WD 2004/ 029258 PCT/ GB2003/ 004213 -1 NUCLEI C ACI D CONSTRUCTS FOR GENE
EXPRESSI ON Technical Field The present invention relates to the fields of
nol ecul ar biology and 5 i mmunol ogy and generally to nmethods for gene
expressi oMO 24039 Bérticul arly, the invention pertains PET/RDESI4216i d
constructs for the expression of polypeptides and their use in eliciting an
i Mune response in a subject by imunization and in particular by nucleic
aci d i muni zati on. 10 Background Conyenti onal vaccination strategies
generally involve the adm nistration of either "live" or "dead" vaccines

|(E(rzlt Ldgt a?!t enu(ﬁ{? }Hé 4 e STRUCEY ROICEHNT B RE ﬁhl egnl :'B.VFI x?ﬁgl nes

vector. The dead vaccines include those based on killed whol e pat hogens 15
and subunit vaccines, e.g., soluble pathogen subunits or protein subunits.
Li ve vacﬁﬁﬁﬂsgﬂﬂhd@enerally successful in providing an ef fective immune

response in il n|ze subj ect ver can be dangerous in
i mrunoconpr ont SeHEHH B}Vgﬁgﬁ%{hlfe dgasoo\é\% ﬁem%%ﬁn&é\:/@?rtcb DESQP ogeni ¢ or gani sns,
or gan %mms%r@naweﬁ&amy wm@&faﬁg f&%ﬂ@%@?@ss%h‘%% parBluldly, thd 1996) Tr ends

in Ificrobiol. B07-312). Dead vacci such as subunlt vacci nes, avoid
t he saf emyem'rcrmmeetnms tasger a‘cld(tomstntmtd fow theeapmebsiersof plysphides andvacci nes do

not conprise the whole  pathogen, they also typically avoid the probl em of
i mrunonodEr &F%WWFF’&IM&W@G@S‘PW 18 HElFCiy Sphnzdiea Al at t enuat ed

vi ral éyya £ §RRhed the effectiveness of vaccination.
I—b\A/everaﬁghéa]g vacci nes, ancF%i n pggr?i cul ar subunit 25 vaccines, often fail to
provi de an appropriate andi or effective i mune response in imunized

subiects One possible way of increasing the efficacy of subunit vaccines is
forlG he Baclgrpurdto include nultiple subunits. |munization with multiple

fesponse t hat SRR BRE vag SRR Srelsets! B el PR RISRRER 4 (h a si gl
anti gen. eitde} iR @r SEddNvhe G qERE &t 4LYQDEPARAIASE 15635 1992005/ GRd 218 -2

so-called live vaccines include attenuated microbes and recombinant molecules based

~ ona living vector. The dead vaccines include those based on killed whole pathogens
15 and subunit vaccines, e.g., soluble path_ogen subunits or protein subunits.

Live vaccines are generally successful in providing an effective immune
response in immunized subjects; however, such vaccines can be dangerous in
immunocompromised or pregnant subjects, can revert to pathogenic organisms, or
can be contaminated with other pathogens (Hassett et al., (1996) Trends in Microbiol.

20 8:307-312). Dead vaccines, such as subunit vaccines, avoid the safety problems
associated with live vaccines. As subunit vaccines do not comprise the whole
pathogen, they also typically avoid the problem of immunomodulatory viral proteins
which may be expressed from attenuated viral vaccines and which can reduce the
effectiveness of vaccination. However, dead vaccines, and in particular subunit

25 vaccines, often fail to provide an appropriate and/or effective immune response in
immunized subjects.

One possible way of increasing the efficacy of subunit vaccines is for the
vaccine to include multiple subunits. Immunization with multiple antigens is
desirable, because it typically induces a broader immune response that may give

30 . better protection than immunization with a single antigen. Multiple subunit vaccines



may al so hel p reduce the need to identify a particular single antigen
capable of giving a protective response. This may be particularly inportant
for the induction of cellular imune responses in outbred popul ati ons where
i ndi vi dual sYRgYPHPAty3 greatly in their response to a si ngPETESRB0IEUGCt and
hence there is no one antigen is capable of 5 giving rise to a protective

i nmune response in the popul ation as a whole. Vaccines naybe introduced into
the subject to be inmunized via a nunbgr of routes. Mire recently, direct
injection of plasm d DNA by intramuscular (Wl ff et al. (1990) Science

247: 1465: 1ﬁ%s@ﬁgg@édxﬁ9%é’@eled kd’id@ﬁﬁfy%rbﬂéuﬁ‘a:%iﬂg?@ﬁt%eﬁB%a%)érdfrggﬁng( Raz et
al. (1994) S USA 91:9519-9523) haS been descril bed.” Thus a construct 110
encodi ng thpro&ctivgesponsat Ties nmizh aa pétieulariy igportadt S&lthe indastidundfreeuleed i nt o

t he subject. Such vaccines whjch conprise a nuclejic acid construct encoding
the anti gelIBH%e reROP RSB QUG PIRAOU H P AR Vi R VAPPEEHONTBFT t he
delivery o (ofel j r I stic . of | G4 e- nedi at ed
DNA deIive]'];eS aﬁd%gﬂ%#%g?ﬁgﬁ%éﬁgﬁgégﬂﬁggéﬁﬁf29%%$$vgfyﬂlg&q@%ﬁ%§? 15

adm ni st er gibNATRO & £protd L0 SEPRhE Y Iﬁ;elﬁeﬁfé?ogmaﬁﬁﬁ hya WAbR. t he cells of the
epiderm s {Yang et al. (1990) PNAS USA 87:9568-9572). Thus, a number of

delivery technVegess omy Ysantuxhded miadieisvbiectiadeenmuatried v prumpenedi zat i ons,

i ncluding parti - medi at.ed .t echni whi | i.ver nucl ej i d-coated

o opar £ BRES. MRt ettt PNATy niruitaee el un: N

5, 865, 796, 4]i ﬁ@%}%@%‘z@é EEY :3{4@5:146_%2‘8) intrdBerfhi®id; §th vath ShdAGL ISy RAQL ecti on
achieved with DNA-vaccines is simlar to that elicited by traditfonal .
prot ei n suf®aict alvad©84 NN AS AL AG 11:96@-23ahisdreen tdedribed. aThusvamoosimeg; al t hough
it is traditiognally |ess than that ohserved in conval escent animals

fol | oWl ng FREEENE FliF Ftigem. 42thsk thamineiaphgnt {sH: pRmReusdartodhe sybizsd7) oriti cal

ol | ol ng FrSeORerly g st timleis . cloahe SITY7) O
Coehn quecs I8 Rayaouan eies lic e FR R oo P QBB "

| ynphocyt ercfdredne as DERPeatsesRs.f ol | owi ng epi dernmal delivery of nanogram
quantities of DNA (Pertner et al., (1995) Vaccine 13:1427-1430). Such

parti cl e- medi atéeptherappraagh fadhmdadivery ofNEA wreeinesio mjemreditotas bellistie t ypes of
ruc e & Akl AR ) oAV U ek e SRS, RSt 999
ot o I g B80S 0L B V0
 epidermis (Yang et al. (1990) PNAS US4 87:9568-9572). Thus, a number of delivery
techniques can be used to deliver nucleic acids for immunizations, mncluding particle-
mediated techniques which deliver nucleic acid-coated microparticles into target
tissue (see, e.g., co-owned U.S. Patent No. 5,865,796, issued February 2, 1999).
20 " The level of effective protection achieved with DNA-vaccines 1s similar to
that elicited by traditional protein subunit vaccines and killed or attenuated viral
vaccines; although it is traditionally less than that observed in convalescent animals
following recovery from a natural infection (Manickan et al. (1997) Critical Review
Immunol. 17:139-154). Particle-mediated nucleic acid immunization techniques
25 have been shown to elicit both humoral and cytotoxic T lymphocyte immune
responses following epidermal delivery of nanogram quantities of DNA (Pertmer et
al., (1995) Vaccine 13:1427-1430). Such particle-mediated delivery techniques have
been compared to other types of nucleic acid inoculation, and found markedly

superior. Fynan et al. (1995) Int. J. Immunopharmacology 17:79-83, Fynan et al.
30 (1993) Proc. Natl. Acad. Sci. US4 90:11478-11482, and Raz et al. (1994) Proc. Natl.



Acad. Sci. USA 91:9519-9523. Summary of the Invention The present invention
is based on the fact that groups of genes in viral 5 genones have co-evol ved
in such a way that interference between expression of the genes is

m nimzed, whilst the stability of the region containing the genes is

maxi m zeg,q 55“#/@1995%‘ ordi nated evolution of viral genes qa/®gusedzisn the
generation of expression constructs for the co-expression of heterol ogous

codi ng sequences. Thus a region of genom c nucleic acid conprising two or
nore such viral genes is 10 taken and the natural coding sequences of the
viral genes are replaced with the st er ol ogous codi ng sequences to be
expressed. The constructs will therefore benefit fromthe conpatibility of
t he vi r aficagr &riobed S12Ad996%%r regul atory el enents used and hence displ ay
increased stability and mnimal interference, Further nodification to the
genom ¢ nucleic acid may be then introduced to optim ze the construct. 15
The pr es&ithmafy sftheqavistgsef ore provi des constructs fromwhich nultiple

het er ol ogous codi ng sequences can be expressed. The use of a single
construct to Thexpesskinyentemab biret en dheofgoithatarbyyeqitgedessin viral her t han

expressing each froma, separate copstruct, decreases the conplexity of
manuf act QSWV&&STQVPV%&EWSIa.WarYt atilgteéfIF"seBcT PriBiegn PEPIERSINAdRE t he

difficul L4 G, I . .20 in stability of
the consiran “aaieqts M eal AL o DL A con i e Ut BB e of "t e
endogenausxigenrd. @xpresaidntadeguiudbo by vitligesestantidasyd indthe g&Redtiop nucl ei c
acid contrasts with constructs assenbled by inserting nultiple genes with

t hei r ovif cxpegms eanstraets furfibe coppamessOR beterdngqusired@ssequgattiseve hi gh | evel

expr essi@tﬂ%i nto a -vectar as suc Cconsg.r gg‘%s often dcilhs@pl %/ instability and
interfer ér%‘?ﬁgﬁ%e)_t fe® 257 pr SHoreP e~ Ae cey af Agry ™ hérag_ BEeht i nvention
pr oMj destaleeniag el gat®al Sbe@Nlqhitcls ofAERIrhISIeRs Meradlad@RAM e NUcl ei ¢ aci d,

said viral genomc nucleic acid conprising at |east two endogenous gene
expr essileterolegoisabpdimng saquensesithibe kxprassad chreponstrucn wilk thdodem dasefpgr onot er

wocre e, sionenous, promlers oloLle U LS ars soli e gt Lhg 30 same phase
290- 41 03Rga3iHly fRAAOHAR 3na inilef itEHer b QMPuMIE o dification to '
the genomic nucleic acid may be then introduced to optimize the construct.
15 The present invention therefore provides constructs from which multiple
heterologous coding sequences can be expressed. The use of a single construct to
express several heterologous polypeptides, rather than expressing each from a
separate construct, decreases the complexity of manufacture and quality control. It
1s also’ likely to decrease the difficulty of obtaining regulatory approval. The increase
20 in stability of the construct and the decrease in interference due to the use of the
endogenous gene expression regulatory units of the viral genomic nucleic acid
contrasts with constructs assembled by inserting multiple genes with their own
promoters or other promoters commonly used to achieve high level expression into a
vector as such constructs often display instability and interference between the
25 promoters.
Accordingly, thé present invention provides a nucleic acid construct
-comprising viral genomic nucleic acid, said viral genomic nucleic acid comprising at
least two endogenous gene expression regulatory units which each comprise an
endogenous promoter where the endogenous promoters of the units are active at the

30  same phase in the viral life cycle of the virus the viral genomic nucleic acid is



(a) at least two of the endogenous gene expression regulatory units
conprising pronoters active at the sanme phase are each operably linked to a
separate heterol ogous codi ng sequence inserted into the viral genonic

nucl ei ¢ aci gb an ’%_éb) the viral genomc nucleic acid is froml to 50 kb in
length excl UdI'RG TR het er ol ogous sequences inserted i nt 8CTHGBAFO#HFent i on
al so provides a nethod of generating a nucleic acid construct for direct
adm nistration to a subject to elicit an i mune response in the subject, the
met hod conprising: 10 (a) inserting vi#al genomc nucleic acid into a vector
backbone, said viral genom c nucleic acid conprising at |east two endogenous
gene expr eg&ived fror€@Head: ory uni ts whi ch each conprise an endogenous pronoter
where the endogenous pronoters of the units are active at the sanme phase in
the viral cycle(@f tkelegstiwe of e endpgeniong gensraxprassion ssgnlaerydwits deri ved

f d 15 (b ith i t t i . t .t
| nser t1ng EREPAIEOBERBhF Rk e Enaeiee it ErpeLB WRCHZE ATt oper abl y
|1 nki ng_ 1 heagRelageNglie RLARCARRE A waant stitnehulibr £pdagenous gene

expression regulatory units in the viral gendmc nucleic adid to

het er of ogous co)ng thegirehgemmihendein atides fromal togenidnindemgill ei ¢ acid is from
1 to 50 kb in l.ength excluding 20 the heterol ogous sequences inserted into
it. The i nG¥HdRhhe e EFIPePISSFIEaseIBsIEE At cl es, suitable for delivery

froma  particl gﬁ%g%tﬁfo%%%g doV iRy aﬂ%&oﬁ%f o@@ér?&@%&41&£§ id cQRbPE TarT er

particles coate ~a nucleic acid construct Wherein the construct

conpri ses YdrfdgkctGemi§ttationus ladubjectrs ielcit Rirfimvhé AspARBAIHe sibfetethe acid
conprising at |east two endogenous gene 25 expression regulatory units which
each conpr methodgompdgigenous pronoter where the endogenous pronoters of the

its ti t the. hase.in the viral le, of . the virus th
Viral enom ¢ riobi el EoGHRG Ta HOPRYSEIT i LBASE PR SAPORtast two of the

endogenous sﬂﬁ%al%éﬁéﬁﬁiugféié 44 E@rh]%érfng'ﬂi k&5t t7O @Mdgéﬁ&_ﬁ RhOBYI&Rnar € eac h
operably linked to a heterol ogous coding sequence “30 inserted into the

vi ral genomdgolatony heitsowlich dactacmnpie 20 @4d 6288y CprPfibicEBAGO3the @dd&kBnous5 (b) t he

viral genomc nucleic acid is.froml to 50 kb in [ength )
g promoters o the units are active atr&e same phase 1n the viral c%/cle of the virus the

viral genomic nucleic acid is derived from; and
15 (b)  either prior to, at the same time, or subsequent to inserting the
viral genomic nucleic acid into the vector backbone, operably linking the endogenous
promoters of at least two of the endogenous gene expression regulatory units in the
viral genomic nucleic acid to heterologous coding sequences
, wherein the viral genomic nucleic acid is from 1 to 50 kb in length excluding
20 the heterologous sequences inserted into it.

The invention further provides coated particles, suitable for delivéry froma
particle-mediated delivery device, which particles comprise carrier particles coated
with a nucleic acid construct wherein the construct comprises viral genomic nucleic
acid, said viral genomic nucleic acid comprising at least two endogenous gene

25 expression regulatory units which each comprise an endogenous promoter where the
endogenous promoters of the units are active at the same phase in the viral cycle of
the virus the viral genomic nucleic acid is derived from, where:

(a) at least two of the endogenous gene expression regulatory units
comprising promoters are each operably linked to a heterologous coding sequence

30 inserted into the viral genomic nucleic acid; and



excl udi ng the heterol ogous sequences inserted into it. The invention further
provi des: a dosage receptacle for a particle nediated delivery device 5
conprising coated particles of the invention; and a particle nediated

delivery deyice lLgaded with coated particles of the inyeptisSRs s
i nventi oﬁvd(gr'g)gﬁ%)lrz%si des in another enbodi nent a nethod of obtaining

expression in a mammal i an cell of a pol ypeptide of interest, which nethod
conprises 10 transferring into said cells a nucleic acid construct
conprising viral genom c nucleic aciet, said viral genomc nucleic acid
conprising at |east two endogenous gene expression regulatory units which
each conpri se(ban ehelvigdrgsnsmpr mwbdieacidiefrentlite S0&bdndmgtius pronoters of the
units are activg ﬁt tpe sanme phase in the viral cycle of the virus the
viral gefsHdngie heselogony ssauicass inssded et where: 15 - at least two of the

endogenous ¢ : : %: o, tory units conprising pronoters are each
operably Ii nﬁg%l %()é%al&ze erélpgog}g%%' codi ng sequence inserted into the viral

genom ¢ nucl ei ¢ ad dbsageepiitge ForfadartdeNReliGteddeli férg dagicd is from1 to 50 kb
in length 20 excluding the heterologous sequences inserted into it. In

another comptingsaeted herticles efitiednventionj s a net hod of nucleic acid

i nmuni sati on conprising adm ni ring, to ubject an.effective anmount of
coated particl es,aW%ﬁn}gg}aﬁdﬁe@eg?dgvga?cfagls‘?gm%&oa@gpﬁ@@f@; froma
particl esspsli@tedndel i very device, the particles conprising carrier
particles coated with a nucleic acid construct, 25 wherein the construct
conpri ses vi r'Eie igemntom alsnpededes iaehahesanmbdierst|a methodbLobtamidgei ¢ aci d
conprising at, | east two_endogenous gene expression regulatory units which

each corfFPISEORI LRABHANGESCIHPHABPRPRINE 0 RIFESle WA HEHIBA FATBRRERI s of  the
uni s art?an@?e%ﬁlyg%nﬁ)tsa élh@eu%g%ci%&aftfd &dﬁs&l}vﬁ c&n&;ﬁgi&gwafgﬁ%%nﬁgﬁ?éﬁ%us the viral
el I'S ere. - a eas

genom ¢  nuc €t acl errved from wo of the
endogenai¢sd, 3eiaeirekhessd arldie giiabepysidpat BadEv2 @Add R8RS EnPCT/ GB2003/ 004213

-6 conprising pronpters are each operably linked to a heterol oglous codi ng
sequenceexpression regulatory units which each comprise an endogenous promoter where the
endogenous promoters of the units are active at the same phase in the viral cycle of
the virus the viral genomic nucleic acid is derived from, where:
15 - at least two of the endogenous gene expression regulatory units
comprising promoters are each operably
linked to a heterologous coding sequence inserted into the viral genomic nucleic acid;
and
- the viral genomic nucleic acid is from 1 to 50 kb in length
20 excluding the heterologous sequences inserted into it.

In another embodiment the invention provides a method of nucleic acid
immunisation comprising administering to a subject an effective amount of coated
particles, which particles are suitable for delivery from a particle-mediated delivery
device, the particles comprising carrier particles coated with a nucleic acid construct,

25 wherein the construct comprises viral genomic nucleic acid, said viral genomic
nucleic acid comprising at least two endogenous gene expression regulatory units
which each comprise an endogenous promoter where the endogenous promoters of
the units are active at the same phase in the viral cycle of the virus the viral genomic
nucleic acid s derived from, where:

30 - at least two of the endogenous gene expression regulatory units



inserted into the viral genom c nucleic acid; and the viral genom c nucleic
acidis froml to 50 kb in length excluding the heterol ogous sequences
inserted in b Jhe invention also provides nethod of generating a

nucl ei ¢ acigﬂ%éﬁé?éaﬁ$ for direct adninistration to a su ‘E@FB?H3@&?Eit an
i mmune response in the subject, the nethod conprising: (a) inserting viral
genom ¢ nucleic acid into a vector backbone, said viral genom c nucleic acid
conprising at | east two endogenous gen& expression O regulatory units which
each conpri se an endogenous pronoter where the endogenous pronoters of the
units are @giprisggdirotbRrsaieadinpeeblplitifg t¥iataterslyedi® c8fiinklRequentdis t he

viral genomc nucleic acid is derived from and (b) either prior to, at the
sane ti ne,insartegfinte the visad genangictieleid acad; andenoni ¢ nucleic acid into the

vect or backbone, delgeting fromthe. viral .genon c .nycl ei c acid sone or
all of the viral secfﬁ‘:éﬁlé_ ém%‘ﬁéfr?ucil‘?%ﬁ‘flflﬁgg%rﬂt_Qeiqgtjk%tlﬂge“@_ ogenous gene

eXpr essi oM RO AhOhMetdMdols sdfibalbs ¥ LrPd §RGNRL 1N the region of the viral
genome corresponding to that between the 5 and 3' ends of the viral genonic

nucl eix aci d of Thelaventios st provitiey methbé of gagtdtingfa dubkivicidtorgenarfoc nucl ei ¢
acid inserted into the vector. 20 backbgone being from1 to 50 kb. The
present i nEsSt IBHRENEROLIOASUGES! 0 THSitRBdDETIns BEsRPRTCAE teabisskitn in a
manmal i an .ol ypeptide of interest , which nethod conprises
transferrilﬁlggh&llg%m %Sg]ig?i cells a nucleic acid construct generated by a nethod

of the inventior) Thisptiaseithl vt hidleiolsid ioQWedRSs backbehéiod of nucleic
acid i mmuni sation 25 conprising adm nistering to a subject an effective

amount of seshyiead spronic ohelsic aghl eomprjsana dtd¢asttvar endsgénoablend gpragsibhvery from
a partd cl e-nedj at ed i

partitl es €& oF Wrtsgfv l ém%&&%&‘%ﬁgaﬂ %%cﬁ’%gﬁ%tplrélaﬁt_g’f %Bg’g%%%ﬂr@g?cé{uﬁlogr of the
neent .00 prIbgRR . i, BREC By ARRYELD DALY v 2005 o
t he art i nvizal genonfic hheeld@ci200 déRMWBENPEE GB2003/ 004213 -7 di scl osure
herein. (b)  either prior to, at the same time, or after inserting the viral
genomic nucleic acid into the vector backbone, deleting from tlie viral genomic
15  nucleic acid some or all of the viral sequences, apart from the at least two
endogenous gene expression regulatory units, which are present in the region of the
viral genome corresponding to that between the 5' and 3' ends of the viral genomic
nucleic acid of the construct
where the length of the viral genomic nucleic acid inserted into the vector
20 backbone being from 1 to 50 kb.
The present invention also provides a method of obtaining expression in a
mammalian cell of a polypeptide of interest , which method comprises transferring
into said cells a nucleic acid construct generated by a method of the invention.

The present invention also provides a method of nucleic acid immunisation

[ o]
wn

comprising administering to a subject an effective amount of coated particles, which
particles are suitable for delivery from a particle-mediated delivery device, the
particles comprising carrier particles coated with a nucleic acid construct generated
by a method of the invention.

These and other objects, aspects, embodiments and advantages of the present

30 invention will readily occur to those of ordinary skill in the art in view of the



Brief Description of the Drawings Figure 1 provides plasmd maps of cosmd
23 and construct OP23-6 and the 5 various internedi ate constructs between
t he tvvo Fi gure 2 provides plasmd maps for the constructs OPhsvl-1 and

OPhsvl - Lbs,4arious internediate constructs between the two. Detail ed
Descri pt| on o? t‘he I nvention 10 Before describing the pPEIErR2PHPHBi on in
detail, it is to be understood that this inventionis not limted to

parti cul arly exenplified nolecules or process paraneters as such nmay, of
course, vary. Thus, for exanple, thé&-invention is not |imted to particular

antigens or to antigen encodi ng nucl eotide sequences. It is also to be

under st dixdlostr@thetdie t er m nol ogy used herein is for the purpose 15 of

descri bing particular enbodi mrents of the invention only, and is not intended
to be limting. In addition, the practice of the present invention wll

enpl oy, rnel s .otherwise.indi cat ed, conventional nethods of virol ogy,

m cr obi gﬂb&ﬁﬂ%ﬁé@fﬂﬁ@%, reconbl nant DNA techni ques and i mmunol ogy
al | of whi chrahge WipkdVidest ﬁ@m@ﬁﬁwawosﬁﬁabk aea c&ﬁ%‘m@trépvssyﬁﬁa Eh%chn' ques are
expl ai ned fully in‘the Ilterature See, nmbr ook, ., Mol ecul ar
C ofi ngvarkousahmrmatdiaty chmtmats b(emenEHe twcon 1989) DNA d on| ng A Practi cal

Appr oach, vol & |1 do d. A igonucleotide Synthesis (N Git,
ed., 1984); EIW%gPF%Vé‘ﬁeS@ﬂSH%X ﬁ/gq ?J‘F%Stm OFbeG -t ®BQFPbsdng Fundanent al

Vi rol og ds and D.M Knipe, eds.). It
is al sox?%&%cetaﬁg eirng%?%lg terfgtlsﬁl #%%ﬁ%‘%ﬂ agplélycatl ons of the 25 discl osed
nmet hods may be tailored to the specific needs in the art. Al publications,
pat ents and patent appllcatlons cited herein, whether supra or infra, are
her eby Detaileddpepcriptipg o ¥pRtdoR n their entirety. It nmust be noted that,

d int and th nd lar f
o e "andearh B8 kg S e B PR ERRRREE Bhif I Ricerlalfh 850 ¢l ohr Ty
di ct at e%l?in%ﬁt\ﬂénsﬁ nof MR tEORAAEAADBeRmP ER2 ARHARE 24 Brocedt Def i ni ti ons
Unl ess defined otherwi se, all technical and scientific terns used herein
have t paragetees assuh ngly,asf coursapydry. Thdefos exeaoplbythonwentforaisdohary skill in

the art .to
limited to particular antigens or to antigen encoding nucleotide sequences.

It is also to be understood that the terminology used herein is for the purpose

15 of describing particular embodiments of the invention only, and is not intended to be
limiting. In addition, the practice of the present invention will employ, unless
otherwise indicated, conventional methods of virology, microbiology, molecular
biology, recombinant DNA techniques and immunology all of which are within the
ordinary skill of the art. Such techniques are explained fully in the literature. See,

20 e.g., Slambrook, et al., Molecular Cloning: A Laboratory Manual (2nd Edition,
1989); DNA Cloning: A Practical Approach,vol.1& II (D. Glover, ed.);
Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to Molecular
Cloning (1984); and Fundamental Virology, 2ud Edition, vol. I & I (B.N. Fields and
D.M. Knipe, eds.). It is also to be understood that different applications of the

i~
W

disclosed methods may be tailored to the specific needs in the art.

All publications, patents and patent applications cited herein, whether supra
or infra, are hereby incorporated by reference in their entirety.

It must be noted that, as used in this specification and the appended claims,
the singular foxms “a,” “an” and “the” include plural referents unless the content

30 clearly dictates otherwise.



"5 which the invention pertains. The following terns are intended to be
defined as indicated bel ow Although a nunber of nethods and materials
simlar, or equivalent to, those described herein can be used in the
practice of the present invention, the preferred materials and nethods are
those descM®BBREI8i n. The term "vacci ne conposition" i MEAaR4HYP+213
phar maceuti cal conposition )10 containing an antigen (e.g., polynucleotide
encodi ng an antigen), which conposition can be used to prevent or treat a
di sease or condition in a subject. The.termthus enconpasses both subunit
vaccines, i.e., vaccine conpositions containing antigens which are separate
and discrete froma whole organismwith which the antigen is associated in
nature, as well as conpositions containing whole killed, attenuated or 15
i nact i vat doefmatodreri a, viruses, parasites or other mcrobes. The term
"nucleic acid i_mmuni zation" is used herein to refer to the introduction of

a nucl ei ¢ aci d Yriredshaebadei s abfrehpicalipd sciglibe teags aprd heesiB ha¥R 0 a  host
cell for t ' i & ' he. anti rantigens. nucl ei c acid
ol coure an b P RLaRbal iR B e o lnaf N B8 a8 Cuoh"as by
standard ?nifh iHREHANUEE BERIING The MSLIREARE tBRins R BEhii@Nto el RABEERITRI particle
delivery; inhalation;, topically, or by oral, intranasal or nucosal nodes of
adni ni st r andiesied Ilewndidwukl 2 numbererfmeathedsiapd neateridiesimilar, odag@dalext vi vo into

Il's which b d f bject. .In this latt . cel
Cont ai ni ndor e o G PRETHCOTOoE B BF BrATCr LPeareemt il ipbdfifod i nto the

subj ect - SygbretBith AR als IR SR RANEEs LAl RedTRIGh €d agai nst 25 the antigen |
encoded by the nucleic acid nolecule. The nucleic acid nol ecules used in

such i mruni zat iTheserar &vageine campysitiaf dnteads dny fharmaeuas] tompbstien aci d
consgructs." . The term "transdennal " delivery intends intradernal (e.g.,
i nt o'ihe FORRHENGHIN FRISER (718 s PoLyRyciipside pRepdinganyantiZens MRIAILABHGEHPR and

enemicosal s SHOBh el By SPLANGRY B, BBRSPORL ALy agent o o

Devel opreninabmpHsesatiafbuRRSeediad, il.¢)] tacaiht ¥6:8poDRARAB182 BRigens
PCT/ GB20( 13/ 004218 -9 Hadgraft and Guy (eds.), Marcel Deldcer, Inc.,

(1939) ; Corriebhesepamrtia guddisrigts fyom a eRSARIAMSViAnwhispshe ayigedss, Robi nson
and Lee (eds. rcel Deldcer Inc. .. (1937): and Transder nal | ivery of
Drugs. - voresoohses e U i aoBE e i lyof Vel RIS 8RRy e,
the tigr m gR&AIRRE BEReRe MGy pdrhidd 8r PBEA hktspedel i very
The term “nucleic acid immunization” is used herein to refer to the

introduction of a nucleic acid molecule encoding one or more selected antigens into a

host cell for the in vivo expression of the antigen or antigens. The nucleic acid

molecule can be introduced directly into the recipient subject, such as by standard

20 intramuscular or intradermal injection; transdermal particle delivery; inhalation;

: topically, or by oral, intranasal or mucosal modes of administration. The molecule,
alternatively, can be introduced ex vivo into cells which have been removed from a
subject. In this latter case, cells containing the nucleic acid molecule of interest are
reintroduced into the subject such that an immune response can be mounted against

25 the antigen encoded by the nucleic acid molecule. The nucleic acid molecules used

in such immuuizations are generally referred to herein as “nucleic acid constructs.”
The term “transdermal” delivery intends intradermal (e.g., into the dermis or

epidermis), transdermal (e.g., “percutaneous”) and transmucosal administration, i.e.,

delivery by passage of an agent into or through skin or mucosal tissue (see, e.g.,

30 Transdermal Drug Delivery: Developmental Issues and Research Initiatives,



5 device (e.g., needleless syringe) as described in U S. Patent No.
5,630,796, as well as particle-nediated delivery as described in U S

Pat ent No. 5, 365,796. By "core carrier” is meant a carrier particle on which
a nucl ei sveamgdofessg., DNA) is coated in order to inpargceGeahs/madigparticle
size as well as a sufficiently high density to achieve the nonmentum
required for cell nenbrane penetration, such that 10 the nucleic acid can be
delivered using particle-nediated de|livery techniques, for exanple those
described in U S. Patent No. 5,100, 792. Core carriers typically include

materials such as tungsten, old, platinum ferrite, polystyrene and | atex.
See . qladephranidre (Benbakismeridekket ol 33 Genicakies BnarBalrry: (1994) Yang,

N. ed., for ni versi.ty. Pr . New_Yor e -11. 15 By

"need| _elfgus”sa'élf/'??ﬁézg%{"‘ﬁlpf’ é“fé@agﬁ’?ﬁ%’ﬁnﬁoﬁs ?gﬁéhﬁdmeggégVé »a particul ate

conposi t l1mr);tdhary?r%rd@ﬁh&wezwebhwmgs,cmny.qm,lmheﬂsﬁﬂé BelnBAfeqR), erces the

ski n. edl el ess syringe for 'use wth the present invention are discussed
her ei n. RC Peens,i(§237)). r Biusy thetteormaengompessts dgvaer &binye martide ddivehyecul e, whi ch

ot eriei B PRt Rt reRBoR bl S Tl i hsteat 4 Y P e
et er 0genRNImBRRIL ALY Aty Al deRRLLORNTS. PRELAPIOGU A, As used herein,

"antigen" 1s generally to refer to a protéin’ nolecule or portion

t her eof whi cByCRbteadartierd ivemednt ARiGieepirticlp@a. wiich a h€leicruidiesgs of the
present invention, antigens can be obtained or derived fromany appropriate

sour ce. L} Kepwed & omler torimwap grdsBaedspasticle pige 9F sl s aispifisinntlpmighan 25

"antigen’ _i.ncl udes rotei n havin iLfications, such as tions,

add t P oreriab HefEietnd htnbtnlt SRl RS R B s B St T
natiove SROMRRMEEaci® Bad BEIRSrddNRingpafictd-Medmtdd! @liverySethhidube Fr

i mmunogenicity. These nodifications maybe deliberate, for exanple through
si t e- di resempld thast degenbed &y Udy. Paiant e wbd), hantGire cemicts ipicallir ough  nut ati ons
of hosts jch pr.qduce the antigens. The i.munol ogjcal r onse elicited 30
by 1 he. SRS REE B MreR b el s o FEL. PO i ARe FEgh osee, or o
huror al WO 2004 . 7z ' ragpgnse or both. The
anti gen erf"a’ﬁp %é%%%@g%&g gg%g%@%%n?g% eﬁg%%g\%z%f’gg%gﬁacteri um

par asi t @xfplddntiyerpityoPrezy ANewo¥ ofluNgusaged b@-1ier m "anti gen” al so incl udes

tunmor .antigens. The term al sQ. includes autoantigens. and al so _antigens from

« b .9 . >
al 1ler gens.  SPi magdigiesssyrings. gisipranb #t ingEumentyilgh deli st 3 pREtGHMEN expr esses
an

composition transdermally, without a conventional needle that pierces the skin.
Needleless syringe for use with the present invention are discussed herein.
An “antigen” refers to any agent, generally a macromolecule, which can elicit

an immunological response in an individual. The term may be used to refer to an

20 individual macromolecule or to a homogeneous or heterogeneous population of
antigenic macromolecules. As used herein, “antigen” is generally used to refer to a
protein molecule or portion thereof which contains one or more epitopes. For the
purposes of the present invention, anfigens can be obtained or derived from any
appropriate source. Furthermore, for the purposes of the present invention, an

25 “antigen” includes a protein having modifications, such as deletions, additions and
substitutions (generally conservative in nature) to the native sequence, so long as the
protein maintains sufficient immunogenicity. These modifications may be deliberate,
for example through site-directed mutagenesis, or may be accidental, such as through
mutations of hosts which produce the antigens. The immunological response elicited

30 by the antigen may be a cellular antigen-specific immune response, or a humoral



5 antigen, such as in DNA i nmmuni zation applications, is also included in the
definition of antigen. Synthetic antigens are also included, for exanple,
pol yepi t opes, flanking epitopes, and other reconbi nant or synthetically
derived arig gepswefergmann et al. (1993) Ear. J | nnaunofCT/282RZ/PF22581
Bergmann et al. (1996) J. Inununol. 157:3242-3249; Suhrbier, A (1997)

I nsnnuaol . and Cell Biol. 75:402-408; Gardner et j10 al. (1998) 12th Wrld
Al DS Conference, Geneva, Smﬁtzerland,(fune 28-July 3, 1998). An "immune
response” agai nst an antigen of intef%ét is the devel opnent in an

i ndi vi dual qof .a hunoral , and/gr cellul ar i mune.response fo that antigen. For
pur poses B?tﬁioﬂ%reﬁi’@éﬁﬁf b?tﬁl\.,é(r%[eiagﬁgenamaylf%q@pql%ﬁgny%%wy refers to an
i mune 15y} 8spans 2[5?1 ' 9‘%3 ' . ceklular i mmune
response"kﬁs one ?%e .é?%§g€§%%ﬁﬂ%%§ﬂg%§?§£ an %%%I??h%%'%ﬁPfglgﬁgod cells.
The t er m iqebldypepior detigens. The trinnalid inbiidexkesdansigameariildoeingitedsdraan conpound

of two or _nore subunit am no acids, am_no acid anal ogs, or other
pept i doni ABYEES. SipErlys b okieemiclaglidear palyisteobde pdall A@resessch® or by ot her

bonds, for_exanpl.e ester, .ether. 20 etge, ..AS her ej he, t.er.m "am no
aci d"5 r ef %?tége ’_orrq'Iﬁ %lll the étlﬁjr%lfm%\aﬁ@flc?plgc H_Qlflstjgiﬁg%ll’nchgﬁﬁ?hg}ei dg%_ "ho aci ds,
i ncl udi ng ogintekmes ARkl bt ot hierDaRs ideRl | forkx ArSRB B cyepRBhes, AR aci d

anal ogs and pepti dom neticS. A peptide of three or nore amno acids is
comonl y egitdpes) amhotbbl gopmpinadeod fynthkecablypieiided alimgens (Bershemt etlaf. t he pepti de

chain is ]ang, the pepti i.s typically called ol ypepti de or a protein.
25 The teﬂr?gggp%%’hgd@ﬁm”?édéé‘tiﬁﬁé; T 6@3(1385)}%1%@??“{1 ‘the source of

any ol eg{&jﬁ]?ztéezgﬁgg?é&r&bfe?, AN bFUNG88 PARES ]5'59}.’575:4@9146999%#%?' ude, but

are not virul’ent  or ‘attenuated virusés, bacteria, fungi.
protpaoa, apaioas) 1es WaRnAEDS (efdrancanderdehe, wkerlady uaab§yulytlhe i mune
response is elicited by one or nore peptides produced by these pathogens.
As descri B8®)in detail below, nucleic acid encoding 30 the antigenic

DB R A NSBS A0 AL BRSBTS SR R AR S 0.
to nat ur akndiyid@Cchf DRumdral Wd/br @SR REMARPAESseitd that bdVeeRl Fope teachi ngs
herein, that the nmethods include the use of nucleic acids encoding antigens
obt ai ned puposesof e phemntaneepanho femorthmmeramsspanse | refars tcardimminecul e and
"pol ¥§| ucl ?e%;txi)n(gee 'I'ne 1rateed%syea?1tibody molecules, while a “cellular immune response” is one
mediated by T-lymphocytes and/or other white blood cells.
The term “polypeptide” is used in it broadest sense to refer to a compound of
two or more subunit amino acids, amin;) acid analogs, or other peptidomimetics. The
subunits may be linked by peptide bonds or by other bonds, for example ester, ether,
20 etc. As used herein, the term “amino acid” refers to either natural and/or unnatural or
) synthetic amino acids, including glycine and both the D or L optical isomers, and
amino acid analogs and peptidomimetics. A peptide of three or more amino acids 1s
commonly called an oligopeptide if the peptide chain is short. If the peptide chain is

long, the peptide is typically called a polypeptide or a protein.

3]
in

The term “pathogen” is used in a broad sense to refer to the source of any
molecule that elicits an immune response. Thus, pathogens include, but are not
limited to, virulent or attenuated viruses, bacteria, fungi, protozoa, parasites, cancer
cells and the like. Typically, the immune response is elicited by one or more peptides
produced by these pathogens. As described in detail below, nucleic acid encoding

30 the antigenic peptides from these and other pathogens is used to generate an immune



5 interchangeably to refer to a polyneric formof nucleotides of any | ength,
ei ther deoxyri bonucl eotides or ribonucleotides, or anal ogs thereof.
Pol ynucl eoti des may have any three-di nensional structure, and may perform

any functi@sug ey or  unlnown. Non-limting exanpl es gr/88b0806d80t i des
include a gene, a gene fragnent, exons, introns, an open reading frane,

nmessenger RNA (nRNA), transfer 10 RNA, ribosonmal RNA, ribozynes, cDNA,
reconbi nant pol ynucl eoti des, branched polynucl eotides, plasm ds, cosm ds,
vectors, isolated DNA of any sequenték, isolated RNA of any sequence,

nucl eic acid probes, and primers. A polynucleotide is typically conposed of
a speci fé¢spossedupt mumicsithé mrsponseuc hetwtal defetimse §t waldd s peagpaent oyt osi ne (C);

[ G, d thym (T il 5 f t ' T) when th
B0l ynucHE 4B Ira AR ESTeih bt T SR i PR HE S BNce |t he
al phabegﬁ%;aﬁgggﬁ%gﬂé@goﬁfm@reW@gya&gg&ge nmol ecul e. This al phabeti cal
at aba

representati on cdn be I nput into €S Fn a conputer having a central

processi ng umhé teams “nedsc boid nidled i tindetpbRaudeqidet atd weé such as functi onal
genom cs and honnlogé%searching, 20 A. "construct" is any noiety capabl e of
t r ahsf eliemgangerble ioorekes itels pobisasdern ponudlentiges ofcasyllengtls egther non- vi r al
vectors,, particulate carriers, liposones and vi.ral, vectaors). A "plasmd"
const 1 uLER bR Ber AR oA LS R BFROf CORP G e b e of

sel f - r ephyLAY QB iinésbRat sthlhlre, Ad iEAIEdrm lafly arzRsti@bwhype of plasmd
construct that wuses the cos sequences of bacteriophage |anbda (1). The term
"cos endsknowm. Nusli@8ingi dxesiplaseff @phntdedtives sichglea gehe.angbed 12 base pair

conpl enentary extensjons of | DNA. _Cosmi ds can ry rge inserts, for
exanpl eTABMEY> FOBEBIGRS. KB OPTR RIS SRR @@SSW%B{@@K( gaséen carry

i ng@rt SRW)Q'?{bo tRI‘J:Q, Hh, e§,ic<ﬁﬁ\IABl%E§IH§ﬁa1?(f oﬁﬁ%%feo?@%?@ﬁh&ﬁédt o carry large

fragnments, ‘cosmds are usefu or the construction o enomc |libraries and

al so f opolghiidlatided) plashedse cbaiids, ViebRe, ivladEDNaesesly sdyrheqlidoyated vect or, " 30
“construct," "expression vector," and "gene transfer vector," nmean any
nucl ei cRAE of DseQBarn 29088 PETPEBEHERE DOBLE3 - 12 construct capabl e of

Sequences { o R BB EUA & DPRHY CERE LI TR A ETo R and  oxpr osston-
vehi cl efiycl@stiqeBhies BleMink ) V&l sHeS(C) b RR YT, Gnll tiyrAmY (T) @rRilqeh! ection of
reconbi nant nucl ei c aci d nol ecul es
15 for thymine (T) when the polynucleotide is RNA). Thus, the term polynucleotide
sequence is the alphabetical representation of a polynucleotide molecule. This
alphabetical representation can be input into databases in a computer having a central
processing unit and used for bioinformatics applications such as functional genomics
and homology searching.
20 'A “construct” is any moiety capable of transferring nucleic acids sequences to
target cells (e.g., non-viral vectors, particulate carriers, liposomes and viral vectors).
A “plasmid” construct is an extrachromosomal genetic element which is capable of
self-replication in a host cell. A “cosmid” is a special type of plasmid construct that
uses the cos sequences of bacteriophage lambda (A). The term “cos ends” or *cos
25 sites” refers to the single stranded 12 base pair complementary extensions of A DNA.
Cosmids can carry large inserts, for example up to around 30 kb in size, whilst
typical plasmids can carry inserts under about 10 kb in size. Because of their
capacity to carry large fragments, cosmids are useful for the construction of genomic

libraries and also for situations where large inserts are needed. Typically, “vector,”

30 “construct,” “expression vector,” and “gene transfer vector,” mean any nucleic acid



5 which together represent the entire, or alnost entire, genone of an
organism In cases where the library has al nost, but not quite, all of the
genone, it ®EYz200k0%925Xanpl e, conprise nore than 95% 9S%_99% or even 99. 9%
of the sequences in) %tﬁe genone. A "codi ng sequence" or a %%ﬁ@ﬁ@é/"\’/\ﬂ%%h
"encodes" a sel ected polypeptide, | O is a nucleic acid nolecule which is
transcribed (in the case of DNA) and translated (in the case of nRNNA) into
a pol ypeptide in vivo when placed unddi-the control of appropriate

regul atory sequences (or "control elenents"). The boundaries of the coding
sequence aoestdet exprbred dyctangshaetpressitomnofat genbef hiterésammdohicheram nus and a
translation stop codon at the 3 fcar boxy) term nus. A coding sequence can

i ncl ude, TERNBIGE S90S SRBHCNES P LR SIS c BRES: %/hedﬁﬁnwwh%dﬁs pPEaEAdti c or

eucaryoti cexﬁg%ﬁm%ggg Gs w%s §,§gwe@gog§ fromviral or procaryotic DNA, and
[

even synt he sequences. anscription term nati on sequence may be

located 3' to theg&RaidEhELMAYSHe6lectibh ADSEbIBId A mANG: Adi@apldiulen of coding
sequences are typrcally regulated by "control elenents," including, but not

limtdéd toyhich togsiher ppicesnt freoambire rog almeshastinej genome oZ6n ergasiswerinel enent s,

Shi ne and Del agar nQ sequences, transcription term nation sigpals,

pol yadeny|“4t55d 1%%%6;ﬁ%§%f}%s| %@thegu@mﬂg“?’ Otftﬁ%ftﬁﬂna?lfdﬁmé‘ynfgr codon),
sequences ool 0Bk AdrE tadlos Bl diRldo0flo0yeh 5995) 8 h0L:bRIRNE e’ O the
codi ng sequengej, a transliation term nation sequences. A "gene expression
regul at or yeetuorae” refers to a nucl eoti de sequence conprising, as a m ni mum

a pronoter. The unit may 25 additionally copprise other sequences which are
needed for, or 4 n$qdifefEQueneX ppled SSI8AACEIThiel ecnsplRsT § SelEElEb RRIERERSSEr abl v

RRSTRSET Gliscpc i SRR b R SR R SR LT L N
the unit naythe @5&6‘&&9@%&?&&%§bENfgepHdetiﬂ$iv9%ﬂeﬁ$1&%€&lHﬁ‘db‘%%ﬁa @atoher | evel  of
transcription, RNA stability, RNA processing and/or translation. Typically,
BN s e
inked. In sone cases a 00-, : - ene

expr essi orf FEGFFEEBrS T a APETHRG 08 A5HaTeedop At BEAsiARYNULTBRRISANAE of | &

natural | y o 0GHE! LB9GRAG: BRAS (odbaR) IRIRRINGBRANERGES ol ikliRegene. A

"pronpter™ i's a nucl eotide sequence irects tr cription of a
pol yépt i dat snoodinigd pglcdiicfreat vicd, prBcapmicsreucapticaRdide gensuci bl e
promoters DNA sequences from viral or procaryotic DNA, and even synthetic DNA sequences.
A transcription termination sequence may be located 3' to the coding sequence.
Transcription and translation of coding sequences are typically regulated by “control
elements,” including, but not limited to, transcription promoters, transcription
20 enhanter elements, Shine and Delagarno sequences, transcription termination signals,
polyadenylation sequences (located 3' to the translation stop codon), sequences for
optimization of initiation of translation (located 5’ to the coding sequence), and
translation termination sequences. A “gene expression regulatory unit” refers to a
nucleotide sequence comprising, as a minimum, a promoter. The unit may
25 additionally comprise other sequences which are needed for, or influence, expression
of the coding sequences operably linked to the promoter. The elements of the unit do
not have to be contiguous and may be separated by intervening sequences. The
elements fo the unit may influence expression of the coding sequences at the level of

transcription, RNA stability, RNA processing and/or translation. Typically, the unit

30 does not include the coding sequences to which it is operably linked. In some cases a



5 (where expression of a polynucl eoti de sequence operably |inked to the
pronmoter is induced by an anal yte, cofactor, regulatory protein, etc.),
repressi ble pronoters (where expression of a pol ynucl eoti de seqguence

oper abl y Wwo mled29e#8 t he pronoter is repressed by an anatgwes2mabacior,
regul atory protein, etc.), and constitutive pronoters. It is intended that
the term"pronoter"” or "control elenent” includes full 10 I ength pronoter
regi ons and functional (e.g., cont rg s transcription or translation)
segnents of these regions. An "endogenous gene expression regulatory unit"
refers to a gene ex rgﬂssion. regul atory unit._ which 's%fderive fromthe sane
or gani s 8V E<SXEERROD GrRUATY UBK My OWT’&IGO%?t(TS%EBH%}b’n &P hresent n.
Thus an &;ﬁggg{ il y unit will typically have
sequencgs elt %(r&gEB%?rﬁggﬁﬁgg‘?@éﬂﬁﬁuﬁ%ﬁgweﬁe?éor bot h, which are derived
fromthe sang ‘@rgasesMk agutbatid@enguaxe WS (ﬁfbct’sQﬂ_ﬁkg"ﬁ#ﬁbM ofwnit itself and
whi ch preferably correspond to sone, or all, of the sequences which flank
t he genpol¥ngptidssnendingprlymictrolideinPromaters han gehdaindotibidprometagaini sm

Typi cal sone,.or all., of the flanking s enc erived fromthe sane
o Ghnt shisee ERESeRe Grobmir st araPRiartrary GR il PRAERe sans

posi ti opdh&ddadyl aeanhBitd, ESfa%ﬂ@e@%ﬁBS'sp?bﬁﬁl, efcggfép?éséllibé Binbtethat they do in
t he genone of "t he organi sm and may "‘be i mredi’ately upstream and/ or

downst r eemroéxprémsiogerie pekpresdidersenegut aperblydmiced tottheigromatertiie case of the
nucl eic acid constructs oé t he invention, endogenous gene expression

th
regul at BPYPSHRT &Y 40 IPRLES GPIaGiPT, yeeHatgTRIP e, Py 2HONBRUBYS t of , the viral
genom ¢, AUGL 8l Cr, 20 Aty @E%@%%&‘ LSRR o ﬁtpcﬁ.ef:e%?%tt’rfﬁgﬁdeéaﬁl‘lbet er ol ogous
codi ng %equence 1'S a coding sequence operabe inked to a gene expression

repl at RhythphérhoteRfdidng aR@ filnkGétaR e, &, RSN RinscMptionh oMHaBElafidn)i S not _
natural | y associ ated. Typically, the two will have been operably |inked via

r econbi segmenbioA these begiiepdes. The het er ol ogous codi ng sequence may origi nate

171 oper bty GRSEIGHF SRS PErGEBGOSROONS 19 14 Shh RS or -

al ter naxteigh{ﬁ{o\fy whit Mﬁ?d@ﬁ\%ﬁ‘ﬁ%ﬂ@iﬂefs%ﬁ%%gﬂﬁ@& SBd 8r L& rggne expression
regulatofy unit 1t 1s linked to. The heterol ogous codi ng sequence nay, for

exanpl enucldie acd yeqfentdset is prisay is.effhenaesndogerious gert dxprassionand i n particul ar
mafIS encgggla%ry lrllr(laltt \?vrll? l[y%?cca)lﬁ)sr hglvnet s!egggﬁces either upstream or downstream of it, or
both, which are derived from the same organism as the gene expression regulatory
unit itself and which preferably correspond to some, or all, of the sequences which
flank the gene expression regulatory unit in the genome of that organism. Typically,
some, or all, of the flanking sequences derived from the same organism as the gene
20 expression regulatory unit may have the same position relative to the gene expression
regulatory unit that they do in the genome of the organism and may be immediately
upstream and/or downstream of the gene expression regulatory unit. Thus, in the
case of the nucleic acid constructs of the invention, the endogenous gene expression
regulatory unit will typically originate from, and be part of, the viral genomic nucleic
25 acid sequences present in the construct.
A “heterologous coding sequence” is a coding sequence operably linked to a
gene expression regulatory unit, and m particular a promoter, with which it is not
naturally associated. Typically, the two will have been operably linked via

recombinant DNA techniques. The heterologous coding sequence may originate from

30 the same organism as the endogenous gene expression regulatory umit it is operably



5 An "isol ated pol ynucl eoti de" nolecule is a nucleic acid nol ecule separate
and discrete fromthe whole organismw th which the nolecule is found in
nature; or a nucleic acid nolecule devoid, in whole or part, of sequences
normal |y as@pmbat®ess with it in nature; or a sequence, asPGEWGBMVFI®IZIN

nat ure, but having heterol ogous sequences (as defined below) in association
therewith. A sequence is "derived or 10 obtained from' a nolecule if it has
the sane or substantially the sanme be_1§£pair sequence as a region of the
source nolecule, its cDNA, conplenents thereof, or if it displays sequence
identity as, described below "Operably .linked" refers.to an arrangenent of
el ement's &H]éerdgtf’r?r’t 28 gﬁlgolﬁg}?%eﬁnaéQg?qrgggr%qnés%%ﬁlpémee@(pgﬁsgg to

per form t heiadts el if WHekieR:, THURteroldsh R giNen "5 8l adpig egqul atory
unit, andle%#apa :dlﬁcﬁﬁflar a pr onl{)-ﬁtger ,er? %ggt ics oﬁe?%ﬁgeﬁgﬁfgg%@{b& "codi ng
sequence (e agy of teacedihggeqenand maeonaf hdréih ané si partisulappapecodé a ef f ecting
the expression of the codi ng sequence when the proper enzynes are present.
The pr onph@elErodegoss peigsBont rol el enents need not be contiguous with the
codin sequenge,.: n »functiaon di rec e .expressi on thereof.
For e?{arrpl e, 2 iﬁsfogart\é/cg ﬁ%@c&éﬁ’?@ éngjlogetcgfg 1@%%‘8%19 %nagﬁér?aégaulg cﬁﬁ%ars%%es can be
present behdweifteteTrom BORNBIE brEBBHENRE whikh th ehdtadildd feeRURRERrand the
pronoter sequence can still be considered "operably |inked" to the coding
sequence. 2hRelcurbidranictuladevaednivdrods or tart, desaguetnes aomalyeissocwtéd nol ecul e
means -a pol ynucl eotide of genom.c, .cDNA, sem synthetic, .or synthetic origin
whi ch, by%i@ e dit aistegueglrc?’gﬁsﬁt %‘FStﬁrﬁaﬁ'ﬁF’;g‘}téﬁYmg&‘?tef@og?ﬁf associ ated
with all oLy anROULI RBinRh biBE) iPRYAMEEALL AR WA BBl Ghs kderisq gsSoci ated in
nat ur e; ancﬁ/uor ?gs @snﬁ(ﬁnieﬁ)%%lg apgnﬁgug eot FAEIe q\gf%erst egn tﬁét to which

it i90linkedined froat W @oldele afb haathe sime brigdstantisiththDNAnabsskeRNA nol ecul es
falling within this definition. The term "reconbinant" as used wth respect

to a prot 83ayerie a5 rgPepOf the seBrA nHeqs yip b e osplyradiBenohyr ipr essi on of
a reconbi ﬁ%ﬁ%y??e{qé@ﬁé%li %ttliqg% de\é\pri‘ge% 4{0%9253 PCT/ GB2003/ 004213 -15
po I )

Honol ogues nucl eotideés are rererred to herein. Typically a

pol ynucl eot i de“@péeblylmkb@MRIRIE irindARéMRF cRABUGhaGhite 1S at | east 70%
honol ogous to the poﬁlynucl eotide, preferably at |east 80 or 90% and nore

pr ef er abl yompenentsastdesdiipd ag7aunbigusds e tropefoumsthein esed fmcien. hdliss, of

eas LirSI ng ag?v@lggg ex%q'eession regulatory unit, and in particular a promoter, that is operably
linked to a coding sequence (e.g., encoding an antigen of interest) is capable of
effecting the expression of the coding sequence when the proper enzymes are present.
The promoter or other control elements need not be contiguous with the coding
sequence, so long as they function to direct the expression thereof. For example,

20 intervening untranslated yet transcribed sequences can be present between the
promoter sequence and the coding sequence and the promoter sequence can still be
considered “operably linked” to the coding sequence.

“Recombinant” as used herein to describe a nucleic acid molecule means a

polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin which, by

virtue of its origin or manipulation: (1) is not associated with all or a portion of the

(NS
w

polynucleotide with which it is associated in nature; and/or (2) is linked to a
polynucleotide other than that to which it is linked in nature. Recombinant includes
both DNA and RNA molecules falling within this definition. The term
“recombinant” as used with respect to a protein or polypeptide means a polypeptide

30 produced by expression of a recombinant polynucleotide.



5 well known in the art and it wll be understood by those of skill in the
art that in the present context, honology is calculated on the basis of
nucleic acid identity. Such honology may exist over a region of at |east

15, pref gi0addb4/028258] east 30, for instance at |east 40, BO/@B200HO-28 nore
contiguous nucl eotides. Methods of neasuring pol ynucl eoti de honol ogy or
identity as well as 10 pol ypepti de honol ogy or identity are known in the
art. For exanple the UWECG Packagelyrovides t he BESTFI T program whi ch can
be used to cal culate honology (e.g."used on its default settings) (Devereux
et al (1984) Nucleic Agids R?search 12 £387-395%._The Pl LEUP and BLAST

al gorithns ciRmRlegyehal pelypugleptidss Fgrefeae Brasreigylypigilya | i ne up sequences

typi cal [ d i bed i Al t schul
5. (o0 el M o s bR R R B R0y N B ol
215: 403-hdfdolofedsttwati€pdionudiedtidel piefeehbBl ASTasaB@by $0% ang nt#bbi-tdrablpvai | abl e
through the National Centre for Biotechnol ogy Information

(ht t p: / BUAaest Aghi 9 Frrer §9fe bemelpgomtheretop dlethedy ¢fitheasimvgharaslogy arst

i deptifyi hi gh scori ng, .se nce ir Ps jdentifyin hort words of
engt h Vel e ch B et 2 OLE eREpda o R anlg) ol et ke

positives h |9 ; ; L .th t he sane

| engt h i%fle\é%{t ngg?%bgcg:gggggﬁ%g%ﬁat%d %Ms]&rBeb? Léll? rgggg%%%tggld? %ééiﬂ{]rgi %{%our hood word
scor e t homslgy thay €Aist sedrd regibnalf at Isaspi & )prefetubdeatiledst §@& | fonebtgidaaiir hood wor d

hits act as seeds for 25 initiating searches to find HSPs contai ning them
The wor &2 H0s0Gpiel AhqrgRarsFonHEHIE Buclgetrdset | ons al ong each sequence for as

far as the cymylati '! gﬁqﬁ - i tensions for the
word hits in ea@ﬁES?%§§%| 0 a%@%ﬁ%@f%‘gﬁg %@8&?8?&%?{5%1%6 al i gnnment score
goes t 0pdlgpeptide hbRbYy o igeritiey A8 &naws Uik attl ®ar efargile I UWOTE
negative-scoring residue alignnents; or the end of either sequence is

r eached Pad@geprevidente BEGBF Tt nragisardhieh esnsbayset tapdcntatgdomoltigie t he

sensitivit nd . f WO 4/ 029233 /.332003/ 004218 -16 the

1 onele RETEE T e (e e St UEP O AP Bt B of 10, e
BLOSUMBZygesyshng matri x (see Heni koff and Heni koff (1992) Proc. Natl. Acad.
Sci. USA 89:10915-10919) alignnents (B) of 50, expectation (E) of 10, M5,

N=4, and a ThPABA B dBLBASThalgdritiamelsan also be used to calculate homology
15 orline up sequences (typically on their default settings), for example as described in
Altschul S.F. (1993) J Mol Evol 36:290-300; Altschul, S, F er al (1990) J Mol Biol
215:403-10.
Software for performing BLAST analysis is publicly available through the
National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This
20 algorithm involves first identifying high scoring sequence pair (HSPs) by identifying
short words of length W in the query sequence that either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in a
database sequence. T 1s referred to as the neighbourhood word score threshold
(Altschul et al, supra). These initial neighbourhood word hits act as seeds for
25 initiating searches to find HSPs containing them. The word hits are extended in both
directions along each sequence for as far as the cumulative alignment score can be
increased. Extensions for the word hits in each direction are halted when: the
cumulative alignment score goes to zero or below, due to the accumulation of one or
more négative-scoring residue alignments; or the end of either sequence is reached.

30 The BLAST algorithm parameters W, T and X determine the sensitivity and speed of



5 The BLAST algorithmperfornms a statistical analysis of the simlarity

bet ween two sequences; see e.g., Karlin and Altschul (1993) Proc. Nat!,
Acad. Sci. USA 90:5873-5787. One neasure of simlarity provided by the
BLAST al gorVOr4%9258he smal | est sum probability (P(N)), waradsmsmoigdgs an
i ndication of the probability by which a match between two nucl eoti de or
am no aci d sequences woul d occur by i0 chance. For exanple, a sequence is
considered simlar to another sequenci if the snallest sumprobability in
conparison of the first sequence to t & second sequence is |less than about
1, preferably less than about 0.1, nore preferably |ess than about 0.01,
and nost phetigrasnty ThedilAhhAroghsnuses Faelauithe Wos ) elyldi, gl | y

hybri di i Lt ] . pal ol ept i t evel - si gni ficant|
Dove: bacE SRS st SR e P R fof b2 PRIENGE B ' batvenn the
honol ogue sandjstahe: rl1 ¥ ol @pilighehenss (BY BE S@lekYectdtidng @y bf 16, 1125 di=4r ef erabl y

at least 100 fold, as intense as "background hybridisation". The intensity
of i nter acd e oompanisbe ofrbaibistranids. f or exanpl e, by radi ol abel Ii ng the probe,

.g. with ""P. __S ' hybri di sat i J icall hi.eved [
Condi F1 ons of  FRABMSICARIHRLRSSERP AGBHEG:A LS 6RLAHG FEH RD3M sodi um
ehlor de. 30y QPMSORUm.CLtr 3% 12 AATIANOHY) BOCND. BhRuL60 C

Stringent I zat'i on condi toi’ons can 1 nclu for man X Denhardt's
Sol uti on, UBA SH65730578% S medbudddl sirnithritd praidedes) thaBIAS B#gsmhmBNA and t he
washi ng conditions can include 2x SSC, 0.1% SDS at 37C foll owed 25 by |x
SSC, 0. 19dspmailestare, profkgbilify (B TRV bish peovedeh gb idisatian od thewalHbEitBns | s
within the skill of e art. See,. e.q. . Sanbrook et al. ra., JThe :
ool ogue Yy Peeh Broich red Bt o S TR S B iRt Bt e by 1 ess
than /8, 5chdfe. £& cxB@p®, 2B RnARMsabhARSed Gashr 8f anditics RedRpcDE (R
substitution, deletion or insertion). These nutations nmay be neasured over

a region ofmabist fumaptob3ilinBid dogrparinet aftbe fiat séquaste W0he $Gond sdj0enosr nor e
cont guous, puc st tep o Rorel g, O 20040280250, FET agooalonears
croate SRS i ahmBE L ienag 1o acid cncoded. These ac e et
second col um Jhehopslebessadplgallyhjbrelifaien the felevant pbEmidlesttieccobum may be
subs tl iSt qt ?gve{ s.ci)gtmgc?a%gy%tbg\g bzixcﬂgxound. The signal level generated by the interaction

between the homologue and the polynucleotide is typically at least 10 fold, preferably

| at least 100 fold, as intense as “background hybridisation”. The intensity of
interaction may be measured, for example, by radiolabelling the probe, e.g. with *P.
Selective hybridisation is typically achieved using conditions of medium to high
}0 stringéncy, (for example, 0.03M sodium chloride and 0.003M sodium citrate at from
about 50 °C to about 60 °C.
Stringent hybridization conditions can include 50% formamide, 5x
Denhardt’s Solution, 3x SSC, 0.1% SDS and 100 pg/ml denatured salmon sperm
DNA and the washing conditions can include 2x SSC, 0.1% SDS at 37°C followed

by 1x SSC, 0.1% SDS at 68°C. Defining appropriate hybridization conditions is

2
wn

within the skill of the art. See, e.g., Sambrook et al., supra.

The homologue may differ from a sequence in the relevant polynucleotide by
less than 3, 5, 10, 15, 20 or more mutations (each of which may be a substitution,
deletion or insertion). These mutations may be measured over a region of at least 30,

30 for instance at least 40, 60 or 100 or more contiguous nucleotides of the homologue.



5 conservative changes. ALIPHATIC Non-Polar GAP 1LV Polar-uncharged CST M
NQ Polar-charged D E KR AROVATIC HF WY 10 As used herein the term
"adjuvant" refers to any nmaterial that enhances the action of a drug,

anti gen, wolwowedssti de, vector or the like. It is intended;Baidtoheugh not

al ways explicitly stated, that nol ecules having simlar biological activity
as wild- type or purified peptide adjuvants (e.g., reconbinantly produced or
nmut ei ns thereof) and nucleic acid Qcoding t hese nol ecules are intended to
be used within the spirit 15 and scope of the invention. As used herein,
the termtreatnent” jncludes any of followng: the revention of infection

or rei nf BEETSHPOlYINElepRYR RACPEF PO EPSPHARSUPHHUETS $ leredttie  reducti on or
e el b ot hats _ : h Ut on.
Com o . IO OIS PLOROT,

anel i oratron -or sease or disor

ef f ect edhe®iRmaRhbRCIAGIAbla¥ids8n the sBifak ®lodkAn tHRf8Eddddblus ahdrer apeuti cal Iy
(e.g. following infection). The ternms "individual" and "subject" are used
i nt er changiswablyinties wime ling in ¢fethirdtcolvamymap b srbstifutedhfor sadhpttidramn chor dat a,
incgudin ., Without limtation, humans and other primates, including

non"humdR BT HEESEAEEh as chi npanzees and other apes and nonkey speci es;
farmani mal s such as cattle, sheep, pigs, goats and horses; WD 20111/029258
PCT/ G82003/ 001218 -13 donestic _mammal s _such _as dogs and cats; |aboratory

ani mal s i ncl udi s sy 5 m ce, ratl|s~ang gui nea pigs; birds,
i ncl udi ng dones?ﬁg‘cz?ﬁ%%?g ang E\E%ngglﬂfrds suc g?‘pchi ckens,] turkeys and ot her
gal I'i naceous bijrds, ducks, deese, and the lilkg.yThe terns| do not denote a

particul ar age.| Thus, both adult and newbornd individuals—dre 5 intended to
be covered. The methods descridgdiipireéd) ar€ cRtengded for juse in any of the
above vertebratle species, sijnce the imune systenms—ef—al-—of these

vertebrates operate simlanly. NQ
Polar-charged DE
KR
AROMATIC HFWY
10 As used herein the term “adjuvant” refers to any material that enhances the

action of a drug, antigen, polynucleotide, vector or the like. It is intended, although

not always explicitly stated, that molecules having similar biological activity as wild-

type or purified peptide adjuvants (e.g., recombinantly produced or muteins thereof)

and nuclezc acid encoding these molecules are intended to be used within the spirit
15 and scope of the invention.

As used herein, the term “treatment” includes any of following: the
prevention of infection or reinfection; the reduction or elimination of symptoms; the
feduction or complete elimination of a pathogen; and the reduction, prevention,
amelioration or elinunation of a disease or disorder. Treatment may be effected

20 prophylactically (e.g. prior to infection) or therapeutically (e.g. following infection).

The terms “individual” and “subject” are used interchangeably herein to refer
to any member of the subphylum chordata, including, without limitation, humans and
other primates, including non-human primates such as chimpanzees and other apes

and monkey species; farm animals such as cattle, sheep, pigs, goats and horses;



General Overview of the Invention O Before describing the present invention
in detail, it is to be understood that this inventionis not limted to
particul ar fornul ati ons or process paraneters as such _ vary.
It is al so YO W&%der stood that the terminol ogy used hg?%?ﬁg%§&8$g§?§he
pur pose of describing particular enbodi nents of the invention only, and is
not intended to be limting. 15 The present invention is concerned with
nucl eic acid constructs which allow -ggpression of nultiple antigens from

t he sanme construct and the use of these constructs for nucleic acid

| muni zat igghhestid B amMHENutPBs A3 An@Co] [BSraRY BAS S 88 udhBeo&RRSfuHCt i on of
such constructs. The constructs conprise viral genomc nucleic acid and
utilize tweonoee, nas endguitdaepigy)dods nmisdige demestjn, edidiand grmg bt ewon asni t 20
present in the viral genom c nucleic acjd to express_ the_desired

het er ol og&HEXTSoluyERyS ERdRGer gaenaser s I Sodirkscasaien g kibg likhic d 5¢ {BMBe _
expressed ar6 &éh%‘?é 1 ﬁﬁ'tikﬁﬁroaoe.t HGus YR LG a%d%%wg&?%ﬁi&&i&g%& ' £ operabl y i nked

to the chosen endogenous gerre’ “expressi oh regu and in particular
to the endggeRAWSs bpCovENE BheQhethb®Sdescittyditireid BR i6RAGId M€ liSe il dnowr T or
efficient expression of the heterol ogous coding 25 sequences, and in
part i cul atheavorgueridnee apastpsgemeshe tAmpe systeny of alitiéhssaokaezatgei d
constructs of  the.present invention typically conprise, or in sone
embodi mentBEE AP %ssential Iy oi; viral genomic nucleic acid, said viral
genom ¢ nucleic acid conprising at | east two endogenous gene expression
regulatory units which each conprise an endogenous pronoter where the
endogenouGepenairOvenvsev3of the Ifviestiasmni t s are active at the sane phase in the
viral life cycle of the virus that the W 2004/029258 PCT/ GB20031004218 -19
vi ralt®genoni ¢ Rg&reidescabing thepigesnt ivgniied i dajipbitas tq by understeadsthat wo of the
endogenous,.: 1. i: Y/ i C ISl active at
9 il en 3Pl %%ﬁfugg%c[r %gé%@u?%rkfggﬂfgfaﬁons of Jéegé eﬂﬁﬁggt‘é’f@a]ts $hich

t he sane phase are eac 0 a separa erol ogous codi ng
sequence yest @drdeN Ayt higs Mké & bel@ieftCod s B ferfiotbgyaRdd Reretd)ist he viral
genom c nucleic acid is from1l to 50 kb in length exéiuding t he

het er ol ogdershe pefpesrrcelisichateng pagticwHaoehodingnta nf tigarveptior Ralypamskig@ot i nvent i on
i ncl ude, bL{t c%r%vgoh lLimted to, (i) high construct stability and |ow

i nt er f er efeEPE(ABEH™ ¥ Hes: (ii) providing an array of

15 The present invention is concerned with nucleic acid constructs which allow

expression of multiple antigens from the same construct and the use of these
constructs for nucleic acid immunization. The invention also provides methods for
the construction of such constructs. The constructs comprise viral genomic nucleic
acid and utilize two or more of the endogenous gene expression regulatory unit
20 present in the viral genomic nucleic acid to express the desired heterologous
polypeptides. The heterologous coding sequences to be expressed are inserted into
the constructs so that tﬁey are operably linked to thé chosen endogenous gene
expression regulatory units and in particular to the endogenous promoters of these
units. The constructs allow for efficient expression of the heterologous coding
25 sequences, and in particular antigen-encoding genes, in host cells.

The nucleic acid constructs of the present invention typically comprise, or in
some embodiments consist essentially of, viral genomic nucleic acid, said viral
genomic nucleic acid comprising at least two endogenous gene expression regulatory
units which each comprise an endogenous promoter where the endogenous promoters

30 of the units are active at the same phase in the viral life cycle of the virus that the



antigens (e.g., epitopes) rather than a single antigen so that the construct
nore closely 10 mmcs that of a natural infection; (iii) achieving
co-delivery of the antigens into the sane cell to achi eve coordi nated

expr essi ovo ofo4mskss pl e antigens; (iv) eliciting an | MECEGBEBPONKIES Si m | ar
to that elicited by natural infection due to the expression of nultiple
antigens; (v) eliciting an i nmune response that is nore protective than that
elicited by natural infection, e.g.,.because the antigens chosen do not

i ncl ude 15 i mmunodom nant anti gens 'HJ?' pol ypeptides that inhibit inmune
responses which may be present in whole viral vaccines; and (vi) triggering
the ant V§ehSPPmaerRaleie aciAd desved SMhiihsre:pat hways that are normal |y invol ved
in the clearance of intraceldular . infectious. 20 En enous gene expression
regul at ory uz‘{‘}ts 'I"’f%eﬁqvéjlO%&%%ﬁoee%ﬁuuéI°§Pecer&’&?ﬁlc’r‘]ﬁe@aﬁ%ﬁﬁ'ﬁnﬁtﬁcti on of the

i nvent i @&nﬁﬁﬁﬁg bERSotas actiRAS thd ¥ eFHANOKRRUS SRS P KRFRSS QBp iUl at ory
units. Each endogenous gene expression regulatory unit will conprise an
endogenbetsrgegams ceding Fsquine ihserted imtnsheviraltgenomivi tucleid dcid;anpr i se ot her

Seqtiences. neddssaty 1ol EBRIGRIERC i aRCE. 1 FARQEHERSRan. andlor
transl aE&&ﬂdiH& tlfet}%té}%iv&ﬂ Sé&‘%ﬁ%%%§%r}{@dt$tlo¥¥&i ch the endogenous gene

expression regulatory tnit s operably ed. In many enbodi nents one or
more of the Adviitsgesidf theqregeni Beenttn inclnde,Hut exse0initkd 3o, 0 highn endogenous
gene in which the coding sequences naturally associated wth the gene have
been r epPrstEgt Siptihity£nd dovh EXEESERGAFEY EBHSRES; Sekpreridag apemPoL/ 029258

PCT/ GB2Q03/ 004215 _ .. 20 ch. en ous _gene.expression requlatory unit may
conpris ntééeélﬁéenf'seplf@?%%ﬁ%ﬁ%rll}h?nofg?ﬁgfr%a Fehq Wfﬁ%ﬁ%@@ﬁ%ﬁ’g@h $tYi on from the

codpng SEANGNERDFARERRN ifectidnI K] adifediRe colablivery BESE aByenk b ke an enhancer
sequence or other sequence which nodul ates expression of the operably

l'i nked ecxué ol @@qh'@me@rdisaqdlemmﬁitvmbﬁhuﬁipmmgmse (Whelicgtong @y mat i on and/ or
T the HRTEEY FRpopsp FERE ST R e D EAUTBiRda e TRRRSORPR | onal
et eoe T s A R B e el Ty
thi s w Elicited byhanesitinfeeti@rnd gg drroase fhisoamigeris dhogen do not include
15  immunodominant antigens or polypeptides that inhibit immune responses which may
be present in whole viral vaccines; and (vi) triggering the antigen processing and

presentation pathways that are normally involved in the clearance of intracellular

infections.

20 Endogenous gene expression reculatory units

The viral genomic nucleic acid in a construction of the invention comprises at
least two endogenous gene expression regulatory units. Each endogenous gene
expression regulatory unit will comprise an endogenous promoter. Typically,
however, the unit will comprise other nucleotide sequences. In particular, the until

25 will comprise nucleotide sequences necessary for, or which influence, transcription
and/or translation of the coding sequences with which the endogenous gene
expression regulatory unit is operably linked. In many embodiments one or more of
the units will comprise, or consist essentially of, an endogenous gene in which the
coding sequences naturally associated with the gene have been replaced with a

30 heterologous coding sequence.



10 the endogenous sequences necessary to achi eve normal expression of the
codi ng sequences which the endogenous pronoter is naturally operably |inked
and/ or the VORITE ificity and | evel of expression of the heterol ogous
codi ng sequ%ndéé”?%ﬁ&mhich the unit will be operably |inkd®mBIAEUHESt r uct
of the invention. In sone enbodinents the pronoter may have had sone
sequence nodifications nade to it. 15 For exanple, base substitutions,
insertions or deletions may have beenjpntroduced such as, for exanple,
none, two, five, ten or nore base substitutions, insertions and/or

deletions, In ether C{%B%geg% Ié%éré‘sfs rng@%om%% }gQQEOﬂ{BM?J‘&&ﬁ?IR?e”

i ntroduced. For exanp ns o rve, fromfive to ten,

fromten tegsentidEbt, Yr GihidDIEuERS SSaniByptidafeorh @8 cddiel REuREs ofefubdpe cases
the pronoter may 10 have been truncated to the m nimal sequences_necessary
t o achi-evéinéspioethsivpit dhesemay includelimephaaepreagwencs er othermseraast yWhidinked to
al though typjcally this w.l.l not .the case. In so enbodi hents the
e_ndogenouéxcgd_é‘ﬁ%%sn%@gesﬁ&l\%gﬁ %Pﬁ@bgvﬁ&}ﬂﬁﬁéﬁaﬁa_eq%@%% glgﬂ‘betnlc%%%]lu_cgt art site
Wil Be retaiunedine EBRFLAIAGSIRYS: MERSIHAP bEERIBRIn M ALQ MakR bR, MY al so
conprise 25 sequences which are involved in, o Afl dence, translation. The
t ranscri bedquenoss miy Bnmiesdne th the guenfespefsadieatbodinét thd dndogamdagenous gene

fromwhich the unit is_ derived naybe present in the unit. For exanple sone,
or all, ofransEiphenslieunaigipeguence By 3isoPe ress§ilons of the unit may be

anci or st abi | | 1y i fee] B8 ARTHO bl Brord SRR A AN sBEBEEET S o

st op codonnBYogths®s f8motdraTysidallyS@GUSINCRShwehele ehidddedbmnCombanser i pt WO
2004/029253 PC‘I%%GB2110310 04213 -21 conformation nay be retained in the
uni t 18nd ithe prdlogéroul sequshessacedseu to sdhiavemoameltrsprasgor of G cesdipgessi on of the

codi ng sequences rably .linked to the unit. The endogenou ne expression
regul at or?veesd’@ggh ﬁjﬁt%ﬁ%eémﬁl%prgﬁ TFitsee VOB?mﬁP{gm%BEmbdZ%%ﬁa sequences
fromthe endegsnotiGyd8hgete] of Scpi&kiohRd tld RMBroR gBhd (M kellerdBY10d0. 'L mRY
conpri se the endogenous pronoter and, optionalfy, any other region fromthe
endogenousvigenihe apamtill foe@petahly larded igths equetrucest the inventyon. claspmiese t he

endogenous pronoter in conbinatjon with one or nore of .the endpgenous gene
el enent s FEWCAERAE e PEITACteTRAY BREdERoNs Sguivacempridisatiens made to 1t

15 For example, base substitutions, insertions or deletions may have been introduced
such as, for example, none, two, five, ten or more base substitutions, insertions
and/or deletions. In other embodiments larger modifications may have been
introduced. For example, deletions of from two to five, from five to ten, from ten to
twenty or more bases may have been introduced. In some cases the promoter may

20 have been truncated to the minimal sequences necessary to achieve expression of the
coding sequences it is operably linked to although typically this will not be the case.
In some embodiments the endogenous sequences between the promoter and
transcriptional start site will be retained.

The endogenous gene expression regulatory units may also comprise

25 sequences which are involved in, or influence, translation. The transcribed, non
transiated sequences associated with the endogenous gene from which the unit is
derived may be present in the unit. For example some, or all, of the as translated 5'
and/or 3' regions of the unit may be retained. In particular regions which influence
transcript processing and/or stability may be retained. The shine Dalgamo, start

30 codon and/or stop codon may also be retained. Sequences which influence transcript



regulatory unit may conprise sequences which are spatially separated in the
10 endogenous gene. Sone of the sequences in the non coding regions of the
endogenous gene nay be absent fromthe unit, such as sequences which do not
pl ay a rwioeods29zes i nfl uence, transcription and/or tr CIVGRINGHN4LIS Sone
cases reqgul atory elenments naturally associated with the heterol ogous coding
sequence may be used rather than their 15 counterparts fromthe endogenous
gene which the gene expression reguL?tory unit is derived. For exanple, the
5" or 3" untranslated regions of thé'transcript may be those naturally
associated wth the heterol ogous codi ng sequences. Introns may originate

fr om t héosaFBtis REebGECtAIRR Mdheryt Yyl 2EEda g isehesedaBuenca iSome  cases
regul at | fr het.er o di.fferent, to the origin of the
20 hete§%¥8§%%£%%§8PHgH%E%@Ehﬁéggﬁg§ﬁ%%§%%f§9§§ﬁ°%ﬁ@“&%dogenous gene
expressi on 1 gaskaldReMottddng eRFiéssiir Biilaloey fifii Bbamot hHrsi thabhprisd ral gene and
in particular formany viral gene nentioned herein. The viral genomc

nucl ei c abof theinongodingstquancesofrom e dndogenoue gersoihsrdesiwsd fivm, | east two
endqQgenous ne expression regulgtory units and nay, for exanple, 25

compri o AR THRFERD- i, CoPTRIBe e AP e OHBEBIT A cPRoBEY 48X on

regul at Qfte HBidirom 14 ed B38ouk Wehloah Hore BANAANAUS, ARG, GXRLESS] ON

regul atory uffits conprise-an €&n o&%nous pr onot &r %xpresse t the sane
phase i podipgsevthé atddgeheusprometedin ddnehinationswith bad otherewdiftiéd genomni ¢ nucl ei ¢
acid originates fromand preferably three, four, five or nore of the

y
endogen&oggaNs senprleasnmentigurhbaey. Jheeadegsrpys gae SKRIESSonot er s 30

P o FiRlip D5 BRTBsB0RBR b8 ok 0l UG Sat B 8P Ot e of the

uniibs neyddaendxpesssed at the same phase. At |east two of the endogenous

pronoters expressed at the sane phase in the viral life cycle will be
i ndi vi dual | ySompeoéiieyseigricesiint the acthendangiegipon of hedndogesewugene e1aand
prefera th f ou

I ee , five or nore, of the pronoters may,be so operably
Pl Pked Bblireboh g Suoatbisntbin Ko  clguEHee <o TopPE Ao B L CRTIBRRES al | of the
endogenQus REQIPALRY G tPInsiiBn. B4k (T8E AERAF AbRkMs hhdikey to heterol ogous
codi ng sequehces. The endogenous gene ex%resm on regulatofy units wll
t ypi cal ksgotiateé withaehs Anterologdugicnding seljubacqrany botisedrether thad thggnom ¢ nucl ei ¢

acid that they are present in. Thus A preferably the viral genom c nucleic
acild wi FOURDEEIETA ARE FRANFFANE S615 Bfuicy difoshae g¥Prgssion regulatory unit is

derived. For example, the 5' or 3' untranslated regions of the transcript may be those
naturally associated with the heterologous coding sequences. Introns may originate
from the same source as the heterologous coding sequences. In some cases
regulatory regions from heterologous sources different to the origin of the

20 heterologous coding sequences may be employed.

The endogenous gene expression regulatory units may originate from any
suitable viral gene and in particular form any viral gene mentioned herein.

The viral genomic nucleic acid in a construct of the invention comprises at
least two endogenous gene expression regulatory units and may, for example,

25 comprise two, three, four, five or more endogenous gene expression regulatory units .
At least two of the endogenous gene expression regulatory units comprise an
endogenous promoter expressed at the same phase in the viral life cycle of the virus
that the viral genomic nucleic acid originates from and preferably three, four, five or
more of the endogenous gene expression regulatory units comprise such promoters

30 expressed at the same phase in the viral ife cycle. In some embodiments, all of the



10 single fragnent and will then be subsequently nodified to introduce the
het er ol ogous codi ng sequences and to nmake any ot her nodifications so
desired. Al thi.s is the preferred route for the generation of.
constructs %¢p¥ﬁ@n3%§ention other routes which achieve t RETEHR0¥NW2Besul t,
such as obtaining the viral genomc nucleic acid as several fragnents and
assenbling them stepwi se with additional sequence being 15 inserted at the
sane tinme, or later on, into an approp?di ate vector, are also enconpassed by
the invention. In many enbodi nents the endogenous gene expression regul atory

units and ehfogeRAlstgrémbats dthe antosan s sxRERED G 94md figastNit | ABRYwhave the
sane sequences upstream and/or downstreamof it that it did in the viral

genone. | nfpwreniegenavs prohotd exprdssge avihs sayehphasy pr tesiimhlifeegelk atibry units
may have sone.ar | of .the same _ upstream seguences that i idin the
viral geniﬁér}dw‘eﬁwneﬁéﬁx lipkeedo acterlogas anﬂgéﬁWee mﬁdrréfeea%éyci din the
construct .p. L LB, I kg aHen wnst r eam of
t he heter (%HBJ 5§§§§?§%§?ﬁ’§g§eque§8§%% %%glfﬁ%i"?%mgﬁﬂlﬁkﬁg par%?%é ar the :
endogénougofing sRfuelices] In s ahbyditnentseadl 6ﬁlhéf&yddg6n@ﬁgjrmabﬁfbtoﬂﬂﬁb those 25

downstream of the coding sequence which the unit, and in particular the
endogenousititpriayrbe sspardtaly daked ) hojeralogensi catiag s@iedncesThe endogenous

d t I t t in the Lt i.ncl el ts which
ol uded | nt natt PAIREPTBIEtPe Shrenior BlalBrstE i ieEaR B et o °
exanpl e, 1oh9RE ah dNOhHEHf Welvikall SdRhiTE Hhdldc héle tha'itﬂgég/i dré besét i M@wd ranscri pt.

The endogenous downstream sequénces present nay conprise a
t ranscri pipraerably ther viral gthonicelugleenicidwdl oy otdaiped yradethy ivatl genome gnal . WO

20041029258 / 382003/ 004218, -23 Sequences. upst.r eam and/ or downst r eam of
Che Hbt or o %&W&H%‘V'ghéﬁ’éhééébséﬂuﬁ%ﬂy m%ﬁ%ﬁpdng%ﬁ%eﬁ@émﬁ%% t he

codi ng se G i : ; o t.r eam
cequences o g e RS e A e BB o ence. 11
sone enbodigmeksed haitsfwelties ghnetdidnefidagancs sf grrigventibabtter tdugesendogenous

endogenous gene expression regulatory unit is derived from is retained in
t he const Miueh agpigie tersamerond ressdhi siighoe gbleinenssthe virabgromionuclangcidequences

A R S e L R
than 1300 BasgedAtKSsant ©h6! @htér on, into an appropriate vector, are also
encompassed by the invention.

In many embodiments the endogenous gene expression regulatory units and in
particular the endogenous promoter of the unit may have the same sequences
upstream and/or downstream of it that it did in the viral genome. In particular, the

20 endogénous gene expression regulatory units may have some or all of the same

| upstream s:equences that it did in the viral genome, within the limits of the viral
genomic nucleic acid in the construct. In some embodiments some, or all, of the
sequences downstream of the heterologous coding sequence that the unit, and in
particular the endogenous promoter, is operably linked to may be equivalent to those

downstream of the coding sequence which the unit, and in particular the endogenous

Q]
n

promoter, is naturally associated with. The endogenous downstream elements
present in the unit may include elements which are included in the transcript from the
endogenous promoter such as, for example, those involved with determining the
stability of the transcript. The endogenous downstream sequences present may

30 comprise a transcriptional termination element and/or a polyadenylation signal.



10 nore than 500 bp, nore preferably nore than | kb and even nore preferably
nore than 2 kb upstreamof the unit, and in particular of the pronoter,
and/ or downstream of the heterol ogous codi ng sequence maybe honol ogous or

i denti calwopauishores upstream and/ or downstream of the umit/GBasdooiris
particul ar of the endogenous pronoter and its coding sequence in the viral
genone. The regi on of upstream 15 and/ or downstream sequence identity to
those in the viral genone may extend,to the next endogenous gene expression
regul atory unit operably linked to héferologous codi ng sequences and/or to
t he next heterol ogous caodi ng sequences. In sone enbodinents there nmay be
del et i onSSqYERESE HPSTEAM AR/ OF [P RDStERIAD A 1Be RelETodg oA 6PHLE PEqURRCES OBt I uct

upstream and/ or dowist.ream of .t he endogenous ne_expressi on regul atory 20
uni t andmﬁﬁ Cﬁ%?@?“%&%@ﬁ%H%Hﬁ@ﬂb”?@ﬁ%@ €§€ﬂﬁf%§eﬁ%§ DY FPRET sequences
upst r eandieRBeth OUpSMASIBAIFNPietdht &9 iRt MAL 8idogeBot WBnLindt hose found
upstream and/ or downstreamin the viral genone may, in effect, be noved

cl oser tloalghmo eeqiienzsn da somgenbodinpméstbe siolead thatslogenous gena tidhe const ruct .
The endo enoE%_ ronmoters, to which the hegerola ous codi.ng sequences are 25

operabl yLF FRKGEFIOURSPE0 35 a5 S PITES Ik ER u;uﬂls[ VELfeMpiase and

typi call i gﬁ{gb | 12, | Vit ails:eycC virus the
vi ral gerﬁg%{egq%ltj%cg%’géﬁgéﬁ |]§ er ‘lr:(%/dgg’ %érag%rr]ﬁgiﬁ Irna d}tfo%llé&@y% ‘ééslﬁgsr e typically
di vi ded whith affbasgsesstachonfthevbndoigedmay promvted ofthe hgit,exe es&i on of a
particul ar subset of genes, the genes being classified as to what phase

t hey ar eendRpficesBayRiwtbe Etnasxanple, a viral life cycle may invol ve 30

i medi at d. | at i i on during"
bor o of vio BEuEF aoessEe ReSeR TG S R B A o BRGSO . O
enbadi MaAs® thieSRBOSRROMS IREMIRIRE G128 1kb Bl SRAGNoRHRIBESIyHofkegul at ory

units will be those of viral genes fromthe sane or adjacent phases in the
viral |ithen 2¥bupsteeath qiited eniblaing m paticdaroighapremortruasnd/drelownsyreah | be

i redi at e ly, ,early, .late or |aten associ ated pronoters. 5 Typically,
at Some QHAGREHFRIOBRES GG SApfze cRY RS AR IRERED G EOE A FOMGter s wi | |
bot N/ al |ygfedfhilfoIRESEH of Btludi S ad B Rl oPErcARaOYOLEP OF when the
pr onot er give rise to transcription. Preferably the Tine at which
t ranscr i grbinoter siiditd daigdequencedmgrsyifal genonive Thedegienofispsurcamot ers |inked to
t he heterol ogous codi ng sequences w Il occur at a simlar or identical tine
poi it . and/or downstream sequence identity to those in the viral genome may extend to the
next endogenous gene expression regulatory unit operably linked to heterologous
coding sequences and/or to the next heterologous coding sequences. In some
embodiments there may be deletions present in the viral genomic nucleic acid in the
construct npstream and/or downstream of the endogenous gene expression regulatory
20 unit and the heterologous coding sequence which means that the sequences upstream
and/or downstream which are equivalent to some of those found upstream and/or
downstream in the viral genome may, in effect, be moved closer to the endogenous
gene expression regulatory unit in the construct.
The endo genous promoters, to which the heterologous coding sequences are
25 operably linked, will preferably be expressed in the same phase and typically at a
similar, or same, time in the viral cycle of the virus the viral genomic nucleic acid is
derived from. Viral life cycles are typically divided into phases, cach of which may
involve the expression of a particular subset of genes, the genes being classified as to

what phase they are expressed at. For example, a viral life cycle may involve

30 immediate early, early and late gene expression or gene expression during a period of



110 In sone cases, he pronoters chosen may be both expressed in the sanme
phase of viral gene expression such as, for exanple, the imrediate early
phase, but there wll not be an actual overlap in hen the pronoters are
expressed watitesn2a238 the pronoters will be expressed sed’t‘fé‘{‘)ﬁﬁ’?&lq/%’*?lﬁ t he
sane phase. In sone enbodi nents of the invention i medi ate early pronoters
may be 15 chosen to express the heterol ogous codi ng sequences. This may, in
particular, be the case where viral ppoteins are required for expression
frompromoters fromlater stages in the viral life cycle. Hence,

pr ef er abl y, ronot ers . i not .require . vir roteins for

expr essi onl.a te%‘%?o@hugrmﬁé‘%%%aﬁ ﬁg%ﬁ{s%n{gﬁ{éé B%%)ﬁg?cgg’g%@teﬁeo C %g%ﬁ so as to mmc
a 20 parti&ipraEiof te@fatdr) uhNewyll B tHoksé 6f ¢V IgBnes HUS tHRVsaHRi 3G djabemdi ate early
gene pronotérs it nmay be possible to mmc the situation where a virus,

such as Huhakesrin dheavipll Efe cyeleemnd esefbrabiy the peamd phhsef Thet thay ynayBldepl es of
preferred sets..of e do%Bn usmg{?ormters i n&l ude: (i) At least two of the
| CPO, 4, 21%??6“??”5%  ALE PISHICRY ASRCIAEA PFABPISES: * 25 | CPO and 4; | CP4 and

22, 1GpP22 and 2’]\.7\}3)1%3?% cﬂ gé’rﬁgggcg fi1 the %aﬁl&é%@i@ %ez%dg 9noub gir%rgotg‘rs Zanand 27.

(ii) At least t V' tegunent pronofers and®in particular two of
UL48, 49 atnsdh/2l be beigh ersressell 46t antlerdlwif;beldh4e Ofhenothe PtabBotd® and 50. 30
(iii) At least tw of., UL83 and UL84; UL122 and UL 123; or UL36, 37 and 38
WO 2004/ 025768sHTagszpbsr-0Betasbly tixstine acyhishégascsiptian stagsdd/ar parti cul ar
human cytonegalovirus such as: UL36 ..and 37: .Or |37 and.38. |n many cases
viral gene%ea%ﬁif?ﬁl gﬁgn@%ﬁf’l%‘%ssperamgf’ﬂ%h%eﬁit? g}?e RFIFI0SPYs SIRPS AU i e cycl e
are adj acep{]] §RQueAGhIRILT id¥ntiBalRnd pbigf veNni ng genes between them In nmany
5 enbodi nents t he endogenous gene expression regulatory units chosen wll

t her ¢ffor e be t Hosemeraggs.igtpromoferoshoact] megbe both esprsedyin lthedestt mhesees i n t he
vi ral genon%e.f om which the\t/l a:)t_g derived, Thus the %ndggenous gene

expr essi orP r‘@@LE%’tﬁcﬁWwEﬁh‘?‘% YeN R Eﬁ\wlﬂrth?/@’%ﬁcﬁﬁ@seﬂ HRLSE: PHARet er ol ogous
codi g SeayaNease MRY-RA 08P G hY ol TR pres Wi thel e MO ©

consecutive genes Int genorne,
promoters will be expressed sequentially in the same phase.

In some embodiments of the invention immediate early promoters may be
15 ©  chosen to express the heterologous coding sequences. This may, in particuiar, be the
- case where viral proteins are required for expression from promoters from later
stages in the viral life cycle. Hence, preferably, the promoters chosen will not require
viral proteins for expression.
In other embodiments the promoters may be chosen so as to mimic a
20 particular stage in the vial life cycle. Thus by using immediate early gene promoters
it may be possible to mimic the situation where a virus, such as HSV for example,
emerges from a period of latency.
Examples of preferred sets of endogenous promoters include:
) At least two of the ICPO, 4, 22 and 27 genes of HSV and in particular:
25 ICPO and 4; ICP4 and 22; ICP22 and 27; ICP 0,4 and 22; ICP 4,22 and 27; or
ICP 0,4,22 and 27.
(i) At least two of the HSV tegument promoters and in particular two of
UL48, 49 and 50, such as: UL48 and UL49; UL49 and 50; or UL48,49 and
50.
30 (ifl)  Atleast two of: UL83 and UL84; UL122 and UL123; or UL36, 37 and 38



10 al though in some enbodi nents there may be interveni ng genes, such as one,
two or three or nore for exanple, between two of the endogenous gene
expression regulatory units chosen. Sone viruses contain repeated sequences
within tig toogenesse. For exanple HSV has two sets of SREHGB29&a4€1S I n many
enbodi nents of the invention the viral 15 genomc nucleic acid present in
the construct will not conprise a repeated sequence and in particular wll
not conprise nultiple copies of the me gene, unit or pronoter. Preferably,
the construct will not conprise inverfed repeats in the the viral genonic
nucleic acid and in particular will not conprise jnverted repeats of genes,
pronot er s andog?ytq}]f*ﬁ&g i M@RWQ%M@WW%IOW%BGH Q)m)terg,

genes or 20 umdtﬁ'- onJiE?E&P!%Q" t he het erol ogous codi ng sequences operably
| i nked to the "endogenous pronoters will not have any of the pronoter

el ements wi t hinwhirGhvatdieyral adis Ralidlr &t kyprefed abl ¥inlilapkeeh intheigiralt he pronot er
responsible for their expression wll be the endogenous viral pronoter of

t he endolifersyels arpeatgacerise st her wijlunaiserye@Bg ganas batvcben dthemde manger t ed, for
exanple, with the heterol ogous codi ng sequences. . wever, .in sone

oot meit SOl B PSP B Bt el e Bt SRR Refs BiReq 1o ¢ he
het er ol NGNS , 18& 14 B - r.ea endogenous
BT ot e B R B BB ot

poi nt. |whishcheyenddiveenThys thy phdadehyud deae kepesadiogguiatopy amat er wi || be
downstream 30 of the endogenous one. WD 2004/ 029258 PCT/ GB2003/ 004213 -26
Typi cal | §hosethie dree SxpeeseRsLel tBe BFtREpIegoyE 6pdBS stueRcs aayhsdhesed i n pl ace of

the codjng.sequences w E&I\gﬁ]ﬁ/&f ?gﬁg@t%%%ﬁées ﬁé?\%@% rally. associated. Thus

the coding “sequencés natur neus pronoter will

typiccal | altHaesipl ®hREn#ddimdmPinRedaibé thtdrheniRebales] RERES oD el Mer sequence. In
some enmbodi ments, the first few 5 codons of the natural codi ng seqguences may

remai n ahreelns nfars &t examplachdteeen brwefchs endngdnony gseejexpress®N Any ar r angenent
| eadi ng to .t he exgr gssi on of the pol ypeptide encoded by the heterol ogous
sequencdESHAPTLRIBLEESY n one enbodi ment the coding sequences naturally

2: soci ated W ¢ fnd {ieye¢ ?HHP:ES Eeﬂéﬁ%d%@%@n@es%ﬁﬁip&ﬁ%b%taﬁkp 3 95£é§nsp19 odi ng
quences downstream of themw th an I nternal ribdsone entry sequence
HSV has two sets of such repeats. In many embodiments of the invention the viral
15 ©  genomic nucleic acid present in the construct will not comprise a repeated sequence
and in particular will not comprise multiple copies of the same gene, unit or
promoter. Preferably, the construct will not comprise inverted repeats in the the viral
genomic nucleic acid and in particular will not comprise inverted repeats of genes,
promoters and or units or inverted repeats of two homologous promoters, genes or
20 units. -
Preferably, the heterologous coding sequences operably linked to the
endogenous promoters will not have any of the promoter elements with which they
are naturally operably linked. Thus, the promoter responsible for their expression
will be the endogenous viral promoter of the endogenous gene expression regulatory
25 unit and not one inserted, for example, with the heterologous coding sequences.
However, in some embodiments some or all of the promoter elements naturally
linked to the heterologous coding sequences may be introduced upstream of the
endogenous promoter or downstream of it, but upstream of the transcriptional start

point. In such embodiments, typically the heterologous promoter will be downstream

30 of the endogenous omne.



10 (IRES) to ensure translation. In some enbodi nents the constructs may
conprise two or nore sets of endogenous gene expression regulatory units

operably lipke 0,,ket er ol ogous codi ng sequences. Each set_of gene
expr essi on V?égﬂ’f‘}é)f)g?% units operably will conprise at | eﬁg?’GlB\%ﬁ)JﬁPﬁ%t ers

expressed at the sane phase in the life cycle of the virus that the 15 viral
genom ¢ nucleic of the construct is derived from The different sets of
units wll give rise to expression aR6different tines. This will allow
expression of particular antigens at different tinmes. Antigens 20 'The

het er ol ogous caubftgllsels BereRIoPLESRINg sequedves 0N BE inseksd Biplddefirvent i on
w il typically encode antigens. The nethods and constructs descri bed herein

are usef woding sequeaéasiwigh whichriepremotes poraterally absostated. Thutehweediegy of cel l's,
ti ssues and hunman_ _or i.mgl,_pat hqgens. These pathoge cofrpri se one or nore
anti gens. Wﬂcﬁé{ag’rr%lﬂgﬁ?}%g tB@?V&ggge&@és %?B}Og?s@qﬂgcgfycﬁfg&tﬁi@dof t he

i nvention - I e i =iy ting
exanpl es 5}% gcggsggigﬁ? gh%tegog?%gﬁg&!%%%e eexgyﬁgzgﬂhéﬁﬁﬁém’c%%g#ﬁﬁs of the

i nventi on dotedswdehenaturabsoditpgyesicad map kdnsain budyalfused & ths hetprlegius es and

ot her pat ho%%ni C organisms. In rranif@enbodi ments the antigens wll be
deri ved f reofing SeHUSBERSe AL ASTARGETNGRt cafingUe thigawressiprof thstiof@sBtiéncoded by the

h I [ ' h f..the i At |
or 1 i nat & PR PR YRR el p R BS540/ o023

PCT/ @200?56(?.%8@531_21':13217}/ 2ebdatel wieneHBaiotetGhayoiendaliOMtR i Hetb18 BdusOr gani sm
They may all originate fromthe sanme organismor two or nore, or all, of

t hem may @pdig naquenéasciomaisiréaan ehthemorigaam mivsnal Tiwseme egtenssqnenceor i gi nat e

fromgseveral_closely rel ated organi sms. Thus, for exanple, they may
ori gil atemtg %Fa%‘?ar%nns of the sanme pathogen, the aim5 being to

i nmuni se a subj j : ed agai nst
each of the st]rhglgénn'slé?%ggﬁ%rhegtsggfl&g%%%e%ﬁag?ﬁ%? gﬁ? {rygc%/n&enll eg%nglfl encode the
equi val entend@irhbgetent eplesdcdregilamirynunilyqpeedly inkddhe hbeidsguogedisg codi ng

sequences W ll encode different antigens, although in sone enbodi nents two
or nore, GfAUSRess Farh sefofgpre HPreshioN SEAOY 3@ith gperably yel GempBse #ay encode

the same 30k tgv%nprblrﬁo errs(,j g{prgs%e&) :?tttﬁ‘é Snft pmagp i th!e e clzyc?cIc of the virus that the
15 viral genomic nucleic of the construct is derived from. The different sets of units
will give rise to expression at different times. This will allow expression of

particular antigens at different times.

Antigens

20 ' The heterologous coding sequences present in the constructs of the invention
will typically encode antigens. The methods and constructs described herein are
useful in eliciting an immune response against a wide variety of cells, tissues and
human or animal pathogens. These pathogens comprise one or more antigens. The
heterologous polypetides expressed by a construct of the invention may be one or

25 more of any of these antigens. Non-limiting examples of sources for antigens to be
expressed by the constructs of the mnvention include viruses, bacterial cells, fungal
cells, parasites and other pathogenic organisms. In many embodiments the antigens
will be derived from a disease causing infectious agent.

The antigens encoded by the heterologous coding sequences in the constructs

30 of the invention may originate from the same organism as the viral genomic nucleic



expression of the antigen. The antigens expressed by the construct may occur
in simlar locations in the pathogen and/or have simlar functions. For
exanple, they nmay all be expressed on the surface of the pathogen or

al t er nat i W&l 3poh9p238e anti gens which are not exposed on FPeTdwosuediaze of the
pat hogen such as intracellular antigens. The antigens may all be viral coat
proteins, glycoproteins or other proteins expressed on the surface of a
virus. In sonme enbodi nents, a constryst nmay express both a surface antigen
and a non-surface antigen. In sone €nbodinents the antigen will be part of

a fusion protein expressed 20Q.fromthe. en enous .pronoter. Thus the

Bt | gent Rt i e SRR B § il oiapist! TRy T eRB RS om Byt he
endogenougRILAIRLE! ofvd 15nSEING X B BiSHi ey aﬁcqﬂét@fﬁfafnvdiffeé&hﬁ . A ternatively,
t he endogenous” pronoter may drive the expression of a fusion protein
conpri si nggantsmsi rTlecms gashogdi origitae fomsiestrahg osdp eadtedbigyniats. Raver al
different antigens or epitaopes. The fusion protein nmay conprise any

combi nat i FBFEX@FIPES theyanyy onpgnae Fom sqrerahiiayis ns ths srenpserspesertes #M | n” additi on

to t S ' - [ LO codi seguences
| nser ed T Bran e AdbG e R A R B e B
appropri aheh 6f the straiREhat By aati S bfiSnbderh eBH&PRa P bl @de HRrequsaret fi C
proteases to allow rel ease of specific antigens or sequences fromthe

fusi on. lantigenftomebduitraent s of the invention the antigens will mainly be, or
all be, 30 those tha t t ive rise to primarily a.cellul ar or hunoral
response suchquﬁgﬁhi”Hgg{;@e@%}lﬁmseﬁﬁc&?g@g?@éﬁgi et gnieeiSnnse i s

mai nl y Oralt%@ s Ee&%h?fﬂ&ﬁ& o BURE A ovd{MS it RALLBEHS Bahgbe Ones  not
present on the surface of the pathogen, for exanple they may not” be

gl yadpr otsequecesimayeancedd ietsamheo agidgeaiabeleatqpebtaiara Highe édviel ofedi at ed response
rather than a, hiunoral one. In sone enbodi nents the reverse maybe true. In
sone enbSdPISESOLhE ARIEERt | gens may be chosen to specifically elicit both a
cellular and I I i viral. i -1 NC: , but are
not |imited t?}‘etqﬁ@%egs SR e C%éét??é\?g%yfor%% ?%Qﬁ%%ﬁﬁ%f%ﬁﬁ%?n ly of
Viruses, pafhébéitindgorapatintilad fthcvbhis! For EfdMiple, thepaial tall e Bxpesses ot HBV) ,
hepatitis Cvirus (HCV), the delta hepatitis virus (HDV), )10 hepatitis E

vi rus ( BEhgsuaface D@é)aph@pse@mlﬁeu@tl(fﬁmay bsa@atigensgvhiche 891 9488t on\D

15 the surface of the pathogen such as intracellular antigens. The antigens may all be

viral coat proteins, glycoproteins or other proteins expressed on the surface of a
virus. In some embodiments, a construct may express both a surface antigen and a
non-surface antigen.
In some embodiments the antigen will be part of a fusion protein expressed
20 from the endogenous promoter. Thus the antigenic sequences may be fused to those
normally expressed by the endogenous promoter of the gene expression regulatory
unit. Alternatively, the endogenous promoter may drive the expression of a fusion
protein comprising, or in some embodiments consisting essentially of, several
different antigens or epitopes. The fusion protein may comprise any combination of
25 two or more of the antigens discussed herein. In addition to the sequences coding the
antigen the heterologous coding sequences inserted may also include sequences to
target the antigens to the appropriate site. They may also include cleavage sites for
specific proteases to allow release of specific antigens or sequences from the fusion.
In some embodiments of the invention the antigens will mainly be, or all be,

30 those thought to give rise to primarily a cellular or humoral response such that the



90/ 11089; and WO 90/ 14436. The HCV genone encodes several viral proteins,

i ncl udi ng El and E2 See, e.g., Houghton et al. (1991) Hepatol ogy

14: 381- 388, rly, the codi ng sequence for the 5-antigen fromHDV is
known (seew%"’éf“o”U’sS Patent No. 5,378,814). 15 In |i kePTHABEWI N2 de
variety of proteins fromthe herpesvints famly can be used as antigens in
the present invention, including proteins derived fromherpes sinplex virus
(HSV) types | and 2, such as HSV-1 anggHSV-2 gl ycoproteins gB, gD and gH;
antigens fromvaricella zoster virus (VZV), Epstein-Ban virus (EBV) and

cyt onegal L t her human
20 herpes&%%%oggeslgsuc y'g?ﬁ%%ﬂgﬁ%argﬁp ﬁﬁgggHThﬁ’@@xe%Hﬁ &g%a HCCH(E%QO)

Cyt omegal auwitprssas of Theksurfacofithalplathogeh, for&‘qxamp@ahewmrayagt bepp 125-169;
McGeoch et al. (1988) J. Gen. Virol. 69:1531-1574; U.S. Patent No.

5 171 568 gw@%ot@{ls a an efif@@én;eqqa%tw@n@mlymﬂ%ate%mpww@tbﬁ teenal . (1986)

. 6 59- 18 t
such a5 oSt i Rue bl IRl ATROCRSE b0 et Bptd il 25
i ncl udi ng tﬁ@ﬁf&%ﬁs @hy bhiehosef kOsFecHRABY blkit BoiDh YO8N a0hdHd Mim@he known and

reported (see, e. g., Myers et al., Los Al anbs Database, Los Al anbs Nati onal
Labor at or yrestonse. Al anos, New Mexico (1992); and Mdrow et al. (1987) J.

Virol. 61:570-578). and ] gen-e enc s derived. or obtained from
any of these |§6‘11t)3‘9 Naarqncgil ﬁ@&q?“ﬁg’i‘: E ﬁ‘? thosg OFtaiRge. or30

W0 21104/ B%&i%%ﬁ%ﬁ%%@%? L M R MR P A S

antigen exppesidivivys @RV))stpatitis @fflrﬂisf'(ﬂd\ﬁ)\/ﬁﬁtdeﬁmhepatﬂm@vudk (@Dune or nore of
t he various envel ope proteins or fragnments thereof such as %B 160 and gp4l,
F

gag ait i gersatifisdhvias ( dsgatpissgagus EEGYR| Peeas pri¥PAH@ar WRd  from

t he pol, t n U a S fHIV 5
Ant i gens gﬂ)y ]\%%’ agld\(?géﬁ(g/ﬁie/ 6f reff(%lﬁ]gﬁbem\%ler%r{é deLs lv?1agY1£a Pf%ﬁ’a‘s use herein,
such as Wihhaehg Bl Thd 8bi GRe, 85! HagGod étqm(m@@awzo@hﬁxmms es

Pi cornaviri dae (e g., polioviruses, rhinoviruses, etc.); Caliciviridae;

Togavi ri deimlerly.the ¢c1dhn=g jequencefer the@eamgwn fromLEDVes &nywn Heayd.gi Uiddae;

Cor onavi ri dae ?y%gg zge (e.g., rotavhvs, etc.); Binmaviridae;

Rhabodovi riaesNe bies virus, etc.); Orthonyxoviridae (e.g., 10

i nfl ygnza vi rusfnhx@ﬁénﬁa-, By fFietfb SordteinS i RY ieitdafks B AUl bt dae (e. g. .,

minps

used as antigens in the present invention, including proteins derived from herpes
simplex virus (HSV) types 1 and 2, such as HSV-1 and HSV-2 glycoproteins gB, gD
and gH; antigens from varicella zoster virus (VZV), Epstein-Barr virus (EBV) and
cytomegalovirus (CMV) including CMV gB and gH; and antigens from other human
20  herpesviruses such as HHV6 and HHV7. (See, e.g. Chee et al. (1990)
Cytomegaloviruses (J.K. McDougall, ed., Springer-Verlag, pp. 125-169; McGeoch
et al. (1988) J. Gen. Virol. 69:1531-1574; U.S. P.atent No. 5,171,568; Baer et al.
(1984) Nature 310:207-211; and Davison et al. (1986) J. Gen. Virol. 67:1759-1816.)
Human immunodeficiency virus (HIV) antigens, such as gp120 molecules for

a multitude of HIV-1 and HIV-2 isolates, including members of the various genetic

[0
w

subtypes of HIV, are known and reported (see, e.g., Myers et al., Los Alamos
Database, Los Alamos National Laboratory, Los Alamos, New Mexico (1992); and
Modrow et al. (1987) J. Virol. 61:570-578) and antigen-encoding sequences derived
or obtained from any of these isolates will find use in the present invention.

30 Furthermore, other immunogenic proteins derived or obtained from any of the



virus, neasles virus, respiratory syncytial virus, parainfluenza virus,
etc.); Bunyaviridae; Arenaviridae; Retroviradae (e.g., HTLV-1; HTLV-11;
H V-1 (also known as HTLV-111, LAV, ARV, hTLR, etc.)), including but not

limted t@oand@ens fromthe isolates H Vb, HI VSF2, HpMeApsdl
HI V1, IN); H'V-104235, H'-1U54; 15 HI V-2, anong ot hers; IPgi n(:'ha(r’ldémyﬁls

i mmi nodeficiency virus (SW; Papillomavirus, the tick-bourne encephalitis
viruses; and the like. See, e.g. Virology, 3rd Edition (WK. Joklik ed.
1988); Fundanental Virol ogy, 2nd Edi#3-on (B.N. Fields and D.M Knipe, eds.
1991), for a description of these and other viruses. In sone contexts, it
may be prefiesdblVeselitas mphée grhntgande prastaidnsa eomstrugt od thed@veniohgens obt ai ned

or derived froma viral t hogen that typically_enters the_body via a
micosal ' SinHiEb el Rb B Hon S clort bR S s o e B OR e i cease,
such as, I I Al (2L A L)y, her pes
si npl ex @P f;l‘}lﬂ)tsagg%?lgegﬁ%; t&xgc?ge}n%]@ %@t%&%ﬁ”%%néj %%Féﬁ?gé%&a)s%@%?%é%v%es
(di arr hegbm thapal, aiv, wen4f rat, mes &r, MphesPUTR LNt 6f ETYi ons), poliovirus
(polionyelitis), respiratory syncytial virus 25 (respiratory infections),
mﬁasﬁ es and nﬂﬁﬁgewﬁmﬁs@é@] d)f 3 @ﬁ{ 9mlmnhﬁpgf}msqsu‘b§|ta_lsa 1d¥l_l§§hel(eilumﬁel Iha), agd
rhi noviruses (¢ n . . Bacterial and papasiti.c antigens ich may be
encoded BTG RBPOPBEOGL e St R aaHER L LCarRilrs TGRS of e
i nventi ope & NEd1idg8udel QRR 0 ORERE NRE ). AT Al RBHHYRD To LdvRTAIETE W) o dthy e agents
responsi bl'e Tor diseases including, but not ITmted to, 30 Diptheria,
2 04141 03526 6 PeT] GR20031004215 —~30 Nedl o Gonnor hem, - chol or &, Typhol d..
: 0. .- ia, nnor hea, ol era, Typhoid,-
Meni ngi thPa%&%gg?@gY@,da?’ ea%u@}msgml@eqtq-léé?&&yxs&mﬁeﬁg-]gosi s,
Legi@nai [.& i y i peY g EP@,% o]
Ojcklgper{:@élg?%sg,&ég i gst Jéﬁ%%ngmg?éﬁr%%g@n}gg%yng% S1 s?hﬁdgg%‘%’ g}gﬂ{g@] G ardi a,
Anpebi asiigus, frichsled visis Sresgitit@lyisgncydiativifis, sitandaesza Vrutdtt.); further antigens
can be obtained or derived fromunconventional viruses such as prions

i ncl udi nGunyrrirshesirenayeridase Regovradae(¢.g, HALAuE HIEV WL FHNob(dicsease  (CID),
rom 1 B ST Ehal Ly ARSGATEe b waRe ot S eds Ry al so be.
or ‘be  depieslslREG, IMIVOOSHTRSOORSY bl 8TV gp, el al Fretgl.  nsomia. In
prion diseases, il0 where there nmay be a par% Icul ar ¢onformati onal form of
pribh prBféiZnamespatherseamydnt immunodeficiency virus (SIV); Papillomavirus, the
tick-bourne encephalitis viruses; and the like. See, e.g. Virology, 3rd Edition (W.K.
Joklik ed. 1988); Fundamental Virology; 2nd Edition (B.N. Fields and D.M. Knipe,
eds. 1991), for a description of these and other viruses.
In some contexts, it may be preferable that the selected antigens are viral
20 antigens obtained or derived from a viral pathogen that typically enters the body via a
mucosal surface and 1s known to cause or is associated with human disease, such as,
but not limited to, HIV (AIDS), influenza viruses (Flu), herpes simplex viruses
(genital infection, cold sores, STDs), rotaviruses (diarrhea), parainfluenza viruses
(respiratory infections), poliovirus (poliomyelitis), respiratory syncytial virus
25 (respiratory infections), measles and mumps viruses (measles, mumps), rubelia virus
(rubella), and rhinoviruses (common cold).
Bacterial and parasitic antigens which may be encoded by the heterologous
coding sequences of the constructs of the invention include those obtained or derived

from known causative agents responsible for diseases including, but not limited to,

30 Diptheria, Pertussis, Tetanus, Tuberculosis, Bacterial or Fungal Puneumonia, Otitis



t he di sease as well as a normal conformational form preferably the antigen
expressed by the construct will be such that a response is only raised

agai nst the\. ﬁb(?lﬁ)%se associ ated conformati onal form of the %on protein and

not the nort8I ForinSof the protein. 15 Specific pat hogen8CRIGEAIAM#Igens

may be derived fromcan include AL tuberculosis, Chlanydia, N gonorrhoeae,
Shigella, Salnonella, Vibrio Cholera, Treponena pallidua, Pseudononas,
Bordetell a pertussis, Brucella, Franci3®eella tulorensis, Helicobacter
pylori, Leptospria interrogaus, Legionella pneuinophila, Yersinia pestis,

St r ept ococudsia( GyRRShA, Bh6leR) TyRnesyMeaagius, MbROLRROSO TS, 20 Heni ophi | us
influenza (type b), Toxoplasnma gondic, Conplylobacteriosis, |vioraxella

cat ar r hal i Sygébosis\vadebhancllons Acgioneny & basesse, fLiymgdDisgrat, Hegesy, Malariadi ng

Candi di asi nd Aspergillosis, jparasiti.c pathogens .including Taenia, Flukes,
Roundwor noR B SRStoee Rt SER SO St CRBRn o S SrBEi,

Peunney staarGarARbdbiosly FAARIRNERNIR, ARGrAGEN0S) S Thus, the present

i nvention can dl'so be used 25’to provide a suitable i nmune response agai nst
numer dus vet er i Sl farthesamgess casbehvbadnedrarderiasd frdauinbodics fassd Siruéedr onavi r us,

Past eurel |l a nul t oci da, Helicobacter, Strongylus vulgaris, Actinobacillus
pl eur opne Uil PRPIBEVREBADE e cagsadive peenty e lisu, Ceypigldt-Tdkelpdiseaska pneunoni ae,

E. coli, tell is, .Bord | t.USS]| d_hrochi septi ca.
50 T sortt Aot R PERSHETYS mibR A B IR R R i PALRLORET S2PL o
2004/ 029258, Ghé GREROBARY dskBciated IyiNRAEESR dist)sel MBef ARG LU He, & bet he

invention will be tunor antigens. Preferably these antigens will be

speci fi ¢ tderivedriom thedriond respoosibbefoe famidsisfatil somntaern pabh disyges, or at

| east. other_cell types of the subject.. Such antigens may be derived from
mal i gfant WRGFHIES éﬁ}ﬂg?ﬁPﬁ&ﬂ%ﬂ&&?}#f@%@&iﬂtfg{m@tfpg%wtem ASOEHEd s t he
antigens w.l k: Ibheah, I t ject to be
treated o}'“‘%%??%‘éﬁs ?’gﬁgﬁgng%g%ic%l C tg%on%l??dgﬁlffégee%{éaggx%gggé by the tunor of
the subj ecdxprdsseddiyite cenytracti witliieSsuth ehanntdsgemseiBynlbeaigsd spalrgaihki gen and in

particular an autoantigen inplicated in or responsible for an autoi nmme
di sease ordigfiasprsgeqiated ppnfermptopgliopm of egmiongupicspdpet thermogapl el from an

al | ergen. c;IQhe protein.

15 Specific pathogens which antigens may be derived from can include M.
tuberculosis, Chlamydia, N. gonorrhoeae, Shigella, Salmonella, Vibrio Cholera,
Treponema pallidua, Pseudomonas, Bordetella pertussis, Brucella, Franciscella
tulorensis, Helicobacter pylori, Leptospria interrogaus, Legionella pneumophila,
Yersinia pestis, Streptococcus (types A and B), Preumococcus, Meningococcus,

20 Hemophilus influenza (type b), Toxoplasma gondic, Complylobacteriosis, Moraxella
catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens including
Candidiasis and Aspergillosis; parasitic pathogens including Taenia, Flukes,
Roundworms, Amebiasis, Giardiasis, Cryptosporidium, Schistosoma, Pneumocystis
carinii, Trichomoniasis and Trichinosis. Thus, the present invention can also be used

o provide a suitable immune response against numerous veterinary diseases, such as
Foot and Mouth diseases, Coronavirus, Pasteurella multocida, Helicobacter,
Strongylus vulgaris, Actinobacillus pleuropneumonia, Bovine viral diarrhea virus
(BVDYV), Klebsiella pneumoniae, E. coli, Bordetella pertussis, Bordetella
parapertussis and brochiseptica. ‘

30 In some embodiments one or more, and preferably all, of the antigens



Adjuvants I n sonme enbodi ments, the present invention nmay effectively be
used with any suitable adjuvant or conbi nation of adjuvants. For exanple,
suitabl e adjuvants include, without limtation, adjuvants forned from

al um numysabdosinisatum , such as 15 al um num hydroxi de, agameRUwNE/pPResOhat e,

alum num sul fate, etc; oil-in-water and water-in-oil emulsion formulations,
such as Conpl ete Freunds Adjuvants (CFA) and | nconpl ete Freunds Adjuvant
(1FA); adjuvants fornmed from bacteri g ceI I vvaI | conponents such as

adj uvants including |ipopol ysaccharides , lipid A or nonophosphoryl

| d A t T 26:1545- 8 0 trehal
d: ﬁ;/col a'g épf%qwnqﬁ%ﬁ%mg&ﬁ Of\%ﬁel Wvﬁlé’%tra‘flglr?e % antjgens. §ﬁ%€%lyp$8§ e|r ﬁ gr o>
derivati vag 4 el iaok:spaIEL YRRk rogld Witichdk b@@l el bDYEU! alll fHFetirGl eri al

toxins, i n¢luding d| phtheria toxin (DT), rtussis toxin T), cholera
toxin (C'Iraa,st bther dell typdsiof thesubjecalBuch anngemmiyLb'Eldeaindd Ed@)malRsentdononas
endot oxi n A, Pseudoi nonas -exotoxin S,_B. cereus exoenzyne, B. sphaericus

t oXi n C. B fpFEslapRgtastatio Bmass Reome capesriboawigcewihbaffe, as wel | as

toxins fr i .11 |Ie aphyl ococcus
aur eus EIB%gﬂ %eaﬁﬁﬁy g%&;/ 2 |t thegg?‘1 ec{t(eapilé gfea oxf%at%‘lf ?J%ﬁé as CRM 97, a

non- t oxi Gudbpittizend e f&@xémbmbwmor(cefe@es@j@t, Bi'cler et at (1989) Adv.
Exp. lvied. Bi ol 175; and Constantino et al. (1992) Vaccine); saponin

adj uvants suchn aﬁlergambochn(ewsgle Piigen gy bs 205 uosHidgen apd upamlmdli@@l gener at ed

30 from saponi.ns .such a nostinul atin chenoki nes
Snd VO PGB B PO STIBY OG0T S BRI SRR nt o T el dns
(€9 I LgmdiveRrmd batth dilacBived bofn, ah hndeeL- 12, etc.), interferons
(e.g, gama In%lt erel%erlon “ ﬁphage (‘:/8 or?y gtl ITUF%'[I ng fact or (NI- CSF),
tumd® necrosis factor (TNF), defensins 1 or 2, RANTES, MP 1-a and MIP-2,
etc; nmummy! peptides such as N acetyl -nmuranyl -L-threonyl -D-isoglutam ne (thr
5 MDP), Iﬁs@é@&&l - nor nur any| -L aI anyl - D-i sogl ut am ne (nor-MP),

N-acetyl mura T
-di pal m t oyl rTghlrlls'g 3%?§&1§1e Sré)%%%% lnglri;!/r?‘?l X[PJ; %%Pé%e%ﬁw PE) etc.
adj uvant suigié ¥&avant @mdrﬁ@natiam@ffaajnvhﬂts OFoxr@&aﬁgﬂd eGitablepddjekrantc| eot i des and

synthetic oligonucleotides which conprise CoGnotifs (see, e.g., Krieg et
al . Nat unrclyde995hogAunBaten, advdais lovmed fram ah}rmm(nl@gsrja avy, rsucm n.

H nngnmalurmnum%ydm‘qde \{Jlnﬁmem% pﬁosphate a ummum 51{1%4? %c o& n-w ?er and

water-in-oil emulsion formulations, such as Complete Freunds Adjuvants (CFA) and
Incomplete Freunds Adjuvant (IFA); adjuvants formed from bacterial cell wall
components such as adjuvants including lipopolysaccharides (e.g., lipid A or
monophosphorﬂ lipid A. (MPL), Imoto et al. (1985) Tet. Lett. 26:1545-1548),

20 trehalose dimycolate (TDM), and cell wall skeleton (CWS); heat shock protein or
derivatives thereof; adjuvants derived from ADP-ribosylating bacterial toxins,
including diphtheria toxin (DT), pertussis toxin (PT), cholera toxin (CT), the E. coli
heat-labile toxins (LT1 and LT2), Pseudomonas endotoxin A, Pseudomonas
exotoxin S, B. cereus exoenzyme, B. sphaericus toxin, C. botulinum C2 and C3

25 toxins, C. limosum exoenzyme, as well as toxins from C. perfiingens, C. spiriforma
and C. difficile, Staphylococcus aureus EDIN, and ADP-ribosylating bacterial toxin
mutants such as CRM,,,, a non-toxic diphtheria toxin mutant (se-e‘, e.g., Bixler et al.
(1989) Adv. Exp. Med. Biol. 251:175; and Constantino et al. (1992) Vaccine);
saponin adjuvants such as Quil A (U.S. Pat. No. 5,057,540), or particles generated

30 from saponins such as ISCOMs (immunostimulating complexes); chemokines and



876) such as TCC ATG ACG TTC CTG ATG CT (SEQ ID NO 1) and ATC GAC TCT CGA
GCG TTC TC (SEQ ID NO. 2); and synthetic adjuvants such as PCPP

(Pol y[ di (car boxyl at ophenoxy) phosphazene) (Payne et al. Vacci nes (1998)

16: 92-98) . WOSWeH0282l8uvant s are commerci al |y avai |l abl e fr S¥TACPAIPHUH2 1S

di stributors such as 15 Accurate Chemicals ¢ ; R bi |nmmunechem cals,
Ham | ton, MI;, G BCO Sigma, St. Louis, MO A preferred adjuvant for use in
the present invention is im quinod. 54;71 quinod is

1- (2-net hyl - propyl)-IH-lmdazo[4 5-c]"quinolin-4-amine. It has a nol ecul ar

Fol 1 owi ng YEKGEFGHE: SNFEIeRRRE %W‘hﬁ? s otebrlbe dulaht 1o
o3 aul Iodk. V0280440292 Al 59 R ﬁ)l%nﬁfmhﬁ:étuwﬁc%l- NO®B 5

I nod 3°s” 4- am no-

al pha d| med3B)) tuhbe nmrdazfactc{ﬂ(m;g]defmsmgll nré RANTI@)@DPI(&M&JP-E 23463).
Sui tabl e derivatives of im quinp and resi_qui nod may be used. 10 The
adj uvant @Eynﬂ%mﬂé%eéﬂdﬁsrﬁ&Fh/PﬁNa@FW‘W%@{ ilydyeenyl®-sogbsinatthion of two or

nor e [0k n1a|ne \; an additive or a
syner gi st:{\?ﬂgffe 5’ prorm 1ﬁga1§ F %et%gléllsé OI"WEC&S ?effect is
one wher é_fihg]-Pefihitardf Flg]q -evpdidRyr- Qpﬂ@l allpﬂ]gntdws,@.rcbrgefo% adj uvants is greater
than one would expect than by merely adding the result achieved wth each

adj uvant \derolﬁhazdphomy]sxﬂrﬁhylammmﬂ\/ﬂﬁPaPE}/etC Thduzaite dan\tedrfayﬂn theexpr essed
be. encoded Y U LSHAFTIET CPE ER RGBT AR BEIpglgoniciootites ol | o
comprise CpG motifs (see, e.g., Krieg et al. Nature (1995) 374:546, Medzhitov et al.
110 (1997) Curr. Opin. Immunol. 9:4-9, and Davis et al. J. Immunol. (1998) 160:870-
876) such as TCC ATG ACG TTC CTG ATG CT (SEQ ID NO: 1) and ATC GAC
TCT CGA GCG TTC TC (SEQ ID NO: 2); and synthetic adjuvants such as PCPP
(Poly[di(carboxylatophenoxy)phosphazene) (Payne et al. Vaccines (1998) 16:92-98).

Such adjuvants are commercially available from a number of distributors such as
15 Accurate Chemicals ¢ ; Ribi Immunechemicals, Hamilton, MT; GIBCO; Sigma, St.
Louis, MO.
A preferred adjuvant for use in the present invention is imiquimod.
Imiquimod is 1-(2-methyl-propyl)-1H-imidazo[4,5-c] quinolin-4-amine. It has a
molecular formula of C, ,H N, and a molecular weight of 240.3. Imiquimod has the
20 following structure:

N¥ | \>
X N

Another preferred adjuvant is resiquimod:



separate construct. The constructs fo the invention may therefore include a
regi on encoding an adjuvant, operably linked to regulatory el enents
al l owi ng expression of 20 the adjuvant in the subject. In enbodi nents where
t he adj wyanhd@ogpcoded by a nucleic acid any suitabl e pcgrrBE2oex@IASSI ON
regul atory unit may be enpl oyed to express the adjuvant. Pronoters which
give rise to high level constitutive expression of the adjuvant nay be
enpl oyed. Alternatively, simlar or identical gene expression regulatory
units to 25 those used to express 8he antigen may be enployed. In
enbodi nents where the adjuvant is encoded on a separate construct from the
nucl ei ¢ acid construct of the invention, the construct encodi ng the adjuvant
will preferably be adninisteredNMAth, at the sanme tine, as or in seguence
with the construct of the invenfi®n. Typi cal |gHqthe two will be admi nistered
as a single 30 conposition. For Rl e tpe—t0o Constructs may be coated
onto the sane particles CVO 2004/ 029 CT/ GB2003/ 004218 34 or

d t%ﬁ@ m xed. Conpositions conprising
such particles ro m xtures es are provided by the invention. In
enbddi nents where the adj uva engg'd'en@t%"a nucleic acid which is to be
admi ni stered to the subject, exanples of pEdierred adjuvants include any 5
pol ypepti de adjuvants nentioned herein and, in particular PT, CI, LT and DT
Preparation i N6 N £ i vpi-cal herrviE genomi ¢
nucl ei ¢ aci d(ﬁegﬁréh{&géed }?% t egi‘né{ggﬂ%ﬁ%ﬁ%hgbglbﬁ%t%?tﬁgd@\r%ﬁrﬁ&go genomi ¢
|'i brary [¢f5-d] lheinphid-i -@thaanl. (R+848; $128443). Sthide degihivds ofintiuimbd as PCR
anplification of the chosen region of the viral genone either as several
f r agmenta8d ggsicagmed sy drased- agnent or obtai ning the region from existing
cl gpes of a I Qn ] i.ral. l be, enpl 0 Viral
geﬁ@nic Iibrgiggé%g%ﬁ %J%#%gﬁ%é%ﬁﬁgggﬁﬁﬁﬁgpﬁ%ggﬁigﬁﬁnpﬁﬁﬁﬂﬁgégF. In many
enbodi mepfor®idjiRats Ry leefrd! fenblhddaddj @RARThEy Mgl Riddakedr kN the construct
of 15 the invention may be a fragment froma genonic library or may be
deri ved syrugstieffechinf prameting an Anmané sspomse. Scynergsstic gifetids ased for the

genomn ¢ .,.Genom ¢ . mayhe commercially,.avail.able, for exanple, from
Jour ces VEHbE ERAOGHENE DR BERROT G0 BT YUY 5 Sarater BB ach, | nc.
Anot her shadaket (BRS¢ Bretely SBRRNIMEE result achieved with each adjuvant when

15  administered individually.

The adjuvant may be expressed from a nucleic acid construct administered to
the subject. The adjuvant may be encoded by the construct fo the invention or by a
separate construct. The constructs fo the invention may therefore include a region
encoding an adjuvant, operably linked to regulatory elements allowing expression of

20 the adjuvant in the subject.

In embodiments where the adjuvant is encoded by a nucleic acid any suitable
gene expression regulatory unit may be employed to express the adjuvant. Promoters
which give rise to high level constitutive expression of the adjuvant may be
employed. Alternatively, similar or identical gene expression regulatory units to

25 those used to express the antigen may be employed.

In embodiments where the adjuvant is encoded on a separate construct from
the nucleic acid construct of the invention, the construct encoding the adjuvant will
preferably be administered with, at the same time, as or in sequence with the
construct of the invention. Typically the two will be administered as a single

30 composition. For example the two constructs may be coated onto the same particles



DNA directly isolated fromthe virus chosen. 20 The viral genom c nucleic
acid used in a construct of the invention, and also the construct itself,
may be double or single stranded nucleic acid and may be RNA or DNA In
enbodi nent sWE20¢4B9358vent i on where an RNA virus is used threTRNEROIRY4218€
first converted to DNA and then manipulated in that form before an RNA
construct is then generated fromthe DNA. 25 Genom c DNA fromthe sel ected
source can be isolated by standard progedures, which typically include
successi ve phenol and phenol/chl oroform extractions followed by ethanol
precipitati 1 Wl ks Qﬁ?: I: i t can be
treated mﬁtﬁn%m$%§?$¥§§? ﬁgg%g%ﬁggfgggg¥ e&%92%@??%%&§??ﬁﬁn§ﬂg%P§§triction

endonucl easgartielys loenictelréeattidles drabtdvadediby the B@enticn. obt ai n | onger 30
fragnents. Alternatively, the genomc DNA nmay be digested to conpletion. The

WO 2004/ 029258 Hermbrdunatovkes the sdatanf sianerred by armictaipiay sdiokdy the chosen
on the basis of .the aver,age,frequenc -t h-whi.ch.it cut so that a | arge
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nunber of t'echniques,; including agarose or polyacrylamde gel 5

el ectrophoresis or pulse field gel electrophoresis (Carle et al. (1934) Nuc.

Acid Res. 12:5647-5664; Chu et al. (1986) Science 234:1582; Snmith et al.
(1987) Met hogE £2C0 ISR t o provide an appropriate size
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cloned into a sirﬁ[p ar

st randed OV@ftﬂﬁétQﬁoﬁlraﬁfhéxﬁﬁi litiredyl cMhd Parl O MENE [cBaseAgO R ehelteids eudkian be
cloned into a vector ich has been prepared to give conpatibl e overhangs.
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a fragment. A variety of sources can be used for the genomic DNA. Genomic DNA
may be commercially available, for example, from sources such as Advanced
Biotechnologies Inc (ABI) and Clonetech, Inc. Another standard source is genomic
DNA directly isolated from the virus chosen.

20 ' The viral genomic nucleic acid used in a construct of the invention, and also
the construct itself, may be double or single stranded nucleic acid and may be RNA
or DNA. In embodiments of the invention where an RNA virus is used the RNA may
be first converted to DNA and then manipulated in that form before an RNA
construct is then generated from the DNA.

25 Genomic DNA from the selected source can be isolated by standard
procedures, which typically include successive phenol and phenol/chloroform
extractions followed by ethanol precipitation. After precipitation, the DNA from a
virus of interest can be treated with a restriction endonuclease. The digestion with
the restriction endonuclease may be deliberately partial in order to obtain longer

30 fragments. Alternatively, the genomic DNA may be digested to completion. The



20 results in hydrolysis of any single-stranded portion in restriction
fragnments also yielding blunt ended fragnents. Once suitable genomc
fragnents have been prepared they nmay be cloned into any suitable vector
const r uctwonogu@plzsgon. Exanpl es of suitable vectors arepipldgodsgygin the
art. The vector may, for exanple, be a plasnid or in sone 25 enbodi nents of
the invention naybe a cosm d. Wen using cosmd cloning vectors, the

genom ¢ nucleic acid fragments cloned into themare typically |arge,
preferably between about 20, 000 bp'3(520 kb) and 50, 000 base pairs (50 kb) in
size (or any integer there between), preferably between about 25 kb and 50
kb, nor éeprietiar aBlpelsopited mayderhoSh-@Shk bannl the akdsagedriiuenayn nor e

pref erabl.y between t 35 kb, and about_.30_.50 kb. . Suitable cosm d vectors
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by the meparbtadbyneiunber oftyclrégespintiudalglayarodebeyolydedanige gl net hods known in
the art in view of the teachi ngis of this ecification. 5 In another
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t o generat lasm d | hES. o Wien,usi .Rlasm.d i vectors, the
fragnentlé‘_'%r‘}z_jt%ééi %Lf %ﬁﬂ'gg%%esﬁzegﬁ%%?fg%g% e(tgl.ﬂ%%m/%ﬂ?gg §bo base pairs
(25 KkDb) Erzpmslozf14 Ph6 BMG Provige ah a]%ﬁ—@ﬁ@at@@iw@@ﬂmg RAteh A rad vnihet ween about 10
kb and 25 kb, “nore preferably between about 10-15 kb and 25 kb, and even
nmor e pr ef er abihg genomisciagoemtsabeaybe hMankéndad dn@ clokés inBud siadlady pluwé i d vect or
are comer,cj al | avail abl e.. Ligation of the into the plasmd is .
e t or mERLGis ARG e T BIHTRE GBS PR IR JHGHBtPRe ( eachi ngs of

thiig spegifhe a@&»%gte ﬁéé@héﬁbe% H?Bfofﬁe@fnté %%&5\»«@@% QLS WG 5&3&@&5 desired to

elimnate sone o sequences fromthe viral genomc cleic acid of the

const r ugive ddmgpatibieloverhahgsy Restrictidib clgaved fragments| iedycheddumt epdek efit 1 n t he
construct,, excluding the heteraql ogous sequences inserted, nmay be smaller.

For exargbiEeds R tregiing widh the lyee fRamentofif. gek &4 peiyercesse | Heleaow) B t he vect or

may be f i I Q I r rably from 3 to
12 kb, él\li/egé?eg%l%goﬁglg 3 e%ﬁ{ur%%r%ﬁgé fné) Wgé(htﬁ%s i&ﬁf@{ﬁﬁm@g@gﬁ%@l ng the | ength
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15 protruding 3' single strands, even though the four dNTPs are present. If desired,

selective repair can be performed by supplying only one, or several, selected dNTPs
within the limitations dictated by the nature of the overhang. After Klenow
treatment, the mixture can be extracted with e.g. phenol/chloroform, and ethanol
precipitated. Treatment under appropriate conditions with S1 nuclease or BAL-31

20 results in hydrolysis of any single-stranded portion in restriction fragments also
yielding blunt ended fragments.

Once suitable genomic fragments have been prepared they may be cloned into

any suitable vector construct or replicon. Examples of suitable vectors are well

known in the art. The vector may, for example, be a plasmid or in some

(Lo
o

embodiments of the invention may be a cosmid. When using cosmid cloning vectors,
the genomic nucleic acid fragments cloned into them are typically large, preferably
between about 20,000 bp (20 kb) and 50,000 base pairs (50 kb) in size (or any integer
there between), preferably between about 25 kb and 50 kb, more preferably between
about 30-35 kb and 50 kb, and even more preferably between about 35 kb and about

30 50 kb. Suitable cosmid vectors are commercially available, for example the SuperCos



20 'In many enbodi nents of the invention the endogenous codi ng sequences
natural ly associated with the chosen endogenous gene expression regul atory
unit will be deleted. This may be done by any suitable neans, but in many
enbodi nent svawdolio2skss done by PCR A two step PCR strategy MEl/GB0EEeE1] o

del ete the codi ng sequences. Unique 25 restriction enzyne sites for a
particul ar gene will be chosen; one inside the endogenous codi ng sequences,
one outside the gene in the 5 region,,upstreamand a third in the 3

regi on, downstream of the gene: A PCRTeaction is then carried out with
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desired, but |acking the coding sequences, which includes the 5 restriction
site and t $reciceiéon. nt ernal to the codi ng sequences. The vector contai ni ng
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5' region Rﬁ’lpsrﬁﬁ@tcgteéﬁ%ra't§p1§§?ﬁid3ﬁﬁanésh'\ﬁhér§us§ asn'iﬁfékcf%&@fjvéﬁ’t&r@ thhie PCR

product. eating the same set of steps for end of the gene gives a
resul t ant ﬁ@grsd:ntummmﬁhbha*@enhbomrﬁ @00tz (o&b)wnzmI?aOO(éabakepafrs (%ektgene but

which th di h b f th
coding. scANRAEsTRETERE B A PR B ERP B poSt B, PHIG e
et er o] 0005, 600l SEAEDCER.: 1015200824 DR SHlen Rl O5RE é ng constructs

whi ch have uni‘que restriction sites where t S codi ng sequences

previjpls| ybaweeen abolit 55 kieans2a bat Suinbleplased vebt@fﬂr@b@gﬂi&ﬁnﬂ@dl ng sequences
can then be inserted into the vector. In one enbodi nent the chosen

het er ol ogo¥sileddi dagalieged ﬁt?&N%i info the PbﬁG@Ild ﬁip@@fowednma@emdwelér i mers

i ncl udi ng he uni ue restrl 9 CLte e§%¥ cloning into the

desired si ﬂ%l%ﬁﬁ%& TS g?%ﬂﬁﬁ%%ﬁ ites may be engineered
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gener at ed fpqueseafromribe frdpenomicryicteid aadnkile cofistgety thrd gnonint af vimalcl ei ¢ aci d

and tp;n-nvdigy' g it, . . .

genontic nucleic acid present in the construct, excluding the heterologous sequences
inserted, may be smaller. For example the total size of the viral genomic nucleic acid
in the vector may be from 1 to 20kb, preferably from 1 to 15kb, more preferably from
3 to 12 kb, even more preferably from 5 to 10kb in length, excluding the length of the
heterologous coding sequences introduced.

20 ' In many embodiments of the invention the endogenous coding sequences
naturally associated with the chosen endogenous gene expression regulatory unit will
be deleted. This may be done by any suitable means, but in many embodiments will
be done by PCR.

A two step PCR strategy may be used to delete the coding sequences. Unique

25 restriction enzyme sites for a particular gene will be chosen; one inside the
endogenous coding sequences, one outside the gene in the 3' region, upstream and a
third in the 3' region, downstream of the gene: A PCR reaction is then carried out
with primers that amplify from the 5' unique restriction site to just upstream of the

coding sequences. The downstream primer includes the sequence of the unique

30 restriction site in the coding sequences. This gives a PCR product comprising the 5’



20 the sane end result may be achi eved using other strategies. For exanple
regi ons of genom c nucleic acid may be assenbl ed portion by portion. This
may nake it easier to introduce the necessary heterol ogous coding
sequenceswolmvgnamssenbodi nents  this may aIIom1deIetion§dﬂ%gw%§¢ﬁ gtively
introduced into the genom c nucleic acid, such as the renoval of
unnecessary sequences fromthe viral genomc nucleic acid. 25 PCR may, in
sonme enbodi ments, be used to obtain the single genomc nucleic acid
fragment for subsequent nodificatioi"Gr for the anplification of particular

subregi ons.of the genom c nucleic¢c acid of the construct. PCR may al so be
used to FiEAUBLSHEs ICEHREEHE SRS FFPRateT arbayiRiPer482 Bt i ons and/ or

the intr [ f t:1 L gul ag: Lciion. si. The ructs of the
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subregions of a viral genome. Typicall therefore, the constructs, on

t hei r owsirgli gehommakictdieacidid they digestegd Wé%( thesresttiotiomenzymiee specifiesfori r al
particle, The canstruct | ack a_viral origin of replication and/or one
b ir o BB s G iloies f a5 rrEt POt RebRRbSTal R the viral 5
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may | ack gane giwdstairestltant geneuevdod g tie euigitadishand®'lendedf the gédeebwti 1 al

particle of the wild type virus or a protein involved in viral replication,
t he constilich figrodBigErionnBadngbeegarraeved; il dgheemisadithesaddls t he only

sequence eq\%éﬁeggsgﬁgﬁgqﬁg‘{és%ﬁ%hrsf?é intd kﬁ&f?th@(fliegral%goxﬁ%gﬁﬁg(é&i\ch st he

construc erol'ogous codi'ng sequences operabBl'y*Tinked to th
endQgenots beSRsceteRr essi on regul atory units. I n one enbodi nent of the
invention the viral genom c nucleic acid sequences present in the construct
may be short eBedeipyatingCconsimninivhich hevamenigie wehmctiomsitessdwrythesequences

bet ween t he chosen,endogenous gene. expression r | atary units. Thus 15
sonme, or “HIOESIOYF Cp¢iag s P%eérﬂr%'f@g'q‘ﬁgrﬁc@rf‘?%%g#én%ﬁa%ﬂ the transcription
ter m nat Qlierof)oBHENIdiRS SRGERLS at¥ht e NReRRE BIthe9estsr. GRGREY Sequences and

t he next endogenous Tgene expression regulatory unit operably lined to

het er ol ogmbadiment the ckegudneadogmy coding dajueteed will beadgiified hy POR

alternatively, sone or, all of the endogenous sequences between the 5 and
3 Lerni RINSPIMES IBEREDE K WNGHCIRSTHEAN HESP PLAMCESNHPRRS HC HSt

desired site. In some embodiments multiple unique sites may be engineered
downstream of a chosen promoter to allow maximum flexibility in cloning strategy.
Although, preferably, the constructs of the invention will be generated by

starting from a single fragment of genomic viral nucleic acid and then modifying it,

20 the same end result may be achieved using other strategies. For example regions of
genomic nucleic acid may be assembled portion by portion. This may make it easier
to introduce the necessary heterologous coding sequences. In some embodiments
this may allow deletions to be effectively introduced into the genomic nucleic acid,
such as the removal of unnecessary sequeﬁces from the viral genomic nucleic acid.

25 PCR may, in some embodiments, be used to obtain the single genomic
nucleic acid fragment for subsequent modification or for the amplification of
particular subregions of the genomic nucleic acid of the construct. PCR may also be
used to introduce desired sequence modifications such as mutations and/or the
introduction of a particular restriction site.

30 The constructs of the invention typically will not compirse a full viral



20 formpart of the unit itself may be deleted. This nmay nmake the constructs
easier to nmanipulate and propagate. It nmay al so nean that the chance of a
reconbi nati on between wild-type viruses and the constructs of the invention
i s reducedYORAH®BII8 of the anmount of extraneous sequenc8STEEFELEY21Bn
total, in conparison to the size of the region in the viral genone
corresponding to between 25 the 5 and 3' termni of the viral genomc
nucleic acid in the construct, there _gaybe renoval of nore than 10%
preferably nore than 20% nore preferably nore than 30% and even nore

ref er abl e 09 S S - enbodi nents, up to 75%
Br ef er abl éerg(%ﬁ%’ (r)&tg%‘% %n‘g? lftg%/oé}lnIp rrst?rozlgléfg’%ger a %e)r%’l cﬁ%%?(% vg%f/gen&met he vi lroal ’
genom ¢ NuGhRAIGy, AgdreFofe EleIdRESudIR Yon BRI eHETlack ThSHIMB GRSHS fsb& | ength 30

of endogenous sequences upstream of one or nore of the endogenous gene WO
2004/ 029258 P08 2003720042 1Bhe c@Btrestpraydaikonvikr@guigat of igplicstibs oper abl y

| inked to a, heterol ogous codin gyence. np | ess t han 5kb, preferably

| ess t han 2DYBKHIE &P E BERS eﬁ?@%@ffgb% r Fﬁ%cétl‘%/%%&%fe REuSHEchdbs yiralnpr e

pr ef ersabl %l &3¢ nhiia 2008h JORBACBYRRA! fEe AL Al fld0gENgUS  seduences
upstream t he endogenous pronoter. e anount of endogenous sequences

i mredi at elsyquénos st tieasnstuct keryeéadogenois genleXfiasgianed @gulakary unit,
and in particular downstream of the heterol ogous codi ng sequences may be of

simlar sippdiculgegaresaeedngy Pricinapdded ip themusbpabisls cdithe wild type vém8ogenous

gene expression regul at.or ni{.s..or .onl en sonme of them In sone
Cases, b I SpiePin iR iR b Bl Sl R e R R SR P et b ofved T ¢ ne
expr essi oR@E ehbEdRRhA! Bk QU RNk PQAUENEEA The TRY rRGlefelcRi ed. The
deletion may be, for exanple€, “fromat |east 250 bp, preferably at |east |

| cb, '16or e spruefices abthe catstheasill Be Bickistearidges endingoegicpresf epeadblylinkted] east 5 kb
in size. The deletions introduced @g correspond to single deletions

bet ween pdf PLPBPSFAPHEENTPEFFIGE S-expression regul atory 15 units or
mul ti pl e del et} L Atk . i o tricted

t o non-codi ng ’é@‘%ﬁ%ﬁ%"é‘% %pél}gg% ﬁ/’,ﬂ%ﬁ?ﬁ?fé%ﬁ%ﬁ?‘%ﬁc%ﬁ%@%ﬁﬁgﬁged to
reduce t heressitietiRfcohftaict anagtbeshbstened bh éte rtelanalf dfisonb &1 fhenposeSsay
attenuation. In sonme enbodi nents of the invention the endogengus gene

expr essi ofequeRsss babsey thaghoserfndogenons Bgic SFPresFion AEvEeIIIE B IdWSt er . I n such

enbocllsrrentsgma%rrrgu’ of the intervening sequences from the end of the transcription terminator

element associated with the heterologous coding sequences and the next endogenous
gene expression regulatory unit operably lined to heterologous coding sequences may
be deleted. In addition, or alternatively, some or all of the endogenous sequences
between the §' and 3' termini of the gene expression regulatory unit which do not

20 form part of the unit itself may be deleted. This may make the constructs easier to

manipulate and propagate. It may also mean that the chance of a recombination
between wild-type viruses and the constructs of the invention is reduced.
In terms of the amount of extraneous sequences deleted, in total, in -

comparison to the size of the region in the viral genome corresponding to between

25 the 5'and 3' termini of the viral genomic nucleic acid in the construct, there may be
removal of more than 10%, preferably more than 20%, more preferably more than
30% and even more preferably more than 50% of the sequ'en'ces. In some
embodiments, up to 75%, preferably up to 85% and even more preferably up to 95%
of the viral genomic nucleic acid sequences may be deleted. In some cases the length

30 of endogenous sequences upstream of one or more of the endogenous gene



20 or all of the intervening sequences between the endogenous pronoters
operably linked to the heterol ogous codi ng sequences will be deleted. The
region deleted may typically be any of the sizes specified herein. Oher
conponenys 20§1/0kes endogenous gene such as transcri bedraoiGazodivng18equences
and/ or enhancer elenents nmay be excised any nmay be replaced with

het er ol ogous sequences. 25 The del etions nmay be introduced using any
suitabl e techni que. For exanple, a,construct maybe cut with restriction
enzynes that digest on either si de o the region to be deleted. The
resulting vector may be purified fromthe undesired fragnment and re-1ligated
to gi ve CAPRPERIIOESHUAPY %gr@el’%é‘/ Wded e d hlgrabegayn coding sequenexay ques such as

PCR b d ' h del et i : [ 0 d

oot 1| SPRATT SR HE PiT GEOLL B e hac o SLCOMeT PR Rt L AP pEdnded

del et i oRgy WorHRAL 2P RB1RE FOEEL 0035084913 the Ao iRY¥ERREBa&HRAUCEd. | n order
to select for constructs with the desiréd deletion during cloning,

| i gat i onsquenges bpstethgewitbaemloghnauspeshotect Tiemmenny nfetdogtnaist s i nsi de t he

reg%on to be del et The renoval of sone, or all,

d prior to transformation.
ext PaneStE*8€q H@%@é‘eﬁbdc?“é‘éﬁ%@nt SRS LS St BtREssSIongeghlagnequal | y
applica ] i L. i simlar to
s R T T E I
endogeneginsilpkieeot ers expressed at the sanme phase are operably linked to the
coding sequences with which they are naturally associ ated, rather than
het er ol ogous Sedy§nesy maydrpremossd fpeybedxepmAllof thehendpigengdus gemoni ¢ nucl eic aci d

be derived f HSV.) 10 h truct is jntended d t
Goner at SRR EHOAPECY o oAbl PR, Bl st sl Re® ch as 1o o,
4, 182 aBAdckbnoMis&fheRER, Sap RSB ekbsk LM idaan tﬁéiéx%}esg%ﬂi_%m}fé nucl ei ¢ acid under

the control” of their normal endogenous pronoters. he renoval of extraneous
sequenc bstefolagous ¢relizpspguenses, machuidakied. WEheadeltipansayt ke, ber exempleessed and t he

crdogenaue, 950s RITLeSSon U LS Ll Lher are operably Linked Lo 1= 1
O B LR SRS e s iy gt 1 o1
const r usingleAlelztiogh iegtvyen paive df adiodt endcgesausipeny extesssioneptiedrpf generating a
nu% ele units or multiple deletions may also be introduced. The deletions may be restricted
to non-coding sequences. Typiéally, the deletions will be introduced to reduce the
size of the construct, rather than for the purposes of attenuation.
In some embodiments of the invention the endogenous gene expression
regulatory until will consist of an endogenous promoter. In such embodiments some
20 or all of the intervening sequences between the endogenous promoters operably
linked to the heterologous coding sequences will be deleted. The region deleted may
typically be any of the sizes specified herein. Other components of the endogenous
gene such as transcribed non-coding sequences and/or enhancer elements may be
excised any may be replaced with heterologous sequences.
25 The deletions may be introduced using any suitable technique. For example,
a construct may be cut with restriction enzymes that digest on either side of the
region to be deleted. The resulting vector may be purified from the undesired
fragment and re-ligated to give a vector comprising the desired deletion. Other

techniques such as PCR may be used to introduce the chosen deletions. Sequencing

30 and restriction enzyme digests may be used to confirm that the intended deletions



20 acid construct for direct admnistration to a subject to elicit an inmune
response in the subject, the nethod conprising: (a) inserting viral genomc
nucleic acid into a vector backbone, said viral genom c nucleic acid

conpri si ng WO 20432258 wo endogenous gene expression regul EEHGB2URIOE1HNi ch
each conpri se an endogenous pronoter where the endogenous 25 pronoters of
the units are active at the sanme phase in the viral cycle of the virus the
viral genomic nucleic acid is derived_j’d.om and (b) either prior to, at the
sane time, or after inserting the viral® genomc nucleic acid into the
vector backbone, del et} fromthe viral genom nucl ej cid sone or all
of the vir Fvers‘kl?aﬁﬁéﬁtg‘é“éd; r}gﬁ’é‘ie{ G PERT ERREOLE césa%’{tﬁf%&%ﬁecie%&%boéh%?ggene
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2004/ 029253 PCT/ (B2003/ 004213 -41 viral genone corresponding to that

bet ween t heeghdn tarvd d8letsdrpdior of trafsdorwiatiah. genomi ¢ nucl eic acid of the
construct where_t he Ienf;th of the viral genomc nucleic acid inserted into
the vector backBore1qval otsgme of YL sEtrrIpous sekange feislyee PAcKedliced may be of

a simbar nabycs 1o amimoloAnese iackaastic DRl RiaRd Lhssanstiyet
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generated may have si art'c eristics an itTes any of the

ot her consgiuRi o 1@E ofHess disvuesdiRbein aPEER oflly ARffdrie tHeaespebhitbt thhe endogenous
gene expression regulatory units are linked to their natural coding

sequences, en¢ugheaus prdTagicls ekpressedgd i wmephastrare oparakly dakedio the Feding dosage

receptacl es article di,ated 10 deli ver. 3ev' ces, etc be generated
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| mmuni zat | ofueRds Of o AhabM, Bt AEN EcMPE AR MRS A) SCUSRRA i swher e
herein. Admhistration of Constructs 15 The nucleic acid constructs and
anci | Lary subtheanctscidis sitendeddo be ustdtorgeyerhie anachnmiumie s¢éspoest dgginany sui t abl e
met hod. In . a preferred enbodi nent, described_below, the constr%_(r:ﬂts are

adni ni st er S4TBYACSAY Y ANSHOOAS IEP Oofstraigde (veign aree¥BFRSeRd Ty asmi ds)
onto.Core Al oL 23, oo ey Bdh sl gl chis St B ] = o
usi ng ot heThe Enitear o dx@anos seqience. fom tHEKQEENOE R EINA Chdlardigbh/BIHE.
expressed and the endogenous gene expression units that they are operably linked to
15 is also equally beneficial for
this kind of genomic nucleic acid construct. Again, extraneous sequences between
the termini of the gene expression regulatory unit may be removed to further decrease
the size of the construct.
Accordingly, the invention also provides a method of generating a nucleic
20 acid construct for direct administration to a subject to elicit an immune response in
the subject, the method comprising:
(a) inserting viral genomic nucleic acid into a vector backbone,
said viral genomic nucleic acid comprising at least two endogenous gene expression
regulatory units which each comprise an endogenous promoter where the endogenous
25 promoters of the units are active at the same phase in the viral cycle of the virus the
viral genomic nucleic acid is derived from; and
(b)  either prior to, at the same time, or after inserting the viral
genomic nucleic acid into the vector backbone, deleting from the viral genomic
nucleic acid some or all of the viral sequences, apart from the at least two

30 endogenous gene expression regulatory units, which are present in the region of the



Al t hough the constructs may be delivered by viral neans, preferably they are
not. Typically, therefore, the constructs will be delivered directly to the
subj ect by non-viral means. Thus the construct may |ack viral packagi ng

si gnal segoencar2aand/ or a viral origin of replication. pPfrdE@bd/douzist W I |

| ack the viral packagi ng 25 sequences and/or viral origin of replication
native to the virus that the viral genomic nucleic acid is derived from
The constructs will preferably not require a helper virus and/or viral
proteins provided in hairs in or der %o replicate and in particular will not
make use of a helper virus or proteins fromthe virus the genom c nucleic
acid i s Viehgpnoser sansapandineelp|the deaveenhe fand 3sends pf hegiialigwseel construct s,
however, Ignbda 3ﬁ$§rot%%n€ may be provided in trans and the virus may have
the necdBENFS*ED8h SRS P6b4/ 0292- " PCT/ GB2003/ 004213 - 42 sequences for
replication. JRer€ @@thﬁr&f%é’\ﬁhﬁ BnBRaABIR NUCISIfdafodhe 984y UCt 1S used
to express an adjuvant, the construct may be fornulated with a construct of
t he i nvéncklbomeos fromdptarstid.y. | f fornul ated separately the nmethod of

formul ati on he, sane 5 eppl oyed .to. fornmul ate the construct of the

i nventi on an%&eﬂ%n%FWFﬁ&ﬁ#Hﬁa@ém?atrﬁéméeaﬁ?éné@_f@é’éﬁdﬁﬁwg?d apart from
e SO ka3 1B LM SO SES FRNRRC BT R LBER 81 oY
pr ef er aliny of 1l othér coBdtRicRI Eiths Rivkptiok;, fhri®blthd Akl @atvhé Bn®igeh@ls construct

being the one in excess. The invention also provides vaccines conprising a
const r uen® EXArwIoNgegHtent ot aan binkedde thaiy npturakevslon seguentpu vather,

Conventignal Pharmaceutical Preparat.ions, Fornul ati on of . r ration -
compr 1 iR BEEREP L of L &P PG BatiE e raric it el retile EREHE addi ¢ on
of 1@n adieUvaRidetiRBP Rk ory s&RMQPuGRY fulcB dodtfuctdShAtheldonstr@afdand

phar maceuti cal formnulati'on chem stries and net hodol ogies all of  which are

r eadi | y tevaied alohethods afhempmiiatianiahg oSébthinerg gent es@mnassidacs descasgetle,
conposit%ggée cont.ai ning one or nore construct can be conmbined with one or
more pk BUFd®l |y accept abl e excipients or vehicles to provide a |iquid
preparation. Auxiliary substances, such as wetting or enulsifying agents, pH
buffering 1 20 substances and the |like, nay be present in the excipient or
vehi cl e AdthesgragxcoPCe@itiacts vehi cl es and auxiliary substances are generally

pharmaceutical agents that do not ) ) )
15 The nucleic acid constructs and ancillary substances described herein may be

administered by any suitable method. In a preferred embodiment, described below,

the constructs are administered by coating a suitable construct (e.g., cosmids or

plasmids) onto core carrier particles and then administering the coated particles to the

subject or cells. However, the genomic fragments may also be delivered using other
20 non-viral systems, e.g., naked nucleic acid delivery.

Although the constructs may be delivered by viral means, preferably they are
not.  Typically, therefore, the constructs will be delivered directly to the subject by
non-viral means. Thus the construct may lack viral packaging signal sequences
and/or a viral origin of replication.' Typically, it will lack the viral packaging

25 sequences and/or viral origin of replication native to the virus that the viral genomic
nucleic acid is derived from. The constructs will preferably not require a helper virus
and/or viral proteins provided in trans in order to replicate and in particular will not
make use of a helper virus or proteins from the virus the genomic nucleic acid is
derived from to replicate. In the case of cosmid based constructs, however, lambda

30 proteins may be provided in trans and the virus may have the necessary cosmid



i nduce an i mmune response in the individual receiving the conposition, and
which may be adm nistered wi thout undue toxicity. Pharmaceutically

accept abl e LR.enLSe i nclude, but are not limted to, |igujids such as

wat er, saliﬁﬁ?b@%@y%f%yleneglycol, 25 hyal uronic acid, glyggbg%‘%ﬂéuﬁf%anol.
Pharmaceutically acceptable salts can also be included therein, for
exanple, mneral acid salts such as hydrochl orides, hydrobrom des,
phosphates, sulfates, and the |ike; and2the salts of organic acids such as
acet ates, propionates, nalonates, benzoates, and the like. It is also
preferred, sbhdieuobr RticdtRgui red, that the preparation will contain a 30
pharmaceutical |y acceptabl e excipient that serves as a stabilizer,

particul arly fornewbodoensOriers8ePrCTcEBRBEICEWRSBuCt inTegépekntess 3or ot ei n or
ot her 1like | ecul.es if the re to.be.included in e.vacci ne conposition.
Bl o5 of B reobirt By B R turie v ti8uicel BF RESPDRT pept | dos

i nclude, Wi ghoutp) iitAliaa sepRalIPEe Wil SicfmipHkigse. sucrose,

| act ose, trgﬁgl glse, Omanr;lii toslel,g sgﬁj}%t of ,@noosh 0 ,1 enffgfgln,s and the |ike.

Q her sui t adhlogdrns fetsildbe thecbustaict afjtie inwashtibroatd/dr the ta@hiututions karteh,
cel l ul ose, sodium or cal cium phosphates, <citric acid, tartaric acid,

gl yci ne, hi §f st scarhpthapingrtIem thetanyingt aregenic dbe ty PEsfructsapry Wonbi nat i on
t hereof. A thar L SCUSSion. 0 rmaceutically acceptabl e. excipients,
vehi cl es ané alﬂ%é |§?§/I%§%%t§b%ﬁ%%$s’ SIHE"S}?%V {1 IABT I%il %&Mﬁ&ﬂ[’@m orm & _
PHARMACEUTI GALor S61ENGES dr Masel pRaBrabi901: 10 Nolkr rati@Siikh citiie bmanat ender ei n 10
by reference. Certain facilitators of nucleic acid uptake and/or expression
("transf ectthonne mastdss.t Ahe hyeniganilsd provales wiostep eompri$ing e donstruchef the
conposjtions, for exanple, facilitators such as bupivacaine, cardiotoxin
and su osé@”gﬁﬁnﬁwgﬁgggng%ﬂmP BERMY® ng vehicles such as |iposonal or

| ipid preparations that are routinely used to deliver nucleic acid 15

nol ecul es. Anionic and neutral |iposones are wi dely available and well known
for deliveComentivmel Bhiatmacduticaltireparhtess( see, e. g., Liposones: A Practica
Approach, (1990)_ RPC New Ed., IRL Press). Cationic |ipid preparations are
al'so wel | known EpsRplatien of pprepgation ROBANINESE onstrushpi|ths pregeat nvispliebul es.

Suitable |ipj i i . . .
O L1, 3 BBy RS R0 o Al Rl TRt SR PSP08) | ava 1 abi e
under tshe Réhdhidamenticaetidal RfRedtion therhistid dnOEEARdObgeshliof e &¥Y) - 3

(trimet hyl ammoni o) propane), see, e. ﬂ , Feigner et al. (1987) Proc. Natl.
Acad. Sci . mgsily available to the ordinanly skilled artisan. For example, conmipositions

containing one or more construct can be combined with one or more
pharmaceutically acceptable excipients or vehicles to provide a liquid preparation.
Auxiliary substances, such as wetting or emulsifying agents, pH buffering

20 substances and the like, may be present in the excipient or vehicle. These excipients,
vehicles and auxiliary substances are generally pharmaceutical agents that do not
induce an immune response in the individual receiving the composition, and which
may be administered without undue toxicity. Pharmaceutically acceptable excipients
include, but are not limited to, liquids such as water, saline, polyethyleneglycol,

25 hyaluronic acid, glycerol and ethanol. Pharmaceutically acceptable salts can also be
mncluded therein, for example, mineral acid salts such as hydrochlorides,
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such
as acetates, propionates, malonates, benzoates, and the like.

It is also preferred, although not required, that the preparation will contain a

30 pharmaceutically acceptable excipient that serves as a stabilizer, particularly for



84:7413-7416; Malone et al. (1989) Proc. Natl. Acad. Sci. USA 86:6077-6081;
US Patent Nos 5,283,185 and 5,527,928, and International Publication Nos WO
90/ 11092, WD 91/15501 and WO 95/ 26356. These cationic |ipids nmay preferably
be used iyh Rpygdsgci ation with a neutral lipid, for exanmlesidhhifdi ol eyl
phosphati dyl ethanolam ne). Still further transfection-facilitating
conpositions that can be added to the above lipid or hposone preparations

i ncl ude sperm ne derivatives (see, e.g., International Publication No. WO
93/ 18759) and menbr ane- per neabi | i zi§- conpounds such as GALA, Granicidine S
and cationic bile salts (see, e.g., International Publication No. WO 30

93/ 197683)eptidf®P2<ﬂ@4/0®2@1283km1@28)(ﬁhW2 i8be inclidad mpthe enerand vel y, the

nucl ei ¢ aci d nol ecul e of .t he 1Eresent i nyention enca@sul at ed,

adsor be FORBOSIGPL 4 é% 5% RFURPPIR caigiers that alsq act ag tabr é?%rs fagRepHEtSe particul ate
carti er sulifed, Wiloh\Rafale! bitealhom: Lps}gcye@%%px%tr&%téa oo 1ghGsp0l yer's, - as

m cropartic errved fTom po act’l

pol y(I actshdiRs€ enaginitelpkdrbied) inoSiesd, dei@n, and tHefiker @thet sutlable(ch@%3} Pharm Res.
10: 362-368. Other particul ate systens and polynmers can al so be used, for

exartpl e, ngeds @pHs wiher lﬁélt%itﬂnyiit?@hn@ﬂubéﬁgﬁadgmm phealcigmippesihatisne, spern

di f .t | at ed
vacei ne LBfs rBRe A e Rt Dy o BTy RN B ) T €
appr Op“aﬁﬁ%oﬁfnfrﬁﬁ&ﬂ mereafmmhox@a&h @@cas%qlowhgﬁ;a%émcaﬁ ak¥papR Of skl Il in

the art. 10 Such an anount w | in arelatively broad range that can be
determ madptdntsouthlesrmdtauuélaryslﬁ)ls&ncdéos aeslablelie REMINGEONES ponses have been

obt ai ned u5| n I whil e in other adm nistrations, up
Lo 2ng. SEARBEMASUBM. SeBCEs PlockBah i 1. pScmermetie b f ect i ve
dosg of &99%%1199 will fall within a range of about 10g to 1000g of
construc owever, doses above and below this range may al so be 15 found

effective. Trteem@nmataltdr@wnmc bbidupeae aad/or Expressaqitralfstioho about 99. 9%
of the construct. Administration of Conventional Pharnaceuti cal
Pr epar atfaligting pgents$} eantalsorbegnclufied mibe eordpesiinsefr sramplacliitaens

P e aLLaTR, G026 Sk S0P, LAURMELY B 1
convent i@Mgbsokeg Gt Ep@'jbgep%?{’itioﬂgﬁlaf e rbithely €hel 9o déiﬁfépﬁtiél&'c%eﬁ and for liquid
suspensi ons containing particulate conpositions. In
15 molecules. Anionic and neutra} liposomes are widely available and well known for
delivering nucleic acid molecules (see, e.g., Liposomes: A Practical Approach, (1990)
RPC New Ed., IRL Press). Cationic lipid preparations are also well known vehicles for
use in delivery of nucleic acid molecules. Suitable lipid preparations include DOTMA
(N-[1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride), available under the
20 tradename Lipofectin™ , and DOTAP (1,2-bis(oleyloxy)-3-
(trimethylammonio)propane), see, e.g., Felgner et al. (1987) Proc. Natl. Acad. Sci. USA
84:7413-7416; Malone et al. (1989) Proc. Natl. Acad. Sci. US4 86:6077-6081; US
Patent Nos 5,283,185 and 5,527,928, and International Publicatién Nos WO 90/11092,
WO 91/15501 and WO 95/26356. These cationic lipids may preferably be used in
25 association with a neutral lipid, for example DOPE (dioleyl phosphatidylethanolamine).
Still further transfection-facilitating compositions that can be added to the above lipid or
liposome preparations include spermine derivatives (see, e.g., International Publication
No. WO 93/18759) and membrane-permeabilizing compounds such as GALA,

Gramicidine S and cationic bile salts (see, e.g., International Publication No. WO

30 93/19768).



addition, various liquid jet injectors are known in the art and may be

enpl oyed to adm nister the present conpositions. Mthods of determ ning the
nost effective neans 25 and dosages of administration are well known to
those of sKYQMU#R9%¥e art and will vary wth the deliverRCHEeR8p/213he
conposition of the therapy, the target cells, and the subject being
treated. Single and nultiple adm nistrations can be carried out wth the
dose level and pattern being sel ectedshy the attendi ng physician.
Furthernore, it is also intended that the constructs delivered by the

met hods of 30 ' I | e r 14 abl e
conpositions and t :g?% P g&se.d@%?%%&fgﬁﬂ%ggg%gqﬁwL&%%%/%%ZHZJB -45
i nstance, dnRapsuthedd, dsoeied e dr agdciamiLngh, pagansecdried. Sulditde bartitiiete

conposi tions and nethods described herein can further include ancillary
subst ancescycrgincluggjthpsa desyed fsare polyarctlnh mathasatlagibemesyentisll a8 PLOKI nes, or

the like. Ancilla ubst ances .be, adm.nj.stered, .for..exagpl e, as

prot ei ns _ol?‘n06?3?ng5%$&%?3?fiﬁg&ﬂo&g?%?%spl gn‘ggwhﬁtﬁ&c_oﬁl}m(? i“d%gst To 63 subsequent
to, adyi nigkeAtdian grp;f93§ Do RV AGE3 4364 €O Ger pe&am@%y&émpbﬁcgﬁmﬁﬁ&rs

descri bed heréin. The conpositions nmay al so be adm niStered directly to the

subj ect organ afsotberusat, farelxgmptie bolyereerkuek aypalglysine, méydrginther polgatnftniom t he
subj ect, using nethods. known to those skilled in the art. 10 Coated
Particl es SPRTGRE SBRBBEIReA A FONtusaEs obthethBolsayleht i on, and ot her

anci |l ary Comoﬂﬁ%ﬁnmgééﬁ%%?nde:ﬁ o%ﬂfo%sng{iﬁ Oigcéelhg;léé ?Ecgrgtrﬂ&i NS ALEMR.

particles. Particle-nediate ery m ni stering such

nucl ei ¢ acAfl apirepataéifasive amBuhtiawWbeirbadilf@leRithinedBYSne oPSIER iPtRRRr ed and
suitably purified, the above-described constructs can be coated onto 15

carri¥t payuchanesopet yill falor e rddavelebropd pasiga ghad camlbd datgrmoned dedwghques known

inthe art. .Carrje articles are selected fromnater.ials ich ve a
Ui tabl o FOHERS Gl Fof By dtnfit o R B0 SRT oPRARATITE Ot Fofbe
intracel | uasNA 'Jvhl‘!@ﬁa)/otﬁér%hﬁfﬂs@é}WnQMﬁ B8PS Al bdgl heear v idevi ce. The
optimumcarrier particle size will, of course, depend upon the dianeter of
t he t ar getgenetally exR0ted tha ranteffectpuerdves eScantrudtevifirfas emthin aweagt dbbHahoutor e
particles which naqx;} be used include tungsten, gold, platinum a{;d iridium

core car ri ¥#edanl P9t condmsshon et gt 4boysAndihelods i i@ngt Be¥ARRES Tungsten
partig es %ﬁ#f?&ﬂbéﬁ’gﬁé’ %déirl}?o:%%t g'g ﬂha%tﬁﬁsa&%lﬁﬁ ﬁ%ﬁx 3%%}1?(}7/.?‘%4 3 abfuihoddy; P

di aneter. oug e optlna ens or use1n'particle
the construct.

Administration of Conventional Pharmaceutical Preparations

Administration of the above-described pharmaceutical preparations can be
20 effected in one dose, continuously or intermittently throughout the course of treatment.
Delivery will most typically be via conventional needle and syringe for the liquid
compositions and for liquid suspensions containing particulate compositions. In
addition, various liguid jet injectors are known in the art and may be employed to
administer the present compositions. Methods of determining the most effective means
25 and dosages of administration are well known to those of skill in the art and will vary
with the delivery vehicle, the composition of the therapy, the target cells, and the subject
being treated. Single and multiple administrations can be carried out with the dose level
and pattern being selected by the attending physician.
Furthermore, it is also intended that the constructs delivered by the methods of

30 the present invention be combined with other suitable compositions and therapies. For



delivery nmethods, and allow highly efficient coating with nucleic acid,
tungsten may 25 potentially be toxic to certain cell types. Accordingly,
gold particles or mcrocrystalline gold (e.g., gold powder A1570, avail able
from Engelvioatool/§30843. , East Newark, NJ) will also find useyagifsbdigspr esent
met hods. Gold particles provide uniformty in size (available from Al pha
Chem cals in particle sizes of 1-3 um or avail able from Degussa, South
Plainfield, NJ in a range-of particle sizes including 0.95 m and reduced
toxicity. 30 A nunber of nethods are #Rown and have been described for
coating or WO 2001/029258 PCT/ G82003/004218 _46_ precipitating DNA or RNA
ont o gol dnganceyngsderio pagmenl aasmMesrespaBss Inetshigdst, thyenepasitigncantbi ne a

pr edet er mi ned unt .of gold gr_ tun en with plasmd DNA .. Cad 2 and

P her i ai e bdstemeieherd ot BrnenBRaag Bratlin afeditiniod 1 0 waRe hgithe
coating r | hYiQf i ] re. After

preci pi taatQ_[‘pg%‘ﬁg#%f[% e&%%l%%f gggﬂg%&?gmt%ﬁggbég?@ﬁﬁgﬁag%gs% aHr% be transferred
to suit akidenimewetedafoeexangdleakd mromths drotite yraprommledulestss the sagatiatk, privio sur f aces
of a sanple nodule or cassette, or loaded into a delivery cassette for use
in adsui tladirsupgane(ie adarnyisrtipngdheBNAP@Eseinge(eglj easmidssorpdasgiids) cyt oki nes
and bacteyi al Xi ns)r. can al so be coated agnto . the,.s of si,mlar core
carrier ;%F‘fqbgftl gxgr_elrfz()?heeg(o%qsgc%m%gwiagsggoe@%mﬂ%te%ﬁﬁtdé@ﬁt tottge ﬁubJeféoEar rier
particl e MR¥msiinal YadiviieB x b8, (W11 QERRASHRINS theRuBfRc IRhE hedlddy kagker m ned
rati o, by ammoni um sul fate precipitation or other solvent precipitation

met hods ftaftidse slalled m thhaste skilled in the art, or by chem cal coupling of
the peptide to the carrier particle. The coupling of L-cysteine residues to
gol d has been previously described (Brown et al., chem cal Society Reviews
9: 27139-3136#'2{13%3%@(:1%& her net hods woul d include, for 15 exanple, dissolving

t he peptide adjuv i n absolute ethanol, water, or an al cohol /water

m xture, addi igohéembdodinidngrotsruatsaialnd intshtoh, arl stharanpdlaty @hgne@nd t hen
drying the mxture under_a streamof air or nitrogen gas while vortexing.

Al t er nat isy@ 35, adjuiantsg¢ delaeredusnerarmripagichst Saewle-mediaipddeliveds by

centrifugati o nder. vacuum_ Once . dri.ed, the coat.ed part.cl can be

F esuspenduii b el G Tideip S Prengtaip’ ARRLE TGt 0B/ 0ne) . anc
triturat @gcd Srefared Bid SEHLEASUETEY, the aBbRVERErFedSIdRSIaN éal JeleoiRl bafom
suspension. The core carrier particles coated with the adjuvant can then be

contliSned camict haitiotes (¢ gt corcapEey)usings veretyif teghttggenknoivel o theil construct s
of he | puention.and, admlol stered L. 3, 2hdle R MShE APLegLigR St eP o
of particle sizes typically used for intracellular delivery from an appropriate particle

delivery device. The optimum carrier particle size will, of course, depend upon the
diameter of the target cells.

20 " For the purposes of the present invention, core particles which may be used
include tungsten, gold, platinum and iridium core carrier particles. Tungsten and gold
particles are preferred. Tungsten particles are readily available in average sizes of 0.5 to
2.0 um in diameter. Although such particles have optimal density for use in particle
delivery methods, and allow highly efficient coating with nucleic acid, tungsten may

25 potentially be toxic to certain cell types. Accordingly, gold particles or microcrystalline
gold (e.g., gold powder A1570, available from Engelhard Corp., East Newark, NJ) will

~ also find use with the present methods. Gold particles provide uniformity in size
(available from Alpha Chemicals in particle sizes of 1-3 um, or available from Degussa,
South Plainfield, NJ in a range of particle sizes including 0.95 pm) and reduced toxicity.

30 A number of methods are known and have been described for coating or



nucl ei c acid construct conpositions. 25 In sone enbodi nents constructs
encodi ng an adj uvant maybe coated onto the sane particles as the constructs
of the inveption or .may be coated onto separate particles and then m xed
with partict83"¢Iat%8Y with a construct of the invention. PERGRRUSOHZASN of
Coated Particles 30 Following their formation, core carrier particles coated
with the constructs of the WO 2004/ 029253 PCT/ GB2003/ 004213 -47 present

i nvention, alone or in conbination w thge.g., adjuvant preparations, are
delivered to a subject using particle-nediated delivery techni ques. Various

particl e dglehip@hitn AONNCERISH dndPdld bPRhmBaEd F&heregﬁmo@ﬁ & deddhomsr y _
techni ques are known in the art, and are all suited for use In the practice
of the 5 i pererdllyeomb@era madetetminaiamieni ghgolé op humgstan wethpllassiid ®NA&| ectric or
gaseous discharge to  propel the coated core carrier particles toward target
cells. Thece%@@fﬁsqﬁw 18- eShecrai R IR IIN e YOrex sdonauably flusng Herredind a

nmovabl e car [ e . S%Y 1tk ac (o] sur al whi ch a gas
stream pasglré)gzgd’ulr?@te?lrrslwgre?lhleﬁpar ?@lée{ge%{:ttrl%lm ’ _ee'sdAF 4 gecgfﬁtégo%eg@?erati ng them
t owar ds t hepiigedid, the c&% cled cad anRefered kS ahabRandMhES dnd olifwdescri bed
in US. Patent No. 5,204,253. An explosive-type device is described in U S

Pat ent No. to4dr9 a8010BMse,Qoeted earmpiuefacds cdn sefpletmodule pseassatigeert lppiedpatota cl e
accel erati&g. g) aratus is.descr ibt)ed |rf g'hs' Pg\tent No. 5,120, 657. Anot her
el ectric dfSth r‘% € Sg?fé’rSSf%és‘élﬁ’i CHTEC T BT SRt %ei n i s described in U S.
Pat ent No. 5, 148, & : j SC -0f: thes I

i ncor por at ed he%eq%ﬁég?ﬁ?%tsé@éﬁbgﬁﬁﬁ%hag? rb a@h??‘r%%?@é.&ﬂl)%% egbg E)egltoélct:lo
particl es thesament simsiheced chmiet patislabj Batextmpleepéptieiat edh hemtachmintoer
conpati ble wiith the dosage fornmul ation, and in an ampunt that wll| be

ef f ectfve ¢TI HaHIFle BHSTPLATHEEE FedWP FRATIRENFES HoRsEIPITTlY Aetsmincdt t he
conposi tiopn,. be del.i ver whi-ch... in the case.of nucleic acid.nolecules is
genaral | v Tor e SRl Be G GiiohBs b GGy Bros BB freREieF sHRIEE 001
to 10.0 g @nHoRIRARHE DI it 8FbPerential Ro@dlir@fofMbkChhide ZlthachthcPPAEEN] € per
dose, and in the case of peptide or protein nolecules is | gto 5 ng, nore
typi cal | y ThoeuplingoblD-cysteipe efsaduahtoygoid b Eeeh prdsouglyodespaiedi (Begwmleirdnds on

P (o Bl k2GR A PTRPLRD! et o Congl et encoding an
admi niy st er gdy M UREORFHMEE YethR iR AL iR IR WMte ethanol, water, or an alcohol/water |
mixture, adding the solution to a quantity of carrier particles, and then drying the
mixture under a stream of air or nitrogen gas while vortexing. Altematively, the
adjuvant can be dried onto carrier particles by centrifugation under vacuum. Once
dried, the coated particles can be resuspended in a suitable solvent (e.g., ethyl acetate or
20 acetone), and triturated (e.g., by sonication) to provide a substantially uniform
suspension. The core carrier particles coated with the adjuvant can then be combined
with core carrier particles carrying the nucleic acid constructs of the invention and
administered in a single particle injection step, or administered separately from the
nucleic acid construct compositions.

In some embodiments constructs encoding an adjuvant may be coated onto the

Qe
wh

same particles as the constructs of the invention or may be coated onto separate particles

and then mixed with particles coated with a construct of the invention.

Administration of Coated Particles

30 Following their formation, core carrier particles coated with the constructs of the



25 of the construct of the invention and the construct encoding the adjuvant
may fall within the above ranges. The exact anount of construct necessary
wi |l vary depending on the age and general condition of the individual
bei ng i mmmOzewl/vaseds t he particul ar nucl eotide sequence peTieRbizH645¢! ect ed,
as well as other factors. An appropriate effective amount 30 can be readily
determ ned by one of skill in the art upon readi ng the present WO

2004/ 029253 PCT/ G82003/ 004213 -43- gC|fication Thus, an effective anount
of the constructs herein described w be sufficient to bring about a

sui tabl e i mune response in_ an |nnun|zed subject, and will fall in a

rel ativel Wewﬂb@aem@ﬁg@lowart mc?&ﬁlbﬂi@n&%%ﬁhrﬁ%e‘tﬁﬂ#‘fﬂﬂbwﬁafﬁbm% Ars delYHES .

Pr ef er abl coat r c livered to suitable recipient
cells in %F&&F 1% usgﬂl’lpnglce\%%h?mg% &e:l Mgﬁ%% ugsgnse (e.g., T-cell acti vafl on)
in the treatedysidhk Eﬁx‘ncle'?é'h%@/l&e@fc@s &QHH@?bEﬁa?F@e:ﬁ&éd%E@&élM@fvy, t he

constructs of the present invention, as well as one or nore “10 sel ected
adj uvant stpcfmaqnebEeﬂmowullmﬂechl‘asnéal}saﬂtsuﬂtd ﬁ)lrasecmrfpc)gratnmbf théor e

particul arly, rmul afi on of partlcles rising.a construct of interest
can be ca!PY?Déano&P”E%tl diyyice SesiFerrepip At ?Pﬁggﬁp‘ﬁ’ leeticcmaeats éﬁc%%%ﬁ%t ries

and ot hopohRaleBodh coRfcaphl GRS 0 F8ATY BYQT HABL S NG AREo0n SKi [T ed

in the a one “or nore construc and/ or S can be

combi ned thehieles @c odlea¥ablg apthcietne e ulovalit kyriat sept, abr@ndabBXiaficdnba or
vehicles to provide a vaccine conposition. In sonme enbodinents a nucleic
acid encd@rfﬁ@‘-‘ Bengauhigh aiges Sreprhpasseshiing e paafidonfiomi the girfacednd | be i ncl uded

in the Auxi | st ance t|n or emulsifying °
agents, n% ﬁmegrtl%ﬁ@ ¥R @3%@‘% Ré‘eéarpﬂré qfsalegseoﬁéglsﬁé LBH i n the
excipy entde@an\égliH Ol PaitRENS. £204 PSENAS expl¥EIN-6/p8 FeRd 1sadé§érﬁﬂe§'1ﬁ(USSJ bstances

are generally pharmaceutical ‘agents that do not 20 thensel ves i nduce an
i mune r Eapande. 4,643,080.i Qdé exame of rdeaiindgistiuege ypp psiticlecavcelemdon whi ch

b d t Lcity. Ph t | 1 t abl
e SO e LR S AT g PR RSt Sallggeon DL,
pol yet hyl g }/g@ ablé‘%ghkl-;rl?é? ﬁéégésg% bl ;X §£8 Pardli N d 75'1‘19% 5. fppar mceut i cal ly

accept abl can be |nc erern, for exanp m neral acid salts
such as mmmmkeldfrau@eshesaﬁatbmdﬁmb@pbﬂ&ﬂ heﬁﬁmospkaheﬁce suhdintmietiand t he

i ke; and the salts of organic acids such as )

15 The coated particles are administered to the subject to be treated in a manner
compatible with the dosage formulation, and in an amount that will be effective to bring
about a desired immune response. The amount of the composition to be delivered
which, in the case of nucleic acid molecules is generally in the range of from 0.001 to
100.0 pg, more typically from 0.01 to 10.0 pg and preferably from 0.1 to 5 pg of nucleic

20 acid molecule per dose, and in the case of peptide or protein molecules is 1 ug to 5 mg,
more typically from 1 to 50 pg, preferably from 5 to 25 pg of peptide, depends on the
subject to be treated.

In embodiments where a construct encoding an antigen is to be administered a

similar amount of such a construct may be administered. Alternatively the total amount

[ 08
w

of the construct of the invention and the construct encoding the adjuvant may fall within
the above ranges.

The exact amount of construct necessary will vary depending on the age and
general condition of the individual being immunized and the particular nucleotide
sequence or peptide selected, as well as other factors. An appropriate effective amount

30 can be readily determined by one of skill in the art upon reading the present



acet ates, propionates, nalonates, benzoates, and the like. It is also
preferred, although not required, that the nucleic acid conposition wll
contain a ph%? Lcally acceptable carrier that serves a.stapilizer,
particul arly g@’%%éfﬁci de, protein or other |ike adjuvant sg(g?(a}gﬁ'é’ﬁ‘w&ﬂ%/
materials. Exanples of suitable 30 carriers that also act as stabilizers for
peptides include, without limtation, W 2004/029258 PCT/ GB2003/00. 4218 -49
phar maceutical grades of dextrose, sucrete, |actose, trehal ose, mannitol,
sorbitol, inositol, dextran, and the like. O her suitable carriers include,
agai n w t hosgecificatidmat i on, starch, cellul ose, sodium or cal ci um phosphates,
citric acid, tartaric acid, glycine nol ecul ar wei ght pol yet hyl ene

hi gh
glycol s (PEGS), & ebaistohiye iawuph%frté%?c?nsmthB?rsugqlpsgibﬁdsw@ise} Gt to

har maceut i cal | ipLents. carrjer S iLizer nd ot her

i 11 ary. scpsy BeREESRBE B Uil o SRR ShARaEHT el ad Ences
(Mack Pub. Qativel}bloadh8fde thai RETeRRER At HROEEHrdAYink @i L8 eMeRrapIgnd or nul at ed
conpositions will be delitvered in an anount sufficient to give "rise to an

i mmunol dgi ceadatezdewpoprsslensre defivered toadnitakle roupieptmetpm ader tofonag by aanpunt

10 can be readily deter 'ne,jrj by one of skill in the art. Such an anount wl |
fall in a r8P3FRSAEFRPERT Wath ﬁﬁ%@?u@é‘ﬁ%}lél §thitIehe range of about 0.1
.tg to 25 ng or nore of the nucleic acid construct of interest, and
specific suitable ambunts can be determ ned through routine trials. The
conposi t i onBantiayiate Gogiasitfohom about 0. 1% to about 99.9% preferably from 15
1 to 80% nore preferably from 10 to 50% and even nore preferably from20 to-
40% of the nucl Alternaeyedy. ¥ eangtracts pf thypresentuneantionsas well #fdwg of Morhe
conposition r_ihe had re d.to_provide rticgul ate adjuvant
conposi {)i On,sd%%eed %Hivggttéh?m\sﬂel fﬁr%%ﬁ%ﬁéggﬁ?g *ﬁlage Cogﬁﬁoggﬁpe%g%ﬁﬁ?mg%ﬂ&’escri bed
above. The eRRRRELA bPPEtiSEScIHFRsIRG €BaisBHctaT ittt Sande calfddnft 8diandar d

t echni ques, such as by sinple evaporation (air drying), vacuumdrying, 20
spray dryi ngtandardphremdeapking foinypaption theatistoes) andspethyddlpgevall df whinl arespr ay
coating, precipitatiqn, supercritical fluid particle formation, and the
like. If degqa@g‘ﬂévailhtge to. B persdn Sfﬂéﬁaﬁ &Fé& FRR XARlE R B2P1e S0 e

t echni ques ' iLn, ] : j ] ' j No. WO
071 43435, 1 e S S ST e W e R M B0, i ¢ tose
cont ai D&r s, exdipiwhts ohvdhlidegrarprovilies vamydzecoRipopitiok aGiesbrps erdbodimentsa, can

conprise a hernetically sealed container enclosing a suitable )
nucleic acid encoding an adjuvant, rather than the adjuvant itself, will be included in the

composition. Auxiliary substances, such as wetting or emulsifying agents, pH buffering
substances, and the like, may be present in the excipient or vehicle. These excipients,
vehicles and auxiliary substances are generally pharmaceutical agents that do not
20 themselves induce an immune response in the individual receiving the composition, and
) which may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid, glycerol and ethanol. Pharmaceutically acceptable
salts can be included therein, for example, mineral acid salts such as hydrochlorides,
25 hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such as
acetates, propionates, malonates, benzoates, and the like.
It is also preferred, although not required, that the nucleic acid composition will
contain a pharmaceutically acceptable carrier that serves as a stabilizer, particularly for
peptide, protein or other like adjuvants or ancillary materials. Examples of suitable

30 carriers that also act as stabilizers for peptides include, without limitation,



anount of the particles conprising a suitable nucleic acid construct and/or
the selected adjuvant (e.g., to provide a vaccine conposition). The
particul ate conpositions can be packaged as a sterile formulation, and the
her nmeti cavd gosealzed contai ner can thus be designed to pregghMSnehesility of
the fornmulation until use in the nethods of the 30 invention. If éesired,
the containers can be adapted for direct use in a particle delivery CVO
2004/ 029253 PCT/ GB2003/ 004213 -50 deyice. Such containers can take the form
of capsules, foil pouches, sachets, tdssettes, and the Iike. Appropri ate

particle delivery devices (e.g., needleless syringes) are described herein
and nay PAREHCHHICRHE RO dRKiTsct HISTqsar lefteses Srelhddosedmipnmiéqlysortited, cont ai ner in

which th i cl k d furth | abel | tg. .5.identify th
Conmosi tBRonAEBRopRdEe PRF DU sGRBI TS et S vitatidimrshS T he
cont ai NefarGARel sk, 3B8HIneEr MIdiBmAHISSHER, Lilid P81, LA RERS ERkREd ;Y 2

governnental agency, for exanple the Food and Drug Adm Ri'stration, wherein
t he not incdedutndivemhepolapthyleuaklycbl (PEEspgehaymhindan thadef alA thavougif t he
manyfacture, use or sale of the antigen, adjuvant (or vaccine conposition)
conPai nFCHRORSE RRFBIRCetiraHY aenFPIRD it FatPIEs CoTiTHestyiiesrs gnd Bt onposi ti ons

(conpri sgj . : } ry 7l ation with
a sel ect§” %ﬂgéﬁﬁg?fg{?t‘glégﬁ@@%%@%@ﬁm%ﬁ?@%%@%% e;r IetArL aﬁn\g ermal delivery
t echni qyelaclPPe. €02l Y., 1900g imtdrel abRicCHREsEdeons Wi Il be delivered via a
powder injection nmethod, e.g., delivered froma needl el ess syringe system

such as t hos@életsarlabscompostiome Wil beelekredinanmaouohsufficien tb e on Nos. WO
15 94/ 24263, WD 96/{)49%? WD 96/ 1(?%%3 and WO 96120.0%2 a{il of which are -

i ncor poFat B HEFEIAOSI Y EFRORSHo dEBEFT 8R4 AF BRIPFAFEICHYHEBARN needl el ess

SYNDNGE cabSetdIF deferfVi¥d0R] dne JHsRA h3kda SRLPAM eI AYI ARG a@n appr oxi mat e
size generally ‘ranging fromO0.1 to 250 m preferably rangi ng from about
10- 70 nrel@arty irbaisrah @, generali haithabthe ran260f asbanaf. 1al sto Ademget imvver&d from t he

devices, with the upper limtation 20 being the point at which the size of

the par thedUgisiaqsls @RetEid Of UHEGHa Rl PErEgEIED]T prroudk Fan bedoiamingde act ual

di st ancg}rg\ﬁu ijautﬁ{éeai?@l ivered particles will penetrate a target surface
depends upo‘f%-1 particle size (e.g., the nominal particle dianmeter assum ng a

roughl y spheThe@mpaitidns nerygRansi . abpar 0.1 %/ t6 aBarIotYY, ptdi@ablpifohal vel ocity
at which the particle inmpacts the surface, and the density and kinenmatic
vi $&osi tyo 8%t m@retpaqrfg@fobggm 19 te5084 ansigven more prederptdydiom 2&&4%91‘ particle
densi ti fiie Ifuglreicua%% 1}1&69&%‘9 he a{neg Ju\ifarﬁjt Fs%cih%'edqgt e;:rc(%)lrnl.p&«351't1'on, or the methods
are used to provide a particulate adjuvant composition, the adjuvant will be present in a
suitable amount as described above. The compositions are then prepared as particles
using standard techniques, such as by simple evaporation (air drying), vacuum drying,
20 spray drying, freeze drying (lyophilization), spray-freeze drying, spray coating,
precipitation, supercritical fluid particle formation, and the like. If desired, the resultant
particles can be densified using the techniques described in commonly owned
International Publication No. WO 97/48485, incorporated herein by reference.
Single unit dosages or multidose containers, in which the particles may be
25 packaged prior to use, can comprise a hermetically sealed container enclosing a suitable
amount of the particles comprising a suitable nucleic acid construct and/or the selected
adjuvant (e.g., to provide a vaccine composition). The particulate compositions can be
packaged as a sterile formulation, and the hermetically sealed container can thus be

designed to preserve sterility of the formulation until use in the methods of the

30  invention. If desired, the containers can be adapted for direct use in a particle delivery



range between about 0.1 and 25 g/cm, preferably between about 0.9 and 1.5
g/cnB, nore preferably about 1.2 to 1.4 g/cml, and injection velocities
generally range from about 100 to 3,000 nisec, or greater [th appropriate
gas pressur¥l 29a92928% es havi ng an average di aneter of 10398¥%?%?®§ e
accel erated through the nozzle at velocities 30 approaching the supersonic
speeds of a driving gas flow WO 2004/029253 PCT/ GB2003/004213 -51 |If
desired, these needl el ess syringe systems can be provided in a prel oaded
condition containing a suitable dosage of the particles conprising the

construct andlolsuch Bysebeshediadlinants el 935, ou] A6% ook Be.packaged

in a hernefically se contal ner, Wwhic er be la

descri bed afionelik® Appioprith parielehidlivediebRedi@ad, dedlekbatminaeylatd ¢ aci d
particles having a size ranging fromabout 10 to about .255 m preferably
about 10 t desaergthetdnand mandisorbs packaged withtigpatidet fordeliernbout 60 m and a

fensi Ly of aboul MBI L G- h0b 7 lre 2earGReA et Rrder MPRFY Bar i ol es. of
sel ected agj.kiy el bhEf j - tih IntaQdit out 250 m
pr ef er abl yﬁ!‘ef}k\cl)f?ﬁ@%%%ut Sﬂ%n%&gﬁgﬁ%@%%%%éogﬁ’ lﬁrr%g#aﬁ%éf%raablltég’f@gm about 20
to about 6&omgina cpabt labkikeddeitis b hyticainghe prirpeescabediby § gdvdrmmedtaldgeREy, g/ cnB,

and a bul k density of_ preferably about 0.5 to about 3.0 g/cnB, and nost

pr ef er abl yfoassaRple thegFaog 2ae ding AdgugisEaiions wherse hsngtiero@dicalss ApRFPKilst r at i on
of Particu LL ing their formatipn,..1he particulate
conposi ti o@?égﬁn@%ﬁ%&w&%@%@% Q?ghe %@F ?f\?%tpfaed ?ep%nsgp edg r%%ei "ie“y“%?% atdﬂgv a’?% ssue of-

a vert ebr ate vasticQoinpasiting) conbdihddipbeid fornedes Phinid@etibyery technique.
Various particle delivery devices suitable for adm nistering the substance

of intlrest areTkawpanicilate corapesitionsapempiising biener raews constriseopinteststce of t he

20 inventian. A particularly preferred.transdernal rti.cle delivery system
erpl oys o REAF B CEbTAen WE ST b Bl RRARA RS EREBIE b doses

into and thraughq Btiack @Mqu@rﬁei&m% ;ﬁag@cmﬁegomg{;ééﬁons%ﬁmt No.

5,630,796 to Bellhouse et al. which describes a nee ess syringe (also
known as " tdieRdwites pereddriinjpetidn méthoded. d. vastiyerdé itones heed@lésrsyrimeed| el ess
syringe configurations are known in the art and are descr]jbed herejn.

25
Conposi t i oR§tEbHICRRANMEE deserbidbpsarredly gvaed béernationahiflcaim tipe Wohwder ed
Mol ecly es geserdsofrh BEHSLY, S0 RABRS! HATRE deRRY, AHbEPRLE ol 2T 98t i ssue

vi a the above
incorporated herein by reference. Delivery of particles from such needleless syringe

systems 1s typically practised with particles having an approximate size generally
ranging from 0.1 to 250 pm, preferably ranging from about 10-70 pm. Particles larger
than about 250 um can also be delivered from the devices, with the upper limitation

being the point at which the size of the particles would cause untoward damage to the

)
O

skin cells. The actual distance which the delivered particles will penetrate a target
surface depends upon particle size (e.g., the nominal particle diameter assuming a
roughly spherical particle geometry), particle density, the initial velocity at which the
particle impacts the surface, and the density and kinematic viscosity of the targeted skin
25 tissue. In this regard, optimal particle densities for use in needleless injection generally
range between about 0.1 and 25 g/cny®, preferably between about 0.9 and 1.5 g/em’,
more preferably about 1.2 to 1.4 g/cm’, and injection velocities generally range from
about 100 to 3,000 m/sec, or greater. With appropriate gas pressure, particles having an
average diameter of 10-70 pm can be accelerated through the nozzle at velocities

30 approaching the supersonic speeds of a driving gas flow.



described particle delivery devices. For exanple, the conpositions can be
delivered to nuscle, skin, brain, lung, liver, spleen, bone marrow, thynus,
heart, |ynph, blood, bone cartilage, pancreas, kidney, gall bl adder,
stomach, woteshiaes testis, ovary, uterus, rectum 30 nefvedsSHsLEM eye,

gl and and connective tissues. For nucleic acid constructs delivery W

2004/ 029258 PCT/ GB2003/004218 -52 is preferably to, and the nol ecul es
expressed in, termnally differentiated cells; however, the nolecules can
al so be delivered to non-differentiaPéd, or partially differentiated cells
such as stemcells of blood and skin fibroblasts. The powdered conpositions
are admi ni st &f debined, théss needifless syriogd systanssatae de iprovadedsn mameleadedonpat i bl e wi th

t he dosage.fornulation, and in an unt .that wilJl b rophyl actical ly
o or * 1GRDR ot wifele Pyals o BT Copbroe B AEenr B To e

del i ver shel & i r . . : of nucleic
aci d cgges%?uct %iééﬁﬂ%ga%&gé%%%n%\ct I%IBSEI gbaj%g%?@%&%g&?%gg{eg%q Doses for
ot her plartaime eutiicic alag furthee be abeby s dsafiedabowct i ve peptides and proteins,

generally range 10 from about 0.1 g to about 20 %’c preferably 10 g to about
3 m. The exakdiusghemsthodisar begagdtogbiain peglgic deip eadicleg havinghsizgge and gener al

condition_of the individual tg.be treated. t ever|j of the candition
boing. t Haadtie FOF AR 4Bbu 0N EnArE PR shetf SRSt {30, tfmd

admi ni stgrafeta BN abd it etolabast 6ot Rar adBLpLLiSle dRIGRRAY Fehabshf ®¢kd ve anount
can be readily determ ned by one of skill in"the art. 15 Thus, a

"t her apabbitcl §/ymefnde bitlkeleasityuol dboot 0.6 healpue3 Srgcnpant greadeat e conposi ti ons
wll be suffigi % to bEi n? ahta)oué qE.reat ment or .prevention of di.sease or )
condition sy Y> PAIGISRiOF SelECHPY aqinvapts RAVIRg 38512 BgBE Arora ARt PHd® can be

det;gr m A j L& $1 e ific

ent%gdi rreqﬁtg%t‘fslgr‘m(l:l r?%%ﬁg}%ﬁ? t[)he %rgos%ﬁ?%%f@ﬁvgéﬁﬁ%ﬁir%%ﬁgg%l es are

of f er ed about 10 tbubbwta0iee; Ppuriicls @snsinylryngimnffomrabountd 1 todbendesig/chd, | i mit the

scope of thceb@&:esent invention in any way. EXAMPLES Efforts have been nmade
f

t o ensuri@dadely dragityphiniciceabbetiout 8- rbek S Agen  @ad grost prekerahy ahew,
t t b i ment al d deviati houl d, of
enper a OE%%Zﬁngé\ga)cjc %@g%ﬁagﬁé er I nmental error an eviatl on snou (0]

cour se, STor . Construction of the OP23-6 construct

15 Administration of Particulate Compositions

Following their formation, the particulate compositions (e.g., powder) can be
delivered transdenmally to the tissue of a vertebrate subject using a suitable transdermal
delivery technique. Various particle delivery devices suitable for administering the
substance of interest are known in the art, and will find use in the practice of the

20 invention. A particularly preferred transdermal particle delivery system employs a
needleless syringe to fire solid particles in controlled doses into and through intact skin
and tissue. See, e.g., U.S. Patent No. 5,630,796 to Bellhouse et al. which describes a
needleless syringe (also known as “the PowderJect® particle delivery device™). Other
needleless syringe configurations are known in the art and are described herein.

25 Compositions containing a therapeutically effective amount of the powdered
molecules described herein can be delivered to any suitable target tissue via the above-
described particle delivery devices. For example, the compositions can be delivered to
muscle, skin, brain, lung, liver, spleen, bone marrow, thymus, heart, lymph, blood, bone
cartilage, pancreas, kidney, gall bladder, stomach, intestine, testis, ovary, uterus, rectum,

30 nervous system, eye, gland and connective tissues. For nucleic acid constructs delivery



30 A HSV-2 construct conprising all four imediate early genes, but |acking
WO 2004/ 029258 PCT/ GB2003/ 004213 -53 extraneous viral genom c sequences was
constructed. The starting point for constructing the vector was a cosmd
that incl ude¥OeWra®2EEoR fragnents fromthe HSV-2 M5 st r ACHGH3eN0)g8

nucl eoti des 110,931 to 147,530 of the HSV-2 genone based on the published
sequence (HG52 strain). The gene order is also as shown in the 5 published
sequence. The cosmid was partially digesi®d with EcoRI and religated and a
construct that had only the 28,000 fragment (110,931 - 139, 697) was

sel ected. ThY srefipdb@Etd] End@S mkesieg RapREsedn A3minboyifftehtiant eelld; GoFkver,
modi fications were made to renmove the mmjority of the unnecessary sequences
fromthe vi itkd melerded eanrsolbsidsliverrdto mredifBrentidietl oraaritally dierentaaied egllsows:

1. Bst11071 and Scal dj ' d religati f th i d th
ampici 1110 Steoraineal- iRt dradtso@Bn ] % 'RGi 1 "ol estion and

religation to renuygol e SRRk ArOLihRRKCA] B0 Rt 1o Be G881 £ OP23-2.

3. BstX O parti al gestion a eligation to renove regi ons between | CP27
and | CPO t maghstecofipabld with th€dogake fendilgret avd inhinBsyddnt thaoWilbbked by parti al
digestion with BsiW _and_ then religation to renove seq(uences follow ng the
| CP22 gene amh%ﬁ%caﬂzemya&%@ﬁ@ﬂs«?éaméﬁé@ye- e smgupeef topogngositpn Qe

0 gest 2 80 Lo 516 TR o BRSBTS RS gy, |04 oo
smal | frageemkrubt pendbet warndd 6Pmé sabdct t6BOreat2d. BRAMERELIRGr Of the OP23-6
construct was carried out to confirmthe structure of the vector and its .
sequence. Thpbastaceriicalscsuch agpysiolegical aCPR3peptidesCREProteins, GPRBF ringeshown i n

Fi gur ? 101' %%m about 0.1 pg to about 20 mg, preferably 10 pug to about 3 mg. The exact amount

necessary will vary depending on the age and general condition of the individual to be

treated, the severity of the condition being treated, the particular preparation delivered,
the site of adfninistration, as well as other factors. An appropriate effective amount can
be readily determined by one of skill in the art.

15 Thus, a “therapeutically effective amount” of the present particulate
compositions will be sufficient to bring about treatment or prevention of disease or
condition symptoms, and will fall in a relatively broad range that can be determined
through routine trials.

Below are examples of specific embodiments for carrying out the present

20 invention. The Examples are offered for illustrative purposes only, and are not intended

to limit the scope of the present invention in any way.

EXAMPLES
Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
25 amounts, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

Example 1: Construction of the OP23-6 construct

30 A HSV-2 construct comprising all four immediate early genes, but lacking



Exanpl e 2: Generation of nulti-antigen HSV1 vacci ne | acki ng extraneous WO 2
004/0 29 2 58 PCT/ (3B2003/004218 -54 sequences A simlar type of vaccine
for HSV-1 can be devel oped to that described in Exanple 1 for HSV-2. 5 An
EcoRl pan{ydadysdbaest woul d be performed on HSV-1 to gengpratGe@snems
fragnents, cosm ds conprising the fragnments would then be generated using
the superCos kit from Stratagene. A cosmd is then selected which contains
the sequences from 110,095 to 146, 694, of the HSV-1 genone. Several digests
and religations can then be perfor ned to produce a final conpact vector

the 10 f di at HSV- 1 | Ki th
o Ly SRS %&@%ﬁﬁaﬁ%@?%aﬁﬁaﬁi@ SR SEHER BT | ow e, SCepe ar e
carried Qyis M@%&t@r&/ 18 ekt ﬁ&ﬂﬁfe?ﬁ%%e Ec Q&ggﬁl #@(Ithé 43392 bp) is

di gested wt and Nde 15 religa to giv 2. OPhsvl -I
(39694 bpiSV-8 Ml‘ﬂ gteaheplanmdgfnuk/lebhdesnki 0@3alto AR SB@bT Qe TESY/ -2teen@hy BadeRhsv! -

3. OPhsvl 2 (31365 bp):is di ested wth EcCORV and Swa | and religated to

gi ve OPh&uthepubjished seaysasy (HE52 semn)y His)zens offegsHlspsifieWn Bbihel  and
religated ) h%% el to gl ve OPhsvl-4. 5. OPhsvl-4 (27688 bp) is digested with
Bpul 021 Pand Bovd A religated to give OPhsvl-5. 6. OPhsvl-5 (26121 bp)

i s digested m@cmdm pRAklly alde¥ted IR RRT Whd fbhzéte&’%ﬂd 4408kuendat rel i gat ed

to give OPhsvl-6 the final construct which has al four inmediate early
genes pr bskoenly thaids,#0bhgnne 1 HRS3 & hie3 NHe) 70 mias peleftedt Tias madsduteamasous

n h r n of h rol | odin
;S/\qugoi:l/e g%@aga?qgéﬁ%gzg géﬁ@%cm%@gc modlf%gt?o&slwcl)ere (r)nade ‘teot Fem%vce) f euS odine 30
majority of the unnecessary sequences from the viral genomic nucleic acid. The \

10 modifications were as follows:

1. Bst11071 and Scal digestion and religation of the cosmid (removes the ampicillin

resistance gene) to create OP23-1.

2. Nsil digestion and religation to remove the SV40 origin of replication and
15 create OP23-2.
3. BstXI partial digestion and religation to remove regions between ICP27 and

ICPO to give OP23-3.
4. Complete digest with BspHI, followed by partial digestion with BsiWI and

then religation to remove sequences following the ICP22 gene and some

20 + backbone sequences. This gives OP23-4.
5. Srfl digest and religation to create OP23-5 (removes sequences between
ICP4 and ICPQ).
6. BstXT total digestion and religation to create OP23-6 (removes a small

fragment from between ICP27 and ICPQ).

25
Sequencing of the OP23-6 construct was carried out to confirm the structure
of the vector and its sequence.
The structure of constructs OP23 and OP23-1 to OP23-6 is shown in Figure
1.
30

Example 2: Generation of multi-antigen HSV1 vaccine lacking extraneous




(1) CGeneral strategy The OP23-6 construct generated in Exanple 1 is used to
generate a construct where the ICP 0, 4, 22 and 27 codi ng sequences are
repl aced by heterol ogous coding sequences. The basic strategy enployed is
to first reYOEHREDrigi nal coding 5 sequences and then PETIGRAPIIHKE

het er ol ogous codi ng sequences in their place. For each coding sequence to
be replaced the concept is to find three unique restriction enzyne sites;
one inside the gene; one outside the gene in the 5 region, upstream and
one in the 3" region, downstream The coding sequence is then replaced in

t wo stepsseégn(gR primers are chosen to anplify from and including, the 5
upstream estriction site to just upstreamof the start of the
codi ng sequences. The 3" primer includes the sequence of the unique
restriction site in_the coding sequences. The PCR produces a DNA fragnent
that has the 5' Arségilantype of treceder Hay- e helevsloneweiocbat depaitied B ailed with
t he uni que restrhc iﬁ@aﬁgte found in the coding 15 sequences. The original
vector is Fﬁ@ﬂpﬁig%g Wi th the uni que enzyne specific for the 5
restrigtion sitenandryberhPebEdt WouRNbSpdrforindl 8ha V1o fg@xﬁ‘er&@%bﬁkﬁn§equence to
excise the 5 half of the gene. This is then replaced™ wth the PCR product
di gest ed wiftapmtite, cosmirk cempymeg theRepeatitngotldehsabegsetatalf usgtgtps for the 3
end of the codjng .sequences gives a resultant cqnstruct that has the

ori gi nal 5 SURgAPAL B EOHASE PR génwmid 15 fiegseleried WHEhCIENB8i ng r egi ons
have been . £ T i 3 r LS4 i que enzyne
site insi dé t%{&%ﬁgﬁn%a%}’g%ntg 1\%??5?4? ﬁg% }Eie‘@iln%e%?%dl&?%ﬁ%ﬁ&%%g Eg"ll!zjlt e. The .
process capelighthsiian teparipetiofmed BHro@ry adinal bempiP vernespssagie in  OP23-6
as desired. 25 (ii) Mol ecul ar_ biol ogy Standard nol ecul ar Biology met hodol ogy
used fl8r mieHrprmgdiatRgeapingenesdeire A0S 1i Butlading by raerity 196 thedmpesessasy of
OP23-6 into the .desired multi-genic construct, expressing heterol ogous

anti gens. ?BmagﬂggﬁFgﬂgﬁﬁropriate DNA fragnents to replace segnents of the

ori gi nal OP23- 6 ThEINWEABSEps(8 LatriBe A6 toWPRnSBte(tRERsided cofubed out and the
fragments are cloned into the pTARGET vector WO 2004/ 029253

PCTI GB2003/ 004213 -56 (Promega). Positive clones are then identified by
restriction digest ANGcPNY3392 bp) is digested with Scal and Ndel and
15 religated to give OPhsv1-1.
2. OPhsv1-1 (39694 bp) is digested with AfIIl and Clal and religated
to give OPhsv1-2.
3. OPhsv1-2 (31365 bp) is digested with EcoRV and Swa I and
religated to give OPhsv1-3.

20 4, ' OPhsvl-3 (30727 bp) is digested with BbvCI and religated to give

——

to give OPhsv1-4.

5. OPhsv1-4 (27688 bp) is digested with Bpul1021 and BbvCl1 and
religated to give OPhsv1-5.

6. OPhsv1-5 (26121 bp) is digested with kpn and partially digested with
Psp14061 and, religated to give OPhsv1-6 the final construct which has all

S
(W)

four immediate early genes present, but from which has the majority of other

extraneous sequences have been removed.

Example 3: Insertion of heterologous coding
30



purified frombacterial culture of the positive clones is used to isolate
pure preparations of the desired fragnents. Fragnents purified from agarose
gels are ligated into the OP23-6 vector which has previously been cut with
t he appr opo c@t@2Bsy estriction enzynes and purified fronrayaBo®e/ogels.
Positives are then screened for by restriction digests. The heterol ogous
genes to be inserted into the vector are obtained by PCR reactions in which
the appropriate restriction sites wetg engineered into the 5 and 3' ends
of the PCR fragnents. Positives containing the desired insert are screened
for 10 b% éest_rli ?ti on digest and the proper orientation is confirmed as

wel | . DNA)s 8fféﬁc”ﬁz6‘egrys carried out to confirmthat the resulting cl ones

contai n the desk 893 6EsHENGRnerkicl il EREAPRI13E otk BT.ENYA ¥R6RItARS. 15
Precipitation of DNA onto gold particles is achi eved using standard

pr ocedur esefathe {ER Océl 23 andi2§ pedmigdeqeenter are raflicad bphe®iogoas codieg. DNA i s
mxed with 2 mcron gqold particles in a_small centrifuge tube containing 300
m of GECHHRSSel R BATE SIateRy RRIOYRd IS0 BRATGaeedhs arigingl aedingny gol d
particle Leal h o . e pé\l%) are made. The
DNA Fs p?ee‘%@gcletsg%{%g& %b)érﬁf' xgtﬂgo er§{10°§ ﬁse@élg%o %eﬁg‘é\&%ﬁ JE)latg‘;f? &15‘ Volume of 10%

CaCl 2 duehdhodinatsefuids to BdiehRtedihe @bnddpeisttt Hiad Mre@ufiigt@feyirivtiger . DNA- gol d
conpl exes are washed three tinmes with absolute ethanol and then | oaded into
Tef zel t aidymeg siigs;icag tanide Bagens:voe ousidejthe pensdy thert’ sedion, upsteeanti t he XR- 1
device. For immypization, .DNA vaccines are delivered by the. XR-1 device into
the 25 ABUBHOR 01 S BRERPCINREERR, i or g msbenss bR remaset ULEYP i mmuni zat i on
and ani ngl.§; are given a prine and a boost at 4 weeks. Sanples are collected
fromanimats two weeks after the final inmunization. (iv) Antibody ELISA
WO 2004/ 029258 CRGIEE2 QE3rhoSet2td dmplihy fifer, aml sehplires therse upsayed f or

ant i bodi es. agai nst, the heterol ogous _anti genfs expressed by the vector using
an EL| SAUREEG{ESTIEHPR Stic i5Iystpsucam of therstarot the sedirg ssArencehat ¥t over ni ght  at

4 Cwt hpﬁﬂlte.f &%ﬁdk?tb@%&lﬁeﬂ@@éﬂﬂ@hﬁiﬁgfrés‘?ﬁ(ﬁgn%ﬁg b e coding sequences.
The PCR produces a DNA fragment that has the 5’ region of the gene, no coding

sequences and is tailed with the unique restriction site found in the coding

15" sequences. The original vector is then digested with the unique enzyme specific for
the 5' restriction site and the restriction site internal to the coding sequence to excise
the 5" half of the gene. This is then replaced with the PCR product digested with the
same enzymes. Repeating the same set of steps for the 3’ end of the coding
sequences gives a resultant construct that has the original 5° and 3" ends of the gene,

20 but in which the coding regions have been removed. All that remains of the
construct is the unique enzyme site inside it. The new gene will then be inserted into
the site. The process can then be repeated for as many of the ICP genes present in

OP23-6 as desired.

25 (ii) Molecular biology
Standard molecular biology methodology used for manipulating DNA
sequences is utilized for the conversion of OP23-6 into the desired multi-genic
construct, expressing heterologous antigens. To generate appropriate DNA
fragments to replace segments of the original OP23-6, Polymerase Chain Reaction

30 (PCR) is carried out and the fragments are cloned into the pTARGET vector



Bi owhittaker). The plates are blocked for 1 hour at roomtenperature with 5%
dry 5 mlk/PBS, then washed three tines with wash buffer (10 M Tri s

Buf f er ed saI i ne 0.1%Brij-35). Serumsanples diluted in dilution buffer
(2% dry ni| ¥OP8YBOH8 o Tween 20) are added to the pl at e PARECBANEH M HSubat ed
for 2 hours at roomtenperature. Plates are washed three tines and a

bi oti nyl ated goat anti-nouse antibody (Southern Biotechnol ogy) diluted

1: 3000 in dilution buffer is added to_the 10 plate and incubated for 1 hr

at roomtenperature. Follow ng the incubation, pI ates are washed three

times, the r Sout hern
Bi ot echnol gg@ﬁggf ﬁ%ﬁi‘% %Sﬁﬁ%ﬁﬁgggéﬁ%ﬂgd g I?ﬁlgk%%g{ig Atcubat ed a
further 1 burided frogibdcemacadiug 6f thPbadifee ameesvt@&mlctoﬁatbmeptrenes t hen

substrate solution is added (BioRad) and the reaction is stopped with |IN
H SO4. Opt mmalatlgna@ﬁ@mdysuesi fraggenist FAzamneRs pur{od fouh kgaosa tedrsi ngl e cel |

bt.a f d through
veeh to pr ogaee Ao Fe EuboERERE G BT MR e E G R B af9B%EEa mont o,
and 1rgat edegpfidtiin & & puiBie@ AR E&ﬁé‘s@fcelsV@o%ﬁfvéé/&r’e'ﬂ?en'\@eeﬁéa foyse  red

bl ood cells.-The cells are then washed twice in RPM medi a suppl enent ed
with HEPESby:tes%iqiamtctimsm (Bi o Whittaker), and 5% heat | nactl vated fetal
calf serum (FCS HarI I ndi anaﬁol is | |s are count ed,_ and

resuspended to amebsisEe 8%)9‘ts£te’é6566 € SRR WB?tthien"eCfPétﬂ@o t“ﬁ%?ﬂllbé{%?m stl ng of

hact i var edbiein el teaBbrobi A e RAREIRIEEL ot ot SRS
gent anyci n e Hde BBR) fraghndil. Foe)iiohh sadiitimo e dusitee ifseitheoscRBhid fnd VEM

non-assentl al anmino acids (Sigma, St. Louis MJ). Cell suspensions are then
utiliZ8d i myvesticsion digestaehiis ayeper pagntatigngs §@@@qu@sa\@ﬂam&el s are

pCT/ Gazooarobkssae i aL i at RO (ol B e i P B E et s are
made up ing 10 nmg/m) and diluted to 10 ug/m in cuI ture medium (v)
ELI SPOTs 5 For I FN-e ELI SPOTs assays MIlipore Miltiscreen nmenbrane
filtration plates are coated with 50 1 of 15 pg/nl anti-IFN-g anti serum
(Pharm ngen?iil)i %re?aration of DNA vaccines.

15 Precipitation of DNA onto gold particles is achieved using standard
procedures for the calciunyspermidine formulation of DNA vaccines. DNA is
mixed with 2 micron gold particles in a small centrifuge tube containing 300 m! of
50 mM spermidine. The amount of DNA added is 2 g per mg gold particles and
typically batches of 26 mg gold (52 jLg of DNA) are made. The DNA is precipitated

20 onto gold by the addition of a 1/10 volume of 10% CaCl, during continuous
agitation of the tube on a rotary mixer. DNA-gold complexes are washed three
times with absolute ethanol and then loaded into Tefzel tubing, dried and cut into 0.5
inch segments for use in the XR-1 device.

For immunization, DNA vaccines are delivered by the XR-1 device into the

abdomen of Balb/C mice. A single shot 1s given for each immunization and animals

o]
(&

are given a prime and a boost at 4 weeks. Samples are collected from animals two

weeks after the final immunization.

(iv) Antibody ELISA



sterile OdM carbonate buffer pH 9.6, overnight at 4 C. Pl ates arré' washed si x
times wth sterile PBS and then bl ocked with tissue culture nedi um
containing 10% fetal bovine serum (FBS) for 1-2 hr at roomtenperature. The

medi um i swioenoy@dhsand 10 spleen cells dispensed into theg Mm.th.a total
of 1X10 cells per well. For wells in which I ess than 1ng§£§0:§ ﬂ%soagﬁom

i muni zed aninmals are added, cells fromnaive animals are used to bring the
total to 1X106. Cells are incubated gzerni ght in a tissue culture incubator

in the presence of the peptide as désCri bed above. Plates are washed two

times with PBS and one tinme with _distjlled water. This is followed with 15
three washes WEWIPHSPlegArsassayFa i@ nERedicy s9qumst s Hsrangaus 4AEEHSdy
(Pharm nge i o) uaglenl.. I i n PBS)
tnd | nourabiep iy e Rl Lt ol Mo b i SRalie o 1", T

wi th PBS doh®a obemichoht £°C Hithepti gt id PBApkadphae ifRsddhatase conjugate (1:1000
in PBS, Pharmn en:j is added and incubated for 2 hr at room tenperature.

Pl at es arRoWduitaxgr)siDhetplatessargblokerBiar 2 hounat redms teropaatusush 6%t &y ( Bi oRad) i's
added and th eaction is. all.owed.to ceed uynt | .dar k. spot.s appear. The

r eacSi on m@dﬁﬁép &Y WEWFHB“\%W{IF ‘ﬁ%@‘g%“?éﬁpg)emM ?:r%%d.gué?rﬁﬁéilmér e air-dried
and spot g pRwH;ed) ugdean, S%F{B] & £dilneSi b | D2 ; ke, acid

const ruct fg'/gnpr]i s?ng vira gerﬁ%%q%gqnulcilgﬁ %ﬁé%ﬁﬁu [ ss:/E'g)Fp/es Vi rus
genom ¢ rivedeqi20) aciadded toahs pigteemdehst inbutated fead hoB8% seguence honol ogy
thereto, said viral genomc_nuclei¢c acid conprising at |l east two endogenous

gene exprieBRyaNe: dyateatsvashed tece tinesrand adnoteniped seat antier6yenous  pronot er
bl . i b ; l 4 - . O t .
capabl € %{1@5@{ @%gfggﬁv%ﬁget%hﬁgeg@ éﬁlﬁ{%dﬁ%doo. 1ﬁﬂﬁh§oﬁer 2000080 %‘ﬁmle profmot ers

of the uni ne phase i pes virus fe cycle and

10 ape opgitabhdinkiutHtaliot 0 he atiobeh BRGRALESFoWERE the(iadubalbe pidten 10% and up
to 95% of the viral sequences which are present in the region of the viral

genone care wehea diragtimes,then 2 Heeniwadintihersgadisngergxidasernggjughtet he vir al
genom ¢ nycleic.acid in the.const t .absent fromthe construct; and 15
(b “the Ubtufert iy S1EedTid00 tn PhS i a0y e WP A dhgEne 2. A
nucl ei ¢ rqapst f]dé?ﬁ teﬂ%@?arnﬁb.nglatté% £ Fafled P RERs thé GR9sdEUCt  conpri ses
at |east three such endodgenous gene expression regulatory units.

solution is added (BioRad) and the reaction is stopped with 1N H,SO,. Optical

15 density is read at 450 nm.

(v) Cell Culture
Single cell suspensions are obtained from mouse spleens. Spleens are
squeezed through a mesh to produce a single cell suspension and cells are then
20  sedirhented, and treated with ACK buffer (Bio Whittaker, Walkersville MD) to lyse
red blood cells. The cells are then washed twice in RPMI 1640 media supplemented
‘with HEPES, 1 % glutamine (Bio Whittaker), and 5% heat inactivated fetal calf
serum (FCS, Harlan, Indianapolis IN). Cells are counted, and resuspended to an
appropriate concentration in “Total” media consisting of RPMI 1640 with HEPES
25 and 1% glutamine, supplemented with 5% heat inactivated FCS, 50 mM
mercaptoethanol (Gibco-BRL, Long Island NY), gentamycin (Gibco-BRL), 1 mM
MEM sodium pyruvate (Gibco-BRL) and MEM non-essential amino acids (Sigma,
St. Louis MO). Cell suspensions are then utilized in various immunoassays. For

CDS8 specific assays cells are cultured iz vitro in the presence of a peptide



3. A nucleic acid construct according to claim1l1 or, wherein: (i) the
construct is a cosmd or a plasmd; or. 20 (ii) the construct |acks viral
packagi ng s,.and/or a viral origin of replication. 4. A nucleic acid
construct Z@ggﬁgﬁﬁ%"?o any one of the preceding clains, RRECBHYW4IBan 20%
and up to 85%of the viral genom c sequences are deleted. 25 5. A nucleic
acid construct according to any one of the preceding clainms where nore than
30% and up to 75% of the viral genom e3&equences are deleted. 6. A nucleic
acid construct according to any one of the preceding clains, wherein the
endogenous cgeespoadipg ésskmown €Ddlepttopss. tieptidesaremagenyabl PMIOKEd to their
nat ural codi ng sequences. 30 7. A nucleic_acid construct according to any
one of the @@e@ﬁrﬁj@luteélt%il%g/%%FE‘WetnPféh‘g%quence for more than 500 bp
upstream and/ or downstream of -60- the pronoter of the endogenous gene
expression units is identical to, or has at |least 90% honol ogy to, the
endogenous (seRiyspogs of the herpes virus genome. 8. A nucleic acid construct
according to any one of the preceding clains, wherein two or nore of the
endogedous gene Foe§uV-gtl3d$PUns essaps diflipora MElisoesemembraneddiatsor n t he her pes

virus genone. 9. A nucleic aci onst.ruct cordin any one of the

precedi ng g@t%ﬁi%‘foame@? go Fﬁ?glescﬁg WQ%@% ﬁ‘éuséﬁ’g‘bgpgﬁ%égﬁ’gdg regul atory
units are f i i » i : nucl ei c
el d_conat P G e ol PR s o TY The
at | east t wdtheseiig@BSuad earbddcked vattetiswt tidhedmedivat cdniéning % feadlnt in the

herpes virus life cycle, 11 A nucl ei ¢ acid construct according to any one
of the prebewnggerue] B fordnehritroemdenpepass t Themodinags ereniedgate

DT 6951 0N sHEMLALY YA 30 AL DL BOLI abor Lo TuRciegt sfer | v o

bot h/ al'l m ear I “genes. nuclei'c-acid” construct according
to any one j@{hich9eRHREEN VY celll PIrHBmmMASE aRini eare add LB 8¢l G @ARRIENOUS

gene expression regulatory units are different.
animals are used to bring the total to 1X10°. Cells are incubated overnight in a
tissue culture incubator in the presence of the peptide as described above. Plates are
washed two times with PBS and one time with distilled water. This is followed with
15 three washes with PBS. Biotinylated anti IFN-g monoclonal antibody (Pharmingen)
is added to the plate (50 ul of a 1 ug/mi solution in PBS) and incubated for 2 hr at
room temperature. Plates were washed six times with PBS then 50 pl of a
Streptavidin Alkaline phosphatase conjugate (1:1000 in PBS, Pharmingen) is added
and incubated for 2 hr at room temperature. Plates are washed six times with PBS
20 and the color substrate (BioRad) is added and the reaction is allowed to proceed until

dark spots appear. The reaction is stopped by washing with water three times.

Plates are air-dried and spots counted under a microscope.



13. A nucleic acid construct according to any one of the preceding clains,
wherein the herpes virus is selected froma Herpes Sinplex Virus (HSV), a
20 cytonegal ovirus (CW) and an Epstein Ban Virus. 14. A nucleic acid
construct according to claim13, wherei-not-he virus is a HSV and is sel ected
fromHSV-1 and HSV-2. 15. A nucleic acid construct according to claim 14,
wherein the viral genomc nucleic acid is derived froma herpes sinpl ex
virus and the at |east two 25 endogenous gene expression regulatory units
each conprise an endogenous pronoter I d fromthe group consisting of
the 1CPO, 1CP4, 1CP22 and | CP27 genemgs. 16. A nucleic acid
construct according to claim 14 or 15, wherein the viral genom c nucleic
acid is fromHSV-2 and the viral sequences have been 30 renoved fromthe
construct by one br noAdusiciq aréd estradt cemprisagviighgenomig nucisic(agid whickhi al
EcoRl di gest] nd. rel | .Lan; .Bst 11071 an al, di,gestion and
religat i%n; is%gfp%ﬁlgfrugéégrg)gilf gﬁdgﬁr?g‘)c lrde%iagszg&‘?%lﬁ? %(ltg‘)a§geaf)taﬂ/? g?qugfl%eesti on with
a Bst Xl enzyh@mélagy tHeesto,'sald @il igebrhie nutleivieR] Sonspanges 188t waen | CP27 and
ICPG, 10 (e) a conplete digestion with a BspH enzyne, followed by a parti al
di gestion wi enlogenssis\geng s¥pistsiemeeetlatany paits yhich sach eompeifs\a endegpnent es

adj acent to ; i j i fl.e a religation to
renove sequé:r%gége rﬁéﬁ%\%@%ﬂ%ﬁ%g%ﬁgn%ﬂ%ﬁé cfg ‘?é%g?%et %%Og%}gglgti on with a
Bst XI enzynepmartbtdrk efithe ainitg aiel aetivé at the savephase iihe tespebeiruekfe dyClR2ndand

| CPO. 17. A nucleic¢c acid construct according to claim14 or 15, wherein the
viral gthoni &erperrblydinksd i seding srguemsgs.wWhekel t he viral sequences have been
renoved fromthe ggnst S hald V-1
sequences 20 ext Zneo@g?%tggﬁ&g%%ﬁ%gj?@?égcgghglr’lllcriﬂls@ge?&téso‘gﬁlﬁggls%equences.
18. A nucl ei presenit th themsdion of thaviral ginometoorrasponding tothat baiween i ' and 3’
wherein the copstruct conprises the [CPO |CP4, |CP22 gtntgrjorlnifﬂ pronot ers

ends of the viral genomic nucleic acid in the construct are abse e construct;
and
15 (b)  the viral genomic nucleic acid is from 1 to 50 kb in length.
2. A nucleic acid construct according to claim 1, where the construct

comprises at least three such endogenous gene expression regulatory units.

3. A nucleic acid construct according to claim 1 or, wherein:
(1) the construct is a cosmid or a plasmid; or.
20 (ii) the construct lacks viral packaging sequences and/or a viral origin of
replication.
4. A nucleic acid construct according to any one of the preceding

claims, where more than 20% and up to 85% of the viral genomic sequences are
deleted.

25 5. A nucleic acid construct according to any one of the preceding claims
where more than 30% and up to 75% of the viral genomic sequences are deleted.

6. A nucleic acid construct according to any one of the preceding
claims, wherein the endogenous gene expression regulatory units are operably linked
to their natural coding sequences.

30 7. A nucleic acid construct according to any one of the preceding

claims, wherein the sequence for more than 500 bp upstream and/or downstream of



operably linked to their natural coding sequences. 19. A nucleic acid
construct according to claim 13, wherein the viral 25 genomc nucleic acid
is derived froma herpes sinplex virus and the two endogenous pronoters of
the at | east two gene expression regul atédr-y units are HSV tegunent protein
gene pronoters. 20. A nucleic acid construct according to claim 13, wherein
the viral genomc nucleic acid is fromhuman cytonegal ovirus and the
endogenous 3fe pEsBtLsBhotnddpen@ls de@@skprewonaaie ieXPARSS k@) dr hagatllédsory units
are: at least two selected fromthe group consisting of the UL36, UL37 and
UL38 gene pr Yotemelogyrde, the spdeggrous seguegeercofhoherpey wrusggenomet he UL122 and
Ul23 gene pronotegs. 3 - AR I | rding to any one of
t he preceding -625' 5 cga@%%}ﬁvﬁggénﬁkﬁg\%&%fl&%@rgﬁ%v)&% ﬁﬁtﬁgggécﬁgméequences
operably |i nieithst ohtfetn endageceus tigedrlogxdne gSieaBglile@uy Bhil ate fiioni S encode
antigens., 22. A nucleic acid construct according to any one of the preceding
cl ai ns, Wher @nsequbze geresnap thedirpns VAgHRBRI™S part or all of the intervening
sequences betweegy two i 10n regul atory
units and their %"o coéﬁﬁléfeztg%%g%%{eégg&zage&gggﬁggg gﬁé;gfltgég%eﬁg@bgct accordi ng
to any one oélainise wheetetirsegor méraiofithe anblegenions gencabgdaiory egitsaate o esponds to
one or nore of the genes present in the region of the viral genone other
than those ofOTSHAUXE SeResdp o lSTRAIYYYE B8R Gene  expression regul atory units

active at the San‘ﬁo.phag_ql&! fid gb‘?d X&{S?r}.\ctldncé&d Ctbgn)agnl':fe gﬂthe?réz%&i d of

generating a nucleic acid construct tor direct admnistration to a subject
to elici@ anclaimsindereasthons astritwblradsgenpecpromiolees aretshddhed ommrthsbamge (a)

inserting herpes. vjrus genom. ¢ nucleic acid or a sequence with at |east 80%
sequence horTB(ﬁBfg‘?t*‘%é%%owf"ﬁtlgeﬁy?c}%ct or backbone, said viral genomic 20

nucl ei ¢ acid bei ng; fromphcieq A9d Kbhstlled 201t eAB N 8APH Bk ReecRiinkeast two
\%hl cﬂ h co

endogenous gene expression regulatory units eac rise-an

endogenous ¢ainmptberetathall Eastftwexpdegnoengdna eapressivmtdgalatagiuhits wleer e t he

endogenous either both/all from immediate early or both/all from early viral genes.

15 12. A nucleic acid construct according to any one of the preceding
claims, wherein the at least two endogenous gene expression regulatory units are
different.

13. A nucleic acid construct according to any one of the preceding
claims, wherein the herpes virus is selected from a Herpes Simplex Virus (HSV), a

20 cytomegalovirus (CMV) and an Epstein Barr Virus.

14. A nucleic acid construct according to claim 13, wherein the virus is a
HSV and is selected from HSV-1 and HSV-2.

15. A nucleic acid construct according to claim 14, wherein the viral
genomic nucleic acid is derived from a herpes simplex virus and the at least two

25 endogenous gene expression regulatory units each comprise an endogenous
promoter selected from the group consisting of the ICP0, ICP4, ICP22 and ICP27
gene promoters.

16. A nucleic acid construct according to claim 14 or 15, wherein the

viral genomic nucleic acid is from HSV-2 and the viral sequences have been

30 removed from the construct by one or more of the following techniques:



pronoters of the units are active at the sane phase in the herpes virus life
cycle; and (b) either prior to, at the sane tine, or after inserting the
viral 25 genom c nucleic acid into the vector backbone, deleting fromthe
viral genomc nucleic acid sone or all-@&f- the viral sequences, apart from
the at | east two endogenous gene expression regulatory units, which are
present in the region of the viral genone corresponding to that between the
5" and 3', ends of, the vir.al mc. nuclej.c acid of the construct 30 where
the constYuct gen® at eﬂﬁf@l%@ﬁé}geﬁ%@ﬁu}q% $UGRe of the preceding cl ains.
25. A nethod accofyi ngB§to] 1077 fhAd B8dal digsstibeind@IP4tiont Ng coating the
construct on particles suitable for delivery froma particle nediated
delivery device. (c26. Nsladigestipnend tdligetiorsui t abl e for delivery froma
particl e-nedi ated, 563-_ 5 de]i.very deyic ich particles. c ise carrier
particles coated Wth %\%‘ﬁ%# g%suéei“aﬁlcaoﬁgt?ﬁfﬁﬁ]l&%y%ég%@%fﬂhbeﬁllggggfﬁ{? one of
claims 1 to 23 or genefeaiid sbyueacdsichockndeP2dahd IERD;i n claim 24 or 25. 27. A
dosage receptacle for a particle nediated delivery device conprising coated
particl el accordi 6y t o2 edraplsexdtigestion »ath aBsphtliengymae.feldowedbly aphitiabry devi ce
| oaded wi th coated pargi accorqi o .claim?26. 29. A vaccine
conprising a nucleic a?:ligggt{g)glr%l'?}%gf@ig%& %ﬁeﬁag%}&nargl)}gailﬁgtofﬁrg?‘ﬁe clains 1 to
23 and a phar maceut i caddqgyeraes edjaedilt & EXORpi ent or vehicle. 30. An in vitro
met hod of obtaining expression in a manmalian cell of a 15 pol ypeptide of
i nterest, whi ch nl hoda digggtanswish g Salhspsimd ang then wligalien teaemever’ nucl ei ¢
aci d construct accordi s 0 23 or generated by a
nmet hod according to CI%%%E%ng?YN%E&Ig%g@g@f &%1& nucl ei ¢ acid construct
accordings to any @h)e OfotdllddesBorlwith a BABXI ¢hzihe af@thehaelighiionad r@ndwedi canent
for use in nucleic acid imunisation. 20 32. Use of a nucleic acid construct
generated by a method $O&HEF Agtwesn IeP% I6R0or 25 in the manufacture of a
medi canent for usg;in R‘iﬁx'cf%'icc %&b&s E’E’H&E‘érﬁ;?mg't&?@lahﬁ% oS8, RhefcfAthed
particles according to ¢ alm 26 Inthe anuf &cture of a

viral genomic nucleic acid is from HSV-1 and the viral sequences have been

removed from the construct to remove substantially all of the HSV-1 sequences
20  extraneous to ICPO, ICP4, ICP22 and ICP27 coding sequences.

18. A nucleic acid construct according to any one of claims 14 to 17
wherein the construct comprises the ICP0, ICP4, ICP22 and ICP27 promoters
operably linked to their natural coding sequences.

19. A nucleic acid construct according to claim 13, wherein the viral

25  genomic nucleic acid is derived from a herpes simplex virus and the two
endogenous promoters of the at least two gene expression regulatory units are HSV
tegument protein gene promoters.

20. A nucleic acid construct according to claim 13, wherein the viral
genomic nucleic acid is from human cytomegalovirus and the endogenous

30 promoters of the at least two gene expression regulatory units are:

- at least two selected from the group consisting of the UL36, UL37

and UL38 gene promoters;

- the UL82 and UL83 gene promoters; or

- the UL122 and U123 gene promoters.
35 21. A nucleic acid construct according to any one of the preceding
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claims, wherein two or more of the coding sequences operably linked to the
endogenous gene expression regulatory units encode antigens.

22. A nucleic acid construct according to any one of the preceding
claims, wherein the absent region comprises part or all of the intervening sequences
between two of the adjacent endogenous gene expression regulatory units and their
coding sequences.

23. A nucleic acid construct according to any one of the preceding
claims, wherein an absent region corresponds to one or more of the genes present in
the region of the viral genome other than those of the at least two endogenous gene
expression regulatory units active at the same phase in the viral life cycle.

24. A method of generating a nucleic acid construct for direct
administration to a subject to elicit an immune response in the subject, the method
comprising:

(a) inserting herpes virus genomic nucleic acid or a sequence with at
least 80% sequence homology thereto into a vector backbone, said viral genomic
nucleic acid being from 1 to 50 kb in length and comprising at least two
endogenous gene expression regulatory units which each comprise an endogenous
promoter capable of expression in a mammalian cell, where the endogenous
promoters of the units are active at the same phase in the herpes virus life cycle; and

(b) either prior to, at the same time, or after inserting the viral
genomic nucleic acid into the vector backbone, deleting from the viral genomic
nucleic acid some or all of the viral sequences, apart from the at least two
endogenous gene expression regulatory units, which are present in the region of the
viral genome corresponding to that between the 5' and 3' ends of the viral genomic
nucleic acid of the construct

where the construct generated is as defined in any one of the preceding
claims.

25. A method according to claim 24, further comprising coating the
construct on particles suitable for delivery from a particle mediated delivery device.

26.  Coated particles, suitable for delivery from a particle-mediated
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delivery device, which particles comprise carrier particles coated with a nucleic acid
construct according to any one of claims 1 to 23 or generated by a method as
defined in claim 24 or 25.

27. A dosage receptacle for a particle mediated delivery device
comprising coated particles according to claim 26.

28. A particle mediated delivery device loaded with coated particles
according to claim 26.

29. A vaccine comprising a nucleic acid construct according to any one
of the claims 1 to 23 and a pharmaceutically acceptable excipient or vehicle.

30.  An in vitro method of obtaining expression in a mammalian cell of a
polypeptide of interest, which method comprises transferring into said cells a
nucleic acid construct according to any one of claims 1 to 23 or generated by a
method according to claim 24 or 25.

31.  Use of a nucleic acid construct according to any one of claims 1 to
23 in the manufacture of a medicament for use in nucleic acid immunisation.

32.  Use of a nucleic acid construct generated by a method according to
claims 24 or 25 in the manufacture of a medicament for use in nucleic acid
immunisation.

33.  Use of coated particles according to claim 26 in the manufacture of a

medicament for use in nucleic acid immunisation.





