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RECOMBINANT INFLUENZA VECTORS
WITH TANDEM TRANSCRIPTION UNITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/113,244, filed May 23, 2011, which is a divi-
sional of U.S. patent application Ser. No. 11/283,498, filed
Nov. 18, 2005, now allowed, which claims the benefit of the
filing date of U.S. application Ser. No. 60/629,665, filed
Nov. 19, 2004, the disclosures of which are incorporated by
reference herein.

STATEMENT OF GOVERNMENT RIGHTS

This invention was made with government support under
Al047446 awarded by the National Institutes of Health. The
government has certain rights in the invention.

BACKGROUND

Influenza epidemics and pandemics continue to claim
human lives and impact the global economy. In the United
States alone, influenza causes an estimated 50,000 deaths
annually (Thompson et al., 2003), while global pandemics
can result in millions of influenza-related deaths. A classic
example is the so-called ‘Spanish influenza’, which killed an
estimated 40-50 million people worldwide in 1918-1919
(Potter, 1998). The threat imposed by influenza virus has
been further elevated with the recent introductions of avian
influenza viruses into the human population. Avian influenza
viruses were long thought not to be directly transmissible to
humans and cause lethal outcomes. However, this percep-
tion changed in 1997, when 18 Hong Kong residents were
infected by a wholly avian influenza virus of the H5N1
subtype, that resulted in 6 deaths (Subbarao et al., 1998;
Claas et al., 1998). Over the next few years, several other
cases of direct avian-to-human transmission were reported
(Peiris et al., 2004; Fouchier et al., 2004; Koopsman et al.,
2004), including the ongoing outbreak of highly pathogenic
H5N1 influenza viruses in several Asian countries that has
claimed 41 lives of 54 infected individuals as of Jan. 26,
2005 (WHO, 2004). The increasing numbers of human
HS5N1 virus infections, together with a high mortality rate
and possible human-to-human transmission, make the devel-
opment of vaccines to these viruses essential.

In the United States, two influenza vaccines are licensed
for human use: an inactivated vaccine and a live attenuated
vaccine virus. The production of influenza virus vaccines
relies on reassortment (Gerdil, 2003), which requires coin-
fection of cells with a circulating wild-type strain that
provides the hemagglutinin (HA) and neuraminidase (NA)
segments and either A/PR/8/34 (PRS) virus (an attenuated
human virus that provides high-growth properties in eggs) or
a live attenuated virus that provides the attenuated pheno-
type. The selection of the desired “6+2” reassortants (i.e.,
those containing the HA and NA gene segments of the
circulating wild-type strain in the genetic background of
PR8 or live attenuated virus) is time-consuming and cum-
bersome. Moreover, the need for reassortment and selection,
as well as the inability of some reassortant viruses to grow
to high titers, have resulted in delays in vaccine production.

For influenza A and B viruses, highly efficient reverse
genetics systems are now in place that allow the generation
of these viruses from cloned cDNA (Neumann et al., 1999;
Hoffmann et al., 2002; Fodor et al., 1999; Hoffmann et al.,
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2000). In one system (Neumann et al., 1999), eight plasmids
encoding the eight influenza viral RNA segments under the
control of the RNA polymerase 1 (Poll) promoter and
terminator sequences are transfected into eukaryotic cells
together with four RNA polymerase II (Polll)-driven plas-
mids for the expression of the three viral polymerase sub-
units and the nucleoprotein NP; these four proteins are
required to initiate viral replication and transcription. An
alternative system has also been developed (Hoffmann et al.,
2000) that relies on eight plasmids in which the viral cDNAs
are flanked by an RNA polymerase [ promoter on one site
and an RNA polymerase I promoter on the other site, which
permits the VRNA and mRNA to be derived from the same
template. These systems have allowed 6+2 reassortants to be
engineered without the need for reassortment and screening
procedures.

A limited number of mammalian cell lines are available
for the production of influenza virus vaccines. They include
Madin-Darby canine kidney (MDCK) (Brands et al., 1999;
Palache et al., 1999; Halperin et al., 2002) and African green
monkey kidney (Vero) (Kistner et al., 1998; Kistner et al.,
1999a; Kistner et al., 1999b; Bruhl et al., 2000) cells. These
cell lines cannot be transtected with high efficiencies, which
sometimes limits their use in reverse genetics systems for
influenza virus vaccine production; however, the generation
of influenza virus in Vero cells has been demonstrated
(Fodor et al., 1999; Nicolson et al., 2005).

Thus, what is needed is an improved method to prepare
influenza virus.

SUMMARY OF THE INVENTION

The present invention provides isolated vectors (poly-
nucleotides) which include tandem transcription units (tran-
scription cassettes) including (i) RNA polymerase I (Poll)
based transcription cassettes, and/or (ii) RNA polymerase 11
(Polll) based transcription cassettes, and/or (iii) RNA Poll/II
based transcription cassettes on one or more vectors, e.g.,
plasmids or other, e.g., linear, nucleic acid delivery vehicles.
In particular, the invention provides plasmids useful in a
composition to prepare infectious negative strand segmented
RNA viruses, which compositions have less than eight
plasmids containing viral genes for virus production. For
example, the compositions of the invention may include one,
two, three, four, five, six, or seven plasmids having influenza
virus genes, which composition, once introduced to a cell,
yields infectious influenza virus. Thus, in one embodiment,
to provide a reverse genetics system that reduces the number
of plasmids for virus generation, up to eight RNA poly-
merase | transcription cassettes for the synthesis of the
respective influenza virus RNAs were combined on one
plasmid, and up to three transcription cassettes for three
influenza virus polymerase subunits on one plasmid. As
described hereinbelow, this approach allowed the efficient
and robust generation of influenza A virus in Vero cells.

For instance, the invention includes a vector such as a
plasmid including tandem transcription cassettes such as one
or more of the following cassettes (i) a RNA Poll promoter,
a cDNA for an influenza viral RNA (in negative- or positive-
sense orientation), and a RNA Poll terminator; (ii) a RNA
Polll promoter, a DNA for influenza virus PB2, PB1, PA,
and/or NP protein, and a polyadenylation signal (RNA Polll
transcription termination sequence), and/or (iii) a RNA Polll
promoter, a RNA Poll transcription termination sequence, a
c¢DNA for an influenza viral RNA (in positive-sense orien-
tation), a RNA polymerase Poll promoter, and a RNA Polll
transcription termination sequence. In cell lines that can be
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transfected efficiently, these approaches yielded up to 10°
viruses per mL of supernatant derived from transfected cells.

The combinations of transcription cassettes and/or vectors
described herein are useful for the generation of live attenu-
ated influenza vaccine virus, e.g., employing so-called
“internal genes” (i.e., PB2, PB1, PA, NP, M, and NS)
combined with HA and NA genes derived from currently
circulating viruses. For instance, HSN1 viruses cannot be
grown in eggs and so transcription cassettes containing those
genes are particularly useful for the generation of H5N1
vaccine viruses. In one embodiment, the HA in a transcrip-
tion cassette is a type A HA. In another embodiment, the HA
in a transcription cassette is a type B HA. In yet another
embodiment, genes from influenza virus type C are
employed. In one embodiment, the RNA Poll promoter is a
human RNA Poll promoter. In one embodiment, the NA
c¢DNA further comprises NB sequences. In one embodiment,
the composition further includes a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus BM2 ¢DNA linked to a Poll transcription termination
sequence.

In one embodiment, by combining all eight RNA Poll
transcription cassettes for the generation of influenza virus
on one plasmid, virus can be generated from five plasmids,
i.e., one for the synthesis of all eight VRN As and four for the
synthesis of the polymerase proteins and NP proteins. In
another embodiment, by combining four RNA Polll tran-
scription cassettes for the synthesis of the polymerase and
NP proteins on one plasmid, virus can be generated from two
plasmids, i.e., one for the synthesis of all eight vVRNAs and
one for the synthesis of the polymerase proteins and NP
proteins. In a further embodiment, by combining three RNA
Polll transcription cassettes for the synthesis of the poly-
merase proteins on one plasmid, one RNA Polll transcrip-
tion cassette for NP protein on one plasmid, and a plasmid
for the synthesis of all eight VRN As, virus may be generated
from three plasmids. In another embodiment, by combining
four RNA Poll transcription cassettes for the generation of
HA, NA, M, and NS vRNAs and four RNA Poll/II tran-
scription cassettes for the generation of PB2, PB1, PA and
NP vRNAs and mRNAs on one plasmid, influenza virus can
be generated from one plasmid.

Any suitable promoter or transcription termination
sequence may be employed to express a protein, e.g., a viral
protein, a protein of a nonviral pathogen, or a therapeutic
protein, or a VRNA. Thus, in one embodiment, the invention
provides isolated and purified vectors, e.g., plasmids, which
express or encode influenza virus proteins, or express or
encode influenza vRNA, both native and recombinant
VRNA. Preferably, the promoter is suitable for expression in
a particular host cell, e.g., avian or mammalian host cells
such as canine, feline, equine, bovine, ovine, or primate cells
including human cells, or preferably, for expression in more
than one host.

In one embodiment, one or more vectors for VRNA
production comprise a promoter including, but not limited
to, a RNA Poll promoter, e.g., a human RNA Poll promoter,
a RNA Polll promoter, a RNA Pollll promoter, a T7
promoter, or a T3 promoter. For a vector for vVRNA which
includes a RNA Polll promoter, the vector may optionally
include ribozyme sequences (see PCT/US04/016649, the
disclosure of which is incorporated by reference herein).
Preferred transcription termination sequences for the vVRNA
vectors include, but are not limited to, a RNA Poll tran-
scription termination sequence, a RNA Pollll transcription
termination sequence, or a ribozyme. Each RNA Polll
promoter in a plasmid or a combination of plasmids to be
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employed together, may be the same or different. Each RNA
Poll promoter in a plasmid or a combination of plasmids to
be employed together, may be the same or different. Like-
wise, each RNA Polll transcription termination sequence in
a plasmid or a combination of plasmids to be employed
together, may be the same or different. Further, each RNA
Poll transcription termination sequence in a plasmid or a
combination of plasmids to be employed together, may be
the same or different. The use of less than 12 plasmids, e.g.,
less than 10 plasmids, can yield titers of from 10* TCID,/
mL, 10° TCIDsy/mL, 10* TCID5,/mL, 10° TCIDs/mlL, 10°
TCID;/mL, 10" TCIDs,/mL, 10® TCIDs,/mL, or more.

In one embodiment, cDNAs for one or more, e.g., two,
three, four, five, six, seven or eight viral segments, are each
flanked by RNA Poll termination and promoter sequences,
and this transcription cassette is then flanked by an RNA
Polll promoter and a RNA Polll polyadenylation signal
(exemplified for the NP gene in FIG. 4). This approach
yields both vVRNA (synthesized by RNA Poll) and mRNA
(synthesized by RNA Polll) from the same template. Addi-
tional plasmids for the synthesis of viral proteins are thus no
longer required, reducing the number of transcription cas-
settes necessary for influenza virus production. The RNA
Poll promoter and/or RNA Poll transcription termination
sequence and/or the RNA Polll promoter and/or RNA Polll
termination sequence in each VRNA/protein encoding cas-
sette, may be the same or different as any other cassette.

In yet another embodiment, the invention includes the
combination of two plasmids, one for the generation of HA
VRNA and NA vRNA, and one for the generation of M
VRNA and NS vRNA, and one plasmid containing four RNA
Poll/1I transcription cassettes (for the synthesis of PB2, PB1,
PA, and NP vRNAs and mRNAs), allowing for virus gen-
eration from three plasmids, or one plasmid for PB2, PB1,
PA, NP, M and NS vRNAs, one plasmid for HA vRNA, one
plasmid for NA vRNA, and one plasmid for the synthesis of
the polymerase and NP proteins, allowing virus generation
from four plasmids. In another embodiment, the invention
includes one plasmid for the generation of six VRNAs, e.g.,
PB2, PB1, PA, NP, M and NS vRNAs, one plasmid for the
generation of two VRNAs, e.g., HA and NA vRNAs, and
four plasmids each for the production of protein for PB2,
PB1, PA, and NP, allowing for virus generation from six
plasmids. In a further embodiment, the invention includes
one plasmid for the generation of six vRNAs, e.g., PB2,
PB1, PA, NP, M and NS vRNAs, one plasmid for the
generation of two vVRNAs, e.g., HA and NA vRNAs, and one
plasmid for the production of protein for PB2, PB1, and PA,
and one plasmid for the production of protein for NP,
allowing for virus generation from four plasmids.

Other vectors useful in the compositions and/or methods
of the invention include a DNA of interest, e.g., a gene or
open reading frame (coding region) of interest for a pro-
phylactic or therapeutic protein, flanked by viral sequences
and optionally a Poll promoter and a Poll transcription
termination sequence and/or a Polll promoter and a Polll
transcription termination sequence. The DNA of interest
may be in the positive sense or negative sense orientation
relative to the promoter. The DNA of interest, whether in a
vector for VRNA or protein production, may encode an
immunogenic epitope, such as an epitope useful in a cancer
therapy or vaccine, or gene therapy. In one embodiment, the
DNA of interest is full-length influenza virus cDNA or an
influenza virus DNA coding region, e.g., influenza A (e.g.,
any influenza A gene including any of the 15 HA or 9 NA
subtypes), B or C DNA (see Chapters 45 and 46 of Fields
Virology (Fields et al. (eds.), Lippincott-Raven Publ., Phila-
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delphia, Pa. (1996), which are specifically incorporated by
reference herein), although it is envisioned that the gene(s)
from any source, e.g., from any virus, may be employed in
the vectors or methods of the invention. The compositions of
the invention may thus also include a transcription cassette
comprising a promoter linked to 5' influenza virus sequences
comprising 5' influenza virus noncoding sequences linked to
a heterologous DNA of interest, i.e., one that is not found
linked to influenza sequences in nature or in a different
linkage than is found in nature, linked to 3' influenza virus
sequences comprising 3' influenza virus noncoding
sequences linked to a transcription termination sequence. In
one embodiment, the DNA of interest is operably linked to
a RNA polymerase promoter and a RNA polymerase tran-
scription termination sequence.

In one embodiment, the DNA of interest comprises an
open reading frame encoding an immunogenic polypeptide
or peptide of a pathogen or a therapeutic polypeptide or
peptide. In one embodiment, the DNA of interest is operably
linked to a Poll promoter and a Poll transcription termina-
tion sequence while in another embodiment the DNA of
interest is operably linked to a Polll promoter and a Polll
transcription termination sequence. In yet another embodi-
ment, the DNA of interest is operably linked to a Poll
promoter and a Poll transcription termination sequence and
to a Polll promoter and a Polll transcription termination
sequence. The transcription cassette comprising the DNA of
interest may be on the same plasmid as at least one other
transcription cassette or may be on a different plasmid than
the other transcription cassettes. When preparing virus, the
DNA of interest may substitute for an influenza virus open
reading frame or a portion thereof, or may be in addition to
all influenza virus open reading frames.

The invention also provides a method to prepare virus,
e.g., influenza virus, or deliver a gene by introducing a
heterologous DNA of interest to an influenza virus vector.
For example, the method includes contacting a cell with a
plurality of the transcription cassettes of the invention, e.g.,
sequentially or simultaneously, for example, employing a
composition of the invention, in an amount effective to yield
infectious influenza virus. The invention also includes iso-
lating virus from a cell contacted with the composition.
Thus, the invention further provides isolated virus, as well as
a host cell contacted with the composition or virus of the
invention. In another embodiment, the invention includes
contacting the cell with one or more vectors, either VRNA or
protein production vectors, prior to other vectors, either
VRNA or protein production vectors.

The methods of the invention allow easy manipulation of
negative strand viruses such as influenza viruses, e.g., by the
introduction of attenuating mutations into the viral genome.
Further, because influenza viruses induce strong humoral
and cellular immunity, the invention greatly enhances these
viruses as vaccine vectors, particularly in view of the
availability of natural variants of the virus, which may be
employed sequentially, allowing repetitive use for gene
therapy.

The methods of producing virus described herein, which
do not require helper virus infection, are useful in viral
mutagenesis studies, and in the production of vaccines (e.g.,
for AIDS, influenza, hepatitis B, hepatitis C, rhinovirus,
filoviruses, malaria, herpes, and foot and mouth disease) and
gene therapy vectors (e.g., for cancer, AIDS, adenosine
deaminase, muscular dystrophy, ornithine transcarbamylase
deficiency and central nervous system tumors). Thus, a virus
for use in medical therapy (e.g., for a vaccine or gene
therapy) is provided.
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The invention also provides a method to immunize an
individual against a pathogen, e.g., a bacteria, virus, or
parasite, or a malignant tumor. The method comprises
administering to the individual an amount of at least one
isolated virus of the invention, optionally in combination
with an adjuvant, effective to immunize the individual. The
virus comprises VRNA comprising a sequence for a poly-
peptide encoded by the pathogen or a tumor-specific poly-
peptide.

Also provided is a method to augment or increase the
expression of an endogenous protein in a mammal having an
indication or disease characterized by a decreased amount or
a lack of the endogenous protein. The method comprises
administering to the mammal an amount of an isolated virus
of the invention effective to augment or increase the amount
of the endogenous protein in the mammal. The virus com-
prises VRNA for a polypeptide which augments or increases
the amount of the endogenous protein. Preferably, the mam-
mal is a human.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A. Schematic diagram of established reverse genet-
ics systems. In the RNP transfection method (A), purified
NP and polymerase proteins are assembled into RNPs with
use of in vitro-synthesized vRNA. Cells are transfected with
RNPs, followed by helper virus infection. In the RNA
polymerase I method (B), a plasmid containing the RNA
polymerase I promoter, a cDNA encoding the vRNA to be
rescued, and the RNA polymerase I terminator is transfected
into cells. Intracellular transcription by RNA polymerase |
yields synthetic VRNA, which is packaged into progeny
virus particles upon infection with helper virus. In A) and B),
transfectant viruses (i.e., those containing RNA derived
from cloned cDNA), are selected from the helper virus
population.

FIG. 1B. Plasmids containing the RNA polymerase I
promoter a cDNA for each of the eight viral RNA segments,
and the RNA polymerase I terminator are transfected into
cells together with protein expression plasmids. Although
infectious viruses can be generated with plasmids expressing
PA, PB1, PB2, and NP, expression of all remaining structural
proteins (shown in brackets) increases the efficiency of virus
production depending on the virus generated.

FIG. 2. Schematic diagram of the generation of RNA
polymerase 1 constructs (SEQ ID Nos. 1-12). ¢cDNAs
derived from influenza virus were amplified by PCR,
digested with BsmBI and cloned into the BsmBI sites of the
pHH21 vector (E. Hoffmann, Ph.D. thesis, Justus, Liebig-
University, Giessen, Germany), which contains the human
RNA polymerase 1 promoter (P) and the mouse RNA
polymerase 1 terminator (T). The thymidine nucleotide
upstream of the terminator sequence (*T) represents the 3'
end of the influenza viral RNA. Influenza A virus sequences
are shown in bold face letters.

FIGS. 3A-C. Schematic diagrams of plasmids possessing
multiple influenza viral genes. A) pTM-Poll-WSN-All for
the transcription of all eight influenza viral RNAs from one
template. Transcription units comprising the human RNA
polymerase 1 promoter (blue, Pol 1 promoter), a cDNA
encoding an influenza viral segment in negative-sense ori-
entation (shown in different colors), and the mouse RNA
polymerase I terminator (black, Pol I terminator) were
combined on one plasmid by using unique recognition sites
for restriction endonucleases. B) pTM-Poll-WSN-PB2-
PB1-PA-NP-M-NS and pTM-Poll-WSN-HA-NA for the
transcription of six and two influenza viral RNAs from one
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plasmid. These plasmids and the terminology were gener-
ated as outlined for pTM-Poll-WSN-All. C. pC-PollI-WSN-
PB2-PB1-PA for the transcription of PB2, PB1, and PA
mRNAs from one plasmid. Transcription units comprising
an RNA polymerase I promoter (dark blue, Pol II pro-
moter), i.e., the chicken B-actin promoter, the coding region
for the respective viral protein (shown in different colors),
and a polyadenylation sequence (gold, PolyA) were com-
bined on one plasmid by using unique recognition sites for
restriction endonucleases.

FIG. 4. RNA polymerase I/II transcription unit. The NP
gene is flanked by RNA polymerase 1 terminator (Poll-
Term) and RNA polymerase I promoter (Poll-Prom)
sequences. This unit is then inserted between an RNA
polymerase II promoter, such as the CMV promoter (CMV
Pr), and a polyadenylation signal, such as the bovine growth
hormone polyadenylation signal (BGH polyA).

FIG. 5. Plasmid containing four RNA polymerase I/II
transcription units for the synthesis of PB2, PB1, PA, and NP
vRNAs and mRNAs, and four RNA polymerase [ transcrip-
tion units for the synthesis of HA, NA, M, and NS vRNAs.
PII:RNA polymerase II promoter (shaded box), pA:polyade-
nylation signal (open box); P:RNA polymerase I promoter
(large black box), T:RNA polymerase [ terminator (small
black box).

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

As used herein, the terms “isolated and/or purified” refer
to in vitro preparation, isolation and/or purification of a
nucleic acid molecule such as a plasmid of the invention or
a virus of the invention, so that it is not associated with in
vivo substances, or is substantially purified from in vitro
substances. An isolated virus preparation is generally
obtained by in vitro culture and propagation and is substan-
tially free from other infectious agents. As used herein,
“substantially free” means below the level of detection for a
particular infectious agent using standard detection methods
for that agent. A “recombinant” virus is one which has been
manipulated in vitro, e.g., using recombinant DNA tech-
niques, to introduce changes to the viral genome, or other-
wise artificially generated. As used herein, the term “recom-
binant nucleic acid” or “recombinant DNA sequence or
segment” refers to a nucleic acid, e.g., to DNA, that has been
derived or isolated from a source, that may be subsequently
chemically altered in vitro, so that its sequence is not
naturally occurring, or corresponds to naturally occurring
sequences that are not positioned as they would be posi-
tioned in the native genome. An example of DNA “derived”
from a source, would be a DNA sequence that is identified
as a useful fragment, and which is then chemically synthe-
sized in essentially pure form. An example of such DNA
“isolated” from a source would be a useful DNA sequence
that is excised or removed from said source by chemical
means, e.g., by the use of restriction endonucleases, so that
it can be further manipulated, e.g., amplified, for use in the
invention, by the methodology of genetic engineering.

A “highly transfectable cell” as used herein is a cell where
transfection efficiencies with a single plasmid reach about
95%, e.g., as measured by protein expression in transfected
cells and/or where transfection with more than 5 plasmids
with influenza viral genes for virus production of a nonat-
tenuated influenza virus, yields a virus titer of at least about
10° TCID,,/mL by day 2 post-transfection or of an attenu-
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ated virus yields a virus titer of about 10° TCID,,/mL.
Exemplary highly transfectable cells include but are not
limited to 293T cells. In contrast, a “cell with reduced
transfection efficiency” as used herein is a cell wherein
transfection efficiencies with a single plasmid are less than
about 50% and/or where transfection with more than 5
plasmids with influenza viral genes for virus production of
a nonattenuated influenza virus, yields a virus titer of less
than about 3x10° TCID,/mL by 2 days after transfection.
Exemplary cells with reduced transfection efficiency include
but are not limited to Vero cells and MDCK cells.
Negative-Sense RNA Viruses

Negative-sense RNA viruses are classified into seven
families (Rhabdoviridae, Paramyxoviridae, Filoviridae,
Bornaviridae, Orthomyxoviridae, Bunyaviridae, and Arena-
viridae) which include common human pathogens, such as
respiratory syncytial virus, influenza virus, measles virus,
and Ebola virus, as well as animal viruses with major
economic impact on the poultry and cattle industries (e.g.,
Newcastle disease virus and Rinderpest virus). The first four
families are characterized by nonsegmented genomes, while
the latter three have genomes comprised of six-to-eight,
three, or two negative-sense RNA segments, respectively.
The common feature of negative-sense RNA viruses is the
negative polarity of their RNA genome; i.e., the viral RNA
(VRNA) is complementary to mRNA and therefore is not
infectious by itself. In order to initiate viral transcription and
replication, the VRN A has to be transcribed into a plus-sense
mRNA or cRNA, respectively, by the viral polymerase
complex and the nucleoprotein; for influenza A viruses, the
viral polymerase complex is comprised of the three poly-
merase proteins PB2, PB1, and PA. During viral replication,
cRNA serves as a template for the synthesis of new VRNA
molecules. For all negative-stranded RNA viruses, non-
coding regions at both the 5' and 3' termini of the vVRNA and
cRNA are critical for transcription and replication of the
viral genome. Unlike cellular or viral mRNA transcripts,
both cRNA and vRNA are neither capped at the 5' end nor
polyadenylated at the very 3' end.

The basic functions of many viral proteins have been
elucidated biochemically and/or in the context of viral
infection. However, reverse genetics systems have dramati-
cally increased our knowledge of negative-stranded seg-
mented and non-segmented RNA viruses with respect to
their viral replication and pathogenicity, as well as to the
development of live attenuated virus vaccines. Reverse
genetics, as the term is used in molecular virology, is defined
as the generation of virus possessing a genome derived from
cloned cDNAs (for a review, see Neumann et al., 2002).
Influenza Virus

Influenza A viruses possess a genome of eight single-
stranded negative-sense viral RNAs (VRN As) that encode a
total of ten to eleven proteins. The influenza virus life cycle
begins with binding of the hemagglutinin (HA) to sialic
acid-containing receptors on the surface of the host cell,
followed by receptor-mediated endocytosis. The low pH in
late endosomes triggers a conformational shift in the HA,
thereby exposing the N-terminus of the HA2 subunit (the
so-called fusion peptide). The fusion peptide initiates the
fusion of the viral and endosomal membrane, and the matrix
protein (M1) and RNP complexes are released into the
cytoplasm. RNPs consist of the nucleoprotein (NP), which
encapsidates VRNA, and the viral polymerase complex,
which is formed by the PA, PB1, and PB2 proteins. RNPs
are transported into the nucleus, where transcription and
replication take place. The RNA polymerase complex cata-
lyzes three different reactions: synthesis of an mRNA with
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a 5' cap and 3' polyA structure, of a full-length complemen-
tary RNA (cRNA), and of genomic vRNA using the cDNA
as a template. Newly synthesized vVRNAs, NP, and poly-
merase proteins are then assembled into RNPs, exported
from the nucleus, and transported to the plasma membrane,
where budding of progeny virus particles occurs. The
neuraminidase (NA) protein plays a crucial role late in
infection by removing sialic acid from sialyloligosaccha-
rides, thus releasing newly assembled virions from the cell
surface and preventing the self aggregation of virus par-
ticles. Although virus assembly involves protein-protein and
protein-vRNA interactions, the nature of these interactions is
largely unknown.

Although influenza B and C viruses are structurally and
functionally similar to influenza A virus, there are some
differences. For example, the M segment of influenza B
virus encodes two proteins, M1 and BM2, through a termi-
nation-reinitiation scheme of tandem cistrons, and the NA
segment encodes the NA and NB proteins from a bicistronic
mRNA. Influenza C virus, which has 7 vRNA segments,
relies on spliced transcripts to produce M1 protein; the
product of the unspliced mRNA is proteolytically cleaved to
yield the CM2 protein. In addition, influenza C virus
encodes a HA-esterase rather than individual HA and NA
proteins.

Thogotovirus

Thogotoviruses (THOV) represent a new genus in the
family of Orthomyxoviridae. They are transmitted by ticks
and have been found in domestic animals, including camels,
goats, and cattle. Consequently, THOV can replicate in tick
and vertebrate cells. The THOV genome comprises six
segments of single-stranded, negative-sense RNA. The pro-
teins encoded by the three largest segments show significant
homology to the influenza virus polymerase proteins PB2,
PB1, and PA. Segment 5 encodes a protein related to
influenza virus NP. The THOV glycoprotein, which is
encoded by segment 4, is not homologous to either influenza
virus HA or NA, but it shows sequence similarity to the
Baculovirus glycoprotein. The smallest segment is thought
to encode a matrix protein and does not resemble any of the
influenza virus proteins. Like influenza virus, both the 3' and
5" ends of the VRNA are required for promoter activity, and
this activity is located in the terminal 14 and 15 nucleotides
of the 3' and 5' ends of the VRNA, respectively.

The mRNA synthesis of THOV is primed by host cell-
derived cap structures. However, in contrast to influenza
virus, only the cap structures (without additional nucleo-
tides) are cleaved from cellular mRNAs (Albo et al., 1996;
Leahy et al., 1997; Weber et al., 1996). In vitro cleavage
assays revealed that both the 5' and 3' ends of VRNA are
required for endonuclease activity (Leahy et al., 1998), but
addition of a model cRNA promoter does not stimulate
endonuclease activity (Leahy et al., 1998), as has been
shown for influenza virus (Hagen et al., 1994). A ‘hook’
structure has been proposed for THOV (Leahy et al., 1997;
Weber et al.,, 1997), which is similar to the corkscrew
structure proposed for influenza virus. This ‘hook’ structure,
however, is only found in the THOV vRNA promoter. The
cRNA promoter sequence does not allow the formation of
base pairs between positions 2 and 9, and between 3 and 8
at the 5' end of the cRNA. Alterations at positions 3 or 8 to
allow base-pairing between these nucleotides stimulates
endonuclease activity, which is strong supporting evidence
of the proposed ‘hook’ structure (Leahy et al., 1998). More-
over, this structure might be crucial for the regulation of the
THOV life cycle; the vRNA promoter, forming the ‘hook’
structure, may stimulate PB2 endonuclease activity, thereby
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allowing transcription. The cRNA promoter, in contrast,
may not form the ‘hook’ structure and may therefore be
unable to stimulate endonuclease activity, thus resulting in
replication.

Bunyaviridae

The family Bunyaviridae includes several viruses that
cause hemorrhagic or encephalitic fevers in humans (e.g.,
Rift fever valley, Hantaan, La Crosse, and Crimean-Congo
hemorrhagic fever). The spherical and enveloped virions
contain three segments of single-stranded, negative-sense
RNA (reviewed in Elliott, 1997). The largest segment (L)
encodes the viral RNA polymerase protein (L. protein),
whereas the M segment encodes the two viral glycoproteins
G1 and G2, and a nonstructural protein (NSm). The smallest
segment (S) encodes the nucleocapsid protein (N) and a
second nonstructural protein (NSs). Virus replication and
transcription take place in the cytoplasm, and newly
assembled virions bud through the membranes of the Golgi
apparatus.

Bridgen & Elliott (1996) have established a reverse
genetics system to generate infectious Bunyamwera virus
entirely from cloned cDNAs. They followed a strategy first
described by Schnell et al. (1994) for rabies virus: intracel-
Iular transcription of a cDNA coding for the positive-sense
antigenomic RNA (but not for the negative-sense genomic
RNA) in cells expressing the viral polymerase and nucleo-
protein. Bridgen & Elliott (1996) infected HelLaT4+ cells
with vaccinia virus expressing T7 polymerase and trans-
fected these cells with plasmids expressing proteins encoded
by the S, M, and L segments. They then transfected these
cells with three plasmids encoding full-length anti-genomic
c¢DNAs flanked by the T7 polymerase promoter and the
hepatitis delta virus ribozyme. To increase the number of
bunyavirus particles relative to the number of vaccinia virus
particles, the authors used mosquito cells in which Bunyam-
wera but not Vaccinia virus replicates. This protocol can be
used not only to genetically engineer Bunyaviridae, but also
generate reassortant viruses that cannot easily be obtained
by coinfecting cells with different Bunyaviridae strains.

To study bunyavirus promoter elements and the viral
proteins that are required for transcription and replication,
Dunn et al. (1995) cloned the CAT gene in the negative-
sense orientation between the 5' and 3' nontranslated regions
of the Bunyamwera S RNA segment. Cells were transfected
with constructs expressing the proteins encoded by the L and
S segment and were then transfected with in vitro tran-
scribed RNA, which resulted in CAT activity. The bunya-
virus S segment encodes two proteins, N and NSs, in
overlapping reading frames. To determine whether both of
these proteins are required for transcription and replication,
constructs expressing only N or NSs were tested for CAT
activity. N protein expression, together with L protein,
resulted in CAT activity, whereas no CAT activity was
detected with the NSs expression construct. Thus, the [ and
N proteins are sufficient for transcription and replication of
a bunyavirus-like RNA.

As with influenza virus, the terminal sequences of bunya-
virus RNAs are complementary and highly conserved. It has
therefore been assumed that these sequence elements define
the bunyaviral promoter and are crucial for promoter activ-
ity. Deletion of five nucleotides at the 3' end of the viral
RNA drastically reduces CAT expression (Dunn et al.,
1995). In contrast, addition of two nucleotides at the 5' end,
or of 11 or 35 nucleotides at the 3' end does not abolish CAT
expression (Dunn et al., 1995). Therefore, like the influenza
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virus polymerase complex, the bunyavirus polymerase pro-
tein can apparently start transcription and/or replication
internally.

Recombinant Influenza Virus Vectors of the Invention

The use of vectors described herein significantly reduces
the number of plasmids required for the generation of
segmented virus such as influenza virus, increases the rescue
efficiency of influenza virus in cell lines that can be trans-
fected with high efficiencies, allowing the generation of
viruses that are severely attenuated, and/or allows the gen-
eration of influenza virus in cell lines that cannot be trans-
fected with high efficiencies, including cell lines for the
production of human vaccines (e.g., Vero cells). Accord-
ingly, the use of the vectors of the invention reduces the
number of variables for virus generation, resulting in more
consistent generation of influenza virus, and decreasing the
burden of providing proper documentation of plasmid his-
tory, purity, and toxicity. These advantages allow the speedy
generation of vaccine viruses, especially for pandemics.
Moreover, the invention disclosed herein is not limited to
influenza virus but can be applied to any other antisense
RNA virus, e.g., Paramyxoviridae, Rhabdoviridae, Filoviri-
dae, Reoviridae, Arenaviridae or Bunyaviridae.

The invention provides at least one of the following
isolated and/or purified vectors or a composition which
includes one or more vectors and/or two or more transcrip-
tion cassettes: a transcription cassette comprising a Poll
promoter operably linked to an influenza virus PA cDNA,
e.g., a full-length influenza virus PA cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PB1 c¢DNA, e.g., a full-length influenza virus PB1
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus PB2 ¢cDNA, e.g., a full-length
influenza virus PB2 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus HA
cDNA, e.g., a full-length influenza virus HA cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NP ¢cDNA, e.g., a full-length influenza virus
NP ¢DNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NA cDNA, e.g.,
a full-length influenza virus NA cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus M cDNA, e.g., a full-length influenza virus M cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus NS cDNA, e.g., a full-length
influenza virus NS cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Polll promoter operably linked to a DNA coding region for
influenza virus PA linked to a Polll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus PB1 linked to a Polll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus PB2 linked to a Poll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus NP linked to a Polll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter and a Poll transcription termination sequence and a
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Polll promoter and a Polll transcription termination
sequence each operably linked to a DNA segment for
influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and a Polll transcription termination sequence
each operably linked to a DNA segment for influenza virus
PB1, e.g., a full-length influenza virus PB1 cDNA, a tran-
scription cassette comprising a Poll promoter and a Poll
transcription termination sequence and a Poll promoter and
a Polll transcription termination sequence each operably
linked to a DNA segment for influenza virus PB2, e.g., a
full-length influenza virus PB2 ¢cDNA, and/or a transcription
cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Polll promoter and a Polll
transcription termination sequence each operably linked to a
DNA segment for influenza virus NP, e.g., a full-length
influenza virus NP cDNA.

A vector of the invention may include two or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PA cDNA, e.g., a full-length influenza virus PA cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PB1 ¢cDNA, e.g., a full-length
influenza virus PB1 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PB2
cDNA, e.g., a full-length influenza virus PB2 ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus HA cDNA, e.g., a full-length HA cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus NP cDNA, e.g., a full-length
influenza virus NP ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus NA
cDNA, e.g., a full-length influenza virus NA cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus M cDNA, e.g., a full-length influenza virus
M cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NS cDNA, e.g.,
a full-length influenza virus NS ¢DNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to a DNA
coding region for influenza virus PA linked to a Polll
transcription termination sequence, a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB1 linked to a Polll
transcription termination sequence, a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB2 linked to a Polll
transcription termination sequence, and/or a transcription
cassette comprising a Polll promoter operably linked to a
DNA coding region for influenza virus NP linked to a Polll
transcription termination sequence.

In one embodiment, a vector of the invention includes two
or more transcription cassettes selected from a transcription
cassette comprising a Polll promoter operably linked to a
DNA coding region for influenza virus PA linked to a Polll
transcription termination sequence, a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB1 linked to a Polll
transcription termination sequence, a transcription cassette



US 10,358,630 B2

13

comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB2 linked to a Polll
transcription termination sequence, and a transcription cas-
sette comprising a Polll promoter operably linked to a DNA
coding region for influenza virus NP linked to a Polll
transcription termination sequence.

In another embodiment, a vector of the invention includes
at least two transcription cassettes selected from a transcrip-
tion cassette comprising a Poll promoter operably linked to
an influenza virus HA cDNA, e.g., a full-length influenza
virus HA c¢DNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus cDNA for NA,
a full-length influenza virus NA cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus M cDNA, e.g., a full-length influenza virus M cDNA,
linked to a Poll transcription termination sequence, and/or a
transcription cassette comprising a Poll promoter operably
linked to an influenza virus NS cDNA, e.g., a full-length
influenza virus NS cDNA, linked to a Poll transcription
termination sequence.

The invention further includes a vector with at least two
transcription cassettes selected from a transcription cassette
comprising a Poll promoter and a Poll transcription termi-
nation sequence and a Polll promoter and a Polll transcrip-
tion termination sequence each operably linked to a DNA
segment for influenza virus PA, e.g., a full-length influenza
virus PA ¢cDNA, a transcription cassette comprising a Poll
promoter and a Poll transcription termination sequence and
a Poll promoter and a Polll transcription termination
sequence each operably linked to a DNA segment for
influenza virus PB1, e.g., a full-length influenza virus PB1
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Poll
promoter and a Polll transcription termination sequence
each operably linked to a DNA segment for influenza virus
PB2, e.g., a full-length influenza virus PB2 ¢cDNA, and/or a
transcription cassette comprising a Poll promoter and a Poll
transcription termination sequence and a Polll promoter and
a Polll transcription termination sequence each operably
linked to a DNA segment for influenza virus NP, e.g., a
full-length influenza virus NP cDNA.

Further provided is a vector which includes two or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PA cDNA, e.g., a full-length influenza virus PA cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PB1 ¢cDNA, e.g., a full-length
influenza virus PB1 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PB2
c¢DNA, a full-length influenza virus PB2 cDNA, linked to a
Poll transcription termination sequence, a transcription cas-
sette comprising a Poll promoter operably linked to an
influenza virus HEF c¢DNA, e.g., a full-length influenza
virus HEF ¢cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NP cDNA, e.g.,
a full-length influenza virus NP c¢DNA, linked to a Poll
transcription termination sequence, a Poll promoter oper-
ably linked to an influenza virus M ¢cDNA, e.g., a full-length
influenza virus M c¢DNA, linked to a Poll transcription
termination sequence, and/or a transcription cassette com-
prising a promoter operably linked to an influenza virus NS
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cDNA, e.g., a full-length influenza virus NS cDNA, linked
to a Poll transcription termination sequence.

Also provided is a vector which includes two or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus M cDNA, e.g., a full-length influenza virus M cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus NS cDNA, e.g., a full-length
influenza virus NS cDNA, linked to a Poll transcription
termination sequence, and a transcription cassette compris-
ing a Poll promoter operably linked to an influenza virus
HEF cDNA, e.g., a full-length influenza virus HEF ¢cDNA,
linked to a Poll transcription termination sequence.

In one embodiment, the invention provides an isolated
and/or purified vector which includes one or more transcrip-
tion cassettes including a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PA
cDNA, e.g., a full-length influenza virus PA ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus PB1 ¢cDNA, e.g., a full-length influenza virus
PB1 cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus PB2 ¢cDNA, e.g.,
a full-length influenza virus PB2 ¢cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus HEF ¢DNA, e.g., a full-length influenza virus HEF
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus NP cDNA, e.g., a full-length
influenza virus NP ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus M
cDNA, e.g., a full-length influenza virus M ¢cDNA, linked to
a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NS ¢cDNA, e.g., a full-length influenza virus
NS cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus PA linked to a Polll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus PB1 linked to a Polll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus PB2 linked to a Polll transcription termination
sequence, a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for influenza
virus NP linked to a Polll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter and a Poll transcription termination sequence and a
Polll promoter and a Polll transcription termination
sequence each operably linked to a DNA segment for
influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and a Polll transcription termination sequence
each operably linked to a DNA segment for influenza virus
PB1, e.g., a full-length influenza virus PB1 cDNA, a tran-
scription cassette comprising a Poll promoter and a Poll
transcription termination sequence and a Poll promoter and
a Polll transcription termination sequence each operably
linked to a DNA segment for influenza virus PB2, e.g., a
full-length influenza virus PB2 ¢cDNA, and/or a transcription
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cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Polll promoter and a Polll
transcription termination sequence each operably linked to a
DNA segment for influenza virus NP, e.g., a full-length
influenza virus NP cDNA.

Exemplary Compositions of the Invention

The invention provides a composition comprising at least
one plasmid which includes two or more transcription
cassettes for VRNA production selected from a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus PA ¢cDNA, e.g., a full-length influenza virus
PA cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus PB1 ¢cDNA, e.g.,
a full-length influenza virus PB1 ¢cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PB2 ¢DNA, e.g., a full-length influenza virus PB2
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus HA cDNA, e.g., a full-length
influenza virus HA c¢DNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus NP
cDNA, e.g., a full-length influenza virus NP ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NA cDNA, e.g., a full-length influenza virus
NA cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus M ¢cDNA, e.g.,
a full-length influenza virus M ¢DNA, linked to a Poll
transcription termination sequence, and/or a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NS ¢cDNA, e.g., a full-length influenza virus
NS cDNA, linked to a Poll transcription termination
sequence; and at least one plasmid which includes one or
more transcription cassettes for mRNA production selected
from a transcription cassette comprising a Polll promoter
operably linked to a DNA coding region for influenza virus
PA linked to a Polll transcription termination sequence, a
transcription cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB1
linked to a Polll transcription termination sequence, a tran-
scription cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB2
linked to a Polll transcription termination sequence, and/or
a transcription cassette comprising a Polll promoter oper-
ably linked to a DNA coding region for influenza virus NP
linked to a Polll transcription termination sequence. In one
embodiment, each Poll promoter is the same. In one
embodiment, each Polll promoter is the same. In one
embodiment, each Poll transcription terminator sequence is
the same. In one embodiment, each Polll transcription
terminator sequence is the same.

In one embodiment, at least one plasmid for VRNA
production includes transcription cassettes for influenza
virus PA, influenza virus PB1, influenza virus PB2, influenza
virus HA, influenza virus NP, influenza virus NA, influenza
virus M, and influenza virus NS segments. In one embodi-
ment, the at least one plasmid for mRNA production
includes two or more transcription cassettes for influenza
virus PA, influenza virus PB1, influenza virus PB2 or
influenza virus NP, e.g., the at least one plasmid for mnRNA
production includes cassettes for influenza virus PA, influ-
enza virus PB1, influenza virus PB2 and influenza virus NP.
In one embodiment, the at least one plasmid for mRNA

10

15

20

25

30

35

40

45

50

55

60

65

16

production includes three of the cassettes, wherein the
composition further comprises a third plasmid for mRNA
production with a Polll promoter operably linked to a DNA
coding region for an influenza virus gene linked to a Polll
transcription termination sequence, wherein the DNA cod-
ing region in the third plasmid is for an influenza virus gene
that is not on the plasmid which includes the three cassettes,
for instance, the at least one plasmid for mRNA production
includes cassettes for influenza virus PA, influenza virus
PB1, influenza virus PB2 and the third plasmid includes a
cassette for influenza virus NP. In another embodiment, the
at least one plasmid for VRNA production includes tran-
scription cassettes for influenza virus PA, influenza virus
PB1, influenza virus PB2, influenza virus NP, influenza virus
M, and influenza virus NS. Also included is a plasmid for
VRNA production which includes a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus HA c¢DNA, e.g., a full-length influenza virus HA
c¢DNA, linked to a Poll transcription termination sequence
and a transcription cassette comprising a Poll promoter
operably linked to an influenza virus NA cDNA, e.g., a
full-length influenza virus NA cDNA, linked to a Poll
transcription termination sequence, for instance, the at least
one plasmid for mRNA production includes cassettes for
influenza virus PA, influenza virus PB1, influenza virus PB2
and influenza virus NP. In another embodiment, the at least
one plasmid for mRNA production includes three of the
cassettes, wherein the composition further comprises a third
plasmid for mRNA production with a Polll promoter oper-
ably linked to a DNA coding region for an influenza virus
gene linked to a Polll transcription termination sequence,
wherein the DNA coding region in the third plasmid is for
an influenza virus gene that is not on the plasmid which
includes the three cassettes, e.g., the at least one plasmid for
mRNA production includes cassettes for influenza virus PA,
influenza virus PBI, influenza virus PB2 and the third
plasmid includes a cassette for influenza virus NP.

In one embodiment, a composition of the invention com-
prises a plasmid which includes a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PA cDNA, e.g., a full-length influenza virus PA cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PB1 ¢cDNA, e.g., a full-length
influenza virus PB1 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PB2
cDNA, e.g., a full-length influenza virus PB2 ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus HA cDNA, e.g., a full-length influenza virus
HA c¢DNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NP cDNA, e.g.,
a full-length influenza virus NP c¢cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus NA cDNA, e.g., a full-length influenza virus NA
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus M cDNA, e.g., a full-length
influenza virus M cDNA, linked to a Poll transcription
termination sequence, and a transcription cassette compris-
ing a Poll promoter operably linked to an influenza virus NS
cDNA, e.g., a full-length influenza virus NS cDNA, linked
to a Poll transcription termination sequence. In one embodi-
ment, the HA in a transcription cassette is a type A HA. In



US 10,358,630 B2

17

another embodiment, the HA in a transcription cassette is a
type B HA. In one embodiment, the RNA polymerase |
promoter is a human RNA polymerase | promoter. In one
embodiment, the NA segment in a transcription cassette is a
type B NA segment, i.e., one for both the influenza B virus
NA and NB proteins. In one embodiment, the composition
further includes a transcription cassette comprising a Poll
promoter operably linked to an influenza virus M cDNA,
e.g., one for both M1 and BM2, linked to a Poll transcription
termination sequence.

Also provided a composition comprising a plasmid which
includes two or more transcription cassettes selected from a
transcription cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PA linked
to a Polll transcription termination sequence, a transcription
cassette comprising a Polll promoter operably linked to a
DNA coding region for influenza virus PB1 linked to a Polll
transcription termination sequence, a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB2 linked to a Polll
transcription termination sequence, and/or a transcription
cassette comprising a Polll promoter operably linked to a
DNA coding region for influenza virus NP linked to a Polll
transcription termination sequence.

In another embodiment, the invention provides a compo-
sition comprising a plasmid which includes one or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus HA c¢DNA, e.g., a full-length influenza virus HA
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus cDNA for NA, e.g., a full-length
influenza virus NA c¢DNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus M
cDNA, e.g., a full-length influenza virus M cDNA, influenza
virus linked to a Poll transcription termination sequence,
and a transcription cassette comprising a Poll promoter
operably linked to an influenza virus NS c¢DNA, e.g., a
full-length influenza virus NS cDNA, linked to a Poll
transcription termination sequence; and one or more tran-
scription cassettes selected from a transcription cassette
comprising a Poll promoter and a Poll transcription termi-
nation sequence and a Polll promoter and a Polll transcrip-
tion termination sequence each operably linked to a cDNA
for influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and Polll transcription termination sequence each
operably linked to a cDNA for influenza virus PB1, e.g., a
full-length influenza virus PB1 ¢DNA, a transcription cas-
sette comprising a Poll promoter and a Poll transcription
termination sequence and a Polll promoter and a Polll
transcription termination sequence each operably linked to a
c¢DNA for influenza virus PB2, e.g., a full-length influenza
virus PB2 ¢cDNA, and a transcription cassette comprising a
Poll promoter and a Poll transcription termination sequence
and a Polll promoter and a Polll transcription termination
sequence each operably linked to a cDNA for influenza virus
NP, e.g., a full-length influenza virus NP ¢cDNA. In one
embodiment, the HA in a transcription cassette is a type A
HA. In another embodiment, the HA in a transcription
cassette is a type B HA. In one embodiment, the RNA Poll
promoter is a human RNA Poll promoter. In one embodi-
ment, the NA cDNA in a transcription cassette is a type B
NA cDNA, i.e., one having NA and NB. In one embodiment,
the composition further includes a transcription cassette
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comprising a Poll promoter operably linked to an influenza
virus M ¢cDNA, e.g., one having M1 and BM2, linked to a
Poll transcription termination sequence.

Further provided is a composition comprising a plasmid
which includes a transcription cassette comprising a Poll
promoter and a Poll transcription termination sequence and
a Polll promoter and a Polll transcription termination
sequence each operably linked to a cDNA for influenza virus
PA, e.g., a full-length influenza virus PA, a transcription
cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Polll promoter and Polll tran-
scription termination sequence each operably linked to a
c¢DNA for influenza virus PB1, e.g., a full-length influenza
virus PB1 ¢cDNA, a transcription cassette comprising a Poll
promoter and a Poll transcription termination sequence and
a Polll promoter and a Pollll transcription termination
sequence each operably linked to a cDNA for influenza virus
PB2, e.g., a full-length influenza virus PB2 ¢cDNA, and a
transcription cassette comprising a Poll promoter and a Poll
transcription termination sequence and a Polll promoter and
a Polll transcription termination sequence each operably
linked to a cDNA for influenza virus NP, e.g., a full-length
influenza virus NP cDNA.

Also included is a composition comprising at least one
plasmid for vRNA production which includes two or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PA cDNA, e.g., a full-length influenza virus PA cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PB1 ¢cDNA, e.g., a full-length
influenza virus PB1 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PB2
cDNA, e.g., a full-length influenza virus PB2 ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus HEF c¢DNA, e.g., a full-length influenza
virus HEF ¢cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NP cDNA, e.g.,
a full-length influenza virus NP c¢cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus M cDNA, e.g., a full-length influenza virus M cDNA,
linked to a Poll transcription termination sequence, and/or a
transcription cassette comprising a promoter operably linked
to an influenza virus NS cDNA, e.g., a full-length influenza
virus NS ¢DNA, linked to a Poll transcription termination
sequence; and at least one plasmid for mRNA production
which includes one or more transcription cassettes selected
from a transcription cassette comprising a Polll promoter
operably linked to a DNA coding region for influenza virus
PA linked to a Polll transcription termination sequence, a
transcription cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB1
linked to a Pollll transcription termination sequence, a
transcription cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB2
linked to a Polll transcription termination sequence, and/or
a transcription cassette comprising a Polll promoter oper-
ably linked to a DNA coding region for influenza virus NP
linked to a Polll transcription termination sequence.

In one embodiment, the at least one plasmid for vVRNA
production includes transcription cassettes for influenza
virus PA, influenza virus PB1, influenza virus PB2, influenza
virus HEF, influenza virus NP, influenza virus M, and
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influenza virus NS segments. In one embodiment, the at
least one plasmid for mRNA production includes two or
more transcription cassettes for influenza virus PA, influenza
virus PB1, influenza virus PB2 or influenza virus NP, e.g.,
the at least one plasmid for mRNA production includes
cassettes for influenza virus PA, influenza virus PB1, influ-
enza virus PB2 and influenza virus NP. In one embodiment,
the at least one plasmid for mRNA production includes three
of the cassettes, wherein the composition further comprises
a third plasmid for mRNA production with a Poll promoter
operably linked to a DNA coding region for an influenza
virus gene linked to a Polll transcription termination
sequence, wherein the DNA coding region in the third
plasmid is for an influenza virus gene that is not on the
plasmid which includes the three cassettes, e.g., the at least
one plasmid for mRNA production includes cassettes for
influenza virus PA, influenza virus PB1, influenza virus PB2
and the third plasmid includes a cassette for influenza virus
NP. In one embodiment, the at least one plasmid for vVRNA
production includes transcription cassettes for influenza
virus PA, influenza virus PB1, influenza virus PB2, influenza
virus NP, influenza virus M, and influenza virus NS segment.
For instance, the composition includes a plasmid for vVRNA
production which includes a transcription cassette compris-
ing a Poll promoter operably linked to an influenza virus
HEF cDNA, e.g., a full-length influenza virus HEF ¢cDNA,
linked to a Poll transcription termination sequence.

Also provided is a composition comprising a plasmid
which includes two or more transcription cassettes selected
from a transcription cassette comprising a Poll promoter
operably linked to an influenza virus PA cDNA, e.g., a
full-length influenza virus PA c¢DNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PB1 c¢DNA, e.g., a full-length influenza virus PB1
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus PB2 ¢cDNA, e.g., a full-length
influenza virus PB2 ¢cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus HEF
cDNA, e.g., a full-length influenza virus HEF ¢cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NP ¢cDNA, e.g., a full-length influenza virus
NP ¢DNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus M ¢cDNA, e.g.,
a full-length influenza virus M ¢DNA, linked to a Poll
transcription termination sequence, and/or a transcription
cassette comprising a promoter operably linked to an influ-
enza virus NS cDNA, e.g., a full-length influenza virus NS
c¢DNA, linked to a Poll transcription termination sequence.
In one embodiment, each transcription cassette for VRNA
production is on one plasmid. In one embodiment, each
transcription cassette for mRNA production is on one plas-
mid. In one embodiment, each transcription cassette is on
one plasmid. In one embodiment, the RNA Poll promoter is
a human RNA Poll promoter.

The invention also includes a composition comprising a
plasmid which includes one or more transcription cassettes
selected from a transcription cassette comprising a Poll
promoter operably linked to an influenza virus HEF cDNA,
e.g., a full-length influenza virus HEF ¢DNA, linked to a
Poll transcription termination sequence, a Poll transcription
cassette comprising a promoter operably linked to an influ-
enza virus M cDNA, e.g., a full-length influenza virus M
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c¢DNA, linked to a Poll transcription termination sequence,
and a transcription cassette comprising a Poll promoter
operably linked to an influenza virus NS c¢DNA, e.g., a
full-length influenza virus NS cDNA, linked to a Poll
transcription termination sequence; and one or more tran-
scription cassettes selected from a transcription cassette
comprising a Poll promoter and a Poll transcription termi-
nation sequence and a Polll promoter and a Polll transcrip-
tion termination sequence each operably linked to a cDNA
for influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and a Polll transcription termination sequence
each operably linked to a ¢cDNA for influenza virus PB1,
e.g., a full-length influenza virus PB1 cDNA, a transcription
cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Poll promoter and a Polll
transcription termination sequence each operably linked to a
c¢DNA for influenza virus PB2, e.g., a full-length influenza
virus PB2 ¢cDNA, and a transcription cassette comprising a
Poll promoter and a Poll transcription termination sequence
and a Polll promoter and/or a Polll transcription termination
sequence each operably linked to a cDNA for influenza virus
NP, e.g., a full-length influenza virus NP ¢cDNA. In one
embodiment, each transcription cassette for VRNA produc-
tion is on one plasmid. In one embodiment, each transcrip-
tion cassette for mRNA production is on one plasmid. In one
embodiment, each transcription cassette is on one plasmid.
In one embodiment, the RNA Poll promoter is a human
RNA Poll promoter.

In one embodiment, the composition when contacted with
a cell which is optionally a 293T cell or a Vero cell, yields
detectable amounts of influenza virus, e.g., a titer of at least
10? to at least 10°> TCID,,/mL.
Exemplary Methods

The invention also provides a method to prepare influenza
virus. The method includes contacting a cell with a plasmid
which includes two or more transcription cassettes selected
from a transcription cassette comprising a Poll promoter
operably linked to an influenza virus PA cDNA, e.g., a
full-length influenza virus PA cDNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PB1 ¢cDNA, e.g., a full-length influenza virus PB1
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus PB2 ¢cDNA, e.g., a full-length
influenza virus PB2 cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus HA
cDNA, e.g., a full-length influenza virus HA cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus NP cDNA, e.g., a full-length influenza virus
NP ¢DNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NA cDNA, e.g.,
a full-length influenza virus NA cDNA, linked to a Poll
transcription termination sequence, and/or a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus M cDNA, e.g., a full-length influenza virus
M cDNA, linked to a Poll transcription termination
sequence and/or a transcription cassette comprising a Poll
promoter operably linked to an influenza virus NS cDNA,
e.g., a full-length influenza virus NS cDNA, linked to a Poll
transcription termination sequence; and a plasmid which
includes one or more transcription cassettes selected from a
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transcription cassette, a transcription cassette comprising a
Polll promoter operably linked to a DNA coding region for
influenza virus PA, a transcription cassette comprising a
Polll promoter operably linked to a DNA coding region for
influenza virus PB1, a transcription cassette comprising a
Polll promoter operably linked to a DNA coding region for
influenza virus PB2, and/or a transcription cassette compris-
ing a Polll promoter operably linked to a DNA coding region
for influenza virus NP.

In one embodiment, a method to prepare influenza virus
includes contacting a cell with a plasmid which includes a
transcription cassette comprising a Poll promoter operably
linked to an influenza virus HA cDNA, e.g., a full-length
influenza virus HA c¢DNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus NA
cDNA, e.g., a full-length influenza virus NA cDNA, linked
to a Poll transcription termination sequence, a transcription
cassette comprising a promoter operably linked to an influ-
enza virus M cDNA, e.g., a full-length influenza virus M
c¢DNA, linked to a Poll transcription termination sequence,
a transcription cassette comprising a Poll promoter operably
linked to an influenza virus NS cDNA, e.g., a full-length
influenza virus NS cDNA, linked to a Poll transcription
termination sequence, and optionally includes one or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter and a Poll transcription termi-
nation sequence and a Polll promoter and a Polll transcrip-
tion termination sequence each operably linked to a cDNA
for influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and a Polll transcription termination sequence
each operably linked to a ¢cDNA for influenza virus PB1,
e.g., a full-length influenza virus PB1 cDNA, a transcription
cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Poll promoter and a Polll
transcription termination sequence each operably linked to a
c¢DNA for influenza virus PB2, e.g., a full-length influenza
virus PB2 ¢cDNA, and/or a transcription cassette comprising
a Poll promoter and a Poll transcription termination
sequence and a Polll promoter and a Polll transcription
termination sequence each operably linked to a cDNA for
influenza virus NP e.g., a full-length influenza virus NP
cDNA.

In another embodiment, the invention provides a method
to prepare influenza virus which includes contacting a cell
with a plasmid which includes two or more transcription
cassettes selected from a transcription cassette comprising a
Poll promoter operably linked to an influenza virus PA
cDNA e.g., a full-length influenza virus PA cDNA, linked to
a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus PB1 ¢cDNA, e.g., a full-length influenza virus
PB1 cDNA, linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus PB2 cDNA, e.g.,
a full-length influenza virus PB2 c¢cDNA, linked to a tran-
scription termination sequence, a transcription cassette com-
prising a Poll promoter operably linked to an influenza virus
HEF cDNA, e.g., a full-length influenza virus HEF ¢cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus NP cDNA, e.g., a full-length
influenza virus NP cDNA, linked to a Poll transcription
termination sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus M
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cDNA e.g., a full-length influenza virus M ¢cDNA, linked to
a Poll transcription termination sequence, and/or a transcrip-
tion cassette comprising a Poll promoter operably linked to
an influenza virus NS cDNA, e.g., a full-length influenza
virus NS ¢DNA, linked to a Poll transcription termination
sequence; and a plasmid which includes one or more tran-
scription cassettes selected from a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PA, a transcription cassette
comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB1, a transcription cas-
sette comprising a Polll promoter operably linked to a DNA
coding region for influenza virus PB2, and/or a transcription
cassette comprising a Polll promoter operably linked to a
DNA coding region for influenza virus NP.

Further provided is a method to prepare influenza virus.
The method includes contacting a cell with a plasmid which
includes a transcription cassette comprising a Poll promoter
operably linked to an influenza virus HEF ¢cDNA, e.g., a
full-length influenza virus HEF c¢DNA, linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus M cDNA, e.g., a full-length influenza virus M cDNA,
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus NS cDNA, e.g., a full-length
influenza virus NS cDNA, linked to a Poll transcription
termination sequence, and optionally includes one or more
transcription cassettes selected from a transcription cassette
comprising a Poll promoter and a Poll transcription termi-
nation sequence and a Polll promoter and a Polll transcrip-
tion termination sequence each operably linked to a cDNA
for influenza virus PA, e.g., a full-length influenza virus PA
c¢DNA, a transcription cassette comprising a Poll promoter
and a Poll transcription termination sequence and a Polll
promoter and a Polll transcription termination sequence
each operably linked to a ¢cDNA for influenza virus PB1,
e.g., a full-length influenza virus PB1 cDNA, a transcription
cassette comprising a Poll promoter and a Poll transcription
termination sequence and a Polll promoter and a Polll
transcription termination sequence each operably linked to a
c¢DNA for influenza virus PB2, e.g., a full-length influenza
virus PB2 ¢cDNA, and/or a transcription cassette comprising
a Poll promoter and a Poll transcription termination
sequence and a Polll promoter and a Polll transcription
termination sequence each operably linked to a cDNA for
influenza virus NP, e.g., a full-length influenza virus NP
cDNA.

In one embodiment, the method of the invention includes
contacting a cell with a vector comprising a transcription
cassette comprising a promoter linked to 5' influenza virus
sequences comprising 5' influenza virus noncoding
sequences and optionally adjacent portions of the coding
sequence (see PCT/US03/04233, which is incorporated by
reference herein), linked to a DNA of interest linked to 3'
influenza virus sequences comprising 3' influenza virus
noncoding sequences and optionally adjacent portions of the
coding sequence, linked to a transcription termination
sequence (see PCT/US03/04233). In one embodiment, the
DNA of interest is in the sense orientation. In another
embodiment, the DNA of interest is in the negative sense
orientation. The DNA of interest may include an open
reading frame encoding an immunogenic polypeptide or
peptide of a pathogen or a therapeutic polypeptide or pep-
tide. The DNA of interest may be operably linked to a Poll
promoter and a Poll transcription termination sequence,
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and/or the DNA of interest is operably linked to a Polll
promoter and a Polll transcription termination sequence.
Cell Lines and Influenza Viruses that can be Used in the
Present Invention

According to the present invention, any cell which sup-
ports efficient replication of influenza virus can be employed
in the invention, including mutant cells which express
reduced or decreased levels of one or more sialic acids
which are receptors for influenza virus. Viruses obtained by
the methods can be made into a reassortant virus.

Preferably, the cells are WHO certified, or certifiable,
continuous cell lines. The requirements for certifying such
cell lines include characterization with respect to at least one
of genealogy, growth characteristics, immunological mark-
ers, virus susceptibility tumorigenicity and storage condi-
tions, as well as by testing in animals, eggs, and cell culture.
Such characterization is used to confirm that the cells are
free from detectable adventitious agents. In some countries,
karyology may also be required. In addition, tumorigenicity
is preferably tested in cells that are at the same passage level
as those used for vaccine production. The vaccine virus is
preferably purified by a process that has been shown to give
consistent results (see, e.g., World Health Organization,
1982).

It is preferred to establish a complete characterization of
the cell lines to be used, so that appropriate tests for purity
of the final product can be included. Data that can be used
for the characterization of a cell to be used in the present
invention includes (a) information on its origin, derivation,
and passage history; (b) information on its growth and
morphological characteristics; (c) results of tests of adven-
titious agents; (d) distinguishing features, such as biochemi-
cal, immunological, and cytogenetic patterns which allow
the cells to be clearly recognized among other cell lines; and
(e) results of tests for tumorigenicity. Preferably, the passage
level, or population doubling, of the host cell used is as low
as possible.

It is preferred that the virus produced in the cell is highly
purified prior to vaccine or gene therapy formulation. Gen-
erally, the purification procedures will result in the extensive
removal of cellular DNA, other cellular components, and
adventitious agents. Procedures that extensively degrade or
denature DNA can also be used. See, e.g., Mizrahi, 1990.
Vaccines

A vaccine of the invention may comprise immunogenic
proteins including glycoproteins of any pathogen, e.g., an
immunogenic protein from one or more bacteria, viruses,
yeast or fungi. Thus, in one embodiment, the influenza
viruses of the invention may be vaccine vectors for influenza
virus or other viral pathogens including but not limited to
lentiviruses such as HIV, hepatitis B virus, hepatitis C virus,
herpes viruses such as CMV or HSV or foot and mouth
disease virus.

A complete virion vaccine is concentrated by ultrafiltra-
tion and then purified by zonal centrifugation or by chro-
matography. It is inactivated before or after purification
using formalin or beta-propiolactone, for instance.

A subunit vaccine comprises purified glycoproteins. Such
a vaccine may be prepared as follows: using viral suspen-
sions fragmented by treatment with detergent, the surface
antigens are purified, by ultracentrifugation for example.
The subunit vaccines thus contain mainly HA protein, and
also NA. The detergent used may be cationic detergent for
example, such as hexadecyl trimethyl ammonium bromide
(Bachmeyer, 1975), an anionic detergent such as ammonium
deoxycholate (Laver & Webster, 1976; Webster et al., 1977);
or a nonionic detergent such as that commercialized under
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the name TRITON X100. The hemagglutinin may also be
isolated after treatment of the virions with a protease such as
bromelin, then purified by a method such as that described
by Grand and Skehel (1972).

A split vaccine comprises virions which have been sub-
jected to treatment with agents that dissolve lipids. A split
vaccine can be prepared as follows: an aqueous suspension
of the purified virus obtained as above, inactivated or not, is
treated, under stirring, by lipid solvents such as ethyl ether
or chloroform, associated with detergents. The dissolution of
the viral envelope lipids results in fragmentation of the viral
particles. The aqueous phase is recuperated containing the
split vaccine, constituted mainly of hemagglutinin and
neuraminidase with their original lipid environment
removed, and the core or its degradation products. Then the
residual infectious particles are inactivated if this has not
already been done.

Inactivated Vaccines.

Inactivated influenza virus vaccines of the invention are
provided by inactivating replicated virus of the invention
using known methods, such as, but not limited to, formalin
or -propiolactone treatment. Inactivated vaccine types that
can be used in the invention can include whole-virus (WV)
vaccines or subvirion (SV) (split) vaccines. The WV vaccine
contains intact, inactivated virus, while the SV vaccine
contains purified virus disrupted with detergents that solu-
bilize the lipid-containing viral envelope, followed by
chemical inactivation of residual virus.

In addition, vaccines that can be used include those
containing the isolated HA and NA surface proteins, which
are referred to as surface antigen or subunit vaccines. In
general, the responses to SV and surface antigen (i.e.,
purified HA or NA) vaccines are similar. An experimental
inactivated WV vaccine containing an NA antigen immu-
nologically related to the epidemic virus and an unrelated
HA appears to be less effective than conventional vaccines
(Ogra et al.,, 1977). Inactivated vaccines containing both
relevant surface antigens are preferred. Live Attenuated
Virus Vaccines. Live, attenuated influenza virus vaccines,
can also be used for preventing or treating influenza virus
infection, according to known method steps. Attenuation is
preferably achieved in a single step by transfer of attenuated
genes from an attenuated donor virus to a replicated isolate
or reassorted virus according to known methods (see, e.g.,
Murphy, 1993). Since resistance to influenza A virus is
mediated by the development of an immune response to the
HA and NA glycoproteins, the genes coding for these
surface antigens must come from the circulating wild-type
strains. The attenuated genes are derived from the attenuated
parent. In this approach, genes that confer attenuation pref-
erably do not code for the HA and NA glycoproteins.
Otherwise, these genes could not be transferred to reassor-
tants bearing the surface antigens of the clinical virus isolate.

Many donor viruses have been evaluated for their ability
to reproducibly attenuate influenza viruses. As a non-limit-
ing example, the A/Ann Arbor(AA)/6/60 (H2N2) cold
adapted (ca) donor virus can be used for attenuated vaccine
production (see, e.g., Edwards, 1994; Murphy, 1993). Reas-
sortant progeny are then selected at 25° C. (restrictive for
replication of virulent virus), in the presence of an H2N2
antiserum, which inhibits replication of the viruses bearing
the surface antigens of the attenuated A/AA/6/60 (H2N2) ca
donor virus.

A large series of HIN1 and H3N2 reassortants have been
evaluated in humans and found to be satisfactorily: (a)
infectious, (b) attenuated for seronegative children and
immunologically primed adults, (¢) immunogenic and (d)
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genetically stable. The immunogenicity of the ca reassor-
tants parallels their level of replication. Thus, the acquisition
of the six transferable genes of the ca donor virus by new
wild-type viruses has reproducibly attenuated these viruses
for use in vaccinating susceptible adults and children.

Other attenuating mutations can be introduced into influ-
enza virus genes by site-directed mutagenesis to rescue
infectious viruses bearing these mutant genes. Attenuating
mutations can be introduced into non-coding regions of the
genome, as well as into coding regions. Such attenuating
mutations can also be introduced, for example, into the PB2
polymerase gene (Subbarao et al., 1993) or the NS gene.
Thus, new donor viruses can also be generated bearing
attenuating mutations introduced by site-directed mutagen-
esis, and such new donor viruses can be used in the
production of live attenuated reassortant HIN1 and H3N2
vaccine candidates in a manner analogous to that described
above for the A/AA/6/60 ca donor virus.

It is preferred that such attenuated viruses maintain the
genes from the virus that encode antigenic determinants
substantially similar to those of the original clinical isolates.
This is because the purpose of the attenuated vaccine is to
provide substantially the same antigenicity as the original
clinical isolate of the virus, while at the same time lacking
infectivity to the degree that the vaccine causes minimal
change of inducing a serious pathogenic condition in the
vaccinated mammal.

The virus can thus be attenuated or inactivated, formu-
lated and administered, according to known methods, as a
vaccine to induce an immune response in an animal, e.g., a
mammal. Methods are well-known in the art for determining
whether such attenuated or inactivated vaccines have main-
tained similar antigenicity to that of the clinical isolate or
high growth strain derived therefrom. Such known methods
include the use of antisera or antibodies to eliminate viruses
expressing antigenic determinants of the donor virus; chemi-
cal selection (e.g., amantadine or rimantidine); HA and NA
activity and inhibition; and DNA screening (such as probe
hybridization or PCR) to confirm that donor genes encoding
the antigenic determinants (e.g., HA or NA genes) are not
present in the attenuated viruses. See, e.g., Robertson et al.,
1988; Kilbourne, 1969; Aymard-Henry et al., 1985; Robert-
son et al., 1992.

Pharmaceutical Compositions

Pharmaceutical compositions of the present invention,
suitable for inoculation or for parenteral or oral administra-
tion, comprise attenuated or inactivated influenza viruses,
optionally further comprising sterile aqueous or non-aque-
ous solutions, suspensions, and emulsions. The composi-
tions can further comprise auxiliary agents or excipients, as
known in the art. See, e.g., Berkow et al., 1987, Avery’s
Drug Treatment, 1987; Osol, 1980. The composition of the
invention is generally presented in the form of individual
doses (unit doses).

Conventional vaccines generally contain about 0.1 to 200
ng, preferably 10 to 15 pg, of hemagglutinin from each of
the strains entering into their composition. The vaccine
forming the main constituent of the vaccine composition of
the invention may comprise a virus of type A, B or C, or any
combination thereof, for example, at least two of the three
types, at least two of different subtypes, at least two of the
same type, at least two of the same subtype, or a different
isolate(s) or reassortant(s). Human influenza virus type A
includes HIN1, H2N2 and H3N2 subtypes.

Preparations for parenteral administration include sterile
aqueous or non-aqueous solutions, suspensions, and/or
emulsions, which may contain auxiliary agents or excipients
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known in the art. Examples of non-aqueous solvents are
propylene glycol, polyethylene glycol, vegetable oils such as
olive oil, and injectable organic esters such as ethyl oleate.
Carriers or occlusive dressings can be used to increase skin
permeability and enhance antigen absorption. Liquid dosage
forms for oral administration may generally comprise a
liposome solution containing the liquid dosage form. Suit-
able forms for suspending liposomes include emulsions,
suspensions, solutions, syrups, and elixirs containing inert
diluents commonly used in the art, such as purified water.
Besides the inert diluents, such compositions can also
include adjuvants, wetting agents, emulsifying and suspend-
ing agents, or sweetening, flavoring, or perfuming agents.
See, e.g., Berkow et al., 1992; Avery’s, 1987; and Osol,
1980.

When a composition of the present invention is used for
administration to an individual, it can further comprise salts,
buffers, adjuvants, or other substances which are desirable
for improving the efficacy of the composition. For vaccines,
adjuvants, substances which can augment a specific immune
response, can be used. Normally, the adjuvant and the
composition are mixed prior to presentation to the immune
system, or presented separately, but into the same site of the
organism being immunized. Examples of materials suitable
for use in vaccine compositions are provided in Osol (1980).

Heterogeneity in a vaccine may be provided by mixing
replicated influenza viruses for at least two influenza virus
strains, such as 2-50 strains or any range or value therein.
Influenza A or B virus strains having a modern antigenic
composition are preferred. According to the present inven-
tion, vaccines can be provided for variations in a single
strain of an influenza virus, using techniques known in the
art.

A pharmaceutical composition according to the present
invention may further or additionally comprise at least one
chemotherapeutic compound, for example, for gene therapy,
immunosuppressants, anti-inflammatory agents or immune
enhancers, and for vaccines, chemotherapeutics including,
but not limited to, gamma globulin, amantadine, guanidine,
hydroxybenzimidazole, interferon-a, interferon-f, inter-
feron-y, tumor necrosis factor-alpha, thiosemicarbarzones,
methisazone, rifampin, ribavirin, a pyrimidine analog, a
purine analog, foscarnet, phosphonoacetic acid, acyclovir,
dideoxynucleosides, a protease inhibitor, or ganciclovir.

The composition can also contain variable but small
quantities of endotoxin-free formaldehyde, and preserva-
tives, which have been found safe and not contributing to
undesirable effects in the organism to which the composition
is administered.

Pharmaceutical Purposes

The administration of the composition (or the antisera that
it elicits) may be for either a “prophylactic” or “therapeutic”
purpose. When provided prophylactically, the compositions
of the invention which are vaccines, are provided before any
symptom of a pathogen infection becomes manifest. The
prophylactic administration of the composition serves to
prevent or attenuate any subsequent infection. When pro-
vided prophylactically, the gene therapy compositions of the
invention, are provided before any symptom of a disease
becomes manifest. The prophylactic administration of the
composition serves to prevent or attenuate one or more
symptoms associated with the disease.

When provided therapeutically, an attenuated or inacti-
vated viral vaccine is provided upon the detection of a
symptom of actual infection. The therapeutic administration
of the compound(s) serves to attenuate any actual infection.
See, e.g., Berkow et al.,, 1992; and Avery, 1987. When
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provided therapeutically, a gene therapy composition is
provided upon the detection of a symptom or indication of
the disease. The therapeutic administration of the
compound(s) serves to attenuate a symptom or indication of
that disease.

Thus, an attenuated or inactivated vaccine composition of
the present invention may thus be provided either before the
onset of infection (so as to prevent or attenuate an antici-
pated infection) or after the initiation of an actual infection.
Similarly, for gene therapy, the composition may be pro-
vided before any symptom of a disorder or disease is
manifested or after one or more symptoms are detected.

A composition is said to be “pharmacologically accept-
able” if its administration can be tolerated by a recipient
patient. Such an agent is said to be administered in a
“therapeutically effective amount” if the amount adminis-
tered is physiologically significant. A composition of the
present invention is physiologically significant if its pres-
ence results in a detectable change in the physiology of a
recipient patient, e.g., enhances at least one primary or
secondary humoral or cellular immune response against at
least one strain of an infectious influenza virus.

The “protection” provided need not be absolute, i.e., the
influenza infection need not be totally prevented or eradi-
cated, if there is a statistically significant improvement
compared with a control population or set of patients.
Protection may be limited to mitigating the severity or
rapidity of onset of symptoms of the influenza virus infec-
tion.

Pharmaceutical Administration

A composition of the present invention may confer resis-
tance to one or more pathogens, e.g., one or more influenza
virus strains, by either passive immunization or active
immunization. In active immunization, an inactivated or
attenuated live vaccine composition is administered prophy-
lactically to a host (e.g., a mammal), and the host’s immune
response to the administration protects against infection
and/or disease. For passive immunization, the elicited anti-
sera can be recovered and administered to a recipient sus-
pected of having an infection caused by at least one influ-
enza virus strain. A gene therapy composition of the present
invention may yield prophylactic or therapeutic levels of the
desired gene product by active immunization.

In one embodiment, the vaccine is provided to a mam-
malian female (at or prior to pregnancy or parturition), under
conditions of time and amount sufficient to cause the pro-
duction of an immune response which serves to protect both
the female and the fetus or newborn (via passive incorpo-
ration of the antibodies across the placenta or in the mother’s
milk).

The present invention thus includes methods for prevent-
ing or attenuating a disorder or disease, e.g., an infection by
at least one strain of pathogen. As used herein, a vaccine is
said to prevent or attenuate a disease if its administration
results either in the total or partial attenuation (i.e., suppres-
sion) of a symptom or condition of the disease, or in the total
or partial immunity of the individual to the disease. As used
herein, a gene therapy composition is said to prevent or
attenuate a disease if its administration results either in the
total or partial attenuation (i.e., suppression) of a symptom
or condition of the disease, or in the total or partial immunity
of the individual to the disease.

At least one inactivated or attenuated influenza virus, or
composition thereof, of the present invention may be admin-
istered by any means that achieve the intended purposes,
using a pharmaceutical composition as previously described.

20

30

40

45

55

28

For example, administration of such a composition may
be by various parenteral routes such as subcutaneous, intra-
venous, intradermal, intramuscular, intraperitoneal, intrana-
sal, oral or transdermal routes. Parenteral administration can
be by bolus injection or by gradual perfusion over time. A
preferred mode of using a pharmaceutical composition of
the present invention is by intramuscular or subcutaneous
application. See, e.g., Berkow et al., 1992; and Avery, 1987.

A typical regimen for preventing, suppressing, or treating
an influenza virus related pathology, comprises administra-
tion of an effective amount of a vaccine composition as
described herein, administered as a single treatment, or
repeated as enhancing or booster dosages, over a period up
to and including between one week and about 24 months, or
any range or value therein.

According to the present invention, an “effective amount”
of'a composition is one that is sufficient to achieve a desired
biological effect. It is understood that the effective dosage
will be dependent upon the age, sex, health, and weight of
the recipient, kind of concurrent treatment, if any, frequency
of treatment, and the nature of the effect wanted. The ranges
of effective doses provided below are not intended to limit
the invention and represent preferred dose ranges. However,
the most preferred dosage will be tailored to the individual
subject, as is understood and determinable by one of skill in
the art. See, e.g., Berkow et al., 1992; Avery’s, 1987; and
Ebadi, 1985.

The dosage of an attenuated virus vaccine for a mamma-
lian (e.g., human) or avian adult organism can be from about
10°-107 plaque forming units (PFU)/kg, or any range or
value therein. The dose of inactivated vaccine can range
from about 0.1 to 200, e.g., 50 ug of hemagglutinin protein.
However, the dosage should be a safe and effective amount
as determined by conventional methods, using existing
vaccines as a starting point.

The dosage of immunoreactive HA in each dose of
replicated virus vaccine can be standardized to contain a
suitable amount, e.g., 1-50 pg or any range or value therein,
or the amount recommended by the U.S. Public Heath
Service (PHS), which is usually 15 pg, per component for
older children <3 years of age, and 7.5 g per component for
older children <3 years of age. The quantity of NA can also
be standardized, however, this glycoprotein can be labile
during the processor purification and storage. Each 0.5-ml
dose of vaccine preferably contains approximately 1-50
billion virus particles, and preferably 10 billion particles.

The invention will be further described by the following
non-limiting examples.

Example 1

The genome of influenza A or B virus is an 8-segmented
single negative strand (C has only 7 segments). Two of the
genes that are critical for virus infection, as well as for
strategies to develop vaccines for influenza, are the hemag-
glutinin (HA) and neuraminidase (NA) genes. Entry into a
host cell is facilitated by binding of the HA spikes to
mucoproteins containing terminal N-acetyl neuraminic acid
(sialic acid) groups. Classical influenza vaccines are usually
made by melding the HA and N A genes, along with six other
genes from a “harmless” master strain. This process is very
time consuming and is often prone to low titers during
vaccine development. A methodology that allows one to
generate synthetic influenza virus by reverse genetics has
been employed to prepare viruses, e.g., the recombinant
virus contains HA and NA genes from pathogenic strains
and 6 genes from a master strain are assembled. In particular,
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these cloned genes, along with proteins necessary for rep-
lication and transcription (polymerase PB2, PB1, PA, and
NP), encoded in additional plasmids are transfected into cell
lines. Live attenuated virus is then harvested for vaccine
production.

Materials and Methods

Cells.

293T human embryonic kidney cells and African green
monkey kidney (Vero) cells were maintained in DMEM
supplemented with 10% FCS. For all experiments, Vero
CCL-81 cells were used, which have been previously used
to produce an inactivated Japanese encephalitis vaccine and
have been screened for lack of tumorgenicity and adventi-
tious infectious agents (Sugawara et al, 2002). Madin-
Darby canine kidney (MDCK) cells were maintained in
MEM containing 5% NCS. All cells were maintained at 37°
C. in 5% CO.,.

Construction of Plasmids.

To combine RNA polymerase I transcription cassettes for
the synthesis of the influenza viral RN A segments, transcrip-
tion cassettes comprising the human RNA polymerase I
promoter, an influenza viral cDNA in negative-sense orien-
tation, and the mouse RNA polymerase I terminator (Neu-
mann et al., 2002) were amplified by PCR with oligonucle-
otides that contained recognition sequences for restriction
endonucleases that were not present in the viral genome. As
templates, pPoll-WSN-PB2, -PB1, -PA, -HA, —NP, -NA,
-M, -NS (all described in Neumann et al., 2002), which
contained the respective viral cDNA of A/WSN/33 (HIN1)
virus positioned between RNA polymerase [ promoter and
terminator sequences, were employed. PCR products were
cloned into standard vectors that contained the respective
restriction sites and were sequenced to confirm that they
lacked unwanted mutations. The functionality of the result-
ing plasmids was confirmed by reverse genetics.

A modified pTM1 vector (Moss et al., 1990) with flank-
ing, unique restriction sites was used to step-wise combine
individual RNA polymerase [ transcription cassettes (this
vector is described in more detail below). At each cloning
step, the functionality of the resulting plasmids, which
contained 2-7 RNA polymerase I transcription units, was
confirmed by reverse genetics. The final plasmid, pPoll-
WSN-AIl (FIG. 3A), contained eight RNA polymerase |
transcription cassettes for the synthesis of all eight influenza
A/WSN/33 viral RNAs. This plasmid was stably maintained
in E. coli IM109 cells at room temperature; bacterial cul-
tures were grown in Terrific Broth medium for approxi-
mately 30 hours.

Using the same strategy, two plasmids (pTM-Poll-WSN-
HA-NA and pTM-Poll-WSN-PB2-PB1-PA-NP-M-NS,
respectively) were generated (FIG. 3B) that contained RNA
polymerase 1 transcription cassettes for the HA and NA
segments, and the remaining six viral segments (i.e., PB2,
PB1, PA, NP, M, and NS), respectively.

Plasmids pCAWSPB2, pCAWSPBI1, and pCAWSPA
included the chicken p-actin promoter, the coding sequence
of the A/WSN/33 PB2, PB1, or PA protein, and a polyade-
nylation signal. These RNA polymerase II transcription
units were flanked by recognition sequences for unique
restriction endonucleases, either by PCR or by inserting
short DNA linkers. PCR-amplified transcription cassettes
were sequenced in their entirety, before the three RNA
polymerase II transcription cassettes were combined by
using the unique restriction sites. The functionality of the
resulting plasmid (pC-Polll-WSN-PB2-PB1-PA, FIG. 3C)
was verified by reverse genetics.
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Generation of Virus from Plasmids.

293T cells (1x10°%) or Vero CCL-81 cells (5x10%) were
transfected by using Trans IT-LT1 (Mirus, Madison, Wis.)
according to the manufacturer’s instructions. Briefly, trans-
fection reagent (2 pul of Trans IT-LT1 per pg of DNA for the
transfection of 293T cells; 4 ul of Trans IT-LT1 per pg of
DNA for the transfection of Vero cells) was diluted in 100
ul of Opti-MEM (GIBCO BRL), incubated for 5 minutes at
room temperature, and added to pre-mixed DNAs. For all
transfection experiments, 0.1 pg of each of the ‘single unit’
plasmids for the synthesis of viral RNAs (i.e., pPoll-WSN-
PB2, -PBI, -PA, -HA, -NP, -NA, -M, -NS; described in
Neumann et al. (1999), 1 ug of plasmids containing more
than one RNA polymerase 1 transcription unit (i.e., pTM-
Poll-WSN-All, pTM-Poll-WSN-HA-NA, or pTM-Poll-
WSN-PB2-PB1-PA-NP-M-NS), and 1 pg of each of the
protein expression plasmids, were used. At the indicated
times after transfection, the 50% tissue culture infectious
dose (TCIDs,) in MDCK cells was determined.

Results

Plasmids Containing Multiple RNA Polymerase 1 or II
Transcription Cassettes.

To allow influenza virus generation from fewer than 8-12
plasmids (Neumann et al., 1999; Hoffmann et al., 2000;
Fodor et al., 1999), RNA polymerase | transcription cas-
settes for viral RNA (VRNA) synthesis, or RNA polymerase
II transcription cassettes for mRNA synthesis, were com-
bined on one plasmid. As a model, the A/WSN/33 (WSN)
virus, for which parameters and efficiencies of viral genera-
tion are well established, was used. Briefly, RNA poly-
merase | transcription cassettes comprising the human RNA
polymerase I promoter, an influenza viral cDNA in negative-
sense orientation, and the mouse RNA polymerase 1 termi-
nator, were amplified by PCR, cloned and sequenced, and
then joined step-wise by the use of unique restriction sites.
As a vector backbone, a modified pTM1 vector (Moss et al.,
1990) was used that stably supported an Ebola viral cDNA
0120 kb (Neumann et al., 2000) and is therefore suitable for
the insertion of large DNA fragments. The generation of
pIM-Poll-WSN-All (FIG. 3A; about 22.5 kb in length),
which contains eight individual RNA polymerase I tran-
scription units, did not present major obstacles; however,
growth of E. coli IM109 bacteria at room temperature was
required to prevent recombination of this plasmid.

For the annual generation of influenza virus vaccines,
only two viral RNA segments, i.e., those encoding the
hemagglutinin (HA) and neuraminidase (NA) surface gly-
coproteins, need to be replaced. For this reason, a plasmid
was generated in which the transcription units for the HA
and NA segments were combined (pTM-Poll-WSN-HA-
NA) (FIG. 3B), while a second plasmid combined the
transcription units encoding the internal proteins (pTM-
Poll-WSN-PB2-PB1-PA-NP-M-NS) (FIG. 3B). Both of
these plasmids were stable during amplification in E. coli.
JM109 bacteria at 37° C.

To further reduce the number of plasmids required for
virus generations, the three RNA polymerase I transcription
units for the WSN PB2, PB1, and PA proteins were com-
bined on one vector backbone, using the same strategy that
allowed the joining of the RNA polymerase I transcription
units for VRNA synthesis. The resulting plasmid was stable
in E. coli JIM109 bacteria at 37° C.; it was designated
pC-Polll-WSN-PB2-PB1-PA (FIG. 3C). Of note, a plasmid
combining the RNA polymerase II transcription unit for the
polymerase proteins and NP was unable to be recovered.
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Virus Generation in 293T Cells from Plasmids Containing
Multiple Transcription Cassettes.

To test the functionality of plasmids containing multiple
transcription cassettes, 293T cells were transfected with
pITM-Poll-WSN-All (for the transcription of all eight
vRNAs) (Table 1, columns 2 and 3), or pTM-Poll-WSN-

32
pITM-Poll-PB2-PB1-PA-NP-M-NS (Table 1, column 6).
These plasmids were designed for the transcription of nega-
tive-sense viral RNAs, and synthesis of NP and the three
polymerase proteins was not expected. Thus, virus genera-
tion with these plasmids alone was not expected either (for
possible explanations, see below).

TABLE 1

Efficiency of virus generation in 293T cells.

1 2 3 4 5

6 7 8 9 10 11 12 13 14

vRNA synthesis

‘8 Unit’ Plasmid + + +

6 Unit’ Plasmid +

‘2 Unit’ Plasmid +
8 x 1 Unit Plasmid

Protein synthesis

pCAWS-PB2
pCAWS-PB1
pCAWS-PA
pCAWS-NP +
pC-PollI-WSN-PB2- +

PB1-PA

Total number of plasmids 1 5 3 1 1
Exp. 1. TCIDsy/ml 32x 105 2x107 46x10° 0 0O
(48 hpt)

Exp. 2. TCIDsy/ml
(48 hpt)

Exp. 3. TCIDs¢/ml
(48 hpt)

+ o+ o+ o+

3.7x107 2.1x10% 15%x105 0 0

63x10* 27x10% 32x10°7 0 0

3.7 x 10%
1.6 x 10°

3.2 x 10°

+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

+ +
+ + +

2 6 4
5.6 x 107 6.3 x 107

12
6.3 x 108

10 4 2 8 0
6.3 x 108

<
<
<
<

6.3x 107 63x107 63x107 63x107 0 0 0 0

1.6x 10° 13x10° 63x107 13x10° 0 0 0 0

293T cells were transfected with the indicated plasmids. Forty-eight hours later, virus titers in the supernatant were determined by plaque assays in MDCK cells.

Shown are the results of three independent experiments.

8 Unit’ Plasmid: pTM-Poll-WSN-All;

6 Unit’ plasmid: pTM-Poll-WSN-PB2-PB1-PA-NP-M-NS;
2 Unit’ plasmid: pTM-Poll-WSN-HA-NA;

8 x 1 Unit Plasmid: Combination of pPoll-WSN-PB2, -PB1, -PA, -HA, -NP, -NA, -M, -N§;

p.t.: post-transfection.

HA-NA and pTM-Poll-WSN-PB2-PB1-PA-NP-M-NS (for
the transcription of two and six VRNAs) (Table 1, columns
7 and 8). Cells were cotransfected with 4 plasmids for the
expression of NP and the polymerase subunits from separate
plasmids (Table 1, columns 2 and 7), or with 2 plasmids that
express NP, or PB2, PB1, and PA, respectively (Table 1,
columns 3 and 8). Viruses were successfully generated from
these plasmids, demonstrating that RNA polymerase I or
RNA polymerase Il transcription units can be combined,
thus reducing the number of plasmids required for the
artificial generation of influenza virus. At forty-eight hours
post-transfection, the efficiency of virus generation ranged
from 2x107 to 2.7x10® TCID,/ml (Table 1, columns 2, 3, 7,
8: mean=1.1x10® TCID,,/ml). These efficiencies were
slightly higher (p=0.17) than those obtained for control
experiments in which cells were transfected with 8 separate
plasmids for the transcription of the influenza vRNAs, and
four or two plasmids for the synthesis of NP and the three
polymerase subunits (Table 1, columns 9 and 10, yielding
6.3x10° to 1.3x10° TCID/ml; mean=5.5x107 TCID,/ml).

A number of control experiments were also carried out
including mock-transfections (Table 1, column 14), cells
transfected with protein expression plasmids only (Table 1,
columns 11 and 12), with 8 plasmids for vVRNA synthesis
only (Table 1, column 13), or with plasmids for the synthesis
of two or six VRNAs, respectively (Table 1, column 4 or 5,
respectively). None of these controls yielded viruses. How-
ever, appreciable virus titers were consistently detected in
cells transfected with pTM-Poll-WSN-All (Table 1, column
1), or with a combination of pTM-Poll-WSN-HA-NA and
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Virus Generation in Vero Cells from Plasmids Containing
Multiple transcription cassettes.

Next, the efficiency of virus generation was tested in Vero
cells, which are difficult to transfect to high efficiencies. At
48 hours post-transfection, virus generation from 12 plas-
mids was negligible in two experiments and low in one
experiment (Table 2, column 9), while at 72 hours post-
transfection, virus was detected in all three experiments. The
use of only one or two plasmids for the synthesis of viral
RNAs increased the efficiency of virus generation at 72
hours post-transfection, especially in combination with
pC-Polll-WSN-PB2-PB1-PA, vyielding up to 2.5x10°
TCIDy/ml (Table 2, column 9 vs. 3: p=0.0017; column 9 vs.
8: p=0.0063). Consistently, expression of the three poly-
merase proteins from plasmid pC-Polll-WSN-PB2-PB1-PA
resulted in more efficient virus generation as compared to
providing these proteins from separate plasmids (Table 2,
compare columns 2 and 3 (p=0.0054), columns 7 and 8
(p=0.028), and columns 9 and 10 (p=0.2)). Virus was
detected from plasmid pTM-Poll-WSN-AIl only (Table 2,
column 1), or from plasmids pTM-Poll-WSN-PB2-PB1-PA-
NP-M-NS and pTM-Poll-WSN-HA-NA (Table 2, column
6): however, virus generation was not observed consistently
and the resulting virus titers were low. This was likely due
to the lower transfection efficiency of the Vero cells. Taken
together, these results show that plasmids containing mul-
tiple RNA polymerase I or II transcription units can be
highly efficient at generating vines in Vero cells.
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TABLE 2
Efficiency of virus generation in Vero cells.

1 2 3 4 5 6 7 8 9 10 1 12 13 14
vRNA synthesis
‘8 Unit” Plasmid + + +
‘6 Unit” Plasmid + + + +
2 Unit’ Plasmid + o+ + +
8 x 1 Unit Plasmid + + +
Protein synthesis
pCAWS-PB2 + + + +
pCAWS-PB1 + + + +
pCAWS-PA + + + +
pCAWS-NP + + + + + + + o+
pC-PollI-WSN-PB2-PB1-PA + + + +
Total number of plasmids 1 5 3 1 1 2 6 4 12 10 4 2 8 0
Exp. 1. TCIDso/ml (48 h p.t.) <50 1.7x10* 37x10* 0 0 0 <10 3.2 x 104 <10 <50 0 0 0 0
Exp. 2. TCIDso/ml (48 h p.t.). 0 <50 37x10* 0 0 0 62x10° 44x10* <10 1.5x10> 0 0 0 0
Exp. 3. TCIDso/ml (48 h p.t.). 0 3Ix10° 51x10* 0 0 0 1.6x10> 2x10* 2x10° 25x10> 0 O O O
Exp. 1. TCIDsy/ml (72 hp.t)  3.2x 10* 63 x10° 25x10° 0 0 0 53x10° 3.9x10° 25x10° 63x10* 0 0 0 0
Exp. 2. TCIDso/ml (72 h p.t.) <10 31x10° 1.6x105 0 0 0 7.6x10* 63x10° 63x10° 21x10° 0 0 O 0
Exp. 3. TCIDso/ml (72 h p.t.) 50 32x10*  2x105 0 0 50 2x10* 51x10° 1.6x10° 25x10° 0 0 O 0

Vero cells were transfected with the indicated plasmids. At 48 h or 72 h post-transfection, virus titers in the supernatant were determined by plaque assays in MDCK cells.

Shown are the results of three independent experiments.

8 Unit’ Plasmid: pTM-Poll-WSN-All;

6 Unit’ plasmid: pTM-Poll-WSN-PB2-PB1-PA-NP-M-N§;
2 Unit’ plasmid: pTM-Poll-WSN-HA-NA;

8 x 1 Unit Plasmid: Combination of pPoll-WSN-PB2, -PBI, -PA, -HA, -NP, -NA, -M, -NS§;

p.t.: post-transfection.

DISCUSSION

The generation of vaccine viruses can now be achieved by
reverse genetics. In fact, this is the only efficient approach
for the production of vaccine strains to highly-pathogenic
avian influenza viruses. These viruses are lethal to humans
and embryonated eggs (Shortridge et al., 1998); therefore,
attenuation, for example, by altering their HA cleavage site
sequence (Horimoto et al., 1994; Subbarao et al., 2003), is
critical to ensure growth to high titers in embryonated eggs
while protecting vaccine production staff against exposure to
aerosolized virus. For human use, the production of vaccine
strains will require cell lines that are certified for lack of
tumorgenicity and adventitious infectious agents. One such
cell line is a Vero cell line, which is currently used for the
production of rabies and polio vaccines (Montagnon et al.,
1999). Using a ‘12 plasmid’ approach, Fodor et al. (1999)
reported the generation of 10-20 plaque forming units from
107 Vero cells on day 4 post-transfection. Wood and Rob-
ertson (2004) generated an H5N1 reference vaccine strain in
Vero cells by reverse genetics but did not report the rescue
efficiency, while A/PR/8/34 (HIN1) or A/PR/8/34-based
viruses were generated in Vero cells with an efficiency of
<10® pfu/ml (Ozaki et al., 2004). By combining RNA
polymerase I and/or II transcription units and thus achieving
virus rescue from fewer plasmids, we were able to produce
about 10°-10° TCID,/ml from 5x10° Vero cells on day 3
post-transfection. Thereby, more efficient virus generation
was achieved in Vero cells with these systems as compared
with the ‘12 plasmid’ approach (Table 2, compare column 3
or 8 with column 9). This robust and highly efficient reverse
genetics system could, therefore, be an asset for the rapid
preparation of vaccine strains in pandemic situations.

Influenza virus generation relies on the expression of the
polymerase and NP proteins. The combination of the poly-
merase subunits on one plasmid enhanced the efficiency of
virus generation. This finding may be explained by the
reduction in the number of plasmids used for virus rescue,
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or the combination of the three transcription units may more
closely reflect the equimolar ratios of polymerase subunits
found in infected cells.

The combination of identical promoter and terminator
units on one plasmid is thought to cause recombination.
However, herein it was demonstrated that eight RNA poly-
merase I, or three RNA polymerase 1l promoter and termi-
nator sequences can be combined on one vector backbone.
Hoffmann et al. (2000) demonstrated that a combination of
RNA polymerase I and II promoters allows vRNA and
mRNA synthesis from one template. One could therefore
design a plasmid that contains four RNA polymerase 1/I1
transcription units for the synthesis of PB2, PB1, PA, and NP
vRNAs and mRNAs, and four RNA polymerase I transcrip-
tion units for the synthesis of NA, HA, M, and NS vRNAs.
Such a construct should allow for the efficient generation of
influenza virus from one plasmid. Moreover, the success
described herein in combining transcription units on one
plasmid may provide the incentive for others to apply this
strategy to other reverse genetics systems that rely on the
cotransfection of cells with several plasmids, or to design
vectors for the simultaneous expression of several proteins
from one plasmid.

Surprisingly, virus generation was observed from a single
plasmid, pTM-Poll-WSN-All. The expression of influenza
viral proteins from this plasmid suggests protein synthesis
from a (cryptic) RNA polymerase 11 promoter present in the
vector, or in the RNA polymerase [ promoter or terminator
region. To determine if the RNA polymerase 1 promoter
sequence harbors a promoter in the opposite direction that
could potentially drive protein expression from the upstream
transcription cassette, we cloned an inverted RNA poly-
merase | promoter in front of a reporter gene; however,
appreciable levels of reporter gene expression was not
detected from this plasmid (data not shown). The generation
of influenza virus relies on the expression of four different
proteins (PB2, PB1, PA, and NP) and would therefore
require several read-through events. Alternatively, protein



US 10,358,630 B2

35

expression may have resulted from another mechanism,
such as internal initiation of translation. A modified pTM1
(Moss et al., 1990) vector was used that contains the f1
single-strand DNA origin of replication, the ampicillin resis-
tance gene, a multiple cloning site, and the T7 RNA poly-
merase transcriptional terminator. The strong T7 RNA poly-
merase promoter and parts of the EMCYV untranslated region
and thymidine kinase sequences that are present in the
original pTM1 cloning vector had been eliminated from this
modified version. Protein synthesis of the polymerase and
NP proteins from this vector was therefore not expected.
Nonetheless, the generation of influenza virus from plasmids
designed to produce only negative-strand RNAs is intriguing
and deserves further study.

In summary, here, an improved system for the generation
of influenza viruses is described herein that allows the easy
and reproducible production of vaccine viruses in Vero cells.
Application of this system may be especially advantageous
in situations of outbreaks of highly pathogenic avian influ-
enza viruses.

Example 2

To improve recombinant virus production, one approach
is to clone cDNAs encoding all eight viral genes into a
plasmid. Thus, instead of generating 8 viral RNAs from
eight plasmids, the transcription unit for the synthesis of the
viral RNAs can be combined on one plasmid: hence, all
eight viral RNAs are made from only one plasmid, allowing
virus rescue from fewer plasmids. Likewise, the transcrip-
tion units for the synthesis of viral proteins can be combined
on fewer plasmids. If all 8 viral genes are similarly placed
in 1 plasmid, the number of plasmids required for synthesis
of influenza virus is 5 (1 plasmid for all viral genes and 4
plasmids for genes encoding PB2, PB1, PA, and NP).
Alternatively, one can combine PB2, PB1, PA, and NP genes
into 1 plasmid, each gene flanked by a RNA polymerase 11
promoter and a polyadenylation signal. Furthermore, all
viral genes and PB2, PB1, PA, and NP can be combined into
1 plasmid. Other combinations can include 1 plasmid with
six viral genes each with a Pol I promoter, 1 plasmid with 3
viral genes each with a Pol II promoter, and 1 plasmid with
2 viral genes (HA and NA) each with a Pol I promoter.

A viral gene is flanked by RNA polymerase I promoter
and terminator sequences to form a transcription unit (or
cassette), and in some embodiments, that transcription cas-
sette is then flanked by a RNA polymerase II promoter and
termination signal (polyadenylation signal) (FIG. 4). This
approach yields both genomic negative strand RNA synthe-
sized by RNA polymerase [ and mRNA synthesized by RNA
polymerase II from the same gene.

Thus, the present invention reduces the number of plas-
mids for transfection from 12 to 5 or fewer, e.g., 4, 3, 2 or
1, increases the rescue efficiency of virus from cell lines
allowing generation of severely attenuated virus, allows use
of cell lines with low transfection efficiency (e.g., Vero
cells), allows consistent generation of influenza virus for
vaccine production, and/or reduces FDA regulatory issues
regarding plasmid history, purity, and toxicity.
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fication this invention has been described in relation to
certain preferred embodiments thereof, and many details
have been set forth for purposes of illustration, it will be
apparent to those skilled in the art that the invention is
susceptible to additional embodiments and that certain of the
details described herein may be varied considerably without
departing from the basic principles of the invention.

<160>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 12

SEQ ID NO 1

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide

SEQUENCE: 1

gggttattgg agacggtacc gtctecteee cec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide

SEQUENCE: 2

ggggggagga gacggtaccyg tctccaataa cec

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 3

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide
FEATURE:

NAME/KEY: misc_feature

LOCATION: 7

OTHER INFORMATION: n = A,T,C or G

SEQUENCE: 3

cgtctentat tagtagaa

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 4

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide
FEATURE:

NAME/KEY: misc_feature

LOCATION: 12

OTHER INFORMATION: n = A,T,C or G

SEQUENCE: 4

ttctactaat angagacg

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 5

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide
FEATURE:

NAME/KEY: misc_feature

LOCATION: 11

OTHER INFORMATION: n = A,T,C or G

33

33

18

18
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-continued

<400> SEQUENCE: 5

ttttgctcece ngagacg 17

<210> SEQ ID NO 6

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 7

<223> OTHER INFORMATION: n = A, T,C or G

<400> SEQUENCE: 6

cgtctenggg agcaaaa 17

<210> SEQ ID NO 7

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 7

tattagtaga a 11

<210> SEQ ID NO 8

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 8

gggagcaaaa 10

<210> SEQ ID NO 9

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 9

ttttgctecece cce 13

<210> SEQ ID NO 10

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 10

ggggggagca aaa 13

<210> SEQ ID NO 11

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 11
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-continued
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<223>

gggttattag tagaa

<210> SEQ ID NO 12

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 12

ttctactaat aaccc

15

15

What is claimed is:

1. A method to prepare influenza virus, comprising:

contacting a cell with a set of plasmids in an amount
effective to yield infectious influenza virus, wherein the
set of plasmids is

a) a set of three plasmids for influenza virus production
together having eight transcription cassettes for influ-
enza virus VRNA production and four transcription
cassettes for influenza virus mRNA production,
wherein the transcription cassettes for VRNA produc-
tion include a transcription cassette comprising a pro-
moter operably linked to an influenza virus PA cDNA
linked to a transcription termination sequence, a tran-
scription cassette comprising a promoter operably
linked to an influenza virus PB1 ¢DNA linked to a
transcription termination sequence, a transcription cas-
sette comprising a promoter operably linked to an
influenza virus PB2 c¢DNA linked to a transcription
termination sequence, a transcription cassette compris-
ing a promoter operably linked to an influenza virus
HA cDNA linked to a transcription termination
sequence, a transcription cassette comprising a pro-
moter operably linked to an influenza virus NP cDNA
linked to a transcription termination sequence, a tran-
scription cassette comprising a promoter operably
linked to an influenza virus NA cDNA linked to a
transcription termination sequence, a transcription cas-
sette comprising a promoter operably linked to an
influenza virus M c¢DNA linked to a transcription
termination sequence, and a transcription cassette com-
prising a promoter operably linked to an influenza virus
NS cDNA linked to a transcription termination
sequence; wherein the transcription cassettes for
mRNA production include a transcription cassette com-
prising a Polll promoter operably linked to a DNA
coding region for influenza virus PA linked to a Polll
transcription termination sequence, a transcription cas-
sette comprising a Poll promoter operably linked to a
DNA coding region for influenza virus PB1 linked to a
Polll transcription termination sequence, a transcrip-
tion cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB2
linked to a Polll transcription termination sequence,
and a transcription cassette comprising a Poll promoter
operably linked to a DNA coding region for influenza
virus NP linked to a Polll transcription termination
sequence, and wherein transfection of a cell with the
composition yields titers of at least 1x10* TCID/mL;

b) a set of two plasmids for influenza virus VRNA
production together comprising eight transcription cas-
settes for VRNA production, which transcription cas-
settes comprise a transcription cassette comprising a
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Poll promoter operably linked to an influenza virus PA
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus PB1
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus PB2
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus HA
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus NP
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus NA
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus M
cDNA linked to a Poll transcription termination
sequence, and/or a transcription cassette comprising a
Poll promoter operably linked to an influenza virus NS
cDNA linked to a Poll transcription termination
sequence, wherein the composition includes at least six
transcription cassettes for VRNA, transfection of a cell
with the composition yields titers of at least 1x10*
TCID,,/mL; or

c) a set of plasmids comprising one or two plasmids

having eight transcription cassettes for influenza virus
VvRNA production and four plasmids each having a
transcription cassette for influenza virus mRNA pro-
duction for a different influenza virus protein, wherein
the transcription cassettes for VRNA production include
a transcription cassette comprising a Poll promoter
operably linked to an influenza virus PA ¢cDNA linked
to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PB1 cDNA linked to a Poll
transcription termination sequence, a transcription cas-
sette comprising a Poll promoter operably linked to an
influenza virus PB2 ¢cDNA linked to a Poll transcription
termination sequence, a transcription cassette compris-
ing a Poll promoter operably linked to an influenza
virus HA ¢cDNA linked to a Poll transcription termina-
tion sequence, a transcription cassette comprising a
Poll promoter operably linked to an influenza virus NP
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus NA
cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll
promoter operably linked to an influenza virus M
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cDNA linked to a Poll transcription termination
sequence, and a transcription cassette comprising a Poll
promoter operably linked to an influenza virus NS
cDNA linked to a Poll transcription termination
sequence; wherein the transcription cassettes for
mRNA production include a transcription cassette com-
prising a Polll promoter operably linked to a DNA
coding region for influenza virus PA linked to a Polll
transcription termination sequence, a transcription cas-
sette comprising a Pollll promoter operably linked to a
DNA coding region for influenza virus PB1 linked to a
Polll transcription termination sequence, a transcrip-
tion cassette comprising a Polll promoter operably
linked to a DNA coding region for influenza virus PB2
linked to a Polll transcription termination sequence,
and a transcription cassette comprising a Polll pro-
moter operably linked to a DNA coding region for
influenza virus NP linked to a Polll transcription ter-
mination sequence.

2. The method of claim 1 a) wherein one plasmid has eight
transcription cassettes for VRNA production.

3. The method of claim 2 wherein one plasmid has one
transcription cassette for mRNA production and another
plasmid has three transcription cassettes for mRNA produc-
tion.

4. The method of claim 1 a) wherein one plasmid has six
transcription cassettes for vVRNA production and another
plasmid has two transcription cassettes for VRNA produc-
tion.

5. The method of claim 4 wherein one plasmid has four
transcription cassettes for mRNA production.

6. The method of claim 1 a) wherein the HA is a type A
HA.

7. The method of claim 1 a) wherein the HA is a type B
HA.

8. The method of claim 1 b) further comprising four
transcription cassettes for mRNA production.

9. The method of claim 8 wherein one plasmid has one
transcription cassette for mRNA production and another
plasmid has three transcription cassettes for mRNA produc-
tion.

10. The method of claim 8 wherein one plasmid has the
four transcription cassettes for mRNA production.

11. A method to prepare influenza virus, comprising
contacting a cell with at least two plasmids which include
transcription cassettes for vVRNA production including a
transcription cassette comprising a Poll promoter operably
linked to an influenza virus PA ¢cDNA linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus PB1 ¢cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus PB2 ¢cDNA
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus HA ¢cDNA linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
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virus NP ¢cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NA cDNA linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus M ¢DNA linked to a Poll transcription
termination sequence, and a transcription cassette compris-
ing a Poll promoter operably linked to an influenza virus NS
c¢DNA linked to a Poll transcription termination sequence,
wherein the cell is contacted with eight transcription cas-
settes for VRNA, wherein the cell expresses influenza virus
PA, PB1, PB2 and NP, and wherein the cell produces titers
of at least 1x10* TCID/mL.

12. The method of claim 11 wherein the influenza virus
PA, PB1, PB2 and NP are expressed from four plasmids for
mRNA production each having a transcription cassette for
mRNA production of one of PA, PB1, PB2 or NP.

13. A method to prepare influenza virus, comprising
contacting a cell with four plasmids for mRNA production
and one or two plasmids with eight transcription cassettes
for influenza virus VRNA production, wherein the eight
transcription cassettes for VRNA production include a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus PA ¢DNA linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Pol promoter operably linked to an influenza
virus PB1 ¢cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus PB2 ¢cDNA
linked to a Poll transcription termination sequence, a tran-
scription cassette comprising a Poll promoter operably
linked to an influenza virus HA ¢DNA linked to a Poll
transcription termination sequence, a transcription cassette
comprising a Poll promoter operably linked to an influenza
virus NP ¢cDNA linked to a Poll transcription termination
sequence, a transcription cassette comprising a Poll pro-
moter operably linked to an influenza virus NA ¢cDNA linked
to a Poll transcription termination sequence, a transcription
cassette comprising a Poll promoter operably linked to an
influenza virus M ¢DNA linked to a Poll transcription
termination sequence, and a transcription cassette compris-
ing a Poll promoter operably linked to an influenza virus NS
c¢DNA linked to a Poll transcription termination sequence,
wherein the four plasmids for mRNA production each have
a different transcription cassette for mRNA production of an
influenza virus protein selected from PA, PB1, PB2 and NP
and wherein the cell produces titers of at least 1x10?
TCIDso/mL.

14. The method of claim 11 or 13 further comprising a
transcription cassette comprising a promoter linked to 5'
influenza virus sequences comprising 5' influenza virus
noncoding sequences linked to a DNA of interest linked to
3" influenza virus sequences comprising 3' influenza virus
noncoding sequences linked to a transcription termination
sequence.

15. The method of claim 11 or 13 further comprising
isolating the virus.



