Q WO 2005/ 054484 PCT/EP2004/012125 Pronpters for Expression in Mdified
Vaccinia Virus Ankara 5 The invention concerns prompters, in particular for
_the expression of genes and/or coding sequences in vaccinia viruses such‘t
as Mdified vaccinia virus Ankara (MVA). The invention further concerns °
expression cassettes conprising said pronoter, vectors conprising said
expressiy@ugassettes as well as pharmaceuti cal s@mrasiiiizons 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 1s prom sing vaccines to i nduce an

i Mune r esponsgmgat At Exphessiad @i [gpdifiaatvagemiexipiessiedaf rom 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. MWVAis related to vaccinia virus, a nenber of the genera
Orthopoxvirus in the famly of Poxviridae. MVA has been 20 generated by 516
seri al ﬁ&s&a@ﬁmrmmc@hslpaﬁmehemyimpfaithnuém]?ajstm &xﬁrﬂsﬁeﬂ;@rﬁgaﬂ@ﬁ strain of
vaccinia v for. review see |on 3, 6-14

f
[ To75]) dndker SoribRaesencandrct Reod renateerm palbafactReTsul i ng. mia
virus dﬁﬁt@%ﬁ@\é@@?%e%ﬁehﬁémﬁéﬁc@r‘ﬁae.lrﬁ%ﬂﬂ@mm:c@@@m@ﬁce and, therefore,

was descrl host cell restricted to avian cells (Meyer, H et
at ., cc@emumg)swrdrm@momz, vet 083 co0BR8sNET9id yxpiew%@%%%am n a variety of

ani mal eI s that th significantly avirulent (Mayr, A
& Danne\fy ?(5 Dmr@:}%ﬁe”hiﬁ& EP%%IOH%?QQIQE%ES 225-34). Additionally, this WA

_strapn has been tested in clinical trials as vaccine to i nmunize agai nst
t he human smal | pox disease (Mayr et al., Zbl. Bakt. Hyg. I, Abt. Org. B
167, 37Bad@ooynkogAne iYENHRY et al., 30 Dtsch. med. Wschr. 99, 2386-2392
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Recombinant poxviruses are widely used to express foreign aniigens in
infected cells. MoreoVer, recombinant poxviruses are currently tested as very
15 promising vaccines fo induce an immune response against the foreign
antigen expressed from the poxvirus vector. Most popular are avipoxviruses
on the one side and vaceinia viruses, in ﬁarticular Modified vaccinia virus
Ankara (MVA) on the other side. MVA is related 1o 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
[1875]). A‘s a consequernice of these long-term passages the resulting MVA
virus deleted about 31 kilobases of its genomic sequence and, therefore, was
described as highly host celf restricted to avian celis (Meyer, H. et al., J. Gen.
95 Virol, 72, 1031-1038 [1991]). It was shown, ins 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 smalipox disease
(Mayr et al., Zbl. Bakt. Hyg. i, Abt. Org. B 167, 375-390 [1987], Stickl et al,
30 Disch. med. Wschr. 99, 2386-2392 {1974]).




US 5, 736, 368 and US 6, 051, 410 di scl ose reconbi nant vaccinia virus strain
Wet h, t hat expresses HV 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 02/42480 di scloses particularly safe
and att BRAEPEFMNVA strai ns. Reconbi nant MVA are 8FBER20E&®RIENter alia in WO
98/ 13500 and WD 03/048184. For the %xpression of heterol ogous genes in pox
viruses only a few pronoters 10 are known to the person skilled in the
art, sudhS &s’3thac8ekd &isds H6K, Hirlorivtlesesraceabiearg.vatitnis, idE,s324), a strong
synt het i I | at e pr ter see e.g. S r,oat_al., Vaccine (1994) 12,
1032-40)@%&*‘%7?’@'%?%%@%?”?‘%%& a’@.%P%éh%g}igjéﬁ.,%?%@ﬁ@@ﬁ% Yirol. (1991)
72, 699-rébdhbadt tAteins NGRS St HeNY UBd exreQiths NGt ERUOBXN 4 FBSH A- type
inclusion (ATl) gene (Li et al., J. Gen. Virol. 15 ( 9?»)8) 79, 613). Al of
these pridhp?<? §igskres peespruisant vacedirovibisnstmin WesterniieaeiMer uses to express
het er ol . said genes, resulting in the
or oduct e o B ARl s 20 N O AR P B BBk s nee onl v a
f ew prorateessl attenaed Matl @rdiog. Rdtembmapt 8881 9@ Diclgeestdrmligacci ni a virus

expr essi.o t he i eneral 20 need for alternative pronoters in
vacci ni én&{$§§é§g§q)¢1a%g§1q5%’%?4‘%3@4-0f 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 catfioihg expresdersol ibo!tgpuh@esepingrotvenseabhigw feg prbeotexspr essi on of

: i edi at frer the infection of, th e there is a 25 need
Por - Dacalaror HeRakFby pRUDaRe hsPeaoarns 0K 36iAEd out above. M/A IS

a very prombirngsesid.gsus ar74he24 exniepgisontrelichetipralogeumigenes due to its
i nprove safetmroflle. However, all pronmoters known so far for the

expr essiBit OE- Het@rBlebgyascing (Hifed 4 A0RAleie febipverotardasot her vacci ni a
v om0 S L PRI RLOTRU 57 ) BUPLESIBAN TS vacci '
expr essiftom the ddwhox virus A-type inclusion (AT gene (Li et al., J. Gen. Virol.
15 . (1998) 79, 613). Ali of these promoters have been used in recombinant
vaccinia viruses to express heterologous genes and were shown 1o express
said genes resuiting in the production of the protein encoded by the
heterologous gene. Since only a few promoters are available for the
expressicn of genas in vaccinia virus expression systems there is general
20 need for alternative promaters 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 aliowing the
expression of genes immediately after the infection of the cells, i.e. there is a

26 need for vaccinia virus early promoters.

Moreover, as pointed out above, MVA is a very promising virus for the
expression of heterclogous 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 pronoters were not yet known in the "art . 5
In particular the invention concerns a pronoter conprising or consisting of
a nucl eotide sequence selected fromthe group conprising (i) the

nucl eot wdessaguance of anyone of the foll ow ng SEQdmuNDziE to 6: i0 5
TCTGCAATATTGI TATCGTAATTGGAAAAATAGT GT TCGAGTGAGT TGGATTAT
GTGAGTATTGGATTGTATATTTTATTTTATATTTTATATTTTGIAGTAAGAATAGAA

TGCTAAT@ﬁ@ﬁﬁ%ga%AAﬁﬁgﬁaﬁéﬁgﬁﬁ@gﬁ&ﬁTTAAAAAACATATATAATAAATA ACA 3' (SEQ I D
NO: 1) i5 B TTTAAAGT GTAAATATAACTATTATTTTATAGT TGTAATAAAAAGGGA

AATTTGATTGTATACTTTCGGT TCTTTAAAAGAAACTGACTTGATAAAA 3" (SEQ ID NG 2) 5

GCATTT T JTACTAATT U \T T AAT .20
TAARTAGITAT TN A FANAKT AT A RAT AR T T A CART AR Cr e
CATAGATAAET EGT TE KAL), (VEEQrb P oNeds vadre Dot vet known in the art,
GATCTATAAAGGTAGACCTAATCGICTCGCGATGACCATATATTTATTTTCAGTTT

TATTATACGCATAAATAGTAAAAAATATGTTAGGTTTACAAAA 3 (SEQ ID NO 4) 25

COTT TR A AR AT AT ARG AT ACDLAATATEF AAAGATG "€ ©' @

AAAAAGT ARATETACT AT TAACECEBT BEETAT TRSTTOATOCATRCAGTT 3(SEQ 1D NGO 5) 30 5

ACTARAT KT HCAT AR S TATT ARTORTACAHAAA COHAA PENAKCTEOR A SO 2005 054484

PCT/ EP2004/ 012125

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

»

15 5'GATAAAAATTTAAAGTGTAAATATAACTATTATTTTATAGTTGTAATAAAAAGGGA
AATTTGATTGTATACTTTCGGTTCTTTAARAGAAACTGACTTGATAAAA 37 (SEQ
ID NO: 2)

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

5 GATCTATAAAGGTAGACCTAATCGTCTCGGATGACCATATATTTATTTTCAGTTT
TATTATACGCATAAATAGTAAAAAATATGTTAGGTTTACAAAA 37 (SEQ ID NO: 4)
25
5 GGATAAACTTTAAGACATGTGTGTTATACTAAGATGGTTGGCTTATTCCATAGTA
GCTTGTGGAATTTATAAACTTATGATAGTAAAACTAGTACCCAATATGTAAAGATG
AAAAAGTAAATTACTATTAACGCCGTCGGTATTCATTCATCCATTCAGTT 37(SEQ
ID NO: 5)
30
5 ATTTCTCGGTAGCACATCAAATGATGTTACCACTTTTCTTAGCATGCTTAACTTG
ACTAAATATTCATAACTAATTTTTATTAATGATAGAAAAACGAAATAAAACTGCATA




4 TTATACACTGGTTAACGCCCTTATAGGCTCTAACCATTTTCAAG 3- (SEQ ID NGO 6) (i)
subseguences of the sequence according to anyone of SEQID: No. 1 to 6 5
(1i1) 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 eaWp e ARS8+ r eadi ng frames A4A2R, J6R, F6R, 1PR/ERTIH 0zt 89R
respectively. The pronoters according to the present invention-are
preferably active as vaccinia virus pronoters of active as pronoters in
vacci ni aTRiADSCT GEELAAHLE ACC TRl TAGG CTIOY AMBCRTIT RCNAG BS (320 D efcer ably WA, in
particulgr one of the MWVA strains as specified below "Active as vaccinia
Vi rus p@ noter” neans that the pronoter is able to direct the expression
of a gene to which it is operably Ilinked in a vaccinia virus after
infection of cells with said virus. The cells are preferably cells that

al | ow | dbsuape nceas] Yeeegrewsi anoafing heamareiohi $EWiD:uso. 1 206" A pronot er
active in vaccinia virus infected cells" includes also the situation in
which the pronoter is not part of a vaccinia virus genonme, e.g. part of a

pl asmi d(iiy s@ui@ﬁﬁes\mm@d)raa i fidee Midladticea M ®utidhs SHaBtignsShidati on  the
pronoter a COI’dI to the gresent invention is active if the cell

conpri sIRg’ ‘tCWé Y %P%‘Ft tq|tee se@Hpners as dafinettiviMief U rus genonme, e.g. if the
25 cel l |s infected with a vaccinia virus. Under these circunstances the

vi ral ynmerase recogni zes the pronoter according to the present

| nvent i 6bQ lngtDt]htD @)ﬁpsr eamrajlymﬂr“r bhihedeviegensnngns eqeeneted hat is linked to

: prom ter act| e present invention it is

. possmbl‘flrD BBau”%Q M@ﬁ ngflqrﬂ%s A%@W@%@:?g%&%gg&ﬁﬁ Sfg®fn SEQ IDNO 1 to
SEQ I D r@@becﬁwejfhe pronoter that is actually used to direct the expression
of the gene/codi ng sequence may WD 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 infecied

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 2 gene fo 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 celis” 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 io 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 ihe viral
RNA polymerase recognizes the promoter according to the present invention
and the expression of the gene/coding sequence that is linked to the

promoter is activaied.

30 According to the present invention it is possible to use anyone of the
promoters as specified in SEQ 1D NO: 1 o 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 SEQIDNO 1 to SEQID NGO 6 or the actually used
pronoter may be a larger structure that conprises anyone of SEQID NO 1 to
SEQ 1D NO 6. Alternatively it is within the scope of the present invention
to use a derivative of these pronoters, which may be a subsequence of the
5 sequences as defined in anyone of SEQ IDNO 1 to 6. The term
"subsequengRis@f the sequences according to anyeoeeehss:d D NO 1 to 6"
refers to shorter fragnents of anyone of SEQID NO 1 to 6 that are still
active as a pronoter, in particular as pronoter in vaccinia virus or in

vacci ni | ' s - @g{f@ h L Ay\cbMs 1S preferably
WA, su%ﬁglgiﬁ%@éggﬁﬁggg[tgrr\!gr%smto {)beﬁlbf i@g}éﬁﬁeg:%cgjwﬁiyks%g i cal subsequence
of anyamemofer SEEY b®a NOgdr $touSE® thBt cavprigsagore df g I 99: &to| east 15
nucl eotides, . nore preferably of, at |east nucl i de. ven nore
pref er al l%d\'lggfi'ﬁg%@?t‘ ﬁﬁ%W@@f‘itEl5§?D%%gheppree%%rﬁgh\f%?%gftgat | east 30
nucl eotijsdesiePfvadiy oNGes pldnetseaAWaREeEaPhe SEDdcdudidelfttiie SEQ D NO 6. 15
A preferred subsequence of SE(%ID NO171s SEQID NGO 7. A preferred

8

subsequeRersices asElfing! Na@nyene §T I IPDVRG toP- Predpdh r P s¢GBedfuences  and/ or
deri vat j; ' B, 1D.NO 9 d SE
D No e e e LR R AR A PRI MBS B RERS IR %0 R “11 and

SEQ | D fN@met2s offhveyoseqliBRQeB Ni¥ 1SE@ 112t ki@ stB! aadivd 2s areomgiolanin i n t he
exanpl e section. The derivative. of the pronoter .C{)egp%ji si.ng or consisting of

a nucl dBTIHET ATHREMER BrVagH)Gne 60" SE NG Usn &'subsequences
t her eofge4|-n Lol AL | i de sequence of SEQ
Agaltnbtlé%&;ﬁ}i%"glé T s Zﬁr&%ré@f At ke & orfehs thush et q

I D NO _ can so be a sequence that has one or nore
‘nucleotspdefieclibstavt vk tyos) sukkelesiaeny aapeieor’ SEASIENP AN W@ H)respect to any

- one of e sequences of SEQ.I NO.1, to 6. qr ereof, in :
parti clIG B ?ﬁ@ﬁ%f%??%&ég‘wﬂ%ﬁ@gé m 'F%E%%%%%&tjgh SEQ ID NO 12.
The deriu¢Rbiides 66 aiclk Refb@bIVE pr@esens ndbebinianticenparfeashi | | active as a
pronoter, in J[oartlcul ar as vaccinja virus '

of at teast 30 nucleotides of anyone of the seguences of SEQ ID NG:1 to SEQ
IDNC: 6 .
15

A preferred subsequence of SEQ ID NQ: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: ©
and SEQ ID NO: 10. Preferred subsequences of SEQ ID NO: 4 are SEQ ID

20 NO:11 and SEQ D NO: 12. The sequences of SEQ ID NO: 6 to 12 are given

in the example section.

The derivative of the promoter comprising or consisting of a nuclectide
sequence of anyone of SEQ ID NO: 1 to 6 or subsequences thereof, in

25 particuiar the derivative of the nuclectide sequence of SEQ 1D NO: 7 to SEQ 1D
NO: 12 can also be 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 & or subsequences thereof, in particular of the nucleotide sequences
of SEQ 1D NO: 7 to SEQ ID NO: 12. The derivatives according 1o the present

30 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 infected celis. A sequence having one or




pronoter in a vaccinia virus or in vaccinia virus infected cells, nore
preferably as MVA pronoter in MWVA or in WA infected cells. A sequence
haV|ng one or WD 20051054484 PCT/ EP2004/ 012125 nore nucl eoti de
substitutions is a sequence in which one or nore nucleotides of the
sequence according to anyone of SEQID NO 1 to 6 or subsequences thereof,
such aswd bhes/sequences accordi ng to anyone of SEQdrimehi®oiZzizso 12 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 edoad nORGHIIe IRESIUREATd PR&RAYONEVRIEL SRl RoNOhLdieditdds or
subsequences thereof, in particular of the nucleotide sequences of SEQ ID
NO QfthE@w@q&I@CCtlfgiﬂgAtG%q@m@feS%lﬂ Ng: bre Oct sHBFIUSlESeot | de del eti ons

5 2 SERNEICE L chy MR.OL D UGl ROLIeB 000 ey feguspce accordi ng

anyone or’s ences thereof, 1n particular of

t he nucslu.e:mimdted byelifeaces cbfotiBeO A dNence’hdwingSk@ oDrb@ 12 are deleted. in
t he deri va} accor di n%ﬁt o the vﬁgesent i nvent |(8n del eti ons,

substi tTH G BRIEIRe T iREeRE KERER/ N VHUCT b EE S WS %8adience. 15 An
exanpl er%rt@di‘aggﬂié H@rﬁwbﬁ’eﬂo@itmﬁ‘s%‘ﬁﬁ&?&é@!ﬂ?l[ﬁﬂ@%% B&ht o the present

invention iIs is a subsequence of SEQ ID NO 3 having
in adcﬁubaaquaimsr’ah&rb@‘otn ;amJ[ ewlahahf@@ nmkehtlﬁ%WCQSOOTter@ doMNEespondi ng

nucl eot | D NO. 20 Pref vative has a
honol og@ggﬁiiﬂiﬁe{g@e}[i 2&055 AU haB’r”ég‘ @?ea%@o'c?f iﬁ@ ﬁstlggé s %ven nor e

pr ef er aklqiente ff whieRShe Bpﬁwor@ﬁﬁéleﬂr@fs%@ﬁd SecRbtned adceasdihg aBﬁMs/men conpar ed
to anyone of the sequence of SEQID NO 1 to SEQ ID NO 8 subsequences

t herleofof $H2 ;H%Nq édpéroroarubﬁweé\éa%we%% 'acﬁ@mwi@fgﬂfttae Mg of SEQ ID NO
7 to SFs%cLLBpl}Q ofgjs?EQ r’tfﬁ@“?“té‘%EEﬂDt rfec%re%@rﬁ%’e %ﬁ @fkedi ment not nore

than-10 n eot i even nore erdb?y not nore an 5 nucl eotides are
substi tataeddlinged mee;ﬁfeeendhmenimnseletwdns subtiguequant eseftionamyone of SEQ I D

| D NO 12. A bundle of prior art docunents allows the person

(0]
Skl | | eopeF ﬁﬂlﬁpglegrlfﬂ PoSHrEdret 30 which derivatives or subsequences of
anyone of SEOID NO 1 to 12 still have

15 An example of an derivative of a subseguence accarding to the present
invention is SEQ 1D NO: 10, which is a subseguence of SEQ ID NO: 3 having in
addition one nucleotide exchange with respect to the corresponding

nucleotide sequence in SEQ 1D NG: 3.

20 Preferably the derivative has a homology of at least 409, more preferably of
at least 609%, even more preferably of at least 80%, most preferably of at least
909% when compared to anyone of the sequence of SEQ ID NO: 1 1o SEQ ID
NO: 6 or subseqguences thereoi, in par’ticulér of the sequences according to
anyone of SEQ ID NO: 7 to SEQ 1D NO: 12. According to the most preferred

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

o]
&1

than 5 nucleclides are substituted, deleted and/or inserted in the sequence of
anyone of SEQ [D NO: 7 to SEQ 1D NO: 12.

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

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




t he biological activity of being active as a vaccinia virus pronoter, in

particular as a pronoter active in MA |n this context reference is nmade
to Chakrarbarti WO 2005/ 054484 PCT/ EP2004/012125 7 et al., Biotechni'ques
(1997) 23, 1094-1097 and Davison and Mss, J. Ml. Biol. (1989) 210, -
771-784- Moreover, whether a fragnment is still active as a vaccinia virus

pr onot e{,‘,o,z_i,0 pR@nticular as a WA pronoter can eagiipp,Resp¢al uated by a
person skilled in the art. In particular the sequence derivative 5 can be
cl oned upstream of a reporter gene in a plasmd construct. Said construct

may be t sfect ' uka i I I_ne, h as CEF or BHK
cells thegt% nh%@&gg@ﬁh%@g?tﬁ gwi{%{%& R?/%?g%gg\gi&pféidsvgggd]f ?fe reporter
gene, i s Bigt Eragcnedo andl -éddpdoedvérowhbibeex fregssinia stifl atte: aeporter gene

controll ed by the pronmoter according to anyone of SEOID NO 1 to 6. A lo
dor | vat 19e BEebHaPRE e (heapraGert HMVAARTBHSr Sty Phat ve having a

pr ondt eleyalaglet \HytaypdrBorsaiitkd iRShe SMSIEMrAEy A theeRgLerk WeriRi@feer abl y of at
| east 30% nore” preferably of at |east 5000, even nore Ci)referably of at

| easts 70% 2pwsned ppafrearalol § reporst deaadt 2 DRI EbapHtedt-t5¢id he activity of the

pr onot er, . NQ . se derivatives
of anyoﬁgﬁﬁﬂﬂg%ﬁl%O[%%%?Q@rﬁ%a%g%ﬁgléﬁlhqz ﬁ%ﬁﬁ{ge’s@%ﬁ%so the present

i nvent i @HK dals thavasaebh (Hetted piioroverThackpnestiyn oftie lepomdt ers according to
the present invention are particularly sujtable for the expression of

codi ng SEYUETEEF MR CPOPATRE 1B BINEsSSRECH AT HFOf'8" BET ID NO. 1 has a
very St EORGoRBI ML bro e BRI AR FLEORLND: P 6l Ahough [t can al so

be used as ear ane consi derations apply for the
cor r ¥spdndiatye subzdingdndbs pmseti iagentiohds s dgueive hef iNSEQrbMAND. 7, which i s,

o SEQ PEE N3 8 o W a0 2 et 100 Ghge D] Qi yEest RO el ar as | ate.
pronot eprefétabiai atleser BB USRH BSreeRElcyatl SmtiSist 7O nsaire
preferably of at least 90% compared 1o the activity of the promoter sequence
of anyone of SEQ {D NO: 1 to 6. Also those derivatives of anyone of SEQ 1D
15  NOC: 1 1o 12 are within the scope of the prasent inQention that have a higher

promoter activity.

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

20 '
The prometer according to SEQ ID NO: 1 has a very strong activity, in
particular as late promoter although it can alsc be used as early promoter.,
The same considerations apply for the corresponding subseguences such as
the sequence of SEQ ID NO: 7, which is, however, particularly usefu! as iate

25  promoter.

The promoter a&:_ording to SEQ ID NQ: 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 seguence of SEQ ID NO: &, which is, however, particularly useful as {ate

promoter.




considerations apply for the correspondi ng subsequences, such as the so
sequence of SEQ ID NGO 8, which is, however, particularly useful as late
pronoter. WO 2005/ 054484 8 PCT/ EP2004/ 012125 The pronoter according to SEQ
[DNO 3 is particularly useful as early pronoter and has the hi ghest
early pronoter activity of all pronoters tested. However, it can also be
used aswbatieopssonot ers. The sane consi derati ons rappryosfoonzz he

correspondi ng subsequences, such as the sequences of SEQID 5 NO 9 and 10,
respectively. O these subsequences SEQID NO 9 is particularly useful as

early prembesotangtcSkihd B B@Q |®QJ® B @&:ratrﬂ)cﬁ_mir@rmsefuu%faal vy as I ate pronoter.
The pronoter according to 4 1is par%]%lgul ar | usef if it is

i nt endedOMPBLt kg5 88 & %‘eﬁ ﬁ%éﬁpl@(ﬁ?ﬂt@fgd@@ahé? PERAPPLG SHfate at e since this
pr oot a1, N3s, .rrah cﬁ@él@@bemsggerg%t}%yn Mot qfhe%%mé/co%%d‘é@dtlonas | ate

condi tions. The sane consi s apply for the correspondi ng
subsequeplyds) tsechrresonbmg sbgemreress, @ﬂCFSEch@aQ@eﬂqesloférE@ 112,

h larl ful
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pronot %arhé[h@rl?ﬁ@émi@J@mgcﬁ@h{bté\gaﬁd%@@ ND: NOis ﬁaamdtaﬁlyarsefmartl cularly
useful if it is intended to express |i1nked coding sequences in rather |ow

anount <35 |atgi Branotessomet i mes desirably if the linked codi ng sequence encodes
a toxic gene 20 product and/or if it is intended to induce a high avidity

i mmune response. The term "early pronot er” refers to pronoters that are
acti ve The prapeitel accotding to SEQUBAD:M B peiriusarinfiedelelit ceinteideBef ore viral
DNA replication has occurred. Methods re knmésfﬁtS 0 th%%{ﬂjerson skilled in

t he r tORIM §6 A eHEOdhBoRaHES %Iﬁ'é!tal’? atg SISOt e &1y pronoter.
In par th, gl afigh 5&%[4@%@@!& 85r1Phs whNber8s boode Thasarked upstream of a
reporter gene’ The construct” conprising the pronoter and the reporter gene
are i ntqooalcd@eammtapp@e‘lor ¢ha priresponding subsequences, such as the

sequences of SEQ ID NO: 11 and 12, respectively. Of these subsequences SEQ

IDNO: 11 is particularly useful as early promoter and SEQ IDNO: 12 s

15 particularly useful as jate promoter.

The promoters accorging to SEQ ID NO: 5 and 6 are particularly useful if it is
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 to induce a high avidity immune response.

The term “early promoter” refers to promcters that are active in vaccinia virus
or vaccinia virus infected cells, before viral DNA replication has occurred.
Methods are known o 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 pramoter and the reporter gene are introduced into ceils that
are imfected with a vaccinia virus. In order fo assess for the activity as early
promioter the cells are incubated with a substance that inhibits the DNA

30 replication such as AraC. DNA repiication is a prerequisite for the late
prormoter aciivity. 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 30 replication such as AraC. DNA replication is a prerequisite for the
|'ate pronoter activity. Thus, any pronoter ‘activity that is measured in °
this assay systemis due to elenments active as early pronoter.

Consequent ly.,.ihe term WO 2005/ 054484 PCT/ EP2004[Pi&ldn:219; "1 ate pronoter”
refers to any pronoters that are gctive after DNA replication has taken

pl ace. The late activity can al so be measured by nethods known to the
person.skilled . imn [ WS il d e-tiha: term™”l ate

pr onot e%‘lﬁé érsorﬁ%tgg ){e%?? ﬁiénﬁrfggé“n#ggéﬁﬁr%gt% hﬁ‘?}é %@?@?\! SA Jt 8‘1?@3&&“ vity of a 5
pr onot @gs tdaeh disedeheran pediiyfcanalsubsiransesd sy avkde stHratnbioocks DNA
replication. According to a further err,bm(L)ng g_t&ﬁ)t he .present invention refers
to an tesprress et isdetie F@E)Hi?rsiaz‘ﬁﬁ’ba 'ng‘? Eegp E‘&%or ding to the present
1o 'nvg%m%rﬁ&é’u?ﬁcﬁﬂghggréﬁ RatiWhRh&E o theadniy esgi on of the coding -
sequence 1s controlled by said pronboter. The expression cassette is

pr efser abdiyoten dhatan deepniesliibm sdsdaiceds atdad Betoloskn@bbral Iy in the genone
of a vaccinja virus. Thus, if the pronoter according to the present

i nvent { o' “PE% pronmoter that naturally occurs in the genone of the
vaccinia virus the sequence to 15 which the pronoter is linked is
preferably different fromthe sequence to which t%g pronoter is naturally
| i nked Aceording teacrihieacmibpdineyd donaresei IBYEERD TRBISHS 2N f the pronoter

accor dipgL.9.f RecRLES o INALLORNEG: bhePlinkGodhe bidsdy natural |y ocourri ng

pr onot er e coding seguenc expression of which is controlled by the

" pr onot &veatidd end thedsgarences, oeairethebepmwsentdh&e2@dpronot er and t he

codi ng sequence are different fromthe corresponding. sequ es-to which

sai d prBMBER 13 EOWQ%I'GFIQYI%?*CPW ?"%E%ef(%rreﬁ%'g Ffsfsgﬁghs[pre%{%@hi s cont ext

ref ers 0,8 BRUBR&ES cdfiate ShaWRLrd RashIPRFHRYEheotiode vdtdiher ence in  said
sequence. Preferably it is the coding sequence which has at | east one

nucl eovirde Tiusf Bl p@mateceradi #ige totie pesenilifvenhah ISR A Mdehonol ogy bet ween
that naturally occurs in the genome of the vaccinia virus the sequence 1o
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 the present invention is Identical 10 a
- naturally occurring promater the coding sequence the expression of which is

controlied 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 &t least one nucleotide difference in
said sequence. Preferably it is the coding sequence which has at least one
nucleotide difference. According to other alternatives the homoiogy between

25 the coding sequence in the expression cassette and the sequence to which the
promoter is naturally linked is less than 90 %, tess than 80%, less than 70%,
less than 60%, less than 509, {ess than 40% or even less than 20%. Most
preferably the coding sequence that is controlied by the promoter according
to the present invention codes far a peptide/protein having a difference of at

3 least one amino acid compared to the naturally occurring protein encoded by
said coding sequence: By way of example the expression cassetie is not the

expression cassette comprising the naturally occurring vaccinia virus G7L




25 the coding sequence in the expression cassette and the sequence to which
the pronoter is naturally linked is less than 90 % |ess than 80% | ess
than 70% less than 60% I|ess than 50% |ess than 40% or even | ess than
20% Mst preferably the coding sequence that is controlled by the
pronoter according to the present invention codes for a peptide/protein
havi ng &odpdspamsance of at 30 | east one am no aci géctverparerizi o the natural ly
occurring protein encoded by sai diccodi ng sequence: By way of exanple the
expression cassette is not the expression cassette conprising the

nat ur al pasrReGWiid ABigMBS ekfegsivi bl e Gaku WY 2005/QH8484eRCE. ERRE04/ 012125 10
pronoter directing the expression of the é\gtg ally occurring C7L gene, e.g.

the ex@PEFSIBRAcaEER IS OLIEE A eI esepribe diselsthlset te di scl osed in
Y0200/ A15A88 SIPrd S ERe 7 PERIMAE a@ldheldR tingoding sequence. 5 On
r“hand, e

the othe equence ch should be expressed is a naturally
occurrisgguyaeci ni a virus sequence the pronoter that is used to express said
sequence is different fromthe pronoter that is directs the expression of
the °coding sequence in the natural context. According to this alternative

the lo myeleethirdBaseHERAR0End i oM@ be difieeses! ibn ratiuladigst one
nucl eotide fromthe sequence of the naturally occurrin ci ni avi rus

va

pr onot eRCCURBEOREICHTR Vil DsdsencaiedyREtots/ dgat ‘ﬁé‘s%Fﬂ)?%9gsbﬁ' en the

pronot e r.di [ ' Spkhe expression
of the %/e @%‘?‘%ﬂg d\}ig‘?'lﬁgt %gﬁu@%@Z&ﬁ# r?%qgﬁggﬂﬁg%ﬁ%}mf# ng pronoter |inked
to the aribg ®igaevibs ustheegienceortsd| fsrtiihgno 15s 90ev@tivel® t han 80% | ess

-than 70% |ess than 60%, |ess than 50% or even |ess t 1 40% Preferably

t he 1 odiHPoleq G EREE SR t@j@&é@m@ﬁr atf%rse%&s%t '%'Cﬁg O%Wé@%’%ﬂ%ﬁ%ﬁﬁe or

ant | gensqu&%ad?%%'r%t@%n be&SrifE vRIRTQIAE, prambleeAserdiMA tobtdrbozynes. | f
the 20 codi ng sequence encodes an antigenic epitope or antigen the
expr essilamatvas skt henmingyiehusedht prexpies 95y ding tants §eseaf ter introduction
of sai dmvention that controls the expression of the vaceinia virus sequence and the

naturally occurring promoter linked to the vaccinia virus sequence is less than

15 90 %, less than 80Y%, less than 70%, less than 60%, less than 50%, or even .

less than 40%,.

Preferably the coding sequence may code for at least one antigenic epitope or
antigen, therapeutic peptides or proteins, antisense RNA or ribozymes. If the
1 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 prasentation 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

[
Lo al

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

30 virus genome.




expression cassette in cells in an organism e.g. a manmalian ani nal

i ncluding a human. The presentation of said antigen/epitope may elicit an
i mmune response in the organismthat may |lead to a vaccination of the 25

- organi sm agai nst the agent fromwhich the antigen/epitope-is derived. Mrd
specifically the epitope/antigen may be part of a larger amno acid

sequencg, sikh.as a pol yepitope, peptide or protgipepfig{£iabl y the codi ng
sequence codes for at |east one aniigenic epitope or antigen, therapeutic
pepti des or proteins, antisense RNA or ribozymes -which are not encoded by

a vacci ni Ir 4 1,054 Pr%!/ P g 25 11 Exanples
for suchE%%rPé]gf)iY(%ro%zg%S%Bﬁﬁjggg\geﬁ%%?gggfbﬁgﬁﬁay b% p %tg‘%tg%pes, pepti des
or pr ot diapiddens pedeihs daniad)irarmn (0 sesses| in qaatitlleuliasey bithes élsarot her t han

vacci nia viruses, such as H 'V, HILV, Herpesvirus, uevirus, Poliovirus,
roas o5 \AHPOE V HaRDSIN AR bl V. ich FERAST %, CRBBIRITER o Q1P (s and S0 on
(i) 5 basiedd @us( Murps WAGH rutel ¥ irlislMRhafi €4 dtewdsRAH ¥BeR! [ides/ protei ns such
as tunor related antigens. Alternatively the codi ng sequence nmay encode a
t her dpeldtacte o iPblingl, Sicmaigelamcep)akiides/ i oteisfseEbAs [UPPbozynes or
enzynesTe%gﬂigﬁﬂgkg general terns 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
acid na t he gronnter S #art of a retrqoviral genome. More

y...be RNA e.g. if
pref er abﬁ‘gﬁr@ﬁ@%@@hﬁﬁg@‘éﬁée@&'ﬁ iMBA)ONIROCerh B GEORPEYHE S B ARY UFBe of DNA such
as |i nea&fsdg%%%%ﬁl’dhérinteﬁ%l'd}ﬁ! ﬁb&jmer ﬁ%ﬁﬂmé@um e stranded DNA. According to

~a further odi nent the prono Oor expression cassette according to
the present invention may be part of a vector. The term"vector” zo refers

L0 2 OSSR S PO LR Bl Pquyect o can be
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

15 nucleic acid is DNA. The DNA may be any type of DNA such as linear, circular,
single stranded or doubie 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 ,vectar”
20 refers to any vectors known to the person skitied in the art. A vector can be a
plasmid vecter 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 vector refers to an infectious virus
comprising a viral genome. In this case the DNA of the present invention is
25  part of the viral genome of the respeciive viral vector. The recornbinant 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 of living-
animals including humans. Typical virus vectors that may be used according
to the present invention are adencviral vectors, retroviral vectors or vectors
30 on the basis of the adeno associated virus 2 (AAV2). Most preferred are
poxviral veciors. The poxvirus may be preferably a canarypoex virus, a

fowlpoxvirus or a vaccinia virus.




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 genome of the respective viral
vector. The reconbi nant viral genone is packaged and the obtai ned

r econbi warnpisesietiors can be used for the infecti eargPegelitigs and cell |ines,
in particular for the infection of diving aninals including humans.

Typi cal virus vectors that may be used according to the present invention
are adenoviral vectors, retroviral vectors or vectors so on the basis of

D s Ry S prel el Bl Gk b SIS oy ol vectors:
vacci ni @ aoig Ugaccye ?@%@M%t@g/@%@@@‘tﬁ@@gﬂ% olo@ Margopreferred is

nodi fied vaccinia virus Ankara g Sutter, G eta [ 1994], Vaccine 12:
1032- 4039@n il bierfermGM\EY" asl useflio 98] pr wﬁﬂmmwamwefgl%m ag@é\leAThe term " MA"

asu ntap re in known in the
pri oi arttré] A{bo aﬁ%ﬁ% 5T 3 Ith%ﬁ/k%\g]% ra{Oﬁ |s[\ﬁ\gﬂ\epoéﬁn{\(y©ﬁé %fsg deposited at
t he AnelB@&rdJmﬂe@lﬁttchms ﬁrr@@ﬂcb@cryp@@u(tmmll,ecmasTﬁs MaVASSZQ;LO8 USA.

Furt her exarrpl es for. MVA virus strains used accordin to t he present

i nvent i ¥h 286885 LS feriopnesypoplaniprgdsh qepesireda Used eheP Bl olSean Col | ecti on
of Ani t he deposition
nunber n@&f%g%%&%Wan§%@%V§?g§%%wé Hfg%e%égggﬁt\}éi@y, MVA-BN wi th the
deposi tEmmpaaniﬁEﬂleE@ACﬁT MOO0GBBeDE.L TTihes (lﬁﬂﬁECmr?m‘lebued(LWMiﬁt rain is MVA-BN
or a derivative.there of - t scription of

bi ol%gl‘[@&l %megg\; ﬁé‘%‘% Vfcgg@ 2252 gmom/%est rain is MVA-BN or
a deri V@%bé’@tnﬁe’hﬂl\wf\ @Mwﬁﬂh@@@ﬁosaﬁérﬁ AuinRgr EQACDNAIOBSNWASBN 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

s rradewie? to%“?ggg‘]é Jé@ r\{lgga‘%m DR1PLBRES L 85 1REIY AGGED Ryl rus according to

t he inve
features of MVA-BN, the description of biological 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 vaceinia virus according to the invention as described in

20 WO 02/42480, suéh 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
to 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
embryo fibroblasts (CEF) and BHK cells (Drexler |., Heller K., Wahren B.,
Erfle V. and Sutter G. “Highly attenuated modified vaccinia Ankara replicates
in baby hamster kidney cells, a potential host for virus propagation, but not
in various human transformed and primary cells” J. Gen. Virol. (1998), 79,

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




20 WO 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, eukaryoti¢ cells
are infected with the virus. The eukaryotic cells are cells that are- !
susceptible to infection with the respective poxvirus and all ow

replicagjon.ang. production 25 of infectious Virus#9.MWhsan exanpl e for
this t%gg@?&g%ﬁl s are chicken er‘rtBEr yo fi brobl astsT {QCEF) and BHK cells

(Drexler 1., Heller K., Wahren B., ™ Erfle V. and Sutter C. "Highly

att enuat ed dj fi vaccini,a Ankara repl.icat.es.  j.n nmst er ki dney
cell's, Qleaﬁﬁggnij %g?'%rsstatf@r iﬁt 2u§ g%ﬁ%dﬁlt%lcﬁ?n? NB}&[]S %g%gre{b vari ous hunman

t r ansf opg@0aial kb B EYoGelebSon AVMOGRN 0,04 ol TH(DR%8),thed9, 30 347-352). CEF
cells can be cultivated under conditions known to the person skilled in

the artincppaien aptfgrabhetaBerpEet U8 tare kilsidvarel i ‘serumfree mediumin

stationary flasks or roller bottles. The incubation preferably takes WO
2005/ 054484 PCT/ EP2004/012125 13 place 48 to 96 hours at 37 C 2 C. For

t he isnf Betlicols MéAcriosnpmefepaldoy skilsddn dbe artmolt ihplekgiesgioof i nfection (M3)
of 0,05 to 1 TCI D50 and the incubation preferably takes place 48 to 72
hour s a?a%*?tjf?: Orfﬁgpr@“%f%a‘%'dﬁ?gepqaﬁ?&%e%&?m)(@nﬁ@{%% %I@ﬁ%l'%g in the art
how th_ein%(Qrvﬁ%ﬁ'g%ﬂom%?‘ﬁ]sﬁérﬁ_@ulgfir&@%é)gé}m?ﬁe%f AGLRIMH ngus anbhle present

i nvention can Inserted 1nto a viral genone, in particular into the

genone pfeferabhciritnitee gémonss oiid¥h. Bpriey of adsinple.dhe expiésgehone of MVA. By way
of exanpl e,..the .expression ,cassette or. th r..derivative thereof
accordi ag'SS?%et%gﬁ%Pé%%er %d?fh@ 'H?%Q)eﬁe[%nfﬁc gﬂ{gﬁ[sggb%é(rje%ieﬁfo t he genone of
WA Ry hesfiorgaus Hesiagsidiatd Ba.gehomihif $/\@nl laomolot@isc acid is transfected
~into a permssive cell line such as CEF or BHK cells, wher eiln t he nucleic
aci d cofsPmbeaatitie Todkisrandsa BHrleagsdts dapseire IHP ST BYSAFE idri vati ve

t her eof j; rdi Fl [ Gynpucl eoti de stretches
that - ar R L O R e A P whi ch ¢ he

expr essexqmessass eht@tierortthe ppmastet er deivatidettiever izveortigriedheaccording to the
present pgeggn n{[nivglqti:i)nsﬂatn?{eg%yinr&%%ro%gg 'strf-artrf]:ﬁes that are homologous to the
15 region of the MVA genome in which ihe expression cassette or the promoter or
derivative thereof according to the present invention is {o be inserted. The
cells are infected by MVA and in the infected cells homologous recombination
oceurs between the nucleic acid and the viral genome. Alternatively it is alsc
possible to first infect the cells with MVA and then to transfect the nucleic acid
20 into the infected cells. Again recombination occlirs in the cells. The
recombinant MVA is then selected by methods known in the prior art. The
construction of recombinant MVA is not restricted to this particuiar method.
Instead, any suitable method known fo the person skilled in the art may be

used to this end.

The exprassion 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. In 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
3 genome. The term “Intergenic region” refers preferably to those parts of the
virai genome located between two adjacent genes that do not comprise coding

sequences. if the vector is MVA the insertion may aiso be made into a




cells are infected by MWA and in the infected cells honol ogous

reconbi nation occurs between the nucleic acid and the viral genone.
Alternatively it is also possible to first infect the cells with M/A and
then to transfect the nucleic acid 20 into the infected cells. Again
recombi nation occurs in the cells. The reconbinant MVA is then sel ected by
met hods waohwwsigd t he prior art. The constructi orrcoferroeg@nbsnant MVA is not
restricted to this particular nmethad. Instead, any suitable nmethod known
to the person skilled in the art may be used to this end. 25 The

exp_resshgfurs@sg@cttﬁ—ﬁn@aepkm QIORLEY i ACSPHHINTHE erhhepregent invention may
be introduced into any suitable part of the vector, in particular into a

viral Beqidieg detetivasgebfeivradeifsa parisus dse vike gengee thaireremy be made into
o SssELLAl Ll MOS8k SRR LT L g 128 on of

the vir enone. In egi‘on rs preferably to

t hose paowsvef tideserichaltegenrane réqaesicedobetivegsictad iddirtioent genes that do
not conpri se codi ng uences. |If the vector is MVA.the ertion may al so

. Se in
be rré_de ‘it?ﬁ@ e\)’@ﬁ%0@/@3&3@@%&7‘@%@%@@?@@@ SID2E Wi m‘tamtyeopcur ring
del eti og-gid & 1Ak tps—&%nwnbéﬂtio%pgfﬁe elpﬁesgi%ﬁ%'ég@%e%al h¥ in@fGHr ring del etion
' hose p the v

site" refers to arts o ral genone that are deleted with
r espect anyvidre ig&noviel géndrheay kogiasiibisviossib/sCopdtiagerorsbinants.  However,

the insgrtion,sites.are not restrjct to thes eferred insertion 5 sites
i the Jlzternics irUEHGaRaebSRlad Rtk gbh eRLoPLTREREM (086l i n Che
scope ofs Chekph esestlo Fityenidtorcitadish.he expression cassette nay be inserted
. anywhere in the viral genone as long as it is possible to obtain

recotbi nants that can be anplified and propagated in at |east one cell
TR B SeBR SMES TR MR Mol Al GER e =) 10 The
t hat i sgaia dadys pagdadyqhritdi¢hyeatar, 2 g i gérhengendie. BfcH\gendsSuch a gene
may be a gene that is naturally part of the viral genome or a foreign gene that
has already been inserted inte the vector. In these cases the promoter
15 accoraing 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 cassetie according to the present invention
can also be made by replacing anyone of the open reading frames A42R, J6R,
FoR, 12R, C7L and BOR by a coding sequence the expression of which is to be
26 controlled by the promoter naturally controlling the expression of anyone of
said open.reading frames. Thus, by way of example the A42R cading sequénce
or patts thereof may be replaced by the coding sequence, which is 1o be
expressed. i 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 ID NC: 1 and SEQ 1B NO: 7. 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
36 term the invention relates to a vaccine or pharmaceutical composition

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

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




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 upstream of the
gene in the  vector, the expression of whichis to be controlled by the -
pronoter. A MVA vector conprising an expression cassette according to the
present .J tign can al so be made by replaci ng,anug 1 he open reading
frames Xﬁ%ﬁ%mfgg, F6R, 12R, C7L and B9R by a coalng Qgggéﬁhe t he
expression of which is to be 20 controlled by the pronoter naturally

controlling the expression_.of anyone of. . sajd .open.reading franmes. Thus, by
way of 8&%3??517@6?Hﬁg%&&%fﬁpe%f’%a%5855%@5*‘36?“] ﬁ?é”%ﬁ%&?% be repl aced
by the g6l NgcRRAMENERandBiaCMid fedtorsage DRFPaRBS@Uectbnchheingpul ti ng
construct said coding sequence is controlled by a pronoter, according to

the prebeatminaiemd bhinjashael  thayvecks ipp gt EEtdsuskgaanéecBécor ding to SEQ
ID NO 1. Q i e - I also within the
scope ogrlrﬁyeécprlr:_’e'sr,egril)?M%leg%tM&hnf&L@)égﬁ%?%ﬁ%e %ﬂﬁ@ﬁt r§§ tgrtrrgeodi ment the

i nvent i animzbocken menttdy wecdrding tadbo knhwigdgeooftthe pprsesehifledl vt | on as

vacci ne gr nﬁg/i.c ment. In nore gener.a{ SO te.rm%%e ipventi on relates to a
vacci nedr &8 G RPEaI &R ABEEH IR oA 2 87 FSPGEA! Yxpr essi on cassette, a
DNA or a;)aed@h 18GaRTALRSHMP FlRBePAGSRNEN tHaialitiyvirMet hods are known to
the person skilled 1n the art how the vacci ne WO 2005/ 054484

PCT/ EP20danisigeebare Beorbepivar maceut i cal conposition can be administered to
the animal or human body. In case of DNA and plasm d vectors the DNA and
the vector can sinply be adm nistered by injection. If the vector is a
Viral veed piarsiadeudisalacon@esitiifor tervdscine ety generalipandiudeioae o WA vect or

it may also be adm nistered to the 5 ani mal or_ humap.body according to the
know ed§@ropharAeasreiisalcsrRpIaPER 1 of RAPIOYRE CaRTRYS: %{}j'WﬁSra venous, intra

muscul aérgiﬂi&f 5@ PESR atixﬁeg'técﬁ%ﬁgg&%nu%ts SUDEHLRPARES: AdHEdMiGE rati on.

Furt her details on the anbu virus adm nl.stered arergl ven below. 10
The phataiiie gubiincatr, eoprposivt cosseble drhecitaactoredinmip Hemeesd

invention. Such auxiliary substances can be water, saline, glycerol, ethanol,

y include one or

15 weiting or emulsifying agents, pH buffering substances, or the like. Suitable
carriers are typically large, slowly metabolized molecuies 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 compaositions or vaccines, the BNA,
expression cassette or vector according to the present invention, in
particular & 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
25 of poxvirus vaccines used for vaccination'against smalipox (as described by
Stickl, H. et al. [1974] Disch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at -80°C with a titre of 5x10°® TCIDso/ml formulated
in about 1 OmM Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine

shots, e.g., 10t.10° particles of the recombinant virus according to the
30 present invention are lyophilized in phosphate-huffered saline (PBS) in the -
presence of 2% peptene and 19 human albumin in an ampoule, preferably a

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




nore pharnmaceutical acceptabl e and/ or approved carriers, additives,

anti biotics, 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, ethanol, 1s wetting or enul sifying agents, pH buffering

subst ant@xpisoradtdhe [ i ke, Suitable carriers are rypEeaddoyzibarge, slowy

met abol i zed nol ecul es such as protgins, polysaccharides, polylactic acids,

polyglycol lic acids, polyneric am no acids, anmino acid copolyners, lipid
aggr egalesc. @i thi bfus #0: R diMeoPepatahLeRiAlaRhapmeeut i cal _
conposi tions 3 vvacci nes, t he DNA, expression cassette or vector according

to the pidiens! dduNtéresisanl; ai manpahot,ideulran, sligascgnbindatiogaéti ni a virus such
as recomhi nant MVA, i S cqpver into physi ol ogi cal | ceptable form
For vac@}‘n\f@y[\?wﬂ@%@e ‘?Ino(%B%trr?Cgcﬁﬁ\’%ﬁS%ﬁ}%st#@@&ﬂ%@ﬁa%ﬁégased on the
exper i eqtes;|izard biercRbRPR=At bAflcindFe @f hPOXVIsEHST WAAGhiNeSullage idror vacci nation

agai nst . smal | oxiﬁ%as_ described by Stickl, H et al. [; 1974] Dtsch. ned.

Wschb . f@g;vozzsgw gion. EdyPisKatpiscontaiRing penmylaiden $¥iFaRe & stored at-80C
with a gitre ; f:0r nul at I u g, 140 mM Nadl
pH 7. 4.%—%2;6 ?ﬁ‘éﬁgﬁ%&ﬁgﬁgﬁﬁgﬂ!ﬂo T‘vlgggwre]'é lﬁgh@&ssg)@f %839 Ol-et oig particles of

t he recfilii 3000 vidE0)adt erdEngote 4.heS 3d! pekdemtc 4o émiricon are | yophili zed

in phosphat e-buffered saline BS)_.in the resence of 2% peptone and 1%
uman. SPBaR T 1 G CHABGUF B, Pipr et o1 S 55 BPdEes ARBGPEH Sk or nat | vel .
the vacgifge shpks b@%ea@:@ra%gggi@ﬁh R st SRINE R SMO20RRIDRA484

PCT/ EP2004/ 012125 16 freeze-drying of the virus in a fornulation. This
f or il alowavarans bogtasi 1o neaddbidtetiat 2adi iy storedErefasiiasni t ol , dextran,

sugar, glvcin | act os pol yvi nyl pyrrol i done-or other additives such as
ant i oxi g%ngesra‘gt{je? ﬁg'ﬂ“ gggé stabilizers or reconbinant proteins (e.g. human
serum al bum n) suitable for 5 in vivo adm nistration. A typical virus

containing formulation suitable for freeze-drying, co ses, 10 nmv

Tri's. bUTdleracCTabomA Reeppy 18 OBHISBeeY Faih TeEAANABbO0LICHEODB5, 45 of 1
Sucr 0s€yis 0y 198 9b 11 o @bYhAN 4 AfleduRAGtion, preferabiy water,

15 physiological saline or Tris buffer, and administered either systernically or
iccally, L.e. by parenteral, inframuscular or any other path of administration
know to the skiiled practitioner. The mode of administration, the dose and
the number of administrations can be optimized by those skitled 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 inciuding a human comprising administering the expression
cassetie, the DNA, the vector, the pharmaceutical composition or the
vaccine according to the present invention e the animal or human to be

75 treated. if the vaccine is a vaccinia virus, in parficular MVA a typical vaccine
shot for humans comprises at least 102, preferably at least 10%, more
preferably at least 108, even more preferably 107 or 108 TCIDsg (tissue

culture 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 vector is MVA,




pot assi um salt nonohydrate pH 7.4. The gl ass anpoule is then seal ed and
can be stored between 4C and roomtenperature for several nmonths. io
However, as long as no need exists the anpoule is stored preferably at
“tenperatures bel ow -20C. For vaccination or therapy the |yophilisate or-the
freeze-dried product can be dissolved in 0.1 to 0.5 nl of an aqueous

sol uti O‘E}O Nole 9 rabl y water, 15 physi ol ogi cal SahJ'Cf}FE b, buffer, and
admi ni st 8red it her system cally or locally, i. By parenteral,

i ntranuscul ar or any other path of*administrati on know to the Skl | I ed
practitioner. The node of adm nistration, the dose ﬁ)n he nunber of

admi ni stirRartiensr daf-BY 2ogtitsnilerdalivgs, eRe sk ISPEEF tq)iet Qrt in a known
e 200 ThHs, SSEALALDG L6140 2 d.enbodmnide ovent on relates (o

a net ho or ‘affecting, pre ucing an immnol ogi cal response in a
living asiniarghcheithg 4 hminuadnrmgeaj themeo, Uohﬁvpramuhgel&cﬁﬁeﬁ’ii‘éﬁt ering the
expressi on casse

vect tical conposition
or the 2UREEEHE & léngHG’“PB(tM”BEéE% at|' Eﬁ'gfg)@ag?&%t Ele ani mal or hunan
to be 2hoktiRabA bddstibdtotakeibR®.i s a vaccinia virus, in particular WA a
typi cal vaccine shot for humans conprises at | east 102 preferably at

. least 104, nore preferably at |east 101, even nore preferably 107 or 108

T@ Do & b%gﬁ#ﬁm%fjt%rr%obpl;%g%'rﬂb'ﬁog%leﬁ'lh%fdu&k!%avdoﬁﬁ se¥fichée the vaccine is

a reconb cular "reconb -BN and its derivatives
that t hmwlartel@etmwil@@mpszgd;gftﬁe mmdmhbnmﬁitha\mﬁml Steraxpiression Thus, the

invention further relates to. a meﬁj wher e t he éﬂﬁfﬁ 8]M\/A WO
2005/ 054a54tte prpd PN GarerthnDy ihy pb'é?eﬂtérﬂﬂeﬁ IOAVA2 g° tlcfé derivati ves,

and gherighd ysabl i 26N QLirkBn AIRAS! MvARyOK ot e ABRChBEagempr i Sing sal d

vector 1s admn animal, including a human in need thereof, in
t her apeatli mym etélbmtwlmeh tipgraitt ' abte 0 faphisateisHele 85 SEF oK BHSr i ni ng

I nocul aj IIPS or'a C(Qﬁjtrllar’g can eechl%%cted by MVA, but in which the virus does not

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

15 The invention further refates 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 cuitivation of the infected
host cell under suitable conditions, and further followed by the isclation
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 abie to
replicate. For vaccinia viruses, in particular MVA suitable cells are CEF or
BHK cells. If it is 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 invertion further relates to a method for producing a peplide, protein
and/or virus comprising the transfection of a ceil with the expressian

30 cassette, the DNA or the plasmid vector according to the present inventidn,
foilowed 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. 1o If the vector
is a vaccinia virus, in particular MVA such as MWA-BN the target cell may

be a celgg dpbkahikch the virus is able to replicat @-gephodsGEF or BHK cells
or a cell that can be infected by MyA, but in which the virus does not

replicate (such as all types of human cells for MVA-BN). 15 The invention

further el aksrkdole RHRA P knOLGINE! 1618, DERLIL I8y & gheln _and/or virus

conprising the infection of a hos us’ vector™ according to
t he presEmducay ptsaioimost okl .oltedsiby of éeatingtthe atiionitiot vabeinianf ect ed  host
cell un [ |l e conditions d further follo by the isolation

and/ or gﬁ%ﬁ%ﬁﬁ%%@YB?&%ﬁgbﬁ%ﬁtWHQ%ﬁﬁa%%%m'F%F Cﬁo%ﬁﬁﬂﬁ?éﬁﬁruses produced by
,20 said host cell. If it is intended to produce, i.e. anplify the virus
accor di to the present invention the cell has to be a cell in which the
vi rus® i s' THbleRten welier edletes troelly aerepriFiag e prageder, DhlApar ti cul ar WA

sui t abl Is. Lf 1.t .Ls.intended to produce a
peptide?% O%%ﬁﬁﬁéﬁﬁgﬁggpg$ﬁﬁﬁgé&€bw éo&é%b%?eﬁﬂbg%ﬁF)gﬂ?o t he present

i nvent i arartihelac éhd inveytidveratatys ¢ebélistinktabaitiathderisnfeesred by the virus
vect or %pd that ,al |l ows the expression of the virus encoded

pr ot ei n$/58FT NBER eriESEIVBIRTIION- fur t her rel ates to a method for produci ng
a peptide, protein and/or virus conprising the transfection of a cell wth
t he expression ao cassette, the DNA or the plasm d vector according to the
pr estht ShfreRepeiptiorn of thevidguteg t he 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/ EP2004/01212; 1s isolation

and/ or émgmrmsms@fctmh;eaﬂ@pgk;ﬂ@sﬁaﬁlbgrdiﬂ@ér@hﬁFfbna&@é@r viruses produced by
sai d ho%%élgel | . .The ste?hof infecting"the cells with a vaccinia virus my

be nmade orese onfeqipd &yith N ASER pnéfiransiassicowith e afprohdateel | 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 developrent 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 =

25 negative control (MVA-BN infected cells). For that enzymatic reaction,
samples without AraC (early-+late) expression had to be incubated for 5
Rours, 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 infacted with MVA-BN and transfected with the anpropriate

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




5 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. 10 Short Description of the Figures-
Figure 1. GUS activity after expression by different pronoters Cells were
infected with A-BN and transfected with the a splasmds. After
48 hour YWY | s were extracted and-the GUS a@?ﬁ@?@%g%gg 15 det erm ned
indirectly by neasurlng the extinctfon at 415 nmafter an enzymatic

reacti on, ich ca t he devel opnent . .of colour. Zex = negative
control Fﬁgg\anﬁ BEt Q’db%@ela@j”” Zwel‘?ﬂjﬂ‘?ig%zat ‘%é‘raé’ﬂl fUffy after early and
ear | y/ | atBz\@XRICESEOM, Galits civiee tha il @ oMt bh y ANy Eb@ndohiiansf ect ed with
the appropriate plasmids. After 24 hours cells were extracted and the GUS
acti vi t y viegatiget@ttial Ay Aifdinfecied gells). measuring the extinction at 415 nm
after an enzymatic reaction, which causes the devel opnent of yell ow

col our. Zex = 25 negative contr ol (MVA-BN infected cells). For that
enzynmat | €xsrepleisi on,  sanples without AraC (early+late) expression had to be
i ncubated for 5 hours, the one with AraC (early expression) had to be

i ncubated over night in order to obtain a color reaction. 30 Figure 3: GUS
activity i f nfected with
Wi BN A LB B e o Rt &Y 24 hour s the
cells webe \A@Jdtuﬂaiet@@bchhml atmescxwﬂxliwdtm\the griviaat m@pz@o5¢c®54484

PCT/ EP2004/ O 5 19 de ter{)né{ﬁ d{ljrectl ﬁ%l neas ﬂ?g §] ﬁ%ti nction at
415 nm a]efaequg '%HQW’?‘%{W@ B f—grp(g SUWhP ST é segy }gla 6 nt of yell ow
- col our. @Dﬂfert@&hno?o%}%@wdé@ HyQRs b@éseﬁW@erﬁMnlthtﬁEteQérr@%(hﬁ) 5 Exanpl es The

“followi ng exanpl e(s further illustrate the present invention. It wll

I

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 resuit in deletion of one of the
foreign genes. Furthermore it is desirable to have promoters of different
strength in orderto have the possibility to express the foraign genes inserted

25 inrecombinant MVA-BN in variable amounts, depending on the strength of
the promotor. 11 putative promoters were isolated in total, These putative
promoter sequences were cloned in g plasmid backbone (pBSKS+). In order
to analyse their potential activity, the promoters were fused te the GUS (E.
coli B-Glucuronidase ) reporter gene. BHK (baby hamster kidney) cells were

360 infected with MVA-BN and transfected with the plasmids containing the
puiative promoters fused to the GUS gene. If the promoter was functional,

GUS was expressed and could be quantifiad 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 pronoters to express coding
sequences in the MA-BN genonme 15 1.1 Aimof the experinent: It was the
ai mof ty soaRakysis to identify pronoters that %éﬁ@ﬁﬂ&&ﬂgh§ to express
codi ng sequences in the WA genone,, preferably coding sequences that are
het er ol ogous to the natural MA genone. Especially for the zo insertion of
two or I o i i ril I it Js_advantageous to use
differeg?U%To teP? C@P%LQ%#ggg%%%n%%ﬂﬂ%g&&ﬁﬁg%gkaéﬁgga?%nﬁrder to reduce
the ri skiof prevotdsisnat. b and deendrs fussite B LeOuhdlanagedd inipardied egion of one of

the foreign genes. ,Furthernore it is desirable to have pronpters of
differ enrﬁea%gf%@ﬂﬁt?ﬁ %Gbgoeé‘yp"?sé‘oﬁ‘&% thF?é*_Vﬁ@é@T“Bﬁeﬁ tpre eFTeRPpikss the foreign
genes | MBRIGoHy Zardnitl AGOERINARE M{Bb) I ThoBf A AR ATDUNLS adependi ng on

I g !
the strength o the prornotor. _181 putative prllgm)ter were isolated in
totals Thegeddut addineArasy Greltioesid dylmsites stoibe euldleneddian The pl asni d backbone

( pBSKS+) (:51[9? | yse. their tentia tivjty. he pronoters were
fused t(gw?ltlgt egﬂ iE? %Pec%Foqu@?ﬁ @88?%%3%%'-\/ h@palcgﬁ't':ﬁr%'g%ﬁ ANBHK (baby

hamst er i dreyotecelic wereaad@niintiesked ai biwMVAs B aadytransfected with the
pl asm dsdq(}:{)g.rg]tgl ning the putative pronoters fused to the GUS gene. If the _
pr onot-ef °f BheTP B &P U crees e s e Rpiuéalsidavalrrsl cuiliedxpeesqisant i fied by an
enzymat icgntreagtthO el oMPs 20951 ,%LP%_FQ,E!%O% %%é?%%ly ek @S, As positive
control and as reference the Well-characterize accinifa” virus pronoter's
p7. Sandses fonghe ekpreedoi of BuSgagdnanalrysedbiranipdivaldoetiru®¢  neasur enent  of
t he wsﬁ%éﬁl&ﬁﬁ\iﬂgn the putative pronoters were screened on activity,
strength a earfy/l ate expression. The early/l ate expression was 5 checked
by addi ng AraC (Arabinosid Cytosine) to the culture nedia. The pronoters,

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

i5  Cells; BHK cells

Virus: MVA-BN standard crude stock (7.5 x 197 TCIDsg)
DNA: pPAB-GUS (Ps promoter + GUS)

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

PBNX73 (pBluescript + Cowpox virus ATi promoter + GUS)
20 PBNBI1 (pBluescript + medified H5R promoter + GUS1)

pBNB1 (pBiuescript + MVA B1R promioter + GUS)

PBNG2 (pBluescript + MVA B2R promoter + GUS)

PBNG3 (pBluescript + MVA B3R promoter + GUS)

pPBN6O (pBluescript + MVA A30R promoter + GUS)

25 PBNB2 (pBluescript + Vaccinia virus 7.5 L promoter + GUS)

| 'pBNS83 (pBluescript + MVA C7L promoter (SEQ ID NO: 5 +
GuUS)
PBNX49 (pBluescript + MVA A42R promoter (SEQ 1D NO: 1) +
GuUS)

0 PBNXGS (pBluescript + MVA 2R promoter (SEQ 1D NO: 4)+
GUS)

PBNX72 (pBluescript + MVA K5L oromoter + 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 MWWA ORF"s, A42L, B9R, C7L, F6R, 12R, J6R preferably can be
to used for the expression of foreign genes in reconbi-nant MA constructs
(recWA-BN). 1.2 Material 15 Cells: BHK cells Virus: MWA-BN standard crude
stock (. 107 TCI D50) DNA: pAB-GUS (Ps pro + -pPBNX71

(pBl uesca:/f)i%%('igmé?”‘acci nia virus pr7.5 +GQJS) pBNX 5@90%&% pt + Cowpox
virus ATl pronpoter + GUS) 20 pBN8® (pBluescript + nodified H5R pronoter +

GQUS 1) pBN6l1l (pBl ript, + WA 1 onoter + S BN62 (pBluescript +
MVA B2R pronot er P%%%é)(?bb@ﬁ@'@q(b%@fs@?fﬁfﬂoiefwgda@wgr35@er + GQUS)

pPBN60 (pBl uescri giysy WA A30R pronoter + GUS) 25 pBN82 (pBl uescript +
Vaccinia virus 7.5 L pronoter + GQJ(@S) $)BN83 (pBl uescript + MVA C7L pronoter
(SEQ ID NO 5 + PEURPAdBRIeecipBt EdsFperommmn 42 R PRofiot er (SEQ | D 'NO
1) + @JS) 30 pB (pBluescript + MA 12R pronoter (SEQ ID NO: 4)+ QGUS)
pBNX72 (pBl uescript ™+ MVA KoL pronoter + GUS) WO 2005/ 054484

PCT/ EP2004/ 012125BNXB5BRXB3cH(pBl WescJaRusromodddASEGRDONOEmtler (SEQ I D NO  3)
+ QUS) pBNX84 (pGBL}S%eSC” pt + WA B9R pronoter (SEQ ID NO 6 1- GUS)

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

10 Chemicals and Buffers: Lysisbuffer (PBS + 0.1 9% Triton + 1 mM protease
inhibitor) '
AraC (Sigma, Cat. No. C1768) ‘
GUS substrate ImM (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/10%FCS over night at 37°C and 59 COs,.

Infection/transfectionCelis were infected with MVA-BN {meoi G.1) in C.5 m|

o]
ot

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 £B (100 pl total volume). After
addition of 3.2 pl enhancer solution the solution was mixed ard incubated
for 5 min. at room temperature. Then 10yl Effectene reagent was added,
30 suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the celis and 1.6 mi DMEM/10%FCS
were added. 0.6 ml DMEM/109%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) withl 0% FCS (G bco BRL) io Chemcals and Buffers: Lysisbuffer (PBS +
0.1 % Triton + 1 mM protease inhibitor) AraC (Sigma, Cat. No. C1768) GUS
substrate 1mM (p- N trophenyl -beta-(D)-glucuronide; Sigma, Cat. No. N 1627)
15 St opwsabwtison 2.5 M (2-am no- 2- et hyl - 1, 3- pr opemehizodse1285gma, Cat. No. A
9754) 1.3 Methods 20 Seeding of cebls 5 x 105 BHK cells were seeded per
transfection reaction in a well of a 6-well- plate and maintained in

DVEM 1094 t e I f f ionCells were
DVEM 10 ﬁé‘%ﬂ%g%‘@@ ﬁ‘{h\gzglsa\?ﬁncgr%ﬁﬁé her&hﬁaté hﬁl@%é@@?ﬂcg w%ﬁ% oncells

i ncubat ﬁcbnflor:utjathd at 24 ooﬁBtfa‘)uﬁe&ﬁmﬂmdenmﬂ @eml«érs FoF Hiesf ect i on was

erfor dasd dint fac r | asmi d were
BT ut et ER O e AT shBebticr B HaghiEl ® e R T B o5 )
enhancernfmldmtgm;gm(;@@hl@na)gg/;w@s m xed and incubated for 5 mn. at room

tenperature. Then 10 pi Effectene reagent was added, 30 suspension was
m xed and incubated for 10 min. at roomtenperature. The virus-suspension

was rengéggg{lﬁgg}{gg ggl |ls and 1.6 ni DVEM 10%-CS were added. 0.6 ni
DVEM 10 to the DNA Eff ect ene WO 2005/ 054484
PCT/ EP2DR4/.04 2525 e22vad kbmree!landd drDpped Lpns bhkdercedd sdad. IAsterot ati ng t he
cul ture Iate Cells then i ncu 4.0or .48 hou dependent on
t he anaFﬁlﬁ'%glﬁﬁ'”tﬁtﬁéﬁHF fi"gfess%?p%g Lﬁ?li-é{%'é%gﬁﬁrr égaﬁsger{ (ﬂ? ¥C was added to
the nmedhuns Gyrka&ion tDb€akd 9Prtane Jiganss g ot ised ceHOwPE dBrtrifuged

10 for 1 min. at 500 rcf and 4°C, the clear supernatant was transferred to a

fresh vial and stored ai —=20°C until use.

Determination of GUS activity

10 ul of cell extract (= protein out of 2 x 10* cells) was added to 1 ml pre-

15 warmed- subsirate solution (37°C) and incubated at 37°C until 2 yellow
colour was developed. Samples were then placed on ice immediately and 0.4
ml stop soluticn was added. The Extinction at £15 nm was determined and
aquated with the GUS activity as extinction values between 0.05 and 2.0 are
in a finear range. The substrate solution was used as reference and a cel

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

Experiment 1: Determination of function of putative prometers

el
(8]

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

or a well-characterized promoter fused o the GUS gene, were analysead.

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 perforimed in order to

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




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 cel'l's were centrifuged 1o for ‘1 mn. at 500 rcf and 4C,*
the clear supernatant was transferred to a fresh vial and stored at -20C

unti | ugsdﬂﬂgﬁg&rm nation of GUS activity 10 pi Oltcr‘FﬁJz%u % Jact (= protein

out of ceIIs) was added to 1 ml pre- 15 warne Strate solution
(37C) and incubated at 37C unti l & yel l ow col our was devel oped. Sanpl es

were th pl aced on,ic i at nd. 0. solut on was added.
e et el asin e frrac e ivA e Rotreaied celidbaly SPHd R s aacrvi ty
as exti ngld aial Ees «ReINRAM. @Gﬂﬁﬁ*@@e@c@a@&%l |Zb(ﬂ‘5ﬁ0h8%§ﬁiﬂwe'ﬁ@nge The
substrate solution was used as reference and a cel extract of MVA-BN

i nf ect edfsdebingtaiagsEbednds baegatafideddisr oitinclion OBpersi thert s and Resul ts

firet evperigner g draeRRalor BB P B G PO TR omt er or
wel | -schaeddhewh zetlrpihossduerning Usethis oirther ABGrganer dkrowndoysed.  Cell's
were infecte transfected with_the corresponding

pl asm d2 O@é{'{elfégﬂ\/\éﬁ?té”tﬁéﬁa@@sﬁé‘tﬂ"%‘ﬁﬂ@)4ﬁggﬁ8GP%]at‘P PEEP AP AL so activity was

determ I tagf M ne, which
o oot ek B R B e e L B e g e 05 1054484

PCT/ EP200AN0IER LRS!y 230t meg atriy eticohfardhe ¢exiessict of FamgvVA- BN i nf ect ed

cells) clear h o ,GUS agtjvity extinctjon 0.001). The

el | EnErER D AR e e Rl e Fbeh B PR Gl Se o be very
ef fi i ent tHeRavASXL d;é”tfféFﬂeO”t @a@@om@ﬁhé@ﬁdﬁﬁ? (AA@S e@hmmh emmyngopf GUS

“detectabl e after 4-8 hours of expr essi on.

(BY; extinction 0.08), C7L (C7; extinction 0.055), F6R (F6 extmctlon 0.208),

I2R (12; extinction 0.130) and J46R {J6; extinction 0.290) are functionai

prormoters. The promoters, which clearly showed to be active (extinction >

0.05) in the first preliminary experiment, were characlerized 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 ceils infected with MVA-
20 BN and transfecied 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 paraliel
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 detectabie for all promoters (Fig. 2: right columns).
The strength of the newly identified prometers in declining succession is:

30 12R (12) > A42R (Ad42) = FBR (FO) » JBR (J6) > BIR (BY) = C7L (C7).




. 5 well-known naturally occurring Vaccinia virus pr7.5 pronoter did show
also 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 (AT]; extinction 0.76). For the putative

pr onot ewawgiens: to of the MVA-BN genone, it was gghaweldiats A42R (A42;
extinction 0.48), 89R (B9; extincfion 0.06), C7L (C7; extinction 0.055),
F6R (F6; extinction 0.208), 12R (12; extinction 0.130) and J6R (J6;

ext i nct itR o230 ABECH Ungtjisanak sh&gﬁg%j@irnﬁaiqlgmomﬂqﬁttﬁé Prghth! oh clearly

showed to be active (extinction > e first prelimnary
exper i mEAPreseien duoharluctiiedyzied§ MyAras enaddeton withRréExXparadyent 2) .

Experi 20 Characterization of Egression.of pronoters The pronoters,
ahtoh o G R h et ST Ch SR CLR sed on their
pat t er n cofnpexdiessihancf frerdshnke dﬁh&m%xe.tm&_oggh kige COf e6lopebist th MA- 20 BN
and transfected with the correspondi ng E asm d were incubated with AraC.

Ar aC 5 nfPBRI’8d {hae piRer Wpkl saverabhiniakKish thal Thalows serimipartapt erequisite for

the | at @ @HRFEsShan .9 s during the WA replication cycle. In parallel
the sane expeirlgrr%ﬂ}f e%gigﬁgﬁforned W t hout addition of AraC. Infected and

transfected cells were harvested after 24 hours and the GUS activity was 25
determ in triplicat Fi 2 sh t he average .extinction of each

sanpl e. ?ﬁ‘?pg}mﬂ%%md%ﬁnp%&&clQ@rg\fvg-(owA@ By eﬁggerﬁzﬁaﬁéfur s, the total GUS
expressemmﬁ@ﬂfﬂﬁﬁ# ﬁ«ie@etbﬁmﬁbtgc?rr Jg%h@%%@?%ﬁ%?si{ﬂ??eggérg?Fe%fﬁé*derS (Fig. 2

ri ght columms). e strength e ne I dent i onoters in
. decl 'ni Hybe tsobaier oven Rightd AR (01 adetadsdle AoRY readtBR. ((F6je > J6R (J6) >

BOR ( Bg\}]egﬁltgzknr(q?@e'co%a%gg ﬁé 53@%&%@?}5{695%21’ y%?e{t%é%%%?sgio%é{frhe promoters B9,

C7 and were shown kgressi on during
the |if@: cimlCydobcthMA thas onowdratih@imavdd By ARG MNeafhmotsli ch i nhibits
| at e ex%e st%,gn, results in an expression-|evel of S conparable to that
of the Er;t I &N AR PXRIZEin waye: dEiped eRaIN@TIeT g ekt &f
expression and the results after 24 hours could be confirmed (data not
15 shown).

1.5 Conclusion

It was clearly showln, 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 1o replicate. If early + late exoression is
preferred, promoters A42R, 12R and FER 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
NG:1io 4

30
In example 1 several sequences have been identified that are particularly

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




s appeared to be rather weak several hints exist, that it plays an
inportant role during early expression. The pronoters A42R, 12R and F6R
clearly show a very efficient early expression. As for the determ nation
‘of the early expression the sanples had 10 to be incubated over night in °
order to get a detectable color reaction. These results cannot be conpared

to the yal,Wess.afy the early+late expression (Fig. PCTQEPMM,@‘Q%C) directly as
they only were incubated for 5 hoyrs. The pronoters, which did show early

expressi on were anal ysed again after 7 hours of expression and the results

after 20ubau & Eoulabe cOnhr AEd (0aha.nat, A5 8AR M0t Concl st on 1

was cl ear ronoters o stren coul d be obtai ned
20 and whatcatfwat eutl. Shoder ﬁﬁa@p@ﬁt LUBEQf D NG ﬂ%@nﬁxer{anmﬂaﬁedr@ avai |l abl e, which

show di t expr.essi on ns d dent he incubation period and
on the Eé'g CIaney p# HWN“B @OtnéﬁngggJé) '”FOt@E\éIWtﬂ’VPate expression is
preferr ﬁ%xm@(ﬂrﬁ%cﬁ&% v@é@@esté@ﬁn%ﬂﬂ’erﬁ@%n@%e pr&f poaRtiy Meedy, |f the early

expressi on shoul d be avoi ded (e.g. foreign genes, which contain the
st op 525thsipjambteTT WERNTIsed o a@rws W@ﬁgﬁm‘ﬂ)BHft(lﬁéﬂprQWdﬂ@lﬁgﬁdlBQR J6R or

Cr1l- ar us | e 2 pronoter el enents
deri ved\ﬁ]jh %ﬁ@%ap#r@%ﬁ@nﬁ W@f C%%as'i\pg pntggénces have been

i denti f ing@dmbhatonsitersgasdd eulhadus g@‘lél B@&h@sﬁ@erﬁ@rﬂrﬁsse GoiSei gn genes in the

MVA genone. I n order to check WD 2005/ 054454 PCT/ EP2004/ 012125 25 whet her

shor t er PFESIFENDE PHEATVEIATOMRETS WAES FUPHBE @il Wy Ghe| SUERBET Piment s were
and o onB I e R e Ry M e B LY Ve i il
~ promot ecrfmfa«mnezdde\&tcmmla Vinuolatieprotrotanad yeefudediio ol emtﬂ ial activity,
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 fecombination between the
homelgous sequences of the criginal and the additionally cloned promoter.
15
2.1 Material and Method

I 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 Experirnents 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 1D NO: 7 ("A42 short late” TCTTATTAAAAAACATATATAATAAATAACA

SEQ ID NO: 8 ("J6R short 1ate”YGATAAAAATTTAAAGTGTAAATATAACTAT
30 SEQ [DNO: 9 ("FBR short early)

AGAGTGTAGTATCATAGATAACTCTCTTCTATAARAT

SEQ 1D NO: 10 (“FBR shoit late)ATTGTTAAATAAATAATGGATAGTATAAAT




5 the pronoters were fused to the GUS reporter gene. BHK cells were
infected with MVA-BN and transfected with the plasm ds containing the

~ putative miniml pronpters fused to the GUS gene. By neasurenent of the
GQJUS expression the putative pronoters were screened on activity and
strength of expression (see exanple 1). As positive control and as
referenw®dsesnl | 10 characterized Vaccini a vir B6IERPE OpHgOt er Ps was
fused to GQUS and analysed in paraklel. The mninmal pronoter el enents of
about 30 bp can be used for the expression of foreign genes in reconbi nant

WA consSEQUDHNO: 1T eeMVABN:a W ATOTAAPBTATS KT ARG NoMaAeg@us reconbi nati on
bet ween the honol g({)gzuqs sequen i_ginal and the additionally
|

ces_of _the ori
cl oned pEEBNY: 12 h%faéﬁ?"ﬁ&ITT%ETWJ%MT%TA@%M%% ot herwi se the
materials and nethods used in exanple 2 correspond to the nethods in
exanple 1. PCR was made according to 20 standard techni ques. 2.2
Exper i maéitpsiaivd rfResobits ofokdrefusef! tpriionGt/érgent sveBUSogethéen by PCR 25 The PCR
react.i On§8[<§‘§U| ted in the fusion of the followi ng m ninal pronoter
sequenc8 £RE SBEETGERe: SEQ ID NO 7 ("A42 short |ate") TCTTATTAAAAAACATA

T ATAATALAFW A onFERIHCHONG 11 Aitd 8RR shomhl promoters
| at e") GATAAAAATTTAAAGTGTAAATATAACTAT 30 SEQ ID NGO 9 g" F6R short early)

AGAGT GT AGT AT CAT AGATAACTC IO T A TARNARIVEED NI REPMEET @981 hor t
| ate") A ] T / 4. 4/ 012125 26
SEQ 1 b 10 18 CEULSR SRS Coaa ) A AR AT GT TACET TTACAMA. SEQ | D N 12
("12R sbar¢sgoat glk) plATTHATETSTEACTRENATEATREGIATAKAT yAbd apditGatd ve m ni mal
. pronoters. fused t he éB%JS g3ene were cloned in 5 pBSKS+ and sequenced.
: 10 activity was determined (Fig.”3).
The negative control (extract from MVA-BN infected ceils) 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
15 nours of expression. For the putative promoter minimal promoter elements
of the MVA-BN genome, it was shown that all of FER short early, F&R short
late, 12R short early, i2R short late, A42R short late and JER short late are

functicnal promoters.

20 In total six functional minimal promoter elements were isolated. Two ére
suitable for the weaker early transcription (I12R shert early: average
extinction 0.0€933; F6R short early: average extinction 0.189) and four are
suitable for iate expression of different lavels (FER short Iate: average
extinction: 0.09833; |2R shori late: average extinction 0.321; J6R short late:

25 average extincltion: 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 specirum of different promaters available. {f early
30  expression is preferred, the minimal promoter FOR shart sarly or 12R short

sarly are preferably used. if the late expression s preferred and early

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




Determ nati on of function of the putative mninmal pronoters In order to
anal yse functionality of the putative mninmal pronoter elenents the BHK
cells were infected with MWVA-BN (noi 1.0) and transfected with the
~corresponding plasmd. Cells were harvested after 24 hours, '|ysed and QuUS*
lo activity was determined (Fig. 3). The negative control (extract from
MA- BN {afeehagkcel | s) clearly showed no GUS acidmvitrbaosoORt rol ; average
extlnctlon 0.00167). The well-characterized strong synthetic Ps pronoter
was shown to be very efficient (Ps average extinction 2.05267) as there

was a h| I pressi on. For
the put & P?/ ! 3?2@3{%"% ﬁé%g,%ﬁ i gﬂ;’ @aléﬁo%ﬁte?%#é@gg A BN genone, it
was showrort had, 1aRlshefft tﬁ@RJesmgfdn ear hyd AEBR sshdrltite drapesfert2R short early,
12R short | ate, A42R short late and J6R short |late are functional

pronot ePged. 20 In total six functional nininmal prompter el ements were
isolated- Two are suitable for the weaker early transcription (12R short
~early: average extinction 0.06933; F6R short early: average extinction
0.189) and four are suitable for |ate expression of different |evels (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 F6R short early or 12R short early are
preferably used. If the late expression is preferred and early expression
shoul d be avoided (e.g. for foreign genes, which contain the stop WD

2005/ 054484 PCT/ EP2004/ 012123 27 signal TTTTTNT for early expression), the
m ni mal pronoter elenments F6R short late, 12R shat |ate, J6R short |ate
and A42R short late are preferably used.

i
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of fi cergpnfgor m PCTI R01134 (Jul), 1992) WO 2005/ 054484 PCT/ EP2004/012125 31
Clainms: 1. Pronoter conpri si n or nsi s . sequence

sel ect i) BPOHANCEHBAYIDHY e‘o'ﬁlﬁ Can%f’%dBSSu%) ?9‘?'%@5 ﬁdueg# gdé‘t% %torgsj(grequence of
anyone !9 e;éﬁ%\k{@‘l %eé‘t ttoC%hQ,se&uénkessé@@@fﬂw@nQQQ o@tn)l‘, he sequence according to
anyone 0 and (iii) sequences ing .one or nore
‘nuclueotwrdzeelsmh)esprcmmtemwe adéwéai 66 e diN oY prqn?@%‘rstzi@r{gr aﬁ i respect to the

“ sequences as .defined i,n or (ii
g In vaccinia virus mfected g:eﬁs. (i),

2. Promoter according to claim 1, wherein the subsequence is selected from
the group comprising SEQ ID: 7 to 12

15
3. Expression cassette comprising a promoter according to anyone of claims

1 or 2 and a coding sequence, wherein the expression of the coding
sequence is controlled by said promoter and wherein the expression cassette
is not an expression cassette that naturally occurs in the genome of a

20 vaccinia virus.

4. Expression cassette according to claim 3, wherein the coding sequence
codes fbr therapeutic proteins or peptides, antigens, antigenic.epitopes,

antisense RNA or ribozymes.

5. DNA éomprising the promoter according to anyone of claims 1 to 2 orthe

expression cassette according to anyone of claims 3 and 4.

6. Vector comprising the promoter according to anyone of claims 1 to 2 or

3y -the expression cassetie according to anyone of claims 3 and 4.




1o wherein the pronoters are active as vaccinia virus pronoters and/or
active in vaccinia virus infected cells. 2. Pronoter according to claim1,
wherein the subsequence is selected from the group conprising SEQID: 7 to
12 15 3. Expression cassette conprising a pronoter according to anyone of
claims 1 or 2 and a codi ng sequence, wherein the expression of the coding
sequencO P83 EHtitrol | ed by said pronoter and mheﬁgﬁﬁmgﬁﬂmé¥5ression cassette
is not an expression cassette t Hat naturally occurs in the genone of a 20
vaccinia virus. 4. Expression cassette according to claim3, wherein the
codi ng Beguencecochdes dam ¢ hetapeltrdo paotel stos apéptedes, anti gens,
antigenic epitopes, antisense RNA or ribozynes. 25 5. DNA conprising the
pronoté@cgﬁéording to anyone of clains 1 to 2 or the expression cassette
according to anyone of clains 3 and 4. 6. Vector conprising the pronoter
according to anyone of clains 1 to 2 or 30 the expression cassette

accor di g/ectoranyoningt ddial frewiEreindhd virpoezn5F 65238941 2PUTSEP2004/ 012125 32
7. Vector according to claim®6, selected fromplasmd vectors and viral
vectodrs. 8. Vector according to claim7, wherein the viral vector is a

vacci ni @ WeckdtSaccBrdhe Magdier 8 aecoeidithg vhociaiaaimms8s MatlBiedi n t he vacci ni a
virus is Mdified- - Vaccinia virus Ankara\&M\/A) pr_ﬁ?l;cgrt ly strain MVA- BN
deposi t Bcata vines AptropE%h), cae@abi BrRloM\GePl eaPtitiee! '8cACe) under nunber

V00083008, 0L Boishiby 8 EYPcl hakeotaacty gl MiAarfodeagsbt ed at ECACC under

nunber or “strain eposited under nunber V00120707 at
'ECACC. a derivative thereof, strain MVA 572 deposited at ECACC under number

10 VA94012707 or strain MVA 575 deposited under number V00120707 at
ECACC.

10. Vector according to claim 9, wherein the promoter according to anyone
of claims 1 1o 2 or the expression cassette according to anyone of claims 3

15 and 4 is inserted in a naturally occurring deletion site of the MVA genome

11. Vector according to claim 9, wherein the promoter according to anyone
of claims 1 io 2 or the expression cassette accarding to anyone of claims 3
and 4 is inserted into a non-essential part of the viral genome or into an

20 intergenic region of the viral genome.
12. Vector according to anyone of claims & to 11 as vaceine or medicament.

13. Vaccine or pharmaceutical composition comprising an expression
25 cassette according to anyone of claims 3 to 4, a DNA according to claim 5 or

a vector according fo anyone of ciaims 6 to 1 1.

14. Vaccine or pharmaceutical composition according fo claim 13,
comprising at least 10? TCIDsg (tissue culture infectious dose) of the virus

39 vector according to anyone of claims & to 11.




10. Vector according to claim9, wherein the pronoter according to anyone
of claine 1 to 2 or the expression cassette according to anyone of clains 3
15 and 4 is inserted in a naturally occurring deletion site of the WA ,
- genone 11. Vector ‘according to claim?9, wherein'the prondter ‘according to
anyone of clainms 1 to 2 or the expression cassette according to anyone of
cl ai ms wo zedndass i S inserted into a non-essenti aPCHEPIA2IEhe viral genone
or into an 20 intergenic region¥of the viral genone. 12. Vector according
to anyone of clains 6 to. 11 as vaccine or nedi canent. 13. Vaccine or

phar mcl%‘?%?&h BP;?TT@:QﬂaEE%a‘F@H@ b SiiMdaarexpressimnLweasset te accordi ng
to anyone of clai 3to 4, a accordi n% to claim5 or .. a vector

accor dithgvires eeryomie admiwiel ersingherapautically eToeieE 3WBOWHS bharalceut i cal
conposi.tion_ according . i L . C IS | e 102 TCI D50 (tissue
cul t ur 9 EE Wémwgéé)cug#t?qﬂg@l r uasgeg%w\j/z]l(}:c{%girla%%gc(o‘?%%sﬁégto anyone of

cl ai ns Bodueailbh). WO 2005/ 054484 PCT/ EP2004/ 012125 33 15.: Vaccine or

phar maceuti cal conposition according to claim 14, wherein the virus vector
is alm nistered in therapeutically effective amounts in a first

! nocul @td.%p(o" Bélegag@giigpgg@e%|ag(gb",-ajm§rtg anforde SesoRt 3 mpnybﬁﬁl on ("boosting
i nocul at1on™) 16. e of an expression cassette according to anyone of
cl ai ms [NA acebrdiof taclaDhA acdardiiey ateording imanyeine of clainedt®r according to
anyone of . clains 6 to 11 for. the pr ration of a vaccine or nedi canent.
io 17. Mehdf PW@?#‘PP8%66’??@“%%’3%9@5%5?@%uence into a target cell
conprising the introduction of a vector according to anyone of clains 6 to

~ 11, of a expression cassette according to an]?/one ?f clainse 3 to 4 or of a
' DNA 10 acthiMiithed fo inredunine 2 Ae@ng pEUEaFyETC @dpTget £&T $8TPNEIRod for produci ng

A ReD e iy B Pb oA by YL SnE R M8 ok € P Py @ host cel ! with

the vir according to anyone ~clains
expression cassette according to anyone of claims 3o 4 or of 2 DNA

according to claim 5 into the target cell.

15 18. Method for producing a peptide, protein and/or virus comprising
infection of a host cell with the virus vector according to anyone of claims 7
to 11, 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.

20
19. Method for producing a peptide, protein and/or virus comprising
transfection of cells with an expression cassefte according to anyone of
claims 3 to 4, the DNA according to claim 5 or the plasmid vector according
to claim 7, infection of the cell with a vaccinia virus, cultivation of the

o5 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

hefore or after the step of transfection of the cells.

sy 20. A cell containing the promoter according to anyone of claims 1 to 2, the
expression casseite according to anyone of claims 3 to 4, the DNA according

to claim 5 or the virus vector according to anyone of claims 7 fo 11.




to 11, cultivation of the infected host cell under suitable conditions, and
i solation and/or enrichment of the peptide and/or protein and/or viruses
produced by said host cell. 20 19. Method for producing a peptide, protein
and/ or virus conprising transfection of cells with an expression cassette
according to anyone of <clains 3 to 4, the DNA according to claim5 or the
pl asm FAA8ESHaccording to claim7, infection 6 FHEEEHF with a vaccinia
virus, cultivation of the 25 intected host cell under suitable conditions,
and isolation and/or enrichnment of the peptide and/or protein and/or
viruses produced by said host cell, wherein the step of infecting the

cells w.th a ccinia,virus be made. befo r er the step of

t ransf iU5Fi Ogﬁ"?t W@”@é?rl %C.C%dgﬁ%@. anﬁ@@%lof Cl@ﬁ—ﬂ? gﬁ%%ﬁafiiiee pronot er accordi ng
t o anyengreetiodlodbBdihetisecdendeh@ne@kpitessidon sassedd e na¢tior di ng to anyone of
claims 3 to 4, the DNA according . to claim5 or the virus vector according
to anySABUGITCECYREES naty@ily iinkepdodbe 57 @BaesA" POFFEDIOTAF012125 34 21. Use
of the pronoter according to anyone of clainms 1 to 2 for the expression of
a codi ng sequence, wherein the coding sequence is not the sequence which

i s nat Wlaldethdd fokéte produbgopoiametoder daroedivate amicaewil cligms® 22, Met hod for
the praoduction of a vector according to . anyone_ of cl inst6 to' 11
conpriélﬁfWW@ﬁgggﬁ“%?pPhgﬁg NEG% A ‘8%%?%§§fﬁﬁeéﬁgggygéOaccording to
anyone 0606 & ABind 3 & 4id:BkRe IheoVRGbale. genone. 10

10




