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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 wvaccines 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-1l) are currently under investigation. 1In

Herpes Simplex Virus expression of the HSV-1 protein



WO 2011/ 016830PCT/ US2010/ 002010 2 "CPOis required to allow efficient
expression of genes fromthe viral genone and, nore inportantly, inprove
virus titwpandis83as vacci ne yi el ds. However, expressi oRCOUS2GROMNE O
interferes with innate imunity, a pr@perty which is not conpatible with
t he i deal vaccine vector. One of the functions of '"CPOis to dissociate
cel lular nuclear domain 10 (ND10) conpl exes and ubiquitinate the

pronyel ocyEPE preotgauiad) toeadiloy taf ficlqidyr egaresalopMefi @anrs of t he

cell's ga ep that_-are r onsihl e i i i nt.erferon. Herein
a reconbi %\gﬁfﬁ v?llr&téjs Velnﬁ)a}lgyi%r?él%?%e rgpesrt@l{%pﬁg&(%}:?%égg%’nor%g{pa{o‘ggbackbone
i s di scl osedusbiti twrt e pipeemeantc dhel €PO1d$he Hogewd, n&Mpragddison
replicates to relatively high titers and is sensitive to interferon.

Ther ef or ePft AEPPedle0 dMGLTIREETIsWiHe PRBREFL HEBUBH HYEPG MFAPHE required
in vacci nghdewel; QPaRRL «omfR 2P QLEE30HT/ {20100 002010 Fector.

One of the functions of ICPd 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 ICPO. The recombinant virus replicates to
relatively high titers and is sensitive to interferon.
Therefore, the vector only retains the properties of

ICPO that are required in vaccine development.



Summary of the Invention A reconbi nant deoxyri bonucleic acid conprising a
human her pes sinplex virus (HSV) deoxyribonucleic acid (DNA) having a

het er ol ogw0=20DMA6830t egr at ed t herei n wherei n the het er ol egoas208M0®IC0des a
pol ypeptide conprising a RING finger domain. A reconbinant human herpes
sinplex virus (HSV) conprising a heterol ogous DNA encodi ng a pol ypepti de
conprising a RINGfinger domain which heterologous DNA is (a) inserted into
a non- esseHMMAEYy ofi dRepINVeNtIQAN genone, and (b) expressed in a host cell
into which the recorrbinant HSV is introduced. A vaccine conprising (1) a
pharmaceutically acceptable carrier and (2) a reconbinant virus which
conpri sesAa rexminimant deoxyriibomnulleiic asgtddcaunpSidichd Aurrmmder pes

si nmpl ex virus (HSV) genone  havi nﬁ%éa? a heterol ogous DNA encodi ng a

pol ypept | #EFBESpri SREe% RLRES i HERY) deeerynimoagcheds t Aetdi n(D&\ﬁ’cP (b)

havi ng ong,04 nADLE IRl RAALS BRKSi 1851 £0808hRY 2 nILHCRIIQF &I
integrated therein. A nethod of imunizinhg a subject against a varicella
zost er vi heserpflogbusn ©dApr esicegesdmani podyipep ttidld heayghjistinan anount  of
t he instaPE &qﬁcine effective to elicit a imune response the varicella
zoster vi FONST A PHETs (™8 'and t hereby effect i|nmuni zation of the subj ect.
WD 2011/ 016830PCT/ US2010/ 002010 4 the instant reconbinant virus with a live

vacci ne stabilizer, so as to prepare the conposition.
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 deoxyfibonucleic 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.

A method for preparing a composition wuseful for

preventing infection by a virus, comprising combining



WO 2011/ 016830PCT/ US2010/ 002010 5 Brief Description of the Figures Figure
1. Alignnent of the am no acid sequences of | CPO and ORF61p (SEQ I D NGs: 1
(1CPO amio20(10REEBAL) ). The am no aci d sequences of | CPOPamaSaRBO1I®1¢ NCB
protei n dat abase accessi on nunbers NP 444601.1 and NP_040183.1
respectively) were aligned using the Gonnet Matrix, an Qpen Gap Penalty of
10.0 and an Extend Gap Penalty of 0.1. The Cys and Hi s residues of the
C3HC4 RI NGhig ngé?smerm%o%q@@hte disugar wédthd. aThd iNB10 taegite ng
domain (1 nﬁidg éI%%are al so. rked The NLS regions
of ' CPO an p dre un er X525 63y C?ﬂgoﬁé 7%Fnteraction site is
marked with a black box and the ami no acids required for interaction are
identified with arrows (19). The two regions that encode for E3 ubiquitin

| i gase activities (30) are nmarked al so. Figure 2: Redistribution of PML and
Sp100 in I CPO or ORF61p expressing cells. MeW cells grown on gl ass
coverslips were nock treated (A and D) or transforned with plasmd
constructs expressing 'CPO (B and E) or ORF61p (C and F). Forty-eight hours
post transformation cells were fixed and the | ocalization of viral proteins
and PML (A-C) or Spl00 (D-F) were nonitored by indirect imunofl uorescence
m croscopy. The nuclei were stained with Hoechst. Inages were captured with
an 100x objective and anal yzed by vol une deconvol ution. Figure 3: Abundance
of PML and Sp100 in 'CPO or ORF61p expressing cells. MeW cells were nock
treated or infected with Adenpty, AdICPO or AJORF61 at an MJ of 5.
Forty-eight hpi total cell |ysates were anal yzed by SDSPAGE. The | evel s of
PM., Spl00, 'CPO ORF61p and tubulin WD 2011/016830PCT/ US2010/ 002010



6 were analyzed by western blotting. The different species of PM. and Spl00
are identified with asterisks. Figure 4: Targeting of ORF61p to NDI OGs does
not | ead wo 2PM016k3gr adati on. (A) Schematic di agram of ' EPOUSORBAIP1I@Nd t he
ORF61p translational fusion to the C-termnus of ICPO. (B) MeW cells were
nock treated or transfornmed with constructs expressing | CPO, ORF6lp or the

ORF6l p fusion protein. Forty-eight hpi total cell |ysates were anal yzed by
SDS- PAGE. Bxaef] P@FF’?*&_MM ubulin were anal yzed by western
blotting. (CGE) MeW cells grown on glass coverslips were nock treated (C)
or transformed with plasm d constructs expressing the ORF61p fusion protein
(D and E) Fightrer 148 Aligrsneret | sfwehe famdetd aanclid osedi@atesnodf 1QRRG1p and
PML were nonitored by indirect imunofl|uorescence m croscogg)[ Nucl ei were

i

stai ned wPPH HORERSP. (SRRyedDnelescapt Ureed i efch 20080R% veighd
anal yzed By ;e %cﬁjegg@d%h@es' 08¢ FicGY €ard '@@@%ll'pza teB1 O iMeqyir i ng HSV

and VZV infection. MW I's grown on glass coverslips weré infected with
HSV at andkBbebekel émemlcel Inuimlesy 8/ZNPa 446 0MOL odndppitax0idtetds yi 0. 01
(B-D). HSVinfe?ed §||S wer e flng(’eﬁ%Fat 6 hpkhan VZV|n ted cells at 24
hpi and t RESPPESENESYdr YD BAY 61p 1®) . e("C) Elt‘D) %hd PM
(A-D) wer epeBnidys edehy1tpdigrect ol omane | 0r exeende dHEr peaaRYy Nl ei were
stai ned with Hoechst. Inages were captured with a 100x objective and

anal yzed BylvolTife Géeoavs! dtisorrest guee 6f (tdenl GH4E4 oRINE SHTOPuri ng

HSV andvvg¥n§%h%%|gl OF %N%%@ Lebls % PR8N gl aSﬁq%\D\f\ﬁj’fﬂ i Q%ﬁ’&:é’teu{d‘f ect ed

with HS cell ree VZ
2011/0168ﬁﬁﬁ€IhUSZOBOI0@301GCPO s C-terminus of ICP0 are also

marked. The NLS regions of ICP0 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 ubigquitin ligase activities

(30) are marked also.

Figure 2: Redistribution of PML and Spl00 in ICPO or
ORF6lp expressing cells. MeWo cells grown on glass
coverslips were mock treated (A and D) or transformed
with plasmid constructs expressing ICP0 (B and E) or
ORF6lp (C and F). Forty-eight hours post transformation
cells were fixed and the localization of viral proteins
and PML (A-C) or SplO0 (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 Spl00 in ICPO or ORF6lp
expressing cells. MeWo cells were mock treated or
infected with Adempty, AdICPO or AdORF61 at an MOI of 5.
Forty-eight hpi total cell lysates were analyzed by SDS-
PAGE. The levels of PML, Spl00, ICPO, ORF6lp and tubulin



7 an MO 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 (Byo2andh1gB0( C) and Spl00 (A-C) were nonitored bycCiraskees2010

i mrunof | uorescence m croscopy. Nucl ei éwere stained with Hoechst. | nmages
were captured with a 100x objective and anal yzed by vol une deconvol uti on.
Figure 7: Abundance of PM., Spl00 and Daxx during HSV and VZV i nfection.
(A MW Weres apedezed dnt eteskern Heloating. MDheoflif ferepdl [spfawiees/ZV at an
MO of apptoxistately 0.0l At the indicated. ti i nfection PM,
Sp100, Da%g é@@n%&%;o étanrtcie tubu t]’lnhfegéve"?]éé}l\}\/en%%t‘?r%%]t(%red by western
blotting. (B) MeW cells were nock treated or incubated with nedia

cont ai ning,1000 or 2000U nL interferon a. Fortj&ﬁei%gt hours post treatnent
total cel F1PPES & O HY oPEdOREPIPMES JPHHE FRR%, n8FAtead to

phosphor y kit diedftlda c T 2 (%ﬁd.é’&?éxpé‘@{%" )a&ggrﬁiwc?f Fegy; © dkpddg ect of

PM., Spl100 an XX 0n V replication.” (A) Total lysates from ontrol,
si PM., si 8p80@haen®RFaxx meld kawkeomahnflyzed tor tBEL C-$ei@inudaxxt and

tubulin | l.s by western blotting. (B) sicontrol,. siPM, siSpl00 and

si Daxx ce&?égower ) n%@&’f’eac_?\ﬁﬁ iealr_?‘%ﬁlf u;%ir sk BVER post

i nfectionwiRnpl ayshst M@t es f icsgt uh sd aireed , anskipé Bgues Wehe xEY1gdl and
conpared to the nunber formed in sicontrol cells. The error bars indicate

st andard dB¢iign AYITm { i FertrdepehtePieXird hepell éyshtgesr fwstnmed in

duplicate i r S . Shopl siEDa el | i cted
with cell -afl%g&%qg% ;é!r?s'\adf%ﬂ{, a?&r%gx?%égggy : Oi.épﬁt’ ti%%qﬁ i C%{ng times
post i nf etubodihysetes waerad varwsd ybed vis st ebi oltltdtigi.ng (€ eE) \Mawo

2011/ 016830PCT/ US2010/ 002010 8 ORF29 O?F63£8and ubulin. Band intensities

vere quantPiigd SFSRy FhelfS it YT FralPs etief s Mast theatsr siCQoty ol |

si PM., si gph0Q ranehedl Daxxcigel b3avanie | Haedwdhoid h egbkabteagvZ\et an MO
of approximately 0.01. At the indicated tinmes post infection'cells were
har vest edORAG Lol tFegeen t prosedmn (e ehd nbeAfokri &chpous cmitles s on
fresh MeW nol .S. _Fqur . t Infegti nol ayer re fixed and
stai ned ani r]’% aagégd\/\e?gacoﬁgéézlgg%%g cu?gt e%g??i t%lbr{go?P%f eCtious
centers. RenélkoRdds ay epimedentéet i vemexperlueprksskaveng md (fadddpyeur ve in
each of the cell lines. Each data point represents the average of two
sanpl es. PHREPLE Wikspl 87e1PRE HNettagEeeshSthe IMaRLHOVRES IGARBYRA

i ndependegt; c@xpepi Menp§xandygs £LF 1 Har S 5@@6%9&1@@@91&%%\0 L. Figure
9: Morphol ogy of infected foci on sicontrol, siP si SpI00 and si Daxx
cells. sidespnylolugiiPi., si Spl00 and si Daxx cells were infected with
cell-free VZV at an MJ of approximately 0.01. At 2 and 3 dpi the cells
were fixed and the localization of ORF63p and gE were nonitored by
i mmunof | uFigatencs :M doasciopat Me! ed £ weprL St aupedgW HisvHoeelst .v4dvrages
were captuyred wiith a 10x objective. _
infection. MeWo cCells 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 ICPO (A), ORF6lp (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 Spl00 during HSV and VzZV
infection. MeWo cells grown on glass coverslips were

infected with HSV at an MOI of 1 (A) or cell-free VZV at



Figure 10: Construction of a Herpes Sinplex Virus expressing Varicella
Zoster Virus ORF61p. (A) Schematic diagramof the ICPO | ocus. (B) pCPC 061
and Hirt wWhlaopreapsoed from d11403 or HSV- ORF61 i nf ect edPceluszommomio
anplified using the prinmer sets specified in Materials and Met hods of
results Il hereinbelow. (C) MW cells were either nock treated or infected
with wild-type HSV1, d11403 or HSV-ORF61 at an MO of 5. At 8 hpi cells
wer e har vast e0hn@ fnePR¥ oxbrat el g Usihg (Bheardht Dodi 8BSV Whfected

2011/ 0168 / 0 1Q.9 i i terials.and t hod nitored
t he abundggggo%é%§4gtﬁggﬁ{ a%ﬁgt uvl%t%ﬁle{‘?ﬁq:g%q ecﬁi&/geag\mszhfgnal ysi s
of Her peshfinphex tWie U @eprassisy Mariced! aaypsbarsYor Us)OREGLD.gE A) Vero

or L7 cells were i nfectz) with serial dilutions of wild-type HSV-1, d11403
or Hsv- OREGL. T#Rle FRIODostArhl ectVHif noRerayeredwerey f i xadidhiRF &t ai ned,

and pl aqu%mmb%l%lf@s%nc_%elIﬁ%ysse&ﬁgui RAl GLEACY st3indal Qi cfhe error

bars indicate standard deviation fromtour | ndependent experinents, each
per f or redHoectspl.i datagey ByeMeWapehredwerich rd et exl wbtkecwiilve- tagpe HSV- 1,

d11403 or _HSY-ORE61 at_gn MO.of 0.1. At 2, 12, 24 and 48 hpi infected
cell's wer 8“5\3(9’\?3& i)é', V?ﬁﬁ"éectdeﬁfqrbv?]]hlfte’eor? ounds of freeze-thaw and vyi el ds
were calculated after titration on L7 cells. Figure 12. Tinme course of

expression of virus-specified proteins. MeW cells were infected with
wi | d-t ypeFioBye) 73 cpounfanre£o)f aRMLHS\EdHb 1268 Parpf dprrong. HW ect ed

cells wer a t: .t i g i exam for. t nt hesi s
and abundgﬁge%g?sll%ﬁﬁlé%gi(}Q}Cg%é‘g%d&%‘élggg? \%g?teg?%db%ﬁt.hh%ﬁ%yl anes
wer e stai aed wirt h MOt i -afibubi noant ideddy fireederzist rate that Mequi wat ent

amounts of cell .protein re |l oaded in_each.l ane. Figure 13. The fate and
r equi rerreﬁ?pc’if)xléﬁ?éta’fﬁé' S\Sﬁﬂgldur ity i P&t bﬂg\’/\Ff"ﬁeQ Her HBSS Si M Vi rus

expr essi ngnYakicgehl apz;Zg,stes‘?Mops BBE61p1chh), 'V@M\Ps@ﬁ' | $naenrgRitier nock
treated or infected with wild-type HSV-1, d11403 or HSV-ORF61 at an MO of
10. At 2 agR¥edshpwegel | Bonereradr vyt edesipernestrrt ot t i (B) waslsed to

moni t or t@@l%Q“”%@Qﬁ? OEOENLaé%%§¥Ed|C€Q, qgg%ﬁééggl with media

containing 1000 or 2000U/ml interferon o. Forty-eight
hours post treatment total cell lysates were monitored
for PML, Spl00, Daxx, STAT1, phosphorylated STAT1, STAT2
and phosphorylated STAT2.

Figure 8: Effect of PML, Spl00 and Daxx on VZV
replication. (A) Total 1lysates from sicontrol, siPML,
siSpl00 and siDaxx cells were analyzed for PML, Spl00,
Daxx and tubulin levels by western blotting. (B)
sicontrol, siPML, siSpl00 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, siSpl00 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 10 tubulin. (B) Enpty, siPM and si Spl00
cells were infected with serial dilutions of wild-type HSV-1, d11403 or
H5V- ORF6 WO Bhriga6ssays post infection nonol ayers were fi et/ isaaosdvmined, and
pl agues were counted and conpared to the nunber forned in enpty cells. The
error bars represent standard deviation fromthree i ndependent experinents,
each perfornmed in duplicate. Figure 14: Sensitivity of a Herpes Sinplex
Virus expPBESifing VAREREID a ZBSt etWAwlyd) ORFBARA t oihhERFLEASS a.waaN, Vero

or U20S cel | hat_wer e. mnc U;E e r_tr ed averni gh .th interferon a
wer e inf egugglt\t/lm&t%ﬁdsel%lgﬁ dilifnu i?tnsg%(? \?mgfgl-%?ﬁﬁg -1,gu§f¥3£55‘3 O{B)HSVCRFGL
Thr ee days ipositriolf,eciiirML Meidpyed saner ei baxed cand sstaired n etk ¢d agues

were counted. The rel ative {)/I aqui ng efficiency of each virus on each cell
line was ®at€ulGRel Hee n¥ZY 3 MBEk ofr RREPEENase e Orifler At

he V2V gono LS ot RGgl Y05 O REErE: deny |11 CaC ot veredon o

2011/ 016830ECTLUS20L@N02@10 dekermine 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 ,0f 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, siSpl00 and siDaxx cells. sicontrol, siPML,
siSpl00 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 ORF6lp. (A) Schematic
diagram of the ICP0 locus. (B) pCPC-061 and Hirt DNA
prepared from dl1403 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 HSV-
1, dl1403 or HSV-ORF61 at an MOI of 5. At 8 hpi cells

were harvested and western blotting using the antibodies



Detail ed Description of the Invention Non-limting exanples of HSV include
@ asgow strain 7; Human herpesvirusl(HSV-1) HF VR- 260TM Human her pesvirus 1
(HSV-1) Nsol2ntyres3vR- 539TM Human herpesvirus 1 (HSV- 1) PROZSYR0HEHIM Hurman
herpesvirus 2 (HSV-2) G VR-734TM Hunmgh herpesvirus 2 (HSV-2) M5 VR540TM

and Human her pesvirus, reconbi nant GHSV-UL46 VR1544TM as deposited with the
ATCC at Manassas, VA 20108, USA. Non-limting exanples of VZV include Jones
strain;, Odessurided of inzZvMayRIZgH sns defosiMatdiads h mhaisveedat tmassas,

VA 20108, < Rec |ﬂ.13&5 se i i eference to a nucleic acid
or virus, a#e%giggng%n&%cu ar’ olf('sl?/&lj’r a&%ﬁhﬁjt%ﬂ%ag}l ‘zjfl%ﬁo separate sources.of
origin conbined into a single formof nucleic acid or virus, respectively.

For exanpl e, a recaonbi nant deoxyri_bonucleic acid could be made from a

herpes si FRTESi fds g&FGIETandR l9Ene f 1 Fm dISFRIT el F Rt erVidis bot h
combi ned ehlh & sSirfa0 v, NG 1101 e£UL o 0K £ GXABRER1EA NAGORRLRAM, ijus 15 2

virus having therein a el ¢ acid which contain oreign or

het er ol ogowd lsodiege séqiientedgeneth | 8eam adnbbidi weivns t b€ twnidl dh ffme ent
courses ar i.ffe pecies, " r.ol ogous” used herein, in reference
to e.g. aH%éf?‘ém%ﬁ%gidé’&yﬁﬁ%%ﬁ?ﬁém @H%‘? %!S?er’s BeF Fved f5gm o

di f f er ent mRm@aR&R OlvehaVi Rgx@aseqHanceth dgasi cahnghgsei@led hanetde DNA of
the organismto which the DNA is described as heterol ogous relative to. In
a non- | i mcovageskanpebat iveN® ldariing PESAcacngyi cksi a 2bs1€P.viThe
inserted i ON&, der i rom a Si X_ Vi [ US ld b

het er ol oggggf%ﬁf\lm re %ti \}\él%ﬂoéatthé; I]K&gégfg?gedﬁ)ér\gfn%%h%&he\rﬁ%glsn siﬁ% ®ex virus.
WO 2011/ 016SkipeabcdSs? 0e8pee20ENtE, " BaNG f pageordedn i shallideed. a zi nc
finger pol ﬁgepti de whi ch contai ning aCqu)/gsBHi sCys4 amino acid nmotif which

bi nds two F'nc M8 of&1 LPhe WsESonyMIRNE St f oF: by Be | ii¥f et i ng New

Gene. 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 (HSV-
1), ICPO- (dl11403) 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,
ICPO0 and ORF61lp 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 Spl00
during infection with a Herpes Simplex Virus expressing
Varicella Zoster Virus ORF6lp. (A) MeWo cells were
either mock treated or infected with wild-type HSV-1,
dl1403 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, Spl00, ICPO, ORF6lp and



"Integrated” as used herein with regard to a heterol ogous gene or coding
sequence being integrated into a viral DNA shall nean the functi onal

i ncl usi orwofzotiaedset er ol ogous gene or codi ng sequence i BCoH/USh@oDdMIGUCh
that the gene or coding sequence is ekpressed 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 tHBBRinen dB)a DMPEEqueBEBMENt @nghi chil TRERO nofeplevemenche
virus's abj li o infect ost celd an eplkca h in. i.cella
zost er vi?hgéé¥§§opwgf in %3%5§%uc %i%t%%?% ségueﬁgéé g gﬂig fHén1are
wel | knowdlinoBhe aft, ©SW@-ORFFTOpPr ofeteds HdHysaand dodtgH, il svtd GE,
respectively), for exanple see Maresova et al. 2005, J.  Virol. 79 (2):
997- 1007, "RRPLAYRESheeB§ | AtBPPoraRed BiAteedr et | Pliagiemt iwaxs .

Varicella VLLKS 3Z1i ) & ORGSnISE o] i n&ng,art, for
exanpl e sgé8§kgﬁor?£§t g?aéégggrngg ggﬁ%ﬁrologys gg%%ﬁ%?ngbogf p.

2020- 2024¢ceVdk.. 8he Nxrcl hadsFoephrasendt sttandagii dewvtietdbnolfrch®90
Novenber ; ﬁBgll):.Z 00-2 06t each of ,which are hereby incor %ﬁaled by

r ef er ence'Ph=Chei 1RERPFPEERT  VFBB11PE26830PCH? 20f§?@%§6€ 13 %hf ect ed
Cel | Polyggptieat@.(ICPO is a protein, encoded by the DNA of herpes
viruses (see NCBI protein database accessi on nunber NP_044601.1, hereby
incorporated by reference inits entirety). ORF61 is open reading frane 61

rotein ,cal ost | S NCBI L N e Geasi on
Ir[:unbelr ngﬁg%%& ?:4zzher%%r§g/+%gg%ﬁ%$atggd % r}g%]gégénceg?ﬁgg'%z{ eﬁit%"l ret ;/).
| nruni zat egprassisegd Veratells Costaresentas i ORF&1lpvi tal iamdargera) (in a

e e ot T SR R, BBt LSBT

and/ or cetkdbakd BUHYANGHE FHRPEGUNE r EXROSURE Werd hen¥bEabganti@en(s)
serial dilutions of wild-type HSV-1, dl11403 or HSV-
ORF61. Three days post infection monolayers were fixed
and stained, and plaques were counted. The relative
plaquing 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.

ORFs encoding . glycoproteins are identified.
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ons for viral vaccines are known to those in the art and are

in US 6,616,931, Burke, et al.Septenber 9, 2003; U.S.

irety. The viral vector vaccine disclosed herein can be

red in a pharmaceutical |y acceptable solution, such as, but not
Detgided Desgription 9fithe Imyeéntionsal i ne and can be

t BETRESVATaE i or,
r‘é@%%lz/ %168%0F’CUH§§ﬁlP OOZHAQIﬁﬁyy aus%% R&I&IN, Bryman

utlcal carrier ar maceuti ca cceptable solvent

July 10, 2001;and U.S. 6, 787, B6T/jusane/ng2oes al .
7, 2004, each of which are Ihereby incorporated by reference in

The

be | d, I I l'id and
SO TR VBT AR nRGR. SERAR RIS o) O Bh rlS WRan

e sol vent .
1544™ as deposited w1th the ATCC at Manassas, VA 20108,

USA. Non-limiting examples of VZV include Jones strain;
Oka strain of Vvzv, 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 wvirus 1is 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.



Met hods of virus vacci ne production and storage are known in the art and
are al so described in W/ 2006/ 012092, which is hereby incorporated by

ref erencewoOnoitrEessnti rety. As described therein, stabil ipgerss2abewiused for
| ive vaccines of viruses such of neaslzs, rubella and munps generally

i ncl ude one or nore saccharides, am no acids, sugar alcohols, gelatin and
gelatin derivatives, to stabilize the virus and, in nmany cases keep the
virus fromdenaturing during a concentration step. The reconbi nant virus
descri bed, in fo ed i a Vv ine using a stahilizer or

ot her addi ?\5@ thgﬁgggl u eésmér\%{li ve écﬁaolrleco %ﬁlantgser%lrﬁ%l bdmi P For this
pur pose. Podyplpside 2¢Ri6B3;cdntd2n 386, H, 0P33838Cy84030mPES ah &b, 258, 362
al so contain details for stabilizers and nethods for nore gentle treatnent

of live viPGdiyatiHesbipden B0t Ré8E FalctVur es, ThSd2PEPIYRUIRING t hose
portions thahqdesehl ke 9habid Zere SOMMPStdy Asn@nd stabilizing nethods are
specifically incorporated by reference in their entireties. After
preparation with a stabilizer, the vaccine my be, for exanple, stored as a

| yophi |l i zed_vaccine,., a | yophilized m xed.vaccine, a liquid vaccine or a
liquid ni xgﬁ gféitr?éi_. Me ﬁodsuFSﬁ fg}lﬁfﬁ_bn_t h_e‘%t]are ]R%%% TypPcalty, a
| yophi | i zedtwaetiod@uss geparsd ydivephsbhébAget fl@ei/@?(?lifi‘ﬁédi:aacéﬁ al or an
anmpul e having a WO 2011/ 016830PCT/ US2010/ 002010, 15 vol une of about 3 to 30
m, tight Bptoed ivir&hdPBRAoFhAd latenn: dprer Benfelienal daglasdcoemf grade or

| ess. The or L0 cclpe i.cal ' e corgdin
instructigﬁg é? d%ﬁ§§§§§%$egﬁ¥ﬂ%sbg 6%0 d%f %%ggé?ggrqéﬁ%%t%gg gﬁh?he vi al
or ot her sachaithert the ngayecasesod rig opdiherzesl vacekpe essede-wiasst i t ut ed
by addition of sterile distilled matgr beforﬁ use, and the resultant

sol ution 8¢ nodiitht BYRpyt shyFERERAFES MYecti BRSEN St hindBAECERESr R%anpl e,
of 0.5 m rper v4es&.. The vacci ne can al so be provided orally or nasally. A
reconbi nant deoxyri bonucl ei ¢ acid conprising a human herpes sinplex virus
(HSV) deoxyribonucleic acid (DNA) having a heterol ogous DNA integrated

therein ergln. t o S C S pal y L d onprising a
RI NG fi n\é\gr g'(k)%éi %gs%]ﬁégéfen%geg}ene% ﬁﬂeeg%%&/ %ﬁAal sggg%gmg%wsan% t he
het er ol ogeegibNA 05 DNRAegrkaiceeh | 8b0 tHues HIkDNPed n ipl actee Obra, padié on of

genom ¢ HSV DNA whi ch encodes a HSV Infected Cell Pol ypeptide O (ICPO). In
an enbodi ABRETEHETh&Terd| BIBuS SBNRTICE i1 Wi $int OBRe PN BRIV DNA

bet ween arhaV iRl & api1apg! ebed re@iion (hJd) asdiaalaV Jddll ice

untransl ated region (UTR). In an enbodi nent the inserted heterolgous DNA is
under thetbemedol- of the | CPO pronoter and 3' UTR. I n an enbodi ment the

pol ypeptide conprising the RINGfinger domain has the am no acid sequence
of varicella zoster virus ORF61 protein. In an enbodi nent the heterol ogous
pol ypept i gdardeirliasi pgstbe RINxmd i rgercammidiniasahlde maeheiacigtiskequence
of a equine herpes virus,, bovine herpes virus, or pseudorabies virus
protein. PROMFIEHSoAMAHIINtRRY BRE Meld Hslewgenbiethewprt, e.g.

2011/0168%@9@5@9@%@&9&9@%0%9 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 2Akahori et al.,
Journal of Virology, February 2009, p. 2020-2024, vVol.
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.



16 In an enbodi ment the reconbi nant deoxyri bonucleic acid further conprises
a het erol ogous DNA encoding a glycoprotein. In an enbodi nent the

reconbi nawo 2daamys3pbonucl ei ¢ acid further conprises up POTAISYNN/002010

het er ol ogous DNAs each encoding a difi®rent glycoprotein. In an enbodi nent
t he gl ycoprotein has the am no acid sequence of a varicella zoster virus

gl ycoprotein. In an enbodi nent the glycoprotein conprises a varicella

zost er vi FuSeréedr faldi Rplomenipede | & ARCRBHbods nenprecepsl y gasddisl encoded

by the re I eoxXVy{ cl qi j d r l.ia r el ocytic
| eukem a %?g{%&%ﬁrﬂwé’ﬁ f‘lﬁgéggeﬁggﬁsﬁe\g&ntg{% e %rggglgg%ﬁg %ﬁ%ag)%o%i ng the
pol ypept i deciessiioheghabers usir_olats otlhea ,poheremht dd ncorograssed when t he

reconbi nant _deoxyri bhonucleic acid is integrated into a genone of a suitable
host cel | TeERTERCENMISYI Hehit SRRATREY &r ol NORAR o dRAG L1 Fe THaRSpr ot ei n

is insert i : 0Nt hal gene.orkegken of e
reconbinagg ﬁﬁ%ﬁﬁ%ﬁgrég§§§?%%F§x virugp(ﬁ%%?bgénﬂfr%?n§é§¥hgggrgﬁgbous DNA
encodi ng dapebgpept i daccespriiosi ng auRbNE f i NY@r_0dddsi3n whi ch Heatedryol ogous
DNA is (a)_inserted into a n-essential_reqgion of the HSV genone, and (b)
expressedlpﬁoﬁpﬁgggegeﬁwiﬁ%géﬁﬁﬂ9ﬁ1%4m95%%§hﬁﬁ?ﬁﬁ¥)ksv is introduced. In
an enbodi nent the heterologous DNA is integrated into the HSV genone in
place of a portion of the HSV genone which encodes a HSV Infected Cel
Polypepti@@mGnGFépePPI@$zH?QQé%ﬁﬁ?%%tl$h%hﬁepéﬁéﬁﬁgéﬁsogNRfi§ﬁnﬂiﬂted

intothe%ﬁ- o} b e q,la[ﬁ\{'eCPQL}' QL l, at r.egio

2011/ 0168 ogég%uggglof%§§d€o ndPEY URLRBIR)A €6 "G OlnniRe
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.



(UTR) and a HSV 'CPO 3" untranslated region (UTR). In an enbodi nent the

pol ypeptide conprising the RING finger domain has the am no acid sequence

of vari cewbaomoassso virus ORF61 protein. In an enbodi mnerCTiuseopobypept i de

conprising the RING finger domain hasl4 he am no acid sequence of a equine

her pes virus, bovine herpes virus, or pseudorabies virus protein. In an

enbodi ment the reconbi nant HSV further conprises a heterol ogous DNA

encodi ng &Sgl R¥R7 ot Beneand | rser t pHarmeecHtabAdssemIEIeF'egi 68 ofa t he HSV

genone. | Is t ) i e of I I ter_virus

N e T S e S Ee

vari cel | avebdicdr,viflors dedlitveatirzg ngheplhopant | niaalernkadorenttd the

het er ol ogous DNA encodi ng the gl ycoprotein % hgser_ted into a non-essenti al
[

gene or r@Gt8RlorT hemasy gt neA T FHeanm@¥%h Aifon@esrstie FfYypepti des
encoded byt heot egordyfant HRY) gepage &f&sa%ﬂ/ﬁlahﬂean RAROLL MRy the
reconbi nant HSV conprises up to eight different heterol ogous DNAs, each
encodi ng adoiffigtentiver i célnl a adstder vilmus @y cogmitogiimentn an tdrebodi nent
t he reconbi nant Cvi rus ils attenuat ed by thoie thodz1 known iné::?g art. A
vacci ne cBMPFISing ¢HFa prarmedeutical y* (%ggteabrp A& LRGSR, %(YZ) a
reconbi naakcepta®lehisedlve@pri ses a reconbi nant deoxyri bonucl ei c acid
conprising a human herpes sinplex virus (HSV) genone having (a) a

het er ol ogous DNA encodi ng a pol ypeptide conprising a RINGfinger domain

i ntegrate I NL&Nn hayi ng: ope . het og_gégj'.%\g\s, ch
encodi ng gletép&?%prg?e?\r’],ip%ﬁt Z%ég(?é Qt hlglﬁ%ﬁﬁ{%&% i . ard

2011/ 016830BGT/ US2010/ 60201028 a &%V | rHest edhlCad | FHsqeidedle Gr( | CPO) .

In an enbodi t terol ogous DNA is_ inserted.into the HSV genone
bet ween a%aég%l%éﬁbqgo ént raﬁ"% d i oRsE and L TRSF atgsH 3'%y
untrans| atederegicen (1R itkn asherbeg) meniast hegbet£19£Q90us 1 Hpept i de

conprising a RING finger domain_ has the am no acid sequence of varicella
zost er vi PtabOREGELSr ®fdien usednferbbiyeevecehechepér visyses [soigpepti de

conpri si ngca i ng [ S am hd, SEOUR = BHV, or
pseudor ablggs n\%‘a{r\‘i.'uci-séép'r oﬁallb%? n%zilr?enr}%@%? rrénr??‘%tr%élg'l ylcoprlg(géi ﬁnﬁas@’% he am no
aci d sequence daccharided) aamisiceravidsls ghigeapralevnolsn aeladiadi ment

the gl ycopratein conprises a varicella-zoster, virus neutralizing epitope.

In an enbgﬁgrr@rﬁqattﬁgp et 6 bybes Dﬁﬂsséﬁ‘g’&alr?& tHe g¥ yEBPr 80€i nsThnd the a
het er ol 09K yDNAa8BEOkAERt henPol yPeps | d@r&ﬁ’”ﬂiér%ﬂlﬂrir‘[tf %{Lﬂq—r{sd{/n%r domai n
are each inserted into non-essential genes or regions of the HSV genone. In

an enbodi FERCeNiFatdOInbistan. viThe |iseaerkehvantd by rusoseessitidasd known in
the art. .hod _qf i ni gj je ai nst varicella_zoster virus
ﬁe%&g m%d/ agﬁﬂ? . f{)gﬂuﬁaﬁgg (?Ltnt%g a Vaﬁchrrlr%unflsépgt hea i nst ant

i nfection comprisin ni sterrng to the subject
vacci nes ethbdiliizert ooel icthen iaddind vespbase iheluvdescetd®ivoste®sr Virus

in the SUQJ ect _and thereby effect imunization of the subject. A nethod for
preparing C@B‘P}ié‘?intti oReteRs @l WGhithr §08ntihg® | RPEECEEN bY- 8- viNags,
conpri si ng, 0abisRkng oRe Lz ddie ¢ "G4 AN 38 eCONBL§agtgvihnuss Jug gy |ive
vaccine stabilizer, so as to prepare the conposifion.
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 1lyophilized mixed vaccine, a liquid vaccine
or a liquid mixed vaccine. Methods for forming these are
known. Typically, a 1lyophilized vaccine is prepared by

lyophilizing the vaccine in a vial or an ampule having a



WO 2011/ 016830PCT/ US2010/ 002010 19 In an enbodi nent of the nethods

descri bed herein the subject is manmalian. In an enbodi nent the subject is
human. | rwerroarmessonent of the nethods the host cell i sPoamsadivamoos
derived froma mammal. I n an enbodi nebhd the host cell is obtained froma
human. Al l conbi nati ons of the various el enents described herein are within
the scope of the invention. This invention will be better understood by

r ef er ence Ve Uige Hx pr?W¥end atoDstlaitls viki @it ¥l fedd 180t apkoSEosKing ed i n
the art w_ll readi Ci atect S L perJ d |l ed are
only iIIugfré%iggh%¥rgﬁg&%hJ2%tPoﬁﬁggkg%écgggg%bgggé f&ir§g%§'tﬁgﬁ%lains
whi ch f ol sawrtdderpaéparat kxpeniavernitrsd Ogpach31Ht Ud essddsdaradiihel ow show
that the corresponding orthol o q& SV ICPO in Varicella Zoster Virus
(VZV), O?I‘—:'G’l,lnisé:r.‘{ﬁﬁg?rés taot'b%(g‘?% etBRECEAd BRUS BEOEUSSt IMRSHY &% with

the host iNRRJE ddMBHI Ee HRBEI Br CANRF UChhODiQbra KRCRARLNAYISY is
di scl osed wherein the coding sequence for the a gene "CPOTIs replaced with

a sequenceé enmrhihyl BRE6YpCCRasUl1s FeNgohesd taoesi sy 16d6ANP108) ,ofal so

known as PM. _nycl ear bodi and PM.. oncogeni ¢ _domains,, are d m._c

macr onol e@ﬁle§rlliienc h%?%g%géf "‘(’:agi I RF Blr%t eTHs t ﬁ‘é’t&f'&]?% vﬁe[%‘\qﬁ:afrhte

i nt er chr oges@tdlonspase imodhbatdd! ass GIpoBlermitheiajeetana figquancy of

t hese bodies range fromO0.2 to lumand from2 to 30 per cell, respectively,
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 polypeptide 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 ICPO 5’ untranslated region (UTR) and a
HSV ICPO 3’ untranslated region (UTR). In an embodiment
the inserted heterolgous DNA is under the control of the
ICPO 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 20 dependi ng on cell type and stage of the
cell cycle (2, 17, 62). Cellular proteins that accunul ate at these sites
are divi o&0 20168300 groups: proteins that are per manenPCtarspananiod) such
as PML (pronyel ocytic | eukem a proteiny, SplOO0 (speckled protein of
100kDa), Daxx, SUMO-1 and the Bl oom syndrone helicase BLM and proteins
that only associate with ND Gs under specific conditions (e.g. DNA repair
machi ner ytlorany enbegiiassitontiie. gFe®ROANaNt7 0deoRXAibbnUslgémomesidissoci at e
wi th ND10 Qnent s _at t he initi alhestt allgO s of the'br replication cycles.

New y formed transcrPPPrdR8nd FepltTatior®tes Poéal i ZBCCHO8E t R proteins

that nor mallhyyopesitdenn t hith ND1&s ( 6éhbodiehk! St t3e0gestd i ftadnvi r us
replication affected NDI Gs was the denonstration that PM. staining

di sappear oML IPEL & Atk VWSO eRes ol 468)Q  ukmleguent |y,

parental gepps Ao her pe%ﬁiArsusesea@ﬂenov%%gg(\#?ﬂsi m'%g \(/ilc%iutsfﬁélfoerg‘gwm and

papi | | omavi ruses re shown to be associa ND1 33,
35, 47). Phecaprageiirst i Inr ehatemostineiet tiee ng HaYophdt edaptizenttshef ND1Os
has been ext.ensivel %/%st udi ed. Expression of 1CPO, a viral protein, is

requi red SRATSuf f3Ct®nt SEGRERES r ueti off of VAT SIS eaPOStRECt UFErYds, 45,
46) . ' CPOg1y =t i NG1fr ngein cortaiddifbnnuclear pRAsSRRIFptSiH W th an
apparent nol ecul ar mass of 110kDa (56), that behaves as a prom scuous
act i vat or COMPFGSIesy i Marire bl | 2Pk eyenesus 12euBal §9ingVepasomet.ant s
| acki ng the 1 CPO gene have an increased particle to plaque form ng unit
(pfu) ratio, substantially Iower yield and decreased | evels of a gene
expr essi ofin( 13an 64)emdddRtheaaltso hunctpensp&st Bde E3 emdiofidd | nbl/i gagee t o
target a WO 2011/016830PCT/ US2010/ 002010 .

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 ICPO 5’ untranslated region



21 grow ng list of host proteins for proteasomal degradation, including
conponents of ND1O bodies, such as the SUMO- 1 nodified fornms of PM. and
Spl100 (8,wO20111868386, 41, 53). HSV nutants that fail toPeXArSess/000RO ar e
defective in their ability to nodify &nd degrade NDLO components (46).

Depl etion of PML and Spl00 accel erated virus gene expression and increased
pl aguing efficiency of HSV 'CPO defective viruses, but had no effect on

wi | d- t ype (WTRIs arthes 94t ECRPod t WatrPNelahgdspegd oar  Usdiporféntan of an

intrinsic J g2 detense ' th LS t t  4.CPO s E3
| i gase act%ﬁ%ﬁﬁz{lten%ﬁrg e %ﬁ%?@lﬁ? g]\E/Bi r%gsmfr)%%)%fgﬁgt iet%rggagzg[l\g%/oévﬁ%?él, 22).
Vari cel | adoostier Nag usheVAWiric acidansednmeen @it bageénetilat Fastedassified
together with HSV as_an al phaherpesvirus. VZV encodes an 'CPO ort hol og

(ORF61p) (AFUSS79RTRAt PrOtRithr €8 ' FPOCTPPEREETDt FoRaRat YRR VRS vi ral
pronot ers c%ﬂ@ﬁ%ﬁ@%c%h%e_”fﬁfﬁd;yﬂﬁg@f: Vb 1 PN A9 £ 1h20) am | HBOTS Y 1 Y-

ORF6l p contains a NG finger donmain, honologous to the one that 1Is
essenti al sfeguenCRO af ta apgactiev dtdmresandi N0 Howsinei derpesand degyr adat i on
activities. It has, previously been shown that expression of 'CPO.by HSV is
required 6 o?gleélg%a%éﬁseti A UGt %ﬁ@gela‘hoi? O c HERRS R, otqé?% t hat
sti mul at esedomts rgente expr essir@ReandcPinpt €58saCEUMBEREFOTodS83 - DA hough
ORF61p is considered functionally simlar to | CPO (49), VZV is affected by
depl et i on SSCOBAGY ( 37) , 9LVigeREPFRENt hald CAOSRIE TRF61PtAave evisitved

2011/ 0168 355CTUL30 107803010 22 T < '¢ Sp ot Tk onart o s TRNCHEHTp and
ot her VZVagnioededaidt esesueénceot afgr ade whilrehlponebksern thersane

manner as does ICPO.in HSY infected cells. The role of PM., Spl00, and Daxx
during Vzgqiyﬁpé)&qt&%%r e & so 3% udiegg?"diﬁl?ntthi s Mpor FIHGPREIYHREL key

di f f er encesmprtivRen 4 heat el 4 ak88talpPhakaLPaeVithdi8%ing epitope.
In an embodiment the heterologous DNA encoding the
glycoprotein 1is 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.

In an embodiment the heterologous RNA is integrated into

the HSV genome in place of a portion of HSV DNA encoding



Material s and Met hods: Mammalian cells. Human nel anoma (MeW), siBAG3 (37),
si PML (38) and 293A cells were naintained as previously described (37). To
gener at e Woabli@ieshl | i nes expressing si RNAs targeting BpTAG2@06010ax X
MRNAs, MeW cells were infected with t&troviruses and selected in growth
medi um cont ai ni ng 200ug/ M. and t hen 500ug/ nl hygromyci n. DNA
transfornmati on. DNAs were transformed into the appropriate cell |ines using
Fugene HDa[ R&&Ve, Imfictrtbol Celll NPolppegtiideat ent (ICRO bk f edon @mas

h d P Bi ical_ [P t NI Vi R Y74 ,
1 o typectPBRRap e e o U L BnteFrFHRCA RS GBEHEG (2

Cel | - freegenbme WRstywidapasedsys Uescr bhedift¥andi®ted | kegRehr QUTRUSES.
Retroviruses were constructed by transient co-transformation of 293T cells

with the BREvi#allSVectlGiBY peK- SuptrapslaserygFegias) , (BER) si SP10®br
CKsi Da t - L | .
Rdenovi 1 BORFARATEOLAL BEtLrRIR g PRl dd | GBI 0% )

76) . WO RONG-16§8aPCHOuEA0 0/HHR01the3 seinal dilidti eesuehos r ust st ocks

and infected.cells were fixed, stained and pl aques counted. [J.i] G owh
curves. THETECE! fZRTFFr a¥ddlPat %ZVPEPEEF‘Hi'anébt?BneH?D Nt pyL,

si Sp100 okhel Daxke£8lb§owas H&1 @habREdebYcdhpdt i hgf et edneeldisigd:t h

uni nfected MeW cells and counting the resulting plaques after fixing and

stai ni ng. 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 wviruses with a 1live

vaccine stabilizer, so as to prepare the composition.



Pl asm ds construction.[i]si RNA plasm ds. The previously described si RNA
oligos targeting Spl00 and Daxx nRNA (22, 68) were nodified for cloning

i nt o pCKswipen11wmEs$30. hygro (38). To generate pCK-si Spl00PramdSp@eedDaxx t he
anneal ed oligo pairs siSpl00 _upper: 519 -
GATCCCCGTGAGCCTGTGATCAATAATTCAAGAGATTATTGATCACAGCGCTCACTT

TTTA3' andsi Sp100_| ower: 5' -

AGCTTAAAARGT GYECENEPGATEAAT AR CTIE Gas T napGadeacaioetchierein  the

AT CCOGA T LT O EABIAH ERa A TEr GRORMRRA g b ect s

TTTA3' si Daxahowdthr Bin embodiment of the methods the host cell is
AGCTTAAAAAGGAGI TGGATCTCTCAGAATCTCTTGAATTCTGAGAGATCCAACTC CGEG - 3' were
ligated | REBMBYIRFY REnGIEML A%k AT FOKBRRR L 1 e??oaﬁy&F‘BO(iég‘)entAltlheprl mer s

were obtajged ELeM By QB?%Q%e% atemhnolingigs, [Huntsville, AL] and all

vector inserts were veri by DNA sequencing. Antibodies. Rabbit
pol ycI onal antibodi es against amino acids [aa] 1086 to 1201 of ORF29p and

aa 1-265 REICRFGB 1%%E§oggfcrI%““LﬁéB)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 ICP0 in Varicella Zoster Virus (VzV),
ORF61, 1is .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 o gene ICP0 is replaced with

a sequence encoding ORF6lp.

Results I
Nuclear domains 10 (ND1l0Os), 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 1lum and from 2 to 30 per cell, respectively,



Pol ycl onal anti bodies to | CPO have been described (40). Mnocl onal
ORF62p anti bodi es were purchased fromthe Runbaugh- Goodwi n Institute

[ Pl ant at iwo0,20fkg16830\WO 2011/ 016830PCT/ US2010/ 002010 24 Pelyaisewnaloommdt i bodi es
agai nst a GST-fusion protein containi2@ am no acids 136-248 of ORF61p were
raised in rabbits and purified by affinity chromatography as descri bed

7). Monocl onal antibodies to PM., GAPDH and tubulin and pol ycl onal
anti bodi edepenBaxg ey ecobl aitv®¢ o Saaga OfuxIB otethnevedg [Ranta Cruz,
from

Hemottia, oay L SGaf opAoke e Sat Bl Eatl! HECRIHRT ot oa

before (3

CA]. Poly
Chem con
STAT1 wer

eigbkai aed FicvbdE amnitGanbwsd dggoddyl: Arbitbodisestiagai nate

' CPO and

phosphoryl at ed STAT2 were purchased from Santa Cruz Bi ot echnol ogy. Al exa
Fl uor 488PEERPLGETed GATPORBHSE andSBFBxa FF uorPME46- dBROTYRIQFYARS - r abbi t

ant 1 bodt 9 tRLRAOLA GEg A7 omdUlloRe ul Pk 908 diGidishage Wowrat

anti-rabbit and anti-nouse anti bodi es conj ugat

or Sera er

oxi dase

for i nmundbkat, t i SIPMAwEY e aoblt aiimed Blioom KRM{Game hérdiuirapsadVDBLM| ndirrdect

i nmunofl u

grescence It Crosc ._Cells on glass verslips were f.ixed and
st ai ned wPER ﬁﬁf’isbo%%/atananilg’gc‘-’}%%o%]sarp‘? eg?‘gﬁsll\ﬁﬁuoe%c?flagﬁ (S?ﬁc.ltﬁlq sanpl es
were Vi suabhdediwnkh @ 4el snadeveit RQOM hayolt ¢ BhvaresgaredieH | Zeiss
ing Inc, Thornwood, NY] and i nages were acquired with a Hamamat su
C4A742- 80- 12AG-DB§CAA!) GG )Gamer a [ Hamamat su Phot oni cs, Hamamatsu-Gity,
ing Openlab 5 software [l nprovision, Lexington, MA]. Inmages were
deconvol ved using Openlab 5 and assenbl ed i n Photoshop CS3 [ Adobe Systens,

M cr oi mag
Japan] us

San Jose,

DBA|] virus genomes associate with ND10 components at the
initial stages of their replication cycles. Newly formed
transcription and replication sites 1localize close to
proteins that normally reside within ND10s (61). The
first suggestion that virus replication affected ND10s

was the demonstration that PML staining disappeared

after Herpes Simplex Virus (HSV) infection (46) .
Subsequently, parental genomes of herpesviruses,
adenoviruses, simian virus 40 {(sv40) and

papillomaviruses were shown to be associated with ND10s

(10, 14, 32, 33, 35, 47).

The antagonistic relationship between HSV and components
of ND1l0s has been extensively studied. Expression of
ICPO, a viral protein, is required and sufficient for
destruction of the nuclear structure (18, 45, 46). ICPO
is a C3HC4 RING finger containing, nuclear phosphoprotein
with an apparent molecular mass of 110kDa (56), that
behaves as a promiscuous activator of both wviral and
cellular genes (12, 23, 59). Virus mutants lacking the
ICPO0 gene have an increased particle to plaque forming
unit (pfu) ratio, substantially lower vyield and
decreased levels of o gene expression (13, 64). ICPO

also functions as an E3 ubiquitin ligase to target a



WD 2011/ 016830PCT/ US2010/ 002010 25 in 1.5 x SDS sanple buffer [75nmM Tri sHCL
pH 6.8, 150mM DITT, 3% SDS, 0.15% bronophenol bl ue, 15% gl ycerol], boiled
and prot evoxoarmabsgaed by SDS- PAGE (39). Proteins were tramafSesiome2ol®
nitrocel |l ul ose nmenbranes before weste2h blotting. After bl ocking nmenbranes
in 5% non-fat mlk in PBST, inmobilized proteins were reacted with the
appropriate antibodies in 1%nonfat mlk in PBST. Menbranes were washed
three ti n8&owWangs nilasgacholi t hhPBST, P¥OHsdNsd wifidy an ramtieasaissEl or

anti - nous i conj ugat ed to horseradi sh _peraxidase,..then washed again
fhree T1 mogoPBeoE R Ao N R P PP gb b es Sl
vi sual i zedsbyttegldgtimon1 oimdaini i@ subsbr aife PHELhnd@ndSEXEPSYBE t165 X-Tay
film Wen the antibodi es agai nst the STAT proteins were used, blocking and
anti body ilfculd& i 4ds WSre performed in PBST suppl enented with 50nmM NaF and
1mM Na3VO4 and 3% BSA. Sequence alignnment. The am no acid sequences of
ORF61p (NP_040183.1) and 'CPO (NP_044601.1) were aligned with MacVector ver
10. 0 [ MacHewt arutlart;s Cangt MEH lustmgekbeeSonIsiPOVedr e xdedectiere Gap Penal ty
: 1. 1 201
of 100 apg an Exjiend, ap Penal y of 9:d- adR 2031 Q3P30RCT] USR010/ 002010
(46) . Depletion of PML and SplO0 accelerated virus gene
expression and increased plaquing efficiency of HSV ICPO
defective viruses, but had no effect on wild-type virus.
These data show that PML and Spl00 are components of an
intrinsic anti-HSV defense mechanism that is
counteracted by ICP0’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 ICP0 ortholog (ORFé6lp)
(49, 57) that, similar to ICPO, 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 ICPO by
HSV is required to overcome depletion of BAG3, a host
co-chaperone protein that stimulates virus gene
expression and protein accumulation (38). Although
ORF61lp is considered functionally similar to ICPO (49),
VZV 1is affected by depletion of BAG3 (37), suggesting
that ICP0 and ORF6lp have evolved separately to provide

different functions for virus replication.



Sequence simlarities between ' CPO and ORF61p. Previous reports suggested

t hat the al phaherpesvirus orthol ogs, 'CPO and ORF61p, share several

bi ol ogi cavof2ertaussss, including their abilities to functipom/tsgoiamvion@t ors of
gene expression and enhancers of vira22DNA infectivity (49, 50, 57).
However, it has al so been reported that unlike |ICPO ORF61p did not
substitute for loss of BAG3 during virus infection, suggesting that these
prot ei ns @BiAot reppvé | dempnsdiratt@sct it | ORIV @ad ve tdmrt ez 38) .

Mul ti pl i f. ' .CPO d i fi I 16). Thi
I edt Itg te héﬂﬁ%ég E%srloost?lhré stglr?%gﬁ e%?&?eeNg%O?\gceogtlﬁﬁohg%rédﬁ%n?ﬁg:gh&% weenI >

these prosemnasmangbt RrEO\ACHs iTeP@hinimew iheeetddf berepceshelhe 1@ no acid
sequences of |1 CPO and ORF61p were fetched fromthe NCBI protein database
(accessi offnitBer sSRPVB4 . Baxyd Gurigun 183V 1 infegidean veeye adéal i gned

(Fig. 1). Lise S C rvati of .t heht | eqti de 9), there
was foundstpgagghl'i tt9 e 03’2?% I @%ﬁg%g atl?lEL ﬁ%&ﬁ?ﬁ%va?‘feﬁ l(oizt%\%elég%%t%ﬁ(esm (10%
sim | aritpeawethe the nwoadied dmd|gdlpiddwevsrsvizaidesont ain a C3HCA RI NG
finger (G X2-C X(9-39)- C X(1-3)-H X(2-3)-C X2-C X(4- 48)-CX2-C] (3) close
to their Ntermni. A striking difference between these two proteins is the
absence oftatleia®BO dnd eMBtAAs(:MMdRthl Tak! CRL1sN (HenSLauRAGS Afa ORFE1p.

I mportantly, this region is required for targeting |CPO to ND10 bodi es and
subsequentMgWdegr agli BGB hel 37 bonporRMs s (386, asd 4%593AThmelefwr eeran

i nvestigati f e il] 0 6lp to Lat egradati on of PM. and
Sp100 msﬁ‘%gﬁFg%ﬁ%g %%F %g‘(%éﬂ%g e&‘?%“ém?e‘?‘?:i eﬁﬁj -dZISOr adE P Shd Sp100.
The effectsablleOFAlp hittes CBpoBsE0! isZRNAD dr M imgdsdpd00 ana MW
cells transformed with plasmds WO 2011/ 016830PCT/ US2010/ 002010 27

encodi ng PR%%e MR Dr t HBYBg Sl WBRPt dnd@iechgvi Fiumstreyicsisasce

m croscop | nsdmcke dd eate [sTo 1 e PPERS a nct at e
nucl ear b%ﬁ?egs (Fi g.é&ZAqglnggg%’h(%Z). Aslﬁmgélflgag%ggeported;,alglex%rné&;si on of
| CPO resuthed bAOdiogappéycaeowam.both cell proteins (Fig. 2B and 2E) (46).
However, cells expressing ORF61p displayed a different phenotype. Although
PM. cont ai ni ng bodi es were nore di spersed and snal |l er when conpared to nock
treated CBNAS, tirfhasfodmaiticts TINAd dedest edrafi®sSbimetin puket atdre

intracel lular structures ijll::i g..2C) . The effect of ORF61p on Spl00 seened
nore si nmi RRPTPBILRAE of CREPD, A3N8Fai NiTHRY or BPYE nudiar [Beghes

di sappearggdgéﬂg’bg@gts,c N]s_ expressing ORF61p (Fig. 2F). To directly assay
the effect of virus products on PM. and Spl100 abundance, MeW cells were
nock treated or infected with replication deficient adenoviruses expressing

ei ther no_herpesvirus oteln Adenpty), ' CPO_(Adl.CPO) . or. ORF6
( AdORF61) PXBfld €f?3€mgﬁ{d'ce#?g?%ﬁeﬁ? tefn Vfae%epé’ﬁﬁé}aes niftrcﬂnédjf%sf“ west ern
bl otting BFbfed3ralUsiPAgcat@wayi plNogity of infection (MJ) of 5 ensured

that every cell was infected and expressed the protein of interest. In nock
infected cells or cells infected with Adenpty, PM. appeared as a series of

bands w tHasdi rent: ul ses. S r al:t.er ively
spliced aﬁég%%%tg fr ;ﬁrlls]rgi]?ghaﬁoﬁdi i ggﬁg o‘r?:ﬁ@%gfggﬁj{%%h) .l%%}r%?gl'
pr edom nawasf propagh tSgl@hd Spko e B d O0deStMbadd ( 3p 100 VG- fveree

detected as_previously descrihed (27, 66). . CPO expression resulted in
conpl ete ‘d?‘gﬁﬁpeﬂ%ﬁncepﬁﬁpﬁﬁ@% pl %s PMISSEHHRSHE arﬂ§6pref%§)enti aliloss of

the sl onerefirgvatiBessPeEteAlr Bt Qvdid Jeods t £8¢ t el NGO R ERSY er@XPr €Ssi on
of ORF6l p had no effect on abundance or sEem es of PML detected by this

assay. ORF8ipreBfsPsmasiPy r efuceddSplogeldvel witd t hohgh pooviwel
2011/ 016830BCTL STV &8 6 hygro (38), pCK-siSpl00 or pCK-

siDaxx and pgag-polgpt (44) and pHCMV-G (75).
[ii] Adenoviruses. Adenoviruses Adempty, AdICP0 and

AJdORF61 were previously described (74, 76).

Virus growth assays. [i] Plaque assays. MeWo, siPML,

siSpl00 or siDaxx cells were infected with 10-fold



as efficiently as did 'CPO (Fig. 3). Inmmunofluorescence analysis of cells
infected in parallel verified that all cells were infected and expressed

' CPO or QGRB@dp/esba not shown). PM in cells infected wcrhisAadenpioyo was
reorgani zed as el ongated tracks, pres2dably in response to expression of
adenovirus E4 ORF3 (6). Expression of I1CPO by AdICPO led to | oss of PM,
whereas PM. staining in ADORF61 infected cells was identical to the Adenpty
sanpl e (d&eximdt dHownonsTvs whees vatpoksf anthénfgictiedr @etlilst aeneCPO from

ORF61p. Tak t oget her, . the_.i nof | uorescence dat nd e western
bl otti ng gﬁg(l%f/iéi %et elrpo%%t?%ge%%uegl t%odﬂ'&ne%QFgllb?a 58?"% i ftegrity and the

staining pakt echtet NEO duidi essIdcs A eyEivonadloes Niféesldh IdE t he
di sappearance of PM.. However, ORF61p expression but does affect Spl00
| evel s. THEYeri it BIL ORFEEPLOS NIY CB1ERES <6t leauses Peteegings: iBh. As

ment i oned = Larm of .+ .GPO i i.Sq 1 ire t eting to
ND10s andmg%?:ﬁgi e%?fﬁgé%gdg%%%sofwﬁﬁ F?g?‘f%,ee?s) ﬁg}’*’? a‘g%%%% Pl ORF61p
(Fig. 1). caAddittingn ofhéhi srekwhtingo Plgahect osadase cafiseingts gpaiti al
co-localizati.on with PML (18). To test whether ORF61lp's failure to decrease
PM. | evel $5@8 &% onsequence of its inability to target ND Os because it

| acked this domain, a translational fusion of ORF61lp with the Cterm nal
188 ami no _acids of 'CPO was created (Fig. 4A). The resulting protein should
have cont ZlAERigds raangstregtiqpo reéa?r edsiBNAp)\ plasgddshg arfthe

degr adati o] =L NG f i e C.term. ti regi on)
(16). v&%&ﬁf’%%gg)sog%#ﬂg%gm %8%%0@%‘%%3??&??? 1§§pr%§%?§g &P‘%ﬂo,
ORF61p or Dabex fmPNZON (PR Ot &ign. Wesd emodbifdedartary sé Bowingelihtloy sates

reveal ed that all protein products accunul ated at simlar |evels and that

addi ti on &MPFRe TEHE-HYHIC redfion TP PERBTAFE ROK-atter (8reeth Ri%bility
(Fig. 4B)5iHa&d oedbkl zghheniand ahugdanse; pf t@%@é%ﬁ@f:?”ﬁ' PM. were

t hen nonitored. As described above, 7' CPO expression |e o di sappear ance of
PM. st ai nGAFCOMRGTERS CETH ST GRA DRIATIFRAGAGATTATEAATBACAGGCECAGRT changes
initsin el lular staiyning pattern (Fi. nd 2C). The. fusion protein
had a subtgélaf ular | ocali S’ati on é)tqeern (ﬁlglpllnc 65’for‘”()‘?ﬁ‘t hat g% | CPO or
ORF61p. | acoesrzacellcrcAGErencGAart RATASIc PO cALrreatUSADOADRGEETOANAS
predom nantl@y cytoplasmc (Fig. 4D). Sinmlar to what was observed with the
P- gal act o§Ff&se fusi on®Fo this dofaPA*F18BPPeR: subpopul a?ion of cytopl asnic
PM. cont i ezt RerltaRth bt énAdesduee fOpBAGhREBARLRCERG 10- 20%
of the popul ation where the proteln was nuclear, chromatin was margi nat ed
and the f@§T@n proteirn filled’'the rensibaxg hoegeear space5(Fig. 4F).

However, i , ' I ' if was still
e i e Sl S e S T TR
an intringceapr-opsrt wedle t gt ed eiintoaly HoesHYedI DL C Ul eb&edusseKORF61p

| acks an ND10 targeting domain. Distribution and abundance of PM. and Sp100
during VZ9UPsEed&SER. - FaLp( 3 one does not efficiently degrade PM. and
Spl100 (Figs. 2 and 3). To answer the question whether other VZV proteins

af fected distribution of these proteins during infection, MW cells were

i nf ect ed wlilh pHSviears cedrte folea &b ahdomnhbyi Opeaoel Bilcaredtirsilradiigs on of

viral ‘and cellulan protgins vas yipn Lored by Lupungtl uoressence, i cr oscopy.

DNA sequencing.

Antibodies. Rabbit polyclonal antibodies against amino
acids [aa] 1086 to 1201 of ORF29p and aa 1-265 of ORFé63p

were described (43).

Polyclonal antibodies to ICPO have been described (40).
Monoclonal ICPO0 and ORF62p antibodies were purchased
from the Rumbaugh-Goodwin Institute [Plantation, FL].



30 previously reported, in cells infected wwth HSV, staining for PM. and
Sp100 di sappeared (Fig. 5A and 6A). During the initial analyses, staining
for ORF6lwoOwasl/dtibssomar ker for virus infected cells. In eerits2exprm®isi ng
ORF61p, PM. contai ning bodi es appearegdsnaller in size and | ess bright when
conpared to uninfected cells. However, unlike in cells infected with HSV,
PM. was still detected in VZV infected cells (Fig. 5B). Neverthel ess,
because t Relexpossdi orarki Heedtes of aga¥nencoded @8Ot Eiasons matotfaild y

under st oo nd_i.t m_ght be possi t otei ns expressed after
ORF6I p co%PP?S&Pé”tgo oo?’g?é/i Eégfhggl r‘?&fec Fofﬁl,rp B fas SGised* as an
al ternati vabpatker aner igifreictiash ceby s. afhi i pyot ehkohBitbigtlalphyl 06 i zes to

the nucleus of infected cells; however, it is subsequently phosphoryl ated
and transPEEstabedo PREOES opBAsm |MeReCl onahf et Yoodia. tTherore, its
intracell | | i j [ u rarker. of i ed cells
and as anéllpﬁngc%?l (;ﬁr %%Mtlﬁgl %‘%gg}y%‘éﬁ%r@@?%giﬁg% ?Sn%gfé? fé'fe%{en cells
wher e ORF6Bpavasdndaiorarsaiteh Gz aBio Spdhfloappeal Sdnaa spher,i A .

structures, _very simlar is seen in uninfected cells (Fig. 5C and

{0 at
6B). | nfefPdyclonrd atarI"éJc]%‘_’%\?ﬁ% p&i e Post Pithf edficon Wet8OnoMi¥ & ed using
staini ng parchB8cdl YELHH Ol@idhHon LatRndd M4 | BAGCH I ANy i hbg: bocald zation
of ND10O conponents was simlar to what was observed in transfornmed cells
(Fig. 2).5%padifiSaTd and bbei ehosmtwrstlidtiedr¥Baht whoeglohttedinedabundance

appear ed e decreased d.their staiping intensity.was |ess .than what
was seen %%Oﬁni n ec%gld ceqaclns ﬂ%ée5D).%ﬂ’con@géboﬁﬁgscharag@tlm tic
punct at e phaksphogyileredplGiares Reirdetrticttiddd 9.6 . sa®a Cruz
2011/ 016830QPCT/ US2010/ 002010 31 abundance, MeW cells were infected with
ei ther HSP18FSEEAPLO%e VvzVv and virus and cell protein levels were

noni tored by western blotting. As previously described, HSV infection

results in rapid degradation of multiple isoforms of PM. and Spl100 (Fig.
7A) (8). ¥XexeelFliore 45%-aranr@tedy amdt itmoudeneands Dfexar Flucepl i cati on
are very slow conpared to HSV. erefore,. to.assay the effect virus

i nfecti ongéﬁ Fﬁgggg&%&deiaﬁ]st,lt ltte%’f%bﬁg?'ﬁsf‘gfgr&\@&%?&rnege At days
post infembileaulblt CPAbbaSt [curdtta®CCWry .dusbal R i nFgehien.ardevel s of
both PML and Sp100 increased during this period of observation (Fig. 7A).
The rate BRIINEPESESe ofAPMPAHESP10CORENIANLGS fi cBAt | y hvrgiesadisdh t he
rate of ipgreasqa-ehk t Wbyl i Nymhid] Lagt he.,l e d bundance of

t hese pro elgfns vvgsfenot Ba resuﬁltgjg?%g?ﬁggp‘g%\f% a%%égr{ergﬁcaj{]{’%ﬁ. 0 verify
this, intflgeekherburigevdyd .of Daxx, another constitutive conponent of ND1O,
was nonitored. Unlike PML and Spl00, Daxx intracellular |evels remained

al nost constant during the course of observation (Fig. 7A). Because PM. and
Spl00 arernadueet bimmibefieosastehceb@ictdBdopypeiclart ht Ried to
answer the questions whether expression of these proteins is sensitive to

i nter f er oROVRTRBWEScelVPEe ah#xfHeted |shaitedowidy antdfdady emdaxx.
MeWo cel | g Le .t rgat i i I entyati i eron a.
To verify '? ﬁgt gtt heaes?nﬁg(reyézr)gﬁ&ggt m%a{/ﬁvgé;ﬁ s'? ??n?)l atAelgt iﬁ%%scgﬁg&j STAT1,
STAT2 | evelisuahdzekei rwachi vahed Pddsphorastiadwesi-d or ) 0aer e immmirtterd@d by
western blottin Fi 7B)._As evidenced by increased abundance_and
phosphoryi“éf:?:f?ﬁ%f)’é’et ﬂ%ii@%b??nglﬁﬁpé 889 (1€ nT]éPF@Y"Bﬂgr edPdnse was

active i naBWineRldsS.wdhe abyidanee aftH e hnsea dHL0 caguaRaRent S AMRS
measur ed. Al though PML and Sp100 WD 2011/ 016830PCT/ US2010/ 002010
Digital CCD Camera [Hamamatsu Photonics, Hamamatsu-City,

Japan] using Openlab 5 software [Improvision, Lexington,
MA]. Images were deconvolved wusing Openlab 5 and
assembled in Photoshop CS3 [Adobe Systems, San Jose,
CAl.

SDS-PAGE and western blotting. Infected or biochemically

transformed cells were washed twice with cold PBS, lysed



32 expression was induced, Daxx |evels remained unaltered by interferon
treatnent (Fig. 7B). These experinents suggest that increased | evels of PM
and SplOoOwdunimge$sEV i nfection result frominduction i nPCEASNSM01000
interferon secreted by infected cells2fand failure of VZV to target these
proteins for degradation. The functions of PM.,, Spl00 and Daxx during VZV
infection. 'CPO directed degradation of PM. and Spl00 is beneficial for HSV
replicati en (125 =22$5DSDsevplestbutieri hffemM dirigHMECNMH ahd8adeibdriM uses

(34, 68, . Begau VZV, ot efficiently redu | evel s _of .ND10
conponent sz)%)rt' hi gg’ex%lg?l rre%?fi%t:}%?%%l?%n% sv%]ru‘?'he% stgﬁgr?qm&tl\fher

down-r egubatited e@ind heser 10 ehnalgziar ef, \EDsreRbECaBbon kimatdigs and

yi el ds. Reconbi nant retroviruses expressing si RNAs targeting either

not hi ng, PRES Spremsdremed nfNAsnheFecastdleset r aggbreasseWwpeddins and

generate e cell i, (Sé t J I 0.andgsi O
respecti vz’?e%g?%‘?hzﬂa tuﬁglg'ceﬁaﬁﬁpl%%g?]i(?é{;:\%ﬁn%kggég tlgr gégt &%ﬁ&%i ns were
noni t or edmidkt Heseersdl,|  dnnrdsi biyz @@ speo tebhot weFegre8htednaiith the

i mmunof | uor escence m crosc, (data, not_shown). As previouysly reported (21,
o Gepl GPEERESRAR (RSN S | Hae bF | HOBERE: y Mof iDiS DAy, o

change i nych® 8RS L8 RALHAGN GhrsP10Amutrae sighnidi egph disfdierence in
Daxx levels. In contrast, down-regulation of Spl00 or Daxx did not alter
ei ther th&BS8vel sirstukiitedi bwikbn @i otaryl-NEaldotonponentesit iFimsss el |

| i nes wer h se . neasure VZV plaguing.efficiency.. Confl yent
nonol ayergn\t/t\é‘r%gd nf gcc?ttng'dlq/ﬁakt%ése?? al H%f%%flggﬁgﬁof g(]a'flolxx‘lL FES 'vi rus st ocks.
Several dagshed 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 Na;VO, and 3% BSA.

Sequence alignment. The amino acid sequences of ORF6lp
(NP_040183.1) and ICPO (NP_044601.1) were aligned with
MacVector ver 10.0 [MécVector 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 33 post infection nonol ayers were fixed and
stai ned, and the plagues were counted. The nunber of plagues fornmed on each
cell linevoasimasssal i zed to the nunber formed on controlPCralsk&lo/oTiveo resul t s
reveal ed that when PM. | evel s were re2tuced the nunber of plagues increased
by approximately 2.5 fold (t(vai)=0.0017) (Fig. 8B). This result m m cked

what is seen with an I CPO- nutant of HSV (22). In contrast, down-regul ation
of Spl00 resulted in a mnor (1.2 fold), although consistent, increase in

fur ther | RoashRg, bdifidartcils hpffeds 08, M BRERAES R ol cel)

lines wer eepbireet eshygédr el lcHateetrer usl pthagsantd Ais obreéholiogss prot ei ns
was nonitored over tine gFi g. 8C). Band intensities corresponding to virus
prot ei ns ThP8acAndepPBF&dPcel FhRrRe WEVETAdr nBLPIOF1CE nhdcakig esresent in
cont 101 o SheTuB e el Lo Rl JNELhOLE BRCdd! Akel 6XELSS 0l ORTOTD,
an imedi ate earl protein, and 29p, an early protein, were increased at
early tingepei rdxprfeddiom ngninfeedidrrernd of PMirald BNDaxxfeeltlis.i thiowever ,

at late tines the | x;sls were simlar to wh S observed in control

I agu'

t
cells. Li K&%rh _ ng }E?"‘_f‘?vc?%ncﬂrtréﬁﬂ t%fsﬂe & o]_ﬁe]B‘Pr’Sﬁ_@OG‘ d only a
monor effgghigd vidHes RREEIH hedehdr EurtUdiudOr e | P8s8f oleNEaed3 ous
centers, siRNA cell lines were infected with cell-free VZV and at various
ti mes posturahgctyiorigelinfgssdonat esuggesisingt dhatneteseaproseintonsi st ent
with the stern [ 1 Q.1 8 t he nunber, of infectious centers
formed i nggi b@f g%g@g"%aiexr{%e ls %%cr:té]a%ré% ggr%}gllﬁ PRFEYE SRT& ST e
reachi ng g3plat aawl sipiéarfure tibdis oegur t@po i masiccopbeal mafped to
2011/ 016830PCT/ US2010/ 002010_34 cells (Figs. 8D_and 8E). Depletion of Spl00
had |itt] EPPREFGENCEOBH 1T 6401 oudHent bpdy Lol ] FRYROTBES Afid toBt
Cyt opat hi g1¢Gheeht( CBE) ¥RS MBREnHr onounced A g | fARCIdON eheddM cell's
and pl agues were visible approximately 24 h earlier than in the other cell
| i nes. | npsoteiast nighdgmpe osiizke iimssidbexxi mondtlegior sdiveEecensesder abl y

cven ot | BB PGS i ich BRI okt nis por 200 oD RGUEn ERE proeiee

accunul at fgBmandhenf edtBDUSpeBRbeh ASEADHARIONELEaEE818ECENIMad Vi rus
replication simlar to what occured in siPM cells (Fig. -:8C - E),
sur pri si nYPy04€RE 1plagiinth g NELG40 IR\ i nrepPaskiKgdY) dertd call iggachat in

control cekks (Hig. - [ke egq,%j £ hegg; di I si RNA
cells gro&m gn co)verlg{gl%lsgﬁegé ignfctg?:l%e , ané)fngtoé gﬁglg &E)l?,l%c%gﬁglﬁse wer e
fi xed andseheeexpr d99i,orthdrearwasmisliad et @apéyl ptolei nveOREG3pmiared a | at e

gl ycoprotein.(gE) were nonitored by i nof rescence mcroscopy (Fig. 9).
The nucl efCef gco Tt VRet PR %e%rea%} Eggﬂedgjtlhl (S,ﬁgf‘iéffértiyst?tc iy shaped
structureamthat @fedi ndiveati.veneveoel| fusioncandaeh§igi enhicyi Ruxcpread
(37, 71). Infected foci in Spl00 depleted cells were simlar in size to
those for f2BIRK si E6NKZoF-¥éPrdd)rn conkfasd) -Hz¥ (dpBeéal-Mdck fddter in

I'1s | | P, _ , [ f i on. of .. f.oc) at 2
coll s, ackupoctis ey DRy, amey depceedy Lerombiof diendgy ©

wher e extensive TUSion oCcurréd,
i nf ecti ondofferbBaxe deltweapreaeasai thonprapednesnti CREhe Mabeenee, ot 2 dpi,
cells wereg, _onl etached fromthe si PM. ol ayer, resulting in hal es that
scor ed asggepgéaﬁeé%termlnus Emarﬁed in Queplln the sequence of
ORF6lp. 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 Spl00 was performed.

ORF6lp is unable to efficiently degrade PML and Spl00.
The effects of ORF6lp and ICPO on localization of PML

and Spl00 in MeWo <cells transformed with plasmids



At 3 dpi (Fig. 9), CPE was obvious in nonolayers fromall cell lines except
si Daxx. Extensive cell fusion was detected as evidenced by syncytia

f or mat i orweardirties30\WWO 2011/ 016830PCT/ US2010/ 002010 35 hecogse@o08203¢ ai ni ng
pattern of viral proteins. In contras27to other cell |ines, spread of

I nfection in siDaxx cells was different. Al though VZV spread to infect

nei ghboring cells, individual intact infected cells were detected w thout
any evi deREBEOGHNGe| |tHeRs ontwThi orvbogiegisogywews smonktngeyd didsfiexent from

s control sEBLEBe LAY, (Rl s uRte nol, dgtashed cun pt i Tate

stage in virus infection, explal e SpI ague

si ze. |npbotantiMi, aedaspa dnfaspesree! bs rrARitAcG | Authearon@Ewy and
failed to round up, they were often not scored as plagues in the siDaxx
line, resdFteng2fnaR&edh ntly: | 9ePTRYHEUshY BEPPELefcy SpTgsBmN T]tn SNDlO
anal ysi s i i I 98 iR s&ebls A | t c ts o

bodi es degfgn\sitq#a@tsex(rj%]la%é%m IS g ?’%’Eﬁ"‘é@?@r‘&' o&ﬁ‘?ﬁ%glv%%%%%&ﬁ

wher eas SPFAG.had lard | 2E) f (48Y .r dlosvevent, hi seprocesprebaxxgapmealed t o have

o 3 LIk CHISLLAT, SesAuse. L L ual sl enel g ol e proten i ially
directed ppagKEl @ MSFONANBHeESEACHINGE siidIIISSIREN compared to
mock treated cells, the protein was still detected,
mostly in punctate intracellular structures (Fig. 2C).
The effect of ORF6lp on Spl00 seemed more similar to
that of ICPO, as staining for Spl00 nuclear bodies
disappeared from most cells expressing ORF6lp (Fig. 2F).
To directly assay the effect of virus products on PML
and Spl00 abundance, MeWo cells were mock treated or
infected with replication deficient adenoviruses
expressing either no herpesvirus proteins (Adempty),
ICPO (AdICPO) or ORF6ip (AdORF61), and wviral 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 inte/rest. 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 post-
translationally modified forms of PML (54). Three
predominant forms of Spl00 (Spl00A, Spl00A-SUMO and
Spl00-HMG) were detected as previously described (27,
66). ICPO expression resulted in complete disappearance
of multiple PML isoforms and preferential loss of the
slower migrating species of Spl00 (Fig. 3) (8). 1In
contrast, expression of ORF6lp had no effect on
abundance or species of PML detected by this assay.

ORF6lp consistently reduced Spl00 levels, although not



Conmponents of ND10 bodies, including PM., Spl00 and Daxx, associate with
DNA virus genones and contribute to an intrinsic antiviral mechani smthat
acts to rwpnresiesspr essi on fromthese genonmes (10, 21, 2P2T/U3201088201¢17,
67-69). Herpesviruses have evol ved cop@terneasures that bypass this
cellular repression nechanismto ensure their efficient replication and
spread. HSV encodes a potent transcriptional activator, |CPO, that targets
ND10 asso@sateff irictretilne &or dpdotIERontfiglegd adafimomno AMDorescence

2011/ 016830PCT/ US2010/ 002010, 36 resulting_in.increased . expressi on of

i medi at e%glgg&f]\ﬁ s S J(YQ%‘CE%#.I %,arﬁlh:legsé'ﬁl%éleﬁté: at ALl

al phaher pesiilisusveecotescOREO Hhd asxpLEOs edt helpag. oPr exFEYS Stakti£s have
enphasi zed the conservation of biological activities between these two
protei ns &9 hakewaenonSHkat &8 thatlpotinteetedt iwkior AAEMREne WBST essi on

(49, 50) . EReMeli-dd s pbagaPeaviaual Dsn. sipum thal, Unldde, PO

ORF61p fails to overcone a requirenent e Co- erone protel h BAG3
during vi tws exaptéessitoronofsugesivingid hBd ORE3or (4ol oBpbageidnvesse

functions _(38). Am no_aci equence alignment of these proteins reveal ed
t hat whi &%8@6% Qﬁﬁ%sf?aegeo&?«?ﬁ/ébfgﬂ% fYRgEFEFesMiussBMInPO, it
lacks theig tRidRF6IS PhrbbscHSVEOrthoheg (Bethtibhl Bothegl thrss,¢yegi ons

are required for efficient targeting of 'CPO to ND10 bodies and degradation
of their &empdent dqU®) . nORF6 oy )ack Biis CPobseevasipnnuswarithexn s

associ at ed, . r.getin in I al he possibility that ORF61p is

unabl e t o "dégrade conponent's o 5. I munof | uorescence anal ysis of
cells transiently expressing ICPO or ORF61p and western bl ot anal ysis of
proteins fromcells infected with reconbi nant adenoviruses exEressing t he

her pesvi r d&K§Pot EPFSHEFeal &4 & hdMORFLYFSES T deit@ e e t hat

Sp100 | ev 6 deQIRas; mugh, ef FLGI hanyi.n celql ﬁ@{essi ng
" CPO (Fi g.aile%)t.%r Fur?ﬁerm?feb, atteirr}gfgsto&tég&r)gg%ké%%mghtag N 110 y addition

of the ' CPBFttdingetliteysdomdieoni ty namd chhagetahhsngheaattypae (@ GNDA). WO
2011/0168%%%9&%9820%9éOoggégression does not result in the
disappearance of PML. However, ORF6lp expression but

does affect Spl00 levels.

Targeting of ORF6lp to ND10s does not cause PML
degradation. As mentioned above, the C-terminus of ICPOQ,
which is required for targeting to ND10s and efficient
degradation of PML (16, 18, 45), is absent from ORF61lp
(Fig. 1). Addition of this domain to p-galactosidase
caused its partial co-localization with PML (18). To
test whether ORF6lp’s failure to decrease PML levels was
a consequence of its inability to target ND10s because
it lacked this domain, a translational fusion of ORF6lp
with the C-terminal 188 amino acids of ICP0O was created
(Fig. 4A). The resulting protein should have contained
all regions of ICP0 required for PML targeting and
degradation (a homologous RING finger and the C-terminal

targeting region) (16).

MeWo cells were either mock treated or transformed with



37 ligase (reviewed in (30)) (Fig. 1). Herpes sinplex virus ubiquitin
ligase (HUL) -1 is encoded by exon 3 of 'CPO and is responsible for

degr adat iwo 20f1/a68s84 (28, 29, 31). However, the HUL-2 aeCiraisteronhzio
pronot es degradati on of PML and Spl10029raps to the RI NG finger domain of

| CPO (4, 31). RING domains in the appropriate nol ecul ar context have been
inplicated in proteasonal degradation (42). Inportantly, binding of an
ubi qui ti ncpnsteases( HXISressBRg) tI€RMhe COREPAPNUPMf tIOPO Vs isuygest ed

to pronot rradation of Rl finger substyrat (30)...This bindi ng m ght
result i nggg%%égt'r é{hso T3t ﬁfg‘g? fipgﬁyﬁé\ﬂ f%b‘f%ﬁ%t?ﬁ%f‘&&sHﬁl_eyf trates
and ensur ehtiteidl lefdistent pabaatcBy fcumiieirasoael sdrpgnagdatieare(d, 20,
30). Based on these observations, two scenarios are envisioned that explain

why ORF61foddiatot a@AisE0R| Sdpgdid afckesMiphl F@igmoef ACPRowi t he RING
finger dopmin J (oA T f S dranset Lptignal [ J dvity (48),
t he nol ec%l}a—'r éc%tnétlgx?kgﬁg?hgtrdgltsllo\{);l()?{ﬁ%?b n%%g;’h't ﬁgéi \r:}g)tgﬁ(rigpz%lccgto\é{ for it
to act asaad E3bubidquice nofi gaheseAl peotatinse! ynd adMIof wareaubitddrt i n
specific protease binding site wihipn ORF6I jght | ead .to ayailability of
USP7, ' 1 aplP@RdE O3B qui 4F &SR 519 t 8OPEPget P Gna PRES S0t eLFPorFd r om

pr ot easonmali sepgeddahicen. ofhephpt t &F a Y PRE hesiiser Sad a\BiHth s fSoRC AUl at i ng
evi dence sug%est s that _unlike the self preservation properties of |CPG

whi ch depPRE3R bi Agsngtefl USRY (Fn1YORF6LAThE r aphangedegrimed it a

pr ot easo ' .t hat ires a.functijponal R finger domain
(Kyr at soﬂg?‘t%g%%%%g%‘ SlgpgéPépgl nlgggﬁ%ﬁ | g?]le%) . [ZFni gngbsée%r:{/at inlglne inplies

t hat the BRuNGoh ngesteinORELLpapossiesseIuEdr| ilgasel Bedt Vo y paitdteaan drive
aut oubi qui ti nation, however, lack of a protease binding site

WO
2011/ 016888BEFFO52015PB028MF 38t e36FPs 91 PRE6d&pl efPorfMO$h SifpsTt of

this, am ngrR¢%s maitidin t sagRience | CPR,Lhat, ar i ed bi ndi ng
of USP7 (BQ éare rnlnott flglr]ndms)n ORF61p (I%fl%. 1)%lgugon fg)rr!tb%%lrilnanal‘l{/%s of the

r el at i onsbkirgdostineat ly7 ¢ yhragt lsi sl antF conpdPent §ivf 1AD1 @, whiatwasgsobser ved

that, unli what. occyrs,_.durin V. infectio t.he apundance of PM. and
Sp100 i ncpégsegge&lurwlﬁtg \)ﬂfei hf%@ﬁ%gﬁoﬁ—‘%&se? S s ngf@‘ééséi%ln?gbeci fic
for interfiegon-sai nelbpegucarpemcnivE otbyNp®sshfiicg. PMB) , cenddanidgvel s do
not change throughout the course of infection (Fig. 7A). Because VZV

i nduces | RPERAEEr &P -4acakizrd iwiely £het fusieh R dénnsbedikQet | y

i nduce s es| f nt d t or t j ase in
abundanc)elag?s Pdl)vf ;&rllltfl\lts)%%BﬁggEQBﬁ [ehePdd diia pEBEE?B Fas ! BOINGLE

O rs an indirect effect of interferon sti'nmulation.
The possi bhirbmpattibatwas hearganheeds arol theatfecsitan | pretéénorfildyed
contri but% to_incr.eased | evels of PM g%‘d}gSpl inl_s{i nfected.cells .cannot be
excl uded. “BSr FridYME AT hedGhSRatSn s eXpresSPBRVEF ORPslP Wesul ts in

decreasedchewel,s #ithpd§h (FY. B)st MBGHIHEChia@n aBBEkEE, I Nian ydwrease
(Fig. 7). It _is posited that induction by interferon during infection masks

degradat | f1ef SERFPIRLLRFETRUS Thi §addhErastalf wiQRFOHRL 8 oBs¥fafed during
FSV 1 nfech heRacll IBIRINS, LANSE AL Bk, Wi *srPUIngpgzgégthggp%gﬁg 'O%DP causes

a nore efficient decrease of Spl00 en conpare HSV
nmut ant s | &bki g dt@RM arandyeesensit iopeuro hextarder ORF 6 bt) landtst lirs ef f ect

i s nmedi at y.PML (7). In cantrast, although VZV is sensitive to
K1 e ommakin S0

interfero i ke 1 CPO nutants, are not hypersensitive to
interferon (1). These data, along with the observation that PML is not
degraded during_ VZV

Distribution and abundance of PML and Spl00 during VzZV
infection. ORF61lp alone does not efficiently degrade PML
and Spl00 (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 VzZV and the intracellular

distribution of wviral and cellular proteins was

monitored by immunofluorescence microscopy. As



WO 2011/ 016830PCT/ US2010/ 002010 39 infection, suggest that interferon
inhibits replication of these two human al phaherpesvi ruses by distinct
mechani srwoand/tibgsd t hese viruses have evol ved diff er enPCarus26100i0ié c
countermeasures. As a result, in contg@ast to HSV, it is likely that VvVzVv
does not require degradation of PML to overcone inhibition by interferon.
PM., Spl00 and Daxx were reported to suppress the early stages of

her pesvi r B¥ervaeplisdat i oreg@dted?, 67 69¢elBsablimfesited i nestHeplistied of each

of these pratei.ns re ed t ze. wWhet her these praqtein o affect
Che repl | ShOLOAg o AL d, SOd S 308 pREe g Pty Bk 2a o | 1 Hsv
i nfecti onpusph@0 thhed ilditdill efd£rise®, ptaguhdggeEbirCORPGY p YRIRE tXPr €ssi on

and infectious center titer in cells infected with VZV. However, infection
of both sPprkeandfer Daxkrwl Iinfatdsed esglded | AnarFehks e®rnasainer and

accunmul at b836?kh;/ibli£ﬂ[l§tggﬁkgiip§n§: g@éié(%tégﬁgargﬁussmélhf&e EECG’tsE?Liz{EZ t hese

speci fi cal e ear ages 0 us replication. spi
di fferencead cékksasbadigatedwhicher £onfpavdd r eachesthifecar®e pedkliditer at
| at er tirresininfect'honin_all cel | sited that VzZVv

lines. It is po
replicati BAYEYSCont MBI EE b’yntvﬁ?]i]rﬂedé‘rﬁfé:rﬁeio’é’tltﬁledﬁﬁi’ed RflepdVasin early
block thatihginediataskdy PVl Repx angdrpesshbl eotiner hesy profwins, and a

| ate block that determnes virus yield. A though depletion of proteins that
functi on ¥eveytheliessi.bi bechasieni thel exmyessodnt elneriuss|ide MEV e
results i l-er replicatiqn kinetics.. it is not fficient to

i ncrease %Br%ég daﬁo eve %pﬁ%ntnoo ?lrl]?g& P(r)llt}sergé—’r?to(ﬁfr's.a%el uftdth of NDLO
conmponent bedwdsiiid dehype dtHér npeetkednsi exbdddoad t afeest WRr618s t hese
proteins are rapidly degraded after 'CPO expression and are absent from

i nfect ed EQPIt§.1%1‘W@s,t%IebP§§i &F oFMbheygipgstinfgstion, ORF62p was

2011/ 016330RATI415204 04002040 AQ, Prghicts 13s nvaldas emyykl dupype virus

replication kinetics and yield, but enhances replication of an 1 CPO- virus
that fail progedir ecni eyt byaflioorlizes 229 . thkee mesidus of timfectadly

denonstrate.that wild-type MZV.mmc¢cs 1 CPO- virus replication.in P

depl et ed Egﬂﬁg;(ﬁﬁwe‘é?ilgndltf ai'Ps ?%gﬁ?glég{ltxggr%b%?&b%rﬁa?ﬂ% 8] Or
conponent tebniDbeaked eso (Ehe. S)topTasintibast ti;m PMhfeSp168 afundance is
partially decreased when ORF61p is _expressed (Fig. 3) and depletion of the
prot ei n hASEEREPTE i ASF efFEEREH Wl A&aa G FIRRCBHED THUS, vzv
m ght havgseyghved 10 n’éa!r]ﬁ{é?kt S OPIIPLEYE! Sei Pt BRaEREE AN ;i%g&'f@o A O

efficient replication. Alternatively, the small anmounts o remai ni ng

within thefceiles aftge sifRNBhdeptistisonrepghtabéosufdycient Thorcdlild o

silence Vx%\l'{'ere ORF62p was nuclear both PML and Spl00 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 spl00 was not detected (Fig. 6C).

To further investigate the fate of ND10 components

during VZV infection and quantitatively measure their



I n conclusion, this study shows that VZV grown in cell culture behaves as a
uni que nenber of the al phaherpesvirus famly. Unlike other 'CPO orthol ogs
(55), ORRsopodaoassanot direct degradati on of NDLO conpon@enTAIS20ANDZ10
interaction with this intrinsic defengde nmechanismis nost simlar to how
adenoviruses deal with host nmediated silencing (72, 73). Neither virus is
abl e to degrade ND10 proteins and yet both overcone restriction by
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87, 92, 1@2Fecthrpeghytbig aghirecty onl CBR prt%%_teesﬁ%,@rea%t,i o r _
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nucl ear structures an _ n addition and nore specific to
this repopt, tGRE8ip, timeliArigrd hdial, thetivatessei ial apuodenees cihd

enhances [nfectivity of viral DNA as does.|CPQO_. th rototype for,this
gene fam }:geffoo?r(i%ﬁpsl—b%%erﬁoq wo' kgﬁsblilgl oaifca(fgjdff B8 S aﬁlé% ween t he
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observation (Fig. 7A).

Because PML and Spl0O0 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 Spl00



42 and Sp100, whereas ORF61p specifically reduces Spl00 |l evels (92). These
findi ngs suggest that these proteins have evol ved separately to provide

di f f erentwbuncitaiesss for virus replication. Virus nutant eCraskémngorone ' CPO
gene have an increased particle to pl3ue formng unit (pfu) ratio,
substantially | ower yield and decreased | evels of c gene expression, in a
multiplicity of infection (noi) and cell type dependent manner (78, 80, 84,
109). TheS¥PKBEAALE aWas alngdugefectPaxX atl cyedsadienpiNmed yowpgseaads (99).
Depl et i ony.0f . p ccel.eraf. j£WUS gene expression and increases
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infection by HCMV and adenoviruses (34, 68, 72). Because

VZV does not efficiently reduce 1levels of ND10
componients, 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, Spl00 or Daxx mRNAs were used to
transduce MeWo cells and generate stable cell lines
(sicontrol, siPML, siSpl00 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 Spl00, but no significant
difference in Daxx levels. In contrast, down-regulation
of Spl00 or Daxx did not alter either the levels or

distribution of other ND10 components.

These cell lines were then used to measure VZV plaquing
efficiency. Confluent monolayers were infected with

serial dilutions of cell free virus stocks. Several days



Drug treatnment. Interferon a was purchased from PBL Bi onedi cal [Pi scataway,
NJ]. Viruses. [1] HSV. Strains used were wild-type HSV-1 (d asgow strain
17) and awoO'2CA®16880| virus derivative of strain 17 (d11203)usedo®y201¢ii] HSV
expressing VZV ORF61p (HSV- ORF61). d133103 nucl eocapsi ds were co-transfected
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ORF61p bubPogst IwfeciChonceowngg awinenverferil ¥pdqeadpustdiedds i \?éldl mes.
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line L7. Ykus yfﬁh%g@s gﬁgerrg AS BEeWﬂLé%#J\éO#esgﬁbp@g £83) i rt DNA

extraction. Hirt was prepare as descri bed Pl asm constructi on.
VZV ORF61lappsoRGCRaamilyi f el ffohdVZM genefi. 0DNA ( {Bhgs s&Bhi n)This ng RV61

(5" - GGGICGA TGCATT ATCCCAGTATT - SEQ | D_NO. . 7) .an Sal6l (5'
- CCGTCGA MPRT lsss?e’@sﬁbt%ogﬂo%?% TREtE %ﬁﬁ (rjfiiﬁc

cl oned i n (pER2. JInTCP&lE@aQ@neaém REBG1EeLoh oneswﬁlrégmgdseiqyence was
WO 2011/ 016830PCT/ US2010/ 002010 44 excised as an Ncol/Sall fragnment that

was used Bomiagiradd -Fediites @heoaidly FOPELsheNEol ABgrrRagicgest &E\HDS17
(113), tOtXE%Ed ?gﬁa“ %%OBI). 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 1levels were similar to what was
observed in control cells. Like the plaquing efficiency
results, depletion of Spl00 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



Al'l primers were obtained from Operon Bi otechnol ogies [Huntsville, AL] and
all vector inserts were verified by DNA sequencing. Analysis of reconbi nant
Vi rus germoesil/ibs3d DNAs were interrogated for the presentasedloORBEL
sequences and t he absence of IE-0 coddfg sequences by perform ng PCR using
the prinmers: Ofor:5 - ACAGAAGCCCCGCCTACGIT - 3', Orev:

5' - GGTGCCCGIGICTTTCACTTTTC -3', 61for: 5
cells (Figs. 8D and 8E). Depletion of Spl00 had little

influence on infectious center yields (Figs. 8D and 8E).
Cytopathic effect (CPE) was more pronounced during
infection of siPML cells and plaques were visible
approximately 24 h earlier than in the other cell lines.
In contrast, plaque size 1in 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 plaquing
efficiency in siDaxx was identical to that in control
cells (Fig. 8B) . To probe the Dbasis 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 Spl00
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 plaque.

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



GGGAATTCGGEEECCCCTTCAATCGTCGCTAG -3, 6lrev: 5'-
TGCGGECCCGCGAATCTCGCGTTTCCCTCTGITCC -3' (SEQ D NCS: 3-6, respectively).
WO 2011/016830 PCT/US2010/002010
35

homogeneous staining pattern of viral proteins. 1In
contrast to other cell 1lines, 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 plagque size. Importantly, because
infected cells remained in the monolayer and failed to
round up, they were often not scored as plaques in the
siDaxx 1line, resulting in a seemingly lower plaquing

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 Spl00 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, Spl00 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, ICP0O, that targets

ND10 associated proteins for proteasomal degradation,



Anti bodi es. Pol ycl onal antibodies to ' CPO were descri bed (20). Monocl onal
anti bodies to ' CPO and | CP4 were purchased fromthe Runbaugh- Goodw n

I nstitutewpRbamtiet3non, FL]. Pol ycl onal anti bodi es agai n®CTORE@L0020e0 €
described (92). Monocl onal antibodi es3¢o tubulin were obtained from Santa
Cruz Biotechnology [Santa Cruz, CA]. Polyclonal antibodies agai nst PM. and
Sp100 were purchased from Chem con [Tenecula, CA]. Goat anti-rabbit and
anti - nous&egniitbodi esncobjogeasddt oexprees adns o perimnatbiset d orearly

i mrunobl ogfti ng were Obé?l nez%rf rom KPL [ Gai t hersburg, MD)]. SDS-PACGE and
western bl 63‘?‘1 n§ S R déted ‘bi ochenically transforned cells were washed
twce with cold PBS, lysed in 1.5 x SDS sanple buffer [75mM Tri sHC1 pH 6. 8,
150mM DTT, 3% SDS, 0.15% br onophenol bl ue, 15% gl ycerol], and boil ed. Host
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western blotting ocki'ng ‘menbranes I'n onon
i mobi | | zednpeeteitieonwerfe beatdeticailt hddie iafproisealeeanthbedi asvd n 1%
nonfat mlk in PBST. Menbranes were washed three tinmes for 5 mn each with

PBST, incBBRLEITSI BRhhavei JPRRBSL TG SEnt NG RR BNBF Body tdoIF AR ed to

hor ser adi gt pgepxi da ard owashad agaigy t higgdides fir e n PBST
and twice w t% PBS. %%’irlebodloes aere Vi sogal i zed by addll'?llr on ag‘ I?\l?nél%_o

substr at epFKPEPuaﬂ&' HgFIs U leown Xhaay ufniliife ReGRO t sORBOEpatfaddsofta VZV- HSV

mbi nant ORF61 f ith VZV t wth of
. POV | CROSRADIR 3 2oe s Stk e cCaePhdpr RenE RE R hsal 1y

expr esseddG]REﬁﬂ_:yp vmslsxe@lpmcaaﬂ@hem%ﬁntggmdl(ﬂao thdt HEaRE theAlogsThi s

| atter exBerl ment suggested that these virus orthologs shared sone

bi ol ogi caPa¥&t PdVEres fuasians t e proteins differentially affected NDLO
conponents, and w ld-type VZV, but not HSV, showed a distinct requirenent
for these conponents (92). Therefore, to further dissect. the function of
ORF61p, t Amgnst adydexygmrean-e faligmh@dnt eﬁbshiasat prooeiHSV riedlR@lwkn it

repl aced e . duplicated_ i diate early (I E-0) | oci .ace the | oci
encodi ng gﬁ& I—?g{?,liml(g%% s TebH RE tt’f‘itéevﬁ% DL orﬁaﬁ\lcﬁl 48¥SMncodes
the firstrt@%daasanst anceddi t i enaladiés aankhat- @saniiels ved f{eg amwput of
frame fusion of the second and third exons of the IE-O gene. ORF6lp coding

sequencesORERE18MpI (Fidd and iBrERt of | these NECUicas AFgestasyi cl one
as descrlggg 'Qf@@&?éh@lStﬁ?&e@?hBOdéf TP@PabQ&)gﬂﬁﬁO bodies and

degradation of their components (16). ORF6lp’s lack of
ICPO’s C-terminus and its associated ND10 targeting
domain raised the possibility that ORF6lp is unable to
degrade components of PML bodies. Immunofluorescence
analysis of cells transiently expressing ICPO or ORF6lp
and western blot analysis of proteins  from cells
infected with recombinant adenoviruses expressing the
herpesvirus proteins revealed that ORF6lp does not
deplete PML and that Spl00 levels are decreased much
less efficiently than in cells expressing ICP0 (Fig. 3).
Furthermore, attempts to target ORF6lp to ND10 by
addition of the ICP0 targeting domain did not change
this phenotype (Fig. 4).

Because ICPO contains two separate E3 ubiquitin ligase

activities, it was described as a two-headed ubiquitin



WD 2011/ 016830PCT/ US2010/ 002010 46 enconpasses the AUG codon used by both
genes to initiate synthesis of their respective proteins. The structural

i nt egrit ywof2otimaessesul ting plasmd (pCPC-061), that retacmastoie/o0vib1Q
pronoter and 3' UTR, was verified by r&striction endonucl ease cl eavage and
DNA sequence anal ysis. Subsequently, pCPC-061 was |inearized and
cotransfected into MW cells wth d11403 nucl eocapsids (107). The

resul ti nglieasebilmavtienadusinmae3 @)k r 6Fed. oh) MeW@rpes| sinpd ekamjeys aques

were picked.w. th.the .presu i t hat, expression, of ORFG ul onpl enent
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i nt ernal gri mers_honol ogous to ORF61 (Fig. 10A). Pl aques containing virus
DNA with 3éduencBSWeNesdi ngtoRF6 T and | &3G gt Ha et?ﬁ@dai nECPESSi g. 10B)
were furt HLicfised d ed [ S eriy i
expresseda%glgglpl.tl?ﬁe (?gsu ts % 8t hslriisleq;dr]aﬁ%s)lgs %@eggﬁovﬁlﬁﬁ Iﬁilélgé%c and
are summudpmedna®ff AIdRWs (4 wedtér n RING doned ivss simof thel bppiropadiaad Wi t h

d11403 or V- ORF61 denpnstrated that the xpressed, sim | ar anounts of
Cha ot CGTRTSROSET (TORLPER iAo BeEPO THRLL Rak SRV ERRE D e Bed
ORF61p. ThUgraAthioW CREHIL. batboseRies Of Bide{ggt iore Ak QHAena twef e

replaced with CRFGII) codi ng sequences and the resulting virus expressed
ORF6l p unBEPtesher ol HAISE he IUSRY or saottdre Groarmninng mfaglfRg efds ci ency

of HSV- exp IITEP{: e .est th pression of
ORF61p ?jggéggl;ﬁ%g |c€é n O§Tb(%q%not %%g‘%aggrté{%% vmwpg-t%%?édl 409 %nd
HSV- ORF61subsertitesat ed30n .L7 ahd sVer pigeling anchirgdltat | wvespilagui rig

efficiencies were cal cul ated as_a percent agle of the titer on L7 cells

versus t hESEPEEFIGH 198 oOLel PP7 1 145371 Yo n 3t inasedu i 2 wo
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that is evident when their titer is measured on conplenenting cells such as
L7 and coRparedsppallhdiegriaidadiiaon tthe fareiftlal 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
pl agui ng B&EEA eney Of t Hisdle ORFEYs oved t Tdd403 hyvapprevdnatialy 3ol d, it
was not sufficient to restore wild-type plaque formation. This study next
i nvest i gaFBYRIRPELpr &8§iTon B 1E¥| b e‘%@@@lﬁ’hedgﬁém ROki n&AUEE of t he

reconbi nagt s¥pbea radMeWE Gl Sandeddh OM@rﬁ}éﬁgﬁ§ﬁegh@tR%Nprfﬁae sanpl es

were harvested over tine, and the yi'eld of infectious virus per ceﬁl was
det er mi nedobgipl atgie raspayrash Edrcelts. thsalsesiiptmifortdie grdvitviatdmmnyes

bet voen WPTALVSEE ahb b1 1008 (B ST TRBSE oot per e St | &F Lo the
concl usi ooRFbap, niyher Be oindbpevbrfacéf ifdrenty ard ¥éfUssyighd EORFE1p
could not fully conmpensate for. | ack of ' CPO
ubiquitin ligase. Alternatively, lack of an ubiquitin
specific protease binding site within ORF61lp might lead
to availability of USP7, rapid de-ubiquitination of its
targets, and thus protection from proteasomal
degradation. The 1latter hypothesis is favored, as
accumulating evidence suggests that wunlike the self
preservation properties of ICP0O, 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 auto-

ubiquitination, however, lack of a protease binding site
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Surprisingly, although autonomous expression of ORF6lp
results in decreased levels of Spl00 (Fig. 3), VZV
infection results in an increase (Fig. 7). It is posited
that induction by interferon during infection masks
degradation of sploo by ORF6lp. This contrasts with what
is observed during HSV infection, but remains consistent
with our observation that ICP0 causes a more efficient

decrease of Spl00 when compared to ORF6lp (Fig. 3).

"HSV  mutants lacking ICPO are hypersensitive to
interferon (51) and this effect is mediated by PML (7).
In contrast, although VZV is sensitive to interferon,
ORF61 mutants, unlike ICPO mutants, are not
hypersensitive to interferon (1). These data, along with

the observation that PML is not degraded during VzV
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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 VzVv
replication is controlled Dby 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 vyield. Although depletion of
proteins that function early to inhibit the initial
stages of the virus 1life 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 ICP0 expression and are absent

from infected cells. Thus, depletion of these host
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products has no effect on wild-type virus replication
kinetics and yield, but enhances replication of an ICPO~
virus that fails to direct degradation (21, 22). The
results of this study demonstrate that wild-type VZV
mimics ICPO~ wvirus 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,
Spl00 abundance is partially decreased when ORF6lp 1is
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 Spl00 levels to the extent
required for efficient replication. Alternatively, the
small amounts of Spl00 remaining within the cells after
SiRNA depletion might be sufficient for it to silence

VZv.

In conclusion, this study shows that V2V grown in cell
culture behaves as a unique member of the
alphaherpesvirus family. Unlike other ICP0O orthologs
(55), ORF6lp does not direct degradation of NDI10
components. VZV's interaction with this intrinsic
defense mechanism is most similar to how adenoviruses
deal with host mediated silencing (72, 73). Neither
virus 1s 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 Spl00, but its
replication 1is 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.
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Results II

Alphaherpesviruses encode orthologs of the herpes
simplex virus (HSV) o gene product ICPO. ICP0O is a
nuclear phosphoprotein that behaves as a promiscuous
activator of wviral and cellular genes (83, 87, 104,
105). ICPO0 also functions as an E3 ubiquitin ligase to
target several host proteins for proteasomal degradation
(80, 86, 87, 92, 102). Through this activity, ICPO
promotes degradation of components of nuclear domain 10
(ND10) bodies, including the promyelocytic 1leukemia
(PML) protein and Spl00. 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 ICP0O 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, ORF6lp, the VZV ortholog,
activates viral promoters and enhances infectivity of
viral DNA, as does ICP0O, the prototype for this gene
family (100, 101). However,  two key Dbioclogical
differences between the HSV and VZV orthologs have
previously been demonstrated. Unlike ICPO, ORF6lp 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 ICP0O is not expressed (93). Furthermore,
while Dboth = proteins target components of ND10s,

. expression of ICP0 results in degradation of both PML
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and Spl00, whereas ORF6lp specifically reduces Spl00
levels (92). These findings suggest that these proteins
‘have evolved separately to provide different functions

for virus replication.

Virus mutants lacking the ICP0 gene have an increased
particle to plaque forming unit (pfu) ratio,
substantially lower yield and decreased levels of o 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 Spl00 accelerates virus gene
expression and increases plaquing efficiency of HSV ICPO
defective viruses, but has no effect on wild-type virus,
suggesting that PML and Spl00 are components of an
intrinsic anti-HSV defense mechanism that is
counteracted by ICPO’'s E3 1ligase activity (86, 87).
Interestingly, ICPO 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 ORF6lp in place of
ICPO0 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 ICP0 and ORF6lp and shed 1light on the

requirements for PML and Spl00 during infection.

Materials and Methods: Mammalian cells. Human melanoma
(MeWo), siPML (93), sisSpl00 (92), L7 (106) and U20S

cells were maintained as previously described (91, 111).
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DNA transformation. DNAs were transformed into the
appropriate cell lines using Fugene HD [Roche,

Indianapolis, IN].

Drug treatment. Interferon o was purchased from PBL

Biomedical [Piscataway, NJ].

Viruses. [i] HSV. Strains used were wild-type HSV-1
(Glasgow strain 17) and an ICPO null virus derivative of
strain 17 (dl11403) (109). [ii] HSV expressing VZV ORF6lp
(HSV-ORF61). dl11403 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 ORF6lp but not for ICPO

coding sequence were plaque purified five times.

Virus growth assays. {i1] Plaque assays. Confluent
‘monolayers of MeWo, siPML, siSpl100, L7 or U20S cells
were infected with 10-fold serial dilutions of wvirus
stocks and the monolayers were fixed and stained, and
plagques were counted. [ii] Growth curves. The titers of
all HSV stocks were determined prior to analysis by
titration on the ICPO-complementing cell line L7. Virus

vield 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) wusing RV6l1 (5" -
GGGTCGACTTGCATTACCCTATCCCAGTATT - 3’) (SEQ ID NO:7) and
3’Sal6l (5’ — CCGTCGACCCCAACAAACTAGGACTTCT - 3’') (SEQ 1ID
NO:8). The PCR product was cloned in pCR2.1-TOPO to
generate pCPC-T6lcdJ. The ORF61 coding sequence was
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excised as an NcoI/Sall fragment that was used to
replace sequences encoding ICP0 in NcoI/Sall 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, 6lfor: 5’ -
GGGAATTCGGGGCCCCTTCAATCGTCGGCTAG - 3, 6lrev: 57 -

TGCGGCCGCGAATCTCGCGTTTCCCTCTGTTCC - 3’ (SEQ ID NOS:3-6,

respectively) .

Antibodies. Polyclonal antibodies to ICP0O were described
(20). Monoclonal antibodies to ICP0O and ICP4 were
purchased from the Rumbaugh-Goodwin Institute
[Plantation, FL]. Polyclonal antibodies against ORF61lp
were described (92). Monoclonal antibodies to tubulin
were obtained from Santa Cruz Biotechnology [Santa Cruz,
CA]. Polyclonal antibodies against PML and Spl00 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 TrisHCl pH 6.8, 150mM
DTT, 3% SDS, 0.15% bromophenol blue, 15% glycerol], and

boiled. Host and viral proteins were subjected to SDS-
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membranes 1in 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 ORF6lp.
Coinfection with VZV complemented growth of an HSV—ICPO‘
mutant (109) . Subsequently, a cell line that
conditionally expressed ORFé6lp was used to complement an
ICPO null mutant (24). This latter experiment suggested
that these wvirus 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
ORF61lp, 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, dl1403 was used
as the viral backbone. dl11403 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. ORF61lp coding sequences were amplified and
inserted in an Ncol/Sall digested ICPO clone as

described in Materials and Methods. The ©NcoI site
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and downstream of IE-0 and two internal primers
homologous to ORF61 (Fig. 10A). Plagques containing virus
DNA with sequences encoding ORF6lp and lacking DNA
encoding ICPO0 (Fig. 10B) were further purified and used
to infect cells to determine if they expressed ORF6lp.
The results of this analysis are shown in Fig. 10C and
are summarized as follows: western blot analysis of
cells infected with dl11403 or HSV-ORF61 demonstrated
that they expressed similar amounts of ICP4 at 6 hr post
infection and no ICP0 and that HSV-ORF61 expressed
ORF6lp. 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 plaquing efficiency of HSV-ORF61. Two
experiments were done to test whether expression of
ORF6lp rescued the ICPO null phenotype. First, wild-
type, dl1403 and HSV-ORF61 were titrated on L7 and Vero
cells and relative plaquing efficiencies were calculated
as a percentage of the titer on L7 cells versus the

titer on Vero cells. HSV dl11403, and other ICP0 mutant
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Immunofluorescence analysis for ICP4 (data not shown)
was used to verify that each virus infected equal
numbers of cells. Cell 1lysates 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
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Fate of ND10 components following infection. ICP0 1is
necessary and sufficient to dissociate ND10s and target
their two major components, PML and Spl00, for
proteasomal degradation. In contrast, ORF6lp does not
degrade PML but decreases Spl00 levels (92).
Accordingly, the fate of PML and Spl00 was followed
during an infection with HSV-ORF61 and compared with
what occurred in cells infected with wild-type or
dl1403. 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 HSV-
ORF61 (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. Spl00 is another

major component of ND10s and it is well known that it is
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15). The
Effect of interferon on virus replication. Previous
studies suggested that HSV's interferon (IFN)
sensitivity is mediated via PML and proposed that an
ICPO- virus is hypersensitive in part because it fails
to degrade this cellular protein. Having shown that HSV-
ORF61 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 plaquing efficiency
of HSV-ORF6lp, wild-type HSV-1 and dl11403 on MeWo, Vero
(which respond to but do not express IFN (82)) and U20S
(a cell line that complements ICP0 mutant viruses (112))
cells in the presence and absence of IFN. The plaquing

efficiency of both d11403 and HSV-ORF61 in MeWo and Vero



correspondi ng Us an 5BV-1 bacm d

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 1in absolute plaquing 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 dl1403 HSV-ORF61
MeWo - 1.65x10° +/- 707 x 255x10°+/-1.63x 1.70x 10" +/- 1.41 x
IFNa 108 10* 10°
MeWo 1.10x 108 +/-141x 1.20x10°+/-2.83x 1.20x 10° +/- 2.83 x
+IFNa 107 102 10°
1.30x 108 +/-2.83x 7.00x10* +/-8.49x 7.75x 10 +/-1.77 x
Vero -IFNa 107 10* 108
4.65x 10 +/-6.15x  1.65 x 10° +/- 7.07 x
Vero +IFNa 3.00 x 10’ 102 103
U20Ss - 1.23x10%+/-3.89x 450x10" +/-7.07x 4.15x 107 +/- 3.32 x
IFNa 107 108 107
U20Ss 400x10" +/-1.41x  7.75x10°+/-354x 1.00 x 107 +/- 7.07 x
+IFNa 107 10° 108

In support of this 1is

dl1403 to IFN in Vero cells.
U20s

(102),

mutants

cells

to IFN. In

rescued

the increased sensitivity of

the

similar

sensitivity of

fashion,

As previously described

ICPO
plaquing

efficiency of HSV-ORF61 following treatment with IFN was

also rescued

while

(Fig.
ORF61p

14).

substituted for

These analyses revealed that

some of

ICPO’'s

functions it was clear that it did not complement all of

the defects in dl1403 as evidenced by HSV-ORF6l's
failure to recapitulate the wild-type IFN resistant
phenotype (Fig. 14).

Discussion

WO 2011/ 016830PCT/ US2010/ 002010 57 gl ycoprotein encoding the Us regi on of
HSV can be substituted with the predom nant gl ycoprotei n genes ORFs
68 that awenooatssd in the region of VZV. This is done ®errus2€iondmini ng
ORF61p in place

67 and



The into cells to As known in the constructed by introducing

simul taneously the desired DNA fragnent in a plasmd/bacmd into the host
cel |l al oryowntinitsse virus to permt reconbi nati on therewrcrhusang/oomeonbi nant
virus production. One by one substituflon of HSV gl ycoproteins with the
correspondi ng sequences fromVZV to can be perfornmed to reconstitute an HSV
strain whose gl ycoprotein genes are fully substituted for with VzZVv

gl ycopr ot EPH é@ﬁ@slSHﬁst$$ef$n9@§r@mﬂfaﬂﬁﬂﬁhaﬁya©V§raﬁaﬁlw&ﬂ@ngand can

e 0 oo A B IR A BBz of gene
expression. Orthologs of ICPO exist in other members of
the alphaherpesvirus family. These proteins are related
to ICPO0 by virtue of their location within the wvirus
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 ICP0 ortholog in VZV, ORFé61lp,
accelerates replication of an ICPO- virus when co-
expressed and also influences gene expression (100,101).
In spite of these similarities, the lack of homologous
ICP0 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 ICP0 and ORF6lp by
constructing a mutant HSV virus that expresses ORFélp in
place of ICPO0 under control of the ICP0 promoter and
3'UTR. Therefore, the ofthologs are expressed 1in 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, ICPO- and HSV-ORF61
demonstrated that although ORF6lp partially rescues the
ICPO0 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-ORF61l. The
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2011/ 016838REdhER2010480884Ace during virus replication was
compared. It was observed that even when other HSV
proteins were expressed, ORF6lp specifically decreased

Spl00 with no effect on PML.

ND10s 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 plaquing efficiency of dl11403 but not wild-type
virus are augmented in cells that lack PML of Spl00
(Fig. 14) (85,86). In contrast, replication and plaquing
efficiency of wild-type VZV is unaffected by depletion
of Spl00 and augmented in siPML cells (92). Based on
these observations and assuming that only ICP0 and
ORF61lp are necessary for the observed plaquing
efficiencies in the different cell lines, one might
expect that an HSV virus expressing ORF6lp in place of
ICP0 would phenocopy VZV. Therefore, the plaquing
efficiency of HSV-ORF61 on siPML and siSpl00 cells were
compared to their parental control cell lines. Although
virus replication. was partially complemented when PML
was . depleted, reduction of Spl00 levels did not affect
virus replication. This was a further demonstration that
ORF61lp has evolved to titrate Spl00 levels to allow
efficient wvirus replication. However, unlike ICPO,

ORF61lp does not target PML; therefore, when only ORF6lp
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Spl00 degradation. Spl00 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 Spl00a, Spl00A-SUMO and
Spl00-HMG. In cells infected with wild-type wvirus the
higher molecular weight species of Spl00 gradually
disappeared whereas SplO0A was stabilized (Fig. 14).
This electrophoretic pattern of Spl00 mimicked what was
observed in cells depleted of PML by siRNA (85,92). In
contrast, when ORF6lp was expressed in place of ICPO,
all isoforms and modified species of Spl00 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 Spl00 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 Spl00 species
except for Spl00a, whereas an ORF6lp expressing
adenovirus reduced all Spl00 fdrms 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 ICPO targets PML for
proteasomal degradation. Reduction of PML levels results
in disappearance of Spl00 species, except Spl0O0A.
Therefore, by targeting PML, ICP0O directly or indirectly
targets both major ND10 components. In contrast, ORF61lp
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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 1lacking
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 VzZV (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 Dbasis for a molecular
understanding of the functional differences between HSV
ICP0 and VZV ORF6lp. Unpublished observations are
consistent with previous reports that, in spite of its
functional handicap, ORF6lp still activates both VZV and
HSV promoters. However, as noted above, ORF6lp lacks the
immune regulatory activities of ICP0O. Based on these
observations it 1is 1likely that Spl00 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.
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J Virol 7ékﬁ;é3%§on of wvirus 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-ORF6l1 as the basis for a
backbone in place of ICP0 provides an advantageous

alternative to current herpesvirus based vectors.

Results III

Alphaherpesviruses encode orthologs of the HSV o gene
product ICPO. 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, ICP0 promotes degradation of
components of ND10 bodies, including PML and Spl0O0.
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 ICPO induces gene activation. ORF6lp, the VZV
ortholog, activates viral promoters and enhances
infectivity of wviral DNA 1like ICPO. However, two key
biological differences between the HSV and VZV orthologs
have been demonstrated. First, unlike ICP0O, ORF6lp 1is
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 ICP0 is not expressed. Furthermore, while both

proteins targeted components of ND10s, expression of
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constructedthat expressed ORF6lp in place of ICPO (Fig.
10).

In the accompanying graph (Fig. 1llb) it is demonstrated
that while ORF6lp restored robust growth that is lacking
from an ICPO- wvirus (dl1403) the resulting chimeric
virus only partially rescued the ICP0 null phenotype.
This finding demonstrated that there are profound
biological differences between ICP0 and ORFé6lp. More
importantly, when considering a VZV vaccine it 1is
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 VzZV failed to degrade. Accordingly,
it was asked if IFN treatment affected growth of this
mutant virus and demonstrated that plaquing efficiency
of both dl11403 and HSV-ORF61 in MeWo and Vero cells was
decreased by ISGs presumably synthesized in response to
IFN. These analyses revealed that VZV ORF61lp substituted
for some of ICPO’s functions but that it did not
complement all of the defects in dl11403 as evidenced by
HSV-ORF61l’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
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art, a recombinant virus can Dbe constructed by
introducing simultaneously the desired DNA fragment in a
plasmid/bacmid into the host cell along with the wvirus
to permit recombination therewith and recombinant wvirus
production. One by one substitution of HSV glycoproteins
with the ¢orresponding 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.
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WO 2011/ 016830PCT/ US2010/ 002010 77 What is claimed is: 1. A reconbi nant
deoxyri bonucl eic acid conprising a human herpes sinplex virus (HSV)

deoxyri bonochaimessei d (DNA) havi ng a het erol ogous DNA i rCEgrsatieaozoher ei n
wherein the heterol ogous DNA encodes @4 pol ypeptide conprising a R NG finger
domain. 2. The reconbi nant deoxyri bonucleic acid of claiml, wherein the
HSV DNA is genom c DNA and the heterologous DNA is integrated into the HSV
DNA i n pl 88e oMaalpor®i off-of L YehonNacleRrDNtomiizh 1@ncodes aiE8V afhf ect ed
Cell Pol ypeptide O (ICPO). 3. The reconbi nant deoxyri bonucl eic acid of
claim 2, whereDNA heihet et obageud pPildn sandiseepedlcantont. hesigesmayes HSV DNA
between a HSV ' CPO 5' untranslated region (UTR) and a HSV | CPO 3'

untransl ated re@i:e%o-9TR). 4. The reconbi nant deoxyri bonucl eic acid of any
of clainms 1-3, wherein the pol ypeptide conprising the RINGfinger domain

has the agino #Gg seguense, ofy Vag ceblfag teran\arli|s RF Jsrﬁr‘;g in. 5. The
. ; 23 x .

reconbi nant 'deoxyrl'bonucl elc acid of any of clains {Aﬁe Inthe
het 10| odous PUKAEP Ll AT SL00 LB BLAGLLLATer, A9THLD Nl 3 1o
pseudor abi es Vii%lé?lc%rdm]girn'herpes simplex virus type 1 immediate
early gene 1 product (ICPO). J Gen Virol 74 ( Pt
12):2679-90.
100. Moriuchi, H., M. Moriuchi, H. A. Smith, S. E.
Straus, and J. I. Cohen. 1992. Varicella-zoster
virus open reading frame 61 protein is functionally
homologous to herpes simplex virus type 1 ICP0. J
Virol 66:7303-8.
101. Moriuchi, H., M. Moriuchi, S. E. Straus, and J. I.
Cohen. 1993. Varicella-zoster virus (VZV) open
reading frame 61 protein transactivates VZV géne
promoters and enhances the infectivity of VZV DNA.
J Virol 67:4290-5.
102. Mossman, K. L., H. A. Saffran, and J. R. Smiley.
2000. Herpes simplex virus ICP0 mutants are
hypersensitive to interferon. J Virol 74:2052-6.
103. Parkinson, J., and R. D. Everett. 2000.
Alphaherpesvirus proteins related to herpes simplex
virus type 1 ICPO0 affect cellular structures and

proteins. J Virol 74:10006-17.



6. The reconbi nant deoxyribonucleic acid of any of clains 4 or 5, wherein
the HSV DNA is a HSV genome. WD 2011/016830PCT/ US2010/ 002010 78 7. The
reconbi nawo 2daanys3pbonucl ei ¢ acid of claimof clains 1-@CToskéwenomenpri sing
a heterol ogous DNA encoding a glycoprdsein. 8. The reconbi nant

deoxyri bonucleic acid of claim7, wherein the glycoprotein has the am no
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wherein the gl ycoprotein conprises a varicella zoster virus neutralizing
epi tope. 10. The reconbi nant deoxyri bonucleic acid of clains 1- 9, wherein
no pol ypewoi2da/maessoded by t he reconbi nant deoxyri bonucl ece/iseoid/oomgr ades
mammal i an pronyel ocytic | eukem a prot2én (PM.). 11. The reconbi nant

deoxyri bonucleic acid of clains 1- 10, wherein the heterol ogous DNA
encodi ng the pol ypeptide is integrated such that the pol ypeptide is

expr essedlifen Taaladcodbind¢ RRRIYY i b83nuBechtenci ¥.i Seiis,eqmad & i nto a
genone of a suitable host cell. 12. The reconbi nant deoxyri bonucl eic acid
of claims 7- lstawhdnger .t he 4 er cbwpderscONAfencodi ngotllke @fycaghieotein is
inserted into a non-essential gene or region of the HSV DNA. 13. A

r econbi nant  hugan 1heLRESNBI OP! $% ¥ {41S HSV) nC Ra1 5t g @ Hataralqgous DNA
encodi ng a pol ypeptide conprising a RING finger domain which heterol ogous
DNA is (a) i“5§hh%ﬁf€ycéésﬂ8§ﬁ human cytomegalovirus infections.
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WO 2011/ 016830PCT/ US2010/ 002010 79 essential region of the HSV genone, and
(b) expressed in a host cell into which the reconbinant HSV is introduced.
14. The rwoaenimessv HSV of claim 13, wherein the het er olPOEAL$201DNA016G
integrated into the HSV genone in plage of a portion of the HSV genone

whi ch encodes a HSV Infected Cell Polypeptide O (1CPO . 15. The reconbi nant
HSV of claim 13 or 14, wherein the heterologous DNA is inserted into the
HSV genone between a HSV ' CPO 5' untransl ated region (UTR) and a HSV ' CPO
3" untranslated region (UTR). 16. The reconbi nant HSV of any of clains

13- 15, whwhatnishelpdmederts:de conprising the RING finger domain has the
am no aci d sequence of varicella zoster virus ORF61 protein. 17. The
reconbi nant HSV of any of clains 13-15, wherein the pol ypeptide conprising

the RING §1ngen doEBLALAARNtNCaadkeiBohAcseguences l okl denderpes

virus, bovine herpes virus, or pseudorabies virus protein

r ecombi nant HSYuglananyeopes| & imp L3¢ Wlﬁrust héfS\CbnpiJeosqyrIgmmmlearm ogousDNA

encodinga ol yegpr gl el Bidfd LOSER5C%h | K &IPS (AL Slq the HSV
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 1is 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 ICPO 5’ untranslated
region (UTR) and a HSV ICPO 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 ORF61l 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.



19. The reconbi nant HSV of claim 18, wherein the glycoprotein has the am no
aci d sequence of a varicella zoster virus glycoprotein. WO

2011/ 016880RCT/0Wa3010/ 002010 80 20. The reconbi nant HSVPof/usk@iomm2Dd)
wherein the gl ycoprotein conprises a varicella-zoster virus neutralizing
epitope. 21. The reconbi nant HSV of claim 18, wherein the heterol ogous DNA
encodi ng the glycoprotein is inserted into a non-essential gene or region
of the HSV genome. 22. The reconbi nant HSV of any of clains 13-21, wherein
none of the po ept i de encode t |nant HSV genone_ deqr ade PM..
23. The réconb & %€6§V < cofipt :% gﬁl? i ght

di fferent het eEQbQﬁl@USlmAsﬁuxeﬁi?ék e&@ﬂ@ra@mgdl &f Q{@cﬂird/%g@@é | angpst er
virus glycoprotein. 24. A vaccine conprising (1) a pharmaceutically

accept abl e car PREPAARY 2P lyqaRzatiftiTant virus which conprises a

reconbi nant deoxyri bonucl eic acid conprising a human herpes sinplex virus

(HSV) genone having (a) a heterol ogous DNA encodi ng a pol ypeptide

conpri si n§.a RIrNe- fxewgsaib tosmmt N deokggriddeenh dllzarei acadd o) chavimng ,one or

nore het erol ogous DNAs, each encodi ng a q{ycogroteln inte rated thereln
wherein the glycoprotei the aml 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-



25. The vaccine of claim 24, wherein the heterol ogous DNA is integrated
into the HSV genone in place of a portion of HSV DNA encodi ng a HSV

| nf ect ed Wol2b11Rabsspepti de 0 (1 CPO . WO 2011/ 016830PCT/ BE20B241002H1® 81 26.
The vaccine of claim?24 or 26, wherei™Mthe heterol ogous DNA is inserted
into the HSV genone between a HSV 'CPO 5' untranslated region (UTR) and a
HSV I CPO 3' untranslated region (UTR). 27. The vaccine of any of clains 24
to 26, whereineslsentéiadr ol wgmien pobypephicde HHprgsnogea RENG fifger domain

h h d f : ORFG1
The vacei ne of AR SE S e 05D S5 whGrS: HOERE Hetter S BUBUS DU ypep i de

conprising a ngatmmgg&ﬂyaﬂuéuhas the am no acid sequence of EHV, BHV, or
pseudor abi es virus protein. 29. The vaccine of any of clains 24 to 28,
wherein the glycoprotein has the am no acid sequence of a varicella zoster

virus gl yagpr ohgl. QoG NACcidey of opl abioh aaY of A, 2440 29,
wherei n the glycoproteln conprises vari cellTazosfer virus neutralTzing
epi t ope. heterologous DNA 1is 1ntegrated 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 ciaim 13 or 14, wherein the
heterologous DNA is inserted into the HSV genome
between a HSV ICPO 5’ untranslated region (UTR) and
a HSV ICPO 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 heterologous DNA encoding a
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.



31. The vaccine of claimof any of clainms 24 to 30, wherein the

het er ol ogous DNAs encodi ng the gl ycoproteins and the a heterol ogous DNA
encodi ng wbeopdilygsept i de conpri sing the RI NG finger domeChm/Use@ooezsno

i nserted into non-essential genes or 8@gi ons of the HSV genone. 32. A

met hod of i nmunizing a subject against a varicella zoster virus infection
conprising adm nistering to the subject an anount of the vaccine of any of
clai s 26200 3Thef f gedomdinan i\D BEM 1/ 0 688b@0T/ USB010mb@2@LM 8Xhdicit a

[ Il a b d thereb
ci ot | it 2SLVOEPEPEE < (BB Lo A mEPRGACOR BESHEh ng A0S

conposi tion usabukerﬁzﬂm@w@@mﬂupenfect|on by a virus, conprising
conbi ning a reconbi nant virus of any of clainms 13- 23 with a live vaccine
stabilizer, so as to prepare the conposition

21. The recombinant HSV of <claim 18, wherein the
heterologous DNA encoding the glycoprotein 1is
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 wvirus
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).
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26. The vaccine of claim 24 or 26, wherein the
heterologous DNA is inserted into the HSV genome
between a HSV ICPO 5’ untranslated region (UTR) and
a HSV ICPO 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 wvaccine of claim of any of claims 24 to 29,
wherein the glycoprotein comprises a varicella-

zoster 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 inéerted 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
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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.



