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

PRI ME- BOOST APPROACH BACKGROUND OF I NVENTION 5 Field of Invention
The inventjySoehPisprt matter relates to a method of i NgugjRYeHRI204

i mrune response agai nst dengue virus using a prine-boost vaccination
met hodol ogy. 10Background Dengue virus, the causative agent of
dengue fever (DF) and dengue henorrhagic fever (DBF), is a virus of

the genus FIRPUCTION OR AN IMIVEANT RESPONSE AGANSUDRNGUE VIRUSWSING
positive polarity. Its RNA encodes approxinately 3,400 am no acids.

The virus exists as four anthgeNa-BHORTSAPrOYASRabl e serotypes.
15Dengue fever is the nmpst common human arbovirus i1 nfection worldw de
and a serious public health concern accounting for estinmates of 100
mllion infections annually (WHO 1986; Monath and Heinz 1996; Thomas,
et al 2003). DF and DBF are_ﬂo areas including
Africa, Asia, the Pacific, # Arreri cas. Al t hough the
virus is capable of growing in a varlety of species of nosquitoes, 20
i ncl udidng Aedes al bopi ctus, Aedes pol ynesiensis and Aedes
scutellaris, Aedes aegypti is the nost efficient nosquito vector
because of its donestic habitat (Kialdlof Invep®®) . Four antigenically

di stinct serotypes of dengue virus have been identified with al

causi ng human diteemsatve Sbjecemattes telates tbABethddesfahducingrad imnakesfGR0) .
Each of the four WD 2008/ 127307PCT/ US2007/ 023204 serotypes, although
di stinct, dg %m§ﬂd€h?@dv1ﬁi§%ﬁﬂ§abﬁﬂe%oﬂt@&i‘&tﬁ)ﬁn@mo@bb fanl y partial
cross-protection follow ng infection (WHO 1986) F ow ng infection,
virema is typically detected early at the onset of synptons

(Hal stead 1997). Al though many dengue infections are mld, sone
|nfectﬂpns result in DHF and denguegghock gyndrone (DSS), Swhich are
potentially fatal. This usually oc smal | nunber of people

during a secon |nfect|o caused a .dengu is,diff

rom the vir s REnBur Figis e ShACYe aebmbeRroste dratt ToD.ahd Singf nemorfagid
Dengue virus infection occurs follow ng the bite of deng ue

vi rus- i nf evEdDEE}dS 2 MsaRfithogeaus Wﬁvwwwﬁ@g&rwnmnyelppﬁdﬂédlm
feeding on infected humans. Synptons 10of dengue infection include

hi gh f evervitlspasitive poksaitha IR N Aeneasies pppreximaisdl hd00ramiad epte ritheofirug
rash, nausea, joint and muscle pain, and usually start within five to
Si X days f extidtoast fagr dntigerticdlle-distinguwishabfessetoggpesrosqui t 0. Synpt ons of DHF
al so include marked sub-dernal bl eeding, causing a purplish bruise,
as welis as bl eqobngge fevers tHeandt0 semmen ABmarddBoGas infedtioh @siridnade dntha)
tract. The fatality rate associated with DHF is at 6 to 30% wi th npst

15 deaths é&ﬁswﬁdbﬂg hédithicBhent &coJmFm%aﬁ@bf o rﬁhﬁmnﬁfeawmfamnyc
and supportive, is ained at replacenent of fluid | oss

(Ni mmanni t(é?‘l{égl]%g% OI\r/Ion th and Heih 1998 TRARS Qf]a? 2603 %”BF%“&BI'@C&U Ging in

di agnosi s 13851 c'DF based on Inic eat ures a one

since many_s es l e, t.h of. o r.dis e such as
chi kunguny3°yt %B’c??f S CWIMW &ﬁ@g%epacf‘% i\rjgtgaha Wﬁ%%e‘ﬁglgmaﬁhd
rickettsial 20|nfect| D fferentjal diagnosis .include malaria
and ot her vi ral2ltipygh &'F vis 15 £apetlG ez ins & @ Mireky e%’ec' ‘id‘i‘ﬂﬁg't"f%s*
methods for infection are typlcally based on detection of virus,
viral %#ht i igeluding dedesralleopiciipdedes golyeasiensis aed Aedsh sellqandgiedesergrntf isc
anti bodi es (Shu and Huang 2004). DBF can, in sone cases, be nore
accur at el ythedmagtredfaentassquitaovector beqabgeadf isidgmestiriabitat fGokiensl 98B hdfaudi ng
hi gh conti nuous fever for 2 to 7 days, hepatonegaly,
henmpbconcendntigénicly distimciksesongbet bf demgoey viapdavabeen identifidbwvith ol eaisingns
result in DF, which is self-limting. However, DHF and DSS are

life-thr eaﬁlﬁﬁunrtgseaéélsg@wahet\@qmm%n@aaamutm%m)f |EAvh ¥f thel§®§, such
as yellow fever and 5Japanese encephalitis, have been |licensed, there




protect against DF, DI Mor DSS. Two dengue tetraval ent

| i ve-attenuated vacci ne (TLAV) candi dates currently exist. However,
both of tRg§eugAsHINES My be either reactogeni c or poggh)iszo07/023204

i mrunogeni c in some recipients. Prom sing alternatives include
chinmeric viruses (e.g., Yellow 10fever/Dengue), reconbi nant proteins,
i nactivated viruses and nucl eic acid (DNA) vacci nes. The DNA vacci nes
may be parderatied) dithougtedistinegts @iinilad dnbiigh ta tinedthersrrdiliait @dl ygartisktosas a
hunoral i mmune response. Experinental evidence suggests that, in

non- human dﬂbtee@érﬁﬁnpwﬁ@ﬁt@ctmﬂ@@qgms FolbwWia ik, vifeafdl istfpisamer al
booster adm nistrations and |Iong intervals between 15t he

adri ni St 1 3408 doly f e bnd Dot ST RLEAH 140N B ma ke

non-replicatin Cl nés such urified’i nactivate ci nes

can often Jjpduce hi titers. of neutralzin nti body, but, t he

vacet nes. ralFeh e gt e et drieShop Reshls W DAEI e Sk SV ermE oS>
Therefore, a safe, effjcacious i ni zation method, and co sition is
needed ¥ orwhlﬁbmﬁdw&enflﬁl%ﬁgﬁl-i Bz 242K ogary i§agma %Fﬁ&‘%r?ﬁ?fﬂg ngoa
dengue 20virus infection. WD 2008/ 127307PCT11. 182007/ 023204 BRI EF
SUMVARY  OFserondEiRfectipn caused by amdeagievialsithasis ditierantedzon Seyirupeansing the first
i nduci ng an i nmune response agai nst dengue virus. The inventive

subj ect nainfestion Hasteaelt 199¢). f or t he i nducti on of i mMune response
agai nst dengue virus with reduced reactogencity by primng the

subj ect with a Deigue Sirepihfecadn agutsfollswige thedite obdanghie vigusvinfebted Aedes
tetravalent live attenuated viral vacci ne. Exanpl es of

non-repl i cabiqustods, WAEAAGENSreiDEdl ¥ Hifectt tya¥adiBén RNt RGmMaME Bymptoms
cont ai ni ng sequences encodi ng dengué virus proteins or

tetravgf en bl .l nact | J Ik el

Fur t held acsayEt U REAT ALY Rl for B AR Healitho RER0 Hal{ R WERTopmont
i mmune response 1 . e Vi . V] ri M- st
vacci nati on arréi%}’r'}glhség]%ﬁ{e%prwur%c% ﬁlgh %géfﬂsg#%gﬁ%ﬁf#%’ﬁggcont ain
di fferent ressjon syste encodi n nd expr | de e viral
protei ns. PHEVEEIRREL 70 pRELESHEs SHarieas R DHEA SR R mpRd sub-
vectors, DNA expression vectors, and Venezuel an equi ne encephalitis
virus repl demal Regsings sausing ypurrlish bruss, spyeiastissding dronoie opseTgiims, and
DRAWNGS FIG 1. Gaphs illustrating serum i nmunogl obulin (1gQ

ant i body r gaspointeeinab {Gh) tnactu rila fasalitpreate asspgiatechivith HA islat Guiia H% with imeast
dengue DNA vaccine (TDNA), a 20tetraval ent dengue purified

i nact i VAt edbatsocturang iiRhidts. The onegnieyt of DIEF isaymb@niatic embsuppditive,
attenuat ed vaccine (TLAV). Sanples were tested by ELISA at a 1:100
di lution. arfdliaind aBaplgéagh of flhidusds (HinmMgneat998)i zi ng anti body on
day 60 follow ng i nmuni zation of nonkeys with a tetraval ent dengue

DNA vacci ne ( TQNMnot Bodsid 18 \ike Bh alRRad & api¥sis ok BlldiRaGEdiVDEBekeMBACI NE
(TPI'V), and a tetraval ent dengue |live attenuated vaccine (TLAV). 5

R Dlipital Fstafes 2itne s tah Y Sifptomb 6t B AL sl BEBtnefUifdRes, such

DNA/ TPI V/

as chikungunya infection (Nimmannitya 1996}, measles, influenza, and rickettsial

20 infections. Differential diagnosis must inclnde 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). DHEF can, in some cases, be more accurately diagnosed based on



A need exists for the induction of a |long-lasting, efficacious imune
response to dengue virus infection. To fulfill this critical need,
the cont eRphaf@d7spvention conprises 10 i muni zi ng net hedgsidiabasbme
dengue virus DNA or inactivated dengue virus proteins as a primng

i rmunogen with |live attenuated dengue virus as a boosting i munogen
in a prinme-boost inmunization schene (See Exanple 1 and 2). The

resul tant dimpinggisenBenapoRRsinglugia @ighebhtimaeyfeastdos il Yaysli ve
attenuat ed viruses (LAY) often exhibit significantly el evated i nmune

L1 espons efep e ) HemobsRBIALafcATBA dladhidmoRytbpdthsO frequently
exhi bit det |P| rren%a reactogenicity. In ordetto I nprove the

i nmmunogenicity I, Y j . i.le.re i i
reactivity, an I\Saﬂs)%wétgg ?[%g‘l?hnu]?f&]lﬁaﬁﬁ\%@l@hﬁgégﬁﬁveeﬁ%ﬁ, %?Eeﬁseﬁg D9rr§1§taf'rf(:jd
for the induction of i nity to dengue virLus .conprisin

admi ni st er JRGMSEICHOB 20T iR ERGIRY ELTR ST RAY NGRS, APt eleyy foter and
purified inactivated vaccine (TPIV) as a primng 20 ipmunogen

fol | owed blppaneppensePhdlitin have keep digefisedh tharg gra cumrerily naedlEragiopy eCeipesay) |
The inventive rationale is that primng with non-replicating

vacci nes, muotht ageinBNAF.APHPpoP88Nn, wi || generate an i nmune response
that will reduce reactogenicity and inprove immunogenicity of the
TLAV (See Exanpiwo dgngue tba20&8 i1 ZBmaReEd AdSteQTLAY 2ididdes ERGinEEOUS
PRI ME- BOOST METHOD USI NG VEE REpucoN DNA EXPRESSI ON

VEcr or t / ADENAY HioWe vdeiiiESIShedy VIR dy Beithérveartdgenic at g@brlyqﬂﬁ'rﬁﬂbg@icﬁs

the use of a Venezuel an equi ne encephalitis virus (VEE) replicon or
adenovi r us; : £ £58n i iSRS Blot pri me
or a boost \é\ﬁﬁlﬁ{glé@'tﬁe@éri be%ﬁgaﬂ*é \éétééﬁt%}@eﬁfhgﬁx?r?glﬁ e 3.@' HIT?'E%@
conte at | [ L L ion i i

"Ry qurkﬁ‘e‘ﬁgg%), %ﬁﬁ\ﬁlm gﬁﬁ&hQ %a@ﬁ&ﬁ&ﬂﬁmg%‘&ﬁég@%@ﬁ‘{bﬁ&%

expression vecto exXpr essi ori vector or con, wth each

cont ai ni ng_dengue, Vi DNA seguences. conpr.i e.prine .

01 rmunt > oacgRe: SEpARR va e TSR R R A A Pile LB apediurdous
boost is adm ni stered either as an adenovirus expression vector or
VEE repl i cWfll 254 hpnral dRmiig feiPAisiy sequences coding for dengue virus
proteins (See table 2). . EXAMPLES 15Exanpl e 1: Conposition and

met hod of i ndudixpgrisantal evédegetesugeestighateinnonhymmDRANTRS\fengys\DNA

G oups of rhesus nmacaques (N=4) were prined with either two (2) doses
of TDNA, oveecides giveh albRt,Vequie seveeal dhosterafimiisiiitiofodriddweginteyvalsdebrdeng
wi th TLAV. The dengue TLAV was made by serial passage of four

wi | d-type mendmvistations ifi dider fOhaice proteeti2 immbingy. YOtiethotirepliytifgPDK)
cells. The passaged viruses were tested in rhesus nonkeys where they

i nduced si gRtinbCaRh byihk PUBficd BN@Ivate®hadtines BarPofteA TRAICE Highititdds of
unpassaged w | d-type parent viruses. They were then propagated in

fetal r hesh&tﬂaﬁgg% Lfeigd b&ei#lésé v%l%e&%?h@ﬁ%rﬁﬁ?d&&%%f foRg-terhf\V

formulation. T nventlve fornulation” cohtenplates that any

conbi nation_of dengue virus.stralns _and.protei.ns can.. ilized. A
brefer ed TSR SRS b0 B S bR B AR P RS o
this exanple, consists. o N 1 PDK 27, DEN 2 PDK 50, DEN 3 PDK 20
and DEN 4 B5@SUCHE" °D§ﬁ RRSHEMEly IRJuCRRIOLIaRg LASHRE MERUNY AR fengH¢ <
encodi ng any dengue protein. A preferred enbodinent, is illustrated
i n thi30 exyysinfeciginsi sts of the pre- 5 nenbrane (prM and envel ope
(E) genes of DEN 1 West Pac, DEN 2 wild-type/Phil + |ysosone

associ at ed nmenbrane protein (LAMP) domain, DEN 3 wld-type/Phil, and
DEN 4 wld-type/Phil. The DEN 2 construct has a replacenent of the
C-term nal transnenbrane and cytopl asm c domains of E with LAMP.
Simlarly, TPIV can be a conbination of one or nore purified

i nactivated dengue 10virus proteins. As an illustration, in a
preferred enbodi nent, the TPIV consists of the



core protein (C, pre-nenbrane (prM, envel ope (E) and nonstructural
protein | (NSI) of DEN 1 (West Pac), DEN 2 (S16803), DEN 3 (CH53489)
and DEN 4 ( JY&?}S&?@T The viruses were grown in Vero cebk$yspighibdshAd.
i nactivated wth tormalin and adsorbed onto 0. 1% al um num hydr oxi de.
15Referring to FIG 1, antibody responses neasured by ELISA
denonstrated tetraval ent immune responses and high titers of

dengue-specific 1gGin all ppreEBEVIMARGOPENGEREIONAI ned until the
day of challenge. Referring to owtitered virus-neutralizing

ti bodi Na : t
o120 e (R RS Mo 6@%%%29% B ohoae
s .th 20 d th TLAV = 12 d
hat rocel VB FoF UG SLOSHH P an e lentre TEokyo sl iRe etk

one nonth after the TLAV boo ter and t hen dec;l [ ned over time in all
groups. THBAHBIENE WTus i ePused ERFEIOBRTICI AN PE MINStBe HdISs BB 2MO%d wi t h
the TPI V/ TLAV regi men. WO 2008/ 127307PCT/ US2007/ 023204 Si x
nont hs Saf trepliqakieg nownagen ordedostng Wwith a tetravalent dive atenyatge visglveceansd an
unvacci nated control group were challenged with |live, non-attenuated
DEN- 3 vi r uBxamidessofi aom réphic gl immilnogons inviugde rt@mivdemaw\IMats:incedoﬂtniningO
days after the live virus challenge to evaluate protection. Conplete
prot ect i ONDE@aefisencesi chesdifg dRguOUBRPr&Eink Or tetrvalend puiiflellifidti gataligengig
the TPI V/ TLAV group. Three of four animals in TDNA/ TDNA/ TLAV gr oup
exhi bi ted Jirds@rteidad&imk, virema (nean = 1.5 days) conpared with
unvacci nated controls, which had 4.75 nean days of virem a.

Measur ement of géasglgcgs 6f'tﬁ@fn%er&%nw®/e ds SPRdLER S AR Sofsed

fold and 2-10 f ase Int and TLAWLAV group

respecti vel y, whereas. th DNA/ TLAVY .re d -53 fold
| horeath OGS Ss s Rl R e Y 83%2’69?‘%%? FHmRT ahf gt
fhgl I?)ezgg o8 r%%/)bn%g 101%a Sta(l)l'.{ d1¥tjerregtnéx%re'§/§gr? sy%?e¥rlss e(r)lgodmg anqlexprgessmg grp)

dengue viral proteins. The expressions systems include adenoviral expression vectors,

DNA expression vectors, and Venezuelan equine encephalitis virus replicon expression
systems.
15

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
20  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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FIG. 2. Bar graphs illustrating neutralizing antibody on day 60 following immunization
of monkeys with a tetravalent dengue DNA vaccine (TDNA), a tetravalent dengue
purified inactivated vaccine (TPIV), and a tetravalent dengue live attenuated vaccine

(TLAV).

DESCRIPTION OF PREFERRED EMBODIMENTS
PRIME-BOOST METHOD USING DNA/TPIV/TLAV

A need exists for the induction of a long-lasting, efficacious immune response to
dengue virus infection. To fulfill 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 punified 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 TLAYV (See Example 1).
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HETEROLOGOUS PRIME-B0O0OST METHOD USING VEE REPLICON/DNA EXPRESSION

VECTOR/ADENOVIRUS EXPRESSION VECTOR

The invention also contemplates the use of a Venezuelan equine encephalitis virus
(VEE) replicon or adenovirus vector to express dengue virus proteins as either a prime or
a boost, which is described in detail in Example 3. In the contemplated inventive
immunization methods, either adenovirus expression vectors, DNA expression vector or
VEE replicon, with each containing dengue virus DNA sequences comprise the prime
immunization. Subsequent to the prime immunization, a heterologous boost is
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 TLAYV, followed by boosting with TLAV. The
dengue TLAV was made by serial passage ofr four wild-type monovalent virus isolates in
primary dog kidney (PDK) cells. The passaged viruses were tested in rhesus 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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embodiment, illustrated in this example, consists of DEN 1 PDK 27, DEN 2 PDK 50,
DEN 3 PDK 20 and DEN 4 PDK 6.

The TDNA can consist of DNA sequences or constructs encoding any dengue
protein. A preferred embodiment, is illustrated in this example, consists of the pre-
membrane (prM) and envelope (E) genes of DEN 1 West Pac, DEN 2 wild-type/Phil +
lysosome associated membrane protein (LAMP) domain, DEN 3 wild-type/Phil, and
DEN 4 wild-type/Phil. The DEN 2 construct has a replacement of the C-terminal
transmembrane and cytoplasmic domains of E with LAMP.

Similarly, TPIV can be a combination of one 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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Six months after the booster vaccination, all vaccinated animals and an
unvaccinated control group were challenged with live, non-attenuated DEN-3 virus. As
shown in Table 1, serum viremia was measured for 10 days after the live virus challenge
to evaluate protection. Complete protection against viremia was observed in the

5 TLAV/TLAV group and the TPIV/TLAYV group. Three of four animals in
TDNA/TDNA/TLAV group exhibited 1 to 3 days of viremia (mean = 1.5 days) compared
with unvaccinated controls, which had 4.75 mean days of viremia. Measurement of virus
Nab titers 14 days after challenge showed a 2-5 fold and 2-10 fold increase in the
TPIV/TLAV and TLAV/TLAYV groups respectively, whereas the TDNA/TLAYV regimen

10  resulted in a 6-53 fold increase.
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Table 1
Viremia After Challenge
Group Monkey Days of viremia Mean days
of viremia

2] 3 4 15 6 7 g 9 10 | (for grp)
DNA/DNA/LAV A7l - - - - - + . - -
B56Z - - . - - - - - -
8947 - + |- - - - - - -
9227 - - -+ |+ | + - . -

1.5
VPIWLAV 890Z - - - - - - - - :
AG3IZ - - - - - . - - -
916Z - - - - - - - . -
A96Z - - - - - - - -

0.0
LAV/LAV P146 - - - - - - - N -
860Z - - - - - - - - -
3158 - - - - - - - - -
928Z - - - - - - - - -

‘ 0.0
SAL/SAL 9147 + + + + + - - - R
B85 + | - - - - + | - | #+ +
8687 + + - - + + + - -
8987 + + + + - - - - .

4.75
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The conclusion from these studies demonstrate that priming with
TPIV resulted in increased vaccine immunogenicity and protective efficacy compared to

priming with TDNA, and did not prevent effective boosting with TLAV.

Example 2: Prophetic use of TDNA/TPIV/TLAYV to induce human immunity

An aspect of the current invention is a method of administering TDNA/TPIV
followed by TLAV formulation to humans in order to induce an anti-dengue immune
response. The TDNA, TPIV and TLAV can be composed from any dengue gene
sequence or strain, as illustrated in Example 1.

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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Table 2: Combinations of prime-boost Compositions

Prime Boost
DNA expression system Adenovirus expression vector
VEE replicon system Adenovirus expression vector
DNA expression system VEE Replicon system
Adenovirus expression vector VEE replicon system

For example, the adenovirus expression vector, listed in Table 2 can be any
adenoviral expression vector. The contemplated adenoviral expression vector has the E1
and E4 genes removed, which are replaced with the pre-membrane (prM) and envelope
(E) genes from either DEN ! 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 2or3 and4) 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.

11
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Similar to the DNA expression system, the Venezuelan equine encephalitis (VEE)
replicon system (VRP) contains pre-membrane and envelop proteins from either of DEN
I, 2,3 or4. Like the DNA vaccine composition, the VRP composition is either a single
VRP containing genes to a single dengue strain or a mixture of 2 or more VRP systems
with each containing genes from different strains of dengue. The dengue prM and E
genes are cloned into a plasmid vector containing the VEE genome, replacing the VEE
capsid and glycoprotein genes. This recombinant plasmid contains all the sequences
(except the VEE capsid and glycoprotein) for packaging the RNA into replicon particles.
Two other plasmids, one each containing the VEE capsid and the glycoprotein genes
provide the missing 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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prime immunogen and DD1ME-VRP as the boost immunogen) were compared for
immunogenicity and protection against dengue-1 virus challenge in a non-human primate
model.

Groups of 3 and 4 cynomolgus macaques were immunized with three doses of
DIME DNA vaccine (DDD), three doses of DIME-VRP (VVV) or with two doses of
DNA priming vaccine and third booster dose of DIME-VRP (DDV). A control group of
animals was inoculated with PBS. Virus neutralizing antibody was measured by plaque
reduction neutralization test (PRNT) and 50% neutralization titers (PRNT-50) were
determined by probit analysis. T cell responses were measured by gamma-IFN
ELISPOT. Measured 4 weeks after final immunization, 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 DIME-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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The conclusion fromthese studies denonstrate that primng with TPD
resulted in increased vacci ne i nmunogenicity and protective efficacy

conpar ed ] with TDNA, and did not prevent eff } i ng
W th TLAV%%E@%%?@ 2: Prophetic use of TDNA/ TPI V/ TLAV$?3#%35@%§&4

human i mmunity An aspect of the current invention is a nethod
of adm nistering TDNA/ TPIV fol |l owed by TLAV formul ation to humans in
order to induce an anti-dengue i NMRERERESQERSe. The TDNA, TPIV and
TLAV can be conposed from any dengue gene sequence or strain, as

i lustrated in &aqphg k. NHAURSFan! t?ﬁ émdﬁﬁnmiﬁsgamb! Pg7gTRYy be

used. However, as an illustration o ontenplated 1 nventive

gﬁ%ﬁﬁ?’aetn?fmfaﬁ'o'v ?{e%“%%@ﬁh@?xh@:f%ax é'hpeﬁ@'@hhédse?%@lfuﬁiﬂgﬂﬁ%g%?@%é%ﬂ%‘i
i 5 1 -
el o s ot et gyt Al Toprie disg 26 ToRIGR O ube) Uo g the,

apart. The TPIV_ is given as only one dose 15 of 4 ug (1 ug/serotype)
i nt ramfscud-ar | yGublesi Rd- 49%Fe danguainia &g Arbryausesn &Erdemiplosy @i\ Feplogy 5
| ogs/ serotype subcutaneously using a needl e and syringe. Exanple 3:
Prophet i ¢ BERaMphab (@f), PRCRreB¢Beta Raton)np223t266n usi ng VEE repli con,

adenovi rus expression system or DNA expression system conpositions
20The cont®npl adsiseddy8iBi 19a7.i Bpidemaiolupy of deqpue aeddangnedasorrtagic fever. In
potential prime/boost conpositions using VEE replicon, adenovirus

expr essi onpgngsk 8RR DEnghe PhithofrhBgie FevePNDIY SLBIBE araS. KifieSéddtsc ¢l ai ni ng
dengue gene sequences. Preferred conpositions and conbi nati ons of

pri me- boost,,.al-8ohdil bRl eflg4an Table 2. WO
D 008! 1273 o TR B ore 5. “Combinati ons of pri me- boost

Conposj4iops Pry t SSi S Vi ls . Lon
vect or 1({/EEep'r epl I#%%Pﬁg@?t 3%2%@‘5/3% 32 %xﬁee&segg%eﬁq@g%f (glmd\\ﬁé%lgﬁ ReV
expressi on @@@4“ VEE Replicon system Adenovirus expression vector
VEE repli con’ &y em For exanpl e, the adenovirus expression vector,

listed in Table 2 can be any_ 5adenoviral_ expression vector. Th
cont enpl at2d addpeai.raF- @@pﬁr{gsgﬁﬂﬁ 1926 dlavhamisgsy dr Fields \}” ology. .

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
15  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.
20
Having described the invention, one of skill in the art will appreciate in the
appended claims that many medifications 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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and E4 genes renoved, which are replaced with the pre-nenbrane (prM
and envel ope (E) genes fromeither DEN 1 and DEN 2 or DEN 3 and DEN
4. The conygankatREy adenoviral conposition, therefore, pc§us007023204
adm ni stered elther as a single adenoviral vector expressing genes
fromonly two dengue strains (i.e., DEN1 and 2 or 3 and 4) or a 10
m xture of 2 adenoviral vectors with one expressing DEN 1 and 2 and
the ot her %@@e%t&&gpéﬁi@ﬂ BEirREMe3n@ndorimay be practiied otrpvis haRaS| on
systemis any suitabl e DNA expression system capable of in vivo-
expression._A. ystemis pVRL012 (see Patent No. 6,455,509
t o Kochel, SB?CI@(I%?&%F%Etgﬁs conposition, a DNA sequence or construct
encodi ng dengue nenbrane and 15envel 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 containing genes to a single dengue strain or
a mxture of 2 or nore plasmds with each containing genes from
different strains of dengue. WO 2008/ 127307PCT/ US2007/023204
Simlar to the DNA expression system the Venezuel an equi ne
encephalitis (VEE) replicon system (VRP) contains pre-nmenbrane and
envel op proteins fromeither of DEN 1, 2, 3 or 4. Like the DNA
vacci ne conposition, the VRP conposition is either a single VRP
contai ning genes to a single dengue strain or a mxture of 2 or nore
VRP systens 5 with each contai ning genes fromdifferent strains of
dengue. The dengue prM and E genes are cloned into a plasm d vector
contai ning the VEE genone, replacing the VEE capsid and gl ycoprotein
genes. This reconbinant plasmd contains all the sequences (except
the VEE capsid and gl ycoprotein) for packaging the RNA into replicon
particles. Two other plasm ds, one each containing the VEE capsid and
the gl ycoprotein genes 10provide the mssing elenents in trans, and
formparts of the tripartite (three-plasm d) system RNA is prepared
fromeach of the three plasmds by in vitro transcription. A m xture
of all 3 RNAs is used to transfect BHK (baby hanster kidney) cells.
The RNAs are translated into proteins in the transfected cells. The
transfected BHK cells ' then produce VRPs into which the reconbi nant
RNA cont ai ni ng dengue genes has been 15 packaged. These VRPs are
purified and used as a vacci ne. The dengue-VRP vacci nes can i nfect

cells but can not propagate new progeny. Exanpl e 4: vaccination
usi ng a DNA expression system VEE replicon prinme/boost conposition
20As an illustration, a candi date vacci ne DI ME- VRP expressi ng dengue

virus type 1 pre-nenbrane (prM and envel ope (E) proteins froma
Venezuel an equi ne encephalitis virus (VEE) replicon system was
constructed. Three vaccination regi nens (D ME DNA vacci ne, DLME- VRP,
and a heterol ogous primnme-boost vaccine with DIME DNA as the prine

i mmunogen and DD1ME- VRP as the boost immunogen) were conpared for

i nunogeni city and protection agai nst dengue-1 virus challenge in a
non- human prinmate nodel. G oups of 3 and 4 cynonol gus nmacaques were

i mmuni zed with three doses of 5 DIME DNA vaccine (DDD), three doses
of DIME-VRP (VW) or with two doses of DNA primng vaccine and third
booster dose of DIME-VRP (DDV). A control group of aninmals was

i noculated with PBS. Virus neutralizing antibody was neasured by

pl aque reduction neutralization test (PRNT) and 50% neutralization
titers (PRNT-50) were determ ned by probit analysis. T cell responses
wer e nmeasured by gamma-JEN 10 ELI SPOT. Measured 4 weeks after fina

i mmuni zation, the DDV group produced the highest virus neutralizing
antibody titers (PRNT-50 = 2304) followed by VW (PRNT-50 = 1405) and
DDD (PRNT-50 = 1364) groups. However, noderate T cell responses were
denonstrated only in DDD and DDV vacci nated ani mals. Five nonths
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20 anti body response and protection elicited from DLME- VRP was
conparable to those elicited from D1ME- DNA vacci ne. However, the

pri me- boost approach resulted in higher antibody responses and
conplete protection. REFERENCES 1.CGubler, D.J., S. Nalim R Tan,
H Saipan, and J. Sulianti Saroso. 1979. Variation in susceptibility
to oral infection with dengue viruses anong geographi c strains of
Aedes aegypti. Am J. Trop. Med. Hyg. 28:1045-1052. 5 2. Gubler, D.I
1988. Dengue. In The Arboviruses: Epidem ol ogy and Ecol ogy. T.P.
Monat h CRC Press (Boca Raton), p223-260. 3.Halstead, S.B
1997. E%?H@ﬁi ¥ of dengue and dengue henorrhagic fever. |In Dengue
and Dengue annrrhagic Fever D J. Gubler and G. Kuno editors Cab

i nternation 104. Hencha

g Londo 2}9 i re 1 ue |rus comprising:
1990. The d Fﬁ‘ﬁ%@a%?rﬂ%%'o” i 45 "M”SF‘(‘JBSF 8" m"f—‘éé’l? %P‘ii‘?% 035%‘9 ?:‘ pnsing:
Monat h, T. Pa replicatioR.d¥ficiéte iprimingl@6ue HAhsvimwiunogarsconmisifg el teisavdlendDNgy .

o N agg%ﬁ}% containg i préRtbiofe, SRS Ia{ng%%ﬁg uc%ggm%eg L br K Elatent

dengueptrifiedurachiegédvdoeinerand n Manson's 15 Tropical Di seases G C.

Cook (eds.),

v, and 12 EO RN, SERAGen cbilpho] d Mhavldieind sBenuafeo B vacoine.
Clin. Diagn. Lab. Immnol , 11(4):642- 650 8. Wrld Health

Organi gati o N C)ﬁ%gg F f

Contr o? Geﬂre%m 19 %m%&l&H@vﬁX@% scrl %I%]g %ﬁaﬁgﬁeﬁtgwg Dcl)\1|‘A
skil | PefueReessgncoding F’e%q&ﬁr%@t%}ﬁe in the appended claims that nmany

nodi fications and vari ations of the present invention are possible in
l'i ght of t he above teachings. is therefore, to be understood th%}
wi thi n3t he %W%CWSEB%P@@H‘ biwierin sqid etk eptNshvageisantains DNA
pract i s&flicAtdBRondrg thdgiv/BYeRGLSIDEN &) DN depeNideed. DENYWAt i s cl ai ned
is: 1. Atwo-part conposition for use in i nduci ng an i mune response
to dengue virus conpri sing: a replication deficient primng
dengue4yi r uShé WIFRDEMEBIIPS bSdiaigh B vinetdimyaad BEN DDA saqednte is a construct that

cont ai pi ng _cor rane, .envel o tructural teins or

2 tet r Boad AR e LG CAa T SERToRBara et PG e g B §Rotme
Vi rus hmmlmcugienembnapedsmag. a tetravalent |ive attenuated viral

vaccine. 2. The two-part conposition of claim1l1, wherein said

tetraval ent DNA vacci ne contai ns DNA sequences encodi hg dengue

protei As.  Bhe Frepartwpmposition oh@aigi 1,ivdwererf saidl Hitnavdlentyiveties inaciixgtgd vaccine

tetra j d

gence. oy iEps P he RO s o Se Hio FAHGAR G SATIE0ES 4 DEARS Bhdpen e

of claim3, wherein said DEN 2 DNA sequence is a construct that has a
repl acgent 7of wjd2 r&&n%dgh.e%f élél?nn’{s Wépe"ﬁ‘%d w&ﬂatrem@t@h WRAEc AW RIises a

of Ewith Iysosorre associ at ed mbr'ane domai n
live attenuated dengue virus representlng any strain of DEN 1, DEN 2, DEN 3 and DEN 4.

7. The two-part composition of claim 1, wherein said boosting immunogen is for administering

between two weeks and 2 months of said administration of said priming immunogen.

8. Use of a two-part composition comprising:
a replication deficient priming dengue virus immunogen comprising a tetravalent DNA
vaccine containing core, pre-membrane, envelope and nonstructural proteins or a tetravalent

purified inactivated vaccine; and
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5. The two-part conposition of claim1, wherein said tetraval ent
purified inactivated vaccine contains purified dengue proteins
representing any strain of DEN 1, DEN 2, DEN 3 and DEN 4. 6. The
two-part conposition of claiml, wherein said |live attenuated viral
vacci ne conprises a |live attenuated dengue virus representing any
strain of DEN 1, DEN 2, DEN 3 and DEN 4. 7. The two-part conposition
of claim1, wherein said boosting i nmunogen is for adm nistering

bet ween two weeks and 2 nonths of said admi nistration of said primng
i munogen. . Use of a two-part conposi.tion, conpri,sing; , :
Fep T oat 1 on® HaPTTER SRbo TS M HRG0 SOFPILS P IRBGRE diigelacyyebyeccine
t et r av il i@ nabAcNAC ol avaedicamherit forngiuciog e ipmenaeshomeedo denyel vinne. and
nonstructural proteins or a tetravalent purified inactivated vaccine;
and a boosting dengue virus inmunogen conprising a tetraval ent
| i ve aBt enudhedsevoficiim\Bagbemnim, saidietrivaalenh DORaGCcine coftains BBIA segnetes f or
i nduci n i e onse to dengue virus. 9. The use of claim8,
mhereiﬁgggpﬁcggggﬁegéﬁ% DNA vacci ne contai ns DNA sequences encodi ng
dengue proteins. 10. The use of claim8, wherein said tetraval ent

DNA ' NS ' t he . , :
oEN 2. e R WOGEHGRERCEARAM B bR BE MrkaHE DR Bl A ghoocing
DNA setheanVé genes of DRt T, AN 2,H2EN Basd ®BNepl acenment of the C-term nal

transmenbrane and cytoplasm c donains of E with | ysosone associ at ed
nmenbr ane donain. 12. The use of claim8, wherein said tetraval ent

purifi &8 i nkee saefalrind8cvirsein saidPEN 2RNA secuianerin granifust iphkas a
I epr esgiMidcBmeAi B t8d Cabmhied (B mbrifdNard cyfthsthie B6mBRNoAE with Bsoddhee

use of claim8, wherein said |live attenuated viral vaccine conprises

a | i vedSRoCBtRIPen @8R r us representing any strain of DEN 1, DEN

2, DEN 3 and DEN 4. 14. The use of claim38, wherein said boosting

;m 2?3?? a![ f%%g%ﬁ gfdscgirg%;{u %t:en afb L ﬂ@en’%‘]&\éﬁriﬁ/(\e%?#ascti\?aqu \%ac%gtcggta%fs p%%ﬁe%
dengue proteins representing any strain of DEN 1, DEN 2, DEN 3 and DEN 4.

13. The use of claim 8, 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.

14, The use of claim 8, wherein said boosting immunogen is for administering between two

weeks and 2 months of said administration of said priming immunogen.
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