09 Nov 2006 PCT/PP03/05046 WO 03/097844 Expression of genes in Mdified
"Vaccinia Virus Ankara by using the Cowpox ATl pronoter 5 The iPAVEhEYEn
concerns reconbi nant Mdified vaccinia virus Ankara copRfdpgifid n the
viral g¢genen®rén expression cassette conprising the cowpox ATl pronoter or
a derivative thereof and a codi ng sequence, wherein the expression of the
codi ng sequence is regulated by said pronoter. The 10 virus may be useful

. as a vaccine or as part of a pharmaceutical conposition. Background of the

i nventi on Reconbi nant poxviruses are w de S Ore X

ant i gensExpres5iothpbgesas é'élm%.‘?‘l%f\é%?ﬁépfa pé&%n}gﬁ%@tﬁ%gégﬁﬂes g\?j;)
currently tested as very prom si R E?&ﬂc’@&s to induce an i nmune response
agai nst the foreign antigen expressed fromthe poxvirus vector. Mbst
popul ar are avi poxviruses on the one side and vaccinia viruses on the

ot her side. US 5,736,368 and US 6,051, 410 di scl ose reconbi nant vacci ni a
virusgstrain Weth that 20 expresses H V antigens and proteins. US

5,747,324 discloses a reconbi nant _vaccini s $idahm NYEBH expeessi ng
| enti vi r ibegenesntigp @09@9”@29“3%9@%”@@5 @O(\Fﬁéiggﬁrrb\l%nant vacci ni a virus

strain Western.Reserve. e SSi hurB Ry kRIS riEsssgtire SOy iR fthe
expr essi Bﬂn}ﬂnﬂﬁgeﬁ’bI@Soﬁ@ragegéerg&?’\ﬁ ggg vPruses several promoters  are
known {0 ne, R EOLFphfdrest 4 ek etiae thosufiarsa (GRelIG0RSGHAMAOK' Bl Giot er o
(see e.qg. , (47,324), a strong synthetic ea[éaltéllg/% pw ter(§6e €. 9.
Sutter ethalexpriedionnd {H19eeying seydsRCceoy, EH G, Bro ew see é.g.
Endo et al., J. Gen. Virol. (1991 --£03 atbetipglamheosiden.ved 30
fr omhe VielspdRYIE uselil fyReV Tl 32(2%5 F?%%Cﬁ%géeﬂiﬂ?u et al., ? Gen.
Virol. (1998) 79, 613). Al of these pronoters have been used in

reconbi nant vaccinia viruses to express heterologous genes and were shown
to express 09 Nov 2006 Background of the invention

Recombinant poxviruses are widely used to express foreign antigens in

15 infected cells. Moreover, recombinant poxviruses are currently tested as very
promising vaccines 1o induce an immune respoense against the foreign.
antigen expressed from the poxvirus vector. Most popular are avipo.x_vsruses
on the one side and vaccinia viruses on the other side. US 5,736,368 and
US 6,051,410 disclose recombinant vaccinia virus strain Wyeth that_

20 expresses HIV antigens and prdteins. US 5,747,324 discloses a recombinant
vaccinia virus strain NYCBH expressing lentivirus genes. EP 0 243 029

discloses a recombinant vaccinia virus strain Western Reserve expressing

human retrovirus genes.

25 For the expression of heterologous genes in pox viruses several promoters
are known to the person skilled in the art, such as the 30K and 40K
promoters (see e.g. US 5,747,324), a strong synthetic early/late promoter.
(see e.g. Sutter et al,, Vaccine {1994) 12, 1032-40), the P7.5 promoter (see
e.g. Endo et al., J. Gen. Virol. (1991) 72, 699-703) and the promoter derived

an  from the cowpox virus A-type inclusion (ATI) gene (Li et ai., J. Gen. Virol.

| (1998) 79, 613). All of these promoters have been used in recombinant

vaccinia viruses to express heterologous genes and were shown 10 express




WO 03/ 097844 PCT/ EPO3/ 05046 said genes very efficiently resulting in
relatively high amounts of the protein encoded by the heterol agouws 2geme.
For many vacci nati on approaches it is highly desired that the antigen

agai nst 5 W9 BP9+ i rmune response is to be induced is expressed in high
amounts. However, this is not always the case. It has beerPdé&¥sbiad t hat
different types of cytotoxic T-cells (CTL) are induced by the inmune
system depending on the concentrations of the antigen.. Low avidity CTL's
are i nducedidyehéghe; : L .of . antigen, whereas high avidity CTL-s
are 10 inducedgb |OW%§%‘f,'§§?? aljtelggﬁ[g?%fn ‘?‘JF‘H&@’H.WEP AasUibeer thhrqmteinat

hi gh avi dEf§o bé(r’félerh&ilaraﬁog@,@g&ﬁg;i ve at clearing the challenging virus
in aninmal test systenms than |ow avidity CTL. Moreover, it has been
denonstrated that high concentrations of antigen mght inhibit or even kill

hi gh avi di Fyr s g .t has beep shown that it is sonetines 15
desi rasﬁl e tg;_cud;_e yr\?fbﬁ'zr :I ow}ég%ﬁﬁ%sdg'%Eig’“dlérﬁeﬁb’eﬁrthatéhé anygen agoitis of
hi gh avi di W¥Qla@Tan amimubdusspdrel i fective i ne response '
(Ber zof sky, et al ., lmfrunolso%irgsglIg%g\gfee@‘%fg‘g@)exﬁﬁs,s%'ﬂfi'gfl)amoumtsgg Nov
2006 PCT/ EPYSYB50H6 O@z0aysane 2a6b] Hta®bebeckAYERY AR el Lhe

obj ect of i hyent.i 0 provide a vaccinia virus system
all owi ng t g%g%?%gﬁo&c ');-fce SEQFL? dreduliscasbhy thempnsed systehhe 5 vaccinia
vi rus genaisparmiinglogt # A nts,,after adninistration to an ani mal,
 ncl udi ng i dgggéﬁ%;g%”f%‘%e@ﬁa?ﬁ%t5fbf@eaa®%% v ayiglityole Th Isearei nduct i on
of relati wirsentratioal g aj d cription of
the i nﬂjentmag T(Eibs IOW ect has been sol ve‘cz'l(ﬁh)ﬁb;é;‘-’rlj'tnsﬁgh%Pﬁ-}i EY'&ﬁgfo&‘féc%%bi nant
Modi fi'ed 'vacet nid 'GP CRICEAKEtw e NtegeTprit $iadden SifviY A niggnome an - < 3
EXpressi ORvidity CTL are much more effective at clearing the challenging virus in
animal test systems than low avidity CTL. Moreover, it has been

demonstrated that high concentrations of antigen might inhibit or even kill

high avidity CTL. In summary, it has been shown that it is sometimes

15 desirable to use rather low amounts of antigen to induce larger amounts of

high avidity CTI_ and, thus, to induce an effective Immune response

(Berzofsky et al., Immunological Reviews (1999) 170, 151-172).




derivative thereof and cassette conprising the cowpox ATl pronoter or a a
15 codi ng sequence, wherein the expression of the coding sequemeuobamm
regul ated by said pronmoter. It was unexpected that the ATh%ﬁ&ﬁqg% has a
relat|%§#¥3%9M{act|V|ty in MVA since said pronoter was Pkrd e very
" active EPRET poxvirus systens (&.g. Li et at., J. Gen. Virol. (1998) 79,
613). In contrast, it is shown in the exanples sectlon of the present 20
~description that the ATI pronmoter is two to four times |ess active in WA
based systens than in systens based on other vaccinia virus strains such as
Western Reserve, Elstree or(ﬁgggﬂhﬁgﬁ@4nﬂ&ﬁsm1the ATl pronmoter in WA is a
good pronoter for expressing genes encodi ng proteins agai nst which high
avidity CTL are to be induced. 25 Mdified VaCC|n|a Ankara (MVA) virus is

related to vaccinia virus, a nenber of the gen 0 gq%ge@ the
famly 1EOXV' B%d%ﬁhedtr of HR bé@ﬂtsmo\emmeslﬁo(apv&wl %@ﬁgargﬁgd by
seri al

chi cken enbryo str n f o VAN ’(l'fa)r
revi ew S;%ge,l}{hﬁneWAQg tht akpresArEcof ogh%f [23]9%8@% %%75] I)hthrl

onsequence
of the | ong-term passages th GhoWivAs aﬁﬁgmgdd‘gn@’[@fl%g
ki | obasesodfial mSu@@%‘r@i‘EeéBq'ﬁee%vquqé\tN tgher efore, was 09

2
03/ 097844 PCT/ EP&A 0504%1“%3‘%\9%@(@99@?1&37 mn@mtybﬂo%tp‘@éiaﬂupltst ?&St ed to
avi an c@%lllli’@a(l\@ﬁ Gen. _Virol t 1031 1038 [1991]). It
was shovmmgu tfbr@o’z"?&?ﬁ@e’\y amrwmﬂm’trm@fem'ght@yé@ Je- T esul ting WA was
signifi (iy avi rul ent ( yr, A. & Danner, K [1978] Dev. Biol. Stand.
41: 225-34). Additionally, this MVA strain has been tested in 5 clinical

‘trials as vaccine to immunize against the human small pox disease (Mayr et

al ., Zbl. Bakt. Hyg. I, Abt Og. B 167, 375-390 [1987] Stick! et at,
Dt sch. med. Wschr. 99, -133%5[&3:14:]!) of e HIBHPT o t he present
Fnvewti on any MVA strain nay be use Exanples 10 for MVA virus strains

used according to the present invention and deposited "y
This object has been solved by the provision of recombinant Modifie

n expression
vaccinia virus Ankara (MVA} comprising in the viral genome a P

fand a
cassette comprising the cCOwpox AT} promoter or a der watlve thereof a

e, wherein the expression of the coding seguence 1s
profnoter, 1t was unexpected that the AT promoter has a

15 coding sequenc

regulated by said
ivity in MVA since said promoter was known to be very

3. Gen. Virol. (1998) 79,

re1atlveiy low act
active in other poxvirus systems (e.8. Li et al., =
613). In contrast, it is shown in the examples section of the pre

t the ATI promoter is Two to four times less active in MVA
o virus strains such as

20 description tha

based systems than in systems hased on other vaccini

- in MVA s a
Western Reserve, Elstree of Copenhagen. Thus, the ATI promoter In

h high
good promoter for expressing Eenes encoding proteins against which hig

avidity CTL are to be induced.

' nia vi member
Modified Vaccinia Ankara (MVA) virus 1S related to vaccinia virus, a

i iri has been
of the genera Orthopoxvirus in the family of Poxviridae. MVA

yo fiproblasis of the Ankara

| passages on chicken embr
e e A., etal Infection 3, 6-14

strain of vaccinia virus (CVA) (for review see Mayr,

30

refore, was
virus deleted about 31 kilobases of its genomnc sequence and, the




i onpliance with the requirements of the Budapest Tr _eatly aCLFIOZE&L%QUSGeQN
Igzc m(:tl) 575 deposited at the European Collection of Ani maV94012707 =ng
5Ec:Azci:rc]:) Sal isbury (UK) with the deposition nunber ECAC_Ct_ Byl
(ECACC Vb()lé’{j(?@af?”gﬁspecti vely and EINSVEN \tMr 1étihnt |h§ S/E/ROSB:\I Ior%Cg/Ed’é?/?iﬁaﬁi ve
st preferred MA-strain ol o C
Chercof . The features of M/ BN, the description of biological assays
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el T, 50 (PRE kT, 2T okt rie. vi rok. PrepBazs 0975 a0 [bs D A0S, U
’ . : " | . y ’ h ' .
transfor redts@ndmpl PRy C64 ! 3%%‘}%%?5}%7@0\/\[1 to the person skilled in
| n be cultivated unte 40 the CEE cells
cells ca Preferably 09 Nov 2006 ~ PCT/ EP03/ 05006 WD 03/ 0978 Ul ar
;?g gtrjltfiv ted in serumfree nmediumin stationary flasks or ro

: . 370 C 2
bottles. THECPHEUBALI Bie prasfeartabi/antﬁ@ﬂf%yp{\j/ﬁgtt?sﬁ%]ﬁ ﬁpf%gﬂ%gﬁ%%sﬂgkxqim@%i on

. - - bl y “used at ~a ‘M 4
() oo R PRI S HEEd mecorgata o prederahlonia fhar assyff ﬁﬁs”}
) e
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D00319. A Animal Cell Cultures
' er :
entry acCeR R SIEbuRY (0K with the deposition number ECACC V94012707 and

ECACC V00120707, respectively and MVA
15 ECACC V00083008, '

-BN with the deposition number

The most preferred MVA-strain is MVA-BN or g derivative thereof. The
features of MVA-BN, the description of biological assays allowing to evaluate
whether a MVA strain is MVA-BN or a derivative thereof and methods
allowing to obtain MVA-BN or a derivative thereof are disclosed in WO

02/42480. The content of this application is indluded in the present
application by reference.

20

In order to propagate MVA eukaryotic celis are infected with the virus. The
25 eukaryotic cells are cells that are susceptible to infection with the respective
poxvirus and allow replication and producﬁon of infectious virus. For MVA an
example for this type of cells are chicken embryo fibroblasts (CEF) and BHK
cells (Drexler 1., Heller K., Wahren B., Erfle V. and Sutter G, “Highly
attenuated modified vaccinia Ankara replicates in baby hamster kidney cells,
a potential host for virus propagation, but not in various human transformed
and primary cells” J. Gen. Virol. (1998), 79, 347-352). CEF cells can be .

cultivated under conditions known to the person skilled in the art. Preferably

30
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io preferred ATl pronoter sequence is shown as SEQID.: No. 1 and is as

follows: 5 GITTT GAATA AAATT TTTTT ATAAT AA- AT 3' Accordi ng toe Nolieoos

present invention it is possible to use the ATl pronoter ,specified
_in SEQ RNy 1 or to use a derivative of the ATl pr 3%@#’?!&%‘?% may be

a subsequence of the sequence accofding to SEQ ID.:No. 1. The term

"subsequence of the sequence according to SEQ ID.:No. 1" refers to shorter
. fragnments of the sequence of SEQ ID.:No. 1 that are still active as a

pronoter, in particular. as vaccini.a i diake ipstaidreary TRIppical fragnent
of 20 th@%q@@?&@"%?ﬁgﬁié%e‘yﬁ] gﬁﬂﬁ.rﬁlfyhéa?% |'engt h_ of %2 | east é?ﬂa)c

nucl eot i des ng eTg%ri‘?]fc%J%l?ﬂOM Sctatabigasiesi Blacect 2 60 i Lol 8h>hore
preferéB\ ¥ BPLRES | d s nucl eoti des, nost Ereﬁtﬁgﬂgh%ﬁgf‘)f%é&%t 25

nucl eot geg ebr the isrRatiencdVefis rSERabhy uRed & @ ubsequence preferably
may compri se nucl eotides 25 t

0,.29 of. Sk DBy fakes. @act HS seddence
5' - TAMTA®)) didiabead hil Glhes anddng ‘BFUE%:@EéI Qfe[g' "No. 1. ghe subsequence nay
al so conprise nucl eoéL s 22 to 29 of SEQ ID.:No. 1, i.e. the seguence
d

5' - BAATHOWE-& 31 okak t the 3 end of SEQ ID.:No. 1. The pronoter nay

be inserted upstream of a coding sequence in such a way 30 that
nucl eotides 28 to 29 of SEQ ID: 1 (underlined in

t S; € wbtyie) are
DAr L Of 1o o AT & tisd g ol dheL FANEPRCTBH, PAVEEr Rall ey Che.
pronoter “may be separated by sgvgg}al nrgé#e%gié@% firerart hie Htiarcontedon of
trans| apbae.(AUD pNoma2e@06'Ss KIOVGB097844° PCT/ P03/ 05046 6 Theﬁ@ﬁ r .bet ween
the 3" end of the ]prlraoéirmtter l?é:c(l%r(ﬁ%gggjkt @rSEQdddessiNo DUTTHPRY n"the 5
ATG 3" sefgrencden eprgfg abl'y Tess than 100 nugbﬁtli de i ag%l?ow .

pref er ablé Ie%s) Irh@por%%téw%cﬁﬁric@és shotvrese p e Nerle? 3BIY 7T es's {%an 25
‘nucliéot iR§ Ee_rr a/ev r, the spacer m ght even be longer as long as the 5
pronmoter is still capable of directing the expression of the coding

;?gﬁg?g%t{l&(ﬁqg{rag&“ﬁ%&%ﬁﬁﬁT :ﬂmggggﬁge O;I'he derivative of the ATI
According to the present invention it is possible to use the ATl promote;.a:
15 specified in SEQ. ID.:No. 1 or to use a derivative of the ATI g:)romoteTr]:l wt 1:m
| may be a subseguence of the sequence according to SEQ. H?.:No. 1. eh et r
“gubsequence of the sequence according to SEQ. ID.:No. 1 rejfers tc.) shor ea
fragments of the sequence of SEQ. ID.No. 1 that are Sw active ai f
promoter, in particular as vaccinia virus iate promoter. A typical fr‘agmen 0
20 the sequence of SEQ. (D.:No. 1 has a length of at least 10 nucleotides, r:o;
preferably of at least 15 nucleotides, even more oreferably of at leas f
nucleotides, most preferably of at least 25 nucleotldesi of the Se-quenzzz
SEQ. ID.:No. 1. The subseguence preferably may comprise nucleotlde’s d c;
29 of SEQ. ID.:No. 1, i.e. the seguence 5 .TAAAT-3" located .at the 3 ezg olc ,
25 éEQ. ID.-No. 1. The subsequence may also comprise nucleotides 223"(0 ; Zf
SEQ. iD.:No. 1, i.e. the sequence 5. TAATAAAT-3" located at the en

SEQ. ID.:No. 1.

. . wa
The promoter may be inserted upstream of a coding sequence in such a way
i [ £
that nucleotides 28 to 29 of SEG. 1D: 1 (underiined In the sequence above) al
30 | ’
art of the 5 "ATG 37 start codon of translation. Alternatively, the nromoter
P

may be separated by several nucleqtides from the start codon of translation.




nore nucl eotide substitutions, deletions and/or insertions with respect to
the 1o sequence of SEQ ID.: No. 1, wherein said derivatives ar@ ndvidobs

active as QWBronDter, in particular as vaccinia virus |late pronoter. A
sequence halVPdd8®¥& or nore nucl eotide substitutions is a Seguence in

whi ch one or nore nucleotides of the sequence according to B0 N, 1
are substituted by different nucleotides. A sequence having one or nore
nucl eotide ipnsertions is a 15 sequence in which one or nore nucleotides are

i nserted at SBRCRoPetweaat dihé FTserqf sequence according to SEQ ID.:
i df%fae%r?;} nteﬂé?c&f)f@ﬁg osSROskyudieg in

No. 1. A se%@%}s vl )ne._ or nore nuc

whi ch one or nore Au I@gﬁodg& 301Staﬂ’hesmﬁrm%f@f858/@s§9hérg 8@ l[?': No. 1

are del et ed rabreopesfeFaHID Esg h,?ca%bons. In the derivatives ¢ 8@‘@ eotideg. 1

del etions, substitutions and 20 PndeFErdaes remyl mwﬁ@b'}ﬁ@f@r&bgﬁ%gs@ﬁg
0%

sequence. PEef duglsioyidebe Higudpeat i honp)] ogy of at | east
preferab%y ggorgt%l;[?l gast. 60% ev’erJ%MﬁD%tZg% e%ggfbleyg%fb%tiom%sas d40%e s0she
y

pr ef er ab clse smahent atinpeted the dbfsequeRoe of PEQID. o 1
=

Accordi ng tpdisd referred enbodi ment not nore
even nore prefer agﬁ%ﬁﬁg%c’ ©ePt¥Aelsr.nucl eot i des are substitut ed,

del eted and/or inserted in the sequence of SEQID: No. 1. In particular,
it mght b referable to keep nucleotides 25 to 29 of SEQ ID.:No. 1,

i .e. the seflferr&Evetiva miATe3ATI mrbhgiF bt ef. t,0. attai n maxi mal  pronot er
be pref Er abl eg{ %egr O Pestq s eothatoh29 oo 080

activity. | L ght, al.s _

SEQ ID.: Noﬁqofile,‘! gﬁufcle‘?m'tc%es%@'&ﬂéﬁ@é%demm&riiﬂséﬂ%ngw- ter. 09 Nov
2006 POT/ ERORIABAAG @@Q)%QQ,Z‘M 7 A bundle of prior art ]gﬁéﬁﬁ@?ﬁtstoath%m“
the person skilled in tie art Poﬁpr\é@ieé@m ahicc Hedeativeat bvesof a%%'%: No.
1anlmmmm%MWWmm%N%ﬂwkmﬂgaNWE%aV““maV&S
pronoter, i articular as a vaccinia \'}W%La &emaieiorfosequerior fhdifg GRft ext
reference ° ﬁﬁ% Y CcEmiidearddstitugbnat js -5 S%iqg%ﬁégni q”ﬂep%cﬁlgw) 23,

1094- 1097 apdiddpy.son and Moss, J. Mol . Biol” oy 7PME784. more
~Mor eover, \/\/netér%hrﬂeg r’g}ﬁrﬁﬁﬂuﬁ@%ﬁmdﬁ@ugimsa@ M.: No. 1 are substituted by

different nu ' j
cleotides. A séquence having one or more Aucleotide insertions is g

15 sequence in whi '
which one or more nucleotides are inserted at one OF more

| , :
ocations of the séquence according to SEQ ID.: No. 1. A sequence having
oo ‘ - ' 1 one
f more nucleotide deletions is 3 sequence in which one or more nucleotides
of th i
€ sequence according to SEQ ID.: No. 1 are deleted at one or more

locati : ivatj
B ca l(.)n.s. In the derivatives of SEQ ID.: Ne. 1 deletions, substitutions and
20 Insertions may bhe combined in one sequence.

P L
referably the derivative has a hormology of at least 409%, more preferably of

at |
east 60%, even more preferably of at least 80%, most preferably of at least

90 -
% when compared to the sequence of SEQ ID.: No.1. According to the most

referr i
D ed embodiment not more than 6 nucleotides, even more preferably not

25 '
more than 3 nuclectides are substituted, deleted and/or inserted in th
sequence of SEQ ID: No. 1. )

i , o
n particular, it might pe preferable to keep nuclectides 25 to 29 of SEQ

ID.:No. 1, i ' ’ ‘i
» 1.e. the sequence 5 -TAAAT-3" in the promoter to attain maximal

promoter activity. It might also be preferable to keep nucleotides 22 to 29 of
30 SEQ. ID.:No. 1, i.e. the sequence 5-TAATAAAT-3 in the promoter, |



4

~expression of the reporter gene controlled by ‘the pronoter :E\ccor i

vaccinia virus pronoter, in particular a |ate pronoter can easily be
checked by a person skilled in the art. In particular the sequEme 2006
derivative can be cloned upstreamof a reporter gene i&ﬁﬂ&@ﬁ%d :
const ryed o363k4 construct may be lo transfected into a eukaryotic cell or
cell line, such as CEF or BHK cells’ that has been infected with WA. The
expression of the reporter gene is then determnmined and conpared to the

_ rding to

SEQ ID.; No., 1. .The experi 4d fige pepsoresiidadsntBetark [epRBIcE  shown

in the '%)rté%]éjrk‘? Oé@é&?rf%@gqngﬁ%%sd%ﬁ vati vg 15 aa}ﬁr di nﬂ tgl &g%fp[g&qﬁ nt

inventi\%kﬁ %ﬁgﬁwgtoif\gg@la@i.:nbloa pstitobae Heg PURIPYICPR 254 1 edt gystem

of at |east iqu preferably at |east 30% n r r ind viduga$dte50%
e P &5 er abby,

even nogetips efermabbyciata WASE PYOTC Host BPEFer 4bly” at 90% conpared to the

activity of the pronpter sequen | Dyadhoth. Mawarbdrdiseeldetlivati ves
of SEQ pDmatg.1 \ar SP’W tﬂ?rﬁt%f(ﬁe?ggg%neégsst mapresent 20 1 nv%g'éLog%ﬂtl hat
g

have a géa{leeciri,]ﬁ@@%g)gﬁgél?tjg{i 1 portErD BEQd Mavids: and Mpstore terns

the fre n"refers to the use of the cowpox: - ter .or a
deri vat i(ggggﬁegggf Ap] -Jefi. nebreboe W'@‘?ﬂteﬁeaegﬁg@ﬁﬁoﬁ f#‘h (%gg?%\)g sequences
T

in WA e ATl promoter. may .be used to $a28 GeNe Hdatedkeddby eady
part of veinivViLgemomotesuEhPal R ﬂg@%eb%'%)ﬁ%%ﬁeat hat ?s natural |y part

of the viral gengne or, a foreign gens hashoal deadytiseedn PRLEPRE i nto
t he WAaggrﬁgfé_Sklﬁggt‘Hé[g‘g %g‘s@{sg‘?rﬁe ATI m;?%{?mt er is i.\d%siert%d pSLream of
the gene in 30 the MAGeROBEN. e exprassconsioeciinp@in $M% 6uclf){e‘%ca(¥n$rol | ed
by the AMSUH7ohot &r. 58500 5006 - 0 03/ 097844, 8, PCHEPO3H 05046 s et AT

PronDt er 1 ARYRLSO ife gsead(etrgaoﬁeglﬂ“a@reCﬁHé”@xpﬁ”@Qs"i}%n of "a gene that is not

Lo oo e Eohonta A T g P e s 0,
géf)&esg (c)jgteorfmi\{\wkéidc.ahn | cortn%al?gd LEGHE Ak dtof betﬁﬁregmfr(bmg@-ﬂe gﬁatrpﬁeql.ﬁyert
the promoter according to SEQ ID. No. 1. The exper.zmental Sjetti‘ng
corresponds o the example shqwn in the present specification. A derllv.atw.e
15 accofding to the present invention is a derivative having a promoter activity in
said test system of at least 109, preferably at least 30%, more preferably at
least 50%, even more preferably at least 70%, most preferably at 90%
compared to the activity of the promoter sequence of SEQ ID.: No.1. Also
those derivatives of SEQ ID. No.1l are within the scope of the present

20 invention that have a higher promoter activity than SEQ ID.: No. 1.

in more general terms the present invention refers to the use of the cowpox

ATl promoter or a derivative thereof as defined above for the expression of
coding sequences in MVA.

. is already part of the
The AT] promoter may be used to express a gene that is already D

MVA genome. Such a gene may be a gene that is naturally part of the viral

genome or a foreign gene that has already been inserted into the MVA

genome. In these cases the AT promoter is inserted upstream of the gene in

ag  the MVA genome, the expression of which is to be controiled by the ATI

promoter.
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Wf\ I?re% Egﬁég%@g\/\ﬁn}'whem ipriber viant geﬂibﬁ]é:%gsfdn%cggoit? I%f pchgsliEﬁabltg Or&gme

oot nant eehsifants that ¢an be amplified and propagated in at least one cell culture

15 system, such as Chicken Embryo Fibroblasts (CEF cells). Thus, the insertion
cassette may also be inserted e.g. into non-essential genes or genes the

function of which may be supplemented by the cell system used for
propagation of MVA.

20 The methods necessary to construct recombinant MVA are. known to the
person skilled in the art. By way of example, the expression cassette and/or
the AT promoter or derivative thereof may be inserted into the genome of
MVA by homologous recombination. To this end a nucleic acid'is transfected
into a permissive cel| line such as CEF or BHK cells, wherein the nucleic acid

25 comprises the expression Cassefte and/or the ATI promoter or derivative
théreof flanked by nucleotide stretches that are homologous to the region of
the MVA genome in which the expression cassette and/or the AT] promoter or
derivative thereof is to be inserted. The cells are infected by MVA and in the
infected cells homologous recombination occurs between the nucleic acid and

30 the viral genome. Alternatively it is also possible to first infect the cells with
MVA and then to transfect the nucleic acid into the infected cells. Again

recombination occurs in the cells. The recombinant MVA is then selected by
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such as a polyepitope, peptide of protein. Examples for such polyepitopes,
peptides or proteins may be polyepitopes, peptides or proteins derived from
(i) viruses, such as HIv, HTLV, Herpesvirus, ‘
Hepatitis viruses and so on, (il) bacteria,

15 Denguevirus, Poliovirus, measles

yirus, mumps virus, rubella virus,
(i) fungi.

ence may encode a therapeutic compound such

Alternatively the coding sequ

90 as interfeukins, interferons, ribozymes Of enzymes.

A mhay he administered to the animal or human body

The recombinant MV
according to the knowledge of the person ckilled in the art. Thus, the
recombinant MVA according to the present invention may be useful as a

o5 medicament (i.e. pharmaceuticai composition) or vaccine.

ceutical composition of the vaccine may generally include one or
acceptable and/or approved carriers, additives,
and/or stabilizers in addition

The pharma

more pharmaceutica\

antibiotics, preservatives, adjuvants, diluents
to the recombinant MYA. Such auxiliary substances can be water, saline,

glycerol, ethanol, wetting of emulsifying agents, p
y large, slowly ‘metaboiized molecuies

30
L buffering substances, or

the like. Suilabie carriers are typicall




such as proteins, polysaccharides, polylactic acids, polyglycollic acids,

pol yneric ami no acids, am no acid copolyners, |ipid aggregates,og®ovbbss

i ke. For the preparation of pharmaceutical conpositions or vaccines, the
5 recombi na¥ O/MNs#s converted into a physiologically acceptable form This
can be done based on the experience injhe preparation of pYAERMISsaacci nes -
used for vaccination against small pox (as described by Stickl, H et al.
[1974] Dtsch. med. Wschr. 99, 2386-2392). For exanple, the purified virus

is stored atsucBOGsWint-Bt it f . 5x108 TCI D50/ mM fornulated in about 10mMM -
1o Tris, 140 pM NaCIp plﬁggﬂ.ﬁﬁ%g r paP‘é\Maﬁ’ﬂbeaaids,cimﬂy@y@@ﬁ,’c 8ctHg
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presence of 2% peptone and 1% human al bum n in an anpoule, preferably a
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stepwi se 15 freeze-@:é}ﬁqéﬁgp tofflep\?/'?FrlEh?Cieﬁflaalf ocorbabitihs M Sy--[HBd atj on
can contdi nrecadobinaonalvadgdi &(})Mfe?tegd’q%}' as mannitol, dextran, sugar,’

gl ycine, lactose ﬁr Bol yvinyl pyrrol AP BYS8 alpaaceepabies fotmaghis

ant i oxi dant $'bPei gasq orsthabetides i ' t proteins (e.g. human
serum al burfigyy sy} tgble for in vip\j/o adm iEl]i gﬁé@oﬂgﬁﬂnt‘gfﬁ@%”'%i\raﬁ§ines

O ) e oy oo me 8 USSR L 100 o
I S-DU _ ) .
Sucrose, 0.108 g/ L-gl u?%'mﬁféggg'i %9%ﬁ%ﬁ-%@ééshf@mempiemm@hgmﬁé@\,p,lﬂls?.4.

The gl ass afp&uiice als-80E wsgphed B st or bet ween 4C and room
| mont hs. reﬁgﬁéj&(gr@ Tg‘gDFQ{pﬁBFg%rnﬁﬂamm gkogt $0rme ..,

t enper gpur e [Sor §8ver
anpoul e’i s d or% p eh@@'ypfdt 7.25 Foenpey ardp8 -20C. Faqr L
vacci nati o qult@ger apy ithe | yophilisate orﬁ hg %tggizceb\-?,dy%%%nﬁr t ©8n be
di ssol ved i 0-% t @a0libiesl off tlae AQURAL | utj on, preferably water,
physi ol ogi line or Tris buffer, aﬁglaz] mHthugt @Fgaf EhdP” &yet presealt] v
ention ar %J}H] - :
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adni ni strabf 057, khaw anﬁ&ﬁd(?kgl | ed practitioner. Thé'‘'no fte presence
admi ni stration, the d6se Andeod ey 200BNIPQT/EPARIN5EA46 preferably a glass
ampoule. : . :
. p e Altematlvely, the vaccine 'ShOtS can be produced by Stepwise

15 fr -dryl ' i
eeze-drying of the virus in a formulation. This formulation can contain

additional additives such as mannitol, dextran, sugar, glycine, lactose or

such as antioxidants or inert
-ra . - gas’
stabilizers or recombinant proteins (e.g. human serum albumin) suitable for

in vi - , . .
vivo administration. A typical virus containing formulation suitable for

20 freeze-drying comprises 10 mv Tris-buffer, 140 mM NaCl 18.9 g/1 Dextran
(MW 36000 - 40000), 45 g/l Sucrose, 0.

potassium salt monohydrate pH 7.4. The gl
can be stored between 4°C and room tfe

polyvinylpyrrolidone or other additives

108 g/1 L-glutamic acid mono
ass ampoule is then sealed and

] mperature for several months.
owever, as long as no need exists the a

mpoule is stored pref
25 temperatures below -20°C, preferably at

Or vaccination or therapy the lyophilisate or the freeze-dried product can be

dissol i
soived in 0.1 to 0.5 ml| of an aqueous solution, preferably water,

physiological saline or Tris buffer, and administered ejther systemically or

30 locally, ie. by parenteral, intramuscular or any other p
know to the skilled practitioner. The mode of adminis

ath of administration
tration, the dose and
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prime-boost administratio
the composition or the

inventio
virus may be used for n. Thus, the invention

r relates 10 2 method, wherein the virus,

15 furthe
a human in need thereof, in

vaccine is administered to an animatl, including

therapeutically effective amounts in @ first  inoculation (“priming,

inoculation™ and in a second inoculation {(“boosting inoculation™).

roducing a coding sequence

20 The invention further concerns a method for int

into target cells comprising ihe infection of the target cells with the virus

according to the present invention. The target ceil may be a cell in which the

virus is able to replicate such as CEF or BHK cells or a cell thal can be

infected by MVA, in which the virus, however, does not replicate, such as all

25 types of human cells.

The invention further relates to a method for producing 2 peptide, protein
and/or virus comprising the infection of a host cell with a recombinant virus

according to the present ‘nvention, followed by the cultivation of the infected

a0 host cell uncer suitable conditions, and further foliowed by the isofation

nd/or protein and/or viruses produced by

and/or enrichment of the peptide a
oduce, i.e. amplify the virus according to

said host celt. If itis intended to pr




WO 03/097844 12 PCT/ EP03/ 05046 the present invention the cell has to be a
cell in which the virus is able to replicate such as CEF or BH§ghbbss |f
it is intended to produce a peptide/protein encoded by the virus,
preferably‘ﬁOBW$U&Hn/pept|de encoded by a coding sequence, the expression
of which is controlled by the ATI 5 prgsoter or a derlvatlﬁﬁﬂﬂﬂ@W@m#q t he
cell may be any cell that can be infected by the reconbinant virus and
that allows the expression of MVA encoded proteins/peptides.” The invention

further rehat ®%skat ¢el t.h the virus according to the to
present mven?feon Shc?rr}?[dlggis%flé&?hg‘ﬁ t8fbetﬂ§eh'§m[@§ hethguwigislis akdsdbt s of a

PCR r eact i'6Rlicaiaistiel bistE” Dﬁ’@rﬁﬂ@%ll@f | fromthe ATI
pronot er . i A ﬁ%@ﬁ‘?é%&g pé’éa'ﬂ see Exanpl e 2)

F%ﬁ re/c ﬂ‘%)l nant MVA after infection o
Fi gure 2 g‘% $1Greld W@@@ﬂ@bt’fﬂ mhDmfelta&mﬂgAwmé@yg@pﬁa@f@n%*ae%a
i nfecte i.nan re non
condi ti onsw irl]oﬁﬁ%ﬁ)gﬁgu%ﬁ%eonqﬁgteéﬁmgss'ﬁﬂgﬁrw'ghBS Cﬁ)étr@(thedgi))cﬂm}\ﬂ'i ons,

304 are the coll | ysaree et Rard FRASH LS ARiRT ARRL ken Pewia cep a:
S

3, 4 are t fe g%qg tz\sates of cells |nfect

vel | as uMMisEERd By @me@omtmeapwmwlrw tHeangwa the efbRES LN MyRer nat ant s
of cells bHESBESCbr ATl -NS1, MWA-GFP and the supernata of cell
controls, respect ?'{75 @%@@es 25 2 and 6 have been left enpty. Exanples
30 The foI | ow ng exanple(s) will further illustrate the present invention.
It will be well understood by a person skilled in the art that the

provi ded hbeNoverzdos fuREsr E&@Bé@ﬁ%@u%f@ﬁ{e%%ﬁﬁlth%% %:{ rgg]éc?ﬂ'r]]é) Way i

rrayb ted in a way that limts eapplcabl
t echnd! ogé%ﬁpﬁ'a\é@“tﬂ)@”the present invention to this exarrpl e(s).

Short Description of the Figures

Figure 1: Results of a PCR reaction to detect the presence of RNA expressed

15 from the ATl promoter in a recombinant MVA after infection of CEF cells (see
Example 2)

Figure 2: Results of a Western blot with proteins isolated from cells infected
with various recombinant MVAs. Figure 2A: non- reducing conditions, non-
20 heated proteins; Figure 2 B: reducing conditions, non-heated proteins; C
non-reducing conditions, heated proteins. Lanes 1, 3, 4 are the cel| lysates
of cells infected with MVA-ATI- NS1, MVA-GFP as well as uninfected cells,
respectively. Lanes 5, 7, 8 are the supernatants of cells infected with MVA-

ATI-NS1, MVA-GFP and the supernatants of cell controls, respectively. Lanes
25 2 and 6 have been left empty.

Examples

- 30 The following example(s) will further illustrate the present invention. It will

be well understood by a person skilled in the art that the provided




Example 1: Activity of the cowpox ATI prormt er in differeht vacci nia virus
5 strains The aimof this exanple was to analyze the strength aofgNd©o6@WOOX
ATl pronoter in different vaccinia virus strains. 1o Introduction: The
cowpox ATl promoter was fused to the GUS (E. coli B-Q &EGATHMERNS)

- report B0 Gt or expression anal ygi s. BHK (baby hamster kidney) cells were
infected with different vaccinia virus strains and transfected with a
plasmi d containing the ATl pronoter fused to the GUS gene. Tk;_eqa%nﬂbézed
“vaccinia 15 virus strains ¢ ri SV iCarenheganimBssheemplidaD st er n
r eser ve e4AE P! RGA BNC W?‘ytrﬂ@yg)géhg “Was func;i ogaltmaéﬁsar\éggé(gprbe expr essed
and coul L i pdy R dany eneg preddrd ingactibono d Equi pnent :
~ BHK cé’?mg?mB%ﬁ% 201

100501) .20 - All vaccinia viruses were used with a
titer of 7.5 x 107 TCI D50 per mM - Plasm d pBNX73 (pBl uescript + ATI

promoter + GUS) - Effectene transfection Ki K P\vEWtiadhlvieus t ure
medi a ( @xacopBRIL) Activitysot &1 GOVEY h;g R'Jéfi‘/ost%?dﬁ% E?ETFBBS + 0.1 %Triton +
1 mMprotease inhibitor) - GUS substrate 1nM

(p- Ni%t r PRI - bet a- (D) - gl ucuroni de; S ignma, Cat. No. N1627) - Stop
solution 2.5 M (2-am no-2-nethyl -1, 3-propandiol; Sigma, Cat. No. A 9754)

30 Method: 09 Nov 2006 WO 03/097844 14 PCT/EP03/0 i pgjof cells 5
r‘%‘h@ét‘%%ﬁgicﬁ We}lill

X 105 BHK, s ahisoMen € exeenied vrer ta panyEedb e oh of a
6-wel | -

promoter in different vaccinia virus strains.

10 Introduction: | |
The cowpox ATl promoter was fused to the GUS (E. coli 3-Glucuronidase)

reporter gene for expression analysis. BHK (baby hamster kidney) cells were

infected with different vaccinia virus strains and transfected with a plas-n‘?id
containing the AT} promoter fused to the GUS gene. The analyzed vaccinia

15 virus strains comprised CVA, Copenhagen, Elstree, iHD, Western reserve and
MVA-BN. If the promoter was functional, GUS would be expressed and could

be quantified by an enzymatic reaction.

Materials and Equipment:
- BHK cells (ECACC No. 84100501) |
' ' 7 er m
20 - All vaccinia viruses were used with a _ttter of 7.5 x 107 TCIDsg P

- Plasmid pBNX73 (pBluescript + AT promoter + GUS)

. Effectene transfection kit (Qiagen)
. DMEM cell cutture media (Gibco BRL)
- FCS (Gibco BRL)

25 - Lysisbuffer (PBS -+ 0.1 % Triton + 1 mM protease inhibitor)
_ GUS substrate 1mM (p-Nitrophenyl~beta-(D)-g1ucuronide; S igma, Cat.
No. N1627) | | |
_ Stop solution 2.5 M (2-amino-2-methyl-1,3-propand|oi; Sigm =, Cat.
No. A 9754)
30

Method:




pl ate and nai ntained i n DVEM 10%-CS over night at 37C and 5% CQ2.
Infection/transfection 5 Cells were infected with the different®¢ePH a
virus straiwg s L 1) in 0.5 nl DMVEM 10% FCS per well and incubated for
1 h at roomtenperature on a shaker. Transfection was perfgeBshs So46
described in the manufacturers protocd®. 2 pg plasmd were difuted Tn

buffer EB (100 pl total volune). After addition of 3.2 pl enhancer
at room

solution th ion s m xed and incubated 1o for 5 mn.
t enper at ur e.se%ﬁle'wégcﬁm\gEffectene reagen was added, suspension was m xed

and i ncubat 8d 10¥ giik pi room tenperature. The Virus-suspension was
removed fromthe el <o m %.EBSEWG i BvFestionecactidded a @ef ol 6-well.
e

DVEM 109%-CSPiaée endddeihttaindd e BNAE m xtyre and dropped on t
cells while rotating the cul ?qure pﬁéﬁg%ﬁglc’é’e{/\@ﬂ tats3 ¢ Heandgedad for
48 hours. I—erts“t)léég of the cells Mediumwas renoved fromcells and 0.5 ni
of Lysis bu T aprfegtionfter  shaki ng 15 mn. at RT, cells were scraped
in the Lsysiélij)guffer transferred to 20 a 1.5 m reaction tube and vortexed
vi gorousl y. T s\gar%glf?‘éte\ﬁewghc@ﬁdifﬁeﬂg@kivécﬁj’mﬁh Wi Sﬁg”ﬁ()@\,"@gb ﬁndzé% t he
cl ear superrﬁagm’gmy@?%ttﬁégsferre to a fresh vi aLiI and st of'ed“at/ unti |
use. Determination O e VEthAnchingubated éo 1 dxat pedm(fenisahel e gyt of
25_substrate solution (37C)

2 X 104 celd SakeasT i ; e 23isurs
X 104 celd shakeas Mdcﬁ@n%\{/ég PECBEERY RS daict b & Shemarsdapiuesraver o

and i ncubated, at 37C until a

then pl ace® 8PG0%e2 igrwldisatidlwemndi|Giedt 1M bl?itf?rpléé\?élw ﬁlﬂ@t%lﬁl%d@%qéﬁge
5 ] as

extinction A1 determ ned and equa
extincti ona\gg‘tﬁesoﬂg%\\@gﬁ”gaﬂgﬂéﬁ@mi@ eesdlatian|vi ; iy
NEAHixEAIR ind B :
nce and a cell extract of URFIEct ed

bstrave &ol Hifhian Leler
subs 48 Ergiga ag’zé%gzgeﬁpéérac’t@ﬁ?.rﬁpen 09 mokifetese reaFLERRY ARMS WO

cells was :
03/ 097844 38spension was mixed and incubated for 10 min. at room temperature. The

o

virus-suspension was removed from the cells and 1.6 mj DMEM/109%FCS
(e}
were added. 0.6 m| DMEM/109%FCS were added to the DNA Fffectene

mixture and dropped on the cells while rotating the culture plate. Cells were
15 then incubated for 48 hours.

Harvesting of the cells

Medllum was removed from cells and 0.5 m| of Lysis buffer was added. After
shaking 15 min. at RT, cells were scraped in the Lysis buffer, transferred to
, .
0 a 1.5 ml reaction tube and vortexed vigorously, Lysed cells were centrifuged

for 1 m.in. at 500 rcf and 4°C, the clear supernatant was transferred to a
fresh vial and stored at -20°C until use.

Determination of GUS activity

10yl of cell extract (= protein out of 2 x 104 cells) was added to 1 ml preWarmed
25 . substrate solution (37°C) and incubated at 37°C until a yellow colour was
developed. Samples were then placed on jce immediately and 0.4 m| stop solution
was added. The extinction at 415 nm was determined and equated with the GUS
activity as extinction values between 0.05 and 2.0 are in a linear range. The

sub i
strate solution was used as reference and a cell extract of uninfected cells was
30 used as negative control.




Results: The quantification of the GUS activity expressed fromthe ATI

pronmoter- GJS gene construct in BHK cells infected with the di Py gAre
vaccinia virus strains gave the follow ng results: 5 \ggoimizAsydsr us strain
- used foro@/»activity infection of BHK cells transfected with pBNX73
(uninfected cells) 0 CVA 1.30 Copénhagen 1.86 Elstree 2.07 |HD 1.30
Western Reserve 0.96 MWA-BN 0.48 Exanple 2: Expression of foreign genes

inserted in the MVA genone and regul ated by the Cowpox ATI pronoter 10 The

ai m of KhLsitexanple was to denonstrate that the ATl pronoter is capable to
regul ate and to_expres

exXpr ess, gen ' (frbhettgeAdhpranotanial es
| nt roduffhiecﬂmaW@@%@ﬁh&ﬁ%ﬁﬂyg}?%\?\ggﬁéﬁéﬁ t'g[ %gir}ﬁng&@gﬁ l(;'Eﬂlltlglr al (NS)
1 f De i THIS gsiion th B e e LW i

reconti REDEOTT B B e ences.

a

or conprising sequences honol ogous. to the MVA genone. In
the resultitng sREMME nasilon plasnid the expression cassette was flanked by
20 sequences honol ogous to the sequences in the MVA genome in which the

expressi on cassette was to be inserted. CEF cells wi t h MVA- BN
and tr i

09 Nov | NRENWADHE7 G741 4°C Mati 6Ny aetigity conpri si ng the AT - pronot er
\

infection of BHK celis transfected

with pBNX73

(uninfected cells) 0
CVA 1.30
Copenhagen 1.86
Eistree P.O?
IHD \ 1.30
Western Reserve Q.96
l_!\/W/'—\-Bl\l 0.48

Example 2: Expression of foreign genes inserted in the MVA genome and
regulated by the Cowpox ATI promoter

10 |
The aim of this example was 0 demonstrate that the AT promoter (s
capable to regulate and to express genes when inserted in the genome of

MVA.

15 Iptroduction:

The cowpox AT! promoter was tused to the non-structural (NS) 1 g(.ene .Of
Dengue virus. This expression cassctte was inserted into a recombination
vector comprising sequences homologous to the MVA genome. in the
resulting recombination plasmid the expression casselle was flanke_d by

a0 sequences homologous to the sequences in the MVA ge.nome in V\{hiCh theBN
expression cassette was o be inserted. CEF cells were infected with MVA-B

and transfected with the recombination vector comprising the ATl-promoter




PCT/ PPO3/ 0-5046 16 NS1 expression cassette. In the cells honol ggous
reconbi nati on occurred between the WA genone and the reconbi ey 008
pl asm d reg‘%éi ng in a reconbinant MVA genone. After several rounds of
purification YPE  anal yzed whether the NS1 protein in tIggT]rEggjpdgmﬁnant
MA was expressed 5 fromthe ATI pronoter. In parallel experinents an

expressi on cassette conprising a sequence encoding a H 'V pol ytope under
t he control\j of the ATl pronoter was inserted into the MVA genone and it

was agai n tiest eprehsicmerasselite. AT lthproametiesii [ 0. expresses

the H'V poégéﬁé)eﬁ% to erials and Equi nerﬂ?%g%%rrsl%r;ggwb é%@{&gguﬁgﬁly

hanst er ki diey WESNP@-!R?”B%@P@ ’{Bﬁwmmﬁimtid}mp!eﬁmni@bmltfﬁ%m gction of

Ani mal  Cel tecQuh bk - 1 atitre of 108 TCID50/m . 15 - plasmd

pBN74 and peBQI84£ SSRMVQ PF‘E’%!A@Q%E%‘{%HLE%F%@ RYrigaatien\t wekyt ope under

t he cont r okNaf/zech WiEther ohoihNS1 an ' codi ng_sequence for
TR e o PRSP a0, BRaReded

t he De%ue]yi ru,@1 Ng protein under the control t I n
addi ti oh t'6°Fhe% if BseneeGdsgmralsl expmiishtgahhsprOengHewkEus. codi ng
sequence Ve Wi codi ng sequence, 20 respectively, both plasm ds
conprise a %ﬂn?g’g’r %’5’%@%%@08%%9%& aia@n%oiyaam Hgdebithe bengpeehthe ATI

fl uor escemrwm@ﬁeelwlasfimsr@fét?fnt@%ﬂ%%V%ﬁen%gt%hgq {\}\%158 ﬁiyﬁg%’é@da\?vhé?heer

expr essi og cassettes for Denguevirus
I

respect i velg Alrlrornaiekdd dnyivieNA MeAuaRLeSHidRaks 368 s tothe
regi on of the MVA genone in which the het el?ol og%us gﬂgggélgg%%fo be 25

inserted. Effectene transfection kit (Q agen) VP-SFMcell culture nedia
(G bco BRL) RNeasy RNA isolation kit (Q agen) DNAse, RNAse free (Roche) ’”}

30 - MWLV NRemai#1S diPRSGIAMEATE (Promega) :
- primary CEF cells

. Baby hamster kidney cells (BHK; deposit 85011433 at the Furopean
Collection of Animal Cell Cultures)

- MVA-BN with a titre of 108 TCIDsg/ml.

15 - plasmid pBN74 and pBNg4: PBN74 comprises a sequence encoding an
RIV-polytope under the control of an AT promoter and pBN84 comprises the
coding sequence for the Denguevirus NS1 protein under the control of the
ATl promoter. in addition to the expression cassettes comprising the
Denguevirus coding sequence and HIV polytope coding sequence,

20  respectively, both plasmids comprise a G418 resistance gene and a gene
coding for the green fluorescent protein as marker genes. The marker genes
as well as the expression cassettes for Denguevirus NS1 and the HIV
polytope, respectively, are flanked by MVA sequences that are homologous

to the region of the MVA genome in which the heterologous genes are o be
25  inserted.

- Effectene transfection kit (Qiagen)
- VP-SFM cell culture media (Gibco BRL)
- RNeasy RNA isolation kit (Qiagen)
- DNAse, RNAse free (Roche)

30 - MMLV Reverse transcriptase (Promega)
- Tag DNA polymerase (Roche)

M.—A)




- Tagq DNA pol ynerase (Roche) 09 Nov 2006 WD 03/097844 PCT/ EPO? %48 17
RNAse i nhi bitor RNAsin (Pronega) The follow ng oligosnucleotid S re0®
pur chased from MAG Ger many:

primer oBN465 ggtctgatttqealehsgias (21

. nucl eoti@lgsyorsuused for the reverse transcriptase reaction; primer oBN463

gaact gaagt gt ggcagt (18 nucl eoti des)’ used for PCR priner oB\N464

cggt ggt aat gt gcaagatc (20 nucl eoti des), used for PCR Met hods MVA Genone by
- Honol ogous Reconbi nation Integration into g a to The above descri bed
pl asm BN?%igqtopw&ngqsebhmga)Hl V pol yt ope codi ng sequence and the
dengue S%x‘ﬂ) éssion respectively, i nt,ﬁ%;%% A, geRcEdyndTonol ogous
reconb_iﬂ%&[bvhﬁ@%%’nsﬂvﬂml%éqij@n‘@%e PHY g the expression cassettes in
pBN74 or A genone t he

ne_ si e, Nenmdegouset dpyete E8fiehices
wi t hi nprlﬁ\dl’f@%ﬂﬁérg%tﬁtﬁ?‘t?tﬂﬁaicq%?tggg?%\r}%ﬂ% L e gg&g%cﬁ%tﬁiéé@?a” zed
lasm d N74 o BN84 ,i nt. q,.GAKE s epactd g celTs previousl
BB ” Nt ensarRiase W&tgﬁﬁ%vﬁﬁﬁﬂét@?\l pli c:ngly of in ) § Y

eed i QlciMRrRsypesed i cal |y,
CEF cells g\gg;@ggﬁq%@r iﬁmwlcggm%aﬁg@?éaﬁﬁ{%%? ﬁgg I n VP-SFM over ni ght
at 57CU5EAd 55502 The cel I's were infected with MA: BN (MJ 1.0) in 0.5 ni
VP 20 $EkMpper wel | and incubated for 1 h at roomtenperature on a shaker.

Transfection of the cells either with pBN74 or pBN84pwo s perforned as
when described in the manufacturer protocol.

At 48 hours the infection had
reached Cﬁnfl uency a viral extract is prepared and stored at -20C ready
for sel and clone purification of desi

- - oo ,
e. [

ificatl red r inant
t -20°C ready for selection and clone purification of desired recombina
art —

s MVA (rMVA).

Selection of recombinant MVA (rMVA) and Clone Purlflcz?’flon .

The elimination of non-recombinant MVA (empty vector vii us). ak -

amplification of rMVA is achieved by infection of confluent chicken S
s - fibroblast (CEF) celis at a low MOI in the presence of G418 (amc;u:m g

has to be optimized 1O determine the highest dose that dose no

' ill not
cells). Any virus that does not contain an integrated NPT |1 gene wi




The elimnation of non-reconbi nant MVA (enpty vector virus) and_the
anplification of rMWA is achieved by infection of confluent chioé'lygﬁzg%ryo

30 fi brobl % i%%l% cells at a low MJ in the presence of (418 (anount of

18 |1 th s to be optimzed to determ ne the high t hat
dose not kill not <cells). Any virus tkat does not contai n%ﬁmlg%t%g’ 1£°Ja]1t ed

NPT Il gene 09 Nov 2006 WD 03/097844 PCT/EPO3/05046 18 replicate in the
presence of G418 added to the cell maintenance nedium G418 inhibits DNA

Vel ontr oo e RIS S0 b oIl omate lpclanetizaciaoh uf di | ut e
o e e AR o e,
Bnée l%r@nﬁg grg% pg(gfﬁ

single foci of green infected cells. These cells are 'se
plugs containing the infected foci of cells are taken and placed into 1.5

m  m cr oc¥ivtal iektigatd L NI steril,e ce|ll maintenance nedi um
Virus is released f rggﬂ ﬁ@gz'é’gr?@égbg{i Bgcw%w;@%%sjf%ﬁ%éerﬂﬁé’ duect hr ee

times at - 27§ &p@seline indecnestanE MENWHL lARE ue.
expression @ sette described in this i nv@rﬁ?%r?le\aggotf%nﬁl%ﬁﬁ%%ﬁﬁsl . 20
Det ection 6 B ek Wt N lownmelténaspointr agmbse. AieF ec@a GARtAMA, FOr
t he deq(ect{f@ﬁp%fteﬁ% %ﬁéﬁ%ﬁid f,romthe ATI-pronmoter in cells infected e}
with the reconbi hant , u%(}‘?rr_ﬁcf BRSGRY pésrpeeaRel farssidglecivcbetl in  t he
manuf act ur greenpnigadied|celiBngagye Menk HPE 05280 £9% atgg?osles;giluagtslc%r}]tgifninTg tal

the infected foci of cells are taken and placed into 1.5 mi

microcentrifugation tubes containing sterile cell maintenance medium. Virus

Is released from the agarose plug by freeze-thawing the tube three times at ~
15 20°C.

The recombinant MVA with the inserted dengue NSJ expression cassette
described in this invention was termed MVA-ATI-NS1.

20 Detection of RNA expressed from the ATl-promoter in recombinant MVA
For the detection of RNA expressed from the ATl-promoter in cells infected
with the recombinant MVA, RNA extraction was performed as described in
the manufacturers protocol (Rneasy Mini Protocol for the |solation of Total
RNA from Animal Cells). A DNAse digestion reaction was performed by

25 adding 3 yl DNAse RNase free (= 30U; Roche), 3 ul 10 x buffer A (Usually
used for restrictions, Roche) to 5 pg RNA in a volume of 30 pl adjusted with
water. The mixture was incubated for 90~ at 37°C. The RNA was purified by
using Rneasy columns according to the manufacturer’s protocol. For reverse
tran_scription 2 pg RNA were mixed with 1 Mg primer oBN465 for reverse

30  transcription and the total volume was adjusted to 10 pl by adding water. [t
was incubated for 5~ at 70°C and the tube was transferred to ice. Then5ul 5




RNA from Animal Cells). A DNAse digestion reaction was perfornmed by, 25

adding 3 pl DNAse RNase free (= 30U, Roche), 3 pl 10 x buffer Rg(Nﬁ'ga%(f‘ﬁy

used for restrictions, Roche) to 5 pg RNA in a volunme of-gRp@nsadi ust ed

W th waDes97Bhe m xture was incubated for 90' at 37C T%e RNA was purified
by using Rneasy colums according Yo the manufacturer's protocol . For
reverse transcription 2 pg RNA were m xed with 1 pg prinmer oBN465 for

2001 g waketer Byl cHREP PicuBA ) FO B REEST0E Bt iyt LeCued tFansf or  ed
5" pl “GNTFS b (ED: pIRCIOUE BI° R "5 HICM ALY BT (2000) and 2.5 Heo
were added and the m xture was incubated for 60'at 42C For the PCR

R s S i 1
gnne%ﬁi prmp]%/erm)skdm,tﬁ‘iee, 551 ON BRE %&Pi?@ﬁh@y“’&% %)éﬂ%?:% %@8&?@?@? @llr[i ’
e AT! et 306 ot HELER e Ch Bop BB ot | Lot ool aver s of BHK cel I’
Ve | B e A e For 530, pinures. o o

MEMB Wi tho 3/ ¥ Geragse added to each flask and incubated at 30Cin a CO2
incubator. The flask was harvested after 48 hours. The supernatant was
renoved fromthe flask and spun at 260g for 10 m nutes at 4C. The

supernatants were, stored in_gli Al ex QS edha qedld atfeckes! wiBhed two 20
ti medo wi Patertign gf %?gﬁgg'ré'ﬁah%%jﬁ%?%@u%%endgd inim of hypotonic

dounci ng f_]ﬁ:'_% h 19%X100. The cell |ysates were harvested and spun for
5 m nut e! 1(%, g and the supernatants were stored in a

A 25 cm? flask with about 80% confluent monolayers of BHK cells was

culated with 100u! of MVA-ATI-NST virus stock diluted to 1x107 in MEMa
| of MEMao

ino
15 with 19 FCS and rocked at room temperature for 30 minutes. 5 m

with 3%,FCS were added 1o each flask and incubated at 30°C ina CO2
incubator. The flask was harvested after 48 hours. The supernatant was

removed from the flask and spun at 260g for 10 minutes at 4°C. The

supernatants were stored in aliquots at —80°C. The pellet was washed two

20 times with 5 ml of 1x PBS and then resuspended in 1mi of hypotonic
douncing buffer with 1%TX100. The cell lysates were harvested and s’pgn.for

5 minutes at 16,000g and the supernatants were Store‘d ina

microcentrifuges tube at ~80°C.

25 Flasks inoculated with control viruses and uninfected flasks were also

treated the same way as described above.

The cell/viral lysate and the supernatant were treated in either a non-

cing sample buffer either under non-heated or heated
DS PAGE and transferred

reducing or redu
a0 conditions. The proteins were separated on 10%
to nitrocellulose membranes. The biots were probed overnight with pooled

sera from convalescent patient (PPCS), i.e. sera from natients that suffered




m crocentrifuges tube at-80C. 25 Flasks inoculated with control_ viruses and
uninfected flasks were also treated the sane way as descri bed 906V &%%rhe
cell/vi raI ﬁ% 967\§ﬂﬂnd t he supernatant were treated in either a non-

o

reducing or fe g sanple buffer either under non-heated vorm/pgatees 30
conditions. The proteins were separated® on 10% SI DS PAGE and transferred

to nitrocel |l ul ose nenbranes. The bl ots were probed overnight with pool ed
sera from conval escent patient (PPCS), i.e. sera frompatients that

suf fered 0H QB2 @@wlems)sﬁe@ﬁ'm%ﬂi’lﬂ(ﬁmab%%ﬂﬁe?Q;és%@ﬁ%% tﬁ@%@ﬁﬁ’(ﬁr us

ution, After washi tines wt e blots

i nfection,

were | ncub&?(;@%%%ﬁ tﬂﬂtsl WRLECURREeR OV B afgdhsmarpl@(}bhormacfmp) ( DAKO)

for 2 hour f e blots were washed as descri bed
before t heﬁgg?%g?% gngﬁggjéﬁorei ‘h‘g p %W% Tempergpigelifteribe bdelisl t s are
shown in fwgueevahedResdbiiFdeh re
shown t be@e re sed \/\/neni to ?@393?2%@%@@5 é(]fed*#}’m% %3%?00 TE
(Figure 1)”aﬁ}ﬁ‘§) ﬁ‘ﬁ?é@%ﬁ%ﬁﬁ@shﬂm ingurel 2ar |y detectable. Mre

particularly, the expected signal of 926 bp was clearly detectable after

RT- PCR of h@ sanple (Figure 1, lane 2). Using the sanmple for PCR
only, no s 2was det ect abl e (Figure 1, lane 3). Therefore a false

positive signal caused by DNA contamination can be 15 excluded. Figure 1,

| ane 4 showgeﬂ\ifel geselas wsl| abéh@@ﬂaw\obmﬁs@w@r@%ﬁb% tl%og pPes%@pt (len AS

expectfod of th&p product was identical tot ze of "the PCR
produc aflt F@R”Eﬁ W@%NN‘SI&W@JEWFGF@H@ . TreneorsesshratimgtrAiRN/esul t

and 6 ar J’”ﬁ%‘??"%ﬁfa’ Qe er R (1688, Pesoimriod o Mdtcbn wors
resul ts shdeedytdetdctiySle hﬁeﬁWE@Re@lf e RRA SarhBlEiEdreM ! fine 2). Using
the sample for PCR only, no signal was detectable (Figure 1, lane 3).
Therefore a false positive signal caused by DNA contamination can be
15 excluded. Figure 1, lane 4 shows the result of the PCR with the plasmid
positive control. As expected the size of the PCR product was identical to the
size of the PCR product after RT-PCR of the RNA sample. Figure 1, lane 5
shows the result of an RT-PCT reaction with a negative controf (water).
Figure 1, lanes 1 and 6 are a molecular weight marker (100bp fadder).
20
The western blots results showed that NS1 is expressed in cells infected with
MVA-ATI-NS1. NS1 was expressed in the right conformation and as a dimer
under non-heated conditions as shown in lane 1 of figure 2 A and 2 B. When

the sample was heated the NS1 monomer can be seen as shown in Figure 2
25 C.

The results also showed that NS1 expressed in cells infected with MVA-ATI-

NSI is antigenic and is recognized by the pooled convalescent patients’
sera.

30
In conclusion, the experiments have shown that NS1 s exp.ressed in the

right conformation in the BHK cells infected with MVA-ATI-NS1. Both the




MVA- ATl - NS1. NS1 was expressed in the right confornation and ajP %?di H&{/\h
under non-heated conditions as shown in lane 1 of figure 2 A a g oV g en
the sanpl e was heated the NS1 nononer can be seen as she@wrpomossgure 2 25
- C. The wesudsstial so showed that NS| expressed in cells infected with
MVA- ATI - NS1 is antigenic and is r&ogni zed by the pool ed conval escent
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m croorgani sm be nmade avail able only by the issue thereof to an i ndependent
expert , in accordance with the rel evant patent |egislation. E.OB.N,O" Rul e
28 (4); UK Patent Rules 1995, Scheduk& 2, Paragraph 3; Australian

Regul ation 3.25(3); Danish Patents Act Sections 22 and 33(3) and generally
simlar provisions nmutatis nutandis for any other designated State; D.

DESI GNATEDUSFATES FORI VHI CH | NDI CATI ONS ARE r LADE &t 1jeja

catronsareno! fora/l desi bnta[ zdS(aterJ E. SEPARATE FURNI SHI NG OF

| NDI CATI ONS (| eavebl anki fitotapplicablel The indications |isted below wll

be submi it ed RecddiSinhMiNEsdatd FRRniBUHEANNLRE @mvmgrmﬁﬁm@@g!aeﬂ@aﬁm (sped

t begeuend none of tbei ndimains e.g., "Accession Forreceiving Ofice use
onl y i on&¢®maranexpresyionicasssieermprsyiesbic vedpoak AT promaiercrrmaderiyntaye

applicati;on BE-1.~ Forl Thissheetwas.r recei Ve V hel n e
bt ermt Vel Al Roafiht pePleRed R s SEBRRTELY IERIN SRR Cer Form

PCT/ RO 124uladad by sk2OgonidPerNe ied@iive thdedd aat Rihereid theRRei0abIiendmic MUI f i ed
vaccinia virus Ankara (MVA) conprising in the viral genone an expression
casset t ePEWR®I18i ng t he cowpox ATl pronoter or a derivative thereof and a

codi ng sequenge, i ﬁg% i i S
regul at ed by glzl dwg(rg%ﬁig@%érﬁ%r er‘?@@?%gp%tr%%#gg@gﬁ fkﬁ%&gﬁ%ﬂqgﬁlg derivative
of the ATl pronot egquesce(of)SEQ Heguenice havi ng a honol ogy of at |east 60%

when conpared to the sequence of SEQID: No. 1, (il sequence in which
not nore than(@ nuéls%q}{ep‘éf‘e%"ﬁh‘%hg%g?ﬁett&fb@{m@@déﬁ@29SH ?‘Ei nserted in

the sequence of SEQ.lk{d ah/ol iRBH PR the sdgherteDFRECANSIGS1 Gha/bhe sequence
according to SEQID: No. 1, wherein said subsequence has a |ength of at
| east 10 nucl €ddi desubdequdnee sEtiwenpencoiccgEing © SBQ ID1No. 1, wherein
said subsequence has a length of at least 10 nucleotides of the sequence
of SEQ ID: No. 1
wherein said sequence and subsequence of (i), (ii) and/or (iii) are still active as a

promoter.

2. Recombinant MVA according to claim 1, wherein the sequence and
subsequence according to (i), (i) and/or (iii) are still active as a Vaccinia virus late

promoter.

3. Recombinant MVA according to anyone of claims 1 to 2, wherein the
subsequence of (iii) has a length of at least 20 nucleotides of the sequence of SEQ ID:
No. 1.

4, Recombinant MVA according to anyone of claims 1 to 3, wherein the
subsequence of (iii) has a length of at least 25 nucleotides of the sequence of SEQ ID:
No. 1.

5. Recombinant MV A according to claim 1, wherein the sequence of (i) have a

homology of at least 80% when compared to the sequence of SEQ ID: No. 1.

6. Recombinant MV A according to anyone of claims 1 to 5, wherein the

sequence of (1), (ii) and/or the subsequence of (iii) comprise nucleotides 25 to 29




wherein said sequence and subsequence of (i), (ii) and/or (iii) are still
active as a pronoter. 2. Reconbi nant MVA according to claim 1,994 28 t he
sequence and subsequence according €6 (i), (ii) and/or (iii) are still
active as a Vaccinia virus late pronoter. 3. Reconbinant MVA according to
anyone of clainms | to 2 _wherein the subsequence of (iii) has a |ength of
at | east a‘Z‘UOh%WezﬁqfﬁQBD:Nﬁelsequence of SEQID: No. 1. 4. Reconbi nant
MVA according to anyone of clains 1 to 3, wherein the subsequence of (iii)
has a Il ength of at |east 25 nucl eotides of the sequence of SEQ ID. No. 1.
5. Reconfii nanRebdbbiaantd¥iAng coing] taichaith, 1, whereh thetATH gequenbssthé (i) have a
honol ogy of at Ig@ﬁ) ﬁQO/ when conpared to the sequence of SEQ ID: No. 1. 6.
Recombi naFAUCRigOL f rﬁog-fo anyone of claims 1 to 5, wherein the sequence
of (i), (ii) and/or the subsequence of (iii) conprise nucleotides 25 to 29
09 Nov 2006 26 and/or 22 to 29 of SEQI D: No. 1 7. Reconbi nant WA
accordi ng. t o Readmbibant¥Aeicnotdives tABhypucorfaiams Has 7t WwheremdfVenise of SEQ |

D: No. 1. 8. conbi n ccordj ng tgQ anyo f .clal to 7, wherein
WA s SRR BTRTOM AT GRS B deipBt ol BrESTSh GREGHIEEY | ect i on of
Cel | CQul (BCREC) LBEAG BN TBD0TRODR BF 2 MERPARL ARr&r aftd 9@4ih WAV Va7 st her eof and
strain MA 575° deposited under nunber V00120707 at ECACC. 9. Reconbi nant

MA accodepasiged vnden pomberof 0/I28706atlIECACE,. wherein the expression cassette
is inserted in a naturally occurring deletion site of the MVA genone with
respect to the genome of the vaccinia virus strain Copenhagen or in an

i ntergenoc r eReodmbharditMVIMAceRNG®. an¥bhe dfataniiina Rl whdtbinadeor ding to
anyone of clains 1 to. 9, wherein the coding sequence codes for at |east

one ant i GERFCsSiN Gagisie ds psrieda a nahualbr ocguiriigdefriignistie oL BERYAd
genome with respect to the genome of the vaccinia virus strain Copenhagen or in an

intergenic region of the MVA genome.

10.  Recombinant MV A according to anyone of ¢laims 1 {0 9, wherein the coding
sequence codes for at least one antigen, antigenic epitope, and/or a therapeutic

compound.

11.  Recombinant MVA according to anyone of claims 1 to 10 as vaccine or

medicament.

12.  Vaccine or pharmaceutical composition comprising a recombinant MVA

according to anyone of claims 1 to 10.

13.  Use of the recombinant MV A according to anyone of claims 1 to 10 for the
preparation of a vaccine or medicament to elicit an immune response against the agent

from which the antigen/epitope encoded by the coding sequence is derived.

14.  Use according to claim 13, wherein the antigen/epitope is part of a polypeptide,

peptide or protein derived from a virus, bacterium or fungus.

15. Use according to claim 14, wherein the virus is selected from HIV, HTLV,

Herpesvirus, Denguevirus, Poliovirus, measles virus, mumps virus, rubella virus and




11. Reconbi nant MVA according to anyone of clains 1 to 10 as vacci ne or

nmedi canent. 12. Vaccine or pharnaceutical conposition conprisi My Nev2006
reconbi nant MVA according to anyone2of clains 1 to 10. 13. Use of the
reconbi nant MVA according to anyone of clains 1 to 10 for the preparation
of a vaccine or nedicament to elicit an imune response against the agent

f r om whi Elepatiis vamisésgen/ epi t ope encoded by the coding sequence is derived.
14. Use according to claim 13, wherein the antigen/epitope is part of a

pol ypeptide, peptide or protein derived froma virus, bacteriumor fungus.
15. Use a6.cor ¥iadgnd 6r gHafthiehtlcal Wh@bediton Aoriifigi® dl&nsE @atsed from HIV,

HTLV, Herpesvirus, Denguevirus, Poliovirus, neasles virus, nunps virus,
rubel | a 9§oEing iRpnyonapiclsiond 3 tQiSHérb%r@mthgva,qcm@s@gp hagnacesticel ne or

phar mace 0 2, cording to
Byone. of "apEudPIee by BBRRO TR Al A D i B

conposi t idectons toe) oftievanent conpri ses at Ieast 102 TCID50 (tissue culture
i nfectious dose) of the virus. 17. Vaccine or pharmaceutical conposition
according to anyone of clains 12 or 16 or use according to anyone of
claims 13710 {3¢cinber ﬂiaﬂnﬁ&ﬁﬁ&ﬁ%ﬁfn Ssmﬁlfﬂgccofﬁ}ﬁ% (%flaéla ?‘%’T@Qﬁ" tion or
the nedi canent is to be adm nister I'n era eut ective anounts
in a f|ri6ormﬁﬁmmaﬁu@no@ﬂpnwnﬁn@mnmmbﬂihﬁnﬂnﬂ@nﬁmdmnmne&hsecond i nocul ation

("boosting inocyl ation" 18. N@t d for uci.n codi ng sequence into
t ar get CB%FEHE i S ‘Fﬁﬁorfhr?fné ?36??“61‘5? aﬂ fétgregéﬁlls with the virus

accor di NehetHeaiidaPRRriebtivel eélhd{ﬁltsjintacflr@ﬂnocﬂﬁﬁfn% ﬁirhjih% ihéulRlon®&ind ih S nNot a
cell in the human and/or ani mal dy. 19. Method for producing a peptide,

protein aﬁ@ﬁﬁdHVWﬂbﬂonSﬁpﬁﬁﬂgngmaﬁmﬂmﬁkct|on of a host cell with the virus
according to anyone of clains 1 to 10, b) cultivation of the infected host
cell under suitable conditions, and c) isolation and/or enrichnent of the

peptide agd/ oMeaical for mt@AOliNE a\bdidg 8&quence into target cells comprising the
infection of the target cells with the virus according to anyone of claims 1 to 10,

wherein the target cell is not a cell in the human and/or animal body.

19.  Method for producing a peptide, protein and/or virus comprising

a) infection of a host cell with the virus according to anyone of claims 1
to 10,

b) cultivation of the infected host cell under suitable conditions, and

c) isolation and/or enrichment of the peptide and/or protein and/or viruses

produced by said host cell.
20. A cell containing the virus according to any of claims 1 to 10.

21.  Use of the cowpox ATI promoter or a derivative thereof as defined in anyone

of claims 1 to 7 for the expression of coding sequences in MVA.

22.  Method for the production of a recombinant MVA according to anyone of

claims 1 to 10 comprising the step of inserting an expression cassette into the genome
of MVA.




produced by said host cell. 20. A cell containing the virus accordlng

any of clains 1 to 10. 21. Use of the cowpox ATl pronoter or 9ﬁ|ve
t hereof as defined in anyone of clai2s 1 to 7 for the expression of coding
sequences in MVA. 22. Method for the production of a reconbi nant MWA
according to anyone of clainms 1 to 10 conpr|5|nﬁm£he step of inserting an
expressi A cadlsetafethienvisut hecqydimgnie anfonkveaf te ciigus A00s 10281 28 . theise of the
virus ac t e e Y t tion or
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vacci ne acc |ng i canent  for

af f ecti ndor aifeefzﬂg,qiﬂéﬁrabndmauﬁggaﬂlmﬁﬁmamg@gl fé@;boﬂs@ﬁpﬁ)[iﬁmglaﬁhrﬁaﬂbody ng ani nal
body including a human. 24. Use according to claim23, wherein the

medi came#tclubipgh? heman.at | east 102 TCI D50 (tissue culture infectious dose)
of the virus. 25. Use according to any one of claim23 or 24, wherein the
medi canent is to be admnistered in therapeutically effective anmounts in a
first |naéulalhenw@xﬁmgmbngmn1aacuhahuoﬂkhnaMdnmﬂn&om@naﬁdnuamnumét|on
("boosti nocul ati on” Ng Sﬂio PCT/ EPO3/ 05046 WD 03/097841 ' ..
SEQUENCE (Rpsue gylue BQ%WP% Plfie VPSS <120> Expression of genes in
nodi fied Vaccinia Virus Ankara by using the Cowpox ATl pronoter <130>
BN51PCT <150> DI ( PA 2002 01813 <15]> 2002-11-25 <160> 1 <170> Patentln
versi on 251 R4 @ccotding to any one of claim 23 or 24, wherein the medicament is to be

administered in therapeutically effective amounts in a first inoculation (“priming

inoculation™) and in a second inoculation (“boosting inoculation™).




< - '
211> 29 <212> DNA <213> cowpox Virus <220> <221> pronoter <222>

1)..(29
(1)..(29) <223> <400> 1 29 gttttgaata aaattttttt ataataaat 1 09Nov2008
WO 03097844 PCT/EPO3/05046

SEQUENCE LISTING
<110> Bavarian Nordic A/S

<120> Expression of genes in Modified vaccinia virus ankara by using the Cowpox
ATI promoter

<130> BNS1PCT

<150> DX PA 2002 01813
<151> 2002-11-25

<160> 1
<170> PatentIn version 3.1

<210> 1
211> 29
<212> DNA

213> Cowpox virus

<220
<221> promoter
<222> (1)..C29D
<223>

<400> 1
gtittgaata aaattittet ataataaat 29




