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10The present invention relates to the fields of “nol ecular biolo
virol ogy M8 2P4HP%6T ogy. In general, the present invenﬂﬁgﬂﬁﬂwg@wggfs
construction of replication-deficient viruses belonging to the
Flaviviridae famly and their use as vaccine in prevention of

di seases caused by viruses belonging to this famly. Mre
specifically, the present invention provides replication-deficient
flaviviruses or pseudoinfectious 15fl aviviruses (PIV aka Repli VAX)
and discloses its use as preventive vacci nes agai nst
flavivirus-associ ated di seases. Description of the Related Art The
Fl avi virus genus of the Flaviviridae famly contains a variety of 20
I nportant hurman and ani nmal pat hogens and have been classified into

four distinctpSIUNOINFECTIGESSFhA CIVIR WS ANDERSES THEREQK t v
I n i mmunol ogi cal tests. Generally, the flaviviruses circul ate between
avi andor mammal i an anplifying hosts and nosquito or lick vectors. The
flavivirus genone is a single-stranded capped RNA of positive

25pol arity lacking a 3 &ﬁi 'eﬁg.ﬁgﬁyéé? encodes a
singl e pol ypeptide that i (3?6 9 p t@m@@ |y processed
into viral structural proteins, C, prWM and E, form ng viral
particles_1 n tt VQotrgstructural proteins, NS1, NS2A, NS2B, N33,
NS4A, - ired for replication of viral qgnone and_i}s
pack®@i ng i nto i nf eblid preseny imyeptien relates to the fields of molecilar biology, virology
and immunology. In general, the present invention discloses construction of replication-
deficient viruses belonging to the Flaviviridae family and their use as vaccine in
prevention of diseases caused by viruses belonging to this family. More specifically, the
present invention provides replication-deficient flaviviruses or pseudoinfectious
15  flaviviruses (PIV aka RepliVAX) and discloses its use as preventive vaccines against

flavivirus-associated diseases.

Description of the Related Axt
The Flavivirus genus of the Flaviviridae family contains a variety of

20  important human and animal pathogens and have been classified into four distinct
antigenic complexes based on differences in reactivity in immunological tests. Generally,
the flaviviruses circulate between avian or mammalian amplifying hosts and mosquito or
tick vectors. '

The flavivirus genome is a single-stranded capped RNA of positive

25  polarity lacking a 3’ tenqninal poly(A) sequence. It encodes a single polypeptide that is co-
and post-translationally pro cessed into viral structural proteins, C, prM/M, and E, forming
viral particles, and the nonstructural proteins, NS1, NS2A, N§2B, NS3, NG44, NS4B and
NS5, required for replication of viral genome and its packaging into infectious virions
(Chambers, 1990). Virions contain a single copy of viral genomic RNA packaged into a

30  C protein-containing nucleocapsid, surrounded by lipid envelope holding heterodimers of
M and E proteins. In contrast to many other enveloped viruses, interaction between

nucleocapsid and envelope spikes is not very specific and M/E-containing envelope can



(Chanbers, 1990). Virions contain a-single copy of viral genom c RNA
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l'ipid envel ope hol ding heterodi ners of Mand E proteins. I n _cont
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yellow fever in vaccinees have been reported, including a recent case in a US military
recruit (Gerasimon, 2005). Furthermore, this vaccine is not recommended for use in
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30 including vaccine-associated encephalitis.

However, the development of the reverse genetics systems for flaviviruses
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has |l ed to the production and desi gning of new types of

| i ve-attenuated vacci ne, based on rational attenuation of these
viruses. This .new class of vaccines includes yellow fever virus
17D based ¥R2HE0E67 i n which the yel | ow fever virus pr FCEMSHOFRNMARY
genone fragnent cassette has lieen replaced with the prME-cassette
derived from heterol ogous 5 flaviviruses (Chanbers, 1999). Simlar
chinmeric virus-based approach was applied for dengue- and TBE- based
backbones (Pl etnev, 2002; Huang, 2003). In nost cases, chineric

capabl e ORdFt B PR BPE PRHIAR VOB o RGeS 2 opPHEA P

agai nst f@kibAali At@nidtfecss deseM ke, Thisesw slbsse wceines inchidepyellewrfever

are expressed t he, chi ner as a 2002 10 .Ef f i .

vaccin gt i Hﬁuw{’lﬁ"'%aﬁ%ds gﬂlérfﬁr HFert ((:%Eéké t«:T'llr‘lsn & elg%vl"rl) R ‘é@sa%g%hﬁr!%cﬁ ding, genome

pr event edfrbympitecasseits thias gednveplaged witirthe ipty-E-upssettch derp@d Ayom higteselogeis

| nt erfr e WO RREKEAT 1 4850 SRR Ui Alink 6N G pRASE R pBEL For
Torther a’I% o] chi

viral “vectors. ) @{g{ meric fIaVIVII’USg m ght provi de
a reasonaddngueniandr EBE- dpprdohedkberesp(Riemey.n¢00Re Fivangci2083). Inhmpogt spsss,

concerns %@ﬁ{eﬂk NGRS ARl RQFRE oV BB LTY Q@énub@dpﬁ{eﬁglg?gi&d(ﬁgad%@ﬁl&of

1999) at 15 least _in the inununoconprom sed jndividu E‘ﬁ{ t hat .
pat hogeni elicHngrsfficient] pRtectiys Immues sespoRss 2 BrRtedh Apansh illogdne dyfggion
during thgilrasRes Whosersenagal ippsteial atdesmessed byeahe CRinyaan SMoendth 02002).

Anot pr sing djrection in vaccine devel opment |

cr ea’Bi g BEesieeyRerapian H&Féli“?s&? a VR eV R Pﬁ@%&eﬁoaﬁéeggggﬁﬁaﬂ%ep revented
product i vBy pie-erdstirpphiecwt’t mmmimityt (orh,\2002), vatiduhdsgaterferedhwith potereysof
efficient of a8 LIRAIPH 'vPéc%le@y%gd oh NothBe v At {&korS 2Smthéh, ! Alhol SR MRSeric
encodi ng THE™GHPIt & FepliCati Ve machi nery, but 1acking, for instance,
t he C codflayiviresgsonight arpvide ¥ as¢asonabbd piyersalpnprQAsh it PIPAUF g BV ¥pIcHss:
as in vi t'Erf%‘réXr@tc'aﬁéérﬁéfélaﬁﬂé\chﬁﬁ&%&lsmeélve%%ﬂ‘gﬁ BPpitEstent(Chk@bére) 1999) at
2004; Aberle, 2005), or, probabl fnfi#ri]r\l}%\lsf 1;0 m (ynder, control qf, the

RNA p? yrisesisia 1he iBHRHRACEPRIOFHS {IREAGESNR Bfgacras, gight arise,
capabl e otjns& hfuthtidilsi iRt ibean (Keble® Iduingdes prieess| o, praPataYion D thest viruses
i mmuni zation wth_in vitro synthesized defective RNA genomes, which
speci fi es(]?%\éebvoah@%)ron of SVPs in the absence of a conplete viral

replication cycle, mﬂg@%ﬁ,&@%ﬁe@?&@%ﬁﬁﬁb &@éxspﬁggtgigfbfa&@t ds &rehtthg

produci ng protective I nmun (! er, erle,. . However,

t here nmy obireriatabld fiddetians ¢b Sawiyiras genome thet BRkFPrafHBNA VIS Bligation; 1p dhe
candi-Agt e v, due P hadsueh asless, eFicrRi bi i, inpaskible| dveRr In ithe e@r case, viral
Thus, prior art is deficient. is Igef .cient.in a sgfe . o;ent ilnd o C-
ef f ect i ve BPgqRESOENSPYg e PHE TeRlicatiye mashingtyaii da g dnsfange.e b9
i nf ecti on culiihp regibisem belenhgiatgfor dn Yivo/imunization either as in vitro-synthesized
2007/ 0982 / US2007/ Q04957 t h LYhE.I f SAHh V.

i nvention ’f‘fapfﬁileto Fqgfe ?1‘1 a:t}scfng(anlh%lzﬁgiédQ%glg’ %@3 b’r_og’ \-IJ%G% e’qg;ﬁtﬁA form
SUMVARY  OurftdE cohtvEINGf @i BNA polymerase 1T |pjompisrse b 8d ieitro-ginthgsized RNA,
pr esgi'ﬁ ' ’Exgbﬁé gf ’sg:ffl}gﬁlﬁ:faﬁ?:r? preMbdedos ABRd, CROEN DR ifindiization with in

0

pveudorl nf ecti ous virus Flaviviridae famly. Such a FlayviviJsj.dne
replicati onreiemtegsizst dstestitroRNresmPBgs: Wiry 5@&%6?%%@?“%“%&%‘?%&%%3
the nucl eQbidite PTUIRBGBIENORS Aplicansi e cld)haprieteidemnstutéchad bt hefe and

del etion dges.not disrupt the.RNA 10. s n equi

ol | oot GRESETI TR ARG R HaHRE TpEpaisy RS, i RS 20b), HGHORE cre
t he pr opemayabursigificans fobstaMed ior predunimd ian SRINArbaserk vecdine wanslidate,hdue to
repligation-def.i ci ent. ps I ious virus replicates only in cells
expr ey n&yﬁfijlﬁ?%tstﬁ%ﬂl%’ra“gf&iglr’%{ﬁ%h%ﬁéI ope protein, nutated C protein,
nutated prM nut at edTlesypfiopat isrdsficient rdefigient ivat safhspatens mad rifgetivenype

virus of 1habhfinkl b ¥itdk@Bbdikst dﬂs@b%g%&\%&@%& ihiektfnogite Fhest mElhgiak to

the present i nvention, there I's provi



cell culture systemexpressing C protein or C, prM envel ope protein,
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30 tine points when cells were subpassaged at 1:5 ratio. Fig 3A shows
growth curve at MO 10 inf.ukell and fig 38 shows growth curve at M
0.1 inf.u/ 2007/ 098267PCT/ US2007/ 004957 ' es
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with this fact, mgrated nore slowy than YFV fun in a side-by-side
anal yses (42% . 5Figures 7A-7F show schematic representation of
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pVEErep/ C*- E*-Pac. 10Fi gures 8A-8V show the sequences of the
RIIOaSErSdSF_used hegel n. Figures 8A-8D shows sequence of pYFPIV (SEQ I D

i gures 8E-8H sho enc VEEr ep/.CC1/

7), Figures 81-8K sHEHKs %%dgﬁg 0¥ ﬁ‘ﬁgléﬁﬁ g% ?‘@E&%‘Eﬂ@g %‘}Ogene
EI gures %Eoc&@c@ haWPIve Rigmneet A fshpvEEne pﬁ@zcﬂm Eqme(celz@nﬂ@ttmcgeng) The
I gures - se

15Fi gur eé@gxg\/eés] V\%guosng zﬁgﬁg%lg%t?cp%ggﬁ%k%@ mtt/ EECN(@ SE N(‘,3741jB
1). Fi gwshmﬂs ghovil Wr@nﬁfumvr@pﬂ@swﬁ@ameﬁe flings, BHE; rCQQFab‘Hgg

PfTh :?f y' Nt {15 ex)ﬁ%ﬁfé%kﬁﬁmaesvﬂ%@/@z@wmmﬁ VBERpADSt-prM-E/Pac

ons were t /
i i i 76 rcwmns)wwnmqslﬁmth%%?%Ne%l%ﬂcﬁ%@aghﬁ RS el et el e
the Repl i; Vi 18 rt‘i% mgﬁ)ﬁsdiésl @Ela&fd and t?tafi o releSed @Venaesicianmedt Rigure

Repl i VAX genone. e
i mP ect i ofC shsnys § glﬂ%cc% elpne rep gé-ggntaggﬂﬁagciﬁ&% b?JfYFV and YF
PIV after 4 days of incubation at 37°C. )
10 Figures 5A-5C show that WN PIV develops spreading infection in

packaging cells. Figure 5A is a schematic representation of WN PIV genome and VEEV
replicon expressing WNV structural genes. Figure 5B shows that WN PIV produced foci
of WNV antigen-positive cells (revealed with an antibody to NS1l-upon infection of
BHK(VEErep/C*-E*-Pac) cells after 70 hours of incubation. Figure 5C shows the same
15 WN PIV preparations produced only single infected cells (revealed at 70 hours post
infection with the same tragacanth staining method used in Figure 5B) upon infection of

Vero cell monolayers.
Figures 6A-6C show detection of E protein upon release from cells
infected with YF and WN PIVs. In figure 6A, BHK-21 cells were infected with YF PIV
70 at an MOI of 5 infu/cell. The released SVPs were harvested and purified by
ultracentrifugation. Samples were resolved by SDS PAGE, transferred to filters, E protein
was detected by D1-4G2 MAB. Media harvested from uninfected cells, lane 1; media
harvested from the cells infected with YF PIV at 48 h post infection, lane 2; media
harvested from the cells infected with YF PIVs at 72 h post infection, lane 3; YFV (2X10’
25 PFU), lane 4. In Figure 6B, vero cells were infected with WN PIV for 24 hrs, and then
portions of the clarified culture fluid (collected before-any cell lysis was detected), were
resolved by SDS PAGE, transferred to filters, and reacted with an E-specific MAB (7H2;
Bioreliance). Reaction of the same samples with polyclonal sera failed to reveal any cell-
associated non-structural proteins in this preparation (results not shown) confirming that
30 the E protein was actively secreted. Sample of WNV, lane 1; media harvested from
uninfected cells, lane 2; media harvested from the cells infected with WN PIV at 48 h
post infection, lane 3. In Figure 6C, a western blot showing E protein content of
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the C-expressing cell line {3H C(VMErep/Pac-Ubi-C*)} by WN Repli VAX
at passage O (from el ectroporation) and passage 10 reveal s that

better-graw lants are readily selected. 25Fi gure -
titrati Qnowpr}g?géﬁz\ﬁ/%x NV produced in WHO-certified Veroﬁclré(ﬁlgmowﬂ
contai ning a C expression cassette (VEErep/Pac-Ubi-C*). A though the
resulting PIVis of a slightly lower titer than that produced in

131-1K cells, the Vero cells nultiple harvests of high titer PIV,
which is not possible with BHK cells. Figures 12A-12B show

cyclization nutants. Fj 12A 30 | cat i ; -
replicon fpctignsg P‘F?Qﬁrédb‘%&%g,raeﬂ‘&fc@ﬁis %%ﬁﬁ%&%%%@%@%?ﬁwﬂgté%%ﬁgﬁ H
zﬁ gsvs SIt E%o?mbl?éﬁnlﬂabﬁég'iﬁg)sBHm;ll@ ateetrapordfEd vatte VFV PBf RN Tho pegkaofcE

e tes eno ve t 5 _and.3 - '
Shows 1 egPEIR TGS G S0 6%00s SaFeinr ot DB E PEps Prd il adbiione
usi ng Ri neitl gofae migasedanprerstovly dpa BFV rbeingsideby-sidaendiss 420

Under Li ned bases d t : \ _
of ' WRV/ | RESRLuc rg'c‘%.i‘g‘%n %—ﬁl%%ﬁﬁmaﬁb%ﬁ%ﬁ%&rﬁ ReVBlaeiak i 681 7

h -
der ved bycitmmibvr G§ENE01 Aest RS (VhGPosoneEiparare LTy LEFRES o &
R A AR S s e it i
a
i nact i ve oMY EEEPGRERRS f\gg T8 W&IB%@%P’FQ?J*%@E% %gﬁlgrwosdugﬁg%? f&-
ﬁgisjlt_ggtnpgapﬁaovle thet 5' tand 3' CS sequences. Right side shows
ion levels detec '

replication ne ases denot'es nutate ases.
denot es n@ASEPkliovatsequemte of pERTV ISEQETANDOES), HHinoRrs BE+ &R shypws pgquence of

andr Ul o B Ra e B T B, R I et Tt o
viral vac(3B IDINQy 8anHiguy hﬁ&ﬁw%ﬁqvﬁ@éi#é’wgﬁw}qcfgflﬂl g‘i '@j_-?(ﬂ‘iﬂ
have beemygses) toeQ MILERY R SubiteYbE pVEEréid2dilidc NEEQ Dt NPet10),
yiel ded || censed pr odgcts to prevent diseas aused 5 .
7] SVl 1 uiEsironor abp B Rt SEETECE PN e S TR NGy
remain safety Figure 9 shows a schematic representation of overlapping regions of
RepliVAX and the VEE replicon used to provide C in trans. "Thirty-six mutations were
inserted into the VEErep/pac-Ubi-C* to minimjze homologous recombination with the
fragment of C encoded by the RepliVAX genome. 2position of 5° and 3’ CS sequences in
20  the RepliVAX genome.
Figure 10 shows side by side comparison of infectious foci produced in
the C-expressing cell line {BHK(VEErep/Pac-Ubi-C*)} by WN RepliVAX at passage 0
(from electroporation) and passage 10 reveals that better-growing variants are readily
selected. i
25 Figure 11 shows titration of RepliVAX PIV produced in WHO-certified
Vero cells containing a C-expression cassette (VEErep/Pac-Ubi-C*). Although the
resulting PIV is of a slightly lower titer than that produced in BHK cells, the Vero cells
multiple harvests of high titer PIV, which is not possible with BHK cells. _
Figures 12A-12B show cyclization mutants. Figure 12A shows
30 replication of WNV/IRES-RLuc replicon with single-base, matching CS mutations
demonstrates that some single-base mutations replicate at WT levels. Left part of panel
shows the test genome' above the 5' and 3' CS sequences. Right side shows replication
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20 concerns about existing LAVs (residual virulence or reversion to
virul ence) and I NV products (reactogenicity due to antigen | oad and
adventiti i s). Additionally, INVs usually requj |t i -
vacci nat i 8‘&@.2&%?%&, both types of vaccines are subj gj!é{ﬁfsgbb-’}[)b@g?
production concerns, including the need to avoid reversion to

virul ence during propagation of |ive-attenuated vaccine, and due to

the anobunts of material needed to 25 produce strong i nmune responses
to the inactivated viral vaccine products and t he need for high

contalnrrent f |I| ies t ro te the VII‘ L ent .V,

produce IR¥ISH ﬁﬁr@ SUSIRg ?5118?,1 Ep‘%ﬁeé’rgsar gcrﬁreo S|°rflgéhcg:a ﬁ é%;ﬁ{%gn rgrle%eéﬁ/v
types of Uﬂcammedrmseswamoteammtatembasesad«“xwetm shovsveplingtien ©f WYNV/IRES]
to overc e i 3bmbin$ng m10
e a1 o PR R Wit giifBhine 18 SL6IE Malo LIMER, (R(r) BidRIES Sbmbs e
pseudoi nfaadumwe(Pamlu‘s)esom*Imhgz replicapion fevels defgotad, wighmutarts that combingthe
regarg, a?%\%?&%d'dﬁ’?x ai\}ooqﬁswfbﬁﬁai d1 dﬁualmmraremgnmwﬁwmeaﬁ

|

repllcatlon- cl ent ruses_ajl so r er to, a 1V t hat
combi nes insmsive apbuieraE (p%élw GRRtEd- ée %ﬁég‘%%‘ﬁf‘c%ﬁ B‘? Bﬁii)@"i
vacci nes iphf 3t 0§ s@&ﬁdnee&mgﬂtixmbablrépucyn@f lelvich detttied nsimeRluc reporter,

vacci nes. These fiaviyv d.as pseu f *
viruses (IaRJCenageRf ‘b?ﬁﬁﬁ?qucﬁe%rhfevg% {5]8%? ullend gene é}l(? lg% §iatel Bhses.
engi neer egbnbicawnb véplisatigeaasmsiwi th a del etion of nost of the capsid
(O - bcodi ng region, thereby preventing this genome from producing
i nfectious progeny in 5 normal cell |lines or vaccinated ani nmals.
However, these pseudo-infectious viruses can be propagated in cell
| i nes expressing either C, or a CGprME cassette, where they
replicate to high Ievels Thus, th SE i i Vi viruses
cannot devel op sprea ]f‘%gﬁﬁ% rﬁ%%ﬁﬁﬁo or in
vivo due to | ack of trans corrpl enent at i on by C protein, and therefore
are |ncapabl e of ca se in.ani 85 trof Q AdMRfnl of
vaccit®es and t he rregﬂ%d%'dt %t%ed% gfcém’?% 3 %{%%e%%‘éﬁ% a?e known |°n
the art, &ih&séu’ eared biyniaitiiuses. ﬁ?’r@wl@esalams?ts@lm fiend vepeing (VY aad By
pr oduct i ol U %een, Laatt bﬂ&e%ﬁ&n@%hw JE,
é,gatgg v@%h@@é’ﬁ%% Fhdds e Hat o\

vacci nes an i nactivated vaccine

time maki augi TBE%h@re net yes evigigheshlianged produsisde é?ae‘\?a'cglﬁ??égs C?‘lse@ﬁsm‘%?f
by provi dpg&tvﬁu g%@w@ hn ﬁ@m&@mﬂe@&%pmﬁ% r(aWNE)s memaiaﬁ:e smty

only singlé roun EI I catl on i nai L mni zed anl ?enc%
| eadiZfy t eoncemsarboubrFxisting (s FaTitY |V’§‘@t“§?/|9§)“’Y%E%1R’i‘ han I
mat eri al pi.gdug,tgr éaag)gaﬁlcgjl fdus i 16 Ndntilgen Noko g adventitious anngens) 'pkdghuonally,

present inventi has rated that o V.

can be geﬁgyaf’ orFqlé‘fet WE §F YRS egﬁgll?e?’lc}gdt?bé\/% bPUéc Heé\éfe édbj}e%?ﬁ)
Vi rus (V\N}z{ﬁoduaacﬁectoﬁaerosx firivhwling Hbe presdetn 4‘4Wbri’€¥?§ﬁ°’éo¥ﬂ é’h‘b‘if‘é’f’%s uring
that the e(hodidleseilOsduhais! Mol thdbudloam snanpl bedhitaid mebhal to

devel opmeﬁ vaccl hes agal nst flaviviruses. [Furt ({9 ts and the need
i nf e&% on pofdune sweHs FOIING FRRRPSH Pﬁhg drastivaed yBRhYasppp @a% ucts an

flavi vi r UggSpihaseRtnS\ABC1iNES 1d paipaghtauhd eiralps vituas dised gepeaduge INV
material. The pseudoi nfectious flavivir 1

denonst r aPERAVCHFa FHRUED erﬁ&f?s%mgﬂi}n%?% (gazesgﬁgﬁ%‘k%?év&?gﬁ gg g vaccines,
Addi t i onalhe/soall ReseirHevelspetiviileectd wusvefdome thesepseliemer e | munogeni ¢
in mce due to conp en sen{)%rwéhtﬂﬁl %Vé&?l Qfdra[v?rpkd E&E&Q&ho@a”&dhﬁhi%ﬁﬁ&x

of SVPs, presenting ens SO protected n& a0
a | etdal eﬂﬁcegﬂtmhom-dsﬁdh@htl mdtgn%ﬁa‘{el wiges wphgiw\to o Flaviviridas mﬂé(e

P1 Vs descrged, Der Li-caut thiidf 84usEd ho deveRnat J #aw tAld enesplitaion-
hi gh- y|eI producti o

culture, and_.inabili.t. se_di s
in ani mal defigisakBaviviruses also referred to as RephiVAX t%at combi es a%uty of mac%gg‘cgd
8




30 products could be delivered to aninmals where their defective
replication process prevents spread and di sease, but perrn'tted the
production of SVPs, a fiavivirus subunit inmmnogen that has

shown to b¥0&f¢ @’3%67& ineliciting an efficacious i nmur& 5152\’%0049”7
2007/ 098267PCT/ US2007/ 004957 response agai nst di sease caused by
several flaviviruses. The present invention also
denonstrated that the pseudoi nfectious flaviviruses approach could be
applied to two distantly rel ated nosquito-borne flavivi ruses The
applicability of a simlar technolo t Q. t he deve msnt

5 vacci neEaGF%.f/n‘-‘fS Aith g effifane apd é‘?ﬁgﬁh’%s"fgw&?ﬁeﬁ?mdz cée avgﬁﬁgﬁs
the Ply- b@@@cidérﬂimﬂoésogyemabhhfea@mapﬁwseatipws)mmmeep@smtamwmmpep@utga

fl dit K t TB

|l cat oo SRkeAsn eBRER T v EPtotney il SO RIeEH S ARG of 166 bRy (0
to that deswdingedgiver tiersby prireenting e gsndéron figin praduriagtipfspEtus Pragyyia
flaviw rusg@ﬁ?%&‘gﬁn&n&r vatc&?lat%g lain‘ﬁ"ra?sf ﬁg@f'elv Q}fésggEe%goj?ﬂ%&t%déﬁvﬁﬂuses can be

produck TH sponses as Aberl e, 2005)
Al t hough piupagatedin celldinssrespssing eithes C, @E&S‘G'PEM -B\psspte, wherg ey Teplicate

contenpl age qué]}h%vetlsheﬂ%svsthéﬁe s@ﬁ@tﬁﬁe@n@js RV GLRE dans6l |detdop apsading
that mnics those produced by Viral fectio

the Hy vasursies aeEmRbERisHBAERNOF B YVB AN kel FrgsomEgRemaity ©
replicati 9fbtélﬂdanﬁ\6ﬁéféﬂﬂél§1@hﬁ@pﬂiléafmylnghﬁeasaaﬁ aubmdls.zed by the

e vacC nes b ofeRPlodfe Fatnk e (ihaRDes B Yk aodlber

| V vacci nes rver 0 ani ,
be readi | yregkawwniin el hrtctiet present mmehtmnpmrbjeeca susten  fareindysigial-scale

t f st l. er
20 RSB L 5 B o

thus pr ovipeiduge dha iaslivated yaasines|2 thesemprdioe making 1 2t 18 WP JARR{1Ve-
Prelim nar %%rﬁja{éql FRcitbs, 5t ABLd 4 ¥y Qﬁovmgﬁmwﬁ%e W@co&@omﬁh@dﬁmﬁ@&iat is
re

freeze-drie arati ons:show no’ dete le I'oss iin titer whe leadi
st or e f Orcaw anlysingle round of replication i amu&x&e(h AR g?f }|11Jé1\1/aé:15 cading

growt h conglidiéR88f E@Nktal ?@‘n&l@i (BfHs) BicRing the aretic anpirairbut stiinnag effidient
hence yiel d) of pseudoinfectious flaviviruses, the present invention

utilized dBIMEOERSr essing high levels of C (or CprME) from VEEY
replicons. VEEV 25 rmplpresansmaexmdnéﬁas deppoogzetdd dat mndqm@cn@m flaviyiguses

d d f th ST
r:rp: :lgat i {5:%2 gﬁerelerra%d fifv,'ﬂfeyﬁgﬁo\g ?{ﬂﬁ%kﬂ@?‘)@@é SRR &tk $WANY). Based

Some ce 65 0 ebrat e’ and i nsect grlc?m This
syst ed@appmathis, tioe b@sgtjlmmﬁenfcemem%%ﬁab theomethod desirhed dierap sould be

flavivir U3adl? 'ag@?cabﬂe ERY creeabpﬁ@msofamcmeg biain@{dtheri fesvivinmes. Further,
syntheS|s 0 et ol ogous Prote|ns

esent iny
synt hesi 7 dafectiqrpof pramalbgrl] Illeé(ﬂ'} paepdpp&mtvp? f}g\rl&lgﬁses YR LEVPs that
i ncapsi datjh&kad n%@lebta)psMEEM 4 ggletic Qiitﬁerﬁhl) Th¢ pstetieiofeatibys flanivinises desgribpd

fl I t

the Y PI egahgrBenaainny iy 8 Pssath alserll YRR work oite] SRILGRIR, Aie
causi 2§ CREeuddinfpctideE\flaveyitusesowsreciammiywgpaickadeige siue e GRPPERTS fortiggle
10 WO 200%#9(? 8¢ @%Elgaﬂnp 308 Q'Z{eEsQeA' ?ﬁ gV‘!‘EEPYéséﬂtfH%Sle alntigaik. DVNSEIVS ko

rapi d estal l'ine r odyc flavivirus
st Fr)uct ur al prptected pi¢e from alethal encephalifis following cha ?legge with WI%V

The PIVs described herein could be produced in a manner that allowes for

high-yield production in cell culture, and jnability to cause disease in animals. These

30 products could be delivered to animals where their defective replication process prevents
spread and disease, but permitted the production of SVPs, a flavivirus subunit

immunogen that has been shown to be effective in eliciting an efficacious immune
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Furt hernore, exam nation of the effect of context of C expression on
yield of NV indicated that the packaging cells expressing anchored
form of C WPtZRO74M8%7 addi ti onal 20 a.a. of prM produced BIfE2H31084987 es
than cells expressing anchored C al one, suggesting the inportance of
t he proper sequence of processing events in virions formation. The
basis for the enhanced packagi ng efficiency by the construct
containing the first 20 amno acids of prMis unclear but this
phenomenon m ght be expl ained by a requirenent of specific order of
cl eavage rasponbragamst dié@ﬂsbyawéava@@raéghwwmml NS3- 10 and si gnal
pept i dase-speci fi cypé YaRBAR hidiRMtidH Caléed "dishstrdt8@4 thab N theO Ipseudoinfectious

differences in distribution/stability.of C profei rodugts in.th

two diff efftaviyiruseht appreach | qouldqpe | B??,H%éfltt °oﬁ‘é§?'3§5 f?'ﬁg“'? osiuito-otme
co- expr esr:}mﬂnss_tas.@galm‘vapmimﬁl . R aEixﬁi(\jVEEmﬂf{i;EﬁgthkEa/f %@)omm_ quﬂRblpﬂ-yased
m nor i ncr ease i V.yield comared .04V ‘ Dag. B B

expr essed’ a&ﬁ’(’f‘ﬁ%rfgﬁ i ?%’?%efﬁ%g%‘hst dégﬂ%'r‘ ﬁ@@%’é‘ﬁ’%ﬁe t ?_PIV based
codon- opt tethrmadgyowilb fbetdpplivabie/ to ewire chsemshycrsiel dagwiraseswddlditionpilnetre
to deter mwgr?( I 5 ey Qé%?%c&ﬂﬁ??t?c&ﬁ%@?iﬂ%ﬁﬁ%qg 2BABRRYGeshonke td

of Mv, it7did not Treve rong erence in YEV rel ease from
the cel | sthao3VEx fsimdler try that clsaerihed prerein) dhe dntgrdnstion sf%‘tfété?%{yi Brftve
suggest edﬂﬁﬁ@ﬁufé’&%n% t o LiEcaNe B @R V43tiASdd aeae Wit ¥ due T-@tlnssponses as
Tappear to produce C at a satur a%ngpl%e% i[he e resul ts. were HZl%) od
consilé enwelhi Eeflsr 045 AbETes2fao AR PoURY (&L TEFRORES VIF S At
expr essed,¥ERY it PbdtamsilaRACRA he PIVe ABMafatie ofissdtcing Br cdumepbrsethit
of E greater_than thq%’élegﬁ tected.in WNV-infected cells:Despite the

i nabi | t yTEIGSHROSE PLIRC %E’é%‘éﬁfe{ﬁtb%'m zed C gene to increase yield
of YF Ply, the cel |Althvagihahé RV tvmecivEiescubid berpiresghy osstha gams flavivirus
devel oped_ CPE and c [ . i e YRNR L Nased Radcines
made a Pl\/fecpggatf% %[gc{ Sg!rﬁll ﬁ-ﬁd?ﬁ%ﬂ%ﬁ{eﬁ‘ggﬁ%\%&sgﬁﬁ%&f% mlar to .

i nf edtS onpepueddpeTBEY (Kefkt, 2804:ahbeslsniid5drihesiPI Y vacopes ARt Fesie gone-
advant age _dgﬁl@erg 4 afnalEe¥n HEREAFIONF0 WA ¢R kil Guitur¥E; \inCah sjbeted o the

pseudoi nf 8ct 1 ous avi virus productign wa thg I%ﬁel of sa{legg.h sai NGE
t he changeasns fypenef sabiliFtionsad ST et es FOHURBISFYETESY Pehe app
reconbi natd @@ cdhinkertifBy pﬁéﬂdﬁ wEwCIiD usccineathuy pravidige n geadable, storable, and
Furt hernore,_ t Copt. gene .SO a r LN 1S ' '
sequence F?Eked%g% r"iagcé Hé?%*mﬁs‘?’?’m{’ﬁﬁ %\ﬁl@i%g %’Qéﬁaﬁg‘t’fg’éw Fﬁﬂlﬁvh‘g& have
BHK( \BEE" e phdSim Hiat Baeje-drd spparaiionsetiowanct dricctahim kass é iiegavhen stored for 30
reconbi natd;l}pn t|g‘g’oduci ng a replicationally active C encoding
f1aviviruS?sr% ate, neither the WN nor YF PIV_ s stemafﬁ%‘i V\gi ir
2007/ 098267PCT/ US20(F 7/ ryalppthe digh-leyel Erawieropdifians aytad oy efficient trans-
rep i cat] Q&%bie}ﬁl&ﬁﬁioﬁfiaﬂﬁj Rl el 69 pidiabingtibeh hevideise thelprseneirtvhtion
ce culture, or In nhighly susceptl ni . I T4 :

exper i mentéligeheilis PRrSHIBHIL E%tgif ‘ﬁzﬁaﬁﬂ C{I/\ﬁrhfi'l Qg%r\égggfljgx l’étcr?:_ﬁlg 'coui 3
not CagISe reilibott aaA%eRs Ryfpatiiid eivani the. rephiams| derived fodm theroalphayiysest apd
mce with t hi t _dose -he. l3¥$:c¥\BFiSin.
capabl e ochréheléffcﬂ%ﬁgaﬁ’%ﬁsﬁegelfee?é&g'fomnﬁ?orng ?@’ﬁ%&sﬁ%‘t\{%ﬁ%ﬁa@?@ﬁdﬁ i Em
pr ot ect ed Ticsystegaanpétrsitnbe switable far predpetisin of Pssusieinfenions aYivipges: since 1)
Furt her mrﬁgbie,ggﬁa&lg %]rechf el A SPRnaEs Bf MRiePblobdilsOiibleRiéSartia i ahe
of nmorbidity and nortality f'or which ndo vaccine s_qurrentl%/. dation
avai | abl e présentliapentioarsntksriaed C tethedsys! é%’éféa@fh@apvé‘f‘f"isi ggnggng fpcapsicationt.
cont Lé@ut iovERt Ft%%i@&iéed@ pEe AbtetbbIp Rk RES Wit flividfiue poplicatioma(Petrkova,
o] e nost common types _of cancer, an mmon _node_of. .
liver di séf98)- MerevesaY FEFpPLcEn] %ﬁ?%gpl&oe%egﬁ?e? REHE ié?aggf%%g%lgﬁ%o%ﬁ{
in other Agi aMsGRIMb iRt CPEL SIBWWEES ieplitdvs wieviel paskaggdvad rhigh-titege into
to the increasing preval ence of HCV couphed with effective

i muni zati on agai nst hepatitis B. In sonme communities in Egypt and



25 AIDS, in the absence of new therapeutic or preventive measures.
Yet, no vaccine is available for prevention of this infection, and

efforts(bohntlonal and international) to develop a_ v i e -
severely | WHAPEEPHEE o percei ved technical difficulti Jﬁﬁﬁz@?ﬁ"@%’

interest in vaccine devel opnent generally on the part of big pharna,
and the inertia of major funding agencies. And, as with many

i nfectious WD 2007/098267PCT/ US2007/ 004957 di seases, it is the

di sadvant aged who are at greatest risk of serious liver disease or
death due to hepatitis C

tt re
ef fect i ve/RRCHTARS &bk 778t bridsed fPederign® %ﬁ’g‘ghrﬂ noﬁﬁeu %éesé‘ﬁ B 1285
However , pabddeidy ﬂaﬁﬁﬁr&s&myﬁ%@rotélhg) HCV field started to rapidly 5

devel op, ‘and now this_virus r at e (o} 1d
reasonabl y hi gh ti t'efFthe m&?fﬁ’r%‘gg'ﬁnaﬁlﬁnfgéﬂene ec"??fr:%n?%g?fe:eelx ssion ong?c
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15 belonging to the genus Hepacivirus includes but is not limted to
Hepatitis C virus and those belonging to the genus Pestivirus include
but are nat limted to Bovine virus diarrhea, a swne f

a hog cho|‘8P&°‘k7{°%=8 In case OF flavivirus, %ﬁ'ﬁ[@%%&%
nucl eoti de sequence encoding the C protein of the Flavivirus that is
del eted may encode am no acids 26 to 100 or a conbination of am no 20
acids within amno acids 26 to 100 of the C protein. Such

conbi nati ons may include but are not limted to am no acids 26-93,
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In many developing countries, where rates of liver cancer and cirrhosis are

high, there is little effective control of hepatitis C during blood transfusion. Hepatitis C is

20 also a major public health problem within the United States, where there are
approximately 4 million carriers of HCV, many of whom are at risk of death due to end-

stage liver disease or liver cancer. Currently it is estimated that there are between 8,000

and 10,000 deaths annually due to hepatitis C in the United States. This number is likely

to triple over the pext 10-20 years, potentially exceeding the number of deaths due to

25  AIDS, in the absence of new therapeutic or preventive measures.

Yet, no vaccine is available for prevention of this infection, and efforts
(both national and international) to develop a vaccine are severely limited due to
perceived technical difficulties, little interest in vaccine development generally on the part

of big pharma, and the inertia of major funding agencies. And, as with many infectious
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of the Flaviviridae famly. The replicon may express a C protein in

t he repllc?n Lhat CFHDFISES unnatural cyclization sequences such that

presence of the cyclization sequences reduces the chances of

producti vewpéﬂqgf?ﬁ%ﬁét ion of the replication-deficient d’?&ﬂ%&‘?“ﬁﬁ“‘é‘é’ﬁ ve

virus with natural viruses. Further, the replicon may express

proteins 15conprising altered nucleotide sequences encoding truncated

CprMjunction such that presence of such altered sequences enhances

yi IeJI[d of thﬁ/ﬂlrzepl i cation-deficient pseudoinfective virus in cell

cul ture, pr containing SVP yield in vivo ar. a.conbinatian th f

Furt her ohesasesi if 45 4ieoHeTRsqH WER AP eReaisst Bl PhEETies B0t ifeps s eatn

are 20i ntg,@dyeeshtitini the cells by transfection with in vitro

synt hesi zed replicon FtNAs, by transfection with plasnm d DNAs

%ﬁi\ i gnled t 0 synt hesTadaté umanpts hatreatt phaffective vacging egaiiest HOMinfeqtiog hgve
- pol yner ase | |- s%\lci i“% quiﬁrl Of L nf.ecty 418 Net haVvi

repli consr,{)'%3 Ac 55(5; g| n'si}fc?_e tvﬁé al pl a\g/?tr_aer?g?ajrrﬂcttﬁﬁr%(?vp%tEiﬁse.aThﬁfa?m]y

vi ral Svecleselopusod hev chis Hays BeplErish i F‘ﬁ%@s‘.’“lﬁé"prt'és’éﬁ?"é’?%eh‘g titers,

\elgﬁggtglsaag;fpgﬁﬁﬁgai 0f ggﬂw.isgﬁera@@?r}ﬁﬁnﬂsg ¥ toB Uik bind it ibetesnlghe HCV
Equi ne. ErassomsIaneae YR pERDS; Tt P e e Ve BEbA The (il
E \(;\EEV) ?ng@&;a‘te% € el iniihls repliogtidar dfietent flavieitticonan be hpplidderot dnkyetot the
a e I?mm ersporfot el:J %Jlar{'%:i%s genus, but to Hepacivirus genus (that include HCV) as well. -

- 10 The HCV capsid protein can produced by recombinant alphavirus replicons (based on
SINV, VEEV EEEV and others) in a number of cell lines, including Huh-7 and Huh-7.5

cells that are currently known to be susceptible to HCV infection, Replication-deficient

HCYV genomes, lacking the capsid gene can be transfected into the capsid-producing cell

lines and will be packaged into infectious, capsid-containing particles. The successive

15 rounds of infection required for the large-scale production, can be performed on these

cells as well. However, in vivo, in the naive hepatocytes (and possibly other cell types),

the HCV genomes lacki'ng the complete capsid gene or no capsid gene at all, will produce

only the nonstructural viral proteins, and glycoproteins E1 and E2. These proteins will be

presented to immune system i) after proteasome degradation; ii} on the cell surface and

20 i) in the form of virus-like particles with El- and E2-containing envelope. Capsid
deficiency will make virus incapable of spreading, and thus limited to the cells infected

by the vaccinating dose. -

In summary, the present invention demonstrated that capsid-deficient,

pseudoinfectious flaviviruses i) could produce a spreading infection in the cell lines

25  expressing capsid or all of the flavivirus structural genes; ii) PIVs were incapable of
producing spreading infection in normal cells, (iii) PIVs produced E protein containing

SVPs when they infectzd normal cells; (iv) PIVs displayed a high level of safety in the

animals; {(v) PIVs protected the mice from subsequent flavivirus infection. Taken

together, the present invention demonstrated that flavivirus PIVs might be a safe, potent,

30 and efficacious platform for development of vaccines against flavivirus infections and

infections caused by viruses similar to Favivirus.
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replication-deficient pseudoinfectious virus of the Flaviviridae

fam ly, conprising; 30generating a replication-deficient

pseudoi nfectious virus of the Flaviviridae famly that conprise
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protein or combinations thereof of a virus of the Flaviviridae family, effective to enable
30  propagation of the above-described replication-deficient Flaviviridae under suitablé

conditions. For this pnrpose, the cells expressing wild type or mutated proteins of the
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genus Hepaci virus includes but is not limted to Hepatitis C virus
and those belonging to the genus Pestivirus include but are not
limted tq BOV|ne virus diarrhea, a swine fever virus aqr
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is well wthi skil.l of a i san d thers
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| | T e O 1 Ja 1
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advant ages as’ ects, ends and advanta
i nher2ht hergi mclu@héﬁgr@suetlﬁeﬁameaﬁ@eshq%’é'ﬁ Yizes (KEESD S¢ E‘n@&f’?p%‘@ﬂ‘
within the ﬁ&né'ﬁnc@ﬂhaﬁﬂ@ virY GS'EE? Wéitehe ElqGe HayepHaltis evpe(WEEM)er Ross

cl ai nB 5WI occur to those sU | in the art. EXAMPLE 1 Cell cultures
River virus.

The present invention is further directed to a method of producing a

replication-deficient pseudoinfectious virus of the Flaviviridae family, comprising;

30 generating 2 replication-deficient pseudoinfectious virus of the Flaviviridae family that
comprises a deletion in the capsid gene such that the deletion does not disrupt the RNA
sequence required for genome cyclization, the signal sequence for prM protein that is
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The BHI C- 21 cel | s were provided by Paul Qivo (Washington University,
10 St. Louis, Md). They were maintained at 37C in al pha m ni num

essenti al wgqub,{z@;vm suppl emented with 10% fetal boy
(FBS) and vitamns. WHO-certified Vero cells, original nggjrsg‘g'gfgggmf or

use i n human vacci ne manufacture were provi ded by Dr. Steve Wi tehead
of the NIH Vero cells were maintained in MEM contai ni ng 6% PBS. 15

EXAMPLE 2 Plasm d constructs Standard reconbi nant DNA t echni ques were
used for all plasmd constructions. A schenatic representation of the

pl asni ds used @Q’A t@?:Pm?ﬁ in L g6 Pa?%f%d c?r% n%a"lﬁﬂ {RGEYE RERFatiipla cell

shown in FH¥e e paren OV COp | asni
PACNR/ FLYEndﬁBX expmsses 6} prgtéimfos & sk eevz)rlupeoPmW 1%3&*?61 rGiFPtEEn Biated

was descrhed &
DR SRR o URDBE el Shadbns h300B? ANvks TV Ry

Charl es

er Unjver
cont ai nedf@@be é‘fheveeth?li’?l GBR BHRYIGeE 3; 'ﬁels gﬁ%ﬁrc&ﬂhf P%ﬁjlﬁ% ﬁ?‘p%' n%%ﬁ?tmn of
am nosaci ghe r@@i&%oﬁfdeﬁh@mc sddinfgenaiswass o fHealiedvizilab family; and mfectmg

genome. ( pHRSE)inGast F%ﬁ@ eEhow FERE Sone s Arahe i priudte
et al., Zﬁ%ie.phcanon-deﬁcwnt pseudoinfectious virus of the Flaviviridae family. All other
aspects regarding the types of viruses, the position of deletions in the capsid gene, the
method of generation of the cell line expressing the mutated and wild type proteins of the
10 Flaviviridae, the type of replicons and the mutations within the replicons and the
modifications in the gene encoding the mutated and wild type proteins of the

Flaviviridae in the replicons are the same as discussed supra.

The present invention is also directed to a pharmaceutical composition,
comprising the replication-deficient pseudoinfectious virus of the Flaviviridae family
15 produced by the method described supra. The present invention is further directed to a
method of protecting a subject from-infections resulting from exposure to Flaviviridae,
comprising administering to the subject an immunologically effective amount of the
pharmaceutical composition described herein, where the composition elicits an immune
response against the Flaviviridae in the subject, thereby protecting the subject from the
20  infections. Such a composition may be administered via intraperitoneal, intradermal,
subcutaneous, intramuscular, oral, or iniranasal route. Furthermore, the subject benefiting
from use of this composition may be a human, or an animai.
As used herein, the term, "a” or "an" may mean one or more. As used
herein in the claim(s), when used in conjunction with the word "comprising", the words
25  "a" or "an" may mean one or more than one: As used herein "another” or “other” may
mean at least a second or more of the same or different claim element or components
thereof. As used herein, the term, “Flaviviridae” includes the genera Flavivirus,
Hepacivirus and Pestivirus. The examples of virus belonging to the genus Flavivirus
include but are not limited to yellow fever virus, West Nile virus, dengue virusm a tick
30  borne encephalitis virusm a Saint Louis encephalitis virus, a Japanese encephalitis virus

or a Murray Valley encephalitis virus, Similarly, the example of virus belonging to the
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by fusion of codon 30 of C to codon 101 of C (see Fig.5A). The
pl asm ds pVEErep/ Cl/ Pac, pVEErep/ C2/ Pac and p' VEEr ep/ C— pr M E/ Pac

(Fig. 2A) e ded doubl e subgenom ¢ VEEV replicons,

first subg‘gﬁ(}ﬁq72°9?}gz)not er was driving 30 transcripti on hE T”'ﬁ%&”&ﬁﬁ?
contai ning 5 UTR of VEEV 265 RNA foll owed by sequences, corresponding
to nt 119-481, 119-541 and 119-2452 of W genone, respectively. The
18 WO 2007/098267PCT1US2007/ 004957 second subgenom c pronpter was
driving the expression of puronycin acetyltransferase (Pac) gene,
whose product_was  nmaki eIIs reS|st tr. ational,arr
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artisan to determine dosage or whether a suitable dosage of either or both of the

compositions comprises a single administered dose or multiple administered doses. An
appropriate dosage depends on the subject’s health, the protection of the individual
30 from flaviviral infections, the route of administration and the formulation used.
The following examples are given for the purpose of illustrating various
embodiments of the inizention and are not meant to limit the present invention in any
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EXAMPLE 3 RNA transciptions Plasnds were purified by centrifugation
I n CSF& gradi;;ts Bﬁfor? the transcription reaction, the plasmds
were |ine ol (for pYFPI or Mul (for 5 VE

VEE helpeﬁﬁgzcoﬁgﬁg%p | asmi ds) or SX;I (for pw&PIV) RNEgﬁagkg%@ﬂg%nd
synt hesi zed by SP6 or T7 RNA polynerase in the presence of cap

anal og. The yield and integrity of transcripts were anal yzed by gel

el ectrophoresis under non-denaturing conditions. Aliquots of
transcription reactions were used for el ectroporation w thout

addition ur|f|ca 0 LE4R f
replicat | Yhalpeis %m%gll%%l?er atalp rema\HAﬁIEé{ﬁp_ﬁfaFﬁﬂte &QS% n@me [#%ﬁr Ie e
under pr eidaptas Ittycai-gscutltbednjeﬁm dmd oltai the prdsand ,a@mngqgeamenth@glys welh ps

bl
o a condbhb Sn hhsgf Eajeribs) Hitamy oo RS, oo P s oleP SRl

repl i consare Enczmlafaemdl \mhloﬂhﬁr ppIxit @f@é?@ﬁ@%ﬁ%é T}EIj Ty the g‘f’R?rfg%§ aims
per f ogmed, &@Xﬁto tﬂ&s%rskﬂm@ﬁlﬂ{e%&l i con-containing cells resurred
eff|C| ent growt Sanpl es were harvested at the tinme points indicated
in the figures by replacing the nedia with the sane

EXAMPLE 1

Cell cultures
The BHK-21 cells were provided by Paul Olivo (Washington University,
10 St Louis, Mo). They were maintained at 37°C in alpha minimum essential medium
(aMEM) suppiemented with 10% fetal bovine serumn (FBS) and vitamins. WHO-certified
Vero cells, originally prepared for use in human vaccine manufacture were provided by
Dr. Steve Whitehead of the NIH. Vero cells were maintained in MEM containing 6%
FBS.
15 ‘
EXAMPLE 2

Plasmid constructs

Standard recombinant DNA techniques were used for all plasmid

constructions. A schematic representation of the plasmids used are shown in figs. 7A-7F.

20 Maps and sequences are shown in figs. 8A-8F. The parental low-copy number plasmid
pACNR/FLYF-17Dx containing infectious cDNA of YFV 17D strain genome was
described elsewhere (Bredenbeek et al., 2003) and provided by Dr. Charles M. Rice
(Rockefeller University, New York, N.Y.). pYFPIV contained defective YFV genome

(YF PIV), in which fragment encoding amino acid. 26-93 of YF capsid gene was replaced

25 by codon-optimized GFP gene derived from pEGFP-N1 (Clontech). The WN PIV
genome (pWNPIV) was derived from a Texas 2002 infections cDNA (Rossi et al., 2005),

by fusion of codon 30 of C to codon 101 of C (see Fig.5A). The plasmids
pVEErep/Cl/Pac, pVEErep/C2/Pac and pVEErep/C-prtM-E/Pac (Fig. 2A) encoded double
subgenomic VEEV replicons, in which the first subgenomic promoter was driving

30 transcription of the RNAs containing 5’UTR of VEEV 268 RNA followed by sequences,
corresponding to nt 119-481, 119-541 and 119-2452 of YFV genome, respectively. The

18



medi a, containing Put. In nmany experinents, Ply-secreting cells were
split upon reaching 20 the confl uency. VEEV replicons
wer e packagoedoi7nvszéWEEV i nfecti ous virions by coel ect r moareske03i004957
the in vitt synthesized replicon and 2 hel per RNAs (Vol kova et al .,
2006) into BHK-21 cells. Replicon-containing viral particles were
harvested 24 h post transfection and used for infecting of naive .
BHK-21 cells, followed by Pur selection. In 25 the case of WN PIV,
the in vitro-synthesized PIV RNA was transfected into BHK cells

cont ai ni ngecviREreEemie preamtar opdsi diyingthereapeission WRpGonyc 2oty rangirase
Pac [ BHK( Cr- *-Pp,égau ing & X
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i ncubat or &° Sh*é‘i?g\ﬁglﬂée %\r/sé?] %%én%otﬁgg apd ¢ ?lﬁ%ﬁgtgj%%?éﬁe%\%g\?\nﬁ?‘ﬁedlB%z
FBS. The notunsiog NGB fusddatitestly ¢ FMD W8 Ae(sessFigndh k d his podenroptimiged sequence
GFP-positiv Wp\V ' '
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i nfected €& rom ) guantity was m ned via count]ng
f 1 uorldd cefrequanep diata deporibed slspwhere ddnasneicrlarl®@6) fThinesRECVaS Bgpheeized by

field. CoppkS o Re Q:ivfeifl_ﬁfi;ﬁﬁ% shh@Bb6S oNgbRuchtRIdag eThA REDIBER | faintdne dwas

for the titer corresponding to each seri al tion. Ip th er
exper i mensjuenseddelorgsioping wgp ?@é?&?@&aﬁﬁiﬂdghgﬁpgg?B ?)%a“t%h%%hrq’/ Copt-
nonol ayer @;ME/F&KQZﬁ lagérl iSplicms hyd ageMiByeahé €ane gedigrEAPpCEERPICY/Bar; and
usi ng prev e i-hed can | L . t
cell's wer é’%ﬂ%&%@ﬁr&ﬁ%& uagcgg%}sng&)f@ ‘?)drgnlaﬁg%gédd%\t}% ng%ﬁge%%nt?%ﬁﬁﬁa%?&
t hen %xed by 2.5% leéfdﬂﬁd?ﬁléfeméﬁﬁn&i&dy\ﬂ-ﬁieﬂﬁdm Ekprédsitip! kb JEVODAV-E has
EXA 6 Passagi ng of YE Vs Packagi n

ei t her by alSPaWPe%%ebaﬁe%fTl?iﬁew?%c%sf‘?%tf’g i‘%eg‘lih“?{ﬁfggg ztg% rp\e%g%‘ti& :E%ng of
RNAS or byakej®ed ithgn 6£JE8 imiat Replives s @n@dirgpiht SNY geackadBe gent exilisbye
ot 0l LSS 8 R Bl bEBERLLER VAN, hpp e
di ff er ent cMidsof BanpMesoding ecquanceesit BV G¥akaliama iswrain) dihet samie fusien saategy
int thf | %%&p‘i’é&eﬁ%’ {H%%" '3fla 'E)Pﬁlemg@e, vaeEte Rk odon of the JEVE protein fused
directly to the first codon of NS1 of WNV. These fusions were introduced into a BAC
plasmid encoding the entire WN RepliVAX ¢DNA bounded by a T7 promoter and a
ribozyme, and RNA recovered from this BAC DNA was introduced into
BHK(VEErep/Pac-Ubi-C*) cells. The resulting RepliVAX (designated JE RepliVAX)
25  formed spreading infectious foci on BHK(VEErep/Pac-Ubi-C*). As for WN RepliVAX,
the foci formed on this cell line are smaller than those produced by a fully infectious
WNV-JEV chimera. JE RepliVAX grows to titers approximately 10 times lower than WN
RepliVAX, achieving titers of over 10° U/ml in BHK(VEErep/Pac-Ubi-C*). As expected,
JE RepliVAX reacts with JE-specific MAbs, and it is anticipated that like chimeric
30 flaviviruses, JE RepliVAX will induce high levels of JEV-neutralizing antibodies, and

protect against JE.
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Anal ysis of YE SVP production BITK-21 cells were seeded at a
concentration of 2 x 106 per 100-mm dish. After 4 h incubati on at
37C, cells infected wwth YE PIV at an MJ of 10 intuk and
t hen |ncub‘§$§8°703§26§4 hin 10 m of MEM suppl enent ed witH 6‘3’9’”%7
Then the 30 medi umwas replaced by 10 m of serumfree nmedi um VP- SF
(I'nvitrogen) that was replaced every 24 h to anal yze SVP rel ease. The
col l ected VP-SF sanples were clarified WO

2007/ 098267PCTI US2007/ 004957 by | ow speed centrifugation (5, 000
r.p.m 10 mn, 4C), and then conc m ul tracentrifugation
through 2 m of 10% sucrose, prep J , in SW41 rotor at
39,000 r.p.m 4C for 6 h. Pellet material was dissolved in the
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for SVPS.additional purification.FOr sucrose density -gradi ent anal ysis of YFV
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| ow speed cent i fug@ﬁéc% 62068 wrnﬂmlmcaus 443s gustoithen mae ptviabes
by overni ght centrlfugatl on in a S or 000 4
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100mylsNa Giyy \Qaslg@dB@'ﬁ) thangedialtd Hesncamedtipaios mmnpm h(ppsteﬂbmp@tes@m phibd
20( Schali¢ ’ HVENE 5
| oaded inVi E@i‘{ e ‘8‘?‘?{:%5??5{?8‘8?& oL y8es ylgltrﬁg%?eféin fﬁ onf %83’%
1.5ml of &5 nitet, Mkﬁnﬁephﬁoﬂ@@bt&umosﬂlsprﬁwaﬂbd3 1pieRBgrasthf 8?-1}’13135 were
Centrifugatio in the H5HQE PacB30né BiRdRIwifiCiHeQbme
P Al oot fies B pepecll
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t he | oadi ng:diauwrémnﬁlarPUzSTnS@Yr%P?fa'@P%tF’ &h Osgcr@gpg ¢SOV 8 SR e Seaching
| ackipg bﬂgﬁg&ﬁg&g@t hanol (to preserve binding to D1-402 MAB) and

further anal yzed by Western blottin r sfer
nitrocel | ul ose menbV&%eS f@@fcgﬂﬁr‘ﬁ%%g?@@ § f’ﬁ’ S@‘R/l&ﬁf &F@%?%Hl h
per o>r<]| daz @#eemrsamﬂﬂﬂtmglﬁfeﬁﬂﬂﬁf#d deplicey andt2 ké:%ljtmmb&éwest al,
pur chase m Sa [ n

200 i el A et S Sdine WL JRRICE ik HArueSiltaa b post

Western B  accor to the manufacturer”s
r econmrend attanﬁhct(oﬁiemﬂa@sdu ioer&toan,m b haiys PHI%Q Heely follored by fietplection. In

25 the case of WN PIV, the in vitro-synthesized PIV RNA was transfected into BHK cells
containing VEErep/C*-E*-Pac replicon expressing" WN - C,- ptM and E and Pac
[BHK(VEErep/C*-E*-PAC) cells]. THE scheme of the VEErep/C*-E*-PAC genome is
presented in Fig. SA. Harvested PIVs were passaged on these cells using standard
methods (Rossi et al., 2005).

30
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WD 2007/ 098267PCVB2007/ 004957 anal yses were perfornmed with YFV (2X108
PR)), subjected to the sanme procedures as descri bed above for YFV-PIV
derived SMPs-20@0:-E 8 5 Anal yses of WN Ply Titers ofpcMiBhosonRse
determ ned by infecting Vero cell nonolayers with serial dilutions of
virus, and then fixing 24 hours |ater and inununohi stochem cally
staining with a polyclonal hyperi mune nouse asche fluid specific for
VWAV, as previously described (Rossi et al., 2005). Infected cells
were enunerated and used to 10 determne the titer. To evaluate the
ability of WN PI'V for foci formatipp,Rfprers® cells or the
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37C, and then fixe | ' clb¥ebABr S eVl BHK-D Drcell¥\WebiSleeded
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DLV saf eigto el ostar dishes af a CoMPRAt o 3 o o LY Sl o0k SR Joctr el
i nocu at i Qe Sfsellid RMCAEN:AAS B8uwins \Uf fpdSkag¥iF Yeplitthy rnd\alen 0D inewtatien al
fromparental infectious

] f DNAs) or PIV into .3-,t - ' .
(out br ed 38 48 2mEE 02 ,m‘ﬁg?'i"&r{%“"%ve‘ieh"e"eflﬁ‘f‘r"é‘ gt ‘“?.EMSL P@S&E’fe“‘(%*‘
n  vol umejngs 28SOThd nimbeslofdhficted malle werecsstifeted Bryeebusiing SRRappsitisie cells
Harlan) by .the intra it i t & (40 @loWhk- scMi GBanti
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titer corresponding to each serial dilution. In the later experiments, titers were also

measured by plaque assay on the monolayers of BHK-21 cells, carrying VEEsep/Copt-

prM-E/Pac replicon, using previously described conditions (Lemm et al., 1990), except

cells were incubated under agarose for plaque development for 5 days, then fixed by 2.5%
15  formaldehyde and stained with crystal violet.

EXAMPLIE 6
Passaging of YF PIVs
Packaging cell lines were established either by transfection of the in vitro-
20  synthesized VEEV replicon RNAs or by infecting cells with the same replicons packaged
into VEEV structural proteins at a multiplicity of infection (MOI) of 10 infw/cell. After
Pur selection, they were infected with YF PIV at different MOIs. Samples were harvested

at the time points indicated in the figures by replacing the media.

25 EXAMPLE 7

Analysis of YF SVP production

BHK-21 cells were seeded at a concentration of 2 x 10° per 100-mm dish.

After 4 h incubation at 37°C, cells were infected with YF PIV at an MOI of 10 influ/cell,

and then incubated for 24 h in 10 ml of MEM supplemented with 10% FBS. Then the

30 medium was replaced by 10 ml of serum-free medium VP-SF (Invitrogen) that was
replaced every 24 h to analyze SVP release. The collected VP-SF samples were clarified
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WN PI'V potency and efficacy studieés Sel ected ani mal s
i nocul at ed with V\N PIV as descri bed above were euthani zed and bl ed at

21 days pGgh 2hiRedkAti Oon. Sera were harvested from the paRidBleSmos930
2007/ 098267PCT/ U82007/ 004957 pool ed, and tested for their ability to

reduce WNV focus formation on Vero ceII nonol ayers using the nethods
descri bed above. The renmaining aninmals were inoculated with 1,000
inf. u (determ ned by focus-form ng assay on Vero cells),

correspondi ng to approxi rrately 100 LD50 of the NY99 strain of WV
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expr essi wcwcgthmﬁﬁea@ebﬁgaéemgﬁ é&ts way of determning the tlters
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C-codi ng sequence f Femsuctese glepsity g‘@ﬁ@ﬁga‘%@é}é&%ﬂ%ggt VedVEy %%gf bee 1fsh ere
abi | i :E ydO%Iegt‘rc%p?rJt%H Wik {hH[iﬁtélﬁa%Br?ﬂ&Hﬁi&WFﬂ!{WgeMef RNAVast POthours post-
expected to affect producti unc a
cel I's exptransésctigns B SOl ﬁé&%w L"‘B‘é‘{}g%&; l%égsni’%ﬂ] e 'ecirllce C(?I{I gﬁeﬂ
not 1@l eass hbivsasiet, QUSthIY €8, mblee05% Gﬁtbetceldmwemrﬁﬁﬁfppsnws and did not
expected tqQ.he praduce pa I ' -
o o0 LRE g S s s AR P RE B B A H 5000 afhagain
PlV pr odugftaoo tpmt N rh'mnéﬂ)eirdrtheq mmnw@bph@W¢ml®t Wﬁ'{}ﬁlQAVEE‘V) a SW-28
enomne- bas s I
9 cf‘;g,-:%’ﬁﬁ o%ﬁ Thi ’&V%E sﬁfu%g;phg&a%h fﬁﬁ & if AR b Rfferql Onm ZPRHCI

was used. are | ess
(pH 7.5), lOOmM Na(l, 0.1% BSA) and further ana1y51s was performed as described

20  (Schalich et al., 1996).

Briefly, 0.5ml samples were loaded in to the discontinuous sucrose
gradient (1.5ml of 50%, 1.5ml of 35% and 1.5 ml of 10% sucrose prepared in PBS
buffer). Centrifugation was performed in SW-55 rotor at 45,000 rpm at 4°C for 1h in
Optima MAX Ultracentrifuge (Beckman). Pellets were dissolved in the loading buffer for

25  SDS polyacrylamide gel electrophoresis, lacking b-mercaptoethanol (to preserve binding
to D1-4G2 MAB) and further analyzed by Western blotting. After protein transfer, the
nitrocellulose membranes were processed by D1-4G2 MAB and horseradish peroxidase
(HRP)-conjugated secondary donkey anti-mouse antibodies purchased from Santa Cruz
Biotechnology. HRP was detected using Western Blotting Luminol Reagebbr according

30 to the manufacturer’s recommendation (SantaCruz Biotechnology). Side by side gradient

22



replicons derived from ot her al phaviruses and readily establish
persistent replication in 30 sone cell lines of vertebrate and insect
origin on cassettes were designed as doubl enom c
constructgg?gwgmsééé in which one of the subgenom c pﬁgﬂﬁﬁgﬁggﬁg§724
WO 2007/ 098267PCT/ US2007/ 004957 driving the expression of Pac,
providing an efficient neans to elimnate cells in the transfected

culttres that do not contain the Pac-expressing VEEV replicon. The
second subgenonic pronoter was driving the transcription of

subgenom ¢ RNA enco t el ns

ef fi ci ent2pY| é‘?@aﬁ?rﬁd’%@g@gﬁvﬁﬁm Y%/EEJ#@('Q Fﬁ:@é Ub‘Be c&eﬁ%gdﬂ %35‘{&3 &é&ﬂl
YFV C wi tdesdrivedabovetor '&mpPI‘ddeMedﬁW\Rs al so known as anchored C

(Li ndenbach and Rice, 2001), (VEErep/d/Pac), or Cwth the signal
pepti de and 20 am no acid of prM (VEErep/ C2/Pac), or iii) all of the
YFV structural proteins (VEErep/ CpxNnppPrcg. The rationale of the
design was to retain the signal peptide in the C coding cassettes
that was gxdeektedwWioPbe essential for targeting Cinto proper
cellular 10 conpartnent. The in vitro-synthesized VEEV

replicon RNAs were t#&88f@atetv mt:@d&dlﬁnaéd peinfetiag VetdelRuoR]steabivith
cell lines were sel ected over, the

da Stek 1] t.he Pur
medi um DwFiphdilpfenss pf ¥{rus_and;fica ’8’8&% # gﬂ y@'{ef SR Trmi Ogg%?%o%ﬁqaﬂg
VEEVder i vggin @auslaﬂycgdsnmlvtlliypanmtnp tobese, asxstedﬂmdr fppeificoder WNV, as
| Pet use
pr evi ous gfﬁ%‘&%@%%’%&r‘ e U as:[ Efjl:el r%‘ag%Iﬁfe‘t?@h C%ﬁ& IV% Qﬂ&ﬁ@iﬁteheaﬁﬁ sed tO

ef ficient e resu |ng Pur R culttﬁ
wer e 10r anddteeding thei titer. Toevaluatgithg @lhyrﬁﬂﬁhﬁ Eid/foy focpfigrniapiag on.3{fgo ¢ts or

different L QEE}%:V%FgS fie6y Alls, tidrPlg el whidGinfetc@awhE diRfions O WN

partlcles contai nin expr'essi hg genopyres, det

(Fi g. 2C) . PBUrerlsidigity 2 semis ?é@gﬁ@é‘fbo?vﬁf% PRy 3e’r|‘3m BPﬁ? g’éet“ﬁ fixpd and
RNAs ( YFVg208 WEEY-MRAeCifkti@k foR VBRI RS1 qpidviiedity BdtonishsUKebe, dam),
cytopat hi ¢ efLTﬂct (lCPE) and mai ntai ned both resistance to Pur and
expr essi oficsH Fevel of GFP, indicati ng replication of both the
VEBVlo,pr i con and YF PIV RNA. As shemwipdiiod. 2C, cul tures expressing
bot h t hese marker genes were capablre of grow ng and required

subpassagipng sifty snddigs rati o every 4 days) to prevent the cultures

fromreaching confluency. The experinents shown in Fig. 2

demonstrated that aF’kVtsQfe Mﬁ%‘tﬁ’lbﬁghédw Lhﬁéiil&xdfﬁffﬁhﬁ’&&ﬁlﬂoecﬁf virus (YFV
supplying YFV C at

| ff t for,f t

PlVs; no |1ﬂDééth}DéT%\é§tr$‘i9?’g’?dml Firh Breg e g’é%f’r“g%%lf‘#]tqﬁé Ra W“ﬁ‘h&ug"f day-
celI's traggf @ﬁeqdummsmem%ser NAarRINAbY the ineracibsielnG &.) obutyEEY/ml volume),

| dat »
b5 6hG og otifr BrdkPIIoTRE mion R EY Spis Y Serfetblang) B o o hAcAas (1)
expr essi NgonEY1 @ fobblowedl Micethere pravitoragiar 1Hdpyd e sigap of isease @nd death,
VEEr ep/ Cl/ F’a%hs % JEIOASAOGHL thd H5heh@875 bo Lad to¥rilbe Bhi tRMext day were
0

packagi ng, casseftes “Xpl’eSSI ng | ong protei n sequences.
The basi smmanclh@uﬂﬁvaéﬂﬁdﬁ"&bﬁﬁdr?@ deqd” dhe %‘}/ the C construct
is unclear, but this phenonmenon m ght be explained by a requirenent
for 25 WD 2007/ 098267PCT/ US2007/ 004957 a speci fic ordering of

cl eavage at the two nearby cl eagag tJ 'f 2B/ NS3 and si gnal
peptid#ase) (Yanmshchi kov and Conpan?l‘séﬁggi)é—ind/or differences in

di stributi bi.lity qf tein produced in these two

di ff erent m%—a‘f@lahe%’%ﬁ%u‘gﬁ feng ciS fer of this protein. Thus, after

t hese experi nents, Cl/ Pac .was ] ; 4 Neh
experinents. Both V E}%{C?’/" é’ﬁ?f“\?%ér Q%%Rﬁbﬁ@g@ach%sga %consve were
packaged “dntiRnyzel @nt hseedsatraﬂ daystoseinecalptien Sotd weredisovastegrom ihe anpials.

Moreover, the release of NV particles continued until the experinments
wer e term nated, with each cell releasi®8 -20 infectious YF PIV per



10 further investigated. EXAMPLE 12 YF PIVs with defective genones
can be produced at a large scale The ultimate utility of PIV as
vacci ne cagdio@teset S dependent upon the 15 ability t edfdMeRodbese
particles at the scal es needed, for instance, for comerci al
production. Reliance on an RNA—based trans- conpl enent ati on system
(VEEV replicons) for vaccine manufacture requires. further
standardi zati on since there is a possibility of accunul ati on of
mutations in the heterol ogous genes cloned into genonmes of RNA

viruses. Thgqu saﬁﬂ Otfest%&) VﬁoP %éi?%xlﬁ? | tlo 1edi&S WNY @htis Oforrhiteons 6h UVeRNgell
for overébn1ng t tion. Alternatively, ,accunulation of

mut at i ongnénelasiees WAL the Iggthg%@esgralppdtp@om O %gﬁlrgg,g A wepe moculated
transf ecty;gn Qj‘ootlhfu r(SétlahﬁﬂSd ibptfcutaiomRingedskey, oW Veby cplldumtdspondifi to

ek ey b A o YA b L i

ef f I c5entwdre anm dbetrved falahiadlitionaltltelapaekdegiritgdabbye.| i nes. 25To
efficiently produce PIVs, a technology that permts production of
al pha virus replicon expressing cell cultures in previously packaged

VEEV replicons was used. Briefly, VEEV replicons were packaged into
VEEV infectious virions using prexﬁm ri bed two-hel per system
(Vol kova et a 006 t reparations tr t Ik LES 1S at £
appr oac hi B ¥BY, -@ it 5%m¥%?e‘gkéiﬁﬁf%h%ﬁ%%———E#Tju%QJL
and sel ecYEd BIN. the 30 presence of Pur could be used to obtaln YRV

I BH&E%FE‘*P%;? “*a"y@p%‘“‘??"t"é‘ﬁﬁ‘%fgf‘n‘.“n‘h"‘

cel | | i neBavieires gmnbmuemrwmnd Bitels |Ib\§§?3§edg‘é'h€‘? opInegh b BEomSs 15gkc
at high ﬁ%%é%?ﬁ%g&?ﬁ MEREQ BRI Ectiob viraf géﬂoﬁeb l(x)-nagdmhmso (rDceIls

i nf.u/cel cases, the defect ve YFVs Fﬁ g %g o
product i verpyessse& fargll of theyyigel sirpeiirabprosgs ’d?“t egt pgofgalsglis- Replipation, '
produci ngmRiigertceli€ rp?ocﬁfcnﬁ' M virdibuactues paditins hapired 6r tpasicagiphagnengdtion

i nes by infectin S Wwth aged VE

| nf odt oroRrErHeBILaT D ESPemeoPRE B RN ST S Rg O LU rllieive
f or | ar gemmaahdzepm) ducltking dfe xﬂbwscapsﬁmonMI@C@mé dheyizpd Qe@ﬁéénqtﬁlﬁlhe
genone. A recombinant YFV genome (YF PIV genome) was engineered to contain

nr—r

GFP in place of amino acid 26-93 of C, cloned in-frame with the rest of the polypeptide
(Fig. 2A). The expression of GFP provided a convenient way of determining the titers of
20  genome-containing PIVs in the experiments. The deletion in the C-coding sequence from
.this PIV genome was expected to destroy the ability of C to form a functional
nucleocap51d but it was not expected to affect production of functional forms of prM and
E. Thus cells expressing this genome, which produced GFP fluorescence could not
release infectious virus. However, infectious progeny was expected to be produced from

25  “packaging” cells expressing high levels of C.
For rapid development of the cell lines for efficient PIV production, the
Venezuelan equine encephalitis virus (VEEV) genome-based expression system
(replicons) (Petrakova et al., 2005) was used. VEEV replicons are less cytopathic than
replicons derived from other alphaviruses and readily establish persistent replication in
30 some cell lines of vertebrate and insect origin. The expression cassettes were designed as

double subgenomic constructs (Fig. 2B), in which one of the subgenomic promoters was
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EXAMPLE 13 YF PIVs using VEE replicons expressing codon-optinized
formof YFV C gene Another possible problemin using the packagi ng

systems tq suE)[ﬁort 10 replication of defective viruses is
reconbi natV8A"BEPY%EEN the defective viral genomes and tHfd/RRHE/004957

encodi ng the trans-conpl enenting gene(s). Such reconbi nati on m ght

| ead to generation of the infectious viruses. In the experinents
described herein, infectious YFV using a plaque assay were never
detected, but it was necessary to rul e out the pOSSI bility that live
wruscanbef nedlnt 15Ln t he i .
encoded by RS SERFSHT g {?S'f'dﬁ & éa;ﬁggéeét SETt dgt oﬁhg‘%g %losl Pl
to utili mfmtddrcanmtatmmdn nmaedntmrtlye Pap-@xmesemgyVEEVfrepw Abe tsgcond

Thus. 1 Nelhe 6000 M8 Orkv%strag% r%i‘@@g&ﬁ&ripﬂob%f% delBhid RNACKROERE PPV

in elther re equence. 1 n the expressi on
casset t esstwstralprotdinsd Tooidgetifycibe mash € I’é pagkeging easrptiseeVERY (rPUFQRS

of C prod L O Rl GRe BRAS Riptitié Yo PiM) QHd| LS a?Bnchored C
recon%l na%}ﬁgﬁﬁge?ﬂmgre?ygmw eno g %!-p(t:lo m% B’e nom RNAcoforeXlilc—‘,

repl i cons(Lingepbachygnd Risg HALL @@aﬁb i g‘&ﬁéw PG ap

the nost ghfroCiagiat by ﬁrmr@ufﬁreﬂcaﬂ?mﬁl baniig aﬂesf(ﬂﬁe g YF¥A)strudthes eproteins
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bet YE Nvm,gg&qrre and YFV C-codi ng RNA of VEEV replicon.
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VEEr ep/ Copt - pr M E/ PEhe, iny¥ittecsynihesisedmVER Y depligons RNASEWSH) tongfggted {ato
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SZZEQQL%“MJtQSQﬁgw%fQL%‘Si e Fa oy tot Hpieqties fepfestion of VEEW:
vitro- SynH&@ﬁdd@A@cﬂ@ﬁ@ﬁﬁtﬂ%@esﬂﬁbﬁu(aedeRIrVed\nouhpmﬁziaushye(ﬁe‘urd@va leafl.,

wer e hose elect

repli 5@&&; & Fﬁt(}]on[ gcam?nﬁaa) men&_j Nl%%esgﬁéﬁ(qﬁ& Bfﬁg resultmg
t he cel I SP cﬂa&esngvetéle:ramfdand ith rhe Wilr@?yntMZed YF P RNAs, and at

200 oSS RO ) Mt land
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cont ai hi nalff@eme dafing M&QUPWI 5t VBRVOY eaﬁa {rFBHK-ﬂaenus Siot Tesult in

al t hough codon o%mmzatlon of

B U oy PPt 5t (CRES o e taud Sl ettt o vk Hd sthssvipn 05 bigh
YFV C r epnae.eaf ca?weﬂic;{camgfmpmmﬁsn@mmm theVER Nt replicaf aﬁa:YPmIsf RNA. As
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Pl aques T QLpRd, Inﬁﬁ #VTH@E eﬁﬁ?énksedhowaﬂ ﬁ@@&enm‘nsﬁfﬁyd kA bt airbwﬁev
that 10 struct

eins were nost. li i.n ci.s
more 231 i é@IéWPWWPW P obsirpiire Y rat 1%%1 E‘ﬁfﬁ‘éwf“e 5 Sormegpn ot fifbdus
at t ai ni ng prie; /binfddtigus parfneremkam@sed fomake S BEIKELY celitearsfeotd with

yet. However, Jf I ecyl ated th S V, f
cyt ot OXi c@?@eﬁ%‘t%ﬁ‘%f‘n i ?bﬁef‘?f’egit }%E't afeﬁpcons\@% Arogﬁﬁélnt‘:@th owever, cells
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| ower growth rate S LR (V,ﬂotréli@\f Yracl;
encodi ng TAPITPHPE ?%‘gﬁfe]f&%’{’f? Qﬁw%ﬁ‘% I?effl cation fight 4) 2°)
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Sl.Jf fici entex}n%sﬁﬂé' ?&ggagrotem sequences. The basis for the lower packaging efficiency is by
the C1 construct is unclear, but this phenomenon might be explained by a requirement for
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EXAMPLE 14 PIVs can be generated for other ftaviviruses 20To prove
that PIVs can be easily generated for other flavivi ruses, t he
strategy~ de crlged above was applied to WNV. To this en % \N\} Pl V
genone w th02"382%28% no aci d- |l ong C protein was creat ed’Csz_q 69073%)95.7 To
package this WN PIV genone, a packaging cell |ine generated by
transfection of BHK cells with a non-cytopathic VEEV replicon
expressing WNV C/ prM E and Pac [ BHK( VEErep/ C*- E*- Pac) was used To 25
m nim ze the chance that reconbination bet Ween WN Pl V genones

replicating in this cel|l line and the VE RNA- enco
coul d | eadpedfigertarag Srrleavaghat BRfWeTe agg ﬁtéesv@@geﬁ“&%% sERAk
in the VEEMid. |('Y%ﬁﬂh¥!ﬁ§om (f:mgaﬂsplmmtmmr@iﬁmmem distribntion/stability.

t at th I d h
ULt e NS B P SR BLUE B it
genorre werh@s,Capab| thesf grpatinentsg VR €1 Aaos ek velithieted; Aropheall further

packagi ng Cel sl 'ﬂcgthv;@: r#;eﬂzpammph ICpPleERboHpIEhHatklped vieery

prod eén- posi wer e “det ect ed 'upo
" nf ect | 0o ahe \ibmisec Ghirs 2Bproachits 2007 095 el MsTow/sr obomeast of PIV

nonol ayer %F%ng o AR B8 eﬁférgnenéqﬂvere-riehﬁfnﬁteaf with dath telX rél@z&mg ~20

i nf. u/ml wer e produced on t packagi

expecte d,infeptiowy ¥BHLY par 2ﬂe ﬁetﬁ'fl‘é d)pg;ocb a%e?fnﬁngetlﬁ g\gerg é:rrfﬂba}b?% 8[30 fﬁleasmg

using an dﬁﬁf/ﬁ%hﬁﬂﬁ&g SoPL 1dckiag thdin@heckhpsit arit grakme Ofut Wil Pbasitdiity| whshet
readi | y bt ai ned using the sanme conpl enentation system descri bed
abovEOT ofushepigyesiiga®t-ast i ngly, in the case of the W\ packagi ng cel |

line and WN PIV, it was observed that the virus yields plaieaued |ate

in infection, sinultaneously wthg ghance of CPE (results not
shown) , V\/ner eas the cells co- repI| PIV genore and VEEV
repli consYE® hdlefestipe senomes KA bHProgagad a 3¢ 2). 10EXAMPLE

15 Cells i nf ect ed ’m.é hm‘ﬂﬁn@ﬁnl\ﬁ@l & M8/ e Qﬁ’dd:ﬁ& @Mﬁ’ﬁiates js dependent upoficthe
denonstrate that ce

s Iinfected wt PIV pro SVPs, BHK-21 cel |
wer el8i t hadility r tenprodase dherp (RS A gﬁﬁjgsqd 05 ATaeeofqy PRGN cial

i n}‘ ect eg %{}‘o@hﬂ:tlgﬁ RbVncB oA duaadaivaséd mrcﬁﬁﬂﬂmrnmioh$3fsté'mdvlﬂ3’\f repliegns)
rel ease

omthe BHK-21 cells 1 re r|f|
ul t r acent ¥ fYagaRs Ef‘i’n"‘%‘fﬂ“%ﬁ%‘i"s‘/’"‘fﬁm &k ﬁg %‘cﬁ there t5.8 pos?rﬂﬁﬁls% of
nonocl onadccamtiation yof( MaBkiospenithe dmetethlOEouSmems)zclf(I@énm'Fw gewms of RNA

1982). Bot.h f P t .
Chat cout e pHl Bect oFoRiHfhe Sl sl e 5‘?“?3“?%§%‘?§“’°‘%h‘§{““f’?%

was @les elintntamnra ibhwmﬁf@‘(ﬁliat @Gﬂ@ﬂ}ﬁtm& ch@u'iaﬁé%se gy YEHrep rﬁ?’t‘m@?(sn gt e

any CPE, ,%g nﬁﬁ b@r’%?k&éd %ﬁﬁe&ioﬁrdffth@%pﬁboﬂ Qﬁb%ﬁ'ﬁlﬁd:cngrﬁrrbyf prodbdtion of
prlor to tracen

ri fuga i.on ) unl i Tha
det ect ed paskagedcVIBEV|replicpis %ﬂf’t"‘fe&lﬁ’yr%’%f’ (r’#( gp?a %8 §E$£°?(B§éd1vEE
Si mi | arl yrephBsisewns kbasidanalty ses ofe nmsit ratlectficieat meane forestsblishing the
infected w %h thel Pl V produced (before devel opment of any signs of
CPE) ext r B¥SPEHEST 'BFhs of E that were indistinguishable in size
f rom2shose pr oducedThyeffitikathf modest Ri¥ep @@M@wﬁgg regyits production of alpha

virus replicon expressing cell cultures in previously packaged VEEV replicons was used.
Briefly, VEEV replicons were packaged into VEEV infectious virions using previously
described two-helper system (Volkova et al., 2006), into preparations that contained titers
approaching 10° inf.wml. BHK-21 cells infected with these particles and selected in the

30  presence of Pur could be used to obtain YFV structural protein-encoding cell cultures in
3-5 days. Following establishment, the VEErep/C2/Pac- and VEErep/C-prM-E/Pac-
containing cell lines were infected with previously generated samples of YF PIVs at high
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25To further evaluate the physical nature of the E protein rel eased
by PIV- infected cells, nmedia collected fromcells containing
replicati NYORIW/BADNES only were subjected to sucrose PEEAERE0/004957
gradi ent analysis in agreenment with published data (Schalich et al.,
1996). SVPs were found in the fraction having 2% sucrose (Fig. 60C).
In the sanme experinment, YFV virions denonstrated high density and
were detected in the fraction 30 with 42% sucrose. E
protein-containing particles that mgrate at the expected size of VWV
SVPs hav g18listy/ta) mnd doe (0 ddinf.o/cell M@}Ieéniahlr@@m@w\ﬁ?qfwtmﬁ’w s/acpliggigd
presence 0Q7/ 67 180492 . rs' R e high titers
el e (g%;%goﬁs%%l:@n@%atﬂh N g{tgglﬁ{i}()yfo%vps. ®cel s
expr essi g Rilsy Thusv eBtaghishpmmy oRnpackaging pdk lipstRY apfecting, Fi‘Hﬁ%&a age
gene. EXAMBEG rLfiicodk) M10ake iy inkRiieH Glith PIV ipbire a6 bei Misiamplerands efficient
Saf ety of WN and YF PI Vs was estnilatqt%l 'ﬁhed 31%/ é'lct' ;l’?gsocul at }nottpleggmme
littebs ostgmaionlagsrseleprofpgionaidl¥s it fre.deletd oFayansy Mhibe .

i noculated with WI YFI/ or WNV were quickly killed, and these viruses
di spl ayed a 50-percent | et hal doseg&%&fépappr oximately 1 PFU in
these animals (Table 1). However, I Vs inoculated 10 into
sucl di ng ¥F ®EVatsias ¥EEereplicalis exgiasingdddanfoptimiged form pt KFN{y 2eis: o
(Table 1). Safety t | hB - na al-ktems Qb bt
i co wi th i ld typerte} pRRIEIRUIER, Bl gHfe’ m, prcliite Bhudhis 10 3

t hat 10he pliditivs ofidefectonyiresesisresambingtipndistiveenthe defeqtiyy Wra) genomes and

Fur t her nog e ¥4 o the FraRs-SbRPickichf: | Sichofecadbinktion might Maddhto
an LD50 o{hgl essswgm#%lgzu, 3nd ggse ﬁl%g&ﬁ{i)

; - | of up to 3 x.1 L nf..0-0f \WN-o
Ply fail egenetption@f dhainfectigut Hlf'eSPa-b‘Péﬁe i’?eﬁ‘%mﬁﬁb‘g‘?‘” Ef?gg’uﬁéeé‘%’i %"1"{}?“5_ ’ _V
however, jging B9ldqupdidag diahetdieicitbteR) Mt invenensoessarptot wibt outrthe passidliy
(NEUT titers wer.e det ﬁ)ctfed e\gl;t Ii'hésg&ﬁiél ation of as few as 30, 000
influ), afat HEovEscaphe P's"Vactinated with 3 x 104, 3 x 105, or
3 x 106 i nflu were pr edditiomdihier prteins1erooiqdb by chaly amiyered-beme Wpses are

strain of %e%iT@?L\ee)%%}lv 2abBlize BRhelHatRhaFnXhitdly SH64d Vdig diffedént hosts.
| nocul umaDose (i nf.u 0 §ury| val ' Avera%e survj vritl tined
Thus, their codon usage is not expected 10 be optima

for expression in either host.
Therefore, the C-coding sequence in the expression cassettes was modified to achieve two
goals: 1) to enhance the yield of C production and ii) to reduce possibility of homologous

20  recombination between YF PIV genome and C-coding subgenomic RNA of VEE
replicons. YFV C was synthesized using the codon frequency found in the most
efficiently translated mammalian genes (Fig. 4A). These silent mutations also disrupted
the cyclization sequence required for flavivirus genome replication, thus, reducing the
possibility of generating replication competent YFV in an event of recombination

25  between YF PIV genorr'_le and YFV C-coding RNA of VEEV replicon.

The Copt gene was cloned into VEErep constructs, VEErep/Copt/Pac and
VEErep/Copt-ptM-E/Pac, using the same strategy as VEErep/C2/Pac and VEErep/C-
prM-E/Pac, and trans-complementing Pur® cell lines were established either by RNA
transfection or by infecting the cells with packaged RNAs. Transfection of these cells

30  with the in vitro-synthesized PIV genome RNA produced PIV with efficiencies that were
similar to those selected with the cells expressing VEEV replicons expressing the non-
optimized YFV C gene (Fig. 4B). However, the cells expressing the codon-optimized C
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proved to be a useful reagent in that they were capable of developing CPE and forming
clearly visible plaques when infected with YF PIV and overlaid with agarose containing
media with low conceniration of FBS (Fig. 4C). Thus, although codon optimization of
YFV C gene did not alter PIV production from these cells, the cells expressing the codon-
optimized YEV C represent a very useful system for evaluation of YF PIVs, particularly
those expressing no fluorescent markers. In additional tests, a very good correlation was
observed between the titers of the same samples determined in plaque-forming assays and
GFP-foci assays.

Plaques formed by YF PIV were smaller than those of YFV indicating that
structural proteins were most likely produced in cis functio more efficiently in viral
particle formation. The reason for attaining the ability to form plaques is not completely
understood yet. However, it is speculated that YFV C bas some level of cytotoxicity
because of cell lines containing VEEV replicons expressing the codon-optimized version
of this protein demonstrated lower growth rates than corresponding counterparts with
replicon encoding natﬁral C gene. Thus, YF PIV genome replication might lead to

additional changes in the intraceliular environment that were sufficient to cause CPE.

EXAMPLE 14
PIVs can be generated for other flaviviruses

To prove that PIVs can be easily generated for other flaviviruses, the
strategy described above was applied to WNV. To this end, a WN PIV genome with a 35-
amino acid-long C protein was created (Fig. 5A). To package this WN PIV genome, a
packaging cell line generated by transfection of BHK cells with a non-cytopathic VEEV
replicon expressing WNV C/pfM/E and Pac [BHK(VEErep/C*-E*-Pac) was used. To
minimize the chance that recombination between WN PIV genomes replicating in this
cell line and the VEErep RNA-encoded C protein could lead to generation of the
infectious WNV, the WNV C-coding gene in the VEEV replicon was modified to contain
clustered silent mutations in the WNV cyclization domain. .

Media harvested from BHK (VEErep/C*-E*-Pac) cells transfected with
the synthetic WIN PIV genome were capable of producing antigen-positive foci in the
packaging cells (Fig. 5B) indicating that infectious WN PIV had been produced.
However, only antigen-positive cells were detected upon infection of Vero cell
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monolayers with same samples (Fig. 5C). Titers of up to 1 x 10* infw/ml of WN PIV
were produced on the packaging cells, and as expected, WN PIV could be repeatedly
passed on this cell line. Thus, using an established cell line, high titer stocks of WN PIV
could be readily obtained using the same complementation system described above for
YFV. Interestingly, in the case of the WNV packaging cell line and WN PIV, it was
observed that the virus yields plateaued late in infection, simultaneously with the
appearance of CPE (results not shown), whereas the cells co-replicating YF PIV genome
and VEEV replicons continued to produce PIV for many days (Fig. 2).

EXAMPLE 15
Cells infected with YF or WN PIVs produce SVPs
To demonstrate that cells infected with PIVs produced SVPs, BHK-21
cells were either transfected with the in vitro-synthesized YF PIV RNA or infected with
YF PIVs produced in C-expressing cells. The particles released from the BHK-21 cells

were purified by ultracentrifugation, and analyzed by western blotting using a mouse
monoclonal antibody (MAB) specific for E, D1-4G2 (Gentry et al., 1982). Both RNA-
transfected and PIV-infected cells produced E protein that could be pelleted from the
media (Fig.6A), indicating that it was present in a particulate form. Since these cells did
not exhibit any CPE, and the samples were clarified at low-speed centrifugation prior to
ultracentrifugation, it is unlikely that the E protein detected in the pelleted fraction
represented cellular debris. Similarly, western blot analyses demonstrated that Vero cells
infected with the WN PIV produced (before development of any signs of CPE)
extracellular forms of E that were indistinguishable in size from those produced by WNV-
infected Vero cells (Fig.6B).

To further evaluate the physical nature of the E protein released by PIV-
infected cells, media collected from cells containing replicating PIV genomes only were
subjected to sucrose density gradient analysis in agreement with published data (Schalich
et al., 1996). SVPs were found in the fraction having 2% sucrose (Fig. 6C). In the same
experiment, YFV virions demonstrated high density and were detected In the fraction
with 42% sucrose. E protein-containing particles that migrate at the expected size of
WNV SVPs have also been detected in cultures infected with WNV PIVs. The presence

29



YFV 17D 200 0 (0/12) 6 (+1-0) WD 2007/098267PCT/ US2007/ 004957

| nocul ated preparation, diluted in culture media with 10% FBSb

Del i ver ed wo 2007@98260ut e in a volune of 20 nml/ani mal ' a POTSEN7/080957L4
days postinoculation (live/dead). Average survival tine from aninmls
that died frominfection (standard devi ation) Not applicable 5 Table
2: Safety, potency and efficacy of NV in adult mce |Inocul uma Dose

(inf.u)b % Survival' Average survival tinmed NEUT titee Protectionf
none (diluent) O

10

15

of E in the media of PIV-infected cells was consistent with the production of SVPs by
cells expressing only prM/E or TBEV RNA vaccines lacking a functional C gene.

EXAMPLE 16 .

PIV safety, potency. and efficacy in animals

Safety of WN and YF PIVs was established by i.c. inoculation of litters of
3 to 4-day-old mice. These studies showed that mice inoculated with WT YFV or WNV
were quickly killed, and these viruses displayed a 50-percent lethal dose (LDso) of
approximately 1 PFU in these animals (Table 1). However, WN and YF PIVs inoculatec!
into suckling mice at a dose of 2 x 10% inf.u failed to kill any mice (Table 1). Safety was
further documented by i.p. inoculation of adult mice with wild type (wt) viruses and WN
PIVs. These studies showed that the WN PIVs were completely safe in adult mice (Table
2). Furthermore, wt WNV killed a significant portion of adult mice, with an LDsg of less
than 1 PFU, and doses of up to 3 x 10° inf.u of WN PIV failed to cause any death (Table
2). Most interestingly, however, is the finding that the WN PIVs were very potent
immunogens (NEUT titers were detected with inoculation of as few as 30,000 infu), and
100% of the animals vaccinated with 3 X 10%,3x 10°, or 3 x 108 inf.u were protected from
a 100LDsy challenge of the NY99 strain of WNV (Table 2).
Tablel: Safety of PIVs in suckling mice.

Inoculum® Dose (inf.u)° % Survival® Average survival time®
WN PIV 2,000,000 100 (9/9) NA®
WNV TX02 0.2 56 (5/9) 8.5 (+/-2.9)
WNV TX02 2 0 (0/9) 5.4 (+/-0.5)
WNV TX02 . 20 0 /8 6 (+/-0)
WNVTX02 .. 200 0 (0/10) 4.9 (+/-0.3)
YF PIV 2,000,000 100 (10/10) . NA®°
YFV 17D 0.2 89 (8/9) 8 (+-0)
YFV 17D 2 56 (5/9) 7 (+/-0)
YFV 17D 20 11 (1/9) 6.9 (+/-2.4)
YFV 17D 200 0 (0/12) 6 (+/-0}
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3 Inoculated preparation, diluted in culture media with 10% FBS® Delivered by i.c. route in a
volume of 20 ml/animal ® Survival at 14 days postinoculation (live/dead) ¢ Average survival time

from animals that died from infection (standard deviation) ° Not applicable

5  Table 2: Safety, potency and efficacy of PIV in adult mice

Inoculum® Dose (infu)® % Survival® Average NEUT titer® %
survival time® Protection
none 0 100 (8/8) NAE <1:40" 14 (1/7
(diluent)
WN PIV © 30,000 100 (10/10) NAE 1:40 100 (8/8)
WN PIV 300,000 100 (10/10) NAS 1:160 100 (8/8)
WN PIV 3,000,000 100 (10/10) NAS 1:160 100 (8/8)
WNV 1 40 (4/10) 8.5 (+/-1.4)
TX02
WNV 10 30 (3/10) 8 (+-1.2)
TX02
WNV 100 10 (1/10) 7.8 (+-1.4)
TX02

3 Inoculated preparation, diluted in culture media with 10% FBS. ® Delivered by i.p. route in a
volume of 100 ml/animal. ¢ Survival at 14 days postinoculation (live/dead). 9 Average survival
time from animals that died from infection (standard deviation). ® NEUT titer of pooled sera
collected from 2 animals at 21 days postinoculation (titer shown is the highest dilution giving
10 80% reduction of WNV foci formation). ¥ Protection from challenge with 100LDsg of the NYS9
strain of WNV demonstrated by survival at 14 days post-challenge; single survivor from the
diluent-inoculated group showed signs of disease (hunched back, ruffled fur, and malaise) from
days 8-14. None of the PIV inoculated animals displayed any signs of disease in the 14-day
postchallenge observation period. & Not applicable. " NEUT titers in sera from unimmunized mice
15  tested side-by-side with sera from the WN PIV-inoculated mice.

EXAMPLE 17
Further modifications to increase the vield and safety of PIVs/RepliVAX
The present invention demonstrates that repeated passaging of RepliVAX

20  did not result in recombination, but variants with enhanced growth were selected: The
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WNV RepliVAX has been repeatedly passaged on a cell line that encodes the WNV C
protein. This C protein was produced by' fusing a copy of the WNV C gene to a Pac gene
driven by the subgenomic prometer of a non-cytopathic VEErep (Petrakova et al., 2005).
In the resulting construct (VEErep/Pac-Ubi-C*), the ubiquitin (Ubi) gene was inserted in
front of the C gene, and C was followed by a stop codon. In this context, a Pac-Ubi fusion
protein would be produced along with a mature C protein (lacking the hydrophobic
anchor; see Fig.9). The C gene in this VEErep (denoted as “C*”) was further modified by
insertion of 36 mutations that ablate the CS signal, converting this 11-base region from
GUCAAUAUGCU (SEQ ID NO: 2) to GUgAAcAUGuU (SEQ ID NO: 3) while
maintaining C coding capacity. This large number of mutations dramatically reduces the
likelihood of homologous recombination, and furthermore, if recombination did occur
between the genomes, the production of a replicationally active genome could not oceur,
since the resulting RNA would have unmatched CSs, preventing replication (Fig.9).

To test for the unlikely possibility of productive recombination, a clonal
cell line was derived from BHK cells expressing VEErep/Pac-Ubi-C* {BHK(VEErep/Pac-
Ubi-C*)}, and this cell line was used to passage the WN RepliVAX 10 times (in each case
with infection at an MOI of 0.01), and the resulting RepliVAX was characterized in detail.
To determine if this passage 10-(pl0) population contained any live virus, Vero cell
monolayers were infected at multiplicities of 0.1, 1, and 10 with the p10 WN RepliVAX,
and washed extensively to remove extracellular RepliVAX. These monolayers were re-
washed 24 hours later, and then harvested 2 days later. Passage of supernatant fluids from
these cultures onto fresh Vero cell cultures failed to reveal any immunopositive cells when
stained with a highly sensitive polyclonal antibody for WNV, indicating that RepliVAX
had not productively recombined with the C protein encoded by the packaging cell line.

Interestingly, when the p10 WN RepliVAX was compared to p0 RepliVAX
on the BHK(VEErep/Pac-Ubi-C*) cell line, the p10 RepliVAX produced polymorphic foci ;
of infection, many of which were much larger than those produced by the p0 RepliVAX -
(Fig.10). Furthermore, p10 RepliVAX replicates 10 times higher than p0 RepliVAX at
early time points, with an endpoint titer twice as high.

Analyses of the PCR products obtained from ¢cDNA produced from Vero
cells infected with this p10 RepliVAX demonstrated that there were no products that
contained a full—length' C coding region. However, sequence analyses of the C-prM
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junction of the product spanning these regions revealed that two mutations had arisen
during passaging. As expected from the heterogeneous nature of the foci produced by the
p10 RepliVAX on the packaging cells (Fig.10), both mutations were present as mixtures
with the original RepliVAX sequence. One of the mutations, which appeared to be present
over half of the nucleic acid population in these sequence reactions (sequenced in both
directions), consisted of a AGC>uGC (8>C) mutation at the P4 position preceding the
signal peptidase cleavage site (S(c)VGA|VTLS (SEQ ID NO: 4) in the RepliVAX
genome. The second mutation, which was present in only about 30% of the amplified
sequences (again in reactions completed in both directions) consisted of an AAG>AuG
(K>M) at position P3 following the NS2B/NS3 cleavage site (QRKR|GGK(m)T)SEQ ID

., NO: 5). Although these mutations are in the position of the deleted SLS5, they do not alter

predicted RNA structures. The rapid selection (only 10 growth cycles) of a better-growing
RepliVAX is very exciting since it indicates that selection of better-growing variants is a
powerful method to improve RepliVAX. The positions of these mutations was not un-
expected since it is known that altering efficiency of NS2B/NS3 versus signal peptidase
cleavage can influence flavivirus particle yield and infectivity (Keelapang et al., 2004;
Lee et al., 2000;Lobigs and Lee, 2004;Yamschikov et al., 1997). Studies are continuing on
selection of even better growing variants, and these two mutations are being targeted for
insertion into second-generation RepliVAX constructs, to confirm their ability to work
separately (or together) to improve RepliVAX yield and antigen production. Nevertheless,
the data presented herein indicate that under these passage conditions: 1) no
recombination occurred, 2) positive selection could be used to produce improved
RepliVAXs.

Blind passage of JE RepliVAX similarly yielded better-growing variants
with mutations in the same regions of the genome. The ability to blind passage RepliVAX
products to produce better growing variants is a key feature of this invention, and a clear
advantage over traditional LAV, where production of better-growing variants is always
complicated by the concern that these better-growing variants may have lost their
attenuation in man.

Furthermore, the mutated, improved C-expression cassette (VEErep/Pac-
Ubi-C*), which has been shown to be stable, and demonstrated freedom from

recombination when used in a BHK cell line (not approved for human vaccine
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complementary to a CS in the 3°UTR of the PIV genome to allow viral replication,
providing a further safety feature to prevent recombination (figure 9). Finally, this C gene
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30Furt her more, e 5 ith
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(not appr %\én%jmfesg rspgaﬁgﬁllyvﬁfecfe%éﬁle ability of carefully sclected single base swaps to

30  produce high-level replication, single-base changes, and subsequent double-base changes

that permit high-levels of genome replication (Figurel2A) were identified. Figure 12B
demonstrates that high-level replication of WNV genome with two-base substitutions is
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i ntroduced Véro cells froma certified seed using the sane nethods
applied to BHK cells. Following 5 introduction of the RNA into these
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Furthernore, to address concerns that NV m ght reconbine with
flaviviruses in vaccines at the tinme of their vaccination, producing
novel , vi rwbendi7/02€6f| avi vi ruses, the present inventi on mErmssiai.t
that WAV genonmes with "unnatural™ cyclization signals (CS) present in
all known naturally circulating flaviviruses, can be generated that
replicate to high | evels. Evidence has been produced in several

| aboratories that the two CS found at the 5 and 3' ends of the
genones of all flaviviruses nmust be 100% conpl enentary to_ provide, |
product i visjectomI|(fn)e Buthermonnh Forlitsablypph; nedes dissecied % %{ﬁ afterfp inpgpfation
Lo et al. il b ValRlosidadlBredinganaPsetorithined fhrge! numB&O3dE blfwsgosidase-
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hi gh-1evel s of genome replication (Figurel2A) were identified. Figure
12B denonst r at he felbawihg gifetenseas|ware pitddcegrsian of WNV genone with

t wo- base substitutions is 3 WO 7/ 7PCTM52007/ 004957
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of the flavivirus prNI/E proteins, they can encode a reporter gene,
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2. The replication-deficient pseudoinfectious virus of Flaviviridae family
of claim 1, wherein said virus is a Flavivirus, Hepacivirus or Pestivirus or other chimeras
15 of said viruses created by exchanging prM-E cassettes of other viruses with the prM-E

cassettes of the psendoinfectious virus.

3. The replication-deficient pseudoinfectious virus of Flaviviridae family
of claim 2, wherein said Flavivirus is a yellow fever virus, 2 West Nile virus, a dengue
20  virus, a tick-borne encephalitis virus, a Saint Louis encephalitis virus, a Japanese

encephalitis virus or a Murray Valley encephalitis virus.

4. The replication-deficient pseudoinfectious virus of Flaviviridae family

of ¢claim 3, wherein nucleotide sequence encoding the C protein of said Flavivirus that is

25 deleted encodes amino acids 26 to 100 or a combination of amino acids within amino
acids 26 to 100 of the C protein.

5. The replication-deficient pseudoinfectious virus of Flaviviridae family

of claim 2, wherein said Hepacivirus is a Hepatitis C virus.

30
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15 reference. WHAT IS CLAIMED | S: 1. “"Areplication-deficient
pseudoi nfectious virus of Flaviviridae conprising: 5a deletion in the
nucl eoti de sequence encodi ng capsid (C) protein such that the

del eti on does not disrupt the RNA sequence required for genone
cyclization, the signal sequence for prMprotein that is required for
the proper maturation of prMIvl or a conmbination thereof, wherein
said replication-deficient pseudoinfectious virus replicate only in
cells expressing C protein or C, prM envel ope protein, nutated C
protein, 10nutated pr : _ b : ' ' :
t hereof of a virus @'f%%lg%ﬁfﬁﬁa%?lv%@il}é %ggﬂ %g%ﬁefﬁhgusohr&?@Fﬁ@ﬁ%ﬁH@rhfgm ty
repl i cat i aficlaef 2,ovieneinsaidRestivifusds @ Baving ivirys distrhea, aswing feyerevirug or pyhog
of clai méholé@@%frﬁg.n said virus is a Flavivirus, Hepacivirus or
Pestivirus or other chineras 150f said viruses created by exchangi ng
pr M E cassettes of other viruses with the prME cassettes of the

pseudoi nf ecti ous Vi §UShe replication-deficiend pselifi@infeflbbe firs06f HRafivixidipt family
pseudoi nf ectious v pvirid i 2

rus of Fl av ae.fanily f claim .
ther oi n o QR WbrPiRs IR B s PRV g a Aeme soopelve Rl prolsin of
dengue 20Mmi fdtigena ti ck-borne encephalitis virus, a Saint Louis
encephalitis virus, a Japanese encephalitis virus or a Miurray Vall ey
encephalitis virus. 4. The replication-deficient
pseudoi nfectious virus of Flaviviridae famly of claim3, wherein
nucl eoti de sequence encoding the C protein of said Flavivirus that is
25del et ed encodes ami no acids 26 to 100 or a conbi nation of am no
acids within amno acids 26 to 100 of the C protein.

8. A cell culture system expressing C protein or C, prM, envelope protein,
mutated C protein, mutated prM, mutated envelope protein or combinations thereof of a
virus of the Flaviviridae family, effective to enable propagation of the replication-

deficient virus of claim 1 under suitable conditions.

A . The cell culture system of claimg, wherein the cells expressing the
wild type or mutated proteins of the virus are generated using genetically engineered

replicons derived from viral vectors.

IO. The cell culture system of claim 94, wherein the gene encoding the
protein(s) of the virus of Flaviviridae family in the replicon is replaced by a codon-
optimized version of the gene encoding the protein(s) of said virus the-such that the
replacement reduces the ability of the cell line-encoded genes to recombine with genome
of the pseudoinfectious virus of the Flaviviridae family and/or increases the production of

the pseudoinfectious virus of the Flaviviridae family.
{1. The cell culture system of claim 10, wherein said replicon expresses a

C protein that comprises mufations in at least 36 nucleotide positions of the gene

encoding C protein of the virus belonging to the Flaviviridae family.
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5. The replication-deficient pseudoinfectious vi'rus of Flaviviridae
famly of claim2, wherein said Hepacivirus is a Hepatitis C virus.

30 6. The replication-deficient pseudoinfectious virus
of Flaviviridae famly of claim?2, wherein salt.: Pestivirus is a
Bovine virus diarrhea, a swine fever virus or a hog chol era virus.

7. The replication-deficient pseudoinfectious virus of Flaviviridae
famly of claim1l, wherein said deleted gene is replaced by a gene
encodi ng a marker protein or an antigen. g. A cell

cul ture system expr i ej ' i :
nmut ated C protein, @Iﬁ'ﬁatl{%(fﬁprﬁ er#u?%@%&%ﬁ%%p@%@éﬁeg?ﬁ%%gQCpmtefn
conbi nat i dnghe tepliew thet comprise ynpdturehey clipation seauenges suchithat presepescef spid
to enabl e propagat 5&;&9&5 headep! e athmBedaff Grfkctivé riesombingtici Mdfl the

under suitabl e condi (] ons. . L . he cell culture system
of cl ai m geniratiopmlefipignisepdoipfegtivadius grithwatya] Wisshe or nut at ed

proteins of the virus are generated using genetically engi neered

replicons derived fr Vir vect ors. . . ... 0., The cell .
cul ture system of cl\g'imﬁl?@?%{ WHEF%P‘%CIPW% 13emhersine i FRlEAR: SIRFETEs RrOLSins
of the Vi rgssnpefsidy Alwired hiclastideaseqhancen endoalivpeprimaated CoprMe pingtied sih that

codonoptim zed version of,.th cQgdi t r L.0(S) 0fc Sald o
virus t he-ZEERY hdt TR ?léeﬁfic%ﬁgﬁlcggee L?ég%st %lcgb‘?ﬁ ietPQ g%h?%gﬁgde cient
| i ne- encodesendpintestiveo ims oivbicale ulinte, gerivdfe cotaining ﬁéﬁdﬁ?lﬁf’@cﬂi@uﬂ a
virus of the .k avivihélgge famly ancVor increases the production of

t he pseudointectious virus of the Flaviviridae famly.

| I. The cell culture systemof claim 10, wherein said replicon

expresses a C proteih Thatelf @ﬁlﬁlrb@%téﬂi'foﬁbl&ﬂsq |, ivhaieih €@@SitepBébns expressing
nucl eot i de

posi.tions of th ne encodin ratein.of the vi
bel ongi ng ﬂieowlsiﬁ vy %Wfﬁ?fﬁa‘gﬁ‘w%? vifdd of o ?favmr@% faﬁrﬁlg agél troduced
cul ture ofint6lihé melOby whasfebtiornt hithrieplifte spntbsgizedsspican RNgkso b tranisfection
the replicon that. I . i Z.atqi EShsSHiSH
presence. ShouHRghicBRS @SEHTE b E Kioe Rt G SRRl RRRESRG dollir
product i v&NAepolimerateilbnpesific promatqss dickat indestige Wit alphaviyabisalitons patkaged
virus wt B aatye al piditd $88ctural proteins. . The cell culture of claim
10, wherein said Pep I con expresses proteins conprising altered
nucl eoti de sequences encoding truncated C- prMjunction such that
presence of such al tigr gRheSRAUERERS sPABANGRElaith €] dwhbrdhehe viral vectors are
replicatiop-deficient pseudoinfective virus in cell culture, prME
cont ai ni n@r ™*& d in vivo or a conbination thereof.
14. The cell culture systemof claim9 , wherein the replicons

expressing the wild, ypﬁeo%el%ﬁ&%dsﬁq%eﬁpglagg fhe bl B diftavirs is

Flaviviridae fam |y dre Introduced into the cells by transfection_ .
with in vivenezusjew Hewline dEnesphilitin Yaruss (VIRE Dy afidbie; ivémswi Hiep akvige
DNAs desi gi@ehiafitis WituS RBEE®)f WislelPRghind IHtldapalialh vir@p (WD) & RGds River
cel l ul ar RNA-pol ynerase 11-specific pronoters or by infection with
al phavi ral""™&pl i cons packaged inside the al phaviral structural
pr ot ei ns. 15. The cell culture system of claim CA
wherein the viral vegtaqrs ar k P : dShfecdBis vi
cell culture systemelgf %cFlglﬁjn%%l(g{Ipr\%ﬂ%?%u%%%%lga% %ﬂ%f\ilcll?nl}spsfg Veﬁ%zuglvzlarrlfs
Equi ne Encépleivitidss fimilys céreBBifg; Si ndbi s virus, Eastern Equine
Encephalitis virus (EE , Western Equi.ne Encephalitis virus ]
or Rgss River vir us_(genflszr\a{zing a replicationgdeﬁcient ﬂ_egu%gmﬁg{hﬁaﬂ Vs r_gllf ((};é\gmgae
a repli catfhany @edticemphbesRSAUSHRINThARS 948 péhe Bechahaftha del¢tion 868 not disrupt
famly, conprising; ‘ generating a replication-deficient
pseudoi nfectious virus of Flaviviridae famly that conprises a
deletion in the capsid gene such that the del etion does not disrupt
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“the RNA sequence required for genonme cyclization, the signal sequence
for prMprotein that is required for the proper maturation of prMM
or a conbination thereof; generating a cell line that ~
expresses capsid protein or capsid, prM E protein, nutated capsid
protein, nutated prM nutated E protein or conbinations thereof of
the virus of the Flaviviridae famly, wherein the cell |ine provides
hi gh | evel s of the proteins of needed for propagation of the
replication-deficient pseudoinfectious virus of Flaviviridae famly;

T o 5 RILEE By Gl g g ol vt

~Flavitviri _here roducihg the
repl i cati that epperasor theauersr masaetion et RIM/ 501G camplangtion thexepf: dae
famly. .. The nmet hod of claim 11, erei,n said vir

is a Flavivirus, HeSSRE¥Hng 2 il Pas il PRESHS SPRg PO S8Psth P5My E
vi ruses cpraigdmbiateXepaiagirogin kivtded pMd siniatedd paidtdisor eombiatond thhreof
the prME cgssette f the. pseudoi nfectious, vi . . . .
The met hoﬂg e %@% ﬁ\ﬁﬁ’(ﬁ"éqeaﬁc%glgﬂ& ‘f—‘f’e VIVIF ﬁéﬂjlﬁge gr?’éﬁsoh\lf\%l? syer ‘ot the
virus, a Yeas¢indNof acaded for peopdgatipneofithe ueplicatian-defichant pecushoindgritions wirys of
virus, a §§ai'\v/hn‘;iﬁkgeu%§,1jﬁn%§d)hal itis virus, a Japanese encephalitis

a

virus or a rray ey encephalitis virus. 20. The

met hod of claimn, wyskginmBueliafle Wih IROPRIESnROEOEH Vitus! SEheI Qi Giridae
of said Flavivirus that 1's del eted encodes amno acjids.26 to 100 otr tﬁe

conbi nat i SHRibY, Apareky AePCing e nreRliFH HERaErD Y ofpfseiius; yEvE ©
protein. @avivii@ad®bigd of claiml g , wherein said Hepacivirus is a

Hepatitis C virus. 12. The method of claim 12, wherein
said Pestivirus is a Bovine virus diarrhea, a swine fever virus or a
hog chol era virus. 23. The nethod_of c¢laim 17, wherein

the cells expressi nd®t Hehenimethed, nf elaia1ht adrersingt Wi sviges iha \Hlgvigirus,

are lgener ?H@ﬁbcﬁkﬁid@.%r PRARL G bihef BEIHRERF Wil RPlubUREatEEDY ¥RHhabdiffprM-E
viral vectors.

i 21r, Th thod of ,claim23 wherein the
gene encodfasFitenat H@F’éY‘E‘bFeb?”d)%é‘“’n?@?' ‘fasﬁﬁtf‘i@gt&? Pﬁ“ﬁb}f%?%°83?é“‘ﬁsam ly
inthe replicon is replaced by a codon-optim zed version of the gene
encodi ng the proteings).of sai i FUs guch that o
reduces the abili tngf )rpﬁem%tg?‘? cﬁ\éicﬁlaeup ¢ do‘gl'éedggesr?}ec{;%%aé/%?lleugolgrb?[géenovv\f fprer
t he pseudeimé,ex tWestNiEl dvasy iardetigee yims metickabliroe eherphaliiteyirgh@ Saint Louis
producti o 2 ugdel (I éf!ﬁaaf:’ b il iti ]
The net ho%ng%h%{%ﬁ ﬁ%ﬂ%% eg%ichg al é{l%ia%éi%(%ﬁ@g;g ‘ggl sleeysenge%mg? (s)'? g-lu?l
that conprises nutations in at |east 36 .nucl eotide positions of the
?en'el encodi ng C pr Oiéizghé’_lfn_nhétﬁ‘c% Mid'léalﬁz \5@|vfl{éﬁéiﬁlguéleoﬁc&eseﬁh@iéire]‘éhéddﬂﬁ§the C

amly. . . . .The net claim 2+, el e replican
expresses Brogeipoheaif i la}"h"‘f"r?éh?té?ﬁéﬁtﬁ epgpdes mr&}c\é\ég?r%ﬂ HQP[?F ﬁlcog’lbma on
cycl i zat i oBf &etveRRR Svitis hmirfvadcidsraBzen 0@ obfhe Caprdtaiy.cl i zat i on
sequences reduces the chances of productive reconbination of the
replication-deficient pseudoinfective virus with natural viruses. _.
27. The method of clXi fﬁhzﬂpeﬁhhfépéiciﬁi@ééd whestin seid Brprebgneds i Heeatitis C
conpri si ngil%h_t ered nucl eotide sequences encoding truncated G prM
junction such that presence of such altered sequences enhances yield
of the replication-deficient pseudoinfective virus in cell culture,
prM E cont ai ni ng SVR1yiTakdméthod iof &l &8, Cwhidrtinadaid Pesthénedl .a Bovine virus
2g. The i %ﬂod of claim23 whe ei(gitlhe reéol i cons expressing the
wild type t%f‘@’&CS‘FVSFEFHi"’o% WHEVTF WX Bf the Flaviviridae famly
are introduced into the cells by transfection with in vitro
synt hesi zed replicon RNAs, by transfection with plasm d DNAs desi gned
to synthesize functional alphaviral replicons fromcellul ar
RNApol ynerase |1-specific pronoters or by infection wth al phaviral
replicons packaged inside the al phavira#3structural proteins. 21.



30°. The Method of clainR.9, wherein the al phavirus i § Venezuel an
.Equi ne Encephalitis Virus (VEEV), Sindbis virus, Eastern Equine
Encephal itis virus (EEEV), Western Equine Encephalitis virus (WEEV)
or Ross River 'virus. 31. A pharnaceutical conposition,
conprising the replication-deficient pseudoinfectious virus of the
Flaviviridae famly produced by the nethod described in claim13.
32.. A nethod of protecting a subject frominfections resulting from
exposure to Flaviviridae, conprising adm nistering to the subject an

i munol ogi cal |y ef f &3t Tue nisfvddf Pdimt 176 WHRAsiNBfadel 1k CRbre EEMS WilPR PO br

=

claimal | wherein .said.conposition elicjts an,i ne response ]
Coai not ¢ e e R HEwe RS fi debfplosSingue SisplTE PogiataF R oD derived
subj ect f rfomn vival venfoect i Ons. 33. The nethod of claim

32, wherein said admnistration is via intraperitoneal, intradennal,

subcut aneous, intranuscular, oral, or intranasal route.
34. The net hod of .cl?éi Mg2methhé radi elaigni2d, sdiejede tthe gere koewling dre amtated

ani mal . protein(s) of virus of Flaviviridae family in the replicon is replaced by a codon-optimized
version of the gene encoding the protein(s) of said virus such that the replacement reduces
the ability of the cell line-encoded genes to recombine with the pseudoinfectious

Flaviviridae genome and/or increases the production of the pseudoinfectious Flaviviridae.

25. The method of claim 24, wherein said replicon expresses a C protein
that comprises mutations in at least 36 nucleotide positions of the gene encoding C

protein of the virus belonging to the Flaviviridae family.

26. The method of claim 24, wherein the replicon expresses a C protein in
the replicon that comprises unnatural cyclization sequences such that presence of said
cyclization sequences reduces the chances of productive recombination of the

replication-deficient pseudoinfective virus with natural viruses.

27. The method of claim 24, wherein said replicon expresses proteins
comprising altered nucleotide sequences encoding truncated C-prM junction such that
presence of such altered sequences enhances yield of the replication-deficient
pseudoinfective virus in cell culture, prM/E containing SVP yield in vivo or a

combination thereof

23. The method of claim 23, wherein the replicons expressing the wild
type or mutated proteirrzs of the virus of the Flaviviridae family are introduced into the
cells by transfection with in vitro synthesized replicon RNAs, by transfection with
plasmid DNAs designed to synthesize functional alphaviral replicons from cellular RNA-
polymerase II-speciﬁc-promoters or by infection with alphaviral replicons packaged
inside the alphaviral structural proteins.



2% The method of claim 23, wherein the viral vectors are alphaviruses.

3(). The imethod of claim 19, wherein the alphavirus is Venezuelan Equine
Encephalitis Virus (VEEV); Sindbis virus, Eastern Equine Encephalitis virus (EEEV),
Western Equine Encephalitis virus (WEEV) or Ross River virus.

31. A pharmaceutical composition, comprising the replication-deficient
pseudoinfectious virus of the Flaviviridae family produced by the method described in
claim 17.

32. A method of protecting a subject from infections resulting from
exposure to Flaviviridae, comprising administering to the subject an immunologicaily
effective amount of the pharmaceutical composition of claim 3], wherein said
composition elicits an immune response against the Flaviviridae in the subject, thereby

protecting the subject from the infections.

33, The method of claim 32, wherein said administration is via
intraperitoneal, intraderimal, subcutaneous, intramuscular, oral, or iniranasal route.

34.  The method of claim 32, wherein said subject is a human, or an

animal.
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