r WD 2005/ 0-54484 PCT/ EP2004/ 012125 Pronoter's for Expression in Mdified
Vaccinia Virus Ankara 5 The invention concerns pronoters, in particular for
t he expression of genes and/or coding sequences in vaccinia viruses such
as Modified vaccinia virus Ankara (MVA). The invention further concerns
expression cassettes conprising said pronoter, vectors conprising said
expressi opocassrisies as well as pharnmaceutical copppsi-hi@Rs.and vacci nes.
10 Background of the invention Reconbi nant poxviruses are wi dely used to
express foreign antigens.in infected cells. Mreover, reconbinant
poxviruses are currently tested as very 15 prom sing vaccines to induce an

i mune responser@gdaiensior tthgrdsarcdl g antib9&R cexpl esseankdam t he poxvirus
vector. Mst popular are avi poxviruses on the one side and vaccinia

viruses, in particular Mdified vaccinia virus Ankara (MVA) on the other
side, MVAis related to vaccinia virus, a nenber of the genera
Orthopoxvirus in the famly of Poxviridae. MVA has been 20 generated by 516

serials pdhsagestiom comisehkep oenibémépsrf;bzi:rlno@llaasct:sth@fnxp;r@esiAnbarganeﬁ rain of
vaccinia virus (CVA) (for review see Mayr , et al. Infection 3, 6-14

[1975]) . 2RS4 e B S ot Vitiee VB 1@@%’&%@@%@%@8~é§m ting WA
virus deheted ehoyt rlnkieRases.ofokt s aanpmsn seauanse and, therefore,

was descri-be hi ghl'y host ce restricted to avian cells (Meyer, H et
al ., J. Gnhprigbgwviardopromoger, 1@3@31@13@3;{51@@@1;{ exptesn@s cshesines am a vari ety of

ani mal I hat the resulti significantly avirulent (Myr, A
& Danner, gﬁagﬂjgfél?@fceuﬁéé) cogxpézlsmo%tsgrq@ vaarime§25 34). Additionally, this MA

straim has been tested in clinical trials as vaccine to i nmunize agai nst
t he hurran smal | pox di sease (Mayr et al., Zbl. Bakt. Hyg. I, Abt. Og. B
167, 37539 puRy] thegpyaikionet al ., 30 Dtsch. med. Wschr. 99, 2386-2392

[1974]) WD 2005/ 051484 PCT/ EP2004/ 012125 2

Recombinant poxviruses are widely used to express foreign antigens in
infected cells. Moreover, recombinant poxviruses are currently tested as very
15 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, in parﬂcuiarﬁﬂocﬂﬁed vaccinia virus
Ankara (MVA) on the other side. MVA is related to vaccinia virus, a member
of the genera Orthopoxvirus in the family of Poxviridae. MVA has been
20 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
[1975]). As a consequence of these long-term passages the resulting MVA
virus deleted about 31 kilobases of its genomic sequence and, therefore, was
described as highly host cell restricted to avian cells (Meyer, H. et al., J. Gen.
25 Virol. 72, 1031-1038 [1991]). It was shown, in a variety of animal models that
the resulting MVA was significantly avirulent (Mayr, A. & Danner, K. [1978]
Dev. Biol. Stand. 41: 225-34). Additionally, this MVA strain has been tested in
clinical trials as vaccine to immunize against the human smallpox disease
(Mayr et al., Zbl. Bakt. Hyg. |, Abt. Org. B 167, 375-390 [1987], Stickl et al.,
30 Dtsch. med. Wschr. 99, 2386-2392 [1974)).



US 5, 736, 368 and US 6, 051, 410 di scl ose reconbi nant vaccinia virus strain
Weth that expresses H V antigens and proteins. US 5,747,324 discloses a
reconbi nant vaccinia virus strain NYCBH expressing lentivirus genes. EP O
243 029 di scl oses a reconbi nant vaccinia virus strain Western Reserve 5
expressing human retrovirus genes. WO 02/ 4-2480 discloses particularly
saf e andWVattlefuvated MVA strains. Reconbi nant WA ar@/wke@ebosed inter aria
in WO 98/ 13500 and WO 03/048184. Forz2the expression of heterol ogous genes
in pox viruses only a few pronoters in are known to the person skilled in
the art, '$ubh3Hs368end0K aid 14010 dpranetersnibseet e@iniAGirbs 4%i824), a

10045 IIBHEAET Rt B ETE B 88 T M in8h Biodiesa Y7o

Virol. (188mbifidnt @&%m?@swu@@gatrhm@ﬁpwgferssﬁh%flbw%s‘_‘geﬁggEQg gEoDox virus

A-type inclusion (ATlI) gene (Li et al., Ge ) 79, 613).

Al of tRrESDHT disstosesahasenbeent vasinia mirvecbabi Wasiern Gasovei a vi ruses to
express heterolo ‘ express _sai enes resulting
Tt he pradaett o DR E e LB R ey S GRS e BTt "Gene: S nee
only a fewepnohdtenstat ¥Vavaidiablredbamithie vexpreastien:@inigengs in vaccinia
Vi rus expressi te here is general 20 need for alternative pronoters
i n vacci g@/?%ﬁ@ @‘{EQ}&SW%@ ‘| of the pronoters known so far are
rather strong late pronoters, i.e. useful for the expression of genes

after the replication of the vaccinia virus vector has occurred. For sone
appl i cat Fenthetexpsedasi afdtste ol azohaeenpy onoixerisiak|oow névi beomedps essi on of

genes, i i ly after the .jinfection of the cells, i.e. there is a 25 need
for \s}%c%ﬂg@ﬁ@&%@&ﬂ%ﬁﬁ%@ @@.e af(forg_% éﬁs,tﬁﬁéof*)(‘&lrﬁt‘g%out above, MA is
a very poemsieng(sekeys JOB, 147832 £X Br-e&siofinaiethelph 0kbogpusgenes due to its

i nproved safety profile. However, all pronoters known so far for the
expr essi (GRS 68 ety 61 8goVacane GeHEs 1i2n LIWA 4y Ehede? Pyadniateniseeher vacci ni a

Vitus. g Fhey 3 S o R TReg o o ot S TR B B e ™
expr essiformithe Mpox virus A-type inclusion (ATI) gene (Li et al., J. Gen. Virol.

15 (1998) 79, 613). All of these promoters have been used in recombinant
vaccinia viruseé to express heterologous genes and were shown to express
said genes resulting in the production of the protein encoded by the
heterologous gene. Since only a few promoters are available for the
expression of genes in vaccinia virus expression systems there is general

20 need for alternative promoters in vaccinia viruses. In addition, all of the
promoters known so far are rather strong late promoters, i.e. useful for the
expression of genes after the replication of the vaccinia virus vector has
occurred. For some application it is desirable to have promoters allowing the
expression of genes immediately after the infection of the cells, i.e. there is a

25 need for vaccinia virus early promoters.

Moreover, as pointed out above, MVA is a very promising virus for the
expression of heterologous genes due to its improved safety profile.
However, all promoters known so far for the expression of heterologous
30 genes in MVA were derived from other vaccinia viruses or are synthetic
promoters for the expression in other vaccinia virus. Thus, there is also a

need for promoters optimized for the expression in MVA.



WO 2005/ 054484 PCT/ EP2004/ 012125 3 Detailed description of the invention
The i nvention concerns pronoters derived fromthe genone of Mdified
vaccinia virus Ankara (MVA). MA pronpters were not yet known in the art.
J In particular the invention concerns a pronoter conprising or consisting
of a nucleotide sequence selected fromthe group conprising : (i) the

nucl eot i epnce of anyone of the follow ng SE ) NOY to 6: io

5" TCTGCA%PAZ?@%%%%CGTAATTGGAAAAATAGTGTTCGAGTGAGTT%K%‘]%%‘)‘l otk
GTGAGTATTGGATTGTATATTTTATTTTATATTTTATATTTTGTAGTAAGAATAGAA

TGCTAAT TATT TAGATGTCTTATTAAAAAACATATATAATAAATA  ACA 3- (SEQ I D
NO 1) 15 f%’f%‘i%«lﬂm%%&%@ VAT RTAACTATTATTTTATAGT TGTAATAAAAAGGGA
AATTTGATTGTATACTTTCGGTTCTTTAAAAGAAACTGACTTGATAAAA 3" (SEQ I D NO 2)

5' GCATTTCATCTTTCTCCAATACTAATTCAAATTGTTAAATAAATAATGGATAGTA 20
TAAATAGT TAE TAGTGAT ARART ASTANRAKT AATTT T AGARATARBAGTETAGTHfied

CATAGAT. : ‘ 2 3 , : !
T A A CESTACAE SR ek pePyeigapn in the art.
TATTATACGCATAAATAGTAAAAAATATGTITAGGTTTACAAAA 37 (SEQ ID NO 4) 25

5" GGTAAACTTTAAGACATGIGTGITATACTAAGATGGTTGGECTTATTCCATAGTA .

GCTTGT PHERT RAACT NP BRATACTARARTT ACTRGSEART R STAAAGRGRSIsting of a

AAAAAGT ANATTEAGA AT, SN O g%T%%éé%T 3(SEQ ID NO 5) 30 5"
ATTTCT CGGT AGCACAT / TGATGITACCACTTTTCT AGCA_ AACTTG

ACTAAATATT GATAACTANETENTATTAANTGATACAANADEAMAEARZACT GCATAIOD 2005/ 0- 54484
PCT/ EP2004/ 012125

10 5 TCTGCAATATTGTTATCGTAATTGGAAAAATAGTGTTCGAGTGAGTTGGATTAT
GTGAGTATTGGATTGTATATTTTATTTTATATTTTATATTTTGTAGTAAGAATAGAA
TGCTAATGTCAAGTTTATTCCAATAGATGTCTTATTAAAAAACATATATAATAAATA
ACA 3(SEQ ID NO:1)

5'GATAAAAATTTAAAGTGTAAATATAACTATTATTTTATAGTTGTAATAAAAAGGGA
AATTTGATTGTATACTTTCGGTTCTTTAAAAGAAACTGACTTGATAAAA 37 (SEQ
D NO: 2)

Jus
o

S'GCATTTCATCTTTCTCCAATACTAATTCAAATTGTTAAATAAATAATGGATAGTA
20 TAAATAGTTATTAGTGATAAAATAGTAAAAATAATTATTAGAATAAGAGTGTAGTAT
CATAGATAACTCTCTTCTATAAAA 37 (SEQ ID NO: 3)

5'GATCTATAAAGGTAGACCTAATCGTCTCGGATGACCATATATTTATTTTCAGTTT
TATTATACGCATAAATAGTAAAAAATATGTTAGGTTTACAAAA 37 (SEQ 1D NO: 4)

5 GGTAAACTTTAAGACATGTGTGTTATACTAAGATGGTTGGCTTATTCCATAGTA
GCTTGTGGAATTTATAAACTTATGATAGTAAAACTAGTACCCAATATGTAAAGATG
AAAAAGTAAATTACTATTAACGCCGTCGGTATTCGTTCATCCATTCAGTT 37(SEQ
1D NO: 5)

30
S’ATTTCTCGGTAGCACATCAAATGATGTTACCACTTTTCTTAGCATGCTTAACTTG
ACTAAATATTCATAACTAATTTTTATTAATGATACAAARACGAAATAAAACTGCATA

$



4 TT. . ATACACTGGTTAACGCCCTTATAGGCTCTAACCATTTTCAAG 3' (SEQ ID NGO 6) (ii)
subsequences of the sequence according to anyone of SEQID: No. 1 to 6 5
(iii) sequences having one or nore nucl eotide substitutions, deletions
and/or insertions with respect to the sequences as defined in (i) or (ii).
SEQIDNO 1to 6 are naturally part of the MVA genone and are |ocated 10
upst r eanwohokshmsgzeadi ng frames A4A2R, J6R, F6R, 12RcrEfhocandi:BOR
respectively. The pronoters according to the present invention are
preferably active as vaccinia virus pronoters or active as pronoters in

vacci ni aijﬁ\m@A@n@@mtﬁmG@écm&_&ﬂ&seéﬁ@r%@ﬁ@;&ﬂﬁcﬁ}m@ dsgoppeterably MA, - in
particul ar one of the MVA strains as specified below. ™Active as vaccinia

Vi rus prBther" nmeans that the pronoter is able to direct the expression
of a gene to which it is operably linked in a vaccinia virus after
infection of cells with said virus. The cells are preferably cells that

al | ow | afig sahedmrenees b‘Mh@Xﬁ@UQSﬁdeOJtc@fdihQ%\éa?@ierkbfaSEQrIQS No. 2G0"@A pronot er
active in vaccinia virus infected cells” includes also the situation in

whi ch”t he pronoter is not part of a vaccinia virus genone, e.g. part of a
pllasm d @) BqNeACKARKHTY he/bl M8 hiAbo@EN AWt FUGH @ oSk Lyation  the
pronoter according to the present Invention Is active it the cell
conpr i si'AgetRes prionsseectdbsbe cemprricsessaeliaetimiipoviinus genome, e.g. if the
25 cell is infected with a vaccinia virus. Under these circunstances the
viral RNA pol ynerase recogni zes the pronoter according to the present

i nvent i &FEQ &ndlC:hetoeX preesstied)lyofart betrganeh gedbng Seatensetthat is linked to
the pronoter is activated. 3u According to the present invention it is
possi bl &/Hel CaSLOBRG GRTIE aess i Slosh $0ke | 8pavilt elEPR, SEQ 1D NG 1 to
SEQ I D N &+jde promoter that is actually used to direct the expression
of the gene/ coa/i ng sequence nmay WO 2005/ 054484 PCT/ EP2004/ 012125

The promoters according to the present invention are preferably active as
vaccinia virus promoters or active as promoters in vaccinia virus infected

15 cells. The vaccinia virus is preferably MVA, in particular one of the MVA
strains as specified below. “Active as vaccinia virus promoter” means that
the promoter is able to direct the expression of a gene to which it is operably
linked in a vaccinia virus after infection of cells with said virus. The cells are
preferably celfs that allow late and/or early expression of the vaccinia virus.

20 “A promoter active in vaccinia virus infected cells” includes also the
situation in which the promoter is not part of a vaccinia virus genome, e.g.
part of a plasmid or a non-vaccinia virus viral genome; in such a situation
the promoter according to the present invention is active if the cell
comprising the promoter also comprises a vaccinia virus genome, e.g. if the

25 cell is infected with a vaccinia virus. Under these circumstances the viral
RNA polymerase recognizes the promoter according to the present invention
and the expression of the gene/coding sequence that is linked to the

promofter is activated.

20 According to the present invention it is possible to use anyone of the
promoters as specified in SEQ 1D NO: 1 to SEQ ID NO: 6. The promoter that is

actually used to direct the expression of the gene/coding sequence may



5 consist of anyone of SEQID NO 1 to SEQID NGO 6 or the actually used

pr onot er

SEQ I D

to use a derivative of these pronoters,
5 sequences as defined in anyone of SEQ

may be a |arger structure that conprises anyone of SEQID NO | to

NO 6. Alternatively it is within the scope of the present invention

whi ch may be a subsequence of the
IDNO 1 to 6. The term

subseqqgggﬁﬁb/mgjmthe sequences according to anyonﬁlao/&)@@glép NO 1 to 6"

refers
active
vacci ni

nucl eot

nucl eot

A pretort e SULEDYRARIE L P ERRF AT P B B A s orerrea

orter fragments of anyone of SEQ I D

that are still

as a pronoter, in particular as prormter in vaccinia virus or in

i f ect t f bl
Wi Such ast S er e e B P! S0 e RuRINS QOEBr Gk PR ol "subsequence
of anyongoeibtcPERal Be NPh ket At SEQrE BratNOmBishasn@rkength iofnat 1 keast 15

ides, nore preferably of at |east 20 nucleotides, even nore
pr ef er abtfy @rN@c & é&@fthdiZ?)e'miclEe‘@Tthi@é@ somps Of Preatresebliyvengpnae | east 30

subse&quemeermés%&@elﬁ@ecﬂ\lm addng oBEQQL M NO: 180 cPimet esmedsisisbgesuences  and/ or

deri vati
| D NO

of said subs uences of

b T Ren S e SUBLER Jences ot (BB BNGID & A & SBQPB20

9 and SEQ
NO 11 and

SEQ I D NQgrmbats Ehéwy%%%eeﬁgaluqﬂosﬁ% b%mre%ngcﬁ& A g gl MeRy, inn the

exanpl e séection. derivative of the pronoter conpr|S|ng or’ consisting of
a nucled@FW@kNS@QMQﬁﬁé&om\@nwanﬁwuﬁ(SE@WN@MW@Wﬂﬁu@e@ﬁdmﬂéﬁbsequences
artl cular.the . d ve of the oti de sequence of SEQ
sepl G PR RE s O S S e Cenbine b ERIP RS one or more
isgecifabsbiowtA @IP&)&H sdedeefiansogbes of @I NoNs tMSELD Itespect to any
o

t her eof
| D NGO
nucl got
one of

t he sequences

ID NO 1 to 6 or subsequences thereof, in

parti cul& 6dr2 g ﬁéewsﬂbp%@ﬁlﬁ@fé KeadpEss, BPsrefqrapyNdat eapb28EQ | D NO 12.

The der hyatiwes; %G&Pfr% @g rédiOr atbg)e f%ﬁ’@a%‘f‘%%c!e@i’@@i QR EreSdidl| active as a

pronoter, In particu

15

30

s vaccinia vir
ofatmastiﬂjnucmohdesofanyoneofthesequencesofSEQID NO:1 to SEQ

ID NO: &

A preferred subsequence of SEQ 1D NO:1 is SEQ ID NO:7. A preferred
subsequence of SEQ 1D NO: 2 is SEQ ID NO: 8. Preferred subsequences
and/or derivatives of said subsequences of SEQ ID NO: 3 are SEQ ID NO: 9
and SEQ 1D NO: 10. Preferred subsequences of SEQ ID NO: 4 are SEQ ID
NO: 11 and SEQ ID NO: 12. ThequuencesofSEQiDlVO 6 to 12 are given

in the example section.

The derivative of the promoter comprising or consisting of a nucleotide
sequence of anyone of SEQ 1D NO: 1 to 6 or subsequences thereof, in
particular the derivative of the nucieotide sequence of SEQ ID NO: 7 to SEQ ID
NO: 12 can also he a sequence that has one or more nucleotide substitutions,
deletions and/or insertions with respect to any one of the sequences of SEQ 1D
NO:1 to 6 or subsequences thereof, in particular of the nucleotide sequences
of SEQ 1D NO: 7 to SEQ [D NO: 12. The derivatives according to the present
invention are still active as a promoter, in particular as vaccinia virus
promoter in a vaccinia virus or in vaccinia virus infected cells, more preferably

as MVA promoter in MVA or in MVA infacted cells. A sequence having one or

{



pronoter in a vaccinia virus or in vaccinia virus infected cells, nore
preferably as MA pronoter in MWA or in MA infected cells. A sequence
havi ng one or VS10 2005/ 054484 PCT/ EP2004/ 012125 1) nore nucl eoti de
substitutions is a sequence in which one or nore nucleotides of the
sequence according to anyone of SEQID NO | to 6 or subsequences thereof,
such as tvbecssequences according to anyone of SEQ IpDri&co#obes12 are
substituted by different nucleotides. A sequence having one or nore 5

nucl eotide insertions is a sequence in which one or nore nucl eotides are

i nsert ed@fre QNEILONIADNLHH AL 98SaNY0R8H UhiPERe & NS¥e Audifotfiar

subsequences t her eof In particular of the nucleotide sequences of SEQ ID
NO 7 to @EQeummﬂ@aCmrde wetiyene of halilng!(bnletody onbrlesequenesst i de del eti ons

is a se ue?ﬁ%ﬂ&%ﬁﬁ Icgeﬁ&ﬁmgéagxﬁgﬁnglﬁ 5&g&§%ﬁire§¢)%Q%qﬁpge accordi ng

anyone 1 ences in par Tcular of

t he nucleatdtdetedsgauesessn @ieddi@s] Dsbgente haviBEQnEDr Ndrel2 are del eted. in
the derivatives  according to the present |nvent|on del eti ons,
subst § t U4 GRIENASTHERY 15 DFEIUFRTS 'rb%h’éBr?B?ﬁéd“q R (BRECSEGuce. 15 An

exanpl e a%eﬁ@%%%h%@“g%?e @Ea@] %ﬁﬁ/%ﬁé'%’r’@ #6601.di g bp the present

invention iIs Is a s sequence of SEQ ID NO 3 having
in addliutomqoare:eﬂmbé eoft lrdﬁa:élxuhangéﬂa/wucﬁﬁorhésﬁeaueﬁC@StOhéE@errféi@pondl ng

| eot SE ?0 Prefe t h
omDl ogy’ o7 St Daldt | AdvEMERE prEFEPABRY TGS Tanc R ECBU® Bven more
prefer atﬂesqu@fwc@m W%bn@@?@nd@ﬁbc)@bﬁ@@mhéf s@% eaqtcela@@@tdm@é)%men conpar ed
to anyone of the seq[uence of SEQIDNO 1to 6 or subsequences

t her &bf ,ofi FEQH Ni0e dItal @fsubhed wegaeHeseo oo HF gr %theawdﬁ%'d@f SEQ | D NO
7 Lo SEQel llg'%la}fsgq‘\%cr%dv%s%@ ENgo! gre%e%@armdm%%%ga%mnt not more

t han 10 n even nore ef er not nore han nucl eoti des are

substi t utcedrdidgtetied rassit onvenns e dicidions %heﬂtm@queraoé iofertiamyorse of SEQ | D
NO 7t 12. A bundle of prior art docunments allows the person

ski | | ed Gh“%ﬁ@'”ﬁ?‘t‘” PO PREHNET

15 An example of an derivative of a subsequence according to the present
invention is SEQ ID NO: 10, which is a subsequence of SEQ ID NO: 3 having in
addition one nucleotide exchange with respect to the corresponding

nucleotide sequence in SEQ 1D NO: 3.

20 Preferably the derivative has a homology of at least 409, more preferably of
at least 60%, even more preferably of at least 80%, most preferably of at least
909%, when compared to anyone of the sequence of SEQ 1D NO: 1 to SEQ (D
NQ: 6 or subsequences thereoi, in particulér of the sequences according to
anyone of SEQ IDNO: 7 to SEQ ID NO: 12. According to the most preferred

embodiment not more than 10 nucleotides, even more preferably not more

IS
¥}

than 5 nucleotides are substituted, deleted and/or inserted in the sequence of

anyone of SEQ (D NO: 7 to SEQ 1D NO: 12.

A bundle of prior art documents allows the person skilled in the art to predict
30 which derivatives or subsequences of anyone of SEQ [D NO: 1 to 12 still have
the biological activity of being active as a vaccinia virus promoter, in particular

as a promoter active in MVA. In this context reference is made to Chakrarbarti



30 which derivatives or subsequences of anyone of SEQID NO 1 to 12 still
have the biological activity of being active as a vaccinia virus pronoter,
in particular as a pronoter active in MVA In this context reference is
made to Chakrarbarti WO 200 /054484 PCT/ EP2004/012125) 7 et al.,

Bi ot echni ques (1997) 23, 1094-1097 and Davi son and Myss, J. MIl. Biol.
(1989) 210, 771-784. NMoreover, whether a fragment is still active as a
vacci ni a"ViPid oot er, in particular as a WA priéht e ¢ai easily be

eval uated by a person skilled in the'art. In particular the sequence
derivativ«? n be cl d upstream of a reporter gene in a plasmd

€ aégfg%?e%ﬂf?élte?8259@3(93:&@9{4?%7@&%@”?%%‘ Matikdr Y&t c cell or

construct-

cel | |1 nioS todncAs 16577 01/ 8aBIK ERLY Syl S1Rs ERN Lnf schgdadth WA The

expression of the reporter gene is determne conpared to the

expr essi GACGfIatES PEpoOptesr ingeeculgiont ¢ MV Aedobypterhenpremober according to
anyone of, [ to 6, A lo derjivative according to the present
inventioﬁvggggdggwe%%mgk'ﬁé%rh g r”(‘)%‘tt'e%%'iﬁ?ig?ﬁ%eﬁg? ﬁle’élqa’et est system
of at d east b2@¥neprgkerabl of :0fpattel gastin IQHasrrensprnef eerbl y of at | east
50% even re preferably of at least 7/0% nost preferably of at |east
90% ConpéEP&%“f% MHPRERIVREIGd 410 e ikBheHp Ll 05 efLibife uclops Qéf]—cﬂfie of SEQ ID

N 1 tombik Aisanditossdinalklvag, Olnamiens ol aby P da, e 1 to 12 are

within the scope of the present Invention ave a hi'gher pronoter
acti vi t ygefhie qetenober sndccopdialgiottbe eheepries ehtheiravetdri gamear e particul arly

sui tabl e or, t,he .expressj on of codi ng sequ in [VIVA. 20 The pronoter
accor di nﬁo’{tgmgg%yltﬁe ﬁ@mf{eﬁé}gc%{d{/@rv ?%@%m!\j&/,ﬁpr&%arti cul ar as
| at e 1pr Oﬁmmivébtmumf@tb&h@@ﬂes@hﬁ@w&ﬂid#ﬁ@@l RSIVERTd Mo OaBESfoter The sane

considerations apply for the correspondi n% subsequences such as the
sequence?@tV BEnsSHip R sygtemval eherg, L Ofovisoerably af 8l leastaiQ%. meef ul as Iate

25 pr Ormﬁ:%ferat!g%f Iqu%ggtt &hor LGN AbNG, LR AT B Nt Al 5Q.has a rather

strong acti vi ,
preferably of at least 90%, compared to the activity of the promoter sequence

of anyone of SEQ ID NO: 1 to 6. Also those derivatives of anyone of SEQ ID
15 NO: I io 12 are within the scope of the present invention that have a higher

promoter activity.

The promoters according to the present invention are particularly suitable
for the expression of coding sequences in MVA.

20 '
The promoter according to SEQ ID NO: 1 has a very strong activity, in
particular as late promoter although it can also be used as early promoter.
The same considerations apply for the corrasponding subsequences such as
the sequence of SEQ ID NO: 7, which is, however, particularly useful as late

25 promoter.

The promoter according to SEQ [D NO: 2 also has a rather strong activity, in
particular as late promoter. It can also be used as early promoter. The same
considerations apply for the corresponding subsequences, such as the

30 sequence of SEQ (D NO: &, which is, however, particularly useful as {ate

promoter.



particular as late pronoter. It can also be used as early pronoter. The
sane considerations apply for the correspondi ng subsequences, such as the
30 sequence of SEQ ID NO 8, which is, however, particularly useful as late
pronoter. WO 2005/ 054484 PCT/ EP2004/ 012125 s The pronoter according to SEQ
IDNO 3 is particularly useful as early pronoter and has the highest
early prwootgesactivity of all pronpters tested. ndomevwes(12izs can al so be
used as late pronoters. The sane considerations apply for the

correspondi ng subsequences, such as the sequences of SEQID 5 NGO 9 and 10,

r espect itviebyo et heselisubsengences SEQA NGy 9sdéfsl apantyi cul arly useful as
early pronoter and SEQ ID NO 10 is particularly useful] as |late pronoter.
The proRbterlaaceerdsige N@hseRa Dy Nomder «ctydy o eliPRe T s ST if it is

i nt ended;;bgoft ¢ c,ee?ﬂaﬂgéﬁ %s%ﬁ nked.codihng. Sequence. eaidderanchd ate since this
pr onot er nas a rather ﬁlg activity under early as well as |ate

condi t i epgy fFhehesameespondindenatianscapplyh Botht begusortespardillhg

subsequences h as the guences of SE I8 nd 12, respectively.
of tﬁes@gsg@%%gén%ége@é@y'I%%%Rﬁe S@S?%‘Jeﬁg% %E@:\fgwg}f%ugeful as early

pronot epgaind | SEQddRING eat® dromicseraid $EUl@NCy 1usiefpdttiasarat esfpr onot er. The
pronoters according to SEQID NO 5 and 6 are particularly useful if it is

i nt endeds t2& eXPMESY. | i nked codi ng sequences in rather |ow anounts. This is
sonetinmes desirably if the Iinked coding sequence encodes a toxic gene 20
product and/or if it is intended to induce a high avidity imune response.
The t er iné padmytepraoootders to 8f@1s NG 4pic gnotieia |yt hatfular & iacttevéed n vacci ni a
virus or vaccinia virgiﬁinfected cells, before DNA replication has

1 1 D iral
occufr etf EXPUBEhBHE e &° 6%%%10???@”%@?%#@3%%%l&rf?rﬁ”}%%r 4t“how it can be

checked, 2% WAghhetivey BRAEDIRT dSva@NaLrid YorRi@smd, €he shmepar ticul ar, the
pr onot er of |nteres¥ can be’inserted upstream of a reporter gene. The

constr uctnsickompnins apigy tivet heroomsspending st e drepetss svClyen'@ar e i nt roduced
Into Ceéelq%e%%gg of SEQ ID NO: 11 and 12, respectively. Of these subsequences SEQ
IDNO: 11 is particularly useful as early promoter and SEQ ID NO: 12 is

15 particularly useful as late promoter.

The promoters according to SEQ ID NO: 5 and 6 are particularly useful if itis
intencled to express linked coding sequences in rather low amounts. This is
sometimes desirably if the linked coding sequence encodes a toxic gene

20 product and/or if it is intended fo induce a high avidity immune response.

The term “early promoter” refers to promoters that are active in vaccinia virus
or vaccinia virus infected cells, before viral DNA replication has occurred.
Methods are known to the person skilled in the art how it can be checked

25 whether a promoter is an early promoter. In particular, the promoter of
interest can be inserted upstream of a reporter gene. The construct
comprising the promoter and the reporter gene are introduced into cells that
are infected with a vaccinia virus. In order to assess for the activity as early
promoter the cells are incubated with a substance that inhibits the DNA

50 replication such as AraC. DNA replication is a prerequisite for the late
prormoter activity. Thus, any promoter activity that is measured in this assay

system is due to elements active as early promoter. Consequently, the term



are infected wth a vaccinia virus. In order to assess for the activity as
early pronoter the cells are incubated with a substance that inhibits the
DNA so replication such as AraC. DNA replication is a prerequisite for the
| ate pronoter activity. Thus, any pronoter activity that is nmeasured in
this assay systemis due to elenments active as early pronoter.
Consequenfolyusotdig term WO 2005/ 054484 PCT/ EP2004/ Q24890483 .1-kate pronoter”
refers to any pronoters that are active after DNA replication has taken

pl ace. The late activity can al so be measured by nethods known to the
person skhid ;ﬁ%n‘:d?ert”h@fe?sr to arf98r o%?el“%%’@[ AL SHp %ﬁ& ¥ Fét?ﬁcé%rm ‘late
pronoter” as used in the preysent application refers he activity of a 5
pr onot erNahiaken pladet Ehanfiabredtivity mon sidodicancestirsd agldamﬂhmdtakncMrotrks DNA
replicat Acc her , enpbadi nent  t he ent invention refers
to an tlh%;bé%%m)s“@ gé%?éa[cg jesglah%OW@mﬂFweeﬁsrg fding to the present

10 |nveMrlomrbtarerasaJs@@dmﬂ@ﬁr%@é&ﬁ%%hcé(%ﬁ%‘fé?s%@ﬁw@é@%%@f gn of the coding
sequence is controlled by said pronoter. The expression cassette is

pr ef e? ali?'yHOE" ‘éﬂﬁtéﬁﬁt%@%‘f‘%‘fd@s%@ﬁa@%h%@dQﬁﬁcWﬂéb‘ﬁdt%@fdﬁl y in the genome
of a vagehfAionvirus. Thus, if the pronmoter according to the present
invention is a pronoter that naturally occurs in the genone of the
vaccinia virus the sequence to 15 which the pronDter is linked is

refera di.fferent fromth ence t chthe ronoter is naturall
Fl nked :%rfr%f)ﬁjé g%él |“%1€r\ﬁ”?1?9§je@€ﬁtg%§ PIPSENGITHER ’O%‘?f%lé gaf‘ t he pronoter Y

accor di Mpie@sbh%a@ﬁ&%emmbmﬁ?%‘tﬂeo&oh%té* Qc%@h!;ﬁglto EH% pr@serﬁat ural Iy occurring
pronot er the codi ng sequence the expression of is controlled by the

pr ot er‘”‘@r‘iéi%ra”ﬁt?eccﬁéf@@ﬂ@@@cﬂ d@@tf@d tfb@sm@m@mef 12@ detmnt er and the

codi ng e f respondi_n nces to which

sai d pr%r%@ter(é:%gil%a”:J:J“regltﬁ{/%]%i L({angg?eil'% '{p}ﬁ%g) %é§§Flet er?tﬁ]r/s cont ext

refers tot sreqmmeasnthﬁtettshbw @dcul eastirnen Nive beainoef aiv;icfcam@nce in said
sequence, sequence whjch has at |east one

i s the codin
nucl eot | H\é 32%8’Or‘@\%b%‘i%a‘”g&ogfﬁ%@’iesémt IBYFAVed RTABRYNDI ogy bet ween

that naturaHy occurs in the genome of the vaccinia virus the sequence to
15 which the promoter is linked is preferably different from the sequence to

which the promoter is naturally linked in the vaccinia virus genome. In other

words, if the promoter according to tThe present invention is identical to &

naturally occurring promoter the coding sequence the expression of which is

controlled by the promoter and/or the sequences located between the

20 promoter and the coding sequence are different from the corresponding
sequences-to which said promoter is naturally linked. The term “different” in
this context refers to sequences that show at teast one nucleotide difference in
said sequence. Preferably it is the coding sequence which has at least one
nucleotide difference. According to other alternatives the homology between

25 the coding sequence in the expression cassette and thé seqguence to which the
promoter is naturally linked is less than 90 9%, less than 80%, less than 70%,
less than €0%, less than 50%, less than 409% or even less than 209%,. Most
preferably the coding sequence that is controlled by the promoter according
to the present invention codes for a peptide/protein having a difference of at

30 least one amino acid compared to the naturally occurring protein encoded by

said coding sequence. By way of example the expression cassette is not the

expression cassette comprising the naturally occurring vaccinia virus C7L



25 the coding sequence in the expression cassette and the sequence to which
the pronoter is naturally linked is less than 90 % |ess than 800, |ess
than 70% |ess than 60% |ess than 50% |ess than 40% or even |ess than
20% Most preferably the coding sequence that is controlled by the
pronoter according to the present invention codes for a peptide/protein
havi ng awdiiifiersence of at 00 | east one am no aci dacomwpeas/ediiso t he
natural ly occurring protein encodedoby said coding sequence. By way of
exanpl e the expression cassette is not the expression cassette conprising
the nat wrahbyer ageurinyMee vagesMaoMineus 1Galy W 120050054484, PETITEP2004/ 012125
10 pronoter directin? the expression of the naturally occurring C7L gene,
e.g. th&XPExpPesapoiicRdvbiiteiPseTittn tdecB% PIessSFoH cassette disclosed in
w2004/ IS t 7 r : Hhe i6@di ng sequence. J
On the other ﬁ@ﬁ%ﬁlﬁﬁkﬁﬂgﬁg ﬁ%h%g'@ﬁ?i égﬁggpghggggtgﬁgssed is a naturally
occurri mgowacel nia virus sequence the pronoter that is used to express said
sequence is different fromthe pronmoter that is directs the expression of

t he °coding sequence in the natural context. According to this alternative
the to puoheetide,seauanseciertbeveroemigd biekhiessed s atatbeast one

nucl eotide fromthe sequence of the naturally occurring vaccini avirus

pr oot ePCCATBRMATHIgia GILst dreHencs heriatioved hethie UsBmb? BYY Ehefdeen t he
pronot er_accar di 0.th e c nt | - expressi on
of the §%L%%§?§3@?F%%ﬁggﬁﬂgﬁ%éﬁgﬁﬂet éﬁl%%ﬁ%ﬁ%?ﬁéeﬁggﬁﬁgw%ghgfonnter | i nked
to the vadiagBbduandelis theauengecnsexdt essotdian tdi9aitegnatiesshe han 80% | ess
than 70% |ess than 60% |ess than 50% or z%gp | ess tﬁgn,AOW Preferably

t he BodihgedsuEtesay’ Esue orsieat Mgt Rt 'geRTRIRBPTDEE or

anti gensec%%ﬁ&é‘gﬁ%ﬁé GaRERl H8501e RIekeIIEs RRhbaSNS& WAL dthbozymes. | f
the 20 coding sequence éncodes an antigenic epitope or antigen the

expr esshltarnatives the homology between the promoter according to the present

invention that controls the expression of the vaccinia virus sequence and the
naturally occurring promoter linked to the vaccinia virus sequence is less than

15 90 9%, less than 809, less than 70%, less than 60%, less than 50% or even
less than 409%,.

Preferably the coding sequence may code for at least one antigenic epitope or
antigen, therapeutic peptides or proteins, antisense RNA or ribozymes. If the
0 coding sequence encodes an antigenic epitope or antigen the expression
cassette may be used to express said antigen after introduction of said
expression cassette in cells in an organism, e.g. a mammalian animal
including a human. The presentation of said antigen/epitope may elicit an
immune response in the organism that may lead to a vaccination of the

organism against the agent from which the antigen/epitope is derived. More

o
(82}

specifically the epitope/antigen may be part of a larger amino acid sequence
such as a polyepitope, peptide or protein. Preferably the coding sequence
codes for at least one antigenic epitope or antigen, therapeutic peptides or
proteins, antisense RNA or ribozymes which are not encoded by a vaccinia

30 virus genome.



cassette may be used to express said antigen after introduction of said

expression cassette in cells in an organism e.g.

i ncluding a human. The presentation of said antigen/epitope may elicit *an

a mammual i an ani nal

i mmune response in the organismthat may lead to a vaccination of the 25
organi sm agai nst the agent from which the antigen/epitope is derived. Mre

Ald Yosd0gsepi tope/ antigen may be part of aikﬁ&%ﬁ%/@ﬂiﬂo aci d

specific
sequence
sequence
pepti des
a vaccin
for such

such as a pol yepi tope, pep&ide or protein.

referably the coding

codes for at |east one antigenic epitope or antigen, therapeutic

tej i A i by [
PSR Rl oot R
Eoltiyiepbt ppesins peptddaesmar) WietLimsamayl peipedsyepkt opes,

re not encoded by
19493 11 Exanpl es

pepti des

or proteins derived from (i) viruses, in particular viruses other than
vacci ni a \rriisedrissichcags filNg, HH.Vierpes BBS $ 88 eVIDEn §GREQY IFYR,  Pol i ovi r us,

measl es \hédtes Wﬁq%\%wmg H%)E?éltl)aq/gx\ﬁg,r%ati'ﬁ@f?/ﬂg%%§ Sa/id segyand so_on,

(ii) 5 bacteria, (ill

ungl , % unor relate ol ypept i de

/ proteins such

as turfor backdriat 6d) angi, gensimaN eeteapolvedntidehéprotding chegueme® may encode a
therapeugipt%ﬁ ound such as interleukins, interferons, ribozynes or
7697 ngeneral ternms the invention concerns any nucleic acid
sequence conprising the pronmoter according to the present invention and/or
the expression cassette according to the present invention. The nucleic
aci d may Allsenangly tee goding sedieeipe snt €@icore apapiapertiace@ppend Fafh genone. Mre

enzynes.

pref er ably tihg |
as linear, circu

a furibher enbodi nent the pronoter and/ or expression cassette
the present invention naghb

to any vEtiBFrs$ERHANCgS

art of a vector. The term "vector"

comprising the promoter according to the present invention and/or the
expression cassette according to the present invention. The nucleic acid may
be RNA, e.g. if the promoter is part of a retroviral genome. More preferably the
nucleic acid is DNA. The DNA may be any type of DNA such as linear, circular,

single stranded or double stranded DNA.

According to a further embodiment the promoter and/or expression cassette
according to the present invention may be part of a vector. The term ,vector”
refers to any vectors known to the person skilled in the art. A vector can be a
plasmid vector such as pBR322 or a vector of the pUC series. More
preferably the vector is a virus vector. In the context of the present invention
the term ,viral vector® or “virus vectof” refers to an infectious virus
comprising a viral genome. In this case the DNA of the present invention is
part of the viral genome of the resopective viral vector. The recombinant viral
genome is packaged and the obtained recombinant vectors can be used for
the infection of cells and cell lines, in particular for the infection ovaing'
animals including humans. Typical virus vectors that may be used according
to the present invention are adenoviral vectors, retroviral vectors or vectors
on the basis of the adeno associated virus 2 (AAV2). Most preferred are
poxviral vectors. The poxvirus may be preferably a canarypox virus, a

fowlpoxvirus or a vaccinia virus.

I,c.acl.d i gwﬁ. DNA may be any type of DNA such
@%#?ﬁ%g%ﬁbgéhggﬁi% edfgrﬂﬁ%Uble stranded DNA. According to
according to

zo refers

e 4
%”Bg?%%hG§WFVﬁé@yfwcpﬁéaa?F?q%?WEbtor can be a



pl asm d vector such as pBR322 or a vector of the pUC series. Mre
preferably the vector is a virus vector. In the context of the present
invention the term"viral vector" or "virus vector" refers to an
infectious virus conprising a viral genone. In this case the DNA of the
present invention is 25 part of the viral genone of the respective viral
vect or. Whetwegerbi nant viral genone is packaged mmdirtdvecobisai ned
reconbi nant vectors can be used fori12the infection of cells and cell Ilines,
in particular for the infection of living animals including humans.
Typi cal virus vectors that may be used according to the present invention
are adeH@V|ral vectors, retroviral vectors r vec go n the basis of
tE%ir g

the adenBC&seddsaeed \ﬂop{j?d?a@ﬁﬂ@zw”%@far% My/ey ? dxviral vectors.

The poxviibys] May-che Jpzqfo%rzaapj Y BoiRANGT AR 19DE 3/1110‘?’0g:{f21m pmevirus or a
vaccinia virus. WO 200-5/0- 54484 PCT/ EP2004/ 012125 2 More preferred is

modi f i e&%ﬁéthﬁﬁ@Wf’MMﬁ”Aﬁk@ﬁé i MﬁNp!E(SSUﬂI argrticaon egfals tq éU%W!l\/A Vacci ne 12:

1032- A0; ., .[1998] | 365, Th
S S b T E bR dobr el 8 Y S A WS st rai m known

in the plrﬁO@r cRpbsitAnaexaheritor Tame M%urFetdoalbOtsd)rﬁs(deIIDﬁMarMBsaéL508
deposi t at the Anerican Type Culture collection (ATCC), Mnassas, VA

20108, USaC0FHugt He- Ewéwﬁw%@s TVATA Fiigs §W@M§Sea§éam§8%ﬁ@| ng to the
present 4,0y é??ﬂ\%rn‘ﬁ&la{r@%f]?nW@Vé?éCZ%%W 50 u'téafdcﬂaat the European

Col l ection o {lires ry (UK) wwth to the
deposi t ifonopaaTh@o! EECACOVO4QIRTZAT Caidr eEQACGEW(HaZ@EOW (UKespectivel y,

/A, Ot r A1 ORI B G Rt Uat0 vd Chabeor PO Akl os of WA B, the

descrlpﬁégy@cﬂbma hegRalitRERAYS Bt W NEbor exet uaestposhet her a WA
strain is WA-B a derivative thereof and nethods allowing to obtain

MVA- BN or a deri vatl ve thereof are discl osed in WO 02/42480. The content
of Lhi sTAPRLL &R deyd AckidetL IuLie PresentyanaliLgatian by reference.

In particula ence 1s |n| Ion O
features of MVA-BN, the description of blo\oglcal assays allowing to evaluate

15 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 included in the present
application by reference. In particular, reference is made to the definition of
the properties of vaccinia virus according to the invention as described in

20 WO 02/42480, such as the properties of MVA and the properties and
definitions of the derivates of MVA-BN. Said reference also discloses how
MVA and other vaccinia viruses can be propagated. Briefly, eukaryotic cells
are infected with the virus. The eukaryotic cells are cells that are susceptible
fo infection with the respective poxvirus and allow replication and production

25 of infectious virus. For MVA an example for this type of cells are chicken
embryao 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 celis” J. Gen. Virol. (1998), 79,

30 347-352). CEF cells can be cultivated under conditions known to the person
skilled in the art. Preferably the CEF cells are cultivated in serum-free

medium in stationary flasks or roller bottles. The incubation preferably takes



the properties of vaccinia virus according to the invention as described in
20 WD 02/ 42480, such as the properties of MVA and the properties and
definitions of the derivates of MVA-BN. Said reference al so discl oses how
MVA and ot her vaccinia viruses can be propagated. Briefly, eukaryotic cells «
are infected with the virus. The eukaryotic cells are cells that are

suscepti Q/Ioemm}og 4§4nf ection with the respective poxvljé\%,@%},,gil ow
replication and production 25 of infectious virus. For"~ “an exanpl e for

this type of cells are chicken errbr]yo fibroblasts (CEF) and BHK cells
Drexler |., | 1er. K., Wahren B., rfle V. and tter G "Highl
git t enuat Qlfjcﬁﬁ%ef(? gé Wéﬂéiﬁﬁ?ré &ﬁ&r% ’Jrzoéﬁk? PN ’i\qﬁk{ﬁ%B&efﬁ%X e? kiydney

cells, aupet Qméirahfttmf@&yBplrnlfédﬂogﬁmm{?@ﬁ@@%it%m Thi., BAt thk n various human

transforned and primary cells Gen. Virol. §199§), 79, so 347-352). CEF

cel | s cafiicHBaicantriroietady taidem oot to sasokrown3 T SCEHRS (erson  skilled in
the art. Preferably the CEF cells are cultivated in serumfree nediumin
stationary flasks or roller bottles. The incubation preferably takes WO

2005/ 654184 dRETAEP2QM @122k rsdB3sipl@ace #8 &oho6 thouseatiod7 C 2 C. For
the infection WA is preferably wused at a nultiplicity of infsction (ML)
of 0,05 S8 TADHE AT A HACCPHEUDE P sPet P ABI PN Ak PIsgE8d48 to 72

hours atindf,GirA g@noéle,'vﬁwt;tg'é[?gi%u%?WBQR%%@E@?a%E%H% Bkid |rﬁ95ti n the art

how t he expressi on cassette or the p r according to the present

i nvent i opretanb beiritngler getbme nt WVA. By valy jerample, ifre paredsead ar into the
genone of accinia virus, nost . preferably int he gename of MWA. By way
of exanpﬁaé,geg%é)réa%%%?t@ﬁObg‘éé@ti\’g t%‘?'ePﬁaeCCéF%ﬂ%?%fhed? detli vative t her eof
accongdi ngvdrictkheRpnesesdried @td meeiinban daayvheyinaseideedsi nto the genone of
MVA by honol ogous reconbination. To this end a nucleic acid is transfected

into a pEFATEEIdIENedPIthis|ande Bifdtc asidoprraptenia 081 # Bermkser8ic! t he nucl ei ¢
R e T e b R
t hat ar exhorsel @gousetto ot hiee A mmaEgi ondafvatihe tVAcgEnomEng o W ch t he
expr essip?gse%?slg\%r;[t%n%anﬁég b@rn%rcr@%‘gcrje (sjtrretches that are homologous to the
15 region of the MVA genome in which the expression cassette or the promoter or
derivative thereof according to the present invention is to be inserted. The
cells are infected by MVA and in the infected cells homologous recombination
occurs between the nucleic acid and the viral genome. Alternatively it is also
possible to first infect the cells with MVA and then to transfect the nucleic acid
20 into the infected cells. Again recombination occurs in the celis. The
recombinant MVA is then selected by methods known in the prior art. The
construction of recombinant MVA is not restricted to this particular method.
Instead, any suitable method known to the person skilled in the art may be
used to this end.
25
The expression cassette or the promoter according to the present invention
may be introduced into any suitable part of the vector, in particular into a viral
genome. [n case of vaccinia viruses the insertion may be made into non-
essential parts of the viral genome or into an intergenic region of the viral
30 genome. The term “intergenic region” refers preferably to those parts of the

viral genome located between two adjacent genes that do not comprise coding

sequences. If the vector is MVA the insertion may also be made into a



derivative thereof according to the present invention is to be inserted.
The <cells are infected by MA and in the infected cells honol ogous

reconbi nati on occurs between the nucleic acid and the viral genone.
Alternatively it is also possible to first infect the cells with MWA and
then to transfect the nucleic acid 20 into the infected cells. Again
reconbi n&tq ¥h/eeeurs in the cells. The reconbi nantCVMAs@1tihen sel ect ed by
met hods known in the prior art. Theisconstruction of recombi nant MVA is not
restricted to this particular nethod. Instead, any suitable method known

to the pesisonlskidieds boletibesiasr b7 theyiRegeisesd e tehhsnendal25 The
expreSS|on cassette or the ronDter accord|n to the present i nvention my

be i nt ro%ﬁfdjéﬂﬂgﬁfte&?f'é?ﬁf@ui%T%{@It@t%%ﬁp%fS @fﬁée\yéét@%ﬂom%ﬁﬁé@t@ cular into a
viral gﬁﬂgﬂfiwhﬂrg §¥9{W¥%ﬁﬁbﬂk%fﬂk§H§%§néUﬁuiﬂﬁﬁ&%hggn@ﬁ%npe made into

non- essential part exiral genone or into an in ergeni c region of
t he vi r aloBevegehoneseThe stter ane'naitr esstgm‘mcbtortégﬁ&)pf’eferreédemseprcef erably to
t hose parf s en two . adj acent, genes that do

| bet
not c%npr% [nggﬁyﬁﬁnmégaﬁégﬁggggPﬁgﬁ%%ﬁﬁ/ i MEVESWWﬁiVﬁgw £ePfion may al so
be made ddafpe A tVOHRQ03 B544RH tﬁ’gr{hléPe&@PéE/s%%a%%ttelﬁaapat;tauhgérlté/d occurring

deletion site of the viral genone. The terra "natura occurring deletion
site" refeMeIedin Hissdrapaeiwnons Ioneg agiik &l PageidhnE olat @ﬁ@mbdazaré@ ed with

respect i LAF paSnaNE T aLe YACELIY B VLIS, CORRDRGEI. SLLA! ey Hovever

t he |nsert|on sites are not rc ese erred’insertion 5 S|tes

i n the aacChinken Zibugo genomestacEn belshVA genonme, since it is within the
scope of the present invention that the expression cassette nay be inserted
anywifere in the viral genonme as long as it is possible to obtain

r econbi mam srontiat aRfig 12w ﬂ)lfeb&q!ﬁ\%tﬂ%ﬁ%g%%%gedfb@% keast one cell

culture system such Chi cken Enbryo Fi brobl asts ce I's). 10 The
pr onot eBSAE doaldismdrendy Dhlé g ilesenton ngehtd genaray ObMVﬂsédCh 6 g8xpress a

may be a gene that is naturally part of the viral genome or a foreign gene that
has already been inserted into the vector. In these cases the promoter

15 according to the present invention is inserted upstream of the gene in the
vector, the expression of which is to be controlled by the promoter. A MVA
vector comprising an expression cassetfte according to the present invention
can also be made by replacing anyone of the open reading frames A42R, J8R,
FGR, 12R, C7L and BOR by a coding sequence the expression of which is to be

20 controlled by the promoter naturally controlling the expression of anyone of
said open reading frames. Thus, by way of example the A42R coding sequence
or parts thereof may be replaced by the coding sequence, which is to be
expressed. In the resulting construct said coding sequence is controlled by a
promoter according to the present invention, namely by the promoter

25 sequence according to SEQ [D NO: 1 and SEQ 1D NO: /. These expression

cassettes are also within the scope of the present invention.

According to a further embodiment the invention concerns the vector

according to the present invention as vaccine or medicament. In more general
30 term the invention relates to a vaccine or pharmaceutical composition

comprising an expression cassette, a DNA or a vector according to the present

invention. Methods are known to the person skilled in the art how the vaccine



gene that is already part of the vector, e.g. the genone of MVA. Such a
gene may be a gene that is naturally part of the viral genonme or a foreign
gene that has already been inserted into the vector. In these cases the
pronoter 15 according to the present invention is inserted upstreamof the .
gene in the vector, the expression of which is to be controlled by the

pr onot er . A . vector conprising an expression cassette according to the
pr esent ﬂﬁ@?gmﬁgﬁ‘ can al so be nade by repl acing aﬁ?@ﬁ@mﬁPLﬂﬁb open readi ng
frames A42R, J6R  F6R 12R C7L and’B9R by a codi ng sequence the
expression Pf which is to be 20 controlled by the pronoter naturally

cont r ol | it HEEKHcaS o sBIondrRy diedrindgicd tepenarieriionduitdnes. Thus, by
vay of exaaplif i PRI £ad) NG, SRAURNC & ORARAG!RE WhGLECE, tRY,Ibe T epl aced

by the coding sequence, which is expresse e resulting
const r uctegdinthigodpa gy seepimncl the vednt rsal Vied vbyioa sugr anetvecciaiecor di ng t o

the pres i nvention, . nanel t.he. . pronpter 25 sequen ccording to SEQ
DN B BRI B e e e e B e 2B P e B o6 Wi T hi 1 the
scope sof atihel pr eaenn hdaverthemhs ACGeNA@LAGAEe catfdusdrber siambodi ment t he

i nvention concerns the vector according to the present invention as

vacci ne o frBdiCHFENYENOLR IHBA ENgEhET alnl 23t Sek /My @ HEMMa¥ntion rel ates to a
vacci ne of r higial 2 GAMROSIHL ~ Ni.si ~ Ssion cassette, a
DNA or agvgggﬁfgggggbaﬁggaﬁg'thé”%kgg%ﬂg%Hﬁhggﬁ?¥@ﬁ9ﬁ%ﬁ%ﬁods are known to
t he per satmskdttieedarergitehebetot. how t he vacci ne WO 2005/ 054484

PCT/ EP2004/ 012125 15 or pharmaceuti cal conposition can be admnistered to
the ani mal or human body. In case of DNA and plasm d vectors the DNA and

the vgct Die sannsd dmRiktival Ren@dmidH ot 8fcethcbyiel PheebhQBIy [Helddeoyestor is a
viral vector such as a vaccinia virus vector, in particular a MA vector

it may al§e @@raaaﬁwﬁigﬁimgp&a@!q ied /9 appreiiedgiar HeAdBddgS.accor ding to the
know ed%t@»ﬁotfcg,eHpgge]‘?‘?ﬁiv@%,'Adj&‘\%n'tg', Cginﬁntsagrﬁd/o?'sgabi@/er% W EgqNghous, | ntra
muscul ar, intra nasal, 1 ntra’dernal or “subcutaneous admnistration.
Furt her tdebaplsnonert bepranpomtagfetiel srusct@dncnidhgrtetheapesghiven bel ow.
invention. Such auxiliary substances can be water, saline, glycerol; ethanol,
15 wetting or emulsifying agents, pH buffering substances, or the like. Suitable
carriers are typically large, slowly metabolized molecules such as proteins,
polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids,

amino acid copolymers, lipid aggregates, or the like.

20 For the preparation of pharmaceutical compositions or vaccines, the DNA,
expression cassette or vector according to the present invention, in

particular a recombinant vaccinia virus such as recombinant MVA is
converted into a physiologically acceptable form. For vaccinia viruses, in
particular MVA this can be done based on the experience In the preparation
of poxvirus vaccines used for vaccinationlagamst smallpox (as described by
Stickl, H. et al. [1974] Dtsch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at -80°C with a titre of 5x108 TCIDsg/ml formulated

in about 1 OmM Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine

el
G

shols, e.g., 101-109 particles of the recombinant virus according to the
30 present invention are lyophilized in phosphate-buffered saline (PBS) in the -
presence of 2% peptene and 1% human albumin in an ampoule, preferably a

glass ampoule. Alternatively, the vaccine shots can be produced by stepwise



1o The pharnmaceutical conposition or the vaccine may generally include one
or nore pharnmaceutical acceptable and/or approved carriers, additives,
antibiotics, preservatives, adjuvants, diluents and/or stabilizers in
addition to the pronoter, expression cassette or vector according to the
present invention. Such auxiliary substances can be water, saline,

gl ycerol Woa'éneb4 15 wetting or emul sifying agent&T/phbaifieri ng
substances, or the like. Suitable egarriers are typically large, slowy
nmet abol i zed nol ecul es such as proteins, polysaccha rides, polylactic

aci ds, peéy@lyGMHd bC:haGids in RObYARELEH M D RGiiESan caMtPRaaci d copol yners,
|i pid aggregatés, or the like. 20 For the preparation of pharmaceuti cal
conposi tdhgooz! ataltitynesichihenDNAC!, éxhieds SHa , casset tactese Yect or accor di ng

to the present invention, .in ticul ar L€ I.papt_vaccinia virus such
as recoﬂ%ﬁﬁﬂﬂprWQﬁgéma%oﬁvg??@%Li% %ﬂg}%ﬂ@%ﬁ%ﬁ%%ﬁéé?ﬁvﬁg%%%ptabIe form

For vaccitabigizeid as@sombmapaptdteusae. MiAntam seraanalbendonalibasetbron the
experience in the preparation 25 of poxvirus vaccines u;gd,for vacci nati on
agai nst 'S HEPIPORNAL s Crivped \Pys SRRING TAImEatian sUlee AP Dt sch.  ned.
Véchr. 88,238 %%‘%%% (dEQr e APl oUkBE 1 ARMEIN hed Vid U A Besianed at-80C
with atitre o?“ x10§m+8l650¢ﬁ?p#or#uldted in about 1‘Chwl%ris, 140 mM NaC
pH 7. 4. (FbY 300900r €20t #org/bfusracei MéO8gHbt glutenye AcODon09 particl es of

t he reconbi nant virus accordi t he 30 present. invention are |yophilized
in phosﬁﬁ)?%gﬁﬁ?%%ﬁgﬂmggﬁfﬂ%’@%éﬁ?_ﬁﬁa@ﬂﬁsggwggghééﬂ%ﬁS%@?%@Bgone and 1%
human alcdaHmMdstofe@Be@BRAU E ankr@beT &bhperaturaliasse@rmoubethsAl ternatively,

t he vacci ne shots can be produced by stepw se WO 2005/ 054484

PCT/ EP200WD/ER1F 1016 drrwereddrystnghormpRe svisrsteredbraiarapinatat i on. This
fornulaq%ggmpgﬂrépg%gkngoquitional additives such as mannitol, dextran,
sugar, gl'y€ine, Tactose or  polyvinylpyrrolidone or other additives such as
antioxidants or inert gas, stabilizers or reconbinant proteins (e.g. human
serum al bum n). suitable for 5 in vivg administration. A typical virus
cont a b VFGH Gl POl sut M OFSA e Feasb ar gAY LSRR SEE I
Tris-buifeioiel@® MG mid8-a8 B leoPEXILABN, preferably water,

15 physiological saline or Tris buffer, and administered eﬁhersystenﬂcaﬂy or

locally, i.e. by parenteral, intramuscular or any other path of administration
know to the skilled practitioner. The mode of administration, the dose and
the number of administrations can be optimized by those skilled in the art in
a known manner.

20 Thus, according to a related embodiment the invention relates to a method
for affecting, preferably inducing an immunological response in a living
animal body including a human comprising administering the expression
cassette, the DNA, the vector, the pharmaceutical composition or the
vaccine according to the present invention to the animal or human to be

treated. If the vaccine is a vaccinia virus, in particular MVA a typical vaccine

[gu]
(3]

shot for humans comprises at least 102, preferably al least 10%, more
preferably at least 108, even more preferably 107 or 108 TCIDsq (tissue

cutture infectious dose) of the virus.

30 If the vaccine is a recombinant MVA, in particular recombinant MVA-BN and
its derivatives that the virus may be used for prime-boost administration.

Thus, the invention further relates to a method, wherein the vactor is MVA,



(MWV 36000 - 40000), 45 g/l Sucrose, 0.108 g!l L-glutam c acid nono
potassi um salt nonohydrate pH 7.4. The gl ass anpoule is then seal ed and

can be stored between 4C and roomtenperature for several nonths. io
However, as long as no need exists the anpoule is stored preferably at

t enper atures bel ow -20C. For vaccination or therapy the |Iyophilisate or the
freeze-dried_p;oduct can he dissolved in 0.1 to 0.5 m of an aqueous

sol ution Oplef¥¥bl y water, 15 physiol ogical sali REVEF%Y1&2puf fer, and
adm nistered either systemcally or'7locally, i.e. by parenteral,

i ntramuscul ar or any other path of adm nistration knowto the skilled
practiti onearticdlhe MidBNofncaidniiniisativat i on] whheidose vap®r of Hee nunber of

adm ni strations can . be optim zed by those skjll 1n.the.art in a known
manner , ﬁﬁn%ﬂi?n&é%ﬁ;mcrf@etgongp;lg%gtsg S %'Jdisr?éﬁ}'}”?%ee'&?rt\@ghti on relates to
a net hodanifry, iatfleetd Hgunpihaheleabliedcbdue imgapsutidamyadbogiecal response in a
l'iving animl body including a human conprising adm nistering the

expr essi BfCUBEdget fist inoRE! AR, ("PHE INEEPER 2tiPhe AYREF fecdlf cal conpositi on

or the M%Eﬁliaﬂgﬁ?%%ﬁh%%écﬂléttb%”?.r esent invention to the animl or human

to be ?; treat vaccine 1s a vaccinia virus, in particular MWA a
typical vaccine shot for humans conprises at |east 102, preferably at

| east 10 Nor e . eferably at |east 106, .even nore preferably 10° or 108
Ta oo (bbbt ieBhE RS SPhtelboietasse o Ehu FoBrE s e vacci ne i s
a recombinfaptaMAcell Borﬂari&ingqhw@nnw—@@mwﬂrmhe MAoBNhanrsiprdssmnder i vat i ves
that the virus may be used for prine-boost admnistration. Thus, the

i nvent i ofspeiite el Hel Bildsceo dngrit tisdyreatidrieantioRdniededarge ama, WO

200.' ‘% Oﬁ?'ﬁged've%%;l Epaz\pa%é{ n?%ga’ég in i[:]arfi Hﬂgraﬁ/lt\/'AC&llcﬁra SWX%I\-%W Wtér%& .
derivatives, and wherei'n sai d'vector orf the " conposition or the vaccine
conpri siawy rsaj devestian vitscladm nirst eradk toramica@niuthlas ChcbudiHtg a human in
need thereof, in therapeutically effective agnounts in a first inoculation
("prim ﬁ&ﬁﬁﬁbétﬂe&&qha{]@% BadEnRtes l%yel}ggﬁdbut in which rt]he virus does not

replicate (such as all types of human cells for MVA-BN).

15 The invention further relates to a method for producing a peptide, protein
and/or virus comprising the infection of a host cell with a virus vector
according to the present invention, followed by the cultivation of the infected
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

20 said host cell. If it is intended to produce, i.e. amplify the virus according to
the present invention the cell has to be a cell in which the virus is able to
replicate. For vaccinia viruses, in particular MVA suitable cells are CEF or
BHK cells. If itis intended to produce a peptide/protein encoded by the
virus vector according to the present invention the cell may be any cell that

25 can be infected by the virus vector and that ailows the expression of the

virus encoded proteins/peptides.

The invention further relates to a method for producing a peptide, protein
and/or virus comprising the transfection of a cell with the expression

30 cassette, the DNA or the plasmid vector according to the present invention,
followed by the infection of the cell with a vaccinia virus. The infected host

cell is cultivated under suitable conditions. A further step comprises the



5 inocul ation ("boosting inoculation"). The invention further concerns a
met hod for introducing a coding sequence into a target cell conprising the
i ntroduction of the vector, the expression cassette or of the DNA
according to the present invention into the target cell. 10 If the vector
is a vaccinia virus, in particular MA such as MVA-BN the target cell

maybe a el doosicesvhi ch the virus is able to replicatesueheas.<CEF or BHK
cells or a cell that can be infected; oy MVA, but in which the virus does
not replicate (such as all types of human cells for MWA-BN). 15 The

i nventi onsbutibhenhdrel @t-esintchta et POg cféjénd)/ro‘tg%%;l'e Trﬁj/%‘?mrjug& protein

and/or virus conprising the infection of a a virus vector
accor di ng 8UEHE bﬁé’é’é}%f Favehd gnp Oﬁmrbﬁwgdf 1by$etlhe/11d:m vavatiaon of the

i nfected condi tions Jrther, followed by the
i sol ation anhfor é%##%‘%%nt %%?ﬁgeﬁgﬁ%?T%aﬁﬁﬁz6¥“ﬁﬁb?§?h3and/or Vi ruses
produced by 20 said host ceII is intended to produce, i.e. anmplify
t he V|ru§.accor q:‘ﬁ resent invention the cell has to be a cell in
whi ch therVVpﬂgqﬁ@ dbher FﬁaﬁﬁéﬁFﬁﬁ%ﬁ@“DﬁéWD@@@@ﬂﬁ?@ Wilises, in particul ar

MWA sui t abhesernl @sadte S}E\'/:ec‘?%r agﬂ'AKd‘ﬁ lthShe gFeseBt ISehiiignded to produce a

peptide/ protein encoded e Vi ru vect according to the present
i nvent i oRat Hellgielte lméﬁﬂtil@e rai‘tyessﬁb teltshafec2b! wi the virmg eectted by the virus
ression of the virus encoded

vector a
pr ot ei ns?(gegf)'{aﬁ%c?eg r‘%@éef’?{gérﬁ\f ¥ further relates to a nethod for producing

a peptide, protein and/or virus conprising the transfection of a cell wth
the expression 30 cassette, the DNA or the plasm d vector according to the
preséfit gﬁ%t ?ﬁfh‘Pt‘Oﬂd}fltB@@éﬂb@Sthe infection of the cell with a vaccinia
virus. The infected host <cell is cultivated under suitable conditions. A
further step conprises the WD 2005/ 054484 PCT/ EP2004/ 012125 18 isol ation

and/ or eﬁirgumh&emUSoécttvﬁr@ Fiept dxpeesaiohd By dpffereat pranelees - viruses produced
by said ep. of infecting the cells with a vaccinia virus

t
may be nﬁg‘%@ Hg‘fee 'Péecg%de%(f’f%é\“vf\i%\’ §P@aa@ﬁ%ﬁé‘éﬂnw@é*ﬁ@ PRI oke cel | s.

plasmids. After 48 hours the cells were extracted and the GUS activity was
15 determined indirectly by measuring the extinction at 415 nm after an
enzymatic reaction, which causes the development of yellow colour. Zex =

negative control (MVA-BN infected cells).

20 Figure 2: GUS activity after early and early/late expression
Cells were infected with MVA-BN and transfected with the appropriate
plasmids. After 24 hours cells were extracted and the GUS activity was
determined indirectly by measuring the extinction at 415 nm after an

enzymatic reaction, which causes the development of yellow colour. Zex =

N2
=

negative control (MVA-BN infected cells). For that enzymatic reaction,
samples without AraC (early+late) expression had to be incubated for 5
hours, the one with AraC (early expression) had to be incubated over night in

order to obtain a color reaction.

30 Figure 3: GUS activity after expression by different promoters
Cells were infected with MVA-BN and ‘ransfected with the appropriate

plasmids. After 24 hours the celis were extracted and the GUS activity was



S The invention further relates to cells conprising a pronoter, DNA,
expressi on cassette or vector according to the present invention. In
particular the invention relates to cells infected with the virus vector
according to the present invention. io Short Description of the Figures
Figure 1. GUS activity after expression by different pronoters Cells were

infected with MVA-BN and transfected with the appropriate plasmds. After
48 hours ‘%Eem(/:ﬂéﬁ"(s were extracted and the GUS acti\)/(ipwzwé@m?S det erm ned

indirectly by measuring the extinctidi at 415 nmafter an enzymatic
reaction, ich causes the develo t of yellow colour. Zex = negative
control ( ?%N”Fﬁf%(ﬁfeéﬁi'yiél 'FE??“'%%EE? ﬁﬁy%‘}{@ﬁ I3 “Aeidiet yafter early and

ear | y/ | at eerpypresstaNiokeWhi el Bed NHLd et pMdh oMb BN@bg: tdansfiect ed-wi th
the appropriate plasmds. After 24 hours cells were extracted and the GUS

activity wagegddeeepriraed/ Y e edtciad byflsieasuring the extinction at 415 nm
after an enzymatic reaction, which causes the devel opnent of yell ow
colour. Zex = negative control (MVA-BN infected cells). For that enzymatic
reacti on, Exsampes without AraC (early+l ate) expression had to be incubated
for 5 hours, the one with AraC (early expression) had to be incubated over
night in order to obtain a color reaction. 30 Figure 3: GJS activity after

expr essi 0Whlébf_olqjv{;i{1%re%ﬁwp@'fé%mml%)Sth%‘lb§tréé}§rtﬁ%}atﬂafesr%ﬁgﬁgﬁmi6rh IM/Ay BN and

transfected with e appropriate plasm ours the cells were
ext r act ed bame/it iteleGUSoadyiavipergowals I MDIrRDGS5Ir0 B4 84e PETIdERR004/ 012125 19

determ ned i ndirectly by neasuring the extinction at 4-15 nm after an
enzymat i cg?(ée[ﬁ&ef%rﬁ? H\YRHY I’f”@?éts%é%te?q{ép el “8?&%/@\8@&}9“6836 . Control
= negatoi vef ﬂ@%tmoié%@/ﬁmﬁhﬂe‘dﬁﬁﬁ%%e%ﬁ|ir$\)eﬂti5n Exanplegsmphesy ol | owi ng
exanple(s) will further illustrate the present invention. It wll

Example 1: Analysis of promoters to express coding sequences in the

MVA-BN genome

15 1.1 Aim of the experiment:

It was the aim of this analysis to identify promoters that are suitable to
express coding sequences in the MVA genome, preferably coding sequences
that are heterologous to the natural MVA genome. Especially for the

20 insertion of two or more genes in a single insertion site it is advantageous to
use different promoters for expression of the single genes in order to reduce
the risk of recombination events, which could result in deletion of one of the
foreign genes. Furthermore it is desirable to have promoters of different
strength in order to have the possibility to express the foreign genes inserted

in recombinant MVA-BN in variable amounts, depending on the strength of

N
W

the promotor. 11 putative promoters were isolated in total. These putative
promoter sequences were cloned in a plasmid backbone (pBSKS+). In order
to analyse their potential activity, the promoters were fused to the GUS (E.
coli B-Glucuronidase ) reporter gene. BHK (baby hamster kidney) cells were
30 infected with MVA-BN and transfected with the plasmids containing the
putative promoters fused to the GUS gene. If the promoter was functional,

GUS was expressed and could be quantified by an enzymatic reaction of



be well understood by a person skilled in the art that the provided
exanple(s) in no way may be interpreted in a way that limts the
applicability 10 of the technol ogy provided by the present invention to
this exanple(s). Exanple 1: Analysis of pronpoters to express coding
sequences in the MA-BN genonme 15 1.1 Aimof the experinent: It was the

ai mof tRicseApakysis to identity pronoters that arg sy,takl.68,st0 express
codi ng sequences in the MVA genone, ,preferably coding sequences that are
het er ol ogous to the natural MA genone. Especially for the 20 insertion of
two or noies. 9enesitle Bnsbngl Ll Hﬁgﬂrew@ﬂ}]es\%lﬁch%ra'c?er%@ﬂa%tc%%?gus to use
different pronoters for expression of the singl e genes in‘order to reduce
the riskViofs peconbi'nati oAn@Vventse fuskiich @oukdd nesiybtd impgellet.ikon of one of
the for QQQI%eQF?'fFur$$§r”Dfe itis de%igable %o have pronoters of
different CCRUFERGER' i OF d&rPIesSRAVES PHE B EEPBIPI £y 4 6 Sek5F6Ss t he for ei gn
genes i nseatdty25treAgthegend nant. MifeBhbh nmald abl e a0pUAL S, fependi ng on
the strength of the pronotor. 11 putative pronpters were isolated in

total > geh by At E ApdhmBroseguences wehe celtorededie.a el asmi d backbone

( pBSKSH) - order: .t o LI, ial activity, -the pronoters were
fused topttohgbi%swgh Qg%ﬁ%!/véstébhegﬁ%thoﬁgéggne%gg% %a’rpééné: ﬂ&j(baby
hamst er Kildrey)pteedhish werekBOwi nf eetedrwirt hs MA=BNhandwty ansfected with the
plasnid§dcoq£%hﬂ%$g t he Putative pronoters fused to the GUS gene. If the
pr onot er “GAY! ighareaveaces Wald axpresdvdngivet Bulle B@renrenifi ed by an
enzymaticntenst inevioh 02006/ 06834, PATLERBR0S R LRd2R 20, 3. As positive
control and as reference the well-characterized Vaccinia virus pronoter's
p7. 51tand'sPs fovelne dxpsesdianoofCUSigmegkrenal ysednbinapaiail @instrByts measur ement  of
the GUS ﬁ%ﬂﬂﬁ§éN?” the putative pronoters were screened on activity,
strengtlg and earfy/late expression. The early/late expression was 5 checked
by addi ng AraC (Arabinosid Cytosine) to the culture nedia. The pronoters,

whi ch are own to be functional, nanely the Ps, p7.5, 7.5L and
1.2 Material

15 Cells: BHK cells

Virus: MVA-BN standard crude stock (7.5 x 107 TCIDsp)
DNA: pPAB-GUS (Ps promoter + GUS)

PBNX71 (pBluescript + Vaccinia virus pr7.5 +GUS)

PBNX73 (pBluescript + Cowpox virus ATl promoter + GUS)
20 PBNB8L (pBluescript + modified H5R promoter + GUST)

PBN61 (pBluescript + MVA B1R promioter + GUS)

PBN62 (pBluescript + MVA B2R promoter + GUS)

PBN63 (pBluescript + MVA B3R promoter + GUS)

PBN6O (pBluescript + MVA A30R promoter + GUS)

25 PBNB82 (pBluescript + Vaccinia virus 7.5 L promoter + GUS)
PBNE3 (pBluescript + MVA C7L promoter (SEQ ID NO: 5 +
GUS)
PBNX49 (pBluescript + MVA A42R promoter (SEQ ID NO: 1) +
GuUs)

30 : PBNX6Y (pBluescript + MVA 2R promoter (SEQ 1D NO: 4)+
GUS)

PBNX72 (pBluescript + MVA K51 promotar + GUS)



ATl pronoter which were known in the prior art as well as the newy
identified pronoter sequences that are naturally involved in the expression
control of the WA ORF's, A42L, B9R, C7L, PER, 12R, J6R preferably can be
io used for the expression of foreign genes in reconbi nant MVA constructs
(recWA-BN). 1.2 Material 1,5 Cells: BHK cells Virus: MA-BN standard crude
stock (7“5(5 107 TCl D50) DNA: pAB-GUS (Ps pronoter + GUS) pBNX71

(pBI uescr Pt cinia virus pi-7.5 +GUS) pBNX73"('PBPUESE! it + Cowpox
virus ATl pronoter + GQUS) 2?0 pBN81 {pBluescript + nodified H5R pronoter +
GUST) pBN61 (pBluescript + IWA BlR pronoter + GUS) pBN62 é Bl uescript +
MVA B2R pronoter + 3( ’ﬁééc%iRp@fODTOie ,E«QEJQ#\) P er + QUS)
pPBN60 (pBl uescri pthg $VI VA ASOR pronoter + GQUS) 25 pBN82 (pBluescript +
Vaccinia virus 7. 5 L pronoter +GJS) pBN83 (pBluescript + ('DI VA C7L
pronoter (SEQ | D NOsNESH(pRAUSKripBNXM9A GBI prescriéptSEe NWROAE2R pronot er ( SEQ
ID NGO 1) + QU @@ fBNX69 (pBluescript + MWA 12R pronoter (SEQ ID NO 4)+
QUS) pBNX72 (pBl ue F’ pt + MVA K5L pronoter + GUS) WD 2005/ 054484

PCT/ EP2004/ 012125 21X gmBN\XB3: P }uemwx UBR prodR k8 qum@tggu (SEQ ID NG 3)
-+- GUS) pBNX84 (pBI U)ESCI’I pt + A BI9R pronoter (SE -+- GQUS)

Transfection kit: Effectene transfection kit (Qiagen)
Media and Supplements: DMEM (Gibco BRL) with10% FCS (Gibco BRL)

10 Chemicals and Buffers: Lysisbuffer (PBS + 0.1 % Triton + 1 mM protease
inhibitor)
AraC (Sigma, Cat. No. C1768)
GUS substrate 1mM (p-Nitrophenyl-beta-(D)-glucuronide; Sigma, Cat. No.
N1627)

15 Stop solution 2.5 M (2-amino-2-methyl-1,3-propandiol; Sigma, Cat. No. A
9754)

1.3 Methods

20 Seeding of cells
5 x 10° BHK cells were seeded per transfection reaction in a well of a 6-well-

plate and maintained in DMEM/109%FCS over night at 37°C and 5% COs.

Infection/transfectionCells were infected with MVA-BN (moi 0.1) in 0.5 m

25 DMEM/109%, FCS per well and incubated for 1 h at room temperature on a
shaker. Transfection was performed as described in the manufacturers
protocol. 2 pg plasmid were diluted in buffer E8 (100 pl total volume). After
addition of 3.2 pl enhancer solution the solution was mixed and incubated
for 5 min. at room temperature. Then 10 pl Effectene reagent was added,

30 suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the cells and 1.6 ml DMEM/109%FCS
were added. 0.6 ml DMEM/10%FCS were added to the DNA Effectene



5 pBNX85 (pBluescript + MVA J6R pronoter (SEQ ID NGO 2) + @QUS) Transfection
kit: Effectene transfection kit (Q agen) Media and Suppl enents: DMEM (G bco
BRL) withlo% FCS (G bco BRL) 1o Chenmicals and Buffers: Lysisbuffer (PBS +
0.1 % Triton + 1 mMMprotease inhibitor) AraC (Sigma, Cat. No. Cl768) GUS
substrate 1mM (p- N trophenyl -beta-(D)-glucuronide; Sigma, Cat. No- N1627)
15 St op wobwtiésens2.5 M (2-am no- 2- et hyl - 1, 3- pr opaodizelops/8bogea, Cat. No. A
9754) 1.3 Methods 20 Seeding of cel)s 5 x 105 BHK cells were seeded per
transfection reaction in a well of a 6-well- plate and maintained in

DVEM 109 %Vﬁ%?g%'ﬂ%d 8k t@? %J%ﬂﬁh gc@&%m%tmm b%ﬂa{t&r@@x% §6td onCel | s vere

i nfecte % FCS per well and
i ncubat etdefhomcmahecw 24aorrrﬂ8é\|®pa®mﬂneieohorathﬁsmms Forahsfecti on was

perforrred act urer r ot ocol r pl asm d were

G Ut e AT Bl oA 60 B vor . Gt angse <Pl RnefiBR B 75
enhancerm@@hghlagﬁ ttg}gre@gbmu@pgwg m xed and i ncubated for 5 mn. at room
tenperature. Then 10 pl Effectene reagent was added, 30 suspension was

m xed® and i ncubated for 10 nmin. at roomtenperature. The vVirus-suspension

was rengﬁggegt[mfttﬂgcgﬁ |ls and 1.6 ni DVEM 10%-CS were added. 0.6 ni
DVEM 10 o the DNA Effectene WD 2005/ 0-54484

PCT/ EP2M10&2\&25rerﬁoxmjmmeea@dnd@oﬁnpéabf opsit beffeewhs adbed eAftat at i ng t he
cul ture

I Cel.l s re then incub te 8 our dependent on
t he analsgé 88 Tppi- t‘?é\ﬁef RISy YPIS Bt AR Y F&tyé's@iﬁlf%ésté?%%e%f &Ewas added to
the nedigumsdurl i@ tioh RERCEH OBt girshiagtiyend (40s peldtantrifuged

10 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 ul of cell extract (= protein out of 2 x 107 cells) was added to 1 m! pre-

15 warmed 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

20 extract of MVA-BN infected cells was used as negative control.
1.4 Experiments and Results

Experiment 1: Determination of function of putative promoters

For the first experiment all plasmids, which contain a putative MVA promoter

or a well-characterized promoter fused to the GUS gene, were analysed.

Cells were infected with MVA-BN (moi 0.1) and transfected with the

corresponding plasmid: Cells were harvested after 48 hours, lysed and GUS
30 activity was determined. This experiment was performed in order to

determine, which promoters are functional. The rasults are shown in Fig. 1.



5 Harvesting of the cells Mediumwas renoved fromcells and 0.5 ml of Lysis
buf fer was added. After shaking 15 mn. at RT, cells were scraped in the
Lysis buffer, transferred to a 1.5 m reaction tube and vortexed
vigorously. Lysed cells were centrifuged so for 1 min. at 500 rcf and 4C

t he cl ear supernatant was transferred to a fresh vial and stored at -20C
until use, 7Determnatlon of GUS activity 10 pl of cell extract (= protein
out of 2" qBPE ells) was added to 1 m pre- 15 wa e YibetYat e sol ution
(37C) and incubated at 37C until a 9e||om1 col our was devel oped. Sanpl es
were then placed on ice imediately and stop solution was added.

The Exti néilGAaa¢e Qm%fOhf@xff%goaéfwé/ﬁr%“h@ca%é%ce’é‘ii@éiaé& WAEL e GQUS
acti vi ty cass gxfi0orbOBN@NESO bRt 1RRD 010220008, & 81600 Lil@clik near Tange.

The substrate solfution was used as reference an extract of
MVA- BN i msertedtceldsshaas taded/eageffieigat {Ree egtomttionl 0.87) 24 tExper i ment s and

Resul ts Experlrrent t Lhation of fu ion of putativ orom)ters For the
first exparindpy amolu%@ﬁé%&@e%}%ﬁﬁ% ‘ﬂ@??ﬁ’s OTFP RN hﬁ Hronoter or a
vel | - cshamqn@bwmdtmmn@é&mufnglw@l:lﬁ.@ virhe paU8 geRdtemeres@nabysed.  Cells

were infected with MV/A-BN (nmoi 0.1) and transfected with the corresponding

pl asmi d. a@éﬂ“?@‘%@@’vﬁaméﬁ edtingtioar0.48). howrise lpipsedtiaRd@US Bo activity was
det r f whi ch
o o b g D B P TR AL M e Rk AL P o bR Do s gasa

pronot ers are unc |onal resu ts ar e hovvn

PCT/ EP2004/ii2d 2/Bar| 2 Shovhel tegatéry effecomt fol theexprasiorf asfofmé@’v% BN i nf ect ed
The

cells) clearl US activit extinction 0.001
wel | - %hag%ﬁ,ets i@gg’\@g\f@gﬁ'gegﬁﬁpﬂ%b ). PéFlﬁ)é‘( b?@h@ﬁté’re RIRE X RbIRE P05 %)e very
ef i apenss thPsvRRN RELHRN 0y 87 IhAS thQﬁ&@zRYF@i 2 8o, thoﬁ@H‘@L R QUS

detectabl e after 4-8 hours of expression al’'so nown naturally
occur ri nFNasindica WU Br@7s eptnrmimﬂé} 095 Xl F§RdWo aksdnction 0.208),

I2R (12; extinction 0.130) and J6R (J6; extinction 0.290) are functional
promoters. The promoters, which clearly showed to be active (extinction >
0.05) in the first preliminary experiment, were characterized in more detail

15 (Experiment 2).

Experiment 2: Characterization of Expression of promoters

The promoters, which did show activity in experiment 1 were characterized
on their pattern of expression. For that purpose, the cells infected with MVA-
20 BN and transfected with the corresponding plasmid were incubated with
AraC. AraC inhibits the DNA replication, which is an essential prerequisite
for the late expression of genes during the MVA replication cycle. In parallel
the same experiment was performed without addition of AraC. Infected and
transfected cells were harvested after 24 hours and the GUS activity was

25 determined in triplicate. Fig. 2 shows the average extinction of each sample.

After incubation without AraC (-AraC) for 24 hours, the total GUS expression
(early+late) is clearly detectable for all promoters (Fig. 2: right columns).
The strength of the newly identified promoters in declining succession is:

30 12R (12) > A42R (A42) > FER (F6) > JBR (J6) > BOR (B9) = C7L (C7).



a quite high activity (p7.5; extinction 0.41). Also the late portion of
pr7.5 (7.5L; extinction 0.25) shows a clearly detectable activity. The
Cowpox ATI pronoter clearly showed to be very efficient for the expression
of foreign genes by MVA-BN (ATI; extinction 0.76). For the putative
pronoter regions 10 of the MVA-BN genone, it was shown that A42R (A42;
extincti oo QoA8)gs BOR (B9; extinction 0.06), Cr7L-plfp0extitncti on 0.055),
F6R (F6; extinction 0.208), 12R (12; extinction 0.130) and J6R (J6;
extinction 0.290) are functional pronoters. The pronoters, which clearly

showed t qh'@%r@r‘%ie‘f@BQeé?'a%lUMer@ s} wgwgﬁb Her}né;h@' JH/(B)%d Ry gld fE‘ié‘a; y

experiment, were characterized in nore detail 5 (Experi nent
Exper i MeRKDIZSSiGhaltidog 8rd Fatdyols Coﬂ\/i\E&c(mSeswmlrmoofW!ﬁT émﬁ er/sathe pronoters,
on their

whi ch di how, t|V|t

pat torn STRBBESIR el BRR 0T Hoad R ELRN BT bERLE e wien WA 20 BN
and transbeguet imd fat BerheatczesROAsHRY (REASAbES el TOUbabediw th AraC.
AraC inhibits the DNA replication, which is an essential prerequisite for

the | &t e ?BRYF &34 b rdheigenels seiaral i te esiskRat Bplavcat BAPeYelie. I n paral | el

the sanme, 8xpgr ormed wi thout addition of AraC. Infected and
transfec{ed ce‘hggg g\gﬁﬁ%ﬁ‘é@sted after 24 hours and the GUS activity was 25

determned in triplicate. Fig. 2 shows the average extinction of each

sanpl e. fter incu t AraC 24 hours, the total GUS
engesm 6@ E%&W%‘@éﬁ%@ﬂéﬁ%ﬁ@@af ﬁﬁf?ef %fﬁweat ?a'g)‘ onot er s (Fi g. 2
right cobymes)an. AFHS ﬁ%r&@&%@m%%ﬁ B}eth'@eé%% e'xﬂﬁa@%!)ofn' 8 RHAES 8F

declining succession is > FOR (F6) > J6R (J6) >
BOR (139 &e mubz(tezipver\nwabmcﬂﬂar- 8>4g4f84a mwtap@omwloaezmsn ‘?IzteS*Ehe pronot ers

dur i ng ¢ het T PATES B A sl e B i Wi o
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to that of the negative control (Zex). Although the C/L prormt er 5 appeared
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expression and the results after 24 hours could be confirmed (data not

15 shown).
1.5 Conclusion

It was clearly showh, that promoters of different strength could be obtained

20 and that there is now a spectrum of different promoters available, which
show different expression patterns dependent on the incubation period and
on the possibility of MVA-BN to replicate. If early + late expression is
preferred, promoters A42R, 12R and FOR are preferably used. If the early
expression should be avoided (e.g. for foreign genes, which contain the stop

25 signal TTTTTNT for early expression), the promoters BOR, J6R or C7L are
preferably used.

Example 2: Analysis of minimal promoter elements derived from SEQ ID
NO:1to 4

In example 1 several sequences have been identified that are particularly

suitable to express foreign genes in the MVA genome. In order to check



role during early expression. The pronmoters A42R, 12R and F6R clearly show
a very efficient early expression. As for the determnation of the early
expression the sanples had is to be incubated over night in order to get a
detect abl e col or reaction. These results cannot be conpared to the val ues
of the early+late expression (Fig. 2: - AraC) directly as they only were
i ncubat eQxJ%/ ? urs. The pronoters, which did sh(gw ear (i expressi on were
anal ysed agaih a 7 hours of expression and thE VEsUM'S & ter 24 hours

coul d be confl rrred (data not 15 shoﬁ/n). 1.5 Conclusion It was clearly
shown, % VU% er]s dj[ gznt strength coul d be obtained 20 and that
there is Mow & 4pdeh f?ﬁWSW’ sdilff Aberi ™ p PYRRISErSI AV SBPEIMERISch  show

di fferentwee@@errﬁ@@lo@ﬂ wie@m%&n@%&e&dﬁf@ww P%? '4%&%%1%@@' od and on

t he possi b|||ty of MVA-BN to replicate. ear + late expression is
pref er r edCR @@'@dslﬂwpzsm@fﬁ@hdﬂ@&@Qi??er)pfrefCéEh@Ipytaiwed If the early

expr essi e f or.ei gn ; h..contain the
stop 25 gﬁgﬁﬁ%%@%@%&&%g@[ ;Fq %Q ésé”%}/ﬁe g D@F%%Vw@‘%%gl? J6R or C7L
are preffermbmptusedtre EmﬂnbehQGUAnabyﬁb:Sg@fe BHK B&ls ReeMBleelekl ement s
derived fr 30 I n exampl e 1 several sequences have been

identifid GQN}\%EgQraé‘dptéﬁﬁf%?%WW tlw%ﬁiatgab@%c@ﬁaﬂﬁgé%%P*F”’é‘F'éFgn genes in the
WA genomxmlanpmnd&%istﬂs@@%&{ﬁe%@%%é 4ﬁ%§%udrlgﬁﬁ%994e]éb%2125 25 whet her

shorter fragnents fulfill the same purpose a onal ‘experinments were
carried WBSSWWE@Utﬁlf\@girr'emOéereﬂNeSEQ:neEhM)oﬂx dcoividy weaj etneagﬂmcbfed by PCR
asmd I,n total utat m ni mal

and cIo back pBSK
pronoters \C\%rg’e()%t@g? Séﬁm‘Pjrei%grgsePost Vea%%ﬂ%éé”@r?é rrETEHS'E’%% Eae! Ct ivity, 5 the
pr anot ercaverteifadsestclioa Vings GUSHFRRGEE 8F vgeneseBHKGee! 4rs were i nfect ed

analysed in parallel. The minimal promoter elements of about 30 bp can be

used for the expression of foreign genes in recombinant MVA constructs

(recMVA-BN) without the risk of homologous recombination between the

homolgous sequences of the original and the additionally cloned promoter.

15

2.1 Material and Method

If not indicated otherwise the materials and methods used in example 2
correspond to the methods in example 1. PCR was made according to

20 standard technigues.
2.2 Experiments and Results

Fusion of promoters to GUS gene by PCR
25 The PCR reactions resulted in the fusion of the following minimal promoter

sequences to the GUS gene:

SEQ ID NO: 7 (“A42 short late”) TCTTATTAAAAAACATATATAATAAATAACA

SEQ 1D NO: 8 ("JBR short late” ) GATAAAAATTTAAAGTGTAAATATAACTAT
30 SEQ ID NO: 9 (“F6R short early)

AGAGTGTAGTATCATAGATAACTCTCTTCTATAAAAT

SEQ 1D NO: 10 (“F6R short late")ATTGTTAAATAAATAATGGATAGTATAAAT



with MVA-BN and transfected with the plasm ds containing the putative

m ni nal

pronmoters fused to the GUS gene. By neasurenent of the GUS

expression the putative pronoters were screened on activity and strength of
expression (see exanple 1). As positive control and as reference the well.

to characterized Vaccinia virus |ate pronoter

Ps was fused to GUS and

anal ysedwonopassad«d el . The m ni mal pronoter el enent&gdr2@bowrt2s30 bp can be
used for the expression of foreign genes in reconbi nant MVA constructs
(recMWA-BN) without the risk of honol ogous reconbi nati on between the

honol gouscgeguencesofr thet eniighnalanthAthe caddGatonalhyacl oned pronoter.
15 2.1 Material and Method If not indicated ot herwise the materials and

asedDiND eianpifesizort e nédgdnd Tt B-Ahk! et Hods Gy Adxdmdl e 1. PCR was
made according to 20 standard techniques. 2.2 Experinents and Results
Fusion of pronoters to GUS gene by PCR 25 The PCR reactions resulted in the
fusi on ohll ph&tivelrhiowhmgromoiaraliu rootheGU Ssequencesciteed ine GUS gene: SEQ | D
héé%‘ <EI§hort | at e") TCTTATTAAAAAACATA T ATAATAAATAACA SEQ ID NO 8

met hods

NO 7 (
("JB6R’s
short e
short |
PCT/ EP2

early")
ATTTATT

functio
10

15

30

BB AT RKBRAT TTAAGT GTAAATATAACTAT  so SEQ ID NO 9 (

"F6R

a@é%?mﬁ%@@ﬁ%ﬁ@%?@ﬁéﬂ%ﬁé@ﬁo%@ SEQ ID NGO 10 ("F6R

at e") ATTGTTAAATAAATAAT TAGTATAAQT WO 2005/ 054483
0041 0eRtes) 226 fug&(pma[mmthqpu(atiygRwigmjaltpromoter elements

A AT AT ACERARRT ORI TP (Ve B TBE Al Tuseds to

the GUS gensgpvediegdianed. OolldwpBIKSeantasaquenceds, \Reternd A8 on of

n of the putative mniml pronoters
activity was determined (Fig. 3).

The negative control (extract from MVA-BN infected cells) clearly showed no
GUS activity (control; average extinction 0.00167). The well-characterized
strong synthetic Ps promoter was shown to be very efficient (Ps; average
extinction 2.05267) as there was a high amount of GUS detectable after 24
hours of expression. For the putative promoter minimal promoter elements
of the MVA-BN genome, it was shown that all of FER short early, F6R short
late, 12R short early, 12R short late, A42R short late and JOR short late are

functional promaoters.

In total six functional minimal promoter elements were isalated. Two are
suitable for the weaker early transcription (I12R short early: average
extinction 0.06933; F6R short early: average extinction 0.189) and four are

suitable for late expression of different levels (F6R short late: average

extinction: 0.09833; 12R short late: average extinction 0.391; JoR short late:

average extinction: 0.80167 and A42R short late: average extinction 2.07).

2.3 Conclusion

It was clearly shown, that promoters of different strength could be isolated
and that there is now a spectrum of different promaters available. IT early
expression is preferred, the minimal promoter FOR short early or 12R short
early are preferably used. If the late expression is preferred and early

expression should be avoided (e.g. for foreign genes, which contain the stop



In order to anal yse functionality of the putative mninmal pronoter elenents
the BHK cells were infected wwth (VMIVA-BN (noi 1.0) and transfected with
the corresponding plasmd. Cells were harvested after 24 hours, |ysed and
QJS io activity was determned (Fig. 3). The negative control (extract
from WA-BN infected cells) clearly showed no GUS activity (control
average exti ncti 0.00167). The well-characteri ze : v ynt hetic Ps
pronDterQ§%§m3%6V£ to be very efficient (Ps; avera%%ﬁﬁéégﬁﬁ%%ion 2.05267)
as there was a high anount of GUS détectable after 24 15 hours of
expression. For the putative promoter mninmal pronoter el enents of the
MVA- BN géteore] 71T Nlae" shonmr tigtoral fhegh i teR! BIHEP eI 8EMENIFOR short | at e,
12R shor tsrxgrqui\t}é’ l2%24%0§m8{et, J&@Eﬁort%%@ng L@t 1 apdsed 9{%?%@61 late are
functional pronbters. 20 I'n total six functional mnimal proroter el enents
were isoliated. Two are suitable for the weaker early transcription (12R
short early: average extinction 0.06933; FOR short early: average
extinction 0.189) and four are suitable for |ate expression of different

| evel s (F6R short |ate: average extinction: 0.09833; 12R short |ate:
average extinction 0.391; J6R short |late: 25 average extinction: 0.80167
and A42R short | ate: average extinction 2.07). 2.3 Conclusion It was
clearly shown, that pronoters of different strength could be isolated and
that there is now a spectrumof different pronoters available. If early 30
expression is preferred, the mninmal pronoter FOR short early or 12R short
early are preferably used. If the late expression is preferred and early
expression should be avoided (e.g. for foreign genes, which contain the
stop WD 2005/ 054484 PCT/ EP2004/ 012125 27 signal TTTTTINT for early
expression), the mnimal pronoter elenments F6R short late, 12R short |ate,
J6R short late and A42R short late are preferably used. WD 2005/ 054484
PCT/ EP2004/ 012125
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The indications listed beloww ||l be submtted to the International Bureau
| ater (speci/ythegeneral nmure ofdhe Indications eg.. "Accession | 1linber
of Deuasit') For receiving Ofice use &ily Forlnternational Bureau useunty
This sheet was reeeivedwitb the international application This sheet was
sere-ivied by the International Bureau on: Authorized officer Authorized
of ficer Poore PCT/RO 134 (July 1992) 31 Cdaims: 1. Pronoter conprising or
consi sting og:$ nucl eoti de sequence selected fromthe group conprising:
(i) the nucl cB " sequence of anyone of SEQID NGO 3, 9 or 10, (ii) a
nucl eoti de sequence having a length of at |east 15 nucleotides of SEQID
NO. :3 and (iii) derivatives of the SEQID NO: 9 or 10, where not nore
than 10 nucllebrometeraampligiag of oagistiae oéreaudagiide spavenacaekictad r espect

to the sequenges Of E(goln%{ggﬁ% 9 or 10, wherein the pronoter is active as
vaccinia virus pro SOURE S active in vaccinia virus infected cells.

2. Expressi ofi) m:smleendmgmw@degofargm&mfaE@dan@t Bg9top 10l aim 1 and a
codi ng sequen; wherein the expression of the codlngasequence is

control | ed bQSsaaPHcﬁpB%ts@ﬁueéce BaNNesailengibaaisat teashdediuplerfides ef ai m 2,

wherein the gpdi N9NnGeqgrge codes for therapeutic proteins or peptides,
ant i gens, antigenic epitopes, anti sense RNA or ribozynes. 4. DNA
conpri sing t(ie gedvaiives afcther 8E4Y IDoNCL..aPnorl 10y wiheee engirrasss dtiman déssett e

nat ural |y ocRUnE PP B0 L BRURSHI ISR/ P sl AESPEC! 1. oct or
conpri sing tg@q@r@@gt(ﬁrsga@qgrmnggbmgl aim1l or the expression cassette
according to anyone of clains 2 and 3. 6. Vector according to claimb5,

sel ect ed frowheles thel pueiootsrds aatives pp ajaccinia virus promoters arid/or active
in vaccinia virus infected cells.

2. Expression cassette comprising a promoter according to claim 1 and
a coding sequence, wherein the expression of the coding sequence is

controlled by said promoter.

3. Expression cassette according to claim 2, wherein the coding
sequence codes for therapeutic proteins or peptides, antigens, antigenic

epitopes, antisense RNA or ribozymes.

4. DNA comprising the promoter according to claim 1 or the expression
cassette according to anyone of claims 2 and 3, wherein the DNA is not

the naturally occurring genome of Modified vaccinia virus Ankara.

5. Vector comprising the promoter according to claim 1 or the expression

cassette according to anyone of claims 2 and 3.

6. Vector according to claim 5, selected from plasmid vectors and viral

vectors.



vectors. 32 7. Vector according to claim®6, wherein the viral vector is a
vaccinia virus. 8. Vector according to claim?7, wherein the vaccinia virus
is Modified Vaccinia virus Ankara (MVAR, preferably strain M/A-BN
deposited at the European Collection of Cell Cultures (ECACC) under nunber
V00083008 or a derivative thereof, strain MVA 572 deposited at ECACC under
nunber VA94012707 or strain MVA 575 deposited under nunber V00120707 at
ECACC. 9. Vector according to claim8, wherein the pronoter according to
claiml1l or the expression cassette according to anyone of clainms 2 and 3

is inserted FnVactoatgtalding Readint Bnahaediatthoniral vectof istagaddifiagenone. 10.
Vector according to claim@8, wherein the pronoter according to claim1l or
t he expressi WiUassette according to anyone of clains 2 and 3 is inserted
into a non-essential part of the viral genonme or into an intergenic region
of the viral genone. 11. Vector according to anyone of clainms 5 to 10 as
vacci ne or 8edlectoreatcordidg tdaclaime’, owhetean e ewstcicad viraspie siibddied

i si [ i t f c|aj 2 to 3,
BNA” accor di n§REOnE A Ankera (AL per eRta kadrirg MU B BRROBISL RGeS 5 1o -

10. 13. VaccEpppdanPhebi@apmt | 681 cennmosiiken (mq Ninber ClriinBedr2
conprising at |east 102 TCI D50 (tissue culture infectious dose) of the

virus vect orVeee®IHithgr aslesingtiveethsfreef, strmin M\A 570 depdsitad at BESAGE an
expression c t conhdi anyone =1 2 to 3, . of a DNA
accordi ng to&icfeii mgérr\(}é‘g‘ig%}e@% 8F%§3%%{ﬁ8§bg@eﬁ?§3ﬁg L{S]Ider@Iué{'iﬂ?ﬁr 5to 10
for the prepdo@i2070704t RCAECEi ne or nedi canent. 15. Use of claim 14,
wherein the virus vector is to be admnistered in

9. Vector according to claim 8, wherein the promoter according to

claim 1 or the expression cassette according to anyone of claims 2 and

3 is inserted in a naturally occurring deletion site of the MVA genome.

10. Vector according to claim 8, wherein the promoter according to
claim 1 or the expression cassette according to anyone of claims 2 and
3 is inserted into a non-essential part of the viral genome or into an

intergenic region of the viral genome.

11. Vector according to anyone of claims 5 to 10 as vaccine or

medicament.

12. Vaccine or pharmaceutical composition comprising an expression
cassette according to anyone of claims 2 to 3, a DNA according to claim

4 or a vector according to anyone of claims 5 to 10.

13. Vaccine or pharmaceutical composition according to claim 12,
comprising at least 10° TCIDs (tissue culture infectious dose) of the

virus vector according to anyone of claims 7 to 10.



t herapeutically effective anounts in a first inoculation ("primng

i noculation") and in a second inocul ation ("boosting inoculation"). 16.

Met hod for introducing a coding sequend8 into a target cell conprising the
i ntroduction of a vector according to anyone of clainms 5 to 10, of an
expression cassette according to anyone of clains 2 to 3 or of a DNA
according to claim4 into the target cell, wherein the target cell is not
a cell in the human and/or ani mal body. 17. Method for producing a peptide,
protein and/or virus conprising infection of a host cell with the virus

vect or accor d4ngsktofaityexsredéiondarsBle Gctordhity teHhydvabf erimb Z fee3i nfect ed
host cell under suitable conditions, and isol ation and/or enrichment of

the peptide &hd BNA geeoising i @iaim ¢ eluska yww@auasaosing 40 Brvese eel | |
wherein the E%ﬁh %et|o|1df%r tﬁé’éréapaqg c%n bPaR/ngHarB?'}né‘&%Hm ngni mal body. 18.

Met hod for cing a n-and/or virus comprising
transfecti on of cells vmth an expression cassette according to anyone of

claims 2 to e according to claim4 or the plasnd vecto
accor di ng to:Téi L{;% g\lA?W? & i ERETSIN thee VEES Ive\ﬁqusatov%%@W'ﬁ'%rﬁGsm

cul tivation m‘eréﬂ;&ﬂd&ﬂ)ﬁc%%c taﬁ%dnté’”ﬁﬁ a® /rétabln%cﬁf&'ﬂght'(g;}ﬁ“ irgnd

i sol ati on and/or enrichnment of the pepti rotein an Vi ruses
produced by wacdlationt) arel ih,a séeorel nmot:hlatlen(étbowfstlngﬁmnulatg)rt he cells with a
vaccinia virus may be nade before or after the step of transfection of the
cells, wherein the cell is not a cell in the human and/or aninmal body. 34

19. A cell comt aigthBe Fhre igredRsSd 08 €a8Pat sBqasRes dint® éOteﬂgépr&uof
claimse 2 to 3 or the virus vector according to anyone of clainms 6 to 10

20. Use of termpriginptiee iniceduationgot @ vectdrmcrording ttaearyenei ofr daimx@bessi on
of a coding se t ' of ggcor di ng
to anyone oft% di ms% %%83 hcg%t? ﬁél%&sfcﬁéé)g#éb&@ Oﬁscgﬁ'%{\%%?‘%ﬁ

expressi on cefss BN according to claim 4 into the target cell, wherein the target cell

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

17. Method for producing a peptide, protein and/or virus comprising
infection of a host cell with the virus vector according to anyone of
claims 6 to 10, cultivation of the infected host cell under suitable
conditions, and isolation and/or enrichment of the peptide and/or
protein and/or viruses produced by said host cell, wherein the host cell is

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

18. Method for producing a peptide, protein and/or virus comprising
transfection of cells with an expression cassette according to anyone of
claims 2 to 3, the DNA according to claim 4 or the plasmid vector
according to claim 6, infection of the cell with a vaccinia virus,
cultivation of the infected host cell under suitable conditions, and
isolation and/or enrichment of the peptide and/or protein and/or
viruses produced by said host cell, wherein the step of infecting the cells
with a vaccinia virus may be made before or after the step of
transfection of the cells, wherein the cell is not a cell in the human

and/or animal body.



according to anyone of clains 2 to 3 into the vector genone.

34

19. A cell containing the expression cassette according to anyone of

claims 2 to 3 or the virus vector according to anyone of claims 6 to 10.

20. Use of the promoter according to claim 1 for the in vitro expression

of a coding sequence.

21. Method for the production of a vector according to anyone of claims
5 to 10 comprising the step of inserting the expression cassette

according to anyone of claims 2 to 3 into the vector genome.



