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invention relates to WA nutants, which can bg@ﬁ@ggm#mnxq

for the generation of reconbi nant MVA viruses, as

wel | as host cells, which have been infected with

these nmutant MA viruses. The present invention

further relates to DNA-vector constructs, and a nethod

for the generation of reconbi nant MVA by using the

mut ant MVA viruses and the DNA-vector constructs.

Vacci ni VT UENEVOR B8 $HGEOR Ok HEEGSHEEATIONhBFRECF I us
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DNA sequences (genes) which code for foreign antigens being introduced, vﬁth the aid of
DNA recombination techniques, into the genome of the vaccinia viruses. If the gene is
integrated at a site in the viral DNA which is non -essential for the life cycle of the virus, it is
possible for the newly produced recombinant vaccinia virus to. be infectious, that is to say able
to infect foreign cells and thus to express the integrated DNA sequence (EP Patent
Applications No. 83,286 and No. 110,385). The recombinant vaccinia viruses prepared in this

way can be used, on the one hand, as live vaccines for the prophylaxis of infections, on the

other hand, for the preparation of heterologous proteins in eukaryotic cells.
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rulence in vivo.
Strains of viruses specially cultured to avoid undesired side effects have been known for a long
time. Thus, it has been possible, by long-term serial passages of the Ankara strain of vaccinia
virus (CVA) on chicken embryo fibroblasts, to culture a modified vaccinia virus Ankara
(MVA) (for review see Mayr, A, Hochstein-Mintzel, V, and Stickl, H. (1975) Infection 3, 6-
14; Swiss Paten’; No. 568 392), The MVA virus was deposited in compliance with the
requirements of the Budapest Treaty at CNCM (Institut Pasteur, Collectione Nationale de
Cultures de Microorganisms, 25, rue de Docteur Roux, 75724 Paris Cedex 15) on Dec. 15,

1987 under Depositary No. I-721.
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constructs. Conpared to its parental strain, MA has
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comparative evaluation of multiple candidate constructs,

,C.omparcd to 1ts parental strain, MVA has deletions that consist of about 15 percent
(30,000 base pairs) of its former genome, including most of the KIL gene. Only a
fragment of a length of 263 bp is still present in the MVA genome. The MVA K7L gene
sequences represent the first 263 bp of the ORF 022L in the MVA genome at position nt
20685-20981 as described in Antoine, G., F. Scheiflinger, F. Dorner, and F. G. Falkner.
1998. The complete genomic sequence of the modified vaccinia Ankara strain and a

comparison with other orthopoxviruses can be found in: Virology 244:365-396.
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second observation occurs, when homologous recombmauon events take place between

KIL gene sequences in MVA and the transfer plasmid. The possibility of the latter

recombination event has also been suggested by Tscharke & Smith (13).

Therefore, it is an aim of the embodiments of the present invention to provide an
improved method of producing recombinant MVA, which overcomes the above
mentioned problems. It is a further aim of the embodiments of the present invention to
provide MVA mutants and DNA vector constructs, which can be used in such a

recombination method.



KIL gene sequences in MVA and the transfer plasmd.

The possibility of the |latter reconbination event has

al so been suggested by Tscharke & Smth (13).

Therefore, it is an aimof the enbodi ments of the

present invention to providesan inproved nethod of

produci ng reconbi nant MVA, whi ch overcones the above

nenti oned problens. It is a further aimof the
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tants gpg DNA vector constructs, which can be used

Crmppdies G the BEesss KHARG SHARAR! i indhe dapeadqng claims.

acconpl i shed by the subject-matter of the independent

claims. Preferred enbodinents of the present
Injaniishaspest, deee is erovidadtahMVA niveant,epleareiaibe &V Aigams sekmerges and

o F S re.i rovi ded.a M/A mut apt erein.
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mutagorMVA genonme have been inactivated by deletion or

mutation. In a second aspect, there is provided a host
cell, which has been infected wwth the MVA as defined

InaleYehd dsPedd, thbrelisl pRYRRE b hob QIS wihthRfa® beAEBfRRA with the MVA
eucaryotic cell, which is a chicken fibroblast cell, a

asdghbped qboKe-obl ast cell, a Q-9 cell, a BHK-21 cell, a
BS-C-1 cell, a MA104 cell, a Cv-1 cell, a Vero cell
a MRC-5 cell, a B-cell or a human primary cell. In a
Inpdlird pspaetpiets is praidediag epeayyotitentilawbidhiv 2 chidten fibroblast cell, a
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ceBouVeraloelta MRGRS celiyhd-edlhortdtaiméy piintaraedl.f or ei gn

protein coding regions are flanked by DNA-sequences,
flanki ng a non-essential site within the M/A genone,

In WIS RpbAShBRNs FRRIE h BN AIvE& ot Sonstilg, whikE c%ptfié%@ sequences,
qulneered KIL deletion within the M/A genone.” I'n a
engqding, thes Yaeqiniat Viewse (YY) gfdv getsdom forea Hattiohallye guriwtlént ggene,
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equi val ent gene; and selecting restored MVA by grow h

on rabbit kidney RK-13 cells, or any other cell type
In a fifth aspect, there is provided a method of generating recombinant MVA, comprising

the steps of: infecting host cells of MVA with the MVA mutant as defined above.,
transfecting the host cells with a DNA-vector construct, which comprises sequences,
encoding the Vaccinia Vims (VV) KIL gene or for a functionally equivalent gene; and
selecting restored MVA by growth on rabbit kidney RK-13 cells, or any other cell type
that essentially requires KIL gene function to allow for productive growth of mutant
MVA as defined above.

Disclosed is a new MVA mutant, which is characterized in that the MVA KIL gene

sequences (comprising only a fragment as



that essentially requires KIL gene function to all ow
for productive growh of nutant MA as defi ned above.
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of .a Leng%p of 264 bp of the KIL gene is stil

besh dnastivatrhintheMWnsgromsrhy meatieher delsiion e byth.
Furthernore, the respective regulatory sequences are
present, which conprise about 100 additional bp. The

Apmpenipredgrhione, ordyweltzaagentoé aplangthodf 20RFbI0 22 thei K1 X fzene is still

Pl BER R RO O BPOES AR SRS R ko
seffadnkeeare fHORR:, WHitls corhprideSabolio 1 0@ atlditleda3 RO Uhe MV A K7L gene
|nact|vat|onﬁ§&pgdﬁqncxl nal part of the MVA KIL gene
SR HEPeY bt Br e Y e BROSINRY ROSHIEN 16 1A0687-2AR81 as
deb@itREde rfkntd?n@@,"ﬁ@dh@i‘ﬂliﬂ%%ﬁ IR, A4, g.%%em©b§. Bus, it is
S

the present invention. nactivation”
to Fetuaelerstopd dhat pnactieatioa pf enforetionalopary of dhe AdWAI Bopsie sequences

e j nat_| t : e..seguences in and
an?hégﬂgf% §$§%m%$a§ﬁfgeééhkg§gc o?l855%ﬁ?ﬂ%ﬂ§gyﬁgﬁ§WHgOfthe
enghodahdnecof the ptesern datehion. | fnddti@ati@yi mEand hiterd@dndliMkhe sequences
¢ delﬁf'on I1 within the WA genope (and resuftln%d%n a
018 B?mak?é?‘&sgﬁc@ﬁbwtl% ctwih 4 et 8ha8icps in MVA and the

trafSeO b (DR vBisf Qnbdekoe bRt BN reclifouMAull In ©EREsion of

E%eferabl¥ together with'its pronoter sequence, or a

napii detedinnlll yikin the dFedfeenemme radresulian invaladdobsxpression of the
deletipnpfromthe viral genome. Aternatively, a

gereco ‘#ntnt MVA defective in KIL sequence function
may be generated by sequence nutagenesis, e.g.

i nsertjonal .nut.agenesi s, |eadin o the 1inactivation
O et A ST AN AL

pr@foer sdaaeick] 6 a ﬁﬁ&fﬁﬁh{}%ﬁ @Breof TR eh GRLAREOAR! dMRNRM the
advant ageously be used in a nmethod for the

virgh gensaife thlisnasivelys amedogibigpah &4V Andefeulys dg UfeHt sequence function
E6de RO, Ld: f .ral l.e in.a nmethod,for
mSphe SR oy MABRLSRLaRE  Epi HARS To
inaghoaten ¢hE/L nepeheatthiongh mtibidoMeA KN gaR-speafis recombination.
Thgser%g(glgfai|ant%Gigcga%ead%mageously be used in a method for the introduction of
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generation of recombinant MVA.,

As mentioned above, the inactivation in the MVA genome means generally a degree of
inactivation, which results in avoiding a homologous recombination between KL gene

sequences in MV A and the transfer plasmid (vector construct). In case of mutation, the



i nactivation, which results in avoiding a honol ogous
reconbi nati on between KIL gene sequences in MA and
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construct may be suitable for the selection of recombinant MVA and therefore can serve

as a tool for the effective generation of recombinant MVA.

As used herein, the term, “recombinant MVA”™ means those MVA, which have been
genetically altered, e.g. by DNA recombination techniques and which are provided for

the use, for example, as a vaccine or as an expression vector.

The recombinant MVA vaccinia viruses can be prepared as follows. However, it is to be

understood that a person skilled in the art can make alterations
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cause for so-called “silent” changes, are considered to be part of the disclosure.

For example, such changes in the nucleic acid sequence can be considered to cause a
substitution with an equivalent amino acid. Preferably are such amino acid substitutions
the result of substitutions which substitute one amino acid with a similar amino acid with

similar structural and/or chemical properties, i.e. conservative amino acid substitutions.



the result of substitutions which substitute one am no
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The DNA-construct to be inserted can be linear or circular. A circular DNA is preferably

used. It is particularly preferable to use a plasmid.

The DNA-construct may contain sequences flanking the left and the right side of a non-
essential site, e.g. the site of deletion III, within the MVA genome (Sutter, G. and Moss,
B (1992) Proc. Natl. Acad. Sci. USA 89,10847-10851), the site of the engineered K1L

deletion
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overexpressed on tumors, e.g. Her-2/neu, MUC-1, and p53.

In order for it to be possible for the foreign DNA sequence or the gene to be expressed, it
is necessary for regulatory sequences, which are required for the transcription of the
gene, to be present on the DNA. Such regulatory sequences (called promoters) are known
to those skilled in the art, for example a vaccinia virus specific promoter as that of the
vaccinia 11 kDa gene as are described in EP-A-198,328, and those of the 7.5 kDa gene
(EP-A-110,385) or a heterologous poxvirus promoter which allows for vaccinia virus
specific transcription, or a synthetic promoter which allows for vaccinia virus specific

transcription.
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The DNA-construct can be introduced into the cells by transfection, for example by

J is necessary for regulatory sequences, which are
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means of calcium phosphate precipitation (Graham et al., Virol. 52,456-467 [1973];
Wigler et al., Cell 777-785 [1979]), by means of electroporation (Neumann et al., EMBO
J. 1, 841-845 [1982]), by microinjection (Graessmann et al., Meth. Enzymology 101,482-
492 (1983), by means of liposomes (Straubinger et al., Methods in Enzymology 101,512-
527 (1983), by means of spheroplasts (Schaffner, Proc. Natl. Acad. Sci. USA 77,2163-
2167 (1980) or by other methods known to those skilled in the art. Transfection by means

of calcium phosphate precipitation is preferably used.

To prepare vaccines, the MVA vaccinia viruses generated according to the disclosure
may be converted into a physiologically acceptable form. This can be done based on the
many years of experience in the preparation of vaccines used for vaccination against
smallpox (Kaplan, Br. Med. Bull. 25,131-135 [1969]). Typically, about 10°-10° particles
of the recombinant MVA |
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BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1: Schematics of possible pit-falls of K1L-based host range selection and their
elimination. (A) Schematic maps of the MVA genome (Hindlll restriction map) and the
vector plasmid pIlIdHR. Site of deletion II: Representation of ORFs, including
fragmented K/L gene (hatched boxes). Site of deletion IIT: Flank-I and flank-1I refer to
MVA-DNA sequences which are essential to target insertion of foreign genes to the site
of deletion III within the MVA genome. Flank-I-rep indicates the position of a 283 bp
repetitive MVA- DNA fragment homologous to the right end of flank-I which allows
deletion of the K7L
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the restriction endonuclease HindlIl is shown on top. HCV coding sequence was placed

under the transcriptional control of vaceinia virus early/late promoter P7.5 and inserted by

~ homologous recombination at the site of deletion I within the MVA genome. Flank 1 and
flank 2 refer to MVA-DNA sequences that are adjacent to the site of deletion III and serve
to target the recombination into the MVA genome. Rec2 indicates the positions of 283-bp.
repetitive MVA-DNA sequences corresponding to the right end of flank 1 and allowing
removal of the K1L selectable marker from the genome of final recombinant viruges by
homologous recombination. Representation of the genomic structure of recombinant

MVA-HCV-NS3 is shown at the bottom.

Figure 3: In vitro characterization of MVA-P7.5-NS3
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I Growing and purification of the viruses

1.1 Growing of the MVA and the MV A mutant virus

The MVA virus is a greatly attenuated vaccinia virus preduced by serial passages of the
original CVA strain on chicken embryo fibroblast (CEF) cultures. For a general review of the

history of the production, the properties and the use of the MVA strain of 'vaccinia, reference

- may be made to the summary published by Mayr et al. in Infection 3, 6-14 [1975]. Owing to

the adaptation to CEF, growth of the MVA virus on other cell systems is greatly restricted.
Exceptionally, baby hamster kidney ceils (BHK-21), a well characterized, easily maintained

pell.hne, suppqrts MVA growth and as proficient expression of recombinant genes as the
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Order No. 072-1500) containing 5% fetal calf serum
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The VA l)nu%ﬂgoizthg%e%dfti@pntri]& %nlguIiﬁélgiel{rggag%.t@&?g @EFacells or in baby
hamster kidney BHK—21 (American Type Culture Collection ATCC CCL-10) cells which

were grown in minimal essential medium (MEM) supplemented with 10% fetal calf serum

(FCS). BHK-21 cells were maiutained in a humidified air-5% CO, atmosphere at 37 °C.

The viruses were used for infection as follows. Cells were cultured in 175 cm?® cell culture
 bottles. At 80-90% confluence, the medium was removed and the cells were incubated for one
~ hour with an MVA virus suspension (0.01 infectious particles (=pfi1) per cell, 0.01 ml/cm®) in
phosphate-buffered saline (PBS/Dulbecco, for example Animed AG, Muttenz, Switzerland,
Order No. 23.100.10). Then medium was added (0.2 ml/em®) and the bottles were incubated at
37°C for 2-3 days until about 80% of the cells had rounded. The virug lysates were stored with

&%W/
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purification etc.) 1.2 Purification o? the virusés
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ot B DERN " B2y Baa Raviove, FOG: momtesbpe00 spm and 10°C),
e o Sacs. 1Y BB Mo B o RS, Wi pirasound and
Bl 8 T ISP ey S i
werg somlared and dayexediogersd padesioiposed of 10 ml of 35% sucrose in 10mM Tris-HC,
pH 80, and centrifuged in a Kontron TST 28.38/17 rotor (Kontron Instrumente, Zurich,
Switzerland, corresponds to a Beckman SW 27 rotor) for 90 minutes with 14,000 rpm at 10°
C.). The supernatant was decanted, and the sediment contamning the virus particles was taken up
in 10ml of 10mM Tris-HCI, pHS.0, homogenized by brief treatment with ultrasound(2x10
seconds at room temperature, apparatus as described above), and applied to a stepped gradient
for further purification. The steps of the gradient were each composed of 5 ml of sucrose in
10mM Tris-HCI; pH 8.0 (sucrose concentration sfeps: 20%, 25%, 30%, 35% and 40%). The
gradient was centrifuged in a Kontron TST 28.38/17 rotor at 14,000 rpm 10° C. for 35 minutes.

After this centrifugation, several discrete zones containing virus particles were visible in the
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: at , ATC GCC 3’ (SEQ ID NO: 3) and delI[B 5’ CAG
GCG GCC GCG GTA TTC GAT GAT TAT TTT TAA CAA AAT AAC 3°, (SEQ ID

- NO: 4)) was inserted downstream of the LacZ-gpt-cassette, yielding pli,...LZ-gpt-del and

allowing for deletion of the marker cassette upon homologous recombination of N2L gene -

sequences.
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(K2L), that did not contain KIL gene sequences and had
been isolated by PCR from MVA genonmi ¢ DNA usi ng
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GIA CCC 3" (SEQTD NO I)—and flflnewB: 5 CAG GCA TCC

GTA GAA CGT AGA TCC GG 3' (SEQ ID NO 2).
.bp repeat of the 5 region of the

3 1Addit i onal a 315 ‘
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The psg)a,mmm Gwedtchthesmingdste mm@aa@%@@é&%ﬁ&%@@%@m tional control
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3 gUthenlic Irergter, was amplified by PCR as 1100-bp DNA, fragment from genomic
DNA of vaccinia virus strain Western Reserve (kindly provided by Dr. B. Moss, LVD-
. NIH, Bethesda MD, USA) using the oligonucleotides K11.-5'-3 CAG CAG CCC GGG
TGC GAT AGC CAT GTA TCT ACT AAT CAG (SEQ ID NO: 5) and K1L-3-1 CAG
CAG CCC GGG GGA AAT CTA TCT TAT ATA CAC (SEQ ID NO: 6) (sites for the

restriction enzyme Smal are underlined).

This K1L marker cassette with the direct repeats on either side was excised from pAKIL
that has been described previously (12) and was inserted into pIHIdHR, replacing the KIL
marker and flank I repeat to generate PIDAHR (Fig 1C). The genome of final MVA
recombinant viruses will now contain the target gene sequences and one LacZ gene

fragment. Insertion of additional foreign DNA might appear to result in less “clean” vector
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evemBr €71%) even using MVA still harboring left-over KIL sequences. The inventors

- obtained virtually 100% efficiency when using new MVA and gfp-transfer plasmid (MVA

(...} and pIIAHR-gfp). One first “blind” passage on RK13 cells was performed before

- plating dilutions and determining the number of foci, because it was observed, that when

- counting GFP positive cell aggregations in the first RK13 Passage the outcome suggested

higher numbers of correct recombination events, yet about half of these virus isolates when
brought into the next passage was unable to induce GFP-positive virus foci. This
observation is probably based on unstable single recombination events and/or transient gfp

expression from carry-over plasmid DNA.

Taken together the inventors are able to further substantially improve the K7L-based

selection technique by (_i) removal d_f the. remaining K7L sequences within the MVA
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£GP aﬁaéﬁ} depie st pey MYt srrslaradiassyids icginting Momiottious nos-MVA
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Ll 1 dHR- gf ted hy. the i t , th f
ol LR P AEE Shet R e et s e T
s 325008 L a030309 %, BRI Bty FSTELBLLS, o

“K1L sequence from
virggssr ect reconbi nation events (45% MA (I1,,,) and

pl 11 dHR-gf p). Whereas renoval of flank | repeat
sequence fromthe MWA transfer plasmd resulted in a
cl ear increase of desired reconbination events (71%)
even using IvIVA still harboring | eft-over KI1L

4. SEqNRAGRDT gthGati VR4S Ot ai ned virtual Iy 100%
efficiency ' gf p-transfer plasmd
(MVA (Il e,) and plIl1AHR-gfp). One first "blind"

Thfgassagg“on RK13 cells was performed before plating

THCGET B Sonshyctent af arssombinant MiGA(eVIVEY) dipessing dranestructural
positive cell

3 (N&: ved, t ting GF
s BB PR R JBRRS SF st Bl SE ot cBimeney serve s
exafpioRs tiedadvah@h&s s AWTHEs 166 1o | Rgtaof) :
events, yet ab%utushal f olfr I?&Vetggh{}l&%? %%g‘g ates fﬁw%rhﬂle basis of
an PO graeent ritiost lneking xitripsis S8l se@senuBAN®ALE I )NSWHE Bsing transfer
| GEP- pos itive virus foci. This observation is pr obabe
plagiids, y1ngiEologerse nondYVé Fepstiits seqvicoss dummts (hadl)oOrginaly,
ve hi PO of p si gy firom carry-ov md DNA.
e I%iglken ntﬁg%det e clt%ﬁegsru?n\‘?er ’f‘s%ﬁ%prg @ ?@LF ﬂf\ﬁ&& gene (MVA-
HCS/MNB3) st thaHUW - 640 Y\ Senlob®re Kb 1 \ i -
techni que by (i) rle\r(r%evamgf lb# Hgﬁggglafcﬁﬁhlg&gﬁf&ﬂ range selection
protged) ge desssibed ih$taibt(h ecthll/2 000 ROOALAGA4OR: 1137-1148.
PCT/ EP2004/ 001551 19 genone and (ii1) design of new
MVA transfer plasnds carrying honol ogous non- WA
A ; - f e ' he transi ent narker. gene. .
PREAHE ROERIEE (R DY) il AR S enSeentihf gt chronic
hepdtifie adéibited R6AMDI NHaRitadi &) i en c
extents. Combi ned use gf gﬂﬁl\/ﬁlﬁo%igddg g%%t@}\%tsg&f g%‘éh%og\am e
al. 90, sSRNOEN§F9SU-OR2 8o slirfved loMtpare the NS3 gene (encoding HCV

polyprotein amino acids 1028-1658) using PCR amplification, and to clone the
correspending PCR product into the MVA transfer vector pliI-dHR-P7.5 (Fig. 2). After
wnfection of CEF monolayers with MVA (clonal isolate F6) and transfection with piIl-

dHR-P7.5-NS3, followed by several plaque puriﬁéation steps on RK13 cells, using K1L as
selectable marker, we were unable to obtain bona fide recombinant viruses. We isolated
either IMVA harboring only the K1L sequence stably integrated within the site of deletion
3 (del 3) of the MVA genome, or were unable to obtain stably growing virus progeny at
all. As a remedy, we then decided to use our iinproved new K1L selection technique, re-

- cloned the NS3 gene sequence into the new MVA vector plasmid pIII-AHR-P7.5, and



vector plasmds resulted in very effici ent sel ection
WALYOHPEEse gene transfer into the targeted (ETORR2004/001554
site, and allows for isolatiogp of practically only MA
reconbi nant viruses. 4. Method of
u@dnBe dinpRees W BCHED sy StdrY
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va%c (82 %lév 2495 serv,ﬁl_? to prepare the NS3 gene
S8R 8&1%? EhaRs %o%@%ﬂ@ézsethe@@ygy, described in

thibl PabiGht R i £ ' t
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nol ayers with MVA (clonal isolate F6) and

cup| %ﬁ%ﬁﬂ% OB HIMRSERIe| |1 - dHR-P7.5-NS3, fol | owed by

several plaque purification steps on RK13 cells, using

KIL as selectable marker, we were unable to obtain

bona fide reconbinant viruses. W isolated either

rWA harboring only the KIL sequence stably integrated

within the site of deletion 3 (del 3) of the MVA

genone, or were unable to obtain stably grow ng virus

progeny at all. As a renedy, we then decided to use

our inproved new K1L sel ection technique, re- cloned

the NS3 gene sequence into the new MVA vector plasmd

pl11-0oHR-P7.5, and WO 2004/ 074493 PCT/EP2 0 04 /110 1

5 51 20 used the inproved KlL-free isolate MVA-11lew

as receptor virus for integration of the expression

cassette by honol ogous reconbination. Indeed, this

change of strategy all owed
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experinments. 24 Method of generating reconbi nant WA
1. A MVA mutant, wherein thé*kiL gene sequences and
its pronoter sequences in the MA genone have been

i nactivated by deletion or nutation. 2. A host cell
whi ch has been infected with the WA of claim1. 3.
The host cell of claim2, which is a eucaryotl c cell.

4 The eucaryotic celt ofCcrairm 3, whicih 5 a cthitken
fibrobl ast celMcthgd gfigenerpiing seomthinantVIVA a Qr- 9

——eetHr—a—BHk-21—celd—a BS-C}—cell—a-MALO4 cell a

CV-1 cell, a Vero cell, a MRC-5 cell, a B-cell or a
human prlrrary ceII 5. The eucaryotic cell of claim 4,

mﬂb ‘5 %@ rjgﬁé cell is selected fromthe
yé\’ JRY ’%tl’ W re&ﬁ« ﬁ’b:’r |g9nef sguERAcs @pd 8| prameigy sequences in the
d QIUAI dehbme BhiSheeh -inddtitNd }5? QbRfiof 8P Blufaibh, Whi ch

conpri ses sequences, encodihg the Vaccinia Virus (W)
KIL gene or for a functlonally equi val ent gene,

archei Bl iefhSare ERRrreRb e o B RS b Cscant ol

site wthin the MVA genone, wherein the non-essenti al
site is the site of the engineered KIL deletion

iR hastioRld ofKiainy 8nwhish isva comaeyatisellect or  construct  of
claim6, wherein the vector conprises the follow ng
functionally |inked conponents: - the KIL marker gene

Cﬁﬁpreusary@nd(béli Of)dﬁaﬁg 35 edhictn (xea chickdh @Bfbbdust cell, a qua11 fibroblast
tr SCLI E unit, conpri Sﬂ%ﬁ the transcriptiona

o8 b rrclBKo?1 Felb aBBHentact: prOMbOLed aeVehsell, a Vero
sggp%qgggjfl: i 31{1@5 ne for subsequent
renoval of tﬂﬂ%lﬁgdL ﬁﬂ ecoﬁg%ﬁant WA by

honDIogous reconblnatlon said two DNA sequences

rrsin I’Itl |nert fragnents
il eH‘gﬂf%‘%tC el %fdrFﬁ?% nghereim gaid fymaan, PI%W@%C% § iselepigd from the
m/gmb canéaﬁh%r&*p%% ﬁgﬁiﬁﬁsh@tﬁls AREB BRI RNel | Y

i nserted pronoter for vaccinia virus specific
transcription, selected fromthe group

A DNA-vector construct, which comprises sequences, encoding the Vaccinia Virus
(VV) KIL gene or for a functionally equivalent gene, wherein the VV KIL and foreign
protein coding regions are flanked by DNA-sequences, flanking a non-essential site
within the MVA genome, wherein the non-essential site is the site of the engineered

K1L deletion within the MV A genome.

The DNA-vector construct of claim 6, wherein the vector comprises the following
functionally linked components:

- the KIL markér gene comprising K/L coding sequence of VV and a transcription
unit, comprising the transcriptional control sequences of its authentic promoter,

- two DNA sequences flanking the K7L marker gene for subsequent removal of the
marker from recombinant MVA by homologous recombination, said two DNA

sequences comprising two identical inert DNA fragments,

~ - a cloning site, comprising a multiple cloning site, in which a heterologous gene has

been optionally inserted,




10.

11.

12.

13.

consi sting of a vaccinia virus derived pronoter, a

het er ol ogous poxvirus pronoter which allows for

vaccinia virus specific transcription, and a synthetic

pronoter which allows for vaccinia virus specific

traﬁslzfﬂmptelr ofer veecinka cmrmpoqmniﬁ& anmscib@dk estldyed M the group
% sgayences., & essential to_ targeted

i neertien’of chf'“éllagﬂnﬁe Vefl Profetes; ¢ dictsrolpgeus poxvirus promoter

endiictesliae s kadlalig

DNA- vect or constr uc?irggf]sﬂégcg@mﬁ%ﬁ&%é%%&g g?[gﬁenﬁpmm?er which

i @lpws & vargisiavimagpecagmensesptian,e E. col i | acZ

derived. 9. A nethod of generating reconbi nant WA,

conprising the steps of: - Infecting host cells of

Mwhioli edmpdrentividfe Muiladt botwe MV ALBNA- seﬁﬁ@i&%i e\ﬁﬁlbﬁ‘ drd B&ential to
host (gl s with a DNA-vector construct,

c BT dsertion Qb freeign gergsdto dhagta qféhwmema KM dedetionyithin the
KievaeRGomE, for a functionally equival ent gene; and -

sel ecting restored WA by growth on rabbit kidney

RK-13 cells, or any other cell type that essentially

enefu ion tqQ allow for productive
RS o A oAl ahsrein S weridenigeal aset BNA fragments
Cb@lEncglllme%Ide.t he construct further conprises DNA
sequences coding for a foreign protein or a

functional part therof. 11. The nmethod of claim 10,

e foreign protein js a heterologous rotein
aBneiid b el e Gobihmans ey &y Pfﬁaplaﬁm& FEpRAL
pomfmrgllﬁ@&eﬂysfmﬂ%@mgﬁ@vgfm t 01 agent s
and functional parts thereof e net od of claim

‘1“an%‘%¢@€ the best e¢llsraite atDl‘éAp@Ichp epllstnhet wehictecimmikes sequences,

d_f.romth
e Va0 YU e e ir ot ol R igplen gene; and

| nbeedtimparstore MVABy l@ém%@fabﬁitﬂlﬂﬁeymme&@ﬂs Nott B other cell
pat hogeni ¢ agent is derived fromthe group consisting

ofPGthafsessentighy requizes ot ene funetian ﬁaraﬁswt fog rasduwntiive growth of

bRV & @k tunor cell associated antigens and
fur‘%ctl onal pzlfllr%%sﬁt hereof. 26 14. The nethod of claim

13, wherein the viruses are selected fromthe group

cansi stin f . i
Phe metho 0? claim 9, wherein the construct further comprises DNA sequences
coding for a foreign protein or a functional part therof.

- The method of claim 10, wherein the foreign protein is a heterologous protein derived

from the group consisting of therapeutic polypeptides and polypeptides of pathogenic
agents and functional parts thereof.

The method of claim 11, wherein the therapeutic polypeptide is derived from secreted

proteins sclected from the group consisting of antibodies, chemokines, cytokines or

interferons.

- The method of claim 11, wherein the pathogenic agent is derived from the group

.consisting of viruses, bacteria, protozoa and parasites as well as tumor cells or tumor cell

associated antigens and functional parts thereof,



14.

15.

16.

17.

18.

19.

- 20,

21.

22,

23.

i nfluenza viruses, neasles and respiratory syncytia

vi ruses, dengue viruses, hupan i mmunodeficiency
viruses, human hepatitis viruses, herpes viruses, or
papi |l oma viruses. 15. The method of claim 13,
wherein the protozoa is Plasnodiumfalciparum 16. The

of i.m 13, wherein .the bacteria s . .
{ aheRRg e %%ghﬁﬁ‘éhewa SRSy &¢ selpoted oty Bergpppogonsisting of
Cirdlubhzhk 3vinwb & @kdidsNahdt biapikat&! dynpe HiRlked RAbIOGHRuskS human
sel ected fromthe group consisting of
BRI cieacyCTimsesd et kenetitis virusen henpes viewsss, ocpapilioma viruses.
testes antigens, and non-nutated shared antigens
overexpressed on tunors. 18. The nmethod of claim17,
wiike miethod aif dlaim ] & 0laeia SisnabBEGs PldshRRM Faddipin.
antigens are selected fromthe group consisting of
tyrosinase, and tyrosinase-related proteins 1 and 2.
1'?h¢ hedoldR¥ BRfn Qf}, \91'163& 7bactl\ghg fseclllgerélﬁbgsﬁ%ﬁ%rﬁdﬁ%ﬁéc‘%&m.
antigens are selecte romthe "group consistiPng’ o
MAGE-1,-2,-3, and BAGE. 20. The nethod of claim17,

e ai.d, non-Jtut at ed_shared anti gens, over expressed

oRE iohoR B e MRk R A ons saniated prtfash igslegted from the

up boistindEmb - i Bkt i
oouF SaHiibind 20, LanBfiaBlodiatcd A OR a@?gq@ggéé’%’g‘%ﬂ%errg%gef gntigens,
cdineg-megied Akared antigansoviereaptesstdlon tENdess equences,
flanking a non-essential site wthin the MVA genone.
22. The nethod of claim 21, wherein the non-essentia
STheemetholi NE dhite 19f wHER! $ nleidnohh-436ciaddy. 'ﬁiﬂ@r@%‘fﬁon antigens
the site of the engineered KIL deletion wthin the MWA
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ant MVA according to claim1. 23. The nethod of any
one of clains 9-22, wherein the vector conprises the
following functionally |inked conponents: 27 - the

ne conprising KL coding sequence of W
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r.ecomnbi nant A honol ogous reconbi nation, said two
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fom@RaRd Slected from the group consisting of Her-2/neu, MUC-1, and p53.

The method of any one of claims 9-20, wherein the VV KIL and foreign protein

coding regions are each flanked by DNA-sequences, flanking a non-essential site
within the MV A genome.

The method of claim 21, wherein the non-essential site is the site of deletion III in the
MVA genome, the site of the engineered K11 deletion within the MVA genome or any

non-essential site within the genome of mutant MV A according to claim 1.

| The method of any one of claims 9-22, wherein the vector comprises the following

functionally linked components:



- acloning site, conprising a multiple cloning site,
i n which a heterol ogous gene_has been optionally
inserted, - a pronoter for gaccinia virus specific
transcription, selected fromthe group consisting of

i,Ri ' derived h I .
R AR T pp—

S prit,i donrisir@NBE fraptHipiunaBoshtd] SoUch@k o€ it h@RBHR privibeh
all ows for vaccinia virus specific transcription,
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deletion IIl wthin the MA genone, or to the site of

t hé CEe B, SAMRATING & TRYIfBlS GPHIRg Aite. e Wisk yBefeipkogops gene has

ThEnBkidafPhsGlal m 23, wherein said two identical
inert DNA fragmentis are E. coli lacZ derived. 25. The

metéh gdombtennyr ofacghiai mBuD-spdcifimheanstniptione seldéted efrbmr the group
const r.uct fJ S acpl.asm' d., . .
consisting of a vaccinia virus derived promoter, a heterologous poxvirus promoter
which allows for vaccinia virus specific transcription, and a synthetic promoter which

allows for vaccinia virus specific transcription,

which components are flanked by two MVA-DNA sequences, which are essential to
targeted insertion of foreign genes to any non-essential site within the genome of
mutant MVA according to claim 1, to the site of deletion IIT within the MVA genome,
or to the site of the engineered K71 deletion within the MVA genome.

24.  The method of claim 23, wherein said two identical inert DNA fragments are E. coli
lacZ derived.
25.  The method of any of claims 9-24, wherein the DNA vector construct is a plasmid.



