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entire content of which 1is hereby incorporated by

reference herein.

Throughout this application, certain publications are
referenced. Full citations for these publications'may be
found immediately preceding the claims. The disclosures
of these publications in their entireties are hereby
incorporated by reference into this application in order
to describe more fully the state-of-the art to which

this invention relates.

The work disclosed herein was made with government
support under grant no. AI-024021 from the National
Institutes of Health. Accordingly, the U.S. Government

has certain rights in this invention.

Background

Viral 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 ICPO is required to allow efficient
expression of genes fromthe viral genone and, nore inportantly, inprove
virus titwoand16830s vacci ne yi el ds. However, expressi oRCoOfUSR@RGIAIEO
interferes with innate imunity, a pr@perty which is not conpatible with
t he i deal vaccine vector. One of the functions of ICPOis 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 [ ' int.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 pipee it c dhel PO1 d$he Hogewd, n&xpragdison
replicates to relatively high titers and is sensitive to interferon.
Ther ef or e©ft BEPPe iSO dMbeTiREshsvite HRBPERt FBTUPL LYEPE BRAPHHEY requir ed

i n vacci ngydeyel aPEBR! corfiRABKU QA6830RET/ L2010/902048 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 W 2011/ 016830PCT/ US2010/ 002010 6



were anal yzed by western blotting. The different species of PML 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



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 |ocalization 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 awerle'zaﬁéme@EWWn Helogting- Mbheoflis ferendl [sfadees/zV at an
MO of appto tel nd C nfection PM,
Sp100, Da%g )f’i’fg; %5’?&%]0 datu rf it egéve"?sé}l\}\en%%t‘?rgi%lt(%fed by western

bI otting. (B) I\/teW) cells were nock treated or incubated with nedia

cont ai ni ng,1000 or 2000U/ nl interferon a. Forty-eight hours _post treatnent

total cel FiEpEe & v%’%gwgo%doﬁgﬁlpl\/l_to &%, n8FAEEad to
phosphory e I 2 d pho T re ect of
PM_, Splogﬁ%ngieér%(é%%%v r(ggl i cation. %l %trgﬁﬁl%/fsatfggef r d%w cé)nt rol,

si PM., si Spﬁoahmwwah)(mmebamlmahnﬁtyzed for tBeL C-$ei@d nusaroE and

tubulin | Isb weternb tin S|cnt I SIPl\/L S 100

si Daxx ce&?ég ?I&E’Pefﬁﬁ |eal %H?t‘?:teéjf NAYA “\sto post

i nfecti onwiwnpl ad@:ﬁ§tf@é@sfle>s§5¥@gmn§§ atm@d anskipb BlURYT Wehe riyigd and
[

conpared to the nunber for n sicontrol cells. The error bars indicate
standar d #B¢iien AT Itm i VertvdepaehtiemPieytid heaesl dxshtgsr fwanmed in

duplicateg R 1 el I cted
with cell- reé’%olg% ;gr]tjsl\/adf%gf' a?&r%gx?%égf? C%)é:)a?é R%ngfrit i C%{ng tines
post i nf ecubodihysetes werad verwsd ybed vs st ebliolnlt(i'frﬁgl n_g (€eE) WRwo o
2011/ 016830PCT/ US2010/ 002010 8 ORF29 O?F63¥ and tubulin. Band intensities
wer e quanFiefl' &d IFORY Fhe P antPYer Fral PS elef 8 ARG th et il ol |

si PM., si %9&9@%&%@ Dayxcigel b3awahia | M edhvd h egplebbsag Z\éﬁé an MJ
of approximately O . At the indicated tinmes post infection ce s were

har vest ed ORE@ 1pi tflaQJthtDr@éteem e end rfnbeAfoeri chpous cw@itled s on
fresh MW r]’_,r%nolfg%gd arﬁaurlgégz ? cal nfiegtl&?%g{) nol averspyere. flleXEd and

stai ned and pl agues were coun cu Ri t&7% of "I nf €64 Ous

centers. RengltoReds dy epiredréati vemeXpOEL ueptssbavend md (aBddbyeur ve in
each of the cell lines. Each data point represents the average of two
sanpl es. BHAIFLE WE%R| 5581nRE atiettagHeeshSthe KNARESHOVARES R YRR

i ndependegt; cgxpepi MeNpBxandos £0LiPars 468" eSeM é@dar%dew Lid). Figure
9: Morphol ogy of infected foci on sicontrol, si P si SpI00 and si Daxx

cells. sidemprwolugiiPi., siSpl00 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 mrunof | uPigaTencs :m aroasclomat MNic! ed)fWE‘PMLStthﬁ:ﬂgWi HevHoeglst .vdvages
were captuyred wiith a 10x objective. Figure 10: Construction of a Herpes
Si npl ex v.lflé§0§>tﬁpesst4ﬁtﬂovﬁ%3e$| HIRYE ePTVi FLISERFHFAVET $ WIPSCINGRR i C

di agr am ofpicbe LGPR-6e iy (B) HORROIOTE N (K T b DNAIAL GaTRG Ay arp d11403

or HSV-ORF61 infecte ells were anpli using the primer sets specified
in Materiahs N&th @/ét Ia@@sogﬁlmaemﬂht sOI(Dl theDr)belHﬂw (.ﬁ:ﬁeMa‘éd cedlls wer e

ei t her rmck tr or fect ed \Z gﬁa HSﬁ % 3 or, HSV- ORF61 at
an MO of ¥ ce ISR ) e%tl g GESLEr A pI4st 1y A ng t he
antlbodleshe presence of ICPO (A), ORF61lp (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



WD 2011/ 016830PCT/ US2010/ 002010 9 described in Materials and Met hods

noni tored the abundance of 'CPO |CP4, ORF61p and tubulin. Figure 11:

G owt h amaibysiiwiesaoHer pes Si npl ex Virus expressing Vari eefrls2do®omno Vi r us
ORF61p. (A) Vero or L7 cells were infédcted with serial dilutions of

w |l d-type HSV-1, d11403 or HSV-ORF61. Three days post infection nonol ayers
were fixed and stai ned, and plaques were counted. Relative plaguing

ef fi ci encypni MOK o40. anpeostPaEehr 0 i i Bt earnd afdar dHgéviiafiemt€d om f our

i ndepende perien a r [ plicate..(B W . c S were
i nfected %Egﬁéwﬁféﬁy%gx?_gvgg I%gl 4{);@%9 Hg&ldﬂ'—%lc%efda %?Vl't\;g & ?41 At 2,
12, 24 antp48ahgi tihef deiced icadt somese harveshgd, ogebpect(ed ,t arddrgze rounds
of freeze-thaw and vyi el g’?) were calculated after titration on L7 cells.

Fi gure 12.(CTi meRGur 100 expPesdi orveste vi RAgLspEact i b pr dmsimecivevo

cel | s ver eniniheehed rusdentid dnl ¥PSsEESYL) nulGRI- &&%49&1@9 KRV ORFE1 at
a noi of 0.2. Infected cells were harvesteél1 at the indrcated tinmes and
exam ned Hoechis¢ .syimawssd swaned abpudaede wifth GP4] 00LCP2b]j ecER@earechdORF61p by
west ern bl ot anes were st ai nedloql\{j_l h anti-tubulin antibody to

Al |
denonst r afRAEKEETR LY VALERIE SRSHTL BT T¥ 1 protein were | oaded i n each

| ane. Figure 13: The fate and requirenment of PM. and Spl00 during infection
with a Herpes Sinplex Virus expressing Varicella Zoster Virus ORF61p. (A)
MeWo cel | EiGEEE ef t hAPUREERCEr 2 e8Mbr i TRIRA eandi Dt | Qurype HSWK 1,

011403 On LS halo A i Mo B0e R R LD WRG AGHSSt o0
ORF61p andt WAm20MID16880PET/ US20¥1A0 e VZV at an MOI of
approximately 0.01. At the indicated times ©post
infection PML, Spl00, Daxx, ICP0, ORF6lp and tubulin
levels were monitored by western blotting. (B) MeWo
cells were mock treated or incubated 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



10 tubulin. (B) Enmpty, siPM. and si Spl00 cells were infected with serial
dilutions of wild-type HSV-1, d11403 or H5V-ORF61. Three days post

i nf ecti orwoenolaysrs were fixed and stai ned, and pl aguegCEaiseoiommvied and
conpared to the nunber formed in enpty cells. The error bars represent
standard deviation fromthree independent experinents, each perforned in
duplicate. Figure 14: Sensitivity of a Herpes Sinplex Virus expressing
Vari cel | aORESO®r, VIQRES IRF6aRAt 0 tGukudiiner orBand MeWpLevsisies 20 el |'s

W ih Sert SRR e PR, L b0l N T BB T, Gaye

post i nf estiicon tralql aieng. wes £SH1l k@ dandds $bakredelard walr&gUast eeted count ed.
The rel ative plcﬁﬁgelLu]it niig ef ficiency of each virus on each cell |ine was
i

cal cul at e &d t e KMo 13Rated oft |aprFe<inekelynOi-Qder A on a
CRFaencod ol onT o6 nEar ST aBST 1o A B0TT) 0168 S0P USI0 0 505010 11
Det ai | ed Baescritptiraredf tHoe Kdetemmiigre 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



Non-limting exanples of HSV include d asgow strain 7; Human

her pesvi rus1( HSV- 1) HF VR- 260TM Hunan her pesvirus 1 (HSV-1) Maclntyre

VR- 539TMwblznamibssopesvi rus 1 (HSV-1) KOS VR- 1493m HuneoThse@esvionus 2
(HSV-2) G VR-734TM Human herpesvirus 2 (HSV-2) M5 VR540TM and Human

her pesvi rus, reconbi nant GHSV-UL46 VR1544TM as deposited with the ATCC at
Manassas, VA 20108, USA. Non-limting exanpl es of VZV include Jones strain,;
Cka strai fegcrebed VRIZ95 Mad egepdsd t eandi t MatiwdsTConanivanadsas;ha/A 20108,
USA. "Rec [ t h in, | e o 0,a_nucleic acid or virus,
means a m%@trﬁ%glrceo?osfvﬁfcgl%’eﬁ{ﬁ% h%@?é\f té\lggsg% P%t%g'sour ces of origin.
conbined into a single formof nucleic acid or virus, respectively. For

exanpl e, a.reconbi_nant deoxyribonucleic acid could be nade from a herpes
si mpl ex vFASRE§endrle afFo¥tden@aiomn s vt c 9P stEmRA96s Bk WS conbi ned

nto a s aghe JINAMPIALY &1 FT25XABP! 01 rfs’ BRRERINANG)VIVAIY, Igy g,y T US
havi ng therein a nucl el c aci Ich contains a foreign or heterologous
codi ng segwdice/wene. ihfieanednbedimeserivie dinutdidher efit widid-segpar e

di fferent ecies.. " er ol ogous™” used herein, in reference to e.g. a
het er ol pgg%g’—geox%?‘%‘g%u&rei %ggépa,%%r]rean oETi F rBAPL iR or gani sm
(or havi ngoholeqguancewegent kggkdat hghat ogthhaaat heahhA 9f a s organk sm t o
which the DNA is described as heterol ogous relative to. In a non-limting

exanpl e, &opRASser i Felative Phardidd | effésiencyi ris: i nser 8@ .i ifleea DNA

derived fr h Si.opy. viru be .er.0l ggou relative to
the DNA défi vogd ?é%%ét hé%l’gér pé:sé Si %E%géggfir usCi.laQ}]\)%OlOOrg %r%A ot

2011/ 01683 eepedszimt)/ etpetambatsRl Neathngeer dormed” shaldugieiadatee zi nc
finger polypeptide which containing a Cys3Hi sCys4 amno acid notif which

bi nds two (ﬁ%ncM@ﬁ’ﬂ off§: l?hewféﬁon;}tﬂflﬂc%%t f oF: by Be | ii¥f et i ng New

Cene. "l naauaikedr a3sySERAFHET @it M tiof egar @ 4o andieper ghogous gepe or

codi ng sequence being integrated into a viral DNA shal [ nmean the functional

i ncl usi on48f hitie Indieqtgdgorbl gever or haodkeagedeqeardedusd thetldNe such

that the gene qQr di sequence is.expressed when the viral IS

expressed%§y%éi%ho§ gg%lezlgn;ée@tweaa% ?’ﬁgﬁ Pruste catfcu\iated %er
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



A "non-essential" gene or region of a viral DNA is a region of DNA known
to those skilled in the art, the insertion of a DNA sequence into which
does not Wwoevemtiesshe virus's ability to infect a host ceCir/iseaonepio cat e
therein. Varicella zoster virus glycopdoteins and nucleic acid sequences
encoding themare well known in the art, e.g. glycoproteins H B and E (gH,
gB and gE, respectively), for exanple see Maresova et al. 2005, J. Virol.
79 (2): 9vubwddn. wHESh iBmmpey ebySiRMbr pert e B b§P QP er 8dési n ware
entirety. . icellla zoster virus n ral | zing_ epi s known in
the art, %ﬁ?ggﬁggp|gl§ e Ef%lggi é%P%TF%éﬁ%ur%gl %?R@iF§%%b$?&$@§Wuary
2009, p. A020030240r VOlHSB3ORMNGL . 4, Teedor ghans etpat J idfigrtiaer obi ol .
1990 Novenber; 28(11): 2500-2506, each of which are_hereby incorporated by
r ef er enceMPROLAYPE SenteFet yE1xe) sand/ RieBIeRdT/ B3V 1@HHRD WeITf ect ed
Cell Poly i 0 CPQ) pr g ei engadssd- by; dPNA of S
Vi ruses (ggghkg I %é%te?%mggfggasg6ac§%%sion nunbé%&ﬁﬁi044églfﬁﬁi er eby

i ncor por atedllby Mfeereanoer | harss remiriaseny) . stCREBdrd sdepéntieoadifnprf rane 61

tei icell t ' , NCBI t ei n dat [
nunber NPEBRBR6S, S24RBrENFHE nooF BrLBE DS o1 §FEhce M EORAL| raly)

| mruni zat ggp1asaveed herein is the presentation of viral antigen(s) (in a
vaccine for exanple) to the i Mmune system of a subject, for exanple a
human, whi ch provokes an i mmune response and evokes protective hunoral

ggd/ or. C%Eg-h?[a | uNi tye ) 0y sHbEeguent: e’&oo%.ﬁpéé’ themphkdl ALLgen(s).
nposi tion or viral vaccines are known to those in
expressing Varicella Zoster Virus ORF6lp to interferon
a. MeWo, Vero or U20S cells that were mock treated or
treated overnight with interferon o were infected with
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.



the art and are described in U S. 6,616,931, Burke, et al.Septenber 9,
2003; U. S. 6,258,362, Loudon et al.: July 10, 2001;and U. S. 6,787, 351,
Chen, et wab.208aptssnber 7, 2004, each of which are herebycirnusesipoomtied by
reference in their entirety. The virallvector vacci ne disclosed herein can
be adm nistered in a pharnmaceutically acceptable solution, such as, but not
limted to, sterile saline or sterile buffered saline and can be

adni ni st eDegajjlied Sesgnimphijion f\ehe sInventieni nes known in the art.

"Adm ni stering"” a vaccine can be effected or perforned using any of the
vari ous nethods and delivery systens known to those skilled in the art. The
viral vacoioneq igdn ibey agvambieer o bysvethedsadenaywaddow hetabtini e udi ng,
but not limted to, by injection, topically, and to mucous menbranes/ nasal
nenbr anes HUM@R 01 PRFPESYGROUS2010/ 068D )14 AF usdR &% in, 4luman

- phar mRoewd gale 3hsd €r ) 1S fuBpal MRCeULEGALL Y ACCRRLANIGR, SO! Vilay
suspendi ng agent or vehicle, for delivering e instant "viral vectors to

t he ani mahegpdswimmus The(Baveiléer KOsy We-14 3 d, Hamanshkerpgelviaussdat i d and
is selected wth the pl ed manner of adm nistragion in mnd. In an

enbodi rrent(?lstvﬁé)ph’gr N%c’ggt " cal TEBRR g’re]?p:,esé”srt‘“b?ri e P iecelBi Ty

accept abl g490f;venia MakbBodsh&fp¥biisuY aCHNROYH | @s@DELAkORAGE are
known in the art and are al so described in W/2006/012092, which is hereby
i ncor por atléd 48y asefdererted Wisherthia ATCC At dManarBed. t Wér (4,08,

stabi | ZeE%AQf tn%h-bisﬁﬁéorﬁ 'é%&wég%‘é' S Wy ViLUSEses Yol JEasles,

rubel | a and nunps generall ?/ 'nc € one or noré-sacchari &es, amno aci ds,
sugar al cokel stmgeimteh wnd, gERation dey i depodiesed twishabhkl 2a@ddeatyi r us
and, in many cases keep the virus fromdenaturing during a concentration
step. The F5Snan?® VGRS ddsth i bed herein may be fornulated into a
vaccine using a stabilizer or other additive that includes native or
reconbi nant serum al bumin for this purpose. U S. Nos. 6,210,683; 5,728, 386,
6, 051, 238,"ReCOBYP iR AN S5, 2580382 ralise conteebedenad! sof er mstaleid zers and
met hods fqQr..nor ntle treatnment of liwve virus vaccines.. Each of these

di scl osur %sc,lﬁgﬁ% %glr’%‘fsim I§§$§}St ﬁlosme()lpeo(f}f]iao%sof h\éf’ragsc‘?ﬁiﬁ Yst@bii % er
conposi ti en® assbstabé| isturgaet bedorars spesinbiaalll Vit orpariatere by
reference in their entireties. After preparation with a stabilizer, the
vacci ne m&PtBe, ofor NELARHCe, aStidt e@PTas VA NUfophilgshRas tigteihe, a HS%ophil i zed
m xed vacehigpid,! lgu'x%a/&ﬁ&w@nfr d%dx‘ﬂi'hﬂ),rfﬂé‘l | YAGEHRE. BB §odse T or
form ng these are known. Typically, a I'yophilized vaccine Is prepared by

| yophi | i zimaget Heamacxi herpas asvinplleor varwngemomavang 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.



WO 2011/ 016830PCT/ US2010/ 002010 15 vol unme of about 3 to 30 ml, tightly
sealing and storing at a tenperature of 5 degrees Centigrade or |ess. The
stored prepapatiiessovacci ne typically is used accordi ng POTIUSE10M0CI01©NS
attached thereto, as a product insertldr a notice on the vial or other
container. In many cases, a |lyophilized vaccine is re-constituted by
addition of sterile distilled water before use, and the resultant solution
is inoculated by hypoderm c injection in an anount, for exanple, of 0.5 m

per dose. . vacgin an . be provided grally or nasally...A reconbi nant
deoxyribon&?‘gic g%?ﬁe%onﬁﬁ#é?ﬁg a ﬁh&gg'heﬁﬁgg Si%p|€§}€#rlj Hﬁ%ﬁﬁ

deoxyri boputleieptddied YRNAQ heomthgirihgt er obpgdus sONA4I ndrOrat editder ei n
wherein the heterol ogous DNA encodes a polypeptide conprising a Rl NG finger
domai n. | MO&A feidotiieRintfe 118V BRAC C3feifiii ¢ DNASNACE ABYRetRING ogous

DNA i s integhaked N %}g@'- Pr-Tes= _portion of genom c HSV DNA
whi ch encodesag H§V F%?E?§é§§¥é I 5%?§%eptié%&6§(ICPC». I n an enbodi nent

the heterologous DNA is inserted into the genom ¢ HSV DNA between a HSV

| CPO 5' uq;r%nsla%e ,Jyegion (UTRbtang a HSV ICPQhB' untraaslated region

(UTR). In aR“E9664%ent ffe i H§EFt ed fEFEFol gBUS™ DNAT $92tidert® he ont rol

of the | Cﬁata&@mb@usanﬁeﬁéw& dEmEenbed Rk thei e MRRRIG e LPNPri sing

the RING finger domain has the am no acid sequence of varicella zoster

vi rus ORFBLLEr & eiral DA ehbddi maan tHee hEveebiogals 1peilypsden duf

conprisin h i g%m% n.pas. t 1 j en of equi ne

her pes vi?&%,qggégﬁﬁiﬁgggés V|rus?Po?xﬁggﬁ%g%gg?gébgi?ﬁggbrgﬁgi%? n an

enbodi nensuthe il Dife | gene HBY gertmey safiedd/ D4 68IDPEESER2 002010 16
the wviral DNA is expressed by a host cell infected by

the virus.

A “non-essential” gene or region of a wviral DNA is a
region of DNA, known to those skilled in the art, the
insertion of a DNA sequence into which does not prevent
the virus’s ability to infect a host cell and replicate

therein.

Varicella zoster virus glycoproteins and nucleic acid
sequences encoding them are well known in the art, e.g.
glycoproteins H, B and E (gH, gB and gE, respectively),
for example see Maresova et al. 2005, J. Virol. 79 (2):
997-1007, which is hereby incorporated by reference in

its entirety.

Varicella =zoster virus neutralizing epitopes are well
known in the art, for example see 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.



In an enbodi ment the reconbi nant deoxyri bonucleic acid further conprises a
het er ol ogous DNA encoding a gl ycoprotein. In an enbodi nent the reconbi nant
deoxyri bowocheiaessei d further conprises up to eight het ecolusgousoNAs each
encoding a different glycoprotein. |Inlan enbodi nent the gl ycoprotein has
the am no acid sequence of a varicella zoster virus glycoprotein. In an
enbodi nent the gl ycoprotein conprises a varicella zoster virus neutralizing

epi t ope. ERfgFtEFbEGlFeRonPeRGrRp? i (ECRAL otledabprotheinec emsiadad

deoxyri bopucl.eic | d_de jan cytic l.eukem rotein
(P 1o e s ot “HREHRS, ST B Mo b katend S e 1

i nt egr at edcsesbivhat nuhdepol WpePUiddd 1.9 expreestnd Whieidrider dteedmyypant
deoxyribong&leic acid is integrated into a genone of a suitable host cell.

In an enbd§ERERECEneTheteF oFBEOUSTINA ORES N t PReY| YeapiageifFame i nsert ed
. r . : : . _
into a nogiesseitd Al ?@H%\f/)leew_sg!ws@ér bertsy, %eséﬁﬁg@(%ngum

her pes sinpl éx virus conprising a heterol ogou
pol ypept i detebapei si ngcaeRsNGH | ngeumdemi n WRLOH HéBerlgl ogolserd¥d i s (a)
inserted i.nto_a nan- i regi on. of. t he enone, and (b) expressed

\Y}
in a host *8&PFPPAES s%@ﬂ&{ L Shbithants *Eé%%lroduced. In an

enbodi nent the heterologous DNA is integrated into the HSV genone in pl ace
of a portion of the HSV genone which encodes a HSV Infected Cell
Pol ypept | dBMYNLEEOOPT BF A1 KRN Skt 1§ hehacPErsrBgats oDNAL ¥ iixdsler t ed

into the : b e ' ! \ at ragio

2011/ 0168331 0o3010) D200 T (UTRY and 2 PRY® GrE 5" ¢ i o
regi on (USRstenodn aershidievent fdwe gohypket &adbunanpr ivbiied thevidkE fi nger
domain has_the am no acid sequeace of varicella zoster virus ORF61 protein.

In an enb88i METHhE TRIPEDL PRE EYRNSSSiP t9et RIRGEEMRGE: @STHIGF has t he

ami no aci de3@quUaRCe mhudi efUiiRe 88hBBsuhEUSex ROMIAE ReS PESe Viv/iUs1 OF
pseudor abi es virus protein. In an enbodi ment the reconbi nant HSV further
conpri ses@BtpeeBAE) ogous DNA encoding a gl ycoprotein and inserted into a
nonessenti al region of the HSV genone. In an enbodi nent am no aci d sequence
of a varicella zoster virus glycoprotein. In an enbodi nent the gl ycoprotein
conpr i sesCampasicébha- zfist eriviarlusvaedinasi airkg lepoimpeo | fhaseenhpdi nent

t he hetero#ogous DNA_ encodi the glycoproteinis inserted into a

non- essentPgl JénefHt PG gﬁﬂr’t HSY Herome®: 4P ot enbBHFkEnt Stone of

the pol ypgpti deserapsied by tiym3econdi ngnbsiSY sgenang, glggr ade AM.. In an
enbodi ment the reconbi nant HSV conprises up to eightqgffferentaheferologous

DNAs, eacfuéNMcodlPng a081if er eandvabi-Sel | &,783t851vi r Ghegl,ycairotedi.n. I n an
tegogirf?”éeb%mbé‘io‘}?i W¥a VIdd, | Se AL Lot ed BY LROSE RIS Jdpwn 0
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.



A vaccine conprising (1) a pharmaceutically acceptable carrier and (2) a
reconbi nant virus which conprises a reconbi nant deoxyri bonucleic acid
conpri si yoaotwnressoher pes si npl ex virus (HSV) genone havcmgisea)/0e2010

het er ol ogous DNA encodi ng a pol ypepti it conprising a RI NG finger domain
integrated therein and (b) having one or nore heterol ogous DNAs, each
encodi ng a glycoprotein, integrated therein. W) _ _

2011/ 016836PCY55201b£062010 BB a"PRRrMAfeutégadel |ICHOTIREPt i 8 0 | CPO).

In an enbaqgli t,er Q{ggﬁs I Sqd rt i .t he genomne

bet ween agggiﬁ:a(%lgﬁ)ﬁg'c unl r%ns Bt reg%%#’ R) ggﬁgegaﬁgg 'aggé%%ro

unt r ansl avethicdgi, orf UL i ver iaty etibhodinenant heibel evelcagays tpolttrept i de

conprising a RLNG finger donmain has, the am gg ﬁCi d.sequence qf varicella
t

zoster Vi OLTeRFETF Maé’}-n.ﬂ}ﬁ_’ﬂ G ehBb AT A¥n é%éfier G1e3G594 ' p&i_ipept i de
conpri singra N ifger ;donBL Debasat N @m %%eacb@aﬁﬁgae%ﬂéﬂg?ft hBHV’ or

pseudorabies virus protein. In an enbodi nent the glycoprotein e am no
aci d sequedpendfsstaardncel lim zogtiexd.vi r s gl yeopr emdiodirentan ertdhedi nent

I an SroBABrERCRA R o Bragats. DA SonBbarig o nE g EsasR I Sand (e a

het er ol ogauscbBNAARC@d1IR@EHthe pol ypepti de conprising the R NG finger domain
are each inserted into non-essential genes or regions of the HSV genone. In

an enbodi ment the reconmbinant virus is attenuated by those nethods known in

the art. poreibod o | PILZIPGCA; SUDIEELaR0RIB8T dhyAid GelddL 2aster virus

i nfection conprising admnistering to e subject an anount e i nstant
vacci nes &hbemt i vént o eheci taati mameé r esponsealdwe vatesetilmedostiar virus

in the supje n reby effect immunization of ,the subject, A_nethod for
prepari ng%@br@%&gil?i%?ﬁ'usef”%ﬂlc&br dﬁeveﬁ]ﬁr Y nf é@tqo&rpod{?ta?@i r &,
conpri si ngegeFndieNg phe ek st heehbstany . rea@mbi dadérvbedsesndddig |ive

V\O \@ 7

vaccine stabilizer, so as to prepare the conposition.
2011/ 016886prbrlugerso/dEa oised for live vaccines of viruses such

of measles, rubella and mumps generally include one or
more saccharides, amino acids, sugar alcohols, gelatin
and gelatin derivatives, to stabilize the virus and, in
many cases keep the virus from denaturing during a
concentration step. The recombinant virus described
herein may be formulated into a vaccine wusing a
stabilizer or other additive that includes native or
recombinant serum albumin for this purpose. U.S. Nos.
6,210,683; 5,728,386, 6,051,238, 6,039,958 and 6,258,362
also contain details for stabilizers and methods for
more gentle treatment of live virus vaccines. Each of
these disclosures, and particularly those portions that
describe stabilizer compositions and stabilizing methods
are specifically incorporated by reference in their
entireties. After preparation with a stabilizer, the
vaccine may be, for example, stored as a lyophilized
vaccine, a 1yophilized mixed vaccine, a liquid wvaccine
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



19 I n an enbodi nent of the nethods described herein the subject is
mammal i an. I n an enbodi nent the subject is human. I n an enbodi nent of the
met hods twe 2bogtiessel | i s mammual i an or derived from a mameaius2010/002910

enbodi nent the host cell is obtained 15om a human. All conbi nati ons of the
various el ements described herein are within the scope of the invention.
This invention will be better understood by reference to the Experinental
Det ai | s wiiPdh™eoldfov@PPiiE 3h&Se 3dkim ectighthe apalinpl apdadtgriaympr eci at e

t hat the ecifi I.nent Se det a4 e LLLust rat i of e

I nventi on%lgsc%egglrn?)éggﬂr%r%e (?ful gyaqéﬁ%egg chﬁr%g\%%fi%h C%%I Fé\%st’ heﬁlgeaf ter.
Experi nentalorieet gptrepStadies diaswliosedtppl osl shiowd hasetihacarrdEspndi ng
ortholog of HSV ICPO.in Varicella_Zoster Virus (VZV), ORFGl, is .unable to
degrade PVC AR AT 1 BEs Hot2THEdr FREECHPt hathe RESAUCHNAMS ST AT ty.

Herein, cansfdiictd ash ofna Hea@mynaiitndiS\chsrdiselosed waskeinydde coding

sequence for the a gene "CPOis replaced with a sequence encodi ng ORF61p.
Resul t s | aNugyeriri Honed nyat@ifRD103) reaksnskntwteds M addékéan bofdi es and

PM. oncogeni c .domains, . dynam ¢ ronol ecul ar__inc)usi ons _af_cel l ul ar
prot ei ns tsﬁgtrl:i(?r ngﬁ?%gflhé"a} n?rérgﬁ(l‘%&?ﬁso%?' sFa Pﬂet H&Strdi®ts (2,
65). The siaeatdre fiequbneyuditéiess, bogdipeliarange inger@idnt oihumgand from
2 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 21

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



grow ng list of host proteins for proteasonmal 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 agui ng 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 [ de se ' th LS t t 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 enceempativReN 4 heat 10e1 £hat6dralphabaspagvicriias i ity @se and
Met hods: Manmalian cells. Human nel anoma (MeW), siBAG3 (37), siPML (38)

and 293A && | anverBbRdilncaithed s Bredrralsigputes dNped®@Windo Yemer at e
stabl e Celgjli)Jéfogﬁ%t?&Q{ eﬁé' Ql%s%fw& tacgetd ”goﬁ%%%e%’ﬁa[iaxxen“e'““As.or MeVeo
cells wer nfected wth retroviruseS and sel'ected i n grow i nedi um
cont ai ni ngedQ@uy/ofl ahd HSYN i MIKyghomrbddiment 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



DNA transformati on. DNAs were transfornmed into the appropriate cell |ines
usi ng Fugene HD [ Roche, Indianapolis, IN. Drug treatnent. Interferon a was
pur chasedwbnronmvi@dt30Bi onedi cal [ Pi scataway, NJ]. VirusesPCrigs2danvo20iones, a
wild-type clinical isolate, was propapggted and titrated as described (24).
Cell-free virus was prepared as described (36, 58). [ii] Retroviruses.
Retroviruses were constructed by transient co-transformation of 293T cells
Wi th the proViSVal hndfeaared pGKeSluperPOrle'ple@tﬁ)@@r o { 38§ ICPCK- si Tp10GrOI

pCKS|Daxx p (4 and G (75 ||] .Aden r
Adenovi rusg@gggg%%tt %lh &]5503 Awle%’e % Suslly 8e;%¥‘|’9 E‘gg’s(m
76). WD 38hbhe1GRAGRGEH u$2®1£®1 omm0523 mﬂaaislch&eu | pagieh iUy stocks

and infected cells were fixed, stained and plaques counted. [ii] G owh
curves. TRBG:i#erHYY JLHO asochBEEANTEFLSEE: cFeTRPRCt (GRS I\B‘W) arsj PN,

si Sp100 Ogmﬁbﬁ%én%e' L Vagdel8h Tigaed bg) ri‘ly;{a'e%‘hqg e G G&! iRy W N

uni nfected MeW cell s and counting~the resulting plaques after |X|ng and

st ai ni ng. REN&siidgeronstomadini orhds | stiRNA @hasoi dacThe sequence of
varicella zoster virus ORF61 protein. In an embodiment
the heterologous polypeptide comprising a RING-finger
domain has the amino acid sequence of EHV, BHV, or
pseudorabies virus protein. In an embodiment the
glycoprotein has the amino acid sequence of a varicella
zoster virus glycoprotein. In an embodiment the
glycoprotein comprises a varicella-zoster virus
neutralizing epitope. In an embodiment the heterologous
DNAs encoding the glycoproteins and the a heterologous
DNA encoding the polypeptide comprising the RING-finger
domain are each inserted into non-essential genes or
regions of the HSV genome. In an embodiment the
recombinant virus is attenuated by those methods known

in the art.

A method of immunizing a subject against a varicella
zoster virus infection comprising administering to the
subject an amount of the instant vaccines effective to
.elicit a immune response the varicella zoster virus in
the subject and thereby effect immunization of the

subject.

A method for preparing a composition useful for
preventing infection by a virus, comprising combining
one of the instant recombinant wviruses with a 1live

vaccine stabilizer, so as to prepare the composition.



previ ously described si RNA oligos targeting Spl00 and Daxx nRNA (22, 68)
were nodified for cloning into pCKsuper.retro. hygro (38). To generate
pCK- si SpIWO 2anch1p83Ksi Daxx t he anneal ed ol i go pairs si SpPO0O/USP@O02050 -
GATCCCCGTGAGCCTGTGATCAATAATTCAAGAGAT T TGATCACAGCCTCACTT

TTTA3' andsi Sp100_| ower: 5" -

AGCTTAAAAAGT GAGCCTGTGATCAATAATCTCTTGAATTAT TGATCACAGGCTCA _
CGGGor si DARx afppembediment of the methods described herein the

GATCEOCCEAE, TR T GTCT A AT T S A AR T LG T O ESAEAC CEHE Tsubject  is
ower .%,

TTTA3' si DaxX

AGCCTTAAAAAGTAGT T GnA Hal (e €T GARhECTHAGNEST GAAIEs €Ce11 I's wer e
ligated into Bglll/Ri ndlIl cleaved pCKsuper.retro. hy%ro %38). Al primers
were obt alABEE A8 BY Gsaisiehi it hdMyfTes- [ FHineBvFMPediReRtatdial |

vector inggEESsWeHe;verhhiiaad Ry A£G, sequenad ng. Anti bodi es. Rabbi t
pol ycl onal ant icbodi és agaianst am no acids [aa] 1086 to 1201 of ORF29p and
aa 1-265 of ORF63p were described (43). Polyclonal antibodies to |ICPO have
been descgi?edcgﬁgahations of the various elements described

herein are within the scope of the invention.

This invention will be better understood by reference to
the Experimental Details which follow, but those skilled
in the art will readily appreciate that the specific
experiments detailed are only illustrative of the
invention as described more fully in the claims which

follow thereafter.

Experimental Details

Studies disclosed below show that the corresponding
ortholog of HSV 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,



Monocl onal ' CPO and ORF62p anti bodi es were purchased fromthe

Runmbaugh- Goodwi n I nstitute [Plantation, FL]. WD

2011/ 016880RCTI/W&2010/ 002010 24 Pol ycl onal anti bodi es agairnsto@/o@sie f usi on
protein containing am no acids 136-243 of ORF61p were raised in rabbits and
purified by affinity chromatography as described before (37). Monocl onal
anti bodies to PM., GAPDH and tubulin and pol ycl onal antibodies to Daxx were
obt ai ned fieprnSanga ar uze Bl ote®endisyys t&aat afChe Gl pPokyel difal

ant i bodi es~agajpst P n p pur.chased fro em con [ Tenecul a,
CA]. Anti gdi eégfo Sﬁ%lr%,‘lggiﬁgp%%\%{ﬁﬁe % %%ph%?ci/%‘fnie% %Té_l V\t/[ehreeseobt ai ned
from Abcapifeantairdgeli ied Adhitbodiws agaiuisi: ppespbenyl atiedt SEAE. were

pur chased from Santa Cruz Bi ot echnol ogy. Al exa Fl uor 488-conj ugated
ant i - nousBEARGRAPExa FPUBPNSAESconj BYaled it i -BMHbbi t{PAIMYSIARE iter e

obtai ned feamMLeGH & o £ PLes1GRy | E@ﬁ@ek%ﬂi- I%)%acteﬂ'ptj)fr alfpANd
anti-nouse anti bodi'es conjugatéed to horseradi sh peroxi dase for
i nmunobl oDakrg VENO-obt andedtlie oBliklin [ BaidhenbuigliMeEse | RUM; ecnd

i mmunof | ugr escence i 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 sugbhagdiwhnish @ 481 ssna\iayel+ RAEM haveyt ed vereserradieH | Zeiss
M croi magi ng I nc, Thornwood, NY] and imges were acquired with a Hamamat su
C4A742- 80- 12AG-DB§CAA!) GG )Gamer a [ Hamamat su Phot oni cs, Hamamatsu-Gity,
Japan] using Openlab 5 software [Inprovision, Lexington, MA]. |Inages were

deconvol ved using Openlab 5 and assenbl ed i n Photoshop CS3 [ Adobe Systens,
San Jose, DEA] 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 m8&oWangs nilasgachodi t hnhPBST, PreHsdnsd whidry an pamteasainEl or

anti - nous [ conj ugat ed to horseradi sh _peraxidase,..then washed again
three ti @g@?%p%%qénn V\il?%f‘f-"% arﬁ:@nfpva%cegldcvﬁstﬁ?P@&(g\n PHdaPes ﬁkkqié

vi sual i zedsbytragldgtmon1 oinddini i@ddd subsbr atfe PHPLEn@nEXPOSYBE t16 X-ray
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
of 10.0 ang an Exge&d Gap Penalay of 0.1. WD 2011/016830PCT/ US2010/ 002010
26 Sequen&Bedini PRILEEYs bRt wBeH! L¥pitd WEATE o rTRPBTR S

suggest ed (4hat. oy 1@d gD es Pesmt uhOrddml Pdscce P8R CRESLD gshare
several biological features, including their abilities to function as

act i vat or §xpfregeaenegmcesgianeasrl ephadetng ef firigncpNafi MBCtIGRGy (49,
50, 57). Lol §s S epor at _unpl.ihke . | CPO_ .ORF61p did
not subst ?%\gt%\é% gre },&fs}glss&ag ’B%&Q? u?‘irinlggv%?g‘é&?n%é‘cﬁ%? té'gg%gé’s rlunsg’ t hat

t hese protrhese datmtsis®s vehadepMLCand B0 ®NsSré Ncbhpbhendki \WE cant ext
(38). NUIti%Ie fuynctions of ' CPO have been nmapped to specific domains (16).
This | ed L8 ERESAYDot RRFSERYt aldYfRIR of MEFEARESTL acFBeEequeites

bet ween t besa tRAGIRILES E};gh&c[ib%' dg3i sl ghtel MO {PELy didTerpnees. The
am no aci d sequences of TCPO and ORF61p were fetched fromthe NCBI protein
dat abase Edddedsingn viiumise reNA G4BY1 . andnalr d¥L1040283. 22) respecti vel y) and
aligned (Fig. 1). Despite some conservation of their nucl eotide sequence
(9), there was found to be little overall am no acid conservati on between

t hem ( 10%vairicledniat-y ogtt drhev o $0 (agivg lievel ) cotley®vaumabotdatd@yai n a
C3HC4 RING finger, (G X2-C X(9-39)- C X(1-3)-H X(2-3)-C X2-C X(4-
48) - C- X2- €PaE3) difose dlssdfiFed t efAFRFRCA stWikbng HSVf er &fce B8t ween

these two,pLALRI éé%ﬂ?ﬁ%fﬂﬁfﬁcgnegdége'ﬁ}¥E§bFSEHhBE§g(W@' gy blue)
ORF61p. q o]

in the sequence o I mportantly, this region Is require r
t argeti ng (KERPO t3¥ IND16hébdi esiandagubsemueh€P§, degradismy ifdtdionaddigponent s
(16, 18,

453;.. Therefore, an investigation of the abili of 6lp.to

ved ate’ dBEFATALES TF bkt BARHE i perrorred. ntdctlv Tty CldE
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.



ORF61p is unable to efficiently degrade PM. and Spl100. The effects of
ORF61p and ' CPO on | ocalization of PML and Spl00 in MeW cells transforned
wi t h pl aswDde11/0M6338011/ 016830PCT/ US2010/ 002010 27 encodiPad/USh&sm010m

ort hol ogs were nonitored using inmuno2l uorescence m croscopy. |In nock
treated cells both PML and Spl100 appeared as punctate nucl ear bodies (Fig.
2A and 2D) (2). As previously reported, expression of ICPO resulted in

di sappear 3he& ofeborh cdemopséreites (Ehgt 2BRIAGI 2ERNA60thdowewedV, cel | s
expressin E6L1p di spl.ayed di fferent phe pe. Al t hough PM. contai ni ng
bodi es werglélgcr?ggé &)lrsogs)tgerls%sd %ﬁd nggmcﬁ%qr%ﬁ%nﬁ@gﬁpa%o&mrbe k*tr &ed cel I's,

the prot esamsamashiel] ageiRedicrOsih yHEWM pHpetaka tBilacelrhd aio1e ruct ures
(Fig. 20). The effect of ORF61p on Spl00 seened nore simlar to that of
| CPO, as SfaififIng $B108p MY nberEardWddiesVaY s dpfestd®rf rearanstlseel | s

expressin p (Eihg- To direct he eqt: Qf _vir products
on PML an tggggé'abghgangg}swbgggggﬁlsh%ggziﬁﬁg% tF%&{egagﬁe?ﬁ%gb%%d wth
replicatibatdebncittet tade re@liatest s lgtEtesgiery erddes . no her pesvi rus
proteins (Adenpty), 'CPO (AdlI CPO) or ORF61p (AdORF61), and viral and
cellular protein levels were nonitored by western blotting (Fig. 3). Using

a multipluatbyiahsi et Makhold:) MimpaPien’ ed10kat BYRsY GRhlanwas | nfected
and expressed the protein of interest. In nock infected cells or cells

i nfected WeWoAdenpiBAGPM.(HpbearssdPMls d38¢ri endof2Ddhdscaliltsh dicfrfeer ent

nmol ecul ar .. .Ehe r nied alternatiyel i ged and
posttransﬁngﬁﬁgﬁgﬁeé rﬁg)gl fﬁgg%is?%?éngyoféﬁﬁr%%é éﬁfg’e gﬂraoedgﬁnﬁgﬁttq‘ orns of
Sp100 ( Sp30aBs]eSEHIQA-ISINES aastpBpisdngMe)i RN tlet est By aSpR0eViaeus! Yy
described (27, 66). 'CPO expression resulted in conplete di sappearance of
mul tiple %Exi Svs MBHOpSSHdrenteae Rofecsed Hel i oRet revdratsiasy speci es

of Spl00 LRHO-sMedBda LR CORLE AR mﬁryaﬁfsgébﬁea%i%%@o@@%foaﬁé ect on

abundance or species of PM. detecte hi's assay. ORF61p consistently
reduced Spheo b&Vebgmlahyigowgtyaigt. WO 2011/ 016830PCT/ US2010/ 002010 28 as
efficiently as did 'CPO (Fig. 3). Immunofluorescence analysis of cells
infected in parallel verified that all cells were infected and expressed

' CPO or (BRAlpttdasformatdifomwn) DM iweee! | sranéeetpdaw thtAdempiey was
reorgani zed as el ongated tracks, presumaply in response to expression of
adenovi r u3PRHOPRESLEE) . CEkpr estiBRSof YUY by Enga® | 1P t o [ROShenf PM,
whereas PMLq$habRbAYsl NTAQORFE1 infected cells was identical to the Adenpty
sanpl e (data not shown). This observation further differentiates | CPO from
ORF61p.

Drug treatment. Interferon o was purchased from PBL

Biomedical [Piscataway, NJ].

Viruses. [i] VZV. Jones, a.wild—type clinical isolate,
was propagated and titrated as described (24). Cell-free
virus was prepared as described (36, 58). [ii]
Retroviruses. Retroviruses were constructed by transient
co-transformation of 293T cells with the proviral
vectors pCK-Super.retro.hygro (38), pCK-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



Taken together, the imunofl uorescence data and the western blotting

anal ysis denonstrate that although ORF61p alters integrity and the staining
pattern oVoNDUM16s3di es, its expression does not result iPaTiUSR0dios®PPear ance
of PML. However, ORF61p expression bug3does affect Spl00 |evels. Targeting
of ORF61p to NDl Os does not cause PM. degradation. As nentioned above, the
Ctermnus of '"CPO, which is required for targeting to ND1GCs and efficient

degr adat i 68rdR1PMiluts o8 oA5yirus abeeks andmiGRE6Led( Kied.lslwerkdi ti on

of this d in to, P-.gal act osi dase caused its.paftial .co-localization with
PML (18) - L18Rs o T O 51§ B P a AP §b dbtt LaSEOMI. RRVATE vias
consequenggeof titeri nabi Iddyl t aslsvcgeitD Pevbegatse iinféckeent s domain,

a translational fusion of ORF61p with the C-termnal 188 am no acids of

' CPO was Me¥gtecE Py, 2APP1PRe QestlPRRY FEdts mahodrgerBdactomai ned al |
regi ons of,:" r ' fo targeti r (e} h ogous

RI NG fi ngiélrlxgﬁg tﬁgyg:tgggm' %%ﬂ%arvglet%?ng%rqgg{é%rﬁ%%?lggﬁ o1 £ MUY

2011/ 0168830RGCT/id§2010h8020es @Dt tomst pictaiesx pr essieng ' £PA n@RFGIpEl or t he
fusion protei,n., Western blot analysis of cell |lysates reveal ed that all
protein pr&@dltdccunul ated at sinilar levels and that addition of the
Cterminal region of 1CPO did not alter ORF61p stability (Fig. 4B). The

| ocal i zati on and abundance of these proteins _and PM._were then nonitored.
As descri Bdgsmidfe, 'amBtayrtekeron | E8lt o 8iBNPpeaPdaERigs -PM. Bh&i ni ng,

wher eas expr i f [.es in. L .chan hN ]
intracell é?g?ﬁ?{u%’l i n%g%{g?%gﬁ‘? (%%ﬁﬂzgqal%%c?%kggélﬂési %ﬁf%tr)otéeﬁ@ had a
subcel | ul aaxxoaENZal2Dn P!t evereli sbdncti efir dort halowing CRAter gdRES1p. In
nost cells appr oxi mat el% 80-90% , the fusion Er ot ei n_was predom nantly
cyt opl asnFEPEE -§ etaS) hygng | 638} o WhaPeRaE2bBsBFFad inPili O pad PCK-

P-gal act ogii@as& f upiOnahAchies d8TRLB (38)1rsa SLHPORYI! @bhap. ofscytopl asm c
PML cont ai ni ng bodi es co-localized wth the fusion protein. In the 10- 20%
of the pofdTECCEHETHRGGE AT ATGAATAATECAMNAGAETATTARDAACAGCRASARAMYI nat ed

and the f n protein fil,led the yemain,. l.ear_ space (Fjg. 4E).
However , i%n %ot h cases, gl t hougl“fl di égtl%%blg*blc—olr?%rs' al terggd, it was still

det ect ed. AGorTaArpaiNaTGAGiCTRIEHTCARTADYEICTTCARCEATUCATCAEREGETOR PM. 'S
an intrinsic property of the protein, and does not occur because ORF61p
| acks an NB$§ targetin§Fdomai n. DFEPEFBuEPBRTand abundahce of PM. and Sp100

during VZ¥aimgieed @TT%%@@K@A}QPF@AX@AG&%%@&.&@A&XT%@%@@@CW'- and
Spl00 (Figs. 2 and 3). To answer the question et her ot her VZV proteins

af ; ect e(cji @rg¥r i bution of thedé prot eissDakxibhgwent ection,5MeW celts we][e

Viral and e et A R A e AR R rehBhaBirt bt os copy.

As WO 201 t6eE6830PCTids20101 §82840i3@0 BglII/HindIII cleaved pCK-
super.retro.hygro (38).

All primers were obtained from by Operon Biotechnologies
[Huntsville, AL] and all vector inserts were verified by

DNA sequencing.

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



previously reported, in cells infected wth HSV, staining for PM. and Spl100
di sappeared (Fig. 5A and 6A). During the initial analyses, staining for
ORF6l p wasotzha/aressker for virus infected cells. In cell ecefse@ass®vgo ORF61p,
PM. cont ai ni ng bodi es appeared snallep4in 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 nagBWineRldsS.wdhe abyidanee aftH e hnega dHL0 caguaRaRent S AMRS
measur ed. Al t hough PML and Sp100 WD 2011/ 016830PCT/ US2010/ 002010 32
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



expressi on was i nduced, Daxx |levels 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

pr ot ei ns for degradation. The functions of PM, Spl00 and Daxx during VZV
infection. 'CPO directed degradation of PM and Spl100 is beneficial for HSV
replicatién 25 >22$DSD@>amnlezstbmﬁfer| 07 6wt Gir igHMCNRH afd8addrsdniM uses

(34, 68, ot efficiently redu | evel s _of .ND10
conponent sﬁ%)rt'hl %ﬁ?l rre%t § t:}?ﬁfﬂ’%%Pl?% % v%]ru‘?'he%g%%(ast:31 &Skt her

down- r egubatiled %fnd heser #1088 ehns 19klear egy \EDS+BRtECaBHoN kirwridies and

yi el ds. Reconbi nant retroviruses expressing si RNAs targeting either
not hi ng, PREE Spregsdemed nfNAsnieFecastdleset r assdpreasmeWpaidis and

generate %@l&'e‘i‘nf]hﬁll dil; glgc(ﬁgﬁptg%?kfh M“emﬂfggégo Sl %rﬁ eins were

respectively) e and local1zation o e fargete
noni t or edmiiA kt heJSEPH&'II | dnnredsi biyz e@ speo e bhot wéEiegre&A):ealnduth the

i mmunof | uor escence m crosc, (dat a, not_ shown VI oysly reported (21,
o Gepl GPEERESRAR (RSN S | Hae bF | HOBERE: y Mof iDiS DAy, o

change i nych®8nREeSH A8 RALHAIE Ghr&SP1eAmUtEdO S gﬁrtl eabh Me‘rﬁrence in
Daxx |l evels. In contrast, down-regulation of Spl00 or Daxx did not alter

ei t her thé’Blsé\/eI sinsrubitrd | bwttbn @In otmlm@%brrp@ﬁentasﬁtl?hme:el I
i nes wer gntt &se% g’d‘%ﬁsu‘{e R(Iagg%]f,ggl {lfl i enc ]dlagonl‘/: :

nonol ayers vvere nf 6ct ser? al Fong of P&l erét ocks.
Several damshedD afHlid 0d838PEIMIS2ldY 092610 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.



33 post infection nonol ayers were fixed and stained, and the plagues were
count ed. The nunber of plagues forned on each cell line was normalized to

t he nunbewoformmaes3on control cells. The results reveal eg¢Ctrhustomierv1 P

| evel s were reduced the nunber of plapes increased by approximtely 2.5
fold (t(vai)=0.0017) (Fig. 8B). This result m m cked what is seen with an

| CPO- nutant of HSV (22). In contrast, down-regul ation of Spl00 resulted in
a mnor (1.2 fold), although consistent, increase in VZV titer

oot | gaPBubkEcpo B Aol ot BERIRRe" T6R0,vHla OrPe 18 Re Rt s

were infeebpdrekt heeghdste@e tHastBad AgHaRBE O Bls ViorthoiRfssi NS was
noni tored _over tine &Fig. 8C). Band intensities corresponding to virus
prot ei ns ThP8acAndepPBF&dPcel FhRrRe wEVETAdr nBLPLIOF1CE nhde §sresent 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 | ¥Fls were simlar to wh S observed in contro

Iagu

t
cel I's. Li K&%rh _ ngﬂﬁ%qYﬁ%mcitr&ﬁﬁt§fsﬂe %9ﬁ<ﬁ@€ﬁrﬁﬁioé 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
f or med inggibﬁf g%%%%¥§é§§&§% % f%%%%%%%% ggr#§8%ﬁ 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 cel
| 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 siml|lar to what occured in siPM cells (Fig. -8C - E)

surpri si nYPy04ARE1pla g Ag NPE04G 8%y i nTSFPRZR 1%Ed Y) detd cal igsiachat i n
| 1§, (. i ' hege; di i RNA
control cekkg (Hig %%plt:_r@ popBe c%lf'lpseg‘%%angfng:ofz gﬁ%lgl &%?ﬁ%c%ﬁgﬁe Sl

cells grown oOn cover ps were I nfected, , cells were
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 g% Tt VRet PR 2¥§ﬂ“ﬁ%} Eggﬂed&ﬁ% EﬁQFiEFéFVét?E 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 ©

where ext ensive Tusion ocCcurreéd,
i nf ecti ondofferBaxe deltweapreaasai tWwonpragmednsnti <CREhe Mabsenee, cdft 2 dpi
cells wer

scor ed asggggllﬁé%g?&%]ee%d“%gsn} k‘-‘f‘hgrﬁéslpwli ”% o ay%@i%ﬁ%uyﬁi d ﬁiﬁga;%:' gsf£2ﬁ1t
ORF61lp. 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



all cell lines except siDaxx. Extensive cell fusion was detected as

evi denced by syncytia formation and the WD 2011/016830PCT/ US2010/ 002010 35
honogeneow® 28t1ai1683ng pattern of viral proteins. |n contPastuscaoovives cell

i nes, spread of infection in siDaxx 2klls was different. Al though VzV
spread to infect neighboring cells, individual intact infected cells were
detected wi thout any evidence of cell fusion. This norphol ogy was

stri ki ngl gngepiagenttliessm steent egithediogs. wepoe t anohytoretll s usdmey not

d hed IS, ' ' infection, which | ai th
conet dor abl g CERERr epi A o MOELqRel S o, Rk & SRt G O s

remai ned bpthheeMmnahdyspland dppéeted Oakowithdiatd heycneae Ydargot
scored as fgl_agues in the siDaxx line, resulting in a seem ngly | ower
pl agui ng éfifci eRcPICFidP) 8B - TF PEA%L 9355y oF ePPELSC e SPRERSSIPT n cel | s
| acki ng t i LUponent $,0%; [ a t PML_Js a
r epr essor Bgf %Eﬁrﬂ-type VzZV S?O\Eﬂwlg%\%ﬁ%?g??%sgo%%% {:??%I gﬁoftegnln)# role in
this procéf§sg.DaBx aappe2Ekd (#6) haHowewdirst i axelld uagbiressihgcarss 1a t hough

[ esulted in accelerated replication and

i | enci f _thi t initiall
;S)Ir ot thngégﬁﬁéﬁ'é@fig%‘? R SH Y @%@%%%yt%twlﬁﬁt PR %24 ve.
Di scussi 0BogaeRORRMsS fr NDADspedsed, aniCdud NG PNihesPL8RparedaDasx,

associate with DNA virus genomes and contribute to an intrinsic antiviral
mechani sn"PRKt BEESTLEE reptésSs eXpe es¥Vrein omashesd igdnodesect®d 21, 22,

2 55, MpablySn Lobpear uass doue, pvel ved cou aureraues pat bypass

and spr eaftheHR\f acodes sORPEENt drr a8 L 00 ptdamadd apbireat©Imi 14390, 4 hat

targets Nt[?lllgtasggci %(t:lgg, pra?é eisnt:saifr(1)irn ' Oftoeras%rf)%lo Ode%qlﬁ:%aéaironbodies
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



WO 2011/ 016830PCT/ US2010/ 002010 36 resulting in increased expression of

i medi ate early virus genes (21, 22). VZV, a closely rel ated

al phaher pgewenrmessencodes ORF61p, an | CPO orthol og. Prevcoas2ebocioas have
enphasi zed the conservation of biol ogkg8al activities between these two
protei ns and have denonstrated that both are activators of gene expression
(49, 50). However, it has also previously been shown that unlike ' CPQ,
ORF61p f aidlss aff ioviearcole asr dgdi rTéiRht (Fog . t B . canphuaedrlowe quasrsien BAG3

during vir replication,. su sting that the.orthol ogs hav iverse
fﬂnlct ?ons a@)y_s&'&mo 0 Fei slgrgﬁ%%%%gaf?gﬁﬁﬁﬂ?lé f’ﬁ§%gl ttglagfs ar%!af/eal ed
that whil ecORE6hperet ahfisctba conseexpdeBEdE flicryerorF earedep ofqatFPO, it

| acks the CG-terminus of its HSV ortholog (Fig. 1). Both of these regions
are requi PO f 6PoeR)i.ci BME t ARgeEehySofin €@ NI bl and Wisyr adat i on

of their : L5 | I -fernyn | ts
associ ated N %qﬁgﬁgeﬁ%ge?ai%%%{e OéS%SI %%?y%h%&%ﬁ i's
unabl e t o tebe grguise siponeiit 2 deEndRNruxdE4 s ORFIBMUNGY | uakpgleesdenalrtaﬁ ySsi sf of
cells transjently expressjng | CPQ or 61p and western ot analysis o
pr ot ei ns fIr%Sﬁ MI@&# ci‘ég WPt ﬁ%&cg}giﬁgkt WhEREFFr E¥s ShagmEdid ng t he
herpesvirus paderas [ayeaked that ORGRIP idees kel depl ehe AMeraitd, t hat

Spl00 levels are decreased nuch less efficiently than in cells expressing
' CPO ( Fi gsagiplerur tdatraroreotat séueprs -t o Tlakget OOREEYP tionNDIiyherddi ti on

AR e

Taken together, the immunofluorescence data and the
western blotting analysis demonstrate that although
ORF61lp alters integrity and the staining pattern of ND10
bodies, its expression 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



ligase (reviewed in (30)) (Fig. 1). Herpes sinplex virus ubiquitin |igase
(HUL) -1 is encoded by exon 3 of 'CPO and is responsi ble for degradation of
cdc34 (28y¥02911/@Bd830 However, the HUL-2 activity that precoiussoideooadati on
of PML and Spl100 maps to the RING finger domain of 1CPO (4, 31). RING
dormains in the appropriate nol ecul ar context have been inplicated in

prot easomal degradation (42). Inportantly, binding of an ubiquitin protease
(HAUSP - ©SP®frrugtishe expressihng oflQROPO WaBF&lLpgestted thepr dwstion

degr adat i f .RING finger substrates (.30).. This, bindi m_ght result in
sequestra?’?gge&fl'ug&ftf%fh}ﬁg%fyaﬂ& &’ﬁi(ltc’i 4 e%lelf-bL-h%s?g%gt Ve Led ensure
their effittaentaltiargedtdpn f propueteasymimdegiatiait 08ind1a20,1e31.s Based on
t hese observations, two scenarios are envisioned that explain th/ ORF61p

does not EBUsEhfikappehrhpReodf M GnEeopingl AaFHAyhoE héCRONGH] nger
domain is qui v f I t Gl At agtdvat 4 I Mis . , the
mol ecul ar nggnﬁa%(tféj%f 8?@5&?%&: o% 16:5&& g?%gh%db)e' i?}ggp?[o%tgra:%:zé#l;b?)it to
act as anaB8 ubbguidbinael | gdse thalsieer patoitedings, laack @MIan wdriequitthem specifi c

prot ease bindin ite wwthin ORF6] p might lead to avail abili of USP7,
api o de- DEPQEOLERat |20 GPaS e JabeTeand dHus SPOEEEIEh $E8mEo
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 sypphesis %fhf\'g%%ﬁ@geqeﬁn?ﬁhef@d ¢l b BRESHONGas L Budinghease |

abundance of PM. an 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
herpesvirngeNépMEdaTioneanteQZ 67 69yel Bsabliafesited i nestHepltigwed of each

of these pratei.ns e ze. whet her these prg ei_n o affect
the repli ggfal Sﬁnﬁ’l cpgﬁ‘a @ %n@&%fgwreﬁ?ﬁe&8i§lgum %t ?@ol e in HSV
i nfecti onDuspHQO thrd 1Imtttll£l efl£erys o9, péagynnﬁgetbrcoemnp GRIEE tPr essi on
and infectious center titer in cells infected with VZV. However, infection

of both smpwkeefndf@roak&rte%l infierded eselded i Blarcehes es@rasgsiner and
accunul at L t u ot ei
speci fi calbggﬁkhl bit t éﬁggﬁpén? akgcgééi% bgﬁégrggplssil%%]fhf%ﬁ Eéess%z{bz t hese
di f f erencead célelssasb@chlghttedmmiehqers:oofpa\té‘d r&a;chadutﬂ“feacsmda pedklditer at
later tines in infecthon in all cell I.ines. Id:] Wl S|ted t hat VvVzV

0

replicati BRYEYSCont FBLEER bt Rt Rlep&idSH t dﬁﬁYed Rfleps’asin early
bl ock thatthgimedied&skdy Phh, Rxx andraessibl eotiner hesh projmins, and a

|l ate block that determnes virus yield. A though depletion of proteins that
functi on Bgwveytheliesisi bi bechaseni thel expyessobnt Helneties|ide ol e

results i Ier replica n £Li ¢s ot fficien
i ncrease %pr%ég ﬁggvle %prr%nt gu?e%t Pglt}sergé:r?toéirr]s nﬁe urqgtqtl’b% of ND10

conponent bedydgwibié dehype drdSiéxr nf;ecte@ﬁsl exbrfddgad t afeest WRE613s t hese
proteins are rapidly degraded after 'CPO expression and are absent from

i nfect ed EORtLL tepPEEi G ofMkhe¥EiRgstinfgstion, ORF62p was
2011/016839@@”&@@13:0439@%%%&%@0rx‘r?&'f'ﬁ%ﬁ has rhqlféé@é?c& 3]2§] 'd“ﬂryl%e virus
replication kinetics and yield, but enhances replication of an | CPO- virus

that fail progedir ecni eyt byaflioorlizes 229 . thkee mesidus of timfectadly
denonstrate hatvmldtp NVZV.m m c CPO- i C |on|nP

depl et ed ES‘FI&E (Fﬁl%we‘é? and F ais © %gﬁ??nég{l ngrérb%ﬁ&b%r atAd mEbr
conmponent tebniDbalked eso (Ehe S)topTasmnibast ti; PMhfeSpibf a(hlmdance i's
parti aIIy decreased when ORF61p is _expressed (Fig. 3) and depletion of the

protein had8SERIEPTE i ASE efnéspced ilar loga P FiRR t D THLE; vzv
m ght havgsg¥ahved O pfd et eofgpﬁrﬁ’feééé éei? Qﬁdeé%e% 1[1%?16@0
1 remsu ni ng

efficient replication. ]{ternatlve anounts o
within thefceﬂi@ atage sqﬂ?l\lAhdepheiusonrep@htabeosufdycdl@nt Iﬁorce]lls o]

silence VZVY. In usion, this_ study.s t hat grown in cell culture
behaves a%’hgrﬁnl nfe? Brc ﬁ@raﬁﬁﬁgh}msw ugl\)/fg PPPeBRIS% &5t her

' CPO ort hgbbegs icad) , s ERMEdRrdess waly dsiftl adedadahben 1@‘ AB&Q caqponents.
VZV's interaction with this intrinsic defense nechanismis nost simlar to

how adenoWripdéestesal catlh hdst9 medCat @@dsiGBnci ﬁ§f€¢zed73°;ell\ré| talffer VI rus
bl N
s able t9,dR0radae N A0t Iy, and et s Bol n,Oyer Gaie: (esLdl Gd afy D e vav

interferon. Moreover, 1n confrast to but
replicati shauﬂlmgafffoe:ctténb tg/lxteqsxbmt@mo@ESpmaﬁe hmt Vizls imefddtdatri,on i s

accel er at g‘F\M]T?n PNML and Daxx are.silenced. Although. HSV an are
consi der cBEo LB A i | O | RPRPS SOy Siifortes STHELLAG! Tona3iay
evol ved uwagugb@ré@vwcaralﬂxz&dsw:ﬁeaocémgrf@&@ wit h fs%tcﬁelldalrﬁpresm on
to ensure their efficient growh and spread.
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
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observation (Fig. 7A). The rate of increase of PML and
Spl00 was significantly higher than the rate of increase
of tubulin, indicating that the increase in abundance of
these proteins was not a result of cell growth and
replication. To verify this, intracellular levels. of
Daxx, another constitutive component of ND10, was
monitored. Unlike PML and Spl00, Daxx intracellular
levels remained almost constant during the course of

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
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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
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(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
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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
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respectively). Antibodies. Polyclonal antibodies to ' CPO were descri bed
(20). Morwol2onziiessnt i bodi es to ' CPO and | CP4 wer e pur chaseaskeloonione
Runbaugh- Goodwi n Institute [Plantati o5 FL]. Polyclonal antibodi es agai nst
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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,
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if it mght substitute far HSV I CPO when it replaced the duplicated
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d11403 wasursed asirdie vépdi chackhonsugdbbhEneegesthbe drithdlolfdd aa and
an additional 56 aa that are derived froman out of frane fusion of the
second an8aVRi FdVexXsRs fAtHONE- B &ene. ORF6I p codi ng sequences were
anplified and inserted in an Ncol/Sall digested | CPO clone as described in

Mat eri al s and Met hods. The Ncol site ,
Amino acid sequence alignment of these proteins revealed

that while ORF61p retains the conserved RING finger
residues of ICPO, it lacks the C-terminus of its HSV
ortholog (Fig. 1). Both of these regions are required
for efficient targeting of ICP0O to ND10 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
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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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cannot be excluded.

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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effects of IFNin Vero cells (Table 1). ble®I: Virus titers
infectious center titer in cells infected with VZzV.
However, infection of both siPML and siDaxx cell lines
resulted in an increase in titer and accumulation of
virus proteins at early times. Thus, these proteins
specifically inhibit the early stages of virus
replication. Despite these differences, cell-associated
titers of VZV reached the same peak titer at later times
in infection in all cell lines. It is posited that 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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type, dl11403 and HSV-ORF61 at a moi of 0.2.
Immunofluorescence analysis for ICP4 (data not shown)

was used to verify that each virus infected equal

numbers of cells. Cell 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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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



57 glycoprotein encoding the Us region of HSV can be substituted with the
predom nant gl ycoprotein genes ORFs 67 and 68 that are located in the
regi on ofw@avii/0ib8ss i s done usi ng containing ORF61p i n pCaas20i0m0020e6pondi ng

Us an HSV-1 bacm d The 50
cells was affected by interferon-stimulated genes (ISGs)
presumably synthesized in response to IFN (Fig. 14). The

small difference (4 to 5-fold) in sensitivity seen with

wild-type virus on MeWo and Vero cells was not a result

of differences 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

the

similar

sensitivity of

fashion,

increased sensitivity of

As previously described

ICPO
plaquing

efficiency of HSV-ORF61 following treatment with IFN was

also rescued (Fig. 14). These analyses revealed that

while VZV ORF6lp substituted for 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



into cells to As known in the constructed by introducing sinmultaneously
the desired DNA fragnent in a plasmd/bacmd into the host cell along with
t he viruswOaopanss3d reconbi nati on therewith and reconbi R@mUS2E10082010
production. One by one substitution of1HSV gl ycoproteins with the
correspondi ng sequences fromVZV to can be perfornmed to reconstitute an HSV
strain whose glycoprotein genes are fully substituted for with VZV
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Cohen. 208¥%pr¥seieal | @asiciiood ras 1E6B8, eximm oin Vbthbr! akbameyspratein, is
required to inhibit the alpha interferon-induced antiviral response. J
Virol 81:thgsedphaherpesvirus family. These proteins are related
to ICP0 by virtue of their 1location within the virus
genome and ability to influence gene expression.
Sequence similarities are limited, with the exception of
a RING finger close to the N-termini in all orthologs.
Specifically, the ICP0 ortholog in VZV, ORFé61lp,
accelerates replication of an ICPO- wvirus 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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Spl00 levels. Here, the effect of these proteins on ND10
component abundance during virus replication was
compared. It was observed that even when other HSV
proteins were expressed, 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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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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infection correlates with the Vmwl10-and
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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Rat horia, and J. Parkinsaon. 1997. A novel
chromatin modification and remodeling to allow efficient
expression 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 be <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 .
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r econbi nanf "deoxyfi’bonlcl ei’c acid of any of clalnms wherein the
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aci d sequence 8‘?%2 'eqﬁ'?oﬁjel%erzrpapte]so% r%g, Bo9FRE her Bé’scq\ﬁarrus,‘flod?ams
pseudor abi es virus protein. 6. The reconbi nant deoxyribonucl eic acid of any
of clainms 4 or 1BAUGest PY HRFIRSY BYAPLEXa HoWgetde 1 immediate
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t he glycoproteln conprises a varicella zoster virus neutralizing epitope.
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10. The reconbi nant deoxyri bonucleic acid of clainms 1- 9, wherein no

pol ypepti de encoded by the reconbi nant deoxyri bonucl ei c aci d degrades
manmal i arwpronyabsseyti ¢ | eukem a protein (PM.). 11. ThePCeasadiooeolo
deoxyri bonucl eic acid of clainms 1- 1076wherein the heterol ogous DNA
encodi ng the polypeptide is integrated such that the polypeptide is
expressed when the reconbi nant deoxyribonucleic acid is integrated into a
genone of 1a0sulexelaihoN. ,cR | .PapioTheSr cBeabtannt Mdedeisi,band|Ri ¢ acid
of claims 7- 11, wherein the heterol ogous DNA encoding the glycoprotein is
inserted into stammiageanti do@ene pvidegten 6brt ha HEY1ENAOfL3.the

reconbi nant human herpes sinplex virus (HSV) conprising a heterol ogous DNA

encodi ng a pol yRenti1ge CRPPLI Sbec&im Mol | DEEMAPIBE Thhiseh glsrol ogous
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79 essential region of the HSV genone, and (b) expressed in a host cell
into which the reconbinant HSV is introduced. 14. The reconbi nant HSV of

cl ai m 13,wotrergiiss3vhe het er ol ogous DNA i s integrated inPoTiUse01BBR20g€noMe i N
pl ace of a portion of the HSV genone whi ch encodes a HSV Infected Cell

Pol ypeptide 0 (1 CPO). 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' untransl ated region (UTR). 16.
The reconbi nant HSV of any of clains 13-15, wherein the pol ypeptide

conpri si nghke ikl MEafimegeristonai n has the am no acid sequence of varicella
zoster virus ORF61 protein. 17. The reconbi nant HSV of any of clainms 13-15,
wherein the pol ypeptide conprising the RING finger domain has the am no

aci d sequence @f I E r it Lme h s Vi .
qugnce g @e@&lﬁlbﬂﬁaﬁ%lgﬁé%%iéfEEonQ@YéQE %g{?,& é’drﬁé’:.slsﬂ'i?

pseudor abi es virus protein. reconbi nant of any of c aiams 13-17
further conpri $iumgra hetees| cyousBNA encodi NS\l ydegpatréiborand dinser t ed

into a non-essent.i.al ion_of .the HS enone. 19. reconbi nant . HSV of
cl'ai m 18, whor 8010k hdDER)CopPELERn had FHE S F o TS e AT e
varicell a zost @heteliths UM¥eAMOt & Hed 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.



WO 2011/ 016830PCT/ US2010/ 002010 80 20. The reconbi nant HSV of claim 18,
wherein the glycoprotein conprises a varicella-zoster virus neutralizing
epi t ope. w0.20fiaes3econbi nant HSV of claim 18, wherein tireThiSt@oobmgous DNA
encodi ng the glycoprotein is inserted7§nto a non-essential gene or region
of the HSV genone. 22. The reconbi nant HSV of any of clains 13-21, wherein
none of the pol ypepti des encoded by the reconbi nant HSV genone degrade PM..
23. The reconbi nant HSV of any of clains 13-22, conprising up to eight

di f f erent jhet erpl ogous each encadin different varicella zoster
virus gl yéopr oigﬁn%eﬁﬁ%& ‘r‘:ﬁ?o : rgd%ogﬁwae(lﬁ a°p aﬂfgcfég??‘@a'lq
acceptabl e careilgimgndi (&) furtODicoaRrivinds WNiKd SHPEGSES DNA
reconbi nant deoxyri bonucl ei c acid conprising a human herpes sinplex virus

(HSV) genone h&RCRELNE) aa RO VIS DNA encodi ng a pol ypepti de
conprising a RING finger domain integrated therein and (b) having one or
nore het erol ogous DNAs, each encoding a glycoprotein, integrated therein.
25. The vacci nehef md@inih2dan whelceixy rtifwrhetlerial ogoud [RNA tsaimt egr at ed
into the HSV genone . in place of a portiaon of  HSV DNA encodi ng a HSV
Infected Cel | BOFYFePti deh® (Gépepeprotein has the amino” acid

sequence of a varicella zoster virus glycoprotein.

9. The recombinant deoxyribonucleic acid of claim 8,
wherein the glycoprotein comprises a varicella

zoster virus neutralizing epitope.

10. The recombinant deoxyribonucleic acid of claims 1-
9, wherein no polypeptide encoded by the
recombinant deoxyribonucleic acid degrades

mammalian promyelocytic leukemia protein (PML).

11. -The recombinant deoxyribonucleic acid of claims 1-
10, wherein the heterologous DNA encoding the
polypeptide is integrated such that the polypeptide
is expressed when the recombinant deoxyribonucleic
acid is integrated into a genome of a suitable host

cell.

12. The recombinant deoxyribonucleic acid of claims 7-
11, wherein the heterologous DNA encoding "the
glycoprotein is inserted into a non-essential gene

or region of the HSV DNA.

13. A recombinant human herpes simplex virus (HSV)
comprising a heterologous DNA encoding a
polypeptide comprising a RING-finger domain which

heterologous DNA is (a) inserted into a non-



WO 2011/ 016830PCT/ US2010/ 002010 81 26. The vaccine of claim 24 or 26,
wherein the heterologous DNA is inserted into the HSV genone between a HSV
"CPO 5' uwonanglietsed regi on (UTR) and a HSV I CPO 3' unt pamdiSatieaozoegi on
(UTR). 27. The vaccine of any of clai®® 24 to 26, wherein the heterol ogous
pol ypeptide conprising a RING finger domain has the am no acid sequence of
varicella zoster virus ORF61 protein. 28. The vaccine of any of clains 24
to 27, mhereinesh@nwabérohugDUSnpobﬁpemﬁkﬁeIﬁﬁhprgshogea RBNG- f i (igler donain

has the anino acid Se nce ps r es Viruys. protein.
The vacci ne of SERY & %té\e 2}210%_%/ ‘igﬂl\/\hg{fg E g‘ 3?? @E%f]ﬁp % the
am no acid sequgmcqsoﬁngﬂﬁauégaJ61zoster Vi rus glycoproteln. 30. The

vaccine of claimof any of clainms 24 to 29, wherein the glycoprotein
conprises a vari cel | azoster virus neutralizing epitope. 31. The vaccine of

claimof any o ai t terql og lg%f di ng the
gl ycopr ot e| ns g‘n tﬁgéscog‘f?e erécPogous e%gggﬁng&?he %%ypep i?e}?g
conpri si ng t he hidithGdlioggers dovai hsarietegeiatetseited theo HSON-gsame i al
genes or regions of _the HSV genone.
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.



32. A nethod of immunizing a subject against a varicella zoster virus

I nfection conprising adm nistering to the subject an anbunt of the vaccine
of any ofwol2aimee$36 to 31 effective to WO 2011/ 016830PETTUS2000/1d2010 82
elicit a imune response the varicell8zoster virus in the subject and

t hereby effect imunization of the subject. 33. A nethod for preparing a
conposi tion useful for preventing infection by a virus, conprising

conbi ni ng28 -r e¥8ebi wEFOMpingntof BSY offclalasmi131823 wherein | wdiesacci ne

stabilizer, SOgﬁ?c%%r%%%H%reégﬁif¥gg§5|£|Ogaricella—zoster virus

neutralizing epitope.

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.



