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| NDUCTI ON OF AN | MMUNE RESPONSE AGAI NST DENGUE VI RUS

USI NG THE PRI ME- BOOST APPROACH BACKGROUND OF | NVENTI ON
Wo2@Bd21307 | nvention The inventive subject mattRET/US2007/023204

relates to a nethod of inducing an i mmune response

agai nst dengue virus using a prine-boost vaccination

nmet hodol ogy. Background Dengue virus, the causative

HYPRICTAONIOH s\ IMMENE(RESPONEE ey (S h BINGUERN IRUS USING

fever (DHF), is a virus of the genus Flavivirus, a

si ngl e-stranded erEPRDE-BOOST APBROAICH posi tive

polarity. Its RNA encodes approxi mately 3,400 am no

acids. The virus exists as four

anti geni cal |l y-di stingui shabl e serotypes. Dengue fever

IS the nost connay o pnfection worldw de

and a serious pu IA@R@?%&@E@WB cotnting for

estimates of 100 million infections annually (WHO

1986; Monath and Heinz 1996; Thomas, et al 2003). DF

and DHF are found in nost tropical areas including

Africa, Asia, the Paci fHield ofliptentibn a, and t he

Anrericas. Although the virus is capable of growing in

a Varteghvendie §1ﬂfj’8dt Sfattef relREYialAReod biatbdhg n AEAERe response
al bopi ctus, Aedés polynesiensis and Aedes scutellaris,

ag’ﬁ%gtedsengl?egyxp&s ussnsg a prime-boost vaccination methodology.

Background

Dengue virus, the causative agent of dengue fever (DF) and dengue hemorrhagic
fever (DHF), is a virus of the genus Flavivirus, a single-stranded enveloped RNA virus
with positive polarity. Its RNA encodes approximately 3,400 amino acids. The virus
exists as four antigenically-distinguishable serotypes.

Dengue fever is the most common human arbovirus infection worldwide and a
serious public health concern accounting for estimates of 100 million infections annually
(WHO 1986; Monath and Heinz 1996; Thomas, et al 2003). DF and DHF are found in
most tropical areas including Africa, Asia, the Pacific, Australia, and the Americas.

Although the virus is capable of growing in a variety of species of mosquitoes,
including Aedes albopictus, Aedes polynesiensis and Aedes scutellaris, Aedes aegypti is
the most efficient mosquito vector because of its domestic habitat (Gubler 1988). Four
antigenically distinct serotypes of dengue virus have been identified with all causing

human diseases (Gubler, et al 1979; Henchal and Putnak 1990). Each of the four
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the nost efficient nosquito vector because of its
donestic habitat (Gubler 1988). Four antigenically

waelz@Bims07 ser ot ypes of dengue virus have been PCT/US2007/023204

identified with all causing human di seases (Gubler, et

al 1979; Henchal and Putnak 1990). Each of the

fourserotypes, although distinct, is simlar enough to
setdipest #dough disendtcis sinpidrgnpught todhe ethers spelititenly partial cross-

followi ng infection (WHO 1986). Follow ng infection,
prytection fdllowirgyipfecabn YWEED €236)d Fenswingaifettivn, @fremia i9typically

synptons (Hal stead 1997). Although many dengue

et R AP R Fdtiok g%néﬁxggg gngsﬁe%a 1997, ARk h&n?ﬁgngmd

ngue syn whi ch dre poténtia

gt g5 B ROE BT 5L IR B A czp ik e R 55s),

that is different fromthe virus causing the first
whigh aetpogantialy fasale ddissozly ogurgna smatlsimber eEpaple during a
occurs followi ng the bite of dengue virus-infected
sedmddsfecemcausedby a dengie vivas ¢hap isadiffenest fromnheeiresccaloying the first
feeding on infected humans. Synptons of dengue

infebfi@ctHAReddBoggle hi gh fever, severe headache,
retro-orbital pain, devel opnment of a rash, nausea,

joi nai LY. it hin.fd
o B AR PSP 084 e
nosqui to, . Synptons. of  DHE al.so i ngl ude, nmar ked
DG it PiB U P U B GIBYJERERS Shimrtip Cgamags. ymptoms
as bleeding fromthe nose, guns, and gastrointestinal
of denguetintection Melude highl fever, seyees headasbe acwe-orpitah ppFdévelopment
at 6 to 30% wth nost deaths occurring in infants. The
of nErashg anmseh, joint MidFmuscls pain) adaisugllyesiatt sathipofivd tésix days
following the bite of an infected mosquito. Symptoms of DHF also include marked sub-
dermal bleeding, causing a purplish bruise, as well as bleeding from the nose, gums, and
gastrointestinal (GI) tract. The fatality rate associated with DHF is at 6 to 30% with most
deaths occurring in infants. The management of DHF is symptomatic and supportive,
and is aimed at replacement of fluid loss (Nimmannitya 1996).

It is not possible to make an accurate diagnosis of mild or classic DF based on
clinical features alone since many symptoms of DF resemble those of other diseases, such
as chikungunya infection (Nimmannitya 1996), measles, influenza, and rickettsial
infections. Differential diagnosis must include malaria and other viral, bacterial, and
rickettsial diseases. Diagnostic methods for infection are typically based on detection of

virus, viral antigens, genomic sequences, and detection of dengue-specific antibodies

(Shu and Huang 2004). DHF can, in some cases, be more accurately diagnosed based on
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waeleawghasts of mld or classic DF based on cli nPCHEIS2007/023204
features al one since many synptons of DF resenbl e
t hose of other diseases, such as chi kungunya infection
(Ni mmanni tya 1996), neasles, influenza, and
clinicaks gnssinalsympfans, imbedinghigh eortinuoas faentpndsd 9 dayst
i nclude malaria and other viral, bacterial, and
hephtokRpil§] mdtofeasaton, shegnadithonBeyiopesal or i nfection
are typically based on detection of virus, viral

ant i ] i I ,.detectq
Geng B infeARBRT I DI RARh i IR RRAE MO0 B DHF gnd DSS are
...an, in so cases, be nore accurat.ely di agnosed based
lfE e RRRIR | ALNgHEh YAramEs ARRBHEMCT HRYIKHSRG P e yellow fever and
continuous fever for 2 to 7 days, hepatonegaly, .
5  Japanescensephalitiathayn beeshliesiasesh therhare wpagntbpemetaicaqieyst vaccines to
infections result in DF, which is self-limting.

proleveagainst DFFDHEMbrDSS.are i fe-threatening. Al though
vacci nes agai nst other flaviviruses, such as yellow

f every,@achglaRanSsRnEINLRRaLAL §acch{é\(€}”Lk%rbah&iﬁﬁ%&ﬂremly
there are currently no efficacious vaccines to protect

I
ajnst r. DSS.  Two ngue. tetraval ent : :
exfiy B Rpyar ot e B0 YRHT b Moo @b el ipmunogenic
. exist. However, both of these vaccines nay be eifher
in sQIme eI BIoMiyBE rIemAtNes sRrdvdechimeno st e (e &i BeHaw
Prom sing alternatives include chineric viruses (e.g.,
10 fewas/Deamgué)eresombamaglprpieinsemeativatedntirysespansl meleic acid (DNA)
i nactivated viruses and nucl eic acid (DNA)
vaccines. The DNA vaccines may be particularly useful at eliciting a cell-mediated as
well as a humoral immune response.
Experimental evidence suggests that, in non-human primates, dengue DNA
vaccines, given alone, require several booster administrations and long intervals between
15  the administrations in order to induce protective immunity. Other non-replicating
vaccines such as the purified inactivated vaccines can often induce high titers of
neutralizing antibody but these vaccines may be poor inducers of long-term
immunological memory. Therefore, a safe, efficacious immunization method and

composition is needed for the more timely induction of long-lasting immunity to dengue

20  virus infection.
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vacci nes. The DNA vaccines may be particularly useful
at eliciting a cell-nediated as well as a hunoral
WO paoanz73pesponse. Experinmental evi dence suggeskPGI/URADT7/023204
i n non-human primates, dengue DNA vacci nes, given
al one, require several booster adm nistrations and
| ong intervals between the adm nistrations in order to
i nduce pr ot ect i VBRIBmSWMMARG QEANNVENTION i cat i ng
vacci nes such as the purified inactivated vacci nes can

of t efhelinekation A18s td tehSdPdf iN@utiRRAd Hhmi@ncebpdAes gkt dengue
t hese vacci nes may be poor inducers of |long-term

vixiugmfﬂg kn%ht?\ael su%feggﬁ%%%rgp g 'il%ftf?Jdefbr ﬂ‘neﬁﬁ‘(ﬁlﬁtioﬁ f % gﬁ@gir\eo{é%%onse

I'nmunl zati on ne conposition I's neede

nore tinely inductjon of |ong-lasting i nity to
azaaRflrasys Vit Witk BRSSP EARC IS RNRRP RSN YRR b -
invention relates to nmethods of inducing an immune
replisaping yemugegensind beogjing with atstratientilive atenuatedsvitsl sagcine.
matter is a nmethod for the induction of imune
Exaapisng @ofgeplitatingidmgusogens 1nslude tdiraveldiCBN A vaccines containing
reactogencity by primng the subject with a
DNAE&RNLEACH8in Affhs F&eiﬁ?@ﬁ&trﬂ@aléﬂt?ﬂdﬂed inaftivated dengue
tetravalent live attenuated viral vaccine. Exanples of
viRon- re Iviaccat isng i mmunogens i nclude tetraval ent DNA
VaPL'RES 2N Eai ni ng DNA sequences encodi ng dengue
virus proteins or tetravalent purified_inactivated
dend:d’éthﬂ Fspecty phthgiipvepHer inshile methods of inducing an immune response

to dengue virus via heterologous prime-boost vaccination regimens. The priming and
boosting compositions contain different expression systems encoding and expressing
dengue viral proteins. The expressions systems include adenoviral expression vectors,
DNA expression vectors, and Venezuelan equine encephalitis virus replicon expression

systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Graphs illustrating serum immunoglobulin (IgG) antibody responses of non-
human primates immunized with a tetravalent dengue DNA vaccine (TDNA), a
tetravalent dengue purified inactivated vaccine (TPIV), followed by a tetravalent dengue

live attenuated vaccine (TLAV). Samples were tested by ELISA at a 1:100 dilution.
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Furt her aspects of the invention include nethods of
i nduci ng an i mmune response to dengue virus via

WO ea08fz13egyous pri ne-boost vacci nati on regi nensPCT82007/023204
prim ng and boosting conpositions contain different
expression systens encodi ng and expressi ng dengue
viral proteins. The expressions systens include

Flad2n®ar gapheitiostegsigorutracting sntibbiAor xipy 68 $oltowiug ahmusization
and Venezuel an equi ne encephalitis virus replicon

of%m(ewwan a3t EAVEIRRt dBRBLEDNIESSRARTITON A, 2 TetavRRAVY

Graphs illustrating serumi rmunogl obulin (I gG)

puﬁwea yrpagyv{tsé PRLAEITEI IR H IR BRIBLGS. [ITHARERE Whdcihe

ue purified inactivated vaccine (TPIV), followed
(T r{g tetraval ent dengue |live attenuated vaccine
(TLAV). Sanples were tested by ELISA at a 1:100
dilution.FIG 2. Bar graphs illustrating neutralizing
anti body on day 60 follow ng inmuni zati on of nonkeys

with a tet DESCRIFTIOANQFPRIVERRIED BMBODDMYNTS:
tetraval ent dengue puri fied inactivated vaccl ne

PRVEBYosT I%h& éﬁ& eqgue live attenuated
vaccl ne TLA %éRI PTI (]: PREFERRED EMBCDI MENTS

for %ﬂ%%%ﬁ%%% BARYICRS1g 1PiE g, eUfichP BAR MBANE fesponse to

i Mrune response_t
dengue virus infection. To fulflll this critical need, the contemplated invention comprises

immunizing methods that use dengue virus DNA or inactivated dengue virus proteins as a
priming immunogen with live attenuated dengue virus as a boosting immunogen in a
prime-boost immunization scheme (See Example 1 and 2). The resultant immune
response has greater efficacy and safety.

Live attenuated viruses (LAV) often exhibit significantly elevated immune
responses over other immune compositions, but also frequently exhibit detrimental
reactogenicity. In ordefto improve the immunogenicity of anti-dengue vaccines, while
reducing potential reactivity, an aspect of the current invention contemplates a method
for the induction of immunity to dengue virus comprising administering a tetravalent
DNA vaccine (TDNA) or a tetravalent purified inactivated vaccine (TPIV) as a priming
immunogen followed by a boost with a tetravalent live attenuated virus (TLAV). The
inventive rationale is that priming with non-replicating vaccines, such as DNA or protein
will generate an immune response that will reduce reactogenicity and improve

immunogenicity of the TLAV (See Example 1).
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dengue virus infection. To fulfill this critical need,

the contenplated i nvention conprises i nmuni zi ng
wWoreaoRoasot hat use dengue virus DNA or inacti vaP@us2007/023204

dengue virus proteins as a primng i munogen with live

attenuat ed dengue virus as a boosting inmunogen in a

pri me- boost i mmuni zation schene (See Exanple 1 and 2).

The resul tant i mrune response has greater efficacy and

safety. Live attenuated viruses (LAV) often exhibit
HEPERBLOS G PR ES G ﬂ%ﬂdﬂﬁﬂ%eﬁﬁé@ﬁﬂﬁ?ﬁoﬁ AE&F&’SSION

I mmuné conpositions, but al'so frequently exhi

detripental reactogenicity. In order*to inprove the
VE Vﬁ?ﬁ@@ﬂ?ﬂ-"&@ﬁ%e vacci nes, while reducing

potential reactivity, an aspect of the current

i nvention contenplates a nethod for the induction of

i mmuiktietiyvéntiod atsguwentemplescthepsd off yermednelan sdené ergcephalitis virus
tetraval ent DNA vaccine (TDNA) or a tetraval ent

(VIBE) irép1R@n P 8@dnbVah £ kv es xifteds RhMle AsusthroteindiaB@ither a prime or
i mmunogen foll owed by a boost with a tetravalent |ive

a Qo WA QlctiNed fnddtil) in ESHAIOY ST IR @Ep AR Bvitive
at prinmng w non-replicati ng vaccines, such as
. DNA . or, gr otein, wll generate an imune monse t hat
impaynizatigh MEEhQds o tSERIAMOY S HREESSIRP VESHars: BEFstan Ypetor or
of the TLAV (See Exanple 1).HETEROLOGOUS PRI ME- BOOST
VRETet0oUSY NG agh R or@min irgnaeiresPNEssiqapnces comprise the prime
VECTOR/ ADENOVI RUS EXPRESSI ON VECTOR The i nvention al so
imoouizatiph aS absel ient ts the Piringe iMeEn@AeiodNa Beteriolsgous boost is
encephalitis virus
administered either as an adenovirus expression vector or VEE replicon, with each

containing sequences coding for dengue virus proteins (See table 2).

EXAMPLES
Example 1: Composition and method of inducing anti-dengue response using
TDNA/TPIV/TLAV
Groups of rhesus macaques (N=4) were primed with either two (2) doses of

TDNA, one dose of TPIV, or one dose of TLAV, followed by boosting with TLAV. The
dengue TLAV was made by serial passage of four wild-type monovalent virus isolates in
primary dog kidney (PDK) cells. The passaged viruses were tested in rthesus monkeys
where they induced significantly lower levels of viremia compared with unpassaged
wild-type parent viruses. They were /then propagated in fetal rhesus lung (FRhL) cells

and combined to make the TLAV formulation. The inventive formulation contemplates

that any combination of dengue virus strains and proteins can be utilized. A preferred
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(VEE) replicon or adenovirus vector to express dengue
virus proteins as either a prine or a boost, which is

wa@ewsneed in detail in Exanple 3. In the contR@PUS208T023204
i nventive immunizati on net hods, either adenovirus
expression vectors, DNA expression vector or VEE
replicon, with each containing dengue virus DNA

emhoginaent diusteigst indbisenemple; ¢ansistiral MEN 1 iFRK 2SUBENFRIPK 50,
to the prinme i muni zation, a heterol ogous boost is

DENBi FIDK 26raad DEN HPDK 6. an adenovi rus expressi on vector
or VEE replicon, with each containing sequences codi ng

for AVdah f IINI séqpf k&nseohicts-
Exan%?gmalze anggg?{t?)on angi qr?gt %éggpo?ni ngtjgpﬁ%%%mengue

nti-dengue re nse usi. TDNAY TR VI TLAV G0 f
prfiRin & B e RSy SaP SR AR ey ROPUE S e oy
doses of TDNA, one dose of TPLV, or one dose of TLAV,
mergbraBMEEMD RN sl orsg Edigenes o REN +1¥esy Bag REN 2AxiIdsype/Phil +
made by serial passage of four w ld-type nonoval ent
lysoisoms asseolatedlesemibrape proeaity (IdaNIPR iddmein, DEDK} wilkel-type/Phihend
passaged viruses were tested in rhesus nonkeys where

DENeywil duelpeathils ITheIDEN 2tohitrdcONE a tepletfiem fof Yie @R rahinal
conpared with unpassaged wi | d-type parent viruses.

SR A ERSOTRSR R P SigL e, Lin (PR

| nv%}}niil\éﬁy,fﬁIWJJag ie%nco(r:n riﬁa%o lo?%r?éc’ or more purified inactivated dengue
virus proteins. As an illustration, in a preferred embodiment, the TPIV consists of the
core protein (C), pre-membrane (prM), envelope (E) and nonstructural protein 1 (NS1) of
DEN 1 (West Pac), DEN 2 (S16803), DEN 3 (CH53489) and DEN 4 (TVP-360). The
viruses were grown in Vero cells, purified, inactivated with formalin and adsorbed onto
0.1% aluminum hydroxide.

Referring to FIG. 1, antibody responses measured by ELISA demonstrated
tetravalent immune responses and high titers of dengue-specific IgG in all groups, which
were maintained until the day of challenge. Referring to FIG. 2, low-titered virus-
neutralizing antibodies (Nab) were demonstrated against DEN-1, DEN-3 and DEN-4
after priming in all vaccine groups. Nab against DEN-2 were highest in animals that
received the TLAV (GMT = 1216) followed by groups that received TPIV (GMT = 347)
and TDNA (GMT =126). Nab titers peaked one month after the TLAV booster and then
declined over time in all groups. The most persistent tetravalent Nab titers were observed

with the TPIV/TLAV regimen.
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that any conbi nati on of dengue virus strains and
proteins can be utilized. A preferredenbodi nent,
WO Rdogae13at ed in this exanple, consists of DEN RECDKSRA¥7/023204
DEN 2 PDK 50, DEN 3 PDK 20 and DEN 4 PDK 6. The TDNA
can consi st of DNA sequences or constructs encodi ng
any dengue protein. A preferred enbodi nent, is
i |1 S meands dfier theibwostgrmvascimation alliveegnaéd animals and an
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menbrane protein (LAMP) domain, DEN 3 w I d-type/ Phi l,

sh8d iPERb1é 1Wed tvﬂ%ﬁ{ PRiad me Jb‘l?edqg'r\'lg da P el et 110@§1r@s challenge

repl l'acenent o the tern1n transne ane and

LAMP. Si
o g4hHERe BT Giobr Rmp B welestien %alwgﬂm% ythved i the
i nacti vated dengue virus proteins. an illustration,

TLAVH LA ¥igeoupeanddhey BTV RAY giosp Tﬁhve@é feUraninys in he
core protein (C), pre-nmenbrane (prM, envelope (E) and
TDNASTDNAYTLAN groop exhibiled(INSI 3 days oDixerhia((Méeah =Has JaysPEdipared
2 (S16803), DEN 3 (CH53489) and DEN 4 (TVP-360). The

with GANE8SinYBa BotFAYVWHich YVRI £75 Bleh$ dayRWrivireRfh. Measurement of virus
i nactivated with formalin and adsorbed onto 0. 1%

NG Y 9&%%@%%@@@3 S @G to (81D in

onses nmeasu enons rava

Trh&'&‘ﬂ% AT Vet MU %ﬁﬁlﬁ&fwm@mw

of chal I enge. Referring to FIG 2, lowtitered
resuilted sme 6t 33l dzinprgase.
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i n ani mal s t hakCT/US2007/023204

received the TLAV (GVI = 1216) followed by groups that
Nab

received TPIV (GMI = 347) and TDNA (GMI' =126) .
titers peaked one nonth after_the TLAV booster
then declined over tine in alTablg

bu

ps.

in The nost
persi stent tetraval ent Waémia After{"hedlergeobser ved with
the TPI V/ TLAV regi nmen. Si x nonths after the booster

and

vacci nation, all vaccinated animals and an
unv@aepl nat gdmeakay rjol group wer epghadvireniged W th 1 ve,| Meandays
non-attenudted DEN-3 virus. As shown in Table 1, ser Unofviremia
virem a wag neasurled {a |10 payg aff e&r [the 8 yed i kg (for grp)
chal | enge tlo eval uate|pragtection. Conplietel protedtion
DNydPNALLAYI rlemAdl wals -obserjved| i-n |t hel TLAW TLAV| gr qup
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i ncreased Mvaccine |immunodenicity and protectiyve
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0.0
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! 0.0
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priming wth TDNA, and did not prevent effective

boosting with TLAV. Exanple 2: Prophetic use of
WAaDBNSTBIY/ TLAV to i nduce human inmunity An aspenusaen7/023204

the current invention is a nethod of adm nistering

TDNA/ TPI'V fol |l owed by TLAV fornul ation to humans in

order to induce an anti-dengue i mune response. The

TDNA herppgiusiae frompiresesstudies fﬂ‘@?ﬁﬁ@%@é that grmang Wik ngue

gene sequence or strain, as illustrated in Exanple 1.
TRIWhesulted it oxtseasdd edoing iraiuad gemicityeandpeotectpe . ef iy ¢empared to

as an illustration of the contenplated inventive

pritihg RGkh THRAS 2hd SWindEpRVaR REkE v Lwith Tdiase! osed
as a preferred enbodi rent. In the prophetic exanple,

the TDNA is adm nistered intranuscularly as a total of
5 ng (1.25 ny/serotype) using the needle-free

Bi oj ector.. The TDNA is _given as two doses, one npnth,
apaﬁrqmﬂf{%@f HPiophetic wie b %Dé' MVl Ik tofgducediumen jgmunity
ug/ serotype) intranuscularly, using a needl e and

syr iAnyespedtiod thel Avrensinyenvinm iag niethashef/adgunisteripg TDNA/TPIV
subcut aneously using a needl e and syringe. Exanple 3:

folRsvogthiey TCARXRRlLRGEoDTo R4 /iiBoatkt td ifduue ahaintiAlenpéd MPnune
VEE replicon, adenovirus expression system or DNA

e oA P B <O (oGl gone
TE PR oS BB PESRRTS, Sons?' "

Other methods of administration may be used. However, as an illustration of the
contemplated inventive method, the following prophetic example is disclosed as a
preferred embodiment. In the prophetic example, the TDNA is administered
intramuscularly as a total of 5 mg (1.25 mg/serotype) using the needle-free Biojector.
The TDNA is given as two doses, one month apart. The TPIV is given as only one dose

of 4 ug (1 ug/serotype) intramuscularly, using a needle and syringe. The TLAV is given

as 5 logs/ serotype subcutaneously using a needle and syringe.

Example 3: Prophetic examples of Prime/Boost Immunization using VEE
replicon, adenovirus expression system, or DNA expression system compositions

The contemplated immunization method comprises a number of potential
prime/boost compositions using VEE replicon, adenovirus expression system or a DNA
expression system, each system containing dengue gene sequences. Preferred

compositions and combinations of prime-boost are illustrated in Table 2.

10
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sequences.
wW@erioga21300st are illustrated i

Preferred conpositions and conbi nati ons of
n Tabl e 2. Tabl e PCT/US2007/023204

Combi nati ons of prinme-boost Conpositions For exanple,

t he adenovi rus expression vector,

can be any adenoviral

expr essi on vector.

listed in Table 2
The

cont enpl at ebiatieldnevmbiaptiensf PsigicobposeomponEEnst he El
and E4 genes renoved, which are replaced with the

pre- menbr anBrigger M and envel (
DEN 1 and DEN 2 or DEN 3 and

ppe (E) genes Boesn ei t her
DEN 4. The contenpl at ed

Dﬁgt%ﬁgfélsgig,l, sYs@RROSt 10N, Therg

el r as a single adenoviral

P IAefovitu eRPIEs b V& &Y
vector expressing genes

r 2

trom-ont-y—two—dengue—stratns
V%EFpl‘fmbgyS&‘"?ﬂ xture of 2 adef

expressing DEN 1 and 2 and t#

| AERATrep EXPEP IO EoTone

he ot her vectar expressi ng

D¥Nxgreasion gysteThe DNA expr essi
DNA expressi on system capabl ¢

IEEReplisenisystemy sui t abl e
p of in vivo expression. A

Ad¥hevigis expresyion eBrtbs pVR1012

SAEE R3pli€dii sydlem 6, 455, 509

to Kochel, et al). In this conposition, a DNA sequence

Or _construct encodi g dengue menbrane and envel Ope

genes for either DEN 1, 2, 3 or 4 are inserted into

the plasm d. The conposition, therefore, is either a

single plasm d contai ning genes to a single dengue

strain or a mxture of 2 or nore plasmds wth each

contFor axapplgche sdenogiriteRpressiontveetor. disied ipflable 2 can be any

dengue. Sim lar to the DNA expression system the
adderviraliel pacssog wietter. eTiteqind mplated @¥Erdo)viral expression vector has the El

and E4 genes removed, which are replaced with the pre-membrane (prM) and envelope
(E) genes from either DEN 1 and DEN 2 or DEN 3 and DEN 4. The contemplated
adenoviral composition, therefore, is administered either as a single adenoviral vector
expressing genes from only two dengue strains (i.e., DEN 1 and 2 or 3 and 4) or a

mixture of 2 adenoviral vectors with one expressing DEN 1 and 2 and the other vector

-expressing DEN 3 and 4.

The DNA expression system is any suitable DNA expression system capable of in
vivo expression. A preferred system is pVR1012 (see Patent No. 6,455,509 to Kochel, et
al). In this composition, a DNA sequence or construct encoding dengue membrane and
envelope genes for either DEN 1, 2, 3 or 4 are inserted into the plasmid. The
composition, therefore, is either a single plasmid containing genes to a single dengue
strain or a mixture of 2 or more plasmids with each containing genes from different

strains of dengue.
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replicon system (VRP) contains pre-nenbrane and
envel op proteins fromeither of DEN 1, 2, 3 or 4. Like
W@ hwsMDrIs0Tacci ne conposition, the VRP conposi t PGHUB207/023204
either a single VRP containing genes to a single
dengue strain or a mxture of 2 or nore VRP systens
Wi th each containing genes fromdifferent strains of
dendiimilail toethel XN ex predsi angy steEmg éhrecbergrecl @l equintt éncephaditis (VEE)
pl asm d vector containing the VEE genone, replacing
reﬁl'i‘t%n\nég_ﬁeﬁé(WPq candind pYEARMBEAleind 8RRSop Pridteins from either of DEN
reconbi nant plasm d contains all the sequences (except
h E ' C i n) ' -
L 2nf 8 FoRRREE pal fr kSRR R nt VRPRRIRAIRY (L AR Singre
ntai ning the VEE capsid and the gl ycoprotein genes
V%? 69?‘8%‘"1391%“"1% 04 Sd’ggcl% B%‘F\%ﬁtsg a’i“rPrtar"gﬂ’fg-!fe Qﬁg Of BYOrf XB?thStems
of the tripartite (three-plasmd) system RNA is
with egshcentainingigengs froof difflaeent $trades ofl dgpgied STHeydengue/priM and E
transcription. A mxture of all 3 RNAs is used to
gehéwdars thakd Bitta phabyd hevtdt @htalidinly the) VER késomel iepl the VEE
are translated into proteins in the transfected cells.

cagﬂg aﬁg g@%ﬂ%@ﬁkﬁ%&’é&ﬁ ®Ris rSconftifn® ga%foeco\éa?ﬁs 2}111;%19 ts)ge\iﬂre]:ﬁ&s

ant “RNA cont al ni ng dengue genes

AR REr s amg e oReTo Rl uCell o RE Mo Rpuonp garicis.

can not_ propagate new progeny. Exanple 4: vaccination
Twa phgr plasiids cxiseass ramainipgteany GEcapad prd B ghyqoneatein ggres
prg\?igg(t)hil r;ilsgigg elements in trans, and form parts of the tripartite (three-plasmid)
system. RNA is prepared from each of the three plasmids by in vitro transcription.
A mixture of all 3 RNAs is used to transfect BHK (baby hamster kidney) cells.
The RNAs are translated into proteins in the transfected cells. The transfected BHK cells
then produce VRPs into which the recombinant RNA containing dengue genes has been

packaged. These VRPs are purified and used as a vaccine. The dengue-VRP vaccines

can infect cells but can not propagate new progeny.

Example 4: vaccination using a DNA expression system/VEE replicon
prime/boost composition

As an illustration, a candidate vaccine DIME-VRP expressing dengue virus type
I pre-membrane (prM) and envelope (E) proteins from a Venezuelan equine encephalitis
virus (VEE) replicon system was constructed. Three vaccination regimens (DIME DNA

vaccine, DIME-VRP, and a heterologous prime-boost vaccine with DIME DNA as the
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As an illustration, a candi date vaccine D Me- VRP

expressi ng dengue virus type 1 pre-nenbrane (prM and
wepslizpse’ (E) proteins froma Venezuel an equi nBCT/US2007/023204

encephalitis virus (VEE) replicon system was

constructed. Three vaccination regimens (DI ME DNA

vacci ne, DI ME-VRP, and a heterol ogous primnme-boost
prigagcsienogen andIPREMENN RPsastthe peqskrinmumnesss ywaresqempared for

DDl ME- VRP as the boost inmunogen) were conpared for
immanu gty aidtpyotactibnprgainstdeangue-4 yaius shal ke gginea nch-Mimansprimate

chal | enge in a non-human prinmate nodel. G oups of 3
madef 4 cynonol gus macaques were inmmunized with three

doses of DI ME DNA vacci ne (DDD) t hree doses of

40 e Rl e gss o

contr roup of anj rralsvva |noculated wi th PBS.

Dwffﬁ@? hesdesing {CAPRY thike %&9&9? RAMEr/RIUVEGY hor i ftredoses of
reduction neutralization test (PRNT) and 50%

DNa primzihg yaxcinerandithied boqsrRM@sesd)D IMEeVRE (2DVi) nédcdngrol group of
probit analysis. T cell responses were neasured by

anfRdIEWad dclihieSRGIh PBE aviueaewdratigialk anabddywdsi iédsured by plaque
i mmuni zation, the DDV group produced the hi ghest virus

re{ﬂ%HBﬁ ﬁéd{ﬁ'll?&l(ﬁ%é_t l?figbgg; hrgcﬁ% D%%ﬁ?ﬁo%%é%oqggﬁl;) Bé)q)é\ﬁg
defifioRa by B B d ososebuS Bt SRR By

Fi ve nonths after the final dose, all animals were
ELBRBOT e Mpagurgfl ¢rwvaeky @ftqjém@h@nmgmzatlon the DDV group produced the

highest virus neutralizing antibody titers (PRNT-50 = 2304) followed by VVV (PRNT-50
= 1405) and DDD (PRNT-50 = 1364) groups. However, moderate T cell responses were
demonstrated only in DDD and DDV vaccinated animals.

Five months after the final dose, all animals were challenged with live dengue-1
virus and viremia was determined by infecting Vero cells with sera collected from daily
bleeds. All three (3) control animals became viremic for 6-7 days (mean = 6.3 days). All
vaccination regimens showed significant protection from viremia. DDV immunized
animals were completely protected from viremia (mean = 0 days). DDD and VVV
vaccinated animals had mean days of viremia of 0.66 and 0.75, respectfully. Thus, the
antibody response and protection elicited from D1ME-VRP was comparable to those
elicited from DIME-DNA vaccine. However, the prime-boost approach resulted in

higher antibody responses and complete protection.
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virus and virem a was determ ned by infecting Vero
cells with sera collected fromdaily bleeds. Al three
W@ 2008a2130T ol ani mal s becane virem c for 6-7 daRCT/URWAT023204
= 6.3 days). All vaccination regi nens showed
significant protection fromvirem a. DDV i muni zed
animal s were conpletely protected fromvirema (nean =
0 days). DDD and VW va®dHERENCES| mal s had nean days
of virema of 0.66 and 0.75, respectfully. Thus, the
1. ant iGisdar, Dels 8 Nading IR Tian i e8dipamn ad J. Suliedti S4r080. 1979.
DI ME- VRP was conparable to those elicited from
vHaNEP %s}fﬂﬁﬁﬁlgﬁ to mngeglggk{igls%ygga@wP&% Emaﬁ% Fgfggibhlc strains

resu ant i ses and co

protection. REF Qubl. , S. Nalim R
offeges ﬁgwgaif‘ﬁanf i ir‘fied.l-}%’&r ?éii{)?s'g?ﬁb%o. 1979.
Variation_in susceptibility to oral infection with
2. dendeiedlen Pus d988nbgngusedy ﬂéﬁ) Areovinupes lpidgmiplogu nd Ecology.
aegypti. Am J . Trop. Med. Hyg. 28:1045-1052. 2.
T.Bullosath (€.}, CROOB&:ss (Bovg Ratonl)p2PRE26Br bovi r uses:
Epi dem ol ogy and Ecology. T.P. Mnath (ed.), CRC Press
3. ( Boal§tadd08)B. PRE3-Efidbmidloghidf aéad and dBhgubI8horrhagic fever. In

Epi dem ol ogy of dengue and dengue henorrhagic fever.

. ~CLE : d
DebupERI B ARCHEMEICTRIRE | BIICELEFUR] o lno, AfbSTCA)
. Henchal,, E.cﬁ. agﬂ% J.R_. Put nak. 1990. The dengue
intemafjopal, Legdop. 8r obi ol . Rev.

4. Henchal, E.A. and J.R. Putnak. 1990. The dengue viruses. Clin. Microbiol. Rev.

3:376-396.

5. Monath, T.P., and F.X. Heinz. 1996. Flaviviruses. In Fields Virology. B.N.
Fields, D.M. Knipe and P.M. Howley, (eds.) Lippincott-Raven, Philadelphia. 961-1034.
6. Nimmannitya, S. 1996. Dengue and dengue haemorrhagic fever. In Manson’s
Tropical Diseases. G.C. Cook (eds.) W.B. Saunders Company, Ltd (London). 721-729.

7. Shu, P.Y., and J.H. Huang. 2004. Current advances in dengue diagnosis. Clin.

-Diagn. Lab. Immunol., 11(4):642-650.

8. World Health Organization. Dengue Hemorrhagic Fever: Diagnosis, Treatment

and Control. Geneva: WHO, 1986.

Having described the invention, one of skill in the art will appreciate in the
appended claims that many modifications and variations of the present invention are

possible in light of the above teachings. It is therefore, to be understood that, within the
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3:376-396. 5. Monath, T.P., and F. X. Heinz. 1996.
Flaviviruses. In Fields Virology. B.N. Fields, D M
wpiopa2mad P. M Howl ey, (eds.) Lippincott-RavePCT/US2007/023204
Phi | adel phia. 961-1034. 6. N nmmannitya, S. 1996.
Dengue and dengue haenorrhagic fever. In Manson's
Tropi cal Diseases. G C. Cook (eds.) WB. Saunder
scapeTod the, appeutegicbmmerihe imventiommay be pragticediot .f,WIS&r{@a“J%‘SH.
Huang. 2004. Current advances in dengue di agnosis. ‘
s&gﬁﬁball?d@ﬂﬁ-b_e&.ab; I munol ., | 1(4):642-650. 8. Wrld
alth” Organi zati on. Dengue Henorrhagi c Fever:

Di agnosi s, Treatnment and Control. Geneva: WHO, 1986.
Havi ng descri bed the invention, one of skill in the
art wll appreciate in the appended clains that many
nodi fi cations and variations of the present invention
are possible in light of the above teachings. It is
therefore, to be understood that, within thescope of.

t he appended cl ains, the invention may be practiced

ot herwi se than as specifically described. What is
claimed is: 1. A nmethod of inducing an inmune response
to dengue virus conprising admnistering a primng
dengue virus inmunogen conprising a tetraval ent DNA
vaccine or a tetravalent purified inactivated vaccine
and a boosting dengue virus inmunogen conprising a
tetraval ent |live attenuated viral vaccine.
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2. The method of claim1, wherein said tetraval ent DNA

vacci ne contai ns DNA sequences encodi ng dengue
wWoe@wsar1387 3. The nethod of claiml, wherein sBCTUS2007/023204

tetraval ent DNA vacci ne contai ns DNA sequence encodi ng

the prME genes of DEN 1, DEN 2, DEN 3 and DEN 4. 4.

The nmethod of claim 3, wherein said DEN 2 DNA sequence
Whas iscl@ioredtis:uct t hat has a repl acenent of the

C-term nal transnenbrane and cytopl asm ¢ domains of E

1. W #nBthbl S HIBIn@ 28 Phiihe tesPBRER 16 aenghe \iriul corprisii€ administering
nmet hod of claim 1, wherein said tetravalent purified

i.nacti,vat ed. vacci i.ns. rf. u tei.ns
» o e i SO FoR O BPN R B BB o

4. 6. The nmethod of claim1, wherein said |live
tetrgvalenfpiridigd ynachyatgd XeGeHE g Rhoesing J}nsvwrl&tlf%wu%@a

dengue virus representing any strain of DEN 1, DEN 2,
coiibiBg atetrapinyliveratteptedheirdl vdcafe.cl ai m 1, wherein

sai d boosting i munogen is adm nistered between two

2. IRe et itof 2 141NE, Rehefdin Sad eeradaleni BNAataccifie obntsias DNA
prim ng i nmunogen. 8. A nethod of inducing an i mmune

se%?ﬁ%@%g&ﬁ%@g@gy?m\@iws conprising admi nistering a

ue “vi fus 1 mmunogen and boosting with a

5 5 BT A THERE ey 8 e ERLA
seq%rer?cl:'lepen(c::ggi?]lg?ltlei ;g}%/lll%fg:enes of DEN 1, DEN 2, DEN 3 and DEN 4.

4. The method of claim 3, wherein said DEN 2 DNA sequence is a construct that has a
replacement of the C-terminal transmembrane and cytoplasmic domains of E with
lysosome associated membrane domain.

5. The method of claim 1, wherein said tetravalent purified inactivated vaccine contains
purified dengue proteins representing any strain of DEN 1, DEN 2, DEN 3 and DEN 4.
6. The method of claim 1, wherein said live attenuated viral vaccine comprises a live
attenuated dengue virus representing any strain of DEN 1, DEN 2, DEN 3 and DEN 4.
7. The method of claim 1, wherein said boosting immunogen is administered between
two weeks and 2 months of said administration of said priming immunogen.

8. A method of inducing an immune response to dengue virus comprising administering
a priming dengue virus immunogen and boosting with a heterologous dengue virus
immunogen wherein:

a. said priming dengue virus immunogen is selected from the group consisting of:

i) a DNA expression system,
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i) a DNA expression systemii) an adenovirus

expression vector; and iii) a Venezuel an equi ne
wepwepriah1tis virus replicon system b. said beOBUB297/023204

dengue virus inmunogen is selected fromthe group

consisting of: i) an adenovirus expression vector; and

i1)a Venezuel an equi ne encephalitis virus replicon

system 91) anrpdenpmingg Xpressérayeet®; ather ei n sai d prinming

i mmunogen i s conmposed of one or nore adenovirus

expr essi dii) s Weheaumlanietjline @acephhlitbavithsacitivon isystem;

systens contai ning DNA encodi ng pre-nenbrane and

epVveli@ Bo@ﬁm%%eﬁgmﬁmnhﬁsegerﬂlé%@c@a fioRNh3 gpatg dBRdsting of:

10. The nethod of claim8, wherein said primng

I mmunogens | ed on r . e DNA expression
systens \r/%/?%iaéeﬁggﬁ%exgg%sggﬁﬁﬁagys@?é% cont ai ni ng DNA
encoding.dngue Vi rus pre-nenbrane and envel op genes
from dendli@d VEPFZick® equiIng eperPhrldyYirysdeRicon SYHeMsi st i ng
of DEN 1, DEN 2, DEN 3 and DEN 4. 11. The net hod of
claim8, wherein said primng inmunogen is conposed of

9. dhte: ra¢thow pecl¥iem 8 zwikdrein seiguringing idiajuinagert is sompoded of one or more
replicon systens with each Venezuel an system

adeRSViRls Bk prd S s yRRARAN D A48 9 W8 d ilENEYiME SysERY ARBNARDNA
envel op genes from dengue strains selected fromthe

BSSHE A Lol B e B o B b s e
IOi. %h%?nngggc? gf cqgimog,ewt?errein said priming immunogen is composed of one or
more DNA expression systems with each of said DNA systems containing DNA
encoding dengue virus pre-membrane and envelop genes from dengue strains selected
from the group consisting of DEN 1, DEN 2, DEN 3 and DEN 4.

11. The method of claim 8, wherein said priming immunogen is composed of one or
more Venezuelan equine encephalitis virus replicon systems with each Venezuelan
system containing DNA encoding dengue virus pre-membrane and envelop genes from
dengue strains selected from the group consisting of DEN 1, DEN 2, DEN 3 and DEN 4.
12. The method of claim 8, wherein said boosting immunogen is composed of one or
more adenovirus expression systems with each of said adenovirus system containing
DNA encoding pre-membrane and envelop genes from both DEN 1 and DEN 2 or DEN 3
and DEN 4.

13. The method of claim 8, wherein said boosting immunogen is composed of one or
more Venezuelan equine encephalitis virus replicon systems with each of said

Venezuelan system containing DNA encoding dengue virus pre-membrane and envelop
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nore adenovi rus expression systenms with each of said

adenovi rus system contai ni ng DNA encodi ng pre-nenbrane
waprwsanse! op genes fromboth DEN 1 and DEN 2 oPCIDEBR087/023204

and DEN 4. 13. The nethod of claim$8, wherein said

boosti ng i munogen i s conposed of one or nore

Venezuel an equi ne encephalitis virus replicon systens
genps fomalengess stepanselgeied Zipm the ssqun ecansicbng af IAENGL, 2,DEN3

encodi ng dengue virus pre-nmenbrane and envel opgenes
andiNdengue strains selected fromthe group consisting

of DEN 1, DEN 2, DEN 3 and DEN 4.
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