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METHODS AND COMPOSITIONS FOR DENGUE VIRUS VACCINES

STATEMENT OF PRIORITY
This application claims the benefit, under 35 ULS.C. § 11%e), of U.S Provisionsl
Application Serial No, 61/839,687, filed June 26, 2013, the entire contente of which are

incorporated by reference herein.

STATEMENT OF GOVERNMENT SUPPORT
This invention was made with goverranent support under Grant No, US4 AI0S7157
awarded by the National Instinutes of Health, The United States government has certain

rights in the invention,

FIELD OF THE INVENTION
The present invention Is direcled to dengue viras vaccines that indoce neuiralizing

anitbodies against more than one dengue vivue serotype o a single source,

BACKGROUND OF THE INVENTION

Dengue is a mosquito-borne Havivirug that is spreading at an unprecedented rate and
has developed tnto a major heslth and geononsic burden in over 30 conntries. Cuorrent DENY
vaccings protecting against all four DEMV serotypes must be delivered as a "etravalent”
formulation of four viruses or fowr recombinant proteins, sach intended to confer protection
against that serotype. The correct mix of serotypes in the tetravalent cockiail to achieve a
baianced antibody response 1s not known, underscored by the recent failure of the most
advanced tefravalent Hve attermated chimeric virus to provide clinically meamngful
protection it a large phase 2B trial in Thailand (Sabchareon A, et gh, 2012} Viral
interference is thought to contribute to failure as one or more vivus serotypes out-compete the
others. The DENV-1/3 and DENV 3/1 chimeric viruses are single viruses that present
epitopes recognized by nentralizing antibodies from both DENV-1 and DERV-3 hmmune
individuals. This indicates that single viruses should be able to glicit nentralizing antibodies
targeting two serptypes at once, replacing twe viruses (DENV-1 and 3) with one virus

(DENV-1/3 or DENV-3/11.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-B, Forthe DENV-1/3 mutant, the EDLT hinge from DENV3 was
transplanted into a DENV-I background, WestPag’74, creating g DENV-3/1 hinge mutant,
The EDI-II hinge was defined using the DENV3 specific human mAb 317, A) The resuliant
viras, rDEMNY-1/3, was tested agsinst monoclonal antibody 517, This figure shows that
DENV-1 15 not neutralized by 3J7, whereas DENV-3 s, rDENV-1/3, which only containg
the DENV-3 EDV binge, is neutralized by 517 al concentrations equivalent (o DENV-2
neutralizing concevtrations. This demonstrates successtul transplant of the 337 epitope into
DERV-1, B) This panel shows that DENV-3 is not nevtralized by mAb 1F4, DENV-1 is
noutralized by 184, and rfDENV-1/3 is also neutralized, indicating that [F4 can still bind 1o
and neutralize the chimeric virua.

Figures 2A-B. This figure shows primary DENV-1 and DENV-3 human immune
sers tested against DENV-1, DENV-3 and the hinge chirseric virug WestPac-3001 hinge
(rREMY-1/3). The Y — axnds shows fold dilution of bmenune sera required to neutralize 50%
of fnput viras in tissue culture. The higher values indicate more potent serum. A) DENY-1
primary inmune sers potently neutralizes DENV-1 but not DENV-3. rDERV-1/3 is sensitive
to neutralization by DENV-1 inwnune sera at concentrations similar to DERY-1, indicating
that in conirast to the parental DENY-3 virus, the chimeric virus displays epitopes recognized
by DENY-1 immune sera. B} DENV-3 primary immuge sera does not neutralize DENV-1
byt neutralizes DENV-3. rDENV-1/3 {s nevtralized by BENV-3 primary invpune sers at
concentrations similar to DENV-3, indicating that the chimerie viras vDENV-1/3 preserves
the critical DENV-3 epltopes targeted by DENV-3 antihodiss in DENV-3 human imnune
sera. ¥ indicates not newtralized.

Figure 3. This figure shows that WestPac’ 74 3001 -hinge induces brogdly cross-
neutralizing antibodies at 28, 60, 90, 120 and 180 days post infection in rhesus macagues,
The Y axis shows neutralizing antibody titer as above. The X axis shows each virus serotype.
Each plotted point is the neutralizing titer for 2 single rhesus macaque against a given
serotype. The central line thwough sach cluster of points is the geometric mean neutralizing
titer for each group of macagques against cach serotype. The whiskers show standard ervor of
the mean. Each thine point (28, 30, 60, 80, 120, 180 days) shows broadly cross-nentralizing
antibody responses against all four serotypes.

Figures 4B, For the DENV-3/ modants, the EDI-H hinge defined by the
moncclonal antibody 154 footprint from DENVD (WestPac *74) was transplanted into a

DENV-3 background (3041) creating a DENV-1/3 hinge mutant. This fransplant was
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executed for teee different viruses, (1F48, 1F4R, and 1F4E), with cach variant representing
a larger epitope region. The ERI-U bings from rDENV-3 was put into a recombinant
tDENY-1 virus, This figure shows enzyme linked immunosorbent assay {(ELISA) data with
relative binding of sntibody by optical density {0D) on the Ye-axis and increasing antibody
coneentration on the X-axis, A} Binding of mAb 1F4 10 3001-1148, R and E. The rising
curve againgt the chimeric virus shows binding of the antibody, in contrast (o parental 3001,
which does not bind mAb 174, B) Binding of mAb 3J7 to parental 3001, 3001-174S5, R and
E. 517 binding is preserved i these vivuses, whereas epttope donor icWeatPac *74 does not
bind 517,

Figures 34-B. This figure shows primary DENV-1 and DENV-3 human imimone
seva tested against DENV-1, DERNV-3 and the hinge chimerio virus 3001-1F4E, The Y - axis
shows fold dilution of imumune sera required to neutralize 50% of nput virus in Hssue culture,
The higher values indicate more potent serum. Ay DENV-1 primary imnwune sera potently
peutralizes DENY-1 but not DENV.3, 3001 1F4E is sensitive to nentralization by DENV-1
immune sera at concentrations similar to DENV-1, indicating that in contrast o the parental
DENV-3 virus, the chimeric virus displays epitopes recognized by DENV.-1 lmmune sern. B}
DENV-3 primary ivumune sera does not veniralize DENV-1 but neutralizes DENV-3, 3001
1F4E is peutralized by DENVY-3 priveary hnoune seva at concentrations similar to DENV-3,
indicating that the chirneric virug 3001-1F4E preserves the oritical DENY-3 epitopes targeted
by DENV-3 antibodies in DENV-3 human mmwoaune sera.

Figure 6. Inumunogenicity of 3001-1F4E in rhesus macaques. Only one time point is
provided, showing broadly cross-newtralizing antibodies, consistent with what was found for

WestPac-3001 hinge

SUMMARY OF THE INVENTION

The present invention provides a chimeric dengue virus E glycoprotein comprising a
dengue vins B glycoprotein backbone that comprises amino acid substitutions that imroduce
an epitope that i3 recognized by an antibody that is reactive with a dengue virug serotype that
is different from the dengue virus serotype of the dengue vinus ¥ giycoprotein backbone. In
one embodiment, the dengue virus B glycoprotein backbone is from dengue virus serotype |
and in one embodiment, the dengue virus E glycoprotein backbone is from dengue virus
serotype 3. In some embodiments, the antibody is reactive with dengus virus serotype 3 (2.8,
monoclonal antibody 3173 and in other embodiments, the antibody is reactive with debhgue

virus serotvpe 1 {e.g., moneclonal antibody 174),
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The present invention further provides a chimeric deague virus E glycoprotein,
C.‘.C)I‘Ti'iaib i’l‘:" the aminge acid se Sguenee:

MECVGIGNRDEVEGLECATWVDVVLEHGSCVITMARDKFT LD ELLETERTQIATLEKT
IERKIEGNTTTRERCPTOGEATLVEEQDINEVCHRTEVDEGRGNGCGLYGHGSLITCAKFR
CVTHEIBEGEY VY ENLEYSVIVIVHTGDOBOVONETTEHETIATITROAPTEEIQLYDYGEE
LTLDCSFRTGLDENEMILL MKNKRWMVHQQWF*ULPLPW?SSASTSQ“TWLQgpthm“
KTAHARKQEVVVLCSQEGAMHTALTCGATEIONSGETSIFACHLKCRLEMDKLTLEKCHMEYY
MOTESFRLEREVAETQHE TVTV;VKY“GT DAPCHIPTISQDERGVTONGRLITANDPINTD
KEKPVNIEAERPPFGESYIVVGAGEKALKLSWEFKKS

Also provided herein is g chimeric dengue virus E glycoprotein, comprizsing the amino
acid sequence:

MROVGIGNRDEVEG L&GALNVDV”LEHG:PVTT%AENRETLJI”LFKMFV"ﬁ? WLEXKLCIE
GRITNITTDSRCPTQGEAVLIERQDONYVCKHTY VDRGHGCHGOGLFGRESLVITCAKFQCLEY
*EGKVVQVEN KYSVIVIVHTGROHEQVENETTEHG TKwTTTP SAPTSEIQLIDYGARLGLECS
FRUGLDENEMILUTMENKAWMVHROWEEDLPLPWTSCGATTET FTWNRKELLVT FENAHAKED
WV”LGS“CQA%iTALEf TEICTSET LI FASHLKCRLKMDRLEL KGMS YAMC TH T EVLKE
EVSETOAGT ILIEVEYKGEDAPCHIPEFSTERGOGKAHNGRLITANPVVTEKEERVNIEAERP
PEESNIVIGIGDNALRKINWYREG

Additionally provided herein is flavivirue particle or virus like particle (VLP)
camprising the E glyeoprotein of this inveation.

Anisolated nucleie acid molecule encoding the E glveoprotein of this invention is
also provided herein, ss well a3 an 1solated nucleic acid molectle sncoding the flavivirus
particle or VLP of this invention.

The present invention alse provides a composition comprising the E glveoprotein of
this tnvention in a pharmaceutically acceptable carrier and provides 8 composition
comprising the nucleic acid molecule of this invention in a pharmaceptically acceptable
carrier,

Furthermore, the present invention provides a method of producing ao immune
response to a dengue virus in a spbject (2.g., 8 subject in need therect), comprising
adroinistering to the subject an effective amount of the B glycoprotetn of this invention, th
flavivinus particle of this fnveniion, the nucleic acid molecule of this invention and/or the
composition of this invention and any combination thereof,

The present invention also provides a method of ireating & dengue virus infection in a
subject in need thereof, comprising administering o the subject an effective amount of the B
glycoprotein of this inverdion, the favivirus particle of this invention, the nuelsic avid
molecule of any of this invention and/or the compesition of this invention and any

combination thereof
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Additionally provided herein is a mwthod of preventing & dengue virus infection in a
subject (g.g.,  subject in need thereof}, comprising administering to the subject an effective
amount of the B glveoprotein of this invention, the Savivirus particle of this invention, the
nuglelc acid molecwde of any of this invention and/or the compeosition of this invention and
any combination thereof,

A methed is also provided herein of protecting a subject (8.2, 2 subject in need
thereo), from the effects of dengue virug infection, comprising administering to the subject
an effective amount of the E glyvcoproteln of this invention, the Havivirus particle of this
invention, the nucleic acid molerule of any of this invention and/or the composition of this
invention and any combination theveot.

The present invention further provides the E glycoprotein of this invention, the
flavivirus particle of this jnvention, the nuclete acid molecule of thiy nverdion andfor the
composition of this vention for use in the manufacture of @ medicamend for producing an
fromune response {0 a dengue vires i a subject, for iregting 8 dengue vitus infection in a
subject inneed thersof, for preventing & dengue virus infection in a subject and/or for
profecting a sebject from the effects of dengue virus infection,

Also provided herein is the use of the E glycoprotein of this invention, the flavivirus
particle of this inventinn, the nucleic acid molecule of this nvention and/or the composition
of this invention for use in producing an Immune response to a dengue virus in a subject, in
reating a dengue virus infection in a subject in need thereof, in preventing a dengue virug

infection in a subject and/or in protecting a subject from the effects of dengue virug infection.

DRETAILED DESCRIPTION OF THE INVENTION
The present invention is based on the unespected discovery that eptiope reglons that
define a DENVY serotype can be transfereed into a protein backbone of a different DENY
serotype 1o create a chimeric molecule that contains antibody targets for both scrotypes,

therehy functioning as a bivalent vaceine that can induce neutralizing sntibodies against two
differsrt DENV serotypes from a single source, Thus, in one embodiment, the present
invention provides a platform for construction of a chimeric dengue virug E glveoprotein
backbone that comprises amine acid substitutions that infroduce epitopes that are recognized
by an antibody that is reactive with 2 dengus virus serotype that is different from the dengue

virus serotvpe of the dengoe vinus E glycoproisin backbone.
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In somie embodiments, that dengue viris E glyeaprotein backbone is from dengue
virua serotype 1, In some embodiments, the dengoe virus E glycoprotein backbone can be
from dengue virus serotype 2, dengue virus serotype 3 or dengue vivus serotype 4,

In some ercbodirents, the antibody thet is reactive with s dengue virus serotype that
18 different from the dengue virus serotype of the dengue virus E glycoprotein backbone is an
antibody that is reactive with dengue virus serotype 3. A nonlimiting example of such an
antibody is monoclonal antibody 517,

1o other embodiments, the antibody that is reactive with a dengue virus serotype that
is different from the dengus virus serotype of the dengue virus B glveoprotein backbone is an
antibody that is reactive with dengue viras serotype 1, dengue virus serotype 2 or dengue
virus serotype 4.

It would be understood that any combination of a first dengue virus serotype for the
dengus virus B giveoprotein backbone gud & second dengue virus serotype that is the target of
the antibody that recogaizes the epitope introduced into the E glycoprotein backbone can he
used, provided that the first dengue virus serotype and the second dengue virus serotype sre
different (2., not the same serotypel.

in some erobodiments, the chimeric dengue viras E glycoprotein of this invention can
comprise, consist cssentially of or consist o the aming acld sequence:

WestPac74-3001 hinge {rDENV-1/3)
MROVGIGKRDFVEGLSGATRVDVVLEHGSCVYTMARDRKPFTL DI EL LK TBATQLATLEXKLE
IREAKIEONTYTLSRCFTQGEATLVEEQDTNEFVOERTEFVDRGWGNGUG LT GHES LITIAKEY
CVTEIBRGEVWVOYRNLEKY SV INVTVHTGROHOVGNETTEHGTIATITPOARTSETIQLTIVEA
LY LD S PRTGLDENEN YL L TMEN K AWMVHBROW P LDLPLPU T SGAST SORTHWNROGDLLVTE
B AR KRV LG S OR AN T AL TCATT R I ONS GO TS I FAGHLRCRLEMOELTLEEMEYV
MOTGEPRLEREVAETCHGTVLVOVEYRCTDAPCR I PPEEQDERGVTONGREITANPIVTD
KEKPVNIEAEPPFGESYIVVGASERKALELSWRKKG.

In some embodiments, the chimeric dengue virus E glycoprotein of this invention can
comprize, consist essentially of or consist of the amino acid sequence:
JO01I-1F4E {+DENV~-3/1}
MROVGIGHNRDEPVEGLSGATWV DV LERGEOV T TMARNKPTLDIRLFKTEVTRPAVLRKLCTE
CRITNI T DERCPTOGEAVLPEEGDONY VO KHTY VDRGWEGHGLGLEFGRESLVTCARPQULEP
IEGRVVOYRENLEYSVIVIVHTCDOHOVENETTERSTIATITROARTSEIQLEDYCALSLECS
PRIGLDFNEMILLTMENRKARMVHROWEFDLPLPW I SGATTET PTHWNREELLYTFKNAHAKKD
VYV LGSORGAMHETAL T GAT IO e G I T I PACHLKCRLKMDRLELEGMN S YAMC TN TR VLER
EVSETQHGT I L IRKVEYRGEDAPCK I PYETEDGUGKAHNGRLITANPVVIERERPVNLEARERY
FGEENIVIGIGRRALKINWY XKD

The present invention also providés a flavivirus particle of virus like particle (VLE)
ra

comprising the chimeric E glycoprotein of this invention.
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Production of the chimeras of thig invention can be carrded out by infroducing some
{eg.,2,3,4,5,6 7, 8,9, 10, 11,12, 13, 14, 15, etc.) or all of the amino acid substitutions
identified in Table 1 info s dengue virus B glycoprotein backbone or flavivirus B
glycoprotein backbone. Mot every aming scid identified in Table 1 ix required 1o be
substituted to produce a chimeric protein of this invention. For example, in some
embodiments forther substitntions and/or omission of substitutions of about 1,2, 3, 4 or'$
amino acids at vither end of the contiguous aming acid sequences identified in Table ¥ as the
respective epitope reglons can be inclided in production of a chimera of this invention. The
nmwmber of substitutions necessary to produce the desived conformational epitope can be
readily determined by one of ordinary skill in the art according fo the teachings herein and

according to protocols well known in the art. The amino acid position nwbering in Table 1
is based on the amino acid sequence of WestPacT74 (DENV-1}, or the amino acid sequence of
UNC 3001 {DENY-3), as provided herein. However it would be readily understood by one
of ordinary skill in the art that the equivalent aming acid positions fn other dengue virus B

glyecoproteln amino actd sequences or other flavivirus B glveoprotein smine acid sequences
can be readily identified and employed in the production of the chimeric proteins of this
invention,

Table 2 shows one example of modifications that can be made to the nucleotids
sequence encading the DENV.1 E glycoprotein to introduce the epitope that is recognized by
the monoclonal antibedy 517, which s reactive with DENV-3, The aming acid sequence that
results from translation of a nuclentide sequence comprising these substitutions i

MRCVG IGNROFVEGLEGATRVYDVVLERGECVITMAKDEFTL D IELLETEATQLATLRKLE
JMAKAMT”““’QBC“MPG SATINVEEQDTNEVCRETFVDRGHONGUGLEFGKBELITCRKFK
OV TR IEGRYVOYENLEYSYIVIVHTGOOHQVENETTEHGTIATITFQAPTEEIQLTYGA
LTLDCS PRTGLODPNEMILUTHMRNKAWMVHROWELDLPLPHTSGASTSQETWNRQDLLVTE
KTAHAXKQEV FVLGﬁﬁEGAMﬂTﬁL*u“ EIONSCETSTVAGHLKCRLEMDKLTLEGMSYV

MCTGSFKLEREVARTOHGTVLVOVKYREGTDAPCRIPEFSSODERGVTONGRLITANEIVTD

KERPVNIEAEPPPGREEYIVVGAGERALKLEWPERG.

It would be undersiood that the medifications provided in Table 2 provide one

27>

example of how the amine acid sequence above can be oblained sad that, due to the
degeneracy of the amine acid codons, numerous other modifications can be made to the
nucientide sequence encoding the DENV-3 E glycoprotein to obtain this aming acid
SeguEnes.

Tabie 3 shows that WestPac'74 3001-hinge is infectious in rhesus macaques infected
subcutaneously with 500,000 infectious vnits of vims, The roported values for each day are

fog transformed monkey serum vins titers guantified by immunofocus assay.
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Table 4. Attengation of 3001 -1F4E in rhesus macaques. This table shows that 300 -
1F4E is infections in thesus macaques infected subcutanconsly with 500,000 infectious units
of virus. However, this virgs was below quantitative level of detection (50 infectious
viray/mL serum). A more sensitive assay, the delayed focus assay, is capuble of detecting
virns <5{ infectivus units/mlL, byt is not capable of quantifying the low level of vivus present.
Consequently days for which virus was detected by our most sensitive assay are scored as
positive with *+"., Total number of days infected are shown in the left column. The Jow level
of viremia and low mean number of days infected (2.25 days) are consistent with virus
aflenualion in Macagques.

Table 8, To further characterize the chimerte vivus DENV 173, it was probed with a
DIENV-1 specific movoclonal antibody, 1F4. 1F4 i serotvpe specific and ifg target epifope is
in the EDI binge., If the transplanted DENV-3 EDL-U hinge disrupts the 1F4 epitope, 1F4
should no longer neutralize the chimeric WestPac74/3001 virus.

In some embodiments, the present invention provides a chimerie flavivirag E
glycoprotein in which aming acid substitutions are made to infroduce & dengue virus epitope
into g Hlavivirus H glycoprotein from a flavivirus that is not a dengne virys, Thus, in some
embodiments, the present invention provides a Javivirus E glveoprotein comprising a
chimeric £ glyeoprotein comprising a flavivirus E glycoprotein backbone that is not a dengue
virus E glyeoprotein backbone, whereln the flavivirus E glveoprotein backbone comprises
aming acid substitutes that Introduce an gpitope that is récognized by an antibody that is
reactive with a dengue virua,

Monlimiting examples of flaviviruses that can be used include yellow fever virus
{(YFVyileg, GenBank® Database Accession No. JX§ (3329 Japauese encephalitis virgs
(JEV) (e, GenBank™ Diatabase Accession No. U14163), West Nile virns (WNV) (e,
GenBank® Database Accession No. Q211652) and any other flavivirus now kaown or later
identificd.

itis known in the art that many attempts to produce dengue virus vaceines resull in
the production of non-neuiralizing antibodies, which may increase the likelthood of
pathology upon subsequence exposurs 1o natural infection or vaccine, Another approach to
provide an engineered epitope 1s to deliver all or 3 portion of the dengue virug B protein
incorporated nto another flavivirus particic or YLP, 1o representative embodiments, the
heterclogous flavivirus s West Nile virus or Yellow Fever virys, Portions of the E protein

can be grafted into the E protein of the heterologous flavivirus backbone, e.g., 1o reduce the

2%
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generation of nop-neutralizing dengue virus antibodies to non-neutralizing epltopes pregent in
the dengue virus ¥ protein and/or other dengue virus structural profeins.

Thus, a chimeric flavivirus or chimeric flavivirus VLP can prosent the quaternary
dengue virus epitope In proper conformation while reducing the generation of non-
neutralizing antibodiss to other portions of the dengue virus E protein andfor sther structural
proteins that are not presented in the chimeric flaviviras or flavivirus VILP,

I some embodiments of the invention the individeal and conformational epliopes of
the flavivires E glyeoprotein or dengue vires E glycoprotein can be presented on 4 synthetic
backbone or support structure so that the epitopes within the synthetic backbone or support
siructure mimic the conformation and mrangement of the epifopes within the stmcture of the
E glveoprotein, virss particle or YLP,

In still further embodiments of the invention, the present invention provides peptide
minitopes (sex, Meloen ot al, (2000} 0 Mol Recognir 13, 352-355) that mimic the
individual and conformational epitopes of the E glycoproteins of the fovention. Mimitopes
may be identified using any technique known in the art, such as by swrface stimulation,
random peptide libraries or phage display libraries, using an antibody or antibodies to the
individoal and conformational epitopes of the E glyeoproteing of the Invention.

The invention further provides a nucleic acid {e g, solated nuclele acid) encoding a
depgue Virgs epifope or a polypeptide of the invention,

The invention further provides a nucleic acld {2 2., an isolated nucleie acid} encoding
a chimerie favivivus VLP or & chimerie flavivivus particle {e.g., a viral coat of the flavivirus
particle) of the invention.

Also pravided are vectors encoding the nucleic acids of the invention,

Alsgo provided are cells comprising the vectors, nucleie acids, dengue virus epitopes,
polypeptides, chimeric flavivirus V1LPs or chimeric flavivirus particles of the invention,

The invention also provides immunogenic compositions comprising the calls, veotors,
nuclele acids, dengue virns epitopes, polypeptides, chimeric flavivirus VLPs or chimeric
flavivirus particles of the invention. In embodiments, the Inununogenic eomposition is
roonovalent, In embodiments, the immunogenic composition is muliivalent {2 g, tetravalent}
for dengue virus serotypes DENG, DENZ, DEN 3 and/or DEN4,

The invention encompasses methods of produting an imune response to a dengue
virus ina subject, the method comprising administering to the subject an effective amount of
a dengue virus epitope, a polypeptide, a chimeric flavivirus VL or chimeric flavivirus

particle, nucleic acid, vector, cell or imnnnunogenic composition of the invention,
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Further, the present invention cen advantageously be practiced to Induce an immume
rESPONSE against one, two, three or all four of DENT, DENZ, DEN3 and DEN4. It is well-
krown in the art that effective and safe multivalent dengue vaccines have been a challenge to
design because of the problern of interference among serotypes. For example, the immune
response may be predominantly divecied against only some of the target serotypes. Multiple
vaccinations are then required 1o try 1o achieve a response against all serotypes; however, in
the case of denpgue virus, this approach can be dangerous becanse repeated admuinistrations o
a subject with pre-existing antibodies can lead to dengue hemorrhagic fever.

A still farther aspect of the invention is 2 method of treating a dengue viras infection,
comprising administering to the subject an effective amount of 2 dengue virus epiiope, &
polypeptide, a chimerie flaviviras VLP or chimeric flavivirus particle, nucleie acid, vector,
cell, or immunogenic composition of the invention,

A still finther aspect of the bnvention s a method of preventing a denpue viras
infection, comprising administering to the subject an effective amount of g dengue virug
epitope, a polypeptide, 5 chimeric flavivirus VLP or chimeric flavivivus pariicle, nucleic acid,
vector, cedl, or immunogenic composition of the invendion

A still further aspect of the invention is a method of protecting a subject from the
effects of dengue viruy infection, comprising administering to the subject an effective amount
of a dengue virus epitope, a polypeptide, a chimerie flaviviros VLP or chimeric flavivirus
particle, mucleie acid, vector, cell, or immunogenic corposition of the invention.

There are four serotypes of dengue virus (DENV-1, DENY-2, DENV.3 and DENYV-
4). Within each serotype there are a muraber of different sivains or genotypes. The dengue
virus aritigens and epitopes of the invention can be derived from any dengue virus, including
all seratypes, straing and genotypes, now known or later identified.

In embodimnents of the lnvention, the dengue virns is UNCI017 strain (DEND), West
Pacific 74 strain (DENT), 816803 strain (DENZ), UNC2005 steain (DEN2), UNCI001 strain
(DEN3), URC3043 (DEN3 strain 659 .AP-2 from Philippines, 1984), UNC3009 strain
{DENS, D283, 8ri Lanka 19893, UNC3066 (DEN3, strain 1342 from Poerte Rico 1977),
CHS3489 strain (DEND), UNC4AG19 strain (DEN), or TVP-350 (DEN4).

In emnbediments of the invention, an "homunogenically active fragmemt” of a dengue
virus polypeptide {e.z., the E protein} comprises, consists essentially of or consists of at least
about 6, 8, 10, 12, 13,20, 30, 30, 73, 106, 125, 150, 200, 250, 300, 350, 400, 450 or more
amino acids, optionally contiguous gmine acids, and/or less thap about 495, 475, 450, 475,

400, 350, 300, 250, 200, 153G, 100, 73 or 30 anino gcids, optionally contiguous aming acids,
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meluding any conbination of the foregoing as long as the lower limit is less than the upper
Fmit, and the "fmmanogenically active fragment” induces an omune response {e.g, IpG
and/or IgA that react with the native andigen), opticnally a protective immune responss,
against dengue virus in a host and induces the production of antibodies that spectfically bind
to the quaternary dengue virus epilope newly identified by the inventors.

The term: “epitope” as used hersin means a specific amino acid sequence that, when
present i1 the proper conformation, provides a reactive sile for an antibody (e.z., B cell
epiiope) or T cell receptor {e.g., T cell epitope).

Portions of a given polypeptide that include a B-cell epitope can be identified vsing
any number of epifope mapping techniques that are known i the art, (See, 2.2, Epitope

Mapping Protocels in Methads in Molecular Biology, Vol 66, Glenn B, Morris, Bd., 1996,

Hurana Press, Totowa, NUL). For example, Hoesr epitopes can be determined by, e g,
concurrently synthesizing large numbers of peptides on solid supports, the peptides
corrgsponding to portions of the protein molecule, and reacting the peptides with antibodies
while the peptides are sull attached 16 the supparts, Such technigues are known inthe art and
deseribed in, e.g., U8, Pat. No. 4,708,871; ¢ en et al. {1984} Proc. Narl, dead, Sci. TSA
81:3998-4002; Geysen et al. (1980) Molec. fmmuncl, 33709715,

Bimilarly, sonformational epitopes can be readily identified by determining spatial
conformation of amino acids such as by, e.g,, K-ray crystallography and 2-dimensional
nuclear magnelic vesonance. Antigenic reglons of profaing can also be identified vsing
standard antigenicity and hydropathy plots, such as those caleolated using, e.g., the Omiga
version 1.0 softvware program available from the Oxford Molecuwar Group, This computer
program ersploys the Hopp/Weods method (Hopp et al, Proc. Natl dead Soi USA (1981}
78:3824-3828) for determindng antigenicity profiles and the Kyte-Doolittle technique (Kyte et
al, S Mol Biel (1982) 1537:105-132) for hydropathy pleis,

Generally, T-eell epitopes that are involved in stimuleting the cellular arm ofa
subject’s imunune system are short peptides of about 8-25 amino acids. A common way (o
identify T-cell epitopes is 1o use overlapping svnthetic peptides and analyze pools of these
peptides, or the individual ones, that are recognized by T cells from animals that are immune
0 the antigen of interest, using, for example, an engyme-Hnked wununospot assay
(ELISPOT). These overlapping peptides can also be used in other assays such as the
stinmlation of cytokine release or sceretion, or evaluated by constructing major

histocompatibility (MHC) (olramers containing the peptide. Such immunogenically active
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fragments can alzo be identified based on thelr abifity 1o stimulale lymphocyte proliferation
in response to stimulation by various fragments from the antigen of interest,

The presgnt invention can be practiced for prophylactic, therapeutic and/or diagnostic
purposes. In addition, the invention can be practiced 1o produce antibodies for any purpose,
such as diagnostic or research purposes, or for passive immunization by transfer to ancther
subject.

The present invention further provides a kit comprising one or more compositions of
this invention. It would be well undersiood by one of ordinary skill in the art that the kit of
this invention can comprise one or more containers and/or receptacies to hold the reagents
{e.g.. antibedics, antigens, nucleic acids) of the ki, along with appropriate buffers and/or
diluents and/or other solutions and directions for using the kit, as would be well known in the
art. Such kits ean forther comprise adjuvants andfor other immunostimulatory or
immunomoduolating agents, as are well known in the art.

The compositions and kits of the present invention can also include other medicinal
agents, pharmaceutical agents, carviers, diloents, immunostimulatory ovtokines, etc. Actual
methods of preparing such dosage forms are knowan, or will be apparent, to those skilled in
this art.

Admindsteation to a2 subject can be by any route known in the art, As non-limiting
examples, the voute of adroinistration can be by inbalation {e.g, oral andfor nasal inhalation),
oral, buceal {e.g., sublingual}, rectal, vagioal, topical (Including administration 1o the
airways), intraocular, transdermal, by parenteral (¢ g., intramuscular [e. g, administration to
skeletal muscle], intravenous, infra-arteriad, intraperitoneal and the Ble), suboutansous
{including administration into the footpad), intradermal, intrapleural, intracerebral, andfor
irdrathecal routss.

The epitapes, polypeptides, VLPs and viral vectors of the invention can be deliversd
per e ot by delivering 2 mucleic acid {e.g, DNA) that encodes the same,

Invounomadulaiory compounds, such as immunomadulatory chemokines and
cytokines {preterably, CTL inductive cytokines) can be administered concurrenily to a
subject,

Cytokines may be administered by any mathod known in the art. Exogenous
cytokines may be administered o the subject, or alternatively, & nucleic acid encoding a
eytoking may be delivered 1o the subject using & suitable vector, and the cytoline produced in

wivo, In particular embodiments, s viral adjuvant expresses the eyiokine,

-
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In embodiments of the fnveniion, multiple dosages {e.g., two, three or more) of a
composition of the invention can be administered without detectable pathogenicity {e.g.,
Dengue Shock Syndrome/Dengue Hemarrhagic Fever),

In embodiments of the tnvention, the multivalent vaccines of the Invention do not
result in lmewune inferforence, e.g, a balanced immune response s induced against all
antigens presented. [n embodiments of the invention, the balanced response resulisin
protective iromunity against DENV-1, DENV.2, DENVY-3 and DENV -4,

{n embodiments of the Invention, the multivalent vaccine can be administered to a
subject that has anti-dengue maternal antibodiss present.

It shieuld be gppreciated that the invention can be enmbodied in different forms and
shouwld ot be copstrued as Hmited to the embodiments set forth hercin, Rather, these
embadimenis are provided so that this diselosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art,

Unless otherwise defined, all technical and scientific terms used herein have the same
meging as commonly understeod by one of ordizary skill in the art to which this invention
belongs. The temuneology used in the description of the invention herein is for the purpoese of
describing particular embodiments only snd is not intended 1o be Hmiting of the invention,

Asused herein, "8,” "an” or "the” can mean one or mors than one. For exampls,
cell can mean a single cell or a multiplicity of cells,

Algo as used herein, "and/or” refers o and encompasses any snd all possible
combinations of one or mors of the associated Hsted tems, a3 well as the lack of
combinations when interpreted in the alternative ("or™).

The term "about,” as used herein when referring to a measurable value such as an
amount of dose {s.g., an amount of 2 fatly acid) and the Hke, {5 meant 1o encompass
variations of £ 20%, £ 10%, £ 3%, 1%, & (:5%, or even £ 0.1%% of the specified amount,

As used berein, the transitional phrase “consisting essentially of" means that the scope

claim is to be inferpreted to encompass the specified materials or steps recited in the
claim, "and those that do not materially affect the basic and novel charscteristic{s)” of the
claimed invention. See, I re Hers, 837 F.2d 549, §51-52, 190 U.S.P.Q. 461, 463 (CCPA
1976} {emphasis in the original); see efse MPEP § 211103, Thus, the term "consisting
essentially of” when tsed ina claim of this invention is not intended to be interproted to be

equivalent to "comprising.”

e
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As used herein, the torm "nucleic acid” encompasses both RNA and TNA, including
cl3MNA, genomic DNA, synthetic {e.g., chemically synthesized) DINA and chimeras of RNA
and DNA. The nuclede acid may be doublesstranded or single-stranded, The aucleiv acid may
b synthestzed using auclentide analogs or derivatives {g.g., inosine or phosphorothioate
nuclentides). Buch nucieotides can be used, for example, to prepare nucleic agids that have
altered base-palring abilities or increased resistance to nucleases,

As used herein, the term “polypeptide” encowspasses both peptides and proteins
{including fusion proteins), unless indicated otherwise,

A "fusion protein” is a polypeptide produced when two heterologous aucleotids
sequences or fragments thereof coding for twa (or more) different polypeptides not found
tused together in nature are fused together in the correct translational reading frame.

A "recombinant” nucleic acid, polynucleotide or nucleotide sequencs is one produced
by genctic engineering technigues,

A Precombinant” polypeptide is produced from a recombinant nucleic aeid,
polypeptide or nucigotide sequence.

As used herein, an “Bolated” polymicleptide {e.g, an “isclated nucleic acid” oran
“isolated nocleotide sequence”) means a polynucleotide at least partially separated from at
least some of the other components of the naturally oconmivg organism or virus, for example,
the cell or viral structursl components or other polypeptides or nucleic acids commonly found
associated with the polynucleotide. Optionally, but not necessarily, the "isolated”
polynuclegotide is present 8t a greater concentration (i.e., is enriched) as corapared with the
stariing material {e.g., at least about a two-fold, three-fold, four-fold, ten-fold, twenty-fold,
fifty-fold, one-hundred-fold, five-hundred-fold, one thousand-fold, ten thousand-fold or
grester concentration), In representative embodiments, the isolated polynuclestide is at least
ahout 196, 3%, 10%, 20%, 30%6, 40%, 50%, 60%, 7056, 0%, 90%, 95%¢ or more pure.

Ax “isolated” polypeptide means & polypeptide that is at least partially separated from
at Ieast some of the other components of the naturally cccwring ovganism or virus, for
exarople, the cell or viral structural components or other polypeptides or nucleic acids
connnonly found assoctated with the polypeptide. Optionally, but not necessarily, the
“isolated” polypeptide is prasent at a greater voncentration {f.¢., is snriched) as compared
with the starting material {e.g., at least about a two-foid, three-fold, four-fold, ten-foid,
twenty-fold, fifty-fold, one-hundred-fold, five-hundred-fold, one thousand-fold, ten thouwsand-
fold or greater conceniration). In representative embodiments, the isolated polypeptide s at

least about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 85% or mors purs,
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Furthermore, an "iaolated” cell is g cell that has been partially or compictely separated
from other components with which it is normally associated in nature. For example, an
isolated cell can be a cail in culture mediom and/or a cell iIn a phanmaceutically accepiable
career.

The terms "invounogen” and "antigen” are used interchangeably hergin and mean any
compound (including polypepiides) to widch a celiular and/or humoral immune response can
be directed. In particular emtbodiments, ao immunogen or antigen can induce a protective
immune response against the effects of dengue virus infection

“Effective amount” as used hereln refers to an amount of a vector, nucleic acid,
epitope, polypeptide, cell, particle, VLP, composition or formulation of the tnvention that is
sufficient o produce a desired effect, which can be a therapeutic gad/or bepeficial effset. The
sffective amount will vary with the age, general condition of the subject, the severity of the
condition being treated, the particular ageni administered, the duration of the freatment, the
nature of any concurrent treatiment, the pharmaceniically acceptable carrier used, and like
factors within the knowledge and expertise of those skilled in the arf. As appropriate, an
“effective amount” in any individual case can be determined by one of ordinary skill in the art
by reference o the pertinend texts and Hterature snd/or by using routing experimentation,

The term "immunogenic amount” or "effoctive immunizing dose,” as used hersin,
unless otherwise indicated, means an amount or dose sufficient to induce an tmmune
response (which can optionally be 8 protective response} in the treated subject that i greater
than the inkerent imnumity of non-imrounized subieets, An Inmunogenic amount or effective
tmmurdzing dose in any particular context can be routinely determined using methods known
in the art.

The terms “vaccine,” "vaccination” and Mmmundzation” are well-understood in the
art, and are used interchangeably herein. For example, the terms vaccine, vaceination or
immunization can be anderstood 1o be a process or composition that increases a subject’s
immune reaction to an imwnumogen (e g, by providing an active immune response}, and
therefore its ability to resist, overcome andfor recover from infection {Le., a protective
IMmune response).

By the terms “treat,” “treating” or “treatment of” (and grammatical variations thereo)
it is meant that the severity of the subject’s condition ia reduced, at least parially improved or
amuliorated and/or that some alleviation, mitigation or decroase in at least one clindes
symptom 15 achieved and/or thers is 4 delay in the progression of the disease or disorder. In

represeniative embodiments, the tevms "treat,” "ireating” or “treatment of” {and graromstical

13



L

10

fut
L

30

WO 2014/210358 PCT/US2014/044410

variations thereot) refer to a reduction in the severity of viremis and/or & delay in the
progression of viremia, with or without other signs of clintoal discase,

A Hreatment effective” amount as used herein 1s an sroount that is sufficient to trest
{as defined herein) the subject. Those skilled in the art will appreciate that the therapeutic
effects need not be complets or curative, 88 long a5 some benefit is provided Yo the subject.

The term "prevent,” "preventing” or "prevention of” {and grammatical variations
thereof) refer to prevention and/or delay of the onset and/or progression of a disease, disprder
and/or a cluical symptom(s) in a subject and/or a reduction in the severity of the onsat andfor
progression of the disease, disorder and/or clinical svraptom(s) relative to what would ooowr
it the absence of the methods of the Invention. In representative enbodiments, the terms
"prevent,” “preventing” or "provention of" {and grammatical variations thersof) refer to
prevention and/or delay of the onset and/or progresaion of viremia in the subject, with or
without pther signs of clinical disease, The prevention can be complete, 2.2., the total absence
of the diseass, disorder and/or clinical svmptom{s}. The prevention can also be partial, such
that the ocourrence of the disease, disorder and/or clinical symptomds) in the subject and/or
the severity of onset and/or the progression is less than what would ocour in the ahsence of
the prasent invention.

A Pprevention effective” amount as used berein is au amount that is sufficient to
prevent (as defined herein) the disease, disorder and/or clinical symptom in the subject,
Those skilied in the art will appreciate that the level of preventionneed not be complete, ag
long as some henefit is provided to the subject.

The efficacy of treating and/or preventing dengue virns infection by the methods of
the present invention can be detfermined by detecting a chinical improvement as indicated by a
change in the subject’s symptoms and/or clinical parameters (e.g., viremia}, as would be well
known to one of skill in the art.

Unless indicated otherwise, the terms “protect,” “profecting,” “protection” and
“protective” {and grammatical variations thereof) encompass both methods of preventing and
treating dengue virss infection in a subject, whether against one or multiple strains,
genotypes or serotypes of dengue virus.

The terms "protective” inoune response or "profective” nmunity as used herein
indicates that the Immune response confers some benefit {0 the subject in thet it prevents or
reduses the incidence and/or severity and/or duration of disease or any other manifestation of
infection. For example, in representative embodiments, & protective immnme response or

votective invmunity results in reduced viremia, whether or niot accompanied by clirdes!
¥
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disease. Alternatively, a protective Inynune response or protective immunity may be useful in
the therapeutic treatment of existing dizease.

An "active mmune response” or "active immunity” is characterized by "participation
of host tissues and cells after an encounter with the tmmunogen. I invelves differentiation
and proliferation of Immunocompetent cells in lymphoreticular tissues, which lead io
synthesis of antibody or the development of cell-mediated reactivity, or both." Herbert B
Herscowitz, Immunophysiology: Cell Function and Cellular Inferactions in dnibody
Formation, 1n IMMUNOLOGY: BASIC PROCESSES 117 (Joseph A, Bellanti ed., 1945),
Alternatively stated, an active Umumune response is mounted by the host after exposure o
iramunogens by infection or by vaceination. Active immunity cen be contrasted with passiv
imrnanity, which is acquired through the "transfer of preformed substances (antibody,
transfer factor, thymic grafl, interleukin-2) from an actively immunized host 1o & non-immune
host." Id

A "subject” of the invention includes any animal susceptible to dengue virus infection.
Such a subject is generally a mammelian subject {(e.g., a laboratory animal such as a rat,
maouse, guinea pig, rablit, prinmates, efe.), a farmn or commercial avimal {e.g., a cow, horse,
goat, donkey, sheep, eic. ). or a domestic animal {e.g, cat, dog, ferret, erc. ). In particular
embodiments, the subject ix a pritsate subject, a non-human primate subject (e.g.
chimpanzes, baboon, monkey, gorilla, efc.) or 2 human. Subjects of the invention can be a
subject known or belisved to be at rigk of infection by dengue virs. Altematively, a subject
according 1o the invention can aleo include a subject not previously known or suspected 1o be
infected by dengus virus or in need of treatroent for dengue virus infection.

Subsjects may be treated for any purpose, such as for eliciting 1 protective imunune
response or for eliciling the production of antibodies in that subject, which antibodies can be
collected and used for othsy purposes such as research or diagnostic purposes or for
administering 1o other subjects to produce passive Invmunity therein, efc.

Subjects include males and/or females of any age, including neonates, juvenils,
mature and geriatric subjects. With respect to huroan subjects, in representative embodiments,
the sulyject can be an infant (e.g., less than about 12 months, 10 months, 9 months, § months,
7 months, 6 months, or younger), a toddler (e.z., at least about 12, 18 or 24 months andior
lgss than about 36, 30 or 24 months), or a child {e.z., at least about 1, 2, 3, 4 or § years of age

and/or less than about 14, 12, 16, 8, 7, 5, 5, or 4 vears of age). In embodiments of the
tvention, the subject 1§ a lamnan subject that is fromabout 010 3,4, 3, 6,9, 12, 15, 18,24,

30, 36, 48 or 60 months of age, fromabout 3106, 9, 12, 15, 1§, 24, 30, 36, 48 or 60 months
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of age, from sbout 6 to 9, 12, 15, 18, 24, 30, 36, 48 or 60 months of age, from about 910 12,
15, 18, 24, 34, 36, 48 or 60 months of age, from about 12 1o 15, 24, 36, 48 or 60 months of
age, from about 18 to 24, 30, 36, 48 or 60 months of ags, or from about 24 1o 30, 36, 48 or 60
months of age,

I embodiments of the invention, the subject has maternal antibodies to dengue virus,

A Usubject in need” of the methods of the fnvention can be a subject knows to be, or
suspected of baing, Infected with, or at visk of being infected with, dengue virus.

Pharmaceutical formulations (e.g., immunogenic formulation) comprising the dengue
virus epitopes, polypeptides, clumeric flavivirug VLPs or chimerie flavivirug particles,
aucleic acids, vectors, cells or compositions of the invention and a pharmaceutically
aceeptable carrier are also provided, and can be formulated for admintstration in 2
pharmaceutical carrier in accordance with known technigues. See, e.g., Remington, The
Seience dnd Fractice of Pharmacy {latest edition). In the manufacture of a pharmacentical
composition gecording to embodiments of the present invention, the composition of the
invention is typically admixed with, infer alin, 2 pharmaceutically acceptable carvier. By
"pharmaceutically acceptable carrier” is meant a carrier that 1s compatible with other
ingredients in the pharmaceutical composition and that is not harmBd or deleterious o the
subject. The carrier mosy be a solid or a liguid, or both, and is preferably formulated with the
composition of the invention a8 3 upnit-dose formulation, for example, a tablet, which may
comtain from sbout 0.01 or 0.3% to about 55% or 89% by weight of the composition. The
pharmaceutical compositions are prepared by any of the well-known techniques of pharmacy
inchading, but not limited to, admixing the components, eptionally including one or more
gccessory ingredients. In certain embodiments, the pharmaceutically acceptable carrier is
sterile and would be desioed suitable for administration into buman subjects according (o
regulatory guidelines for pharmaceutical compositions comprising the carrier.

Furthermore, a "pharmaceutically acceptable” component such as & <alt, carrier,
excipient or diluent of a composition sccording to the present invention is a component that
{1} 18 compatible with the other Ingredients of the composition in that i can be combined with
the composttions of the present fovention without rendering the composition unsuitable for its
intended purpose, and (1) is suitable for use with subjects a8 provided bersin without undue
adverse side effects (such as toxicity, inritation, and allergic response). 8ide effects are
"undue” when their risk cutweighs the benefit provided by the composition, Non-Hmiting

examples of pharmacsutically acveptable componsnts Include any of the standard
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pharmaceutical carviers such as phosphate buffered saline solotions, water, emulsions such as
oiffwater emulsion, microemulsions and various types of wetting agenta,

Is1 some embodimments, the compositions of the lovention can further comprise one or
more than one adjvvant. The adjovants of the present invention san be in the form of an
aming actd sequenee, snd/or in the form or a nucleic acid encoding an adjuvant. When in the
form of a nueleic acid, the adjuvant can be a compovent of a nuclels acid encoding the
polypeptide(s) or fragment(s) or gpitope(s) and/or a separate compongnt of the composition
comprising the nucleie acid encoding the polypeptide(s) or fragment{s) or cpliope(s) of the
invention. Acvording to the present invention, the adjuvandt can also be an aming acid
seguenve that is a peptide, a protein fragment or a whole protein that fanctions as an adjuvant,
and/or the adjuvant can be a nucleie acld encoding a peptide, protein fragment or whole
protein that functions as an adiuvant. Ag used hersin, "adjuvant” deseribes a substance,
which can be any mmumomoduolating substance capable of being combined with a
composition of the lnvention to enhance, improve or otherwise modulate an immune response
in a subjeet.

Tn further embodiments, the adjuvant can be, but is not Bmited to, an
immunostinwiatory eytokine (ncluding, but not limited 1o, GM/CSF, interleukin-2,
interloukin-12, interferon-ganuna, interleukin-4, fumor necrosis factor-alpha, interlenkin-1,
hematopoietic factor 3L, CD4OL, B7. 1 co-stimulatory maolecules and B7.2 co-stimulatory
molecules), SYMTEX adjuvant forpudation 1 (SAF-1} composed of 5 perceut {wifval)
squalene (DASF, Parsippany, M1}, 2.5 pereent Pluronic, LI121 polymer (Aldrich Chemicsl,
Mitwaukee), and 0.2 pereent polysorbate (Tween 80, Sigma) in phosphate-buffered saline,
Suttable adjuvants also include an aluminum salt such ax aluminum hydroxide gel (alum),
aluminum phosphate, or algannmaulin, but may alse be a salt of caleiom, fronor zing, or may
be an dnsoluble suspension of acylated tyrosine, or acylated sugars, cationically or andontoally
devivatized polvsaccharides, or polvphosphazenes.

Other adjuvants are well known in the art and inchide withowt Hmitation MF 86, LT-
Ké3, LT-R72 (Pal ot al,, Faccine 24(61:766-75 (2008)), 08-21, Freund's adjuvant (complete
and tncomplete}, aluminum hydroxide, N-acetybmuramyl-L-threonyl-D-isoglutamine (ihe-
MEDP), N-acetylnormuramyl-L-alanyl-D-isoglutamine (CGP 11637, referved (o as nor-
MDP), MNeacetyimuramyb-L-alanyl-D-isoglutarninyl-Lealanine2-(1-2-dipalmitovi-on -
glycere-3-hydroxyphosphoryloxy)-ethyviamine (CGP 198334, referred to s MTP-PE) and

RIBI, whickh contains three components exiracted from bacteria, monophosphoryl Hpid A,
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trealase dimyeolate and cell wall skeletory (MPLATDM+CWS) in 2% squalens/Tween 80
emulsion.

Additional adjuvanis can include, for example, a conbination of monophospheryl
lipid A, preferably 3-de-U-acviated monophosphoryl, lipid A GD-MPL)Y together with an
aluminum salt. An enhanced adjuvant system invelves the combination of 2 monophosphoryl
linid A and a saponin derivative, particuldrly the cornbination of Q821 and 3D-MPL g5
disclosed in PUT publication number WO 94/00153, or a less reactogenic composition where
the (3821 is guenched with cholesterol as disclosed in PCT publication munber W
96/33738. A particularly potent adivvant formulation involving Q821 3D-MPL & tocopherol
in an oil in water emulaion is deseribed in PCT publication number WO 95/17214, In
addition, the nucleic acid compositions of the invention can incinde an adjuvant by
comprising a nucleotide sequence encoding the antigen and a mucleotide sequence that
provides an adjuvant fimction, such as Upld ssquences. Such Cpl sequences, or motifs, me
well known in the st

An adiuvant for use with the present invention, such as, for example, an
imnmunostimulatory oytokine, can be administered before, concurrent with, and/or within a
fewr hours, several hours, and/or 1, 2, 3, 4, 3, 6, 7,8, 9, and/or 10 days before and/or after the
administration of a composition of the invention to a subject,

Furthermore, any combination of adjuvants, such as Immuonostimulatory vytokines,
can be co-administerad 1o the subject before, after and/or concurrent with the administration
of s immunogenic compesition of the invention. For example, combinations of
mmmunostimulatory eviskines, can constst of two or more immunostimudatory oviokines,
such as GMACSE, interleukin-2, iderleukin-12, imerfersn-garmg, intetleukin-4, hunty
necrosis factor-alphs, interleukin-1, hematopoietic factor 3L, CIMOL, B7.1 co-stimulatory
molecules and B7.2 co-stimulstory mofecules. The effectiveness of an adjuvard or
conbination of adjuvants can be determined by measuring the inmune regponse produced in
respomse o administration of 4 compesition of this invention to a subjsct with and without
the adivvant or combination of adjuvants, vsing standard procedures, as described hergin and
ag known in the art.

In embodiments of the invention, the adjuvant comprises an alphavirus adjuvant as
deseribed, for example in ULS, 7,862,829,

Boosting dosages can further be adminisiered over a time course of days, weeks,
months or years, In chronic infection, initial high doses followed by boosting doses may be

advantageous.
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The pharmaceutical formulations of the invention can optionally comprise other
medicinal agents, pharmaceutical ageuts, stabilizing ageunts, buffers, carriers, diluents, salts,
tonicity adjusting agents, wetting agents, and the like, for exampls, sodium acetate, sodium
tactate, sodium chlonide, potassivm chloride, caleium chloride, sorbiian monolaurate,
fricthanclamine pleate, eic

For injection, the carrier will typicaily be a lguid. For other methods of
administration, the carier may be either solid or biguid. For inhalation administration, the
carrier will be respirable, and is fypically in a solid or liguid pasticulate form,

The compositions of the invention can he formulated for administration ina
pharmaceutical carrier in accordance with known technigues. See, £.g., Remington, The
Bcience And Practics of Pharmacy (9™ Bd. 1995). In the manufacture of a pharmaceutical
gomposition according tothe invention, the VLPs are typically admixed with, inter alia, an
acceptable carrier. The carrier can be a solid or a hguid, or both, and is optionally formulated
with the compound as g unit-dose formulation, for example, a tablet, A variety of
pharmaceutically acceptable aquecus carriers can be usged, ¢.g., waler, buffered water, .9%
saling, 0.3% glycine, hyaluronic acid, pyrogen-free water, pyrogen-free phosphate-buffered
saline sphytion, bacteriostatic water, or Cremophor ELIR] {BASF, Parsippany, N.1), and the
like. These compositions can be sterilized by conventional techniques. The formulations of
the invention can be prepared by any of the well-known technigues of pharmacy,

The pharmaceutical formulations can be packaged for use as is, or Iyophilized, the
iyophilized preparation generally being combined with a sterile aqueous solution prier to
administration. The compositions ean further be packaged in wnit/dose or multi-dose
containers, for exmmnple, insealed ampoules and vials,

The pharmacentical formulations can be formudated for administration by any reethod
known in the srt according to conventional techniques of pharmoscy, For example, the
compositions can be formulated to be administered inranasally, by inhalation {e.g., oral
inhalation}, orally, buceally (e.g., sublingually), rectally, vaginally, topically, intrathecally,
intraccularly, transdermally, by parenteral administration {e.g., intramuscular {e g, skeletal
muscle], infravenous, subcutaneous, intradermal, intrapleural, intracerebral and intra-arierial,
intrathecal), or topivally (e g, to both skin and mucosal surtaces, including atrway surfaces).

For intranasal or inhalation administration, the pharmaceuticsl formulation can be
formulated as an asrosol (this term including both Haguid and dry powder aerosols). For
example, the pharmaceutical fonmulation can be provided in a finely divided form along with

a surfactant and propellant. Typical percentages of the composition are §.01-20% by weight,
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preferably 1-10%. The surfactant is generally nontoxic and soluble in the propeliant.
Representative of such agerds are the esters or partial esters of fatty acids containing from 6
to 22 carbon atoms, such as capraie, petancie, lauwrie, pabmdtie, stearie, Bnoleie, linolenic,
olesteric and oleie scids with an aliphatic polyhydric slochol or its cyclic anhydride. Mixed
esters, such as mixed or natural glycerides may be employed. The surfactant may constitute
0,1-20% by weight of the composition, preferably 0.25-5%. The balance of the composition
is ordinarily propellant. A carder can also be inclhuded, if desired, as with lecithin for
intranasal delivery. Aeroscls of Haquid particles can be produced by any suitable means, such
as with 8 pressure-driven aeroso! nebulizer or an ultrasonic nebulizer, as is known o those of
skill in the art. See, e.g, US. Patent No. 4,501,729, Aerosols of solid particles can lkewise
be produced with any solid particulate medicament aerosol genrrator, by technigues known
in the pharmaceutical art. Imtranasal adroinistration can also be by droplet administration to a
nasal surface.

Injectable formulations can be prepared in conventional forms, either as Hyuid
sojutions or suspensions, solid forms suitable for solution or suspension in Hquid priorio
injection, or as emulsions. Alternatively, one can administer the pharmaceutical formulations
in a loeal vather than systemic roanner, for example, in a depot or sustained-release
formulation.

Exteniporaneous injection solutions and suspensions can be prepared from sterile
powders, granuies and tablets of the kind proviously described. For example, an injectable,
stable, sterile formulation of the invention in g unit dosage form in a sealed container can be
provided. The formuilation can be provided in the form of a lyophilizate, which can be
resonstituted with a suitable pharmeacentically seceptable carrier to form a Hauld composition
suitable for injection into a subject. The unit dosage form can be from about 1 ug to about 1
grams of the formulation, When the formulation b substantially water-insoluble, a sufficient
amnounnt of emuistfving agent, which is pharmaceutically acceptable, can be included in
sufficient quantity fo emulsify the formulation in an aqueous carder. One such useful

mulsifying agent is phosphatidyl choline.

Pharmaceutical foramlations suitable for oral administration san be presemted in
diserete ynits, such as capsules, cachets, lozenges, or tables, as a powder or granules; as a
solulion O 8 SUSPENsioT i1 BN 3GUeNUs oF non-aquesus liguid; or as an pil-inewater or water-
in-0ii emulsion. Oral delivery can be performed by complexing a compound(s) of the present
invention to 2 carrier capable of withstanding degradution by digestive enzymes in the gut of

an animal, Examples of such carricrs include plastic capsules or tablets, as known in the art.

29
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Such formulations gre prepared by any suitable method of pharmacy, which includes the step
of bringing into associstion the protein{s) and a suitable carrier {(which may contain ong or
more accessory ingredients as noted above), In general, the pharmacentical formulations are
prepared by uniforrly and intimately admixing the compound(s) with a Hauoid or finely
divided solid carrier, or both, and then, i necessary, shaping the resuliing mixiure, For
example, a tablet can be prepated by compressing or molding a powder or granules,
optionally with one or more accessory ingredients, Compressed tablets are prepared by
compressing, in a swiable machive, the formulation in a free-flowing form, such as a powder
or granules optionally mixed with a binder, lubricant, inert dituent, and/or surface
active/dispersing agent(s). Molded tablets are made by molding, in a suitable machine, the
powdered protein moistened with an inert Liguid binder,

Pharmacentical formulations suttable for buceal (sub-lingual) administration include
lozenges coraprising the compound{s) in a flavored base, usnally sucrose and acacia or
i:zaga{:ami}; and pastilles in an inert base such as gelatin and glyeerin or sucrese and acacia.

Pharmaceutical formulations suitable for parenteral administration can comprise
sterile aquecus and non-agueous injection solutions, which preparations are preferably
isptonic with the bood of the intended recipient. These preparations can contaln anti-
oxidants, buffers, bacteriostate and solutes, which render the composition isotonic with the
blood of the infended recipient, Agueous and non-agueosus sterile suspensions, solutions and
emuisions can inciude suspending ageuts and thickening agents. Examples of nonagueous
solvents are propylene glycol, polyethylene glycol, vegetable oifs such as olive o1, and
injcctable crganic eaters such as ethyl oleate. Agueous carriers include water,
alccholic/agqueous solutions, enmlsions or suspensions, inchuding saline and buffered media.
Parenteral vehicles include sodium cidoride sohution, Ringer's dexirose, dexirose and sodium
chioride, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and mutrient

replenishers, electrolyte replenishers (such ag those based on Ringer's dextrose), and the Hke,
Presgrvatives and other additives may also be present such as, for example, antimicrobials,
nti-oxidants, chelating agents, and inert gases and the like.

Pharmaceoten! formulations suitable for rectal sdministration are optionally
presented as unit dose suppositories. These can be prepared by admizing the active agent
with one or more conventional solid carviers, such as for example, cocoa butter and then

haping the resulting mixture,

Pharmaceutical formulations suitable for topical application to the skin preferably

take the form of an ointment, cream, lotion, paste, gel, spray, aerosol, or ¢il. Carriers that can

£
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be used include, but are not lunited 1o, petrolenm jelly, lanohne, polyvethylene elyrols,

bev)

alechols, transdermal enhapcers, and combinations of two or more thereof. In soms
embodiments, for example, topical delivery can be performed by mixing & pharmaceutical
formulation of the present inveniion with & lipophilic reagent {o.g., DMSO) that is capable of
passing inte the skin

Pharmaceutical formulations suitable for ransdermal administration can be in the
form of discrete paiches adapted to remain in intimate contact with the epidermis of the
subject for a prolonged period of thime. Formulations suitable for transdermal administration
can also be delivered by lontophoresis {zee, for example, Pharmacentical Research 3318
(19863} and typically take the form of a buffered agueous solution of the conpound(s).
Suitable formulations can comprise ¢lirate or bis\tris butfer (pH 6} or ethanol/water and can
contain from 0.1 Lo 0.2M active ingredient.

in embodiments of the Inveniion, the dosage of a virus particle of this invention ran
be in 4 range of abowt 10° 1o about 107 plague forming nnits (PFUs) In embodiments of this
invention, the dosage of & VLF of this invention can be in a range of about SO0 micrograms
to about & milligrams. o embodiments of this invention, the dosage of a protein of {his
invention can be in a range of about 10° to about 10° micrograms +- adjuvent.

Further, the composition can be formulated as 8 liposomal formudation. The lipid
layer emploved can be of any conventional composition and can either contain cholesterol or
can be cholesterol-fres. The liposomes that are produced can be reduced in size, for example,
through the use of standard sonication and horogenization technigues.

The Hposomal formulations can be lyophilized to produce a lyophilizate which can be
reconstituied with & pharmaceutically acceptable carrier, such as water, to regenerate a
liposomal suspension,

The impwnogenic formulations of the invention can optionally be sterile, and can

further be provided in a closed pathogen-impermeable container,

EXAMPLES
Synthetic blology offers unparalleled genetic control over the genome siructure,
gxpression and organization of viral genomes. The dengue vicas (DENY) complex consists
of four closely related virnses designated DENY serotypes -4, which are antigenically
similar yet induce complex patterns of cross renctive neutralizing and enhancing antibody
responses in human populations. To study the antigenic relationships among the DENY

serotypes, we describe the construction and charscterization of a panel of stable DENV1-4
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molecular clones and recombinant viruses based on a low passage clivieal isolates.
Recombinant viruses replicated like wildtype viruses and encoded appropriate marker
mutations. To evaluate the role of natursl vanation in DENV], four synthetically designed
isogenic constructs ware made by replacing the pavenst suvelope (B glycoprotoin gene with E
genes based on the four gevetically and geographically distinet DENV-3 genotypes.
Recombinant viruses were viable, evaluated for growth on insect and mammalian hosts, and
rnonocional and polyclonal neutralization tests demonstrate that natural microvariation
among DEN3 neutralization influences cross neutralization susceptibility patterns. To
evaluate the use of recombinant DNA technology to map defined epitopes, we used escape
mufations and epitope mapping to map the covrdinates of several epitopes, Then, we
exchanged these epitopes between straing. Recombinant vinses were viables and gain and
inss of function assayve with yooneclonal and polyelonal sera revesled antigerde patterns that
reveal boporiant consideralions in vaccine design.

The anli-dengue virus (DENVY human monoclonal antibody (mAD) 557 potenily
neutralizes DEMNY serotype 3 (DENV-3) by binding to an epitope on the DENV-3 envelope
{E) glycoprotein. This epitope spans the E region kuown as the E domain T (EDE) hinge.
Using a DENY infection clone platform, the DENV-3 517 epitope was transplanted into a
DENY serotype 1 (DENV-13 E glycoprotsin, This transplant makes the recombinant DENY-
173 virus sensitive to neutralization by mAb 517, Significantly, the wansplant does not
disrupt the pative DENV-1 antigenic structure, and the recombinant virus is sensitive to both
DENV-1 and DENVY-3 homan polyclonal sera. This sensitivity indicates that the DENV-1/3
chimeric £ glycoprotein may function ag a bivalent vacoine capable of inducing newiralizing
autibodies against two virus serotypes ~ DENV-1 and DENV-L

The foregeing is illustrative of the present invention, and iz not fo be construed ag
Hufting thersof. The invention it defined by the following claims, with equivalenis of the
claims o be included therein.

Al publications, patent applications, patents and other references cited herein are
incorporsted by reference in their entireties for the teachings relevant to the sentence andfor

paragraph in which the reference is presented.
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SEQUENCES

UNC 3001 (BENV-3) AMING ACID SEQUENCE

MECVGIGNRDEVEGLSGATRVDVVLEHGGCVTTMARNKPTLDIELQXTEATQLARLREKLC

IEGRKITRITTDERCPTIQGEAVLPERQDONYVCEHETYVDRGHWENGCELPGHGE LV TCAKED
CLEPIEGEYVOYENLEYTVIITVRTGD QnQVGNE?Q:VTAi T-~POASTTEATLEEYGY
LGLECES WRmhuDF\?WIYTTMKNBAFMV HROWFFDLPLPWTSCATTET PTHRNRKELLVIE
KEABAKKQPV”VLGSLLathTA‘WGAMVTQ§SG§T§1FAG’LK“F SMOKLELECGMEYA
MCTRTEY K&”“SEMQHSTILIKVFVaHH APCRIPESTEDGOCHAHNGRLITANDPVVDPY
REEPVNIEARPPEFGESNIVIS D“RL”"\WYKT”

o1 <,-r e

WestPacT4 (DERV-1) AMINO ACID SEQUENCE

,w(
5
3
4
e’
St

GIGNRDEVEGLSGATWVOVVLEHGSCVITMAKDKPTLDIEL LK TEVINEPAVI.RKLL

?ER?TSN .?,SQCPTUth§'VﬁﬂQQTNhWTQR}F”““&WbVﬁvGLV“ GSLIF”EBEW
CVTRLEGKIVQYBNLEKY SVIVIVHTODQHOVENETTEHGTTATITRPOARTSETQLIDYSGA
ETE CSPRmCTFWN?NVLLTJEKKSﬁLfHKF%”'BLPLPW““ STCQETWWRQDluﬁif

RTAHAKKOEVYVLGESOE EEAMETA LmudTEI TEGTTTIPAGHLECRLRMDELTLEGMEYV
HCTG FRLEK VK?TQHwTVEVQVfVFu ECFIUT“ QUEKGY TH’bRMIT&k»A‘”L
KEKPVHN *,“FPerﬁgfI“V"?ﬁhKAMK*“W?%hﬁ

g

WestPac7?4 hin DERY 1/3) AMING ACID BEQUENCE

*‘1

et

o

MEOVEIG N?BF*EG-S?AT DVVLERGECVITMARDRPTLDIELLETEATQLATLRKLO
IRAREISHNTTTDER ”L’E‘QL%.&'\ I.IL:W* EQDTNEVCRETEVIRCWENGUGLEGRGELITCAKEK
CVTHIEGRVVQYENLEYSVIVIVHTGROHOVENETTERGTIATITPQAPTEEIQLTDYGA
LTLDCSERTE ALDEPNEMILLTMENKAWMVHEROWELDL LPLEWTSGAS ST ROETWNREQULLYEE
KTAHAKKQEVWWVLGEQEGAMHTALTCATE IONSGET ST FAGHLKCRLEMDRLTLRGMEYV
MO GS PR LEREVAR T EGTVIVOVRY RGP RAPCRI PFSSODERGVTQUGRLITANFIVID

KERPVNIEARFRPRGRESY IVVCAGERALELEWEKEG
3U01-1F4E (DENV 3/1) AMINO ACID SEQUENCE

MRCVGIGNRUFVEGLSGATWVDVVLEHGGCVT THARNKPTLDI ELPKTEVINPAVLRELIIEGK
ITNITODSROPTQCEAVLPEEQDONYVCKHT Y VDREWSHNGCGLEFGRGSL TCF&VQpL PIERGK
YVOYENLEY SV IVTVHTGDUHOVGNE T TERGTIAT I TPUARPT SEIQLIDYCALGLECSPRTGLD
FNEMILLTMENEAWMVHREQWEF DM;LPWTSTATTETPTUKRH?LL”TF%NAHK“TH&f’VLbuu
Eﬁﬂﬁk ALTCATEIGTSGETT I FACRLECRLEMDKLELKCME YAMCTNTFVLEKEVSETQHGT T

LIKVEYKGEDAPCRIPRETEDGOOCKAHNGRLITANPYVIRKEEFPVNIEARPPFGESNIVIGLICD
;A&Klkw.”

143
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What isclaimed is:

1 A chimeric dengue virus E glycoprotein comprising a dengue virus E glycoprotein
backbone that comprises amino acid substitutions that introduce an epitope that is recognized by
an antibody that is reactive with a dengue virus serotype that is different from the dengue virus
serotype of the dengue virus E glycoprotein backbone,

wherein the chimeric dengue virus E glycoprotein comprises one of the following amino
acid sequences:

VRCVGE GNRDFVEGLSGATW/DVVLEHGSCVT TMAKDKPTLDI ELLKTEATQLATLRKLC
| EAKI SNTTTDSRCPTQGEATLVEEQDTNFVCRRTFVDRGWEGNGCGEFGKGSLIT TCAKFK
CVTKI EGKWQYENLKYSVI VTVHTGDQHQVGNETTEHGTI ATl TPQAPTSEI QLTDYGA
LTLDCSPRTGLDFNEM LL TMKNKAWWHRQWFL DL PLPWI SGASTSQETWARQDLLVTF
KTAHAKKQEVVWL GSQEGAMHTAL TGATEI ONSGGT SI FAGHL KCRLKMDKL TLKGVBYV
MCTGSFKLEKEVAETQHGT VLVQVKYEGT DAPCKI PFSSQDEKGVTQNGRLI TANPI VTD
KEKPVNI EAEPPFGESY! VWGAGEKALKLSWFKKG,  or

MRCVG GNRDFVEGL SGATWDVVL EHGGCVTTMAKNKPTLDI ELFKTEVTNPAVLRKLCl EGK
| TNI TTDSRCPTQGEAVL PEEQDQNYVCKHTYVDRGAGNGCGL FGKGSL VT CAKFQCLEPI EGK
VWQYENLKYSVI VTVHT GDQHQVGNETTEHGTI ATl TPQAPTSE! QL TDYGALGLECSPRTGLD
FNEM LLTMKNKAWWHRQAFFDL PLPWI SGAT TETPTWNRKEL L VTFKNAHAKKQEV\WVL GSQ
EGAVHTAL TGATEI QTSGTTTI FAGHLKCRL KVDKL EL KGVBYAMCTNTFVLKKEVSETQHGTI
LI KVEYKGEDAPCKI PFSTEDGQGKAHNGRLI TANPWTKKEEPVNI EAEPPFGESNI VI G GD
NALKI NWKKG

2. The chimeric dengue virus E glycoprotein of claim 1, wherein the amino acid sequence
is:

MRCVG GNRDFVEGQL SGATW/DVVLEHGSCVTTMAKDKPTLDI ELLKTEATQLATLRKLC

| EAKI SNTTTDSRCPTQGEATLVEEQDTNFVCRRTFVDRGAGNGCAELFGKGSLI TCAKFK
CVTKI EGKVWQYENLKYSVI VTVHTGDQHQVGNETTEHGTI ATI TPQAPTSEI QLTDYGA
LTLDCSPRTGLDFNEM LL TMKNKAWWHRQWFL DL PL PWISGASTSQETWNRQDLLVTF
KTAHAKKQEVVVLGSQEGAMHTAL TGATEI QNSGGT'SI FAGHLKCRLKVDKL TLKGMSYV
MCTGSFKLEKEVAET QHGTVLVQVKYEGT DAPCKI PESSQDEKGVTONGRLI TANPI VTD
KEKPVNI EAEPPFGESY! VWGAGEKAL KL SWFKKG

3. The chimeric dengue virus E glycoprotein of claim 1, wherein the amino acid sequence
is:

MRCVGE GNRDFVEGL SGATW/DVWWLEHGGECVTTMAKNKPTLDI ELFKTEVTNPAVLRKLClI EGK
| TNI TTDSRCPTQGEAVL PEEQDQNYVCKHTYVDRGAGNGCGL FGKGSL VTCAKFQCLEPI EGK
VWQYENLKYSVI VTVHTGDQHQVGNETTEHGTI ATI TPQAPTSElI QLTDYGALGLECSPRTGLD
FNEM LLTMKNKAWWHRQAFFDL PLPWISGATTETPTWNRKEL L VTFKNAHAKKQEVWWLGSQ
EGAVMHTALTGATEI QTSGTTTI FAGHL KCRLKVDKL ELKGVEYAMCTNT FVLKKEVSETQHGT
LI KVEYKGEDAPCKI PFSTEDGQGKAHNGRLI TANPVWTKKEEPVNI EAEPPFGESNI VI G GD
NALKI NWWKKG
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4, A flavivirus particle or virus like particle (VLP) comprising the E glycoprotein of any of

claims 1-3.

5. An isolated nucleic acid molecule encoding the E glycoprotein of any of claims 1-3.

6. An isolated nucleic acid molecule encoding the flavivirus particle or VLP of claim 4.

7. A composition comprising the E glycoprotein of any of claims 1-3 in a pharmaceutically

acceptable carrier.

8. A composition comprising the nucleic acid moleculeof clam5or6ina

pharmaceutically acceptable carrier.

0. Use of an effective amount of the E glycoprotein of any of claims 1-3, the flavivirus
particle of claim 4, the nucleic acid molecule of any of claims 5-6 and/or the composition of any
of claims 7-8 and any combination thereof in the manufacture of a medicament for usein

producing an immune response to a dengue virus in a subject.

10. Use of an effective amount of the E glycoprotein of any of claims 1-3, the flavivirus
particle of claim 4, the nucleic acid molecule of any of claims 5-6 and/or the composition of any
of claims 7-8 and any combination thereof in the manufacture of a medicament for the treatment

of adengue virus infection in a subject.

11. Use of an effective amount of the E glycoprotein of any of claims 1-3, the flavivirus
particle of claim 4, the nucleic acid molecule of any of claims 5-6 and/or the composition of any
of claims 7-8 and any combination thereof in the manufacture of a medicament for preventing a

dengue virus infection in a subject.

12. Use of an effective amount of the E glycoprotein of any of claims 1-3, the flavivirus
particle of claim 4, the nucleic acid molecule of any of claims 5-6 and/or the composition of any
of claims 7-8 and any combination thereof in the manufacture of a medicament for protecting a
subject from the effects of dengue virus infection.
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