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Vectors for multiple gene expression

This invention relates to a recombinant vector engineered for independently
expressing multiple nucleotide sequences of interest which are obtained from the same
organism or from closely related organisms. This invention relates to the field of
recombinant nucleic acid technology for expressing multiple nucleotide sequences
exhibiting homology with each other, 1 various prokaryotic as well as cukaryotic in vitro
systems or 1n an animal or human subject for therapeutic or prophylactic purposes. The
present invention 1s particularly useful m the field of immunotherapy especially for
treating or preventing pathological conditions caused by infectious organisms such as

papillomavirus and hepatitis virus.

Recombimnant DNA technology has made 1t possible to express nucleotide
sequences 1n cultured host cells or 1n living organisms. Several plasmid DNA and viral
vectors have been generated and employed for a variety of purposes, including
vaccination, gene therapy, immunotherapy and expression in cultured cells. Vectors such
as adenoviral and poxviral vectors have the advantage to accommodate a large cloning
capacity, with potential of expressing multiple nucleotide sequences 1n a wide range of
host cells. Expression of multiple nucleotide sequences may be advantageous in order to
improve the therapeutic efficacy provided by the encoded polypeptides (e.g. combining
humoral and cellular immunity). Rather than producing a plurality of recombinant vectors
engineered separately to express each of the desired nucleotide sequences, 1t would be
advantageous to produce a single recombinant vector, at least to facilitate production

steps and regulatory approval.

For example, with respect to papillomavirus infections, 1t would be of interest of
expressing immunogenic polypeptides from several papillomavirus genotypes, 1n order to
broaden or reinforce the host’s immune response especially 1n subject at risk of multiple
infections, ¢.g. HPV-16 and HPV-18. However, the nucleotide sequences encoding such
immunogenic polypeptides are highly homologous between related HPV genotypes. For
example, the HPV-16 E6 and HPV-18 E6 sequences which show an overall homology of

63% at the nucleotide level, nevertheless comprise particular regions of very high
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homology beyond 75% which may jeopardize expression of HPV-16 and HPV-18 genes

from a single vector.

Morecover, when expressing polypeptides of viral origin, homologous nucleotide
sequences may also arise from the overall organization of virus genome. It 1S rather
frequent that a virus use the same nucleotide sequence to encode two different proteins
through biological mechanisms such as internal translation initiation or reading frame
shifting, 1.¢. the same sequence of DNA 1s translated in more than one reading frame. For
example, 1n the HPV-16 genome, the adjacent E1 and E2 genes overlap over 59
nucleotides which are translated in different reading frames. In other words, the last 59

nucleotides of the E1 gene overlap with the first 59 nucleotides of the E2 gene.

However, the presence of homologous sequences 1n a vector 18 expected to
negatively mfluence 1ts stability especially during the vector production steps, leading to
loss of gene sequences due to recombination events that occur between the homologous
sequences. Thus, expressing HPV-16 E1 and E2 genes 1n a single vector involves the
presence of a common portion of 59 nucleotides which could potentially lead to
homologous recombination events and ultimately to loss of the sequences comprised
between the El and E2 homologous sequences. Such undesired homologous
recombination events may also occur when expressing HPV-16 and HPV-18 gene
sequences 1n the same vector. This instability problem can render vector stock unusable,

especially for human clinical trial.

In this respect, W0O92/16636 propose to insert in the recombinant vector the
homologous nucleotide sequences 1n opposite orientation with respect of each other so as
to reduce the likelihood of recombination events. However, this strategy was described 1n
connection with vaccinia virus vector and not for other recombinant vectors such as
adenoviruses. Moreover, the arrangement 1n opposite orientation 18 not always possible

due to possible promoter interference and construction constraint.

There 1s a need 1n the art for generating recombinant vectors capable of expressing
in a host cell or subject nucleotide sequences obtained from the same or from closely
related organisms, which, in the native context, contains highly homologous portions. The
present invention addresses this need 1n providing a novel strategy designed to minimise
the likelihood of the recombination events, by altering cither or both of the homologous

nucleotide sequences using the degeneracy of the genetic code to make them less
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homologous than before modification while not altering or not altering significantly the
encoded amino acid sequence. The present invention permits to circumvent the
deleterious effect of homologous recombination that may occur between the homologous
sequences, especially during vector production steps and lead to the loss of nucleotide
sequences contained 1n between. It has been found that the vector of the present invention
1s surprisingly effective in expressing E1 and E2 papillomavirus genes which in the native
context share a 100% homologous portion of 59 nucleotides and surprisingly stable
during the vector production steps. It has also been found that the vector of the present
invention 18 surprisingly effective 1n expressing E6 and E7 genes obtained from the

closely related HPV-16 and HPV-18 genotypes.

This technical problem 1s solved by the provision of the embodiments as defined

1n the claims.

Other and further aspects, features and advantages of the present invention will be
apparent from the following description of the presently preferred embodiments of the

invention. These embodiments are given for the purpose of disclosure.

Accordingly, 1n a first aspect, the present invention provides a vector comprising
at least a first nucleic acid molecule encoding a first polypeptide and a second nucleic

acid molecule encoding a second polypeptide wherein:

- said first and second nucleic acid molecules are obtained respectively from a
first and second native nucleic acid sequences which exhibit a percentage of
homology of approximately 80% or greater than 80% over a portion of 40 or

more continuous nucleotides, and

- sald first nucleic acid molecule and/or said second nucleic acid molecule
comprised 1n the vector 1s modified so as to reduce said percentage of

homology to less than 75%.

As used herein throughout the entire application, the terms “a” and “an” are used

2% &6 2% &6

in the sense that they mean “at least one”, “at least a first”, “one or more” or “a plurality”
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of the referenced compounds or steps, unless the context dictates otherwise. For example,

the term “a cell” mncludes a plurality of cells including a mixture thereof.

The term ““and/or” wherever used herein includes the meaning of “and”, “or” and
“all or any other combination of the elements connected by said term”. For example, “the
first nucleic acid molecule and/or the second nucleic acid molecule” means the first
nucleic acid molecule, or the second nucleic acid molecule or both the first and the

second nucleic acid molecules.

The term “about” or “approximately” as used heremn means within 5%, preferably

within 4%, and more preferably within 2% of a given value or range.

As used herein, when used to define products, compositions and methods, the term
"comprising" 1s intended to mean that the products, compositions and methods include the
referenced components or steps, but not excluding others. "Consisting essentially of”
shall mean excluding other components or steps of any essential significance. Thus, a
composition consisting essentially of the recited components would not exclude trace
contaminants and pharmacecutically acceptable carriers. "Consisting of” shall mean
excluding more than trace clements of other components or steps. For example, a
polypeptide “consists of” an amino acid sequence when the polypeptide does not contain
any amino acids but the recited amino acid sequence. A polypeptide “consists essentially
of” an amino acid sequence when such an amino acid sequence 1s present together with
only a few additional amino acid residues, typically from about 1 to about 50 or so
additional residues. A polypeptide “comprises” an amino acid sequence when the amino
acid sequence 1S at least part of the final amino acid sequence of the polypeptide. Such a
polypeptide can have a few up to several hundred additional amino acids residues. Such
additional amino acid residues may play a role in polypeptide trafficking, facilitate
polypeptide production or purification; prolong half-life, among other things. The same

can be applied for nucleotide sequences.

As used herein, a "vector" may be any agent capable of delivering and expressing
at least the first and second nucleic acid molecules 1n a host cell or subject. The vector
may be extrachromosomal (e.g. episome) or integrating (for being incorporated into the
host chromosomes), autonomously replicating or not, multi or low copy, double-stranded
or single-stranded, naked or complexed with other molecules (e.g. vectors complexed

with lipids or polymers to form particulate structures such as liposomes, lipoplexes or
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nanoparticles, vectors packaged 1n a viral capsid, and vectors immobilised onto solid
phase particles, etc.). The definition of the term "vector" also encompasses vectors that
have been modified to allow preferential targeting to a particular host cell. A
characteristic feature of targeted vectors 1s the presence at their surface of a ligand
capable of recognizing and binding to a cellular and surface-exposed component such as a
cell-specific marker (e.g. an HPV-infected cell), a tissue-specific marker or a tumor-
specific marker. The ligand can be genetically inserted mto a polypeptide present on the

surface of the vector (e.g. adenoviral fiber, penton, pIX as described in W0O94/10323 and
WO002/96939 or vaccinia p14 gene product as described in EP 1 146 125).

Within the context of the present invention, the terms “nucleic acid”, “nucleic acid
molecule”, “polynucleotide” and “‘nucleotide sequence” are used mterchangeably and
define a polymer of any length of ecither polydeoxyribonucleotides (DNA) or
polyribonucleotides (RNA) molecules or any combination thercof. The definition
encompasses single or double-stranded, linear or circular, naturally-occurring or synthetic
polynucleotides. Morcover, such polynucleotides may comprise non-naturally occurring
nucleotides (e.g. methylated nucleotides and nucleotide analogs such as those described in
US 5,525,711, US 4,711,955 or EPA 302 175) as well as chemical modifications (¢.g. see
WO 92/03568; US 5,118,672) 1n order to increase the in vivo stability of the nucleic acid,

enhance the delivery thereof, or reduce the clearance rate from the host subject. If present,

modifications may be imparted before or after polymerization.

2% &6

The terms “polypeptide”, “peptide” and “protein™ are used herein interchangeably
to refer to polymers of amino acid residues which comprise 9 or more amino acids
bonded via peptide bonds. The polymer can be linear, branched or cyclic. In the context
of this invention, a "polypeptide” may include amino acids that are L stercoisomers (the
naturally occurring form) or D stercoisomers and may include amino acids other than the
20 common naturally occurring amino acids, such as [beta]-alanine, ornithine, or
methionine sulfoxide, or amino acids modified on one or more alpha-amino, alpha-
carboxyl, or side-chain, ¢.g., by appendage of a methyl, formyl, acetyl, glycosyl,
phosphoryl, and the like. As a general indication, if the amino acid polymer 1s long (e.g.
more than 50 amino acid residues), i1t 1s preferably referred to as a polypeptide or a
protein. By way of consequence, a "peptide” refers to a fragment of about 9 to about 50

amino acids 1n length. In the context of the mnvention, a peptide preferably comprises a
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selected region of a naturally-occurring (or native) protein, €.g. an immunogenic fragment

thercof containing an epitope.

The term “polypeptide” as defined herein encompasses native as well as modified
polypeptides. The term “native” as used herein refers to a material recovered from a
source 1n nature as distinct from material artificially modified or altered by man in the
laboratory. For example, a native polypeptide 1s encoded by a gene that 1s present mn the
genome of a wild-type organism or cell. By contrast, a modified polypeptide 1s encoded
by a nucleic acid molecule that has been modified in the laboratory so as to differ from
the native polypeptide, ¢.g. by insertion, deletion or substitution of one or more amino
acid(s) or any combination of these possibilities. When several modifications are
contemplated, they can concern consecutive residues and/or non consecutive residues.
Examples of modification(s) contemplated by the present invention may result 1n
alteration of the biological activity exhibited by the native polypeptide. Amino acids that
are critical for a given biological activity can be 1dentified by routine methods, such as by
structural and functional analysis and one skilled in the art can readily determine the type
of mutation(s) that 1s able to reduce or abolish such a biological activity. Such
modifications can be performed by routine techniques such as site-directed mutagenesis.
Alternatively, one may generate a synthetic nucleic acid molecule encoding the modified
polypeptide by chemical synthesis 1n automatised process (e.g. assembled from

overlappmg synthetic oligonucleotides as described m the appended example section).

The term "obtained” as used herein refers to material that 1s found, 1solated,
purified, or derived from a source 1n nature. “Isolated” means removed from its natural
environment. “Purified” denotes that i1t 1s substantially free from at least one other
component(s) with which 1t 1s naturally associated. “Derived” denotes one or more
modification(s) as compared to the native material (in particular mutations such as
substitutions, deletions and/or insertions). Techniques of 1solation, purification and
modification are routine 1n the art and depend on the material to be obtained (e.g. cloning
of a nucleic acid molecule can be performed from a source 1n nature by using restriction

enzyme, by PCR or by chemical synthesis).

As used herein the term “homology” 1s generally expressed as a percentage and
denotes nucleotide sequences that retain a given degree of identity each other over a
portion of at least 40 consecutive nucleotides (e.g. approximately 40, 45, 50, 55, 57, 58,

59, 60, 70 or even more consccutive nucleotides). “At least 80%” refers to approximately
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80% or greater than 80% (e.g. any value beyond 80%, advantageously at least 85%,

desirably at least 87%, preferably at least 90%, more preferably at least 95%, still more
preferably at least 97% up to 100% of sequence homology). “Less than 75%” refers to
any value below 73, e¢.g. approximately 74, 72, 70, 68, 65, 62, 60% or even less. The
percent homology between two nucleotide sequences 1s a function of the number of
identical positions shared by the sequences, taking into account the number of gaps which
need to be introduced for optimal alignment and the length of each gap. Various computer
programs and mathematical algorithms are available 1n the art to determine percentage
identities between nucleotide sequences such as GCG Wisconsin package and the Basic
Local alignment Search Tool (BLAST) program which 1s publicly available at National
Center for Biotechnology Information (NCBI) and described in printed publications (¢.g.
Altschul et al., 1990, J. Mol. Biol. 215, 403-410).

As a starting point, a sequence alignment between the first and second nucleic acid
molecules before modification may be used 1n order to reveal the one or more portions of
40 or more continuous nucleotides that share a percentage of homology of 80% or greater
than 80%, 1.¢. the “homologous” portion(s). In a particular embodiment, the codon usage
pattern of the first nucleic acid molecule or the second nucleic acid molecule or both the
first and second nucleic acid molecules 1s modified (e.g. by degenerescence of the codon
usage pattern) at least in said homologous portion(s) of 40 or more (¢.g. approximately
40, 45, 50, 55, 57, 38, 59, 60, 70 or even more) continuous nucleotides so as to reduce the
percentage of homology to less than 75% (e.g. approximately 74, 72, 70, 68, 65, 62, 60%

or even less).

Whereas methionine and tryptophane residues are ecach encoded by a unique
nucleic acid triplet (1.e. codon), different codons can be used to code for the 18 other
amino acids (degeneracy of the genetic code). For example, amino acids are encoded by
codons as follows: Alanine (Ala or A) 1s encoded by codons GCA, GCC, GCG, and
GCU; cysteine (C or Cys) by codons UGC, and UGU; aspartic acid (D or Asp) by
codons GAC, and GAU,; glutamic acid (E or Glu) by codons GAA, and GAG;
phenylalanine (F or Phe) by codons UUC, and UUU; glycine (G or Gly) by codons GGA,
GGC, GGG, and GGU; histidine (H or His) by codons CAC, and CAU; 1soleucine (I or
Ile) by codons AUA, AUC, and AUU; lysine (K or Lys) by codons AAA, and AAG;
leucine (L or Leu) by codons UUA, UUG, CUA, CUC, CUG, and CUU; methionine (M
or Met) by codon AUG; asparagine (N or Asn) by codons AAC, and AAU; proline (P or
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Pro) by codons CCA, CCC, CCG, and CCU; glutamine (Q or Gln) by codons CAA, and

CAG:; arginine (R or Arg) by codons AGA, AGG, CGA, CGC, CGG, and CGU; serine (S
or Ser) by codons AGC, AGU, UCA, UCC, UCG, and UCU; threonine (T or Thr) by
codons ACA, ACC, ACG, and ACU; valine (V or Val) by codons GUA, GUC, GUG, and
GUU; tryptophan (W or Trp) by codon UGG and tyrosine (Y or Tyr) by codons UAC,
and UAU.

Reduction of the percentage of homology in the one or more homologous
portion(s) present 1n said first and second nucleic acid molecules can be achieved by
taking advantage of the degeneracy of the genetic code and modifymg the codon usage
pattern 1 the first nucleic acid molecule and/or the second nucleic acid molecule.
Modification of the codon usage pattern 1s typically performed by replacing one or more
“native” codon(s) with another codon(s). For example, the replacement of the Arg-
encoding AGA codon with the Arg-encoding CGC codon will reduce homology 1n 2 of 3
positions of the codon. It 1s not necessary to degenerate all native codons since homology
can be sufficiently reduced with partial replacement. Morecover, modification of the codon
usage pattern can be performed over the entire nucleic acid molecule or can be restricted
to the homologous portion(s) present before modification. Desirably, in the context of the
invention, degenerescence 1s performed 1n the first nucleic acid molecule and 1s restricted
to the homologous portion(s). Preferably, the codon usage pattern 1s modified at the
nucleotide level and the modifications are silent at the amino acid level, 1.e. when 1t 1s
possible, ecach “native” codon is replaced with a codon encoding the same amino acid so
that such modifications do not translate in the encoded polypeptide. More preferably,
when 1t 1s possible, the codon usage pattern 1s modified in such a way that homologous
portions between the first and second nucleic acid molecules are restricted to less than 9
or 8 conseccutive nucleotides, advantageously to less than 7 consecutive nucleotides,
preferably to less than 6 consecutive nucleotides and, more preferably, to less than 5
consccutive nucleotides. Modification of the codon usage pattern can be gencrated by a
number of ways known to those skilled 1n the art, such as site-directed mutagenesis (e.g.
using the Sculptor' * in vitro mutagenesis system of Amersham, Les Ullis, France), PCR
mutagenesis, DNA shuffling and by chemical synthetic techniques (¢.g. resulting 1n a

synthetic nucleic acid molecule).

When the vector according to the invention comprises more than two nucleic acid

molecules, then any nucleic acid molecule comprised 1n the vector and obtained from a
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native nucleic acid sequence which exhibit a percentage of homology of approximately
80% or greater than 80% over a portion of 40 or more continuous nucleotides with at least
on¢ other native nucleic acid sequence from which another nucleic acid molecule 1s
obtained, can be modified so as to reduce the percentage of homology to less than 75%,
1.¢. so that no parr of nucleic acid molecules comprised 1n the vector may comprise a

portion of 40 or more consecutive nucleotides exhibiting a percentage of 1dentity greater

than 75%.

A sequence alignment between each (pair of) native sequences from which the
nucleic acid molecules are obtained may be used 1n order to reveal the one or more
portions exhibiting a percentage of homology of 80% or greater than 80%. Then, the
sequence of one or more of the native sequences 18 modified, 1n particular by
degenerating the codon usage, so as to reduce the percentage of homology at least in the
homologous portions to less than 75%. In the end, no nucleic acid molecule comprised
the vector should comprise a portion of 40 or more (e.g., 45, 50, 55, 57, 58, 59, 60, 70 or
cven more) consecutive nucleotides exhibiting a percentage of i1dentity greater than 75%

with any other nucleic acid molecule comprised 1n said vector.

As mentioned above, the polypeptide encoded by the nucleic acid molecules
comprised in the vector may or not have the same amino acid sequence as the native
polypeptide. In particular, in addition to mutations for degenerating the codon usage so as
to reduce homology at least 1n the homologous portions of nucleic acid molecules
comprised 1n the vector, said nucleic acid molecules comprised 1n the vector may also
comprise additional mutations resulting or not in a modification of the amino acid

sequence of the encoded polypeptide.

The vector of the invention encompasses viral as well as non-viral (e.g. plasmid
DNA) vectors. Suitable non viral vectors mclude plasmids such as pREP4, pCEP4
(Invitrogene), pCI (Promega), pCDMS (Seed, 1987, Nature 329, 840), pVAX and pgWiz
(Gene Therapy System Inc; Himoudi et al., 2002, J. Virol. 76, 12735-12746). A “viral
vector” 1s used herein according to its art-recognized meaning. It refers to any vector that
comprises at least one clement of viral origin, including a complete viral genome, a
portion thercof or a modified viral genome as described below as well as viral particles

generated thereof (e.g. viral vector packaged mto a viral capsid to produce infectious viral
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particles). Viral vectors of the invention can be replication-competent, or can be
genetically disabled so as to be replication-defective or replication-impaired. The term
"replication-competent” as  used herein  encompasses replication-selective  and
conditionally-replicative wviral vectors which are engineered to replicate better or
selectively 1n specific host cells (e.g. tumoral cells). Viral vectors may be obtained from a
varicty of different viruses, and especially from a virus selected from the group consisting
of retrovirus, adenovirus, adeno-associated virus (AAV), poxvirus, herpes virus, measle

virus and foamy virus.

In one embodiment, the vector of the invention 1s an adenoviral vector (for a
review, see “Adenoviral vectors for gene therapy”, 2002, Ed D. Curiel and J. Douglas,
Academic Press). It can be derived from any human or animal adenovirus. Any serotype
and subgroup can be employed 1n the context of the invention. One may cite more
particularly subgroup A (e.g. serotypes 12, 18, and 31), subgroup B (¢.g. serotypes 3, 7,
11, 14, 16, 21, 34, and 35), subgroup C (¢.g. serotypes 1, 2, 5, and 6), subgroup D (¢.g.
serotypes 8, 9, 10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, and 42-47), subgroup E
(serotype 4), and subgroup F (serotypes 40 and 41). Particularly preferred are human
adenoviruses 2 (Ad2), 5 (AdS), 6 (Ad6), 11 (Adl1), 24 (Ad24) and 35 (Ad35). Such
adenovirus are available from the American Type Culture Collection (ATCC, Rockville,
Md.) and have been the subject of numerous publications describing their sequence,

organization and methods of producing, allowing the artisan to apply them (see for

example US 6,133,028; US 6,110,735, WO 02/40665; WO 00/50573; EP 1016711,
Vogels et al., 2003, J. Virol. 77, 8263-8271).

The adenoviral vector of the present mvention can be replication-competent.
Numerous examples of replication-competent adenoviral vectors are readily available to
those skilled 1n the art (see for example Hernandez-Alcoceba et al., 2000, Human Gene
Ther. 11, 2009-2024; Nemunaitis ¢t al., 2001, Gene Ther. 8, 746-759; Alemany ¢t al.,
2000, Nature Biotechnology 18, 723-727, WO000/24408; US5,998,205, W099/25860,
US35,698,443, W0O00/46355, WO00/15820 and WO01/36650).

Alternatively, the adenoviral vector of the invention can be replication-defective
(see for example W094/28152). Preferred replication-defective adenoviral vectors are
E1-defective (e.g. US 6,136,594 and US 6,013,638), with an E1 deletion extending from
approximately positions 459 to 3328 or from approximately positions 459 to 3510 (by

reference to the sequence of the human adenovirus type 5 disclosed in the GeneBank
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under the accession number M 73260 and in Chroboczek et al., 1992, Virol. 186, 280-

285). The cloning capacity and safety can further be improved by deleting additional

portion(s) of the adenoviral genome (e.g. 1n the non essential E3 region or in other

essential E2, E4 regions as described 1n Lusky et al., 1998, J. Virol 72, 2022-2032).

The first and second nucleic acid molecules can be independently mserted 1n any
location of the adenoviral vector of the mvention, as described in Chartier et al. (1996, J.
Virol. 70, 4805-4810) and independently positioned 1 sense and/or antisense orientation
relative to the natural transcriptional direction of the region of insertion. For example,
they can be both inserted in replacement of the E1 region or alternatively, the one 1s

inserted 1n replacement of the E1 region and the other 1n replacement of the E3 region.

In another embodiment, the vector of the mvention 1s a poxviral vector (see for
example Cox et al. in “Viruses in Human Gene Therapy” Ed J. M. Hos, Carolina
Academic Press). It may be obtained from any member of the poxviridae, in particular
canarypox (c.g. ALVAC as described in WQO95/27780), fowlpox (¢.g. TROVAC as
described 1n Paolett1 et al., 1995, Dev. Biol. Stand. 84, 159-163) or vaccinia virus, the
latter being preferred. A suitable vaccinia virus can be selected from the group consisting
of the Copenhagen strain (Goebel et al., 1990, Virol. 179, 247-266 and 517-563; Johnson
ct al., 1993, Virol. 196, 381-401), the Wyeth strain, NYVAC (see W0O92/15672 and
Tartagha et al., 1992, Virology 188, 217-232) and the highly attenuated modified Ankara
(MVA) strain (Mayr et al., 1975, Infection 3, 6-16). Such vectors and methods of
producing are described 1in numerous documents accessible to the man skilled 1n the art
(c.g. Paul et al., 2002, Cancer gene Ther. 9, 470-477;, Piccimi et al., 1987, Methods of
Enzymology 153, 545-563; US 4,769,330 ; US 4,772,848 ; US 4,603,112 ; US 5,100,587
and US 5,179,993). The first and second nucleic acid molecules 1n use m the present
invention are preferably inserted 1in a nonessential locus of the poxviral genome, 1 order
that the recombinant poxvirus remains viable and infectious. Nonessential regions are
non-coding intergenic regions or any gene for which inactivation or deletion does not
significantly 1mpair viral growth, replication or infection. One may also envisage
insertion 1 an essential viral locus provided that the defective function 1s supplied in
trans during production of viral particles, for example by using an helper cell line
carrying the complementing sequences corresponding to those deleted in the poxviral

oenome.
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When using the Copenhagen vaccinia virus, the at least first and second nucleic
acid molecules are preferably inserted m the thymidine kinase gene (tk) (Hruby et al.,
1983, Proc. Natl. Acad. Sc1 USA 80, 3411-3415; Werr et al., 1983, J. Virol. 46, 530-537).
However, other insertion sites are also appropriate, ¢.g. in the hemagglutinin gene (Guo et
al., 1989, J. Virol. 63, 4189-4198), m the K1L locus, in the u gene (Zhou et al., 1990, J.
Gen. Virol. 71, 2185-2190) or at the left end of the vaccinia virus genome where a variety
of spontancous or engineered deletions have been reported 1n the literature (Altenburger
et al., 1989, Archives Virol. 105, 15-27 ; Moss et al. 1981, J. Virol. 40, 387-395 ; Panicali
et al., 1981, J. Virol. 37, 1000-1010 ; Perkus et al, 1989, J. Virol. 63, 3829-3836 ; Perkus
ct al, 1990, Virol. 179, 276-286 ; Perkus et al, 1991, Virol. 180, 406-410).

When using MVA, the at least first and second nucleic acid molecules can be
independently inserted 1 anyone of the 1dentified deletions I to VII which occurred 1n the
MVA genome (Antoine et al., 1998, Virology 244, 365-396) as well as in the D4R locus,
but msertion in deletion II and/or III 1s preferred (Meyer et al., 1991, J. Gen. Virol. 72,
1031-1038 ; Sutter et al., 1994, Vaccine 12, 1032-1040).

When using fowlpox virus, although insertion within the thymidine kinase gene
may be considered, the at least first and second nucleic acid molecules are preferably

introduced 1n the intergenic region situated between ORFs 7 and 9 (see for example EP

314 569 and US 5,180.,675).

In another embodiment of the invention, the at least first and second nucleic acid
molecules independently encode a polypeptide capable of providing a therapeutic or
protective activity 1n a subject exhibiting or susceptible to exhibit a pathological
condition. The term “subject” as used herein refers to a vertebrate, particularly a member
of the mammalian species and especially domestic animals, farm animals, sport animals,
and primates including humans. Such a polypeptide 1s preferably selected from the group

consisting of immunogenic polypeptides and anti-tumor polypeptides.

An “immunogenic’ polypeptide refers to a polypeptide able to induce, stimulate,
develop or boost an immune system 1n a subject into which it 1s expressed. Such immune
response can be humoral or cellular or both humoral and cellular. Humoral response
clicits antibody production against the polypeptide 1in question whereas cellular response

clicits T-helper cell and/or CTL response and/or stimulation of cytokine production.



CA 02686772 2009-11-06

WO 2008/138648 PCT/EP2008/051031

10

15

20

25

30

13

Typically, the immunogenic property of a polypeptide can be evaluated either in vitro or
in vivo by a variety of assays which are standard in the art (for a general description of
techniques available to evaluate the onset and activation of an immune response, see for
example the latest edition of Coligan et al., Current Protocols in Immunology; ed J Wiley
& Sons Inc, National Institute of Health). For example, detection can be colorimetric,
fluorometric or radioactive and suitable techniques include ELISA, Western Blot,
radioimmunoassays and immunoprecipitation assays. Measurement of cellular immunity
can be performed by measurement of cytokine profiles secreted by activated effector cells
including those derived from CD4+ and CD8+ T-cells (e.g. quantification IFNg-
producing cells by ELIspot), by determination of the activation status of immune effector
cells (e.g. T cell proliferation assays by a classical ["H] thymidine uptake), by assaying
for antigen-specific T lymphocytes 1in a sensitized subject (e.g. peptide-specific lysis in a
cytotoxicity assay). The immunogenic property of a polypeptide could also be evaluated
in suitable animal models by ELIspot, tetramer-based analytical techniques or other
standard techniques for analysis T cell-mediated 1mmunity. Suitable immunogenic
polypeptides can be obtained from hepatitis B virus (HBV) (e.g. S, preS2 or preSl-
polypeptide as described in EP 414 374; EP 304 578 or EP 198 474); hepatitis C virus
(HCV) (e.g. Core (C), the envelop glycoprotein E1, E2, the non-structural polypeptide
NS2, NS3, NS4, or NS5 or any combination thercof); human immunodeficiency virus

(HIV) (e.g. gp120 or gp160), and papillomavirus (as illustrated hereinafter).

An “anti-tumor” polypeptide refers to a polypeptide able to provide suppression or
a net reduction 1n the expansion of tumor cells. The antitumor property of a polypeptide
can be determined 1n appropriate animal models or 1n the treated subject by a decrease of
the actual tumor size over a period of time. A variety of methods may be used to estimate
tumor size mcluding radiologic methods (e.g., single photon and positron emission
computerized tomography; see generally, "Nuclear Medicine 1n Clinical Oncology,”
Winkler, C. (ed.) Springer-Verlag, New York, 1986), methods employing conventional
imaging reagents (e.g., Gallium-67 citrate), immunologic methods (¢.g., radiolabeled
monoclonal antibody directed to specific tumor markers) as well as ultrasound methods
(see, "Ultrasonic Differential Diagnosis of Tumors", Kossoft and Fukuda, (eds.), Igaku-
Shoin, New York, 1984). Alternatively, the anti-tumor property of a polypeptide may be
determined based upon a decrease in the presence of a t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>