_$1JAN "07 WO 03/048184 PCT/ EP02/ 12991 Flavivirus NS1 Subunit vacgi g, e, |
present invention relates to NS1 proteins or parts thereof of W Z87

Fl avi vi ruses inF:Farti cul ar of Dengue viruses useful for i jon
agai nst  ¥OB %8 avi virus and agai nst -one or nore ot her’ Fl'aviviruses. The
i mventiomnm further—eoencerns the NS1 protein or parts thereof of one Dengue

Vi rus rotype, in particular serotype 2, useful for vaccination against
Dengue mﬂ’ﬂam"mﬁwmw@m al| serotypes. The invention further concerns DNA
conpris . ression c i % vacEr@vi virus NS1 or parts
t hereof, ; 1@isvectors co.rrpri@iﬁﬁlgﬁéugilgg%l&%an'ﬁ vaggil nes contai ni ng or
_expressing a Flavivirus NS1. Background of the invention 15 The

etiol ogi cal agent_of the dengue fever is the_ Dengye virus, rtb Io_nﬁifrg)g to
the Flavivirus geigspogsenhanyentiany reletes V9 riladeP(086IReCam? AR ©o001) .

.A particular i rtant_sul Vi i : :
called rrosqu'ilify%'-\’ggjgﬁ%a'ﬁl %%#@lg[aggégsﬁéqéﬂga\ytggééljélg%éz%rt? actlgéat?éew a@%gﬁgm tted
by mosquist 0SsaidHISvigIraRINeoaEsinsesNE oratidi ¢ icdhet &lavindradesy d hedinventiooned

Denguevirus ot her inportant viruses such as the West nile irus, the.
Japanese enclieistri eprceing foeaNdlt potsis) vaqué%éF‘e(ﬁqué]fl ?f—‘?e[?{%@ueiﬁvfrb’lsogy,
ed. by Fields B i poi. te ubl.| , i2gidn ins® 9eno BN }
0- 7817- 0253. &' Oﬁyg!jgees""sa@%'%%i)?@@%cgl %F@Jggggsvaég .rrgﬁw] g ?ae'd%pt;y t r%_llejse
viruses are Vksiedirbe hleverotapek. idstinnehigore ficehbatonce rdsDNAdWEeDr i BYEt he
West nile virus, encephalitis induced by thFe J_aﬁane'ﬁ%elnenceg al il,t]i S ﬁi rus,

Yel | ow f everanneheasipy eaeseva Icofingver aifla¥viNg Jiie PREVe N §8Ngue

he hagi c f ;o ; ighd d
L gl LR4FF 330, Bobosh a8 PR Sl oty nduce

posi tive-sengpvRIVAs MBluses forned 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 énd the Yellow fever vir_us (Fields
Virology, ed. by Fields B.N., Lippincott-Raven Publishers, 3'd 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 p__r_o_t_ein_ (C) that
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t JA s 20AJ7 WD-03/0-1818-i PCT/EP02I 72991 2 forns a nucleocaq¥HdJEQ gmy
association with the viral genome, which is surrounded by a |ipid“bi'l ayer
in which are anchored the M (nenbrane) and E (envel ope) proteins. The
genone is approximately 11kb I ong and contains a single open reading frame
encodi ng aYsoPyM$8t ei n precursor of 5 about 3400 ami no acpdrep®iides.

I ndi vidual viral proteins are generated fromthis precursor by the action.
of cellular and viral proteases. The three structural proteins (C, Mand"
E) are derived fromthe N-term nal part 0O t he pol yprotein and are

foll owed by seven non-structural proteins: NS1, NS2A, NS2B, NS3, NS4A,
NS4B and NS5 @i padnbaeeransdd / @ssodiate) with thexvijalggamsiree nwRisD, ispr esent i n

i rus NSL'i < RERHIPRR 3P RPN FLat Ctnclia b o BB e 1

form (Fl amandnetE énvelod®INoteiHRl FhegreowH %négﬁpfokewmmqafﬁag%g Eggrml ex is

formed by 3 15 dineric subunits and has a nol ecul ar mass o

Di meri zat i on CPE@NS Fr ERefLPRER eeddneg SN eoEel ingek poprotein mee@irashaf
menbr ane, . whege, it 3 j - vihral . i : ot ei t he
i nfect ed E(S:el %bgbjlrt g(ge(f%ﬁﬁéng%@af%i%H%éﬁﬁgtvy%% Vrllrtr.")it? B?(gt%' S’sg{: éegiér}f’?‘%ﬁ’ nes

t hat support fdenghes p2Qurrsdreby itie achan tof ekt e dndansn @roesh¥S1The thedeeased
into the extr{{\cel lular mlieu, Extracellular NS1 is secreted either as a
j

sol ubl e pr ot &tHCtURA! dHoteins &b, Mhaad k) qne dervediermdhe N gereinat peer el or in
associ ation w ' rtd j i n L d. NS1 has
been found %%@ﬂﬁoﬁgﬁi%}dcfégfg&ﬁ%ewe%%%‘% ﬁ?ﬁﬁg’ﬁﬁ‘f@éﬁggﬁ)ﬁm%s
suggesting t MNE2A 28528 NS3,04SAA, NSEBrayd ISR (Lindpabdanbndeod, 2001).
Flavivirus infection in the human host. During the course of a Flavivirus }
i nfection? the NS1 protein evokes a strong antibody response, which hel p£ -
to clear the infeyaghuiditonsh! BradRE iNafFIaRUFSHBRILRE fiigh 2
conpl enent - nedi at ed” pat hway .

essential for virus viabitity. Dengue virus NS1 is secreted 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 unigue viral resident protein of the infected cell surface.

|nl_mammalian cell_s, but not in insect cell lines that support dengue

20  infection, part of the transported NS1 is released into the extracellular Q )
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 importaht 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 |
(Schlesinger, J.J. et al., 1987) and antibody-dependant '_cell'cytotoxicity

30 (ADCC) (Schlesinger; J.J. et al., 1993), s '



¢Schlesinger, J.J. et al., 1987) and anti body-dependant cell cygot opiNi 2097
30 (ADCC) (Schlesinger, J.J. et at., 1993). 31 JAN 2007 WD 03/0-18184
PCT/ EP02/ 12991 3 The Dengue virus, with its four serotypes Dengue virus
serotype 1 (Den-1) to Dengue virus serotype 4 (Den.4), is the nost

i nport ant WRPEEI8f the Flavivirus genus with respect tBCTEPEEROns of
humans and produces diseases that range fromflu-like synptons to severe
or fatal illness, 5 dengue haenorrhagic §fever with shock syndronme. Dengue
out breaks continue to be a major public health problemin densely

popul ated areas_ of the tropical _.and suptropical regions, e sguito

vectors are 'hbBABEHE Virys, YHE ‘g%Mr'%?rB BeSt %1&‘8@%? %‘?méz%gégl)i%ﬁf ction

and ot her di j: [ hO-i N4 hiberegithpart s of
BBG1e YRAYSER B¥e MORSH.4 9 1DRRAInddtaMipdridinane )the

the world has °F ei ng nade towards the devel opnent
of dengue \Rlgeivires genisohit outpegirteviefectivos lof demars ded @rodwrs  and

d Z o~ . h hagi c f ) and. i i m tect th
e od 1EisPatRA A Zprag dtaTa M TFe el TaHas o ceud oy BinLghSs Py o et the
mosqui to-sbpr{f%nc%ﬂ ﬁé{% Iof c{é%irlvﬂf'i@ﬁéd@%%ﬁﬁo%e.%rﬁg@ sRbrégies ed after

the first in lon by any of the four serotypes, a |large Eﬁrcentage of
DHF cases oceemtinue 20bsubiregorspublic health pieliestif gensaiy popesiadargdsby a

serotype which is different fromthe first ,infecting,se f dengue
virus. TheseO! BisEPpiaEl 6AE %j{WéOW'Fé‘eretgborishéVWBéPﬂ%%‘ﬁgo Y%‘g&%yggaétjent i al

i nfection of Bﬂndér‘{‘tdi vidual wth antibody agai nst one dengue serotype by a
different vifus Serotype at an appropriate interval may result in DHF in a

certain nunber 25 of cases. Antibody-dependant enhancement (ADE) has been
denonstrated in v

itro for dengue viruses, as well . as ot :
Viruses, 1&and is c@h%ic&é%ﬂ‘ Pﬁgrbﬁ"ea‘?f)rﬁﬁé&fP%ﬁ‘g“ﬁé@tr‘?ﬁﬁpﬁr%mﬁloﬁﬁ\é%ggfs%s
induced by mosquito-borne 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 mosqqito-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 seéond tim_e 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-dep‘endant 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 al so been observed that DHF usuald § &hibr2fiSd
in geographic areas where nmultiple (three or four) virus serotypes
co-circulate. In 3 1 JAN 2137 WD 03/048184 PCT/ EP02/ 12991 4 regions with
endem ¢ DHF such as Sout heast Asian countries, the age- specific attack
rate i s hi §HeP¥H@8¢hi | dren, and the nunber of DHF cases gdegEgRaeH1i N

hi gher age groups. This roughly corresponds with the increasing
seropreval ence to dengue, indicating thau:natural i nfection my 5 evoke
protective immnity. This phenonenon is not unlike that observed wth

other viral infections such as hepatitis A virus. Anecdotal clinical
obser vat i ons 'REWPESHSMENERETIC RIF suel agp dhpesti Asiere cOMPtriag, tee age-

(N mmanni tya ) t.this is.rare, and it is difficult to

i dentify accsﬁ):egﬁ ieCI @tt%ﬁgp%tgsgthy}%@sr 'Eaﬁgf‘?ﬁaf‘t%@é%BHH‘SDaeﬁ&fﬁrﬁ'lsjsaﬁ%%t
infections. IdkcBeadearin Hipeseapagrbgsn RIS RREANScAHFesbdmId Rithhhection in
the same individual, despite the fact that all four dengue virus serotypes

circul ate i n NERESUENECTPERV IRt degisr, dndisatingithahaeture| infedtért nmy by

two or three I o pPes. he same.indj vidua result in
Cross-r ea(E:t i fggﬁg%&sﬁ\gy?]ginﬁﬁhg@%ﬁg"gcEB%QQWSQ%WBO{CW%%Q?%B%%H yte
response. Thivatibtimayvinaldofeati@nersughaiseitdpAtgad AstrusNhpetdoml Byniche

remai ni ng dengue virus serotypes in nature. At present there are no

appr oved den@g’ée(/‘éaéarﬁe@a.ve‘rﬂbé@? thafr RIS SRV EXRRSIRNFE DHFUWiGenf ection is
dependent u i h LG : sqQui t.0. v ..ae ti.
I ngecti Ci dep?@éﬁ?ﬁi@gao%taéykqoﬁb&%tﬂﬁl%:)251' r%%dg#(lij ﬁlta'ﬁccﬁﬁfcq@%’g?%ﬁ%%a? y\R/oul d

enabl e | ocal dvearately thepsaroipmesscdusingiin aeooref Ard subeedBESUNTctiRPRE I Of

prograns, an ont.i nui.n eogr aphi ¢ .spread of both the vector nosquitoes ,  /
and dengd® \%Orfﬂeih%l&@g% 'ge%'?BEtrPE%WtPWiarﬁf}?@‘s'inlfﬁcé'%“pmwe dengue (:

infections byndividual, despite the fact that all four dengue virus serotypes circulate in
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,
preventio_n of dengue virus infection is dependent upon control of the
20 principal mosquito vector, Aedes aegypti. Insecticide resistance, lack of Q B
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.



25 current nosquito control programs. Therefore, devel opment of3 dafjaNapgl7
ef fective vacci nes against all four serotypes of dengue virus has been
designated by the WHO as a priority for the nost cost-effective nmeans to
prevent dengue virus infection. The WHO has recommended that the ideal
vacci ne ag¥PR¥tisifeingue and DHF shoul d be the kind that cditfpFe¥eR?! 30
infection caused by all serotypes so that sequential infection cannot
happen. 3 1 JAN 2007 WO 03/048184 PCT/$P02/12991 5 To this end WO

98/ 13500 proposes to use a reconbi nant Mddified Vaccinia Virus Ankara
(MVA) expressing antigens fromall Dengue virus serotypes or to use four
reconbi nant MVA wherein each of the 5 reconbi nant MVA expresses at | east

one antigen of o O%{g%lh% deg/1§§(ggtaul¥§§tosgofchu§é L fsin@hoModRfivgr y

prom si ng strategles vaccl nate Dengue virus serotypes.
However, it iacelesi viabkart@rp(MVAllexpressimpartigemuiiom abdognmia HEES upon

admnistration results in an i mmune  .response ai.nst re,than one
Fl avi virus ofetjupeiser Hopse lf%rf_eéﬁ@t?'”T&tpy@fr’\)‘f"sgée'afeaﬁgoncgﬁgevi rus,
preferabl y_agal faticalh NRPAGNE ALLELSs REIRTReMtigdDEEONEDeril: 983500

di scl oses” a reconbi nant encodi ng ngue vitus NS1. WO 98/ 13500 does
not di scl osesthayparBai sigetegitesr provitid vem promeisikg glretegies 0 yareirppe

elicits an i nmune response not only aga-inst the ngque, Vi r ot ype
from whi ch t RE2HIS AYACHEN LBFHSY OBYRCal 3‘@%36{?[)@5%[59(5%{? b%ﬁio‘a@%i%ed from
other Dengue i filsuBBhAWREHe A BRohRARIMLITaliGRGRcA AP BRTITIADNe M/A

cont ai ni ng and © ¢apabl e of “eXpressing one or nore DNA sequences encodi ng

Dengue Vi r us regpdrigesgainst nabé ¢hamont fiativirnsonageinsnoereManpnant i body

dependant 20 enhancenent. WD 99/ 15692 does not, discl ose that tJ gen
derived fr orﬁ%‘h@PBéﬁdl@&H@‘ﬁ@’%@n’%W%‘éyquaéri‘sitsgL € %Hér%e%eggﬁg%gﬁot only

against the LapanGevi\iBSoSR 0PI dINBMEtorhBmamIMgRRcadiRE Deagubut
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 'enhancemer_x_t 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



al so agai nst antigens derived from ot her Dengue virus serotypes.gZﬁ;ggiqmg?
of the invention Thus, it is an object of the invention to provide a
vaccine derived froma Flavivirus or a Flavivirus serotype that is stable,
can easily be Produced “and that leads to an i mune response that protects ~
t he vacci nBtW43%4 ndi vi dual not only against the Flavivi POpERR/1DdE

Fl avivirus serotype from which the vaccine is derived but al so against. _
ot her Fl aviviruses or 3 JAN 2007 WO 03/04818-1 PCT/EP02/ 12991 6 Fl avi virus
serotypes. It is a particular object of the present invention to provide a
vacci ne derived froma nosquito-borne Flavivirus that protects the

vacci nat ed i heB\YIBRISERRYPEARI Yt igai pafttiouler abisghiof dhBoPiesent awentiofsto or
Flavivirus s ; L whi Cl i s der] ' I inst 5
ot her mosqui F5ORAPrs VERE G ol E h0 R Mol n S ot % BUEEES e

obj ect to prdhedecainedediindividasl het daly ¥gdinkt ane anesgeingworive Fus/ idaEDt ype
and that protects an individual against an infection with at | east two,
preferably al% %Wyiﬁésvﬁqug’%fr@mwwh 1bep@caineely derdvad prit glsopgainst

| nvent | ons These oMt At BY PP PRIViSAL LRI FIARHIC SRR BEO! 18 25 AREF S

t hereof o a Flavivitus an sequericés conprising expr eéssi on

casset te codiabjectftorpravideasivective NGt ipUerieed from anpaDéndleviend serotype
respectively. | 'ﬁ%rti cular, 15 the object to provide a vaccine that is
derived fr omad'ﬁjgt sfiPtEsibamdndividual vagaiastpl tiestion ofifetad 1§ast dwovi dual

agai nst an i rHr_@f%tréBl M blléngng Vim%s%'bgﬁfegpr ne Flavivirus from which the

vacci ne is derived gut al s6 - agal nst infection with at | east one other
nosqui t o- borne Fl aviviruses has been solved by using the NS1 protein or a .-

part thereof of a nosquito 20,borne Flavjvirys, i.n tticular the Dengue }
Vi rus, prlgf erably Dengue Vi 6@?'?%%tde;?'iJ@{'Q"éﬁdhEd?Y%ﬁb‘Uﬁdi ng DNA sequences(,..--' |
respectively. Mire specifically the object to provide a vaccine that is
derived from one

These 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 Den-gue virus (
serotype 2 and corresponding DNA sequences, respectively. More -
specificélly 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
Japanesé 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.



Pengue virus serotype and that protects an individual at |east igai ggt E@
infection with at least two, preferably at |east three, nore pr fled IQ 1
25 Dengue virus serotypes and preferably al so against the infection with

ot her Flaviviruses, in particular nosquito-borne Flaviviruses such as the
Japanese a¥@e¥Hasitti s virus, the Yellow fever virus and WESEPRFIRVirus has
been solved by using the NS1 protein or a part thereof of a Dengue virus,
in-particular of Dengue virus serotype 2; and correspondi ng DNA 30
sequences, respectively. 3 1 JAN 2007 WD 03/0-48184 PCT/EP02/ 12991 7 As it

is shown in nore detail in the experjnent, secti e ofehn derived
from a Dengue vi rAfsitds SBﬁW”s‘8rrBP%ae@‘p'f‘e@geed(pgg?rﬁ%{\}os’éggﬁnet?{ev‘gggi nation

can evoke an Y Wld ofCs s Serictasd exptdssellSke mowat ei ns of
Dengue vi rusp@d&%@@%ﬁdfﬁﬁ%@%%ﬁ@% pl usON81 fromﬂ(g)? her 5 menbers, of, the

Fl avi vi rus gshesvaduihatian dapaneke aprcditioalyi nesponse that witkenosy €agkWily r us

and West Nile virus. Thus, NS1 protein,fro n { I e

origin is a DSilveicdainsibengyen (U SORE ﬁno?’ gﬁﬁ?ﬂﬁ%ﬁu@ﬁ?@?é’?b?’gn

agai nst af | bé,"@of_’ﬂﬁ%rfqaﬂgﬁp§:gt%ﬁh¥ suehes JRuersaRNeephefits afrug, al | four
u

ser ot ypes” of ‘dengue Virus an er against one io or nore other viruses
of the genusYE|avifeverugrusSamt Vet Niki girgaibUmis, Nateratein {38 Gy no E

protein is involved, there should be no risk i nt
Enhancenent O&DE)E YHIs %B’%’&u@r‘ﬁ'”&ﬁo‘érﬂfygrstabgmt?@rﬁﬁgapggr%g?spes of

dengue and t i ak efl 1548 1slowhsrebereferably thmdyesdndur i ng
nat ur al outbggéﬁggégoﬁﬂgﬁgepgﬁg t! on. 15 The NS1 protein may b?qlsgxgressed

from a nucl eimoachidferabbf el abliyserotypes olotengus gl aAndiBriEsse8a te
coding for at least a Flavivir NS1 protei.n ora. i it vd@@nkerm
"at. | eastl® i PItAPES IR SKHUSES #gbﬁéenpgt ?V;W@{Se lﬁﬁgﬁlg?%m&géwesspon
cassette may Sty EPFAdH AdrbiveBathere should be no risk of Antibody
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 Ieast’_’ in this context is to be
interpreted in that the expression cassette may further.encode additional
Ty 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 RN_A

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* isto be interpreted in that the coding sequence of a
a0 Flavivirus NS1 protein or a part thereof is preceded by elements

controlling the transcription, in particular the initiation of transcription.



20 proteins/peptides, either as separate proteins/peptides or quqggtoégheﬁ7
NS1 protein or part thereof as defined in nore detail below. In tHh 'cﬁﬁtéﬁg
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 WQ 9P#4%4 d or a viral genone. Since FlavivirusexrmyR¥ 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 ip that the codi ng sequence of a 30 Flavivirus NS1 protein or a
part thereof F¥PHPtREFUS) EResmirtonal spgulsionymiemests pempeokiapyatisn, in

particul ar thg.dnjilati | DLl Lv . 0 03/,048184
PCT/ EP02/ 1299 r%'ﬂgxéar?rpa?r@geﬁiéar'lyéﬁgﬁ’%@%%f‘f}%f‘%?{ér P%é%b'zegt%&f%?té%ents are
prokaryotic prmotesfmnaadomkawnéimnmmaptcﬁhégmamgrxmméai@feeéé@ﬂ
eukaryotic pronoter/enhancers are the human Cytonegal ovirus i mredi ate

early pronot BFYBRHINEBNABEY K PPX\IEISHPENDELTS Stgblasdberhd momgiesapder
AN . ATEr =dr b . e
an the OoXyhd BExyitin %hlrﬂépwgae?%sfdd%lpgt?&?%'Hg%%g\%mﬁﬁggéﬁeons ol on
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T 10 {L L %eodfisnmpPiRegd o IXS r 31) 1 protein or
part thereof of a Flavivi {r%urgrﬂgr may E’%Brgg'}s@ﬁ?'ﬁéﬁi?@f% rr)(?tkél t@? part thereof

t oget her wi t htemeinationuoelenfemts beeukdgoticipalp Asighsli ejueeees diesecadsargi n
the NS1 protein or part thereof and the further proteins/peptides are 15 }
produced ds separate proteins/peptides or as fusion proteins/peptides. If (

not defined otherwrhg dxprédyion 888sdttePhia9 exiPesd BAIP tHRARS | foteil of BarLont 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 feast 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 acid sequegge N 201
stretch of at |east 10 anmino acids, nore preferably of at |east AMngag?
acids, nost preferably of at |east 25 -am no acids. 20 The further
Flavivirus protein is not the entire E-protein since this rotein seems to
be invol vexb ixnigihe devel opnent of DHF. Thus, if the fur PREEPRIAMIVI rus
peptide is derived fromthe E-protein it should conprise |ess than 40
amno acids, preferably less than 35 amgo acids. If am no 25 acid sequence
stretches derived fromthe E-protein are expressed together with the NS1

protein or part thereof it should have been verified .tha i m no acid
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~expression cassette may conprise an Internal ribo ent.r ite (I RES)
bet ween t he %ai%?}clg’fg@‘@@i‘eﬁstaﬁ%iﬂg}”“ toriedsiSah %ﬁ[ﬁ% %@}%%rfi' and t he
sequence pnceg AV E RS piddrALGIrAl IRERFS ephaiterurehar e known
to the pe?so(r%‘qéﬁrﬁ?%goqﬁétdﬂgregftrﬁ f Exarr;:l?lI es for IRES elenents are the
pi cor navi ral 9'REBcedanerdgonnf tiehepbation Coddisg regi on of the hepatitis C
virus. Alternatively the nucl eotide sequence encodi ng.the NS1 protein or
part thereof may be fused to a DNA sequence encoding further Flavivirus 10
prot ei ns/ pepti des : Yt ddépicPBe Rinbairy OR) NSanpiohei Nl
protein or part tf%&é(@?ﬁgﬂg tttﬁ\ﬁe u%urtﬁ%r éIg:\davi Vi rus pf:_got ein/peptide is
produced. |f gdretiNSleopnudyebe fusechr & NiNvesegienrrienerdingfuHEET FI2WY VH$ us
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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 gylcosyl-ation signal sequence fused to the NS1 protein or part thereof. As
- pointed out above the E-protein derived amino acid stretch .sh_ould 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.

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 encodi ng the NS1 Brgtﬁw ols
part thereof is preceded by the sequence encoding the glycosyl ati gﬂ@ﬁ?
sequence of the E-protein. According to this enbodinment a fusion protein

i s produced that conprises the E-protein 20 gylcosylation signal sequence-
fused to t MO NS84 otein or part thereof. As pointed out Pabere/iishe
E-protein derived amno acid stretch should be as short as possible and |t-_
shoul d be excluded that this am no acid EBretch contains an epitope

i nvolved in the generation of ADE and DHF. The gyl cosyl ation signal

sequence of the E-protein fulfils these requirenents. 25 In an alternative
preferred enSbdempattsidhelppeukisgesarisein pariadar aetHraINS@ALD thed pr esent

i nvention cog} gidis as only Flavivirus .sequence the sequence encoding the
NS1 protein part thereof. Thus, in this preferred enbodi nent the

expressi on cassette accordlng to the 30 present invention does not express
any ot her peptides/proteins fromJAN 2097 WD 03/048384 PCT/ EPQ2/ 12991 10
ot her parts of thinlal wrtharraltergativee mbadimantitbe DAVA aseondhes fst® or the E
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pr esent |nve tion expresses ein or Of 2% & TUusi on
protei n wi t h pyottiviwisit peptdidedpdpiatesaihet no¢ ndederieed froomadidvivanisviSueh. Such

pr ot ei ns/ pept.i des conprise non-f] avi vi gnal sequences or sequences
that are usefiP'¥'8? F?‘%ét ‘iee? eem%wed}%{m'w.ré'a%lgaﬁl THHUSRE 2 R PRI H Pusi on
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Fl avi vi r us sequence in the expression cassette used ac
preferred emeteipnsuch asHags.

N To understand the general structure of the Flavivirus sequence in L
the expression cassette used according to a preferred embodiment of the
present invention it is heipful 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 Cé
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 str_ain (,NGC strain“, GeneBank

3  accession number AFO38403) starts with the amino acid M (ATG). A



present i'nvention it is helpful to summarize briefly the genone;f rié&ure
of Flaviviruses: During a natural Flavivirus infection the viru ir cH¥7a
15 single polyprotein which is then cleaved first by host cell proteases
and then virus encoded proteases into the followi ng proteins: C PrM and
M E  NSWONBPABINS2B, NS3, NS4A, NS4B and NS5 (protei n P&FEEPYH8hg t he
pol yprotein precursor). Therefore, a DNA sequence, in particular a cDNA
sequence coding for the NS1 protein or part thereof nust require the 20
addition of a "ATG' start codon. In a preferred. enbodi nent the start ATGis
then followed by a sequence encoding a_ gl c§$ylation.si
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endoplasm c .reticgulu inaNg! a{g known to the person
skilled in th8U5E .aﬁnﬂgwl[ﬁt‘}g}%ﬁgﬁgsﬁ@g@a%gi cassette needs a stop
codon, which mght 25 be a TAG added to the 3' termnal end of the protein
coding cDNA sequence. In the exanple used in this inventio

[ t
"ATG+si gnal  sequbies"inGLERBRY WIS efBPPIEaeHy CHRGehRS &%Héﬁ@g aeﬁ@é\di ng the
hydr ophobi ¢ C-term nal end _of_. i @Y dsHipgifes
whi ch for%h‘é%é’ﬁb%ﬂféga 9?%&@'%%6@?5%82{%%{&5 E%Wc@é‘%% n", Ge'ng,BanE 30
accessi on nuphgiviARORB40R ot sinadit sarithrddhiewheneno the icddg sa@)ence 2007 WO
03/ 048184 PCT/ EP02/ 12991 11 typical _expression casset tcﬁ)&accordi ng, to the
present j nvepreeasisdsbyRGIATE ¢pdon GAVE 2 2RAF sRAUGRSE $'GQ5168 ndB820 | D No.
10. Thus, in_su [Vt hi i E.svdBNA & conpri si ng
an expressi oﬁeggﬁ%ﬁ(}é%% grpl?cfglﬁjéng Eg&gg u%ér}iveetsd]?gg?ﬁz;@f o@ a Flavivirus
NS1 protein @efipadtabdoversef whehen eha coding setivencedquenoinated yraseeird by -a

start codon ("ATG') and a sequence encodi n Lan guence for

dl ycosyl aei O@Pdﬁﬂ@f'éf%ikﬂ@t'@@?f'%ﬂe?r iﬁn&&%‘%ﬁgpég&@%@'defi ned above and
wherein the codi ng sequence is termnated by a stop io codon of translation
(Figures 1A, 1C and 2, SEQ ID 5-10).

The DNA sequence that may be used according to the present.
invention encodes a Flavivirus NS1 protein or part thereof. The termi"
“Flavivirus” refers to any Flavivirus. More preferably the term “Flavivirus”
15 reférs to mosquito-borne Flaviviruses such as the West nile virus, the
Japanese encephalitis virus, {he Yellow fever virus and the Dengue virus.
The NS1 protein or part thereof derived from one mosquito-borne virus
"."’Iencoded by a DNA according to the present invention should protect the
vaccinated individual not only against an infection with the virus or virus
Ty 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 number AF038403).
The terms “subtype” and “serotype” are used interchangeably throughout

this description.

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

sufficiently Jong to induce a specific immune response against the NS1



The DNA sequence that nmay be used according to the present invention '
encodes a Flavivirus NS1 protein or part thereof. The term'; "Fl \?i.ﬂ\:’l‘lu%'ﬂ?
refers to any Flavivirus. Mre preferably the term"Flavivirus" 15 refers
to nmosquito-borne Flaviviruses such as the West nile virus, the Japanese. "
encephal i t WO R%#18! the Yell ow fever virus and the Denguepwi/EresiizeoiThe NS1
protein or part thereof derived fromone nosquito-borne virus encoded by a
DNA according to-the present invention shpuld protect the vaccinated -
i.ndi vidual not only against an infection with the virus or virus 20
serotype from V\{}_‘:_C the vaccine is derived but also against the infection
with other mb¥giE'e S BBIHECY thesBaridhesedieds serivegpédheflavidrus isws from

which th ' [ ' . The: '_ f. : f
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protein or ??o g%ﬁ?f ?h%lm phgﬁ‘ngféertsgﬂgﬁh%%cﬁglthgﬁr&%éprdﬁgﬁﬁlg t he NS1
prot ein, whi ovhdtber anfM$ T ipeotdliy of pagt treréoidincieicas apaaithuneirespomger esponse
agai nst the NSI ;? 1f J-AI\{ 2f107 MO 03/Q48184 PCT/ EP02112991 15 .protein from
whi ch the "paHfet Krelos &FHDeglgeyiryegerq _qushet\ﬂqoéﬂii”gitﬂ% Preferedpengue virus
the amno aciginbédiehéit SRAULAVRESTINALEIRAG Inodde e &tk NOT BYolERs an

i nune response in a vaccinated ani mal rncluding a human agarn he NS1
protei ns of alluspéngtermi“Nssl pertetryprepartithetduf” eslabgd EstHe eetirei on it is

shown how the person skilled in the arf..can determ ne whether an NS| 5
protein \gf) pasrelt%{aﬂg?é%f"a#‘ﬁ@ ¥@§CHH'TMPF@§H&%@ SROEEr EPEWRS: al | Dengtfe"_‘,)
virus serotypgfetches il $tall ERcif aRlifTALREdesSoadi ment the Flavivirus DNA
sequence 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 protéin. 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.



Thus, .the term"NS1 protein or part thereof".relates to the ent i3 ?CFKN 2067
sequence of naturally occurring NSI proteins and shorter eptitope 0
stretches that still elicit an inmune response. Mreover the term "NSl
protein” also relates to derivatives of naturally occurring NS1 proteins.
‘Such a demioainsemimay be a protein that 15 has one or n¥Ca/ERfA/HShcid
substitiutions, deletions and/or insertion with respect to the naturally
occurring NS1 protein. By way of exanpl e,such a derivative is a protein
that has a honology in the am no acid sequence of at |east 50% preferably
of at | east 75% nore preferably of at |east 90J. Consequentlg/ t?e term
"part thereof” also relte envardiopafurthesf refeichta vREOrs SepPEEEEN? dV VAt i ve.
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preferably t ngue virus, in particular Dengue virus secgry
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a transcriptiona ulator el e e_p I COfdr8g to
the preseht P%/%"ﬂ'ééf @ﬁcﬁ'd Eﬁw%%ﬂ) telveecfci)(rSF ;a)cgrpr‘%ﬁg‘r}eog rg%cawrusi on
protein wt CP?%%WSI?SW@W&{USlugrbﬂ'wr@%w@cﬂ@e I30tH2 todkédt20fahE prsent
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series. Mire prellerably the vector is a virus vector. ‘%F{ehe c nte of
the present viestentTion rehemtdpant' virahigepegions tHen: Rpekas @t”Gir FefEPs to

an infectious obtained recombinant vectors can be used for the infection of cells and
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
15 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
20 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 Animat Cell Cultures
25  with the deposition number ECACC VO0083008. 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

30  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



virus.conprising a viral genone. In this case the DNA of the p@ngﬂ&i i
invention is to be cloned into the viral genone of the respectiv |#zﬂUGZo
vector. The reconbi nant viral genone is then packaged and the thus
obt ai ned reconbi nant vectors can be used for the infection of cells and
cel | lines,WPAYp@I& cul ar for the infection of |iving ani pelgpiaghd{di Ng
humans. Typical virus vectors that may be used according to the:>p:resent
invention are adenoviral vectors, retroviyal vectors or vectors on the
basis 15 of the adeno associated virus 2 (AAV2). Mst preferred are

poxvi r al vec} ors.. The poxvirus may be preferably a canarypox virus, a
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been descri be§°V S POt Apyficteraconlaimng otheaBhidoag BefinEethiovaddsh. BN he
content ofs thhg @l i hen RRel+ided 1.n t he. qr |jcatigon b

ref erence. I\Ngt]gBl\_l haégﬁ%tgeﬁpy‘e@dgﬁfeﬁ%a?egltHéé%ﬁ)J %@é‘%ﬁ?ﬁé@m%@n i mal
Cel | Cul t ur esbigogicthas ey sdaipmsing itorevalrdie rwiRGAGE MAQASIPHB: is BIVANEN G r

MVA- BN or a derjvatj.ve {hereof t he additional technical problem has been

sol ved to proviigeVativar thetaphranshimethadss alwingetagehtain  MVAWBNI ooses
since It has doRemivhentiebnate SeiddifWSIdam e of | s an extrenely

attenuated virus. In particular, 1t has been strated that MWA-BN i s
nore 30 attenuated than the MVA strains known before in the prior art.
MVA- BN i deri vedyf]éo Mbdj fi.ed. Vagci nia Ankara virus and is characterize }
by the 3 1 JAN 200 "85/ H2EYRUVESCTTERDS/ P99 12 adanesiteds under cERAGCI i ty( |
to reproductiveDpa3senki ¢at eeliPathttedr FRIA.BN 7 E# al lichtan any
ot her known vaccinia virus stralns due toBg’ I'gg'ﬁe%/;%ﬂtpg rlbg%{ﬁi %RP"CﬁGRUrTBnS.
In the prefer?edclneddn ¥A02/M@ 480V émtherfollowing the features of a derivative of

MVA-BN are shortly 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 ( 3
features of MVA-BN;: e

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 sahe level of immunity in
30 vaccinia virus prime/ vaccinia virus boost regimes when compared to

DNA-prime/ vaccinia virus boost regimes.



goncerns ‘as a viral vector containing the DNA as defined above VABN P fﬁﬁ?
derivatives of MVA“BN. The features of MVA-BN, the description of !

bi ol ogi cal assays allowing to evaluate whether a WA strain is MWA-BN or a
derivative thereof and nethods allowing to obtain MVA-BN or a derivative

‘t her eof ameo dirsigisosed in WO 02/ 42480. 10 The term "deri vAETAHEEE12811 t he
virus as deposited under ECACC V00083008, i.e. derivatives of MVA-BN, is
used in the present application as defined in W 02/42480, In the
following the features of a derivative o MVA-BN are shortly summari zed.

For nore detailed information regardi n%\lt he definition of a d'er'hvat,i ve of
MVA- BN and i nngaarticelar & degvatiee &if IMYABN ihasoeseentighy t8gasand g epHeation

bl ogical aSsays ARk oyIS (el 3naWiE YheUSal & aabhve o

vacci ni a virusesacbavicg #ian epstdgnsitetl vihgs drel Viawengtiaataplieatofwithe
deposited strain MVA-BN but showi ng differences in one qQr nore parts of

its genone. PFi@flar app)ifisadien; kdiosvidanadbeagepesiied stipin WOoCREree!ls @ thsI y at
| t th , f | f | ! ; of - MVA- BN:
Ceapabi |ty R RS, Macd ard BasB SIMR Rl o SR BRI R

(CEF) and in ihhvvchadylecteamshed irkibnAGReeBltrdnspenBHKo(EEAEHeI85011433), but
no capability of reproductive replication in the human 25 cell |ine HaCat
(Boukanp et al. 1988, J Cell Biol. 106(3): 761-71), - failure to replicate

LTt e SoBShECeR) Bk TR RBOSREN FRTEALER: G Lbeq e e
i nduction of @teskelaspplsedirirant idefingdtineveoame/ 428080, Tfud, vinig Yhainis ‘3tbt
vaccinia virus prime/ vaccinia virus boost regi nes when conpared. to,.
DNA- pr i nmel0 vakanabia ol reRedbeEye replsakian)” is a viran thabsrowp@roampigicakion
PCT/ EPO2/ 1299r]a_tijc>50f less than 1 in the human cell line HaCat (Boukamp et al. 1988, J
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 thezhuman
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
w-amount of virus produced from the infected cells is the same as the
amount initially used to infect the cells.
20
e 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



Ln particular a derivative of MVA-BN has essentially the sanme reg ﬂcﬁ;i,;omw
characteristics than MVA-BN. Viruses having the sane "replication )
characteristics" than the deposited virus are viruses that replicate with
simlar anplification ratios than the deposited strain in CEF cells and the-
5 cell 1in¥OBB818elLa, HaCat and 143B and that show a si pit/eseA8@li cation
in vivo as determned in the AGRL29 transgeni c nouse nodel. The term "not
capabl e of reproductive replication" is u 6ed-i n the present application as’
defined in WD 02/42480. Thus, a virus that is "not 1o capable of
reproductive tion" is a virus that shows an anplification ratio of

repli
less than 1 W& ﬁé AiE8I o1 days, 1etarabBoaRadqyseand! mosopeefedablCedd
Bi ol . 106(3):dA&laf#ér tR hly e li.fication rate of. the vjrus used
as a vector acc}gsr di ng t%qbﬁée&i%hvgnﬁgow?%“ﬁt%igr by Us aPhiaiserash ntee |
line HaCat. Teritomeplyi.fication ratio" of a virus is the ratio of virus 15
produced froman infected cell (Qutput) to the anmount originally used to
infect the cells in the first place (lnput) ("anplification ratio"). A

ti f s5"1" bet BNt i [ Lificati t
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sane as the igwDURLEENIdityatdypaseditd the khiewh sthen GVA $75 asd@@rininddeh
cont ext of thae eq@fi/n'htilon of MVA-BN and its derivatives the term"failure
IFDRL 6aIENEE SOt S8 ReehAs samialnpdlin JUOi A 424804 isueth 4 n WO

to replicate i

02/ 42480. Th i it® Yi : e i
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humans and in the mce nodel as expl aine
in WO 02/ 4248®rapetanic@sanie sifaips sdoleiasgtmawesterB-Revetvd sEain S028GK 129

i o ' A-BN and its derivat.i d t kill AGRI29
e P Sbar I A i e bt coroet e e s b oot

60 days, nostrefsreé@rablas Wchhileh®P farnbeabbsioxt t&edgg&ﬁtﬁeérg%g{@t W?ettl?grq ce

with 101 pfu virus adm nistered intra peritonealy.
viruses that SRORNEEANPdEb ftairrdgysiaftarethiencivillevigeahe rhigetdrerusuahanaeder i zed

in that no Viafr}bstr?@(}irg?atirtgrcﬂ]vﬁ{eegvgrse%r‘?socrjg’(aerr‘r%ir%d tbiySs?::\!r(wac'lsarcc)j]'cplaque 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 TCIDso/ml virus the ovary virus titers are reduced by

at least 70%, preferably by at least 80%, more preferably by at least 909
compared to unvaccinated mice.
20 '

MVA-BN or its derivatives are preferably characterized by ihducing
at least substantia_lly 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 02742480, 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



3 1 JAN 2007 WO 03/048184 PCT/ EP02/12991 16 the ACR129 nice 4% ga‘)jg, :
preferably 60 days and nost preferably 90 days after the infect ?‘ 2}&;7
mce with 107 pfu virus admnistered intra peritonealy. 5 MWA-BN and its
derivatives are preferably characterized by a hi gher - i munogeni ci ty

conpar ed two e3masighown strain MVA 575 as deternmined in aW'HF’?I‘&(”%”HaI | enge
nouse nodel as explained in WO 02/42480. In such a nodel unvaccinated m ce
dié after the-infection with replication, conpetent vaccinia strains such
as the Western Reserve strain L929 TK+ 10 or | HD-J. The infection W th

replication conpetent vaccinia viruses is ferred to "chal | en
the context wirusdwest mdromigration i$ 41k 'rbﬁ‘ P No %%Stﬂ'ysdzxggerhfter

h hal | h
ovari ce i QEoERY koo By HHRY Abgrinie dMustBleb el L‘E@VE“F@'B‘SEER‘F?@{“-’%

viral titer ige 091 aeBbogsk fsafigheypcbbtiaheshysi ce and 15 for nice vaccinated
with MVA-BN and its derivatives. Mre specifically MA-BN and its

derivatives are characterized in that in this test after the vaccination

with 102 TC W@/@%ﬂf’%‘{#@a‘%Faggéﬁar*yovw‘”&"?gtﬁ[ffs@ 8rd eMisR@dOYavig teast

70% pref@ra nore prefera by at |east 90% conpared
t o unvacci natpep#itize. of 3VMEN BNddts desivagvesat defisecpbope ef er abl y
characterized by inducing at |east substantially the sane |evel of
immunity in vaccinia virus prime/ vaccinia virus boost reginmes when

conpared to DNA- pr\)ll]é{ﬁ’o QB%Fé@gh [BN?\ é’é’a%f é@%b%@é infd Yoseirai BNW BHg i s

regarded as i nduci |'eas stanti a the sanme level of imunity
in vaccini a whetder kdesbiede cietbabivantipdwoostes eayiemiseowie o crp r&I§ono

o 25 b Y Pkt e e B e G Bt e
preferably I myQRtN 35§AY%Sto He Plesent invention is preferably, but not exclusively,
under the transcriptional control of a poxvirus promoter, more preferably
of a vaccinia virus promoter. The insertion of the DNA accord_ing_::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

Ty 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.

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 desc_ription where



l.east.substantially the sane in vaccinia virus prinme/ vaccinia vi4 ruj Hoggt
30 regi nes when conpared to DNA-prine/ vaccinia virus boost regi s.A‘I\/ﬁ 1%
preferably the CTL response after vaccinia virus prinme/vaccinia 3 1 JAN
2007 WD 03/048184 PCT/ EP02/ 12991 17 virus boost adm nistration is higher -~
in at | eastWBA¥0E#84 he assays, when conpared to DNA-pri melcya®eiftbey Vi rus
boost regines. Most preferably the CTL response is higher in both assays. .
5 WD 02/ 42480 di scl oses how Vacci ni a vi r'ulzges are obtained having the )
properties of MVA-BN and its derivatives as defined above. Methods to

insert the DN@)?\% defi ned above into poxviral DNA and nethods to obtain
reconbi nant p Nis@racagiag RholWhas beenalefioeddry the. prodoct kikptesded drdrhe art .

In a recomnbin cirfi i expr ipn of the DNA according to the
present i nvents aoa pedaliobitl A8y e e M biSte el ofirels the
transcri pti onpfeseohimmntah i3 thersfbralfoPtOPBegarddBre Prigdiestad ¥f i a
vaccinia virus grom)t r. The insertion of the DNA according to the present

i nvention is PMEREPRLIN Sumyeary thedVes suatainicandy omissiateleNS i musteis agenone.

I n anot herg pr r i nvent i the. heterol ggous ,nucl ei c
aci d sequesnceﬁ%”g tpgg%(rﬁt eg gtgaa%yngé%ﬂa%%fd;ﬂ&%eﬂi{}%& p@é?'@t?‘bﬂag&ﬁgr%f '} he
MVA genone ( dpedtiadeyl denivBCTIERIGDOAGAS Viru b NnrshmRsiratily fforfMrgliet he most

preferred enbadi nents of tqﬁ@ 20 present invention to provide a vector
conpri sing : t WEUDRA CRPREF i MEPToseIVBaY Whét epmprise the @naing acidseasanee a
derivative thgrgof ' PNA FO[PL | r i cassette
coding for a Fl av_ir\??rﬂﬁssl Edltglrg?ro@gﬁnt or %awétﬁgﬁé@ g@ﬁ&ﬁi@ﬁﬁfﬂg ﬁ%ﬁ
Fl avi virus i sPisrtefrenstyl gordabeaddi¢ional ansno aolds thaehes addyir 8@ Reen Vi 1 us

oL of st BASEES TOR TR kgl v oy S v ng (7
to the acid sequences are shown above and include the methionine at the 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
~ asignal 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
Hlaviviruses or flavivirus serotypes. A ,vaccine" is a compound, i.e. a DNA, "

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

According to one alternative of this embodiment the svaccine*
according to the present invention is based on a Dengue virus NSl- 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 NSl protein of one Dengue virus serotype, in particular serotype



present invention or by a vector according to the present inventgoh Joy 2007
vacci nati on agai nst several flaviviruses or flavivirus serotypes. For the
30 definition of the NS1 protein or part thereof according to the present

i hvention reference is made to the above parts of the description where 3 1
JAN 2, 107 wo\D/©8/8048184 PCT/ EP02/ 12991 18 t he DNA encodi HgI/REE/IAZE been
defined by the product expressed from said DNA. The follow ng summary
regarding the protein according to the present invention is therefore not
to be regarded as a limtation of the invention. I'n sunmary the NS1

protein can be an isolated NSl protein or 5 part thereof ?n%gega(racj( by any
Fl avi vi rus. ZhénduSes aprioteiunedespense agansbihe §S1 refepant ¢t &is \H%)f rom a

irus, f : : (
oy onl y conprrec Rt kA ahtee, fSUTiA Bony KRoRREERLonRs S0,

thereof. In ?r@ﬂé%tﬂy e Qé‘ﬁﬁgi aeERbLst bRe NBer Mibet aito-borye ddatiaras.addi ti onal
am no acids that are required for an 1lo effective expression of the

protein. Exanples for such amno acids/amno ~. .. acid sequences are

h b d include.th t hi,oni t | ' - t ei
onooted by an adubs ArEtEaRBIO I Eafts 13 FrELTIHIe Mol RRVET O S N

C-termnal enrg,@d thi&HE-0S ORbikiAGk ipagt Bieredl si@ndlngsntienpee kot

gl ycosylation of the NS1 protein or part thereof. 15 O her  signal Eﬁquences
are al so wi t hiwertios cfoopeFeviviti ipHusenaniimiawre sesPonss agringttdieetve
enbodi nent the 1 1.no acid. enc epf. hbg.fused to
ot her protei r@PﬁBto?g}e cr éﬁ&&ﬁiﬁggyf% S?ﬁg?gﬁa?égPY%gﬁé g‘rat\a’g@gg’ugﬁces |

al I owi ng the jdenbbhi £adeieibdie Mavtieus. busieasvortagbeonvetthes of the
flaviviral proteins’or parts thereof. 20 In a pref erred@nbod[i)rren'ﬁsghe
pr esent i 10verpresentciorertion heme o thatre aseitennagive @RADAEIMYIINE Wodr part
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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 fiaviviruses. The term “vector derived from a
Flavivirus” or similar terms in the context of the present description
s»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
Ty 20 insert and not the vector backbone. An example for a “vector derived from
a Flavivi.rus” 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



f.laviviruses or flavivirus serotypes. A "vaccine" is a conpound ';iJEA, ?397-
DNA, 25 a protein, a vector or a virus that induces a specific im*ru’?fé
response. According to one alternative of this enbodi nent the "vaccine"
according to the Iy esent invention is based on a Dengue virus NS1 protein- ~
or a part tHeP¥YEB4hi ch i nduces an inmune response agai nspct/bezhgol 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 3
¥ JAN 2007 WD 03/0481 84 PCT/EP02/ 12991 19 2, induces an inmune response
agai nst the NS1, pr gei ns of at least two, preferably at |east three, npst
preferably al®’ f’i%n@ el Pretey sepatlyihesealifgonpsaid dilabviyuabs seaggpestnat | east

th i<t El ayd v : - As. | ai ned, abaye .the i t f
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according to FElaeivussenotypesy sstpeativel. GBEeﬁhmﬂe\/hrv'e\éciin@q}é?%daﬁbrin?m”e
response against the. NS1 (Ptr otein of other Flaviviruses. As pointed out

above the "Fl 3¢P&HG ULUS Serotypeetaibbg Usedursqaivaeciperageinst aneytwor dlin ot her

wor ds t he 5t nvgniHer r LN i_.on _have found t in an

al ternative emodi%gﬁyﬁg’%ﬁapﬁoﬂ%ﬁ%ﬁ 8% Vé‘;?inet%eqﬂg tfseéeg@ﬁoé'ngm%yt he
present i nvenftrtrerdfe oseful topopietbahondieidtdavigwinst Sthadmaemirakes BUHRE
response agai nsﬁbtw. gﬁl .grot E‘i n of the nosquito-borne Flavivirus from

whi ch the vacds HE \EshdVie \bEus.dhe Jarspeag snrephaitieyirupandithe- Ytave

FI avi vi ruses. feVBugiry he vacci ne 15 derived from a nosquito-borne Fl-avivirus
is useful as vaccine against one or nore nosquito-borne flaviviruses. The
term"vector derived froma Flavivirus" or simlar terms in the context of._.

the present descriptiaon nmeans that. a vector as defined above (e.g. a L
POXVi rusel\@ect or orlRaa B[eggyﬁeg)em grmest m%@%@mgﬁééhﬁ%ﬁé@nﬁhus, thi 3

termrefers tioveigon ecLoEd 39 4 RRRifte. 308 RWBwh t%%jﬁe%oﬂ?‘%ﬁﬁr%']ﬁ-th”hﬁxa”p' ©
for a "vector derived from a Flavivirus® 1s a“poxvirus vector, it as
MWA, conpri sih@t dhe agpnieédration of naked DNA harboring a eukaryotic expression
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 C
virus vector, e.g. a MVA vector.

i
o’

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



cassette conprising a poxvirus pronoter, a sequence encoding aq.y yas 207
Fl avivirus NS1 protein or part thereof, wherein the sequence cgdlng“%dﬂ
the Flavivirus NS1 protein or part thereof is preceded by an ATG codon 25
and- a sequence ecoding a glycosyl ation signal sequence and wherein the
codi ng seqgwengsmesiss term nated by a stop codon of transl arcComrPeFigs! t he
vaccination with the DNA, the vector or the NS1 protein or part thereof is
useful as a single subunit vacci ne against a broad range of 30

Flavi viruses or at |east Flavivirus serotlypes. The DNA or vector encoding
the NS1 protein or part thereof fromone Flavivirus or Flavivirus serotype

3JAN 2007 \WBHO3pRARLSflerBETIANO2YPEEDOh Bt poeserive NIS2% peptaicnacd b t
thereof from said Flavivirus or serotype cap t{}qus be us‘ed as a vaccine for
vacci nat i on aganarselbeirpisrinEmamporis $4 etarablyR 8IASeid 1RO ot ypes,

respectively. For exanple a vaccine derived froma Dengue virus serotype 2
can be used as a vaccine against one, two or all 5 of the serotypes 1, 3
and 4, as well as|yv@osirfieurgpi metfersed ohytpthe2vadcinieayrusf baseteyadsen@sef ul t o

protect an individual ag{ai nst ot her Flaviviruses such. as t{joe ¥stt Nile
Virus, thée Jagahedlar alddpraNihasgdwiacaeanged fer vaqqaaof & ale ¢y /i€ 10 1n a

preferred e i_ent : o IF > i heeirbirimhd S used
as a vacci nreﬂ.?P%Zg?ds“?(&ng%ﬁ%'?%gg\ggr@gné%ﬁ(?frftg%eiéﬁﬁ§ﬂteth%r'; Ithat t he
adni ni strat i geaefiomak et DAt tha pbaeintaz ok aloss yeat tor vp s FNdN& asset t e as

in the present invention, in particular the intramusculaf, j-,€Ctl of DNA
| eads to the IexppRESincHCEE Qh epN@ﬂé}rﬁteéﬁég@é‘&f WHE %hé%(bl%]&séliiog%nj

cassette. Theof%ﬂ&reénq.ffazaﬁ%ﬁ%§§%dtﬁaﬁﬂ%§ WZ%‘{S%Z(?%&%M isspecific

i mmune response 1S tais nalternative nt the vaccination is
nade by wdm pdrsicardrhghighviethoviras ceeditogvaaintiorpmesesiorechosiaeds, in

B?;} Ie(r:glbfi; : @rﬁ@@mg' T%Sg,tt%re’vargc)lrn% ﬁwro%fs%rrg%rgbl?/ C%%Xgé rpl#cs)dﬁ/gé:é BS/ most
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/l Dextran (MW 36000 - 40000), 45 g/1 Sucrose, 0.108 g/! L
glutamic acid mono potassium salt monohydrate pH Z.4. After freeze-

Y 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
vacéination the lyophilisate can be dissolved in 0.1 to 0.5 mi of an
aqueous solution, such a water, physiological saline or Tris buffer, and

25  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.



virus.vector, e.g. a MVA vector. For the preparation of vacciqaq V|rus
based vaccine, the virus according to the invention, in parti di dANMAIEBN
and its derivatives, is 25 converted into a physiologically acceptable -
form This can be done based on the experience in the preparation of

poxvi rus v¥@$He&istised for vaccination agai nst smal | pox pemEpeacyibed by
Stick], H et al. [1974] Dtsch. nmed. Wschr. 99, 2386-2392). For exanpl e,

t he purified virus is stored at -80C with a titer of 5x108 TCI D50/ m -
formulated in about 30 10mMM Tris, 140 mM NaC pH 7.4. For the preparation
of vaccine shots, e.g., 102-109 particles of the virus are lyophilized in
100 mM of 3 t JAN 2807 WD 03/048184 PCT/ EP02/12991 21 phosphat e- buf f er ed

saline (PBS) in th f5 9 al bum n in

anpoul e, prefer ablgtgé%ggg%érgrpowppgm 9‘%@0%@? jeéﬂlﬁﬂymeﬂ%f)g?m@ﬂ'sﬂ%? t he
vaccinia vir u@Nlé\aaedov\mBg;ltnethel presenpanvéstidan paMMiidNehRReIMEAE &f HRe Used
for vaccination is,stored in a freeze-dried state. It is shown in the

exanpl e secti BWSFHE'['nf’ﬂ%t'?%ﬁ%efﬁ%@cﬂﬁ'fofpfaga%natl% qqﬁ@prp%ﬂeeanrdyé\ BN
L ovivirue t o VREsor BEMGRIng 35S BrL it cileMion 16 38 RSP VLONGlpHS®

flavivirus to the NS1 protein I"avi vi ruses
serotypes, respeRing)yinis fiostpariai/cohtaihgr hargh for tahese¢bnds vHe&afioh

vacci nati on as freez virus. Thus, the vacci ne shots
preferably ca %Bégﬁpggaf@e%lSB?”@Y@%%gaWéeze-dryi ng of the virus in a
formulation. This fornul ation can contain additional additives such as

manni t ol , dextran, sugar glycine, lactose or polyvinylpyrrolidone or
other additives suéRhayagainedsiabivisBor vador oerderigative thereot taipsistig a

nbi t b i tabl f K ‘)
soon e ARBCLE ek oJAED GEIAEL L Pl HL S Shanien (-
f d araensste BANTM /
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amoun’cs m a first inoculation (“prlmmg inoculation™ 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 l.x 102 TCIDsy, preferably e.g. 1 x

107 TCIDsp 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



glutam c acid nmono potassium salt nonohydrate pH 7. 4. After fregqzg 4@({1
drying the glass anpoule is then seal ed and can be stored betweén' a{rew
roomtenperature for several nonths. However, as long as no need exists
the ampoule is stored preferably at terrperatures bel ow - 20C. For

vacci nati oywgiRsdiyophi li sate can be dissolved in 0.1 to GcG/eP2/af9RN
aqueous sol ution, such a water, physiological saline or Tris buffer, and
25 -admi ni stered either systemcally or logcally, i.e. by parenterally,
intranuscularly or any other path of adnthi stration know to the skilled
practl tioner. The node of adm nistration, the dose and the nunber of

admi ni strat i onciranageinsiptviotithest oyall rﬁJ@mgusmlrluSefcerDWpteﬁeN@Sﬁ Arafezakiown
manner . Most preferred for poxvirus vectors is subcutaneous or 30

i nt ranuscul arthgdAHEUS YIETS SRrORs!S 5&’8? 1y the vaccination is done by
adm ni stration of tw vaccine shots in an interval of e.g. 3 to 5 weeks. 3
- JAN 20-07 WD 03/048184 PCT/ EP02/12991 22 If the vaccine is a

MVA- BN-vect or or dited ireehtien findhenofelatespioi s mefhad foNkealeesimteAyOt o t he

present invention a i cul ar enbodj.nment of .the sent Ly jon
concerns & ki Pr§V6p '9gé’é|arf§?Y’6H“§6'?rfﬁF{‘9? ﬁ&ngprmggmp%ﬁ@t,ll?% vergﬁﬂr accordi ng
to the present,q iy Qta' RBEAT i Aed tHerkoVRRAI NBNIOSS above)Td Védter asin a first
vi al / cont ai ner an or a second vaccination (,,boosting") in a second

vi al / cont ai neabovd ot aeN&hpca)trem bs partMiiar &N ascabave. b paBIGWaE the t her eof

ovent font - NEBHERY REEHLS BdRE PG 7 aEpore o A (HRIP R CpeiR or partPT esen!
t her apeut i cal _'urewgt)r‘ 8P%Hé’ﬂ81ﬁr§%'e'élh%r'ﬂhr@tfﬁéﬂe%’f chBeEad BY itee NI theg

i nocul ation” In a seco i nocul ation ("boosting inoculation"). :
i terval et weector e fromi cma@engneo:uﬂlatsamtyazeolamdwwhbbftjﬁtthﬁd}m/hoﬁlﬂ ‘éﬂ?‘Ft@ﬁ i s

about 3 weoks o aNTL et et Bider Cs LEce T a VAR MRy ’%atw"v s 1 «
102 TC D50i  pryety ‘W[?éﬂ@()ee\/lﬁjs derbtypes

15



vector as defined above for the first vaccination (,,primng") i irst
20 vial/container and for a second vaccination (,,boosting”) in a second
vi al / cont aW{ee3/04dlsus, the invention concerns in the vacci pergsphagi,yents a
vaccine conprising a DNA, a vector or a NS1 protein or part thereof as
defined. 25 above and the use of said DI;IA vector or protein for the
preparation of a vaccine. According to a ‘br ef erred enbodi nent the invention
concerns the wuse of said DNA, vector or protein for the preparation of a
vacci ne wherein the NS1 protei hugimpytof theelrwenfionhe NS1 protein or part

t hereof encoded by the DNA or the vector is fromone Dengue virus serotype
and wherein 30 the DNA, the vector or the NS 1 protein or part thereof is
used as a 31ThaANvERITN réﬂﬂ@&ﬁf@é’ﬁk&ﬂaﬂ@%@%ﬂb%@%l% oV@gci ne agai nst
two, three or all Dengue virus serotypes. Mst preferably the Dengue virus
serotype i s SEFRIPAEOD: The invention further relates to a method for the
treatmentgor 5 prevention of a Flavivirus infection conprising inoculating
an animal, including a human, in need thereof with a DNA as above, a
vector as aluseeofor a NS1 protein or part thereof as above. |In particular
the invention relates to a nmethod as above, wherein the NS1 protein or
part. thereof of WREIABHdFYNETISING ap&XPrasssIeeassehiectophigingve DNA or t he
10 vector is fr %M Vi ' erein e DNA _the vector
or the NS 1 prot?g?i]n or par ?nggﬁtg@égé%Eé%ﬁdgggg&@%@c& WQ‘CQ‘bﬁ?%esqtatt%:Stthree
or all Dengue Vior ibe $8 bpygesn dba pyart tAerdBNo& rosquito-born flavivirus,

107 TG D50 to 1 x 109 TCI D50_ Moreover, a particul ar enbodi ment no1f the ..
present invention concerns a kit for vaccination conprising a M?/A—Ié N s
n a

10 - avector comprising said nucleic acid and/or ' (

- a 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 Cédes at least
for the NS1 protein or a part thereof of a Dengue virus serotype,
- vector comprising said nucleic acid and/or
25 - NSI1 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.

)



WO 034048184 PCT/ EP02/ 12991 24 Summary of the Invention The'invgnggﬂﬂq mmz
relates in particular to the followng, alone or in conbination: Use 0
a nucl eic acid conprising an expression cassette conprising a
transcriptional regulatory el enent and a sequence which codes at |east for
the NS1 prwoedmsos a part thereof of a nosquito-born flawceirrs12980 - a
vector conprising said nucleic acid and/or a NS1 protein or part thereof
of 'said flavivirus for the preparation of a vacci ne agai nst the
nosqui t o-borne Flavivirus fromwhich thé®nucleic acid or the NS 1 protein
or part thereof is derived and against at |east one other nbsquito-borne

Flavivirus. LlselUsealbsveavaeimtitey séqudrive cotiagifootixoNs 1baveini srusaftr om
which the nucleic acid or the NS1 protein or part thereof is derived is a
Dengue vi r ushemet o EheMesamiia-beealtadvicgspr o thg DEngER yires 1SRN Set t e
conprising a [, P I r i ch codes
at | east fopr%égd%g%y%ﬁjo/?g?rﬁjogggggr?)}agt%gﬁgﬁgggh%@@g%eggﬁggﬂ?ﬁayserotype, :
vector conprissgmeg segudnoeahdivhaeintlrndbding2equehNSt ipteteinated byar stdpher eof
of said Dengue virus serotype for the preparation of a vaccine against all
Dengue vi P us 98PHY pERNHUAUO opt i onal | y agai nst at |east one ot her

nosqui t o- 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 s as ypeve . whereth the Athet0fdsquito-borne Flavivirus is selected

from the West Nile virus, the Yellow fever virus and the Japanese

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

Use as above, wherein the poxvirus vector is a Modified Vaccinia Virts
Ankara (MVA) strain; in particular MVA-BN deposited at the European
15 Collection of Cell Cultures under number VOO083008 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 compris_ing inoculating an animal, induding a human, in need thereof with



WD 03/.048184 PCT/ EP02/ 12991 25 Use as above, wherein the sequencae UEEN)%
for the NS protein or part thereof of the nosquito-borne flavi VI Q?
t he Dengue virus serotype is preceded by an ATG codon and a sequence
encodi ng a glycosylation signal sequence and wherein the codi ng sequence-
is term naW@d3myBI% stop 5 codon of translation. Use as apowepozutmiei n the
ot her nosquito-borne Flavivirus is selected fromthe West Nile virus, the .
Yel | ow fever virus and the Japanese Enzephalitis virus. 10 Use as above,
wherein the vector is a poxvirus vector. 2Jse as above, wherein the poxvirus
vector is a Mddified Vaccinia Vrrt s Ankara (M/A) strain; in particular
MVA- BN deposi-t ed natleihackEucapearsing 5n Gabtesidrooa sfetteetdm@ulsing es under

nb V0008300 d t f b i
Poxvi t s vect or TRGqESERl PeulF AR ot Ahe SEUERGE FHIS BRAFhAL EaSt cal |y
acceptabl e di | ugRlnpINDY plorei BP0 BHTIRERIERE h0floshuitEHAR fPab/@wms wher ei n

the transcriptional regul atory el'enent s a poxvirus pronoter. 25 Use as
above, wherei-n aNeCWmmBrlsmga@YdmLs:ﬂ@cedid andfmr apeutically effective

amounts in a fi rifﬁl nocul ati on ‘( pri 8}\,%' i.nocul ation”) and in a second
i nocul ation (b8t REPEHOEULPALT Bh 53' K& S or the treatment or prevention

of a flavivi niserel 8 FRIFIRE SRRIdrSisEh [RESbRbY Ale #Rogithif®borhdicl udi ng a
human, in need thereof with -31JAN2007 WO 03/04818-4 PCT/ EP02/ 12991 26
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.

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 ‘
- aNS1 protein or part thereof of said Dengue virus serotype,
20  wherein the Flavivirus infection is an infection by the Dengue virus : O
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



- a nucleic acid conprising an expression cassette conprising a ?1' N 1
transcriptional regulatory el enent and a sequence whi ch codes at eaétA’ Tfé&?
the NS1 protein or a part thereof of a nosquito-born flavivirus, - a vector
corrprl sing said nucleic acid and/or 5 - a NS1 protein or part of sai d
flavi vi rusywowsensaen the Flavivirus infection is an infectromeby/itde
npsqui t o-borne Flavivirus fromwhich the nucleic acid, or the NS 1 protein
or part thereof is derived and/or an infection by another nopsquito-borne
Flavi virus. 10 Method as above, wherein %¥he nosqui t o- borne Flavivirus from
which the C nucleic acid or NS1 protein or part thereof is derived is a
Dengue vi r usglybbtyiatiohaigidiesctineaterend vdrerpiretfenc¢@ngseasert@ils vi r us
i nfection conpri si i nocul atin animal ., including a human, in need
thereof witht erwnateﬁﬁm@ Ere Cé’@og’ %gﬁﬂﬁ@i 1%y an expression cassette
conprising a transcriptional regulatory element and a sequence which codes
at least for the NS1 protein or a part thereof of a Dengue virus serotype,
- a vector CM"aihDdlaﬂsgatszanedMImdzleltd:aea/ectbraﬁ(ﬂ poxviris WSIobr ot ei n or part
t hereof of said Dengue virus serotype, 20 wherein the Flavivirus infection
is an infection by the Dengue virus serotype fromwhich the nucleic acid,
or the NS 1 piahshmLibdRY RNHehgl'het(Plfe pdxssur@%we\sm andivrdifed vateeta vivusy
anot her Dengue virus serotypes and an infection by other nobsquito-borne
Fl avi vi r uses AnRard/eVMNaY samimbove, wher ein the Dengue virus fromwhich the
DNA or the protein or part thereof is derived is Dengue virus serotype 2.
Met hod as above, wherein the sequence coding for the NS1 protein or part
thereof of thg.iRY 5190\h§)rv9‘f?erfalrﬁtﬂeVM'\Msst%mqfs NID&- B?@I@J@p@siie(ﬂuﬁ tRO serotype
é pr eceded by an ATG codon and a sequence encoding a 1 JAN 2t 1IF WD
08/ 0- 18184 PEDrEPe2N T2MBLtIAT og|Qed:ld§lyttanenscwcmrgmnbgcebia@%éo%op%er ein the

coding sequenge, | $ive thereof.

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

M
N

composition is administered in therapeutically effective amounts ina 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

39  derivative thereof.

. .\
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t.erm nated by a stop codon of translation. Method as above, whergin -t he
vector is a poxvirus vector. 5 Method as above, wherein the pox i1r JaN 2007
vector is a Mddified Vaccinia Virus Ankara (MVA) strain Method as above;
wherein the WA strain is MA-BN deposited at the 10 European Collection - -
of Cell CumQuis¢ssieghder nunber V00083008 or a derivative pEprfRfizeolet hod as
above, wherein the poxvirus vector is freeze-dried and is--.....
reconstituted in a pharmaceutically acceptable diluent prior to 15

admi ni stration. Method as above, whereinZ®he transcriptional regul atory
element is a -poxvirus pronoter. } 20 Method as above, wherein the

poxvi rus vectaxvous tveetqhas aboeytvlogkin twTPesiviignsismadguitosicahed in

t her apeuti cal effective ampunts in a first inoculation ("primng

i nocul ati on" )H’%WH”F?I 5 RULIGHET $HHEOBHE VHNS( " boost i ng i nocul ation") 25

Poxvi rus vector harboring a DNA conprising an expressi on cassette
conprising a transcriptional regulatory elenment and a sequence which codes
at | east for RoxEirasivectarsaiNsboye,otledreirotheDpagtic YhreséoDengherndiug t he
poxvirus is Mdified Vaccinia Virus Ankara (MVA) strain BN deposited at

t he European séB?t'lyBEt"on of Cell Cultures under nunber V00083008 or a 30
derivative thereof. 3 1 JAN 2007 WO 03/048184 PCT/ EP02/ 12991 28 Poxvirus
vector as above, wherein the Flavivirus is a nosquito-borne Flavivirus, in
particul ar aFveiyue vectarsas Bbrve, rwiserest the seguainevendinp doettie Flasiviesgue
virus is DengNJ§1vi rus 5

' t 2.
protein or pséerE ?hé’r%gf 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. (3

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'effec’cive 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 pharmaceutica'l composition as above.



Poxvi rus vector as above, wherein the sequence coding for the FJ aviAir 2047
NS1 protein or part thereof is preceded by an ATG codon and a sequence
encodi ng a gl ycosyl ation signal sequence and wherein the coding 10 sequence
i's-termnated by a stop codon of translation. Poxvirus vector as above,
wherei n t e txwmaemeri ptional regulatory elenment is a poxVEFEEW2SHoter. 15
Poxvirus vector as above, wherein the poxvirus vector is freeze-dri ed.

Poxvi rus vector as above as a vaccine. Pharmaceutical conposition
conprising a poxvirus vector as above and a 20 pharmaceutically acceptable
carrier, diluent and/or additive. Poxvirus vector as above or

phar maceut i célellc prpiesablyenhumaamsle coaPHiFBE & Pt HSMECANIADRPBY Bvent i on of
a flavivirus infection, wherein the poxvirus vector or the pharnmaceuti cal
conposition is admnistered in 25 therapeutically effective anounts in a
first inocul aideosr {hePbdMinG vddiecsd abbeaior rtiepasatiacond vaoorel @t i on
("boosting inoculation") Method for the treatment or prevention of a
flavivirus i rAfeaftdrot® pravent sifgyivirupbifeetiPhg an ani mal, including a human,
in need thereof with a vector as 30 above or with the pharnmaceuti cal
conpositién as above. 31 JAN 2007 BYO 03/048184 PCT/EP02/12991 29 Cell,
preferably a {iuf@npaeld/bosenPhirkinightiorPOxvipliding/ e gloaviras vabres alise of t he
poxvirus vector as above for the preparation of a vaccine to treat or to

prevent a Fl avi&phagmaseeticalsipmpostipnfasrabsnverder Boyst InariaiionliRyiming.

conprising a .paxvj_rus.vectQr : b osition as
above for a ﬂﬁpgwaP9§CXﬁg%?gﬁ?ﬁaE?§%§%38Faﬁ%@@ﬁ?g??@ﬁﬂjﬁﬁﬂﬂgﬁ irst

vi al / cont ai nehapgtih@inGt 8GO ihrosadonidi vial/contpesiti ng i nocul ation™) in a
iecond vial/container. 1. 10

. 10



3 1 JAN 2007 WO 03/048184 PCT/ EP02/ 12991 30 Short Descripti oh3 %F\D&E\Be
Figures Figure 1A: The dengue NGC strain "signal sequence+NSl" T rgg[gl n
codi ng sequence of the construct used as an exanple in this invention. 5
The start of the NS1 gene in the natural context is indicated by an arrow- -
| nportant Wedt/Hses are the addition of an ATG start codonp@pgeedSbpp codon
(in this exanple "TAG'). Nucl eoti de sequence nunbers refer to position in’
the NGC strain genone (Genbank accessi on nunber AF038403). The nucl eotide
and am no acid sequence in Figure 1A i 6°corresponds to SEQID No. 5. The
am no acid is separately shown as SEQID No. 6. Figure 1B: D agram of

pl asm d pAF7NS1 cont ai ni ng t8koxddheporiptiaD oftheaFigutes gnal sequence+NS1"
protein codi ng sequence. 15 Figure 1C Nucl eotide sequence of the NS1
cassette within plasm d pAF7 showi ng the priner binding sites for PCR

ificati . . 0B . i d q
A no. o Sag e N o R A B R L o

acid i s sepatieg gedQesbown ties cOGEPrudl Ned 8s aRiegangitbn thsnmvédtier.Dool i ttl e
hydr ophi ci t | of of dengye NGC strain NS1 amino, acid sequence (am no acid
76 Lo 1527 Hle Blehhas TROU SRS Bt HienhateiAb s R SoBet AR PN val s
above zer 0 JipycitaphRbiGres2S cDRlel SR N7 SRORTG bt dBYRORRI Bkigp Pl ot of

dengue NGC strain NS1 amno acid sequence containing a signal sequence
derived fromadon (indhi28xarapie’d AR).ddudéoitde sequerate obnibars oefer bo (ami no

acid 748 to 775).. The, t am no aci d _sequence represents amno acid 748

to 1127 of t%@'ﬁ@%ﬂghe&@pﬂ%r&@{‘@mﬁ? @é’éﬂ@é\‘?@%@ég@é‘i Wi&bsems) whi ch

‘;, ?5 t h'S ngﬁ; Ir,ﬁmaé@ogs.aménweeua@ antiT&irsd 8&id SRARMCBYK figlesim stop codon.
10  corresponds to SEQ:ID No. 5. The amino acid is separately shown as (,

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 0BN345 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. O

Figure 1D: top: Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1
amino acid sequence (amino acid 776 to 1127 of de’ri'gue 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

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

sequence. Values above zero = hydrophobic



sequence. Val ues above zero = hydrophobic 3 1, JAM 2001 WO 03/038184N 20[]7
PCT/ EPO2/ 12991 31 Figure 2: Nucl eotide sequence of the "poxvirus
pronot er +si gnal sequence+NS1" expression cassette. The nucl eotide and

am ho acid sequence in Figure 2 corresponds to SEQID No. 9. The am no
acid is 5 WOPdPHY® y shown as SEQ ID No. 10. Briefly, thdGHHi'%%at*?hoxvirus
ear]y/late pronoter elenent controls the expression of the NS1 protein of
Dengue virus serotype 2, wherein the N-tgrmnus of the NS1 protein is

fjused to the 28 C-term nal am noacids of the E-protein. The translation is
term nated at an TAG stop codon that has been inserted into the nucleic to
aci d sequence. Figure 3A: Coning of NS1 expression cassette into the bl unt

ended Xho | gsite é:b[{]H?%Pﬁ@%i%bggh%gan{el-%? dgﬁgppp{d@gw@gﬁge cl one pBM41.

P-Pr = poxvirus promo ron site 2, NPT Il =
neonycin 15 seeabstandglyensressiBRSass¢int efmahuRicodisierandBaminagc8ite, EGFP =

Enhanced Green Fluorescence Protein, NSL. (in pBN41).= signal . .
sequence+NS1 SepRppce-iTEfighike 2 eprreraitdsol? %ééQDi@OS%gTQe éP@H&a%‘édﬁence.
AmpR = Anpi cid Li ' ~. L un cnifdandoklibugap of MWA
( Genbank 4§E§)apa§%§’\?\%$%ﬁr?%§ %ggg?il\g)h 10333{1‘ ’gﬁiﬁglletai g?\ s‘i%es of MVA

(-J- = juncticmlygfaté heodritet elemeaittantrdiiche tRPressidN ¢ theRNS1EoRPePRPHNSL"

cassette was inserted into deleti Bn 2 i':i of MA fPﬁr = ﬁoxv' rus

pronot er, NPPENBUE HEdHRIGYPRS: ¥ érﬁfetgé termyngsaf g S h§Tedlidhce) |

| RES = Inter i [Mafal e .Gr&tben RednAkus NS1

protein codi ﬁggégﬁggﬁ%g%o‘? tggrhg%é%rﬁlﬁ@%%?éﬁ?k Efogﬁggaiﬁesglggtg of the :

ELI SA absor bareminaadiatgs OAGtdtep posbrithehaz beendpserted imiat fhenaudleic al | .

tbr‘ee rabbits. 30 )
. 10  acid sequence. :

Figure 3A: Cloning of NS1 expression cassette into the blunt ended Xho |
site (blunt end cloning) of pPBNX07 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.

C} 20 Figure 3B: Hind I map of MVA (Genbank US4848) showing the location
of the six deletion sites of MVA (-J- = junction of the deletion site). The
"PPr+NPT 11+IRES+EGFP+PPr+NS1" cassette was inserted into deletion 2
site of MVA. PPr = poxvirus promoter, NPT Il = 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-immuhized
sera titrations for all three rabbits.

30



3 1 JAN 2007 WD 03/048184 PCT/ EP02/12991 32 Figure 5: Elisa gross
reactivity studies. The cross reactivity of a rabbit serum of d1ay’/5@8 2007
(upper part) and day 66 (lower part) with |ysates of cells irjfected with
DENV-1, DENV-3, DENV-4, JEV and WNV was tested in an ELlI SA-assay. 5 3 ;
UEa~~ , 2CWOW-BB048184 PCTI EPO2/ 12991 33 Exanpl es The J&l’éﬁ%ﬂ%
exarrples will further illustrate the present invention. I e well
understood by a person skilled in the art that the exanples 5 nay not be
i.nterpreted in a way that limts the appl¥cability of the technol ogy
provi ded by the present invention to these exanpl es. Exarrpl e 1:

Constructi on EunBBOElisdarbss Pesdtiviy stdNSL Tastdroe réddtBityeotld rabist exarrpl e

refers to NS1 of se{](gtype 2 derived fromthe New Cuinea C strain -
strain (exanpi®HMEhBakieSefrasfarnraEbdegps (@Nﬁrc@alt’(héVlNBlNSpt%tCélqellef the

Fl avi vi ruses ar a ecur.s the NS1 gene
in the correnger?gécggHWE?\g\/ I[r%thtEl\ip}};r §¢Q§@(¥)‘gyy§/%h$(\,&Ny Ype t%% ﬁ an
Therefore, a Ei[D&Azs%ayence coding for the NS1 protein nust require the
addition of a "ATG start codon. This is then followed by the 20 addition
of a si gnal sequence so that the newly 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

RO



t.o the 3' terminal end of the protein coding cDNA sequence. In t.lhegmszygwl e
used in this invention the "ATGtsi gnal sequence' el enent was 25 dery ¢
fromthe hydrophobic Ctermnal end of the E protein (the last 28 am no
aci-ds, which for NGC strains starts with the amno acid M (ATG). Fig 1A
shows the wrdgMsssignal sequence plus NS1 sequence used aFquerverEipl e for
this invention (see also SEQID 5 and 6). The "signal sequence+NS1"

nucl eoti de codi ng sequence was obt ai ned RT-PCR 30 anplification from
dengue NGC genomic RNA using the followng priners: 3 3 JAN 2007 WO
03/04818-1 PCT/ EP02/ 12991 34 D2NS1- | ug:

5' - ACAAGATCTGGAATGAATTCACGTAGCACCTCA- Bxaimgtes ID No. 4) In italics: Bgl Il
restriction endonucl ease recognition site. Underlined is the start codon.
5 D2NS1- 2down: 5' - AATAGATCTCTACTAGGCTGTGACCAAGGAGTIT-3" (SEQ ID No. 3) In
italics: Bgl I'l 1ese fotbivdie eRER A eutBEODNIstiAte et gresebhdlevdritiad i s
the stop codon. 10 (. . The RT-PCR anplification was carried out usjing the
Titan One Tubéwikberer!kindersiopdracAaprechiRd B Hnars dat theaxaorlesunber

1-939 823) follow.ng,the instructions c by .t - t

However , ésséﬂ?i"ap?g baem}n%c%ﬂ#égﬁi 0 %oﬁ%?ogﬁggﬂﬁﬁ&%i e %%%HLIW gggﬂhew be
used i nst ead.tefRAR0IBEY RSBy RIcadiiE theCaiesthEMveatiohanetiesdterahtgeantH site of
any nultiple cloning site present in nmany of the comrercial bacteri al

cloning plasmds available but in this exanple it was cloned into pAF7 to

gia;/:i lriss]?or20E>Ea°m§|eOT?CtoPlsPrﬁ‘E?iQ%'g?'lmBN%%e fig 1B and 1C for sequence

i 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

=)
p—
N
(=]

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 fhe 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:



PAF7D2NS| . Fig 1D shows the hydrophobicity plots of NSL amino aciji JAN 20'97
sequence and NS1 containing the added signal sequence fromthe G term na
am no acid codi ng sequence of E protein. The short N-term nal hydrophobic
domain is indicative of a signal sequence. 25 2. Details of NS1 expression
cassette (MWQW®EsBy To express this "signal sequence+NSl" pbtRPi2A289XVi I US
vector such as canarypox, fow pox, vaccinia or MVA, a poxvirus pronoter
needs to be 30 added to the 5 end of this cDNA. Poly adenyl ati on signal
sequences are not required as all poxviri#é synthesized RNAs are

pol yadenyl ated by a _ 3 1 JAN 2007 WO 03/048184 PCT/ EPO2/ 12991 35

viral |y encod@@N&dzyup : thatCAACAITC ESGAAT @ARYTACADH TTAGTAGCTOAI3 $8A0dnce for
carrying out thii function. Any poxvirus pronoter can be used for the
expressi on of NPhf'y cassette. Fi gure 2 and SEQID No. 9 and 10 show t he

nucl eoti de_seignfe. de| | NFociRYh HEORNABBLETES BRAbn SAgUSCEXNSL S

cassette used. as theexanple 1n thrs rnvention.> For the exanple used in
thi s inventi odndbsiriesl igrihke saduadoerNS1" was further PCR anplified from
the NS1 plasm d clone using the prinmers o0BN338 and oBN345. 0oBN345 pri ner

contains & nucl eoti de sequence of 10 a poxvirus mniml pronoter elenent 5

to the {ar get possienagut BAATHEATCTLRCOR M asardacPgem g Tpnget sequence

for oBN345 prinmer binding was approxi nucl eot 1 des upstream of the
si gnal sequenGs;Q$@ad¥e. 3)codon. This was to ensure the RNA transcri pt

cequence ATG Gt BPiC e %Pl srianeioant RER ERORaEr - oBNBIS:
5'-TTGT TAGCAC{.}Q%A{F@@T@%@T&%‘E%O(@OHH) (SEQID No. 1) q)
10 . Cr
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 BamHl 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 C
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

e

hydrophobic domain is indicative of a signal sequence.
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



20 0BN345:  5' - CAAAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAATAAAA 3 1 JAN 2007
ACACGATAATACCATGG -3' (SEQ ID No. 2) 25 (Underlined nucl eotides present the
poxvirus mnimal pronoter sequence.) Annealing tenperature for the PCR
anplification reaction for the first five cycles was calculated fromthe
nucl eot i dewesegiuamie t hat binds to 30 the honol ogous sequeETeEPOL/RI?he
cloning vector of oBN345. 3 1 JAN 2007 WD 03/048184 PCT/ EP02/ 12991 36 3.

| ntegration of NS1 expression cassette into WA (Fig 3) The PCR
anplification product was blunt end cloned into the cut and blunt ended
Xho | site-of plasm d pBNXO7 (see Fig 3a) to form5 plasmd pBN4l (see Fig
3a). pBMAL igrdiheevanicer efgime thegreaimng chpotypaddibeorsig et seOgREFS

sequence+NS1" cassette into deletion site.2 of MA by htg uI ggq(glst e
reconmbi nat i oier CEReYiRg ouhthig fupelen ARy BEXHEMR QBRYE K3 §mé St 1 ows:
10 - Plasm d_backbone .s. ri 6! otaEeNe sheantrank
VB0078) - Dzﬁpre&'f)@t?fotﬁlgg%#g%1ﬁggﬁé§|2(%gﬁgépg?o%i nation arm_ This
represents thgclebabeaiqdense ol ene dviros 200aibten- 2oTd Aesfuente+NM@A" 15

Genbank sequence W94848. - PPr: Poxyi @ﬂs ,l;‘)r or{ot er. - NPT Il: Neonycin
phoshot r ansf eassadteprot@inh tBBERAT L JLEHE NP ei n  codi ng sequence of
Genbank V00618). - IRES. Internal Ri bosone Entry Sequence from

encephal onmyocarditis ' )
For the example used in this invention the "signal sequence+NS1

was further PCR amplified from the NS1 plasmid clone using the primers
oBN338 and 0BN345. oBN345 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)
J 0
oBN345:
5.CAAAAAATTGAAATTTTATTTTITTITTTTTITGGAATATAAATAAAA
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 oBN345.



20 virus (Jang et al., 1989, Genbank ML6802). - EGFP. Enhanced 331e\rm
Fl uorescence Protein coding sequence (protein coding sequence - nuc egqq7de
675 to nucleotide 1394 of Genbank sequence U57609) - NS1: "signal
sequence+NS1" protein coding sequence fromdengue 25 NGC strain. - D2F2: -
Del eti on Z‘Wﬁﬁ‘k‘s’z“homl ogous reconbination arm This repegs®atsvihe

nucl eoti de sequence from 20719 to 21343 of the MVA Genbank seguence

U94848. - AmpR Ampicillin resistance gene of pBluescript 30 31 JAN 2ji7
WD 031048184 PCTI EP02/ 12991 37 3.1 Inseftion of dengue "pox

pronot er +si gnal sequence+NS1" into deletion site of MVA by honol ogous

r ecombi nat i o-AntegratinnafMi$1 exprensionvas Ehe imtodVIVAQFg 8ous Reconbi nati on
5 The above integration vector pBN41l is used to integrate the dengue NS1
expression cassette plus also the reporter cassette (Pox pronoter+NPT

|i -1 RES-EGFP) int qhbh%%ﬁq@lﬁ'ﬂ%fﬁ)rpﬁrdéﬂ@w&ﬁg&ngpt éﬁ&@i@ié@m&ﬂn&e&wﬂe“

flank I and flank 2 arnms of pBN4l and the ogous target seguences
within the MaRARWeEeNdEdiXha kside bf plastnidpBYXO7 £asé Eig Baptafoenl i neari zed

i nt ti i i fi bl-ast ( CEE | | i |
| nf oot od i t WU, PRI (e T PR TR e fof e qie ke, 0”01
i nfectious umromaer+gghal)seqlent8+NSUr SasRAB irtH R A 598 ZVWW‘V%@;/,[ ored at

infection had reached confluency a viral extract 1is prepared an

-20C ready f 6°mB@IPgeYs secnBinatiome purification 15 of desired reconbi nant
MWA (rMWA). 3.1.2 Selection of rWA and Clone Purification The elimnation
of non-reconbi nant MVA (enpty vector virus) and

The essential features of pBN41 (see Fig3a) are as follows: P
10 (3
- Pla_smid 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 ’;he MVA
15 Genbank sequence U94848.
- PPry: Poxvirus promoter.
- NPT Il: Neomycin phoshotransferase protein coding sequence (protein
coding sequence of Genbank VO0618).
- IRES!: 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 '



t.he anplification of rMWA is achieved by infection of confluent

(g(‘ugck!ﬁn
enbryo fibroblast (CEF) cells at low MJ in the presence of (418

of (418 has to be optim ze to determ ne the highest dose that dose not

kill the CEF cells).

gene wi |l | wob3nspdsi cate in the presence of (418 added to RUTEERRN1F991

mai nt enance nedi um G418 i nhi bits DNA.

cel'l s will

enhanced

reconbi nat i og st e

be in the stationary n_on-repl# cating state they will not be
affected by the action of G418. CEF cel
vi sual i zed

s infected with r WAs can be

nust be, serj al | di | ut ed gt'
e ol M¥AloY RAEINOI0GOUSMECOMILATIGNA 13/ 048184

replication but since the CEF 25

12887

Any virus that does not contain and integrated NPT I|]

under a fluorescence m croscope due to the expression of the
f | gor keeeidn of dengpe Gbwi nromotw&smn@bm&@wﬁigiq-‘ﬂg% honol ogous
ed to infect fresh CEF

PCT/ EPO2/ 12991 38 verI aid with ownelti ng- poi nt agar ose. After 2 days of
i nfection,

mi croscope f @r1.1shtegretidroiito MVAgGerome by ddanaaiogeys EeCaREUWYOB | s are mar ked

and agar ose

t he

I i ni he i nf o |
ol aced i nba 15 ninG AheaF GLRR P TR gR D ThbLL £8re 7 11 BEER A

mai nt enance
freeze-thaw

‘further cl oqgopiotériNeIT URRES-BGEP) setolihelMVN gHPRERY HANG

Wﬁ@rteaggﬁwﬁésétt%qﬂag%% fHeorapdieeragasetie (Ploug by

agarose-infected plates are observed under a fluorescent

ee times at -20C. The best cIonE1 or clones are

signs of enpty vector, contam natian,(3 Q o] e
pu?i ficati gﬁ)r%cqmgggt&%ﬁgg'v%ﬁ?fﬂgﬂ,(a;{}?pﬁ‘?'?‘} gaarf'gsr Bfggﬂﬁgrggﬁﬁﬁgent
testing for Gorr&ckolB%sfddt QRGEEAEEDWIRIN e MAFqEenee. VIS eabieyadof

pronot er-foreign geéne cassette and expression anal ysis

B9 here is no

RT- PCR After

b
these anajpysitsy Uahyfeotiegdherl@emgeﬁdﬂ'&eﬂé@ﬂ@Wﬁ?ﬁqréaﬁ%ﬁ%}ﬁfégeﬁfﬂ@w@ sel ection
FBS LR TERES chL plVib0SY iSRABIAFHAT FFh ANodfhultipritipeeni city

to prepare a

st udi es.
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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 -
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
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 Il
gene will not replicate in the presence of G418 added to the cell
maintenance medium. G418 inhibits DNA replication but since the CEF
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.

Viral extracts from the homologous recombination step must be serially

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



The reconbinant MVA with the inserted dengue NS1 expression cagsette
described in this invention was naned nBNO7. Fi g3b shows the 1 JAN 2007
configuration of inserted foreign sequence in mBNO7. 4. Expression of _
authentic NS1. by MVA 25 The expression of the NS1 protein fromthe

reconbi nantw®xg48189BNO7, was verified by standard \Nesternpglr/ﬂ,mm@]ysi S
under non- denaturing conditions. Mre particularly, NS1 expression was

anal yzed after purified nBNO7 was used -to infect mammalian tissue culture- -
cells, for exanple BHK-21 cells, at an M® of 1.0 infectious unit per

cell. Crude 30 protein extracts were prepared fromthese infected cells

24-30 hours ajveelaid wmwrel@wtmfemhgp@irncuo%ér@aé. At el L8y LYt MAEdtionetige M xed
wi t h SDS- PACGE 1% 3.1- JA N 200 WO 03/ 018184 PCT/ EP02/ 12991 39 | oadi ng

|
buf fer contai eﬁsél%@@gpﬁlé@%érr%@bquﬁ@yndler rolugescentnnigjosopeEforThese
dengue. NGC st 960 PRt B8NS, IdReHlls eliaphist 8 ceptirisepar at ed

dengue NGC strarn as a positive €0

in a SDS- PAGIPlggs canthihimgnthiel infdceed eodinfzelistdreaakén bpg ol aaidinda. 5 The
menbrane was probed wi.th an anti-dengue NS1 nonocl onal antibody. It was

shown thaP NET'ERPFEELEREHQN helpgsrcordainine sherledcaby matitenancs medigme NS1
| onal angii L RLi C. f.orm: imilar to NSl
T om denque. | Sotr AREelOh R o Gt 8 iRk BleMind Bnsllie flret® o1

unboi | ed DENZimes labuR02CMVE | ane). Moreover it was shown that the dineric

formresolves out to the nononeric fornms under denaturing conditions (see
boiled nBNO7 with 2-ME |l ane). 15 The NS1 expressed in cells infected with

mBNO7 vas al S0 T evRankASdoRY oPeR! Heats, d vi th
monocl onal anti bodi es that crooss-rfegaa?cr?quﬂh%gﬁéﬁe g?flhgghjr%dggrgé%%eés of
dengue i 0 wasttédry BCBtarmiysiy there Fhicssigaswismatyesedtbatomshisamesssed by (7
nmBNO7 e . ,

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



i.s i mrunogeni c. 20 Throughout the exanple section nBNO7 (soneti |,
termed BNO7) is either stored in a liquid state (optionally frggsjﬁﬁf"%fr)zﬂw
a freeze- dried state. To obtain a freeze-dried virus a virus containing
sotution is prepared that conprises 10 mM Tris-buffer, 140 mM NaCl, 18.9
g/l 25 Dexwoamoshdd/ 36000 - 40000), 45 g/ sucrose, 0.108 PgEPR2/EAOX am C
acid nono potassiumsalt nonohydrate pH 7.4. Said fornulation is then
freeze-dried. For reconstitution water is added to the freeze-dried ;
preparation. 30 3 1 JAN ?C07 WD 03/ 048184 PCT/ EP02/ 12991 40 Exanpl e 2:
Cross i nmmunogencity of NS1 expressed by*nBNO7 to NS1 of Dengue. viruses

ot her than SFUa‘éil'lNgf)@uﬁera@@ntfamihg@N&Icmﬁta&aﬁww@i@-Méh@é@ﬁélcioﬂ HNIE ds (JEV)

and West nile virus (WNV) 5 1. NS1 express fro NO7: | Wi to

pati ent convifesceese §@T‘§l‘35‘r@l§t5élio§%§%t’( @ng@ﬁ‘ SE}‘?EWSHEN%@' }e{tg%?/essed by
nBNO7 is recqgni zed. I : t SN irgdi vi dual s who have
evi dence of Hﬁggﬁegu\g'tﬁéﬁéggg\%%gﬁ %%tei gﬁ%“%ﬁfﬁrﬁ@??ﬁ%Q ;“ndiuvi dual s 10v
‘who have ant bmli@ﬁoagm'msjthsecmgtw mwmeﬁ)aaagmdm}obtrambkoﬁ;sd(onto

i mrunobl ot ti ng agai nst authentic antigens prepare r om.en es 1
to 4) werg s@%’@@@@ﬂ”@%ﬁm‘f’é‘ét@ﬁaﬁ@- at*f ngtm?rrﬁfﬂfn@%? of O%‘?ﬁ?i"“d&a&é@ﬁggéﬁé?&om
nBNO7 i nfect %fﬁ#golno%ﬁr{aﬁgﬁibga MWA-G-P infected cell extracts as

control. The en-contarning'cell lysates were treated with 15 sanple
buffer wi thout 2 nercaptoethanol and were not heated. OF the 68 individual

Inobi of s, Thesd et AN PUNHeP RRaryL B TN oot Ve R of al
4 dengue Virug,sgrol YORE 18%0WBEonAP aAABEAF SR d4BARRRAR I ddreotiditrseric form
. 10 similar to NS1 from dengue infected cells (compare unboiled mBNO7

without 2-ME lane with unboiled DEN2 without 2-ME lane). Moreover it

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

under denaturing conditions (see boiled mMBNO7 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.

Throughout the example section mBNO/ (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/} 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



(JEV): The results are shown in Table 1. Fifty-four of the seranga‘(féﬁd : )
with 20 NS1 of all dengue virus serotypes and Japanese Encephal iti s¥W r 7
(JEV), and 53 of these 54 sera (98.2% also reacted with NS1 expressed

from nBNO7. Seven (7) sera were specific for NS1 of at |east one dengue
virus serdtQP¥E™¥id did not react with NS1L of JEV. Al tpeseriise5a al so
reacted wth NS1 expressed by nBNO7. 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 é@(pressed by nBNO7. Table 1. BNO7

NS1 BNO7 NS1 NEGATIVE POSITIVE . 3 1 JAN 2G)7 WO 03/048184 PCT/ EP02/ 12991

41 AUTHENTI C FEBRMING12:086qss/ imymunogenGityrpf NSASESHeEs ed/bENBING TDENNS 1) &V

1.85% (1/ 54 %; POSI.TI VE, AUTHENTI S1 1.439%5/7
25, 5796 (21 7) D BEEEHUS G Aher AR S6TOUREI2 aPAMPRBs N AL JaBafses aut hent i c
NSI and NS1 ewcpphalitid visus @YY andinwesaai el prusNyRey of sanples tested
positivel/ Total nunber of sanples tested. DEN = dengue, JEV = Japanese

encephalitis virus. 5 The sane 68 sera were al so anal yzed by reactivity

agai nst re n | L n experi.ence of. the inventors,
2ot bodi o © asaNsd B8l el o Oy FEREHUEL IS pRtiehl EnniRiBRtTHictaras
agai nst NS1 10 or E. Thus patients who have been infected with dengue w ||

produce anti bodies which recogni ze dengue virus prenmenbrane and not JEV
Tested was the possibility that NS1 expressed by mBNO7 is

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 authenfic 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 well 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 Japaneée Encephalitis Virus (JEV), C\\
and 53 of these 54 sera (98.2%) also reacted with NS1 expressed from o
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:

I BNO7 NS1 BNO7 NS1
NEGATIVE POSITIVE




premenbrane and vice versa. An analysis along these lines wll [

better prediction of the history of inf ectiog of individuals. TQE%I‘%&S&&%
that sera from 22 patients reacted with authentic dengue prenenbrane 15
protein alone thus suggesting that these 22 patients have been exposed to
dengue Vi huSoRNEsand not to JEV. All these 22 sera reacPewrEriy/i?oNS1
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
expressed by nmBNO7. In this series therd'were also 21 patients 20 who had
evidence of previous infection with JEV only (even though these sera had
crooss-reactlve ATTHRGAT €SDagRNGSt  dengu@Z R0/ 7h nt erlest 10@%y(7 /72 of | the 21
(82% JEV respo m\yp_eact ed with NS1 expressed by nBNO7. There yere only

3 sera in the '}!—:\P £R

i Ar owerdYAEsS /540t ¢i n - of

ei ther dengue (IAYJ %f\?ﬁw g‘l of |th %‘}r’o (/58 :

TBNO7. The most |Q ese Teacted 25 with NS1 expr<ssed by

nn.-for

PRSI Ve A T U B S T A T

PCT/ EPO2/ 12991 @S é\bﬂze 2. BNQ7Y NS“I BNQO__NNS1] NEQG TI \/E POSLTIV/E HENTI C
DEN pr M 0% ( 0/ 22)Cm@@%i(saz/cﬁza)wtise@gmmevgtmnﬁﬂg&rrust:aséw&ﬂsé%Q‘é 100%

OB TI VE. Pr M NEHPIVESTE! B0/ 0P8 045, o CER . (CTRar DL Bl aret 2t um

reacti ons agai nst b BRIt =d
of sanpl es testedpg%@l tglmf/de 'll'gtna nun%g?]@@gteﬁwYDm mepreadicets: Nunber

Japanese encephalitis virus.

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 vi.rus 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

i
N’

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
5 with NS1 expressed by mBNO7. The most likely reason for this is that the

“antibody titer is too low to be detected by immunoblotting.



5 of sanples tested. DEN = dengue, JEV = Japanese encephalitis vi¥ ys; h;ﬂﬁ
data in table 2 also clearly shows that of the 6 sera which did not Aé /
with NS1 expressed by nBNO7, 4 were fromindividuals who had been
previously infected with JEV and not dengue. The remaining 2 10 had no .
det ect abl e 0¥ W8tites to premenbrane protein of either depgpe % JEV and
were likely to have been of a low titer. 2. nBNO7 vaCC|nat|on 0 %&bblts

and testing of post-immunization sera against dengue virus and Japanese
encephalitis virus imunobl ots and 15 E?SA assays Three specific

pat hogen-free rabbits were i mmuni zed by subcutaneous route according to

t he vaccination schedul e as shown below Each rabbit was vaccinated with
one vial of f 9 .dried vaccine 20 (1x1Ce8 TCI D50 BNO7 freeze-dried

vacci ne) recoﬁ%ilt ted to Iml with sterile water on day O and t hen agaln

on day 28. Bl ood|sanples were taken prior t 7r 1 vac,nna Gerebtged)

and again 10 days after second vaccinati on =ipre ] | 1 oed
01

by 1st vaccinati @ FAN2EEFINO-031048% =
2nd vacci nati on tﬂo\ipggig'pr nplin D@fﬁ@/} vacchilPshi(8/2Buy |66
=bl ood sanpling § =50ml bl cod_wi t hdr awnal from each rabbit 2.1

Testing of prebl g8 EsSPENndBVzat | pn s&1% (@ga2nst  {lendder (§é722ypj 2
i mrunobl ot s 1o DeREMEPOSVilVEs antigens and antigens of Uninfected C6/36

cell's were sepaf AUGHENTIEDEPAGE under | nonodepauypil ng :ogql@%qq$./2lj9r
i mmunobl ot assaysPOSIUNBDf day 38 (diluted 1: 20%\/\@5 uge

Priv NEGATIVE : 66.7% (2/3) 33.3% (1/3)
Comparison of antiserum reactions against authentic premembrane and )
(

\J

L

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 premémbrane 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% vaccination



The results clearly denonstrated that upon vaccination with nB 7 sJ

three rabbit produced anti-NS1 anti bodies of high titres that croé ’?éa@@7
15 with authentic NS1 produced from a dengue serotype 2 infection of tissue
culture nosquito cells. Serumtaken before vaccination did not react to

any of thewdensgumsprotein on the inmunobl ots. Post-i munipedeseneyiof day
38 was. titrated at 1:1000, 1:2000, 20 1:4000, 1:104, 1:10,5, 1:106 and
tested on i mmunobl ot strips of Dengue 2 virus antigens and control strips
of uninfected C6/ 36 cells separated by &bs PAGE under non- denat uri ng
conditions. Endpoint titers for the three rabbit sera of day 38 was

cal cul ated to be Dal®&00. Fiendpimialiontiters for the sera of day 66 were
calculated to be 1 x 105 in thh t he 25 inmunobl ot assay an the ELI SA,
respectively (dat ®3ot8shown)PIORBSRAMHINE  and post - i nmuni zed serum vere
titrated at 1:10- 0- 3.qild 0-5, 1:10.6, 1:10-' and tested in
indirect 1gG ELIS y#ﬁ% wellg &£¥€P%%g%ed w th dengue 2 and uni nfected

‘C6/ 36 | ysates at D&RHO6 30 dbledd sanpBngAS 2007 WO 03/ 048184

PCT/ EP02/ 12991 44 Tab 0 105 1:10-' Rabbit
#1 Pre -0.5012 0.0d&Y! gg? 0%6%“'2‘6‘06%2”‘8“%&‘”3 66%’{‘ G 2’133%33%127 0.02 0.004
0.001 -0.003 Rabbit #2 Pre -0.012 0 -0.001 -0.003 O -0.001 Post 0.402 0.06

-0.007 0.008 -0.003 0.002 Rabblt #3 Pre - 0. 008 0 03 0 002 0. 005 -0. 002
-0.002 Post 02907 Des2idwy B i ‘ Hee readi ng

for pre- and post-i mnt.ml 2ed ser um from each rabblt at dlfferent di lutions
(Pre pre-inmune sei‘%(——%sf—«—”@——@%ost i muni zati on sera).

‘ 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,
N 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 1:1072, 1:10
3 1:10%, 1:1075, 1:10%, 1:107 and tested in indirect 1gG ELISA. The wells
were coated with dengue 2 and uninfected C6/36 lysates at 1:250

30 dilution.



The titration results for post-inmunized sera of each rabbit wge Jﬂ,oﬁgﬁd
as shown Fig 4. The estimated endpoint titers for each rabbit N LUl
post-i muni zed serum are 1:1000. 10 2.2 Testing of prebleed and

post-imuni zati on sera agai nst dengue serotype 1, 3 and 4j apanese -
encephal i t MO 83044184 and West nile virus inmunobl ots 15 Eapfr@poalihe;rabbit
serum of day 38 was tested at 1:1000 dilution on . }j imunoblot strips of
Dengue 1, 2, 3, 4 and JE virus antigens pj,us 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 NSI on Japanese encephalitis

i mmunobl ots. faggfe 9f the rabbit serum of day 66 was tested at 1:1000
dilution on jpmunoblot strips of Dengue 1, 3, 4, WNV and JE virus antigens
plus control strips of|uninf edtm:? C6/13ﬁ)3cel I1510$epar1aﬁoéd Dy1: BI9S PAGp-under
25 non- denatw . o¥e A-N2U7
WD 03/ 048184 P 02/ 1 i 499 Ns10-$%om
dengue serotypes 1, 3 a (95’(4 asoﬁﬁéﬂl é)slai(nth NEL on 0gpanesx0tncephaddti s

virus and WesRabbitl#@ Vi rigse i mmupepl ots.o5 Toge@if i rmddie | m’rynobl of o@psays
Elisa cross reactivity % says Jwere perforrred The wel |'s of

mcrotiterplates were chated witP2DENVE-10  DENG/3, BERG- 4, OBRE WO%hd
uni nf ect ed ceRabbitySat es|Pa¢ 1: 2800@H | ut¢.0hs. -0Koe seoadoser e.cesA f rogpgday 38

Fig. 5A) and day 66 (Flge 5B F h b
(Fig. 5A) and day 06 (Fist 58) ode Fremdahe bmmynoblgassayseas wphhyas

fromthe ELI SA-experinehts jt can be conc t hat “ant i bodi es el

Dengue virus NS1 aEleiSPcabS@'baeaetrea'@m@lfbhpaé larad post-iDemgnizetesatuym@omt he
JEV and the WAV, 3
- each rabbit at different dilutions (Pre = pre-immune sera, Post = ( S

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 C

immunoblot strips of Dengue 1, 2, 3, 4 and JE virus antigens plus control

strip_s 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. [t was shown that each rabbit post-



2.3. ©onclusions 15 - Rabbits immnized with nBNO7 vaccine elici§ed A n
anti bodies that recognize authentic Dengue virus serotype 2 NS1. - ééwyzﬁa
hi gh i mune response was observed where end points were 1:10- 4 and 1:103

i n-both inmmunobl ot assays and ELI SA respectively. 20 - Antibodies elicited
in the rabpiotes/oemdss-reacted with all the other dengue sEFGERBERIL1, 3 &
4). - The antibodies al so cross-reacted with NS1 from a heterol ogous virus
such as JEV and WNV. 25 3. I mrunogenicity.studies in mce Fenale out-bred
m ce were inmunized by the intraperitoneal route with nBNO7 expressing

Dengue virus NS1 in different amounts and schedul es Zﬁ shogniel aw nBNC8,
a MA corr esponaitigzalymeNeTeagts wWoih Nelphress IRpg WS RPeRS  se AREL™ &5

gencrated i n VR A Ut IFRT R P ERrtRe L L YDAl gy 1

proteins frommheirdbidterent flavivirus 31 JN2CO? WO 03/048184
PCT/ EPO2/ 12991 46 serotypes and fromthe Japanese enzephalitis virus,
respectively. The sera fromthe control mce were negative in all

experiments. The foll ow u ﬂﬁlr n i RUprNa-tivefy §Sdagose

I nt erval 1 dose ﬂ)ltécgérlﬂ\ﬁa?[;h QFrhgc@ﬁbe c())(r?jclaé)t %F%é%’?r%‘sﬁ g 1x1(r)7 TICI I¥)50 4 )\%eks

1x10" TCI D50 eneglesforBNal TrceBNULE eéobtiteplates ofereOcoatiedowithaDENel,
DENV-3, DENV-4I, 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 Dengué 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 1:103 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



i i d diluted 1:5 in 1:5 in PBS/ nouse) PBS/ nouse) 2 9 4x1(Q',,
¥?:f%ge4d:/vlegt<gdlxlo7 TCI D50 3 weeks BNO7 freeze- BNO7 freeze- drsgdgvaceﬂ(}?e
dried vaccine each- each (reconstituted in (reconstituted. in 1.2ml
wat er . per %wigq water per nouse) nouse) 3 10 1x107 TC D50 3 weeks 1x107
T D50 4 week®"BRIGT freeze- BNO7 freeze- dried vaccine dr retrr@agIone each
each (reconstituted in (reconstituted in 1.2ml water per 1.2nml water per
nouse nouse) 4 10 1x10' TCl D50 4 weekse 1x10 TCI D50 4 weeks BNO7 eaf:h BNO7
each (0.Im of (0.ImM of vaccine Ygggl Ze di Ikgt iglg;l EIJ'tCIGgS(%ASl :/\ge&-SSB:\I&

' eks. ,
F ngiag[e)EJ Sgknégaﬁygggg%dﬁ?éﬂgt@%i%anne% r%”é&p(}%@ﬁ HEUS dESRecH¥dY. {hesersti t ut ed
in (reconstifarttbe domtral .raivk werteategarive in Mo RS BheRer _nmouse mouse In the
i mmunobl ot experinments the followi ng results were obtained: 3 1 JAN 2001
WO 03/ 048184 PCT/ EP02/ 12991 47

The following groups were analyzed:

5
Group | No. of | 157 dose Interval | 2N° dose Interval
mice before
bleeding
1 9 1x107 TCIDsq 4 weeks | 1x107 TCIDsg 3 weeks
BNO7 each BNO7 each
(0.1m! of (0.1ml of vaccine w}
vaccine diluted | diluted 1:5in C
1:5in - | PBS/mouse)
PBS/mouse)
2 9 1x107 TCIDsg 4 weeks | 1x107 TCIDsg 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 TCIDg, 3 weeks | 1x107 TCIDs, 4 weeks
: BNO7 freeze- BNO7 freeze-
dried vaccine dried vaccine
each each
(reconstituted in (reconstituted in
1.2ml water per 1.2ml water per C)
mouse) mouse) =
4 10 1x207 TCIDsq 4 weeks | 1x107 TCIDsg 4 weeks
BNO7 each BNO7 each
(0.1ml of (0.1ml of vaccine
vaccine diluted diluted 1:5in
1:5in PBS/mouse)
PBS/mouse)
5 10 1x107 TCIDg, 4 weeks | 1x107 TCIDsg 4 weeks
BNO7 freeze- BNO7 freeze-
dried vaccine dried vaccine
each each
(reconstituted in (reconstituted in
1.2ml water per 1.2mi water per
mouse) | mouse)

in the immunoblot experiments the following results were obtained:



GROUP: NO.© OF DENV-1 DENV-2 DENY-3 DENY-4 JEV' M CE PCSI Tl VE P0531|;[')\E@ 0
PCSI TI VE POSI TI VE PCSI TI VE TESTED (% POS) 0 POS 0 PGS PGS (% PCS g% 3
75 (55.5% 1000 33.30 (77.7% 55.50 2 98 9895 88.80 100 (88-8%.
(100% 5 5.59%9 3 10 9 10 9 10 8 (90% (100% (90%9 (100%-. 80 O 4 10 8
10 9 9 4 w8WQ%ss1£X0 O 90 0.90 0 (40% 5 10 10 10 9 10 8 pCha¥¥)/12060010Q)
(100% (1009% J_(80% Very simlar experinments have been obtained with

Baf b/c mice: Mce were vaccinated vvitrbtwo shots of 1x1C8TCI D50 BNO7
(freeze-dried and 5 reconstituted with water) at days 0 and 21. The sera
were obtained at day 42. 100% of the sera reacted with Dengue virus 2 NSI,
100 0JO of the sera reacted with NS1 proteins fromall four Dengue virus

serotypes pagd—fo—of—the—ser act e INg T yTA Off JRNV. The
results obtgﬁ%ﬁj nu&%ﬁxl?@%% E%g%ﬁ%é %%\:@ig lgg'vr% ‘:‘}§o$ﬁﬂ{/9"‘ :
100% of the sera 1 cte A N ] RUE els.
The sera  Fecogni JGESED { (FbQBY 4% BISyadd% ReAekh N
mce vacc|hated WG h freéfe-dried|BNO7. Condd usion: | 45 - 104 of the pice
i nmuni zed pith BNQ7 had. AkE5H94) ed (100TENV-|1Z330%) il VAT dt(55n5%)

response. (oThe i1rmine reg@nse of (Mg ce i mmirdzed wit]l® 1x10e7 [TEI D50 BND7
20 was as strong gs the irrr{gg%%szqumgg%af M (@B.89pyurfiaeday t N (55968
TCl D50 BN073T’data Mg —Stowny 10 9

NI
=
[72)

[72)

10 8
(90%) (100%) | (20%) (100%) | (B0%)

4 10 8 10 9 19 4
(80%) (100%) | (90%) (90%) (40%)

5 10 10 10 9 10 8
Lo L (100%) | (100%) |(100%) |(100%0 | (80%)

Very similar experiments have been obtained with Balb/c mice: Mice were
vaccinated with two shots of 1x108 TCIDso BNO7 (freeze-dried and
-5 reconstituted with water) at days 0 and 21. The sera were obtained at day
42. 1009 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
1x108TCIDsy non-freeze dried BNO7 were as follows: 100% of the sera
10 reacted with NS1 from all four Denguevirus serotypes. The sera
: recognized NS1 from JEV not as good as the sera obtained from mice
j vaccinated with freeze-dried BNO7.

Conclusion:
15
100% of the mice immunized with BNO7 had antibodies to DENV-Z
NS1 with very strong response.
- The immune response of mice immunized with 1x10e7 TCID50 BNO7/
20 was as strong as the immune response of mice immunizgd with

1x10e8 TCID50 BNO7 (data not shown)
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Press. Oxford 1993. Chapter 9 : Expression of genes by vaccinia virus
vectors.

™ 20

Current Protocols in Molecular Biology. Publisher: John Wiley and Son
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officer 0. Durand Form PCTIRO 134 (Jul y21992) 52 CLAIMS 1. Poxvirus
vector harboring a DNA conprising an expression cassette.conprising a
transcriptional regulatory elenment and a sequence which codes for an
entire Flavivirus NS1 protein or a part thereof that still elicits an

i mrune responggﬁﬁﬁg optionally for a further peptide/protein, wherein the
poxvirus is d Vaccinia Virus Ankara (MVA) strain BN deposited at

t he European Collection of Cell Cultures under nunber V00083008 or a
derivative thereof and wherein the further peptide/protein is not an
entire E-prot erein the derivatjve of Etraln MVA-BN i s characterized

by having at east SRENYST YarLors HarRiingg Br B tGameprising %'&pﬁﬂ?*ﬁ%‘?”of
reproductive cmbuéaidnmhgnr@ @ht&@npwﬁal yeguléio?%%mrﬁéﬁtsaﬁc%%e fcpn the

baby hanst er l\ H cell line BHK but no ca reproducti ve
replication i WICAEOMREdahar &ntire Rigwiyiras NS Pthﬁlé qqaa:mart thesepf thdtistile t o

the  known stta: it nimher RGNS <ol Spitepil ol STHIRRS BtrgRighier = 10
i nduction of ‘whefeéndie pawdtusnisi Mbiified Nacsiniee \Alr(elseﬁnlcﬁral(mwmy styainrBNacci ni a
Vot U SOREE S A 0RSIn OB LSRRG MR o
clains 1, wheY@d@BI0G8 or a derivative thereof and wherein the further peptide/protein
is not an entire E-protein wherein the derivative of strain MVA-BN is
characterized by having at least one of the following properties:
(i) capability of reproductive replication in chicken embryo
fibroblasts (CEF) and in the baby hamster kidney cell line
BHK, but no capability of reproductive replication in the
human keratinocyte cell line HaCat,
(ii) failure to replicate in vivo,
(iii) induction of a higher immunogenicity compared to the
known strain MVA 575 in a lethal challenge model and/or
(iv) induction of 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.

2. Poxvirus vector according to anyone of claims 1, whereln the .

- Flavivirus is a mosquito- -borne Flavivirus. .- -

3. Poxvirus vector according to claim 2, wherein the mosquito-born
Flavivirus is a Dengue virus.

4. Poxvirus vector according to clalm 3, wherein the Dengue virus is

' Dengue virus serotype 2.



Flavivirus is a nosquito-borne Flavivirus. 3. Poxvirus vector acq?rdlng
claim?2, wherein the nosquito-born Flavivirus is a Dengue virus. 1 JAI 4937
Poxvi rus vector according to claim3, wherein the Dengue virus is Dengue
virus serotype 2. 3 1 J, 2C O? 53 5. Pgxvirus vector according to anyone
of claims 1 to 4, wherein the sequence coding for the Flavivirus NS1 -
protein or part thereof is preceded by an ATG codon and a sequence
encodi ng a gl ycosyl ation signal sequence and wherein the codi ng sequence
i.s termnated by a stop codon of translation. 6. Poxvirus vector according
to anyone of clains 1 to 5 wherein the transcriptional regulatory el enent

i's a poxvirusspr Onpéﬁ}'rus7vecP&Xz¥dc'bRﬁn§Q@taW oﬁ@‘b‘?r(ﬂjélﬂﬂ f@oalnm{é?elﬂfthﬁl aims 1
to 6, wherein the poxvirus vector IS freéze-dried. 8. Pharnmaceuti cal

conmposi ti on c®APIANSEFeInIlek e ﬁ@vwe'ésdishacmeldmg)art hesenfdneresedetai ms 1
to 7 and a phgy nReeat&ECabhiyn aGRPRY asl%h@eﬁ rﬁ:odmgd' ! gjﬁgbsggﬁé@rsiw' tive.

9. Poxvirus vector according to anyone alns a vac e. 10.
Poxvi rus vect sequanceratidnghereircthai qnddg svma:eﬂca i$ lmmmaied iy a stopsmmdono

vacci nat e agabpﬁ% Stk;}e}égFl avivirus or Flavivirus serotype from which the
nucleic acid Or & h "1 protein or part thereof is derived and/or agai nst
one or nore addl tional Flavivirus and/or Fl avivi rus serotype. 11. Use of a

poxvi rus vect acgor di ng@gg n%@n(? of cl ai ns ]', 7 _harborin DNA
conpri sing an expr MR et B HPAYPRG:© a?'a'msahé%ﬁ pessal [the

regul atory el parstriponaldegQatRN eRMEHL ) a pRYARLY Sronfiler.€ntire Flavivirus NS1
protein or a part thereof that still elicits an inmune response and

optionally for a further peptide/protein, wherein the further _
pepti de/ proteyn i spaRlinaMNeR s&oRiRg % HUrioh&'of SR £RG 62Nl tha vacci ne

poxvirus vector is freeze-dried.

8. Pharmaceutical composition comprising a poxvirus vector according
to anyone of claims 1 to 7 and a pharmaceutically acceptable carrier,

diluent and/or additive.
9. Poxvirus vector according to anyone of claims 1 to 8 as a vaccine.

10.  Poxvirus vector according to claim 9, wherein the vaccine is used to
vaccinate against the Flavivirus or Flavivirus serotype from which the
nucleic acid or the NS 1 protein or part thereof is derived and/or against

one or more additional Flavivirus and/or Flavivirus serotype.

11 Use of a poxvirus vector according to anyone of -claims Tto7
harboring a DNA cdmp_fisin_g an expression’ cassette. comprising a
transcriptional regulatory element and a sequence which:-codes for an
entire Flavivirus NS1 protein or a part thereof that still elicits an immune
response and optionally for a further peptide/protein, wherein the further
peptide/protein is not an entire E-protein for the preparation of a vaccine

against the flavivirus or Flavivirus serotype from which the. NS1 .protein or



agai nst the flavivirus or Flavivirus serotype fromwhich the N§1 P\Lﬁ% el n_or
54 3 1 JAN 2LU7 part thereof is derived4and/ or agai nst one or nll) v 2007
additional Flavivirus and/or Flavivirus serotype. 12. Use of a poxvirus
vector according to anyone of clains 1 to 7 harboring a DNA conprising an
expression cassette conprising a transcriptional regulatory elenment and a

Thorcof that Part fivert B @2l STt ohkCor BB il st FRYPAAS i ¢ ner

pept i de/ pr ot endloriiavieirus séetfpe.t her peptide/protein is not an entire
Eprotein and wherein the Flavivirus infection is an infection by the
Flavivirus or Flavivirus serotype fromwhich the nucleic acid, or the NS 1

protein o papl thRECH! o podehiy/SRcithdatorihy 18 REbhANPYAANG! 1o 7
Fl avivirus and/or Flavivirus serotype 1n the” manufacture of a medi Eanent
for the treahsdraringr gprBNéntéampuding aRl axpressien | cdssetieorconi@isingeaof a
poXvi rus vechor acgjordi)ng tlo anyone of clains 1 to 7 harborjng _a DNA
conpri si ng aH2BXYIRLIALA gﬂé‘&iﬁ%‘eaﬂ%r? r?gsﬁgu??%s%r_?'f:_ t§ feregnl atory
el enent and anBRAPRARAUSTINGR HRESS drod paf th‘é'ﬂéd)frt%aF'sﬁN'él’ibfté,‘%n!\ﬁ%nBPQt eln or
a part thereof that still elicits an imune response and optionally for a

further peptef®OPs6tahoplipeallyi fortamdutther peptideipmteine wheseisi thel further an

entire E-pro}gld ] acture. .of i cagent for the vaccination
agai nst sevebgkﬁqe%/é(/oﬁ%ﬁ Egigtoﬁéhf FE'\‘/'fevif%?@'ge?BH';B’i‘?.’e'Tﬁhepo’i'@?’Wugsvect or
accor di ng t oinféctiom i$QroinfectiM BE 00 iawvitud GNFRVRIrUS setbBpBErckh WisicA 3,
wherein the NS1 protein or - part thereof is derived from one Denguevirus
serot ype andthfhBYERl a¢id. eathe NS Jr Brateinsorapant Aereof isideriyed |ansdéer agai nst
the infectio 1 I Vi S ; . 1.JA OR
15. Poxvir usm&%%to@r a%¥ , %ﬁg{ehetart\(l:\?cgr Pﬁggt ghgfbari ?nflg%?m\sl\%ersgfér:\}yéﬁe 'daghfgne
protects an madiufaddursl cdgai neditaraennffectthentreatrheal lorDprenegitionusf a

Serotypes.  r.ivirus infection.

13.  Use of a poxvirus vector according to anyone of claims 1 to 7
harboring a DNA comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which codes for an
entire Flavivirus NS1 protein or a part thereof that still elicits an immune
response and optionally for a further peptide/protein, wherein the further
peptide/protein is not an entire E-protein in the manufacture of a
medicament for the vaccination against several flaviviruses or flavivirus

serotypes.

14.  Poxvirus vector according to claim 10 or, use according to anyone
of claims 11 to 13, wherein the NS1 protein or - part thereof is derived from
one Denguevirus serotype and wherein the vaccine protects an individual

at least against the infection with at least two Denguevirus serotypes.



16. Poxvirus vector or, use according to anyone of clains 14 t031!13h’$m 200
wherei n the Denguevirus serotype and/ or5%l avivirus fromwhich the 10 &%
protein is derived is Denguevirus serotype 2. 17. Poxvirus vector or, use
according to anyone of clains 10 to 16, wherein the other/additional
Flavivirus is selected fromWst Nle virus, Yellow fever virus and

Japanese encgphal i i ) . Poxvirus vectpr o use according to
anSone of cl glg'm; 'igké”};s g%g%% A ket H}%ﬁrﬁ%éq}t H:a ﬁ%@l’ﬂ)ﬁ%‘? s ne.
accordi ng t opwhtedtsnad, indhviiuail aghinet tHeoxfedtieh Wills b DeguelRud Bar itical

conposition is adm nistered in therapeutically effective amunts in a
first inoculation ("primng inoculation") and in a second inoculation

("boosting ifecul gtiQn) I izSi ng a
poxvi r us vec?@r gég\gih i P\laétt%(r) ﬁféﬁﬁ%@@f’@?% aT.thgg‘;&f glgl.rh?(iﬁo?%rw’
pri me/ boost whetan 2b¢ iRengrmvpus ssergtypepand/or Havieicto fronasmduciditing N®1 anyone
of, clains 1 t? e a t.o (iLO ﬁnd 14 .to 18 or ? phar maceutical conposition

accordi ng t POENF 8eHERd B PEPQYEVIISSATAMPE- (" priming inocul ation”) in a
first vial/container and for a second inoculation ("boosting inoculation")

in a second vial/container. ' _
17.  Poxvirus vector or, use according to anyone of claims 10 to 16,

wherein the other/additional Flavivirus is selected from West Nile virus,

Yellow fever virus and Japanese encephalitis virus.

18.  Poxvirus vector or, use according to anyone of claims 1to 7 and 9
to 17 or pharmaceutical composition according to claim 8, 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”).

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

according to anyone of claims 1to 7.

20. Kit for prime/boost immuniz_ation comprising a poxvirus vector
according to anyone of, claims 1 to 7, 9 to 10 and 14 to 18 or a
pharmaceutical composition according to claim 8 for a first inoculation
("priming inoculation”) in a first vial/container and for a second inoculation

("boosting inoculation”) in a second vial/container.



