. 8C). Band intensities corresponding to virus
proteins in each depleted cell line were normalized to what was present in
control cells at the same time point. The intracellular levels of ORF63p,
an immediate early protein, and ORF29p, an early protein, were increased at
early time points following infection of siPML and siDaxx cells. However,
at late times the levels were similar to what was observed in control
cells. Like the plaguing efficiency results, depletion of Sp100 had only a
minor effect on virus protein levels. To study formation of infectious
centers, siRNA cell lines were infected with cell-free VZV and at various
times post infection cell-associated virus titers were measured. Consistent
with the western analysis (Fig. 8C), the number of infectious centers
formed in siPML and siDaxx cells increased early in infection before
reaching a plateau similar to what occurred in sicontrol  WO
2011/016830PCT/US2010/002010 34 cells (Figs. 8D and 8E). Depletion of Sp100
had little influence on infectious center yields (Figs. 8D and 8E).
Cytopathic effect (CPE) was more pronounced during infection of siPML cells
and plagues were visible approximately 24 h earlier than in the other cell
lines. In contrast, plague size in siDaxx monolayers was considerably
smaller compared to all other cell lines and virus induced CPE was minimal,
even at late times in infection. Furthermore, although the protein
accumulation and infectious center assays demonstrated accelerated virus
replication similar to what occured in siPML cells (Fig. 8C - E),
surprisingly, the plaguing efficiency in siDaxx was identical to that in
control cells (Fig. 8B). To probe the basis for these differences, siRNA
cells grown on coverslips were infected, and at 2 and 3 dpi, cells were
fixed and the expression of an immediate early protein (ORF63p) and a late
glycoprotein (gE) were monitored by immunofluorescence microscopy (Fig. 9).
The nuclei of control cells at 2 dpi formed the characteristic ring shaped
structures that are indicative of cell fusion and efficient virus spread
(37, 71). Infected foci in Sp100 depleted cells were similar in size to
those formed in sicontrol cells. In contrast, VZV spread much faster in
cells lacking PML or Daxx, as evidenced by formation of larger foci at 2
dpi. However, unlike siPML cells, where extensive fusion occurred,
infection of siDaxx cells spread with no apparent CPE. Moreover, at 2 dpi,
cells were only detached from the siPML monolayer, resulting in holes that
scored as a plague. 



At 3 dpi (Fig. 9), CPE was obvious in monolayers from all cell lines except
siDaxx. Extensive cell fusion was detected as evidenced by syncytia
formation and the  WO 2011/016830PCT/US2010/002010 35 homogeneous staining
pattern of viral proteins. In contrast to other cell lines, spread of
infection in siDaxx cells was different. Although VZV spread to infect
neighboring cells, individual intact infected cells were detected without
any evidence of cell fusion. This morphology was strikingly different from
sicontrol cells. Importantly, cells were not detached even at this late
stage in virus infection, which explains the considerably smaller plague
size. Importantly, because infected cells remained in the monolayer and
failed to round up, they were often not scored as plagues in the siDaxx
line, resulting in a seemingly lower plaguing efficiency (Fig. 8B). This
analysis of virus replication in cells lacking the major components of ND10
bodies demonstrated that PML is a repressor of wild-type VZV growth,
whereas Sp100 had little if any role in this process. Daxx appeared to have
a distinct function, because although silencing of this protein initially
resulted in accelerated replication and protein accumulation, virus
directed syncytia formation was defective. Discussion 



Components of ND10 bodies, including PML, Sp100 and Daxx, associate with
DNA virus genomes and contribute to an intrinsic antiviral mechanism that
acts to repress expression from these genomes (10, 21, 22, 32, 35, 47,
67-69). Herpesviruses have evolved countermeasures that bypass this
cellular repression mechanism to ensure their efficient replication and
spread. HSV encodes a potent transcriptional activator, ICP0, that targets
ND10 associated proteins for proteasomal degradation,  WO
2011/016830PCT/US2010/002010 36 resulting in increased expression of
immediate early virus genes (21, 22). VZV, a closely related
alphaherpesvirus, encodes ORF61p, an ICP0 ortholog. Previous studies have
emphasized the conservation of biological activities between these two
proteins and have demonstrated that both are activators of gene expression
(49, 50). However, it has also previously been shown that unlike 'CPO,
ORF61p fails to overcome a requirement for the co-chaperone protein BAG3
during virus replication, suggesting that the orthologs have diverse
functions (38). Amino acid sequence alignment of these proteins revealed
that while ORF61p retains the conserved RING finger residues of 'CPO, it
lacks the C-terminus of its HSV ortholog (Fig. 1). Both of these regions
are required for efficient targeting of 'CPO to ND10 bodies and degradation
of their components (16). ORF61p's lack of ICPO's C-terminus and its
associated ND10 targeting domain raised the possibility that ORF61p is
unable to degrade components of PML bodies. Immunofluorescence analysis of
cells transiently expressing ICP0 or ORF61p and western blot analysis of
proteins from cells infected with recombinant adenoviruses expressing the
herpesvirus proteins revealed that ORF61p does not deplete PML and that
Sp100 levels are decreased much less efficiently than in cells expressing
'CPO (Fig. 3). Furthermore, attempts to target ORF61p to ND10 by addition
of the 'CPO targeting domain did not change this phenotype (Fig. 4).  WO
2011/016830PCT/US2010/002010 



37 ligase (reviewed in (30)) (Fig. 1). Herpes simplex virus ubiquitin
ligase (HUL) -1 is encoded by exon 3 of 'CPO and is responsible for
degradation of cdc34 (28, 29, 31). However, the HUL-2 activity that
promotes degradation of PML and Sp100 maps to the RING finger domain of
ICPO (4, 31). RING domains in the appropriate molecular context have been
implicated in proteasomal degradation (42). Importantly, binding of an
ubiquitin protease (HAUSP - USP7) to the C-terminus of ICP0 was suggested
to promote degradation of RING finger substrates (30). This binding might
result in sequestration of USP7 from newly ubiquitinated HUL-2 substrates
and ensure their efficient targeting for proteasomal degradation (5, 20,
30). Based on these observations, two scenarios are envisioned that explain
why ORF61p does not cause disappearance of PML and Sp100. Although the RING
finger domain is required for its transcriptional activation activity (48),
the molecular context of the rest of ORF6lp might be inappropriate for it
to act as an E3 ubiquitin ligase. Alternatively, lack of an ubiquitin
specific protease binding site within ORF6lp might lead to availability of
USP7, rapid de-ubiquitination of its targets, and thus protection from
proteasomal degradation. The latter hypothesis is favored, as accumulating
evidence suggests that unlike the self preservation properties of ICPO,
which depend on binding of USP7 (5), ORF6lp is rapidly degraded in a
proteasomal dependent manner that requires a functional RING finger domain
(Kyratsous, DeLong and Silverstein, unpublished). This observation implies
that the RING finger of ORF61p possesses E3 ligase activity and can drive
autoubiquitination, however, lack of a protease binding site  WO
2011/016830PCT/US2010/002010 38 results in its depletion. In support of
this, amino acids within the sequence of ICP0 that are required for binding
of USP7 (19) are not found in ORF61p (Fig. 1). Upon further analysis of the
relationship between VZV proteins and components of ND10s, it was observed
that, unlike what occurs during HSV infection, the abundance of PML and
Sp100 increases during VZV infection (Fig. 7A). This increase is specific
for interferon-stimulated components of NDlOs (Fig. 7B), as Daxx levels do
not change throughout the course of infection (Fig. 7A). Because VZV
induces interferon, it is believed that virus proteins do not directly
induce synthesis of ND10 components, and that therefore, the increase in
abundance of PML and Sp100 is an indirect effect of interferon stimulation.
The possibility that other pathways not related to interferon may
contribute to increased levels of PML and Sp100 in infected cells cannot be
excluded. Surprisingly, although autonomous expression of ORF6lp results in
decreased levels of Sp100 (Fig. 3), VZV infection results in an increase
(Fig. 7). It is posited that induction by interferon during infection masks
degradation of Sp100 by ORF61p. This contrasts with what is observed during
HSV infection, but remains consistent with our observation that ICP0 causes
a more efficient decrease of Sp100 when compared to ORF6lp (Fig. 3). HSV
mutants lacking ICP0 are hypersensitive to interferon (51) and this effect
is mediated by PML (7). In contrast, although VZV is sensitive to
interferon, 0RF61 mutants, unlike ICPO mutants, are not hypersensitive to
interferon (1). These data, along with the observation that PML is not
degraded during VZV 



WO 2011/016830PCT/US2010/002010 39 infection, suggest that interferon
inhibits replication of these two human alphaherpesviruses by distinct
mechanisms and that these viruses have evolved different and specific
countermeasures. As a result, in contrast to HSV, it is likely that VZV
does not require degradation of PML to overcome inhibition by interferon.
PML, Sp100 and Daxx were reported to suppress the early stages of
herpesvirus replication (21, 22, 67-69). Stable cell lines depleted of each
of these proteins were used to analyze whether these proteins also affect
the replication kinetics and yield of VZV (Fig. 8A). Unlike its role in HSV
infection, Sp100 had little effect on plaguing efficiency, gene expression
and infectious center titer in cells infected with VZV. However, infection
of both siPML and siDaxx cell lines resulted in an increase in titer and
accumulation of virus proteins at early times. Thus, these proteins
specifically inhibit the early stages of virus replication. Despite these
differences, cell-associated titers of VZV reached the same peak titer at
later times in infection in all cell lines. It is posited that VZV
replication is controlled by two independent host mediated steps: an early
block that is mediated by PML, Daxx and possibly other host proteins, and a
late block that determines virus yield. Although depletion of proteins that
function early to inhibit the initial stages of the virus life cycle
results in accelerated replication kinetics, it is not sufficient to
increase spread and development of infectious centers. The function of ND10
components during wild-type HSV infection is difficult to study, as these
proteins are rapidly degraded after 'CPO expression and are absent from
infected cells. Thus, depletion of these host  WO
2011/016830PCT/US2010/002010 40 products has no effect on wild-type virus
replication kinetics and yield, but enhances replication of an ICP0- virus
that fails to direct degradation (21, 22). The results of this study
demonstrate that wild-type VZV mimics ICP0- virus replication in PML
depleted cells (Fig. 8) and fails to direct degradation of the major
component of ND10 bodies (Fig. 3). In contrast to PML, Sp100 abundance is
partially decreased when ORF61p is expressed (Fig. 3) and depletion of the
protein has only a minor effect on virus replication (Fig. 8). Thus, VZV
might have evolved to titrate Sp100 levels to the extent required for
efficient replication. Alternatively, the small amounts of Sp100 remaining
within the cells after siRNA depletion might be sufficient for it to
silence VZV. 



In conclusion, this study shows that VZV grown in cell culture behaves as a
unique member of the alphaherpesvirus family. Unlike other 'CPO orthologs
(55), ORF61p does not direct degradation of ND10 components. VZV's
interaction with this intrinsic defense mechanism is most similar to how
adenoviruses deal with host mediated silencing (72, 73). Neither virus is
able to degrade ND10 proteins and yet both overcome restriction by
interferon. Moreover, in contrast to HSV but in kind with adenoviruses, VZV
replication is unaffected by depletion of Sp100, but its replication is
accelerated when PML and Daxx are silenced. Although HSV and VZV are
considered to be very similar, this study demonstrates that they have
evolved unique and specialized ways to interfere with host cell repression
to ensure their efficient growth and spread.  WO
2011/016830PCT/US2010/002010 41 Results II  Alphaherpesviruses encode
orthologs of the herpes simplex virus (HSV) c gene product ICPO. ICP0 is a
nuclear phosphoprotein that behaves as a promiscuous activator of viral and
cellular genes (83, 87, 104, 105). 'CPO also functions as an E3 ubiquitin
ligase to target several host proteins for proteasomal degradation (80, 86,
87, 92, 102). Through this activity, ICP0 promotes degradation of
components of nuclear domain 10 (ND10) bodies, including the promyelocytic
leukemia (PML) protein and Sp100. These proteins are implicated in
silencing of herpesvirus genomes (86, 87, 98, 110). Therefore, ICP0
mediated degradation of ND10 components may disrupt silencing of HSV genes
in order to enable efficient gene expression. This hypothesis provides a
plausible mechanistic explanation of how ICP0 induces gene activation.
Introduction of DNA encoding the ICP0 orthologs from HSV, bovine herpes
virus, equine herpes virus and varicella zoster virus (VZV) can also affect
nuclear structures and proteins (103). In addition and more specific to
this report, ORF61p, the VZV ortholog, activates viral promoters and
enhances infectivity of viral DNA, as does ICP0, the prototype for this
gene family (100, 101). However, two key biological differences between the
HSV and VZV orthologs have previously been demonstrated. Unlike 'CPO,
ORF61p is unable to complement depletion of BAG3, a host co-chaperone
protein. As a result, VZV is affected by silencing of BAG3 (91), whereas
growth of HSV is only altered when ICP0 is not expressed (93). Furthermore,
while both proteins target components of ND10s, expression of ICP0 results
in degradation of both PML  WO 2011/016830PCT/US2010/002010 



42 and Sp100, whereas ORF61p specifically reduces Sp100 levels (92). These
findings suggest that these proteins have evolved separately to provide
different functions for virus replication. Virus mutants lacking the 'CPO
gene have an increased particle to plaque forming unit (pfu) ratio,
substantially lower yield and decreased levels of c gene expression, in a
multiplicity of infection (moi) and cell type dependent manner (78, 80, 84,
109). These mutants are also defective at degrading ND10 components (99).
Depletion of PML and Sp100 accelerates virus gene expression and increases
plaguing efficiency of HSV ICPO defective viruses, but has no effect on
wild-type virus, suggesting that PML and Sp100 are components of an
intrinsic anti-HSV defense mechanism that is counteracted by ICPO's E3
ligase activity (86, 87). Interestingly, 'CPO null viruses are also
hypersensitive to interferon (IFN) (102), a property that was suggested to
be mediated via PML (79). An HSV mutant virus that expresses ORF61p in
place of ICP0 was constructed in order to directly compare the activities
of the two orthologs. The resulting chimeric virus only partially rescues
the ICP0 null phenotype. Such studies emphasize the biological differences
between 'CPO and ORF61p and shed light on the requirements for PML and
Sp100 during infection. Materials and Methods: Mammalian cells. Human
melanoma (MeWo), siPML (93), siSp100 (92), L7 (106) and U20S cells were
maintained as previously described (91, 111).  WO
2011/016830PCT/US2010/002010 43 DNA transformation. DNAs were transformed
into the appropriate cell lines using Fugene HD [Roche, Indianapolis, IN]. 



Drug treatment. Interferon a was purchased from PBL Biomedical [Piscataway,
NJ]. Viruses. [1] HSV. Strains used were wild-type HSV-1 (Glasgow strain
17) and an 'CPO null virus derivative of strain 17 (d11403) (109). [ii] HSV
expressing VZV ORF61p (HSV-ORF61). d11403 nucleocapsids were co-transfected
with linearized pCPC-061 into MeWo cells. Large plaques were picked and
screened for recombinant viruses by PCR. Plaques that were positive for
ORF61p but not for 'CPO coding sequence were plaque purified five times.
Virus growth assays. [i] Plaque assays. Confluent monolayers of MeWo,
siPML, siSp100, L7 or U2OS cells were infected with 10-fold serial
dilutions of virus stocks and the monolayers were fixed and stained, and
plaques were counted. [ii] Growth curves. The titers of all HSV stocks were
determined prior to analysis by titration on the 'CPO-complementing cell
line L7. Virus yield was determined as previously described (93). Hirt DNA
extraction. Hirt DNA was prepared as described (90). Plasmid construction.
VZV ORF61 was PCR amplified from VZV genomic DNA (Jones strain) using RV61
(5' - GGGTCGACTTGCATTACCCTATCCCAGTATT - 3') (SEQ ID NO: 7) and 3'Sa161 (5'
- CCGTCGACCCCAACAAACTAGGACTTCT - 3') (SEQ ID NO:8). The PCR product was
cloned in pCR2.1-TOPO to generate pCPC-T61cJ. The ORF61 coding sequence was
WO 2011/016830PCT/US2010/002010 44 excised as an NcoI/SalI fragment that
was used to replace sequences encoding ICPO in NcoI/SalI digested pDS17
(113), to yield pCPC-061. 



All primers were obtained from Operon Biotechnologies [Huntsville, AL] and
all vector inserts were verified by DNA sequencing. Analysis of recombinant
virus genomes. Hirt DNAs were interrogated for the presence of ORF61
sequences and the absence of IE-0 coding sequences by performing PCR using
the primers:Ofor:5'- ACAGAAGCCCCGCCTACGTT - 3',Orev:
5'-GGTGCCCGTGTCTTTCACTTTTC -3', 61for: 5' 



GGGAATTCGGGGCCCCTTCAATCGTCGGCTAG -3', 61rev: 5'-
TGCGGCCGCGAATCTCGCGTTTCCCTCTGTTCC -3' (SEQID NOS:3-6,  respectively). 



Antibodies. Polyclonal antibodies to 'CPO were described (20). Monoclonal
antibodies to 'CPO and ICP4 were purchased from the Rumbaugh-Goodwin
Institute [Plantation, FL]. Polyclonal antibodies against ORF61p were
described (92). Monoclonal antibodies to tubulin were obtained from Santa
Cruz Biotechnology [Santa Cruz, CA]. Polyclonal antibodies against PML and
Sp100 were purchased from Chemicon [Temecula, CA]. Goat anti-rabbit and
anti-mouse antibodies conjugated to horseradish peroxidase for
immunoblotting were obtained from KPL [Gaithersburg, MD]. SDS-PAGE and
western blotting. Infected or biochemically transformed cells were washed
twice with cold PBS, lysed in 1.5 x SDS sample buffer [75mM TrisHC1 pH 6.8,
150mM DTT, 3% SDS, 0.15% bromophenol blue, 15% glycerol], and boiled. Host
and viral proteins were subjected to SDS-  WO 2011/016830PCT/US2010/002010
45 PAGE (94). Proteins were transferred to nitrocellulose membranes before
western blotting. After blocking membranes in 5% non-fat milk in PBST,
immobilized proteins were reacted with the appropriate antibodies in 1%
nonfat milk in PBST. Membranes were washed three times for 5 min each with
PBST, incubated with an anti-rabbit or anti-mouse antibody conjugated to
horseradish peroxidase, and washed again three times for 5 min with PBST
and twice with PBS. Antibodies were visualized by addition of LumiGLO
substrate [KPL] and exposure to X-ray film. Results Generation of a VZV-HSV
recombinant expressing ORF61p. Coinfection with VZV complemented growth of
an HSV-ICPO mutant (109). Subsequently, a cell line that conditionally
expressed ORF61p was used to complement an ICPO null mutant (24). This
latter experiment suggested that these virus orthologs shared some
biological activities. However, these proteins differentially affected ND10
components, and wild-type VZV, but not HSV, showed a distinct requirement
for these components (92). Therefore, to further dissect the function of
ORF61p, this study explored if it might substitute for HSV ICPO when it
replaced the duplicated immediate early 0 (IE-0) loci. To replace the loci
encoding ICPO HSV, d11403 was used as the viral backbone. d11403 encodes
the first 105 aa and an additional 56 aa that are derived from an out of
frame fusion of the second and third exons of the IE-0 gene. ORF6lp coding
sequences were amplified and inserted in an NcoI/SalI digested ICP0 clone
as described in Materials and Methods. The NcoI site 



WO 2011/016830PCT/US2010/002010 46 encompasses the AUG codon used by both
genes to initiate synthesis of their respective proteins. The structural
integrity of the resulting plasmid (pCPC-061), that retains the IE-0
promoter and 3'UTR, was verified by restriction endonuclease cleavage and
DNA sequence analysis. Subsequently, pCPC-061 was linearized and
cotransfected into MeWo cells with d11403 nucleocapsids (107). The
resulting recombinant virus was titrated on MeWo cells and large plaques
were picked with the presumption that expression of ORF61p would complement
the ICP0- defect (100, 109). Hirt DNAs prepared from these plaques were
screened by PCR with primers upstream and downstream of IE-0 and two
internal primers homologous to ORF61 (Fig. 10A). Plaques containing virus
DNA with sequences encoding ORF61p and lacking DNA encoding ICP0 (Fig. 10B)
were further purified and used to infect cells to determine if they
expressed ORF61p. The results of this analysis are shown in Fig. 10C and
are summarized as follows: western blot analysis of cells infected with
d11403 or HSV-ORF61 demonstrated that they expressed similar amounts of
ICP4 at 6 hr post infection and no ICPO and that HSV-ORF61 expressed
ORF61p. Thus, in HSV-ORF61 both copies of a defective IE-0 gene were
replaced with ORF6lp coding sequences and the resulting virus expressed
ORF6lp under control of the IE-0 promoter. Growth and plaguing efficiency
of HSV-ORF61. Two experiments were done to test whether expression of
ORF61p rescued the ICP0 null phenotype. First, wild-type, d11403 and
HSV-ORF61 were titrated on L7 and Vero cells and relative plaguing
efficiencies were calculated as a percentage of the titer on L7 cells
versus the titer on Vero cells. HSV d11403, and other ICP0 mutant  WO
2011/016830PCT/US2010/002010 47 viruses, have a high particle/pfu ratio
that is evident when their titer is measured on complementing cells such as
L7 and compared to their titer on the parental Vero cell line. The plaguing
efficiencies of the three viruses were: wild-type = 0.9, d11403 = 340 and
HSVORF61 = 9.5 (Fig. 11A). Thus, although expression of ORF61p enhanced the
plaguing efficiency of HSV-ORF61 over d11403 by approximately 35-fold, it
was not sufficient to restore wild-type plaque formation. This study next
investigated how expression of ORF6lp affected the growth kinetics of the
recombinant virus in MeWo cells. Cells were infected at a low moi, samples
were harvested over time, and the yield of infectious virus per cell was
determined by plaque assay on L7 cells. Analysis of the growth curves
revealed that HSVORF61 replicated with kinetics that were intermediate
between wild-type and d11403 (Fig. 11B). These two experiments led to the
conclusion that, in terms of plaguing efficiency and virus yield, ORF61p
could not fully compensate for lack of 'CPO. 



Accumulation of virus specified proteins in cells infected with HSV-ORF61.
Growth defects of 'CPO mutants at low mois manifest as delayed expression
and decreased accumulation of all classes of virus-specified proteins (2,
4). Therefore, MeWo cells were infected with wild-type, d11403 and
HSV-ORF61 at a moi of 0.2. Immunofluorescence analysis for ICP4 (data not
shown) was used to verify that each virus infected equal numbers of cells.
Cell lysates were prepared at the indicated times and processed for western
blot analysis. Analysis of protein abundance and the kinetics of synthesis
revealed that under this condition of low moi, accumulation of ICP4 was
detected in cells infected with  WO 2011/016830PCT/US2010/002010 48
wild-type virus at 4 hpi. In contrast, this protein was not detected in
cells infected with either d11403 or HSV-ORF61 until 6 hpi (Fig. 12).
Furthermore, ICP4 abundance at 8 hpi was significantly decreased in cells
infected with mutant viruses compared to wild-type infected cells. As
previously described, the kinetics of synthesis and accumulation of ICP27
depends on expression of functional ICP0 (97). This phenotype was only
partially reversed when ORF6lp was expressed (Fig. 13). As expected, 'CPO
and ORF61p were only detected in cells infected with viruses that expressed
these proteins. These data, consistent with studies on plaguing efficiency
and growth (Fig. 11), demonstrated that ORF6lp did not fully phenocopy the
biological properties of ICP0, although it clearly boosted replication of
an ICP0- virus. Fate of ND10 components following infection. ICPO is
necessary and sufficient to dissociate NDlOs and target their two major
components, PML and Sp100, for proteasomal degradation. In contrast, ORF6lp
does not degrade PML but decreases Sp100 levels (92). Accordingly, the fate
of PML and Sp100 was followed during an infection with HSV-ORF61 and
compared with what occurred in cells infected with wild-type or d11403.
Western blot analysis revealed that degradation of PML was detected in
cells infected with wild-type virus as early as 2 hpi. In contrast, PML
levels were not altered in cells infected with either d11403 or HSVORF61
(Fig. 13A). These results corroborated previous findings and demonstrated
that ORF61 did not affect the steady state level of PML even when other HSV
immediate early or early proteins were present. Sp100 is another major
component of NDlOs and it is well known that it is  WO
2011/016830PCT/US2010/002010 49 



efficiently degraded following infection with HSV in an 'CPO dependent
fashion (80). This study demonstrated that in the context of HSV gene
expression, ORF61p effectively directed degradation of Sp100 (Fig. 13A).
Wild-type HSV and VZV viruses are differentially affected by depletion of
PML or Sp100 (92). Relative plaguing efficiency of_HSV-ORF61 in siPML and
siSp100 cells was measured and compared to the efficiency of wild-type HSV
and d11403 in order to determine if HSVORF61 was affected by the down
regulation of the host proteins PML or Sp100. As previously reported,
wild-type virus plaguing efficiency was not affected when titrated on cells
depleted for PML (siPML) or Sp100 (siSp100) (Fig. 13B). In contrast, d11403
was partially complemented in the absence of these ND10 components (Fig.
13B). The relative plaguing efficiency of HSVORF61 phenocopied VZV (92).
More specifically, virus titer increased in siPML cells, whereas it
remained unchanged in siSp100 cells (Fig. 13B). Effect of interferon on
virus replication. Previous studies suggested that HSV's interferon (IFN)
sensitivity is mediated via PML and proposed that an ICP0- virus is
hypersensitive in part because it fails to degrade this cellular protein.
Having shown that HSVORF61 was unable to degrade PML, this study
investigated how IFN treatment would affect the growth of this mutant
virus. A comparison was done of the plaguing efficiency of HSV-ORF61p,
wild-type HSV-1 and d11403 on MeWo, Vero (which respond to but do not
express IFN (82)) and U2OS (a cell line that complements ICP0 mutant
viruses (112)) cells in the presence and absence of IFN. The plaguing
efficiency of both d11403 and HSV-ORF61 in MeWo and Vero  WO
2011/016830PCT/US2010/002010 50 cells was affected by interferon-stimulated
genes (ISGs) presumably synthesized in response to IFN (Fig. 14). The small
difference (4 to 5-fold) in sensitivity seen with wild-type virus on MeWo
and Vero cells was not a result of differences in absolute plaguing
efficiency but rather reflected greater sensitivity of all viruses to the
effects of IFN in Vero cells (Table 1). Table 1: Virus titers  



HSV-17  d11403 MeWo - 1.65 x 108 +/- 7.07x 2.55 x 104 +/- IFNa 



106  MeWo 1.10 x 108 +/- 1.41 x 1.20x 103 +/- +IFNa  



107   1.30x 108 +/ 2.83x 7.00 x 104 +/- Vero -IFNa  107 



4.65 x 102 +/- Vero +IFNa 3.00 x 107  U2OS - 



1.23 x 108+/ 3.89x 4.50 x 107 +/- IFNa  107  U2OS 4.00 x 107 +/- 



1.41 x 7.75x 106 +/- AFNa  107    In support of this is the increased
sensitivity of d11403 to IFN in Vero cells. As previously described (102),
U2OS cells rescued the sensitivity of ICP0 mutants to IFN. In a similar
fashion, plaguing efficiency of HSV-ORF61 following treatment with IFN was
also rescued (Fig. 14). These analyses revealed that while VZV ORF61p
substituted for some of ICPO's functions it was clear that it did not
complement all of the defects in d11403 as evidenced by HSV-ORF61's failure
to recapitulate the wild-type IFN resistant phenotype (Fig. 14). 



WO 2011/016830PCT/US2010/002010 51 HSV 'CPO is a RING finger protein that
acts as a strong and promiscuous transcriptional activator of gene
expression. Orthologs of ICPO exist in other members of the
alphaherpesvirus family. These proteins are related to 'CPO by virtue of
their location within the virus genome and ability to influence gene
expression. Sequence similarities are limited, with the exception of a RING
finger close to the N-termini in all orthologs. Specifically, the 'CPO
ortholog in VZV, ORF61p, accelerates replication of an ICP0- virus when
co-expressed and also influences gene expression (100,101). In spite of
these similarities, the lack of homologous 'CPO sequences within the ORF61
gene has previously been emphasized, and a suggestion that these proteins
have diverse functions (92) has been made. This study compares the
activities of 'CPO and ORF61p by constructing a mutant HSV virus that
expresses ORF61p in place of ICP0 under control of the 'CPO promoter and
3'UTR. Therefore, the orthologs are expressed in an identical genetic
background and any difference observed in biological activities of the two
viruses should be solely a result of which virus protein is expressed.
Comparison of the growth and protein expression profiles during infection
with wild type, ICP0- and HSV-ORF61 demonstrated that although ORF61p
partially rescues the 'CPO null phenotype, replication of HSV-ORF61 is less
efficient than replication of wild-type virus. There is a possibility that
these proteins are expressed to different levels, have distinct half-lives
and interact with HSV proteins differently, and that this might affect the
growth phenotype of the HSV-ORF61. The  WO 2011/016830PCT/US2010/002010 52 



conclusion is that ORF61p, as expressed, lacks some of ICPO's functions.
ICP0 expressed from an adenovirus caused efficient depletion of two major
ND10 components, PML and Sp100, whereas an ORF61p expressing adenovirus
reduced only Sp100 levels. Here, the effect of these proteins on ND10
component abundance during virus replication was compared. It was observed
that even when other HSV proteins were expressed, ORF61p specifically
decreased Sp100 with no effect on PML. NDlOs have been suggested to provide
a nuclear form of innate immunity. Specifically, ND10 components act to
repress expression of herpesvirus and other DNA virus genomes. In that vein
it is interesting that replication and plaguing efficiency of d11403 but
not wild-type virus are augmented in cells that lack PML or Sp100 (Fig. 14)
(85,86). In contrast, replication and plaguing efficiency of wild-type VZV
is unaffected by depletion of Sp100 and augmented in siPML cells (92).
Based on these observations and assuming that only 'CPO and ORF61p are
necessary for the observed plaguing efficiencies in the different cell
lines, one might expect that an HSV virus expressing ORF61p in place of
'CPO would phenocopy VZV. Therefore, the plaguing efficiency of HSV-ORF61
on siPML and siSp100 cells were compared to their parental control cell
lines. Although virus replication was partially complemented when PML was
depleted, reduction of Sp100 levels did not affect virus replication. This
was a further demonstration that ORF61p has evolved to titrate Sp100 levels
to allow efficient virus replication. However, unlike 'CPO, ORF6lp does not
target PML; therefore, when only ORF6lp  WO 2011/016830PCT/US2010/002010 53
is expressed, the PML host protein remains available to repress virus
growth and replication. Viruses expressing 'CPO or ORF61 differentially
affect Sp100 degradation. Sp100 is normally resolved as three species
during SDS electrophoresis (89,108). The species recognized by the study
antibody in terms of rate of electrophoretic migration were Sp100A,
Sp100A-SUMO and Sp100-HMG. In cells infected with wild-type virus the
higher molecular weight species of Sp100 gradually disappeared whereas
Sp100A was stabilized (Fig. 14). This electrophoretic pattern of Sp100
mimicked what was observed in cells depleted of PML by siRNA (85,92). In
contrast, when ORF61p was expressed in place of ICP0, all isoforms and
modified species of Sp100 gradually disappeared during infection, with no
apparent difference in PML's electrophoretic pattern. This is in agreement
with siRNA experiments, which show that, unlike depletion of PML,
down-regulation of Sp100 has no effect on other components of ND10 bodies
(85, 86, 92). Furthermore, it has previously been observed that infection
of cells with an adenovirus expressing ICPO resulted in disappearance of
PML and Sp100 species except for Sp100A, whereas an ORF61p expressing
adenovirus reduced all Sp100 forms with no effect on PML (92). These
results lead to the proposition that while these alphaherpesvirus orthologs
target components of ND10, they do so in distinct ways. HSV ICP0 targets
PML for proteasomal degradation. Reduction of PML levels results in
disappearance of SplOO species, except Sp100A. Therefore, by targeting PML,
'CPO directly or indirectly targets both major ND10 components. In
contrast, ORF61p 



WO 2011/016830PCT/US2010/002010 54 independently targets Sp100 for
degradation. Unlike with 'CPO, reduction of Sp100 levels has no apparent
effect on other ND10 proteins. Differential targeting of ND10 proteins by
these orthologs may account for at least some of the observed differences
in their biological activities. The precise role of PML during virus
infection remains elusive. It is known however that HSV mutants lacking
ICP0 and VZV mutants lacking ORF63p are hypersensitive to interferon (102)
and that this effect is mediated by PML (79). In contrast, wild-type HSV
(102) and VZV (77) are less sensitive to IFN. These data, along with the
observation that PML is not degraded during VZV infection (92), suggest
that interferon inhibits replication of these two human alphaherpesviruses
by distinct mechanisms, and that these viruses have evolved different and
specific countermeasures. As a result, in contrast to HSV, it is likely
that VZV does not require degradation of PML to overcome inhibition by
interferon. These studies provide a basis for a molecular understanding of
the functional differences between HSV ICP0 and VZV ORF61p. Unpublished
observations are consistent with previous reports that, in spite of its
functional handicap, ORF61p still activates both VZV and HSV promoters.
However, as noted above, ORF61p lacks the immune regulatory activities of
'CPO. Based on these observations it is likely that Sp100 depletion is
required to boost virus gene expression, whereas the activities that affect
commandeering of the interferon arm of the innate immune system might be
solely mediated via PML. Therefore, further dissection of the functions of
these orthologs might provide insight into the role of ND10 components
during infection.  WO 2011/016830PCT/US2010/002010 55 These results are
important regarding HSV backbones as vaccine vectors (19). Expression of
ICP0 is required for chromatin modification and remodeling to allow
efficient expression of virus genes (81, 88, 95). However, expression of
ICP0 interferes with innate immunity. Moreover, deletion of ICP0 results in
decreased virus titer. Thus, use of HSV-ORF61 as the basis for a backbone
in place of 'CPO provides an advantageous alternative to current
herpesvirus based vectors. 



Results III  Alphaherpesviruses encode orthologs of the HSV a gene product
ICP0. ICPO is a nuclear phosphoprotein that behaves as a promiscuous
activator of viral and cellular genes and also functions as an E3 ubiquitin
ligase to target host proteins for proteasomal degradation. Through this
activity, 'CPO promotes degradation of components of ND10 bodies, including
PML and Sp100. These proteins are implicated in silencing of herpesvirus
genomes. Therefore, ICPO mediated degradation of ND10 components may
disrupt silencing of HSV genes to enable efficient gene expression. This
hypothesis provides a plausible mechanistic explanation of how ICP0 induces
gene activation. ORF61p, the VZV ortholog, activates viral promoters and
enhances infectivity of viral DNA like ICP0. However, two key biological
differences between the HSV and VZV orthologs have been demonstrated.
First, unlike ICP0, ORF61p is unable to complement depletion of BAG3 a host
co-chaperone protein. As a result, VZV is affected by silencing of BAG3,
whereas growth of HSV is only altered when 'CPO is not expressed.
Furthermore, while both proteins targeted components of ND10s, expression
of  WO 2011/016830PCT/US2010/002010 56 'CPO resulted in degradation of both
PML and Sp100, whereas ORF6lp specifically reduced Sp100 levels. Thus these
proteins have evolved separately to provide different functions for virus
replication. To directly compare these orthologs an HSV mutant virus was
constructedthat expressed ORF61p in place of 'CPO (Fig. 10). In the
accompanying graph (Fig. 11b) it is demonstrated that while ORF6lp restored
robust growth that is lacking from an ICP0- virus (d11403) the resulting
chimeric virus only partially rescued the ICPO null phenotype. This finding
demonstrated that there are profound biological differences between ICP0
and ORF61p. More importantly, when considering a VZV vaccine it is
necessary to recall that VZV but not HSV is sensitive to interferon (IFN).
Therefore, HSV-ORF61 was tested for its ability to degrade PML and it was
demonstrated that it, like wild-type VZV failed to degrade. Accordingly, it
was asked if IFN treatment affected growth of this mutant virus and
demonstrated that plaguing efficiency of both d11403 and HSV-ORF61 in MeWo
and Vero cells was decreased by ISGs presumably synthesized in response to
IFN. These analyses revealed that VZV ORF6lp substituted for some of ICPO's
functions but that it did not complement all of the defects in d11403 as
evidenced by HSV-ORF61's failure to recapitulate the wild-type IFN
resistant phenotype. This recombinant virus has characteristics that
recapitulate the IFN sensitivity of VZV Oka vaccine strain. VZV encodes 8
glycoproteins that represent the major neutralizing virus epitopes (Fig.
15). The  



WO 2011/016830PCT/US2010/002010 57 glycoprotein encoding the Us region of
HSV can be substituted with the predominant glycoprotein genes ORFs  67 and
68 that are located in the region of VZV. This is done using containing
ORF61p in place  corresponding Us an HSV-1 bacmid 



The  into cells to As known in the constructed by  introducing
simultaneously the desired DNA fragment in a plasmid/bacmid into the host
cell along with the virus to permit recombination therewith and recombinant
virus production. One by one substitution of HSV glycoproteins with the
corresponding sequences from VZV to can be performed to reconstitute an HSV
strain whose glycoprotein genes are fully substituted for with VZV
glycoprotein genes. This offers improved stability over native VZV and can
be grown to higher titers for vaccine production.  WO
2011/016830PCT/US2010/002010 58 References 
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WO 2011/016830PCT/US2010/002010 77 What is claimed is: 1. A recombinant
deoxyribonucleic acid comprising a human herpes simplex virus (HSV)
deoxyribonucleic acid (DNA) having a heterologous DNA integrated therein
wherein the heterologous DNA encodes a polypeptide comprising a RING-finger
domain. 2. The recombinant deoxyribonucleic acid of claim 1, wherein the
HSV DNA is genomic DNA and the heterologous DNA is integrated into the HSV
DNA in place of a portion of genomic HSV DNA which encodes a HSV Infected
Cell Polypeptide 0 (ICPO). 3. The recombinant deoxyribonucleic acid of
claim 2, wherein the heterologous DNA is inserted into the genomic HSV DNA
between a HSV 'CPO 5' untranslated region (UTR) and a HSV ICP0 3'
untranslated region (UTR). 4. The recombinant deoxyribonucleic acid of any
of claims 1-3, wherein the polypeptide comprising the RING-finger domain
has the amino acid sequence of varicella zoster virus ORF61 protein. 5. The
recombinant deoxyribonucleic acid of any of claims 1-3, wherein the
heterologous polypeptide comprising the RING-finger domain has the amino
acid sequence of a equine herpes virus, bovine herpes virus, or
pseudorabies virus protein. 



6. The recombinant deoxyribonucleic acid of any of claims 4 or 5, wherein
the HSV DNA is a HSV genome.  WO 2011/016830PCT/US2010/002010 78 7.The
recombinant deoxyribonucleic acid of claim of claims 1-6 further comprising
a heterologous DNA encoding a glycoprotein. 8.The recombinant
deoxyribonucleic acid of claim 7, wherein the glycoprotein has the amino
acid sequence of a varicella zoster virus glycoprotein. 9.The recombinant
deoxyribonucleic acid of claim 8, 



wherein the glycoprotein comprises a varicella zoster virus neutralizing
epitope. 10. The recombinant deoxyribonucleic acid of claims 1- 9, wherein
no polypeptide encoded by the recombinant deoxyribonucleic acid degrades
mammalian promyelocytic leukemia protein (PML). 11. The recombinant
deoxyribonucleic acid of claims 1- 10, wherein the heterologous DNA
encoding the polypeptide is integrated such that the polypeptide is
expressed when the recombinant deoxyribonucleic acid is integrated into a
genome of a suitable host cell. 12. The recombinant deoxyribonucleic acid
of claims 7- 11, wherein the heterologous DNA encoding the glycoprotein is
inserted into a non-essential gene or region of the HSV DNA. 13. A
recombinant human herpes simplex virus (HSV) comprising a heterologous DNA
encoding a polypeptide comprising a RING-finger domain which heterologous
DNA is (a) inserted into a non-  



WO 2011/016830PCT/US2010/002010 79 essential region of the HSV genome, and
(b) expressed in a host cell into which the recombinant HSV is introduced.
14. The recombinant HSV of claim 13, wherein the heterologous DNA is
integrated into the HSV genome in place of a portion of the HSV genome
which encodes a HSV Infected Cell Polypeptide 0 (ICPO). 15. The recombinant
HSV of claim 13 or 14, wherein the heterologous DNA is inserted into the
HSV genome between a HSV 'CPO 5' untranslated region (UTR) and a HSV 'CPO
3' untranslated region (UTR). 16. The recombinant HSV of any of claims
13-15, wherein the polypeptide comprising the RING-finger domain has the
amino acid sequence of varicella zoster virus ORF61 protein. 17. The
recombinant HSV of any of claims 13-15, wherein the polypeptide comprising
the RING-finger domain has the amino acid sequence of a equine herpes
virus, bovine herpes virus, or pseudorabies virus protein. 18. The
recombinant HSV of any of claims 13-17 further comprising a heterologousDNA
encodinga glycoprotein and inserted into a non-essential region of the HSV
genome. 



19. The recombinant HSV of claim 18, wherein the glycoprotein has the amino
acid sequence of a varicella zoster virus glycoprotein.  WO
2011/016830PCT/US2010/002010 80 20. The recombinant HSV of claim 18,
wherein the glycoprotein comprises a varicella-zoster virus neutralizing
epitope. 21. The recombinant HSV of claim 18, wherein the heterologous DNA
encoding the glycoprotein is inserted into a non-essential gene or region
of the HSV genome.  22. The recombinant HSV of any of claims 13-21, wherein
none of the polypeptides encoded by the recombinant HSV genome degrade PML.
23. The recombinant HSV of any of claims 13-22, comprising up to eight
different heterologous DNAs, each encoding a different varicella zoster
virus glycoprotein. 24. A vaccine comprising (1) a pharmaceutically
acceptable carrier and (2) a recombinant virus which comprises a
recombinant deoxyribonucleic acid comprising a human herpes simplex virus
(HSV) genome having (a) a heterologous DNA encoding a polypeptide
comprising a RING-finger domain integrated therein and (b) having one or
more heterologous DNAs, each encoding a glycoprotein, integrated therein. 



25. The vaccine of claim 24, wherein the heterologous DNA is integrated
into the HSV genome in place of a portion of HSV DNA encoding a HSV
Infected Cell Polypeptide 0 (ICPO).  WO 2011/016830PCT/US2010/002010 81 26.
The vaccine of claim 24 or 26, wherein the heterologous DNA is inserted
into the HSV genome between a HSV 'CPO 5' untranslated region (UTR) and a
HSV ICP0 3' untranslated region (UTR). 27. The vaccine of any of claims 24
to 26, wherein the heterologous polypeptide comprising a RING-finger domain
has the amino acid sequence of varicella zoster virus ORF61 protein. 28.
The vaccine of any of claims 24 to 27, wherein the heterologous polypeptide
comprising a RING-finger domain has the amino acid sequence of EHV, BHV, or
pseudorabies virus protein. 29. The vaccine of any of claims 24 to 28,
wherein the glycoprotein has the amino acid sequence of a varicella zoster
virus glycoprotein. 30. The vaccine of claim of any of claims 24 to 29,
wherein the glycoprotein comprises a varicellazoster virus neutralizing
epitope. 



31. The vaccine of claim of any of claims 24 to 30, wherein the
heterologous DNAs encoding the glycoproteins and the a heterologous DNA
encoding the polypeptide comprising the RING-finger domain are each
inserted into non-essential genes or regions of the HSV genome. 32. A
method of immunizing a subject against a varicella zoster virus infection
comprising administering to the subject an amount of the vaccine of any of
claims 26 to 31 effective to  WO 2011/016830PCT/US2010/002010 82 elicit a
immune response the varicella zoster virus in the subject and thereby
effect immunization of the subject. 33. A method for preparing a
composition useful for preventing infection by a virus, comprising
combining a recombinant virus of any of claims 13- 23 with a live vaccine
stabilizer, so as to prepare the composition. 






