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Promoters for Expression in Modified Vaccinia Virus Ankara

The invention concerns promoters, in particular for the expression of genes

and/or coding sequences in vaccinia viruses such as Modified vaccinia virus

Ankara (MVA). The invention further concerns expression cassettes

comprising said promoter, vectors comprising said expression cassettes as

well as pharmaceutical compositions and vaccines.

Background of the invention

Recombinant poxviruses are widely used to express foreign antigens in

infected cells. Moreover, recombinant poxviruses are currently tested as very
promising vaccines to induce an immune response against the foreign
antigen expressed from the poxvirus vector. Most popular are avipoxviruses
on the one side and vaccinia viruses, in particular Modified vaccinia virus
Ankara (MVA) on the other side. MVA is related to vaccinia virus, a member
of the genera Orthopoxvirus in the family of Poxviridae. MVA has been
generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
strain of vaccinia virus (CVA) (for review see Mayr, A., et al. Infection 3, 6-14
[1975]). As a consequence of these long-term passages the resulting MVA
virus deleted about 31 kilobases of its genomic sequence and, therefore, was
described as highly host cell restricted to avian cells (Meyer, H. et al., J. Gen.
Virol. 72, 1031-1038 [1991]). It was shown, in a variety of animal models that
the resulting MVA was significantly avirulent (Mayr, A. & Danner, K. [1973]
Dev. Biol. Stand. 41: 225-34). Additionally, this MVA strain has been tested in
clinical trials as vaccine to immunize against the human smallpox disease
(Mayr et al., Zbl. Bakt. Hyg. |, Abt. Org. B 167, 375-390 [1987], Stickl et al.,
Dtsch. med. Wschr. 99, 2386-2392 [1974])).
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US 5,736,368 and US 6,051,410 disclose recombinant vaccinia virus strain
Wy

recombinant vaccinia virus strain NYCBH expressing lentivirus genes. EP O

.

eth that expresses HIV antigens and proteins. US 5,747,324 discloses a

243 029 discloses a recombinant vaccinia virus strain Western Reserve
expressing human retrovirus genes. WO 02/42480 discloses particularly
safe and attenuated MVA strains. Recombinant MVA are disclosed inter alia
In WO 98/13500 and WO 03/048184.

For the expression of heterologous genes in pox viruses only a few promoters

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

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

(1998) 79, 613). All of these promoters have been used in recombinant
vaccinia viruses to express heterologous genes and were shown to express
said genes resulting in the production of the protein encoded by the
heterologous gene. Since only a few promoters are available for the
expression of genes in vaccinia virus expression systems there is general
need for alternative promoters in vaccinia viruses. In addition, all of the
promoters known so far are rather strong late promoters, i.e. usefulrfor the

expression of genes after the replication of the vaccinia virus vector has

occurred. For some application it is desirable to have promoters allowing the
expression of genes immediately after the infection of the cells, i.e. there is a

need for vaccinia virus early promoters.

Moreover, as pointed out above, MVA is a very promising virus for the
expression of heterologous genes due to its improved safety profile.
However, all promoters known so far for the expression of heterologous
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.
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Detailed description of the invention

The invention concerns promoters derived from the genome of Modified

vaccinia virus Ankara (MVA). MVA promoters were not yet known in the art.

In particular the invention concerns a promoter comprising or consisting of a
nucleotide sequence selected from the group comprising

(1) the nucleotide sequence of anyone of the following SEQ ID NO: 1 to 6:

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

5 GATAAAAATTTAAAGTGTAAATATAACTATTATTTTATAGTTGTAATAAAAAGGGA
AATTTGATTGTATACTTTCGGTTCTTTAAAAGAAACTGACTTGATAAAA 37 (SEQ
D NO: 2)

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

5’ GATCTATAAAGGTAGACCTAATCGTCTCGGATGACCATATATTTATTTTICAGTTT
TATTATACGCATAAATAGTAAAAAATATGTTAGGTTTACAAAA 37 (SEQ ID NO: 4)

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

O'ATTTCTCGGTAGCACATCAAATGATGTTACCACTTTTCTTAGCATGCTTAACTTG
ACTAAATATTCATAACTAATTTTTATTAATGATACAAAAACGAAATAAAACTGCATA
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TTATACACTGGTTAACGCCCTTATAGGCTCTAACCATTTTCAAG 3 (SEQ ID NO:
6)

(1) subsequences of the sequence according to anyone of SEQ ID: No. 1 to 6

(i) sequences having one or more nucleotide substitutions, deletions and/or

Insertions with respect to the sequences as defined in (i) or (ii).
SEQ ID NO: 1 to 6 are naturally part of the MVA genome and are located
10 upstream of the reading frames A42R, J6R, F6R, 12R, C7L and B9R,

respectively.

The promoters according to the present invention are preferably active as

vaccinia virus promoters or active as promoters in vaccinia virus infected

15 cells. The vaccinia virus is preferably MVA, in particular one of the MVA
strains as specified below. “Active as vaccinia virus promoter” means that
the promoter is able to direct the expression of a gene to which it is operably

linked in a vaccinia virus after infection of cells with said virus. The cells are

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

25  cell is infected with a vaccinia virus. Under these circumstances the viral

RNA polymerase recognizes the promoter according to the present invention
and the expression of the gene/coding sequence that is linked to the

promoter Is activated.

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

actually used to direct the expression of the gene/coding sequence may
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consist of anyone of SEQ ID NO: 1 to SEQ ID NO: 6 or the actually used

promoter may be a larger structure that comprises anyone of SEQ ID NO: 1 to

SEQ ID NO: 6. Alternatively it is within the scope of the present invention to
use a derivative of these promoters, which may be a subsequence of the
sequences as defined in anyone of SEQ. ID NO: 1 to 6. The term “subsequence
of the seqquences according to anyone of SEQ ID NO: 1 to 6" refers to shorter
fragments of anyone of SEQ ID NO: 1 to 6 that are still active as a promoter, in
particular as promoter in vaccinia virus or in vaccinia virus infected cells.
Again, the vaccinia virus is preferably MVA, such as one of the strains
specified below. A typical subsequence of anyone of SEQ 1D NO:1 to SEQ ID
NO: 6 has a length of at least 15 nucleotides, more preferably of at [east 20
nucleotides, even more preferably of at least 25 nucleotides, most preferably
of at least 30 nucleotides of anyone of the sequences of SEQ ID NO:1 to SEQ
ID NO: 6 .

A preferred subsequence of SEQ ID NO:1 is SEQ ID NO:7. A preferred
subsequence of SEQ ID NO: 2 is SEQ ID NO: 8. Preferred subsequences
and/or derivatives of said subsequences of SEQ (D NO: 3 are SEQ |ID NO: ©
and SEQ D NO: 10. Preferred subsequences of SEQ ID NO: 4 are SEQ ID
NO: 11 and SEQ ID 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 nucleotide

sequence of anyone of SEQ |D NO: 1 to 6 or subseqguences thereof, in

particular the derivative of the nucleotide sequence of SEQ ID NO: 7 to SEQ ID

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 ID
NO:1 to 6 or subseqguences thereof, in particular of the nucleotide sequences
of SEQ 1D NO: 7 to SEQ ID NO: 12. The derivatives according to the present
iInvention 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 cells. A sequence having one or
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more nucleotide substitutions is a sequence in which one or more nucleotides
of the sequence according to anyone of SEQ ID NO: 1 to © or subsequences

thereof, such as the sequences according to anyone of SEQ ID NO: 7 to 12 are

su bstituted by different nucleotides. A sequence having one or more
nucleotide insertions is a sequence in which one or more nucleotides are

inserted at one or more locations anyone of SEQ ID NO: 1 to 6 or

subsequences thereof, in particular of the nucleotide sequences of SEQ [D NO:

/7 to SEQ ID NO: 12. A sequence having one or more nucleotide deletions is a
sequence in which one or more nucleotides of the sequence according anyone
of SEQ ID NO: 1 to 6 or subsequences thereof, in particular of the nucleotide
equences of SEQ ID NO: 7 to SEQ ID NO: 12 are deleted. In the derivatives

according to the present invention deletions, substitutions and insertions may

S

be combined in one seguence.

An example of an derivative of a subsequence according to the present
iInvention 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 NO: 3.

Preferably the derivative has a homology of at least 409%, more preferably of
at least 609, even more preferably of at least 809, most preferably of at least
909 when compared to anyone of the sequence of SEQ ID NO: 1 to SEQ ID
NQO: 6 or subsequences thereof, in particular of the sequences according to
anyone of SEQ ID NO: 7 to SEQ ID NO: 12. According to the most preferred

embodiment not more than 10 :nuc!eotides, even more preferably not more

than 5 nucleotides are substituted, deleted and/or inserted in the sequence of
anyone of SEQ ID NO: 7 to SEQ ID NO: 12.

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

as a promoter active in MVA. In this context reference is made to Chakrarbarti
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et al., Biotechniques (1997) 23, 1094-1097 and Davison and Moss, J. Mol.
Biol. (1989) 210, 771-784. Moreover, whether a fragment is still active as a

vaccinia virus promoter, in particular as a MVA promoter can easily be

(n

evaluated by a person skilled in the art. In particular the sequence derivative
can be cloned upstream of a reporter gene in a plasmid construct. Said
construct may be transfected into a eukaryotic cell or cell line, such as CEF or
BHK cells that has been infected with MVA. The expression of the reporter
gene Is determined and compared to the expression of the reporter gene
controlled by the promoter according to anyone of SEQ ID NO: 1 to 6. A
derivative according to the present invention is a derivative having a promoter
activity in said test system of at least 109%, preferably of at least 309, more
preferably of at least 509%, even more preferably of at least 709%, most
preferably of at least 909, compared to the activity of the promoter sequence
of anyone of SEQ ID NO: 1 to 6. Also those derivatives of anyone of SEQ 1D
NO: 1 fo 12 are within the scope of the present in\}ention that have a higher

promoter activity.

The promoters according to the present invention are particularly suitable

for the expression of coding sequences in MVA.

The promoter according to SEQ ID NO: 1 has a very strong activity, in
particular as late promoter although it can also be used as early promoter.

The same considerations apply for the corresponding subsequences such as

‘]

the sequence of SEQ ID NO: 7, which is, however, particularly useful as late

promoter.

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

considerations apply for the corresponding subseqguences, such as the

sequence of SEQ ID NQO: 8, which is, however, particularly useful as late

promoter.
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The promoter according to SEQ ID NO: 3 is particularly useful as early
promoter and has the highest early promoter activity of all promoters tested.
However, it can also be used as late promoters. The same considerations
apply for the corresponding subsequences, such as the sequences of SEQ (D
NO: 9 and 10, respectively. Of these subsequences SEQ ID NO: 9 is
particularly useful as early promoter and SEQ ID NO: 10 is particularly useful

as late promoter.

The promoter according to SEQ ID NO: 4 is particularly useful if it is intended
to express a linked coding sequence early and late since this promoter nhas a
rather high activity under early as well as late conditions. The same
considerations apply for the corresponding subsequences, such as the
sequences of SEQ ID NO: 11 and 12, respectively. Of these subsequences SEQ
ID NO: 11 is particularly useful as early promoter and SEQ ID NO: 12 is

particularly useful as late promoter.

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

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

The term “early promoter” refers to promoters that are active in vaccinia virus

or vaccinia virus infected cells, before viral DNA replication has occurred.

Methods are known to the person skilled in the art how it can be checked
whether a promoter is an early promoter. In particular, the promoter of
interest can be inserted upstream of a reporter gene. 'he construct
comprising the promoter and the reporter gene are introduced into cells that
are infected with a vaccinia virus. In order to assess for the activity as early
promoter the cells are incubated with a substance that inhibits the DNA
replication such as AraC. DNA replication is a prerequisite for the late
promoter activity. Thus, any promoter activity that is measured in this assay

system is due to elements active as early promoter. Consequently, the term
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“late promoter” refers to any promoters that are active after DNA replication

has taken place. The late activity can also be measured by methods known to

the person skilfed in the art. For the sake of simplicity the term “late
promoter” as used in the present application refers to the activity of a
promoter that is determined if no substance is added that blocks DNA

replication.

According to a further embodiment the present invention refers to an
expression cassette comprising the promoter according to the present

Invention and a coding sequence, wherein the expression of the coding

sequence is controlled by said promoter. The expression cassette is preferably

not an expression cassette that occurs naturally in the genome of a vaccinia

virus. Thus, if the promoter according to the present invention is a promoter
that naturally occurs in the genome of the vaccinia virus the sequence to
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 to a

naturally occurring promoter the coding sequence the expression of which is

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

promoter and the coding sequence are different from the corresponding

sequences to which said promoter is naturally linked. The term “different” in
this context refers to sequences that show at 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 homology between
the coding sequence in the expression cassette and thé sequence to which the
promoter is naturally linked is less than 90 9%, less than 809, less than 709,
less than 609, less than 509, fess than 409% or even less than 20%. Most
preferably the coding sequence that is controlled by the promoter according
to the present invention codes for a peptide/protein having a difference of at

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

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

expression cassette comprising the naturally occurring vaccinia virus C/L
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promoter directing the expression of the naturally occurring C7L gene, e.g. the
expression cassette is not the expression cassette disclosed in
W02004/015118 comprising the C7L promoter and the C7/L coding

sequence.

On the other hand, if the sequence which should be expressed is a naturally
occurring vaccinia virus sequence the promoter that is used to express said
sequence is different from the promoter that is directs the expression of the
coding sequence in the natural context. According to this alternative the
nucleotide sequence of the promoter differs in at least one nucleotide from the
sequence of the naturally occurring vacciniavirus promoter. According to other
alternatives the homology between the promoter according to the present
invention that controls the expression of the vaccinia virus sequence and the
naturally occurring promoter linked to the vaccinia virus sequence is less than
90 %, less than 809%, less than 70%, less than 60%, less than 509 or even
less than 409,.

Preferably the coding sequence may code for at least one antigenic epitope or

antigen, therapeutic peptides or proteins, antisense RNA or ribozymes. If the
coding sequience encodes an antigenic epitope or antigen the expression
cassette may be used to express said antigen after introduction of said

expression cassette in cells in an organism, e.g. a mammalian animal

including a human. The presentation of said antigen/epitope may elicit an
immune response in the organism that may lead to a vaccination of the
organism against the agent from which the antigen/epitope is derived. More

specifically the epitope/antigen may be part of a larger amino acid sequence

such as a polyepitope, peptide or protein. Preferably the coding sequence

codes for at least one antigenic epitope or antigen, therapeutic peptides or

proteins, antisense RNA or ribozymes which are not encoded by a vaccinia

vVirus genome.,
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Examples for such polyepitopes, peptides or proteins may be polyepitopes,

peptides or proteins derived from (i) viruses, in particular viruses other than

vaccinia viruses, such as HIV, HTLV, Herpesvirus, Denguevirus, Poliovirus,
measles virus, mumps virus, rubella virus, Hepatitis viruses and so on, (ii)
bacteria, (iii) fungi, (iv) tumor related polypeptides/proteins such as tumor

related antigens.

Alternatively the coding sequence may encode a therapeutic compound such

as interleukins, interferons, ribozymes or enzymes.

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

single stranded or double stranded DNA.

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

fowlpoxvirus or a vaccinia virus.
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More preferred is modified vaccinia virus Ankara (MVA) (Sutter, G. et al.
(19941, Vaccine 12: 1032-40; Antoine, G. et al. [1998], Virology 244: 365-
396). The term “MVA” as used in the present application refers to any MVA
strain known in the prior art. An example for an MVA strain is deposit VR-
1508, deposited at the American Type Culture collection (ATCC), Manassas,
VA 20108, USA. Further examples for MVA virus strains used according to
the present invention are strains MVA 572 and 575 deposited at the
European Collection of Animal Cell Cultures (ECACC), Salisbury (UK) with
the deposition number ECACC V94012707 and ECACC V00120707,
respectively, MVA-BN with the deposition number ECACC VO0083008.

The most preferred MVA-strain is MVA-BN or a derivative thereof. The
features of MVA-BN, the description of biological assays allowing to evaluate
whether a MVA strain is MVA-BN or a derivative thereof and methods
allowing to obtain MVA-BN or a derivative thereof are disclosed in WO
02/42480. The content of this application is included in the present
application by reference. In particular, reference is made to the definition of
the properties of vaccinia virus according to the invention as described in
WO 02/42480, such as the properties of MVA and the properties and

definitions of the derivates of MVA-BN. Said reference also discloses how

MVA and other vaccinia viruses can be propagated. Briefly, eukaryotic cells
are infected with the virus. The eukaryotic cells are cells that are susceptible
to infection with the respective poxvirus and allow replication and production
of infectious virus. For MVA an example for this type of cells are chicken
embryo fibroblasts (CEF) and BHK cells (Drexler 1., Heller K., Wahren B,,

“rfle V. and Sutter G. “Highly attenuated modified vaccinia Ankara replicates

in baby hamster kidney cells, a potential host for virus propagation, but not
in various human transformed and primary cells” J. Gen. Virol. (1998), 79,
347-352). CEF cells can be cultivated under conditions known to the person
skilled in the art. Preferably the CEF cells are cultivated in serum-free

medium in stationary flasks or roller bottles. The incubation preferably takes
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place 48 to 96 hours at 37° C + 2° C. For the infection MVA is preferably
used at a multiplicity of infection (MO1) of 0,05 to 1 TCIDsg and the
incubation preferably takes place 48 to 72 hours at 37 °C £+ 2° C.

Methods are known to the person skilled in the art how the expression

cassette or the promoter according to the present invention can be inserted
Into a viral genome, in particular into the genome of a vaccinia virus, most
preferably into the genome of MVA. By way of example, the expression

cassette or the promoter or derivative thereof according to the present

invention may be inserted into the genome of MVA by homologous

recombination. To this end a nucleic acid is transfected into a permissive cell

line such as CEF or BHK cells, wherein the nucleic acid comprises the
expression cassette or the promoter or derivative thereof according to the
present invention flanked by nucleotide stretches that are homologous to the

region of the MVA genome in which the expression cassette or the promoter or

derivative thereof according to the present invention is to be inserted. The
cells are infected by MVA and in the infected cells homologous recombination
occurs between the nucleic acid and the viral genome. Alternatively it is also
possible to first infect the cells with MVA and then to transfect the nucleic acid
into the infected cells. Again recombination occurs 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 particular method.
Instead, any suitable method known to the person skilled in the art may be

used to this end.

The expression cassette or the promoter according to the present invention

may be introduced into any suitable part of the vector, in particular into a viral

genome. 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

genome. The term “intergenic region” refers preferably to those parts of the

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

seguences. If the vector is MVA the insertion may also be made into a
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naturally occurring deletion site of the viral genome. The term “naturally

occurring deletion site” refers to those parts of the viral genome that are

deleted with respect to the genome of the vaccinia virus Copenhagen strain.

0

However, the insertion sites are not restricted to these preferred insertion
sites in the vaccinia virus genome and the MVA genome, since it is within the
scope of the present invention that the expression cassette may be inserted
anywhere in the viral genome as long as it is possible to obtain recombinants
that can be amplified and propagated in at least one cell culture system, such
as Chicken Embryo Fibroblasts (CEF cells).

The promoter according to the present invention may be used to express a
gene that is already part of the vector, e.g. the genome of MVA. Such a gene
may be a gene that is naturally part of the viral genome or a foreign gene that

has already been inserted into the vector. In these cases the promoter

according to the present invention is inserted upstream of the gene in the
vector, the expression of which is to be controlled by the promoter. A MVA

vector comprising an expression cassette according to the present invention

can also be made by replacing anyone of the open reading frames A42R, JoR,

FOR, I12R, C7L and B9R by a coding sequence the expression of which is to be
controlled by the promoter naturally controlling the expression of anyone of
said open reading frames. Thus, by way of example the A42R coding sequence
or parts thereof may be replaced by the coding sequence, which is to be
expressed. In the resulting construct said coding sequence is controlled by a
promoter according to the present invention, namely by the promoter
sequence according to SEQ ID NO: 1 and SEQ ID 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
term the invention relates to a vaccine or pharmaceutical composition
comprising an expression cassette, a DNA or a vector according to the present

invention. Methods are known to the person skilled in the art how the vaccine
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- or pharmaceutical composition can be administered to the animal or human

body. In case of DNA and plasmid vectors the DNA and the vector can simply
be administered by injection. If the vector is a viral vector such as a vaccinia
virus vector, in particular a MVA vector it may also be administered to the
animal or human body according to the knowledge of the person skilled in the
art, e.g. by intra venous, intra muscular, intra nasal, intra dermal or
subcutaneous administration. Further details on the amount of virus

administered are given below.

The pharmaceutical composition or the vaccine may generally include one or
more pharmaceutical acceptable and/or approved carriers, additives,
antibiotics, preservatives, adjuvants, diluents and/or stabilizers in addition
to the promoter, expression cassette or vector according to the present

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

wetting or emulsifying agents, pH buffering substances, or the like. Suitable

carriers are typically large, slowly metabolized molecules such as proteins,

polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids,

amino acid copolymers, lipid aggregates, or the like.

For the preparation of pharmaceutical compositions or vaccines, the DNA,
expression cassette or vector according to the present invention, in
particular a recombinant vaccinia virus such as recombinant MVA is
converted into a physiologically acceptable form. For vaccinia viruses, In
particular MVA this can be done based on the experience in the preparation
of poxvirus vaccines used for vaccination .against smallpox (as described by
Stickl, H. et al. [1974] Dtsch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at -80°C with a titre of 5x10° TCIDso/ml formulated

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

shots, e.g., 101-109 particles of the recombinant virus according to the

present invention are lyophilized in phosphate-buffered saline (PBS) in the
presence of 2% peptone and 1% human albumin in an ampoule, preferably a

glass ampoule. Alternatively, the vaccine shots can be produced by stepwise
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freeze-drying of the virus in a formulation. This formulation can contain

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

polyvinylpyrrolidone or other additives such as antioxidants or inert gas,

stabilizers or recombinant proteins (e.g. human serum albumin) suitable for
in vivo administration. A typical virus containing formulation suitable for
freeze-drying comprises 10 mM Tris-buffer, 140 mM NaCl, 18.9 g/l Dextran
(MW 36000 - 40000), 45 g/I Sucrose, 0.108 g/! L-glutamic acid mono
potassium salt monohydrate pH 7.4. The glass ampoule is then sealed and
can be stored between 4°C and room temperature for several months.
However, as long as no need exists the ampoule is stored preferably at

temperatures below -20°C.

For vaccination or therapy the lyophilisate or the freeze-dried product can be
dissolved in 0.1 to 0.5 ml of an aqueous solution, preferably water,
physiological saline or Tris buffer, and administered either systemically or
locally, i.e. by parenteral, intramuscular or any other path of administration
know to the skilled practitioner. The mode of administration, the dose and
the number of administrations can be optimized by those skilled in the art in
a known manner.

Thus, according to a related embodiment the invention relates to a method

for affecting, preferably inducing an immunological response in a living

animal body including a human comprising administering the expression
cassette, the DNA, the vector, the pharmaceutical composition or the

vaccine according to the present invention to the animal or human to be

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

shot for humans comprises at least 102, preferably at least 10%, more

oreferably at least 108, even more preferably 107 or 10° TCIDsg (tissue

culture infectious dose) of the virus.

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,
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in particular MVA-BN and its derivatives, and wherein said vector or the
composition or the vaccine comprising said vector is administered to an
animal, including a human in need thereof, in therapeutically effective
amounts in a first inoculation (“priming inoculation”) and in a second

inoculation (“boosting inoculation™).

The invention further concerns a method for introducing a coding sequence
into a target cell comprising the introduction of the vector, the expression
cassette or of the DNA according to the present invention into the target cell.

If the vector is a vaccinia virus, in particuiar MVA such as MVA-BN the target

cell may be a cell in which the virus is able to replicate such as CEF or BHK
cells or a cell that can be infected by MVA, but in which the virus does not

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

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

and/or enrichment of the peptide and/or protein and/or viruses produced by

said host cell. If it is intended to produce, i.e. amplify the virus according to
the present invention the cell has to be a cell in which the virus is able to
replicate. For vaccinia viruses, in particular MVA suitable cells are CEF or
BHK cells. If 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
can be infected by the virus vector and that allows the expression of the

virus encoded proteins/peptides.

The invention further relates to a method for producing a peptide, protein

and/or virus comprising the transfection of a cell with the expression

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

cell is cultivated under suitable conditions. A further step comprises the
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Isolation and/or enrichment of the peptide and/or protein and/or viruses
produced by said host cell. The step of infecting the cells with a vaccinia

virus may be made before or after the step of transfection of the cells.

5 The invention further relates to cells comprising a promoter, DNA,
expression 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 promoters
Cells were infected with MVA-BN and transfected with the appropriate
plasmids. After 48 hours the cells were extracted and the GUS activity was

15 determined indirectly by measuring the extinction at 415 nm after an

enzymatic reaction, which causes the development of yellow colour. Zex =
negative control (MVA-BN infected cells).

20 Figure 2: GUS activity after early and early/late expression
Cells were infected with MVA-BN and transfected with the appropriate
plasmids. After 24 hours cells were extracted and the GUS activity was
determined indirectly by measuring the extinction at 415 nm after an
enzymatic reaction, which causes the development of yellow colour. Zex =
25 negative control (MVA-BN infected cells). For that enzymatic reaction,
samples without AraC (early+late) expression had to be incubated for 5

nours, the one with AraC (early expression) had to be incubated over night in
order to obtain a color reaction.

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

plasmids. After 24 hours the celis were extracted and the GUS activity was
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determined indirectly by measuring the extinction at 415 nm after an
enzymatic reaction, which causes the development of yellow colour. Controf

= negative control (MVA-BN infected cells).
Examples

The following example(s) will further illustrate the present invention. It will
be well understood by a person skilled in the art that the provided
example(s) in no way may be interpreted in a way that limits the applicability

of the technology provided by the present invention to this example(s).

Example 1: Analysis of promoters to express coding sequences in the
MVA-BN genome

1.1 Aim of the exﬁeriment:

't 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
Insertion of two or more genes in a single insertion site it is advantageous to
use different promoters for expression of the single genes in order to reduce
the risk of recombination events, which could result in deletion of one of the

foreign genes. Furthermore it is desirable to have promoters of different

strength In order to have the possibility to express the foreign genes inserted
in recombinant MVA-BN in variable amounts, depending on the strength of
the promotor. 11 putative promoters were isolated in total. These putative
promoter sequences were cloned in a plasmid backbone (pBSKS+). In order
to analyse their potential activity, the promoters were fused to the GUS (E.
coli B-Glucuronidase ) reporter gene. BHK (baby hamster kidney) cells were
infected with MVA-BN and transfected with the plasmids containing the
putative promoters fused to the GUS gene. If the promoter was functional,

GUS was expressed and could be quantified by an enzymatic reaction of
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GUS. As positive control and as reference the well-characterized Vaccinia

virus promoter’s p7.5 and Ps were fused to GUS and analysed in parallel. By

measurement of the GUS expression the putative promoters were screened

on activity, strength and early/late expression. The early/late expression was

checked by adding AraC (Arabinosid Cytosine) to the culture media. The

promoters, which are shown to be functional, namely the Ps, p7.5, 7.5L and

ATI promoter which were known in the prior art as well as the newly

identified promoter sequences that are naturally involved in the expression
control of the MVA ORF’s, A42L, BOR, C7L, FER, I12R, J6R preferably can be
used for the expression of foreign genes in recombinant MVA constructs
(recMVA-BN).

1.2 Material

Cells:
Virus:
DNA:

BHK cells

MVA-BN standard crude stock (7.5 x 107 TCIDsp)

PAB-GUS (Ps promoter + GUS)

PBNX71 (pBluescript + Vaccinia virus pr7.5 +GUS)
PBNX73 (pBluescript + Cowpox virus ATl promoter + GUS)
PBN&1 (pBluescript + modified HS5R promoter + GUS1T)
PBNG1 (pBluescript + MVA B1R promoter + GUS)

PBNG62 (pBluescript + MVA B2R promoter + GUS)

PBN63 (pBluescript + MVA B3R promoter + GUS)

PBN6O (pBluescript + MVA A30R promoter + GUS)

pPBN82 (pBluescript + Vaccinia virus 7.5 L promoter + GUS)
PBNS83 (pBluescript + MVA C7L promoter (SEQ ID NO: 5 +
GUS)

PBNX49 (pBluescript + MVA A42R promoter (SEQ ID NO: 1) +
GUS)

PBNX69 (pBluescript + MVA 2R promoter (SEQ ID NO: 4)+
GUS)

PBNX72 (pBluescript + MVA K5L promoter + GUS)
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pBNX83 (pBluescript + MVA F6R promoter (SEQ ID NO: 3) +

GUS)
PBNXS4 (pBluescript + MVA B9R promoter (SEQ ID NO: 6 +
GUS) -
PBNX85 (pBluescript + MVA J6R promoter (SEQ ID NO:2) +
GUS)

Transfection kit: Effectene transfection kit (Qlagen)

Media and Supplements: DMEM (Gibco BRL) with10% FCS (Gibco BRL)
Chemicals and Buffers: Lysisbuffer (PBS + 0.1 9 Triton + 1 mM protease
Inhibitor)

AraC (Sigma, Cat. No. C1768)

GUS substrate 1mM (p-Nitrophenyl-beta-(D)-glucuronide; Sigma, Cat. No.
N1627)

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

1.3 Methods

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

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

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

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 pyg plasmid were diluted in buffer EB (100 pl total volume). After

addition of 3.2 ul enhancer solution the solution was mixed and incubated

for 5 min. at room temperature. Then 10 yl Effectene reagent was added,
suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the celis and 1.6 m| DMEM/109%FCS
were added. 0.6 ml DMEM/109%FCS were added to the DNA Effectene
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mixture and dropped on the cells while rotating the culture plate. Cells were
then incubated 7, 24 or 48 hours dependent on the analysis. For the
analysis of early/late expression AraC was added to the medium during

iInfection and transfection (40 yug/ml).

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

shaking 15 min. at RT, cells were scraped in the Lysis buffer, transferred to
a 1.5 ml reaction tube and vortexed vigorously. Lysed cells were centrifuged
for 1 min. at 500 rcf and 4°C, the clear supernatant was transferred to a

fresh vial and stored at =20°C until use.

Determination of GUS activity

10 ul of cell extract (= protein out of 2 x 10* cells) was added to 1 ml pre-
warmed substrate solution (37°C) and incubated at 37°C until a yellow

colour was developed. Samples were then placed on ice immediately and 0.4

ml stop solution was added. The Extinction at 415 nm was determined and
equated with the GUS activity as extinction values between 0.05 ana 2.0 are
in a linear range. The substrate solution was used as reference and a cell

extract of MVA-BN infected cells was used as negative control.

1.4 Experiments and Results

Experiment 1: Determination of function of putative promoters

For the first experiment all plasmids, which contain a putative MVA promoter
or a well-characterized promoter fused to the GUS gene, were analysed.
Cells were infected with MVA-BN (moi 0.1) and transfected with the

corresponding plasmid: Cells were harvested after 48 hours, lysed and GUS

activity was determined. This experiment was performed in order to

determine, which promoters are functional. The results are shown in Fig. 1.
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The negative control (extract from MVA-BN infected cells) clearly showed no
GUS activity (Zex; extinction 0.001). The well-characterized strong synthetic
Ps promoter was shown to be very efficient (Ps; extinction 0.87) as there
was a high amount of GUS detectable after 48 hours of expression. The also
well-known naturally occurring Vaccinia virus pr7.5 promoter 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 AT

promoter clearly showed to be very efficient for the expression of foreign
genes by MVA-BN (ATI; extinction 0.76). For the putative promoter regions

of the MVA-BN genome, it was shown that A42R (A42; extinction 0.48), BOR
(B9; extinction 0.06), C7L (C7; extinction 0.055), F6R (F6; extinction 0.208),
2R (12; extinction 0.130) and J6R (J6; extinction 0.290) are functional

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

0.05) in the first preliminary experiment, were characterized in more detail

(Experiment 2).

cxperiment 2: Characterization of Expression of promoters

The promoters, which did show activity in experiment 1 were characterized

on their pattern of expression. For that purpose, the cells infected with MVA-

BN and transfected with the corresponding plasmid were incubated with
AraC. AraC inhibits the DNA replication, which is an essential prerequisite
for the late expression of genes during the MVA replication cycle. In parallel
the same experiment was performed without addition of AraC. Infected and
transfected cells were harvested after 24 hours and the GUS activity was

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

After incubation without AraC (-AraC) for 24 hours, the total GUS expression

(early+late) is clearly detectable for all promoters (Fig. 2: right columns).

The strength of the newly identified promoters in declining succession is:
2R (12) > A4A2R (A42) > FER (F6) > J6R (J6) > BOR (B9) = C7L (C?).
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The promoters B9, C7 and J6 were shown to be mainly involved in the late
expression during the life cycle of MVA, as incubation with AraC (+AraC),
which inhibits late expression, results in an expression-level of GUS

comparable to that of the negative control (Zex). Although the C/L promoter

appeared to be rather weak several hints exist, that it plays an important

role during early expression.

The promoters A42R, |12R and F6R clearly show a very efficient early

expression. As for the determination of the early expression the samples hac

to be incubated over night in order to get a detectable color reaction. These
results cannot be compared to the values of the early+late expression (Fig.
2: - AraC) directly as they only were incubated for 5 hours. The promoters,
which did show early expression were analysed again after 7 hours of
expression and the results after 24 hours could be confirmed (data not

shown).

1.5 Conclusion

It was clearly show.n, that promoters of different strength could be obtained
and that there is now a spectrum of different promoters available, which

show different expression patterns dependent on the incubation period and

on the possibility of MVA-BN to replicate. If early + late expression is
preferred, promoters A42R, I2R and FER are preferably used. If the early
expression should be avoided (e.g. for foreign genes, which contain the stop

signal TTTTTNT for early expression), the promoters BOR, Jo6R or C/L are

(0

preferably used.

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

In example 1 several sequences have been identified that are particularly

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



10

15

20

25

30

CA 02546680 2006-05-17
WO 2005/054484 PCT/EP2004/012125

25
whether shorter fragments fulfill the same purpose additional experiments
were carried out. Shorter fragments of SEQ ID NO 1 to 4 were isolated by
PCR and cloned in a plasmid backbone (pBSKS+). In total 6 putative

minimal promoters were tested. In order to analyse their potential activity,

the promoters were fused to the GUS reporter gene. BHK cells were infected

with MVA-BN and transfected with the plasmids containing the putative
minimal promoters fused to the GUS gene. By measurement of the GUS
expression the putative promoters were screened on activity and strength of
expression (see example 1). As positive control and as reference the well-
characterized Vaccinia virus late promoter Ps was fused to GUS and
analysed in parallel. The minimal promoter elements of about 30 bp can be
used for the expression of foreign genes in recombinant MVA constructs
(recMVA-BN) without the risk of homologous recombination between the

homolgous sequences of the original and the additionally cloned promoter.

2.1 Material and Method

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

standard techniques.

2.2 Experiments and Results

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

sequences to the GUS gene:

SEQ ID NO: 7 (“A42 short late”) TCTTATTAAAAAACATATATAATAAATAACA
SEQ ID NO: 8 (“J6R short late”)GATAAAAATTTAAAGTGTAAATATAACTAT
SEQ ID NO: 9 (“F6R short early)
AGAGTGTAGTATCATAGATAACTCTCTTCTATAAAAT

SEQ ID NO: 10 (“F6R short late”) ATTGTTAAATAAATAATGGATAGTATAAAT
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SEQ ID NO: 11 (“I2R short early”)AGTAAAAAATATGTTAGGTTTACAAAA
SEQ ID NO: 12 (“I2R short late”) ATTTATTTTCAGTTTTATTATACGCATAAAT

All putative minimal promoters fused to the GUS gene were cloned in

PBSKS+ and sequenced.

Determination of function of the putative minimal promoters

In order to analyse functionality of the putative minimal promoter elements
the BHK cells were infected with MVA-BN (moi 1.0) and transfected with the
corresponding plasmid. Cells were harvested after 24 hours, lysed and GUS
activity was determined (Fig. 3).

The negative control (extract from MVA-BN infected celis) clearly showed no
GUS activity (control; average extinction 0.00167). The well-characterized
strong synthetic Ps promoter was shown to be very efficient (Ps; average
extinction 2.05267) as there was a high amount of GUS detectable after 24
hours of expression. For the putative promoter minimal promoter elements
of the MVA-BN genome, it was shown that all of F6R short early, F6R short
late, 12R short early, |12R short late, A42R short late and J6R short late are

functional promoters.

In total six functional minimal promoter elements were isolated. Two are

suitable for the weaker early transcription (I12R short early: average

extinction 0.06933; F6R short early: average extinction 0.189) and four are

suitable for late expression of different levels (FGR short late: average
extinction: 0.09833; |2R short late: average extinction 0.391: J6R short late:
average extinction: 0.80167 and A42R short late: average extinction 2.07).

2.3 Conclusion

It was clearly shown, that promoters of different strength could be isolated
and that there is now a spectrum of different promoters available. If early
expression is preferred, the minimal promoter FGR short early or |2R short
early are preferably used. If the late expression is preferred and early

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

s
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sighal TTTTTNT for early expression), the minimal promoter elements FOR
short late, 12R short late, JOR short late and A42R short late are preferably

used.
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microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank ifnot applicable)

The mdications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit")

Forreceiving Office useonly ForInternational Bureau use only
IE Thissheet wasreceived with the international application D This sheet wasreceived by the International Bureau on:
Authorized officer b Authorized officer
' NN

Form PCT/RO/134 (July 1992)
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Applicant's or agent's file B fInternational application No. B
reference number BN 54 PCT ‘_—_—__—___-—:l

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 135is)

A. Theindicationsmade below relate to the microorganism referred to in the description

! onpage '1_L , line '19

B. IDENTIFICATIONOFDEPOSIT Further deposits are identified on anadditionalsheet | |

Name ofdepositary institution ECACC
European Collection of Cell Cultures

Address of deposttary institution (including postal code and countiy)

Centre for Applied Microbiology & Research

Salisbury
Wiltshire SP4 OJG
United Kingdom

Accession Number

December 7, 2000 00120707

Date of deposit

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information 1s continued on an additional sheet D

in respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legisiation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

| E. SEPARATEFURNISHING OFINDICATIONS {leave blankifnot applicable)

Bureau later (specify the general nature of the indications e.g., "Accession

The mdications listed below will be submitted to the International |
Number of Deposit”)

Forreceiving Office use only For International Bureau use only

M This sheet was received with the international application r_—] Thissheet wasreceived by the International Bureau on:

Authornized officer .. . Authorized officer
by

\ L \.,f A N'MG{)

Form PCT/RO/134 (July 1992)
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Applicant's or agent's file BN 54 PCT Internationalapplication No.

reference number

INDICATIONS RELATING TO A DEPOSITED MICROORGANISN{-

(PCT Rule 13bis)

A. Theindicationsmadebelow relate tothe microorganismreferredto in the description

onpage 12 ime 11

B. IDENTIFICATIONOFDEPOSIT Further deposits are identified on an additional sheet ‘:l

Name of depositary institution ECACC
European Collection of Cell Cultures

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research

Salisbury
| Wiltshire SP4 OJG

United Kingdom

Accession Number

August 30, 2000 00083008

Date of deposit

C. ADDITIONAL INDICATIONS (leave blank if not applicable) Thisinformationis continued on an additional sheet I:l

In respect of all designated States to which such action is possible and to the extent that it is legally

permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance

with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leaveblank ifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit”)

Forreceiving Office useonly For International Bureau use only

m This sheet was received with the international application l:' Thissheetwasreceived by the International Bureau on:

Authorized officer
Xy 3 ﬁ{::
‘%\u \\‘z':lo %{:}:5 Ly

Form PCT/RO/134 (July 1992)

Authorized officer
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BNS4EP MVA promoters.ST25
SEQUENCE LISTING

<110> Bavarian Nordic A/S
<120> Promoters for Expression in Modified Vaccinia Virus Ankara
<130> BN54PCT

<150> DK PA200301730
<151> 2003-11-24

<150> EP04000943.3
<151> 2004-01-17

<160> 12

<170> PatentIn version 3.2

<210> 1

<211> 171

<212> DNA

<213> Modified vaccinia Virus Ankara

<400> 1
tctgcaatat tgttatcgta attggaaaaa tagtgttcga gtgagttgga ttatgtgagt 60

attggattgt atattttatt ttatatttta tattttgtag taagaataga atgctaatgt 120

caagtttatt ccaatagatg tcttattaaa aaacatatat aataaataac a 171

<210> 2

<211> 105

<212> DNA

<213> Modified vaccinia Virus Ankara

<400> 2
gataaaaatt taaagtgtaa atataactat tattttatag ttgtaataaa aagggaaatt 60

tgattgtata ctttcggttc tttaaaagaa actgacttga taaaa 105

<210> 3

<211> 136

<Z212> DNA

<213> Modified vaccinia Virus Ankara

<400> 3
gcatttcatc tttctccaat actaattcaa attgttaaat aaataatgga tagtataaat 60

agttattagt gataaaatag taaaaataat tattagaata agagtgtagt atcatagata 120

actctcttct ataaaa 136

<210> 4

<211> 98

<212> DNA

<213> Modified vaccinia virus Ankara

<400> 4
gatctataaa ggtagaccta atcgtctcgg atgaccatat atttattttc agttttatta 60

tacgcataaa tagtaaaaaa tatgttaggt ttacaaaa 08

<210> 5
<211> 160

Page 1
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BNS4EP MVA promoters.STZ25

<212> DNA o .

<213> Modified vaccinia Vvirus Ankara

<400> §

ggtaaacttt aagacatgtg tgttatacta agatggttgg cttattccat agtagctigt 60
ggaatttata aacttatgat agtaaaacta gtacccaata tgtaaagatg aaaaagtaaa 120
ttactattaa cgccgtcggt attcgtitcat ccattcagtt 160
<210> ©

<211> 156

<212> DNA ,

<213> Modified vaccinia virus Ankara

<400> ©

atttctcggt agcacatcaa atgatgttac cacttttctt agcatgctta acttgactaa 60
atattcataa ctaattttta ttaatgatac aaaaacgaaa taaaactgca tattatacac 120
tggttaacgc ccttataggc tctaaccatt ttcaag 156
<210> 7

<211> 31

<212> DNA |

<213> Modified vaccinia virus Ankara

<400> 7

tcttattaaa aaacatatat aataaataac a 31
<210> 8

<211> 30

<212> DNA _ . |

<213> Modified vaccinia virus Ankara

<400> &

gataaaaatt taaagtgtaa atataactat 30
<210> 9

<211> 37

<212> DNA |

<213> Modified vaccinia virus Ankara

<400> 9

agagtgtagt atcatagata actctcttct ataaaat 37
<210> 10

<211> 30

<212> DNA . o ‘

<213> Modified vaccinia Virus Ankara

<400> 10

attgttaaat aaataatgga tagtataaat 30
<210> 11

<Z211> 27

<212> DNA _

<213> Modified vaccinia Virus Ankara

<400> 11

agtaaaaaat atgttaggtt tacaaaa 27

Page /Z
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BNS4EP MVA promoters.STZ)

<210> 12
<Z211> 31
<212> DNA

<213> Modified vaccinia virus Ankara

<400> 12
atttattttc agttttatta tacgCataaa T 31

Page 3
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Applicant's or agent's file - Internationalapplication No.
reference number BN 54 PCT

INDICATIONS RELATING TO ADEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. Theindications made below relate to the microorganism referred to in the description

on page 12 ,Jine 10 —

B. IDENTIFICATIONOFDEPOSIT Furtherdeposits are identified on an additional sheet D

E——. P -~ - F SRS —

Name ofdepositarynstitution pyplic Health Laboratory Services
Centre for Applied Microbiology & Research

AT e P P - PP ey e e —

Address of depositary institution (including postal code and country)

Porton Down
Salisbury, SP4 OJG
United Kingdom

= e N ——— -

i

Date of deposit l Accessionilumbe;

January 27, 1994 04012707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on anadditional sheet D
In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance

with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,

Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and

generally similar provisions mutatis mutandis for any other designated State;

\——

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

-y e e ol P

S e b o as

E. SEPARATE FURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the Zeneral nature of the indications e.g., "Accession
Number of Deposit")

Forreceiving Office use only ForInternational Bureau use only

lEJ Thissheetwasreceived with the internationalapplication D This sheet wasreceived by the International Bureau on:

o —— Tl A e e e ————

Authorizeé:)fﬁcer

Authorized officer b
AR \VALY BY.

, N, YAOF

Form PCT/RO/134 (July 1992)
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PCT/EP2004/012125
BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPQSIT OF mcaooacm.s
FOR THE PURPOSES OF PATENT PROCEDURE
INTERNAT IONAL FORM
[ TO "j RECEIPT IN THE CASE OF AN ORIG INAL DEPOSIT
Prof Dr Dr h.c. mult issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY
Anton Mayr identified at the bottom of this page
Bockmeyrstrasse 9
80992 Munchen
Germanz
AME AND ADDRESS
[ OF DEPOSITOR |
S g O e =t ...._. - — P —— o P Py i— R ——— B e - PRI e et e i 4—__]
I. IDENTIFICATION OF THE MICROORGANISH
—e U e — |
Identification reference given by the Accession number glven by the
DEPOSITOR: INTERNAT IONAL DEPOSITARY AUTHORITY:
Vacciniavirus Strain MVA V94012707

IX. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

- -

v -

w— el -~ -

The microorganism identified under I above was accompanied by:

! E | a scientific description

a proposed taxonomic designatilon

(Mark with a cross where applicable)

- ol - - e e —T

1LI. RECEIPT AND ACCEPTANCE

- W

This International Depositary Authority accepts the microorganism ident]‘i‘fied under I above,
which was received by it on 27/1/94 (date of the original deposit)

—

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this Imternatlional

Depositary Authority on (date of the original deposit) and
a request to convert the orlginal deposit to a deposit under the Budapest Treaty .
was received by it on (date of receipt of reguest for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY .

Name ; b &, Doyle Signature(s) of person(s) having the power
to represent the International Depositary
ECACC, CAMR Authority or of. authorized official(s):
rddrmns: Porton Down Data: A utan
"~ Salisbury, SP4 0JG, UK * 28th 994
~ ~ -

authority was acquirced.

Form BP/4 (sole page)

|

Where Rule 6.4(d) applies, such date is the date on which the status of international depositary
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PCT/EP2004/012125
- BUDAPEST TREATY ON TUE INTERNATIOMAIL
RECOGNITION OF THE DERQSIT QF MICROQRGAWTIMS
FOR THI PURPOSES OF PATENT FROCENURE
[NTERNATIONAL FORM
iTO l
Prof Dr Dr h.c. mulf Anton Mayr A BILITY STATEMENT
VIA >
Bockmeyrstrasse 9 issued pursuant to Rule 10.2 by the
80992 Munchen INTERNATIONAL DEPOSITARY AUTHORITY

Germany identified on the following page

HAME AND ADDRESS QF THE PARTY
TO WHOM THE VIABILITY STATEMENT

IS ISSUED

1.  DEPOSITOR [I. IDENTIFICATION OF THE MICROORGANISHM '

Hame: Prof Dr Dr h.c. mult Accession number given by the l
Anton Mayr {NTERNATIONAL DEPOSITARY AUTHORITY: |

vo4012707

Address: Bockmeyrstrasse 9

| 80992 Munchen Date of the deposit or of the transfer: l
Germany 27th January 1994 [

ITY. VIABILITY STATEMENT

gl —

The viability of the microorganism identified under II above was tested
27th Janu.af’y 1994 . Oon that date, the said microorganism was

on
3

-___i__l viable
3

( B l no longer viable

1 Indicate the date of the original deposit or, whera a new @eposit or a transfer has been
made, the most recent relevant date (date of the new deposit or date of the transfer).

: In the cases referred ko in Rule L0.2(a)(ii) and (iii), refer to the most recent viability
tcet.

3

Mark with a cross the applicable box.

Form BP/S (first page)
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e st — - . .

e

} fv. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS DBEEN PERFORMED
| & -

q

L ———— e . .
L-‘__. - Ui - —_——— Y — ) S il  — [—— -

7

WMMHM eSS i

-

| V. INTERNATIONAL DEPOSITARY AUTHORITY

-

e

Name: Dr A. Doyle Signature(s) of person(s} having the power
to represent the International Depositary
Authority or of authorized official(s):

Address: ECACC
CAMR

Porton Down
Salisbury, SP4 0JG, UK.

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)
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Applicant's or agent's file International application No.
reference number BN 54 PCT

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. Theindications made belowrelate to the microorganism referred to in the description

onpage 1L Jdine 40 . |

Furtherdeposits are identified on an additionalsheet D

B. IDENTIFICATIONOFDEPOSIT

-y - e g - -— A

APk APt urail

Name ofdepositaryinstitution FCACC
European Collection of Cell Culiures

e

Address of depositary institution (including postal code and countiv)

Centre for Applied Microbiclogy & Research

Salisbury
Wiltshire SP4 QOJG

United Kingdom

Accession Number

Date of deposit

December 7, 2000 00120707

R ma o

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

P e————— i

In respect of all designatéd States to which such action is possible and o the extent that it is legally

permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance

with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

. -
et —a i

| D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

e i, g

P
i

E. SEPARATE FURNISHING OF INDICATIONS (leave blank ifnot applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indicatiors e.g., "Accession
Number of Deposit")

For International Bureau use only

Forreceiving Office use only
D This sheet was received by the International Bureauon:

m This sheet was received with the international application

——

A-uthorized officer

e e ——— R

Authc;rizedc-:o_fﬁcer “ .

N -~ \" /
Form PCT/R0O/134 (July 1992)

w, YAOP
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Centre for Applied Microbiology and Research

| &
European Collection of Cell Cultures

This document certifies thaf Virus

(Deposit Ref. V00120707) has heen accepted as a patent deposit,
| in accordance with
The Budapest Treaty of 1977,
with the European Collection of Cell Cultures on 7" December 2000

Dr P J Packer
Quality Manager, ECACC

Furanean Collection of Qefl Cultures. CAMR, Salishury, Wilkehire SP4 UG LIK

T
"'i..‘ Pl Il.\‘. .
CTrnvovansid wu ® e I‘

= 1 an MY 1000 praran  Cav A4 (M 10RO B14315 Email ecaec@icamregiuk e Site: ecace.arg.uk
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PCT/EP2004/012125
APPENDIY 3
Page 14
RUDAPEST TREATY ON THE INTERNATIONAL
RECOGNRITION OF THE DEPOSIT OF- MICROORGANISMS
FOR THE PURPQOSES QOF PATENT PROCEDURE
- S

- 10 INTERNATIONAL FORM
| EAVARIAN NORDIC RESEARCH

INSTITUTE GMBH

FRAUNHOFERSTRASSE 188

D-82152 MARTINSRIED

GERMANY

NAME AND ADDRESS

, QF DEPQSITOR ]
I]& IDENTIFICATION QF THE MICROORGANISM
| e ] o .
|
“entification reference given by the Accession number given by the
- POSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:

«sVA=3735 V00120707

S —— .

e

SCLENTIEFLIC DESCRIFPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

N

The microorganism identified under I above was accompanied by:

A scientific description

[ X
" I ' A proposed taxonomic designation

(Mark with a cross where applicable)

IIT. RECEIPT AND ACCEPTANCE

mmm

i .5 Internaticnal Depository Authority accepts the microorganism identified under I above,
= Lch was received by it on 7™ Decenmber 2000 (date of the original deposit)?

[ = g sy S

k

— bk el — — M e e N e e e e g P -l e el Pt et i

IV, RECEIPT OF REQUEST FOR CONVERSION

M

The microorganism identified under I above was received by this International

| Depositoxy Ruthority on {date of the original deposit) and
A request to convert the original deposit to a deposit under the Budapest Treaty
was recelved by it on (date of receipt of request foxr conversion) |
LV, INTERNATIONAL DEPOSITORY AUTHORITY
Name: Dr P J Packer Signature{s) of person(s) having the power

to represent the International Depository |
Authority or of-authori zed officials{s):

Address: ECACC -
CAMR fi'r':j "y
Porton Down Date: 1 5 o v S

. . __Salisbury 5pr4 0JG

_ o Py o

pr—y

P il

]l Where Bule 6.4(d) applies, such date is the date on which the status of international depositary
anthority was acquired

n BP/4 (sole page) 1991
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APPENDIX 3
Page 24
BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT.-0OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE
INTERNATIONAL FORM
TO
BAVARIAN NORDIC RESEARCH VEARRLLETY BLIATSerta
TNSTITUTE GMBH Issued pursant to Rule 10.2 by the
FRAUNHOFERSTRASSE 18B INTERNATIONAL DEPOSITARY AUTHORITY
D-82152 MARTTNSRIED identified on the following page
GERMANY
NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY OF STATEMENT |
1S ISSUED
I. DEPOSITOR II. IDENTIFICATION QF THE MICROORGANISM
Name : BAVARIAN NORDIC RESEARCH INSTITUTE GMBH Accession number given by the

Address: FRAUNHOFERSTRASSE 18R

r D~82152 MARTINSRIED
GERMANY

INTERNATLONAL DEPOSITORY AUTHORITY:

00120707

Date of the deposit or of the transfer:
7™ December 2000

1X. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested

on <

viable

no longer viable

On that date, the said microorganism was

i) Indicate the date of the original deposit or, where a new deposit oxr a transfer has been
made, the most relevant date (date of the new deposit oxr date of the transfer).
2 in the cases referred to in Rule 10.2 {a} (ii) and {iii), refer to the most recent viability
est.
3 Mark with a cross the applicable box.
Form BP/4

(first page)
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-

MVA-575 — VvD0O120707

THIS VIRUS WAS TITRATED ON BHK CELLS TCLDsy = 10°°°

gy A — e P —

iIv. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED

PCT/EP2004/012125

A

Ryl

e

{ . TNTERNATIONAL DEPOSITARY AUTHORITY

Name :

- e o —, " e —

Dr P J Packer
LCACC CAMR

™ |

signature(s) of person(s) having the power

to represent the International Depositary
address: Porton Down Authority cox of authorized official(s):
a Salisbury ,
Wiltshire ] A o7y
Date: 7 ;4,3"‘ o }'ga .
SP4 0JG AL L Y { ' - by ot
4 Fill in

if the information has been reguested and if the results of the test were negative.

Form BP/9 (sscond and last page)
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PCT/EP2004/012125
Certificate of Analysis
Product Description MVA-575
Accession Number 00120707
Test Description: Determination of TCIDs, of cytopathic Virus titration. (SOP ECACC/055) Cell

Acceptance Criterion/S pecification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sample 1s serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that virus is
present, Virus titre is calculated using the below equation where x is the value
obtained from a standard TCIDs; Table as a result of the distribution of the wells
displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDyp= 1 x10'™

Y
Date: 19/01/01
Result: Indicator Cell Line: BHK 21 CLONE 13
Negative Control: NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells: 4,4, 0
X 0.50
Y: 107
TCIDs,= 1 x10'*050
10
— 106.5
Overall Result: Virus Present
Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and

in Mycoplasma Horse Serum Broth.
SOP QC/MYCO/01/02

Acceptance Criterion/Specification: All positive controls (M. pneumoniae & M. orale)
must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluated. All negative control agar plates must show no
evidence of microbial growth. ° |
The criteria for a positive test result is evidence of mycopiasma by typical colony
formation on agar. A negative result will show no such evidence.

Test Number; 21702

Date: 12/02/01
Result: Positive Control; Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
!}{’” ‘} ( ¢ '3 - ]
Authorised by....... L TR ECACC, Head of Quaiity..:-?i‘./.%{i'!' ...... Date

Page 1 of 1



Product Description
Accession Number

Test Description:

CA 02546680 2006-05-17
PCT/EP2004/012125

Certificate of Analysis

MVA-575
00120707

il f—.

P . i

Detection of My coplasma using a Vero indicator cell line and Hoechst 33
fluorescent detection system.

SOP QC/MYCO/Q7/05

i

58

- Acceptance Criterion/Specification: The Vero cells in the negative control are clearly seen as
fluorescing nuclei with no cytoplasmic fluorescence. Positive control (M. orale) must
show evidence of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of
mycoplasma DNA. Positive test results appear as extra nuclear fluorescence of
mycoplasma DNA. Negative results show no cytoplasmic fluorescence.

Test Number:

Date:

Result:

Test Description:

Acceptance Criterion/Specification:

21702

12/02/01

Positive Control: Positive
Negative Control: Negative
Test Result; Negative
Overall Result: PASS

Detection of bacteria and fungi by isolation on Tryptone Soya Broth (TSB) and
in Fluid Thioglycollate Medium (FTGM). SOP QC/BF/01/02

All positive controls (Bacillis subtilus, Clostridium

sporogenes and Candida albicans’) show evidence of microbial growth (turbidity) and the negative
controls show no evidence of microbial growth (clear).

The criteria for a positive test is turbidity in any of the test broths. All broths should be clear for
negative test result.

Test Number:

Date:

Result:

Authorised by.....

21702
12/02/01
Positive Conirol: Positive
Negative Control: Negative
Test Result: Negative
Qverall Result: PASS
9 ,
MO Y RTY
PRIV IR ECACC, Head of Quality...W=0%45 L. Date

Page 2 of 4



CA 02546680 2006-05-17

PCT/EP2004/012125
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Fuopeon Collection Accession No:
of Call Culiures  Depositars Code:
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Patent Deposit Accession Form - Virs

DEPOSITOR INFORMATION

Name of Depositor/Company/Instituts ~ Bavarilan Nordic Besearch Institute GmbH

(VB this will be the name that appears on certification)

ContactName  Dr. Paul Howley, Dr. Petra Pielken

Depositor Address Fraunhoferstraﬁe 18h), D-—-82152 Mart:msrled Germany

#efffo 89 8565 0030 FoxNo ++49 89 8565 1333

R~ P e A

BIOBAZARD STATEMENT MUST BE ENCLOSED

The deposit is made in accordance with the ierms of the Budapest Treaty 1977, 1 agree lo abide by the eonditions and regulations regards;
deposit of cell lines to the ECACC.

, ) ; s .. - .
Slgnaml"c 47 ™ l I 3 r" 2 DHIG {., & ’ 2. 2 < '!/“’

~ Address to which invoice should be sent (.u’:' different from above)
Accounts Department, Bavarian Nordic Research Institute CmbH

Al ® B & Ry $y

Fraunhoferstrale 18b B | . -

D-82° Martinsriec STMAD
YIRUS INFORMATION

Name in full VMincl1 £1 e ) 1 N2 ' ANKa

Abbreviated ]*iamc MVA [deutification on Ampoulss

Normal Host None

Serological Type -

Virus Titre Deposited
YIRUS PROPAGATION
Host cells (first choice) |
Alternative Host Celly

Details of Host Cell Growth (media, temperaturs, seeding density, growth factors etc)
Chicken Embryo Fibroblast Cultured in RPMI Media Sugglcmented with 10% FCS.
AT 37°C/5%6C02. No Growth F | — —

s

ey b

Detads of Virus Growth (eg confluency of host cells, co-cultivation, moi, effects, time taken)
- Infect CEF Cell At Nesr Cell Confluer Anprox. 90%) AL MOT 0O - NR0/Cr

VIRUS STORAGE Confluency; Infection Times on Average 3 Days At 37°C/5%C02
Material stored (eg supernatant, infected cell extract, viable infeated cells ste)

Temperature and conditions Infected Cell Extract At-80 C

S el P Ry

YIRUS ASSAY
Method (enclose if necessary)
Does not form Placues. It forms Foci of CPE in CFE Mannlayers. Titrate hy

LITERATURE REFERENCES (if any) TCIDS0 Method - Reference:
Inmo Drexler et al. 2000 4in Methods in Molecular Medicine Vol 35

——— A A &

A-NY O’THERR_ELEVAJWINFORMATIQN Gene Therapy: Methods and Protocol s. Ed. \IVE )
W. Walther and U. Stein. Human Press Today's Researcy
. T Tomurrow's Health

Virus Looses Viability At low n ' ] 1th Sterile
IMM Tris-Hcl pH9 Buffer

Buropean Collection of Cell Cultures, Gentre for Applied Mmrobmlogy & Research
Salishury, Wiltshire SP4 0JG, UK. .

Tolr +44 1980 612519 fua: +44 1980 611315
B.Matl: ecacc@camrorg.uk Weo S5le: Www.camrorg.uk to, Fa33¢12




CA 02546680 2006-05-17

ocacce

Curocson Colection o
Of C@ﬂ CU”UF@S { Depositors Code;

PCT/EP2004/012125

ECACC use only

Accession No:

BIOHAZARD STATEMENT

(To be included with all deposifs)

Deposit category :
Cell Culture E] Plant Culture D Yirus Recombinant DNA D DNA Probe D Bactena l:
Does the above deposit represent an infectious, toxic or allergenic hazard? Yes D No ,,

If yes, please give detalls and any associated hazard category (eg. ACDP category) and fax to ECACC PRIOR to shipment of cells.
_MVA 1s classified into biosafety level 1 (S1) by ZKBS

Does the rbove deposit contain genetically manipulated material? Yos D No .,

If yes, please enclose a general description and answer the following:

o, is the material DNA D RNA. [:l
b, is the material present in a host organism? | Yes D No D
c. 15 the genetic material readily ﬁansf;ncd to environmental organisms? Yes D No D
d. is the ge:nctic.mat;erial likely to be expressed as protein? Yes D No D
e. what is the category of this material under ACGM regulations?
ic, 1. coutainment level L
. GMO type _ -

For any positive responses to questions b-d please give details

Prntname OT . Petra Pielken

Please note that deposits which are, or contaln, animal pathogens require an import licence info the EC. Please allow 8 weeks for this proct

submit mjbmaricm requesied by ECACC for licence applicalions as quickly as possible, GAMR

Today's Research
‘I‘omorrows Heslth

Luropean Collection of Cell Gultures, Ceatre for Applied Microbiology & Researeh
Salisbury, Wiltshire SP4 0J(, UK.

Tels +44 1980 612012 Fax +44 1980 611315 P
Iy . Mail: ecacc@camr.org.uk Wed Sife: www.ca r,org,uk Ne. 7533819
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Applicant's or agent's file International application No.
reference number BN 54 PCT

INDICATIONS RELATING TO ADEPOSITED I\’lICROORGANISI\q-

(PCT Rule 13bis)

- T p— T ——

e e e — — e e — e ——e e R i n—— ——

A. Theindications madebelowrelateto the microorganismreferred to in the description

onpage _ 12 , line '11

py—

B. IDENTIFICATIONOFDEPOSIT Further deposits are identified on anadditional sheet D

il P

Name of depositary institution ECACC
European Collection of Cell Cultures

—rs e ey

Address of depositary institution (includirag postal code and country)
Centre for Applied Microbiology & Research

Salisbury

Wilishire SP4 OJG

United Kingdom

Date of deBosit“ - ) Acc;ssignNumbe; i o -
August 30, 2000 - 00083008

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continned onanadditional sheet D

e

Al iriyy P e e . ——— L i e — i

In respect of all designated States to which such action is possible and {o the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulationt 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other desighated State;

~
rS— -

D DESIGNATED STATES FORW HICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

i

- S Ey— Sv—

.|
:
1

PR— ol — —

E. SEPARATE FURNISHING OF IINDICATIONS (leave blankifnot applicable)

The indications listed below will be subxmnitted to the International Bureau later (specify th";general nature of the indications e.g, "Accession
Number of Deposit”)

Forreceiving Office use only For International Bureau use only

@ Thissheet wasreceived withthe intexnational application [:l This sheet was received by the International Bureauon:

e

Authonzed officer
AU
ve S ved el
—N‘%'\w ol "{\

Form PCT/RO/134 (July 1992)

Authorized officer
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Centre for Appiied Microbiology and Research
European Collection of Cell Cultures

This document certifies that Virus
(Deposit Ref. V00083008) has been accepted as a patent deposit,
in accordance with
The Budapest Treaty of 1977,
with the European Collection of Cell Cultures on 30" August 2000

...........................

Dr P J Packer
Quality Manager, ECACC

(‘f \’\] R European Coflection of Cell Cultures, CAMA, Salishury, Wiltshire 8P4 0JG UK.
mircsienrs  Tel: 44 (0) 1980 612512 Fax: 44 (0 1980 611315 Email: ecacc@camrorg.uk Web Site: ecacc.org.uk
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Appendix 3

Page 25

| 1V, CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED *

VIABLLITY OF MVA-~BN WAS TESTED BY GROWING THE VIRUS ON BHK CELLS AND CALCULATING THE TCD50.

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name: Dr P J Packer
| ECACC CAMR Signature(s) of person{s) .having the.powe:r '
_ to represent the International Depositary

Address: P ori?on Down Authority or of authorized official (s):
Sallsbury
Wiltshire Q
SP4 0JG  Date:  tfy li2foD (}3 adss

4 Fill in if the information has been requested and if the results of the test were negative.
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APPENDIX 3

Page 24

BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATICNAL FORM

o

——

7O

BAVARIAN NORDIC RESEARCH VIABLLITY STATEMENT

INSTITUTE GMBH Issued pursant to Rule 10.2 by the
FRAUNHOFERSTRASSE 18B INTERNATIONAL DEPOSITARY AUTHORITY
D-82152 MARTIMSRIED identified on the following page
GERMANY

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY OF STATEMENT

LS ISSUED
e
! :9,_.....___,.__,_,______.__:u._ - - — - -
T, DEPOSITOR 11, IDENTIFICATION OF THE MICROORCANISM
Name : BAVARIAN NORDIC RESEARCH Accession number given by the
INSTITUTE GMBH INTERNATIONAL DEPOSITORY AUTHORITY:
| v00083008
Address: FRAUNHOFERSTRASSE 18R
D-82152 MARTINSRIED Date of the deposit or of the transfer:
‘ GERMANY | 30" Angust 2000
| T e e et et e e e R
I1. VIABTILITY STATEMENT
]
| N o S
The viabllity of the microorganism identified under IY above was tested
on . On that date, the said microorganism was
. X ' ’ viable
D 3 no longer viable

Indicate the date of the original deposit ox, where a new deposit or a transfer has been
made, the most relevant date {date of the new deposit or date of the transfer).

JI':n the cases referred to in Rule 10.2. (a} (ii) and (iii), refer tao the most recent viability
ast,

3 Mark with a cross the applicable box.
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ADPENDIX 3
Page 14
BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE"DEPOSIT QF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDUR

S r——— -

TO INTERNATIONAL FORM
"~ BAVARIAN NCRDIC RESEARCH

INSTITUTE GMEH

FRAUNHOFERSTRASSE 18R

D-82152 MARTINSRIED

GERMANY

NAME AND ADDRESS

1 OF DEPOSITOR

1. IDENTIFICATION OF THE MICROORGANISM

Identification refexence given by the Accession number given by the

DEPOSITOR: _ INTERNATIONAYL DEPOSITARY AUTHORITY:
7 MVA-BN | V00083008

" ] |
IT. SCIENTIFIC DESCRIPTION AND/OR PROPCSED TAXONOMIC DESIGNATICN

po—

The microorganism identified under I above was accompanied by:

, A scientific description
D A proposed taxonomic designation

(Mark with a cross where applicable)

e e — Pl B P e S iy Tl

' III.  RECEIPT AND ACCEPTANCE

.,I‘his International Depository Authority accepts the microorganism identified under I above,
ahich was received by it on 30™ August 2000 (date of the orxiginal deposit)?

- — S~ T’

IV, RECEIPT OF REQUEST FOR CONVERSION

M

The microorganism identified under I above was received by this Internaticnal

Depository authority on (date of the original deposit) and

A request to convert the original deposit to a deposit under the Budapest Treaty

was received by it on (date of receipt of request fox conversion)

IV. INTERNATIONAL DEPOSITORY AUTHORITY

Name : Dr P J Packer Signature(s) of person(s) having the power

to represent the International Depositoxy

Authority ox of authorized officials{s):
Address: ECACC

ggbr&{:]{on Down Date: PS PCL(‘(QJ [_L(/ '[?_/C;D

Salisbury SP4 0OJG

L e e e

—— O —— . sy ke S e
-

1 VWhere Rule 6.4{d) applies, such date is the date on which the status of international depositary
authority was acquired

Form BP/4 (sole page) 1981
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Certificate of Analysis

Product Description MV A-BN

Accession Number 00083003

Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QC/MYCO/01/02

Acceptance Criterion/Specification: All positive controls (M. pneumontae & M. orale)

must show evidence of mycoplasma by typical colony formarion on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where gvidence of mycoplasma by

typical colony formation 1s evaluated. All negative control agar plates must show no
cvidence of micrabial prowth,

The criteria for a positive test result 15 evidence of mycoplasma by typical colony
formation on agar. A ncgative result will show no such cvidence.

Test Number: 21487

Date: 27/711/00

Result:
Positive Control: Positivs
Nagative Contral: Negative
Test Result: Negative
Overall Result: PASS

Test Description: Detection of Mycoplasma using a Vero indicator cell line and Hoechst 33258

fluorescent detection system.
SOP QC/MYCO/07/05

Acceptance Criterion/Specification: The Vero cells in the negative control are clearly seen as
fluorescing nuclei with no cytoplasmic fluorescence, Positive control (M. orole) must
show evidence of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of

mycoplasma DNA. Positive test results appear as extra nuclear fluorescence of
mycaoplasma DNA., Negative results show no cytoplasmic fluorescence.

Test Number: 21487

Date: 27/11/00
Resulf: N
Positive Control Posiive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Authorised by......... o ,.Q‘t).ﬁ:..................ECACC, Head of Quality.....!i./.!?—:}.@:’.. Date

Page 1 of Z



CA 02546680 2006-05-17

PCT/EP2004/012125
Certificate of Analysis
Product Description MVA-BN
Accession Number 00083008
Test Dcsgription: Dctection of bacteria and fungi by isolation on Tryptone Soya Broth (TSH) and

in Fluid Thioglycollate Medium (FTGM). SOP QC/BF/01/02

Acceptance Criterion/Speciflication: All positive controls (Bacillis subrilus, Clostridium

sporogenes and Candida albicans) show evidence of microbial growth (turbidity) and the negative
controls show no evidence of microbial growzh (clear).

The criteria for a pogitive test is twrbidity in any of the test broths. All broths should be clear for
nepative teat resulr.

Test Number: 21487

Pate: | 27/11/D00
Result: |
Positive Conirol: Positive
Negative Control: Negative
Test Resulu Negative
Overall Rexzult: PASS
Test Description; Determination of TCIDs, of cytopathic Virus titration. (SOP ECACC/055) Cell

Acceptance Criterion/Specification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sample is serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that virus is
present. Virus titre is calculated using the below equation where x is the value
pbtained from a standard TCIDg; Table as a result of the distribution of the wells
displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDgy= 1 =10

by
Date; 01/12/00
Result:
Indicator Cell Line: BHKZ1 (Clone 13)
Negative Control; NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells: 4,4,4, 3,0
P& {.25
Y: 10
TCIDyp= 1 x10'*0®
1077
. 103.?.5
Qverall Rosuly: Viruz Present

ng o Srilricate

Aunthorised byQSO‘/L raresasnaensn BCACC, Head of Quality.....ﬁﬁ%@%... Datc

Page2 ol 2
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' ECACC use opt
g@p%ﬂocgc% Accession No: y
of Cell Culhures Depositors Code:

Patent Deposit Accession Form - Virus

DPEPOSITOR INFORMATION
Name of Depositor/Company/Institste _Bevarian Nordic Research Institute GmbH
(NR this will be the name that rrppears on ceriification) |

Contact Name D1, PaUl M., Howle Y*——Q—E——P-E%Tc‘ﬁ—-l:i'e-}}'&eﬁw
DGPOSimrAddeS L S L 36 sis BT Martin LHEeTmany

TelNo ++43 89 Bob5 0030 Fax No ++49 89. 8565 1333
BIOHAZARD STATEMENT MUST BE ENCLOSED

The deposit is made In accordance with the terms of the Budapest Treaty 1977, 1 agree lo abide by the conditions and regulations regarding
deposit of cell lines to the ECACC.,

Signature Q @:e‘kgmﬁ. . Date 25 0OX . Qooo

Address to which invoice shonld be seat (if different from above)

T P

__Accounts Department, Bavarian Nordic Besearch Institite GmbH
aunbicfes ~Rg 18k
__D-84152 Martlnsrled Germany N -
YIRUS INFORMATION
Namsinfull - Modified Vaccinda Virus Apkaga .
Abbreviated Name MVA-BN Idc%ugglhon :‘g Ampoules Lc"* 0 LOS OO
Strain - Smprai ,_,_QM_&_S.
Normual Host None ' Sg. OGR . 95
Virus Titre Deposited ASY &
VIRUS PROPAGATION | '
Host cells (first choice) i cken Fmbrvo Fihrohlz e
Alternative Host Cells ~

Details of Bost Cell Growth (media, tempcrahire, seeding density, growth factors eic) |
Chicken Embryo Fibroblast Cultured -in RPMI Media Sulemmted with 10% FCS.

AT 37° C/5%6002. No Owhtil HF3CcTo Neade(

Detzils of Virus Growth (eg confluency of host cells, co-cultivation, moi, effects, time taken)
InfSCt CEF Ce L A NS & = #ia =18 AND

VIRUSSTORAGE  Confluency; Infection Times on Average 3 days At 37°C/5%C02
Material stored (og supsrnatant, infected cell extract, viabls infected cells ets)

Tempetature and conditions © N1 ected Cell Extiract At-80°C

~ ON%Y A+ MAT O A=V AN AN A
- - - ) et B b AP = - ._:UI——-I

VIRUS ASSAY
Method (enclose if neecssary)
Does not form Plaques. Tt forms Focl of CPE in Monolaye itrate -k —
LITERATURE REFERENCES (ifany)  TCID50 Method - Reference: Vol 35:
~£ngo Drexler et al. 2000 _inp Mothode 4o Molo. e T ' ‘i.
ANY OTHER RELEVANT INFORMATION (ene Therapy: Methods and Protocol s Ed. W. ""!‘“V
and U. Stean. Human Press TUmormwaHeallh

Virus Looses Viability At Low pH. Dilute Virus With Sterile

MM Tris-Hcl pHY Buffer

Buropean Collection of Gell Gultures, Centre for Applied chrobwlogy & Besearch
Salishury, Willshive SP4 QJG, UK.

Tel: +44 1980 619519 fhe: +44 1980 611315
B.Mail: ecacc@camrnorg.uk Web Site: www.eamr.org.uk
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eCACC | e
| Acccssion No:
=jesTeh

Cdiecion o
of Cel Culiures | Lepositors Code:

MM—

BIOHAZARD STATEMENT

(o be included with all deposils)

Deposit category
Cell Culturs [ | Plant Culture | ] Virus Recombinant DNA [ | DNAPobe [ | Bacteria ]
Do¢s the above deposit represent an infectous, toxic or ellergenic hazard? . Yes D No

If yes, please give details and any assotiated hazard cetegory (eg. ACDP éatcgcry) and fax to ECACC PRIOR to shipmeat of cells.

a

Does the above deposit contsin genctically manipulated material) Yes D ' ~ No

Ifyes, please enclose a genersl dcscrip.ﬁon and answer the following:

2 isthe material ' | DNA L] pea L
b. ¢ the material present in & host organism? | : Yes D No D
c. is the genetic material readily transferred to envircnmental orgenisms? Yc; D | No D
d. is the gcnctic'ﬁmt.cﬁd likely 10 be ;cxpresscd as protein? Yes D | - No D
c. what is the category of this material under ACGM regulations?
ie, i. confainment level
it. GMO type

For any positive responses to questions b-d please give details

Pleass supply any further details which would be relevant to assessing the safe handling conditions for materials to be deposited at ECACC.

sla ~Hantuated Rer a+ion Tncompetent 1 ans and Animals

Prntpsme OT. Petra Pielken

Please note that deposits which are, or contain, animal pathegens require an import licence into the EC, Pleass allow 8 wecks for this pre

submit information requested by ECACC for licence applicalions as quickly as possible, OAM
Today's Reseacek

Tom orr%w’s Hesgl

N

European Collection of Cell Cultures, Centre for Applied Microbiology & Research o |
Salishury, Wiltshire SP4 0JG, UK. 47—

o

Ted: +44 1980 612512 Fazy +44 1980 6] 1310
f4.Mail: ecacc@camr.org.uk Web Sife: www.camrorg. uk
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Claims:

1. Promoter comprising or consisting of a nucleotide sequence selected from

the group comprising :

(i) the nucleotide sequence of anyone of SEQ ID NO: 1 to 6,

(ii) subsequences of the sequence according to anyone of SEQ ID: No. 1 to 6

and

(iii) sequences having one or more nucleotide substitutions, deletions and/or
insertions with respect to the sequences as defined in (i) or (11),

wherein the promoters are active as vaccinia virus promoters and/or active

IN vaccinia virus infected cells.

2. Promoter according to claim 1, wherein the subsequence is selected from

the group comprising SEQ ID: 7 to 12

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

s not an expression cassette that naturally occurs in the genome of a

vaccinia virus.

4. Expression cassette according to claim 3, wherein the coding sequence

codes for therapeutic proteins or peptides, antigens, antigenicoepitopes,

antisense RNA or ribozymes.

5. DNA comprising the promoter according to anyone of claims 1 to 2 or the

expression cassette according to anyone of claims 3 and 4.

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

the expression cassette according to anyone of claims 3 and 4.
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7. Vector according to claim 6, selected from plasmid vectors ana viral

vectors.

8. Vector according to claim 7, wherein the viral vector is a vaccinia virus.

9. Vector according to claim 8, wherein the vaccinia virus is Modified
Vaccinia virus Ankara (MVA), preferably strain MVA-BN deposited at the
Furopean Collection of Cell Cultures (ECACC) under number VOQO83008 or
a derivative thereof, strain MVA 572 deposited at ECACC under number
VA94012707 or strain MVA 575 deposited under number YO0120/07 at
ECACC.

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

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 to 2 or the expression cassette according to anyone of claims 3
and 4 is inserted into a non-essential part of the viral genome or Iinto an

Intergenic region of the viral genome.

12. Vector according to anyone of claims 6 to 11 as vaccine or medicament.

13. Vaccine or pharmaceutical composition comprising an expression

cassette according to anyone of claims 3 to 4, a DNA according to claim 5 or

a vector according to anyone of claims © to 11.

14. Vaccine or pharmaceutical composition according to claim 13,
comprising at least 10% TCIDsq (tissue culture infectious dose) of the virus

vector according to anyone of claims 8to 11.
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15. Vaccine or pharmaceutical composition according to claim 14, wherein

the virus vector is administered in therapeutically effective amounts in a first

Inoculation (“priming inoculation”) and in a second inoculation (“boosting

inoculation™).

16. Use of an expression cassette according to anyone of claims 3 to 4, of a
DNA according to claim 5 or of a vector according to anyone of claims 6 to

11 for the preparation of a vaccine or medicament.

17. Method for introducing a coding sequence into a target cell comprising
the introduction of a vector according to anyone of claims 6 to 11, of a
expression cassette according to anyone of claims 3 to 4 or of a DNA

according to claim 5 into the target cell.

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

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

transfection of cells with an expression cassette 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
infected host cell under suitable conditions, and isolation and/or enrichment

of the peptide and/or protein and/or viruses produced by said host cell,

wherein the step of infecting the cells with a vaccinia virus may be made

before or after the step of transfection of the cells.

20. A cell containing the promoter according to anyone of claims 1 to 2, the

expression cassette according to anyone of claims 3 to 4, the DNA according

to claim 5 or the virus vector according to anyone of claims 7 to 11.
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21. Use of the promoter according to anyone of claims 1 to 2 for the
expression of a coding sequence, wherein the coding sequence is not the

sequence which is naturally linked to the promoter in a vaccinia virus.

22. Method for the production of a vector according to anyone of claims 6 to

11 comprising the step of inserting the expression cassette according to

anyone of claims 3 to 4 into the vector genome.
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