TI TLE OF THE | NVENTI ON RECOVBI NANT SUBUNI T DENGUE VI RUS VACCI NE

CROSS- REFERENCE TO RELATED APPLI CATI ONS 5Thi s application clains the
benefit oWoUWoR/1sPrevi si onal Application Serial No. 61/ 4@87TAB0011f05d0e6e

COct ober 29, 2010, the contents of which are herein incorporated by
reference in their entirety. STATEMENT REGARDI NG FEDERALLY SPONSCORED
RESEARCH 10The i nvention was supported, in part, by U S. Governnent grants
nunbered 5U01 Al 056410-03, and 1UCl1 Al 062481 (NI H), and WB1XWH 06- 2- 0035
(DOD). The U.S. Governnment has certain rights in this invention. FIELD OF
THE | NVENTI ON 15The invention relates to conpositions that elicit an

i munol ogi cal response agai nst dengue virus infections, useful for the
prevention and/or treatnent of dengue virus infections in human subjects,
and the clinical manifestations thereof. BACKGROUND OF THE | NVENTI ON 20The
famly Flaviviridae includes the prototype yellow fever virus (YF), the
four serotypes OFLEIGHIHEESNVENTIOS (DEN-1, DEN-2, DEN- 3, and DEN-4), Japanese
encephal iti s vi REGOMBMNANT SUBWNKFIIDICHE VBT OEIGRNEI tis virus (TBE), West Nile
virus (WN), Saint Louis encephalitis virus (SLE), and about 70 ot her

di sease causi ngCROSSIREEERENCH TNREVATED sE3IcarioNsmal |, envel oped viruses

contai ning a single, pasidpplivBenshinathchelif IR ProMERRal AppiRatigesa@l o oduct s are
encoded by a si Bgiog312 Bled@eb: 19081 dRGorfefitediBhidh Al he@in@edrfoRBly fe@de iAS a

pol yprotein orgasie@d.in the order: capsid (C, "preMenbrane” (prM which
is processed to "Menbrane" (M just prior to vision release fromthe cell),
“envel ope" (E), stakMewetchypmernpskAnine sronabREDNSIEARCAt €i Ns NS1, NS2a, NS2b,
NS3, NS4a, Ngtb and NSondifveMénRehpdril, £haHh ek Ssoverhmendgran®fumbered sSUCANNUAlI  Rev

M crobi ol ( 1990h104#io04 A 168 &iostdeneig nd weixwit-06a06s Bobnakus). R, din

M crobi ol Rev. G190k n cddibrnd98 ) nisinkdaghhvi dual 30 flaviviral proteins are
t hen produced through precise processing events nedi ated by host as well as

viral |y encodedrpf®6ELASERSENTION The envel ope of flaviviruses is

derived fromyhe host GglikyedlBHMA0 EomPddonCRRNGiH AR BurbuldBeitdl sgihsd Y - €ncoded

menbr ane anchor ngga@e@m&%fectl\(ﬁs RAHER ARl kel GAREOLLI NS, The E

gl ycoprotein i 5mTfeL'lSnsm%[uﬁlaﬁs?uhec}é'aﬁdacﬂec1§1¥c£1h'19n§fé§&1§:£sﬂl@&&?t ein and contains

functional domains responsible for 35 surface attachnent and

i ntra-endosonal BR%@R%(}Ngg et SSon! t |s aI so a major target of the host

| mune syst en Ci ng, NG, ALAGHE LR 6@ froid @yzﬁowr}@mu@m)zmgu anti bodi es,

whi ch are assoc'se?b}%?egof\% E‘ue viRdd (BEI@EE)‘SN? DEMI -4) Jap S encephalltls virus Dengue
11

viruses are tr c omeencefhamawiun e es 11 v1rus fSamt Ha%tls%%ges prl mari| y

'3\ aegypt: and I( %g)&% seaseca On l¥v rusesgresmal\./enve'ﬂlope quae%?dE t|0 a

iverse clini Ca on 1]mn asm%e Yomdfg enome po uctsaree co ed a ngl0 eoritle
i1 ness, thl’ open aigs aI andareetrgl%gtedasa olypr tenor lZ m eord %g y high fever,
headache j 0| nt % r’r’iu f yp | eucopeni a

. ! 1c 1 roces to Mem T _]us 1 r v nrQI ase

(G bbons, 33 r| t1S t T %02
324: 1563- 1566) E)e °’h%§? fo “8”.%‘“ ‘N f"'&&‘ % n in children,
dengue henorr hag’ @ ‘%él\fé‘? Sa "ﬁ’ Yﬁeg"’ ﬁ;ﬂ s 9 )4 ked by
vascul ar per meaBi f VLS FEF" ’5’&55\’@’"%@ PR (8 ?1733? ons rangi ng from

t he presence *bf bvéyt‘aé&‘ﬁ?“éé‘eta‘i’?ar"%‘&e& Frypep RTelse oS 8’ﬁ‘t‘sdfﬁ‘8"6‘°ﬂ§" h§sé§7§”Fle henor r hage
and prof ound sh8CRIWAFEHPREYS i f untreated, result in death. Wthout

di agnosi s and 10 pr onpt™fEdPEa] Y FseiAE Rt 0aR b fof &l SERbeREISHESE and rapi d
progressi on of BREPHSSeEdRrEe prgiogy membrane (M) end envelpge gﬁﬁ‘/é°p§?fe‘r“%'sr’§§ are the nost
si gnificant gro@BoBreErbaireshoarEunenti td ety fades dorin ePRiddr gl obal

nor bi di ty and’® novieakde etpehniet o iy endeserehiatop i vriTe! Belid PEY et riHedit cases of
dengue fever ocdyrpesrgmanrritahe Bodierns Piyis pyytradag atpdies; Wickuossomd cases of

DHF/ DSS ( Gubl er witiprotegtive im@priityy M cro biol. Rev. (1998) 11:480-496; G bbons,
supra). Wth the gl obal increase in population, 15 urbanization of the
popul ati on especially throughout the trépics, and the | ack of sustained
nosquito control neasures, the nosquito vectors of dengue have expanded
their distribution throughout the tropics, subtropics, and sone tenperate
areas, bringing the risk of dengue infection to over half the world's
popul ati on. Mbddern jet travel and human em gration have facilitated gl obal
di stribution of dengue serotypes, such that nultiple serotypes of dengue
are



20 now endem c in many regions. There has been an increase in the frequency
of dengue epidem cs and the incidence of DHF/DSS in the |last 20 or nore
years. FowOoeremshm®? in Sout heast Asia, DHF/ DSS is a | eadiChmg/Sc@nsesoos
hospitalization and death anong children (Gubler, supra; G bbons and
Vaughn, supra). To date, the devel opnent of flavivirus vaccines has been
met with m xed success. 25 There are four basic approaches that have been
i npl enented in an effort to produce vacci ne candi dates to protect against
di sease causes by flaviviruses: |ive-attenuated, inactivated whole virus,
reconbi nant subunit protein, and DNA-based vaccines. A live-attenuated
vacci ne for Yellow Fever virus has been avail able for decades. The use of

i nactivated whol e virus vacci nes has been denonstrated for TBE and JE
viruses. 30Despite the successes of the YF, JE, and TBE vacci nes

hi ghl i ght ed above, the use of l|ive-attenuated virus and inactivated virus
net hods to devel op vac©rmeesirkee denigtieo map hussdhias ofieemuspteds, Wi t h si gni fi cant
chal | enges. Thepranadly £ edopuind & b @lcyp &Ectof bydeng viesespaisus dvEdleMibical DEN2, DEN3, and
DEN4) and str ai pswodngiesoh asiepeky penildftelcilpuntrogh dsitkidinguagvet @Houghout  t he
dengue endem C thexgpetdadby Gikh fevirchead@hiel jeint arlable peln, rhshh fyegede@prtbg@df er s | ong | asti ng
immunity to thelehchkeqtibtag, BY. a6y, Ot Vepdn, Brirdsh Mdital loondb0324c16419866), Ser ot ypes.
The nore sever etwhabdBvedfort FafetiosBms oDkl DS Skng@tehbihagoiterdafgicen af t er
secondary denguehodkBh@dte (BHE/DS N i@Red bFa@ @dr baitabilintatilcbdaere Saindtbgipe of dengue
virus is fol | owashifhtion rage@tbl hé prkae bi pagniwiatdlccaRets hefontmenotwpe. The nore
frequent assoCi @dmo@Bee @i profdimd shdkivhich mel, iDDfeatdd, £40it i6 e ALY ddenague | nf ecti on
has been hyped heshx edicd Rtekriod, 4R slidn AQmd hipfogbsiichioNMIFDRS dabehieS | Nduced by
infection with one Vi engleyifes @RIRIG bipicdnd ook drdtodoyr@dmitdd i@&GNd dengue
virus type (ant iheeneERaERRE nRRRaNT e BB Rded one NREd milild bases rangept  has

i mportant i npli eakicaRng hbiyhasmb 156,000 @\s6)00Ramnt purass @webf et ve dengue
vacci ne must si mlbaneouskyi:moldddiises BtARGE e FBE Gdale & phRktor,al 1 Zi Ng

anti bodi es angl apaﬂganwo@therpgﬂmtroyes&amﬁm@gg@ﬂmgpwamdthtQauafs@amgue serotypes
(Hal stead and Dggiio &QPheasuds thenold@R véo@ 8Bt DvddEpaed i AliribRioPP! €M i N dengue
vacci ne devel Opm%ﬁghout the tropics, subtropics, & @sog@ttn%eratg , B thb xtls)(otQInguTe he vaccines
tested clinical by 3l €okinffhe “@ﬁdts%ug,tomoaéﬁg%@ﬁaﬁdhmg&gatm}géent safety
concerns Commnfatzlﬁ)(at@ globaJ dis%ﬁm%'of (Qllgue\éé&}gé Qﬁc§thg lnM% sér&yp @@Lntgtm){resum ects. 10
Under - at t enugy i ), Ol il NGary llibS THEVhad o6k WlioredsdIn W ol BheRlhusl d&@Lyerse events,
wher eas over - at { aQUALL QD BRYAR RIALFor YAE fbel) Ror BLINE RSN thend reversion to
wild type or wbﬁ%/bé%@s&tlegdldgcagiegﬁi siflizytlon add A ré%ldr Q@Jb@%ﬁﬁ effl cacy) may
occur. I\/breoverGF’ vend‘; Q“fror%er y attenuate I'Tve viral vaccines are
contraindi cated Tor %’C date, t edg'qtgmgn?(gf Vlvgtgva@ctmles% %ée melfl mlxedsucrggs!'lne defi ci ent

or i mrune squr%sed ha\vlé%eemm?ls egtzeaarmanei%ﬁ% O%Ceq'%mn s of the normal

| at ere rei) z%aswa roacﬁe t di d |
Eg??hgrl IOQSUES o T tectl nstdlﬁas cau esb?ﬂavxarusaésn 1ve’g)tter%rted ina wated Ingulev: nglauze t he
chal | enges assocY{, étregéf man gt a“dt]g)lj base tnl ufr T age““atedvcfccmff _replicating
viruses in a tetf ﬁvﬁﬁ‘f“sk?s%%avﬁ% e iprdecies o Vaer é)reé"rri’(s:‘é ave pl agued al |
tetraval ent f or ATIPEtBREE %F%I%f“‘{g it e an have te%a d in unbal anced
tetraval ent Phmunjty a dsp‘feﬁlﬁs‘ﬁgcésdeﬁi’tﬂ‘éﬁ%m E VRS %‘f% g%"%te‘f@ admi ni st er ed
at an extended PreEFtred (R ”gd inafivateg ““’i?e“ﬁ‘&ﬁ"tdﬁ@‘?p vaoRipp B VRS WSt hap j deal and
coul d present séi“le’é‘f‘?w‘fhé‘g‘ﬁf@%‘ Py poess TR AR PSFEORGHE PR B s A DFY t i al | y
i mruni zed and b&EEHEY BRPYEEY A 6f i PRy B Frtidne o PRE Betietidi vi dual s may be
at higher risk &femiscegopyofihn g 8?“%‘%5@%’”(%“&61°“%i@ﬂ‘§d@““ﬁ€r‘f‘d’f"r‘“lfféf fc fever). lvy
et al. (U. S. >Pafeiipe e raiphorfepyue yiogee daenog st atprarpiPeties<BIfiirt vaccine 25
conpri si ng DENL%* 8098 4 sreinipa e infgonapienipfectivilonergips of gt he  DEN- 2
envel ope pol ypept d&Youpt e wiopafectiop yittepothgserotpey hegnore FPa8" spsesf§ésP ¢ conposi ti ons
conprising DEN 1-4 80% E and | SCOVATRI X(r) adjuvant. There remains a need,
however, for stable, tetraval ent vaccines that can induce a bal anced i mune
response agai nst all four dengue serotypes. 30 SUVWARY OF THE | NVENTI ON The
present invention provides vaccines and i mrunogeni c conpositions for use in
human patient popul ations for the prevention and/or treatnent of disease
associ ated with dengue virus infections. The vaccines are fornmed by the
conbi nati on of reconbi nant subunit protein(s) derived from dengue virus
envel ope protein(s) and an adjuvant. The dengue virus 35 vaccines of the
present invention are designed to induce bal anced, protective, tetraval ent
i mmune responses agai nst DEN1, DEN2, DEN3, and DEN4, while providing an
acceptabl e safety profile.

can 1date




-3- The uni que vacci ne fornul ati on depends upon novel, properly fol ded
reconbi nant envel ope subunit proteins ("dengue 80E" or "DEN 80E" or

" DENL- 80BVO@n12/IBEN2- 8OE" or "DEN3-80E" or "DEN4-80E" or PCDHIN46130502¢" )
conbined with adjuvants to produce the vaccine fornul ati ons. The uni que
conbination in varying ratios of nononeric and/or dineric 5 forns of the
reconbi nant envel ope proteins of the fornulation are designed specifically
to address the need for bal anced tetraval ent responses. The vaccines are
designed to induce rel evant, bal anced, tetraval ent protective imune
responses, such as virus neutralizing antibody in healthy human vol unteers
and to nmaintain an acceptable safety profile for admnistration to healthy
and i nmunoconprom sed i ndividuals. An additional advantage of the vaccine
10 conpositions described herein is that they do not contain significant
guantities of the pre-nmenbrane (prM protein, potentially mnimzing risk
of ADE whi ch haBHR ¢ tHihsedoydmndehepeideipn hag begriyriothysieeiodrdut bordi es (Dej niratti sai
etal ., Science B28liZhdminds iR POpfectiiRodemhuibgyryspireqng inkttigly of 2 sfpnds  Pat hogens
6:1-9 (2010)). dchme GGHPpebdi-dasndgnt ehaxpmedEN Toootcrrelash@ttinonal |y with prM
but the pol ypr otmglicaiossor ghopadeestbpreest, as tn effci@yndpdusvadciemug eiprleteasly pat hway at the
prM E juncti on byucdrasited gedific nelizlizhiz gitklisse syedficomsinyrgls bdaiest BB conponent i nto

t he cul ture mediegw eompeqibidiserdagiciein002f. Chighanive tobt @hajoy rPRR G dvaeci ne 28: 2705) .
O her aspects oOfacdnaileseldpmient i on i ncl ude use of therapeutically effective
amounts of the vacci nego dah, tgmajatedd \adbe tegd Elinicaly ardlBe, alnuitddRasai@pr ophyl acti c
agai nst di seasevwhaypsed sk caengidendtioralliBve viRdf vetibds On @RdithysBectf t he

t her apeut i cahd yugkd.@siaiion 65 ta ikl re@ift intviAB-relt@CATeRGSents e okE-C ept abl e 20
carrier as a phaeimicehd kgl vEaRRBGET KB reversion to wild type or midGioiSieGkasedr oughout t he
speci ficati on agnfiehchi(of dtRasaiRpeg 86 oklraMbrever, blagir Sdpitg lembtedf IREwFR "a, " "an, " and
“the" include t ke dtedlainkiel@ihapscite pdith @S aabluck Qilnxidercikar | y di ct ates

ot herw se. immune suppressed pa&ﬁts,mﬁlasﬁaelﬁfc@dig@&h& ofthh@mﬁﬂﬁiﬁiaﬁo.h,&ﬁﬁ don and appended
clainms, the ol LM @ndonElafd dedyidRSAnd abbrevi ations appl y:

The term"treatment” r L& SsubsQitDRt RedfBLRAPGHING & GRAL HRAS meand prophyl actic
or preventative pRASMERRted wild Vb AR Sur InfbpdA@RE refifatihel v R BLaviiAC| Ude those

al ready w th the,.genghewinifigsii-ale nReiNEEvaa8 o dioealdhast ing any clinical
synpt ons, as V\BL;Jvex@sﬁte& 1h91§§an(@$tet£ﬂaﬁllﬁ mgfumtl?g!dmgr ui?etn%foﬁqultl &oas dengue I.e.
those subj ects/ RakdRDS an bndMhiG dE0QUE mbm)eﬁﬁs ik BRALL bfte clinical 30
mani f estati ons Enjggxﬁ §§f3afy 1sﬁgs§>r ﬂl(Qquﬁs VBS ﬁVe%QLL FaQIallymLemﬁlgeco%L segﬂnt ient with the
dengue vacci nes of. 1t NG, L ANEREARR 1€ b ARG is0R G aHbareIRLL: ©F adfte f Ol | oW ng:
|nducmg/|ncrea?émglgla Q@& ne response agai nst dengue in the patient,
preventing, ora t 5998 ERGa Aol eeaqeumgl Eadpdcel i hood of the
clinical nanhjeggg&mo 09k ﬂﬁw%mt ‘ﬁ LlEMoSor Xﬁm een infected with
dengue, prevent | g,? P{ﬁms%ms G,ng, s,fbm 334 coizoou - mpmmgslaem {4 zdengue fever,

DHF, or DSS andf<

e TE remaijls a ne owever, 10t st ?) e, te T, alen?vacctneesd w t h d en g ue
i nf ecti on, redug] 'di1u£1 grl em:gmg;mmﬁi%m%%wm cl1nical synptons of
dengue |nfect|on and/ 61" oth ase or co ’"on associated with the
dengue, and Rre 53@ g the |Ike|lh00d of dengue infection. -4-
The tern1"théraé§ﬁ %&bﬁﬁm Hﬁ ?ve neans sufficient vaccine

conmposition is |ntrodu35§“F8“§? 5?“%ﬁ?“?‘” fﬁ“cmﬁggmmqgu%ffect

i ncl udi ng, but AP PHPPER topsor ﬁﬁﬂ@?ﬁ‘ *HET %ﬁTO “ﬁﬁ“ﬁ e response

agai nst dengue #f B HEETE Ak B F%ﬁ%ﬁﬂ? YoYU E PR PR E M kel i hood of
dengue |nfectloﬁmﬁﬂgdﬁﬁﬁﬁﬁn*ﬁﬁﬂPPgﬁ?WT%ﬁ%%ﬁ?%ﬁpﬁ ?b§@ﬁ??ﬁ§msanelloratlng or
5 abrogat i ng 1 h& et EETer P &8 Sy nadispalgeh e iTae@e B N pat i ent s
who have been i FffReetag™ W WahGEE: »HPRefitrry dtant iRk &FEPiDHE and/ or
DSS, reducing the severity or duration of disease associated with dengue.
One skilled in the art recogni zes that th|s | evel may vary. The
term"imune response” refers to a cell?mediated (T-cell) immune response
and/ or an antibody (B-cell) response. 10The term"patient" refers to any
human being that is to receive the dengue vacci ne/i mmunogeni ¢ conpositions
descri bed herein, including both inmunoconpetent and i nmunoconprorni sed

i ndi viduals. As defined herein, a "patient" includes those already infected
w th dengue, either through natural infection or vaccination or those that
may subsequently be exposed. 15"MAA" neans Merck al um num adjuvant. MA Ais
an anor phous al um num hydr oxyphosphate sul fate adjuvant. The term "MAA" is
used i nterchangeably herein with the term "anorphous al um num

hydr oxyphosphate sul fate” or "AAHS." An "I SCOMIike adjuvant” is an

adj uvant conprising an i mune stimulating conplex (I1SCOM, which is

conpri sed of a saponin, cholesterol, and a phospholipid, which 20 together
forn1a characterlstlc caged- I|ke partlcle haV|ng a uni que spherlcal

I o 2 1. g, T . . T /7 r o ~



BRI EF DESCRI PTI ON OF THE DRAW NGS 30Fi gure 1 shows a silver stained sodi um
dodecyl sul phate - pol yacrylam de gel el ectrophoresis (SDS-PAGE) gel (panel
A) and WasDenre/tshme (panel B) of purified cGW grade DERCTAGE)11DEN26 80E,
DEN3- 80E and DEN4-80EZip (1 Iig of each sanple) . Al sanples were run
under non-reducing conditions on 10%gels. The Western bl ot was devel oped
usi ng a nouse nonocl onal anti body (4&) which recogni zes all dengue
viruses. The sizes of the 35nol ecul ar wei ght nmarkers (in kD) are indicated
to the left of the gel and blot. -5- Figure 2 shows results of
a tetraval ent dengue rhesus macaque chal |l enge study: post chall enge
quantitative virem a assessnent by direct plaque assay of nonkey serum on
Vero cells, as described in Exanple 6. 5 DETAILED DESCRI PTI ON OF THE

| NVENTI ON As descri bed above, several attenpts at the

devel opment of a dengue vacci ne for human use have been nmade, but so far,
these attenpts have beém uslvagerefoimplatiosdopeds unmp fovel, gredkibtfoldedmdiitgnant ef f | cacy. To
that end, the peedestbulirpoeint (denguedors i DBBSENPENI-0FDNDENRYE @r e useful for
the preventi on &GyENA-80E” dr FRENY-BAENGr “REN4-SERIGU@mbiel wigh adiwvingtiprodmasthd N hurman

subj ects, and/ oracdidh®melatons TighnidhOcomtpratioh @Sirdiziradn s folv@er@@ifd/or dimeric Many
previ ous eff ort gmhate rb@girentivelge preensat thetidraulatewe leipaeptifiiefy thunman dengue
vacci nes that akderedds dledSmbatancaniaraglert fedp@iee IThd WecihsrmRG@Eni ighuge. g. capabl e of

i nduci ng bal ancetvabtghiinged ad@slnt fr@SPORKRES rebpbhsds, ML videdlutializtlg asfivddyal S) . Despite
these efforts, @k RGHE oMol Sd b @GifthiFka SccdpBiile skt pRtifle BS@minkthAdh of Ul | y nmeet

t hese condi t i ongethhay mmboefpasiailividdne gn ddGtothddieniagd brak et@e e, the 15
techni cal pr obl esmpdsi@onb@scivad heidlis iyt thkshie nd: M@ Hehitdant entitidetdprscovery of dengue
virus vacci nes mbatane$@it) piolel, fottal i Rin@kinG@RAEHADE Qi3 has teltily 8 lnkdiyy to (1) induce
bal anced, t et r ay@ah@hibRioiDgladiMe: 4./ FALAS28 RS POAGOSRUAsaREt Aal ed i ndi vi dual s
(human subj ect s pros Bubheds 8)-0 BRDN RIS pRRiInEXCHRELQN GBS tWih i, 0t i | € i n human
subj ects i ncl udB@iypifiBticawed £1 stk e s@RLry pABNALIPE RiTicA Bithost Ei S 1 epresents
a significangs chakl&ReSngt sEREHHant Mio ikl Suln¥AHeGibonSr pHkEVRMAIR « 2.2Nd t0 date no
vacci ne fornul abd;9p,.4 281385 been shown to adequately address all aspects of
this technical probl emOthI%gc@ofItﬁsuﬂ'enmn%ude&QMra[ﬁtﬁgﬂlwaWe%ugs%ﬁand for a
sol ution as thegpr.exalthatp@ie cgangdmanrpathyltctrta%tadgas cdhiddE BARE

Al flavivirus %yﬁlje&}&%d}:&eg;tﬁltﬂgépeélb%e@fecﬁ\le tb&l@%ctx@gmlacgcg¥ble Anti bodi es

di rected agabnst,.£Rli ARER.£AUBLAGd W thin all three external domains of
the envel ope protel N ang.LahbiofnOhetlslidhiGHus sdaatt Plngdher €, the

| nhi bition of Vifrntts L RE Gk ho L nSHAE SR bRl stﬁe%nacrenytr&ateto A hi gh 25ti ter

of viral neutra zrng ant i Ies I's genera y accepted as the best in vitro

correl ate of |n vrvo pr,of.ef (m%n gar Lon Y. nf pct on and prevention
I and appended l oliowWin,
of fIavrvrrus Eﬁmmemﬂ&bwﬁﬁ ??(VHCCIne 3@ b 1876- 32; Ben- Nat han
rea

et al., J. sease 1§mD m@% - lactlcV'roI (1998)
72: 3076- 3081 Begglexnm% . d f%éﬁ i EL ?nerefo a
vaccine that in tﬁes n 1v1 s nee of tr atmentx os alre eder ESpOI’lSES will
likely protect \}1%((::181; whe? ornoqtmame 1 wal togmsiaﬁaeuéstla»seatrlsk gbel e Viruses.

The nore fre uef"i‘?eCte Wsﬂbc?'i‘gaet ] a“'rrse %F{’”rrf”érﬁér ) ecf‘ °f“§2ﬁ@‘g y dengue

i nfection is hyBSIRELPAEEEs" B e’ (5 P’ rte% 8‘?%‘6*8 %"F“e 08" react i ve,

non- neutralrzrn e inveptien IS & o ol e o ’?ﬁﬁ'“?H%“W?WEWmTI?%@Fron whi ch up
regul at e repI|C¥ﬂ@ﬂ?§ﬁmtﬂﬂwgﬁﬁﬁﬁﬂg s 3 y@@fb 18 e {kelbpd Aot | ng

i nfection of Fe'™f EehtBe=enpid 8§WF§“§U€ﬁ ﬁsmﬁﬁﬁB@VF@§P?ﬁ@Pﬁphages by the
Fc- 35 recept or At POt Ev{RpE el st Bad 198! {5195¥84d 1989) .

Al ternativel § erispien A vitKPB infreiel Edupp e vl At utiar StbgHinitthe phenonmenon
of "original an®mgeriotiespeintoionadprihy fisgrse ot pATRliTEior e sH ¥l 1E &P r ect ed
primarily agai ndtreyngs edeingtafledeedng-seideiope, which allows the second -6-
infecting serotype to replicate and gain an advantage before a nore
specific inmmune response can be initiatéd (Mngkol sapaya etal., 2003).
Regardl ess of mechanism this phenonenon of enhanced secondary infection
has inmportant inplications for vacci ne devel opnent, as an effective dengue
vacci ne nust sinultaneously induce bal anced specific neutralizing

anti bodies 5 and specific nenory cells against all four dengue serotypes
(Hal stead and Deen, 2002). This has proven to be a major problemin dengue
vacci ne devel opnent. To denonstrate how this probl em has caused
i ssues in dengue vacci ne devel opnent a review of efforts conducted to date
is useful. A significant amount of effort has been invested in devel oping
candi date |ive-attenuated dengue vacci ne strains; however, many of 10 the
strains tested have proven unsati sfactory and interference between viral
serotypes has proven very challenging. Two devel opment progranms using
cIassrcaIIy attenuated vrruses progressed to Phase 2 cIrnrcaI testing, but
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As an alternative to traditional live-attenuated nethods to devel op
flavivirus 15 vaccines, reconbinant chineric nethods have been utilized.
Thi s et wo 20t¥158202s a known attenuated strain as a bas@Can$241hes58026
appropriate genes (prMand E for flaviviruses) froma related virus of
interest are substituted for the equival ent genes of the base virus. One
approach that has been used for WN and dengue vacci ne devel opnent is use of
an intertypic chinmeric based on an attenuated DEN-4 strain (Bray, M et alL,
J. ViroL (1996) 70:4162-4166; Chen, W, et alL, J 20ViroL (1995)
69: 5186-5190; Bray, M and Lai, C -J., Proc. Natl. Acad. Sci. USA (1991)
88:10342-10346; Lai, C J. etal., din. Dhagn. ViroL (1998) 10:173-179).
Anot her approach has been the use of the YF 17D attenuated strain as a base
to devel op reconbi nant chineric vaccines for JE virus, DEN viruses, and WN
virus (Guy, B. etal. Vaccine (2011), doi: 10.1016/j.vaccine. 2011. 06. 094,
Lai, C J. and Mnat h TIR termAtherapgiticallgeliRéw apRGOBYos Gficig§cchOQmposion Nbnat h et a!
Proc. Natl. Acadintr@erd @jShtie(t RGOS 2B B9 Ancludingfiiuinet linitpgtouse  of
| i ve- at t enuat edindbirgiBreisvg ambinhvedsroraimtigamtiaipesiond weventhg @ddutipgonal
| i ve- at t enuat edthetiktliih@d &f dentua @fegiby angnguorecnmebtlindeelon, areventisd, anlelorafilsagued by
difficulties §assgthnhedice hafisabnspf deperilfgioanpamsabedvesdriatorg and in
achi evi ng bal ane@digngiegteraninglicegnt fevereBHFOMBEBSSagading 8t sedamgdeatiiof uses. Currently
t here are commetighsadsdoyiated wigh dbrgie] Gne viileih HEE rePipaaUmetls bvamagkyand TBE 30
utilizing whol e i nact i Tetw@d“iMihtisspdi@t BRIES a celBeditied (N-cdl) ivBumatparuat ed vi rus
met hods, the usedefan intaGiB-wBtaeednsyi rus net hods for certain flaviviruses has
not guarant eed success Tdudnhpaiedratied b ayiumbnbeisaatis hekivarkaapke, efforts to
devel op i nacti Vak@dinddaNesiatmpdsisms dddibes ek, inthidind bl i @6hpsitnca€Ss. Primarily
t hese appr oachesuhi@vihpb@enndivididid @cldelgd Heldig, a padi! ihouliey thésOar@BtidicRa adequat e
viral vyields framdele - iucithbu i YSbtBRNE vacclatobl & tifde Bht Shsy shtkequial Rsect cel | s such
as C6/36 cells @pgqgenerally 35in the range of 104 to 105 pfu/m, well
bel ow the | eygl s necesS@AN nleRs GEMA SRS aBuv $ansf b BGlhovanRact i vated virus
vacci ne. Yi el ds pfuoQMefRuBh Afdvas ek SmmirNEA ULk Gtelolafeel) fedinditineVer o cel l's are
hi gher., but thete,q,p- rp){dugghg@m@g}g{yﬁgbﬂg@;u@wyml[g@spf u/m froma unique Vero
cell line, are still | QWeEcomke adhuldfis REGESERWisiheGn AR QMSafly tr Ul Y
cost-effective y(ﬁlglg!(ﬁ@OI@)rmugtomprrngfa\é&nglrg&ol%m atlwpilmgh fdrmi@fpt the abili ty
to I nduce balz@‘n(&)ge%ertfﬁgﬁéfﬂet%n%a (ﬁ&%é@}%ﬂngaunl ue spherlcal caég ﬁ(e Hl%@ureOf naked U\IA
met hods has al S%m@&%?m?t\é Ak }eﬁew%eﬁirﬁngmchz&mg&)ﬁ &, 9B choLepl i cating
flavivirus vaccw 5 (1996, DDl s B @mdjmts(ﬁﬁm%mﬁ&dmm 1998;
Ravi pr akash Set Qgﬂ K.%leétnhtheel C(ﬁ)[partl € acﬁ)ianéwhlc 000

fe

Schral J ohn et a Iané hoil}&o %gCO at;jugamg ghat ?e producg v«%thqut%géns In rte dJOmQr:llf) The DNA

met hod of f er a tha@(;[ % ns dm§h0§sprov1 edle,rem bﬁ%peaﬂuvanﬁsanl ]\}I n%d sequences,

gg;?gtslsﬁlont gf elal CI uv: suchasqp(g Elgrgd %:1:1 aflgllgzecture W oukant}/en Hg?l\%e tall;lle| i ty to
i nduce consi st eAt an’gﬁ obua§ there e F%aéﬁ%fnse 1:315% 2Trr\"ués“S "8”be a maj or hurdl e

to this appr OaCERIEMSgﬁmtI&?&enﬁ%ﬁAQEﬁQ sone success 10 inducing rel evant

protective immu Sés 1 n mal - m Ed lgmv s £t 1aI 001), the
ability to iAduce thes& FesBaReEe SR hiNaaL N ry%’" °&H| i shed.

FIRE AT R L L ek, dee 1o
concerns about PRVEGFIG XHE OFN% slo%aé‘?ﬁ)%\“%%ﬁé]ﬁ‘é &P e ®genonme and the
potential of geN&F4tPH "’%L'ii‘f“fﬂ“gé?i‘tj‘ Boai Bl Jhﬂ%ﬁ‘ﬁq‘@"?’fﬁd‘ﬁﬂ‘a’é"d‘s‘w The use of
reconbi nant sub&fPt Py ‘t*’]e“f“ﬁ%dyf“S?)wF‘fhé"&??g{}‘feFﬂ§e%<‘i’ﬁlfeﬁérhed@??é‘iﬂ8prrent is 15

anot her exanpi e "84 "HEHPFERIT OUETHE i & B EDLEEH This approach offers
advant ages in production of well defined products and the potential to
elicit specific inmmne responses. Wiile the potential to generate relevant
and robust inmune responses exist, there are chall enges associated with use
of reconbi nant subunits This is due to-both the quality of the proteins
(native-like structure) and the need for adjuvants in eliciting the desired
i mmune responses. 20 Reconbi nant subunit vaccines have a | ong history of
safety and protective efficacy illustrated nost effectively by the

reconbi nant subunit Hepatitis B vaccines (e.g. RECOVBI VAX HB(r) (Merck
Sharp & Dohnme Corp., Wiitehouse Station, NJ) and ENGERI X B (d axoSm t hKl i ne
Bi ol ogi cal s SA Corp., Belgium and nore recently by the human papill oma
virus vaccines (e.g. GARDASILI) (Merck Sharp & Dohme Corp.) and CERVARI X
(daxoSmtliKline Biologicals 25 SA Corp.). The fact that there is no
replicating virus present at any tinme during production hel ps assure that
there is very limted risk associated to adm nistration of the subunit
vaccine to healthy or imunoconprom sed individuals in a prophylactic
setting. IVbr eover, the Hepat| t| S B and human pap| I I omavi rus VaCCI nes have
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Yasui, K., J. Immnol. (1988) 141:3606-3610; Trirawatanapong, T. et al.,

CGene (1992) 116: 139- 150). Towar ds the goal of producing
reconbi nawo 2b12znu202r us proteins for use in vacci nes a vVa&CTAISP10/0582Er essi on
systens have been utilized such as E. coli, yeast and bacul ovirus. These 5

attenpts have been plagued by | ow yields, inproper processing of the
flavivirus proteins, and noderate to poor imunogenicity (Eckels and

Put nak, 2003). There is a need to maintain the native-like structure of the
E protein in order for the reconbinant proteins to serve as potent

i mmunogens. The ability to produce reconbinant E proteins with native-1like
structure is highly dependent on the expression systemutilized. U S.

Pat ent 6, 165,477 di scl oses the process for 10 expression of DEN E protein
subunits in yeast cells. The E subunits expressed in yeast cells
denonstrated i nproved structure over bacterial systens, but still faced
probl ems with hyper gl y&essa skt omitsafrdetgrplent dfugue rhesus macaque challdngy stdyy e 1 ecent

studi es, it hasrdgeeirnggtegizlije sivad assehrment ty Higctplaame by oS palsl serumpmYesf or ned | nsect
cell s to expreselsssdaxgbet @@xefogeds of the E protein results in products that
mai ntain native- 15 like structure as determ ned by X-ray crystall ography
(Modi s et al s 20B8JLENDEICRIPEIONQF THRQUENTIMd Zhang et al, 2004). The use of
t he stably transfor med Ak figeied sbeebdverargtpem itk agelippais § @ud viaccisfigces st ul
expressi on of t hunAoaihed beeroeontyi shanhesdianpis vhve s pligugdbpitses wig safguch as DEN
serotypes 1- 4, andidifficalyER> Banald, Whbresddt ifventibeptoinls cobpoliBDs thbele vebfusflt@ses t he
process for exppossinamy/ofeatniNg denghdvirus Mfktiopsuchuntdn subjecs Hodaa iné cliigaDt €i NS I N stably
transf orned insesttsabsisreotl vy et al. (U. S. Patent 20 6,432,411) disclose
the utility of flaviVvi Mdg plviGiHItR hdve Hodn QikeibdAShe(dE/EJbpmbBAT Ban d@ued Tl NO aCi ds

1- 395 of the DEMkckestiamelbaipare @0 luipep) intlapg-axpy. epse s ikRingtaalddsy transf or med

i nsect cells astgidahe iMatGizAativiMIBNDERE IR uEshs W dehbuSaReRLAs cont ai ni ng

i scom|ike Strugtih®Sse, taMivly Bbet ke codiitidnt, ROE bedn@ROIked B ddicC TR RNt SUbUNI t
vacci ne conpis SiegcaBd%edrioBd sOile@ by i dn@Mis@k hischvaidbr addEDvituydBges WPEN 1-4), as
wel | as conposi tui@is naRreodiiss; i e (b ifhuSRlhck, @adieh SEOMARRLAO adj uvant. A
smal | pilot 25 SibEY inddabdihdods i RN 88 B) Slidah ARLpllEeET | Ve ef fi cacy
of this tetravaledinMaaGi géﬁslﬁcmdu@{ﬂak@)ﬁ WRSmRAGGLRAFFRL. ofd GrRats et al.

Vacci ne 28: 2705 Jﬂé&nt(cl%%g denggkllru?{;accﬁnt de opme}{tasﬁ&tl) e ng\gccmg Zlater5 (2011)) The
vaccine was sali Qasﬁeglshmugdéqugwﬁd}eﬁéah fﬁﬂk&hﬁ&ﬂﬂrﬁﬁmaﬂgelplh ective imunity
agal nst nore t hmetq{h%mgﬁéwﬁ'&ﬁd FOYaQQHUO §e pr(P ﬁgn&@;de ez%agmiﬁé%m sgl oses the
expression of dimeric U&%@ngem& @mtaﬁﬁﬁ@&ﬁﬂmQ@QQH ﬁﬂMﬁ#&ﬂ&mPrOte'ns such
as the DEN4-80 E’sté{i% EohRRH yikfh arPf eeeaﬁn E1E Nine ARRIL Sk QB S Pat ent
6,416, 763 descr|, %-,B Qﬁ‘ th!a&mb on 0L HEDQ sﬂs%anb%ec!nyz%})or %m protein 1 (NS
l ) pr Oduced 95y § ter o VII‘M eutra?zmr%langﬁg msggnerapac tpt%tpasih ecorrbl nant

E

e best in vz?ro correlag 0 imvivo
E-based vaccine % no%ﬂaw%rnupnélcedgﬁas arE

qtility of the
flavivirus subu ct cells when
conbi ned with accine % 18 é § athan et yzseas;% )?SrS rSnir Ozli]:i%ccf

al Nl gacm I n ani mal
rTD d e | S l_bV\BV e r ﬂla ﬁn?uc S Elﬁtptl ef iong :ascsfé::]rfl IZ{: : I'eé gl?sae-: W%l 11935 0{ (gvacclnee al V aC C I n e 3 5
formul ati on basgmwemj N TOrmul ated W PRGT UVERT At has

€ VITuse,

denonst r at ed’} mMRoGaRT 8'%ﬁémgmﬂwmmmﬁoﬁg#mﬁ%%gyt U%W?CC|ggucand|dates have

denonstrat ed pot ntlal X " tl L 0 nmake the
successful tranS5MPrisH={8 et‘i‘lffﬁ‘h‘h S o St Crgs reactive, non-neutralizing, gptibedigs repullipe + ha yse of

non-repl i cat i ng™ PUE HEER; s 'R b ?“ﬁéﬁ@gngﬁfﬁm&§m?ﬂﬁﬁﬁ ¥ ed virus,

r econbi nant subHHWP@ﬁWﬁP%ﬁﬁmﬁﬁﬂ“ € Rl & By e efSH PHFES over t he

| i ve- att enuafe deVWﬂ§m@ﬂE®FﬁBEéﬁﬁ?%ﬁghﬁ?wwﬁwﬁhﬁWPﬂyd%ﬁ@?@“ﬁﬂvantages are
related to saf efXyotyds bad teftyuehfephromenan of epriginplepisgpiosly) teippldpT8® Ot her

advant ages i ncl festHeesbrirriipesty "o e sfeParevmedrigs ehedtl es 5 conpared to
| ive attenuated viruses and the ability to nodul ate and bal ance i mmune
responses by adjusting dosage and adj uv&ntati on. In the

devel opnent of flavivirus vaccines for humans it has been difficult to
predi ct safety and i nmunogenicity of candi date vacci nes in human subjects
based on preclinical data in animal nodels. This has proved chall enging for
many of the live-attenuated virus vaccine 10 candi dates that have advanced
to human clinical trials. The nost glaring exanple of a conplete failure
was the safety profile exhibited by a cloned dengue virus type 3 isolate
whi ch di splayed a very attractive safety profile in non-human prinmates, but
whi ch i nduced dengue fever in vaccine recipients in Hong Kong (Sanchez et
al., FEMS Imunol. Med. Mcrobiol. (2006) 24:4914-26). This chall enge may
be decreased by use of non-replicating virus vacci nes which do not require
15t he same | evel of virus/host interactions in order to achieve vaccine
efflcacy as repllcatlng V|rus vaCC|nes Fbmever there are nunerous
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30 by the Walter Reed Arny Institute of Research (e.g. Sun et al., 2009,
Human Vaccines 5:33); (4) live, attenuated dengue serotype 2 chineras (e.g.
Huang et wD.201226082 J. Virol. 77:11436); (5) a DNA- base@CTasSeindsszer essi ng
prM E (Ravi prakash et al., 2006, Virol ogy 353:166); and (6) classically
attenuated virus vacci nes devel oped by Mhidol University (e.g.

Bhar narapravati et al., 1987). However, there are intrinsic difficulties
and potential shortcom ngs associated with 35 each of the candi date
vacci nes. Further issues with |ive attenuated virus approaches

for dengue include the challenges associated to conbination of four

i ndependently replicating viruses in a tetravalent - 10- vaccine. |ssues
with interference have plagued all tetraval ent formulations tested to date
and have resulted in unbal anced tetraval ent imunity and the requirenent
for 3 doses adm nistered at an extended interval (e.g. 0, 6, 12 nonths).
This is | ess t hafictpgheetre @rpolictau s prégeerbefaad rereppefificdprange fspapsepandi vi dual s who
have been part i beiditiated (Npagkvisazperd et AnW0D Roguiizss ebopaeed. tigphapsdenpn bfype virus as 5

t hese i ndi vi duatnBangshsyeolniery mfectibn heptirenortapiiirgllicativps foxadeddyddredt, diasease (e. g. dengue
henor r hagi ¢ f evefdive ddige victing abst dhehgeelydoebalagedsivefic thagizipagitodeest ed i n
clinical trial sanksecdfic DhtAry¢diceiinel foadéoae sefohihs Waged neBea108).Uhpphoven for any

i nfectious di sepsentabeainkjorprotldniidengaivetcibievelbgeie of potenti al i mmunopat hol ogy
due to the induction offo&mongitit BrivHEpRBent @SB lsdd BsestiGledziveacNA over the | ong
termis unresol wedbpmde rdkw bfefrtitbddutsd 1 edlisuaehul. 2 sipgficandnobodifeghaner e el i cited
by the vacci ne #dhifvesteini hadidpRf@ndligSivedienugad GERS tatchgsrliatkveod, mpgbent | al

ef ficacy. 10 the strainsé¥t& havs R@Etun@fsfadidi@nd indseerkd beRecti@BIGHdPE 6hs fr@eei N provi des a
subuni t dengue VdychiSeni3V &hOPRRIofeyt GOgRNO LB Hasdcrlly GtenubdiMhirsd3 PibgressEdrN2 - 8OE,

DEN3- 80E, DEN4- 8Q%&:? cifaical SRz dilp)or faltan Phase 2[atc@iGReheRbr SECT et ed using a
reconbi nant exppessbaRuesyst em and conbi ned with an adjuvant in a vaccine
fornul ation (e.g. HBV- Q04 akdnive i iBiichh Sela@BRi6k WAES o BRSpaRRreT f ective in 15

i nduci ng a Vi USacdiibedombidad ttgrichinbddmclybesh RHRONBA metbd bifliges IGII ogous dengue
viruses in humapualdnheahs. Ak HRYe1dRea50 aREAPISvinal 8lya il i 1 e for

heal t hy and at - r/d'u§(;f mQHMuMd?ogﬁleseqmvalent genes of the baJ;QmIsr@Lapgﬁgh thaOHAE aspect of
the present invepiiQn: RRAMLERS veitie dlMTHRAGERIofon GRAPOGInlcti-QRALRHPT | Si NG an
effective amount of.aputhldgeA8NaUe. Vi USosPIN Rb-PBE chen, &, Lr 01Ot €1 NS Of
serotype DENyL, ;LdNo) coDbMN3i00, SRdMDENate 1 2r-RNak B 8Udse @boly accept abl e

exci pi ent, and a,ed; Rl QCE Ve %ﬂpﬂﬂg}n @bt @Qt)@d’ﬁ?bm Woel GlRachi¢ E proteins
each const it ut €, AR %hﬁ@%‘ﬁd’amﬁ&éﬂ Qfin & DRsch SRGE NecO bt lofheds ¥ REE Starting
fromanino aci dgfesi A az arkd W vl L) @enysvaccﬁetem)wat said E protein is
secretabl e into,g )Mmz) LRCa, gmz;.ﬁtﬁ%? M&&% Rldbo¥sodn @ host cell;
wherein the E)SENMﬂ'na etp groc k’q cad CL. D:S?«i(() dseoof xgxg Wher ein the
COI’TpOSI tion i nd merxcme odsl?ra%§n esovertragl io ﬁve a&enuategn!leﬁl&i %‘nghjm ncmegt?d in human

subjects. In pre ed e nt mdev toph S35 nect Strams e, |nvent| on, the
E proteins in tfié’ (f)ffp y “des T)@d’ above are recon%l nan l'y produced

and expressed i i TTSEC Vaeﬁ”eﬁptonsesaﬁafls den%uew fUither preferred embodinents, the E
€ are ¢ ercl ly available vaccin pro uct%r
protein is reconpi.nant| 0spphi [a mel anogast er

Schnei der 2 6 2),1 111(1§S olelé LFIatedVlaxsme (x?s sztﬁgveattenuft vIrus tho fgCO i nant subuni t
dengue virus E BPBrE Vt‘fgs“iﬁ‘f“’dftﬁrce'g? = gyt te S“ o] Produced by means
of a cell cultufl‘g‘vweﬁrFéﬁeé‘i"‘Blﬁ S °Pﬁ%ﬁ‘vath§ ?5?”5% BAFTAN SR ei der 2 (S2)
cel I's. This sysfEFAGETBIEHTHRHBHAL PAL S0 PrEduee tad’él?‘i’@iﬁéw?econbl nant
envel ope prot ei H&&ABE! ﬁ’ﬁ‘irﬁﬂsﬁ'i“%v‘ﬁ‘é’fl‘il‘%‘ml ‘Fsﬁcé“e PR P U e v EBbo et al .

din. Diagn. *LaB b rpgeiBie 10 eoemry! o heleycleseessippseneraise optellectist o0 - Nat| . | ead
Sci . (2003) 100 "8l gisvacwffd‘rlédsmwmﬂma%P’é'“dfﬂﬁb‘c?zf‘jwszz‘?’e@i%sagf Zhang et al .
Structure (2004)‘“&*2‘6@‘)‘h"f@lﬂWdISWIWTﬁ?‘)S‘Oé’?‘b‘F8%“6‘?4“%’37%‘1"1@??? HagKFEo been shown
to 35 express other reconbi nant envel ope proteins fromother flaviviruses
such as West Nile, Japanese Encephaliti$; hepatitis C, and Tick Borne
Encephalitis viruses. The reconbi nant envel ope proteins are typically
truncated at the C-term nus, |eaving 80% of the native envel ope protein
("80E"). Thus 80E is defined as approximately the first 80% of consecutive
am no acids of E protein starting at amno acid 1 of its N-term nus.

The scope of the truncated 80E proteins used in the invention deletes the
menbrane anchor portion (approximately the |last 10% of E at the carboxy
end) of the protein, in

m



5 other words, up to the first 90% of consecutive amno acids of E starting
at amno acid 1 of its Ntermnus, thus allowing it to be secreted into the
ext racel Iwbanixesdgioam facilitating recovery. The truncaPcomstuniobseee del et es
the "steni portion of the E protein that |inks the 80E portion with the
menbr ane anchor portion; the stem portion does not contain notable
antigenic epitopes and therefore is not included in the preferred antigens,
DENL1- 80E, DEN2- 80E, DEN3-80E, DEN4- 10 80E, or DEMN4-80EZi p. Mdre than 90%
but | ess than 100% of the E protein can be cloned and secreted, i.e., the
protein can be 90%t in | ength, carboxy truncated, and can include a portion
of the nmenbrane spanning domain so long as the truncated E protein is
secretabl e. "Secretable" neans able to be secreted, and typically secreted,
fromthe transforned cells in the expression system Thus, one of skill in
the art will realize that Dengue E proteins that are useful in the 15
conposi ti ons antanmetskrodschizfe atthigcopef@stizemtaccingppgint. Loryiehiayay fuekeyimpartom t he 80%
exenpl i fied her éf sility wsndicomigncaisetrtvilent ypspateei N 1S secretable. In preferred
enbodi nents of each aspiote ofyiked DA qrrhed B tlso baavesitaiedingn effdne dBENY E protei ns are
about 80% i n | engidlicgbaftativinagyadines fir DENCIENFBE ed WiNr(Bokter stiall 1928; Regibrekasdf t he envel ope
protein and endktaigpoent Kapishi @61 1908; Ghdhkz @ alj 2000f Salenalobuivgd 197; AbdileetdA%99; t 0 401g am no
acid, for exanpbisetfak mom). amd PNA nf@bddfids ah@nt@iinR@e drbdictiddbe @liefitengue virus type
2. In alternati wguex@, peridd dicle bhihSurdkal BaClabiHReetduab thd RResdioavient | on, t he
dengue E pr ot ei mtigemyn W Do tkse Aoftageaiiititity 8 D¥ce absiatht &0t madageut 95% or
about 98% of t hesptdsitukité Bé madThurdl: txit Foat WhileFkrakab bethGondbuc@®yl N0 acid 1 of
its N-term nus. inkddin@¥E FPdrakiie @O etipbasd3 InSnift mAQQOS 1 & aDfoo1h, Beabiigvent i on
herein, the DENwkdRE BdsispondesSn RRRE ot yiBLBlisea SN Qf1y, DNASRGME ive @M NO aci ds
of E protein st aifiinf@eddorydiRQuAEdorberds bl inkelr@iolNt il bdpldsees ikt Gy as DEN1- 80E,
as set forth ingaEadde Nechifas or dkehlin aBQRibod@Sio 8lle skl BnA.N 25 SEQ 1D NO 7,
DEN3- 80E, as set fort hndu ofbethtinkhe NednBpraidit ol Fehivhrus RGEe dev@iSprels foOrth in SEQ
I D NO 9. 15  another &Q‘ﬁple%%&ﬁrg}ﬁgmgvﬁg }Q]grgal:hn Mpr&&%&eﬁ%&vm&&@&al n domai ns whi ch
facilitate di mephaabd PRel dsikka Prods shdelohiuide M SQELmRuR FeQbSds S uch that the
| munogeni ci ty @f polchf i SRR s Ghdndreshonsed ik iR Ere GRIGRACED.  An exenpl ary
DEN4- 80EZi p pr Oﬁs%thd%?ﬂT{QJ df _&ombifdhl sxﬁ’,ﬁhsn‘?thQdqu &%%%Wof @1§pr(§e§\r¥s 30 forth in SEQ
| D NO 10. By COEFQIvQﬁk@&th&L?anQME@J&%&adB@% q#&%@ be %ﬁpéreggnsghe reconbi nant E
proteins fron t e, filk ARNEE: ¥id aq&grﬁswr}oi*s@fet!/ MH&&V@ 8RS G.Han be nodul ated
such that bal an%’s@eﬂ%cﬁ%fy@%?ere%cl}lxhn&l%bfam{%ﬁa&s@"va% uleé”t WEE Wl%@a bhe reconbi nant
0

dengue Virus 80y %chtl)olﬁ}]r e B0 Bm;efc fit human use
they are able tgﬁ Ong Co%oge?gxu )an&&lo reckl }ltg I T lorg‘awrus vaceines in human
Q\V

subl ects. Thus Eligh kEVRIL] d, BbauL 33 m,tﬁa eBolog??ey t echni cal

pr obl em . t he|2535$,950 &e%agmat%erel n re 1 t1n§v1asb 1urataa\nfvt1|med ln producﬁong%}s’]i Ci ty in

.-

both a hi gh evel ¢r3ylnm€%r(linskassocla{.I

human su bj ects. i uasals m a pero hylatctlc sefting. ?/[oreover, tf‘leq{% atmag md
'ﬁ’ Lon’ I'n

el
10 admunistration of the subunit vacci_me

ation

;.Idm 2_:’:])'? e? Ih ;t ¢ ?E;Png Lpa%fomd)h;ﬁzfj:m;: ave een S own to bT hi ﬂ&lmmuno]gemlg ?.n lcécllPBOél ln’gra].tSt ?R:

dengue 80E reconbln%nt ﬁggmswf §?’ %?H%“%W?Wf% R tr‘fcﬁ“alsaponln based
("1 SCOM I i ke®y B""%{%f SERRTRISkS Al an b rieee

al um num based 28} GV ﬁ?@”’ (s 8?*@5? faca PR s B adj uvants").
Al uni num has Io g5el 88 A OA™E B¢ ST T AR i e Snse agai nst

co- admi ni st er ed’ ﬁ?? e Mesp Pt 7 Vi SO 1P h g e e lbnse and

al umi num based &g ﬁF%“%@?@“Tﬁ@”WWF SPoEpfeg IARidre alr ©f ¥PE®Yf or hunan use
in the United SPatBy™ o opeodyrrbmion o  a&ivett FaoE 1 Afith Ye¥néd=as descri bed
herein, the conP&S1¥IGNS: Firaf i € “alipker(198p BPfe-"Yr Huwniio fiti on are
adsorbed to al um num adj uvant such as al um num hydroxi de, al um num
phosphate, or a m xture thereof. It is preferred that the al um num adj uvant
of the conpositions provided herein is hot in the formof an al um num
precipitate. Al um num precipitated vaccines may increase the i mmune
response to a target antigen, but have been shown to be highly

het er ogeneous preparati ons and 15 have had inconsistent results (see

Li ndbl ad E. B. I nmmunol ogy and Cel |l Biol ogy 82: 497-505 (2004)).

Al um num adsor bed vaccines, in contrast, can be preforned in a standardi zed
manner, which is an essential characteristic of vaccine preparations for
adm ni stration into humans. Moreover, it is thought that physical
adsorption of a desired antigen onto the alum num adjuvant has an inportant
role in adjuvant function, perhaps in part by allowi ng a slower clearing
fromthe 20 injection site or by allowing a nore efficient uptake of
antigen by antigen presenting cells. Al um based adjuvants are

bel i eved to functlon at | east partlally Vi a a depot mechani sm and t he

Y T - Y M Y L o ~N/Ar— o T T T '



35 potentially due to the net charge of the al um num adjuvant affecting the

ability to bind antigen. In still other exenplary enbodi nents of the
i nventi orwoestyisk®d herein, the al um num adj uvant is Al irgairusgel /058024 3-
One of skill in the art will be able to determ ne an optinmal dosage of

al um num adj uvant that is both safe and effective at increasing the inmmune
response to the targeted dengue 80E anti gens of the vaccine conposition.
For a discussion of the safety profile of alumnum as well as anounts of
al umi num i ncluded in FDA-licensed vacci nes, see Baylor et al., Vaccine 20:
5 S18-S23 (2002). Generally, an effective and safe dose of al um num

adj uvant varies from 200 to 1200 ug/ nL concentration. In specific

enbodi ments of the invention, the vaccine conprise between 1.0 and 3.5

ng/ mL al um num adj uvant (up to 1.25 ng elenental alumnun). In alternative
enbodi nents of the fornul ati ons and conpositions of the present invention,
there i s about Y8 K.,I1%@unR 088 126106-38Q0 riraB&Dapond, (00 45@rei199B0@:139% g al um num
adj uvant per do®®.of vaccine. 10Forrmnulation with alum num based aduvants
conprises an adm xt ur e Tuads tedayel ¢f predude megunéinB Olevidmsprogiey e ug inevaceibes owed t o bi nd
to the al um num adiseveamdssion eystgms hadé layndtilipgelch as 8 udhyedshatbacklbMusOfheieche antigen i s
bound to the sal ulhpsi Ryoragxd 6l Bw yidifsgmbr@erdéedibd cdthe favidruf drdieins,@d t he DENL1- 80E
+ Al hydr ogel vaggkmeto fobiBmd@dnicBlfEckdirotning CMB). NRreSldpRO haikdin i cal

devel opment i s thegdikdstewke éfithe Eprateipih @dedfor thk Becombinant proteins to #Se Spoithted above, one
aspect of the pmhes@phs. TRVEIM b B6lupPle@Mbit@E pMaIGGHRRsvedRAne@aPRgiyt | ons whi ch
conpri se dengueddientaiihd egefion dyfenCOIRERI e P20 6,Vd5,0717 distlbseaidl pebvetér. A preferred
adj uvant i s an &xpeosmhNBbRIn sublntls if Yot B0 r MU @tubie Bresda & yaRtdods provi ded
herein, the | SCivbiihjediviprtied G beSRSerid syBaP OR kil f2cQ BolI@S bk, and a
phosphol i pi d, apgodiQidama@s.i nmune- 20 stinmul ating conplex or 1SCOM The
potent adjuvant acti Vi finmoRfeceh@R@d iR beelIbtfithedaafhetult P s8R daditolns®! at ed from the
bark of the QUi lnlabds SRR rhLBihe MYRRinfdsiliSih prolQGURERNLRHE naker 80 years ago
(for review, 15efeRBalue fREudd s REY brystahdd i ®b8GYa1, 3006 Mo@d ot a1, Blo@LRgY 74: 8-25

( 1996) and Skeﬂﬁng@m%&ﬁ"ﬁl%e ofh(gsttahg)gaﬁsfc&@d insed ceﬁ%fstén?l@g@)llbed in Conpar ed to

al um num adj uvagtcsssu bxplelsifk dr ¥RGe@EtomY AR TR iR E btk d\Gen & TRNGR)fes 1.0 Provoke a
broader imune § gspPRNSEwE Q. Rrafl s MBS hESbAN SR Rin #BEERIPT i Si ng bot h
1-cell and anti ?Ma%@%ﬁ%%@éms ul‘é%l?t\/a%ome@ms‘?é?teﬁﬁbyéh (f)@rpatEnPX' city and

haenol yt ic a% I XA?:Eyll)V(\l@éothﬁ%L&ngyofﬁa'\umuglkJaglmhn)%mp eﬁﬁo aqgno &%ppﬂk ns for human
or ani mal use anﬁEBﬁ&Z l/empolypepude expressed i fzﬁlf}g&ngf Q’lnsécttbill\pl\QIS, (ﬁlda covered that
saponi ns, when GonblAGdMhiFAg L%ﬁtﬁ Bisc QePRo grma
characteristic pf@t{ag eﬁ:tsu% @aycneg)mglsi%é?@‘? otem ?ror§£l ﬁ%ﬁlx tﬁ; Ed of tV\enty
or more subuni t§/Til osmo S qn é]\lljp ii'd( an %% K/IA aJuvant Rsmall%g uvant

activity of saponins into

stud zm emcl and pro of ihf T Ben{ vaccine
| SCOM, toget her r?éyswa eLH] rr?eg imen?seta?pl?/é:f ?}9§'Bb§5lt(&()ﬁ)d ;(hi'olley\@z? Vg?;lm% to elimnate

! al er re

t he haenol ytic e€ss adj uvant

was needed to in VB mzre:evreu i1ized as
E 0 ssoggr a). For these
, pyiésey ne adjuvants.

e vaccme was sa1 to mduce neu! allzmg

adj uvant conpar
reasons, ISCC]VIS%FHlerlc

tpag?mst more an one en S & e erét 3 é

omﬁf etruncage? ent64 % HI%E al‘atelg uc %

35To this end, fhﬁ‘@mﬁta@ ‘%th"f‘ désfrgfs ef‘eéi RAPRECETI™ Al conposi ti ons
conpri si ng dengtEBUES A P‘n%m yéﬁ?“f e BAEComARE F%Bhar maceutical |y
acceptabl e carr |*‘é"r‘ne formufptgn. | éﬂ’i"ﬁﬁff’éﬁﬁe“%‘g‘?ﬂl’ﬁﬂé‘i‘ﬂgﬂ ““ét%l%ﬁieﬁ chol esterol ,
and a phosphol i BresteblyFrasfomnedingdh pop whap gombing| dkeconstitute

appr oxi mat el y S0 0 iRl Py Flpverss th%?fWaﬁmstd%"éadﬁesé‘?wdf"ﬁ“{@“‘fer om ani no aci d
residue 1 at>§ t &™Nifoppar #l5¥ on Kfprepaiad pyi 2o eyt et bavdgRoaTHedi s secretable into
growt h nedi um mﬁﬁW°€R’ﬁV§‘é‘§@H“"@Edﬁﬁ Yagshit Frpioigs hexe dppsreigdgrintel The conposi ti ons
descri bed above®Tfasy riira repls g wke bequegpsfieniien Sre vedj uvant . 51 n
preferred enbodi nents of this aspect of the invention, the DENl, DEN2, and
DEN3 80E antigens included in the conpo$ition are nmononeric and the DEN4
80E antigen is dineric. It has been shown herein (see Exanple 6) that a
tetraval ent conposition conprising nmononeric forms of DEN |1 , DEN2, and
DEN3 80E protein subunits and a dineric form of DEN4 ( DEN4- 80EZi p) can

i nduce a bal anced, tetraval ent i mmune response in rhesus nonkeys 10 and can
provi de protection against viral challenge. The conpositions described
above may further conprise an al um num salt adjuvant. In
alternative enbodi nents of this aspect of the invention, the DENL-80E,
DEN2- 80E, DEN3-80E and DEN4- 80E proteins in the conposition are nononeric.
I n such enbodi nents, the DEN4 conponent is present in an anount that is
about 1.5 to about 3 tinmes the



15 individual anmobunts of DEN 1, DEN2, and DEN3 proteins, preferably about 2
times the anount of the DEN1, DEN2, and DEN3 conponents (proteins).
I n exenplaiopoemtsedznent s of this aspect of the inventi olRCTtUse0118S0M6
adj uvant is the | SCOVATRI X(r) adjuvant, a saponi n-based adj uvant.
Forrmul ati on with | SCOVATRI X(r) adjuvant conprises an adm xture where the
80E antigens are delivered together with the 20 adjuvant. I n
alternative enbodi nents of the invention, the vaccine conpositions are
formul ated with both an al um num based adj uvant and an | SCOM or
saponi n-based adjuvant. Dengue Virus Envel ope Protein Subunits 25t has
been shown herein (see Exanple 6) that a tetraval ent conposition conprising
nmononeric forns of DENL-80E, DEN2-80E, and DEN3-80E protein subunits and a
dirneric formof DENA (DEN4-80EZi p) can induce a bal anced, tetraval ent
i mmune response in rhesus nonkeys and can provide protection against viral
chal | enge. Accordi ngl y In gereralglmre ofpprefrérating druevrypdivrreriesuchfs inediiyagd aspect of t he
i nvention, the DEhesomp)EMN2ubung proteiDENIN/BBTe s3@el girirpgens the fvedterded i n t he
conposi ti on ar evimppenepi@chenBirtuiiethddiMN4nt@H ke alptdigpefry dsgo ldé virsris c.  The
formati on of defrtjwed 88becpHr @teeddvantgbsiend the silifescorleridaidsing schda . It
has al so beers shoyrred héveaiematddeeskdziapile tohodildratd bhlanghmmibatseoaeed | nrune
responses agai nsjustad dosafe@ndndigd@ngue types can be achi eved by adjusting the
antigeni c content of thehlEMpm0EICRIPaRRETor Bitals HBE bebdiaficatrmunt of t he DEN4
ant i gen conponeprtdic{ seftti AM@immbDENetBE anddate ocinBENGmBGmEitd)sed o6 prafaloOX | mat el y
doubl e t he anouis iGhimiDEbs. 36ias febi2ha80fme @ hanENBHWBEmadtving @icingr esent i n t he
conposi ti on. 10AC &atidabsgd hyve advh@d to AMBIHidi@IriaBY DY in@EBiridg AP L leteC ONMPOSI t i ONS
conpri sing an efudeGihd veafdIPRHRExhitied 19 W blinkd dQFueCiRR gid isMitd wheh @pMLI Ope (" E")
proteins of - 1&yutrSew ey posOENy-dmBEmad)ENANS 0l INR 180 Evacaed DENA- 80E, a
phar maceut i cal | yciga€ 2P kb (sexieh oi.ertivs nansd. sy 2bbwe booéesamint of adj uvant;
wherein the E phrigicrildg nRpe Becbetd SitubelotHoredibiaie@xis ke Wi % Rfuird he | engt h of
wild type E $f al duevEl 6AMsBY Mot folilhrd @S i ackindicdcs 45 reledkif@lvilis NUS, such t hat
said E protein la&inseaswdicARl urdnteRulkA0ts s ioBeithing WS R RXRiRgsed 5
reconbi nant | y l th(ﬁh@ps{ﬁ(twn(é&!i Jafety %@g‘o‘[m@fgda@1npnﬁlnmg§%lhdh%dkonduces t he
production of nNEMfhd hiZddGrdRti-BR0h Rk e MR BHLLESL Supryphi@r £ N the
antigenic Conte@&:ﬂ%@&ﬁQwﬁﬁﬁﬂqﬁﬁﬂpﬁ&Qﬂ%ch%eﬁﬂ hmﬁ@éa&&m put 3 tines the
i ndi vi dual aEbt I geee!fb'pﬁg sgtpxﬂll %Lvquccnten@r ﬂ%sgs’and men@gﬁegguregye&s%gponent s. In
preferred enbodi;aeiits, Arnldlls pafREGHaiQEasc il PYERL 18 Dot lpllBeit Ak 1 O Of
DENI - DEN2: DENS: Db eﬁmang%ﬁm&l Dbt PEn LRPRR S heh RSs oliefiet AR tely 1:1:1:2.
10l n sone enbod] i@mg b bilss, aspect of the |nvent|on N4 conponent
is DENA-80E. Thus, the f 1- 80E,
peno80€, DENG- BF, oeg:’*%fif;jggﬁ R CH g%é ot s% {hi s aspect
ies ;%&

of the |nvent| Oicah 18 0 en alternative
enmbodi ment s, thglhl(c:orrrgsom m eenteSt mhmc i tal E:OPENZ 80E, and
DEN3- 80E and a gff, d ment of the

ive, attenuate ‘pellow ever-den 5 g as
i nvention, the m et“ ﬁf e 'f“ﬁ“v ue virus vaccine
formul ati on -

SiX vaccines'

( m e?a? uman acc1 es 16

Mzﬁ}élg BEVECCIHﬁS V8 N4- 8 0 EZ| p)

descri bed hef e| altefRZo VRTINS te‘;f eseam u“eta 20 £ L V°‘1‘ﬁ36 e B%pr essi on
system specifi Ve/&;““; eng‘f5|§e<5°§8e “1“%” 5%% r 38@”‘ §g§1 em (Johansen
H et al., Gene vapope gErysing PLH R eyapegkash ef ply 2006, \irplaey 351 66)

Bi ot echnol . 19@@““%"“?6’3}3‘175“7 vaog) dpyelopgd k] ahl U“ﬁf‘"s‘ty “’?@hwaéa&ﬁ‘nol ogy (N)9
(1991) 9:173-17%) 9879rﬁ*i°*§e"??étt"'fﬁ88‘“‘6‘rs‘° diffipytceaq pipptal therfeeringt 45108 Bifo ducees
truncated reConBategfPergle proteins from Flaviviruses, such as dengue
serotypes 1-4, JE, THEFSHESYRMPHeLR s vrapreceiadmrgpldtsd at t he
C-termnus, | eatPifg=apirens watnaiey tdoveiardeeeisie vssinyemolse protei n (80E).
The truncation del etes the nmenbrane anchor of the protein, thus allowing it
to be secreted into the extracel lular Tdium facilitating recovery; the
truncation also 25 deletes the stem portion, which has little inmunogenic
effect. Furthernore, the expressed proteins have been shown to be properly
gl ycosylated and to maintain native conformation as determ ned by
reactivity with a conformationally sensitive nonocl onal antibody, 402.

As previously described (lvy etal., U S. Patent no. 6,136,561; lvy et al.,
U.S. Patent no. 6, 165,477; MDonell etal., U S. Patent no. 6,416, 763; lvy et
al., US. Patent no. 30 6,432,411; and Peters et al., U S. Patent no.

6, 749, 857) and, used herein, DEN1-80E, DEN2- 80E, DEN3-80E, DEMN-80E, and
DEN4- 80EZi p refer to proteins that span a dengue envel ope protein,
preferably one starting fromthe N-termi nal am no acid of the envel ope
protein and ending at an amno acid in the range of the 395th to 401" am no
aci d, for exanple such 80E can be the protein conpr|5|ng anlno aC|ds lto

7~ N - Y o o ~ o N T ~ 2 . ~ - 1 ~ 2 a2



di meri zation domain |inked to the 80E protein by a floppy |Iinker (e.g.

DEN4- 80EZi p). The inclusion of dineric forns of the proteins is used to
nodul at e wbeoixmsuawe response to selected - 16- conponelrCI/isad1/068826ts in

t he i nduction of bal anced tetraval ent responses. Expression of DEN 80E
proteins is described in Exanple 1. In preferred enbodi nents of the
invention, a tetravalent conposition is provided wherein the DENA protein
conponent is dinmeric (e.g. DEN4-80EZip). Dineric 80E protein subunits, e.g.
DEN4 80E dinmers, can be produced by means 5 known in the art (See e.g.
Peters et al., U S Patent No. US 6,749,857 Bl). Briefly, three basic
approaches are described by Peters et al, supra, to construct dinmeric 80%E
nol ecul es. The first approach involves using tandem copies of 80%E
covalently attached to each other by a flexible |inker. The stretch of

am no acids covalently linking the two copies of DEN2 80% E is designed to
serve as a fl exviping Iiset Vit micddrdn@Wveripetedid tetrayden 8RR Eo i bdiiemd t 0 associ ate in
nat i ve head- t 0- bagd r¢sul@Jn ehbatwpred tetravglerit gy andthe rodnireloent forgdidevesadmiisigd 4t hei 1 coval ent
attachnment to ea&ckiendt hewal (ck10, WS wbwhsh Ehivigeelthdn jeabgnpaviemdsentsgetgsyes of or di nary
skill in the ar foritdyidgadliwecive bietertially immkgsrd sélguencesd asildwk insafhe present

i nvention i S snothest individiagschat 1@ athigier rBipE eckibated dies el .0 d@ghe beinpriba@tcgeyerbut , t 0 any

am no aci d sequence t hate fivabdshete vexisdillathad ke tedtedd BB 9i0rkls wobXCwdcds t 0 associ ate
in native head NaedDaiAlvacehiesruh@oved i @nin@adibue fiseasbrt thiginvpdndibeddsiabmg t hei r coval ent
attachnent to epehiaGhhsspathobhAlueeBomickta@ph aftinuhdiidbiese BB hon of a

car boxy-t er m nalongdt @t intelvgd. PPe fowGinRRitAliding anfildIQREE dicteB) Ue facddn® enhance

di meri zat i ondbetammrinstesa, SE84idbienditia efitagper nol ecul es. Two versi ons of
thi s approach can be adepipethr hOR@RESGibIherbifiGdvidde Sibdit hggdMisid de bond | i nki ng
the | euci ne zi ppedlopdHoRiois (b &EMI-0E, DYNI-0E, DELDB DeiM-doy, of DERK eBZigl Mer pr oduct ,
whi | e the ot her mit$ pl@&ethd RBetdd Bhe DRBMGAM 8dpRHBILn sAEs @R labharueh t he | euci ne

zi pper donmmi NS. a8t id LbteihdI@mdd:RES HR 0 0PI Bih\iskiSsedd B Siheg REMecti@indi MBri ze with
the identicaks saaHRNGHRs [LQMiRRATMEEpROKENALIRE tenfBiRGHA RmanThe formation of
a non-coval ent | yoihtdikRavk &bl byRile hehihy AR @t fecdi Meri zation of the
80% E nol ecul es, WhlChTﬁﬁam@%égg&a%ﬁkﬂ@&mﬂ@&hﬁgmnﬁﬁgmkﬂméék| conformation by
virtue of the fLog,zsas@Jn@mA ;lsnggreff&gpm&tdfaﬂﬁeh BGeuB AU e R(-BG HhiBR oM th the

| eucine zi pper dgRInAN.1, BiR-2IHNE il Beth, RRGHa AR Beabie A850OREH O dinerize
with the 'deﬁi'&%%wﬁﬁgM%ﬂﬁﬁm&Rﬂ@%ﬁﬁ%%géhw§9/ i bpD@haten 20 @hecul e. Once the
| euci ne zi pper Q@E%ﬁhﬁﬁf@y%m@%&#&&b@ﬁn@%&@au&ﬁ%&m%ﬂk%ﬂﬁﬁméﬁe two ends,
resulting in a coval ekt Vi LRt PRE RLQAUG hbinad) & « LI RIQR Of a

coval ently Ii nkﬁgpébﬁwp'm% il RREDEW. otz SNDANCEn &bc%mml LhgQhl On of the 80%E
ol ecul es, whic ro ug O@ne]ﬁgl?'z nganﬁ:’ooéles 1nﬂ1§1¥a}1 su@ec %}9 § 6r deE&dlmrn% is aspg(@t ion by
virtue of t h% )égnvent%n, ?_ rgel .mQhe om osmonQesc above Iﬁ% r0§ 2 é\M th the

| euci ne zi pper €X] ressedm sec ho cel!s £n\h r1ht><><&‘men rote i merization of
80%E is the ad 0¥nE ntly ro%ucedand X I, n oso ano aspe?’éc et er2%% bOXy term nal
end of 80% E. The hef EBF m one nod 0%)E nol ecul e

will associate W ER THET of nother to i G four-hellx bundl e

domain. The forna recombmantsubumtd NgU evf Oﬁlgotemsotlthe resent ventlon lix bundl e
domai r]- will éonhg.r()d‘éce(? l{_yﬁwxéan g)?aoe cultu expressmn ﬁystel\%]}' éltugbg/mseuhl aa;c el efZ( 2? whi ch may
associate in th&h Wf%m "ég%“ %“%“éed © p&"S“ﬁ? 5%?"?"8’%?*‘“6%9"3 %"'Pﬁ? elPiﬂi% of the
f1exible |inker B*REHARE 2 BEGEP § A HE Rier it Bl %Om)f;hls%ﬁot her

embodi ment of tH%‘VHVéWFW@ AcagPe (CHFE OF- 36 MOfRE st WHOEEFY P as a dengue
virus envel ope 6?%*%7ﬁm§WﬁGHV¥X?N§fw&&ﬁb???@%”@?%“ﬂ?%ﬁ?ﬁ?ﬂ@°br|dges at Cys
| Q/S 2, Q/S expris?vother re te ggw siuch aw§§\hmafﬁe and

Oys1l- Oys12; mh@W@Wﬁ“ﬂﬁ%mb?df Fh&ﬁﬁ cﬁ@@W vigie (Tt EEPOTET V98T obi nant  pr oot ei n
fr om Dr osophi | aPeieitspis spicaliydried dp frteptins b?@%@(ﬁ“ﬁ@ﬁ%ﬁ%ﬁ@@PﬁﬁﬁtraI|2|ng

anti body responses to the honol ogous fl avivirus when adm nistered to human
subjects. 5In a nore preferred enbodi méht, the reconbi nant dengue virus
envel ope protein subunit further conprises the disul phide pattern descri bed
and a hydrophilicity profile characteristic of a honol ogous 80% portion of
an envel ope protein (80E) starting fromthe first am no acid at the

N-term nus of the native dengue virus envel ope protein. In other words,

am no acids can be substituted in the sequence conprising dengue virus 80E
so long as the disul phide 10 and hydrophilicity profile is maintained to
ensure that the reconbi nant subunit proteins retain a native-like structure
and appropriate i mmunogenicity (ability to elicit virus neutralizing

anti bodi es). Preferably, the dengue virus 80E subunit is
expressed using a Master Cell Bank in serumfree nedia and purified by
chromat ogr aphy as previously described (lvy et al , US. Patent 15 no.

6 432 411). Nhnufacture of a batch of DEN1-80E under CGNP to support
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Adm ni stration and Use The present invention provides a neans for
preventing or attenuating disease that results frominfection by dengue
viruses. wepéd4derein, a vaccine is said to prevent oPCatUSenuAs®225a

di sease if adm nistration of the vaccine to an individual results either in
the total or partial immunity of the individual to the disease, or in the
total or partial attenuation (i.e., suppression) of synptons or conditions
associated with the di sease. Accordingly, the invention rel ates
to a method for raising a protective i mune response in a human patient,
the nethod conprising adm nistering a therapeutically effective 30 anount
of an i nmunogeni ¢ conposition as descri bed anywhere throughout the
specification to the patient. The therapeutic conpositions of the
descri bed invention can be adm nistered parenterally by subcutaneous,

i ntranmuscul ar, or intraderrnal injection; however, other system c nodes of
adm ni strati on reg”)alhedohiedefnagrs oyrednatey hefirp BEf obronsedtiviatina endlis g€ adm ni strati on
for the 35 presesitin senivendminoo mridi1 of i Nemimt.r anuscul ar route. Thus, in sone
enbodi nents of the net hedepef hdta@atddRiEPRtcinOsed intta @veetdNPBBI thei ON | S

adm ni st ered t omédd@nepathdr @ftbon (p@xithd®ly te R FRVEIBE it @iboxy @l)foshe plorinad t er nat i ve
enbodi nent s, d§ Nbtheaekeds, Wl thofirst SIHDE tdtiseritd Odttno 6helk ¢f ¥ &irtihg bt Smitorld Bafpd™at ed. - 18-

Al so provi ded hemfiud)thisSloRingTBb Redref nqhe@utia@dluRgmddinmktRaipg ebest Ton i n humans
agai nst dengue ‘hinkatis firtitelddEesthe CeRERBith £ BIFidteHiitHaginia Ae30R pasdowithilg an ef f ecti ve
amount of the Coesdahichdpisio he ddn@ortidd U@ Hol cOifhintn@able AfigepiadpitPRtnd t her eby

provi di ng pr ot eakiedis fof iRthed g peerdd S@as ®ENI-E, DBNSs0n DpeLdE,0EN4 he | nventi on,
the preferred r et @pois-sadiyi NorSihah 8%, Qiblesh BanS@YEE h&hrdiein@ibE dRed@laOUP

Sconsi sting of ! sl iRt 3 be 9B4HIE 1ieRRBMSruREEL, dndVad i8S aF8ion of The
invention al so meh@h@® sfaBinddoh®i 4 Rk of &Y trukc@laSipRgin B sPEdl-LGldRe>I MTUNE response
in a human pati gibsabit B& sOREDSE SRS, R RGBS 8E h Blexprestifder apeuti cal |y
ef fective amuntyuQf TAR oheFMNRGE B Gl CRARODerdeheRRroe TR keSicROn 8 PUri fied dengue
virus envel oRe (odbosdionPn®@h@ioR oA Gren: RRALIRS Sl dofe b bo¥s cRAmEBRINAR € eXci pi ent,
wherein the E DEQ&E&%eﬁ&ﬂﬁh&%&&@%m&Q@é&%&ﬂﬁ&%&%mﬁQﬁ&&ﬁm%gmhhe | engt h of
wild type E st ali’nt/e!ntn)gt bﬁ%ﬁ@!{@n@gea@&l{ %aneﬁbmﬁng]froﬁttheNrteﬁnnNa&ﬁgMdnus such that
said E protein i§.36688k chdibe @ aPHr YAk il Chdd DR VBB 10 83 PLnfid SRC ,
reconbi nant | y I @)t&mt}g%&)mg@ﬁko aeid ﬁpgmrggczd%ggo@&ﬁghevvﬁuswﬂxtaltegxfmv@dj uvant, wherei n
the vaccine 'Jld@,gb%amew@fea@ﬁ Gl QL. m@@hgmrawyn{;,goe%&w»gws in human

subj ects. Anot hel,, aSPRE! o5k NELRL £ %nﬁeétanamtaa,@,%@ g,a o1 Munogeni c

D

composi tion 15 CQIRFL Ryl &L ,,ﬁggnnba &S dBague virus
envel ope ( E' ) Eprotem;ﬂ%?ro%nate%?&pq eammo cidS O Fnsa in dtan%r%am N-4, a

phar maceuti cal | nt of adj uvant;
wherein the F prf%FI%IEI:\IBS/mE%%JE}hQOECasse orth,lr:('jgﬁgrthm qulg- Zt!m rllpe length of
wild type E dar ng fTon1an1no aci eS|due nus such t hat
fgizgmli g;(rjlt lelynl :,]S secr %abcleeedl!lpnoteo ngr erconta% (!mlél.m ili %(e I;ngnszglerg inis

optional ly dlnEFT¥”mP%bH@ﬁgﬁ P@V&ﬁ??%%tmwm??%%?%% f”c?mﬁm %%“dlsease

and/ or dengue i AFEETIRAL A7 HOWERRRENE %Zé‘ipémew"“’tpﬂsés"% ﬁ% S?S‘He“ & conposi tions
described herti fPriaPSEQIB NBAO- Byepmpipinsitis g prd mPRRSTR STE Flite FrERP R, epuI ations. In
further aspectsPOFFEORBHBBLTE! GHE BY B PO BE S8/ ‘?ﬂd‘g‘feéf‘“g“dha B5ddi atri c
popul ati ons. | n SHHE EPABRTRLNES Y be rroabisaidengie vige SOF Ui USIRET on t he DENA
conmponent of t h&oP oEHirg &F fpgnseihey soENpde BHEryHt vipsaeulitE Har*ve enbodi nent s,
the DEN4 conpon&iit? §cpips g renist rodng reo ppie Paky e meblstitte of the DEN4
protein is aBdufrodctsnof gdengsyifys vageinewhighddenpopirates by ieh Iyl of sHfely IEN 1- 8OE,

DEN2- 80E, or DERSm@OEraelsipuneogpicity inhuman subjects. Ot her aspects of this

i nvention al so describe the use of a conposition as descri bed above or

t hroughout the specification for the manufacture of a nedi canent for the
treatnent or 30 prevention of dengue infection or di sease caused thereby.
The active pharnmaceutical ingredients of the conpositions described herein
(dengue 80E and/ or dengue 80Ezip) are delivered to the patient in a
"therapeutically effective amount,” i.e. an ampunt that is physiologically
significant, as described in the Summary of the Invention. The active

i ngredients of the conpositions of the invention are present in a 35
physi ol ogi cally significant anount if the adm nistration of the conposition
to a patient results in -19-




a detectabl e change in the physiology of the recipient patient. In the
present invention, a detectable change in the recipient patient is the

i nduct i orwof2o0m/13¢aeer al i zi ng anti body agai nst the honpl ogoTAISA@NYEd2&/i I US.
The active vaccine of the invention can be used al one or in conbination
with 5 other active vaccines such as those containing other active subunits
to the extent that they becone avail able. Corresponding or different
subunits fromone or several viruses or serotypes may be included in a
particular formul ati on. The active vaccine of the invention may further
conprise a pharmaceutically acceptabl e excipient. Many different techniques
exist for the timng of the inmmunizations when a 10 nmultiple adm nistration
reginen is utilized. It is preferable to use the conpositions of the
invention nore than once to increase the |levels and diversities of
expression of the i mmunoglobulin repertoire expressed by the inmunized

subj ect. Typi cabdmyentsif nul tiple i mrunizations are given, they will be given
one to two nont hs apar ffhe viptie fqpmsfi@yinedogrinrenpesitiats pioin psetiaduloe of t he

i nvention is toin¢haieaykispes afifvent Gauls puiable r lam@ vselln a pefareEmb@inkedage Ot her 15

I Muni zati ons S&hedVE e@maun subing orote a foinjulatzdendkh sapein-baesd 6TFPOM-likedd| t er nat i ve

i Mruni zat i on schipet €8 [OVATRE® Pjuvailt) Adid alBnin@hisiisdjuvars (@ljectitelhand 6 nont hs
coul d be used. <alum”or“alum-basdi@djivid)Ni ze subj ect s agai nst dengue virus-induced
di sease for exanple, tRhBmM&CE]1HeBeeGRNE Aistulagthd iBuns fporstiagaiistar € adm ni st er ed
to the subject bdminGeaMaRink GiRadily by Jiifiating 8T BéonfataDhBintbaiedd@Yaits Ng, usual |y,
mul tiple adm ni séd @this0mSvaiiregtstr fv BiGGH REN thAThAd Siatsst madditi@no desgudsypi cal |'y 20 by
i njection, typi &adehs\s destibbanbrtis Bdoposifvhs oBiDEME AR Gekdnt inhtBLAd ON; however,

ot her system c mRwRSo Mimindd B uknSich RbiRRm FRYoxidd, Shinke pegileQyafkud NMTUNOgeENI C
Conposi ti ons As h&loR lii@GrefeSd Bl e al@HiRm AFPACK hQbmboBrsPloB&EREinisRM@Nt i ON 1S an

i Munogeni ¢ 25 GOHIRQ S biinGRAEMRE. JuRGundfecBilal-@Glcind SadiRMOte idfupur i f i ed
dengue virus en}é@l}r@e_ﬂ@a thrgefantgenHuh@ bedSshddhy to_%@ifig@lgf yeﬂ%ge%prlpara@@&idzz DEN3, and
DEN-4, a phaidmBgedihd icalsbidh 06 BREAMEE B XhhRbigNMnd caBBi gk effsect | ve amount of
adj uvant ; wher epoboap). NEunfmuR bRl ARing HEDnte:0 B be pleldfnRa iR DR Yord;, t he [ ength of
wild type E st afkidnidy SRRt Qe @%%E%M% AimBlstratidnStoMihafd M NUS;  Wher ei n
the DEN-4 E DI O} idleri ol fsicePRD o 61 Blsfa Loy GOTPAS b @i dUCES t he

pr oduction of ngalslg rﬁjoﬁaﬁtlrd% %@Mtlﬁﬂglme@rhipﬂn&ygyaﬂovghg§ r%ﬁgrﬁg from the I'n
enbodi ments gf &Jé&u&sﬁ’e%%gﬁowﬁlg ARSI AUSRE: bQRpen by 1 élm%&éﬁl&t &is. Dengue E protein
for each serotype is k%‘b?s&%‘&v JstQah Qito%ﬂ%htﬂeéémuu 1aad£p9tm about 1 gg to
about 10 rig, from.apaihe. bta,gmt&th@ gmtlfédtntlgala ugen; Qe 119 to about 4

J I g, from about th’?lctJr St e(?id_]t@ Pe cf Q thLz!llL%hss QA dgclégpoentj mngmetr po%@lgm 25 J I g,

from about 10 J Iagcmat madlv8 c di bersof(ame ARk te 'fpl)pu about 10 J i g from

about 35 20 lzg g to a Oé ummllma avant i The brése mwtenn e%ltgegorma%mmn 601JOI g, f:’Om
pg. 1In

m
about 2 jig, aboif“? Jg e ﬁ g, about 7

B
jig, -20 - abol about 20
] | g, about 25 ] 5; rm %’(38 % ![J ?0 ) In en l?ry?g)odlments Jf th 1nve1%t10114)6)v1dei ge,r mabOU t 45 ] | g,

about 50 jig® &Fmg%a““mm jg about 65 abou 70 jig, about
75 jig, about 80 g lrF 5%8 Pﬂﬁ ppig am“%%ng’ %L , about 100
jig, about 110 f‘f“%’jS fé‘tﬁ%ﬁ’t‘meffﬁge?b gnemé‘b%?ﬁ ‘_‘L‘?s"@‘maf ant MBAMMANETES o or about
150 jig. In prefErrEasnEbl: W'Y greeRgrosiy HW@WFPH%”W?%@“HWﬁhnt of each
dengue E protelH*W?mﬁﬂb$%&?ﬁﬁW5I%5%mﬁ&gméﬁﬁ?8%”ﬁﬁ?ﬁvvm@sh ¢ "appr oxi mat el y
10 jig, appr Oxi PrspBlAueseby pt ghareeqh e alyrytia tdayagt alering thepblli% s BipdsRtietfat el y 100 j i g,
3jig, 6jiag, 16 stl'tllio ey e)g@plzir)i e& 0d1518’1ts of t]g mv?ﬂtonimbeﬁberem the aluminum adjuvat is provi ded is
an i munogeni c é@ﬁﬁ&%ltlon conprising an effective anount of purified
dengue virus envelope ("E") proteins of serotype DEN-1, DEN 2, DEN3, and
DEN-4, a 10 pharnmaceutical |y acceptabl €*exci pi ent, and an effectlve anount
of adjuvant wherein the E proteins each constitute about 80% of the | ength
of wild type E starting fromamno acid residue 1 at its N-term nus;
wherein the anount of DENA protein is about 1.5 to about 3 tines the

i ndi vi dual anmounts of DEN, DEN2, and DEN3 proteins, and wherein the
conposition induces the production of neutralizing antibodies in human
subjects. In this aspect of the invention, the 15 DEN1, DEN2, DEN3 and DEN4
E proteins are nmononeric (e.g. DEN-80E) or the DENl1, DEN2, and DEN3 E
proteins are nononeric and the DENA protein is dineric. In this
aspect of the invention, the dengue E proteins in the conposition are
present in the anounts descri bed above, with the proviso that the DENd E
protein, whether nononeric or dinmeric, is present in an anmobunt that is
about 1.5 to about 3 tlnes the |nd|V|duaI 20 anDunts of the DENl1l, DEN2, and

N~R N P~ 4 = —y I I M ~E—A 1A ~ER N _,__I e ——

bout 75 t % r ﬁﬁg
2| t)gr nat i Jvlegerrg 3507“‘%& (lirokbhil]ugghn\glétl;ﬁkl—léors? a“ﬁu ‘ﬁ“e {éﬁlgjsé%j (seg S about 1 j i g,
out



30 amounts can vary and do not have to be present in an exact 1:1:1 ratio.

One skilled in the art will be able to determ ne an opti mal dose of each
DEN E proweizni213a102i s bot h safe and i nduces a bal anced, PC&tUSavalossvs i nmune
response agai nst DEN1, DEN2, DEN3 and DEN4 In preferred

enbodi nents of the invention, the i munogeni c conposition conprises about 3
jig DEN |, DEN2, and DEN3 E proteins and about 6 jig of DENA E protein 35
(DEN4- 80E or DEN4-80EZip). In a further preferred enbodi nent, the

i mrunogeni ¢ conposition conprises about 10 jig DEN', DEN2, and DEN3 E
proteins and about 20 jig of DENA E protein (DEN4-80E or DEN4-80EZip). In a
further preferred enbodi nent, the -21 - i mmunogeni c conposition conprises
about 5014 DEN |, DEN2, and DEN3 E proteins and about 100 p.g of DENA E
protei n (DEN4- 80E or DEN4-80EZi p). Pharnmaceutically acceptable carriers
useful in the conpositions of the invention include any conpati bl e agent
that is nontoxic to paOrefitkd inglie at Wikbeddsadgyeminamdrivaiocantiaatipgns Senpl oyed,
such as water, shivinrietisdéxferoistctivedt ipgesinglhe imgini gespoiss to betirferd pguand t he | i ke,
and conbi nat i ongtEthiesedthe vachheogm@sition. &Fpr 2 iiseyssied ofthe sgfoyradie of 2Bdlighint, sonal
conponent s suchwéiss gogts afaiubingeicludedin §DA-lidisdd vig@xes, seeBayl@mial,iVicyinat®di fi er, such
as NaC , MCIl2, sBs23CaQ) Letxtally, gn efectBbnd @fe tos vt glumdniitladivivaxidvatieg®m doer eof .
Accordi ng t o t heotestrinbetidny @aific eibpdinghs of @t hesid, wevaadngise of a
therapeutic 10 cHRBASDEAIB.OMNgMSaEibEm WhibBupitcS . 2Si dementaBAiinintig). @Chi eve a desired
bi ol ogi cal eff eaematitRRNBAALs Y the tdimlataSAGOmPd el tihdpRsef indMtiod@eal ef f ecti ve
anount of the ceRpPoB)ibd mn 250 dod, 350.a00/4501@ p@NEilREHuY PRRanGetae ffacder S as t he
subject's agey conditi @RmulitXit ARthu@Xds@Buvaitf collpriSeS MS@nixnid whaddtyme and ot her
vari abl es whi chas@sob aig@shjald 8iloRd ldyid © heal@finud faghl ARd Y AISMrbdel sudnihattzhe art.. The
antigeni c prepansdd @ siigeis thld@to oM @ituh Bro6R NTHbBrmaGHYh 2 B LHESENDY €i t her

single or nulti plee ABRERY RS fHBRI0019 f BLLLMB 1o AR Aifnical dRickhf@Ct | Ve ampunt s of
the conposi ti oNges@fed hR@mpity/enti on can vary from 0.01-500 p, g per product

per dose, norge preferably from 1-100 p,g per product per dose, and nost

preferably 5-50 pg per spLedusdk, oﬁe%ﬁpem&@pmse-gh@erﬁ&%(;l&b%&cQQ%ndOf the invention

may further COW@om@w&h%ﬁ@@&ﬁéﬁéS@@n&g&sﬂ@&ﬁﬂatn@m:tﬁan GhRisent. I'n accordance

with the present ret%rﬂ&’a@}ﬂxtaht%nIsécﬁ&’admagdﬂﬁxuo&ﬂla&iﬁsaxQEJélholl Offea nddNge 20 80E,

DEN3- 80E, and D M’M&Ql%lcgmlﬁgéalsypgmd BOLLd S0f W Ao R anQerBluneand tetraval ent

dengue vacci pges st@flttﬂatlnéz[ogﬁex%lq%(ﬁd CYA W BTgTe} @Jantgcé fhBonR PRALL A Ni stration to

human subj ects Eséa W;@aﬁs horidaer red s &t%c%ﬂt&d%&r&f ng safety and

i rnnunogeni ci ty(f Jz%@‘ﬁ it h‘él?‘ﬁn%'wﬂﬁgi Cel zo‘? 7A%E) 159‘8)%&&@81@ human

primates and he@ungfé k396 oéé L&&E urf‘f}% 2 1S0oM-& H}§a%t£| bed.
| 0

_..&’m

EnbOdI rrent S Of nxgalgletoproWgeabro er 1mm eres 0 se oaco afrgrgstegega (1} V\D I rrpor t ant

af g?gf f]S s I n cor 1prlsm o éll d ary body rese I’nsees oweveb for t(rn%x an hyem(r)]%_tllc fS (L)IlrJU nit
P v1t§ was oun li:ﬂ P e o?sa mns for uman Lmal use.at
prevention of a” c ¢gﬂqd|V|duals In a

1n t en wa}s sc ver]@ that sa nms Tn corered thh c% ECO mbi nant DEN

second aspect t .9 p
1- 80E, DEN2- 80 Ej go”é . f 's under

current good naﬁg' éﬁﬁ ﬁg“ ?%ﬁ“ﬁ&%@ ‘% i“ﬁﬁt@b HFF%I%% sufficient to be
of practlcal3%sé*m? i Qg @“ﬁ@? FRAGEESE B A anced t et raval ent
virus neutrali zP‘Hﬁ 4Rt me}am%e i “ﬂﬂ%ﬁ‘w SRS AR AR subj ect s,

provi di ng a mecFEATER R dproreE £ SR AGRI IR FiCOMaYE viliHas dirtue

conbi nation of FHEHEIETEPE CANEarTEIP ¢PE E” BroterhS et i=Var i ous ratios
is utilized to F&utlywdipdet it *Pattince which is critical for mninizing
the risk of ékacer bat ed®tii S&48 st pyigrelpye phapiEuichprofirs on of these nove
aspects resul t s PESPRETEHGIRIIFIFRITPOH G BfeRtEcticfiugc gl cies which are
saf e and 35 ef f e¢4§COM- 3dnvapGmarsing ¢iajore ehslesterply@d erhopphelipidyderpipieifiy| at i ons ar e
further characterized by the unexpected finding that inclusion of the
non-structural protein NSI1 is not requilfed for effective i munogenicity and
protection. Moreover, the disclosed dengue vacci nes address the technical -
22 - probl em of inducing rel evant protective i nmune responses in

vacci nated individuals while maintaining an acceptable safety profile, in
particular for those subjects at highest risk of severe disease, including
infants, the elderly, and i munoconprom sed. 5All publications nentioned
herein are incorporated by reference for the purpose of describing and

di scl osi ng nmet hodol ogi es and materials that m ght be used in connection
with the present invention. Nothing herein is to be construed as an

adm ssion that the invention is not entitled to antedate such disclosure by
virtue of prior invention. Having described preferred enbodi nents of the
invention with reference to the

vm prlse tweél




10 acconpanying drawings, it is to be understood that the invention is not
limted to those precise enbodi nents, and that various changes and

nodi f i catwonsiymy2obe ef fected therein by one skilled i npPChasasti/opgoedout
departing fromthe scope or spirit of the invention as defined in the

appended cl ains. The follow ng exanples illustrate, but do not limt the
i nvention. 15 Exanple 1 Expression and Purification of Dengue 80E Proteins
in the Drosophila S2 system The expression plasmd pMtbns

(derived frompMtPA) contains the follow ng el ements: Drosophila

mel anogaster netall othionein pronoter, the human tissue pl asm nogen 20
activator secretion | eader (tPAL) and the SV40 early pol yadenyl ati on
signal. A 14 base pair Banml Il (restriction enzyne from Bacill us

anyl ol i quf aci ence) fragnment was excised fromthe pMtbns vector to yield
pMt AXho that contains a unique Xhol (restriction enzyne from Xant hononas
hol i ci col a) si t &ngueB0Bghddets c@stitute @p@ximagekyi8et of rhgjlength bipuletyBElsthrtingfr@st ri ct i on enzyne
from Baci |l | us géngdoiag résiiued pttiteN-terhiinbs suehxtprsediiraein isns@ ety intpgr@uhpiedtsn t he secretion
of expressed pr olieRéxprsseil RdonbiRBly tala Bosicell The repeiBehs demribeDBHVGUS fiBBEUENCES Wer e

i ntroduced i nt OcotnprBe 4p Minkiduls adpi@@t Or usi ng t hese uni que Bgl Il and Xhol
sites. Dengue sequences piised edbodimest of this @PecibeBeivind@th DENE DEN2G® I epr esent ed
by SEQ I D NO s 1ENS 30E8tigEnoindiudats: the cclnposBmGre inbhoMkdc and the IIRMBOERENMBOE; (2) SEQ I D
NG 2; DEN2 pr M &fdds. H(has)beeiotnbnlhbidNésk BcamdldsNBat PetdvbafBild Eompdsidgn calphidin D NO: 4, DEN4
pr M 80E; and ( ShonSE s MOEWD; DHNE NN rErMoB Rl sbunif- @4 a dihdic ©xdF €SSi on of

car boxy- t r uncat peN4GsEng 8@EzB IR LoaidddedRsueNaitlt MSume tebponsd iILh&M @Blkeygene fragment
was anplifieg f 5 pbidaprordoiNAagaifst GrENNAIEde OMESmpodiltas dSibtdaRkd ay Pr MBOE
(pre-nmenbrane piaQbhnddhglncapii.gl N E) gene fragnment included two stop
codons inmedi ately fol QiiRGe ddBRlinleAstl hill@RE Yiehe CHERR, the DEN1GEE, bBnaver e _
co-transformed yistokNREE halDRG-RBXRESES SiHe BmpdsiBsh e fordhéle. tifigenPCOHygr o sel ect i on
plasmid that engRaES.dHOBIhthert € 5isST RRAGEoubl rbolslafoki 1olabd 3 Gnds e @l i um
phosphat e CO1s 3RRFiGA btk bIXA, SERE, RRBE profclnd, Yrerbelbly bo@ € liheDind okubid o T OGEN Ki TS,
Carl sbad, CA) agcehdipifhs, mDEﬂQOW@Q&M er's recommendations. Cells were
co-transformed with Zoinel';eglpﬁr%@édeM%f%\ﬂs&Rc@fﬂ%%&uoh%ks@oﬁﬁdjlﬁe?ﬁm essi on
plasm d to sel egl k@i AAkA®ThHan,  IRGH &Eeﬁ?d!ivveét Yol S GheRERehrdkih hygronycin
-23 - B (ROChead t%ghlrf) 1é’asran§l Qfﬁgre% ﬁ’mtlggg!re%g%egtoheﬁlerv)itm at 300 pig/m.

Fol | owi ng selgeciion, cells were adapted to growth In the serumfree nmedi um
Excel 420 (JRH .enexainajg%tivefggdlm% E’tﬁesl%len(ag}x tﬁevgcg & S 1§rl were grown in
Excel 420, 300 X%W‘%l umg gcwgrlﬁa mQase V. GuSO4. Cells were
seeded at a denS| ty nagl wed t grow for 6-7 days.

5Under opti nmal éogf‘ed’;u‘sg’”g elgmm p5| ti es of 1.5to 2 X 107 cells/ml were

achi eved aft tur% qurnat ant was exam ned for
xam t a fetravalént composition
expressed prot ein b S or the detection
COm, rﬁé l 2 an EN3 8 protetn sublauts an

onomen
of the DEN-80E Q%dlc o%n 1-5'\{ 55§ 21 1n uce tegav entl

anti body devel op Ue- Virrts” fol | owed by an
anti-rabbit 10

G ??%B Vﬁi It f’?%’%s“ﬁr%}ﬁ C‘BF‘I"B‘éry anti body was
used. The bl ot sPH E@?é é\?’é‘itsé’ ﬂas‘i’)i? ﬁ‘lﬁﬁ*f‘/“’% ]EEE\%) ?‘rﬁ"d Y% co., St. Louis,

MO solid phase™FRarPHE" P%fé}‘g ﬂ‘é?f‘ %ﬁ“s’%"“%’lﬁ‘ib"ﬂ antigen s dimerigoqbel £ cat j on of
the DEN 1- 80E, [ERE?gdre BERBSCBHRT TR ‘or DEN4- 80EZi p, protein was
acconpl i shed by i m"runoﬁ?‘ﬁsf‘l?‘?lbfeﬂ’/Sh&Vﬁr}“ES‘?‘ft{i"bB‘P‘%Pﬂ?ﬁ hat higkebglanged et he onocl onall

anti body (MAb) ~ Z@gses gpipsa! foyr dengys ey pap ety ie fegtigtrsoptaider i cati on of
the post- 15 exBF¥SLE GRpopaat tafie 2mprat o R srigensprrgrenticihet RNA34ESB ded onto the

| AC col umm, whi EHVSHitira meroxiweith B rameuNpiP R hEE JEN2- 406y aP@REEy coupl ed vi a
N- hydr oxysucci niereeseHeR] capreyfion AFcdiely fremewipprrouds ompggsied, the matrix is
washed with 10 FRPEHGSIREERE bt eraan shatiipilngPBg) cnvipps (£ ottt ai ni ng 0.05%
(v/v) tween-20 (PBST, 140 mM NaCl). Bound protein is eluted fromthe I AC
colum with 20 mM gl ycine buffer, pH 2.!86: The eluate is neutralized then

buf fer exchanged 20 against PBS. The purification products are routinely
anal yzed by SDS-PAGE with Coomassie or silver staining, Western blot, W
absorption, and enzyme |inked i muosorbent assay (ELISA) to determ ne
purity, identity, quantity, and bioactivity, respectively. In addition,

sanpl es were analyzed by N-term nal am no acid sequencing and am no acid
anal ysis. These anal yses provided confirmation of identity and quantity of
the purification products. 25Figure 1 provides representative SDS-PAGE
(Panel A) and Western blot (panel B) profiles of the purified DEN 80E
proteins. For the analysis, sanples were run under non-reducing conditions.
The DEN 1- 80E, DEN2-80E, and DEN3-80E nol ecules mgrate as a single
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band with a rel ative nol ecul ar wei ght consistent with that determ ned from
the am no acid conposition (i.e., 45kD). The DEN4-80EZi p protein m grates
pri mari | yweaow/dizeer under non- 30 reduci ng conditions WRCThUSan1apgasé ent
nol ecul ar wei ght of approxinmately 90kD. Exanple 2 Production of cGW Lots
of DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip A Master Cell Bank (MCB)
was prepared fromeach of the S2 cell |ines under 35 cGW conditions. The
cGW nmanufacturing process involves expansion of the S2 MCB cell line to a
stirred tank bioreactor and then harvesting the cul ture nmedi um contai ni ng
the secreted protein. The cells are separated fromthe culture nedi um by
filtration utilizing depth filters. The -24- DEN 1-80E, DENZ2-80E,
DEN3- 80E, or DEN4-80EZi p was then purified fromthe resultant clarified
supernatant by inmunoaffinity chromatography using the 4& nonocl onal
anti body. The immunoaffinity purification product was subsequently taken
t hrough a | ow phdrowpeDEN1-30RDEN]-30B IDEWIVOE, @ [PERARYE. @ phaimpcailticafly ekt | on st ep usi ng
menbranes w t h popiet, sk zefechapaivk & adpfant, ereiv ihngpr@ein2 Gechrvpnstpger t | cl es. The
ability to takeagpiremaelonddihnaith ofswlbmna E btaring 6ei amipo ggmpdreatsN-t hr ough | ow pH
viral inactivat te@ihugnech hidssicl prdteinlidséciblaimo giwepsdinswhartxmewant age over |ive
at t enuat ed Vac Ciretb@Binaly@ra@ost ckli; Snd Wikreil O cofp@Sidn Bilivges thd fr@isogonvwf neablizigd ear ance st eps
significantly simiphitshishuma Wejers whir@iiSe 2GR tonterd Stte DEN4@SHhorplt Betiod €5 an addi ti onal
| evel of saf et ywh&it3tihe hpindiuid intigeridventdni oniad DENI, DERS & DA 3 @inpohdie HDEN- 80E
proteins i nvol vgekrRtddb@ihme@ehialge ot thvah ae Atid abENDERyDENE:DENf | | trati on
foll owed by a fbdaghsisldMcbrpbstial isaprotibidienugh2a 0. 2lamfilter. The
manuf acture @f |ots of wENLm@@ents FN2sp&OI e M3, BOFEN4 mpdadaNé¢- 80EZi p under
cOWP was acconpbisesl 188, 1desedskiRechple] WmeViidksi-wf, pexucle, MEB-ser e t hawed and
the contents of .Qaed- sok) aVRGhaWe hboddRss & thls bakc@ekhd ilvenBlon i DBk VOl UM of EX- CELL
medi um for 5 days,@ln id66u-sbE2e Nin Gl ddiddhe WRASIHRXPBEWBHsidoR comPlest NL di sposabl e
shake flasks. Thg.ofdH ok bENESoENEENS 8@ AYWENSB0R MM alaimerds iU BoEAENSI ty of 1.5 X
107/ mL was aghi eved. Flaske Mei6Ra0t Gdwand, dMsechvha: fnacsatRsa | ar ger
culture in a di §MQ§&’IQ1L@mmmor&hﬁ&}bﬁmls@ébm%oﬂB@@8@?9&?@8 Pr 3 to 4 days.
The culture was ald i kb@ilf)) desgrbqu&%laxte}{ro&azedl%’a&kmgc cgﬁzllljcm@éﬂgjcsmws achi eved. The
culture was t he@stﬁﬁ( E})@cﬂgﬁgthéﬂosgpﬂzjfawelmo&stggi JEI%S%%I (jolgns@' ﬁ%ﬁ %We.s%etshake flasks.
These cultures ygie, &memylr s a,y%@mmr:@égbzdew EXp, B, 12,6 X 107
cell s/mL was 38° rogcr,? avéhﬁgg%l 3sm*)rﬂgrnzﬂtr@ofeip@msuaeerﬁﬁym%ed ‘and used to 20
I nocul ate a 20 %;? E\ en%l rot QJmeIQa%t/lRl 3, suIlngdeg’ sgr Qsl%ﬁ grown until a
cel | densi ty of ese r&emsaretrun edvgf?ﬂ?e(fat Aug rigap 1 %?lgiq&’p&ﬁlle ate anmount of
B

I nl ess st eel

cells fromthe ra %rre (g
€ velo 1‘0 em trunc etes e mem S C or O €111,
| BV pe ? Efar ? X s/m .. The

bi oreactor to ac | eve

O
owing it to esecrete 1t the xtrace med1 facifitating recov,

;glh;[ g{/:dm'sl'hg Cdcileftesijstem orfio Wel(éf)hgsl eléin ﬁrﬁ:effgrﬁl:gch* o]r??té:eefp fate tO t he

CU| tur e tO aChI gii;%::é:fybic%n Si{l)t‘:’m g :(g:oﬁ? ?"a%j:glsl{)sensmve monocl?]nal anti] 4;;Eﬁ € CU| tur € was then

grown for 5 day é epth

filtration using a O, 45A7g)‘?ﬁ‘°f’ yldfsg ﬁx:ggref ?Pate 53 Wfo F%wed by a 0.2 um

filter cartridg aw“‘l“ﬁ Bl Itl\fcg?“gl%su%}éﬁwfué% gla ARSI n single use

bags and st ortd SaPALipyeters etal, US. Patent no-£y{, 8&?{1‘*1{“%‘6‘@“"’%@2 80E DEN3- 80, or

DEN4- 80EZi p bul BOEnRENG &% DENASOE, i P e ol el g Ispets P4 5- 250) f or

appr oxi mat el y 24r°‘ﬁ‘6@‘Ffémbly%?rs?lf“t?rfff’%?‘%l‘é‘e’i‘i@'lé’rlém’f"rféwf%e“?’e@ﬁﬁﬂ?@’(ﬂ"‘B passage of the

mat eri al t hr ouglrdie BaRPEE & e Pageofity i op 401 rREe Fit it erarr BUAE Har vest was

| oaded di rect | y bokfrEel cmeremin aidp se Tsf dGr inapredr A1 Balrit e col um was

washed with 21 dvVeBgmtisr P87 thesefEtETH A5 §roon DY PRSP0 (FPBST) t hen

retai ned 80E wasimeizeprsgmainfinkedigisy fORgroteimky * prPwiirieHe @D APz Re Thsuf f er .

Sub- bat ches wer éclpivppidigrericfhaps offpeprieing iypaed toimpdtfets & YRl e thigethe pH to a

final pH of 3.8 and incubating the material at arrbr ent tenperature (15-250)

for 16-24 hours 35 after which the pH wds adjusted to 7.0 0.5. The

mat eri al was passed through a 0.2 p.mprefilter to renove snall

particulates then viral filtered using a 20 nm pore sized nenbrane. The

material was then concentrated and buffered exchanged by ultrafiltration

and a final sterile -25 - filtration was acconplished by passage through a

0.2 gmfilter directly into sterile bags. The purified 80E bi ol ogic

subst ances underwent extensive safety, identity, strength, and purity

assessnents prior to release for fornmulation into the vaccine products.

5Exanpl e 3 Fornul ati on of the HBV-001 D1 Vaccine for Use in Cinical

St udi es Forrmul ati on of the nonoval ent DEN1- 80E al um adsor bed

(HBV- 001 D1) vacci ne was conducted under cGW. Briefly, the purified

bi ol ogi ¢ substance DEN1-80E described in Exanple 2 was thawed and

transferred |nto a Class 100 Iam nar flow area. The DEN 1 80E was 10

o . - o -~ 1 . ~ r e 1NN S\ v N
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15 not adsorbed was determ ned. A mnimum of 75% adsorption was required to
nove forward to fill of the HBV-001 D1 vaccine. The appropriate quantities
of the HBVOQOL/BK202acci ne was transferred i nto preparedPsTarseé@/os80aé s. The
filled vials were stoppered, sealed, and crinped. The filled vials of
vaccine were stored at 2 to 8C. Extensive safety, strength, identity,
potency, and purity testing was conducted prior to use of the vaccine in
clinical studies. 20 Exanple 4 Formulation of the Tetraval ent Dengue
Antigen for Use in Cinical Studies Formul ati on of the

tetraval ent DEN- 80E vacci ne was conducted under cGW. Briefly, the purified
bi ol ogi ¢ substances DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80EZi p 25
described in Exanple 2 were thawed and transferred into a Cass 100 | am nar
flow area. The thawed antigens were sterile filtered and the protein
concentration post-filtration determ ned. The DEN 80E anti gens were each

i ndependent | y deompired andietubs isthandndien oDakribd contist riprogp RatesioBUPEer ed Sal | ne
(DPBS) to achi ess pateihsiviestribpiirgixeiph 11 laprefetd spbudioenstof tetitvenongftetr®2l&® ng/ nL. The
four protein sobopdsiGass piwedee wieli@ e DEN¢ @dtciv @mppaeatiy dingeeld (b.oy DEN4-88EZipat i 0 of 1:1:1:2
for DEN1-80E: DEN2- 30 ®Meid3biNGteBOimnitdENIENIGEingrsico bprraigtte manst et r aval ent

sol uti on contai kckgn DEN{SeBQPeet e &., WS. FgdhiNo, USBENAS B0 Befly, Oredbasig/ ML, DEN3- 80E
at 0.1 ng/nlL, afgoedieNNd-i@QhAibpPetis et@l, sZpréBldiitmet difieic BPEmOPRIeAlre figuant i ti es of

t he tetraval ent apyRLKCinGRes (din¥ taddEncopia Sf 80% B EvSdleayh@ched thMadh ofpdt BRAEDE Steril e
vials. The fill eglerVinaduSchdedindo SRR GhkinStB:ak@ehies SFDENIR0% FRadigned he fil | ed
vial s of vacci ne sk 164bR ke aldlvin@ihd tho BLE mSkcitshodsocfa® mhvakdd@ns) cont ai ni ng
DEN 1- 80E, DEN2qi80&orichdabiBmBOGinaine ¢35 LN @tHmetR keh kS Dwiladpar ed t o support
clinical testiNgadifebfa@n Do b tiiin thelek B Bu@bt Biher linllé Riplerdcdé s watTRNCY, and purity
testing was conguiek 8&ntdd ik R 1infit tdife@peiic dlsditBed WRES bul) @ abyldmid dilliegake St udi es. The
-26-  tetraval ek wiilichBiS e tvS80RBoMduid (4 BEhted nAREhAAo il akREL ofiddar®E COr dance with
Good Cinical PLagehhiffimmg Wil Bvaeh Shduhdsto bdnbh@d adj uvant prior to

adm ni stratign to human U8 GhSach RS MiBondt 2 cRbolg-thrling Bleind §3& 1 Ng_of the

HBV- 001D1 Dengu@oxrll}{ Q%orﬂoma@ WJ’E%mdugéillbau&lb&wem&@%@rleucme zipper The HBV-001
DI vaccine mnutn@l&&l&rﬁg VCIYLQQLQF thlga%chQ% bgﬁ&%ﬁ '&@Qrs&ﬂmﬁ&‘e@%ﬁlﬁde@onﬂ‘as tested in
a clinical tri allmkln Qﬁeu\%her}%eﬁfo&ﬁ-g;egﬂm IMU\QILIQY lm(éd Gigcr p&(ﬁa “while'tl @tger Phase 1

st Udy to eval uags%as ral?th coxggr?tasQLlatim ﬁhglgalclrfe ZBEGDCQHQXES ’hl@lcuuuc ipt Yy adul t

VOl unt eer S e%E i(@htdla dets&fe)dt anJngervﬁp&m %ﬁse.&ueuu:u fhertS&ﬁEi{ CI ne SI aCtI ve

I ngredi ent ( N The oJo §n0§ ;%U?entgmm 011%1;1 éé\lv@lqul{a%gﬁ dm]e97ano§5 adj uvant .

Subj ects recei ve s, WY £ . LontBG6 L08Rl c¥eeks 0, 4 and
8. The design o /Sémo%c‘? Ll ol £G4 Iteq a;& heRily ?’n‘{%d %ﬁ&%ﬁle 1. Dosi gn

of the Cinical ﬂ%‘%bhg’*f-l % ?ﬁeé? ogfumlw’ ?&E%é? i ﬁfrdomaf_ 12 Ycin

+ Al hvd lz 18 des:gne to dimer1z€ wi seguence from apotl WA) 1ppeer D_EN 1- 303 ( 10
plg) b % r %ge olecule % ihil E'E fi ebond rmsb z the two en ][ | VE, tal Al
bl ace O) ' 9 resu ting in a covalently u&g}(imer;:roduci he}{)rmatloq ;i a ccgvien y mknyleucme ement a )

hort 2
Gohor t zipper will enhance the dimerization of the 80% E molecules, which may associate in native head
to tail conformation by virtue of the flexible linker connecting the 80% E molecules with the

leucine zipper domain.

30 The final approach used to enhance dimerization of 80% E is the addition of a helix-
turn-helix domain to the carboxy terminal end of 80% E. The helix-turn-helix domain from one
modified 80% E molecule will associate with that of another to form a dimeric four-helix bundle
domain. The formation of a non-covalently associated four helix bundle domain will enhance the
dimerization of the 80% E molecules which may associate in the native head to tail conformation by

35  virtue of the flexible linkers connecting 80% E to the helix bundle.

In another embodiment of the invention, DEN-80E is defined more broadly as a
dengue virus envelope protein subunit that comprises six disulfide bridges at Cys1-Cys2, Cys3-
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(N =6 active, 2 placebo) 15Safety and tolerability were assessed

t hroughout the study by targeted physical exam nation, routine |aboratory
testing (Weoeratwiseyg, clinical chem stry and urinal ysi s) pamdstéra/osseeor di ng
of vital signs and adverse events in study volunteers. In addition,

subj ects used diary cards for 14 +/- 2 days after each vaccination to
record reactogenicity and tol erance data as well as specific adverse
events. Efficacy assessnents in this study included the determ nation of
the 20 rate and extent of virus neutralizing antibody titers (i.e.,

i mmunogeni city), as determ ned by PRNT50 (plaque reduction neutralization
test) assay of? 1:10. There were no safety signals identified in the study
suggesting that the vaccine is safe for human subjects. Imunogenicity data
fromthe inmunized individuals are summarized in Table 2. O the 6 vaccine
recipients in the | owdose cohort, all subjects were negative for

neutral i zi ng 25CahCishody Cibt-Ervek &s%elys Ve Ks11Tys12 whegginthe droteifiaebeqma ori ty of

subj ects (4/6) hkadddeveimppetbraradbn loiozinglsant itbeadberstepygentidek 10, whi ch was
2 weeks after t hretatiding tbohaemhsado thkdeerlogdipilag vilo§ vhertadriisept ayedr det ect abl e

anti bodi es by Wekts34. One subject (007) showed a positive result beginning
at Week 6 (2 sveeks aft éranbohecfoetandingade remabighoienpuewhi @ltlowastedl SO present at
Week 10 but undetwetfugtedc@npéides thidiakphBpatfeROesttibd k@ 2 posihilibpseild) . 300f the 6
vacci ne reci pi ettusctetisic df i@mbloggha 80dQ6@one 0k evdlape dtdn (BBBfegtem wefre negati ve for
neutral i zi ng antmiReayat thd N-@fSusat the\AbRddBngk,vinid envéi€hbrofein. Dla@er Soi3] 006 Showed
positive result sidbagieRpiitgd iathe ke clnplishg W@k SrukDE © fond abiBe S@@Ad vacci ne
dose). Two subj e@h@rofhilisi braiEmdhelatdhicehduZ il Ghe readribinant &ibinit Radisesinat \Week 8 (day
of third vacci neudasaiucudid apbbiaBnebdebiyty @ilinsbddbieaissenldisif) ) had devel oped
neutralizing antkheeies by Wek 10. Two subjects continued to display
detect abl e anti body ti tRfSbydhe MeRKinGE subltit & elpRPIIQSR AlSstel REBAL ik St
denmonstration Ofennelhelid Adpued BickdhBroBhital il RGiRNEYy BAdugSafHr a

non-repl i cat 119 ny ABEHNEMEREEASFLHE, of BENLUITRRS U € Gbx cliicafiedingd Pl acebo

reci pients had ypdehgeiaple antibody titers at all neasured tinme points.
Tab l e 2. SUI’TI'TB.I’ y Of Nelﬁl(fnﬁ‘list tgih%demﬁethQQ%ed-ﬁir In@l[s%n (Qyon-§ngilr§9rLtei1§u bject 1D
Visit IViSit 2Visidnod WS prddl Skt 2 ¥nedd SirusB¥hibhibns deted MG QupbesE 1) Vieek 2
Veek 4 (DOSE 2) et\%gé(@lﬁa%,et lﬁN-80E proteins of the invention serve as a potent, immunogenic

20  vaccines in human subjects even without inclusion of NS1.

Administration and Use

The present invention provides a means for preventing or attenuating disease that

results from infection by dengue viruses. As used herein, a vaccine is said to prevent or attenuate

25  adisease if administration of the vaccine to an individual results either in the total or partial
immunity of the individual to the disease, or in the total or partial attenuation (i.e., suppression)
of symptoms or conditions associated with the disease. '

Accordingly, the invention relates to a method for raising a protective immune
response in a human patient, the method comprising administering a therapeutically effective

30  amount of an immunogenic composition as described anywhere throughout the specification to
the patient,

The therapeutic compositions of the described invention can be administered
parenterally by subcutaneous, intramuscular, or intradermal injection; however, other systemic
modes of administration may also be employed. The preferred method of administration for the

35  present invention is the intramuscular route. Thus, in some embodiments of the methods of the
invention, the composition is administered to the patient via the intramuscular route. In
alternative embodiments, intradermal or subcutaneous delivery is contemplated.
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Also provided herein is a method of providing immune protection in humans
against dengue virus induced disease comprising administering an effective amount of the
compositions of the invention to the patient, thereby providing protection from dengue disease.
In this aspect of the invention, the preferred route of administration is selected from the group
consisting of: intramuscular, subcutaneous and intradermal.

The invention also relates to a method for raising a protective immune response in
a human patient, the method comprising administering a therapeutically effective amount of an
immunogenic composition comprising a purified dengue virus envelope (“E”) protein and a
pharmaceutically acceptable excipient, wherein the E protein constitutes approximately 80% of
the length of wild type E starting from amino acid residue 1 at its N-terminus, such that said E
protein is secretable into growth medium when expressed recombinantly in a host cell; and an
effective amount of adjuvant, wherein the vaccine induces the production of neutralizing
antibodies in human subjects.

Amnother aspect of the present invention provides an immunogenic composition
comprising an effective amount of purified dengue virus envelope (“E”) proteins of serotype
DEN-1, DEN-2, DEN3, and DEN-4, a pharmaceutically acceptable excipient, and an effective
amount of adjuvant; wherein the E proteins each constitute approximately 80% of the length of
wild type E starting from amino acid residue 1 at its N-terminus, such that said E protein is
secretable into growth medium when expressed recombinantly in a host cell; and wherein the
DEN-4 E protein is optionally dimeric; for the prevention or treatment of dengue disease and/or
dengue infection. In some aspects of the invention, the compositions described herein are to be
administered to immunodeficient populations. In further aspects, the compositions are to be
administered to pediatric populations.

In some embodiments of this aspect of the invention the DEN4 component of the
composition is DEN4-80EZip. In alternative embodiments, the DEN4 component is DEN4-80E
or DEN4-80Ezip and the amount of the DEN4 protein is about 1.5 to about 3 times the amount of
the DEN1-80E, DEN2-80E, or DEN3-80E component.

Other aspects of this invention also describe the use of a composition as described
above or throughout the specification for the manufacture of a medicament for the treatment or
prevention of dengue infection or disease caused thereby.

The active pharmaceutical ingredients of the compositions described herein
(dengue 80F and/or dengue 80Ezip) are delivered to the patient in a "therapeutically effective
amount," i.e. an amount that is physiologically significant, as described in the Summary of the
Invention. The active ingredients of the compositions of the invention are present in a
physiologically significant amount if the administration of the composition to a patient results in

-19-
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a detectable change in the physiology of the recipient patient. In the present invention, a
detectable change in the recipient patient is the induction of a neutralizing antibody against the
homologous dengue virus.

The active vaccine of the invention can be used alone or in combination with
other active vaccines such as those containing other active subunits to the extent that they
become available. Corresponding or different subunits from one or several viruses or serotypes
may be included in a particular formulation. The active vaccine of the invention may further
comprise a pharmaceutically acceptable excipient.

Many different techniques exist for the timing of the immunizations when a
multiple administration regimen is utilized. It is preferable to use the compositions of the
invention more than once to increase the levels and diversities of expression of the
immunoglobulin repertoire expressed by the immunized subject. Typically, if multiple
immunizations are given, they will be given one to two months apart. The preferred
immunization schedule of the invention is to immunize the subjects a 0, 1, and 2 months. Other
immunizations schedules can also be utilized. For example, alternative immunization schedules
such as 0, 1 and 3 months, or 0, 1 and 6 months could be used. )

To immunize subjects against dengue virus-induced disease for example, the
vaceines containing the subunits are administered to the subject in conventional immunization
protocols involving, usually, multiple administrations of the vaccine. Administration is typically
by injection, typically intramuscular or subcutaneous injection; however, other systemic modes
of administration may also be employed.

Immunogenic Compositions

As stated, supra, one aspect of the present invention is an immunogenic
composition comprising an effective amount of purified dengue virus envelope (“E”) proteins of
serotype DEN-1, DEN-2, DEN3, and DEN-4, a pharmaceutically acceptable excipient, and an
effective amount of adjuvant; wherein the E proteins each constitute about 80% of the length of
wild type E starting from amino acid residue 1 at its N-terminus; wherein the DEN-4 E protein is
dimeric; and wherein the composition induces the production of neutralizing antibodies in human
subjects.

In embodiments of this aspect of the invention, the amount of Dengue E protein
for each serotype is from about 1 ug to about 150 pg, from about 1 pg to about 10 pg, from about
1 ug to about 5 pg, from about 2 pg to about 4 pg, from about 3 pg to about 6 pg, from about 5
pg to about 25 pg, from about 10 pg to about 20 ug, from about 5 pg to about 10 pg, from about
20 pg to about 25 pg, from about 40 pg to about 60 pg, from about 75 pg to about 125 pg, or
from about 90 pg to about 110 pg. In alternative embodiments, the amount of each dengue
protein is about 1 pg, about 2 ug, about 3 pg, about 4 pg, about 5 pg, about 6 g, about 7 pg,
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about 8 ug, about 9 pg, about 10 pg, about 15 pg, about 20 pg, about 25 pg, about 30 pg, about
35 ug, about 40 ug, about 45 pg, about 50 ug, about 55 ug, about 60 pg, about 65 pg, about 70
pg, about 75 pg, about 80 pg, about 85 pg, about 90 ug, about 95 pg, about 100 pg, about 110
ug, about 120 pg, about 130 pg, about 140 g, or about 150 pg. In preferred embodiments of the
invention, the amount of each dengue E protein is approximately 3 ng, approximately 6 pg,
approximately 10 pg, approximately 20 pg, approximately 50 pg, approximately 100 pg, 3 pg, 6
pg, 10 pg, 20 pg, 50 ng, or 100 pg.

Also provided is an immunogenic composition comprising an effective amount of
purified dengue virus envelope (“E”) proteins of serotype DEN-1, DEN-2, DEN3, and DEN-4, a
pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E
proteins each constitute about 80% of the length of wild type E starting from amino acid residue
1 at its N-terminus; wherein the amount of DEN4 protein is about 1.5 to about 3 times the
individual amounts of DEN1, DEN2, and DEN3 proteins, and wherein the composition induces
the production of neutralizing antibodies in human subjects. In this aspect of the invention, the
DEN1, DEN2, DEN3 and DEN4 E proteins are monomeric (e.g. DEN-80E) or the DEN1, DEN2,
and DEN3 E proteins are monomeric and the DEN4 protein is dimeric.

In this aspect of the invention, the dengue E proteins in the composition are
present in the amounts described above, with the proviso that the DEN4 E protein, whether
monometic or dimeric, is present in an amount that is about 1.5 to about 3 times the individual
amounts of the DEN1, DEN2, and DEN3 E proteins. Thus, merely as an example, if the DEN1,
DEN2, and DENS3 E proteins are present in the composition in an amount of about 3 pg, then the
DEN4 E protein is present in the composition in an amount of about 4.5 pg to about 9 pg,
preferably about 6 ug. As a further example, if the DEN1, DEN2, and DEN3 E proteins are
present in the composition in an amount of about 10 pg, then the DEN4 E protein is present in
the composition in an amount of about 15 ug to about 30 pg, preferably about 20 pg. In another
further example, if the DEN1, DEN2, and DEN3 E proteins are present in the composition in an
amount of about 50 pg, then the DEN4 E protein is present in the composition in an amount of
about 75 ug to about 150 ug, preferably about 100 ug. One skilled in the art will realize that
while the amount of the DEN1, DEN2, and DEN3 E proteins are approximately equal, the
amounts can vary and do not have to be present in an exact 1:1:1 ratio. One skilled in the art will
be able to determine an optimal dose of each DEN E protein that is both safe and induces a
balanced, tetravalent immune response against DEN1, DEN2, DEN3 and DEN4

In preferred embodiments of the invention, the immunogenic composition
comprises about 3 pg DEN1, DEN2, and DEN3 E proteins and about 6 pg of DEN4 E protein
(DEN4-80E or DEN4-80EZip). In a further preferred embodiment, the immunogenic
composition comprises about 10 ug DEN1, DEN2, and DEN3 E proteins and about 20 pg of
DEN4 E protein (DEN4-80E or DEN4-80EZip). In a further preferred embodiment, the
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immunogenic composition comprises about 50 pg DEN1, DEN2, and DEN3 E proteins and
about 100 pg of DEN4 E protein (DEN4-80E or DEN4-80EZip).

Pharmaceutically acceptable carriers useful in the compositions of the invention
include any compatible agent that is nontoxic to patients at the dosages and concentrations
employed, such as water, saline, dextrose, glycerol, ethanol, buffers, and the like, and
combinations thereof. The carrier may also contain additional components such as a stabilizer, a
solubilizer, a tonicity modifier, such as NaCl, MgCl,, or CaCl; etc., a surfactant, and mixtures
thereof.

According to the described invention, an "effective amount" of a therapeutic
composition is one which is sufficient to achieve a desired biological effect. Generally, the
dosage needed to provide an effective amount of the composition will vary depending upon such
factors as the subject’s age, condition, sex, and extent of disease, if any, and other variables
which can be adjusted by one of ordinary skill in the art. The antigenic preparations of the
invention can be administered by either single or multiple dosages of an effective amount.
Effective amounts of the compositions of the invention can vary from 0.01-500 pg per product
per dose, more preferably from 1-100 ug per product per dose, and most preferably 5-50 pg per
product per dose. The compositions of the invention may further comprise a pharmaceutically
acceptable excipient.

In accordance with the present invention, the production of DEN1-80E, DEN2-
80E, DEN3-80E, and DEN4-80EZip active ingredients and HBV-001 D1 and tetravalent dengue
vaccines at large scale and under cGMP to support administration to human subjects is shown
(Examples 1-4). Determination of the safety and immunogenicity (efficacy) of vaccines of the
invention in non-human primates and healthy adult volunteers (Examples 5-8) is described.
Embodiments of the dengue vaccines of the invention combine two important aspects. In one
aspect, the inherent safety of recombinant subunit proteins combined with adjuvants provide the
optimal approach for prevention of a disease in healthy and immunocompromised individuals. In
a second aspect the production of conformationally relevant recombinant DEN1-80E, DEN2-
80E, DEN3-80E, DEN4-80E and DEN4-80EZip, antigens under current good manufacturing
practices (¢GMP), in quantities sufficient to be of practical use, results in vaccines which induce
balanced tetravalent virus neutralizing antibodies in non human primates and human subjects,
providing a mechanism for protection against disease. The unique combination of the
monomeric and dimeric 80E proteins and in various ratios is utilized to assure tetravalent balance
which is critical for minimizing the risk of exacerbated disease such as DHF. The combination
of these novel aspects results in the novel invention of dengue virus vaccines which are safe and
effective in human subjects. These vaccine formulations are further characterized by the
unexpected finding that inclusion of the non-structural protein NS1 is not required for effective
immunogenicity and protection. Moreover, the disclosed dengue vaccines address the technical
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problem of inducing relevant protective immune responses in vaccinated individuals while
maintaining an acceptable safety profile, in particular for those subjects at highest risk of severe
disease, including infants, the elderly, and immunocompromised.

All publications mentioned herein are incorporated by reference for the purpose of
describing and disclosing methodologies and materials that might be used in connection with the
present invention. Nothing herein is to be construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior invention.

Having described preferred embodiments of the invention with reference to the
accompanying drawings, it is to be understood that the invention is not limited to those precise
embodiments, and that various changes and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit of the invention as defined in the appended
claims.

The following examples illustrate, but do not limit the invention.

Example 1
Expression and Purification of Dengue 80E Proteins in the Drosophila S2 system

The expression plasmid pMttbns (derived from pMttPA) contains the following
elements: Drosophila melanogaster metallothionein promoter, the human tissue plasminogen
activator secretion leader (tPAL) and the SV40 early polyadenylation signal. A 14 base pair
BamHI (restriction enzyme from Bacillus amyloliqufacience) fragment was excised from the
pMttbns vector to yield pMttAXho that contains a unique X#ol (restriction enzyme from
Xanthomonas holicicola) site in addition to an existing unique Bg/II (restriction enzyme from
Bacillus globigii) site. This expression vector promotes the secretion of expressed proteins into
the culture medium. Dengue sequences were introduced into the pMttAXho vector using these
unique Bglll and Xkol sites. Dengue sequences used for studies described herein are represented
by SEQ ID NO’s 1-5, as follows: (1) SEQ ID NO:1; DEN1 prM-80E; (2) SEQ ID NG:2; DEN2
prM-80E; (3) SEQ ID NO:3; DEN3 prM-80E; (4) SEQ ID NO:4; DEN4 prM-80E; and (5) SEQ
ID NO:5; DEN4 prM-80EZip. For the expression of carboxy-truncated dengue envelope
proteins, the relevant gene fragment was amplified from viral RNA or cDNA clones. The
synthetic prM80E (pre-membrane protein-80% glycoprotein E) gene fragment included two stop
codons immediately following the last dengue codon.

S2 cells were co-transformed with both the expression plasmid and the pCoHygro
selection plasmid that encodes hygromycin resistance utilizing the (i) calcium phosphate co-
precipitation method or (ii) Cellfectin (Invitrogen Kits, Carlsbad, CA) according to the
manufacturer's recommendations. Cells were co-transformed with 20 pg total DNA with a 20:1
ratio of expression plasmid to selection plasmid. Transformants were selected with hygromycin
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15  expression medium. The crude material is then loaded onto the IAC column, which contains
immobilized MADb that is covalently coupled via N-hydroxysuccinimide chemistry. After the
sample is loaded, the matrix is washed with 10 mM phosphate buffered saline (PBS), pH 7.2,
containing 0.05% (v/v) tween-20 (PBST, 140 mM NaCl). Bound protein is eluted from the IAC
column with 20 mM glycine buffer, pH 2.5. The eluate is neutralized then buffer exchanged
20  against PBS. The purification products are routinely analyzed by SDS-PAGE with Coomassie or
silver staining, Western blot, UV absorption, and enzyme linked immuosorbent assay (ELISA) to
determine purity, identity, quantity, and bioactivity, respectively. In addition, samples were
analyzed by N-terminal amino acid sequencing and amino acid analysis. These analyses
provided confirmation of identity and quantity of the purification products.
25 Figure 1 provides representative SDS-PAGE (Panel A} and Western blot (panel
B) profiles of the purified DEN-80E proteins. For the analysis, samples were run under non-
reducing conditions. The DEN1-80E, DEN2-80E, and DEN3-80E molecules migrate as a single
band with a relative molecular weight consistent with that determined from the amino acid
composition (i.e., 45kD). The DEN4-80EZip protein migrates primarily as a dimer under non-
30  reducing conditions with an apparent molecular weight of approximately 90kD.

Example 2

Production of cGMP Lots of DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip
A Master Cell Bank (MCB) was prepared from each of the S2 cell lines under
35  ¢GMP conditions. The ¢cGMP manufacturing process involves expansion of the S2 MCB cell
line to a stirred tank bioreactor and then harvesting the culture medium containing the secreted
protein. The cells are separated from the culture medium by filtration utilizing depth filters. The
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DEN1-80E, DEN2-80E, DEN3-30E, or DEN4-80EZip was then purified from the resultant
clarified supernatant by immunoaffinity chromatography using the 4G2 monoclonal antibody.
The immunoaffinity purification product was subsequently taken through a low pH viral
inactivation step and a viral filtration step using membranes with pore sizes capable of removing

5 20 nm particles. The ability to take the recombinant subunit vaccine components through low
pH viral inactivation and viral filtration steps is an advantage over live attenuated vaccines where
this is not possible. These viral clearance steps significantly simplify adventitious agent testing
and provide an additional level of safety for the product. The final processing of the DEN-80E
proteins involved buffer-exchange and concentration by ultrafiltration followed by a final

10 fiitration through a 0.2um filter.

The manufacture of lots of DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip
under cGMP was accomplished as described below. Vials of each MCB were thawed and the
contents of each thawed vial was cultured in a 10 mL volume of EX-CELL medium for 5 days at
26°C. Each culture was expanded to 500 mL disposable shake flasks. The cultures were grown

15  until a cell density of 1.5 X 107/mL was achieved. Flasks were pooled and used fo inoculate &
larger culture in 2 disposable shake flask which was then grown for 3 to 4 days. The culture was
grown until a depsity of 2 X 10 cells/mL was achieved. The culture was then expanded to
multiple cultures in disposable shake flasks. These cultures were grown until an average cell
density of 1.6 X 107 cells/mL was achieved. The cells from the flasks were pooled and used to

20 inoculate a 20 L stainless steel bioreactor. The culture was grown until a cell density of 1.2 X
107 cells/mL was achieved. The appropriate amount of cells from the 20L bioreactor were
transferred to a 100 L stainless steel bioreactor to achieve an initial cell density of 2 X 10°
cells/mL. The culture was grown until a cell density of > 4.0 X 108 cells/mL was achieved. The
culture was then induced by adding copper sulfate to the culture to achieve a final concentration

25  of 0.2 mM. The culture was then grown for 5 days. The 100L of each culture was harvested by
depth filtration using a 0.45 pm filter cartridge which was followed by a 0.2 pm filter cartridge.
The filtrate was collected in 10 L volumes in single use bags and stored at -20°C.

The DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip bulk harvest was
thawed at ambient temperature (15-25°C) for approximately 24 hours. Particulates were then

30 removed by passage of the material through a 5 um pore size filter. The filtered bulk harvest was
loaded directly onto a 4G2-sepharose column, After loading, the column was washed with 11
mM PBS, pH 7.1, containing 0.05% Tween-20 (PBST) then retained 80E was eluted by lowering
the pH with a glycine buffer. Sub-batches were pooled then viral inactivated by lowering the pH
to a final pH of 3.8 and incubating the material at ambient temperature (15-25°C) for 16-24 hours

35  after which the pH was adjusted to 7.0 £ 0.5. The material was passed through a 0.2 pm pre-
filter to remove small particulates then viral filtered using a 20 nm pore sized membrane. The
material was then concentrated and buffered exchanged by ultrafiltration and a final sterile
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filtration was accomplished by passage through a 0.2 pm filter directly into sterile bags. The
purified 80E biologic substances underwent extensive safety, identity, strength, and purity
assessments prior to release for formulation into the vaccine products.

5 Example 3

Formulation of the HBV-001 D1 Vaccine for Use in Clinical Studies
Formulation of the monovalent DEN1-80E alum adsorbed (HBV-001 D1) vaccine
was conducted under cGMP. Briefly, the purified biologic substance DEN1-80E described in
Example 2 was thawed and transferred into a Class 100 laminar flow area. The DEN1-80E was
10 diluted with sterile Dulbecco’s Phosphate Buffered Saline (DPBS) to achieve a final protein
target concentration of 0.20 mg/mL and the diluted 80E solution was sterile filtered. DPBS and
Alhydrogel ‘85° were volumetrically added the diluted DEN1-80E solution to a final Aluminum
concentration of 2.50 mg/mL. The solution was mixed gently overnight at 2-8°C.
Following the overnight adsorption the quantity of DEN1-80E protein which was
15  not adsorbed was determined. A minimum of 75% adsorption was required to move forward to
fill of the HBV-001 D1 vaccine. The appropriate quantities of the HBV-001 D1 vaccine was
transferred into prepared sterile vials. The filled vials were stoppered, sealed, and crimped.
The filled vials of vaccine were stored at 2 to 8°C. Extensive safety, strength, identity, potency,
and putity testing was conducted prior to use of the vaccine in clinical studies.
20
Example 4
Formulation of the Tetravalent Dengue Antigen for Use in Clinical Studies
Formulation of the tetravalent DEN-80E vaccine was conducted under cGMP.
Briefly, the purified biologic substances DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80EZip
25  described in Example 2 were thawed and transferred into a Class 100 laminar flow area. The
thawed antigens were sterile filtered and the protein concentration post-filtration determined.
The DEN-80E antigens were each independently diluted with sterile Dulbecco’s Phosphate
Buffered Saline (DPBS) to achieve a final protein target concentration of 0.50 mg/mL. The four
protein solutions were then mixed volumetrically at a ratio of 1:1:1:2 for DEN1-80E:DEN2-
30  80E:DEN3-80E: DEN4-80EZip to produce a tetravalent solution containing DEN1-80E at 0.1
mg/mL, DEN2-80E at 0.1 mg/mL, DEN3-80E at 0.1 mg/mL, and DEN4-80EZip at 0.2 mg/mL.
The appropriate quantities of the tetravalent vaccine mixture was transferred into prepared sterile
vials. The filled vials were stoppered, sealed, and crimped. The filled vials of vaccine were
stored at 2 to 8°C. Similar formulations containing DEN1-80E, DEN2-80E, DEN3-80E and
35 DEN4-80E were also prepared to support clinical testing. Extensive safety, strength, identity,
potency, and purity testing was conducted prior to use of the vaccine in clinical studies. The
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received the tetraval ent vaccine forrulations. No clear dose response was
observed for either the single conponent vacci nes (DEN4-80E or DEN4A8OE- zi p)
or the tetraval ent vacci ne. Tabl e 4. Dengue Serotype Neutralizing
Antibody Titers (LiCorso GMIN Induced in Rhesus 10 Macaques at Wek 12 (4
weeks post dose 3) by various Reconbi nant Subunit and Control Formulations
G oup Monkeys Per Goup Fornulation Anti-DENV- 1 LiCorso Titers (GMI)
Anti-DENV-2 LiCorsoTiters (GMIN Anti-DENV-3 LiCorso Titers (GMIN Anti-DEN
V4 Li Corso Tit ensbofieshi[yeekls (dPof §@d JaS@Posgnant Ge rhaBSBONKPRIX{®)had 5 5 5 2 3 100 pz
DEN4- 80E 90 | SC@®vduntdingirdliZSES@RiBoli bXVeek 1R Fwo subjects continued to display detectable

antibody titers at Week 34. This represents the first demonstration of induction of virus

neutralizing antibodies for a non-replicating vaccine for dengue in human subjects.

5  All 4 placebo recipients had undetectable antibody titers at all measured time points.

Table 2. Summary of Neutralizing Antibody Titers by Subject

Visit1_ Visit2 Visit 3 Visit4  Visit& Visit 8 Visit 7
Subject Week 0 Week 4 Week 8
ID (Dose 1) | Week 2 | (Dose 2)| Week 6| (Dose 3) | Week 10| Week 34
007 <10 <10 <10 62 19 44 <10
013 <10 <10 <10 <10 <10 30 <10
Low 014* <10 <10 <10 <10 <10 <10 <10
Dose 019 <10 <10 <10 <10 <10 91 <10
020 <10 <10 <10 <10 <10 32 <10
022 <10 <10 <10 <10 <10 <10 <10
025 <10 <10 <10 182 113 502 18
027 <10 <10 <10 <10 <10 58 <10
High 028 <10 ] <10 <10 <10 <10 <10 <10
Dose 031 <10 <10 <10 <10 <10 37 <10
033 <10 <10 <10 <10 12 62 27
041 <10 <10 <10 <10 <10 14 <10
011 <10 <10 <10 <10 <10 <10 <10
018 <10 <10 <10 <10 <10 <10 <10
Placebo 036 0| <10 | <10 [ <10 <10 <10 <10
037 <10 <10 <10 <10 <10 <10 <10
Antibody levels were determined by PRNT assay with a minimum detectable titer of 10. Subjects with

non-detectable antibody titers are designated with “<10".
*Subject 014 received only one dose of vaccine but completed all study visits and safety assessments

The results demonstrate that the HBV-001 D1 vaccine is both safe and capable of
10 inducing an immune response against DEN1 in human patients. Furthermore, this relevant
protective immune response was induced in vaccinated individuals without the inclusion of NS1
in the formulation, despite the anticipated requirement for NS1 for potent protection (McDonell
etal,, US 6,416,763).

15 Example 6

Testing of the Tetravalent Dengue 80F Recombinant Subunit Vaccine (W/DEN4-80EZip) in
Rhesus Macaques
A tetravalent formulation comprising the unique combination of the monomeric
DEN1-80E, monomeric DEN2-80E, monomeric DEN3-80E, and dimeric DEN4-80EZip was
20  prepared as an admixture with ISCOMATRIX® adjuvant to deliver a dose of 1 pg of each DEN-
80E and 47 ISCO units of ISCOMATRIX® adjuvant to Rhesus macaques (Group 1). A second
-28-
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admixture was prepared which comprised the same tetravalent composition but also included a
dose of 0.1 pg of NS1 protein from DEN2 (Group 2). Groups of 12 monkeys each were
administered 3 doses of either admixture or ISCOMATRIX® alone (Group 3) at 2 month
intervals. Immunogenicity was assessed 30 days following the third dose of vaccine (study day
150). Antibody titers from individual animals immunized with the tetravalent formulation
without NS1 are presented in Table 3. As can be clearly seen, the unique combination of the
monomeric and dimeric antigens resuits in high titer, balanced tetravalent virus neutralizing
responses in the animals.

Table 3. Virus Neutralizing Antibody Responses Following 3 Doses of Tetravalent Vaccine

Animal ID Anti-DENI virus  Anti-DEN2 virus Anti-DEN3 virus  Anti-DEN4 virus
response * response* response* response®
CT343 480 622 328 99
CR14 519 2979 1509 447
CN9% 1365 1101 959 449
CN9%4 277 1710 744 305
CMS80 1522 1897 603 312
CM50 184 157 166 131
CL84 151 839 589 781
CL47 829 584 608 442
CL25 NT 1187 302 309
CI27 725 1290 1034 289
CH97 2718 767 555 117
CN32 1927 867 588 256

Virus neutralizing antibody titers as determined in plaque reduction neutralization tests with a
cutoff of 50% reduction

Five months after receiving the last dose of vaccine, the animals were challenged
with wild type dengue viruses. For the challenge, each group of 12 monkeys each was randomly
subdivided into 4 groups of 3 monkeys each for challenge with one of the four dengue viruses.
Each monkey was challenged with approximately 10° plaque forming units of the wild type
dengue viruses administered by the subcutaneous route. The animals had blood samples taken
daily for the next 11 days. The blood samples were assessed for the presence of virus (viremia)
by direct plating on Vero cells or amplification on mosquito C6/36 cells and then plating on Vero
cells. While Rhesus macaques do not develop disease symptoms when infected with wild type
dengue virus, they do develop viremia and prevention of viremia is considered a surrogate for
protective efficacy. The challenge data are presented in Figure 2. While 11/12 control animals
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6pg DEN4-80Ezip 90 |1 SCO units | SCOVATRI X(r) 63 32 25 640 8 3 20 pg DEM-
80Ezi p 2280I201p/1Alitegdrogel 6 5 5 PCT/US2011/058026

who had received ISCOMATRIX® adjuvant only developed viremia following challenge, all
animals that received the tetravalent vaccine formulation without NS1 (Group 1) were
completely protected from detectable viremia. 11/12 animals receiving the tetravalent vaccine
formulation which did contain NS1 (Group 2) were also protected from viremia, but surprisingly

S one monkey receiving the NS1 containing formulation did develop a single day of viremia.
Thus, a tetravalent vaccine formulation containing the unique combination of monomeric and
dimeric proteins without NS1 showed balanced tetravalent immunity and complete protection
from viral challenge and surprisingly appeared to have shown superior protection compared to a
formulation which did contain NS1.

10
Example 7

Testing of the Tetravalent Dengue 80E Recombinant Subunit Vaccine in Rhesus Macaqgues
The objective of this non-GLP Rhesus monkey study was to: 1) compare the
immunogenicity and protective efficacy of the DEN4-80E and DEN4-80EZip and 2) to evaluate
15 the immunogenicity and protective efficacy of DEN4-80E in a tetravalent formulation with the
other monomeric DEN-80E recombinant subunits (DEN1-80E, DEN2-80E and DEN3-80E).
DEN4-80E and DEN4-80Ezip were evaluated at low, medium and high doses (6, 20 and 100
pg/dose). Likewise the tetravalent formulations were evaluated at low (3, 3, 3, 6 pg of DEN1-
80E, DEN2-80E, DEN3-80E and DEN4-80E respectively) medium (10, 10, 10, 20 pg) and high
20 (50, 50, 50, 100 pg) doses. The majority of tested formulations contained ISCOMATRIX®
adjuvant at 90 ISCO Units per dose. A negative control group was included that received
ISCOMATRIX® adjuvant only, at 90 ISCO Units per dose. For comparative purposes two
additional groups were included in the study. A group was included that received the medium
dose of DEN4-80E (20ug) formulated with 225 pg of Alhydrogel and a group that received the
25  medium tetravalent vaccine dose formulated with 37.6 ISCO Units. Each vaccine or control
formulation was administered to healthy adult, Rhesus macaques of either sex, weighing more
than 3 kg, and which were flavivirus (DEN 1, 2, 3 and 4, and WN) antibody negative by ELISA
assay. Three monkeys per group were used when evaluating monovalent DEN4 vaccines and 12
monkeys per group were used to evaluate the tetravalent formulations or the ISCOMATRIX®
30  negative control group.

The candidate vaccine formulations described above were administered in 0.5 mL
total volume by intramuscular inoculation. Three doses of vaccine were administered at 4 week
intervals. Virus neutralizing activity is being determined every four weeks (T=0, 4, 8, 12, 16, 20,
24, 28, 32) using the LiCor based microneutralization assay. LiCor Results for Week 12 (4 weeks

35  post dose 3) are summarized below in Table 4. One of the key conclusions from the week 12
results in that the immunogenicity of DEN4-80E and DEN4-80Ezip are very comparable across
the doses evaluated. The geometric mean neutralization titers for DEN4-80E at the low, medium
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32 9 12 50 n DEN 1-80E 50 pg DEN2-80E 50 14 DEN3-80E 100 pg DEN4-80E 90

| SCO units | SCOVATRI X(r) 381 302 507 180 10 12 10 |ig DEN1-80E 254 381 508
214 -31 wo20yBupe2Monkeys Per Group Formul ati on Anti - DENY/US201lLi08%926 O
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and high doses were 508, 508 and 320 respectively while the titers for DEN4-80Ezip were 640,
1016 and 320. It was also observed that the group receiving the medium DEN4-80E dose
adjuvanted with ISCOMATRIX® had a substantially higher geometric mean neutralization titer
(508) than the group that received Alhydrogel (32). It was also seen that high balanced responses

5 across all dengue types were achieved in the groups that received the tetravalent vaccine
formulations. No clear dose response was observed for either the single component vaccines
(DEN4-80E or DEN480E-zip) or the tetravalent vaccine.

Table 4. Dengue Serotype Neutralizing Antibody Titers (LiCorso GMT) Induced in Rhesus
10 Macaques at Week 12 (4 weeks post dose 3) by various Recombinant Subunit and Control

Formulations
Group | Monkeys | Formulation  [Ant-DENV- Anti DENV-2| Anti-DENV-3 | _Anti-
Per 1 LiCorso |1iCorgTiters| LiCors, Titers| DENV-4
Group Titers (GMT) (GMT) LiCors
(GMT) Titers
(GMD)
90 ISCO units
1 5 5 5 5
12 ISCOMATRIX®
100 pg DEN4-80E
2 3 90 ISCO units 25 20 16 320
ISCOMATRIX®
20 pg DEN4-80E
3 3 90 ISCO units 32 16 25 508
ISCOMATRIX®
6pg DEN4-80E
4 3 90 ISCO units 16 13 20 508
ISCOMATRIX®
100 pg DEN4-
80Ezip 63 32 25 2
5 3 90 ISCO units 320
ISCOMATRIX®
20 pg DEN4-
80Ezip
6 63 25 32 101
3 90 1SCO units 016
ISCOMATRIX®
6ug DEN4-80Ezip
7 3 90 ISCO units 63 32 25 640
ISCOMATRIX®
20 ng DEN4-
8 3 80Ezip 6 5 5 32
225 ug Alhydrogel
50 yug DEN1-80E
50 pg DEN2-80E
50 pg DENS-80E | 3¢, 302 507
? 12 100 pg DEN4-80E 180
90 ISCO units
ISCOMATRIX®
10 | 12 10 ug DENI-S8OE | 254 381 508 214
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Anti-DENV-2 Li Cor50Titers (Gml) Anti-DENV-3 LiCorso Titers (GMIN Anti- DEN'

Li Corso Titers (QGWI) 10 gg DEN2-80E 10 gg DEN3- 80E 20gg DEN4- 80E 90 | SCO

uni ts | SCONVRIRY 8202 11 12 3 pg DENL- 80E 3 gg DEN2- 8®ETAISRi1g/oB¥EN3- S8OE 6
DEN4- 80E 90 | SCO units | SCOVATRI X(r) 339 285 604 285 12 12 10 gg

DENL1- 80E 10 gg DEN2-80E 10 gg DEN3-80E 20 gg DEN4-80E 37.6 |1 SCO units

| SCOVATRI X(r) 226 214 359 143

Group | Monkeys | Rormulation Anti-DENV-| An¢i DENV-2| Anti-DENV-3 Anti-

Per 1LiCorsy |LiCors,Titers| LiCors Titers| PENV-4
Group Titers (GMT) (GMT) LiCorsy
(GMT) Titers
(GMT)

16 pg DEN2-80E

10 pg DEN3-80E
20pg DEN4-80E
90 ISCO units
ISCOMATRIX®

3 ug DEN1-80E
3 pg DEN2-80E
1 12 : he DENISE | 33 285 604 285
90 ISCO units
ISCOMATRIX®

10 p1g DEN1-80E
10 pg DEN2-80E

12 12 10 ug DEN3-80E | 554 214 359 143
20 g DEN4-80E

37.6 1SCO units
ISCOMATRIX®

NT ~ not tested; * LiCorso result of <10 considered 5 for purposes of calculating GM

Example 8
Clinical Testing of the Tetravalent Dengue 80E Recombinant Subunit Vaccine
5 The tetravalent dengue 80E vaccine manufactured under cGMP is prepared for
testing in a clinical trial. The study will consist of a Phase I study of the tetravalent dengue 80E
vaccine. The study will be a randomized, double-blind, placebo-controlled, dose escalation
study, which will evaluate the safety, tolerability, and immunogenicity of different formulations
of a tetravalent (DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80E) dengue vaccine in healthy
10  flavivirus-naive adults 18 to 45 years of age. Immunogenicity data will be collected 1 month
after each vaccination, as well as 6 months and 1 year after the third vaccination.

In all, 90 subjects will be enrolled into the study to receive 3 intramuscular
injections, of either active vaccine or placebo, administered at 0, 4, and 8 weeks. As shown in
Table 5, 3 dose levels of Dengue 1, Dengue 2, Dengue 3, and Dengue 4-80E antigens will be

15 assessed: low dose (3, 3, 3, and 6 ug, respectively), medium dose (10, 10, 10, and 20 pg,
respectively), and high dose (50, 50, 50, and 100 pg, respectively) formulations. Within each
dose level, specific vaccines tested will include ISCOMATRIX® adjuvanted (with 30 or 60
ISCO units), Alhydrogel™-adjuvanted, or non-adjuvanted formulations.
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NT - not tested; * LiCor50 result of <10 considered 5 for purposes of

cal culating GM Exanple 8 Cinical Testing of the Tetraval ent Dengue 80E
Reconbi nawo 28esmiot Vacci ne 5The tetraval ent dengue 80EPCRAIS2014/058026
manuf act ured under cGW is prepared for testing in a clinical trial. The
study will consist of a Phase | study of the tetraval ent dengue 80E

vacci ne. The study wll be a random zed, doubl e-blind, placebo-controll ed,
dose escal ation study, which will evaluate the safety, tolerability, and

i inmunogenicity of different fornulations of a tetraval ent ( DENL- 80E,
DEN2- 80E, DEN3- 80E, and DEN4- 80E) dengue vaccine in healthy 10

flavivirus-naive adults 18 to 45 years of age. Immunogenicity data wll be
collected 1 nonth after each vaccination, as well as 6 nonths and 1 year
after the third vaccination. In all, 90 subjects will be

enrolled into the study to receive 3 intramuscul ar injections, of either
active vacci ne or pl ac&be;. Inadiizhtiqiasl{oemle@ns@tbe@ssessddinlacnrdola)lweeks. As shown in
Tabl e 5, 3 dose xlmc:ml s—of—Bergte mnﬂé%% 2—F € placé'%on, D"Te. gue 4-80E
antigens will bég)m;;‘eesgéﬂm& )Wﬂéﬁ%%m(io{g‘ﬁ% B G g?jé"@pectl vel y),
nmedi um dose (1QTyd@ENL10, | and 2Qugy) respectivel y)sunémd | hi gh)€bose (50, 50,
50, and 100 pi qm‘:}z’é%ﬁ?ect vel y) | f or mul atli ons. each dose llevel,

speci fic vaccines tested wi |l include ||SCOVATRI vaxited (with 30 or
60 I SCO units), nt ed| 2or nul ati ons.
32 - Table 5. I ' sed in Prlotocol 001
Anti gen Dose (f ngué Tyj ! N4) Néh- |adj uvant ed
| SCOVATRI X (1) ni ts) 11 SCOVAT (r) ( units) Allhydrogel
(225 pg al uni nuf@gﬁ‘ﬁg)d?,"ebo Sample Size ( ,$6(16W dose) 8 8\
N

90

TOTAL 16 24

NA = Not Applicable.
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aluminum salt adj uvant

5. The composition of any preceding claim, wherein the adjuvant is an

20 ISCOM-type adjuvant.
6. The composition of claim 5; wherein the adjuvant is ISCOMATRIX.

7. The composition of claim 5, wherein the amount of DEN4 protein is about

25 1.5 to about 3 times the individual amounts of DEN1, DEN2, and DEN3 proteins.

8. The composition of claim 7, wherin the amount of DEN4 protein is about
twice the individual amounts of DEN1, DEN2, and DEN3 proteins.

30 9. An immunogenic composition comprising an effective amount of purified
dengue virus envelope (“E”) protein monomers of serotype DEN-1, DEN-2, DEN-3, and DEN-4,
a pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E

proteins each constitute approximately 80% of the length of wild type E starting from amino acid
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conpos FPPBAsEen Tldﬁ?%%}‘e BW@%P%‘ O?Il?gu KFr@taé’itlﬁoﬁEigsw “&P%%SHgﬁf‘iSy produced and
expgessed in insect host cells. 3. The conposition of claiml

wherein the E protein is reconbinantly produced and expressed in Draosophila
nel anogast er Schi@i derlhe compysiiersef daipy 8, wherein the amount of DERGEp6e#sinds t | on

of any BLAGERIEG: iRkl WASHEL Br QDA A0S, DENSR @hidffisnum sal t. adj uvant.

5. The nmposi'tion of any preceding cldim wherein the adjuvant is an 20
| SCOM t ype adj uvant. 6. The conposition of claimb5; wherein
t he adjuvant is | RIX . . 7., The .conposit] claimb,
wher i h the. amourit of TBERATBPYtier A flsmyb finests o Apaaset BN piedhiig
I nghVi dualic@ BIHS gﬂ;ul;%ﬁgistir@@ﬂz () ah6lt BENSDPNQIgBENShout 3 g DEN2-80E, dhouf i€
conposition of claim?7, wherin thé anount” of DEN4 protein is about tw ce

the i naigPEN2B80Emndrabeutof pOBRNK-8HEND) abwirtl | DESBEN lo8 & mboutI@agNREN2-80E,

i rmunogeni.c ~CO Ltjen C Gl i.f
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host cehil (f)abertéiOnug DEN&#OENsbood SOENDHENROE cbaut ¥ shDUN3180E, tod alyo i 03
tinmes thei%'%ﬂgi '2ua| anounts of DEN 1, DEN2, and DEN3 E proteins, and

wher ei it (§§% Y tion induces the production of neutralizing antibodies

i n human subjects. 5

12. A method for raising a protective immune response in a human patient, the
20  method comprising administering a therapeutically effective amount of an immunogenic

composition of any of the preceding claims to the patient.

13. A method of providing immune protection in humans against dengue virus
induced disease comprising administering an effective amount of the composition of any of

25 claims 1-11 thereby providing protection from dengue disease.

14. A method for raising a protective immune response in a human patient, the
method comprising administering a therapeutically effective amount of an immunogenic
composition comprising a purified dengue virus envelope (“E”) protein and a pharmaceutically

30 acceptable excipient, wherein the E protein constitutes approximately 80% of the length of wild
type E starting from amino acid residue 1 at its N-terminus; and an effective amount of adjuvant,

wherein the vaccine induces the production of neutralizing antibodies in human subjects.
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10. The conposition of claim9, wherein the amount of DEN 4 E protein is
about twi ce the individual anmobunts of the DEN 1, DEN2, DEN3 E proteins.

11. The cwopositsimna of claim 10, wherein the anount of PENUS2@notseas are
10 selected fromthe group consisting of: (a) about 3 jig DENL-80E, about 3
J1 g DEN2- 80E, about 3 jig DEN3-80E, and about 6 jig DEN4-80E, (b) about 10

jig DEN1-80E, about 10 jig 2- 8QE,  about 10 fi g DEN3-80E, and about 20
ji g DEN4- 80E; (c)lsabthl”‘eWﬂP%Eng[%@-@@E’, CIHb f@giwgewwéfonabout 50

ji g DENBmBAks dengucalinitE Foins «f sBichVpeBOEN 1( HEND DENT ahil PHDENIISHM thebout 3
ji1g DE%%QQ%E, %boutd3€iig DEN3- 80E, and about 6 jig DEN4-80EZi p; (e) about
10 jig RI'8ES “A¥8it 10 ji g DEN2- 80E, about 10 jig DEN3-80E, and about
20 jig DEN4-BOEZi p; and (1) about 50 jig DEN1-80E, about 50 jig DEN2-80E,
aboyt 50 jig DEN3580E anehaResic1 4004 érgzlel:iﬁ'\i%, QBEEEPehe amount of DEN4 prot g A

i
uman pat the 20

met hod for raising a protective i nmune_response In a hune I ent;
net hod icdwyt vernthedadyiduaitamquag obDENG r RE&U: ardPEY3 areteivs iy e LapwAsiion. an

i mmunogeni ¢ conposition of any of the preceding clainms to the patient.

13. A nmethod of oviding i ratecti . n_ humans agai nst dengue virus
i nduced di sease 5gnpri?F%&ﬂggﬁgﬁwgﬁngﬁﬁggﬂiépﬁﬁﬁ?q Cﬁ%@ﬂﬁﬁm%ﬁ t he

C oNnpos iatinbiistefed afwaroihtr2nos @il arpsubedtindone peiyragermal chungofdaiiestrat@om. f r om
deggue di sease. 14. A method for raising a protective i mune
response in a hungn patient, the nethod.conprisi.ng adm nisteri .
ther apeuti cal |y abf ec oy B ST SRR AT Lol OsF T oRN CmSTed ng
purifi gdnglengte exiditise €BVEIroRas(ofberbtyipe W, BRN-2 [PPEs mdadEwaakl y 30
accept abl e excipient, wherein the E protein constitutes approxi mately 80%
of t he phamepcputisrilypeegptaplsexeipianirand g effegieamagt aladuvaat wheeein thetE j t s
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nduced e S AR ALl SEbh R BOPHE et W Ak £ SRR E Ot A 360 Bldug,,,
2012/ 1942 02 Rkt b, ] indeBazt the DENe4 feprbeih BfdikEd; forlthe prdventiimorttteatment
innunogg iC c%. osition conprises dengue virus E proteins of serotypes DEN
1, DEN®! “Bi&N8 “§AY¥- DEN4, wherein the DEN4 E protein is dineric. 516. The

met hod of claim 14 or claim15, wherein the anount of DEN4 protein is about
twi ce the individual amount of DENLl, DEN2, and DEN3 proteins in the

conposi tion. 19.  The compositipeoheleino i whermginthe tompesitien 83abe wher ei n t he

conposi tion is .adm nister Vi i ntranuscul ar, subcut aneous or

it ad IR S b RdenepletERt 10 18. An | nmunogeni c
composition conprising an effective anmount of purified dengue virus

envel ope ("E") proteins of serotype DEN-1, DEN-2, DEN3, and DEN-4, a

phar maceut i cal | y 28ccegtgdseckkesppesiton of say ghclempetd i J&r tg%@ﬁ’t‘faﬁﬁlfea‘éﬁ%vant :
uher ei BddinfenPrR Rl Bhufahhr pRRSHISHGIABRHNARAM Bf aikhiSe! ength of wild type
E star??%g&?ggn1a#%%o ac?g Eggﬁgue 1 1ea Its N—terﬁ%nug,; and wherein the
DEN-4 E protein is dineric; for the prevention or treatnent of dengue

di sease. 19. The conposition of claim16 wherein the
conposition is to be adm nistered to an i munodeficient pateint. 20

20. The use of a conposition of any of clainms 1-11 for the manufacture of a
medi cament for the treatnent or prevention of dengue infection or disease.

-30.



