WO 03/ 048184 PCT/ EPO2/ 12991 1 Fl avivirus NS1 Subunit Vacci ne The present
invention relates to NS1 proteins or parts thereof of Flaviviruses, in
parti cul awoaB/oBasgue viruses useful for vaccination agai nPCT/EP0Yaid1

Fl avivirus and agai nst one or nore other Flaviviruses. The invention
further concerns the NS1 protein or parts thereof of one Dengue virus
serotype, in particular serotype 2, useful for vaccination against Dengue
viruses fromall serotypes. The invention further concerns DNA conpri sing
an expression cassette codi nFladvivirasM8YiSubwsit Vatcime parts thereof, 1o
vectors conprising said DNA and vacci nes containing or expressing a

Fl avi virus NS1. Background of the invention 15 The eti ol ogical agent of the
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positive-senss,iAMds Ns1uses formed by three structural proteins: the capsid
protein (C) that

Background of the invention

15 The etiological agent of the dengue fever is the Dengue virus,
belonging to the Flavivirus genus of the family Flaviviridae (Burke and
Monath, 2001). A particularly important subgroup of Flaviviruses is the
group of so called mosquito-borne Flaviviruses, i.e. Flaviviruses that are
transmitted by mosquitos. This group comprises in addition to the above

20 mentioned Denguevirus other important viruses such as the West nile
virus, the Japanese encephalitis virus and the Yellow fever virus (Fields
Virology, ed. by Fields B.N., Lippincott-Raven Publishers, 3™ edition
1996, ISBN: 0-7817-0253-4, pages 931-1034). Typical diseases
transmitted by these viruses are West nile fever and West nile encephalitis

25  induced by the West nile virus, encephalitis induced by the Japanese
encephalitis virus, Yellow fever induced by the Yellow fever virus and
Dengue fever, dengue hemorrhagic fever (DHF; see below) and Dengue

shock syndrome (DSS) induced by the Dengue virus.

30 Flaviviruses are enveloped, single-stranded, positive-sense RNA

viruses formed by three structural proteins: the capsid protein (C) that



WO 03/048184 PCT/ EP02/ 12991 2 forns a nucl eocapsid in association with the
viral genonme, which is surrounded by a lipid bilayer in which are anchored
t he M ( mewbroaneis4 and E (envel ope) proteins. The genone i PCaEPODXIAAL el y
11kb long and contains a single open reading franme encoding a pol yprotein
precursor of 5 about 3400 am no acid residues. Individual viral proteins
are generated fromthis precursor by thé action of cellular and viral
proteases. The three structural proteins (C, Mand E) are derived fromthe
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suggesting that 25 secretion of NS1 may be an inportant event in
Fl avi vi tus infection in the human host. During the course of a Flavivirus

to ol ear the i nf oY Eog e g ooy Throdon & T
conpl enent - eegemati@idfopatihwsayiability. Dengue virus NS1 is secre%/ed from
mammalian infected cells in a soluble hexameric form (Flamand et al.,
1999). This noncovalently bound hexameric complex is formed by 3
15 dimeric subunits and has a molecular mass of 310 kDa. Dimerization is a
prerequisite for NS1 protein export to the plasma membrane, where it

remains as the unique viral resident protein of the infected cell surface.

In mammalian cells, but not in insect cell lines that support dengue

20  infection, part of the transported NS1 is released into the extracellular
milieu. Extracellular NS1 is secreted either as a soluble protein, which
exist in a higher hexameric oligomeric form, or in association with
microparticles but not with virions. In addition, NS1 has been found
circulating in sera from dengue virus infected patients, suggesting that

25  secretion of NS1 may be an important évent in Flavivirus infection in the
human host. During the course of a Flavivirus infection, the NS1 protein
evokes a strong antibody response, which helps to clear the infecting virus
from the host, presumably through a complement-mediated pathway
(Schiesinger, J.J. et al., 1987) and antibody-dependant cell cytotoxicity

30  (ADCC) (Schlesinger, J.J. et al., 1993).



(Schl esinger, J.J. et al., 1987) and anti body-dependant cell cytotoxicity
30 (ADCC) (Schlesinger, J.J. et al., 1993). WD 03/048184 PCT/ EP02/12991 3
The Denguwowdmousag4s with its four serotypes Dengue virus seiramEre2/12299Den- 1)
to Dengue virus serotype 4 (Den-4), is the nost inportant menber of the
Flavivirus genus with respect to infections of humans and produces

di seases that range fromflu-1like syrrptoiirs to severe or fatal illness, 5
dengue haenorrhagic fever with shock syndrome. Dengue outbreaks continue
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agai nst one dengue serotype by a different virus serotype at an
appropriate interval may result in DHF in a certain nunber 25 of cases.

At Doy dependags O MROGETHAL sheCR) chIS R e IR BB B gRetor
be an i mpor § 3B BDAALSHLIB-BdMRe Flaviviruses in many parts of the world has
resulted in more efforts being made towards the development of dengue
vaccines, which could prevent both dengue fever (DF), and dengue
hemorrhagic fever (DHF) and in vaccines useful to protect the vaccinated
15  individual against infections induced by some or all mosquito-borne

Flaviviruses.

While most cases of DF are manifested after the first infection by

any of the four serotypes, a large percentage of DHF cases occur in

20  subjects who are infected for the second time by a serotype which is
different from the first infecting serotype of dengue virus. These
observations give rise to the hypothesis that sequential infection of an
individual with antibody against one dengue serotype by a different virus
serotype at an appropriate interval may result in DHF in a certain number

25  of cases. Antibody-dependant enhancement (ADE) has been
demonstrated in vitro for dengue viruses, as well as other enveloped
viruses, and is considered to be an important mechanism in the

pathogenesis of DHF.

30 It has also been observed that DHF usually emerges in geographic

areas where multiple (three or four) virus serotypes co-circulate. In



pat hogenesi s of DHF. 30 It has also been observed that DHF usually energes
in geographic areas where nultiple (three or four) virus serotypes
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such as Southeast Asian countries, the age- specific attack rate is higher
in children, and the nunber of DHF cases decreases in higher age groups.
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the same area. This suggests that, in nature, infection by two or three

dengue virus serotypes in the same individual may result in cross-reactive

antibodies or even a cross-reactive cytotoxic lymphocyte response. This

15 may modulate or protect against infection by the remaining dengue virus

serotypes in nature.

At present there are no approved dengue vaccines. Today,

prevention of dengue virus infection is dependent upon control of the

20  principal mosquito vector, Aedes aegypti. Insecticide resistance, lack of
technical and financial support that would enable local health
departments to maintain effective mosquito control programs, and
continuing geographic spread of both the vector mosquitoes and dengue
viruses make it practically impossible to prevent dengue infections by

25  current mosquito control programs. Therefore, development of safe and
effective vaccines against all four serotypes of dengue virus has been
designated by the WHO as a priority for the most cost-effective means to
prevent dengue virus infection. The WHO has recommended that the ideal
vaccine against dengue and DHF should be the kind that can prevent

30 infection caused by all serotypes so that sequential infection cannot

happen.



effective vaccines against all four serotypes of dengue virus has been
designated by the WHO as a priority for the nost cost-effective neans to
prevent d&pgam4siss us infection. The WHO has recomended t rat/Ephz129gEal
vacci ne agai nst dengue and DHF should be the kind that can prevent 30

i nfection caused by all serotypes so that sequential infection cannot
happen. WO 03/048184 PCT/ EP02/ 12991 5 T® this end WO 98/ 13500 proposes to
use a reconbinant Mddified Vaccinia Virus Ankara (MA) expressing antigens
fromall Dengue virus serotypes or to use four reconbi nant I\NA wherein
each of the 5 reconbi nant MVA expresses at | east one ant| E]; ngue
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virus NS1. WO 98/13500 does not disclose that an antigen derived from

one Dengue virus serotype elicits an immune response not only against

the Dengue virus serotype from which the antigen is derived but also

15  against antigens derived from other Dengue virus serotypes.

WO 99/15692 discloses a recombinant MVA containing and
capable of expressing one or more DNA sequences encoding Dengue virus
antigens not able to effect immune enhancement or antibody dependant

20  enhancement. WO 99/15692 does not disclose that an antigen derived
from one Dengue virus serotype elicits an immune response not only
against the Dengue virus serotype from which the antigen is derived but

also against antigens derived from other Dengue virus serotypes.
25 Object of the invention

Thus, it is an object of the invention to provide a vaccine derived from a
Flavivirus or a Flavivirus serotype that is stable, can easily be produced
and that leads to an immune response that protects the vaccinated
30 individual not only against the Flavivirus or the Flavivirus serotype from

which the vaccine is derived but also against other Flaviviruses or



25 (bject of the invention Thus, it is an object of the invention to
provide a vaccine derived froma Flavivirus or a Flavivirus serotype that

i s stabl evoman4sassi |y be produced and that |eads to an i FCHEPIY/EIPDONSE
that protects the vaccinated 30 individual not only against the Flavivirus
or the Flavivirus serotype from which the vaccine is derived but also

agai nst other Flaviviruses or WO 03/ 048184 PCT/ EP02/ 12991 6 Fl avi virus
serotypes. It is a particular object of the present invention to provide a

vaccine der Fradifi9Berofypeauilt os kopaetiliayi objeus of ke pregedtisvention to
vacci nat ed individual not only against the npsquito-borne Flavivirus or
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derived fro avi vPrus and that protects an 1 ndividual

agai nst an | é@%bg,nawvigelﬁgulée\,irurg)ggwtypegor ne Flavivirus from which the
vaccine is derived but also against an infection with at | east one other

m)s?ui';]o- bo][ nef Fl avi viruses has been solved by using the NS1 protein or a
par ereof of a nosquito.2 onneg Flavivir ! i cul ar the Dengue
Vi rus, E)Qef erably Dengue vpﬁggﬁegéf r]{Pé'% 8ﬁ§h%6'5y%&%di ng DNA sequences,
respectively. More specifically the object to provide a vaccine that is

derived fromone Dengue virus serotype and that protects an individual at
| east agai n§thedd objects have been solved using the NS1 protein or parts thereof of

a Flavivirus and DNA sequences comprising an expression cassette coding
for a Flavivirus NS1 protein or a part thereof, respectively. In particular,

15  the object to provide a vaccine that is derived from one mosquito-borne
Flavivirus and that protects an individual against an infection with the
mosquito-borne Flavivirus from which the vaccine is derived but also
against an infection with at least one other mosquito-borne Flaviviruses
has been solved by using the NS1 protein or a part thereof of a mosquito-

20  borne Flavivirus, in particular the Dengue virus, preferably Dengue virus
serotype 2 and corresponding DNA sequences, respectively. More
specifically the object to provide a vaccine that is derived from one
Dengue virus serotype and that protects an individual at least against an
infection with at least two, preferably at least three, more preferably all

25 Dengue virus serotypes and preferably also against the infection with
other Flaviviruses, in particular mosquito-borne Flaviviruses such as the
Japanese encephalitis virus, the Yellow fever virus and West Nile virus has
been solved by using the NS1 protein or a part thereof of a Dengue virus,
in particular of Dengue virus serotype 2 and corresponding DNA

30  sequences, respectively.



infection with at least two, preferably at least three, nmore preferably all
25 Dengue virus serotypes and preferably also against the infection with

ot her Fl awDwBfwmes, in particul ar nosquito-borne Flavivir@esg@E&preucdvns t he
Japanese encephalitis virus, the Yellow fever virus and West Nile virus has
been sol ved by using the NS1 protein or g part t hereof of a Dengue virus,
in particular of Dengue virus serotype 2 and correspondi ng DNA 30
sequences, respectively. WO 03/048184 PCT/EP02/12991 7 As it is shown in
more detail in tAe ibipshowarih raene deteit retiNsexpgriotesitisegtionvie Nodm a
Dengue virus of one serotype FDxpr essed de_novo after vacci n@td' on . can evoke

an ant i bodyPrelghidbRssiveRd O FNBEsVIFLf ORESRIONBE PIRILEPRS 96 Bngue
T T U 2 O

Fl avi virus panese Vi rus, ow fever virus

and Vst N NsVprateind BEDenbEd Wra sérivtfpem, ¢S afdrgpis/NSisfreer otlygre
origin is a universal DHF subunit vaccine for simultaneous, protection

22?11)[1;:)65? Ohméir:])erzvof the Féavivisbegablg Stulﬁh_e%s, JaRrnestoraCeR I Htapirysal | four
vVirus an ur r .agaipst h i

o1 Ot YPeS ol HeGCeYLEHS S IR PR Rk Y081 b PBET g ner i uses

protein is )Q%'E\ée\ﬂrué Eéfcg é@%!ﬁ#nb@a%wé%l fHABL LD ARy dpen femt
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from a nucl enereaereferai!¥iadk omryses0tHRR %dil\%?ge%el Wéugrﬁ%éﬁb'?&n%y?ﬁﬁegigr@gts ZEd

coding 191 B DARE ST UBL e IS F BRI Ry SCBIpU et Boeder m
Caaarars prATHCEF T RaaotanIdilons ighe ot e peplcsinmater o
Dependant Enhancement (ADE) upon subsequent exposure to any of the
serotypes of dengue and therefore no vaccine related DHF should be
induced during natural outbreaks of dengue infection.
15
The NS1 protein may be expressed from a nucleic acid, preferably a
DNA comprising an expression cassette coding for at least a Flavivirus
NS1 protein or a part thereof. The term “at least” in this context is to be
interpreted in that the expression cassette may further encode additional
20 proteins/peptides, either as separate proteins/peptides or fused to the
NS1 protein or part thereof as defined in more detail below. In the context
of the present invention the term ,DNA“ refers to any type of DNA, such a
single stranded DNA, double stranded DNA, linear or circular DNA or DNA
in the form of a plasmid or a viral genome. Since Flaviviruses are RNA
25  viruses the DNA coding for the Flavivirus NS1 protein is a non-naturally

occurring DNA, such as a cDNA or a synthetic DNA.

The term ,expression cassette coding for a Flavivirus NS1 protein
or part thereof is to be interpreted in that the coding sequence of a
30  Flavivirus NS1 protein or a part thereof is preceded by elements

controlling the transcription, in particular the initiation of transcription.



NS1 protein or part thereof as defined in nore detail below 1In the context
of the present invention the term"DNA" refers to any type of DNA such a
si ngl e stwand®d1BNA, doubl e stranded DNA, |inear or circulPam/EPbXi29e1 DNA i n
the formof a plasmd or a viral genome. Since Flaviviruses are RNA 25
viruses the DNA coding for the Flavivirus NS1 protein is a non-naturally
occurring DNA such as a cDNA or a synt h8tic DNA. The term "expression
cassette coding for a Flavivirus NS1 protein or part thereof" is to be

i nt er pr et edpkamighés féheuse tiarsceipioent eegiiatordoe|BhaaritsiaraprdBaryotat ei n or a
part thereof is preceded by elenents controlling the transcription, in
particul ar phemotets and ewkeryatiapsemopeli/éahangarsad retsa apEtiEPo2/ 12991
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10 The expr epatoNjsashetéam raticexor gansorptiontsicNSs prokariyotior part
thereof of a Flavivirus or may express the NS1 protein or part thereof

toget her wi térmomation erereettgrameykanyalic\adlyié PEDEEFRQYRGARS, dEBECEFTE ¥ n
t he NSléé)rot ein or part thereof and the further proteins/peptides are 15
produced’ as separate proteins/peptides or as fusion proteins/peptides. If

not defined ot hefrwesgdstitinscAaserd mfaydkprbss balytHie RISl Pesteimol partont ext

thereof of a Flavivirus or may express the NS1 protein or part thereof
together with one or more further Flavivirus proteins/peptides, wherein
the NS1 protein or part thereof and the further proteins/peptides are

15  produced as separate proteins/peptides or as fusion proteins/peptides. If
not defined otherwise in this description the term ,peptide” in the context
of the present invention refers to a contiguous amino acid sequence
stretch of at least 10 amino acids, more preferably of at least 20 amino
acids, most preferably of at least 25 amino acids.

20

The further Flavivirus protein is not the entire E-protein since this

protein seems to be involved in the development of DHF. Thus, if the
further Flavivirus peptide is derived from the E-protein it should comprise
less than 40 amino acids, preferably less than 35 amino acids. If amino

25  acid sequence stretches derived from the E-protein are expressed
together with the NS1 protein or part thereof it should have been verified
that this amino acid stretch does not comprise an epitope that is involved
in the generation of ADE and DHF.

30 If the expression cassette expresses in addition to the NS1 protein

or part thereof a further Flavivirus protein/peptide as separate



of the present invention refers to a contiguous am no aci d sequence

stretch of at least 10 am no acids, nore preferably of at |east 20 am no
aci ds, now0D ophoefier ably of at | east 25 am no acids. 20 The PCOmPar12991
Flavivirus protein is not the entire E-protein since this protein seens to
be involved in the devel opment of DHF. Thus, if the further Flavivirus
peptide is derived fromthe E-protein it should conprise |ess than 40
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protein or ‘par eof a her I'VIiTus pro pepti de as separate

WO 03/ 048184 rBEINEMRES1A8/ENtS ape mm@mquoﬂm bdﬁam bleilledpnes$si am. cassette
may conprise_ an Internal _ribosone entry site IRESé bet ween t he sequence
encodi ng5t heXasIPiesy @tréRESoelemﬁrttStarﬁ@rtegfplawac%@lé GocteasHe Uithg t he

in the art - snRRasliBE PRI et EETE CYBUEne "o Cor naviral | RES ol ements
or the 5"non-coding region of the hepatitis Cvirus. Alternatively the

nucl eotide sequence encoding the NS1 protein or part thereof may be fused
to a DNA sequenceAléemeive@/ the nheleoll‘-“ll(:bvﬁamrame arcqeliogdhadlpéparoteis o such

Furiher "o achart HhSredtnay it Riere » DI Fegus éé’é%}wf?o&h@pﬁ&%hért‘a%&f’va B
t her eof ,gnd e5 eFrfé/@Q@fldg%?H'chh%w rt%% EP&eﬁ‘i%e’c@eQﬁtﬁéerd as

fusion prot pept respective co |ng equences are fused in
frane. protein or part thereof and the further Flavivirus protein/peptide is

produced. If the NS1 protein or part thereof and the further Flavivirus
protein/peptide are to be produced as fusion proteins/peptides the
respective coding sequences are fused in frame.
15
In a preferred embodiment the DNA sequence encoding the NS1
protein or part thereof is preceded by the sequence encoding the
glycosylation signal sequence of the E-protein. According to this
embodiment a fusion protein is produced that comprises the E-protein
20  gylcosylation signal sequence fused to the NS1 protein or part thereof. As
pointed out above the E-protein derived amino acid stretch should be as
short as possible and it should be excluded that this amino acid stretch
contains an epitope involved in the generation of ADE and DHF. The
gylcosylation signal sequence of the E-protein fulfils these requirements.
25
In an alternative preferred embodiment the expression cassette
used according to the present invention contains as only Flavivirus
sequence the sequence encoding the NS1 protein or part thereof. Thus, in
this preferred embodiment the expression cassette according to the

30 present invention does not express any other peptides/proteins from



15 In a preferred enbodi nent the DNA sequence encoding the NS1 protein or
part thereof is preceded by the sequence encoding the glycosylation signal
sequence WD 0Bioes1B+ protein. According to this enbodi ment ®CTEPODIRIPY Ot €i n
is produced that conprises the E-protein 20 gyl cosyl ation signal sequence
fused to the NS1 protein or part thereof. As pointed out above the
E-protein derived amno acid stretch shoti d be as short as possible and it
shoul d be excluded that this am no acid stretch contains an epitope
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preferred epbal@iment the expression cassette used according to the present
invention contains as only Flavivirus sequence the sequence encoding the
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that are usehs afeonséfue feletiectictyetion pupufificationrofdhetdxpresgadéissidnf usi on
protein, such as tags. 10 To understand the general structure of the

Fl avi vi rus peofigdnceucinastta@sexpr essi on cassette used according to a
preferrleod enbodi ment of the

To understand the general structure of the Flavivirus sequence in
the expression cassette used according to a preferred embodiment of the
present invention it is helpful to summarize briefly the genome structure
of Flaviviruses: During a natural Flavivirus infection the virus produces a

15 single polyprotein which is then cleaved first by host cell proteases and
then virus encoded proteases into the following proteins: C, PrM and M, E,
NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (protein order along the
polyprotein precursor). Therefore, a DNA sequence, in particular a cDNA
sequence coding for the NS1 protein or part thereof must require the

20  addition of a "ATG" start codon. In a preferred embodiment the start ATG
is then followed by a sequence encoding a glycosylation signal so that the
newly synthesized NS1 protein becomes glycosylated in the endoplasmic
reticulum. Such signal sequences are known to the person skilled in the
art. Finally, the protein-coding cassette needs a stop codon, which might

25  be a TAG added to the 3' terminal end of the protein coding cDNA
sequence. In the example used in this invention the "ATG+signal
sequence" element was derived from the sequence encoding the
hydrophobic C-terminal end of the E protein (the last 28 amino acids,
which for the Dengue virus New Guinea strain (,NGC strain“, GeneBank

30  accession number AF038403) starts with the amino acid M (ATG). A



present invention it is helpful to sumuarize briefly the genone structure
of Flaviviruses: During a natural Flavivirus infection the virus produces a
15 si ngl ewpaBpgsiet ei n which is then cleaved first by host PcElHPOpI™DPEASES
and then virus encoded proteases into the followng proteins: C, PrM and
M E, NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (protein order along the
pol yprotein precursor). Therefore, a DNA“sequence, in particular a cDNA
sequence coding for the NS1 protein or part thereof nmust require the 20

addi tion of tynicATEXprefsaldn easiette hocardingtethepresbodinventiontis siioarrt inrATG
is then folllowed by a sequence encoding a glycosylation signal so that the
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reticulum Such signal sequences are known to the person skilled in the
art. Finally, the protein-coding cassette needs a stop codon, which m ght
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sequence. In the exanple usedn this invention the "ATGtsignal sequence”
el enent snvas cderprvsdgfaroexpiessseyoassadtencodirigng ibe degdieophsisoding farai nal

end of the E protein (the |ast 28 am no aci Hs, _v\g‘ch for the Dengue virus
New Gui nea S13AYiFU$ N _r@t%.oa'nar%éh%rs‘&ﬁkw Sipindbedy ng§9&1‘:‘§?‘£\|’—’638403)
starts withoihe A B0 Ackdy MGATO:aTA- Y003 04GIE4-PETLEROR/I2000I 11

typi cal exp i Oh” cassette ‘accordi ng present ent’ on shown in

Figure 2 an@eé}@eﬁ@féﬁgw@ogy@lﬂi@n,sg@e@ab@-delrﬁk/edl'frmm the Esproteiry ashi s
enbodi nent concerns the use of a 5 conprising an expressjon cassette
conpri si ng deéinedqleeand sthargi the aodingaseauanse iIRSerprisatachbye gapt

t hereof, wherein the codin uen [ rese ) a; §tart codon ("ATG
and a sHyuef® OBn‘BﬂH?'ﬂ aélogi@:e resé&ufe%?&cfgr gg&y@%?ﬂ@il on, pref egabl y )
derived fromthe E-protein as defined above and wherein the coding

sequence is termnated by a stop 1o codon of translation (Figures 1A 1C
and 2, SEQ | D 5- T DNA sequence that may be used according to the present

invention encodes a Flavivirus NS1 protein or part thereof. The term
“Flavivirus” refers to any Flavivirus. More preferably the term “Flavivirus”
15 refers to mosquito-borne Flaviviruses such as the West nile virus, the
Japanese encephalitis virus, the Yellow fever virus and the Dengue virus.
The NS1 protein or part thereof derived from one mosquito-borne virus
encoded by a DNA according to the present invention should protect the
vaccinated individual not only against an infection with the virus or virus
20  serotype from which the vaccine is derived but also against the infection
with other mosquito-borne viruses or other serotypes of the virus from
which the vaccine is derived. The NS1 protein can preferably be of any
Dengue virus serotype. More preferably the NS1 protein coding sequence
is derived from a Dengue virus serotype 2 such as the Dengue virus New
25  Guinea strain (,NGC strain“, GeneBank accession humber AF038403).
The terms “subtype” and “serotype” are used interchangeably throughout

this description.

The term ,part thereof“ in the context of the term ,,NS1 protein or
30 part thereof“ refers to an amino acid stretch of the NS1 protein, which is

sufficiently long to induce a specific immune response against the NS1



The DNA sequence that may be used according to the present invention
encodes a Flavivirus NS1 protein or part thereof. The term "Fl avivirus"
refers towvarg/okisyi virus. Mre preferably the term "Fl avi WCTEP02/1599t ef er s
to nmosquito-borne Flaviviruses such as the West nile virus, the Japanese
encephalitis virus, the Yellow fever virus and the Dengue virus. The NS1
protein or part thereof derived from one12m)squi to-borne virus encoded by a
DNA according to the present invention should protect the vaccinated

i ndi vi dual pedtepmifsoragahiahtthan,part eleticon” v tbrivee. Mithaslavivirusus 220
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Qui nea strain (,,NGC strain”, GeneBank accession nunber AF038403). The
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of all Dengue virus serot s. In.t s 5 j it hown how
the per$bn skAHFBE® ioi ntaﬁléyai@tO%Cé'ﬁr'@gte'\els%%ltg@ﬁeqrﬁcggﬁgﬁ%@%t%%?ei n or part
thereof indugesciRBs HRALAE EASRUIS AnnfltRCEddporiser al | Dengue virus
serotypes. According to a preferred enbodinent the Flavivirus DNA seqguence
encodes the entire NS1 protein. :
Moreover the term “NS1 protein” also relates to derivatives of
naturally occurring NS1 proteins. Such a derivative may be a protein that
15 has one or more amino acid substitiutions, deletions and/or insertion with
respect to the naturally occurring NS1 protein. By way of example such a
derivative is a protein that has a homology in the amino acid sequence of
at least 50%, preferably of at least 75%, more preferably of at least 90%.
Consequently, the term “part thereof” also relates to parts of such a NS1

20  protein derivative.

In summary one of the most preferred embodiments of the present

invention is to use a DNA comprising an expression cassette coding for a
mosquito-borne Flavivirus NS1 or part thereof, wherein the Flavivirus is

25  preferably the Dengue virus, in particular Dengue virus serotype 2, and
wherein the expression of the NS1 protein or part thereof is controlled by
a transcriptional regulatory element. More preferably the DNA according
to the present invention encodes the NS1 protein or part thereof as a
fusion protein with a glycosylation signal sequence.

30
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cell lines, in particular for the infection of living animals including
humans. Typical virus vectors that may be used according to the present
invention are adenoviral vectors, retroviral vectors or vectors on the basis
of the adeno associated virus 2 (AAV2). Most preferred are poxviral
vectors. The poxvirus may be preferably a canarypox virus, a fowlpoxvirus
or a vaccinia virus. More preferred is modified vaccinia virus Ankara
(MVA) (Sutter, G. et al. [1994], Vaccine 12: 1032-40). A typical MVA strain
is MVA 575 that has been deposited at the European Collection of Animal
Cell Cultures under the deposition number ECACC V00120707. Most
preferred is MVA-BN or a derivative thereof which has been described in
the PCT application WO 02/42480 (PCT/EP01/13628). The content of
this application is included in the present application by reference. MVA-
BN has been deposited at the European Collection of Animal Cell Cultures
with the deposition number ECACC V00083008. By using MVA-BN or a
derivative thereof the additional technical problem has been solved.to
provide a particular safe virus vaccine against Flaviviruses since it has
been shown that the MVA-BN virus vector is an extremely attenuated
virus. In particular, it has been demonstrated that MVA-BN is more
attenuated than the MVA strains known before in the prior art. MVA-BN is

derived from Modified Vaccinia Ankara virus and is characterized by the

to
n



virus conprising a viral genone. In this case the DNA of the present
invention is to be cloned into the viral genone of the respective viral 1o
vect or. TWe oseesasbi nant viral genome is then packaged andPCREPIHILDI1
obt ai ned reconbi nant vectors can be used for the infection of cells and
cell lines, in particular for the infection of |iving animls including
humans. Typical virus vectors that may b&* used according to the present
invention are adenoviral vectors, retroviral vectors or vectors on the
basi s 15 of |b$eohilencapasisitity ad edprodustizely AdpRiateMrshupat eel dthes: MVA-
poxviral vectors. The poxvirus may be preferably a %anary oxX virus, a
f ow poxvi r uBNds s@ferbaniadw PEhey. Kipwe \Rcsikiar WEUS $TRIBS f %t@%rqcr“ qf

Vypcal i gppbilen | B \ORMa., T, Yo e orh SRR, AR HBnudh
Col | ection @bnfBiiRks2H vielllvectibit ebataiHiethd MNAeRosktihed abuvee MVECBEC

V00120707. Most preferred is MVA-BN or a derivative thereof which has been
descri bedl i mna Heripefivappofi YtA-BIN.\WheFeakues ¢PUIYVAEBN/ tissZ®sCriphionc eht ent

of this application is included  ,n the present appligation b f nce.
WA BN has BB msPy s laming doreal et R BE e ARG S RAMALENCEF

Cultures 25 _w : LA u E%AQ% i NWWHY or
a derivati \?e cg%le\;réggéed?ﬁ%?%éjﬂdﬁ?}d;nﬁé%%c ni cawqgjgﬁ)gﬁ?tﬁgg F‘b@}g‘nngsol ve(?\lt o]
provi de a paldrivativartheatef aier discloseci imeWap@Rri4L4B0avi vi ruses since it has

been shown that the MVA-BN virus vector is an extrenely attenuated virus.
In particular, it has been denonstrated that MVA-BN is nore 30 attenuated

o, g WA St S PR BN "t PP, L e AR BB O
PCT/ EP02/ 12889008300®S e OHetil/atigaabiMVABN Oist @9 titiche erkyeriteappledteon n
human cell lines. MVA- BN is safer than any other known vaccinia virus
strains due asodefinestin WO Q2/812484.i lonthienfolioming the featiwepadfaededdative of
embodi ment tI\H\e/A!E?lil/eanrtei s%nortly summarized. For more detailed information regarding
the definition of a derivative of MVA-BN and in particular for detailed
15 information regarding the biological assays used to determine whether a
MVA virus is a derivative of MVA-BN reference is made to WO 02/42480.
Thus, said term refers to vaccinia viruses showing at least one of the
following features of the deposited strain MVA-BN but showing differences
in one or more parts of its genome. Preferably a derivative has at least two,
20 more preferably at least three, most preferably all of the following four
features of MVA-BN:
- capability of reproductive replication in chicken embryo fibroblasts
(CEF) and in the baby hamster kidney cell line BHK (ECACC
85011433), but no capability of reproductive replication in the human
25 cell line HaCat (Boukamp et al. 1988, J Cell Biol. 106(3): 761-71),
- failure to replicate in vivo,
- induction of a higher immunogenicity compared to the known strain
MVA 575 (ECACC V00120707) in a lethal challenge model and/or
- induction of at least substantially the same level of immunity in

30 vaccinia virus prime/ vaccinia virus boost regimes when compared to

DNA-prime/ vaccinia virus boost regimes.



concerns as a viral vector containing the DNA as defined above MWA-BN 5 and
derivatives of MVA-BN. The features of MVA-BN, the description of

bi ol ogi caWwoasm»#si84 al | owi ng to eval uate whet her a MWA straPOTIEPOMMIBN or a
derivative thereof and nethods allowing to obtain MVA-BN or a derivative

t hereof are disclosed in WO 02/42480. 10 Ehe term "derivatives" of the
virus as deposited under ECACC V000830081, i.e. derivatives of MVA-BN, is
used in the present application as defined in WD 02/42480. In the

fol | owi ng tHa pediaules aofleavabve \dtMVA-BIN had/asBbhialty shergdrye sepheatiaed.

For nore detail ed infor ion r ing. the definition of a derivative of
MVA- BN and i‘ﬁ"aﬁéﬁqréﬁjlcé%rn d@%‘aé@d %‘?ﬂfisﬁﬁo in$nthegarmeng repdcation f
bi ol ogi cal 3gsp t,olpaq,tgﬁ' et h VI L US rivatiye o
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deposited strain MVA-BN but showing differences in one or nore parts of
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(CEF) and in the baby hamster kidney cell line BHK (ECACC 85011433), but
no capability of reproductive replication in the human 25 cell |ine HaCat

(Boukanp etal . The8sermd Gedtl cBpable d¥6(@)rodigiivélyephcdtion'uie used dpl iteat e
Strai n . MVA B PSSO EBRBBOIBOR AP7a9) Neth Ta ot 4 AHE01 Engo Aodels hadlor not
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DNA- pri me/ vatiol ofi Reséi thas bdasther Bgimasce WRn@3HAE 8L 8RoRkd A EPeRAL 2358, 15
Cell Biol. 106(3): 761-71. Preferably, the amplification rate of the virus
used as a vector according to the invention is 0.8 or less in the human
cell line HaCat. The “amplification ratio” of a virus is the ratio of virus
15 produced from an infected cell (Output) to the amount originally used to
infect the cells in the first place (Input) (“amplification ratio”). A ratio of
“1” between Output and Input defines an amplification status wherein the
amount of virus produced from the infected cells is the same as the
amount initially used to infect the cells.
20
In the context of the definition of MVA-BN and its derivatives the
term “failure to replicate in vivo” is used in the present application as
defined in WO 02/42480. Thus, said term refers to viruses that do not
replicate in humans and in the mice model as explained in WO 02/42480.
25  The mice used in WO 02/42480 are incapable of producing mature B-
and T-cells (AGR 129 mice). In particular MVA-BN and its derivatives do
not kill AGR129 mice within a time period of at least 45 days, more
preferably within at least 60 days, most preferably within 90 days after
the infection of the mice with 107 pfu virus administered intra peritonealy.
30 Preferably, the viruses that show “failure to replicate in vivo” are further

characterized in that no virus can be recovered from organs or tissues of



In particular a derivative of MVA-BN has essentially the sane replication
characteristics than MVA-BN. Viruses having the sane "replication

char act erwetoBo#8184 han t he deposited virus are viruses tharCrgporcave with
simlar anmplification ratios than the deposited strain in CEF cells and the
5 cell lines BHK, HelLa, HaCat and 143B and that show a simlar replication
in vivo as determned in the AGRL29 tran%@eni c nouse nodel. The term "not
capabl e of reproductive replication” is used in the present application as
defined in \WGeORGRILEOMITBUSS days, rprefétedtly i60 'days add wapabprefetably 90
reproductive replication"” is a virus that sho an anplification rat| o of

| ess than 1daystaféehtihaintestion ehtheatse Wisbuknpfleviris, admgasteredaatra
Biol. 106(3); tgﬂ" %& Preferably, the anplification rate of the virus wused
as a vector PRLESPE g to the inventionis 0.8 or less in the human cell

| ine HaCat. The "anplification ratio" of a virus is the ratio of virus 15
produced froman infected cell (Qutput) to the amount originally used to

infect the cells MWALBN drid s qerivediviesravet preferaiy ichacactiesizeddey e"higher

tio of "1" bet t put _and, | nput def t t at
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deflnltlono rivatives t term ureto replcateln

vivo" is usedodsl t bevacenetdd appbecatieoraftes  ithef | iméection Wit/ 42gi8¢atidmus,
said termrefers to viruses that do not replicate in humans and in_the
ni ce nodel #Orerplesteecinia\aly apsmugoas 15e Westera refasve isiram 4 AJd480 are

| TeanaE OToPTAELP! AR AOR A ookl ATl Be i R R
o b 'S4 T s POPERETEY I % ke e dguep o sbeprater ey
adni ni st er echatienge papdebniealrydapoafeetae abiayienghdhei miceare batiabydilled
“failure to 1 ecHI'I]eC%r%I tlteyllﬁ/?he %K/grlfegrlts cFetermmed by standard plague assays
using VERO cells. The viral titer is determined for unvaccinated mice and
15 for mice vaccinated with MVA-BN and its derivatives. More specifically
MVA-BN and its derivatives are characterized in that in this test after the
vaccination with 102 TCIDsp/ml virus the ovary virus titers are reduced by
at least 70%, preferably by at least 80%, more preferably by at least 90%
compared to unvaccinated mice.
20
MVA-BN or its derivatives are preferably characterized by inducing
at least substantially the same level of immunity in vaccinia virus prime/
vaccinia virus boost regimes when compared to DNA-prime/ vaccinia
virus boost regimes. A vaccinia virus is regarded as inducing at least
25  substantially the same level of immunity in vaccinia virus prime/ vaccinia
virus boost regimes when compared to DNA-prime/ vaccinia virus boost
regimes if the CTL response as measured in one of the ,assay 1“ and
,assay 2“ as disclosed in WO 02/42480, preferably in both assays, is at
least substantially the same in vaccinia virus prime/ vaccinia virus boost
30 regimes when compared to DNA-prime/ vaccinia virus boost regimes.

More preferably the CTL response after vaccinia virus prime/vaccinia



characterized in that no virus can be recovered fromorgans or tissues of
WO 03/ 048184 PCT/ EP02/ 12991 16 the AGR129 m ce 45 days, preferably 60 days
and nost woeBessakly 90 days after the infection of the nmPca/BROYIR9201 pfu
virus adm nistered intra peritonealy. 5 WA-BN and its derivatives are
preferably characterized by a higher imunogenicity conpared to the known
strain MVA 575 as deternmined in a |lethal”chall enge nouse nodel as

expl ained in WO 02/42480. In such a nodel unvaccinated mce die after the
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determ ned for unvacci nated mce and 15 for m ce vacci nated with MVA- BN and

its deri¥atiWes02v824&helistivsas |yow NWacaBNaniflises @f@r ob4aingds having the

characterized in that ter the on with 102

TG Door | viraperties 66 MVABY abits BetRarkes as B abale) vat 700
preferably by at |east 80% nore preferably by at |east 90% conpared to
unvacci nated mce. 20 MA-BN or its derivatives are preferably

characterized by Methodsnto indert east DAbss alefinatl gbdvee irsanpoxwradl DNA and
imunity in vaccinia virus prinme/ vaccinia, virus boost regi nes when
conpar ed t o 'DREGHS ke Qbéétﬂ HEEOMAINABt HRRBMIrUsssi LS. WWQCE‘P niNg \A&r8eN; s

regardeq?" - %}{]I?%ci ﬁgﬁl'%eﬂﬁa@(:ﬁ%@%lﬁ%m'\%lc {nly\ﬁrﬁgrfﬁel ncﬁjesglon' anﬂlﬁéty

in vacci boosSt regi mes Whée ar ed
DNA-pri me/ vl éttci\)"r@flir'iglfﬁoQﬂ@%reséﬁﬂhrﬁ%ﬁntldn Ish@ré%kabl?slmn%taéxdmglwrﬁd in

one of the "assay 1
under the transorlptlonal control of a poxvirus promoter, more preferably
of a vaccinia virus promoter. The insertion of the DNA according to the
present invention is preferably into a non-essential region of the virus
15 genome. In another preferred embodiment of the invention, the
heterologous nucleic acid sequence is inserted at a naturally occurring

deletion site of the MVA genome (disclosed in PCT/EP96/02926).

In summary it is one of the most preferred embodiments of the
20 present invention to provide a vector comprising the DNA as defined
above, wherein the vector is MVA-BN or a derivative thereof and wherein
the DNA comprises an expression cassette coding for a Flavivirus NS1
protein or part thereof, wherein the Flavivirus is preferably a Dengue
virus, more preferably Dengue virus serotype 2.
25
In a preferred embodiment the invention relates to the usefulness of
the NS1 protein or part thereof encoded by a DNA according to the
present invention or by a vector according to the present invention for
vaccination against several flaviviruses or flavivirus serotypes. For the
30 definition of the NS1 protein or part thereof according to the present

invention reference is made to the above parts of the description where



,,assay 2" as disclosed in WO 02/42480, preferably in both assays, is at

| east substantially the same in vaccinia virus prine/ vaccinia virus boost
30 regi nreaowbessisonpared to DNA-prime/ vaccinia virus boo®CTmPg/m®s1t More
preferably the CTL response after vaccinia virus prinme/vaccinia W

03/ 048184 PCT/ EP02/ 12991 17 virus boost_adm nistration is higher in at

| east one of the assays, when conpared % DNA- pri nme/ vacci nia virus boost
regimes. Most preferably the CTL response is higher in both assays. 5 WO
02/ 42480 di sigé 0N ehevdachiSTi hay beansetefiareel bptiae peddhat exgrasised fpomper ti es
of MVA-BN and its derivatives as defined abgve. Mthods to inser;[ e DNA
as defined apisVBNMtheHaWIaE NAMETY regatHBgthedrEbe s %C%Véa?\%i%ia‘?

poxvi ruses are k tpo t il i : i
Vacei ni a vi Prese o Uepflabdf sREAT8M noBiR sl ot g IRenTe e
i s preferablyyediidn. NAts BN tHel NS1 prodsih ddiebt anseratetli MBalproteihrad  of a

poxvirus pronoter, more preférably of a vaccinia virus pronoter. The
i nserti o oparhthddeaf ancodedl iy any FrayiviprssBrre NSl dnoten espaitdhere® iy into

a non-essential region . of the virus 15 genone. | d

enbodi m;nt ofre %bﬁfn‘?%rd\"?%%{oml?e eﬂ%k‘%l”%luéggﬁgﬁrﬁfcﬂ?nri()atcbwgiﬁ(ﬁ%gieeaiéﬁece is

i nserted at 0 rdi-ng: i } ' QR

(di scl osed ivﬂru%%#é@@%%ézggg)ﬁofﬁﬁlnslﬂl% ec%dinr&P%%ﬁ%ﬂgh%?ﬂgl%n(ggt preefng?red
enbodi nent s odfa ke N8Q protsientr pawettisreor. o sppimfededaembotdmeatiipe NShg t he

DNA as defined above, wherein the vector is MVA-BN or a derivative thereof
and wher ei n protein DNAY comsainsaddisionak praigsiasids 8akare e #d felorNa

ot er adfy £1eehYseRUFrdon ihe BLAR: ExfHE S Se LY s tapina; |
a preferred gidhadhiBAteS Afe SAYRAL AV gha@tirsiute theemesisnimeas tied N-
terminus of the protein encoded by an added ATG codon and an amino
acid sequence derived from the C-terminal end of the E-protein acting as
a signal sequence for glycosylation of the NS1 protein or part thereof.
15 Other signal sequences are also within the scope of the present invention.
In an alternative embodiment the NS1 amino acid sequence or a part
thereof can be fused to other proteins/peptides. Examples for fusion
partners are sequences allowing the identification of the protein such as
tags or other flaviviral proteins or parts thereof.
20
In a preferred embodiment the present invention concerns the DNA,
the vector or the NS1 protein or part thereof according to the present
invention as a vaccine, in particular as a vaccine against several
flaviviruses or flavivirus serotypes. A ,vaccine” is a compound, i.e. a DNA,

25  a protein, a vector or a virus that induces a specific immune response.

According to one alternative of this embodiment the ,vaccine”
according to the present invention is based on a Dengue virus NS1 protein
or a part thereof which induces an immune response against the NS 1
30  proteins of all Dengue virus serotypes. In particular it has been shown

that the NS1 protein of one Dengue virus serotype, in particular serotype



the NSI protein or part thereof encoded by a DNA according to the present
i nvention or by a vector according to the present invention for

vacci nat iwo oagaiiest several flaviviruses or flavivirus sePcrEpPex12950r t he
30 definition of the NSI protein or part thereof according to the present
invention reference is made to the above parts of the description where WO
03/ 048184 PCT/ EP02/ 12991 18 the DNA encé%i ng NS1 has been defined by the
product expressed from said DNA. The followi ng summary regardi ng the

protein accqr, dhadcé® ahhienmihese’pohsy eghlrt the NBermbisiesrftattieadetweggar ded
as a limtation of the invention. In sumuary the NS1 protein can be an

i sol at ed NSprpfaseblynableast parae, theslepreferaidd@dl Bonang VRIUSSEIPEXRES aheé NS 1
t ei t f is. |y derived f virus,
D of or ably ATt BBAGaRo 983108t SERERY sbel et B horay BRI iSnnr e t he

am no acid sequence of a viral NS1 protein or part thereof. In a preferred

enbodi ment the NS1 protein nmay contain additional am no acids that are
requiredsfor an Ks efflamdd/ebexptles svemtofs ohthegpoessint.inExaigh éaveor such

) ’ ds/ ami i d b d

et i oni ne- dounREnal EReN RBEOBIN choas Sreien eReouutSsp e HEsedt ATG codon

and an am ngpvgﬁt'i(ﬂw SeAHENG Sy SRLSYRUEL® tiﬂﬂpﬁhk%’eﬁ‘geﬁke%@%iﬁ t'h'égﬁi\?»l .
or g e N protein

E-protein acting as  a sighal seéquence ycosylati on

or part thergeteinldf dhberisiiginateseuigoresdang scee Wd tilavivheistédope of the
present invention. 1In an alternative enbodiment the NS1 am no acid

sequence or Rrefriably atapeanitodrproe Magsdusolootiar weesiethesipeptowest the
e L SN T N e I R
voctof o HEGERI A 0 ey Lopmeremnaang e, (e
mosquito-borne Flavivirus induces an immune response against the NS1
protein of the mosquito-borne Flavivirus from which the vaccine is derived
and also against other mosquito-borne Flaviviruses. Thus, the vaccine
15 derived from a mosquito-borne Flavivirus is useful as vaccine against one
or more mosquito-borne flaviviruses. The term “vector derived from a
Flavivirus” or similar terms in the context of the present description
means that a vector as defined above (e.g. a poxvirus vector or a plasmid)
contains a DNA as defined above. Thus, this term refers to the vector
20 insert and not the vector backbone. An example for a “vector derived from
a Flavivirus” is a poxvirus vector, such as MVA, comprising an expression
cassette comprising a poxvirus promoter, a sequence encoding a
Flavivirus NS1 protein or part thereof, wherein the sequence coding for
the Flavivirus NS1 protein or part thereof is preceded by an ATG codon
25  and a sequence ecoding a glycosylation signal sequence and wherein the

coding sequence is terminated by a stop codon of translation.

Thus the vaccination with the DNA, the vector or the NS1 protein or
part thereof is useful as a single subunit vaccine against a broad range of
30  Flaviviruses or at least Flavivirus serotypes. The DNA or vector encoding

the NS1 protein or part thereof from one Flavivirus or Flavivirus serotype



invention as a vaccine, in particular as a vacci ne agai nst several
flaviviruses or flavivirus serotypes. A "vaccine" is a conpound, i.e. a
DNA, 25 awproonesie4 a vector or a virus that induces a spe®cChiEPO2/myane
response. According to one alternative of this enbodi nent the "vacci ne"
according to the present invention is based on a Dengue virus NS1 protein
or a part thereof which induces an i muné& response against the NS 1 30
proteins of all Dengue virus serotypes. In particular it has been shown

that the NShrphetNesn Qf'ot@ﬂ?op?a@tlﬂweﬁebﬂﬁoﬁ@rs@ﬁd'F%vii/iIﬂUQ@'rtSiew’lwfe<_Smotype
WO 03/ 048184 PCT/ EPO2/ 12991 9 2, induces an immune rei:;?on_s,e agai nst the

NS1 prot ei ndhuo$ betusechas a wascingiferf vacgingtian agearst ethesd avyEtisgs éner abl y
al |l Dengue virus. serotypes and referably al so again at_ I ot her
mosqui t o- bo\r'élrll%‘_”\t'lr‘a{§is\?f¥5’§e.si E° %Wﬁlﬁéia%éae%e@ %ﬁécﬁﬁk?eﬁ?'ﬁ\?e?%ﬁ"%ﬁ%e
present | ”V%'grlgﬂfé Y seFd’djE@ 2 Bah Hdgs&baskf 04&diNe UgaRiiiofdeinrbr all
according to the present vention of one Flavivirus induces an inmune

r esponses agaifiibe sehetyNss 1,08 anel 4, a$ watl lnaes vEtcinevdagaisgsseraty po2at ethayut

above the "Flavivirus” is preferably a nosquito-borne avi.virus. I.n other
wor ds t he i AVEREsRS bsefuhto WOW%WQ'WaBﬁF?S%'% %H?Bglﬁ'\f'ﬁ%&eﬁ A

al ter nat i ve erpadyaent i g, NoLi, 1oL 0L BAIHaI ST POL AECRAAoLP e

present inv squi or ne Vi rus induces an i mune
response agagbRstyitklie NS1 protein of the nosquito-borne Flavivirus from

whi ch the vaccine is derived and al so against other nosquito-borne

Fl avi viruses. Thus, the vaccine 15 derived froma nosquito-borne Flavivirus

is useful as vacci ne agai nstf one ,.or e ui to-b e jvituses. The
term "véBtor deri _U@dpf‘%%ﬁﬁ eﬁb&\ﬂ'mﬁfﬁhewg%‘a@g‘?'ﬁ%gbn@% ﬁye%sr?@tcont ext of
the present ;deseiamid Oed SathiRk. ft 49GTRIN BF el parednaloNed (Rile aft
poxvirus vector or a plasm contains a DNA as defined above. Thus, this
term ref ers that tihe adecitndstr26on s evakedidNAdtarbloei ngee tokabyaatkb exeresaivrexanpl e
for a "vector derived from ) ) . . .

cassette as in the present invention, in particular the intramuscular

injection of DNA leads to the expression of the protein encoded by the

15  expression cassette. The protein is exposed to the immune system and a

specific immune response is raised.

In an alternative embodiment the vaccination is made by
administering a vector according to the present invention, in particular a
20  viral vector, more preferably a poxvirus vector, most preferably a vaccinia

virus vector, e.g. a MVA vector.

For the preparation of vaccinia virus based vaccine, the virus

according to the invention, in particular MVA-BN and its derivatives, is

25  converted into a physiologically acceptable form. This can be done based
on the experience in the preparation of poxvirus vaccines used for
vaccination against smallpox (as described by Stickl, H. et al. [1974]
Dtsch. med. Wschr. 99, 2386-2392). For example, the purified virus is
stored at —80°C with a titer of 5x108 TCIDso/ml formulated in about

30 10mM Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine shots,

e.g., 10%.10° particles of the virus are lyophilized in 100 ml of



a Flavivirus" is a poxvirus vector, such as MVA, conprising an expression
cassette conprising a poxvirus pronoter, a sequence encoding a Flavivirus
NS1 prot ewvooo4q184t thereof, wherein the sequence codi ng POIT/EPVHE€2991
Flavivirus NS1 protein or part thereof is preceded by an ATG codon 25 and a
sequence ecoding a glycosylation signal sequence and wherein the coding
sequence is termnated by a stop codon ofl translation. Thus the vaccination
with the DNA, the vector or the NS1 protein or part thereof is useful as a

singl e subuphbsyagEd-BafRead Rsling (PRI angeretendd ofl 29 peptersand 2%

| east Fl avivirus serotypes. The or vector encoding the NS1 protein or
part ther eohufmamadmemifh aviani ampooie, Rraferabiyie gasvafpeoul® 03/ 048184

PCT/ EP02/ 12991 20 or the NS 1 protein or part thereof fromsaid Flavivirus
or serotype can thus be used as a vaccine for vaccination agai nst ot her

Fl avi vi ruses a”dBtef;s'gé‘ée(titYd'JlHﬁyzgrég%rg%’(g%Batr ﬁ?@%&&iﬁ%d\yifug‘yas@&%hﬂwé} jjacci ne

derived from a Vi rus can be used as a vacci ne agai nst
one, twos or paktichlaefa VNA-BN baype vatcing, aisdd4or ascoklaltiomsisvetotedhén agai nst
serotype 2. It may further be useful to protect an indiyidual against

ot her " Fl avi {ieegselied shateadt tSh%hwgtmKh?@X@WQJ@,SGLCE'@”J&EXﬁgéé”EHgBBhalitis

virus and the_Yel | ow ver,, Vi , I g nt..t he DNA
accordi ng t5e?(ﬁtéorﬂ)|af§s\/&%l‘t? a%itﬁéetﬁﬁlﬁigﬂﬂqo%e @s@g%égegcélggccﬁ@gqrﬁi@eknovvn by
the person skihbesh jtiddiRl By the @ pirbsiadTiotesiavviras toftheaksd dabitein
harboring a eukaryotic expression cassette as in the present invention, in
particul ar oheliffeterdarflesdivirases angl daviviru oseOEPesadspeetively, &pressi on of

the protein encoded X ressc% n cassette. The torot el rkrg%]exposed

to the ﬂM@@r§9§Eémbéiéﬁ‘h§ tfl‘gﬁ/gr ¥R YREGIRAHBR S 3 o!rgpsaé%d_ © an

ek By SRS SFZAEL et A Bicar bt estng o vector
stepwise freeze-drying of the virus in a formulation. This formulation can
contain additional additives such as mannitol, dextran, sugar, glycine,
lactose or polyvinylpyrrolidone or other additives such as antioxidants or

15 inert gas, stabilizers or recombinant proteins (e.g. human serum albumin)
suitable for in vivo administration. An typical virus containing formulation
suitable for freeze-drying comprises 10 mM Tris-buffer, 140 mM NaCl,
18.9 g/i Dextran (MW 36000 - 40000), 45 g/l Sucrose, 0.108 g/I L-
glutamic acid mono potassium salt monohydrate pH 7.4. After freeze-

20 drying the glass ampoule is then sealed and can be stored between 4°C
and room temperature for several months. However, as long as no need
exists the ampoule is stored preferably at temperatures below -20°C. For
vaccination the lyophilisate can be dissolved in 0.1 to 0.5 ml of an
aqueous solution, such a water, physiological saline or Tris buffer, and

o5 administered either systemically or locally, i.e. by parenterally,
intramuscularly or any other path of administration know to the skilled
practitioner. The mode of administration, the dose and the number of
administrations can be optimized by those skilled in the art in a known
manner. Most preferred for poxvirus vectors is subcutaneous or

30 intramuscular administration. Most preferably the vaccination is done by

administration of two vaccine shots in an interval of e.g. 3 to 5 weeks.



20 viral vector, nore preferably a poxvirus vector, nost preferably a
vaccinia virus vector, e.g. a MVA vector. For the preparation of vaccinia
Vi rus baswo ma¢esaBhe, the virus according to the inventi oRCTIEROP&IDI cul ar
MVA-BN and its derivatives, is 25 converted into a physiologically
acceptable form This can be done based on the experience in the
preparation of poxvirus vacci nes used for? vaccination agai nst smal | pox (as
described by Stickl, H et al. [1974] Dtsch. med. Wschr. 99, 2386-2392).
For exanpl e, the purified virus is stored at -BOvaith a titer of 5x108
TG D50/ m fornul ated in about 30 10mv| Tris, 140 M NaCl pH 7.4. For, the
preparation of vdEéheyasabesis a M- NGQCJ&QI@rpQ?'E'V%i%%tBWQOEE@OWIP'U%m&%

| yophilized 1 03/ P 02/ HYQ‘i e ered
sal i ne (PBS)[blﬂﬁ %%Cdpﬁl@é Ppﬁ%jrgep Vgr%'éﬁ Fg}:?%#lljal’r%% al bumn tl %Pglrlé
anpoul e, prefesapt Mn@erﬁiﬁ@ﬁsccﬁrmé@ﬁéea it foB \RRICIAAWRIdomprisire ket YABN t he
vaccinia virus based vaccine, in 5 particular a MVA-BN based vacci ne, used
for vacchnatvios vsc’saroaedording tof thezredentdneaniian for the ftsdwadainatien
exanpl e secti on that, ction as well, as the ent e of
cross react iR GINERE Ir}mﬂnysi e‘é‘Bffa SRS c @8 Chyfof hé I\%efp&dg 'E)EI’t e
flavivirus t B f flaviviruses and flavivirus

ser ot ypes, r((é)spe?[tlﬁg‘e}I é’fs@bq%dgaa}l?{:%ﬂ gﬁ) y high if the virus used for
vacci nation was stored as freeze dried virus. Thus, the vaccine shots

preferably can be produced by stepw se freeze- dryin of the virus in a
formul ation. Thidftbe rYﬁPétﬂeo‘ﬁ MV (%\#tVépFPrandij?i'MﬁHYe Aperiaaf \resNRII SN2

manni t ol nha . L.p,
TR €Ol AN, SRR Y ML 2R O AR 9R0 e
reconbi nant dUrQie‘?h@Sti{ee mimismatisar gmtakbuaddihe ﬁulthékér%dtﬂfallgneﬁeuﬂve
adm nistration. An typical virus containing fornulation suitable for
freeze-dryi mmounts iises fliGtnivoTuiatiguf(f erimingoineulaiedn”) and in a second
inoculation (“boosting inoculation”). The interval between the priming
inoculation and the boosting inoculation is e.g. 2 to 12 weeks, preferably
15 e.g. 3-6 weeks, more preferably e.g. about 3 weeks. The virus amount
used for vaccination shout be at least 1 x 10?2 TCIDso, preferably e.g. 1 x
107 TCIDsg to 1 x 10° TCIDso Moreover, a particular embodiment of the
present invention concerns a kit for vaccination comprising a MVA-BN
virus vector as defined above for the first vaccination (,priming®) in a first
20 vial/container and for a second vaccination (,boosting”) in a second

vial/container.

Thus, the invention concerns in the vaccine embodiments a vaccine
comprising a DNA, a vector or a NS1 protein or part thereof as defined.

25  above and the use of said DNA, vector or protein for the preparation of a
vaccine. According to a preferred embodiment the invention concerns the
use of said DNA, vector or protein for the preparation of a vaccine wherein
the NS1 protein or part thereof, the NS1 protein or part thereof encoded
by the DNA or the vector is from one Dengue virus serotype and wherein

30 the DNA, the vector or the NS 1 protein or part thereof is used as a



18.9 g/l Dextran (MAN 36000 - 40000), 45 g/l Sucrose, 0.108 g/I L- glutamc
acid nono potassium salt nonohydrate pH 7.4. After freeze 20 drying the

gl ass anpwolog/oisst hen seal ed and can be stored between 4CPCampor/axom
tenperature for several nonths. However, as long as no need exists the
anpoule is stored preferably at tenperat 9{ es below -20C. For vaccination
the Iyophilisate can be dissolved in 0.17to 0.5 m of an aqueous sol ution,
such a water, physiological saline or Tris buffer, and 25 adm nistered

ei t her syst emccald 3gainst beal threeiareall Pengaeetus s¢iopypes.nioaipsefaralbplyy or
any ot her p%hh of adm nistration know to ;J%e skilled practitioner. The
nmode of admtAfHEEUDKIUS K6TAYRE Iasg PO imber of administrations can be
optim zed by those skilled in the art in a knowmm rmanner. Mst preferred
for poxvirus vectors is subcutaneous or 30 intranuscul ar adm nistration.
Most preferably tTe waeatioatfuetheryetias tbya nathodifet tiag teataieritver vacci ne
shots in an interval of e.g. 3 to 5 weeks. WD) 03/048184 PCT/ EP02/ 12991 22
I f the vaccipfevertien pia- BrViviusonTestiereepyrisieg ine¢watingsdpAnENay a DNA

according to_the.present inventi rtidcul e i.nen f resent
AR T g N U L T B A T S
accordi ng t R gH LREL pkHBR bl Yart herdd® aki d15dveY 6 PaRBELRIF the,  Prim ng”)
ina first vial/contaliner and for a second vaccination (,,boosting") in a

second vi al /iogerttiomeelates te hemetowd as dove, Mherein thecNOrl proteaer puaBrve

t hereof co i Si s, defi ned, above a rticular.enbodinent of
the pr esenmkﬁ@%?qr%e]]gémrﬁ%mt‘Pl%péﬁrﬁh%rg?fs%@?cgf?%byﬁhé 2amds n

t herapeuytic f f j t.S . i i i NRT
nocal st onVpClors| F6 e TIRMR rd ' sBrdrbe i AREHAhIAR ONAY LS Bectar,

interval betorege NBEL prot@imer pard thidiof gnused dshe vhooisti axrinsiotwid attiree i s
e.g. 2 to 12 weeks, preferably 15 e.g. 3.6 weeks, nore preferably e.g.
about 3 weeky.alTRenghevdruseritypes

15



used for vaccination shout be at least 1 x 102 TCI D50, preferably e.g. 1 Xx
107 TCI D50 to 1 x 109 TCI D50. Moreover, a particular enbodi nent of the
present iwWOeab#sigs concerns a kit for vaccination conprisi RGTEPWRIBN virus
vector as defined above for the first vaccination (,,primng”) in a first
20 vial/container and for a second vacciﬂati on (,,boosting”) in a second

vial /container. Thus, the invention concérns in the vaccine enbodi nents a
vaccine conprising a DNA, a vector or a NS1 protein or part thereof as
defined. 25 above and the use Sumsuaiady DkAheJogentionr protein for the
preparation of a vaccine. According to a preferred enbodi nent the

i nvention concerns the wuse of said DNA, vector or protein for the

preparation .a vacci [ . I i r tther eof , the NS1
protein or Eﬁ%tlﬁ\(?@é%?&éﬁgcl%ﬁghgr%éun?ﬁggmfgﬂ&mjgvae@ﬁ%%ril@ from one
Dengue Vi rugpogyiriNes: and wherein 30 the DNA, the vector or the NS 1
protein or part thereof is used as a WO 03/048184 PCT/ EP02/ 12991 23

vacci ne fagai nst two, three or all Dengue virus serotypes. Mdst preferably

t he Dengue pi rusf serotype is serotype 2. The invention further relates to a
met hod for t'5€ Qreatnent or 5 prevention of a Flavivirus infection

compri sing 1 noghl gl AgcRNcafiMing drelprdsibricdutet compresfgeher cof with

a DNA as above, a vector as or a NS1 protein or part thereof as
above. In par ttrgnsaiptiteal iepudaticrprelerekbat esdta saquencow heh aboes atvipastei n

by the DNA or fBRaNeBNybarBNST? BArGHErEBNGLE TUpF AL TeLRBTy K Ghtoher 61 n
vacci nelhgar ndt eagr B8 L BB aAl Aor 13 0cs' 1500 03 oas1ss
PCT/ EP02/ 129915 NS1 protein or part thereof of said flavivirus

for the preparation of a vaccine against the mosquito-borne Flavivirus

from which the nucleic acid or the NS 1 protein or part thereof is derived

and against at least one other mosquito-borne Flavivirus.

15
Use as above, wherein the mosquito-born Flavivirus from which the
nucleic acid or the NS1 protein or part thereof is derived is a Dengue

virus.

20 Useofa
- nucleic acid comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which codes at least
for the NS1 protein or a part thereof of a Dengue virus serotype,
- vector comprising said nucleic acid and/or
25 - NS1 protein or part thereof of said Dengue virus serotype
for the preparation of a vaccine against all Dengue virus serotypes and

optionally against at least one other mosquito-borne Flavivirus.

Use as above, wherein the Dengue virus from which the nucleic acid or

30 the NS1 protein or part thereof is derived is Dengue virus serotype 2.



24 Summary of the Invention The invention relates in particular to the
follow ng, alone or in conbination: 5 Use of - a nucleic acid conprising
an expreswpon/ogassette conprising a transcriptional regulParmpy2/eddenent and
a sequence which codes at |east for the NS1 protein or a part thereof of a
nosqui to-born flavivirus, 10 - a vector conprising said nucleic acid and/or
- a NS1 protein or part thereof of said fPavivirus for the preparation of a
vacci ne agai nst the nosquito-borne Flavivirus fromwhich the nucleic acid

or the NS 1 psOhSiabove Wetreitrf‘fﬁfeegéquéwdéeééd’ﬂg foRrRHe 20R PFbtaih dregat one
ot her nosqui t o- borne Flavivirus. 15 Use as above, wherein the nosquit o-born

Fl avi vi rus ftheneaftifdinet tmesquitot lemmeaféa\dvmusme)fmls@ [peregles Miroe seaetypensr eof
is derived is a of a - nucleic aC| sing an
expr essi on o%@g@ge@q%% _|r5¢1 ﬁ@dQ” aﬂ‘ﬁﬂé@ﬂl"‘ﬁ??%ﬁé’l‘:og%? X?S’/Srﬂ?‘éé%nt and a
sequence whig Qﬁ%éﬂcel £38 Wherein the cOFhgPs HEelfs @rﬁﬁﬁété&@?%@sto fa.
Dengue vi rus ero -~ vector conprising-sal d nucleic acid and/or 25 -
NS1 protgi n spdgreot trbhetan.of sai d Dengue virus serotype for the

preparation of a vaccine against all Dengue virus serotypes and optionally
agai nst at | east one other nobsquito-borne Flavivirus. Use as above, wherein

thereof is disd daaryepiiierU e i BeShufte Banlddrb it as el el 1651
from the West Nile virus, the Yellow fever virus and the Japanese
Enzephalitis virus.
10

Use as above, wherein the vector is a poxvirus vector.

Use as above, wherein the poxvirus vector is a Modified Vaccinia Virus
Ankara (MVA) strain, in particular MVA-BN deposited at the European
15 Collection of Cell Cultures under number VOOO83008 or a derivative

thereof.

Use as above, wherein the poxvirus vector is freeze-dried and is
reconstituted in a pharmaceutically acceptable diluent prior to

20 administration.

Use as above, wherein the transcriptional regulatory element is a poxvirus

promoter.

25  Use as above, wherein the vaccine is administered in therapeutically
effective amounts in a first inoculation (“priming inoculation”) and in a

second inoculation (“boosting inoculation™)

Method for the treatment or prevention of a flavivirus infections

30 comprising inoculating an animal, including a human, in need thereof with



25 Use as above, wherein the sequence coding for the NS1 protein or part

t hereof of the nosquito-borne flavivirus or of the Dengue virus serotype is
preceded W9 0an48484 codon and a sequence encodi ng a gl ycosylCatipon1298i gnal
sequence and wherein the coding sequence is termnated by a stop 5 codon
of translation. Use as above, wherein the other nobsquito-borne Flavivirus
is selected fromthe West Nile virus, tB Yellow fever virus and the
Japanese Enzephalitis virus. 10 Use as above, wherein the vector is a

poxvirus vect of nydfdcatj@keyepriviher & BxphesRaxvassetty eohprisiaga Mdi fi ed
Vaccinia Virus Ankara (MVA) strain, in particular MA-BN deposi ted at the

Eur opean 15 Ctrlahecmpbnnaf rege|btanyl el ement ancea seanBaEe VWITOBIDORSAHt |gast
erivative above, e n,t

freeze-dried f?(ﬁ}% Ngi i?'lnt(ﬁft apar rﬁﬂgpﬁﬁdﬁ%ﬁlﬁr&?’%@ﬁﬂ%@i’gg?’e di | uent
prior to 20 agmLpiStegt ?&1n$’§§lcﬁﬁué‘1lé?é’§md"§'ﬁ(ﬂ%r” the transcriptional

regul atory el errent I's a E us pronoter. 25 Use as above, wherein the

vaccine §s admamNsl @rretbmrortmﬁaﬁ@aﬁd ttlak/ivyruseffectl ve amounts in a first
i nocul ation ( prim ng _inocul ati on” in._a secogﬂ i nocul ation boostl ng

i n]?cul at i on'Whevetmée F&Vlvlﬁﬁsﬂfﬂf%i'ﬁﬁdﬁ a@r'”fﬁ@b‘é’hpy egnogar|takYNEy

i nfections LleS ni Gl d
ther sof i t 95 G0 dheanh R HERLP R sB8s o 5B he NGk BES B, B oﬂn?oerﬂe?i ng an
expressi on Gagretbe H/MIH §h NFedtiohHNaEsHHRY irpoeduiteddrat dsvielregent and a
sequence whi ch codes at | east

10  Method as above, wherein the mosquito-borne Flavivirus from which the

nucleic acid or NS1 protein or part thereof is derived is a Dengue virus.

Method for the treatment or prevention of a Flavivirus infection
comprising inoculating an animal, including a human, in need thereof with
15 - anucleic acid comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which codes at least
for the NS1 protein or a part thereof of a Dengue virus serotype,
- avector comprising said nucleic acid and/or v
- aNS1 protein or part thereof of said Dengue virus serotype,
20  wherein the Flavivirus infection is an infection by the Dengue virus
serotype from which the nucleic acid, or the NS 1 protein or part thereof
is derived and/or an infection by another Dengue virus serotypes and/or

an infection by other mosquito-borne Flaviviruses.

25  Method as above, wherein the Dengue virus from which the DNA or the

protein or part thereof is derived is Dengue virus serotype 2.

Method as above, wherein the sequence coding for the NS1 protein or
part thereof of the mosquito-borne flavivirus or of the Dengue virus

30 serotype is preceded by an ATG codon and a sequence encoding a



for the NS1 protein or a part thereof of a nosquito-born flavivirus, - a
vector conprising said nucleic acid and/or 5 - a NS1 protein or part of
sai d fl awoiomsssiswherein the Flavivirus infection is an i RCe@PODRPY t he
nosqui t o-borne Flavivirus fromwhich the nucleic acid, or the NS 1 protein
or part thereof 1is derived and/or an infection by another nosquito-borne
Fl avivirus. 1o Method as above, wherein?% he nosqui t o- borne Flavivirus from
which the nucleic acid or NS1 protein or part thereof is derived is a
Dengue Vi rusycodBhhied signaltdwruoreatarehivhereipr theentdiog sequeriéeasi vi rus
infection <onprising inoculating an animal, including a human, in need

t her eof wi tierdBnated hya stiop erden ebkanisAtiN.an expressi on cassette
conprising a transcriptional regulatory el ement and a sequence whi ch codes
at least for the NS1 protein or a part thereof of a Dengue virus serotype,

- a vector M%Eﬂ%ébgis%c%!, Qv HBE (PG @éét@g%@@/&ﬁxm@ Wsstopr ot ei n or part

t hereof of said ngue Vi rus serotype, wherein the Flavivirus infection
is an infection by the Dengue virus serotype from which the nucleic acid,

or the NS 1 protein or part thereof is derived.and{por,.an,inf |
anot her DenMgéhW :aésaw%@tW@rhﬁ?ﬁ BP;(‘?'éMS Wh%@&‘?@n%'ﬁ?ﬂé&cﬁﬁgéﬁmggbor ne

Fl avi vi rusesg, above, wherein the Dengue virus fromwhich the
DNA or the ’Elalﬁz)rt%em{/g?gﬁ%?? thereof is derived is Dengue virus serotype 2.

Met hod as above, wherein the sequence coding for the NS1 protein or part

t hereof of the nosquito-borne flavivirus or of the ngue viru 0 serotype
i s precededMejhat asTabasd ovherein éh%é/a(h\zﬁt:@”érh%wfhgﬁd\ﬂ@%gﬁ@@glt%@

cequenct | sEurepsamaetiaceyn o sepChBlB BRAEE BB Y HOBREERS 96 above,
wher ei n thedgﬁgéﬁ\r,e itﬁer%o?.ox"i rus vector.

Method as above, wherein the poxvirus vector is freeze-dried and is
reconstituted in a pharmaceutically acceptable diluent prior to

15 administration.

Method as above, wherein the transcriptional regulatory element is a

poxvirus promoter.

20 Method as above, wherein the poxvirus vector or the pharmaceutical
composition is administered in therapeutically effective amounts in a first
inoculation (“priming inoculation”) and in a second inoculation (“boosting

inoculation™)

25  Poxvirus vector harboring a DNA comprising an expression cassette
comprising a transcriptional regulatory element and a sequence which
codes at least for a Flavivirus NS1 protein or a part thereof, wherein the
poxvirus is Modified Vaccinia Virus Ankara (MVA) strain BN deposited at
the European Collection of Cell Cultures under number V00083008 or a

30 derivative thereof.



5 Method as above, wherein the poxvirus vector is a Mdified Vaccinia Virus
Ankara (MVA) strain Method as above, wherein the MVA strain is MA-BN
deposi t edwato3nksas4 10 Eur opean Col | ecti on of Cell CulturesPomdgPo2/mesber
V00083008 or a derivative thereof. Method as above, wherein the poxvirus
vector is freeze-dried and is reconstituted in a pharmaceutically
acceptabl e diluent prior to 15 administr&tion. Method as above, wherein the
transcriptional regulatory elenent is a poxvirus pronmoter. 20 Method as

above, wher eigiyr018 VRRXYI AabYOE! Ahepsintihe MAaiRGastd pdsquittyboshd i on s
adm ni stered in therapeutically effective anounts in a first inoculation
("primng i Rtuvianson'padiclana dewiendridsocul ati on (" boosting

i nocul ation") 25 Poxvirus vector harboring a DNA conprising an expression
cassette conprising a transcriptional regulatory elenment and a sequence

whi ch COde%o%irbg%ktéPéi/%gﬁylé)é@gﬁbF&ﬁ t'H%lD@r'igE@Wu@ris@d?%Ie {ipgs eof ,

wherein the “poxvirus 1Is Vaccinia Vitus Ankara (MVA) strain BN
deposi t ed akerdtypeRiropean Collection of Cell Cultures under number
V00083008 or a 30 derivative thereof. WO 03/048184 PCT/ EP02/ 12991 28
Poxvi rus vector as above, wherein the Flavivirus is a nosquito-borne

Flavivirus, 4n partjc r g Lrus. | -US : erein
a1 o BE e s 3 RR RSN RHL e, B Goy 3 Bl Erther
wher ei n t he \sROYRHESN GRdAH theredihe prbeaded bysan NG eoddeiandoa spauentdier eof
is preceded by an ATG codon and a sequence . ,

encoding a glycosylation signal sequence and wherein the coding

10 sequence is terminated by a stop codon of translation.

Poxvirus vector as above, wherein the transcriptional regulatory element

is a poxvirus promoter.
15 Poxvirus vector as above, wherein the poxvirus vector is freeze-dried.
Poxvirus vector as above as a vaccine.

Pharmaceutical composition comprising a poxvirus vector as above and a

20 pharmaceutically acceptable carrier, diluent and/or additive.

Poxvirus vector as above or pharmaceutical composition as above for the
treatment and/or prevention of a flavivirus infection, wherein the poxvirus
vector or the pharmaceutical composition is administered in

25  therapeutically effective amounts in a first inoculation (“priming

inoculation”) and in a second inoculation (“boosting inoculation”)

Method for the treatment or prevention of a flavivirus infection comprising
inoculating an animal, including a human, in need thereof with a vector as

30 above or with the pharmaceutical composition as above.



encodi ng a gl ycosyl ation signal sequence and wherein the coding 1o sequence
is termnated by a stop codon of translation. Poxvirus vector as above,
wherei n twWo osw#18cri pti onal regul atory elenent is a poxviPCh&LPpr/@vet er. 15
Poxvi rus vector as above, wherein the poxvirus vector is freeze-dried.
Poxvirus vector as above as a vaccine. Pharnaceutical conposition
conprising a poxvirus vector as above and®a 20 phar maceutical |y acceptabl e
carrier, diluent and/or additive. Poxvirus vector as above or

phar maceut i c@éll comrgderdtily @nhwasambeslg donptibimg & peavirestveahol/ as apoggent i on of
a flavivirus infection, wherein the poxvirus vector or the pharnmaceutical
conposition is adninistered in 25 t herapeutically effective anounts in a

(boost i ng. 1 e dr 41e Bie R vestor 8 28 i Bek e Bt hCRtR BB ST "
flavivirus r@égpbr@@Fﬁ@o@ﬁﬂéwwngwugemk@ﬁbﬁg an anlnal |nclud|ng a huwan

in need thereof with vector as 30 above or with the pharmaceuti cal
conposi t bon as above. MD 03/ 048184 PCT/ EP02/ 12991 29 Cel I, preferably a

human cel | risin XVirus.v ctor as above. of t,he poxvirus
Dottt arSRTBE BRI B o bR o SR & porirare T B Bt o
Fl avi virus '6}f§‘bq"!a9 acxfidal £8Mm élﬂﬁﬁ%"%o 79 Bt |%CEPATR%L§ onr .

poxvirus vector "as a ove of a arnaceut|c conmposition as

first i nocul:a:bt:orat(drﬁl)nmawfgrstlwa)ldubatamer”;mclrfoaafsereehdvnn@bummal ner and
for a second inocul ation "boosting inoculation”) in a second

vi al | cont ai H&POOSENg@EnooHoligna) PETIaePDs) iabsontaioer.

10



Short Description of the Figures Figure 1A: The dengue NGC strain "signal
sequence+NS1" cDNA protein coding sequence of the construct used as an
exanpl e iwotobiogsisnvention. 5 The start of the NS1 gene i nPChEPozI29EI
context is indicated by an arrow. Inportant features are the addition of
an ATG start codon and a stop codon (in this exanple "TAG'). Nucl eoti de
sequence numbers refer to position in he NGC strain genone ( Genbank
accessi on nunber AF038403). The nucl eotide and ami no acid sequence in
Figure 1A lo corresponds toSHg® Desbeiption dhtheRigureacid is separately
shown as SEQ ID No. 6. Figure 1B: Diagram of plasm d pAF7NS1l contai ni ng
the dengue NGC strain "signal sequence+NS1" protein codi ng sequence. 15

L : ! _CO! .

Show ng. t el IBHF "Dl O AGSSF MAEC A BOREADET T e s Blibr PAPEPLSteREr

wi th oBN345 and qBN323:-o HhenBYHReki | tRragBhXafebk iBemienaetion. Fi gur e
BoeGHE PR NaneFOTE

1C correspo% e amno acid is se

( parately 20 shown as
SEQ | DsNo.TRe sFirgwieha NSt @enekntigeluaturalt ¢enthytirsosislicateg %Y én Ato¥engue
NGC strain NS1 amino acid sequence,élarri no a t(céj ¥7 to, 1127 of ngue NCG
pol ypr ot ei nm@erbahkeuces aroaharGSEIo3 P aVa& $ %@M%?Bdé B\ ophobi c.

25 bottom Kyte-Doolittle hydr inCl i :
aci 0 sequerteGbAaE R HFoTar s Bie dralBR%Y PUoe R (AT dg™ S n

acids of C tesimiopah @f GG Sir8iMngéRerneq GrsiginkAfdessitibhumier total — ani no
aci d sequentce represents amno acid 748 to 1127 of the dengue

\?Mplt Kpr ot eﬂpéfmfﬁb@@&. Agemlmti@@eesm)nwmci@lhsqwertq@i i kighse rJr'AIS\I(C):Gst art s

an "ATG' start co | to q D e

Val Lies BboveorrFaondh)a SEIBINGYD B3P STBLE A et SBad disbughahn aduence:
SEQ:ID No. 6.

Figure 1B: Diagram of plasmid pAF7NS1 containing the dengue NGC
strain “signal sequence+NS1” protein coding sequence,

15
Figure 1C: Nucleotide sequence of the NS1 cassette within plasmid pAF7
showing the primer binding sites for PCR amplification of this cassette
with o0BN345 and oBN338. The nucleotide and amino acid sequence in
Figure 1C corresponds to SEQ:ID No. 7. The amino acid is separately

20 shown as SEQ:ID No. 8.

Figure 1D: top: Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1
amino acid sequence (amino acid 776 to 1127 of dengue NCG polyprotein
Genbank Accession AF038403). Values above zero = hydrophobic.

25  bottom: Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1 amino
acid sequence containing a signal sequence derived from the last 28
amino acids of C-terminal of E protein (amino acid 748 to 775). The total
amino acid sequence represents amino acid 748 to 1127 of the dengue
NCG polyprotein (Genbank Accession AF038403) which for this strain

a0 starts with an "ATG" start codon but lacks a stop codon. Sig = Signal

sequence. Values above zero = hydrophobic



31 Figure 2: Nucl eotide sequence of the "poxvirus pronoter+signal
sequence+NS1" expression cassette. The nucleotide and amno acid sequence
i n Fi gur ewd osposg18sponds to SEQ ID No. 9. The ami no acid i CI/EPepavat el y
shown as SEQ I D No. 10. Briefly, the mniml poxvirus early/late pronoter
el ement controls the expression of the NS1 protein of Dengue virus
serotype 2, wherein the N-termnus of the' NS1 protein is fused to the 28
C-terminal am noacids of the E-protein. The translation is term nated at
an TAG stop codon that has been inserted into the nucleic 1o acid
sequence. Figure 3A: Coning of NS1 expression cassette into the blunt
ended Xho | Figuree2: Nugheoliteiseqesniaayy! Bie PRNXTPSIRI OpRe@i¢tE!IgNde cl one pBNAL.

PPr = poxvirus pro -, D2F1.= fl 1 of deleti i - . =
réecr)]rrycig égegggﬁgqglﬁggrgéﬂ ,Ssl'%E%agsn‘?ktﬂ?'eﬁ?.%f‘%ﬁfe?boggd&néhgf\aﬁﬁ{nng éidlle, EGFP =
nhance i Lo i id i
sequence+N$%zgaBglﬁi§é)§:ﬁ§@ﬂ%e%%gfﬁeggiaggi%lgﬁ %‘??ngﬁbg%Tge:?rgﬂglb a(s:ledqllfence.
(AgRb= ﬁm&lg %gggiﬂeﬁe§h6War?S'EQd@ N20 16 d@iriefly3Bhe Hinrdmaliparyprust  MVA

nban ; . j !
(32" uncenoitsfe FeMdeE el emoat CaptromhEe cxpraseEn pr IRASEFRRBP NS
cassette was, i nsert. i £t i : ' J } i
pr onot er, N@FW&UG:V'ﬁ‘g%ﬁg}ccfofxsggi‘@@%ﬁg”e@%tﬁgt& plrl}{(&)ﬁ:t%eolfr%%o |Sﬁ segﬂiﬁce),

| RES = I ntefngdd B b9s 2BCRicndhingl Sinlitoauids 25 tASE-pratietmal he equshaitopisis NS1
protein codi ng sequence of dengue 2 NGC strain. Figure 4. Plot of the

ELI SA absor harmomatedditrays TAG stop goden thaihas beendepertedi iR tomEUEHICal |

three rabbits, 30 WD 03/048184 PCT/ EP02/ 12991 32
10  acid sequence.

Figure 3A: Cloning of NS1 expression cassette into the blunt ended Xho |
site (blunt end cloning) of pBNXO7 to produce the clone pBN41. PPr =
poxvirus promoter, D2F1 = flank 1 of deletion site 2, NPT Il = neomycin
15 resistance gene, IRES = Internal Ribosome Binding Site, EGFP =
Enhanced Green Fluorescence Protein, NS1 (in pBN41) = signal
sequence+NS1, D2F2 = Flank 2 of deletion site 2, Sig = signal sequence.

AmpR = Ampicillin resistance gene.

20  Figure 3B: Hind |1l map of MVA (Genbank U94848) showing the location
of the six deletion sites of MVA (-J- = junction of the deletion site). The
"PPr+NPT II+IRES+EGFP+PPr+NS1" cassette was inserted into deletion 2
site of MVA. PPr = poxvirus promoter, NPT |l = neomycin resistance gene
(protein coding sequence), IRES = Internal Ribosome Binding Site and

25 NS1 = signal sequence plus NS1 protein coding sequence of dengue 2
NGC strain.

Figure 4: Plot of the ELISA absorbance readings of the post-immunized
sera titrations for all three rabbits.

30



Figure 5. Elisa cross reactivity studies. The cross reactivity of a rabbit
serum of day 38 (upper part) and day 66 (lower part) with |ysates of cells
i nf ect ed wotoh/0BHEBMN- 1, DENV- 3, DENV-4, JEV and WAV was t esPeu/EPo2/s991 ELI
SA-assay. 5 WD 03/048184 PCT/ EP02/12991 33 Exanples The follow ng
exanples will further illustrate the present invention. It will be well
under stood by a person skilled in the ar¥ that the exanples 5 may not be
interpreted in a way that limts the applicability of the technol ogy
provi ded byrighfeRf: 60 cauecnidcamtyotiliras Teaamlsss-eabualiplod alrabbit
Construction®f nBNO/ 10 1. Details of NSl antigen EFI ure 1) The exanple
refers to N&ruoh of efayt §R€uppdrpavedarid day tde(INmer parbnwihdysates of celNac
strain (exanmpl e: Genbank sequ F ) .= SN the NS t.ein of the
Fl avi vi r usekfeategrgthdeaNys pﬁgﬁﬁhéy@EggﬁéoH?Mﬁﬁ%@?ﬂ“ﬁ#&%ﬁ%?%?gﬂﬁéﬂN31 gene
in the corrgﬁg%&%gg DNA is not preceded by a "ATG' start codon.

Ther ef or e, C %ﬁuence coding for the NS1 protein nust require the
addition of a "ATG' start codon. This is then followed by the 20 addition
of a signal sequence so that the newy synthesized NS1 protein becones

gl ycosylated in the endoplasmc reticulum Finally, the protein- coding
cassette needs a stop codon and in this exanple TAG was added to the 3
termi nal end of the protein coding cDNA sequence. In the exanple used in
this invention the "ATGtsi gnal sequence"” elenent was 25 derived fromthe
hydr ophobic C-term nal end of the E protein (the |ast 28 am no aci ds,
which for NGC strains starts with the amno acid M(ATG). Fig 1A shows

t he exact signal sequence plus NS1 sequence used as



the exanple for this invention (see also SEQID 5 and 6). The "signal
sequence+NS1" nucl eoti de codi ng sequence was obtai ned by RT-PCR 30

anpl i fi cawpDen/0ig184n dengue NGC genoni ¢ RNA usi ng the fol | omca@rpriasers: WO
03/048184 PCT/ EP02/ 12991 34 D2NS1- | up:

5' - ACAAGATCTGGAATGAATTCACGTAGCACCTCA-3' (SEQ I D No. 4) In italics: Bgl I
restriction endonucl ease recognition sit 3 Underlined is the start codon.
5 D2NS1- 2down: 5' - AATAGATCTCTACTAGGCTGTGACCAAGGAGTIT-3" (SEQ ID No. 3) In
italics: Bgl Il restriction endonucl eggempdesgnition site. Underlined is
the stop codon. 10 The RT-PCR anplification was carried out using the Titan
One Tube RT-PCR kit from Roche Ml ecul ar Bi ochem cal (Catal og nunber

1- 939- fol | owi - i ons . .
Fovever . ebsent i g RlREs e Bl gR EAREDTIER ) ther BetRrtd PkiBhos b
used i nstead; Wil RO AERd6d K28 psé?gantsﬁgw%dﬁnwhé B0 thietRaekhnglés of

any nultiple cloning site present Iin many o e commercial bacterial
cl oni ng 5 pl aaaydeoavas | iabtrprbtad iin ahimayexthapllimits Wes appicabilibt ©fptFg to

give rise 20 to clone to pAF7D2NSL - see fig 1B and 1C for sequence
details for tﬁ@h’?@@lﬁ%ﬂ?roﬂi%&ig)’%éﬁ eRal W@Pg'ﬁlﬁ‘glﬂ 85§ nga@pglsegf NS1 am no
acid sequence and NS1 containing the added signal sequence fromthe G
term nal am no acid codi ng sequence of E protein. The short N-term nal

hydr ophobi c Eieiaple 15 ComgitamitiolrcoPmBNO7gnal sequence. 25
10 1. Details of NS1 antigen (Figure 1)

The example refers to NS1 of serotype 2 derived from the New
Guinea C strain - NGC strain (example: Genbank sequence AF038403).
Since the NS1 protein of the Flaviviruses is produced as part of a
15 polyprotein precursor the NS1 gene in the corresponding DNA is not

preceded by a ,,ATG" start codon.

Therefore, a cDNA sequence coding for the NS1 protein must
require the addition of a "ATG" start codon. This is then followed by the
20 addition of a signal sequence so that the newly synthesized NS1 protein
becomes glycosylated in the endoplasmic reticulum. Finally, the protein-
coding cassette needs a stop codon and in this example TAG was added
to the 3' terminal end of the protein coding cDNA sequence. In the
example used in this invention the "ATG+signal sequence" element was
25  derived from the hydrophobic C-terminal end of the E protein (the last 28
amino acids, which for NGC strains starts with the amino acid M (ATG)).
Fig 1A shows the exact signal sequence plus NS1 sequence used as
the example for this invention (see also SEQ:ID 5 and 6). The “signal
sequence+NS1” nucleotide coding sequence was obtained by RT-PCR

30 amplification from dengue NGC genomic RNA using the following primers:



2. Details of NS1 expression cassette (Figure 2) To express this "signal
sequence+NS1" from a poxvirus vector such as canarypox, fow pox, vaccinia
or WA, awpweseigies pronoter needs to be 30 added to the PCTEPA2/®991 hi s
cDNA. Poly adenyl ation signal sequences are not required as all poxvirus
synt hesi zed RNAs are pol yadenyl ated by a WD 03/048184 PCT/ EP02/12991 35
virally encoded enzynme that requires no pbl yA addition signal sequence for
carrying out this function. Any poxvirus pronoter can be used for the
expressi on @2N$§1S1 RS TEWCAAGA DOTEGA ATGASEZ ACCNAGCACOTCAR 'st8i):1 be

nucl eoti de sequence of the "poxvirus pronoter+signal sequence+NS1" 5
cassette us@b.agk) the exanple in this invention. For the exanple used in
this invention the "signal seguence+NS1' was further PCR anplified from
the NS1 pl aéﬂi‘@ﬁ'@ﬁbﬁél EET%r'FﬂenﬁTmleW%W%ém@%. 0BN345 pri ner
contains a n de‘?ﬂhleg‘?sscﬁgl&ﬁgﬁeccﬁfoﬁ!o a poxvirus mnimal pronoter elenent 5
to the target sequence wthin the cloning plasmd. Plasm d target sequence
for oBN3#5 primer binding was approxi mately 40 nucl eoti des upstream of the

signal sequence start codon, This was to ensure the R cript contain
a stretch oD2NB1-2dews; 5"AMHI%TQ®M§@Q@TC§A§C%{%8£® eP\ce ATG
start codon. i ryymers with Ps pronoter: 0BN338:
5'-TTGTTAGCA%&§§%%§GACTTAATTA (30mer) (SEQI D No. 1) 20 oBN345: 5
%Q%T&%)ﬁﬂahb@.‘ BET Tttt st MY c opRRTEA BRETACCATGG - 3

Underlined is the stop codon.

10
The RT-PCR amplification was carried out using the Titan One Tube
RT-PCR kit from Roche Molecular Biochemical (Catalog number 1-939-
823) following the instructions recommended by the manufacturer.
However, essentially any commercial or non-commercial RT-PCR kit can

15  be used instead.

The RT-PCR product can then be cloned into the BamHI site of any
multiple cloning site present in many of the commercial bacterial cloning
plasmids available but in this example it was cloned into pAF7 to give rise

20 to clone to pAF7D2NS1 - see fig 1B and 1C for sequence details for
pAF7D2NS1. Fig 1D shows the hydrophobicity plots of NS1 amino acid
sequence and NS1 containing the added signal sequence from the C-
terminal amino acid coding sequence of E protein. The short N-terminal
hydrophobic domain is indicative of a signal sequence.

25
2. Details of NS1 expression cassette (Figure 2)

To express this "signal sequence+NS1" from a poxvirus vector such
as canarypox, fowlpox, vaccinia or MVA, a poxvirus promoter needs to be
30 added to the 5' end of this cDNA. Poly adenylation signal sequences are

not required as all poxvirus synthesized RNAs are polyadenylated by a



25 (Underlined nucl eotides present the poxvirus mninml pronoter

sequence.) Annealing tenperature for the PCR anplification reaction for the
first fiwowogohsass was cal cul ated fromthe nucl eoti de sequecTEPVIIE99DI nds to
30 the honol ogous sequence in the cloning vector of 0BN345. WD 03/048184
PCT/ EP02/ 12991 36 3. Integration of NS1 expression cassette into MWA (Fig
3) The PCR anplification product was bl it end cloned into the cut and

bl unt ended Xho | site of plasm d pBNXO7 (see Fig 3a) to form5 plasmd

PBNAL (see g 3ahcodEhzyimd atweegliresi s politregaaitiorgsignal Spquence
pr onot er +si gnalygsequenceﬂ\%l" cassegte i ntopdglmgti on si ttgrrga quM\/A b

ggrr;)l)f)lgous froeixozmtyiglgtdm.rt(lj'lis‘tl;hmkcémrﬁri)aDOX\éaﬂ‘ijpé@ﬂ”@fteleN&Pe( derd ﬁi’rg@'lag are

oWs: - asm. a N I i -

(Genbanic  vePejion St caareRBor 81T 2Atch SHoRE Do b AndTRh Ak Bn 95
is repre . tl . '

Gonbank Seqlin Rt HE e R g e B ARaE pr R b e eyci

phoshot rans¢gsaste 0E6d eisithecshiamgpkeiquignis éneuttadrei n - codi ng sequence of
Genbank V00618). - IRES: Internal Ri bosome Entry Sequence fro?n

Ezﬁ:ggghogggﬁr Ic:Ii Li)ses?:gn\éier tFJ)s gJ_ang eé_ al ., 1989, Genbank ML6802). - EG-P:
sequence - nucle 4] é%e §8mple Eﬂ%@gleiﬁttﬁgse‘r{j\%@jﬁgrﬁ-%gﬁbé\ﬁ%&%ggﬁggg&%609) -
NS1: "si gnaj,s&0HeRe POREmMPRRES A adENIS s eslaemie clomenudangtie primers
oBN338 and oBN345. o0BN345 primer contains a nucleotide sequence of
10 a poxvirus minimal promoter element 5' to the target sequence within the
cloning plasmid. Plasmid target sequence for oBN345 primer binding
was approximately 40 nucleotides upstream of the signal sequence start
codon. This was to ensure the RNA transcript contain a stretch of non-
protein coding sequence before the signal sequence ATG start codon.
15

PCR primers with Ps promoter:

oBN338: 5-TTGTTAGCAGCCGGATCGTAGACTTAATTA (30mer) (SEQ:ID
No. 1)

20
o0BN345:
5.CAAAAAATTGAAATTTTATTTITTITTTTITTTGGAATATAAATAAAA
ACACGATAATACCATGG -3
(SEQ:ID No. 2)

25  (Underlined nucleotides present the poxvirus minimal promoter

seguence.)

Annealing temperature for the PCR amplification reaction for the
first five cycles was calculated from the nucleotide sequence that binds to

30 the homologous sequence in the cloning vector of 0BN345.



25 NGC strain. - D2F2: Deletion 2 Flank 2 honol ogous reconbi nati on arm
This represents the nucl eotide sequence from 20719 to 21343 of the MWA
Genbank swQueatnesa84)94848. - AnpR Anpicillin resistance gemeT@PopBl9gESCri pt
30 WO 03/048184 PCT/ EP02/ 12991 37 3.1 Insertion of dengue "pox

pronot er +si gnal sequence+NS1" into deletion site of MVA by honol ogous
reconbi nation 3.1.1 Integration into MA°Genonme by Honol ogous Reconbi nati on
5 The above integration vector pBN41 is used to integrate the dengue NS1

expr essi on §aﬁﬂegmi@ﬁ 6% Nb 3 @xpPessisRdseletiRalinetMA((Fox 3)pr onot er +NPT
|| -1 RES-EGFP) 1 nfo the MVA genonme by honol ogous recomnbi nation between

flank 1 and flank 2 arns of pBN41l and the honol ogous target sequences

within the MWA genone, _This.is achieved 1o by, transfecting. i ri zed

i ntegration vect bn€iRitR amplﬁk%'%r ucﬁWB?i’é‘l‘%@?nflé%gcgé'ﬁagtr{oer@@?ousl y

infected wi LRpLIGI j [ € teromlnanpl e, 0.01

i nfectious %ﬁﬁjt &B]g%n{j:g Iw }Atg%léﬁ (I)%Srrgﬁd ggﬂ)@(ﬂzﬁ(gﬁl E;énjsg? when t he

i nfectian harhsheiachBMAdorddeumincya)a pBN4L isxhe aettorifor pnisgaatiigdhd "eo¥r ed at

-20C ready for selection and clone purification 15 of de irﬁd WA)E?/I nant

MVA (r MVA) . pRarmobersesligaali el usnaenis hirepseebivd Nba el §16R s8R TREMYA MVnat i on

of non-recopbi nant MVA (enpty wector virus) and the anplification of rWA
i Sl

i s achi eved"BJ'q'A8@Lt /Br° ?T'uent chicken 20 enbryo fibrobl ast (CEF)
cells at low MJ in the presence of (418 (anobunt of (418 has to be
optim ze to determ ne the highest dose that dose not Kkill the CEF cells).
Any virus that ddes essentiahfedtnremd’ pBiNGlr GsasdFigBR)(are agciodlowst | not
repli ca{oe in the presence of (418 added to the cell

- Plasmid backbone is pBluescript SK-plus from Stratagene (Genbank
VBOO78)

- D2F1: Deletion 2 flank 1 homologous recombination arm. This
represents the nucleotide sequence from 20117 to 20717 of the MVA

15 Genbank sequence U94848.

- PPr: Poxvirus promoter.

- NPT Il: Neomycin phoshotransferase protein coding sequence (protein
coding sequence of Genbank Y00618).

. |RES: Internal Ribosome Entry Sequence from encephalomyocarditis

20 virus (Jang et al., 1989, Genbank M16802).

- EGFP: Enhanced Green Fluorescence Protein coding sequence (protein
coding sequence - nucleotide 675 to nucleotide 1394 of Genbank
sequence U57609)

- NS1: “signal sequence+NS1” protein coding sequence from dengue

25 NGC strain.

- D2F2: Deletion 2 Flank 2 homologous recombination arm. This
represents the nucleotide sequence from 20719 to 21343 of the MVA
Genbank sequence U94848.

- AmpR: Ampicillin resistance gene of pBluescript

30



mai nt enance medi um (418 inhibits DNA replication but since the CEF 25
cells will be in the stationary non-replicating state they will not be

af f ect ed wbyspksasacti on of G418. CEF cells infected with PEMWAPIZ@9DE
visualized wunder a fluorescence mcroscope due to the expression of the
enhanced fluorescent green protein. 30 Viral extracts fromthe honol ogous
reconbi nation step nust be serially di ¥t ed and used to infect fresh CEF
cells in the presence of (418 and WD 03/ 048184 PCT/ EPO2/ 12991 38 overlaid
with | ow mebti NgsepBioRtofa@@idise po preimatatagipred senglieateohS It ieto

agar ose-i nfected pI at es are observed under a fluorescent m croscope for

si ngl e focidefetig ' ‘ @) eiasofabinatis mar ked and agar ose

pl ugs contarnrng the |nfected focr of cells are taken and placed into 1.5
mM 5 microcentri fugatr on tubes containing sterile cell naintenance nmedi um
Mirus is re gﬁ%gﬂté% W9t AR TSN Ph & By Pbrh 6 REBEs Reavitdnatien t ube t hree
tinmes at -2 est c one or clones are further clone purrfred under
aga{ ose 5 10 unt |3Trhb>atR®I§ iabegnasion vémpe pEBN4AD isgad tefintagrale Hee depgue

cont am nati on to 30 round cl one purification These cl ones ar
then anpl i fi\@i expressinn ﬁ@?seﬁﬁ ph&eﬁl{sottggtre,pgr %rcet,sé%eﬁ&{&q%%serti on ©

configuratig ) f M%’@ ssette and
expressi on Qh@g&ﬁg@? Hﬁ%@?@ﬁi Eﬁoﬁhg@ﬂega ysr s nI y one cljlzsgne was
further anpléddrBinHtaas béﬁNéﬂ‘éﬁﬂaSrﬁlEehddmrtkOZIarm&aofepBNvﬂa]saed theock for
further characterization and inmmnogenicity studies. The reconbinanf MA

with the |ngemcddgdea¢a@at§1ecmemce§wtmn oMMy BeRRIBE | §'§r? M

t d
for of gnibeqnuieansreharone (Heitustbelieltin SRl BRI 5E The
expr essi on ‘?fbrél!i‘l%st\'%éEPB QERS HrEviolshmfsceamitAanyAMAow multrplrcrty of

infection (MO, for example, 0.01 infectious units per cell). At 48 hours

post infection or when the infection had reached confluency a viral extract
is prepared and stored at —20°C ready for selection and clone purification

15 of desired recombinant MVA (rMVA).

3.1.2 Selection of rMVA and Clone Purification
The elimination of non-recombinant MVA (empty vector virus) and
the amplification of rMVA is achieved by infection of confluent chicken
20  embryo fibroblast (CEF) cells at low MOI in the presence of G418 (amount
of G418 has to be optimize to determine the highest dose that dose not
kill the CEF cells). Any virus that does not contain and integrated NPT |1
gene will not replicate in the presence of G418 added to the cell
maintenance medium. G418 inhibits DNA replication but since the CEF
25 cells will be in the stationary non-replicating state they will not be affected
by the action of G418. CEF cells infected with rMVAs can be visualized
under a fluorescence microscope due to the expression of the enhanced

fluorescent green protein.

30 Viral extracts from the homologous recombination step must be serially

diluted and used to infect fresh CEF cells in the presence of G418 and



nBNO7, was verified by standard western bl ot anal ysis under non- denaturing
conditions. More particularly, NS1 expression was anal yzed after purified
nBNO7 waswoaa44184 i nf ect mammal i an tissue culture cells, PCOEPeX@YPI €
BHK-21 cells, at an MJ of 1.0 infectious unit per cell. Crude 30 protein
extracts were prepared fromthese infected cells 24-30 hours after

i nfection where portions of these extract were mixed with SDS-PAGE gel WO
03/ 048184 PCT/ EP02/12991 39 | oadi ng buffer containing 2-mercaptoethanol

(2-Mg) or ”Q@e&éﬁﬂt\ﬂtﬂilﬂﬁl-ﬁmlﬂﬁ% pEessgs@Rl S8l Ddgysadfenfectidm,atie from
|

cells (nmosquito ce l'i ne) nfected with dengue NGC strain as a pgsitive

control weregamisecinferirdratenaie obsgraediwirema Ausresteatemi@Psapie f@len
blotted onto 5 nitrocellul osg nenbrane., The mor ith an
ant i - dengueSINE& TRl (ﬂréﬁal‘n%‘ﬁt?%&ﬁ S TPeﬁggﬁﬂé\Rﬁ?&%@@%@‘?g%gF%%ésed by
MBNO7 is re i - : I i b0 htoand fHAr s
the correct BQ%?EI’I ca%}q%%folﬁgdg‘leﬁgpglﬁ (I:\I\I%pls ?ﬂ%ﬁ%‘é@%ﬁ& ed cells
(conpar & unhfict®ritBNATatior hobés 2oMaihimgester ild cehboairddnaeEse medibout  2- VE
| ane). Moreover it was shown that the dineri¢c formresol yes, out %o t he
monomeri ¢ f ¥t isuBRASedear it ggemsei RIVgHY %@@ée%?w&g OGRS - vE
| ane). 15 TBe NS1 egas(gssed in cells infected with nBNO7 was al so

recogni zed W%%até cdnval escent patients' sera and wi th nonocl onal

anti bodi es that cross-react to NS1 of all four serotypes of dengue in
western bl ot analysis. This denonstrates that NS1 expressed by mBNO7 is
i munogeni c. 20 Thedwgialone ios caremnaee BadhenaloneNor i{ied Miden@gairsd t er ned

reeve. lur satsbaCR RsRbis aitheie 15 Bo i PEaTT uetton fETRaBatioh (3,g
solution i S+to 30 rounds of clone purification). These clones are then amplified for
further stringent testing for correct insertion configuration, sequence
verification of promoter-foreign gene cassette and expression analysis by
RT-PCR. After these analysis only one clone was further amplified under
15 G418 selection to prepare a master stock for further characterization and

immunogenicity studies.

The recombinant MVA with the inserted dengue NS1 expression
cassette described in this invention was named mBNO7. Fig3b shows the

20 configuration of inserted foreign sequence in mBNO7.

4, Expression of authentic NS1 by MVA

25 The expression of the NS1 protein from the recombinant MVA,
mBNO7, was verified by standard western blot analysis under non-
denaturing conditions. More particularly, NS1 expression was analyzed
after purified mBNO7 was used to infect mammalian tissue culture cells,
for example BHK-21 cells, at an MO! of 1.0 infectious unit per cell. Crude

30 protein extracts were prepared from these infected cells 24-30 hours after

infection where portions of these extract were mixed with SDS-PAGE gel



prepared that conprises 10 nM Tris-buffer, 140 nM NaCl, 18.9 g/l 25 Dextran
(MW 36000 - 40000), 45 g/l sucrose, 0.108 g/l L-glutamc acid nono

pot assi umweaBm4senohydrate pH 7.4. Said forrul ation is theaT/Hrorewet dri ed.
For reconstitution water is added to the freeze-dried preparation. 30 WO
03/048184 PCT/ EP02/ 12991 40 Exanple 2: Cross imunogencity of NS1
expressed by mBNO7 to NS1 of Dengue vi rifses other than serotype 2 and to
the NS1 of Japanese encephalitis virus (JEV) and West nile virus (WNV) 5

1. NSL exprgssfif fHﬂf@rr@mZ}mh actiarchptdeahanbl @MEOowabesortdinggy 2-
Tested was the p%55| bility that NS1 expressed by nBNO7 is _ recogni zed by

conval escenMfafThese ssenplesrius iprateindxdractiremheslis (@Oﬁ@léﬁ@ée&“ﬁb@ew ous

d fect S 68 d ti bodi
Sganst | denfiboc wiTeaRwp RS St o PO HIE EHT el PR agai nt aut henti c
ant i gens prg%%bﬁ%ﬁ({r%%gﬂy@é arét%ﬁoi‘iﬂyé’%@SlP%@E‘%eMQﬁ@ thehasfbaddfertot esting

agai nst i mmi str epar ed fromnBNO/7 rnfected cell extracts and

MA- GFP § nf aiiveeelnebke restnbrans. dhecomrmblanelivasarobgdnwidbraraantirdengile

| ysates were treated with 15 sanple buffer w thout 2 nercaptoethanol and
were not hedSldmaoaleealedtipedy.vi dual sera tested, 62 (91.2% reacted with
BNO7 NS1 expressed by nmBNO7 in immnoblots. These sera were further

anal yzed for reactivity to NS1 of all 4 dengue virus serotypes as well as

Japanese encephal{ {ykbg s\Hthhé@m expressas ?/trﬁww shoatogrizdalyetht
Fifty-four of the sera reacted with al | dengue virus seraotypes

and JapanesenEndendad NSlsnWmMOr(\a]IEax)tlbodiymanaa‘omstﬂh@s@o%ﬂc’%ér@e('géoﬁ%
al so reacted with NS essed fro even (7 ecific
for NS1l®bf &tMmilapde Nl)%ﬁ&m SHer'u ectgg ‘308?’18 ’&%ﬁ ﬁ@‘tl&fliﬁ%ﬁlo\?\npth NS1
of JEV. Al Lh&s% Z.\vE18n&\ith URBEHEE DEN2 without 2-ME lane). Moreover it

was shown that the dimeric form resolves out to the monomeric forms

under denaturing conditions (see boiled mBNO7 with 2-ME lane).

15 The NS1 expressed in cells infected with mBNO7 was also
recognized by pooled convalescent patients’ sera and with monoclonal
antibodies that cross-react to NS1 of all four serotypes of dengue in
western blot analysis. This demonstrates that NS1 expressed by mBNO7/
is immunogenic.

20

Throughout the example section mBNO7 (sometimes also termed
BNO7) is either stored in a liquid state (optionally frozen) or in a freeze-
dried state. To obtain a freeze-dried virus a virus containing solution is
prepared that comprises 10 mM Tris-buffer, 140 mM NaCl, 18.9 g/I

25  Dextran (MW 36000 - 40000), 45 g/l sucrose, 0.108 g/I L-glutamic acid
mono potassium salt monohydrate pH 7.4. Said formulation is then
freeze-dried. For reconstitution water is added to the freeze-dried

preparation.

30



wi th NS1 expressed by mBNO7. Another 7 sera reacted only with NS1 of 25 JEV
and not NS1 of any dengue virus serotype, yet 2 (28.6% of these

JEV- speciwpm3mer1s4 al so reacted with NS1 expressed by nmBNOPCTERD2/€93t BNO7
NS1 BNO7 NS1 NEGATI VE PCSI TI VE WD 03/ 048184 PCT/ EP02/ 12991 41 AUTHENTI C
DEN NS1 0% (0/7) 100% (7/7) POSITlIVE AUTHENTI C DEN & JEV 1.85% (1/54)
98.15% (53/54) NS1 PCSI TI VE AUTHENTI C J&V NS1 71.43% (5/7) 28.57% (2/7)
PCOSI Tl VE Conpari son of antiserumreactions agai nst authentic NS1 and NS1

expressed byy RN 2: |G dRsankpunogbhbligrof NS axpresséd byat BNOZ ito N1 Dbt al
nunber of sanpl Eggt ested. DEN = engug, JEV = Japanese encephalitis virus.

|t5)r T[]e. sameI Be?ﬁaeaimes_ ather thaaLwetyngZramttrp the N&Y of dapange@nenbr ane
oteins. In e experienc t | nyent or.s hWpodi es  agai nst

pr emenbr aneemwhajfﬁwwsséﬁ)ﬁ'ﬂ’\tﬁx 'HtﬁY'lSUﬁi?@Nggai nst Ngl 1o or E. Thus
patients who have been infected with dengue will produce antibodies which
recogni ze dengue virus prenenbrane and not JEV premenbrane and vice versa.
An anal ysi s1al9Y dxpressed trsmwnBNO7 oreabtivity trepatienpcediatessanbserae
history of infection of individuals. Table 2 shows that sera from 22
patients reacted with authentic dengue prenmenbrane 15 protein al one thus

o051 19 LISt KRERR $2 0L BB B AR RAREGtha b BepiTus oy
recognized by convalescent patient sera from individuals who have
evidence of previous dengue virus infection. Serum from 68 individuals

10 who have antibodies against dengue virus envelope protein (by
immunoblotting against authentic antigens prepared from Dengue
serotypes 1 to 4) were selected for testing against immunoblot strips
prepared from mBNO7 infected cell extracts and MVA-GFP infected cell
extracts as control. The antigen-containing cell lysates were treated with

15 sample buffer without 2 mercaptoethanol and were not heated. Of the 68
individual sera tested, 62 (91.2%) reacted with BNO7 NS1 expressed by
mBNO7 in immunoblots. These sera were further analyzed for reactivity to
NS1 of all 4 dengue virus serotypes as weli as Japanese encephalitis virus
(JEV). The results are shown in Table 1. Fifty-four of the sera reacted with

20 NS1 of all dengue virus serotypes and Japanese Encephalitis Virus (JEV),
and 53 of these 54 sera (98.2%) also reacted with NS1 expressed from
mBNO7. Seven (7) sera were specific for NS1 of at least one dengue virus
serotype and did not react with NS1 of JEV. All these 7 sera also reacted
with NS1 expressed by mBNO7. Another 7 sera reacted only with NS1 of

25  JEV and not NS1 of any dengue virus serotype, yet 2 (28.6%) of these
JEV-specific sera also reacted with NS1 expressed by mBNO7.

Table 1:

BNO7 NS1 BNO7 NS1
NEGATIVE POSITIVE




expressed by mBNO7. Another 22 patients had evidence of previous infection
with both dengue and JEV, and again all 22 sera also reacted wth NS1
expressedwby3B8Y. In this series there were also 21 patiremteEpo2@o%ho had
evi dence of previous infection with JEV only (even though these sera had
cross-reactive antibodi es agai nst dengue E). Interestingly, 17 of the 21
(829 JEV responders reacted with NS1 ex‘fjr essed by nmBNO7. There were only
3 sera in the whole set that did not react with prenenbrane pro n of

ei t her dengue OAU:Fﬁ‘ENiﬂ@ DENYNS10f |t heseoy ¢auTyed 2% vml(bO%SG7/§>9pre>sed b
nBNO7. The m)stP 'F I\Ereason for tthis is that the| antibody titer|is to)c/)

| ow to be det 30 %éﬁ% 42
Tabl e 2: BNO7 ﬁ'r%gﬁ%ﬁ NUNEG*@’I VE @%W -lE%ﬁ'] prM 0% (0/22)
100% ( 22/ 22) CHENTLC DEN-& JEV-00%4 {0/ 21 1009 {22/ 22— pr M

POSI TI VE AUTHENTUTHERT 6r ME N Dbs ( 4/ 27)-43%068/7/ 21) 28R AD ) pr M
NEGATI VE 66. 7% PRSB)IVE3. 3% 1/ 3) Canparison of antiiserumreactionslagai nst

aut henti c premengoamsadsish oBNATisBRIM Helactlbas@as;nstl\wﬂbemtmNS&rqﬂdaN&lest ed
positive/ Total number 5 of sanﬁl es tested. DEN = den apanese
encephal itis viraspresshé lyatrBNA7: db @ra;z:kat%d\lwmm% Rgvt ﬁﬁt]e(gf the 6

sera which did not. r th NS1
i ndi vi dual s who pﬁéa'v%ggﬁt%r gl%loi)ég @%ggﬁ%df% é%ﬁggg‘tf%\gﬁgue The
:aietnﬁ:apl ggnéuéooPggpgﬁeg(ggﬁgélgpélﬁlgmrugpd| es to prenenbrane protein of

5

The same 68 sera were also analyzed by reactivity against
premembrane proteins. In the experience of the inventors, antibodies
against premembrane are far more specific than antibodies against NS1

10 or E. Thus patients who have been infected with dengue will produce
antibodies which recognize dengue virus premembrane and not JEV
premembrane and vice versa. An analysis along these lines will provide a
better prediction of the history of infection of individuals. Table 2 shows
that sera from 22 patients reacted with authentic dengue premembrane

15 protein alone thus suggesting that these 22 patients have been exposed
to dengue virus only and not to JEV. All these 22 sera reacted with NS1
expressed by mBNO7. Another 22 patients had evidence of previous
infection with both dengue and JEV, and again all 22 sera also reacted
with NS1 expressed by mBNO7. In this series there were also 21 patients

20  who had evidence of previous infection with JEV only (even though these
sera had cross-reactive antibodies against dengue E). Interestingly, 17 of
the 21 (82%) JEV responders reacted with NS1 expressed by mBNO7.
There were only 3 sera in the whole set that did not react with
premembrane protein of either dengue or JEV and only 1 of these reacted

25  with NS1 éxpressed by mBNO7. The most likely reason for this is that the

antibody titer is too low to be detected by immunoblotting.



JEV and were likely to have been of a lowtiter. 2. nBNO7 vaccination of
Rabbits and testing of post-imunization sera against dengue virus and
Japanese wo®episBi ti s virus i mMmunobl ots and 15 ELI SA ass&¢3/EPnr/e9speci fic
pat hogen-free rabbits were i munized by subcutaneous route according to
the vaccination schedul e as shown below, Each rabbit was vaccinated with
one vial of freeze-dried vaccine 20 (IxI%%S TCI D50 BNO7 freeze-dried
vaccine) reconstituted to 1ml with sterile water on day 0 and then again
on day 28. Blood sanples were taken prior to first vaccination (prebleed)
and again 10 days after second vaccination. 25 Day O = prebleed foll owed
by 1st vacciTabte 8n MD 03/ 048184 PCT/EP02/12991 43 Day 28 = 2nd vacci nation

Day 38 = bl ood sarpHnRg—Day—56—=3rd—vagccin y 66 —DI ng 5
Day 112 =50ntl b ood withdrawal from each ra%g%:‘estl ng 9 %eed and
post-imruni zatijon sera against dengue lIserg nobl m Ef 2

virus antigens phdThENTBENDES pMi nf ectled Cﬁ%@é@jguﬁwelog% Q22D b by

SDS PAGE _under nposqienm uring conditions. For imunobl ot assays serum of

day 38 (diluted NTRSDEsed JENe resul t gogl@arRy derons00¢g €22122) ypon

\é?;ﬁl ?atl on ¥mht h (5 f;\Jﬂl\/E t hree rabbilt pr oduced anti -NSl ant i bodi es of]

Itres al Feact wHthr—auth o

serotype 2 inf ec/t\PHHEQ\”W!@é@r% ture E%’ilqo/‘é (EZ?Ilg Ser umo%ig %qﬁngge

vacci nation di d '[ to any of the rhnnmln prot einlon the imruneblat s
Prl\/l NEGATIVE 66.7% (2/3) 5 L AL} '

Comparison of antiserum reactions against authentic premembrane and
BNO7 NS1. In brackets: Number of samples tested positive/Total number

5 of samples tested. DEN = dengue, JEV = Japanese encephalitis virus.

The data in table 2 also clearly shows that of the 6 sera which did
not react with NS1 expressed by mBNO7, 4 were from individuals who
had been previously infected with JEV and not dengue. The remaining 2
10 had no detectable antibodies to premembrane protein of either dengue or

JEV and were likely to have been of a low titer.

2. mBNO7 vaccination of Rabbits and testing of post-immunization sera
against dengue virus and Japanese encephalitis virus immunoblots and

15  ELISA assays

Three specific pathogen-free rabbits were immunized by
subcutaneous route according to the vaccination schedule as shown
below. Each rabbit was vaccinated with one vial of freeze-dried vaccine

20 (1x10e8 TCID50 BNO7 freeze-dried vaccine) reconstituted to 1ml with
sterile water on day O and then again on day 28. Blood samples were
taken prior to first vaccination (prebleed) and again 10 days after second

vaccination.

25 Day O = prebleed followed by 1%t vaccination



Post -1 muni zed serum of day 38 was titrated at 1:1000, 1:2000, 20 1:4000,
1:104, 1:10"5, 1:10"6 and tested on immunobl ot strips of Dengue 2 virus
ant i gens wod3oi84 ol strips of uninfected C6/ 36 cells sep&catipd2/imngol SDS
PACGE under non-denaturing conditions. Endpoint titers for the three rabbit
sera of day 38 was calculated to be 1:10 000. The endpoint titers for the
sera of day 66 were calculated to be 1 x*101 in both the 25 i munobl ot
assay an the ELISA, respectively (data not shown). Both, pre- and
post -i nmuni zed s@rynp@ere 4 PPayactinatidn10"2, 1:10" 3, 1:10-4, 1:105,
1;10"6, 1:10"1 and tested in indirect 1gG ELISA. The wells were coated
8%;g4giggugC§/Egﬂk?h38fectéﬂbhﬁﬁhgamyﬁﬁges at 1:250 30 dilution. WO

( 12991 44,4Tahle 3: 1:10.2 1:103 1:10-4 1:10-5 1:10-6
1:10' Rabbit #1 ye§80_01;%_d§§£®a§89 0.003 -0.002 0.001 Post 0.623
0.127 0.02 0.004[an9@ - 0. MoBakRinhp Pre -0.012 0 -0.001 -0.003 0 -0.001
Post 0.402 0.06 -0.°007 0.008 -0.003 0.002 Rabbit #3 Pre -0.008 0.03 -0.002
0.005 -05002 -0.@x% P&t 0.=6HOMO bioed witelawad fromeagnrabtPibo3  ELI SA
absorbance reading for pre- and post-inmmunized serumfrom each rabbit at
different dilutions (Pre = pre-immune sera, Post = 5 post inmunization

sera). The tj traty Qn St <dil L K i were
plotted as tséhﬁﬁwn ! %rgmr- feh|6€d P8 O%n poi n J[?;(gﬁerggr%f grégfaégﬁi@:?lggﬁi t
post-i muni zed sefeystyaiee? 1nikAAQAobMAs2. 2 Testing of prebl eed and

post-i nmmuni zati on sera agai nst dengue

10 Dengue 2 virus antigens and antigens of uninfected C6/36 cells were
separated by SDS PAGE under non-denaturing conditions. For
immunoblot assays serum of day 38 (diluted 1:200) was used.

The results clearly demonstrated that upon vaccination with mBNO7 all
three rabbit produced anti-NS1 antibodies of high titres that cross react

15 with authentic NS1 produced from a dengue serotype 2 infection of tissue
culture mosquito cells. Serum taken before vaccination did not react to

any of the dengue protein on the immunoblots.

Post-immunized serum of day 38 was titrated at 1:1000, 1:2000,
20  1:4000, 1:10%, 1:105, 1:10® and tested on immunoblot strips of Dengue
2 virus antigens and control strips of uninfected C6/36 cells separated by
SDS PAGE under non-denaturing conditions. Endpoint titers for the three
rabbit sera of day 38 was calculated to be 1:10 000. The endpoint titers
for the sera of day 66 were calculated to be 1 x 10% in both the

25  immunoblot assay an the ELISA, respectively (data not shown).

Both, pre- and post-immunized serum were titrated at 1:102, 1:10°
3 1:10%4, 1:10%, 1:10°%, 1:107 and tested in indirect IgG ELISA. The wells
were coated with dengue 2 and uninfected C6/36 lysates at 1:250

30  dilution.



serotype 1, 3, and 4 Japanese encephalitis virus and West nile virus
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each rabbit at different dilutions (Pre = pre-immune sera, Post =

5 post immunization sera).

The titration results for post-immunized sera of each rabbit were
plotted as shown Fig 4. The estimated endpoint titers for each rabbit

post-immunized serum are 1:1000.

10
2.2 Testing of prebleed and post-immunization sera against dengue
serotype 1, 3, and 4,Japanese encephalitis virus and West nile virus
immunoblots

15 Each of the rabbit serum of day 38 was tested at 1:1000 dilution on

immunoblot strips of Dengue 1, 2, 3, 4 and JE virus antigens plus control
strips of uninfected C6/36 cells separated by SDS PAGE under non-
denaturing conditions. It was shown that each rabbit post-immunization
sera reacts with NS1 from dengue serotypes 1, 3 and 4 as well as with

20 NS1 on Japanese encephalitis immunoblots.

Each of the rabbit serum of day 66 was tested at 1:1000 dilution on
immunoblot strips of Dengue 1, 3, 4, WNV and JE virus antigens plus
control strips of uninfected C6/36 cells separated by SDS PAGE under

25 non-denaturing conditions. It was shown that each rabbit post-



4 and 1:103 in both i munobl ot assays and ELI SA respectively. 20 -
Antibodies elicited in the rabbits cross-reacted wth all the other dengue
serot ypesw(QD3/0818 4). - The anti bodi es al so cross-react ed PATtEPONBEDRIf rom a
het erol ogous virus such as JEV and WAV. 25 3. Inmunogenicity studies in

m ce Femal e out-bred mce were imuni zed py the intraperitoneal route with
NMBNO7 expressing Dengue virus NS1 in di ff®8rent amounts and schedul es as
shown bel ow. mBNOB, a MVA corresponding to nBNO7 but not expressing NS1
and PBS ser Vigsimasicaidn abra Thactsewitin M6 1tfhenmierguasedotywresdl t 3 aibdkas
whet her the anti bodies generated in the mce were able to .react.on Wstern
bl o';s vm";h N&a!l prootwiths NSlomin Hapaneseremerhadlkisy virgs \%Ddo’éyeﬁsﬁ.‘éﬁ virus
PCT/ EPO2/ 12991 46 otypes and fromthe Japanese enzephalitis virus,
respectivel ))m'?HQO?i&z? fromthe control m cg wer e nega?i ve in all
experinments. The follow ng groups were analyzed: 5 Goup No. of 1ST dose
Interval 2ND dose Interval mce before bleeding 1 9 1x107 TCI D50 4 weeks
1x107 TCED50 3 weBkscorBNOT iwec imBraroklat hagrysniElise ¢ciogsnireastivibe @ssays

vaccine diluted diluted 1:5 in 1:5 in PBS.nmou PBS/ mouse) ..2..9

YO D50° 4" veeke e perfpriachitne aliseof MacEetif ks ViRvGy Cpn e utr? DENA,
DENV-3, DENV-4, JEV, WNV and uninfected cell lysates at 1:250 dilutions.
The sera were sera from day 38 (Fig. 5A) and day 66 (Fig. 5B).

10 From the immunoblot assays as well as from the ELISA experiments
it can be concluded that antibodies elicited by Dengue virus NS1 are

cross reactive with all other Dengue serotypes, the JEV and the WNV.

2.3. Conclusions

15
- Rabbits immunized with mBNO7 vaccine elicited antibodies that
recognize authentic Dengue virus serotype 2 NS1.
- Very high immune response was observed where end points were 1:10
4 and 1:10°% in both immunoblot assays and ELISA respectively.
20 - Antibodies elicited in the rabbits cross-reacted with all the other

dengue serotypes (1, 3 & 4).
- The antibodies also cross-reacted with NS1 from a heterologous virus
such as JEV and WNV.

25 3. Immunogenicity studies in mice
Female out-bred mice were immunized by the intraperitoneal route with
mBNO7 expressing Dengue virus NS1 in different amounts and schedules
as shown below. mBNO8, a MVA corresponding to mBNO7 but not
expressing NS1 and PBS served as control. The serum of the mice was
30 used to check whether the antibodies generated in the mice were able to

react on Western blots with NS1 proteins from the different flavivirus



dried vaccine dried vaccine each each (reconstituted in (reconstituted in
1.2m water per 1.2nml water per nouse) nouse) 3 10 1x1O0/TCl D50 3 weeks
1x10O7TCl DSO 0d/0¥.a8ks BNO7 freeze- BNO7 freeze dried vacci meTdPorIvacci ne
each each (reconstituted in (reconstituted in 1.2nm water per 1.2m water
per nouse) nouse) 4 10 1x107 TCI D50 4,weeks 1x107 TCI D50 4 weeks BNO7
each BNO7 each (0.1m of (O Im of vaccine vaccine diluted diluted 1:5 in
1:5 in PBS/ nmouse) PBS/ nouse) 5 10 1x107 TCl D50 4 weeks 1x107 _TCI D50 4
weeks BNearotypes sndENDN fheedzpaipiceenzepyllits vrusdraspestivgly. ddenseach

(reconstifuted in econstituted in. 1,2 wat er r. 1.2ml wat er per
nouse) m){fg’aj QW‘%CPﬁqu?m?ﬁo‘%?rcﬁ n%gnté\ﬁ %ﬁﬂgxpﬁglr@%ﬁsow ng results were
obt ai ned: WO 03/048184 PCT/ EP02/ 12991 47 GROUP NO. OF DENV-1 DENV-2 DENV-3

DENV-4 JEV
The following groups were analyzed:

5
Group | No. of | 1°T dose Interval | 2NP dose Interval
mice before
bleeding
1 9 1x107 TCIDsp 4 weeks | 1x107 TCIDsg 3 weeks
BNO7 each BNO7 each
(0.1ml of (0.1ml of vaccine
vaccine diluted diluted 1:5in
1:5in PBS/mouse)
PBS/mouse)
2 9 1x107 TCIDsg 4 weeks | 1x107 TCIDsq 3 weeks
BNO7 freeze- ' BNO7 freeze-
dried vaccine dried vaccine
each each
(reconstituted in (reconstituted in
1.2ml water per 1.2ml water per
mouse) ' mouse)
3 10 1x107 TCIDsg 3 weeks | 1x107 TClIDsq 4 weeks
BNO7 freeze- BNO7 freeze-
dried vaccine dried vaccine
each each
(reconstituted in (reconstituted in
1.2ml water per 1.2ml water per
mouse) mouse)
4 10 1x107 TCIDsg 4 weeks | 1x107 TCIDsg 4 weeks
BNO7 each BNO7 each
(0.1ml of (0.1ml of vaccine
vaccine diluted diluted 1:5in
1:51in PBS/mouse)
PBS/mouse)
5 10 1x107 TCIDsg 4 weeks | 1x107 TCIDsg 4 weeks
BNO7 freeze- BNO7 freeze-
dried vaccine dried vaccine
each each
(reconstituted in (reconstituted in
1.2ml water per 1.2ml water per
mouse) mouse)

In the immunoblot experiments the following results were obtained:
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Very similar experiments have been obtained with Balb/c mice: Mice were
vaccinated with two shots of 1x108 TCIDsy BNO7 (freeze-dried and
reconstituted with water) at days O and 21. The sera were obtained at day
42. 100% of the sera reacted with Dengue virus 2 NS1, 100 % of the sera
reacted with NS1 proteins from all four Dengue virus serotypes and 75 of
the sera reacted with the NS 1 protein of JEV. The results obtained with
1x108TCIDsg non-freeze dried BNO7 were as follows: 100% of the sera

reacted with NS1 from all four Denguevirus serotypes. The sera

recognized NS1 from JEV not as good as the sera obtained from mice
vaccinated with freeze-dried BNO7.

Conclusion:

NS1 with very strong response.

100% of the mice immunized with BNO7 had antibodies to DENV-2

The immune response of mice immunized with 1x10e7 TCID50 BNO7

was as strong as the immune response of mice immunized with
1x10e8 TCID50 BNO7 (data not shown)
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conpri sing an expreﬁilon cassette .20 COﬁHFJSqu a transcriptional

regul atory el ement dAd a® BEREAGARRMNEDERT SKPT XN CPSERE NS1 prot ein
Yo t of 1T ! INS. g
R

nucleic acid and/or (iii ein or sal ngue virus
serotype 25 for the prepagathcawbiiclacedesiahéeagaonshe N$1 Peogaia o 4 us
serotypes and optionally against at |east one other nosquito-borne
Flavivirus. 4. Use accor 8PRgtheseahgbaénesdeitesbesndlavivigys.wher ei n t he Dengue

virus from which tbﬁugu le\r%'gf?/géér%p?rSIII\é'%aMS%uglre% %iClrEj 8F1d &[t t hereof is 30

derived is Dengue v
(ili)  a NS1 protein or part thereof of said flavivirus

10 for the preparation of a vaccine against the mosquito-borne Flavivirus
from which the nucleic acid or the NS 1 protein or part thereof is

derived and against at least one other mosquito-borne Flavivirus.

2. Use according to claim 1, wherein the mosquito-born Flavivirus
15 from which the nucleic acid or the NS1 protein or part thereof is

derived is a Dengue virus.

3. Useof a
(1) nucleic acid comprising an expression cassette
20 comprising a transcriptional regulatory element and a
sequence which codes at least for the NS1 protein or a
part thereof of a Dengue virus serotype,
(i) vector comprising said nucleic acid and/or
(iii)  NS1 protein or part thereof of said Dengue virus serotype
25 for the preparation of a vaccine against all Dengue virus serotypes and

optionally against at least one other mosquito-borne Flavivirus.

4. Use according to anyone of claims 2 to 3, wherein the Dengue virus
from which the nucleic acid or the NS1 protein or part thereof is

30 derived is Dengue virus serotype 2.



WD 03/ 048184 PCT/ EPO2/ 12991 53 5. Use according to anyone of clains 1 to
4, wherein the sequence coding for the NS1 protein or part thereof of the
nosqui t o-wormam48184 avi vi rus or of the Dengue virus serotyp@CrEporesetded by
an ATG codon and a sequence encodi ngs3a gl ycosyl ati on signal sequence 5 and
wherein the codi ng sequence is termnated by a stop codon of translation.
6. Use according to anyone of clains 1 to 5, wherein the other

nosqui t o-borne Flavivirus is selected fromthe West Nile virus, the 10

Yel | ow fever viF.udsamtcbheingapameremeotepitaki 1 k6 4viwhsreir thdlseqaeaes ding to
anyone of clainms 1 to 6, wherein the vector is a poxvirus vector. 15 8.

Use according to €@GNE fer thad¥al pretrin swxeart deerenftafthesnasypiofhede
Vaccinia Virus A . ) r al in particul ar .MWA- BN deposite at the
Eur opean Col | ect in@n '@(E%I Of%h?ﬁh&%%“%ﬁ@@? Selyee '@d?f@%g@é ag Agré-?’i vative
thereof. 20 9. Usgditahdi 19l Qe 8RS0 & ' - (A=Y

poxvirus vector is freeze- dr?le% andHi% lrngg%)g‘s%@tsg{%g)r?ﬁlgﬁégﬁgqugghg%ti cally
accept abbe di | uemangmharetrotiealodvding sequante isGertkratecby di siopt codvryone of
claims 1 to 9, erein,the 25 transcriptional regulatory elenment is a
poxvi rus promot er’@3521G%% according to any one of claims 1 to 10, wherein

the vaccine is admnistered in therapeutically effective anounts in a
first inoculation ("primng inoculation") and in a second inoculation 30

("boosting i noéulldsé antdrdBzGd/ AMBHRARTAIERA2td BIWherbih fi7e oifRifhod for the
treatnment or prevention of a flavivirus
mosquito-borne Flavivirus is selected from the West Nile virus, the

10 Yellow fever virus and the Japanese encephalitis virus.

7. Use according to anyone of claims 1 to 6, wherein the vector is a

poxvirus vector.

15 8. Use according to claim 7, wherein the poxvirus vector is a Modified
Vaccinia Virus Ankara (MVA) strain, in particular MVA-BN deposited
at the European Coliection of Cell Cultures under number
VO0OO083008 or a derivative thereof.

20 9. Use according to anyone of claims 7 to 8, wherein the poxvirus
vector is freeze-dried and is reconstituted in a pharmaceutically
acceptable diluent prior to administration.

10. Use according to anyone of claims 1 to 9, wherein the
25 transcriptional regulatory element is'a poxvirus promoter.
11. Use according to any one of claims 1 to 10, wherein the

vaccine is administered in therapeutically effective amounts in a
first inoculation (“priming inoculation”) and in a second inoculation

30 (“boosting inoculation”)



infection conprising inoculating an animal, including a human, in need
thereof with (i) a nucleic acid conprising an expression cassette .

conpri si ryyo 03/088184 anscri ptional regulatory el ement and a equEPaze29hi ch
codes at |east for the NS1 protein or54a part thereof of a nosquito-born
flavivirus, (ii) a vector conprising said nucleic acid and/or (iii) a NS
protein or part thereof of said flavivirus, 10 wherein the Flavivirus
infection is an infection by the nosquito-borne Flavivirus fromwhich the
nucl ei ¢ acid, dr2.the NSlethpddbeiine dreapardnt drieresehition ofes fluedirard/ or an
infection by another nmosquito-borne Flavivirus. 15 13. Method according to
claim 12, wherei nTYe&lioB&QUIRESIBErIRECURLEG &M AnsMeloRcltdios a hemarlisi c

acid or NS1 protej tihereof is derived is a Dengue virus. 14.
Met hod for the trgg‘?%rﬂgﬁe{?& V\f)'?lgventi on of a Flavivirus 20 infection

conpri si ng i nocul @ i nga auchsitERid doRGHHEINGta R eREFERioN Bas88@E cbRfs8Shgwi th
(i) a nucleic acid conprising an expressi on cassette conprising a

transcri gtional regul addransslrgtional argukatoseqlesnert and chsegueseawhicast f or

the NS1 protein or a 25 part, thereof  of Dengue virus serotype, (ii) a
vector conprising sai kY &f Leaa%éﬁar H?’Pd}\@l Pf&ﬁ”&rﬁﬂaﬁrt@@éﬁw &frad part

t hereof of said Denguemy . i:0:.the Fl avivirus infect!oni; an
i nfection by the Dengug]\d\?pﬁtso bé\ﬂfggvgghgfom whi ch the nucleic acid, or the

NS 1 protein or p@it 38 vebkoresdmpsisiter saiednaciéloacianandf@cti on by anot her
Dengue virus serQtypes and/or an infection by other npsquito-borne
Fl avi vi ruses. WO @) 043082l pertaipey/perdghereof of said flavivirus,

10 wherein the Flavivirus infection is an infection by the mosquito-borne
Flavivirus from which the nucleic acid, or the NS 1 protein or part
thereof is derived and/or an infection by another mosquito-borne
Flavivirus.

15 13. Method according to claim 12, wherein the mosquito-borne
Flavivirus from which the nucleic acid or NS1 protein or part

thereof is derived is a Dengue virus.

14, Method for the treatment or prevention of a Flavivirus
20 infection comprising inoculating an animal, including a human, in
need thereof with
Q) a nucleic acid comprising an expression cassette
comprising a transcriptional regulatory element and a
sequence which codes at least for the NS1 protein or a
25 part thereof of a Dengue virus serotype,
(if)  avector comprising said nucleic acid and/or
(iii)  a NS1 protein or part thereof of said Dengue virus,
wherein the Flavivirus infection is an infection by the Dengue virus
serotype from which the nucleic acid, or the NS 1 protein or part
30 thereof is derived and/or an infection by another Dengue virus

serotypes and/or an infection by other mosquito-borne Flaviviruses.



55 15. Method according to claim12 to 14, wherein the Dengue virus from
which the DNA or the protein or part thereof is derived is Dengue virus
ser ot ype W0 03/04884 Met hod according to anyone of cl ains 12PCa/EPS2/128hET €i n
the sequence coding for the NS1 prot®i n or part thereof of the

nosqui t o-borne flavivirus or of the Dengue virus serotype is preceded by
an ATG codon and a sequence encoding a 10 glycosyl ation signal sequence and
wherein the coding sequence is termnated by a stop codon of translation.
17. Method according to anyone of clainms 12 to 16, wherein the vector is a
poxvirus vector. 15 18. Method according to claim 17, wherein the poxvirus
vector is a Midified Metbodiascurding tankaima YA 4stwianeirl $he Mstrigoe

according to claim18, whergei h A strain s 20 MVA-BN deposited at
t he European Col | €EYY Ur?r'afw'@@ﬂlthéj?t rcérsﬁ“euwc?é?"h%rﬁéﬁ WrsesBisodeidyed is

derivative thereohengQe vifeishQtofgs0pdi ng to anyone of clains 17 to 19,
wherein the poxviru% vector 1S freeze-dried and is reconstituted in a 25

pharmaceétically acceptable diluent prior to admnistration. 21. Method
according to alriégne of clains 12 to 20 , wherein the transcriptional
regul atory el erént is Mepoxdipcaergngristaiyorgooiaiaimetldto 46 avhrein the

anyone of clains 17 1 rej XM Irus ve r or. th
pharmaceuti cal Cogn%qo%eﬁcﬁo%oélﬁﬁgggwﬁ i{&e]r g’gOWﬂ‘ 8§_/9§‘1§%@%?@&‘P} EE@Z/ 12991 56
in therapeutical Imogflifret bseammuiirss o ot the Bdnd oGl diskPtybehsi M ng
preceded by an ATG codon and a sequence encoding a
10 glycosylation signal sequence and wherein the coding sequence is

terminated by a stop codon of translation.

17. Method according to anyone of claims 12 to 16, wherein the
vector is a poxvirus vector.
15
18. Method according to claim 17, wherein the poxvirus vector is
a Modified Vaccinia Virus Ankara (MVA) strain

19. Method according to claim 18, wherein the MVA strain is
20 MVA-BN deposited at the European Collection of Cell Cultures
under number VOO083008 or a derivative thereof.

20. Method accordring to anyone of claims 17 to 19, wherein the
poxvirus vector is freeze-dried and is reconstituted in a

25 pharmaceutically acceptable diluent prior to administration.

21. Method according to anyone of claims 12 to 20 , wherein the

transcriptional regulatory element is a poxvirus promoter.

30 22. Method according to anyone of claims 17 to 21, wherein the

poxvirus vector or the pharmaceutical composition is administered



i nocul ation") and in a second inoculation ("boosting inoculation") 23.
Poxvirus vector harboring a DNA conprising an expression 5 cassette

conpri si nyoaswuaBRscri ptional regul atory el enent and a sedqoampe2/wdwch codes
at least for a Flavivirus NS1 proteinSéor a part thereof, wherein the
poxvirus is Mdified Vaccinia Virus Ankara (MA) strain BN deposited at

t he European Collection of Cell Cultures under nunber V00083008 or a
derivative thereof. 10 24. Poxvirus vector according to claim 23, wherein

the Flavivirus i éhemapguiicalpefieetivk avhaintsin 4 firdaiddceihasn “@ﬁ*ﬁﬁh‘
virus. 25. Poxvirus vector according to claim 24, wherein the. Dengue
virus is Dengue vilQsialderitgsed m a%COdelﬂpﬁubﬁtm(“@OO@ém@rldlonglattmrdr)yone
of clainms 23 to 25, wherein the sequence coding for the Flavivirus NS1
protein or part thereof is preceded by an ATG codon and a sequence

encodi ng a 20 @ycosy! Rbk@iRuS VBBRIr SAWPHEE g%ﬁg@ﬂ@mg@ eRdidgSsquence

is termnated by a stop codon of transl atl on OXVi vect or
according to anyoﬂ@ssﬁtt&bammlgsgtaotr%scrlwhenai redietdryasgisarenp tanenal

regul atory elenent is Vi rus ronot er._28. Poxvirus vector
according to anyoﬁ%q‘(5?n“c,qp‘é(;%l'@1 QQd?%aigeaStvfﬁélaeE'ﬁVltVHélsdﬂﬁ\ll prigdeieet amars

2S e vacei ne. WO bAOaAd Tt gy 18531 Ve PRKIRR Qhyb a1 20

conposi tion corrprdl\‘éi\/AgsEramBN depogietiart thack@ioiead Collastysner ekjicl ai ms 23
to 28 and a phar n&ceutl cally acceptable carrier, diluent and/or additive.
ultures under number VOOO83008 or a derivative thereof.
10
24, Poxvirus vector according to claim 23, wherein the Flavivirus

Is @ mosquito-borne Flavivirus, in particular a Dengue virus.

25. Poxvirus vector according to claim 24, wherein the Dengue

15 virus is Dengue virus serotype 2.

26. Poxvirus vector according to anyone of claims 23 to 25,
wherein the sequence coding for the Flavivirus NS1 protein or part
thereof is preceded by an ATG codon and a sequence encoding a
20 glycosylation signal sequence and wherein the coding sequence is
terminated by a stop codon of translation.

27. Poxvirus vector according to anyone of claims 23 to 26,
wherein the transcriptional regulatory element is a poxvirus

25 promoter.

28. Poxvirus vector according to anyone of claims 23 to 27,

wherein the poxvirus vector is freeze-dried.

30 29. Poxvirus vector according to anyone of claims 23 to 28 as a

vaccine.



5 31. Poxvirus vector according to anyone of clains 23 to 29 or

phar maceuti cal conposition according to claim30 for the treatnent and/or
prevent i oWO®B/0#8184 avi vi rus i nfection, wherein the poxvir®ETEPOY®IIDr the
phar maceuti cal conposition is adm nisi’ered 10 in therapeutically effective
amounts in a first inoculation ("primng inoculation") and in a second

i nocul ation ("boosting inoculation") 32. Method for the treatnent or
prevention of a flavivirus infection conprising inoculating an ani nmal,
including a human, in 15 need thereof with a vector according to anyone of
clains 23 to 29 or with the pharpmaceutical conposition according to claim
30. 33. Cell, 3 -ef er abhpranaseniicat epmpasoliomn icorey i siNgox PoXvisUs yectar

di t ._cl.ai t.0 28, 4, .Us f th OXV,. I vect or
recording to anyBhtofling 8idloBs SitdRns 25 & 28 B AmiaTeRC A lBce o 10
treat or to prevgptetatfh @i, UsiidH oFld/OR ackfities. Kit for prime/boost

i nmuni zati on conprising a poxvirus vector according to anyone of clains 23
to 29 or5 a pharnmaceutical conposition according to 30 for a first

second | nooul ati-on | ( PORHSNF NECIHTGRaRCE Tty BHORS SESTAETS LA toodit 8 ner - 30
pharmaceutical composition according to claim 30 for the
treatment and/or prevention of a flavivirus infection, wherein the
poxvirus vector or the pharmaceutical composition is administered
10 in therapeutically effective amounts in a first inoculation (“priming

inoculation”) and in a second inoculation (“boosting inoculation”)

32. Method for the treatment or prevention of a flavivirus
infection comprising inoculating an animal, including a human, in
15 need thereof with a vector according to anyone of claims 23 to 29

or with the pharmaceutical composition according to claim 30.

33. Cell, preferably a human cell, comprising a poxvirus vector

according to anyone of claims 23 to 28.

20
34. Use of the poxvirus vector according to anyone of claims 23
to 28 for the preparation of a vaccine to treat or to prevent a
Flavivirus infection.
25 35. Kit for prime/boost immunization comprising a poxvirus

vector according to anyone of claims 23 to 29 or a pharmaceutical
composition according to 30 for a first inoculation (“priming
inoculation”) in a first vial/container and for a second inoculation
(“boosting inoculation”) in a second vial/container.

30



