WO 03/ 097844 PCT/ EP03/ 05046 Expression of genes in Mdified Vaccinia Virus
Ankara by using the Cowpox ATl pronoter 5 The invention concerns
reconbi nawoO oMoglisi4 ed vaccinia virus Ankara conprising i nPCREPIS/GZl6 genone
an expression cassette conprising the cowpox ATl pronoter or a derivative
t hereof and a codi ng sequence, wherein the expression of the coding
sequence is regqulated by said pronoter. The io virus may be useful as a
vaccine or _as part of a pharmaceutical conposition. Background of the

i nventi on REREeasianef genes inuMedified Vaiceinip ires Ankaga hryessingdhe Gowpox
antigens in 15 infected cells. Nbregjir hg@pnbinant poxviruses are
currently tested as very prom sing éUP €0 induce an i mune 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 vaccini a

virus straih Weth that 20 expresses H V antigens and proteins. US
5, 747, 324%?‘%0“6@%'%{7 ré@BﬁﬁfrE%nfec%Etﬂarﬂta Vipdifiedst ¥assinRyCrIMUSX et Bing

| entivirus P 0 3 i 0ses i t.vaccinia vir
strain _V‘és%%ﬁﬁ%é@ rl\pe tﬁép?’@éil%@%éﬁéﬁ FZPEegs&?%sg%éﬁi? %“E@F'%gﬁe
expr essi oncokpbetial glrogoster aRNEesletiNaloX tMéféb?%%cﬁQ\t%rcﬁT(g %ég[]@héé,swhéhﬁn
known to the person skilled in the art, such as the 30K and 40K pronoters

(see e.g. B sxprEssipn)of thescoding sgauertd ds eagulatedtly satgiromotesedhe. g.
Sutter_et \%

.. Vacgine (1994) 12,.1032-40),,the P7.5 pronpter (see . e.qg.
Endo et? al VII'us MeyRe l’\ﬁe&léll as @16 tinesor ag ﬁmg)a %m%&ﬁ%&vp% ioPed 30
fromthe cowpox virus A-type inclusion (ATlI) gene (Li et al., J. Gen.

Virol. (1998) 79, 613). Al of these pronoters have been used in
reconbi nant vacci ni a vir uses Backgxeured of thé énvdidons genes and were shown
to express WO 03/097844 PCT/ EPO3/ 05046 *
Recombinant poxviruses are widely used to express foreign antigens in
15 infected cells. Moreover, recombinant poxviruses are currently tested as very
promising vaccines to induce an immune response against the foreign
antigen expressed from the poxvirus vector. Most popular are avipoxviruses
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

30 from the cowpox virus A-type inclusion (ATI) gene (Li et al., J. Gen. Virol.
(1998) 79, 613). All of these promoters have been used in recombinant

vaccinia viruses to express heterologous genes and were shown to express



2 said genes very efficiently resulting in relatively high anounts of the
protein encoded by the heterol ogous gene. For many vaccinati on approaches
it is higwby3gtesised that the antigen against 5 which anPCHmP&03oesponse
is to be induced is expressed in high2zanounts. However, this is not always
the case. It has been described that different types of cytotoxic T-cells
(CTL) are induced by the i mmune system depending on the concentrations of
the anti helbtnei Sty i b9 A nfONRSS iRl sridseief
antigen,gaﬁ%ggggéggr bﬁg?%ﬁ%&ﬁ%ﬁﬂﬁggéﬁg@%gﬂfﬂ%5@%3 by Iom1concéﬁ?$ations of
anti gen. ehtobtiad hetre bbtemliddrais gergh avidity CTL are much nore effective
at clearing the challenging virus in aninmal test systenms than |low avidity
CTL. Moreover, it has been denonstrated that high concentrations of

antigen m Lnhihi e il [t gh: AV di oy %%y i as
been sho&qr?g[}hawivéglk:@ag@@e%(‘?@%&sgcﬁsdgﬁs?ﬁg]\{géqetgwggﬂhra ;tttt gr naa éulﬁtsg of
anti gen thicAGHERNhRIgeresovisatis tofbe Mdifeavistdtpre€ded amthigh husgurtts. i nduce
an effective inmune response Ber zof sky et al ., | munol ogic % Revi ews

(1999) 1HRwaE, thE)is nlfzbajwaas basapeT!HMaz e 4tsscaibeg| et Ofle'femé
Uit ue: baduies 8 Sytatoxry birens Yoty xRy EAGRe bYRR haRuS Bl Gene 20 ™ 2

compr i sedidefiridife oh HRFCoMehtYAtidtts BERRITBIBeRCL ol Matilty (OTL'srUNt S af ter
adm ni strat’ion t%a a b

n animal, 1ncluding a human being, which mght be a
prer equi Shtiacédmyt high comberttiatiorof of ahtigenewhentamhhigiaviddlydiTlhsgireavi dity

CTL. 10 Detail ed description of the invention This object, has .been sol ved
by tHé@ prigdHEe@mYolow éeﬂwtﬁa’ﬂ@nwgﬁﬂi%g&n- 5/%%% Eﬁﬁ”\ﬁ Kﬂﬂ@?'gﬁ( MWVA)

Co iR T S TS AR SR A AR R AR A L he
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 CTL and, thus, to induce an effective immune response

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



15 codi ng sequence, wherein the expression of the coding sequence is

regul ated by said pronoter. It was unexpected that the ATI pronoter has a
rel ativelwologmometi vity in MVA since said pronoter was kn®am/Epo3/@4very
active in other poxvirus systens (e.g3 Li et al., J. Gen. Virol. (1998) 79,
613). In contrast, it is shown in the exanples section of the present 20
description that the ATl pronoter is two to four tines less active in WA
based systens than in systens based on other vaccinia virus strains such as
Western Reserve, El stree or Coppjéwdsinthelinvéntiohe ATl promoter in MA is a
good pronoter for expressing genes encodi ng proteins against which high
avidity CIL are to be induced. 25 Modified Vaccinia Ankara (MVA) virus is
related to vaccinia virus, a menber of the genera Orthopoxvirus in the
fanily ofit Reevitid dbect\viatirmpresant inyentipat edpbyvigee yaeciia iSRRG N

chi cken enbryo fjbroblasts of the Ankar strain of vacc A
(for revﬁéﬁi%’éea%"yfng Aﬁe BXPIESSIOMPac E}}fﬁe?logo'ﬂg %%ﬁl? 1@@?‘5'%@\?% e/
conseque t t I gl gt ed
about 151 err flia MERS gePpene, T TeRaniAp seqﬁéwcéﬁ‘”a@‘ntﬁﬁ%%%?8?%”'%@”%%3/ 097844
PCT/ EPO3/3/hh, lﬂcld@lﬂt?glzb&mraanhbgllm@/ \Wbisth cnellgjhtr betaiptesdquisitavientieel | s

(Meyer, H et al . Gen. Virol. 72, 103 ﬁ%{/k]]igl]) It was shown, in
a vari et yndﬂC’aﬁﬂrﬁlrefﬁid@ll)ﬁ hﬁ&faﬁmqqﬁsrﬁsmg s significantly

avirulent (Mayr, A & Danner, K [1978] Dev. Biol. Stand. 41: 225-34).
Additionally, this MA strain has been tested in 5 clinical trials as

vacci ne to i mmuni ze agai nst the human smal | pox di sease (Myr et al., Zbl.
Bakt. Hyg. I, Abt. Org. B 167, 375-390 [1987], Stickl et al. Dt sch. ned.
Wschrig 99, 2386-2392 [19M¢Dalle¢bde$¢ﬂlpgonc9ftt Glpf\léﬁﬂﬁﬂ i nventi on any WA
strain may be used. Exanples 1o for MVA virus strains used according to
the present invention and deposited in conpliance with the requirenents of

the Budapgst J5EA Ka@hReRdM& b¥Mhe provision of recombinant Modified

vaccinia virus Ankara (MVA) comprising in the viral genome an expression
cassette comprising the cowpox ATl promoter or a derivative thereof and a

15 coding sequence, wherein the expression of the coding sequence is
regulated by said promoter. It was unexpected that the ATI promoter has a
relatively low activity in MVA since said promoter was known to be very
active in other poxvirus systems (e.g. Li et al., J. Gen. Virol. (1998) 79,
613). In contrast, it is shown in the examples section of the present

20 description that the ATI promoter is two to four times less active in MVA
based systems than in systems based on other vaccinia virus strains such as
Western Reserve, Elstree or Copenhagen. Thus, the ATl promoter in MVA is a
good promoter for expressing genes encoding proteins against which high
avidity CTL are to be induced.

25
Modified Vaccinia Ankara (MVA) virus is related to vaccinia virus, a member
of the genera Orthopoxvirus in the family of Poxviridae. MVA has been
generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
strain of vaccinia virus (CVA) (for review see Mayr, A., et al. Infection 3, 6-14

30 [1975]). As a consequence of these long-term passages the resulting MVA

virus deleted about 31 kilobases of its genomic sequence and, therefore, was



572 and 575 deposited at the European Collection of Animal Cell Cultures
(ECACC), Salisbury (UK) with the deposition nunber ECACC V94012707 and
ECACC VOOWP®3077844 espectively and MVA-BN with the depositipon/EPolr®ac 15
ECACC V00083008. The nost preferred MYA-strain is MVA-BN or a 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 angdsPRHBAGS ﬁm ??ié% el reseRital toM{Aa BNeRE (RMRF T Makt ¥E, PJ._hG%ﬁPL |

are disclosed in WO The content of this application s 1nclude
in the préSeit72appRilcEd381M109 1 eflewaschowm inradedrigty giravpaghinecdas that

eukaryotic cells are infected with the virus. The 2 ukaryotic ‘ are
cel I's” t hattharresdligge MYh veas élgm?'@%rﬂtlmkuﬁj@ntt (»l\zayresfgegt @B%e‘b&vffékéknd
al l ow repld j-oN PreduGld. of 4 i:nf ' 7 k l e
For thi o Grie Eiph SAfgPAd U2e 97 AadiBofly Ciffis VA StraiRha) el aafE P IR) 7
(Drexl er Iclinidde! frefls kas viédinenBimnihize dgaiastl thutitwnat. sriflllpbkydisease
attenuat ed nodi fi ed vaccinia Ankara replicates in bab% [gtamst er_ ki dne

n

cel s, 30 (Maystatli blhBakL{idygyi, k. §i@payd67ord/ HACONIO H, SickbeE Shunan
t ransf or d i | 1,55 : . (1998), 79, 347-352). CEF
cells capﬁﬂﬁ‘éﬁ'nm?ﬁwg{%d% m@agégﬁgghlgyg]inové] to %he person ski I) led in

the art. Preferably WO 03/097844 PCT/ EP03/05046 5 the CEF cells are

cultivated in serumfree nediumin stationary flasks or roller bottles.
The i ncubddoondimeterthbl yresakbsnydretmn 48yt MV@6straur snay be7used. Bxanptes t he

0/ 05 116" 1 1CNBED Vi $HaINSIHLPEaRQRBIer U prasarsanyeilia anck dorosiids

el usi on reorapidg 8T R PATG Bnant RS RIaR st Ea B dB Sl T VP

mﬁbgt '[)0:)5;7129@”,? 698t g¥posited eftene Eusopade GalldchionGehabianlsl Odllr uftteessi on
(ECACC), Salisbury (UK) with the deposition number ECACC V94012707 and
ECACC V00120707, respectively and MVA-BN with the deposition number

15 ECACC VO0083008.

The most preferred MVA-strain is MVA-BN or a 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
20 allowing to obtain MVA-BN or a derivative thereof are disclosed in WO
02/42480. The content of this application is included in the present

application by reference.

In order to propagate MVA eukaryotic cells are infected with the virus. The

25 eukaryotic cells are cells that are susceptible to infection with the respective
poxvirus and allow replication and produétion of infectious virus. For MVA an
example for this type of cells are chicken embryo fibroblasts (CEF) and BHK
cells (Drexler I., Heller K., Wahren B., Erfie V. and Sutter G. “Highly
attenuated modified vaccinia Ankara replicates in baby hamster kidney cells,

30 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



lo preferred ATl pronoter sequence is showmn as SEQID.: No. 1 and is as
follows: 5 GITTT GAATA AAATT TTTTT ATAAT AA- AT 3' According to the
present iwWo@abhmm it is possible to use the ATl pronoter 2€T/EPS3/6peci fied
in SEQ ID :No. 1 or to use a derivatpve of the ATl pronoter, which my be
a subsequence of the sequence according to SEQ ID.:No. 1. The term
"subsequence of the sequence according to SEQ ID.:No. 1" refers to shorter

e S oL S NN s B e bl B Sy a7, 2

pronoter, 1n cinia vi I'at’e” prond I cal fragnent

of 20 thecteawRREes of hSERuBRicANBrefbriialy ks tdade a8 @t 9bdasirs 37° C
nucl eotides, nore preferably of at |east 15 nucl eotides, even nore

pr ef er abldy 281C.dforl aesinfagiomytN A s ptrierabiystsesk & @ ravltiplisityef infegltorps

nucl eoti d f t q of .. I D, :No. 1. .The,subse nce, pr.efer abl
may corrpr@i@f))rflfc&@olﬁe%gg@@ﬁp&”%%W%E@t'qnﬁc%ta%iY ltla‘eesqgfaﬁ% %%&gg%e d
5' -TA%AT-ﬁéurISOé:@g?dCag bhe 3' end of 25 SEQ ID.:No. 1. The subsequence nay
al so conprisé nucleotrdes 22 to 29 of SEQ ID.:No. 1, i.e. the seguence

5' - TAATAAAT-3' |located at the 3 end of SEQ ID.:No. 1. The pronoter may
be inserted upstream of a codi n% sequence in such a way 30 that .

nucl eot i dblse ZBquenge &f tiBEQromten of thgefPWRRH Vilyist ﬁéyéédﬁ‘éﬂ@éo'&t%\?gﬁmare

t of the 5 ,ATG 3' . d f ' [
romter S5y (D) Sempleddd fRUAAT it iBRRLA KAk fi 356 BRL EEYs oDt o
transl ati Qfercfe0% 4R488418 Q'F(eE@éﬁ%‘%'_é@ﬁg eTﬁyTﬁgcéﬁﬂﬁﬁr nbeibeeeDO0B B' Aend

of the pronoter according to SEQ and the Ain the 5 ATG 3

st ar t 1codprefeireprAT lgpraphyter sesiuehes is sBown@EseBEQdBs:, Nombrandhiseaefalioms: | ess
than 50 nucl eotides and even nore preferably | ess than 25 nucleotides.
However, the spacer m ght even be longer as long as the 5 pronoter is still

capabl e Or%n, g&&qﬁ{éﬂﬂﬁ;\f}@ﬁpf‘[ﬁgﬁ NTNM’WA?\TC?di ng sequence | ocated

downst ream of the pronoter. erivative of the ATl pronoter can al so be
a sequence that has one or

According to the present invention it is possible to use the ATI promoter as

15  specified in SEQ. ID.:No. 1 or to use a derivative of the ATl promoter, which
may be a subsequence of the sequence according to SEQ. ID.:No. 1. The term
“subsequence of the sequence according to SEQ. ID.:No. 1" refers to shorter
fragments of the sequence of SEQ. [D.:No. 1 that are still active as a
promoter, in particular as vaccinia virus late promoter. A typical fragment of

20 the sequence of SEQ. ID.:No. 1 has a length of at least 10 nucleotides, more
preferably of at least 15 nucleotides, even more preferably of at least 20
nucleotides, most preferably of at least 25 nucleotides of the sequence of
SEQ. ID.:No. 1. The subsequence preferably may comprise nucleotides 25 to
29 of SEQ. ID.:No. 1, i.e. the sequence 5-TAAAT-3" located at the 3" end of

25  SEQ. ID.:No. 1. The subsequence may also comprise nucleotides 22 to 29 of
SEQ. ID.:No. 1, i.e. the sequence 5-TAATAAAT-3" located at the 3" end of
SEQ. ID.:No. 1.

The promoter may be inserted upstream of a coding sequence in such a way
30 that nucleotides 28 to 29 of SEQ. ID: 1 (underlined in the sequence above) are
part of the 5 “ATG 3" start codon of translation. Alternatively, the promoter

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



nore nucl eotide substitutions, deletions and/or insertions with respect to
the 1o sequence of SEQ ID.: No. 1, wherein said derivatives are stil
active asweopigmiseter, in particular as vaccinia virus |atecpmrposne A
sequence having one or nore nucleotide substitutions is a sequence in

whi ch one or nore nucleotides of the sequence according to SEQID.: No. 1
are substituted by different nucleotides. A sequence having one or nore

nucl eot i deThaspateonetiveed the 3eaHENGEIHA pNSReOBBCcA RS & 'lg) !\ﬂ%& are
inserted at one or nore_|ocations of the sequence according t EQ

No. 1. A s@ifidhed inalfieng” Bhe 3ostaibeedomids eoefeomalylée? thers 108 mc&!e@tul@é@e .1 n
i t

are. del ot dost HEEETEBLAEss aa o, rwieo eqﬂe‘%eﬁé @S%BSr@er%ge&ragydqs@ tharo. "1

del eti ons, 25uRsd|bEHEEONS AR er 2Pnd f%ﬁfa?é Eefo g OBlé‘o/as r%”&Fe

sequence. Preferably the deriVvative as a

pr ef er abl ypr(m‘mO’wr isestiilt BRI véireutngptied @mbésssmf oatthbec%ijmgoﬁéqb
preferably o e{a&e | east 90% when conpared to the sequence of No. | .
Accor di ng nga’g dayastreppepEERCBr@RB&RN nent not nore than 6 nucl eoti des,
even nore preferably not 25 nore than 3 nucl eoti des are substituted,

del eted and/or inserted in the sequence of SEQID: No. 1. In parti cuI ar,

it mght bEheelmatbteoft thek@gP proeh@er icdesakd b 22e8lie®ERthat lﬁas'\@he jorr

i.e. the sequence 5 -TAAAT-3' in the pronoter to attain naxinmal pronoter
activity. MEreingisleciidsoswestiivdtonsatietetionkarg/ onicisedionte wi?2réspe2d tofthe30

Y 097@44[\%‘614/‘3@583%5%{32 B NG d%%ﬁ%@éﬁr‘%’t %@&gg e SOLT Aok aea
person skipdopgotieh Fnhﬁar@cf uIéPaQrv%gb?ﬁ wgbqgtedﬁfdrﬁéférvﬂsse ueﬁ?gﬂaal?nr\llg Eﬁg

still have the biol ogical activit ng active as a

pronoter, dm rparetlmmlaotlde aubetctutmr@ \V§ I 8IS sé@liencePrinmyifieh bﬁetbrsrrﬁﬁét ext
reference is Cgakrar barti et al., 5 Biotechniques (1997) 23,
1094- 1097 % 9‘1 ﬁos%@ce\]acqmplmgt@SEQ ID.: No. 1 are substituted by

different nucleotldes. A sequence having one or more nucleotide insertions is a
15 sequence in which one or more nucleotides are inserted at one or more
locations of the sequence according to SEQ ID.: No. 1. A sequence having one
or more nucleotide deletions is a sequence in which one or more nucleotides
of the sequence according to SEQ ID.: No. 1 are deleted at one or more
locations. In the derivatives of SEQ ID.: No. 1 deletions, substitutions and
20 insertions may be combined in one sequence.
Preferably the derivative has a homology of at least 40%, more preferably of
at least 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
preferred embodiment not more than 6 nucleotides, even more preferably not
25 more than 3 nucleotides are substituted, deleted and/or inserfed in the
sequence of SEQ ID: No. 1.
In particular, it might be preferable to keep nucleotides 25 to 29 of SEQ.
ID.:No. 1, i.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.



(1989) 210, 771-784. Moreover, whether a fragnent is still active as a
vaccinia virus pronoter, in particular a |ate pronoter can easily be
checked bwo oaopmuson skilled in the art. In particul ar theCTapozooes
derivative can be cloned upstreamof7a reporter gene in a plasmd
construct. Said construct nmay be 1o transfected into a eukaryotic cell or
cell line, such as CEF or BHK cells that has been infected wwth MA. The

oxbr caei o BindBOIER o asafichts alS: (HE R SIBMICHIPRHE pRASS
SEQ I D.: Whichl defivatiesperfi DEQtIAL.: $&t.t1 ntill bave elséicmmdlsgl@ltdrmvﬂya@fpbelr@hom

in the present specification. A derivative 15 according to the present
i nvent i onaclvey afedi Vaeeine Wamsn@l’@n’kﬂ’t@"notfbrpaéﬁw A t§S ien vaeginia t\deds dgtst em

cven mor oOpEPEabIg 30 cdaRerboluadlo, B falby E: i toanreh 40t ne

activi Ey Bﬁot@ﬁﬁnﬁf’%@(@9$ﬁ%nP@9Qf1®5ﬂa|n|a DaN%oh afiSMosshosavigrr Byt | ves
of SEQ .1 are within the scope of the present 20 invention that

have a h| @&89pr2ﬂrﬁ)t &1/ laéB#tviVgredvan, sﬂn@thar a Nvagrbent nisnstid getiea as teer s

the present invention ref rs to tty] e of the c ox ro ﬁ r

der i vat | vEARTiBICOUS DR Hodn ASVEUIRE Pie PESBIBES RaR SGP1lY BEGTTRS KEddliences
MWA. 2 | d

in %éoé’rmgkllf@oofﬁ){%ﬁaﬁ@ gﬁ\rHﬁﬁﬁrttﬁe%a %ﬁéeﬁ}e‘i’ﬁ%@‘vfe%ﬁ e cerfe%!a y

part of t enone I's natural

of the vi uabtregﬁﬂ@m esp@rtéoigengninggnslasimid dorstralct e 8did l@@aetnunmnay:dae nto
the MWA (t:;enome In these cases the ATI prom)ter IS inserted lﬂ;(gstream of
the géfe [harsteated inieagenaryoticheelbrprasysiing schvaschER ot BHKecelbnthal | ed

oY S AT has S0P et B OB TEE L FRRRABROAE tof et gBRETR! i,
the WA ggefininkl drit Soffsifel ttoltheRi@FEEJI6H of $hé PESSMEE LA controlled by *
the promoter according to SEQ ID.: No. 1. The experimental setting
corresponds to the example shown in the present specification. A derivative
15 according to the present invention is a derivative having a promoter activity in
said test system of at least 10%, preferably at least 309, 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.l. Also
those derivatives of SEQ ID.: No.l1 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
AT| promoter or a derivative thereof as defined above for the expression of
coding sequences in MVA.
25
The ATl promoter may be used to express a gene that is already part of the
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 ATI promoter is inserted upstream of the gene in
30 the MVA genome, the expression of which is to be controlled by the ATI

promoter.



expression cassette conprising the ATl pronoter and a codi ng sequence, the
expression of which is to be regulated by the ATl pronoter and to insert
said 5 exwoassd®sm cassette into the MVA genone. PreferredPChg®Pot/dom sites
are selected from (i) naturally occuBring deletion sites of the MVA genone
with respect to the genone of the vaccinia virus strain Copenhagen or (ii)
I ntergeni c regions of the MVA genone. The term "intergenic region"” refers

pref o1 abl fEONTPBRGmBRT 1l akBrLiEeh 109RBIR 4R8I ibEL RSy 4 Ypnadhgeent

1o genes that cohprise neither codi'ng nor Pegulatory sequences.

the inseid hot yet ast af eha VA eshohed. dd this thes & iBrefefemned tons@rdtruet st es
since it is wthin the scope of the present invention that the expression
cassette B¥pression gaeselée comymising the AHepramatergaifd ReC@iNBoiRgiugacet the

east one caBlTostulr elafed TayButy e aly e B PiarPtB IO BRER: S ™
cell's) 5 Thkpredshien | B8Rt tcONNtS aAFREMEA TBY¥NGINE0 PRfenser igskreiodl. sitekOare
non-essential genes or genes the functron of which may be suppl enented by
the cell spkcéed dsenn (iprnatpralhagacisimgtelaiion 2deshy st MUS gesoexs avith t o

construct reconbinant MWA K to th kKillJed in th t.. B
way of uexéﬁ%‘i’%&b!{tﬂeﬁé@(pg%‘gﬁ%gn Oggﬁgeet‘?a(gcgﬁa/ gﬁbggﬁg%}fl\'l gP%’h@?%erneo%r (iy

iU V‘?nﬁefﬁ_géﬁgfg éfn?eocf ﬂ?eerl\ﬁYe/Qi%éHo?né N§LEeReAE “ﬁ%’cer%%‘ﬁ\c?%gﬁ“ﬂ@f@%‘s

reconbi nati on S end a nucle acid '1's transfect

perm ssi vereRrably te thusd @stCof the BHE galdrae lobetezl betWweemuwloeadjaaent 25
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acid and 30 the viral genonme. Alternatively it is also possible to first
i nfect theénsertéd anywhersVin dhd vineihgeoomeansfloog aheitnigcpessibkcitd obitaon t he

Wi s ot nefcutiniedas ot an B AMpifiad’Sid Fropdkated iR Gt IBast'orie b8 RIRLAE™
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 cell line such as CEF or BHK cells, wherein the nucleic acid

25 comprises the expression cassette and/or the ATl promoter or derivative
thereof flanked by nucleotide stretches that are homologous to the region of
the MVA genome in which the expression cassette and/or the ATl 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



WO 03/ 097844 PCT/ EPO3/ 05046 9 nethods known in the prior art. The
construction of reconbinant MVAis not restricted to this particular
met hod. |wetigaois4any suitabl e nmethod known to the personPsHiHPO&ESUHAO t he
art may be used to this end. 5 The ATP pronpter in MWA may be used to
control the expression of any coding sequence. The codi ng sequence may
preferably code for at |east one antigenic epitope or antigen. In this

case the jg @g: l{@‘v&n MWAREBY e aHS athe! CorftRiGRsh of fbombimnaanVMA & not

i nfection of‘% I'n an organism e.g. a mammalian animal including a
human. Thestpicese tbattioparticatirdmathodie istpad opey reuitadile ohethod koowmnime
response in the organismthat may |ead to vaccination of the organism
agai nst the pggeon sKitleehiiiherart Reayahe ib'ééﬁ/@gm%ﬁ%di s derived. Mre
specifically the epitope/antigen may be part of a larger am no acid
sequence such as a pol yepitope, peptide or protein. Exanples for such

pol yepi t qp@SATI PEFLESSINONIVIAN Bia§i S uS&Y td eopbiloy ¢he teapesssigrepf adgcoding
proteins derived from15 (i) vifuses, such as H'V, HILV, Herpesvirus,
Denguevi megueRot. Thé codjngreeglience mayueferabhscode der, at lasst ogeantigenic

A bl dEndontie o BT Bt P L
lnterrter [ L. A : : ere
[ rverler S RRRVIRS: PSR aTIe desammisantc B e balsdams

skilled ijAclukengrd huFhais. Theepreseatatiom arfit s amiigen Minitpreo male efiedsant
i nvention may be useful as a 25 nedicanent (i

! ¢ Q(h)z).e. phar maceutiﬁal ¢t
conpai t iGHNUBE Kesponse. iIMRbe phraanBuiiaamoiedd i 10 én VErCIPAEC) LG nay
general ly include one ,o [ L. \PRIoPy ed
carri ers O/&aHIRT \Pgﬁ'nStaﬂﬁ gg‘Sﬁ @@% p@@ggrﬂ\@% Q/@g&?@%ﬁ&\%ﬁ;%@??ﬁeﬁm
and/ or stafich l@%H@eﬁﬂ@bé/é}ﬁig”éﬁ bfayt be peet ot lm?ér BikAinoSuid seaxiehcar y
subst ances can wat er, saline, glycerol, ethanol, wetting or enulsifying
agents, pdudbutbes ipuyspibspanpestideror protein. Examples for such “polyepitopes,

peptides or proteins may be polyepitopes, peptides or proteins derived from

15 (i) viruses, such as HIV, HTLV, Herpesvirus, Denguevirus, Poliovirus, measles
virus, mumps virus, rubella virus, Hepatitis viruses and so on, (ii) bacteria,

@iii) fungi.

Alternatively the coding sequence may encode a therapeutic compound such

20 as interleukins, interferons, ribozymes or enzymes.

The recombinant MVA may be administered to the animal or human body
according to the knowledge of the person skilled in the art. Thus, the
recombinant MVA according to the present invention may be useful as a

25 medicament (i.e. pharmaceutical composition) or vaccine.

The pharmaceutical composition or the vaccine may generally include one or
more pharmaceutical acceptable and/or approved carriers, additives,
antibiotics, preservatives, adjuvants, diluents and/or stabilizers in addition
30 to the recombinant MVA. Such auxiliary substances can be water, saline,
glycerol, ethanol, wetting or emulsifying agents, pH buffering substances, or

the like. Suitable carriers are typically large, slowly metabolized molecules



the like. Suitable carriers are typically large, slowy netabolized

nol ecul es WD 03/ 097844 PCT/ EP0O3/ 05046 10 such as proteins,

pol ysacchapiodesis4pol yl acti c acids, polyglycollic acids, porEPe3/ 4@ NO
acids, amno acid copolyners, lipid afgregates, or the like. For the
preparation of pharmaceutical conpositions or vaccines, the 5 reconbi nant
MVA is converted into a physiologically acceptable form This can be done

based on t rd in i f X \4 i U or
Tacci nat onCIEARe IRNER)S, PpbNRaERARNGE, HhiflacREx SLlds, KRERINSIIc !agkig,

Dt sch. medoolygwric agtino 2286¢s,289%)0 akiar cepelymears, tiped pggrddatds vor tise liks.
stored at -80C with a titre of 5x108 TCI D50/ m fornulated in about 10mMM 1o
Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine shots, e.g.,

Fvent on e TS stereb o - O bEARkeLL bR CrERTBRRRIAT, ik PcRRER, the
presencge retor¥ipapt MgAaRAcIdHE®mING BUuFhsiblbgidaldmpedtsiatié ghahabtsa

gl ass anpoule. Alternati veI%/, the vacci ne shots can be produced by

st epwi se 1T bedlanalbgseg oof thehexpeniencd in thd preparatioonof phxdriovactiacson
can contain ditional .additives, such, as nniitol ,. dextrap, sugar,

gl yci ne, |%§9C€38r oFACHRINRA R8BI SITaldrex sofjﬁé?'l'gﬁgi %nggcgluc - al

ant i oxi da i t gas, bigly 2z or c [ r NS o auman
cer Um al U vy sk bl ooy KR %, S 2RI 18 SABRpIBY e e ekt B
cont ai ni ngsfshtorad at -80°6uiitiata etreast 20 0% E€HR;dmlifogmedteted isesbd@ M
Tris-buffe_lt,, 140 mM NaCl , 18. 987q/I Dextran (MAN 36000 - 40000), 45 g/l
Sucros¥, 0lri9s 1gA My NeG@vid! abfa Findhe ppreparetiens af tvasshohyidicise S&t, 7. 4.
The gl ass arrfoulga is then sealed and can be stored between 4C and room

t enper at urkE0T-di0 separtitlesonf hthe reomsveEnantsviroagaasombngetd &he speedend

vacci nati JAVBRISAFBIYoP AL PyopnP AP SHF Eeor THET PaBHS (BROSININECRIGSSEER be
di'ssol ved dfnoéy behPole 2l 19, RIMARUSHINAPIAEPImPSAEE 3 Bteralif) 8 glass
ampoule. Alternatively, the vaccine shots can be produced by stepwise
15 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 inert gas,
stabilizers or recombinant proteins (e.g. human serum albumin) suitable for
in vivo administration. A typical virus containing formulation suitable for
20 freeze-drying comprises 10 mM Tris-buffer, 140 mM NaCl, 18.9 g/I Dextran
(MW 36000 - 40000), 45 g/l Sucrose, 0.108 g/l L-glutamic acid mono
potassium salt monohydrate pH 7.4. 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

25 temperatures below -20°C.

For vaccination or therapy the lyophilisate or the freeze-dried product can be
dissolved in 0.1 to 0.5 ml of an aqueous solution, preferably water,
physiological saline or Tris buffer, and administered either systemically or
30 locally, i.e. by parenteral, intramuscular or any other path of administration

know to the skilled practitioner. The mode of administration, the dose and



physi ol ogi cal saline or Tris buffer, and adm nistered either systemcally
or 30 locally, i.e. by parenteral, intranuscular or any other path of

admi ni st rainicem97skhow to the skilled practitioner. The nmod@C®fEP03/05046

adm ni stration, the dose and WO 03/09M844 PCT/ EP03/05046 11 the number of
adm ni strations can be optim zed by those skilled in the art in a known
manner. Thus, according to a related enbodi nent the invention relates to a

met hod 5. for af i . BV i+ng; ' hcal ; e |
rvimg e s ARt carl DE AR, DITHOR: SRUER i FREATIR °
the conp9khbiWvdNnInrdre vaccine according to the present invention to the

animal or hunman to be treated. Typically, a vaccine shot conprises at
| east 101, preferably at |east 104, nore preferably at |east 106, even

nore preferabl 10,.108 TCI ti . cul i nf i
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conposition or the wvaccine is admnistered to an gninmal,. including a h
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inoculation ("primng i at-| on ), and, Lo.a sacond inoeul.at "hgostin
nocul at i GhijurRab e, HERRoTRTANER vafBrre™a Rt REEPor Mhttoc: ng o
codi ng _SEﬁH@r@P@olyl At edr 08t eRrk SHrefsbi s iatdeadie 108f esthanond preferabiyget
cells with the virus according to the present invention. The target cell
may beoa E6FITGIDswAitissue beltuve infectisualslose) of tegVitsist e such as CEF or BHK

cells or a cell that can be infected by WA, in which the virus, however,
does not replicate, such as all 25 types of human cells. The invention

further gl i%%?m?ﬁc@larff%&%?ﬂé@% oP”cﬁ@??{:&%.b@nWM\@@acﬁ@iﬁé Ro tREHreEeit I us
conprising the"inféection of a“host cell wth a reconbinant virus
invention, in particular of recombinant MVA-BN and its derivatives that the
virus may be used for prime-boost administration. Thus, the invention
15 further relates to a method, wherein the virus, the composition or the
vaccine is administered to an animal, including a human in need thereof, in
therapeutically effective amounts in a first inoculation (“priming

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

20 The invention further concerns a method for introducing a coding sequence
into target cells comprising the infection of the target cells with the virus
according to the present invention. The target cell may be a cell in which the
virus is able to replicate such as CEF or BHK cells or a cell that 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 a peptide, protein
and/or virus comprising the infection of a host cell with a recombinant virus
according to the present invention, followed by the cultivation of the infected
30 host cell under suitable conditions, and further followed by the isolation
and/or enrichment of the peptide and/or protein and/or viruses produced by

said host cell. If it is intended to produce, i.e. amplify the virus according to



according to the present invention, followed by the cultivation of the
infected 30 host cell under suitable conditions, and further foll owed by
t he i sol awoma/o9mmd/ or enri chnent of the peptide and/ or pr @CEFRPORORIMOr

viruses produced by said host cell. 12f it is intended to produce, i.e.
anplify the virus according to WO 03/097844 PCT/ EPO3/ 05046 12 the present
invention the cell has to be a cell in which the virus is able to

ep 1 cal gns e iﬁﬁgggbgﬁ'ﬁﬁ &A1 has tdTod 4 cbA ihMIABHEAe MUY isduisle to

pepti de/ protern enco the virus, preferably a protein/peptide encoded
by a codirgglisseuanseas ORF exBH$sebs. fit ishintendsd torpdliced by the ATI
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t derivati th f, th | | b .cell .that
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encoded pr ot ei ai{gg&%gﬁg% t-ﬁgee%pr}}éggitg'noﬁ \X/HircH'ﬁ%rcdrﬁP@?ﬁbEIQhé@lels i nfected

with thei?&8 o theé resent 1nvention. Short Description of

t he Fisgug%rrﬁst@wo@ ddeResules shefecd, PERCsleatay ba dny ol et adreber esence of
RNA expressed 15 fromthe ATI pronoter in a reconmbi nant WA f“m

i nf ect i onnfeict@ibycel recpsrlinank aifpiseary tiaigaliews theexpression Og tern bl ot
with proteins isolated fromcells infected wth various reconbi nant MWAs.
Fi gure Z/anqgﬁdr@ﬁem%péeﬁéﬁﬁ ons, non- 20 heated proteins; Figure 2 B:
reduci ng conditions, non-heated proteins; C non-reducing conditions, heated
proteins. Lanes 1, 3, 4 are the cell |ysates of cells infected with

MVA- ATl - N$He irAtIGRRuathovetdlates tontelfectfectederits thernégseaecareing todhes 5,

7, 8 are the supernatants of cells infected with MA- ATI-NS1, MWA-G-P and
t he sWperprgsant $eMieEl.l control s, respectively. Lanes 25 2 and 6 have
been left enpty. Exanples 30 The follow ng exanple(s) will further
illustrate the present invention. It wll

Short Description of the Figures

Figure 1: Results of a PCR reaction to detect the presence of RNA expressed
15 from the ATI 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 cell 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



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

03/ 097844 PCT/ EP03/ 05046 13 exanple(s) in no way nmay be interpreted in a
way that wWomBwgsthe applicability of the technol ogy provipd@dkPoyoioke
present invention to this exanple(s).13 Exanple 1. Activity of the cowpox
ATl pronoter in different vaccinia virus 5 strains The aimof this exanple
was to analyze the strength of the cowpox ATl pronoter in different

vacci ni a \éxausple(s)iniso way iy oslister orstedna Lawpakaflimies eROLep|wasilfiysed
to the GUS (E. coli f3-Gducuronidase) reporter gene for expression

anal ysi s. BHRe(lsaBoleysRISvided hyythegeesentvtventionf kctiid exantpld($)X er ent
vaccinia virus strains and transfected with a plasmd containing the ATI
pronoter fused to the GJUS gene. The anal yzed vaccinia 15 virus strains

conpri sed ERénpleone@paty loE'tﬁbrfﬁﬁNp+)ld"@gIWrﬁ6fbrr@Faff’(@t‘e{i‘ﬁq’c?clxg@h'g\ll\iruéf

the pronoter was functional, GUS wou e expressed and coul

quant i i edstbgingn enzymatic reaction. Materials and Equi pnent: - BHK cells
(ECACC No. 84100501) 20 - All vaccinia viruses were used with a titer of
7.5 x 107 TCI D50 per mM - Plasm d pBNX73 (pBluescript + ATl pronoter +

sr) - FCR e o B PREERR psitolnAIre b s e By ek AT ¢ 7°°
prot ease ipronbteprin diff&képtsisidiatieris®rains.

(p-Ntrophenyl -beta-(D)-glucuronide; Sigm, Cat. No. N1627) - Stop
solution 2.5 M (2-am no-2-nethyl -1, 3-propandiol; Sigma, Cat. No. A 9754)

10 Introduction:

The cowpox ATl promoter was fused to the GUS (E. coli B-Glucuronidase)
reporter gene for expression analysis. BHK (baby hamster kidney) cells were
infected with different vaccinia virus strains and transfected with a plasmid
containing the ATI 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)
20 - All vaccinia viruses were used with a titer of 7.5 x 107 TCIDso per m!
- Plasmid pBNX73 (pBluescript + ATl promoter + GUS)
- Effectene transfection kit (Qiagen)
- DMEM cell culture media (Gibco BRL)
- FCS (Gibco BRL)

25 - Lysisbuffer (PBS + 0.1 9% Triton + 1 mM protease inhibitor)
- GUS substrate 1mM (p-Nitrophenyl-beta-(D)-glucuronide; S igma, Cat.
No. N1627)
- Stop solution 2.5 M (2-amino-2-mefhyl-1,3-propandiol; Sigm a, Cat. |
No. A 9754)
30

Method:



30 Method: WO 03/097844 PCT/ EP0O3/05046 14 Seeding of cells 5 x 105 BHK
cells were seeded per transfection reaction in a well of a 6-well- plate
and mai ntwprad9ism DVEM 10%-CS over night at 37C and 5% COPCT/EP03/05046
Infection/transfection 5 Cells were ifected with the different vaccinia
virus strains (MJ 0.1) in 0.5 m DVEM 10% FCS per well and incubated for
1 h at roomtenperature on a shaker. Transfection was perfornmed as

descri bed geedihg ofeHUsact urers protocol. 2 lag plasnmd were diluted in
buffer EB (100 pl total volune). After addition of 3.2 pl enhancer

sol uti on the 166IBiKare!sagerd seeden per tirarsdeetdon sedatiorsimanwelaof edomell-

tenperature., Then 10 pl. Ef fec r S added, ensi s m xed
and i ncub&§ 3% ni@”E@'ﬁ‘.eddP W@iﬂfﬁw}/@ mﬂ%& a’f\fﬁ’g@eas‘% on was
renoved fromthe cells and 1.6 nl DVEM 10%-CS were added. 0.6 ml

DMVEM 10%-GSratBidh /arsiedebfiohne DNA Effectene m xture and dropped on the
cells while rotating the culture plate. Cells were 15 then incubated for

48 houis. ddaisugetd Medfed WRHCEId Giffdpdhivacasia APy etkainomvesld. ) and 9. 5
of Lysis buffer was added. After shaking 15 mn. at RT, cells Wwere scraped

in the LysnsDMENELQ% FE&Ssper wed drod iubmtedSondl b ehacodontaraperatnde wor t exed

vigorously. Lysed_cells were centrjfuged for 1 mn. 500 ref Jand 4C, the
cl ear supér skt ThRRsTeFHABIERS 98”!106 d g% Q@ﬁcﬁ}{;’nﬁa '%\gge@ap%ﬁﬂc&%'re-rﬁoc unti |

use. Determ ({0 Vi | I = i t of
b2 Dot SufbEfidio2 RSB} LR piler S (RSP TOREPLE At
and i ncubaigfitiah of A2Yitdrihamceeldodticotiossolrion dexahdieedandanmliesteder e
then placed on ice imediately and 0.4 ml stop solution '

10 for 5 min. at room temperature. Then 10 pl Effectene reagen was added,
suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the cells and 1.6 ml DMEM/10%FCS
were added. 0.6 ml DMEM/10%FCS were added to the DNA Effectene
mixture and dropped on the cells while rotating the culture plate. Cells were

15 then incubated for 48 hours.

Harvesting of the cells

Medium was removed from cells and 0.5 ml of Lysis buffer was added. After

shaking 15 min. at RT, cells were scraped in the Lysis buffer, transferred to
20 a 1.5 ml reaction tube and vortexed vigorously. Lysed cells were centrifuged

for 1 min. 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

10 pl of cell extract (= protein out of 2 x 10* cells) was added to 1 ml pre-Warmed
25  substrate solution (37°C) and incubated at 37°C until a yellow colour was
developed. Samples were then placed on ice immediately and 0.4 ml 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
substrate solution was used as reference and a cell extract of uninfected cells was

30 used as negative control.



was added. The extinction at 415 nmwas determ ned and equated with the GUS
activity as extinction values between 0.05 and 2.0 are in a linear range.
The subswpat®Isaed uti on was used as reference and a cel|l @exTERI/0OH6
uninfected cells was 30 used as negatsive control. WD 03/097844 ,

PCT/ EPO3/ 05046 15 Results The quantification of the GUS activity
expressed fromthe ATl pronoter- GUS gene construct in BHK cells infected
with the Retlksent vaccinia virus strains gave the followng results: 5

Urans eat Shewiuantaiotiah ohHis A sal ity explesse/mom See Ak peamaen GUSs
ELFS; reggi (Z)ﬁgr% c]pHQtrJuc:E(?n thf‘ef”'g ﬁfe%gééﬁw@h %W@Yew chthia L8aitrs

oreign genes inser enone and regul at ed by the

Cowpox ATkape ¢hetieliowHg ddwiled:m of this exanple was to dermnstrate t hat the
ATl pronoter is capable to regulate and to express genes when inserted in
t he gehome of MA. 15 Introduction: The cowpox ATl pronoter was fused to

the non- sy e S S dSog 1o GUS activity
infection of BHK cells transfected
with pBNX73
(uninfected cells) 0
CVA 1.30
Copenhagen 1.86
Elstree 2.07
[HD 1.30
Western Reserve 0.96
MVA-BN 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 to demonstrate that the ATl promoter is
capable to regulate and to express genes when inserted in the genome of
MVA.

15  Introduction:

The cowpox ATl promoter was fused to the non-structural (NS) 1 gene of
Dengue virus. This expression cassette was inserted into a recombination
vector comprising sequences homologous to the MVA genome. In the
resulting recombination plasmid the expression cassette was flanked by

20 sequences homologous to the sequences in the MVA genome in which the
expression cassette was to be inserted. CEF cells were infected with MVA-BN

and transfected with the recombination vector comprising the ATI-promoter



Dengue virus. This expression cassette was inserted into a reconbi nation
vector conprising sequences honol ogous to the MVA genone. In the resulting
reconbi nawoDen/opisasm d t he expressi on cassette was fl ankedPoy/EPO3/6@guences
honol ogous to the sequences in the MM genone in which the expression
cassette was to be inserted. CEF cells were infected with WA-BN and
transfected with the reconbinati on vector conprising the ATI-pronoter WO

03/ 097844NBET4EPA3410p0d s selte, th@%lgﬂﬁrﬁﬂl@%@e{@c@mbmahbﬁ s&luréed

honol ogous reconbi nati on occurred between the MVA genone and the
r econbi nabétweqr HsnViVA gsnbmengniliiha rec@mtxmah@lﬁmlmml@éﬁﬁiﬁﬁn%ﬂt%r sever al

ds of f t h
Fecomi nafEOMAnAES Niprariae sARED SETarel Ry SEUEr ATy el
experi nmen i NBITC rg;@ﬁi H
pol yt ope %ﬁ%g%?ﬁ@ﬁ%@% F(N?f?)tr b%AQQHqgégﬁg?'g}tﬂﬁggu nse?ltagd I nF ggetd;e WA

genomes anfioht th@d Tagrbmdtest deah&l@hev(pemhwmilarpe)qmmeron sassetttere in WA

and expresses the H'V pol ytope. 1o Materi al s and Equ rrent
cel | s BabGOM@mtsing aksefiHeceeNeoqingra Hi podrtoprsstx ea@OWtﬁ%'pﬁuﬂ%péléﬁE

Col | ection_of |mal 0/ m .
15 - pl asprmiﬂﬂ 7%%&8@%?&&“%%&'%%@?5&5@& rs]teg\'@én a?%(rgé%%glwﬁg@

HI V-pol yt ﬂRﬁAtFP%%n"Fd’é@r FOREN 08 P\ aﬁ@'e@r@ﬁ@éﬁfh@ﬂW@ﬁ%p@OW“ ses the
codi ng sequence for the Denguevirus NS1 protein under the control of the

ATl promoter. In addition to the expression cassettes conprising the
Denguevi rus codi ng sequence and H V pol ytope codi ng sequence, 20

respectiv , both plasm ds conprise a G418 resistance gene and a gene
ggd:l\glé(l)f gﬁiﬁé—@?—é@ﬁ—&—w tthe|aex nt protein as nmarker genes. The marker genes
> pritiary BEESSelllon cassettes for Denguevirus NS1 and the HV
. Baby hamster kidney cells (BHK; deposit 85011433 at the European
Collection of Animal Cell Cultures)
- MVA-BN with a titre of 108 TCIDso/ml.

15 - plasmid pBN74 and pBN84: pBN74 comprises a sequence encoding an
HIV-polytope under the control of an ATI 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 to 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)



pol yt ope, respectively, are flanked by MVA sequences that are h

to the region of the MVA genome in which the ﬂeterol ogous genesog?laogguze
25 insertwo.o3@fsect ene transfection kit (Qagen) VP-SFM @elrlEPosbous e nedi a
(G bco BRL) RNeasy RNA isol ation kitl7(Q agen) DNAse, RNAse free (Roche)
30 - MWV Reverse transcriptase (Pronega) Taq DNA pol ynerase (Roche) WO
03/ 097844 PCT/ EP03/ 05046 17 RNAse inhibitor RNAsin (Pronmega) The
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0BN465 ggtctga tccatcccgtac (21 nucl eotides), used for the reverse
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equences anki ng the expression cassettes in pBN74 or pBN84 on the one
si de- andfariieCRonol ogous target sequences wi thin the M/A genone on 15 the
other side. This is achieved by transfecting the linearized plasmd pBN74
or pBN84 into chicken enbryo fibroblast (CEF) cells previously infected

with MA ltiplici [ [ i fi
hba\é/rm iplicity of infection. Mdrre specifically, CEF cells
wer e seeygéc}—rn“G-V\ell-pl ates and mai ntai ned in VP-SFM qver %i ght at 37C

and 5% OpftegFhtiondhts MigA GeéndmethydHamalogoms Beqantbinatipnin 0.5 i VP

10 The above described plasmids pBN74 or pBN84.-were used to integrate a
HIV polytope coding sequence and the dengue NS1 expression cassette,
respectively, into the MVA genome by homologous recombination between
MVA sequences flanking the expression cassettes in pBN74 or pBN84 on the
one side-and the homologous target sequences within the MVA genome on

15 the other side. This is achieved by transfecting the linearized plasmid

. pBN74 or pBN84 into chicken embryo fibroblast (CEF) cells previously

infected with MVA at low multiplicity of infection. More specifically, CEF cells
were seeded in 6-well-plates and maintained in VP-SFM over night at 37°C
and 5% CO,. The cells were infected with MVA-BN (MOl 1.0) in 0.5 ml VP-

20 SFM per well and incubated for 1 h at room temperature on a shaker.
Transfection of the cells either with pBN74 or pBN84 was performed as
described in the manufacturer protocol. 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

25  MVA (rMVA).

Selection of recombinant MVA (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
30 fibroblast (CEF) cells at a low MOl in the presence of G418 (amount of G418

has to be optimized to determine the highest dose that dose not kill the CEF

cells). Any virus that does not contain an integrated NPT i gene will not



20 SFM per well and incubated for 1 h at roomtenperature on a shaker.
Transfection of the cells either with pBN74 or pBN84 was perfornmed as
descri bedwpDr3pdms44ranuf act urer protocol. At 48 hours post ipefr@Pns/esn4©r when
the infection had reached confluency 8 viral extract is prepared and stored
at -20C ready for selection and clone purification of desired reconbi nant
25 MWA (rMWA). Selection of reconbi nant WA (r WA) and Cl one Purification
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si nce §hengEFossigesdueltb the expréssionsdfaheardrancedniu@giscent greerspedteir.hey
will not be affected by the action of &418. CEF cells infected with r WAs
can be visualized under a fluorescence 5 microscope due to the expression

of the enhanced.f| uor [ I Qt ei Vi ral ract ]
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fresh CEFag@lde iidsed Be imeesareR OFF G418.in The prebestedr Gdald. ST imfevted! ai d
with lownelting point agarose. After 2 days of infection, 1o the plates
are obser vells and@vedaid wotle savemnelting psicd pgat ose shftgl 8 daysi ofonfeajiassn

infected cells. These cells are marked and arose plugs contalnin t he
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- 15 20C. iAbenfeetadriodiagitcdélang dkehhend pieyedeithtddngual NS1 expr essi on

cassette o _ . _ ,
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 NS1 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 Isolation of Total
RNA from Animal Cells). A DNAse digestion reaction was performed by

25 adding 3 ul DNAse RNase free (= 30U; Roche), 3 pl 10 x buffer A (usually
used for restrictions, Roche) to 5 yg RNA in a volume of 30 ul 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
transcription 2 ug RNA were mixed with 1 ug primer oBN465 for reverse

30 transcription and the total volume was adjusted to 10 pl by adding water. It

was incubated for 5~ at 70°C and the tube was transferred to ice. Then 5 ul 5



described in this invention was ternmed MA-ATI-NS1. 20 Detection of RNA
expressed fromthe ATI-pronoter in reconbinant MVA For the detection of
RNA expr ewoad/of8em t he ATl -pronoter in cells infected w PaTiHPE3/NWeONDI nant
MVA, RNA extraction was performed as Wescribed in the manufacturers
protocol (Rneasy Mni Protocol for the Isolation of Total RNA from Ani nal
Cells). A DNAse digestion reaction was perfornmed by 25 adding 3 pl DNAse

RNase fregp(fep0b, ml&:the)l\mx?(lm 9, 8.3uf Reasiy, (uguRl-MLY RFg@00Y) and

restrictions, R‘oche) to pg RNA in a vol une of 30 pl adjusted with water.
The m xt uR& a® wamwadded et treomigiure m@s mba‘tﬁd\méG@m 42€d by using
Rneasy colums according to the manufacturer's protocol. For reverse
transcription 2 lag RNA were mi xed vvlth 1 fag priner oBN465 for reverse 30

transcri prPﬂnaeft?‘ggFi Fgm‘(%ltl L‘Slﬂj”%f %é%tt% was Hixeld Withaselungl eat er .

It was incu OC and was transferred to ice. Then 5
pl 5 WO 05/;.0978@4< E’foéEPD&A AP, ZLBI m‘ @akﬁhi erimer pBl\b%I?PaNdeQN®6él\@10 0.5
pl Rnasin, M M.V RT WOU) and 2.5 H20 wer e @j and th mxture was
i ncubat edUWBra'Ebldﬂ TeprpebimetasepdRedAA Wag a1 fqul%s Mifact i on

ori mor - oBRAGISIN R PeRuEa “@;}fff“%ané ‘ye%e%i & The DA was

anplifi edeie@tr%ﬁ)hcdf@kl% (1 mn extension, annealing tenperature 55 C) and
anal yzed by gel electrophoresis. 1o Det ecti on of Denguevirus NSI protein
expressed in cells infected with MA-ATI-NS1 A 25 cn flask with about 80%

confl uent noI a er of BHK | at e ith 100] - ATl - NS1
vi rus 18t 0P ﬁ?tI'% o %Wﬂ)‘?‘cﬁe ﬁjERféostell %F%as i gﬁdgfe&égéav'\(gﬁ room
t enper atuivﬂ”(‘ T:ﬁqﬁf nutes. 5 mM of MEMa with 3%CS were added to each

flask and i ncubated at 30C in a C02 incubator. The fl ask was harvested
after 48 hours. The supernatant was

A 25 cm? flask with about 80% confluent monolayers of BHK celis was
inoculated with 100u! of MVA-ATI-NS1 virus stock diluted to 1x107 in MEMa

15 with 19%FCS and rocked at room temperature for 30 minutes. 5 ml of MEMa
with 39%FCS were added to each flask and incubated at 30°C in a CO;
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 1ml of hypotonic
douncing buffer with 19%TX100. The cell lysates were harvested and spun for
5 minutes at 16,000g and the supernatants were stored in a -

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-
reducing or reducing sample buffer either under non-heated or heated

30 conditions. The proteins were separated on 10% SDS PAGE and transferred
to nitrocellulose membranes. The blots were probed overnight with pooled

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



removed fromthe flask and spun at 260g for 10 m nutes at 4C. The
supernatants were stored in aliquots at -80C. The pellet was washed two 20
times wi twodsmd7saf 1x PBS and then resuspended in 1m of REPEHPOINID46
douncing buffer with 1%X100. The cel20 | ysates were harvested and spun for
5 mnutes at 16,000g and the supernatants were stored in a

m crocentrifuges tube at -80C. 25 Flasks inoculated with control viruses

and uni nff?&ﬁf“‘? q&y@%iﬁgﬁgﬁf tih, 4t" BF0RAd N80 s AR eraa shFngl Ssiridsedlitabove.

The cell/vira the supernatant were treated in either a non-
reduci ng DX FRSItieé hdolsawpteirmuifaded avitthantivmdermigh-hetgeethdishheat ed 30

conditions. The proteins were seg rated on 10% SDS PAGE %iﬁtra ferred to
ni t rocel | R@TExtdarendT RRLEDARRR T8I st ROWS &L ISR LEMRALA r&n% rtttl?eB%Bf%d sera

from conval es t ( I 18 i red WO
031 007844 PE ER0S CrodE o ST Phiars s SRl WA TAROBA BeiEh (HBEST

di | utipn. n ARy, YRS headItS avé BBB WS inhfigdpé PBS the bl ots were incubated with
anti - human 1gG horse radi sh peroxidase (HRP) (DAKO) for 2 hours at room

tenperature. After the blots were washed as described before the col our
was devel Rpeditgsing 4 chloro-1 5 napthol. The results are shown in figure
2. Results The NS1 gene as well as the HV pol ytope were shown to be

expr esSedTthkﬁkﬂeraesgwbﬁteagﬁr@'gygo%gpg?wﬂl sHERTRS e éireesed livheiihe

correspondi ng was C cta More particularly, the expected
si gnalp of rifatenl BRshe C@mpoy Adépeotratibe (Figtiee IRTT REROGIeSHOACHRNAMBRNAI e
et Oct abi Wag R gt Aeicetabie.Yore REFuF degya thaeBepiscl SEDa o SR8 DR ARed by
o s LTSRN PRSIk e SRSl (HACE S bmings |
PCR produgie W86t PO ofl, hbesignal 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 control (water).
Figure 1, lanes 1 and 6 are a molecular weight marker (100bp ladder).
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-
NS1 is antigenic and is recognized by the pooled convalescent patients’
sera.

30 .
In conclusion, the experiments have shown that NS1 is expressed in the
right conformation in the BHK cells infected with MVA-ATI-NS1. Both the
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This sheet was received with the international application fl This sheet
was receivedby the International Bureau on: Authorized officer Authorized
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Clains: 1. Reconbi nant Mdified vacci?¥ a virus Ankara (MA) conprising in
the viral genone an expression cassette conprising the cowox ATI 5
pronoter or a derivative thereof and a codi ng sequence, wherein the

expr essi OQ%'%TW he codi ng sequence is regulated by said pronoter. 2.
Reconbi nan “according to claim1, wherein the ATI pronoter has the
sequence of SEQ ID: No. 1 10 3. Reconbi nant MVA according to claim 1,
wherein the derivative of the ATI pronoter is selected from (i)
subsequences lofRetmmbammndediftxbracaigia drSEANKBra KMVA) camprisihg ir Jhe
sequences havi ﬁg?agne or_nore nuclettide sgbsti tutj ons del etio and/ or

insertions wt HEWME Gt FEP'SegirEnsse T@c%?wpﬁﬁlm%*@%eomox 11 or with
respects 10 @ SURATIRIGS 4 BRrRative BRI PRI daRPIEIHEREE SwABLLIRALC

ces,
respectively, active as pronoter i econbi nant MWA

accordi ng to argmnessibnadfaihescdding sequeheeds negMAted dyssdidqiremndtcem strain
MWA- BN deposited at the European Collection of Cell Cultures (ECACC) under
nunber V00083008 or a derivative 25 thereof and strain MVA 575 deposited

e e 2 Bt MR Eeordind TS QIR 2 MR AHAS] PrborhBiese ©f
the sequence of SEQ ID: No. 1
10
3. Recombinant MVA according to claim 1, wherein the derivative of the
ATI promoter is selected from
() subsequences of the sequence according to SEQ ID: No. 1
and
15 (i)  sequences having one or more nucledtide substitutions,
deletions and/or insertions with respect to the sequence
according to SEQ ID: No. 1 or with respect to a subsequence
thereof,
wherein said subsequences and sequences, respectively, are still

20 active as promoter in MVA.

4. Recombinant MVA according to anyone of claims 1 to 3, wherein MVA
is selected from strain MVA-BN deposited at the European Collection
of Cell Cultures (ECACC) under number VOO083008 or a derivative

25 thereof and strain MVA 575 deposited under number V00120707 at
ECACC.

5. Recombinant MVA according to anyone of claims 1 to 4, wherein the
expression cassette is inserted in a naturally occurring deletion site of
30 the MVA genome with respect to the genome of the vaccinia virus

strain Copenhagen or in an intergenic region of the MVA genome.



expression cassette is inserted in a naturally occurring deletion site of
30 the MVA genone with respect to the genone of the vaccinia virus strain
Copenhagewoams/09p1846an i nt ergeni ¢ regi on of the MVA genone. WOTEPODENS4

PCT/ EPO3/ 05046 26 6. Reconbi nant MVA6accordi ng to anyone of clainms 1 to 5,
wherein the coding sequence codes for |east one antigen, antigenic
epitope, and/or a therapeutic conpound. 5 7. Reconbi nant MVA according to

anyone of cl & MRedohibifaAt MAAE LSS dfihg tBRHYOREES ¢l ﬁ‘nﬁ/yaﬁ?'snﬁ/h%"rein the
pharmaceutical conposition conprising-a reconbi nan? A actording to
anyone of cl ai msodingsé&qudiicedcodsefaf|ehbione cotigengrintidéAiaepRbgdeng to
anyone of clains é to g for the preparation of a vaccine or nedi canent.
10. Method for PRE/BHANREPREWHIFAERMHtence into target cells 15
conprising the infection of the target cells with the virus according to
anyone of clains 1 to 6. 11. Method for producing a peptide, protein and/or
virus gonpri’i RgcathiEhahhVBRA hesorfing tbeslyode! df dbihs tihe E'afs%a&ﬁﬁﬁ?bﬁj' ng
to anyone of «clainms 1 to 6, b) cultivation of the infected host cell under
sui tabl e condit MafYcam@md. c) isol ation and/ or enrichnent of the peptide
and/or protein 25 and/or viruses produced by said host cell. 12. Method
for affecting, preferably inducing an i mmunol ogi cal response in a living
ani mal body igc ki |1 M) [ i cordi ng
T none Y E%‘h\e/blging}i%n(zr [?H?ﬁfﬂg@%ﬁc%éﬁlédd}ﬁpo@ﬂmrpbéﬁﬁﬁlﬁﬁgtah%c\ﬁh%'iﬁaﬁ?

MVA according to anyone of claims 1 to 6.

10

9. Use of the recombinant MVA according to anyone of claims 1 to 6 for
the preparation of a vaccine or medicament.

10. Method for introducing a coding sequence into target cells

15 comprising the infection of the target cells with the virus according to
anyone of claims 1 to 6.
11. Method for producing a peptide, protein and/or virus
comprising
20 a) infection of a host cell with the virus according to anyone of
claims 1 to 6,
b) cultivation of the infected host cell under suitable conditions,
and
C) isolation and/or enrichment of the peptide and/or protein
25 and/or viruses produced by said host cell.

12. Method for affecting, preferably inducing an immunological
response in a living animal body including a human comprising
administering the virus according to-anyone of the claims 1 to 6 or the

30 composition or vaccine according to claim 8 to the animal or human

to be treated.



30 conposition or vaccine according to claim8 to the animal or human to
be treated. WD 03/097844 PCT/ EP03/05046 27 13. Method according to claim
12 conpriwprig/optses adm ni stration of at |east 102 TCl D50 @CrePoazovwé t ure

i nfectious dose) of the virus. 14. Ma’Thod according to anyone of clains 12
or 13 or use 5 according to claim9, wherein the virus, the conposition or
the vaccine is admnistered in therapeutically effective anounts in a

(*boost 1 ng. | Aekur at | URihEd HcbPafE & L) 180k R & RESOR BelRBR s b Rept o
any of clains latleaét 108 TRIER, ¢lisélie cORWPOINfALODE }BRES Of he &irdR! | vati ve

thereof as defined in anyone of clains 2 to 3 for the expression of coding
sequences in MA. 15 17. Method for the production of a reconbi nant MWA

according to, anyone,0f, clains 1,.to0 conprising the st of inserting an
expr essi on é”ssetteMiem%dtﬂgcﬁréjdage?%f a%nezﬁg cfims’ ¥ %or ' 13%0r' Ude
5 according to claim 9, wherein the virus, the composition or the
vaccine is administered in therapeutically effective amounts in a first
inoculation (“priming inoculation”) and in a second inoculation

("boosting inoculation”).
10 15. A cell containing the virus according to any of claims 1 to 6.

16. Use of the cowpox ATl promoter or a derivative thereof as’
defined in anyone of claims 2 to 3 for the expression of coding
sequences in MVA.

15

17. Method for the production of a recombinant MVA according to
anyone of claims 1 to 6 comprising the step of inserting an expression
cassette into the genome of MVA.

20



