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Production of infectious influenza viruses

Field of the invention

The Invention relates to a method for producing influenza infectious viruses
wherein CHO cells are infected with a seed of infectious influenza virus which has been
generated by transfecting cells with an appropriate set of expression vectors. The
iInvention also relates to a recombination cassette, and to a vector comprising said
recombination cassette, that may be used in methods for producing infectious viruses,

and particularly in the methods according to the invention.

Background of the invention

Influenza virus 1s the causative agent of a highly contagious respiratory iliness,
commonly named “flu”, which affects animals and humans causing public health and
economic problems. The influenza virus i1s an enveloped RNA virus with a segmented
genome consisting of single-stranded negative RNA segments. Influenza viruses
encompass the three types: influenza A, influenza B and influenza C viruses. Influenza A
and B viruses are responsible for human influenza epidemics resulting in the death of over
50 000 people per year (Rossman et al, 2011, Virology, 411(2):229-236). While influenza
A viruses infect both humans and a broad variety of animals (birds, pigs, horses, dogs,
cats, etc.), the largest natural reservoir being wild aquatic birds, influenza B viruses are
predominantly restricted to humans which is partially caused by the inability of B/NST
protein to counteract the innate immune response of others species (Sridharan et al,
2010, J Biol Chem, 285(11):7852-7856) and influenza C viruses are isolated from humans
and pigs.

The type A viruses have a spherical or filamentous shape and have a size of about
80 to 150 nm. The viral envelope, consisting of a lipid bilayer, i1s derived from the plasma
membrane of the host cell. Spicules formed of surface glycoproteins, HA (hemagglutinin)
and NA (neuraminidase), the main targets for the host antibodies, are inserted into this
envelope. The M2 protein, which 1s also embedded in the membrane, i1s an ion channel
that functions mainly during decapsidation of the virus. The matrix protein M1 is located
on the Inner periphery of the virus associated with the lipid bilayer and with the
ribonucleoprotein (RNP). It has a fundamental role in the nucleo-cytoplasmic export of
RNPs. In the capsid, the vRNA segments possess noncoding 5 and 3’ ends containing
the signals necessary for the transcription, the replication and the encapsidation of the
viral genome. The eight vRNA of influenza A viruses called PA (Polymerase Acidic), PB1
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(Polymerase Basic protein 1), PB2 (Polymerase Basic protein 2), NP (Nucleoprotein), HA,
NA, M and NS (Non-Structural protein) encode one or more proteins by alternative
splicing. The PA segment encodes the PA protein; the PB1 segment encodes the PB1,
PB1-F2 and PB1-N40 proteins; the NP segment encodes the NP protein; the HA segment
encodes the HA protein; the NA segment encodes the NA protein; the M segment
encodes the M1 and M2 proteins; the NS segment encodes the nonstructural proteins
NS1 and NS2 or NEP (Nuclear Export of vRNPs). The vRNAs are coiled over NP which
binds 24 nucleotides per monomer, the polymerase complex binds to the two ends of the
RNA molecule, forming an hairpin structure. This complex consists of PB1, PB2 and PA.
The RNA, NP and polymerase combination forms the ribonucleoprotein (RNP) complex.

Type B viruses have a glycoprotein in addition to NA called NB which has a type |l
structure like the protein M2.

Type C viruses have only one multifunctional surface glycoprotein, “hemagglutinin-
esterase-fusion protein” (HEF).

Thus, the genome of types A and B viruses contains 8 viral RNA (VRNA) while the
genome of the influenza virus type C contains only 7.

Influenza A viruses are also divided into distinct subtypes according to the nature
of the surface viral glycoproteins, I.e. currently hemagglutinin (HA) (H1 to H17) and
neuraminidase (NA) (N1 to N9).

The discovery by Burnet, in 1936, that influenza virus could grow in embryonated
hen’s eggs has enabled the study of their properties and has permitted the development
of inactivated vaccines (De Ona et al, 1995, J Clin Microbiol, 33(7):1948-1949). As
described by the World Heath Organization (WHO), vaccination is the most effective way
to prevent infection. Fortunately, safe and efftective vaccines have been available for more
than 70 years. The seasonal flu vaccine contains different influenza types and subtypes
(A/HTN1, A/H3N2 and B) that are updated twice a year (once for the northern hemisphere
and once for the southern) because of antigenic modifications. For this reason, the WHO
coordinates a Global Influenza Surveillance Network (GISN) to monitor the epidemiology
of influenza viruses. Once the viruses to be included in next seasonal vaccine have been
determined, candidate high-growth seed virus strains must be prepared by WHO
Collaborating Centers like the New York Medical College (NYMC, US), the National
Institute for Biological Standards and Control (NIBSC, UK), the CSL group (Australia) and
the National Institute for Infectious Diseases (NIID, Japon) (Gerdil et al, 2003, Vaccine,
21(16):1776-1779). Vaccine strains are then amplified on eggs, MDCK or Vero cell lines
by manufacturers (Koudstaal et al, 2009, Vaccine, 27(19):2588-2593). Currently, MDCK
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(Tree et al, 2001, Vaccine, 19(25-26):3444-3450), Vero (Kistner et al, 1998, Vaccine,
16(9-10):960-968) and PER.C6® (Pau et al, 2001, Vaccine, 19(17-19):2716-2721) are the
three cell lines which may meet the regulatory requirements and have been shown to
successfully ensure the replication of influenza A and B viruses. All three cell lines have

been adapted to grow in serum free media (Coussens et al, 2011, Vaccine, 29(47).8661-
8668).

The introduction of the influenza viruses into the cells (first step of infection) occurs
through specific interaction between Influenza hemagglutinin (HA) surface protein and
specific cell surface receptors. The host cell membrane receptors specific for influenza
viruses are made of carbohydrate structures of sialyl lactosamine chains (sialic acid [Sia]
alpha2-3/6 galactose [Gal] beta1-4/3 N-acetyglucosamine) (Suzuki et al, 2011, Adv Exp
Med Biol, 705:443-452). Human influenza viruses preferentially bind to cellular receptors
containing a Sia2-6Gal linkage, whereas avian viruses preferentially bind to Sia2-3Gal
receptors (Coussens et al, 2011, Vaccine, 29(47):8661-8668). When two viruses infect the
same cell, different combinations of genomic vRNAs, called reassortants, may arise. This
property has been used for the production of influenza A vaccines to combine the
antigenic properties of HA and neuraminidase (NA) proteins of target circulating viruses
with the favourable growth characteristics (internal genes) of an egg-adapted virus, called
A/Puerto Rico/8/34 (PR8) (H1N1). Unfortunately, success in deriving the desired high
ylelding virus I1s unpredictable. In addition, some strains cannot be used If they have been
Isolated on non-validated cell lines as they are not acceptable by the regulatory authorities
as a progenitor vaccine strain (Nicolson et al, 2005, Vaccine, 23(22):2943-2952). With
respect to influenza type B viruses until very recently no B virus having the growth
characteristics of A/PR/8/34 (H1N1) virus has been identified. Therefore, the epidemic
circulating (or seasonal) B virus was used directly to infect embryonated hen's eggs and
several passages were needed to improve the yield of B vaccine strains (lwatsuki-
Horimoto et al, 2008, Virus Res, 135(1):161-165).

Since 1999, significant improvements in terms of speed and safety were achieved
thanks to plasmid-based reverse genetics technology which allows the generation of
Infectious Influenza viruses entirely from cloned viral cDNA (Fodor et al, 1999, J Virol,
73(11):9679-9682). Different systems were developed based on a set of plasmids capable
of inducing the expression of the eight vRNAs and at least the polymerase protein
complex and the nucleoprotein (NP) required for the transcription. The polymerase protein
complex and NP can also be expressed either by transfection of four additional plasmids
or by the use of plasmids with bidirectional promoters that allow both vRNA and mRNA
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synthesis through RNA polymerase | (POL 1) and Il (POL 2) (Jackson et al, 2011, J Gen
Virol, 92(Pt1):1-17) respectively. The total number of plasmids transfected can vary from
16 (Neuman et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-9350), or 12 (Fodor et al,
1999, J Virol, 73(11):9679-9682) to 8 (Hoffmann et al, 2002, Vaccine, 20(25-26):3165-
3170), depending If the strategy is unidirectional or bidirectional, and from 3 (Neumann et
al, 2005, Proc Natl Acad Sci USA, 102(46):16825-16829) to 1 (Zhang et al, 2009, J Virol,
83(18):9296-9303) If plasmid(s) encode(s) several vRNA.

Current reverse genetics systems are based on the use of PER.C6® (Koudstaal et
al, 2009, Vaccine, 27(19):2588-2593), CEP (Chicken Embryo Primary) cells or Chicken
Embryonic Fibroblasts (CEF) (Zhang et al, 2009, J Virol, 83(18):9296-9303), 293T cells
alone (Neuman et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-9350) or with further
amplification on MDCK (Hoffmann et al, 2002, Vaccine, 20(25-26):3165-3170; Schickli et
al, 2001, Philos Trans R Soc Lond Biol Sci, 356(1416):1965-1973), Vero cells alone
(Nicolson et al, 2005, Vaccine, 23(22):2943-2952; Neumann et al, 2005, Proc Natl Acad
Sci USA, 102(46):16825-16829) or with further amplification on Madin-Darby Bovine
Kidney (MDBK) (Fodor et al, 1999, J Virol, 73(11):9679-9682), , CEP cells or CEF
(Legastelois et al, 2007, Influenza Other Respi Viruses, 1(3):95-104; Whiteley et al, 2007,
Influenza Other Respi Viruses, 1(4):157-166).

When a mixture of cell lines is used to produce virus by reverse genetics method,
the cell line which can be transfected the most efficiently is considered as the one which Is
responsible for the generation of infectious influenza viruses, while the other cell lines
contribute to the multiplication of the infectious viruses. Since human RNA POL | promoter
IS generally used in the plasmids that allow the production of influenza vRNAs, human and
simian cells are the most appropriate cell lines to be used as transfected cell line in the
reverse genetics system. However POL | promoter from canine or chicken origin can also
be used In canine or avian cells respectively (Massin et al, 2005, J Virol, 79(21):13811-
13816; Murakami et al, 2008, 82(3):1605-1609). On the other hand, the plasmids that
allow the production of mRNA encoding viral proteins usually contain a Cytomegalovirus
(CMV) or beta actin POLIlI promoter that can work in any eukaryotic cell (Neuman et al,
1999, Proc Natl Acad Sci USA, 96(16):9345-9350; Schickli et al, 2001, Philos Trans R
Soc Lond Biol Sci, 356(1416):1965-1973).

Most of the time, In the above described reverse genetics systems, the cells are
usually cultivated in a serum-containing medium to ensure vigorous growth of the different
cell types just before transfection. Furthermore, trypsin from porcine origin is also used In
the Infection medium to sustain viral proliferation after infection. To obtain enough viruses,

several amplifications on eggs or cells may also be needed after the first transfection step.
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The pandemic A/H1N1 (2009) virus demonstrated the speed with which an
Influenza A virus can disseminate among the population and illustrated the need for
accelerating reassortant production via reverse genetics. Thus, the main challenge is to
ensure that high amounts of doses of vaccine are produced in a minimum of time to be
distributed all over the world, ideally faster than virus spread.

Conventional approaches used for cloning require restriction enzymes. However
restriction sites are often present in different influenza cDNA complementary to VRNA,
requiring either the implementation of vector modifications or viral genome mutagenesis.
Simplified recombinational approach was developed previously for cloning influenza cDNA
complementary to VRNA for reverse genetics purpose (Stech et al, 2008, Nucleic Acid
Res, 36(21):e139; Wang et al, 2008, J Virol Methods, 151(1).74-78). Homologous
recombination involves a process of breakage and reunion in regions of identical DNA
sequences between two DNA molecules to result in new combinations of genetic materiel
(Watt et al, 1985, Proc Natl Acad Sci, 82:4768-4772). These previously described
recombinational cloning systems are based on a 25 nucleotides recombination cassette
comprising the consensus 5" (Uni13) and 3' (Uni12) conserved non-coding ends of
influenza A segments between human POL | promoter and terminator. They allow the
rapid and direct cloning of any influenza A genome. However, since the nucleotide
sequences of vRNA 5' and 3' non-coding ends of influenza B genomes are different from
iInfluenza A virus, influenza B genomes cannot be cloned based on this recombination
cassette.

Thus there Is also a need to develop a universal approach for cloning RNA virus
genomes, and in particular the influenza A, B and C genomes, as quickly and as efficiently

as possible.

It IS an objective of the present invention to provide useful tools and methods that
facilitate and/or accelerate the production of an influenza vaccine in optimized safe
conditions, especially when a new circulating influenza virus has been identified and could
be responsible for an epidemic or a pandemic flu.

To this effect the subject matter of the invention is relating to new methods for
producing a large panel of infectious type A and type B viruses, including reassortant or
chimeric viruses, In particular viruses that have been generated by reverse genetics.
These methods make easier the manufacturing of influenza virus In more secure
conditions. In another aspect, the invention provides a universal recombinant vector that
allows the cloning of any type of influenza RNA fragment from type A or B viruses, which
proved to be a useful tool to carry out reverse genetic methods.
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A "promoter" or "promoter sequence" Is a DNA regulatory region capable of
binding to an RNA polymerase present in a cell and initiating transcription of a
downstream (3' direction) coding sequence. For purposes of defining the present
iInvention, the promoter sequence Is bounded at its 3' terminus by the transcription
initiation site and extends upstream (5' direction) to include the minimum number of bases
or elements necessary to Initiate transcription at levels detectable above background.
Within the promoter sequence Is found a transcription initiation site (conveniently defined
for example, by mapping with nuclease S1), as well as protein binding domains
(consensus sequences) responsible for the binding to RNA polymerase. The promoter
may be operatively associated with other expression control sequences, including
enhancer and repressor sequences. For instance the human RNA Polymerase | promoter
(human RNA POLI promoter), is a promoter that binds to human RNA polymerase |; the
avian RNA polymerase | promoter is a promoter that binds to avian RNA polymerase | or
the T7 polymerase promoter is a promoter that binds to the RNA polymerase of
bacteriophage T7.

The terms "vector”, "cloning vector" and "expression vector" mean the vehicle by

which a DNA (e.g. a foreign gene) can be introduced into a host cell, so as to transform
the host and promote expression (e.g. transcription and translation) of the introduced
sequence. Vectors Include plasmids, phages, recombinant viruses, phagemids,
transposons, and artificial chromosomes, etc.; they are discussed In greater detail below.
Vectors typically comprise the DNA of a microorganism, into which foreign DNA is
iInserted. A common way to insert one segment of DNA into another segment of DNA
iInvolves the use of enzymes called restriction enzymes that cleave DNA at specific sites
(specific groups of nucleotides) called restriction sites. Generally, foreign DNA is inserted
at one or more restriction sites of the vector DNA, and then is carried by the vector into a
host cell along with the transmissible vector DNA. A segment or sequence of DNA having
inserted or added DNA, such as an expression vector, can also be called a "DNA
construct.” A common type of vector i1s a "plasmid”, which generally Is a self-contained
molecule of double-stranded DNA, usually of bacterial origin, that can readily accept
additional (foreign) DNA and which can readily be introduced into a suitable host cell. A
plasmid vector often contains coding DNA and promoter DNA and has one or more
restriction sites suitable for inserting foreign DNA and usually a terminating sequence.
Coding DNA is a DNA sequence that encodes a particular amino acid sequence of a
particular protein or enzyme or a VRNA segment of a virus. Promoter DNA i1s a DNA
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sequence which initiates, regulates, or otherwise mediates or controls the expression of
the coding DNA. Promoter DNA and coding DNA may be from the same gene or from
different genes, and may be from the same or different organisms. A large number of
vectors, including plasmid and fungal vectors, have been described for replication and/or
expression In a variety of eukaryotic and prokaryotic hosts. Non-limiting examples include
pKK plasmids (Clontech), pUC plasmids, pET plasmids (Novagen, Inc., Madison, W),
PRSET or pREP plasmids (Invitrogen, San Diego, CA), or pMAL plasmids (New England
Biolabs, Beverly, MA), pVAX1 plasmids (Life technology, Cergy Pontoise, FR) and many
appropriate host cells, using methods disclosed or cited herein or otherwise known to
those skilled in the relevant art. Recombinant cloning vectors often include one or more
replication systems, one or more markers for selection In the host, e.g. antibiotic
resistance, and one or more expression cassettes. Recombinant cloning vector may also
contain an antibiotic-free selection system, such as the system described in Peubez et al,
2010, Microbial Cell Factories, 9:65.

As used herein, the term “primer” refers to the function of the oligonucleotide. A
primer is an oligonucleotide used for amplifying a target sequence typically by extension
of the oligonucleotide after hybridization to the target sequence.

By “BNA polymerase |I” is meant the enzyme that catalyzes, in eukaryotes, the
transcription of DNA into mRNA or precursor of mRNA.

By “BNA polymerase |I” iIs meant the enzyme that catalyzes, in eukaryotes, the
transcription of DNA into ribosomal RNA (rRNA) or precursor of rRNA.

The term “unidirectional plasmid” denotes a DNA plasmid containing only one
transcription cassette, which allows the transcription of said DNA into rBRNA if the
transcription cassette contains a polymerase promoter that binds to RNA polymerase | or
allows the transcription of said DNA into mRNA if the transcription cassette contains a
polymerase promoter that binds to RNA polymerase |l. For instance, such plasmids
include those described by Neuman et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-
9350, and in US 2009/0246830 or US 2011/0143424.

The term “bidirectional plasmid® denotes a DNA plasmid containing two
transcription cassettes, which allow the transcription of said DNA into rRNA and into
MRNA since the first transcription cassette contains a polymerase promoter that binds to
RNA polymerase | and the second transcription cassette contains a polymerase promoter
that binds to RNA polymerase |l. For instance, such plasmids include those as described
by Hoffman et al, 2000, PNAS, 97(11):6108-6113 and in WO 01/83794.

The term “influenza virus” denotes the type species of the Orthomyxoviridae
family. Influenza viruses according to the invention are as described hereabove.
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Preferably the influenza virus according to the invention is an influenza A or B
virus. The influenza A or B virus may be any strain of virus. In particular, the influenza A
virus Is selected from the group consisting of the H1N1, H2N2, H3N1, H3N2, H3NS,
H5N1, H7N1, H7N7, H1N2, HON2, H7N2, H7N3, and H10N7 viruses.

By “seasonal or pandemic virus” iIs meant a clinical isolate of influenza virus that
has been isolated from an infected host, such as human.

By “Iinfectious influenza virus” is meant an influenza virus which is able to replicate
iInto a permissive cell. Methods for determining if a virus is infectious are well known by
the one skilled In the art. For example, determining If a virus Is Infectious may be
performed using the TCID5, assay. The TCID50 IS a method to assess the amount of

Infectious virus In a sample (for instance an infected cell culture supernatant, or an
iInfected allantoic fluid) by introducing incremental dilutions of the sample on permissive
cells (such as MDCK cells) and determining the endpoint dilution that induces the infection
of 50 % of the permissive cells using the Spearman-Karber statistical method.

In some embodiments, said infectious Influenza virus may be a reassortant
Influenza virus, a chimeric influenza virus, or attenuated influenza virus. Preferably, said
infectious influenza virus is a reassortant influenza virus. Still preferably, said infectious
Influenza virus Is a reassortant chimeric influenza virus.

By “permissive cells” is meant cells that allow influenza virus to both penetrate into
said cells and to achieve its full replication cycle until the production of new infectious
virus. Highly permissive cells are cells where influenza viruses actively replicate and
produce high amounts of infectious virus.

The term “reassortant virus” denotes a virus which contains genetic material that
results from the combination of genetic material of at least two donor viruses. When the
reassortant virus is used for preparing a flu vaccine, its genetic material usually contains
at least the HA and NA genes from a seasonal or pandemic virus whereas the other
genes (backbone genes) are from one or several other donor viruses which have been
selected for their ability to grow easily on the substrate of production used for
manufacturing the flu vaccine (such as the allantoic cavity of embryonated hen's eggs or a
permissive cell line) and/or to be less or non pathogen for the humans. Examples of donor
viruses that contribute as “provider” of backbone genes include A/Puerto Rico/8/34
(H1N1) (A/PR/8/34), B/Lee/40 and/or B/Panama/45/90 viruses.

The term “chimeric virus” denotes a virus which contains chimeric gene encoding
chimeric protein. By “chimeric gene and/or protein” iIs meant that said gene or protein is
obtained by the combination of at least two portions of genes or two portions of proteins,

as appropriate, derived from at least two different donor viruses. For example, in the case
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of influenza virus type A or B, said chimeric gene and/or protein may be a chimeric HA
and/or chimeric NA vRNA or protein.

The term “attenuated virus” denotes a virus which replicates in a permissive cell
but has partially or even totally lost the ability to replicate in animals or humans. Therefore
the virulence of an attenuated virus Is strongly reduced or even totally absent in humans
and animals. The clinical symptoms associated with the infection by an attenuated virus
are reduced or even totally absent in animals or humans. Examples of attenuated viruses
are well known in the art. An attenuated virus may be prepared, for example, from a wild-
type virus by serial passages (for instance on different culture substrates, or at lower
temperature than its optimal replication one), recombinant DNA technology, site-directed
mutagenesis, genetic manipulation. An attenuated virus useful in the present invention
may generate no side effects or side effects of low intensity in the majority of vaccinated
Individuals, while retaining its ability to induce a protective Immune response in a subject.

The term ‘“inactivated virus” denotes a virus incapable of replication to any
significant degree into permissive cells. Viruses may be inactivated by a number of means
well known to those skilled in the art. Examples of methods for inactivating a virus include
genetic manipulation, chemical or physical treatments, or radiation treatments (including
formaldehyde, betapropiolactone, detergents, heat or electromagnetic radiation typically in
the forms of X-ray or ultraviolet radiation). In the frame of the invention, useful inactivated
Influenza viruses are those which have retained the ability to induce a protective immune
response in a subject.

The term “reverse genetics” denotes molecular methods to produce infectious,
reassortant viruses, or attenuated viruses from their complementary DNAs (cDNAs).
These methods are very advantageous for producing reassortant influenza viruses by
reassortment of vRNAs between different influenza viruses. The reverse genetics
methods are well-known by the one skilled in the art. The reverse genetics methods may
be those described hereabove, e.g. the methods using the plasmids described in Neuman
et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-9350; Neumann et al, 2005, Proc Natl
Acad Sci USA, 102(46):16825-16829; Zhang et al, 2009, J Virol, 83(18):9296-9303;
Massin et al, 2005, J Virol, 79(21):13811-13816; Murakami et al, 2008, 82(3):1605-1609;
and/or the cells described in Neuman et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-
9350; Neumann et al, 2005, Proc Natl Acad Sci USA, 102(46):16825-16829; Zhang et al,
2009, J Virol, 83(18):9296-9303; Massin et al, 2005, J Virol, 79(21):13811-13816;
Murakami et al, 2008, 82(3):1605-1609; Koudstaal et al, 2009, Vaccine, 27(19):2588-
2593; Schickli et al, 2001, Philos Trans R Soc Lond Biol Sci, 356(1416):1965-1973;
Nicolson et al, 2005, Vaccine, 23(22):2943-2952; Legastelois et al, 2007, Influenza Other
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Respi Viruses, 1(3):95-104; Whiteley et al, 2007, Influenza Other Respi Viruses, 1(4):157-
166.
Preferably, said methods may be:

(1) the 16 plasmid method, such as the method described by Neuman et al, 1999,
Proc Natl Acad Sci USA, 96(16):9345-9350, and in US 2009/0246830 or US
2011/0143424, in which the Influenza virus 1s produced by transfecting cells, using a
polyamine derivative (Trans IT-LT1), with 8 plasmids each containing a cDNA
complementary to one Influenza vRNA under the control of an RNA polymerase |
promoter and an RNA polymerase | terminator, and 8 plasmids each containing a cDNA
complementary to one of the PA, PB1, PB2, NP, HA, NA, M and NS mRNAs under the
control of RNA polymerase |l promoter. In particular, the cells are human kidney
embryonic adherent cells (293 T cell line);

(1) the 12 plasmid method, such as the method described by Fodor et al, 1999, J
Virol, 73(11):9679-9682, and in US 2004/0142003, US 2012/0058538 in which the
influenza virus is produced by transfecting a first cell type with 8 plasmids each containing
a cDNA complementary to one influenza vRNA under the control of an RNA polymerase |
promoter and an RNA polymerase | terminator (hepatitis delta ribozyme), and 4 plasmids
each containing a cDNA complemetary to one of the NP, PA, PB1 and PB2 mRNAs under
the control of RNA polymerase Il promoter, and by further amplifiying the virus on a
second cell type. In particular, said first cell type 1s Vero cells and said second cell type Is
MDBK;

(1) the 13 plasmid method, such as the method described by De Wit et al, 2007,
Journal of General Virology, 88:1281-1287 in which the influenza virus is produced by
transfecting cells with 8 plasmids each containing a cDNA complementary to one
Influenza vRNA under the control of an T7 RNA polymerase promoter and an T7 RNA
polymerase terminator, 4 plasmids each containing a cDNA complementary to one of the
NP, PA, PB1 and PB2 mRNAs under the control of RNA polymerase |l, and one plasmid
containing the cDNA complementary to the mRNA encoding the T7 RNA polymerase and
a nuclear localization signal under the control of RNA polymerase Il. In particular, the
transfected cells are Vero, 293T, or QT6 (fiorosarcoma cell line from Japanese quail)
cells.

(Iv) the 8 plasmid method, such as the method described by Hoffmann et al, 2000,
PNAS, 97(11):6108-6113 and in WO 01/83794 in which each plasmid is capable of
expressing both  mRNA and vRNA(s). Thus each plasmid contains cDNA complementary
to one Influenza vRNA and two transcription cassettes instead of one as in the preceding
case. The cDNA complementary of each of the eight influenza virus vRNAs Is inserted
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between the polymerase | terminator and the polymerase | promoter. This polymerase |
transcription unit Is flanked by the polymerase Il promoter and a polyadenylation signal.
The first transcription cassette allows the transcription of cDNA In the form of a vRNA. The
second transcription cassette allows the transcription of cDNA in the form of mRNA which
IS then translated into viral protein(s) using the cellular machinery. With the aid of this
double cassette system for transcription, also called Pol I-Pol Il system, the cDNA of the
same plasmid iIs transcribed both in the form of vRNA and in the form of mRNA. This
manifests itself at the level of the transfected cell by the expression of a vRNA and of one
or more viral proteins. In particular, a co-culture of adherent MDCK cells and of 293T cells
and, as transfection agent, a polyamine derivative (Trans IT-LT1) are used.

(v) the 3 plasmid method, such as the method described by Neumann et al, 2005,
PNAS, 102(46): 16825-16829, in which the influenza virus i1s produced by transfecting
cells with one plasmid containing the 8 cDNAs complementary to PB2, PB1, PA, HA, NP,
NA, M and NS vRNAs each under the control of an RNA polymerase | promoter and a
polymerase | terminator and 2 plasmids, the first one containing the 3 cDNA
complementary to one of the PB2, PB1 and PA mRNAs and the second one containing
the cDNA complementary to the NP mRNA , under the control of a RNA polymerase |l
promoter. In particular, the transfected cells are 293 T or Vero.

(vi) the 1 plasmid method, such as the method described by Zhang et al, J.Virol.,
83(18): 9296-9303, in which the influenza virus 1s produced by transfecting cells with one
plasmid containing the 8 cDNAs complementary to PB2, PB1, PA, HA, NP, NA, M and NS
VRNA under the control of murine polymerase | terminator and a chicken RNA polymerase
| promoter and with a polymerase |l promoter and a polyadenylation signal between PB2,
PB1, PA and NP cDNAs. In particular, the transfected cells are CEF cells.

(vi) the method described in WO 2005/062820 using two different cellular
systems: In a first step, cells are transtected with 8 bidirectional plasmids with the Poll-
Polll system (Pol/Poll) and then in a second step, the transfected cells are cultured with
cells from another cell line that is very permissive for the influenza virus in order to amplify
the production of the influenza virus. In particular, said transfected cells In the first step
are Vero cells, and said other cell line in the second step are CEK or CEF cell lines which

are lines derived from chicken embryo cells.

“Influenza virus proteins” denotes the PB1, PB2, PA, HA, NP, NA, M1, M2, NS
and NS2/NEP proteins for type A influenza, PB1, PB2, PA, HA, NP, NA, NB, M1, BM2,
NS1 and NS2/NEP proteins for type B influenza, or PB1, PB2, PA, HEF, NP, M1, M1,
CM2, NS1 and NS2/NEP for type C influenza.
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By “influenza virus proteins necessary to form the ribonucleoprotein complex” Is
meant the proteins PA, PB1, PB2 and NP for type A, B or C influenza virus.

By “vBNA” Is meant the negative-sense viral RNA of the influenza virus which is

encapsulated into the ribonucleoprotein complex. When the influenza virus is of type A or
B, said vRNAs are PB2, PB1, PA, HA, NP, NA, M and NS vRNAs. When the influenza
virus is of type C, said vRNAs are PB1, PB2, PA, HEF, NP, M and NS vRNAs.

By “cRNA” Is meant the positive-sense RNA intermediate which is complementary

to the vRNA. Once in the nucleus, the incoming negative-sense viral RNA (vVRNA) is
transcribed Iinto messenger RNA (MRNA) by a primer-dependent mechanism. These
MRNA products are incomplete copies of the vRNA template and are capped and
polyadenylated, unlike vRNA. Replication occurs via a two-step process. A full-length,
positive-sense copy of the vVRNA Is first made that is referred to as complementary RNA

(CRNA) and is In turn used as a template to produce more vRNA.

Recombinant cassette, vectors and thelr uses

An aim of the present invention is to provide a novel recombination cassette that
can be used for cloning cDNAs complementary to vRNAs of a negative single-stranded
RNA virus into an expression vector. Said recombination cassette is thus particularly
useful for cloning cDNAs complementary to vRNASs of type A and type B influenza viruses.

The invention thus relates to a recombination cassette comprising, or consisting of,
In the 5" to 3" sense:

- an Inverted complementary recognition sequence for a first restriction enzyme

which has its cutting site outside of its recognition sequence and produces sticky

ends;

- a restriction site for a second restriction enzyme which has its cutting site inside

of Its recognition sequence;

- a restriction site for a third restriction enzyme which has its cutting site inside of

Its recognition sequence; and

- a recognition sequence for said first restriction enzyme which has its cutting site

outside of its recognition sequence and produces sticky ends;
wherein said second and third restriction enzymes are different.

A “restriction enzyme” denotes an endonuclease that binds to a recognition site
and then cleaves a DNA strand at a fixed position relative to Its recognition sequence
(type |l restriction enzyme). The “recognition sequence” Is the specific nucleotide
sequence to which a restriction enzyme binds prior to cutting the DNA backbone.

Recognition sequences are generally 4 to 8 base pairs In length, and are often



10

15

20

25

30

CA 02880409 2015-01-28

WO 2014/019990 PCT/EP2013/065920

13

palindromic - that is, they read the same backwards and forwards when they are read In
the 5' - 3' direction -, and the recognition sequence is often the same on both strands of
the DNA. The “cutting site” I1s the specific nucleotide sequence at which the restriction
enzyme cuts. In some cases, the cleavage points occur exactly on the axis of symmetry of
the palindromic restriction site, giving products which are blunt-ended. Some restriction
nucleases produce staggered cuts, which leave short single-stranded tails at the two ends
of each fragment, known as “cohesive ends” or “sticky ends”.

Positions of cleavage relative to the recognition sequence depend on the enzyme.
For instance, for the Sapl/ or Bbs/ enzymes (type |IS restriction enzyme), the cutting site is
outside of the recognition sequence:
Sapl Recognition Sequence: GCTCTTC.
5 G
3 C

CTCTTSOC
GAGAAG (N, 5

Bbsl Recognition Sequence: GAAGAC

5 GA A G A C (N, 3
33 C T TCTG (N 5
()

V., A : cutting site

As used herein a “restriction site” preferably denotes a nucleotide sequence which
consists of the recognition sequence for a restriction enzyme and which contains the
cutting site of said enzyme.

In some embodiments, said first restriction enzyme having its cutting site outside
of its recognition sequence may be Bbs/, Sapl, Acelll, Bsal, or BsmB1.

Preferably, said first restriction enzyme is Bbs/ or Sapl. Consequently, when the
first restriction enzyme Is Bbs/, saild Inverted complementary recognition sequence
consists of the sequence 5-GTCTTC-3’, said Bbs/ recognition sequence consisting of the
sequence 5-GAAGAC-3'. When the first restriction enzyme is Sapl/, said inverted
complementary recognition sequence consists of the sequence 5-GAAGAGC-3', said
Sapl recognition sequence consisting of the sequence 5-GCTCTTC-3'.

In order to minimize the risk of having the second and third restriction sites present
In the viral genome, said restriction sites preferably have a long nucleotide sequence. In
some embodiments, the restriction site of said second and third restriction enzymes Is at
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least, or exactly, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides-long.
Preferably, the restriction site of said second and third restriction enzymes Is at least, or
exactly, 7 or 8 nucleotides-long.

In some embodiments, said second and third restriction enzymes are selected
from the group consisting of Notl and Sbfl. Still preferably, said second restriction enzyme
Is Notl/ and said third restriction enzyme is Sbfl.

Consequently, the restriction site of the second or third restriction enzyme may
consists of the sequence 5-GCGGCCGC-3’ or of the sequence 5-CCTGCAGG-3..
Preterably, the restriction site of the second restriction enzyme consists of the sequence
5-GCGGCCGC-3’, and the restriction site of the third restriction enzyme consists of the
sequence 5- CCTGCAGG-3'.

The recombination cassette may comprise additional nucleotides between said
iInverted and complementary recognition sequence for a first restriction enzyme and said
restriction site for a second restriction enzyme; and/or between said restriction site for a
second restriction enzyme and said restriction site for a third restriction enzyme. In some
embodiments, said additional nucleotides may consist of a stretch of at least 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 15, 20, 25, 30 nucleotides. In some embodiments, said additional
nucleotides consist of a stretch of at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30
nucleotides.

Consequently, said recombination cassette is at least, or exactly, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110,
115, 120 nucleotide-long. Preferably, said recombination cassette is at least, or exactly,
28 or 30 nucleotide-long.

Preferably, said recombination cassette consists of the sequence 5-
GTCTTCGCGGCCGCCCTGCAGGGAAGAC-3' (SEQ ID NO: 2).

It has to be understood that said recombination cassette Is double-stranded
nucleic acid, and that the sequences described hereabove corresponds to the coding

strand of the nucleic acid.

The invention also relates to a vector comprising, in the 5" to 3" sense:
- a promoter that binds to RNA polymerase |, or a T7 RNA polymerase,
- the recombination cassette according to the invention,
- a terminator sequence,
It being understood that :
- when the promoter binds to RNA polymerase |, said terminator sequence is

hepatitis delta ribozyme sequence, and
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- when the promoter binds to T/ RNA polymerase, said terminator sequence is the
17 polymerase terminator sequence.

By “terminator seguence” i1Is meant a sequence that marks the end of gene or
operon on DNA for transcription. Said hepatitis delta ribozyme sequence comprises, or
consists of, sequence SEQ ID NO: 3. Said T7 polymerase terminator sequence
comprises, or consists of, sequence SEQ ID NO: 4.

In some embodiments, said promoter binds to a rodent RNA polymerase | or to a
human RNA polymerase |. Preferably, said promoter binds to a mouse or hamster RNA
polymerase |.

In some embodiments, said promoter which binds to rodent RNA polymerase |
comprises, or consists of the sequence SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7.

In some embodiments, said promoter that binds to human RNA polymerase |
comprises or consists of the sequence SEQ ID NO: 8.

Preferably, said vector comprises in the 5’ to 3’ sense:

- a promoter that binds to human RNA polymerase |,
- the recombination cassette of sequence SEQ ID NO:2,
- the hepatitis delta ribozyme sequence of sequence SEQ ID NO:3.

More preferably, said vector comprises the sequence SEQ ID NO: 1.

Still preferably, said vector comprises in the 5’ to 3’ sense:

- a promoter that binds to rodent RNA polymerase |,
- the recombination cassette of sequence SEQ ID NO:2,
- the hepatitis delta ribozyme sequence of sequence SEQ ID NO:3.

Still preferably, said vector comprises in the 5’ to 3’ sense:

- a promoter that binds a T7 polymerase of sequence SEQ NO:9,
- the recombination cassette of sequence SEQ ID NO:2,
- the T7 polymerase terminator of sequence SEQ ID NO:4.

In the vector according to the invention, said recombination cassette I1s preceded
by the promoter that binds to RNA polymerase |, or to T/ RNA polymerase, and iIs
iImmediately followed by the terminator sequence.

In some embodiments, said vector may also comprise an antibiotic resistance
gene, such as the kanamycine resistance gene. Accordingly, said vector comprises or
consists of the sequence SEQ ID NO:10, i.e. said vector is the so-called universal pSP-flu
plasmid.

In some embodiments, the vector according to the invention does not comprise
any antibiotic resistance gene, but comprises an antibiotic-free selection system, such as
the system described in Peubez et al, 2010, Microbial Cell Factories, 9:65.
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The vector according to the invention may be used in a method for producing
negative single-stranded RNA viruses, in particular infectious negative single-stranded
RNA viruses, by reverse genetics. In particular, said vector may be used for cDNA
complementary to vRNA.

For example, said negative single-stranded RNA virus may be a virus of the
Arenaviridae family, such as the Lymphocytic choriomeningotis virus; the
Orthomyxoviridae family, such as an Influenza virus, an Isavirus, and a Thogotovirus; the
Paramyxoviridae family, such as the Measle virus, the Mumps virus, the Respiratory
syncytial virus, the Rinderpest virus, and the Canine distemper virus; the Bunyaviridae
family, such as the California encephalitis virus, and the Hantavirus; the Rhabdoviridae
family, such as the Rabies virus; the Filoviridae family, such as the Ebola virus, and the
Marburg virus; the Bornaviridae family, such as the Borna disease virus.

Preferably, said negative single-stranded RNA virus may be a reassortant virus
and/or chimeric virus. These viruses can be attenuated virus, or inactivated virus.

In a particular preferred embodiment, said negative single-stranded RNA virus Is
an influenza virus.

Methods for producing negative single-stranded RNA virus by reverse genetics are
well known by the one skilled in the art. For example, said method is a method for
producing the VSV virus as described in Pattnaik et al, 1992, Cell, 69(6):1011-1020; the
Rabies virus as described in Schnell et al, 1994, EMBO J, 13(18):4195-4203; the Measles
virus as described in Radecke et al, 1995, EMBO J, 14(23):5773-5784; the Sendai virus
as described in Garcein et al, 1995, EMBO J, 14(24):6087-6094; the Parainfluenza type 3
virus as described in Hoffman and Banerjee, 1997, J Virol, 71(6):4272-4277 and in Durbin
et al, 1997, Virology, 235(2):323-332; the SV5 virus as described in He et al, 1997,
Virology, 237(2):249-260; the Rinderpest virus as described in Baron and Barrett, 1997, J
Virol, 71(2):1265-1271; the RSV virus as described in Jin et al, 1998, Virology,
251(1):206-014; the Newcastle virus as described In Peeters et al, 1999, J Virol,
73(6):5001-5009; the Ebola virus as described in Neumann et al, 2002, J Virol, 76(1):406-
410; the Parainfluenza type 2 virus as described in Kawano et al, 2001, Virology,
284(1):99-112; the Metapneumovirus as described In Herfst et al, 2004, J Virol,
78(15):8264-8270; the Bunyamwera virus as described in Bridgen and Elliott, 1996, Proc
Natl Acad Sci USA, 93(26):15400-15404.

Preferably, said method for producing negative single-stranded RNA virus by
reverse genetics Is a method for producing influenza virus as described hereabove. More

preferably, said method producing influenza virus may be the method described In
Neuman et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-9350, US 2009/0246830, US
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2011/0143424, Hoffmann et al, 2002, Vaccine, 20(25-26):3165-3170, WO 01/83794,
Fodor et al, 1999, J Virol, 73(11):9679-9682, in US 2004/0142003, US 2012/0058538, De
Wit et al, 2007, Journal of General Virology, 88:1281-1287, in WO 2005/062820, or the
method according to the invention. Still preferably, said vector is used in the method
according to the invention.

The vector according to the invention may be used in said methods after cDNAs

complementary the vRNAs viruses have been cloned into one or more said vector(s).

Cloning strategy

In the context of the Invention, the cloning strategy involves homologous
recombination between the vector according to the invention and the cDNA sequence to
be cloned.

Thus, the invention further provides a method of cloning a cDNA complementary to
a VRNA of a RNA virus which comprises the following steps:

(1) producing a cDNA complementary to a vRNA of the RNA virus by RT-PCR
(reverse transcription-polymerase chain reaction) of viral RNA of the virus
using a forward primer containing nucleotides from the promoter sequence
of the vector according to the invention, and a reverse primer containing
nucleotides from the terminator of the vector according to the invention;

(11) linearizing the vector according to the invention using the first restriction
enzyme of the recombination cassette;

(11 contacting the obtained cDNA at step (i) with the linearized vector obtained
at step (i) in conditions that allow the homologous recombination between
the said cDNA with the said vector.

At step (1), the reverse transcription may be performed by methods well-known by
the one skilled in the art. Preferably, the reverse transcription is performed as described In
the paragraph 1.8 of the examples.

In some embodiments, said reverse primer comprises, on its 5 side, at least 17
nucleotides from the terminator sequence of the vector according to the invention.
Preferably, said reverse primer comprises, on its 5 side, at least 17 nucleotides from the
hepatitis delta ribozyme sequence. Still preferably, reverse primer comprises, on its 5’
side, the sequence 5-CTGGGACCATGCCGGCC-3 (SEQ ID NO: 11). Said reverse
primer further comprises, In 3 to the nucleotides from the terminator sequence,
nucleotides complementary to the vRNA to be reverse transcribed.

In some embodiments, said forward primer comprises, on its 5 side, at least 17

nucleotides from the promoter sequence of the vector according to the invention.
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Preferably, said forward primer comprises, on its 5 side, at least 17 nucleotides from the
promoter that binds a human RNA polymerase |. Still preferably, said forward primer
comprises, on its 5’ side, the sequence 5- TGGGCCGCCGGGTTATT-3' (SEQ ID NO:
12). Said forward primer further comprises, in 3’ to the nucleotides from the promoter
sequence, nucleotides complementary to the vRNA to be reverse transcribed.

Step (i) may be performed by methods well-known by the one skilled in the art.
Preferably, step (i) i1s performed as described in the paragraph 1.8 of the examples.

Step (i) may be performed by methods well-known by the one skilled in the art.
Preferably, step (i) i1s performed as described in the paragraph 1.8 of the examples.

Due to the use of said forward and reverse primers at step (i), the obtained cDNA
comprises, In the 5 to 3’ sense, a nucleotide sequence from the promoter that binds to
human polymerase |, the cDNA encoding a vRNA of a virus and a nucleotide sequence
from the hepatitis delta ribozyme sequence. Consequently, at step (iii) the obtained cDNA
at step (1) I1s cloned in antisens into the vector according to the invention.

In some embodiments, said cloning strategy further comprises a step (iv)
consisting of eliminating the vectors that do not contain the obtained cDNA at step ().
Step (iv) may be performed by digesting the vectors that have been contacted with the
obtained cDNA at step (i) with the second and third restriction enzymes described in the
paragraph “Recombinant cassette, vectors and uses”, e.g. by using the Notl and Sbff
enzymes, in appropriate conditions, if the recombination cassette included Not/ and Sbfl
restriction sites. Said appropriate conditions are well-known by the one skilled in the art.

Thanks to the features of the vector according to the invention, this cloning
strategy can be carried out to insert the cDNA complementary to a vRNA from type A as
well as type B influenza viruses. The vector according to the invention represents an
Improved tool over the prior art as it allows the cloning of a cDNA complementary to vRNA

from both type A and type B Influenza viruses.

Method for producing infectious influenza viruses

In order to sustain a high yield of influenza production, cells must express Sia2-
6Gal or Sia2-3Gal receptors on their surface. Although CHO-K1 cells do not express Sia2-
6Gal receptors and express only poorly Sia2-3Gal receptors (expressed in 30% of the
cells), it has been surprisingly found that the CHO-K1 cell line, which is a subclone of the
CHO cell line 1s a very efficient cell line for the production of influenza virus which has
been generated by molecular biology, in particular by reverse genetic methods by means
of an appropriate set of expression vectors.
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Accordingly the invention relates to a method for producing infectious influenza
viruses, according to which the proliferation (amplification) of the virus i1s achieved by
infecting CHO cells with a seed of infectious influenza viruses obtained by reverse
genetics using a set of expression vectors capable of generating infectious influenza virus,
and the method for producing infectious influenza viruses thus involves a preliminary step
according to which cells are transfected with said set of expression vectors. The
supernatant of transfected cell-containing medium becomes infectious, can be harvested
and used as infectious seed to infect a separate population of CHO cells. Alternatively,
after the transfection step, CHO cells can be added in situ to the transfected cells to allow

the proliferation of influenza viruses.

The subject matter of the invention is therefore a method for producing infectious
Influenza viruses (“reverse genetics method”), wherein said method comprises the steps
comprising or consisting of:

a) transfecting cells with a set of expression vectors to generate a seed of
Infectious influenza viruses,
b) infecting CHO cells with said seed of infectious influenza viruses.

In the method according to the invention, the seed of infectious influenza viruses Is
obtained by transfecting cells with a set of expression vectors capable of generating said
Infectious viruses.

Usually, step b) of infecting CHO cells is performed by adding CHO cells to the cells
transfected with the set of expression vectors capable of generating said infectious
viruses (the “transfected cells”), thereby allowing the proliferation of infectious viruses that
have been generated. Step b) of infecting CHO cells could also be performed by adding
the seed of infectious influenza viruses generated at step a) to CHO cells.

It i1s well understood that the infection a CHO cells with said seed of infectious
iInfluenza viruses Is made under culture conditions well known by the skilled in the art that
allow the proliferation of infectious influenza virus. The proliferation of the infectious
influenza virus can be further amplified by successive infections of CHO cell populations
or any other highly permissive cell populations, or by infecting the allantoic cavity of
embryonated hen's eggs.

The production of infectious influenza viruses is achieved by ex vivo or in vitro
infecting CHO cells with said seed of infectious influenza viruses in conditions that are
well known by the one skilled in the art. For instance, said infection can be performed at a
temperature comprised between 32 and 38 °C, or more usually between 34°C and 37 °C,
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and with 5% to 10% CO.. As a matter of specific example, the infection can be carried out
at about 35°C with about 8% CO,. Generally, trypsin or an enzyme having a serine
protease activity is added into the medium to allow the virus to replicate into cells and to

ensure the propagation of the influenza viruses through the CHO cells.

In a particular preferred embodiment, infection of CHO cells with said seed of
Infectious Influenza viruses Is performed in an infection medium which is a serum free
medium. Preferably, said method for producing infectious influenza viruses is performed

entirely in the absence of serum.

Preferably the method according to the invention is carried out in the absence of a
helper virus, which means that the use of an appropriate set of expression vectors alone
IS enough to allow the generation of infectious influenza viruses by reverse genetics.

According to the structural features of the expression vectors used, the cells or cell
line(s) used for the transfection step can comprise or consist of a CHO cell line, a mixture
of a CHO cell line with another cell line, or a cell line that is not a CHO cell line.

When the method according to the invention is carried out by reverse genetics using
a set of expression vectors comprising plasmids for vRNA production under the control of
promoter that binds to human RNA polymerase |, preferably the cells used for transfection
are cells of primate origin or preferably a mixture of cells of primate origin and CHO cells.
The cells of primate origin can be for instance PER.C6® cells (Crucell), 293 T cells or
Vero cells. Typically, the cells used for transfection are Vero cells or preferably a mixture
of Vero cells and CHO cells.

In the same way, when the plasmids for vRNA production contain a promoter that
binds to canine or avian RNA polymerase | (Massin et al, 2005, J Virol, 79(21):13811-
13816; Murakami et al, 2008, 82(3):1605-1609), preferably the cells used for transfection
are respectively cells of canine origin, such as MDCK cells (or preferably a mixture of
cells of canine origin and CHO cells) or chicken cells, such as CEF cells or CEP cells (or
preferably a mixture of cells of chicken origin and CHO cells).

Lastly when the plasmids for vRNA production contain a promoter that binds to
rodent RNA polymerase | such as a Hamster or a mouse RNA polymerase |, the
transfection step can be carried out using only CHO cells. In that case, CHO cells are the
only type of cells to be used for both transfection and infection steps. Therefore, the
production of infectious Iinfluenza viruses from an appropriate set of expression vectors
may only involves the use of CHO cells, which simplifies the influenza virus production

process. Only one cell line has to be cultivated.
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Alternatively when the appropriate set of expression vectors comprise plasmids for
VRNA production under the control of the T7 polymerase promoter and an additional
protein expression plasmid encoding the T7 polymerase as described by De Wit et al,
2007, J. Gen. Virol, 88 (Pt4): 1284-1287, CHO cells can be also the only type of cells to
be used for both transfection and infection steps and to ensure the production of infectious
Influenza viruses.

In some embodiments the cells used for transfection (for instance CHO cells or a
mixture of Vero cells and CHO cells) can be recombinant cells stably expressing influenza
PB2, PB1, PA and NP proteins and the set of vectors to be Incorporated In the
recombinant cells are a set of expression vectors capable of expressing PB1, PB2, PA,
NP, M, NS, HA and NA vRNAs.

Thus In some embodiments, said cells at step a) comprise or consist of Vero cells
or a mixture of Vero cells and CHO cells.

In some embodiment also, said cells at step a) comprise or consist of CHO cells.

The cell line for use according to the invention is a CHO cell line. CHO cell lines
are commonly used for industrial protein production and many CHO cell lines are known
to the skilled person in the art. For instance, such CHO cell lines include, e.g. the CHO-K1
cell line available on the ATCC catalogue under the number CCL-61 or CCL-9618, the
CHO DP-12 cell line (ATCC Number: CRL-12444 and 12445) and the CHO 1-15 cell line
(ATCC Number CRL-9606). According to an embodiment, the cell line used for the
purpose of the invention is a CHO cell line which does not express on its surface the Sia2-
6Gal receptors, but express weakly the Sia 2-3Gal receptors such that less than 50% of
the cell population 1s fluorescent In presence of the digoxigenin-labeled Maackia
amurensis agglutinin. Preferably the cell line used for the purpose of the invention is the
CHO-K1 cell line, in particular the cell line referenced at the ATCC under the number
CCL-61. Still preferably the CHO-K1 cell line, for instance the CHO-K1 cell line referenced
at the ATCC under the number CCL-61, is in the form of a suspension of cells. For
example, such suspension of cells can be obtained by cultivation of the cell line In a

serum-free medium.

When a primate cell line is used in combination with a CHO cell line to carry out
the method according to the invention, Vero cell lines available on the ATCC catalogue
under the number CCL-81, CRL-1586, CRL-1587 or CCL-81.5 are preferred since they
were approved a long time ago by the regulatory authorities. Preferred 293-T cell lines
include the line available on the ATCC catalogue under the number CRL-11268.
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CHO and transfected cells, in particular Vero cells, preferably are cultivated in
accordance to the GLP (Good Laboratory Practices)/GMP (Good Manufacturing practices)
regulations or the requirements of the national control authority. For example, said cells
may be identified by historical records, i.e. information of the origin of the cells, its method
of development, the in vitro culture age limit for production. Said cells may also be free of
cultivable bacteria, mycoplasmas, fungi, endogenous viruses. guidance related to
considerations for cell cultures and materials used to support cell cultures for vaccine
production can be found in the who expert committee on biological standardization, 47th
report, requirements for the use of animal cells as in vitro substrates for the production of
biologicals (WHO technical report series, 1998, 878:19-52), in the characterization and
qualification of cell substrates and other biological materials used in the production of viral
vaccines for infectious disease indications (US department of health and human services
food and drug administration center for biologics evaluation and research [February
2010]), in paragraph 5.2.3 of the European pharmacopoeia, 5" edition, or in note for
guidance on quality of biotechnological products: derivation and characterisation of cell
substrates used for production of biotechnological/biological products (cpmp/ich/294/95)

published by the European Medicines Agency.

CHO and the transfected cells, in particular Vero cells, are preferably adapted for
culture in serum-free medium and/or animal component free conditions.

Cell adaptation to culture in serum free medium may readily achieved by the one
skilled In the art by progressively passaging cells on media containing decreasing serum

amounts, until the cells can successfully survive and proliferate in a serum-free medium.

When Vero cells or a mixture of Vero cells and CHO cells are used for
transtection, Vero cells which are adherent are preferably detached from their support, for
Instance by treatment with trypsin prior to transfection to improve the efficacy of
transfection. Accordingly, the transfection Is preferably performed on a suspension of
cells. The cells may however become adherent in the course of the method. Alternatively,
one may also use a Vero cell line adapted to grow in suspension as described in US
2009/0203112, the subject of which is incorporated herein by reference.

In the frame of the methods according to the invention, transfection may be
performed by any method known by the one skilled in the art. For example, transfection
may be performed by membrane electroporation, nuclear electroporation. Preferably,
transfection (step a)) 1s performed by nuclear electroporation. The expression “nuclear
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electroporation” Is understood to mean a method of transfection of nucleic acids by means
of one or more electric shocks whose Intensity Is sufficient to increase the number of
nuclear pores and/or the permeability thereof. Generally, the total intensity of the electric
shock(s) Is at least 2 kV/cm and the total duration of the shock(s) is at least 10 us. Nuclear
electroporation of the cells in suspension is performed by means of one or more electric
shocks whose total intensity is at least 2 kV/cm and for which the total duration of the
shock(s) I1s at least 10 ps. Preferably, the total intensity of the shock(s) is between 2 and
10 kV/ecm and the total duration of the shock(s) is between 10 and 1000 ps. Still more
preferably, the intensity of the shock(s) Is between 2 and 6 kV/cm and the total duration of
the shock(s) is between 100 and 600 ps. Preferably, several electric shocks interrupted by
one or more rest periods are delivered to the cells. US 2007/0059834 whose subject is
Incorporated herein by reference describes practical modes of administration of electric
shocks to cells followed by periods of rest. Following the electric shock(s), it I1s also
possible to apply to the cells an electric current whose intensity does not exceed 2.5 A
and for a period of between 1 and 50 ms. Typically, the transfection step is performed as
detailed in the paragraph 1.9. of the Examples, 1.e. the transfection i1s performed using a
nucleofector, such as the nucleofector marketed by Lonza using the U-023 program.

The transfection solution is chosen such that it protects the cells from electric
shock(s) and such that it does not prevent the diffusion of the expression vectors towards
the nuclei. US 2005/0064596 whose subject is incorporated herein by reference describes
optimized transfection solution. They are formulations whose buffer capacity i1s at least
20 mM pH™ and which have ionic strengths of at least 200 mM when they are subjected to
a temperature of 25°C and at a pH variation ranging from 7 to 8. Preferably, the molar
concentrations of Na® and K" in these formulations are between 100 and 150 mM and
between 2 and 6 mM, respectively. They generally also contain Mg™ ions. Transfection
media which can be used In the context of the invention are given, by way of example:

- Transfection solution No.1: 4-6 mM KCI, 10-20 mM MgCl,, 120-160 mM and
Na,HPO.,NaH-PO, (pH 7.2);

- Transfection solution No.2: 4-6 mM KCI, 10-20 mM MgCl,, 5-25 mM HEPES,120-160
mM and Na,HPO,/NaH-.PO, (pH 7.2);

- Transfection solution No.3: 4-6 mM KCI, 10-20 mM MgCl,, 50-160 mM
Na,HPO,/NaH-,PO, (pH 7.2) and 5-100 mM of sodium lactobionate or 5-100 mM mannitol
or 5-100 mM sodium succinate or 5-100 mM of sodium chloride;

- Transfection solution No.4: 4-6 mM KCI, 10-20 mM MgCl,, 5-25 mM HEPES, 50-160
mM Na,HPO.,NaH,PO, (pH 7.2) and 5-100 mM of sodium lactobionate or 5-100 mM
mannitol or 5-100 mM sodium succinate or 5-100 mM of sodium chloride;
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- Transfection solution No.5: 4-6 mM KCI, 10-20 mM MgCl;, 80-100 mM NaCl,
8-12 mM glucose, 0.3-0.5 mM Ca(NOs),, 20-25 mM HEPES and 50-100 mM tris/HCI or
30-50 mM Na,HPO./NaH,PO, (pH 7.2):

- Transfection solution No.6: 0.1-3.0 mM MgCl,, 50-200 mM K;HPO4,/KH-PO, (pH 6.5)
and/or 1-50 mM mannitol and/or 1-50 mM of sodium succinate; and

- Transfection solution No.7: 0.42 mM Ca(NOQOs)5; 5.36 mM KCI; 0.41 mM MgSQO,; 103
mM NaCl; 23.8 mM NaHCOj;; 5.64 mM Na,HPO,4; 11.1 mM d(+)- glucose; 3.25 uM
glutathione; 20 mM HEPES; pH 7.3;

- Phosphate Buffer Saline (PBS).

Still preferably the electroporation solution is the solution V provided by Lonza in
the kit referenced as Amaxa ™ Cell line Nucleofector Kit V- VCA-1003.

Consecutive to the transfection step, a culture medium is added to the transfected
cells In a ratio of at least 5 volumes of culture medium for 1 volume of transfection
solution, preferably 10 volumes, still preferably 15 volumes of culture medium for
volume of transfection solution. Preferably the culture medium i1s a medium suitable for the
culture of CHO cells. A medium suitable for both CHO cells and Vero cells or a mixture of
a medium suitable for CHO cells and a medium suitable for Vero cells can also be used
when Vero cells are used during the transfection step.

In particular, the transfection is performed as described in the paragraph 1.9 of the

examples.

The medium used during the infection step (infection medium) can be any medium
suitable for the culture of CHO cells. Even if some infectious influenza viruses can
proliferate to some extent in CHO cells in an infectious medium without trypsine, very
preferably it contains or it has been added trypsin or an enzyme having a serine protease
activity to allow the virus to replicate into cells and to ensure the propagation of the
influenza viruses through the other CHO cells. Indeed, the hemagglutinin of influenza
viruses must be cleaved by a serine protease for the virus to be able to replicate into the
cells. Preterably, Trypsin is of synthetic origin or Is free of any product of animal origin.
Trypsin or more generally any enzyme having a serine protease activity such as pronase,
subtilisin, plasmin, or thermolysin can be produced by genetic recombination. Trypsin may
be produced Iin particular by means of transgenic plants (WO 00/05384), yeasts or
bacteria (WO 01/55429). For instance, a recombinant trypsin provided by Gibco under the
trade name TrypLE Select or by Invitrogen under the trade name TrypLE Express is
suitable for the purpose of the invention.
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Preferably the media used in the context of the invention, including culture medium
and infection medium are free of serum of animal origin, preferably are free of any protein
of animal origin and still more preferably are free of any component of animal origin.
Examples of media free of serum of animal origin and/or free of raw material of animal
origin which may be suitable for the subject of the invention are marketed under the
names VP SFM (InVitrogen), Episerf (InVitrogen), LC17 (Cambrex), Pro CHO 5-CDM
(Cambrex), HyQ SFM4CHO (Hyclone), HyQ SFM4CHO-Utility (Hyclone), HyQ PF Vero
(Hyclone), Ex cell 325 PF CHO Protein free medium (JRH Biosciences), Ex cell 302
serum free medium (JRH Biosciences), Excell 525, Ex Cell'™ CD CHO Fusion (SAFC
Biosciences). It is therefore possible to carry out the method according to the invention
using animal free media (e.g. which are free of any contaminant or component of animal
origin). In particular a medium suitable for the subject of the invention is the Ex Cell™ CD
CHO Fusion medium manufactured by SAFC Biosciences supplemented with L-
Glutamine. To produce infectious influenza virus by CHO cell infection, trypsin or a trypsin
derivative, preferably free of any component of animal origin, i1s added to this medium.

In some embodiments, the total amount of cells subjected to transfection is for
instance 0.5, 1, 1.5, 2, 2.5, 3, 6 or even 10 millions of cells, or more.

In a further embodiment, when the cells subjected to transfection are a mixture of
Vero cells and CHO cells, the Vero and CHO cells may be present in a Vero:CHO ratio
ranging from 0.5:1 to 2:1, for instance of 1:1, 1.5:1, 1:0.5, or 1:1.5. Typically said
Vero:CHO cell ratio is of 1:1. For instance, when said Vero:CHO cell ratio is of 1:1, the
amount of cells of each type represents, for instance, at least 0.5, 1, 1.5, 2, 2.5, 3 millions
of cells.

In some embodiments, the amount of CHO cells that are added after the
transfection step for carrying out the infection step Is for instance, at least 0.5, 1, 1.5, 2,
2.5, 3 millions of cells.

In some embodiments of the method of the invention, the expression vectors
comprises expression vectors that allow the expression of both one or more influenza
proteins and one or more influenza vRNAs, it being understood that expression of said set
of expression vectors allows (1) the formation of the ribonucleoprotein complex (RNP)
containing the vRNAs of said virus, and (il) the assembling of said viral particles in said

transfected cells. Optionally, Helper virus may be added to said set of expression vectors.
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Such vectors are for instance bidirectional plasmids that promote the expression of
both mMRNAs and vRNAs each plasmid containing:

- one or more cDNAs complementary to one or more of the eight vRNAs selected
among influenza PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the corresponding
cRNA(s), wherein each cDNA is under the control of

- a promoter that binds to RNA polymerase Il (POL Il promoter), thereby allowing
the expression of the corresponding influenza proteins, and of

- a promoter that binds to RNA polymerase | (POL | promoter), thereby allowing
the expression of the corresponding vVRNAS, or said corresponding cRNAs.

In some embodiments, the promoter that binds to RNA polymerase |l is a promoter
that binds to human RNA polymerase |l and/or the promoter that binds to RNA
polymerase | is a promoter that binds to human RNA polymerase |.

Preferably, if the set of expression vectors is transfected into CHO cells, the
promoter that binds to RNA polymerase | is a promoter that binds to a rodent RNA
polymerase |. The promoter that binds to rodent RNA polymerase | preferably binds to
hamster or mouse RNA polymerase |.

In some embodiments, the set of expression vectors that allow the expression of
both mMRNAs and vRNAS, or the corresponding cRNAs, comprises one, two, three, four,
five, six, seven, eight bidirectional plasmids as defined hereabove. Preferably, said
expression vectors consists of eight bidirectional plasmids, each plasmid containing a
cDNA complementary to one of the eight vRNAs selected among influenza PB1, PB2, PA,
NP, M, NS, HA and NA vRNAs, or the corresponding cRNA(s). Preferably, said
expression vectors consist of the eight plasmids described in Ozawa et al, 2007, J Virol,
81(17):9556-9559.

The set of expression vectors may also comprises:

- expression vectors that allow the expression of only one or more mRNAs
encoding one or more influenza proteins, and

- expression vectors that allow the expression of only one or more influenza
VRNAS or the corresponding cRNAs, of the influenza virus,
it being understood that expression of said set of expression vectors allows (i) the
formation of the ribonucleoprotein complex (RNP) containing the vRNA of said virus, and
(1) the assembling of said viral particles in said transfected cells.

The vectors that induce the expression of only influenza proteins shall at least
Induce the expression of PB1, PB2, PA and NP proteins but may also induce the
expression of the other influenza proteins (M, NS, HA and NA proteins). Preferably, said
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expression vectors are unidirectional plasmids, each plasmid containing one or more
cDNAs inducing the expression of at least one or more proteins selected among the group
of PB1, PB2, PA and NP proteins, wherein each cDNA i1s under the control of a promoter
that binds to RNA polymerase Il. Accordingly, said expression vectors may comprise the
plasmids described in Fodor et al, 1999, J Virol, 73(11):9679-9682, or the pVAX"
plasmids, each cloned with the cDNA corresponding to one of the PB2, PB1, PA and NP
proteins as described in paragraph 1.8 of the examples. Alternatively, the set of
expression vectors comprise eight distinct plasmids, each plasmid containing one cDNA
complementary to a mRNA encoding one distinct viral protein among PB1, PB2, PA, NP,
M, NS, HA and NA proteins, under the control of a promoter that binds to RNA
polymerase Il. Accordingly, said expression vectors may comprise the eight plasmids
described in Neumann et al, 1999, Proc Natl Acad Sci USA, 96(16):9345-9350.

The vectors that allow the expression of one or more influenza vRNAs or the
corresponding cRNAs, shall induce the expression of influenza PB1, PB2, PA, NP, M, NS,
HA and NA vRNAs, or the corresponding cRNAs. Preferably, said expression vectors are
unidirectional plasmids, each plasmid containing one or more cDNAs complementary to
one or more of said influenza PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the
corresponding cRNAs, each cDNA being under the control of a promoter that binds to
RNA polymerase |. Said expression vectors may comprise at least one, two, three, four,
five, six, seven or eight plasmids. Still preferably, said expression vectors that allow the
expression of influenza PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the
corresponding cRNAs, comprise eight different plasmids, each plasmid containing one
cDNA complementary to one of the eight vRNAs PB1, PB2, PA, NP, M, NS, HA and NA,
under the control of a promoter that binds to RNA polymerase |. Accordingly, said set of
expression vectors comprises the eight plasmids described in Neumann et al, 1999, Proc
Natl Acad Sci USA, 96(16):9345-9350 or in Fodor et al, 1999, J Virol, 73(11):9679-9682.
In another embodiment, the set of expression vectors that allow the expression of
influenza PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the corresponding cRNAs, is
represented by one plasmid containing the 8 cDNAs complementary to PB1, PB2, PA,
NP, M, NS, HA and NA vRNAs, each being under the control of an RNA polymerase |
promoter and a polymerase terminator as described by Neumann et al, 2005, Proc Natl
Acad Sci USA, 102(46):16825-16829. In another embodiment, the set of expression
vectors that allows the expression of influenza PB1, PB2, PA, NP, M, NS, HA and NA
vRNASs, or the corresponding cRNAs, comprise for instance two different plasmids, one
plasmid containing six cDNAs, each of said cDNA being complementary to each of the
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PB1, PB2, PA, NP, M and NS vRNAs under the control of an RNA polymerase | promoter

and one plasmid containing two cDNAs, each of said cDNA being complementary to each
of the HA and NA vRNAs, each of the cDNA being under the control of a promoter that
binds to RNA polymerase |. The plasmids containing one cDNA complementary to one of
the eight PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the corresponding cRNAs,
under the control of a promoter that binds to RNA polymerase | are preferably obtained by
cloning said cDNA into the vector comprising the sequence SEQ ID NO: 2. Still preferably,
sald each plasmid is obtained by cloning said cDNA into the vector comprising or
consisting of the sequence SEQ ID NO: 10, i.e. into the universal pSP-flu plasmid.

In a particular preferred embodiment, the set of expression vectors comprises:

- four different plasmids, each plasmid containing one cDNA complementary to

a MRNA encoding one of the four viral PB2, PB1, PA and NP proteins under the

control of a promoter that binds to RNA polymerase Il, such as the plasmids

described in Fodor et al, 1999, J Virol, 73(11):9679-9682, or the pVAX1 plasmids
cloned with the cDNA encoding the PB2, PB1, PA and NP as described In
paragraph 1.8 of the examples, and

- eight different plasmids, each plasmid containing one cDNA complementary
to one of the eight PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the
corresponding cRNAs, under the control of a promoter that binds to RNA
polymerase |, said each plasmid being obtained by cloning said cDNA into the
vector according to the invention, such as Universal pSP-flu plasmid.

Preferably vectors capable of expressing influenza PB1, PB2, PA, NP, M, NS, HA
and NA vRNAs are vectors according to the invention in which PB1, PB2, PA, NP, M, NS,
HA and NA cDNAs, respectively, have been cloned.

Vectors capable of expressing influenza PB1, PB2, PA and NP proteins may then

be for instance the pVAX1 plasmid (Life technology, Cergy Pontoise, FR).

In another embodiment of the invention, the infectious influenza viruses produced
according to the process of the invention may be a wild type influenza virus such as a
seasonal or a pandemic influenza virus, a reassortant influenza virus, a chimeric influenza
virus, or even an attenuated influenza virus.

Preferably, said infectious influenza virus that is produced according to the
process of the invention Is a reassortant influenza virus.

Still preferably, said infectious influenza virus is a reassortant chimeric influenza

VIrus.
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The Infectious Influenza viruses produced may be any subtype of A strains, B
strains, or C strains. It can be a viral strain that infect human beings, such as A/H1N1,
A/H3N2, A/H5N1, A/H/7N1 or B strains. It can be a viral strain that infect birds such as
A/H5N1, A/H5N2, A/H5N8, A/H5N9, A/H7N1, A/H7N3, A/H7N7 strains. It can be also a
viral strain that infect horses (A/H3N8 strains), pigs (A/H1N1; A/H3N2 or A/H1N2 strains)
and the like.

The infectious influenza viruses produced may be responsible for human seasonal
influenza. In particular, said produced influenza virus according to the invention may be a
A/H1N1, a A/H3N2 strain or a B Strain. It can also be a virus responsible for avian flu.

The infectious Influenza viruses produced according to the invention could also be
responsible for pandemic influenza. In particular, said produced influenza virus could be
for iInstance a A/H1N1, a A/H5N1 or a A/H/7N1 strain.

Preferably, the infectious influenza viruses are reassortant infectious influenza
viruses, I.e. they contain genetic material that derives from at least two donor viruses.

Examples of type A reassortant viruses useful for the manufacturing of a type A
iInfluenza vaccine are of type 6:2 or 5:3 in which the respective 6 or 5 vRNAs are from a
donor virus having good growth capacities on the production substrate, like A/PR/8/34
(H1N1), while the missing vRNA(s) are HA, NA segments and possibly the PB1 from a
seasonal or pandemic virus. When the reassortant is a H1N1 virus of type 6:2 it may
comprise the 6 vBRNAs (PB1, PB2, PA NP, M, NS) from A/PR/8/34 (H1N1) virus and the
HA and NA vRNAs from a seasonal or pandemic virus.

In particular, in the case of type A reassortant viruses of type 6:2, the 6 vRNAs
segments may derive from the A/PR/8/34 (H1N1) virus and may comprise or consist of
the PA vRNA of sequence SEQ ID NO: 13, the PB1 vRNA of sequence SEQ ID NO:14,
the PB2 vRNA of sequence SEQ ID NO:15, the NP vRNA of sequence SEQ ID NO:16,
the M vRNA of sequence SEQ ID NO:17, the NS vRNA of sequence SEQ ID NO:18.

A type B reassortant virus useful for the manufacturing of an influenza type B
vaccine is for instance of type 2:2:4 (provided by New York Medical College) in which the
PB2 and NP vRNAs are from the B/Lee/40 virus, the PA and NS vRNAd are from the
B/Panama/45/90 virus and the HA, NA, PB1 and M vRNAs are from a seasonal B virus
called B/Hubei-Wujiagang/158/2009.
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The Infectious influenza viruses produced may also be chimeric influenza viruses,
In particular chimeric reassortant influenza viruses and still more particularly said chimeric
Influenza virus contains a chimeric influenza HA and/or NA vRNAs.

In some embodiments, said HA or NA vRNA Is chimeric.

Preferably, said chimeric influenza HA or NA vRNAs encodes a chimeric HA or NA
protein. It comprises one or more domains of a HA vRNA or a NA vRNA fragment from a
donor virus (such as A/PR8/34 (H1N1) or B/Lee/40) and one or more domains of a HA or
NA vRNA from a seasonal or pandemic influenza virus In particular, said domain of HA
VRNA of the seasonal or pandemic virus iIs complementary to a mRNA encoding the
antigenic ectodomain of HA, such as HA1 and/or HA2 or said domain of NA vRNA of the
seasonal or pandemic virus IS complementary to a mRNA encoding the antigenic
ectodomain of NA of said seasonal or pandemic virus.

For example, said chimeric HA vRNA contains the two NCR (Non-Coding Region)
domains, the SP (Signal peptide) domain, the HA2 domain, the TM (Trans-Membrane)
domain, and the Cyto (Cytoplasmic) domain derived from a donor virus, while the HA
domain is derived from a seasonal influenza virus or a pandemic influenza virus.

Preferably, in the case of influenza virus type A, the chimeric HA vRNA contains
the two NCRs, SP, HA2, TM and Cyto domains from the donor A/PR/8/34 (H1N1) virus,
and the HA1 domain from a seasonal or pandemic influenza type A virus.

Still preferably, in the case of influenza virus type A, the chimeric HA vRNA
contains the two NCRs, SP, HA2, TM and Cyto domains of respective sequences SEQ ID
NO: 19, 20, 21, 22, 23 and 24 from the A/PR/8/34 (H1N1) donor virus, and the HAT
domain from a seasonal or pandemic influenza type A virus.

Preferably, in the case of influenza virus type B, the chimeric HA vRNA contains
the domains NCRs, SP, HA2, TM, Cyto from a donor virus such as A/PR/8/34 (H1N1) or
B/Lee/40, and the HA1 domain from a seasonal type B virus.

In the case of chimeric NA vRNA, it contains the NCRs, TM, Cyto and stalk
domains derived from a donor virus, while the domain called ectodomain 1s derived from a
seasonal or a pandemic influenza virus. Preferably, in the case of influenza virus type A,
the chimeric NA vRNA contains the NCRs, TM, Cyto and Stalk domains from the
A/PR/8/34 (H1N1) donor virus and the ectodomain from a seasonal or pandemic influenza
virus. Still preferably, in the case of influenza virus type A, the chimeric NA vRNA contains
the NCRs, TM, Stalk and Cyto domains of respective sequences SEQ ID NO: 25, 26, 27,
28 and 29 from the A/PR/8/34 (H1N1) donor virus and the ectodomain from a seasonal or

pandemic virus. Preferably, in the case of influenza virus type B, the chimeric NA vRNA
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contains the NCRs, TM, Stalk and Cyto domains from a donor virus, such as A/PR/8/34
(H1N1) or B/Lee/40, and the ectodomain from a seasonal type B virus.

Host cells
The invention also relates to a CHO cell which comprises a set of expression
vectors as defined hereabove.
Said CHO cell and infectious influenza virus are as described above.
Thus In particular said CHO cell is a CHO-K1 cell, as described above.

In a particular embodiment, said set of expression vector comprises:

(1) expression vectors capable of expressing Iinfluenza PB2, PB1, PA and NP
proteins, and comprising four different plasmids, each plasmid containing one cDNA
complementary to a mRNA encoding one of the viral proteins selected among PB2, PB1,
PA and NP proteins under the control of a promoter that binds a RNA polymerase |l, and

(i) expression vectors capable of expressing influenza PB1, PB2, PA, NP, M, NS,
HA and NA vRNAs, or the corresponding cRNAs, and comprising eight different plasmids,
each plasmid containing one cDNA complementary to one of the eight vRNAs selected
among the PB1, PB2, PA, NP, M, NS, HA and NA vRNAs, or the corresponding cRNAs,
under the control of a promoter that binds to rodent RNA polymerase |, and being
obtained by cloning said cDNA sequence into a vector according to the invention, it being
understood that said vector comprises a promoter that binds to rodent RNA polymerase |.

Said expression vectors capable of expressing influenza PB2, PB1, PA and NP
proteins may comprise the plasmids described in Fodor et al, 1999, J Virol, 73(11):9679-
9682, or the pVAX1 plasmids, each containing the cDNA complementary to a mRNA
encoding one of the viral proteins selected among PB2, PB1, PA and NP as described in
paragraph 1.8 of the examples.

Preferably, said vector according to the invention comprises a promoter that binds
to hamster RNA polymerase |. Alternatively the promoter of the eight plasmids containing
the cDNA complementary to the vRNAs 1s a T7 polymerase promoter. In that case the set
of expression vectors contains an additional plasmid (total number 1s 13) containing a
cDNA complementary to an mRNA encoding the T7 polymerase as described by De Wit
et al, 2007, J. Gen. Virol, 88 (Pt4): 1284-1287.

The invention also relates to a recombinant CHO cell stably expressing influenza
PB2, PB1, PA and NP proteins. In a particular embodiment, such recombinant CHO cells
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may also contains a set of expression vectors capable of expressing influenza PB1, PB2,
PA, NP, M and NS vRNAs.

Preferably, said recombinant CHO cell is a recombinant CHO-K1 cell.

Methods for establishing stable cells are well-known by the one skilled in the art.
For example, said method is described by Wang et al, 2012, Genet Mol Res, 11(2):1442-
1448 or by Liu et al., 2011, Sheng Wu Gong Cheng Xue Bao, 27(5):747-754.

Method for preparing pharmaceutical compositions

The Invention also relates to a method for preparing an influenza vaccine
composition, which method comprises:

a) producing influenza viruses by a method according to any embodiment of the
invention as previously described;

b) harvesting the infectious influenza viruses after multiplication in CHO cells,
preferably in CHO-K1 cells,

c) purifying the harvested infectious influenza virus,

d) optionally inactivating the purified virus, and

e) mixing the purified virus with a pharmaceutically acceptable carrier.

The purification may be brief and may be limited to a step of concentrating the
virus by centrifugation after having generally clarified the harvested infectious virus. The
purification may be supplemented with centrifugation step carried out for example by
means of sucrose density gradients (EP 0 7760362). Chromatographic methods may also
be carried out in order to purify the virus. A suspension of purified whole viruses is thus
obtained which can be further processed to get the final vaccine composition. The purified
VIrus suspension may also undergo subsequent treatments. Flu virus-derived products are
thus obtained. The viral suspension may be fragmented using detergents or lipid solvents
according to methods well known to those skilled in the art, in order to manufacture, for
example, vaccines based on fragmented or split viruses, virosomes, or subunit vaccines
containing the flu virus hemagglutinin. The fragmented or split viruses, the virosomes
containing the flu virus hemagglutinin and the subunit vaccines containing the flu virus
hemagglutinin which are obtained from the purified virus are considered to be flu virus-
derived products.

The final vaccine composition can be made up of whole inactivated flu virus or
attenuated flu virus.

The inactivation of the viral suspension is carried out by conventional means, using



10

15

20

25

30

335

CA 02880409 2015-01-28

WO 2014/019990 PCT/EP2013/065920

33

B-propiolactone (E. Budowsky et al. 1991, Vaccine, 9: 319-325; 1991, Vaccine, 9: 398-
402; 1993, Vaccine, 11: 343-348), ethyleneimine or derivatives (D. King 1991, Avian Dis.
35: 505-514) or formol (EP 0 776 0362). The inactivation of the virus can be carried out

before or after the purification step.

The final vaccine composition 1s generally formulated with a pharmaceutically
acceptable carrier.

By “pharmaceutically acceptable carrier” is meant any solvent, dispersing medium,
charge, etc., commonly used on the formulation of pharmaceuticals and vaccines to
enhance stability, sterility and deliverability of the active agent, which does not produce
any secondary reaction, for example an allergic reaction, in humans. The excipient Is
selected on the basis of the pharmaceutical form chosen, the method and the route of
administration. Appropriate excipients, and requirements in relation to pharmaceutical
formulation, are described in “Remington's Pharmaceutical Sciences” (19th Edition, A.R.
Gennaro, Ed., Mack Publishing Co., Easton, PA (1995)), which represents a reference
work In the field. Examples of pharmaceutically acceptable excipients are water,
phosphate-buffered saline solutions, 0.3% glycine solution.

The vaccinal composition based on inactivated whole viruses may also comprise
one or more adjuvants. These vaccines may be formulated with aluminum salts, such as
aluminium hydroxide gel, aluminium phosphate or alum, or in a water-in-oil or oil-in-water
emulsion. Any adjuvant capable of increasing the humoral and/or cellular response
against the flu may be used. As example of non limiting adjuvant formulations, mention is
made of the MF59® emulsion, the liposome-based formulations, and formulations based
on MPL, on Corynebacterium parvum, on saponin, on lysolecithin, on pluronic derivatives,

or on combinations thereof. TLR agonists can also be used.

The vaccines obtained by means of the method according to the invention are for
use In protecting humans and animals against the flu.

In the veterinary field, the vaccine is mainly used In the avian flu prevention field,
but it may also be used for preventing or reducing flu symptoms and/or viral secretion In
members of the equine family, in particular horses, members of the canine family, In
particular dogs, members of the feline family, in particular cats, members of the porcine
family, in particular pigs, mustelids, in particular minks and ferrets, and avian species, In
particular hen, duck, turkey, quail, guinea-fowl, goose and ostrich

In humans, the vaccine I1s used In the field of epidemic flu and pandemic flu
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prevention. While epidemic flu affects a human population already sensitized by contact
(by infection) or by immunization with one (or more) strain(s) of influenza virus for which
there exists an antigenic relationship with the HA from the virus responsible for the
epidemic and in which there exists a certain immunity, even if it is only partially effective,
pandemic flu affects a human population not sensitized to a new virus of virus because
the HA of this new virus has no or too little an antigenic relationship with the prior
circulating viruses.

The epidemic flu vaccine i1s intended to protect the human population against
seasonal flu forms brought about by circulating seasonal influenza viruses that have an
antigenic relationship with prior viruses that have already circulated. Currently, the
Influenza viruses responsible for epidemic flu are of type A and belong to the H1N1 or
H3N2 subtypes or are of type B.

The pandemic flu vaccine Is intended to protect the human population against
infection by a pandemic influenza virus which i1s a new influenza virus that has no
antigenic relationship in terms of the HA with prior circulating viruses. Currently, the
Influenza virus responsible for pandemic flu is A/H1N1 virus.

The epidemic or pandemic flu vaccine may be in the form of a live attenuated
vaccine or an inactivated vaccine, although an inactivated vaccine is preferred for the
prevention of pandemic flu. The vaccine may be in the form of a monovalent vaccine
(vaccine prepared from a single flu virus strain) or of a multivalent vaccine (vaccine
prepared from several flu virus strains). The composition of the epidemic flu vaccine is
currently in the form of a trivalent vaccine prepared from the H3N2 and H1N1 viruses and
from a type B virus. The inactivated vaccine is generally in the form of whole virus, of
fragmented virus (split virus) or of virosomes, or in a subunit form containing HA, and
optionally contains one or more adjuvants such as those mentioned above. While the live
attenuated vaccine is generally administered orally or nasally to promote the development
of mucosal Immunity, the Inactivated vaccine can be administered parenterally
(Intramuscularly or subcutaneously), intradermally or even mucosally (intranasally), or
even by combining two different routes of administration as described in WO 01/22992.
The immunization scheme generally provides for an injection or an injection followed by a
booster. The vaccinal dose administered depends on the age of the individual and on the
presence or absence of an adjuvant. Conventionally, the vaccinal dose contains the
equivalent of 15 pg of HA of each vaccinal strain contained in the vaccine. This dose may
be reduced to approximately 1 to 2 ug of HA when the vaccine is adjuvanted, or increased
to 30 ug of HA or even more in elderly individuals or individuals suffering from an immune

deficiency.
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The compositions may be administered using conventional hypodermic syringes or
safety syringes such as those commercially available from Becton Dickinson Corporation
(Franklin Lakes, NJ, USA) or jet injectors. For intradermal administration, conventional
hypodermic syringes may be employed using the Mantoux technique or specialized
intradermal delivery devices such as the BD Soluvia(TM) microinjection system (Becton
Dickinson Corporation, Franklin Lakes, NJ, USA), may also be employed.

The volume of composition administered will depend on the method of
administration. In the case of subcutaneous Injections, the volume iIs generally between

0.1 and 1.0 ml, preferably approximately 0.5 mli.

Throughout this application, various references are cited. The disclosures of these

references are hereby incorporated by reference into the present disclosure.

The present invention will be further illustrated by the following figures and

examples.

FIGURES

Figure 1: lllustration of the streamlined scheme for rapid generation of recombinant
influenza viruses that could be used as vaccine reassortants. pSP-flu corresponds to the
universal vector consisting of the sequence SEQ ID NO: 10.

Figure 2: Cloning strategy using Universal pSP-flu plasmid. The location of
kanamycine resistance gene is shown in blank, POL 1 promoter and ribozyme are shown
In dark. The plasmid was linearized with Bbsl, and mixed with the viral cDNA containing
17 nucleotides from the promoter and the ribozyme at the ends, before transformation of
competent E.Coli. The cDNA recombined into circular plasmid within the regions of
terminal complementarity to introduce virus genome segments between POL | promoter

and ribozyme.

EXAMPLE

1. Materials and methods

1.1. Cells

Suspension of CHOK1 cells (ATCC Number:CCL-61) were cultivated in 125 mL
shaker flasks (Thermo Scientific) in Ex-Cell CD CHO fusion medium (SIGMA-ALDRICH,
St Quentin Fallavier, FR) supplemented with 4 mM L-glutamine (Gibco®) under agitation.
Adherent MDCK cells (CCL-34) and Vero cells (ATCC Number: CCL-81) were cultivated
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in tissue culture flasks (Becton Dickinson) in DMEM (Gibco®) supplemented with 10%
FBS (Thermo Scientific) or in VP-SFM (Gibco®) supplemented with 0.1% povidone K30
(Sanofi Pasteur) respectively. CEP cells were collected from 10-day-old specific pathogen
free (SPF) chicken embryos (Valo Biomedia, Osterholz-Scharmbeck, GE) and cultivated
In tissue culture flasks (Becton Dickinson) in DMEMF12+Glutamax | (HAM) (Gibco®)
supplemented with 5% FBS (Thermo Scientific). All cell cultures were maintained at 37 °C

in an atmosphere of 95% air and 5% CO..

1.2. Receptor analysis

Analysis of Sia2-3Gal and Sia2-6Gal residue expression on the surface of different
cell types was performed using digoxigenin glycan differentiation kit (Roche, Mannhein,
GE). Two million cells were washed twice in PBS 1x (Eurobio, Courtaboeuf, FR) and once
in a buffer containing 0.05 M Tris-HCI, 0.15 M NaCl, 1 mM MgCI2, 1 mM MnCI2 and 1 mM
CaCl2, pH 7.5. Cells were incubated for 1 h at room temperature with digoxigenin-labeled
lectins Sambucus nigra Agglutinin (SNA) (1/1000) specific for Sia2-6Gal residues, or
Maackia amurensis Agglutinin (MAA) (1/300) specific for Sia2-3Gal. Control cells were
incubated without lectins. The cells were washed twice in TBS (0.05 M Tris-HCI, 0.15 M
NaCl, pH 7.5) and treated with 1/40 anti-digoxigenin-fluorescein Fab Fragment (Roche)
for 1 h at room temperature (in the dark). After two washes in PBS 1x (Eurobio), the cells

were analyzed for green fluorescence intensity on Guava capillary cytometer.

1.3. Viruses

Influenza B/Brisbane/60/08 viruses and reassortant vaccine viruses A/New
Caledonia/20/99 (H1N1) IVR116, A/Vietnam/1194/04 (H5N1) rg14 and A/California/07/09
(HIN1) X179A were obtained from the NIBSC (Hertfordshire, UK). Viruses were
propagated in embryonated hens' eggs (Valo Biomedia) and harvested from infected
allantoic fluids.

1.4. Virus infection

Cells were seeded in 6-well plates (Corning, NY, US), 4 h before infection, at a
density of 1.6 x 10° cells/cm® in the serum-free culture medium appropriate for each cell
type, and In a final volume of 1 ml. Infections were performed at various multiplicities of
infection (MQOI) for 1 h at 35 °C. Serum-free culture medium appropriate for each cell type,
without serum,(2 ml) containing porcine trypsin (SIGMA-ALDRICH) was added and cells
were incubated for 4 days at 35 °C in 8% CO..
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1.5. Hemagglutination assay

The HA assay was performed by serially diluting 50 pul of culiure supernatants 2-
fold with PBS 1x (Gibco ®) in V-bottom plates (Corning). Subsequently, 50 ul of 0.5%
chicken red blood cells (Sanofi Pasteur, Alba-la -Romaine, FR) were added to each well.
The plates were incubated for 1 h at 4 °C and the hemagglutination or the absence of

hemagglutination was determined visually for each well.

1.6. TCIDs, assay

MDCK cells were seeded in 96 well plates (Corning) at a density of 2.7 x 10°
cells/cm® in DMEM (Gibco®) supplemented with 1 pg/ml porcine trypsin (SIGMA-
ALDRICH). Cells were infected with 50 pl of 1:10 serial viral dilutions and incubated for 4
days, at 35 °C. Supernatants from these cultures were then tested in a hemagglutination
assay. 1CID50 titers were calculated according to the statistical method of Spearman—
Karber (David John Finney, 1952, Statistical method in biological assay, Hafner editor) .

1.7. Transfection efficiency

Two millions of cells were centrifuged for 10 min at 200 x g, resuspended in 100 pl
of cGMP (current good manufacturing practices) solution V (Lonza, Basel, CH) at room
temperature and 10 pg of pGFP (Sanofi Pasteur) plasmid were added. Nucleoporation
was performed with a Nucleofector (Lonza) using different programs. Cells were
incubated in 6 well plates (Corning) in the medium optimal for each cell type for 24 h at 37
°C, 5% CO.. The cells were analyzed for green fluorescence intensity on Guava capillary
cytometer (Millipore, Bellerica, MA, US).

1.8. Plasmid DNA

The 12 plasmids for the rescue of infectious A/PR/8/34 (H1N1) virus have
previously been described by Fodor et al, 1999, J Virol, 73(11):9679-9682. The same
methodology was applied with some modifications as mentioned below.

The coding regions of PB2, PB1, PA and NP proteins from A/WSN/33 (H1N1)
(WSN) virus were cloned into the pVAX1 plasmid (Life technology, Cergy Pontoise, FR)
between the CMV promoter and the bovine growth hormone polyadenylation (BGH-polyA)
sites. The pVAX1 plasmid (Life technology) was modified for viral RNA expression. Briefly,
a DNA fragment, corresponding to human POL 1 promoter and hepatitis delta ribozyme
sequences separated by a linker containing Bbs/ site for linearization, Not/ and Sbfl sites,
was cloned into the pVAX1 plasmid and the CMV promoter and BGH-polyA site were
removed. The resulting plasmid was named “Universal pSP-flu”.
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Viral RNA was extracted from infected allantoic fluid with QlAamp viral RNA mini
kit (Qiagen, Courtaboeuf, FR) and the genomic cDNAs complementary to vRNAs were
obtained with a Superscript |l one-step RT-PCR system (Life technology) using one pair
of primers containing 17 nucleotides from hepatitis delta ribozyme (5'-ctgggaccatgccggcec)
(SEQ ID NO:11) and 17 nucleotides and from POL 1 promoter (5'-tgggccgecgggttatt)
(SEQ ID NO:12) respectively.

The temperature cycle parameters were 47 °C for 60 min, 94 °C for 2 min and then
40 cycles (94 °C for 15 sec, 60 °C for 30 sec and 72 °C for 2 min) and 72°C for 5 min.
Each fragment was subsequently purified with GenElute Gel extraction kit (SIGMA-
ALDRICH) and cloned into the Universal pSP-flu plasmid, previously linearized by Bbsl/
(New England Biolabs, lpswich, MA, US), by homologous recombination using a In Fusion
HD PCR cloning kit (Clontech, Takara Bio, Saint Germain en Laye, FR). Endotoxin free
plasmid DNA preparations were generated using a Nucleobond Maxi EF kit (Macherey
Nagel, Duren, GE).

1.9. Reverse genelics

One million Vero and one million CHOK1 cells were mixed and centrifuged for 10
min at 200 x g and resuspended in 100 pl of solution V (Lonza) at room temperature. A
mixture of 1 pug of each of the 8 vRNA expression plasmids and 0.5 ug of each of the 4
protein expression plasmids was added to the cells and nucleofection was performed with
the nucleofector (Lonza) using the U-023 program. Cells were incubated in 6 well plates
into Ex-cell "MCD CHO fusion medium (SIGMA-ALDRICH) supplemented with 4 mM L-
Glutamine (Gibco®). After 2 h of incubation at 37 °C, 5% CO,, 2 million CHOK1 cells were
added in the same medium supplemented with recombinant trypsin (TryLE Select)
(Gibco®) and incubated on a rotating platform at 35 °C, 8% CO,

1.10. Inhibition hemagglutination assay (IHA)

A serum specific for the HA of A/California/07/09 (H1N1) virus, purchased from the
National Institute for Biological Standards and Control (NIBSC), was treated with Receptor
Destroying Enzyme from Vibrio Cholera (RDE, Sigma, 10mU/mL) for 18 h at 37°C. The
RDE was inactivated at 56°C for 1 h. The RDE-treated serum was then incubated with 5%
turkey Red Blood Cells (RBC) during 2 hours at 4°C and centrifuged for 10 min at
2000rpm. Serial dilutions of the treated Serum was then incubated with 4HAU of the virus
to be tested for 1 h at room temperature and then with 0,25% chicken RBC for 1 h at 4°C.
The IHA titer i1s determined by the highest dilution of the serum that inhibits the
hemagglutination of RBC mediated by the virus.
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2. Results
2.1. Cell growth
MDCK, CHO-K1, Vero, and CEP cells were assessed first for their ability to sustain

growth in the most appropriate medium for each cell type either in suspension for CHO-K1

or as adherent for the other cell types. The population doubling level (pdl) was determined
for each cell type by estimating the duration necessary for one generation. As seen iIn
Table 1, MDCK and CHO-K1 presented a shorter pdl (23 and 18 h respectively) compared
to Vero (38 h), and CEP cells (48 h). It is important to note that CHO-K1 and Vero cell

lines were cultivated without serum.

Table 1 : Population doubling level (pdl) of MDCK, CHO-K1, Vero, and CEP cells.

Cell type Population doubling (hours) S.D.
MDCK 23,03 3,5
CHO-K1 18,0 2,0
Vero 38,4 5,1
CEP 47,66 0,5

Growth studies were performed over 6 days at 37 °C and population doubling level
(pdl) was calculated by estimating the time necessary for one generation. It is calculated
from the ratio T/N, wherein T is the duration of the cell culture and N is the number of cell
generations calculated from the following equation Cf=Ci x 2", wherein Ci and Cf are the
initial and final cell concentrations respectively. Values represent the average and

standard deviation (S.D.) of three independent experiments.

2.2. Influenza receptor

During infection, avian viruses as well as the egg-adapted human virus variants
mainly bind to Sia2-3Gal linkage, whereas clinical isolates directly isolated from human
preferentially bind to Sia2-6Gal linkage (Suzuki et al, 2011, Adv Exp Med Biol, 705:443-
452).

To detect the two types of influenza virus receptors on the surface of different cell
types, the MAA lectin (specific for Sia2-3Gal linkage) and the SNA lectin (specific for Sia2-
6Gal linkage) were used. The cells were incubated for 1 h at room temperature with
digoxigenin-labeled lectins Sambucus nigra agglutinin (SNA) (specific for Sia2-6Gal) or

Maackia amurensis agglutinin (MAA) (specific for Sia2-3Gal). Cells were then incubated
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with anti-digoxigenin-fluorescein Fab fragment and analyzed for fluorescence intensity
using the Guava capillary cytometry system. Values displayed in table 2 represent the
average and standard deviation (S.D.) of three independent experiments.

MAA and SNA bound strongly to the surface of Vero and MDCK cells (more than
80% of cells) meaning that the two receptors (Sia2-3Gal and Sia2-6Gal) were expressed
on MDCK and Vero cells (Table 2). Moreover, MAA bound to 73% of CEP cells whereas
SNA only bound to 23% of CEP cells indicating that a high number of CEP cells
expressed Sia2-3Gal receptor but a low number expressed Sia2-6Gal. The avian origin of
CEP cells could explain why they expressed much more avian receptors than human
receptors. CHO-K1 cells do not express Sia2-6Gal receptor, and only weakly Sia2-3Gal

receptor.

Table 2 : Influenza virus receptors on MDCK, CHO-K1, Vero, and CEP cells were

analyzed using a digoxigenin glycan differentiation Kit.

Cell type Type of lectin Percentages of living cells bound by lectins (%) | S.D.
MDCK MAA 93,3 3,0
SNA 96,4 3,8

CHO-K1 MAA 31,4 3,0
SNA 0,0 0,0

Vero MAA 87,2 20,2
SNA 83,3 11,1

CEP MAA 63,3 7,4
SNA 22,8 12,4

2.3. Virus production

Allantoic fluids of influenza viruses were directly put into contact with the cell line to
be tested without prior adaptation. Two Influenza A reassortants viruses
(A/New/Caledonia/20/99 (H1N1) IVR116, and A/Vietham/1194/04 (H5N1) rg14) and one
influenza B virus (B/Brisbane/60/08 lineage B/Victoria/2/87) were tested. Various MO
(107", 10 and 107°) and porcine trypsin concentrations (0, 1, 2, 5 and 8 pug/mL) were used.
Results obtained with an MOI of 10" and the most appropriate trypsin concentration after
3 days of Infection for type A Influenza viruses and after 4 days of infection for type B
Influenza virus are displayed for each cell type (see Tables 3 and 4).
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Table 3: Infections of MDCK, CHO-K1, Vero, and CEP cells with influenza A viruses.
- A/New _
Cell type conzgrﬁ)tsrg[i on | Caledonia/20/99 N V'et?:éan ; 94/04
(H1N1)

CHO-K1 21g/ml 7.4 3 1

Vero 2ug/mi 6,7 29

CEP 2ug/ml 4.4 3 1

*: expressed as l0ogg TCIDgo/ml

Table 4: Infections of MDCK, CHO-K1 and Vero cells with influenza B viruses.

Viral titer (log1o TCIDsy/ml)
Cell type B/Brisbane/60/08
MDCK 5
CHO-K1 4.3
Vero 4.9

A/New Caledonia/20/99 (H1N1) IVR116 and A/Vietnam/1194/04 (H5N1) rg14
reassortants grew on the four cell types tested without the need of prior adaptation.
Moreover, the best production of A/New Caledonia/20/99 (H1N1) IVR116 reassortant
viruses was observed on CHO-K1 cells that produced the highest viral titers (>10’
TCID50). The production of A/Viethnam/1194/04 (H5N1) rg14 reassortant virus was closely
the same on all cell types (approximately 10° TCID50/mL).

With respect to the production of infectious type B viruses, as shown in Table 4,
B/Brisbane/60/08 virus replicated well in the three cell lines without the need of prior

adaptation.

2.4. Virus production through the rescue of infectious influenza viruses by reverse
genetics methods

2.4.1. Ability of the cell lines to be transfected

It Is also Important to test the capacity of the different cell types to produce viruses
after transfection by a set of expression vectors able to generate infectious Influenza
viruses. In a first step It 1Is important to test the ability of these different cell types to be
transfected, and in particular to be transfected with material that does not involve the use
of raw material of animal origin. The nucleoporation technology provided by Amaxa
(Amaxa, Lonza technology) that targets the nucleus was used for the transfection of the
cells, A green fluorescent protein (GFP) expression plasmid was used to assess the
capacity of the different cell lines to be transfected. Cells were resuspended in V solution,
incubated with pGFP plasmid and nucleoporated with the nucleofector. Different programs
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(U-023, A-024, V-001, T-030, L-005) were tested. Cells were then incubated for one day
at 37 °C and percentage of green fluorescent cells was analysed by Guava cytometry.
The Mean percentage of GFP expressing cells and standard deviation calculated from 3.

Independent experiments with the optimal transfection program are displayed in Table 5.

Table 5: MDCK, CHO-K1, Vero, and CEP cells susceptibility to nucleoporation.

Cell type Nucleoporation program | % of living cells expressing GFP| S.D.
MDCK A-024 71,2 26,9
CHO-K1 U-023 74,4 15,1
Vero V -001 70,9 3,4
CEP V-001 96,4 2,3

More than 70% of the cells expressed the GFP which means that all the cell lines
tested are transfectable by nucleoporation.

2.4.2. Optimization of the influenza cDNA cloning step

To be efficient, the flu vaccine, which usually contains the antigenic material
derived from two type A viruses and one type B virus, must be updated every year
depending on the new circulating viruses that appear and are responsible for seasonal flu
or pandemic flu. Importantly, the HA and NA antigenic material must be updated so that it
corresponds to that of the new circulating virus. To perform reverse genetics the HA and
NA encoding genes must be cloned in the vRNA expression plasmid under the control of
a POL | promoter every year or when a new circulating virus has been characterized. The
other vRNA plasmids encoding the internal A/PR/8/34 vRNA and the protein expression
plasmids are usually constructed only once. As the cloning step in the vRNA expression
plasmid could be very tricky when reverse genetics i1Is done on unknown HA and NA
genes, a universal reverse genetics plasmid that could be used for the cloning by
recombination of any influenza segments from type A and B viruses was developed. But
the strict requirement for precise Initiation and termination of the vRNA transcripts
dramatically limits the choice of recombination regions. Thus, a new recombination
cassette, not specific for the influenza genome, comprising the last 17 nucleotides of the
POL 1 promoter and the first 17 nucleotides of the hepatitis delta ribozyme was used.
Furthermore, 28 nucleotides, comprising Bbs/ to linearize the circular plasmid, Not/ and
Sbfl sites to exclude empty plasmid were incorporated between the POL 1 promoter and
the hepatitis delta ribozyme. The resulting plasmid, named "Universal pSP-flu" is relatively
small (2202pb) and contained a kanamycin resistance gene (Figure 2). To prepare
Influenza cDNA for cloning, vVRNAs were reverse transcribed into cDNAs containing the
recombination ends, and were cloned between the POL 1 promoter and the ribozyme.
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Using this improved RNA production plasmid, several genes from influenza A and B
viruses were cloned by homologous recombination. The proportion of positive clones was
greater than 90% for "easy" cloning and 30% for "tough" cloning with an average of 150
clones per cloning experiment.

The universal pSP-flu plasmid so developed presents several improvements for
easy and rapid influenza genome cloning. The recombinant cassette can be used to clone
every influenza RNA fragments from type A and B virus. Secondly, as it is difficult to be
sure that linearized vectors were free of empty plasmids that generate background
colonies, Universal pSP-flu plasmid contains three enzymatic sites (Bbs/, Sbfl and Not/)
that can be used to remove any residual empty plasmids after the cloning step.
Linearization with Bbs/ enzyme, containing a cleavage point outside of the recognition

site, generated cohesive ends and enabled the recircularization of plasmid.

2.4.3. Rescue of influenza viruses

The CHO-K1 and Vero cell lines based on their good growth properties were
tested for their ability to rescue infectious influenza virus by reverse genetics.

Porcine trypsin generally used to rescue influenza virus by reverse genetics was
replaced by a highly purified and animal origin-free enzyme (TrypLE TM Select) from
Gibco. In a first experiment, the rescue of reassortant viruses containing HA and NA
vRNA from AAWSN/33 (H1N1) virus and the six remaining viral genes (PB1, PB2, PA, NP,
M and NS) from A/PR/8/34 (H1N1) virus was performed by nucleoporation of the twelve
plasmids (4 plasmids allowing the expression of PB1, PB2, NA and NP mRNA under the
control of human POL Il promoter and 8 plasmids allowing the expression of the 8 vRNAs
under the control of human POL | promoter ) into Vero and/or CHO-K1. No viral particles
were obtained after transfection of Vero or CHO-K1 cells alone but, when Vero cells were
mixed with CHO-K1 cells, viruses were detected by hemagglutination assay in the
supernatants of the cell mixture as soon as 2 days after transfection.

Furthermore 1t was easy to visualize signs of an infection Iin the mixture of
nucleoporated Vero/CHO-K1. Indeed, after a four days culture, the cells transfected
without plasmids were clearly individualized whereas the cells transfected with the twelve
plasmids and shedding viral particles Iin the supernatant were aggregated. Various
Influenza virus reassortant viruses were rescued very rapidly using this technigque
containing the internal backbone (PB1, PB2, PA, NP, M and NS) of the A/PR/8/34 (H1N1)
virus and expressing the HA and NA proteins from different influenza viruses such as
A/WSN/33 (H1N1), A/PR/8/34 (H1N1), A/NC/20/99 (H1N1) IVR116, A/Solomon
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Island/03/06 (H1N1) IVR145, A/Vietnam/1194/04 (H5N1) rg14, A/Brisbane/10/07 IVR-147
(H3N2), A/Uruguay/716/07 (H3N2) X175C, and A/Wisconsin/67/05 (H3N2) X161b.

Results obtained were highly reproducible from one experiment to another and
most of the time optimal titers were obtained five days after transfection. For example, a
reassortant virus containing the HA and NA from A/Vietnam/1194/04 (H5N1) rg14 was
produced In the cell culture supernatant with a titer as high as 128 HAU/50 pl after
transfection of a mixture of Vero/CHOK1 using three different nucleoporation programs
(U-023, U-027, F-014). Other reassortant viruses containing the HA and NA from the
A/HT1N1 or A/H3NZ2 viruses cited above reached similar titers (up to 256-512 HAU/50 pl)
five days after transfection. The corresponding TCID50 titers varied between 4 and 7
log10 TCID50/ml.

An improved reverse genetics system Is described In this study using two cell
ines, namely Vero and CHO-K1 that are suitable to be used for human vaccine
production. As shown by the viral infection study, several A/H1N1 and A/H5N1 viruses or
reassortant viruses were easily recovered using the mixture of Vero/CHO-K1 cells. In the
same way A/H3N2 viruses were also rescued demonstrating that this system can be used
for the production of reassortant of any pandemic and seasonal viruses. Viruses can be
recovered directly from the Vero/CHO-K1 supernatant and titrated by HAU assay as soon
as two days after transfection. When the virus shall be produced at an industrial scale, for
Instance in the frame of a human or veterinary vaccine production, the supernatant can be
used as a seed to further infect a stock of CHO-K1 cells

Furthermore as it was shown In the examples, the generation of infectious
influenza viruses by reverse genetics using a mixture of Vero and CHO-K1, or the
production of virus by direct infection of CHO-K1 cells with an infectious viral seed does
not require the use of serum and/or biological material of animal origin. The Infectious
Influenza viruses such produced are therefore more secure since the possible
contamination by adventitious agents like viruses, mycoplasma and prions no longer
exists. Furthermore the lack of serum in the media used during tranfection and/or infection
steps facilitates the purification process and makes easier the flu vaccine manufacturing.
To our knowledge It Is the first time that a totally animal free process to rescue influenza

virus by reverse genetics is described.
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3. Production of chimeric influenza viruses by reverse genetics
3.1. Construction of HA and NA chimeric genes

The chimeric constructs were assembled first in silico using the software Vector
NTI. The HA chimeric gene A/California/07/09-A/PR/8/34 (H1N1) contains the non-coding
regions (NCR), the signal peptide (SP), the HA2 domain, the transmembrane (TM)
domain and the Cyto domain of the the A/PR/8/34 (H1N1) virus and the HA1 domain from
the A/California/07/09 (H1N1) virus.

The NA chimeric gene A/California/07/09-A/PR/8/34 (H1N1) contains the non-
coding regions (NCR), the transmembrane (TM) domain, the Cyto domain and the stalk of
the A/PR/8/34 (H1N1) virus, and the ectodomain from the A/California/07/09 (H1N1) virus.

Once these sequences have been determined, the corresponding HA and HA

chimeric genes were synthesized and cloned in the Universal pSP-flu plasmid.

3.2. Production of the chimeric influenza virus by reverse genetics

Production of the chimeric influenza viruses by reverse genetics was performed as
described hereabove, I.e. by using four plasmids for expression of the viral proteins PB1,
PB2, PA and NA, and eight plasmids for expression of the vRNAs PB1, PB2, PA, NP, NS,
M, chimeric HA and chimeric NA which were introduced into the mixture of CHO-K1/Vero
cells by nucleoporation as mentioned earlier. The produced viruses are “bi-chimeric” since
they contain two chimeric genes. They contain the PB2, PA, NP, NS, and M genes from
the A/PR/8/34 (H1N1) virus, the PB1 gene from the A/California/07/09 (H1N1) virus, the
HA chimeric gene A/California/07/09-A/PR/8/34 (H1N1) and the NA chimeric gene
A/California/07/09-A/PR/8/34 (H1N1). The A/NC/20/99 (H1N1) virus was used as positive
control for each reverse genetics experiment.

In a first experiment the trypsin concentration to be used was determined. Among
the trypsin concentrations tested (1 to 6 USP/ml), only the trypsin concentrations of 3 and
4 USP/ml allow the production of chimeric influenza viruses (Table 6). In the subsequent
experiments it was shown that a, concentration of 4 USP/ml is slightly better than 3
USP/ml since the hemagglutinin titer was slightly higher (64 HAU/50ul compared to 32
HAU/50ul).
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Table 6:

PCT/EP2013/065920

Determination of the trypsin concentration necessary to obtain the

chimeric A/California/07/09-A/PR/8/34 (H1N1) influenza virus by reverse genetics.

Reverse genetics experiments HAU/S0ul
. Day(s) after
N © Viruses potentially produced (Bg’gfr':l) nucleoporation
D+5 | D+6 | D+7

1 A/NC/20/99 (H1N1) reassortant 2 128 | 128 | 64
2 1 < < <
3 | | | | 2 < < <
4 chimeric A/California/07/09- 3 2 16 | 32
5 A/PR/8/34 (H1N1) 4 4 30 64
6 5 < < <
/ 6 < <1 <

The production of chimeric reassortant A/California/07/09-A/PR/8/34 (H1N1) was
reproducible. The chimeric virus was detectable in the cell culture supernatant from the
fifth day post-nucleoporation and optimally produced at the eighth or ninth day post-
nucleoporation.,

“Mono-chimeric” viruses containing either a chimeric HA gene or a chimeric NA
gene were also successfully produced by reverse genetics using the chimeric HA
A/California/07/09-A/PR/8/34 (H1N1) gene and the NA gene from the A/PR/8/34 (H1N1)
virus or the chimeric NA A/California/07/09-A/PR/8/34 (H1N1) gene and the HA gene from
the A/PR/8/34 (H1N1) virus.

3.3. Assessment of the HA protein antigenicity produced by the chimeric virus

To verity that the use of a HA chimeric gene did not alter the antigenicity of the HA
protein expressed by the chimeric virus, we compared the titers obtained in the inhibtion
hemagglutination assay as described in 1.10 using as tested virus either the reassortant
A/California/07/09 (H1N1) virus or the “bi-chimeric” virus as obtained in 3.2. The higher
the titers in the inhibition hemagglutination assay, the stronger was the recognition of the
HA antigen by the antibody. The IHA titers obtained with the two virus tested were higher
than 10240 which means that the antigenicity of the HA protein expressed by the bi-
chimeric virus is well conserved and very similar or identical to that of A/California/07/09
(H1N1) reassortant.

4. Comparison of the production of reassortant influenza virus in two
mixtures of cells : Vero/CEF and Vero/CHO-K1 cells
One million Vero cells were resuspended in solution V (Lonza) at room

temperature. A mixture of 1 pg of each of the 6 vRNA expression plasmids expressing the
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vRNA of PB1, PB2, PA, NP, M and NS of the A/PR/8/34 (H1N1) virus, 1 ug of each of the
2 VRNA expression plasmids expressing the vRNA of NA and HA of the
A/Vietnam/1203/04 (HSN1) virus, and 0.5 pg of each of the 4 protein expression plasmids
expressing the mRNA of PB1, PB2, PA, NP of the A/PR/8/34 (H1N1) virus was added to
the cells and nucleofection was performed with the nucleofector (Lonza) using the V-001
program. Cells were incubated in 6 well plates into 1.5 ml of DMEM-F12® medium
(Gibco®). After 2 h of incubation at 37°C, 5% CO,, one million CEF (Chicken embryo
fioroblasts) cells were added in the same medium supplemented with porcine trypsin
(Sigma) and incubated on a rotating platform at 35°C, 8% CO, At regular intervals, 100yl
of supernatant culture were collected In order to evaluate the viral titer with a

hemagglutination assay. The results of the hemagglutination assay are presented In the
Table 7 below.

Five hundred thousand Vero and five hundred thousand CHO-K1 cells were mixed
and were resuspended In solution V (Lonza) at room temperature. A mixture of 1 pg of
each of the 6 vRNA expression plasmids expressing the vRNA of PB1, PB2, PA, NP, M
and NS of the A/PR/8/34 (H1N1) virus, 1 pug of each of the 2 vRNA expression plasmids
expressing the vRNA of NA and HA of the A/Viethnam/1203/04 (HSN1) virus, and 0.5 ug of
each of the 4 protein expression plasmids expressing the mRNA of PB1, PB2, PA, NP of
the A/PR/8/34 (H1N1) virus was added to the cells and nucleofection was performed with
the nucleofector (Lonza) using the U-023 program. Cells were incubated in 6 well plates
into Ex-cell "MCD CHO fusion medium (SIGMA-ALDRICH) supplemented with 4 mM L-
Glutamine (Gibco®). After 3 h of incubation at 37°C, 5% CO,, one million CHOK1 cells
were added in the same medium supplemented with porcine trypsin (Sigma) and
incubated on a rotating platform at 35°C, 8% CO:; (the final concentration of trypsin being
then at 2ug/ml). At regular intervals, 100ul of supernatant culture were collected in order
to evaluate the wviral titer with a hemagglutination assay. The results of the
hemagglutination assay are presented in the Table 7 below.

Table 7: Viral titer of the culture supernatant (UHA/50pl).

D4 D5 D6 D7 D12
Vero/CEF <1 <1 4 32 128
Vero/CHO 32 512 64 NT NT

D : Day after transfection. NT : Not tested.
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The results show that Vero/CHO-K1 cell system allows the production of
reassortant influenza virus only four days after transfection whereas it necessitates at
least 7 days for producing the same amount of reassortant influenza virus using the
Vero/CEF system. The Vero/CHO-K1 cell system also allows producing a high amount of
reassortant virus (512 UHA/50ul). Thus the results demontrates that the Vero/CHO-K1 cell

system is more efficient than the Vero/CEF cell system for producing reassortant influenza

VIrus.
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CLAIMS

1. A method for producing infectious influenza viruses, wherein said method
comprises the steps consisting of :

a) transfecting cells with a set of expression vectors to generate a seed of
Infectious influenza virus,

b) infecting CHO cells with said seed of infectious influenza virus.

2. The method according to claim 1, wherein the cells at step a) are cells of

primate origin, a mixture of cells of primate origin and CHO cells or consist of CHO cells.

3. The method according to claim 3, wherein the cells of primate origin are
Vero cells.

4. The method according to any of claims 1 to 3, wherein said CHO cells are
CHO-K1 cells.

5. The method according to any one of claims 1 to 4, wherein said set of

expression vectors comprises:

- expression vectors allowing the expression of mMRNAs encoding at least influenza
PB1, PB2, PA and NP proteins, and

- expression vectors allowing the expression of at least influenza PB1, PB2, PA,
NP, M, NS, HA and NA vRNAs, or the corresponding cRNAs,
it being understood that expression of said set of expression vectors allows (i) the
formation of the ribonucleoprotein complex (RNP) containing the influenza vRNA(s), and

(11) the generation of infectious influenza viruses in said transfected cells.

b. The method according to claim 5, wherein:

(1) said expression vectors allowing the expression of mRNAs encoding influenza
PB1, PB2, PA and NP proteins comprise four different uni directional plasmids, each
plasmid containing a cDNA complementary to a mRNA encoding one of the four distinct
proteins selected from PB1, PB2, PA and NP influenza proteins under the control of a
promoter that binds to RNA polymerase |l, and

(1) said expression vectors allowing the expression of influenza PB1, PB2, PA, NP,
M, NS, HA and NA vRNAs, or the corresponding cRNAs, comprise eight different uni
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directional plasmids, each plasmid containing a cDNA complementary to one of the eight
distinct vRNAs selected from said PB1, PB2, PA, NP, M, NS, HA and NA influenza
VRNAS, or to the corresponding cRNAs, under the control of a promoter that binds to RNA

polymerase |.

/. The method according to claim 6, wherein said each plasmid containing a
cDNA complementary to one of said influenza PB1, PB2, PA, NP, M, NS, HA and NA
vVRNAS, or the corresponding cRNAs, under the control of a promoter that binds to RNA
polymerase | has been obtained by cloning said cDNA sequence into a vector comprising,
In the 5" to 3" sense :

a) a promoter that binds to RNA polymerase |, or a T7 RNA polymerase;

b) a recombination cassette comprising, in the 5’ to 3’ sense:
- an inverted complementary recognition sequence for a first restriction enzyme
which has its cutting site outside of its recognition sequence and produces
sticky ends;
- a restriction site for a second restriction enzyme which has its cutting site
Inside of Its recognition sequence;
- a restriction site for a third restriction enzyme which has its cutting site inside
of Its recognition sequence; and
- a recognition sequence for said first restriction enzyme which has its cutting
site outside of its recognition sequence and produces sticky ends;

wherein said second and third restriction enzymes are different; and

C) a terminator sequence;

It being understood that :

- when the promoter binds to RNA polymerase |, said terminator sequence is
hepatitis delta ribozyme sequence; and

- when the promoter binds to T7 RNA polymerase, said terminator sequence is T7

polymerase terminator sequence.

8. The method according to claim 7, wherein said vector comprises sequence
SEQ ID NO: 1.
9. The method according to any of claims 1 to 6, wherein said set of

expression vectors comprises eight different bidirectional plasmids, each plasmid

containing a cDNA complementary to one of the eight distinct vVRNAs selected from said
PB1, PB2, PA, NP, M, NS, HA and NA influenza vRNAs under the control of two
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promoters, wherein said first promoter binds to polymerase | and said second promoter
binds to polymerase I,

it being understood that expression of said set of expression vectors allows (i) the
formation of the ribonucleoprotein complex (RNP) containing the influenza vRNA(s), and

(1) the generation of infectious Influenza viruses in said transfected cells.

10.  The method according to any one of claims 1 to 9, wherein the infectious

Influenza viruses produced are type A or type B influenza viruses.

11.  The method according to any one of claims 1 to 10, wherein the infectious
iInfluenza viruses produced are reassortant infectious Iinfluenza viruses, the genetic
material of which results from the combination of the genetic material of at least two donor

viruses.

12. The method according to claim 11, wherein one of the donor virus is
A/Puerto Rico/8/34 (H1N1) (A/PR/8/34), B/Lee/40 or B/Panama/45/90.

13.  The method according to any of claims 1 to 12, wherein the infectious

Influenza viruses produced are chimeric viruses.

14.  The method according to claim 13, wherein said chimeric virus contains a
chimeric influenza HA and/or NA vRNAs.

15. The method according to claim 14, wherein the chimeric influenza HA
vVRNA and/or NA vRNAs comprise one or more domains of a HA vRNA or one or more
domains of a NA vRNA from a seasonal or pandemic virus and one or more domains of a
HA vRNA or one or more domains of a NA vRNA from another donor virus, wherein at
least one domain of the HA vRNA from said seasonal or pandemic influenza virus Is
complementary to the region of a mRNA encoding the antigenic ectodomain of HA, such
as HA1 and/or HA2 from said seasonal or pandemic influenza virus, and at least one
domain of the NA vRNA from said seasonal or pandemic influenza virus iIs complementary
to the region of a mMRNA encoding the antigenic ectodomain of NA from said seasonal or

pandemic influenza virus.

16. The method according to any one of claims 1 to 15, wherein said method is

entirely performed in a serum-free medium or in animal component-free conditions.
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17. A method of preparing an influenza vaccine composition, which method
CoOmprises:
a) producing influenza viruses by a method according to any one of claims 1 to 16;
b) harvesting the infectious influenza viruses after multiplication in CHO cells,

C
d

e) mixing the purified virus with a pharmaceutically acceptable carrier.

)
) purifying the harvested infectious influenza virus,

) optionally inactivating the purified virus, and

)

18. A CHO cell which comprises a set of expression vectors as defined in any
one of claims 510 9.

19.  The CHO cell according to claim 18 which is a CHO-K1 cell.

20. A vector comprising, in the 5’ to 3’ sense:
- a promoter that binds to RNA polymerase |, or to T7 RNA polymerase;
- a recombination cassette comprising, in the 5" to 3’ sense:
- an inverted complementary recognition sequence for a first restriction
enzyme which has its cutting site outside of its recognition sequence and
produces sticky ends;
- a restriction site for a second restriction enzyme which has its cutting site
Inside of Its recognition sequence;
- a restriction site for a third restriction enzyme which has its cutting site
inside of its recognition sequence; and
- a recognition sequence for said first restriction enzyme which has its
cutting site outside of its recognition sequence and produces sticky ends;
wherein said second and third restriction enzymes are different; and
- a terminator sequence;
It being understood that :
- when the promoter binds to RNA polymerase |, said terminator sequence IS
hepatitis delta ribozyme sequence,
- when the promoter binds to T/7 RNA polymerase, said terminator sequence is T7
polymerase terminator sequence.

21. The vector according to claim 20, wherein said promoter binds to rodent
RNA polymerase | or to human RNA polymerase |.
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22.  The vector according to claim 20 or 21, wherein said first restriction enzyme
of the recombination cassette is Bbs/ or Sapl, and said second and third restriction

enzymes of the recombination cassette are selected from the group consisting of Not/ and
Sbfl.

23. The vector according to any one of clams 20 to 22, wherein said
recombination cassette consists of sequence SEQ ID NO:2.

24.  The vector according to any one of claims 20 to 23, wherein said vector
comprises the sequence SEQ ID NO: 1.

29D. A vector according to any one claims 20 to 24 for use in a method for
producing reassortant RNA virus by reverse genetic.
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