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(57) Abstract: The present invention provides methods
and compositions for inhibiting influenza infection and/or
replication based on the phenomenon of RNA interference
(RNAi) well as systems for identifying effective siRNAs
and shRNAs for inhibiting influenza virus and systems for
studying influenza virus infective mechanisms. The invention
also provides methods and compositions for inhibiting
infection, pathogenicity and/or replication of other infectious
agents, particularly those that infect cells that are directly
accessible from outside the body, e.g., skin cells or mucosal
cells. In addition, the invention provides compositions
comprising an RNAi-inducing entity, e.g., an siRNA,
shRNA, or RNAi-inducing vector targeted to an influenza
virus transcript and any of a variety of delivery agents. The
invention further includes methods of use of the compositions
for treatment of influenza.
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INFLUENZA THERAPEUTIC

Cross-Reference to Related Application
[0001] This application claims priority to U.S. Provisional Patent Application
60/414,457, filed September 28, 2002, and U.S. Provisional Patent Application
60/446,377, filed February 10, 2003. The contents of each of these applications is

incorporated herein by reference.

Government Support

[0002] The United States Government has provided grant support utilized in the
development of the present invention. In particular, National Institutes of Health
grant numbers 5-R0O1-Al44477, 5-RO1-AI44478, 5-ROI-CA60686, and 1-RO1-
AI50631 have supported development of this invention. The United States

Government may have certain rights in the invention.

Background of the Invention

[0003] Influenza is one of the most widely spread infections worldwide. It can be
deadly: an estimated 20 to 40 million people died during the 1918 influenza A virus
pandemic. In the United States between 20 and 40 thousand people die from
influenza A virus infection or its complications each year. During epidemics the
number of influenza related hospitalizations may reach over 300,000 in a single
winter season.

[0004] Several properties contribute to the epidemiological success of influenza
virus. First, it is spread easily from person to person by aerosol (droplet infection).
Second, small changes in influenza virus antigens are frequent (antigenic drift) so that
the virus readily escapes protective immunity induced by a previous exposure to a
different variant of the virus. Third, new strains of influenza virus can be easily
generated by reassortment or mixing of genetic material between different strains
(antigenic shift). In the case of influenza A virus, such mixing can occur between
subtypes or strains that affect different species. The 1918 pandemic is thought to
have been caused by a hybrid strain of virus derived from reassortment between a

swine and a human influenza A virus.
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[0005]  Despite intensive efforts, there is still no effective therapy for influenza
virus infection and existing vaccines are limited in value in part because of the
properties of antigenic shift and drift described above. For these reasons, global
surveillance of influenza A virus has been underway for many years, and the National
Institutes of Health designates it as one of the top priority pathogens for biodefense.
Although current vaccines based upon inactivated virus are able to prevent illness in
approximately 70-80% of healthy individuals under age 65, this percentage is far
lower in the elderly or immunocompromised. In addition, the expense and potential
side effects associated with vaccine administration make this approach less than
optimal. Although the four antiviral drugs currently approved in the United States for
treatment and/or prophylaxis of influenza are helpful, their use is limited due to
concerns about side effects, compliance, and possible emergence of resistant strains.
Therefore, there remains a need for the development of effective therapies for the

treatment and prevention of influenza infection.

Summary of the Invention

[0006] The present invention provides novel therapeutics for the treatment of
influenza due to influenza virus types A, B, and C based on the phenomenon of RNA
interference (RNAI). In particular, the invention provides short interfering RNA
(siRNA) and/or short hairpin RNA (shRNA) molecules targeted to one or more target
transcripts involved in virus production, virus replication, virus infection, and/or
transcription of viral RNA, etc. In addition, the invention provides vectors whose
presence within a cell results in transcription of one or more RNASs that self-hybridize
or hybridize to each other to form an shRNA or siRNA that inhibits expression of at
least one target transcript involved in virus production, virus infection, virus
replication, and/or transcription of viral mRNA, etc.

[0007] The invention further provides a variety of compositions containing the
siRNAs, shRNAs, and/or vectors of the invention. In certain embodiments of the
invention the siRNA comprises two RNA strands having complementary regions so
that the strands hybridize to each other to form a duplex structure approximately 19
nucleotides in length, wherein each of the strands optionally comprises a single-

stranded overhang. In certain embodiments of the invention the SARNA comprises a
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single RNA molecule having complementary regions that hybridize to each other to
form a hairpin (stem/loop) structure with a duplex portion approximately 19
nucleotides in length and a single-stranded loop. Such RNA molecules are said to
self-hybridize. The shRNA may optionally include one or more unpaired portions at
the 5’ and/or 3’ portion of the RNA. The invention further provides compositions
comprising the inventive siRNAs, shRNAs, and/or vectors, and methods of delivery
of such compositions.

[0008] Thus in one aspect, the invention provides an siRNA or shRNA targeted to
a target transcript, wherein the target transcript is an agent-specific transcript, which
transcript is involved in the production of, replication of, pathogenicity of, and/or
infection by an infectious agent, and/or involved in transcription of agent-specific
RNA. For purposes of description an siRNA or shRNA that inhibits expression of a
target transcript involved in the production of, replication of, pathogenicity of, and/or
infection by an infectious agent, thereby inhibiting production of, replication of,
pathogenicity of, and/or infection by the infectious agent will be said to inhibit the
infectious agent. According to certain embodiments of the invention the infectious
agent is a virus. According to certain preferred embodiments of the invention the
infectious agent is a virus that infects cells of the respiratory passages and/or lungs,
e.g., respiratory epithelial cells, such as an influenza virus. According to certain
embodiments of the invention the target transcript encodes a protein selected from the
group consisting of: a polymerase, a nucleocapsid protein, a neuraminidase, a
hemagglutinin, a maﬁix protein, and a nonstructural protein. According to certain
embodiments of the invention the target transcript encodes an influenza virus protein
selected from the group consisting of hemagglutinin, neuraminidase, membrane
protein 1, membrane protein 2, nonstructural protein 1, nonstructural protein 2,
polymerase protein PB1, polymerase protein PB2, polymerase protein PA,
polymerase protein NP.

[0009]  In another aspect, the invention provides a vector comprising a nucleic
acid operably linked to ekpression signals (e.g., a promoter or promoter/enhancer)
active in a cell so that, when the construct is introduced into the cell, an siRNA or
shRNA is produced inside the host cell that is targeted to an agent-specific transcript,

which transcript is involved in production of, replication of, and/or infection by an
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infectious agent, and/or transcription of agent-specific RNA. In certain embodiments
of the invention the infectious agent is a virus, e.g., an influenza virus. In certain
preferred embodiments of the invention the siRNA or shRNA inhibits influenza virus.
The SiRNA or shRNA may be targeted to any of the transcripts mentioned above. In
general, the vector may be a DNA plasmid or a viral vector such as a retrovirus (e.g.,
a lentivirus), adenovirus, adeno-associated virus, etc. whose presence within a cell
results in transcription of one or more ribonucleic acids (RNAs) that self-hybridize or
hybridize to each other to form a short hairpin RNA (shRNA) or short interfering
RNA (siRNA) that inhibits expression of at least one influenza virus transcript in the
cell. In certain embodiments of the invention the vector comprises a nucleic acid
segment operably linked to a promoter, so that transcription from the promoter (i.e.,
transcription directed by the promoter) results in synthesis of an RNA comprising
complementary regions that hybridize to form an shRNA targeted to the target
transcript. In certain embodiments of the invention the lentiviral vector comprises a
nucleic acid segment flanked by two promoters in opposite orientation, wherein the
promoters are operably linked to the nucleic acid segment, so that transcription from
the promoters results in synthesis of two complementary RNASs that hybridize with
cach other to form an siRNA targeted to the target transcript. The invention further
provides compositions comprising the vector.

[0010]  The invention also provides compositions comprising inventive SiRNAs,
shRNAs, and/or vectors described herein, wherein the composition further comprises
any of a variety of substances (referred to herein as delivery agents) that facilitate
delivery and/or uptake of the siRNA, shRNA, or vector. These substances include
cationic polymers; peptide molecular transporters including arginine-rich peptides and
histidine-rich peptides; cationic and neutral lipids; liposomes; certain non-cationic
polymers; carbohydrates; and surfactant materials. The invention also encompasses
the use of delivery agents that have been modified in any of a variety of ways, e.g., by
addition of a delivery-enhancing moiety to the delivery agent.

[0011]  In certain embodiments of the invention the delivery agent is modified in
any of a number of ways to enhance stability, promote cellular uptake of the
composition, promote release of siRNA, shRNA, and/or vectors within the cell,

reduce cytotoxicity, or direct the composition to a particular cell type, tissue, or organ.
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For example, in certain embodiments of the invention the delivery agent is a modified
cationic polymer (e.g., a cationic polymer substituted with one or more groups
selected to reduce the cationic nature of the polymer and thereby reduce cytotoxicity).
In certain embodiments of the invention the delivery agent comprises a delivery-
enhancing moiety such as an antibody, antibody fragment, or ligand that specifically
binds to a molecule that is present on the surface of a cell such as a respiratory
epithelial cell. |

[0012]  The present invention further provides methods of treating or preventing
infectious diseases, particularly infectious diseases of the respiratory system, e.g.,
influenza, by administering any of the inventive compositions to a subject within an
appropriate time window prior to exposure to the infectious agent, while exposure is
oceurring, or following exposure, or at any point during which a subject exhibits
symptoms of a disease caused by the infectious agent. The siRNAs or shRNAs may
be chemically synthesized, produced using in vifro transcription, synthesized in vitro,
produced intracellularly, etc. The compositions may be administered by a variety of
routes including intravenous, inhalation, intranasally, as an aerosol, intraperitoneally,
intramuscularly, intradermally, orally, etc.

[0013]  The invention provides additional methods of treating or preventing a
disease caused by an infectious agent, e.g., a disease caused by influenza virus,
employing gene therapy. According to certain of these methods cells (either infected
or noninfected) are engineered or manipulated to synthesize inventive siRNAs or
shRNAs. According to certain embodiments of the invention the cells are engineered
to contain a vector whose presence within the cell results in synthesis of one or more
RNAs that hybridize with each other or self-hybridize within the cell to form one or
more siRNAs or shRNAs targeted to an appropriate agent-specific target transcript.
The cells may be engineered in vitro or while present within the subject to be treated,
e.g., within the respiratory passages of the subject.

[0014]  In another aspect, the invention provides methods for selecting and
designing preferred siRNA or shRNA sequences to inhibit an infectious agent. The
invention provides methods of selecting and designing siRNAs and shRNAs to inhibit
infectious agents characterized in that multiple different strains or variants of the

infectious agent exist, in particular wherein strain variation can occur by genetic
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reassortment or mixing. These methods find particular use in selecting and designing
siRNA and shRNA sequences to combat infectious agents whose genomes consist of
multiple different segments, wherein genetic reassortment can occur rapidly and
unpredictably by substitution of an entire genomic segment from one subtype to
another. These aspects of the invention are therefore particularly suited for infectious
agents whose genome consists of multiple independent segments, meaning that the
genome consists of physically distinct nucleic acid molecules that are not covalently
joined to one another. The invention may also find particular utility for infectious
agents that exchange genetic information by transfer of plasmids, e.g., plasmids
encoding genes that confer resistance to therapeutic compounds.

[0015] The present invention also provides a system for identifying compositions
comprising one or more RNAi-inducing entities such as siRNAs and/or shRNAs
targeted to an influenza virus transcript, and/or comprising vector(s) whose presence
within a cell results in production of one or more RNAs that hybridize with each other
or self-hybridize to form an siRNA or shRNA that is targeted to an influenza virus
transcript, wherein the compositions are useful for the inhibition of influenza virus.
[0016] The present invention further provides a system for the analysis and
characterization of the mechanism of influenza replication and/or transcription of
influenza virus RNAs, as well as for the characterization and analysis of relevant viral
components involved in the viral life cycle.

[0017] In another aspect, the invention provides methods for designing siRNAs
and/or shRNAs to inhibit an infectious agent in cases where multiple variants of the
infectious agent exist. For example, the invention provides a method for designing an
siRNA or shRNA molecule having a duplex portion, the method comprising steps of
(1) identifying a portion of a target transcript, which portion is highly conserved
among a plurality of variants of an infectious agent and comprises at least 15
consecutive nucleotides; and (ii) selecting an siRNA or shRNA, wherein the sense
strand of the siRNA or the sense portion of the sShRNA comprises the highly
conserved sequence.

[0018]  In another aspect, the invention provides siRNAs and siRNAs and
methods for design thereof, wherein the siRNA or shRNA is targeted to a transcript
whose inhibition results in inhibition of multiple (or all) other viral transcripts. In
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particular, the invention provides siRNA and shRNA compositions comprising
siRNAs or shRNAs targeted to transcripts encoding viral polymerase (DNA or RNA
polymerase) or nucleocapsid proteins.

[0019] This application refers to various patents, journal articles, and other
publications, all of which are incorporated herein by reference. In addition, the
following standard reference works are incorporated herein by reference: Current
Protocols in Molecular Biology, Current Protocols in Immunology, Current Protocols
in Protein Science, and Current Protocols in Cell Biology, John Wiley & Sons, N.Y.,
edition as of July 2002; Sambrook, Russell, and Sambrook, Molecular Cloning: A
Laboratory Manual, 3" ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, 2001.

Brief Description of the Drawing

[0020]  Figure 14, adapted from Julkunen, I, ef al., referenced elsewhere herein,
presents a schematic of the influenza virus.

[0021] Figure 1B, adapted from Fields’ Virology, referenced elsewhere herein,
shows the genome structure of the influenza virus and the transcripts derived from the
influenza genome. Thin lines at the 5’ and 3’-termini of the mRNAs represent
untranslated regions. Shaded or hatched areas represent coding regions in the 0 or +1
reading frames, respectively. Introns are depicted by V-shaped lines. Small
rectangles at the 5° ends of the mRNAs represent heterogenous cellular RNAs
covalently linked to the viral nucleic acids. A symbolizes the polyA tail.

[0022] Figure 2, adapted from Julkunen, I, et al.,, referenced elsewhere herein,
shows the influenza virus replication cycle.

[0023] Figure 3 shows the structure of siRNAs observed in the Drosophila
system.

[0024]  Figure 4 presents a schematic representation of the steps involved in RNA
interference in Drosophila.

[0025]  Figure 5 shows a variety of exemplary siRNA and shRNA structures
useful in accordance with the present invention.

[0026]  Figure 6 presents a representation of an alternative inhibitory pathway, in

which the DICER enzyme cleaves a substrate having a base mismatch in the stem to

|l
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generate an inhibitory product that binds to the 3° UTR of a target transcript and
inhibits translation.

[0027] Figure 7 presents one example of a construct that may be used to direct
transcription of both strands of an inventive siRNA.

[0028] Figure 8 depicts one example of a construct that may be used to direct
transcript of a single RNA molecule that hybridizes to form an shRNA in accordance
with the present invention.

[0029] Figure 9 shows a sequence comparison between six strains of influenza
virus A that have a human host of origin. Dark shaded areas were used to design
siRNAs that were tested as described in Example 2. The base sequence is the
sequence of strain A/Puerto Rico/8/34. Lightly shaded letters indicate nucleotides
that differ from the base sequence.

[0030] Figure 10 shows a sequence comparison between two strains of influenza
virus that have a human host of origin and five strains of influenza virus A that have
an animal host of origin. Darkly shaded areas were used to design siRNAs that were
tested as described in Example 2. The base sequence is the sequence of strain
A/Puerto Rico/8/34. Lightly shaded letters indicate nucleotides that differ from the
base sequence.

[0031]  Figures 114 — 11F show the results of experiments indicating that siRNA
inhibits influenza virus production in MDCK cells. Six different siRNAs that target
various viral transcripts were introduced into MDCK cells by electroporation, and
cells were infected with virus 8 hours later. Figure 114 is a time course showing viral
titer in culture supernatants as measured by hemagglutinin assay at various times
following infection with viral strain A/PR/8/34 (HIN1) (PRS), at a multiplicity of
infection (MOI) of 0.01 in the presence or absence of the various siRNAs or a control
siRNA. Figure 11B is a time course showing viral titer in culture supernatants as
measured by hemagglutinin assay at various times following infection with influenza
virus strain A/WSN/33 (HIN1) (WSN) at an MOI of 0.01 in the presence or absence
of the various siRNAs or a control siRNA. Figure 11C shows a plaque assay showing
viral titer in culture supernatants from virus infected cells that were either mock
transfected or transfected with sSiRNA NP-1496. Figure 11D shows inhibition of

influenza virus production at different doses of siRNA. MDCK cells were transfected
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with the indicated amount of NP-1496 siRNA followed by infection with PRS virus at
an MOI of 0.01. Virus titer was measured 48 hours after infection. Representative
data from one of two experiments are shown. Figure 11E shows inhibition of
influenza virus production by siRNA administered after virus infection. MDCK cells
were infected with PR8 virus at an MOT of 0.01 for 2 hrs and then transfected with
NP-1496 (2.5 nmol). Virus titer was measured at the indicated times after infection.
Representative data from one of two experiments are shown.

[0032]  Figure 12 shows a sequence comparison between a portion of the 3’ region
of NP sequences among twelve influenza A virus subtypes or isolates that have either
a human or animal host of origin. The shaded area was used to design siRNAs that
were tested as described in Examples 2 and 3. The base sequence is the sequence of
strain A/Puerto Rico/8/34. Shaded letters indicate nucleotides that differ from the
base sequence.

[0033]  Figure 13 shows positions of various siRNAs relative to influenza virus
gehe segments, correlated with effectiveness in inhibiting influenza virus.

[0034]  Figure 144 is a schematic of a developing chicken embryo indicating the
area for injection of siRNA and siRNA/delivery agent compositions.

[0035]  Figure 14B shows the ability of various siRNAs to inﬁibit influenza virus
production in developing chicken embryos.

[0036]  Figure 15 is a schematic showing the interaction of nucleoprotein with
viral RNA molecules.

[0037]  Figures 164 and 16B show schematic diagrams illustrating the differences
between influenza virus VRNA, mRNA, and cRNA (template RNA) and the
relationships between them. The conserved 12 nucleotides at the 3’ end and 13
nucleotides at the 5° end of each influenza A virus VRNA segment are indicated in
Figure 16B. The mRNAs contain an m’GpppN™ cap structure and, on average, 10 to
13 nucleotides derived from a subset of host cell RNAs. Polyadenylation of the
mRNAs occurs at a site in the mRNA corresponding to a location 15 to 22 nucleotides
before the 5° end of the VRNA segment. Arrows indicate the positions of primers
specific for each RNA species. (Adapted from ref, (D).
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[0038]  Figure 17 shows amounts of viral NP and NS RNA species at various
timés following infection with virus, in cells that were mock transfected or transfected
with siRNA NP- 1496 6-8 hours prior to infection.

[0039]  Figure 184 shows that inhibition of influenza virus production requires a
wild type (wt) antisense strand in the duplex siRNA. MDCK cells were first
transfected with siRNAs formed from wt and modified (m) strands and infected 8 hrs
léter with PR8 virus at MOI of 0.1. Virus titers in the culture supernatants were
assayed 24 hrs after infection. Representative data from one of the two experiments
are shown. Figure 18B shows that M-specific siRNA inhibits the accumulation of
specific mRNA. MDCK cells were transfected with M-37, infected with PRS virus at
MOI of 0.01, and harvested for RNA isolation 1, 2, and 3 hrs after infection. The
levels of M-specific mRNA, cRNA, and vRNA were measured by reverse
transcription using RNA-specific primers, followed by real time PCR. The level of
each viral RNA species is normalized to the level of y-actin mRNA (bottom panel) in
the same sample. The relative levels of RNAs are shown as mean value + S.D.
Representative data from one of the two experiments are shown.

[0040]  Figures 194-D show that NP-specific siRNA inhibits the accumulation of
not only NP- but also M- and NS-specific nRNA, vRNA, and cRNA. MDCK (A-C)
and Vero (D) cells were transfected with NP-1496, infected with PR8 virus at MOI of
0.1, and harvested for RNA isolation 1, 2, and 3 hrs after infection. The levels of
ﬁRNA, cRNA, and vRNA specific for NP, M, and NS were measured by reverse
transcription using RNA-specific primers followed by real time PCR. The level of
each viral RNA species is normalized to the level of y-actin mRNA (not shown) in the
same sample. The relative levels of RNAs are shown. Representative data from one
of three experiments are shown.

[0041]  Figures 19E-G, right side in each figure, show that PA~specific siRNA
inhibits the accumulation of not only PA- but also M- and NS-specific mRNA,
VRNA, and cRNA. MDCK cells were transfected with PA-1496, infected with PR8
virus at MOI of 0.1, and harvested for RNA isolation 1, 2, and 3 hrs after infection.
The levels of mRNA, cRNA, and vRNA specific for PA, M, and NS were measured

by reverse transcription using RNA-specific primers followed by real time PCR. The
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level of each viral RNA species is normalized to the level of y-actin mRNA (not
shown) in the same sample. The relative levels of RNAs are shown.

[0042]  Figure 19H shows that NP-specific siRNA inhibits the accumulation of
PB1- (top panel), PB2- (middle panel) and PA- (lower panel) specific mRNA.
MDCK cells were transfected with NP-1496, infected with PR8 virus at MOI of 0.1,
and harvested for RNA isolation 1, 2, and 3 hrs after infection. The levels of mRNA
specific for PB1, PB2, and PA mRNA were measured by reverse transcription using
RNA-specific primers followed by real time PCR. The level of each viral RNA
species is normalized to the level of y-actin mRNA (not shown) in the same sample.
The relative levels of RNAs are shown..

[0043]  Figure 204 shows sequences of siRNA CD8-61 and its hairpin derivative
CDB8-61F.

[0044]  Figure 20B shows inhibition of CD8a expression by CD8-61 and CDS-
61F. A CD8'CD4" T cell line was transfected with either CD8-61 or CD8-61F by
electroporation. CD8a expression was assayed by flow cytometry 48 hrs later.
Unlabeled line, mock transfection.

[0045]  Figure 20C shows a schematic diagram of the pSLOOP III vector, in
which expression of CD8-61F hairpin RNA is driven by H1 RNA pol III promoter.
Terminator, termination signal sequence. |

[0046]  Figure 20D presents plots showing silencing of CD8a in HelLa cells using
pSLOOP III. Untransfected cells did not express CD8a.. Cells were transfected with
the CD8o expression vector and either a promoterless pSLOOP III-CD8-61F
construct, synthetic siRNA, or a pSLOOP III-CD8-61F containing a promoter.
[0047]  Figure 214 shows schematic diagrams of NP-1496 and GFP-949 siRNA
and their hairpin derivatives/precursors.

[0048)  Figure 21B shows tandem arrays of NP-1496H and GFP-949H in two
different orders.

[0049]  Figure 21C shows pSLOOP III expression vectors. Hairpin precursors of
siRNA are cloned in the pSLOOP III vector alone (top), in tandem arrays (middle), or
simultaneously with independent promoter and termination sequence (bottom).
[0050]  Figure 224 is a plot showing that siRNA inhibits influenza virus

production in mice when administered together with the cationic polymer PEI prior to
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infection with influenza virus. Filled squares (no treatment); Open squares (GFP
siRNA); Open circles (30 pg NP siRNA); Filled circles (60 pg NP siRNA). Each
symbol represents an individual animal. p values between different groups are shown.
[0051] Figure 22B is a plot showing that siRNA inhibits influenza virus
production in mice when administered together with the cationic polymer PLL prior
to infection with influenza virus. Filled squares (no treatment); Open squares (GFP
siRNA); Filled circles (60 ug NF siRNA). Each symbol represents an individual
animal. p values between different groups are shown.

[0052] Figure 22C is a plot showing that siRNA inhibits influenza virus
production in mice when administered together with the cationic polymer jetPEI prior
to infection with influenza virus significantly more effectively than when
administered in PBS. Open squares (no treatment); Open triangles (GFP siRNA in
PBS); Filled triangles (NP siRNA in PBS); Open circles (GFP siRNA with jetPEI);
Filled circles (NP siRNA with jetPEI). Each symbol represents an individual animal.
p values between different groups are shown.

[0053] Figure 23 is a plot showing that siRNAs targeted to influenza virus NP
and PA transcripts exhibit an additive effect when administered together prior to
infection with influenza virus. Filled squares (no treatment); Open circles (60 pg NP
siRNA); Open triangles (60 pg PA siRNA); Filled circles (60 ug NP siRNA + 60 pg
PA siRNA). Each symbol represents an individual animal. p values between
different groups are shown.

[0054] Figure 24 is a plot showing that siRNA inhibits influenza virus production
in mice when administered following infection with influenza virus. Filled squares
(no treatment); Open squares (60 ug GFP siRNA); Open triangles (60 pg PA siRNA);
Open circles (60 ug NP siRNA); Filled circles (60 pg NP + 60 pg PA siRNA). Each
symbol represents an individual animal. p values between different groups are shown.
[0055]  Figure 254 is a schematic diagram of a lentiviral vector expressing a
shRNA. Transcription of shRNA is driven by the U6 promoter. EGFP expression is
driven by the CMV promoter. SIN-LTR, ‘P, cPPT, and WRE are lentivirus
components. The sequence of NP-1496 shRNA is shown.

[0056] Figure 25B presents plots of flow cytometry results demonstrating that
Vero cells infected with the lentivirus depicted in Figure 25B express EGFP in a dose-
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dependent manner. Lentivirus was produced by co-transfecting DNA vector encoding
NP-1496a shRNA and packaging vectors into 293 T cells. Culture supernatants (0.25
ml or 1.0 ml) were used to infect Vero cells. The resulting Vero cell lines (Vero-NP-
0.25 and Vero-NP-1.0) and control (uninfected) Vero cells were analyzed for GFP
expression by flow cytometry. Mean fluorescence intensity of Vero-NP-0.25 (upper
portion of figure) and Vero-NP-1.0 (lower portion of figure) cells are shown. The
shaded curve represents mean fluorescence intensity of control (uninfected) Vero
cells.

[0057]  Figure 25C is a plot showing inhibition of influenza virus production in
Vero cells that express NP-1496 shRNA. Parental and NP-1496 shRNA expressing
Vero cells were infected with PR8 virus at MOI of 0.04, 0.2 and 1. Virus titers in the
supernatants were determined by hemagglutination (HA) assay 48 hrs after infection.
[0058] Figure 26 is a plot showing that influenza virus production in mice is
inhibited by administration of DNA vectors that express siRNA targeted to influenza
virus transcripts. Sixty pg of DNA encoding RSV, NP-1496 (NP) or PB1-2257 (PB1)
shRNA were mixed with 40 pl Infasurf and were administered into mice by
instillation. For no treatment (NT) group, mice were instilled with 60 pl of 5%
glucose. Thirteen hrs later, the mice were infected intranasally with PR8 virus, 12000
pfu per mouse. The virus titers in the lungs were measured 24 hrs after infection by
MDCK/hemagglutinin assay. Each data point represents one mouse. p values
between groups are indicated.

[0059] Figure 274 shows results of an electrophoretic mobility shift assay for
detecting complex formation between siRNA and poly-L-lysine (PLL). SiRNA-
polymer complexes were formed by mixing 150ng of NP-1496 siRNA with
increasing amounts of polymer (0-1200 ng) for 30 min at room temperature. The
reactive mixtures were then run on a 4% agarose gel and siRNAs were visualized with
ethidium-bromide staining.

[0060] Figure 27B shows results of an electrophoretic mobility shift assay for
detecting complex formation between siRNA and poly-L-arginine (PLA). SiRNA-
polymer complexes were formed by mixing 150ng of NP-1496 siRNA with

increasing amounts of polymer (0-1200 ng) for 30 min at room temperature. The
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reactive mixtures were then run on a 4% agarose gel and siRNAs were visualized with
ethidium-bromide staining.

[0061]  Figure 284 is a plot showing cytotoxicity of siRNA/PLL complexes. Vero
cells in 96-well plates were treated with siRNA (400 pmol)/polymer complexes for 6
hrs. The polymer-containing medium was then replaced with DMEM-10% FCS. The
metabolic activity of the cells was measured 24 h later by using the MTT assay.
Squares = PLL (MW ~8K); Circles =PLL (MW ~42K) Filled squares =25%; Open
triangles = 50%; Filled triangles = 75%; X = 95%. The data are shown as the average
of triplicates.

[0062] Figure 28B is a plot showing cytotoxicity of sSiRNA/PLA complexes. Vero
cells in 96-well plates were treaed with siRNA (400 pmol)/polymer complexes for 6
hrs. The polymer-containing medium was then replaced with DMEM-10% FCS. The
metabolic activity of the cells was measured 24 h later by using the MTT assay. The
data are shown as the average of triplicates.

[0063]  Figure 294 is a plot showing that PLL stimulates cellular uptake of
siRNA. Vero cells in 24-well plates were incubated with Lipofectamine + siRNA
(400 pmol) or with siRNA (400 pmol)/polymer complexes for 6 hrs. The cells were
then washed and infected with PR virus at a MOI of 0.04. Virus titers in the culture
supernatants at different time points after infection were measured by HA assay.
Polymer to siRNA ratios are indicated. Open circles = no treatment; Filled squares =
Lipofectamine; Filled triangles = PLL (MW ~42K); Open triangles = PLL. (MW
~8K).

[0064]  Figure 29B is a plot showing that poly-L-arginine stimulates cellular
uptake of siRNA. Vero cells in 24-well plates were incubated with siRNA (400
pmol)/polymer complexes for 6 hrs. The cells were then washed and infected with
PR8 virus at a MOI of 0.04. Virus titers in the culture supernatants at different time
points after infection were measured by HA assay. Polymer to siRNA ratios are
indicated. 0, 25, 50, 75, and 95% refer to percentage of g-amino groups on PLL
substituted with imidazole acetyl groups. Closed circles = no transfection; Open
circles = Lipofectamine; Open and filled squares = 0% and 25% (Note that the data
points for 0% and 25% are identical); Filled triangles = 50%; Open triangles = 75%;
X =95%.
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Abbreviations
[0065] DNA: deoxyribonucleic acid
[0066] RNA: ribonucleic acid
[0067] VvRNA: virion RNA in the influenza virus genome, negative strand
[0068] cRNA:  complementary RNA, a direct transcript of VRNA, positive
strand
[0069] mRNA: messenger RNA transcribed from VRNA or cellular genes, a
template for protein synthesis
[0070] dsRNA: double-stranded RNA
[0071] siRNA:  short interfering RNA
[0072]  shRNA: short hairpin RNA
[0073] RNAI: RNA interference

Definitions

[0074]  In general, the term antibody refers to an immunoglobulin, whether natural
or wholly or partially synthetically produced. In certain embodiments of the
invention the term also encompasses any protein comprising a immunoglobulin
binding domain. These proteins may be derived from natural sources, or partly or
wholly synthetically produced. The antibody may be a member of any
immunoglobulin class, including any of the human classes: IgG, IgM, IgA, IgD, and
IgE. The antibody may be a fragment of an antibody such as an Fab’, F(ab’),, scFv
(single-chain variable) or other fragment that retains an antigen binding site, or a
recombinantly produced scFv fragment, including recombinantly produced fragments.
See, e.g., Allen, T., Nature Reviews Cancer, Vol.2, 750-765, 2002, and references
therein. In certain embodiments of the invention the term includes “humanized”
antibodies in which for example, a variable domain of rodent origin is fused to a
constant domain of human origin, thus retaining the specificity of the rodent antibody.
It is noted that the domain of human origin need not originate directly from a human
in the sense that it is first synthesized in a human being. Instead, “human” domains
may be generated in rodents whose genome incorporates human immunoglobulin
genes. See, e.g., Vaughan, et al., (1998), Nature Biotechnology, 16: 535-539. An
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antibody may be polyclonal or monoclonal, though for purposes of the present
invention monoclonal antibodies are generally preferred.

[0075] As used herein, the terms approximately or about in reference to a number
are generally taken to include numbers that fall within a range of 5% in either
direction (greater than or less than) the number unless otherwise stated or otherwise
evident from the context (except where such number would exceed 100% of a
possible value). Where ranges are stated, the endpoints are included within the range
unless otherwise stated or otherwise evident from the context.

[0076]  The term hybridize, as used herein, refers to the interaction between two
complementary nucleic acid sequences. The phrase hybridizes under high stringency
conditions describes an interaction that is sufficiently stable that it is maintained under
art-recognized high stringency conditions. Guidance for performing hybridization
reactions can be found, for example, in Current Protocols in Molecular Biology, John
Wiley & Sons, N.Y., 6.3.1-6.3.6, 1989, and more recent updated editions, all of which
are incorporated by reference. See also Sambrook, Russell, and Sambrook, Molecular
Cloning: A Laboratory Manual, 3" ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, 2001. Aqueous and nonaqueous methods are described in that
reference and either can be used. Typically, for nucleic acid sequences over
approximately 50-100 nucleotides in length, various levels of stringency are defined,
such as low stringency (e.g., 6X sodium chloride/sodium citrate (SSC) at about 45°C,
followed by two washes in 0.2X SSC, 0.1% SDS at least at 50°C (the temperature of
the washes can be increased to 55°C for medium-low stringency conditions));
medium stringency (e.g., 6X SSC at about 45°C, followed by one or more washes in
0.2X SSC, 0.1% SDS at 60°C; high stringency hybridization (e.g., 6X SSC at about
45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 65°C; and very
high stringency hybridization conditions (e.g., 0.5M sodium phosphate, 0.1% SDS at
65°C, followed by one or more washes at 0.2X SSC, 1% SDS at 65°C.)

Hybridization under high stringency conditions only occurs between sequences with a
very high degree of complementarity. One of ordinary skill in the art will recognize
that the parameters for different degrees of stringency will generally differ based upon
various factors such as the length of the hybridizing sequences, whether they contain

RNA or DNA, etc. For example, appropriate temperatures for high, medium, or low
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stringency hybridization will generally be lower for shorter sequences such as
oligonucleotides than for longer sequences.

[0077] The term influenza virus is used here to refer to any strain of influenza
virus that is capable of causing disease in an animal or human subject, or that is an
interesting candidate for experimental analysis. Influenza viruses are described in
Fields, B., et al., Fields’ Virology, 4™, ed., Philadelphia: Lippincott Williams and
Wilkins; ISBN: 0781718325, 2001.In particular, the term encompasses any strain of
influenza A virus that is capabie of causing disease in an animal or human subject, or
that is an interesting candidate for experimental analysis. A large number of influenza
A isolates have been partially or completely sequenced. Appendix A presents merely
a partial list of complete sequences for influenza A genome segments that have been
deposited in a public database (The Influenza Sequence Database (ISD), see Macken,
C., Lu, H., Goodman, J., & Boykin, L., "The value of a database in surveillance and
vaccine selection." in Options for the Control of Influenza IV. A.D.M.E. Osterhaus, N.
Cox & A.W. Hampson (Eds.) Amsterdam: Elsevier Science, 2001, 103-106). This
database also contains complete sequences for influenza B and C genome segments.
The database is available on the World Wide Web at the Web site having URL
http://www.flu.lanl.gov/ along with a convenient search engine that allows the user to
search by genome segment, by species infected by the virus, and by year of isolation.
Influenza sequences are also available on Genbank. Sequences of influenza genes are
therefore readily available to, or determinable by, those of ordinary skill in the art.
[0078]  Isolated, as used herein, means 1) separated from at least some of the
components with Which it is usually associated in nature; 2) prepared or purified by a
process that involves the hand of man; and/or 3) not occurring in nature.

[0079]  Ligand, as used herein, means a molecule that specifically binds to a
second molecule, typically a polypeptide or portion thereof, such as a carbohydrate
moiety, through a mechanism other than an antigen-antibody interaction. The term
encompasses, for example, polypeptides, peptides, and small molecules, either
naturally occurring or synthesized, including molecules whose structure has been
invented by man. Although the term is frequently used in the context of receptors and
molecules with which they interact and that typically modulate their activity (e.g.,

agonists or antagonists), the term as used herein applies more generally.
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[0080] Operably linked, as used herein, refers to a relationship between two
nucleic acid sequences wherein the expression of one of the nucleic acid sequences is
controlled by, regulated by, modulated by, etc., the other nucleic acid sequence. For
example, the transcription of a nucleic acid sequence is directed by an operably linked
promoter sequence; post-transcriptional processing of a nucleic acid is directed by an
operably linked processing sequence; the translation of a nucleic acid sequence is
directed by an operably linked translational regulatory sequence; the transport or
localization of a nucleic acid or polypeptide is directed by an operably linked
transport or localization sequence; and the post-translational processing of a
polypeptide is directed by an operably linked processing sequence. Preferably a
nucleic acid sequence that is operably linked to a second nucleic acid sequence is
covalently linked, either directly or indirectly, to such a sequence, although any
effective three-dimensional association is acceptable.

[0081] Purified, as used herein, means separated from many other compounds or
entities. A compound or entity may be partially purified, substantially purified, or
pure, where it is pure when it is removed from substantially all other compounds or
entities, i.e., is preferably at least about 90%, more preferably at least about 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or greater than 99% pure.

[0082] The term regulatory sequence is used herein to describe a region of nucleic
acid sequence that directs, enhances, or inhibits the expression (particularly
transcription, but in some cases other events such as splicing or other processing) of
sequence(s) with which it is operatively linked. The term includes promoters,
enhancers and other transcriptional control elements. In some embodiments of the
invention, regulatory sequences may direct constitutive expression of a nucleotide
sequence; in other embodiments, regulatory sequences may direct tissue-specific
and/or inducible expression. For instance, non-limiting examples of tissue-specific
promoters appropriate for use in mammalian cells include lymphoid-specific
promoters (see, for example, Calame et al., Adv. Immunol. 43:235, 1988) such as
promoters of T cell receptors (see, €.g., Winoto et al., EMBO J. 8:729, 1989) and
immunoglobulins (see, for example, Banerji et al., Cell 33:729, 1983; Queen et al.,
Cell 33:741, 1983), and neuron-specific promoters (e.g., the neurofilament promoter;
Byrne et al., Proc. Natl. Acad. Sci. USA 86:5473, 1989). Developmentally-regulated
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promoters are also encompassed, including, for example, the murine hox promoters
(Kessel et al., Science 249:374, 1990) and the o-fetoprotein promoter (Campes et al.,
Genes Dev. 3:537, 1989). In some embodiments of the invention regulatory
sequences may direct expression of a nucleotide sequence only in cells that have been
infected with an infectious agent. For example, the regulatory sequence may
comprise a promoter and/or enhancer such as a virus-specific promoter or enhancer
that is recognized by a viral protein, e.g., a viral polymerase, transcription factor, etc.
Alternately, the regulatory sequence may comprise a promoter and/or enhancer that is
active in epithelial cells in the nasal passages, respiratory tract and/or the lungs.
[0083] As used herein, the term RNAi-inducing entity encompasses RNA
molecules and vectors (other than naturally occurring molecules not modified by the
hand of man) whose presence within a cell results in RNAi and leads to reduced
expression of a transcript to which the RNAi-inducing entity is targeted. The term
specifically includes siRNA, shRNA, and RNAi-inducing vectors.

[0084]  Asused herein, an RNAi-inducing vector is a vector whose presence within
a cell results in transcription of one or more RNAs that self-hybridize or hybridize to
each other to form an shRNA or siRNA. In various embodiments of the invention this
term encompasses plasmids, e.g., DNA vectors (whose sequence may comprise
sequence elements derived from a virus), or viruses, (other than naturally occurring
viruses or plasmids that have not been modified by the hand of man), whose presence
within a cell results in production of one or more RNAs that self-hybridize or
hybridize to each other to form an shRNA or siRNA. In general, the vector comprises
anucleic acid operably linked to expression signal(s) so that one or more RNA
molecules that hybridize or self-hybridize to form an siRNA or shRNA are
transcribed when the vector is present within a cell. Thus the vector provides a
template for intracellular synthesis of the RNA or RNAs or precursors thereof. For
purposes of inducing RNAI, presence of a viral genome into a cell (e.g., following
fusion of the viral envelope with the cell membrane) is considered sufficient to
constitute presence of the virus within the cell. In addition, for purposes of inducing
RNAI, a vector is considered to be present within a cell if it is introduced into the cell,
enters the cell, or is inherited from a parental cell, regardless of whether it is

subsequently modified or processed within the cell. An RNAi-inducing vector is
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considered to be targeted to a transcript if presence of the vector within a cell results
in production of one or more RNAs that hybridize to each other or self-hybridize to
form an siRNA or shRNA that is targeted to the transcript, i.e., if presence of the
vector within a cell results in production of one or more siRNAs or shRNAs targeted
to the transcript.

[0085] A short, interfering RNA (siRNA) comprises an RNA duplex that is
approximately 19 basepairs long and optionally further comprises one or two single-
stranded overhangs. An siRNA may be formed from two RNA molecules that -
hybridize together, or may alternatively be generated from a single RNA molecule
that includes a self-hybridizing portion. Tt is generally preferred that free 5° ends of
siRNA molecules have phosphate groups, and free 3° ends have hydroxyl groups. The
duplex portion of an siRNA may, but typically does not, contain one or more bulges
consisting of one or more unpaired nucleotides. One strand of an siRNA includes a
portion that hybridizes with a target transcript. In certain preferred embodiments of
the invention, one strand of the siRNA is precisely complementary with a region of
the target transcript, meaning that the siRNA hybridizes to the target transcript
without a single mismatch. In other embodiments of the invention one or more
mismatches between the siRNA and the targeted portion of the target transcript may
exist. In most embodiments of the invention in which perfect complementarity is not
achieved, it is generally preferred that any mismatches be located at or near the
siRNA termini.

[0086] The term short hairpin RNA refers to an RNA molecule comprising at least
two complementary portions hybridized or capable of hybridizing to form a double-
stranded (duplex) structure sufficiently long to mediate RNAi (typically at least 19
base pairs in length), and at least one single-stranded portion, typically between
approximately 1 and 10 nucleotides in length that forms a loop. The duplex portion
may, but typically does not, contain one or more bulges consisting of one or more
unpaired nucleotides. As described further below, ShRNAs are thought to be
processed into siRNAs by the conserved cellular RNAi machinery. Thus shRNAs are
precursors of siRNAs and are, in general, similarly capable of inhibiting expression of

a target transcript.
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[0087] ‘As used herein, the term specific binding refers to an interaction between a
target polypeptide (or, more generally, a target molecule) and a binding molecule such
as an antibody, ligand, agonist, or antagonist. The interaction is typically dependent
upon the presence of a particular structural feature of the target polypeptide such as an
antigenic determinant or epitope recognized by the binding molecule. For example, if
an antibody is specific for epitope A, the presence of a polypeptide containing epitope
A or the presence of free unlabeled A in a reaction containing both free labeled A and
the antibody thereto, will reduce the amount of labeled A that binds to the antibody.

It is to be understood that specificity need not be absolute but generally refers to the
context in which the binding is performed. For example, it is well known in the art
that numerous antibodies cross-react with other epitopes in addition to those present
in the target molecule. Such cross-reactivity may be acceptable depending upon the
application for which the antibody is to be used. One of ordinary skill in the art will
be able to select antibodies having a sufficient degree of specificity to perform
appropriately in any given application (e.g., for detection of a target molecule, for
therapeutic purposes, etc). It is also to be understood that specificity may be
evaluated in the context of additional factors such as the affinity of the binding
molecule for the target polypeptide versus the affinity of the binding molecule for
other targets, e.g., competitors. If a binding molecule exhibits a high affinity for a
target molecule that it is desired to detect and low affinity for nontarget molecules, the
antibody will likely be an acceptable reagent for immunodiagnostic purposes. Once
the specificity of a binding molecule is established in one or more contexts, it may be
employed in other, preferably similar, contexts without necessarily re-evaluating its
specificity.

[0088]  The term subject, as used herein, refers to an individual susceptible to
infection with an infectious agent, e.g., an individual susceptible to infection with a
virus such as the influenza virus. The term includes birds and animals, e.g.,
domesticated birds and animals (such as chickens, mammals, incluiding swine, horse,
dogs, cats, etc.), and wild animals, non-human primates, and humans.

[0089]  An siRNA or shRNA or an siRNA or shRNA sequence is considered to be
targeted to a target transcript for the purposes described herein if 1) the stability of the
target transcript is reduced in the presence of the siRNA or ShRNA as compared with
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its absence; and/or 2) the siRNA or shRNA shows at least about 90%, more
preferably at least about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
precise sequence complementarity with the target transcript for a stretch of at least
about 15, more preferably at least about 17, yet more preferably at least about 18 or
19 to about 21-23 nucleotides; and/or 3) one strand of the siRNA or one of the self-
complementary portions of the SIRNA hybridizes to the target transcript under
stringent conditions for hybridization of small (<50 nucleotide) RNA molecules in
vitro and/or under conditions typically found within the cytoplasm or nucleus of
mammalian cells. An RNA-inducing vector whose presence within a cell results in
production of an siRNA or shRNA that is targeted to a transcript is also considered to
be targeted to the target transcript. Since the effect of targeting a transcript is to
reduce or inhibit expression of the gene that directs synthesis of the transcript, an
siRNA or shRNA targeted to a transcript is also considered to target the gene that
directs synthesis of the transcript even though the gene itself (i.e., genomic DNA) is
not thought to interact with the siRNA, shRNA, or components of the cellular
silencing machinery. Thus as used herein, an siRNA, shRNA, or RNAi-inducing
vector that targets a transcript is understood to target the gene that provides a template
for synthesis of the transcript.

[0090] As used herein, treating includes reversing, alleviating, inhibiting the
progress of, preventing, or reducing the likelihood of the disease, disorder, or
condition to which such term applies, or one or more symptoms or manifestations of
such disease, disorder or condition.

[0091]  In general, the term vector refers to a nucleic acid molecule capable of
mediating entry of, e.g., transferring, transporting, etc., a second nucleic acid
molecule into a cell. The transferred nucleic acid is generally linked to, e.g., inserted
into, the vector nucleic acid molecule. A vector may include sequences that direct
autonomous replication, or may include sequences sufficient to allow integration into
host cell DNA. Useful vectors include, for example, plasmids (typically DNA
molecules although RNA plasmids are also known), cosmids, and viral vectors. Asis
well known in the art, the term viral vector may refer either to a nucleic acid molecule
(e.g., a plasmid) that includes virus-derived nucleic acid elements that typically

facilitate transfer or integration of the nucleic acid molecule (examples include
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retroviral or lentiviral vectors) or to a virus or viral particle that mediates nucleic acid
transfer (examples include retroviruses or lentiviruses). As will be evident to one of
ordinary skill in the art, viral vectors may include various viral components in

addition to nucleic acid(s).

Detailed Description of Certain Preferred Embodiments of the Invention

[0092] I Influenza Viral Life Cycle and Characteristics

[0093] Influenza viruses are enveloped, negative-sfrmded RNA viruses of the
Orthomyxoviridae family. They are classified as influenza types A, B, and C, of
which influenza A is the most pathogenic and is believed to be the only type able to
undergo reassortment with animal strains. Influenza types A, B, and C can be
distinguished by differences in their nucleoprotein and matrix proteins (see Figure 1).
As discussed further below, influenza A subtypes are defined by variation in their
hemagglutinin (HA) and neuraminidase (NA) genes and usually distinguished by
antibodies that bind to the corresponding proteins.

[0094] The influenza A viral genome consists of ten genes distributed in eight
RNA segments. The genes encode 10 proteins: the envelope glycoproteins
hemagglutinin (HA) and neuraminidase (NA); matrix protein (M1); nucleoprotein
(NP); three polymerases (PB1, PB2, and PA) which are components of an RNA-
dependent RNA transcriptase also referred to és a polymerase or polymerase complex
herein; ion channel protein (M2), and nonstructural proteins (NS1 and NS2). See
Julkunen, 1., et al., Cytokine and Growth Factor Reviews, 12: 171-180, 2001 for
further details regarding the influenza A virus and its molecular pathogenesis. See
also Fields, B., et al., Fields’ Virology, 4®. ed., Philadelphia: Lippincott Williams and
Wilkins; ISBN: 0781718325, 2001. The organization of the influenza B viral genome
is extremely similar to that of influenza A whereas the influenza C viral genome
contains seven RNA segments and lacks the NA gene.

[0095]  Influenza A virus classification is based on the hemagglutinin (H1 — H15)
and neuraminidase (N1 —N9) genes. World Health Organization (WHO)
nomenclature defines each virus strain by its animal host of origin (specified unless
human), geographical origin, strain number, year of isolation, and antigenic
description of HA and NA. For example, A/Puerto Rico/8/34 (HIN1) designates
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strain A, isolate 8, that arose in humans in Puerto Rico in 1934 and has antigenic
subtypes 1 of HA and NA. As another example, A/Chicken/Hong Kong/258/97
(H5N1) designates strain A, isolate 258, that arose in chickens in Hong Kong in 1997
and has antigenic subtype 5 of HA and 1 of NA. Human epidemics have been caused
by viruses with HA types H1, H2, and H3 and NA types N1 and N2.

[0096] As mentioned above, genetic variation occurs by two primary mechanisms
in influenza virus A. Genetic drift occurs via point mutations, which often occur at
antigenically significant positions due to selective pressure from host immune
responses, and genetic shift (also referred to as reassortment), involving substitution
of a whole viral genome segment of one subtype by another. Many different types of
animal species including humans, swine, birds, horses, aquatic mammals, and others,
may become infected with influenza A viruses. Some influenza A viruses are
restricted to a particular species and will not normally infect a different species.
However, some influenza A viruses may infect several different animal species,
principally birds (particularly migratory water fowl), swine, and humans. This
capacity is considered to be responsible for major antigenic shifts in influenza A
virus. For example, suppose a swine becomes infected with an influenza A virus from
a human and at the same time becomes infected with a different influenza A virus
from a duck. When the two different viruses reproduce in the swine cells, the genes of
the human strain and duck strain may "mix," resulting in a new virus with a unique
combination of RNA segments. This process is called genetic reassortment. (Note that
this type of genetic reassortment is distinct from the exchange of genetic information
that occurs between chromosomes during meiosis.)

[0097]  Like other viruses and certain bacterial species, influenza viruses replicate
intracellularly. Influenza A viruses replicate in epithelial cells of the upper
respiratory tract. However, monocytes/macrophages and other white blood cells can
also be infected. Numerous other cell types with cell surface glycoproteins containing
sialic acid are susceptible to infection i7 vitro since the virus uses these molecules as a
receptor.

[0098]  The influenza A infection/replication cycle is depicted schematically in
Figure 1. As shown in Figure 1A, the influenza A virion 100 comprises genome 101,
consisting of eight negative stranded RNA segments: PB2 (102), PB1 (103), PA
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(104), HA (105), NP (106), NA (107), M (108), and NS (109). There are
conventionally numbered from 1 to 8, with PB2 =1,PB1 =2, PA=3,HA =4, NP =
5,NA =6, M =7, and NS = 8. The genomic RNA segments are packaged inside a
layer of membrane protein M1 120 which is surrounded by a lipid bilayer 130 from
which the extracellular domains of the envelope glycoproteins HA 140 and NA 150
and the ion channel M2 160 protrude. RNA segments 102 — 108 are covered with
nucleoprotein MP 170 (depicted schematically in more detail in Figure 15) and
contain the viral polymerase complex 180 consisting of polymerases PB1, PB2, and
PA. Nonstructural protein NS2 190 is also found within virions. Nonstructural
protein NS1 (not shown) is found within infected cells.

[0099]  Figure 1B shows the genome structure of the influenza virus and the
transcripts generated from the influenza genome (not drawn to scale). Six of the eight
genomic RNA segments (PB1 (102), PB2 (103), PA (104), HA (105), NP (106), and
NA (107)) each serve as template for a single, unspliced transcript that encodes the
corresponding protein. Three mRNA transcripts have been identified as being derived
from influenza virus A segment M (108): a colinear transcript 191 that encodes the
M, protein, a spliced mRNA 192 that encodes the M, protein and contains a 689
nucleotide intron, and another alternatively spliced mRNA 193 that has the potential
to encode a 9 amino acid peptide (M3) that has not been detected in virus-infected
cells. Two mRNA transcripts are derived from influenza virus A segment NS: an
unspliced mRNA 194 that encodes the NS; protein and a spliced mRNA 195 that
encodes the NS, protein and includes a 473 nucleotide intron.

[00100] The infective cycle (Figure 2) begins when the virion 100 attaches via its
hemagglutinin to the surface of a susceptible cell through interaction with a sialic acid
containing cell surface protein. Attached virus is endocytosed into coated vesicles
200 via clathrin-dependent endocytosis. Low pH in endosomes triggers fusion of
viral and endosomal membranes, resulting in liberation of viral ribonucleoprotein
(VRNP) compexes (nucleocapsids) 210 into the cytoplasm. Viral nucleocapsids are
imported into the cell nucleus, following which primary viral mRNA synthesis is
initiated by a viral RNA polymerase complex that consists of the PB1, PB2, and PA
polymerases. Primers produced by the endonuclease activity of the PB2 protein on
host cell pre-mRNA is used to initiate viral mRINA synthesis using viral RNA
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(VRNA) 220 as a template. PB1 protein catalyzes the synthesis of virus specific
mRNAs 230, which are transported into the cytoplasm and translated.

[00101] Newly synthesized polymerases NP, NS1, and NS2 are transported into the
nucleus and regulate replication and secondary viral mRNA synthesis. Synthesis of
complementary RNA (cRNA) 240 from viral RNA (vVRNA) is initiated by PB1, PB2,
PA, and NP, after which new vVRNA molecules 250 are synthesized. The viral
polymerase complex uses these VRNAs as templates for synthesis of secondary
mRNA 260. Thus transcription of VRNA by the virus-encoded transcriptase produces
mRNA that serves as a template for synthesis of viral proteins and also produces
complementary RNA (cRNA), which differs from mRNA by lacking the 5’ cap and
the 3” poly A tail, and serves as a template for synthesizing more vVRNA for new
virion production. Late in infection NS1 protein regulates splicing of M and NS
mRNAs, which results in production of M2 and NS2 mRNAs. Viral mRNAs are
transported into the cytoplasm, where viral structural proteins 270 are produced.
Proteins PB1, PB2, PA, and NP are transported into the nucleus, the site of assembly
of VRNP complexes (nucleocapsids) 280. M1 and NS2 proteins are also transported
into the nucleus, where they interact with VRNPs and regulate their nuclear export.
Viral VRNA-MI protein complexes interact with the cytoplasmic portion of HA and
NA molecules at the plasma membrane, where budding of mature virions and release
of viral particles occur.

[00102] Influenza A virus replicates rapidly in cells, resulting in host cell death due
to cytolytic effects or apoptosis. Infection causes changes in a wide variety of cellular
activities and processes including inhibition of host cell gene expression. The viral
polymerase complex binds to and cleaves newly synthesized cellular polymerase II
transcripts in the nucleus. NS1 protein blocks cellular pre-mRNA splicing and
inhibits nuclear export of host mRNA. Translation of cellular mRNA is greatly
inhibited, whereas viral mRNA is efficiently translated. Maintenance of efficient
translation of viral mRNAs is achieved in part through viral downregulation of the
cellular interferon (IFN) response, a host response which typically acts to inhibit
translation in virally infected cells. In particular, viral NS1 protein binds to IFN-
induced PKR and inhibits its activity. Thus it is evident that infection with influenza
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virus results in profound changes in cellular biosynthesis, including changes in the
processing and translation of cellular mRNA.

[00103] Infected cells respond in a number of ways to limit spread of the virus.
Several transcription factor systems are activated, including nuclear factor kappa B
(NF«B), activating protein (AP)-1, interferon regulatory factors, signal transducers
and activators of transcription (STATS), and nuclear factor-IL-6, among others.
Activation of these transcription factor pathways leads to production of chemotactic,
proinflammatory, and antiviral cytokines that stimulate migration of inflammatory -
cells to the site of infection, exert a number of antiviral effects, and play a role in the
immune response to viral infection. Type I (IFN — a/B), RANTES, MCP-1, and IL-8
are among the cytokines produced by influenza A virus infected epithelial cells.
Influenza A virus infected monocyte/macrophages produce a variety of additional
cytokines including MIP-1 o/B, MIP-3a,, MCP-1, MCP-3, IP-10, IL-1B, IL-6, TNF-q,
and IT-18.

[00104] Cytolytic death of cells generally occurs approximately 20-40 hours
following infection with influenza A virus as a consequence of viral replication,
production of viral particles, continued viral protein synthesis and shutdown of host |
protein synthesis. Changes characteristic of apoptosis, e.g., chromatin condensation,
DNA fragmentation, cell shrinkage, and clearance of apoptotic cells by macrophages
are also evident.

[00105] II Selection, Design, and Synthesis of siRNAs

[00106] The present invention provides compositions containing siRNA(s) and/or
shRNA(s) targeted to one or more influenza virus transcripts. As the description of
the influenza virus replicative cycle presented above demonstrates, various types of
viral RNA transcripts (primary and secondary vRNA, primary and secondary viral
mRNA, and viral cRNA) are present within cells infected with influenza virus and
play important roles in the viral life cycle. Any of these transcripts are appropriate
targets for siRNA mediated inhibition by either a direct or an indirect mechanism in
accordance with the present invention. siRNAs and shRNAs that target any viral
mRNA transcript will specifically reduce the level of the transcript itself in a direct
manner, i.e., by causing degradation of the transcript. In addition, as discussed below,
siRNAs and shRNAs that target certain viral transcripts (e.g., NA, PA, PB1) will
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indirectly cause reduction in the levels of viral transcripts to which they are not
specifically targeted. In situations where alternative splicing is possible, as for the
mRNA that encodes M; and M; and the mRNA that encodes NS; and NS,, the
unspliced transeript or the spliced transcript may serve as a target transcript.

[00107]  Potential viral transcripts that may serve as a target for RNAi based
therapy according to the present invention include, for example, 1) any influenza virus
genomic segment; 2) transcripts that encode any viral proteins including transcripts
encoding the proteins PB1, PB2, PA, NP, NS1, NS2, M1, M2, HA, or NA. As will be
appreciated, transcripts may be targeted in their VRNA, cRNA, and/or mRNA form(s)
by a single siRNA or shRNA, although as discussed further below, the inventors have
obtained data suggesting that viral mRNA is the sole or primary target of RNAI.
[00108]  For any particular gene target that is selected, the design of siRNAs or
shRNAs for use in accordance with the present invention will preferably follow \
certain guidelines. In general, it is desirable to target sequences that are specific to
the virus (as compared with the host), and that, preferably, are important or essential
for viral function. Although certain viral genes, particularly those encoding HA and
NA are characterized by a high mutation rate and are capable of tolerating mutations,
certain regions and/or sequences tend to be conserved. According to certain
embodiments of the invention such sequences may be particularly appropriate targets.
As described further below, such conserved regions can be identified, for example,
through review of the literature and/or comparisons of influenza gene sequences, a
large number of which are publicly available. Also, in many cases, the agent that is
delivered to a cell according to the present invention may undergo one or more
processing steps before becoming an active suppressing agent (see below for further
discussion); in such cases, those of ordinary skill in the art will appreciate that the
relevant agent will preferably be designed to include sequences that may be necessary
for its processing.

[00109]  The inventors have found that a significant proportion of the sequences
selected using the design parameters described herein prove to be efficient
suppressing sequences when included in an siRNA or shRNA and tested as described
below. Approximately 15% of tested siRNAs showed a strong effect and potently
inhibited virus production in cells infected with either PR8 or WSN strains of
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influenza virus; approximately 40% showed a significant effect (i.e., a statistically
significant difference (p < 0.5) between virus production in the presence versus the
absence of siRNA in cells infected with PR8 and/or in cells infected with WSN);
approximately 45% showed no or minimal effect. Thus the invention provides
siRNAs and shRNAs that inhibit virus production in cells infected with either of at
least two different influenza virus subtypes.

[00110] General and specific features of siRNAs and shRNAs in accordance with
the invention will now be described. Short interfering RNAs (siRNAs) were first
discovered in studies of the phenomenon of RNA interference (RNAi) in Drosophila,
as described in WO 01/75164. In particular, it was found that, in Drosophila, long
double-stranded RNAs are processed by an RNase ITI-like enzyme called DICER
(Bernstein et al., Nature 409:363, 2001) into smaller dSRNAs comprised of two 21 nt
strands, each of which has a 5> phosphate group and a 3° hydroxyl, and includes a 19
nt region precisely complementary with the other strand, so that there is a 19 nt
duplex region flanked by 2 nt-3 overhangs. Figure 3 shows a schematic diagram of
siRNAs found in Drosophila. The structure includes a 19 nucleotide double-stranded
(DS) portion 300, comprising a sense strand 310 and an antisense strand 315. Each
strand has a 2 nt 3’ overhang 320.

[00111] These short dsSRNAs (siRNAs) act to silence expression of any gene that
includes a region complementary to one of the dsRNA strands, presumably because a
helicase activity unwinds the 19 bp duplex in the siRNA, allowing an alternative
duplex to form between one strand of the siRNA and the target transcript. This new
duplex then guides an endonuclease complex, RISC, to the target RNA, which it
cleaves (“slices”™) at a single location, producing unprotected RNA ends that are
promptly degraded by cellular machinery (Figure 4). As mentioned below, additional
mechanisms of silencing mediated by short RNA species (microRNAs) are also
known (see, e.g., Ruvkun, G., Science, 294, 797-799, 2001; Zeng, Y., et al.,
Molecular Cell, 9, 1-20, 2002). It is noted that the discussion of mechanisms and the
figures depicting them are not intended to suggest any limitations on the mechanism
of action of the present invention.

[00112] Homologs of the DICER enzyme are found in diverse species ranging
from C. elegans to humans (Sharp, Genes Dev. 15;485, 2001; Zamore, Nat. Struct.

Page 29 of 183

PCT/US2003/030502



WO 2004/028471 PCT/US2003/030502

10

15

20

25

30

Biol. 8:746, 2001), raising the possibility that an RNAi-like mechanism might be able
to silence gene expression in a variety of different cell types including mammalian, or
even human, cells. However, long dsRNAs (e.g., dSRNAs having a double-stranded
region longer than about 30 — 50 nucleotides) are known to activate the interferon
response in mammalian cells. Thus, rather than achieving the specific gene silencing
observed with the Drosophila RNAi mechanism, the presence of long dsRNAs into
mammalian cells would be expected to lead to interféron—mediated non-specific
suppression of translation, potentially resulting in cell death. Long dsRNAs are
therefore not thought to be useful for inhibiting expression of particular genes in
mammalian cells.

[00113]  However, the inventors and others have found that siRNAs, when
introduced into mammalian cells, can effectively reduce the expression of target
genes, including viral genes. The inventors have shown that siRNAs targeted to a
variety of influenza virus RNAs, including RNAs that encode the RNA-dependent
RNA transcriptase and nucleoprotein NP, dramatically reduced the level of virus
produced in infected mammalian cells (Example 2, 4, 5, 6). The inventors have also
shown that siRNAs targeted to influenza virus transcripts can inhibit influenza virus
replication in vivo in intact organisms, namely chicken embryos infected with
influenza virus (Example 3). In addition, the inventors have demonstrated that
siRNAs targeted to influenza virus transcripts can inhibit virus production in mice
when administered either before or after viral infection (Examples 12 and 14).
Furthermore, the inventors have shown that administration of a DNA vector from
which siRNA precursors (shRNAs) can be expressed inhibits influenza virus
production in mice. Thus, the present invention demonstrates that treatment with
siRNA, shRNA, or with vectors whose presence within a cell leads to expression of
siRNA or shRNA are effective strategies for inhibiting influenza virus infection
and/or replication.

[00114]  While not wishing to be bound by any theory, the inventors suggest that
this finding is especially significant in view of the profound changes in cellular
activities, e.g., metabolic and biosynthetic activities, that take place upon infection
with influenza virus as described above. Infection with influenza virus inhibits such

fundamental cellular processes as cellular mRNA splicing, transport, and translation
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and results in inhibition of cellular protein synthesis. Despite these alterations, the
finding that siRNA targeted to influenza viral transcripts inhibits viral replication
suggests that the cellular mechanisms underlying the RNAi-mediated inhibition of
gene expression continue to operate in cells infected with influenza virus at a level
sufficient to inhibit influenza gene expression.

[00115]  Preferred siRNAs and shRNAs for use in accordance with the present
invention include a base-paired region approximately 19 nt long, and may optionally
have one or more free or looped ends. For example, Figure 5 presents various
structures that could be utilized as an siRNA or shRNA according to the present
invention. Figure 5A shows the structure found to be active in the Drosophila system
described above, and may represent the siRNA species that is active in mammalian
cells. The present invention encompasses administration of an siRNA having the
structure depicted in Figure 5A to mammalian cells in order to treat or prevent
influenza infection. However, it is not required that the administered agent have this
structure. For example, the administered composition may include any structure
capable of being processed in vivo to the structure of Figure 5A, so long as the
administered agent does not cause undesired or deleterious events such as induction of
the interferon response. (Note that the term in vivo, as used herein with respect to the
synthesis, processing, or activity of siRNA or shRNA, generally refers to events that
oceur within a cell as opposed to in a cell-free system. In general, the cell can be
maintained in tissue culture or can be part of an intact organism.) The invention may
also comprise administration of agents that are not processed to precisely the structure
depicted in Figure 5A, so long as administration of such agents reduces viral
transcript levels sufficiently as discussed herein.

[00116] Figures 5B and 5C represent additional structures that may be used to
mediate RNA interference. These hairpin (stem-loop) structures may function
directly as inhibitory RNAs or may be processed intracellularly to yield an siRNA
structure such as that depicted in Figure SA. Figure 5B shows an agent comprising an
RNA molecule containing two complementary regions that hybridize to one another
to form a duplex region represented as stem 400, a loop 410, and an overhang 320.
Such molecules will be said to self-hybridize, and a structure of this sort is referred to

as an shRNA. Preferably, the stem is approximately 19 bp long, the loop is about 1-
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20, more preferably about 4 -10, and most preferably about 6 - 8 nt long and/or the
overhang is about 1-20, and more preferably about 2-15 nt long. In certain
embodiments of the invention the stem is minimally 19 nucleotides in length and may
be up to approximately 29 nucleotides in length. One of ordinary skill in the art will
appreciate that loops of 4 nucleotides or greater are less likely subject to steric
constraints than are shorter loops and therefore may be preferred. In some
embodiments, the overhang includes a 5’ phosphate and a 3’ hydroxyl. As discussed
below, an agent having the structure depicted in Figure 5B can readily be generated
by in vivo or in vitro transcription; in several preferred embodiments, the transcript
tail will be included in the overhang, so that often the overhang will comprise a
plurality of U residues, e.g., between 1 and 5 U residues. It is noted that synthetic
siRNAs that have been studied in mammalian systems often have 2 overhanging U
residues. See also Figures 20 and 21 for examples of ShRNA structures. The loop
may be located at either the 5° or 3’ end of the region that is complementary to the
target transcript whose inhibition is desired (i.e., the antisense portion of the shRNA).
[00117]  Figure 5C shows an agent comprising an RNA circle that includes |
complementary elements sufficient to form a stem 400 approximately 19 bp long.
Such an agent may show improved stability as compared with various other siRNAs
described herein.

[00118]  In describing siRNAs it will frequently be convenient to refer to sense and
antisense strands of the siRNA. In general, the sequence of the duplex portion of the
sensc strand of the siRNA is substantially identical to the targeted portion of the target
transcript, while the antisense strand of the siRNA is substantially complementary to
the target transcript in this region as discussed further below. Although shRNAs
contain a single RNA molecule that self-hybridizes, it will be appreciated that the
resulting duplex structure may be considered to comprise sense and antisense strands
or portions. It will therefore be convenient herein to refer to sense and antisense
strands, or sense and antisense portions, of an shRNA, where the antisense strand or
portion is that segment of the molecule that forms or is capable of forming a duplex
and is substantially complementary to the targeted portion of the target transcript, and

the sense strand or portion is that segment of the molecule that forms or is capable of
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forming a duplex and is substantially identical in sequence to the targeted portion of
the target transcript.

[00119]  For purposes of description, the discussion below will frequently refer to
siRNA rather than to siRNA or shRNA. However, as will be evident to one of
ordinary skill in the art, teachings relevant to the sense and antisense strand of an
siRNA are generally applicable to the sense and antisense portions of the stem portion
of a corresponding ShRNA. Thus in general the considerations below apply also to
the design, selection, and delivery of inventive shRNAs.

[00120] It will be appreciated by those of ordinary skill in the art that agents having
any of the structures depicted in Figure 5, or any other effective structure as described
herein, may be comprised entirely of natural RNA nucleotides, or may instead include
one or more nucleotide analogs. A wide variety of such analogs is known in the art;
the most commonly-employed in studies of therapeutic nucleic acids being the
phosphorothioate (for some discussion of considerations involved when utilizing
phosphorothioates, see, for example, Agarwal, Biochim. Biophys. Acta 1489:53,
1999). In particular, in certain embodiments of the invention it may be desirable to
stabilize the siRNA structure, for example by including nucleotide analogs at one or
more free sirand ends in order to reduce digestion, e.g., by exonucleases. The
inclusion of deoxynucleotides, e.g., pyrimidines such as deoxythymidines at one or
more free ends may serve this purpose. Alternatively or additionally, it may be
desirable to include one or more nucleotide analogs in order to increase or reduce
stability of the 19 bp stem, in particular as compared with any hybrid that will be
formed by interaction of one strand of the siRNA (or one strand of the stem portion of
shRNA) with a target transcript.

[00121]  According to certain embodiments of the invention various nucleotide
modifications are used selectively in either the sense or antisense strand of an siRNA.
For example, it may be preferable to utilize unmodified ribonucleotides in the
antisense strand while employing modified ribonucleotides and/or modified or
unmodified deoxyribonucleotides at some or all positions in the sense strand. See
Example 5, describing the use of siRNAs having modifications at the 2’ position of
nucleotides in the sense strand in order to determine whether siRNA targets viral

mRNA, vRNA, and/or cRNA. According to certain embodiments of the invention
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only unmodified ribonucleotides are used in the duplex portion of the antisense and/or
the sense strand of the siRNA while the overhang(s) of the antisense and/or sense
strand may include modified ribonucleotides and/or deoxyribonucleotides. In certain
embodiments of the invention one or both siRNA strands comprises one or more O-
methylated ribonucleotides.

[00122]  Numerous nucleotide analogs and nucleotide modifications are known in
the art, and their effect on properties such as hybridization and nuclease resistance has
been explored. For example, various modifications to the base, sugar and
internucleoside linkage have been introduced into oligonucleotides at selected
positions, and the resultant effect relative to the unmodified oligonucleotide
compared. A number of modifications have been shown to alter one or more aspects
of the oligonucleotide such as its ability to hybridize to a complementary nucleic acid,
its stability, etc . For example, useful 2'-modifications include halo, alkoxy and
allyloxy groups. US patent numbers 6,403,779; 6,399,754; 6,225,460; 6,127,533;
6,031,086; 6,005,087; 5,977,089, and references therein disclose a wide variety of
nucleotide analogs and modifications that may be of use in the practice of the present
invention. See also Crooke, S. (ed.) “Antisense Drug Technology: Principles,
Strategies, and Applications” (1% ed), Marcel Dekker; ISBN: 0824705661 ; 1st edition
(2001) and references therein. As will be appreciated by one of ordinary skill in the
art, analogs and modifications may be tested using, e.g., the assays described herein
or other appropriate assays, in order to select those that effectively reduce expression
of viral genes. See references 137-139 for further discussion of modifications that
have been found to be useful in the context of siRNA. The invention encompasses
use of such modifications.

[00123]  In certain embodiments of the invention the analog or modification results
in an siRNA with increased absorbability (e.g., increased absorbability across a mucus
layer, increased oral absorption, etc.) , increased stability in the blood stream or
within cells, increased ability to cross cell membranes, etc. As will be appreciated by
one of ordinary skill in the art, analogs or modifications may result in altered Tm,
which may result in increased tolerance of mismatches between the siRNA sequence
and the target while still resulting in effective suppression or may result in increased

or decreased specificity for desired target transcripts.
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[00124] It will further be appreciated by those of ordinary skill in the art that
effective siRNA agents for use in accordance with the present invention may
comprise one or more moieties that is/are not nucleotides or nucleotide analogs.
[00125] In general, one strand of inventive siRNAs will preferably include a region
(the “inhibitory region™) that is substantially complementary to that found in a portion
of the target transcript, so that a precise hybrid can form in vivo between one strand or
portion of the siRNA (the antisense strand) and the target transcript. In those
embodiments of the invention in which an shRNA structure is employed, this
substantially complementary region preferably includes most or all of the stem
structure depicted in Figure 5B. In certain preferred embodiments of the invention,
the relevant inhibitor region of the siRNA or shRNA is perfectly complementary with
the target transcript; in other embodiments, one or more non-complementary residues
are located within the siRNA/template duplex. It may be preferable to avoid
mismatches in the central portion of the siRNA/template duplex (see, for example,
Elbashir et al., EMBO J. 20:6877, 2001, incorporated herein by reference).

[00126] In general, preferred siRNAs hybridize with a target site that includes
exonic sequences in the target transcript. Hybridization with intronic sequences is not
excluded, but generally appears not to be preferred in mammalian cells. In certain
preferred embodiments of the invention, the siRNA hybridizes exclusively with
exonic sequences. In some embodiments of the invention, the siRNA hybridizes with
a target site that includes only sequences within a single exon; in other embodiments
the target site is created by splicing or other modification of a primary transcript. In
general, any site that is available for hybridization with an siRNA resulting in slicing
and degradation of the transcript may be utilized in accordance with the present
invention. Nonetheless, those of ordinary skill in the art will appreciate that, in some
instances, it may be desirable to select particular regions of target transcript as siRNA
hybridization targets. For example, it may be desirable to avoid sections of target
transcript that may be shared with other transcripts whose degradation is not desired.
In general, coding regions and regions closer to the 3’ end of the transcript than to the
5’ end are preferred.

[00127] siRNAs may be selected according to a variety of approaches. In general,

as mentioned above, inventive siRNAs will preferably include a region (the
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“inhibitory region” or “duplex region”) that is perfectly complementary or
substantially complementary to that found in a portion of the target transcript (the
“target portion™), so that a hybrid can form in vivo between the antisense strand of the
siRNA and the target transcript. This duplex region, also referred to as the “core
region” is understood not to include overhangs, although overhangs, if present, may
also be complementary to the target transcript. Preferably, this perfectly or
substantially complementary region includes most or all of the double-stranded
structure depicted in Figures 3, 4, and 5. The relevant inhibitor region of the siRNA
is preferably perfectly complementary with the target transcript. However, siRNAs
including one or more non-complementary residues have also been shown to mediate
silencing, though the extent of inhibition may be less than that achievable using
siRNAs with duplex portions that are perfectly complementary to the target transcript.
In general, mismatches in the 3 half of the siRNA duplex portion appear to result in
less reduction in the inhibitory effect than mismatches in the 5’ half of the siRNA
duplex portion. ‘

[00128]  For purposes of description herein, the length of an siRNA core region will
be assumed to be 19 nucleotides, and a 19 nucleotide sequence is referred to as N19.
However, the core region may range in length from 15 to 29 nucleotides. In addition,
it is assumed that the siRNA N19 inhibitory region will be chosen so that the core
region of the antisense strand of the siRNA (i.e., the portion that is complementary to
the target transcript) is perfectly complementary to the target transcript, though as
mentioned above one or more mismatches may be tolerated. In general it is desirable
to avoid mismatches in the duplex region if an siRNA having maximal ability to
reduce expression of the target transcript via the classical pathway is desired.
However, as described below, it may be desirable to select an siRNA that exhibits less
than maximal ability to reduce expression of the target transcript, or it may be
desirable to employ an siRNA that acts via the alternative pathway. In such situations
it may be desirable to incorporate one or more mismatches in the duplex portion of
the siRNA. In general, preferably fewer than four residues or alternatively less than
about 15% of residues in the inhibitory region are mismatched with the target.

[00129]  In some cases the siRNA sequence is selected such that the entire antisense

strand (including the 3” overhang if present) is perfectly complementary to the target
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transcript. However, it is not necessary that overhang(s) are either complementary or
identical to the target transcript. Any desired sequence (e.g., UU) may simply be
appended to the 3’ ends of antisense and/or sense 19 bp core regions of an siRNA to
generate 3’ overhangs. In general, overhangs containing one or more pyrimidines,
usually U, T, or dT, are employed. When synthesizing siRNAs it may be more
convenient to use T rather than U, while use of dT rather than T may confer increased
stability. As indicated above, the presence of overhangs is optional and, where
present, they need not have any relationship to the target sequence itself, It is noted
that since shRNAs have only one 3’ end, only a single 3° overhang is possible prior to
processing to form siRNA.

[00130] In summary, in general an siRNA may be designed by selecting any core
region of appropriate length, e.g., 19 nt, in the target transcript, and selecting an
siRNA having an antisense strand whose sequence is substantially or perfectly
complementary to the core region and a sense strand whose sequence is
complementary to the antisense strand of the siRNA. 3’ overhangs such as those
described above may then be added to these sequences to generate an siRNA
structure. Thus there is no requirement that the overhang in the antisense strand is
complementary to the target transcript or that the overhang in the sense strand
corresponds with sequence present in the target transcript. It will be appreciated that,
in general, where the target transcript is an mRNA, siRNA sequences may be selected
with reference to the corresponding sequence of double-stranded cDNA rather than to
the mRNA sequence itself, since according to convention the sense strand of the
cDNA is identical to the mRNA except that the cDNA contains T rather than U.
(Note that in the context of the influenza virus replication cycle, double-stranded
cDNA is not generated, and the cDNA present in the cell is single-stranded and is
complementary to viral mRNA..)

[00131]  Not all siRNAs are equally effective in reducing or inhibiting expression
of any particular target gene. (See, e.g., Holen, T., et al., Nucleic Acids Res.,
30(8):1757-1766, reporting variability in the efficacy of different siRNAs), and a
variety of considerations may be employed to increase the likelihood that a selected
siRNA may be effective. For example, it may be preferable to select target portions

within exons rather than introns. In general, target portions near the 3’ end of a target
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transcript may be preferred to target portions near the 5° end or middle of a target
transcript. siRNAs may generally be designed in accordance with principles described
in Technical Bulletin # 003- Revision B, “siRNA Oligonucleotides for RNAi
Applications”, available from Dharmacon Research, Inc., Lafayette, CO 80026, a
commercial supplier of RNA reagents. Technical Bulletins #003 (accessible on the
World Wide Web at www.dharmacon.com/tech/tech003B.html) and #004 available at
www.dharmacon.com/tech/tech004.html from Dharmacon contain a variety of
information relevant to siRNA design parameters, synthesis, etc., and are incorporated
herein by reference. Additional design considerations that may also be employed are
described in Semizarov, D., et al,, Proc. Natl. Acad. Sci., Vol. 100, No. 11, pp. 6347-
6352.

[00132]  One aspect of the present invention is the reco gnition that when multiple
strains, subtypes, etc. (referred to collectively as variants), of an infectious agent exist,
whose genomes vary in sequence, it will often be desirable to select and/or design
siRNAs and shRNAs that target regions that are highly conserved among different
variants. In particular, by comparing a sufficient number of sequences and selecting
highly conserved regions, it will be possible to target multiple variants with a single
siRNA whose duplex portion includes such a highly conserved region. Generally
such regions should be of sufficient length to include the entire duplex portion of the
siRNA (e.g., 19 nucleotides) and, optionally, one or more 3’ overhangs, though
regions shorter than the full length of the duplex can also be used (e.g., 15,16,17, or
18 nucleotides). According to certain embodiments of the invention a region is highly
conserved among multiple variants if it is identical among the variants. According to
certain embodiments of the invention a region (of whatever length is to be included in
the duplex portion of the siRNA, e.g., 15, 16, 17, 18, or, preferably, 19 nucleotides) is
highly conserved if it differs by at most one nucleotide (i.e., 0 or 1 nucleotide) among
the variants. According to certain embodiments of the invention such a region is
highly conserved among multiple variants if it differs by at most two nucleotides (i.e.,
0, 1, or 2 nucleotides) among the variants. According to certain embodiments of the
invention a region is highly conserved among multiple variants if it differs by at most
three nucleotides or (i.e., 0, 1, 2, or 3 nucleotides) among the variants. According to

certain embodiments of the invention an siRNA includes a duplex portion that targets
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aregion that is highly conserved among at least 5 variants, at least 10 variants, at least
15 variants, at least 20 variants, at least 25 variants, at least 30 variants, at least 40
variants, or at least 50 or more variants.

[00133]  Inorder to determine whether a region is highly conserved among a set of
multiple variants, the following procedure may be used. One member of the set of
sequences is selected as the base sequence, i.e., the sequence to which other
sequences are to be compared. Typically the length of the base sequence will be the
length desired for the duplex portion of the siRNA, e.g, 15, 16, 17, 18, or, preferably
19 nucleotides. According to different embodiments of the invention the base
sequence may be either one of the sequences in the set being compared or may be a
consensus sequence derived, e.g., by determining for each position the most
frequently found nucleotide at that position among the sequences in the set.

[00134]  Having selected a base sequence, the sequence of each member of the set
of multiple variants is compared with the base sequence. The number of differences
between the base sequence and any member of the set of multiple variants over a
region of the sequence is used to determine whether the base sequence and that
member are highly conserved over the particular region of interest. As noted above,
in various embodiments of the invention if the number of sequence differences
between two regions is either 0; 0 or 1, 0, 1, or 2; or 0, 1, 2, or 3, the regions are
considered highly conserved. At the positions where differences occur, the siRNA
sequence may be selected to be identical to the base sequence or to one of the other
sequences. Generally the nucleotide present in the base sequence will be selected.
However in certain embodiments of the invention, particularly if a nucleotide present
at a particular position in a second sequence in the set being compared is found in
more of the sequences being compared than the nucleotide in the base sequence, then
the siRNA sequence may be selected to be identical to the second sequence. In
addition according to certain embodiments of the invention, if the consensus
nucleotide (most commonly occurring nucleotide) at the position where the difference
oceurs is different to that found in the base sequence, the consensus nucleotide may
be used. Note that this may result in a sequence that is not identical to any of the
sequences being compared (as may the use of a cdnsensus sequence as the base

sequence).
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[00135] Example 1 shows the selection of siRNA sequences based on comparison
of a set of sequences from six influenza A strains having a human host of origin and
comparison of a set of sequences from seven influenza A strains having different
animal hosts of origin (including human). It is to be understood that different
methods of selecting highly conserved regions may be used. However, the invention
encompasses sSiRNAs whose duplex portions (and, optionally, any overhangs included
in the siRNA) are selected based on highly conserved regions that meet the criteria
provided herein, regardless of how the highly conserved regions are selected. Itis
also to be understood that the invention encompasses siRNAs targeted to portions of
influenza virus transcripts that do not meet the criteria for highly conserved regions
described herein. Although such siRNAs may be less preferred to those that are
targeted to highly conserved regions, they are still effective inhibitors of influenza
virus production for those viruses whose transcripts they target.

[00136] Table 1A lists 21-nucleotide regions that are highly conserved among a set
of influenza virus sequences for each of the viral gene segments. The sequences in
Table 1A are listed in 5° to 3’ direction according to the sequence present in viral
mRNA except that T is used instead of U. The numbers indicate the locations of the
sequences in the viral genome. For example, PB2-117/137 denotes a sequence
extending from position 117 to position 137 in segment PB2. According to certain
embodiments of the invention, to design siRNAs based on these sequences,
nucleotides 3-21 are selected as the core regions of siRNA sense strand sequences. A
two nt 3’ overhang consisting of dTdT is added to each. A sequence complementary
to nucleotides 1-21 of each sequence is selected as the corresponding antisense
strand. For example, to design an siRNA based on the highly conserved sequence
PA-44/64, i.e., AATGCTTCAATCCGATGATTG (SEQ ID NO: 22) a 19 nt core
region having the sequence TGCTTCAATCCGATGATTG (SEQ ID NO: 109) is
selected. A two nt 3’ overhang consisting of dTdT is added, resulting (after
replacement of T by U) in the sequence 5’ - UGCUUCAAUCCGAUGAUUGTAT-
3’ (SEQ ID NO: 79). This is the sequence of the siRNA sense strand. The sequence
of the antisense siRNA strand sequence (in the 5 to 3’ direction) is complementary to
SEQ ID NO: 22, i.e., CAAUCAUCGGAUUGAAGCAATAT (SEQ ID NO: 80)
where T has been replaced by U except for the 2 nt 3’ overhang, in which T is
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replaced by dT. Sense and antisense siRNA sequences may be similarly obtained
from each sequence listed in Table 1A. Twenty such siRNA sequences are listed in
Table 2. |
[00137]  Each sequence listed in Table 1A includes a 19 nt region (nt 3-21) and an
initial 2 nt sequence that is not present in the sense strand of the corresponding siRNA
but is complementary to the 3’ overhang of the antisense strand of the siRNA. It will
be appreciated that the 19 nt region may be used as the sense strand to design a
variety of siRNA molecules having different 3’ overhangs in either or both the sense
and antisense strands. Nucleotides 3 to 21 in each of the sequences listed in Table 1A
correspond to sense sequences for siRNAs, listed from left to right in the 5° to 3’
direction. The corresponding antisense sequence is complementary to nucleotides 1
to 21 of the listed sequence. Hybridization of sense and antisense strands having
these sequences (with addition of a 3°OH overhang to the sense strand sequence and
replacement of T with U in both sequences) thus results in an siRNA having a 19 base
pair core duplex region, with each strand having a 2 nucleotide 3> OH overhang.
However, in accordance with the description presented above, the sequences
presented in Table 1A may be used to design a variety of siRNAs that do not have
precisely this structure. For example, the sequence of the overhangs may be varied,
and the presence of one or both of the overhangs may not be essential for effective
siRNA mediated inhibition of gene expression. In addition, although the preferred
length of the duplex portion of an siRNA may be 19 nué:leotides, shorter or longer
duplex portions may be effective. Thus siRNAs designed in accordance with the
highly conserved sequences presented in Table 1A may include only some of those
nucleotides in the region between positions 3 and 21 in the sense strand of the siRNA.
(Note that when the word “between” is followed by a range of values, the range is
taken to include the endpoints).

[00138]  Table 1B lists additional siRNAs designed based on highly conserved
regions of influenza virus. Both sense and antisense strands are shown in a 5° to 3°
direction. A dTdT 3’ overhang is appended to each strand. Nucleotides 1 to 19 in
each of the sense strand sequences listed in Table 1B has an identical sequence to a
highly conserved region of an influenza virus transcript. The corresponding antisense

sequence is complementary to the sense strand. For purposes of the following
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description, a “highly conserved region” refers to nucleotides 3-21 in any of the
sequences listed in Table 1A or nucleotides 1-19 of any of the sense strands listed in
Table 1B. These are the regions that are present in double-stranded form in an
inventive siRNA or shRNA. The sequences of these regions are referred to as “highly
conserved sequences”.

[00139] The invention provides siRNAs having sense strands with sequences that
include all or a portion of the highly conserved sequences listed in Tables 1A and 1B.
The invention further provides shRNAs having sense portions with sequences that
include all or a portion of the highly conserved sequences listed in Tables 1A and 1B.
For brevity, the discussion below describes siRNAs. However, it is to be understood
that the invention encompasses corresponding shRNAs, wherein the sense portion of

the shRNA includes all or a portion of the highly conserved sequences listed in Tables

"1A and 1B.

[00140]  Generally, the sequence of the sense strand of an siRNA designed in
accordance with a highly conserved sequence presented in Table 1A or Table 1B will
include at least 10 consecutive nucleotides, more preferably at least 12 consecutive
nucleotides, more preferably at least 15 consecutive nucleotides, more preferably at
least 17 consecutive nucleotides, and yet more preferably 19 consecutive nucleotides
of the listed highly conserved sequence. Generally the sequence of the antisense
strand of an siRNA designed in accordance with a highly conserved sequence
presented in Table 1A or Table 1B will include at least 10 consecutive nucleotides,
more preferably at least 12 consecutive nucleotides, more preferably at least 15
consecutive nucleotides, more preferably at least 17 consecutive nucleotides, and yet
more preferably 19 consecutive nucleotides that are perfectly complementary to a
portion of the sequence of the listed highly conserved sequence. Thus the invéntion
encompasses siRINAs that are “shifted” by 1 or more nucleotides, e.g, up to 9
nucleotides, from the highly conserved sequences in Table 1A or Table 1B with
respect to the portion of the target transcript with which they are complementary.
[00141]  In certain embodiments of the invention the sequence of the sense strand
of an siRNA designed in accordance with a highly conserved sequence presented in
Table 1A or Table 1B will include at least 10 consecutive nucleotides, more

preferably at least 12 consecutive nucleotides, more preferably at least 15 consecutive
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nucleotides, more preferably at least 17 consecutive nucleotides, and yet more
preferably 19 consecutive nucleotides of the highly conserved sequence, with one
nucleotide difference from the listed sequence. In certain embodiments of the
invention the sequence of the antisense strand of an siRNA designed in accordance
with a highly conserved sequence presented in Table 1A or Table 1B will include at
least 10 consecutive nucleotides, more preferably at least 12 consecutive nucleotides,
more preferably at least 15 consecutive nucleotides, more preferably at least 17
consecutive nucleotides, and yet more preferably 19 consecutive nucleotides that are
perfectly complementary to a portion of the highly conserved sequence except that
one nucleotide may differ.

[00142] In certain embodiments of the invention the sequence of the sense strand
of an siRNA designed in accordance with a highly conserved sequence presented in
Table 1A or Table 1B will include at least 10 consecutive nucleotides, more
preferably at least 12 consecutive nucleotides, more preferably at least 15 consecutive
nucleotides, more preferably at least 17 consecutive nucleotides, and yet more
preferably 19 consecutive nucleotides of the listed highly conserved sequence, with
two nucleotides different from the listed sequence. In certain embodiments of the
invention the sequence of the antisense strand of an siRNA designed in accordance
with a highly conserved sequence presented in Table 1A or Table 1B will include at
least 10 consecutive nucleotides, more preferably at least 12 consecutive nucleotides,
more preferably at least 15 consecutive nucleotides, more preferably at least 17
consecutive nucleotides, and yet more preferably 19 consecutive nucleotides that are
perfectly complementary to the highly conserved sequence except that two
nucleotides may differ.

[00143] According to certain embodiments of the invention the siRNA includes a
duplex portion that is highly conserved among variants that naturally infect organisms
of at least two different species. According to certain embodiments of the invention
the siRNA includes a duplex portion that is highly conserved among variants that
originate in organisms of at least two different species. According to certain
embodiments of the invention the siRNA includes a duplex portion that is highly
conserved among variants that originate in organisms of at least three different

species, at least four different species, or at least five different species. The species
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may include human, equine (horse), avian (e.g., duck, chicken), swine and others. In
certain preferred embodiments of the invention the species include humans. In the
case of many infectious agents, e.g., numerous previously identified influenza A
subtypes, the ability of the subtype to infect a host of a particular species is known. In
addition, the species of origin of numerous influenza subtypes is known as reflected in
the names of the subtypes. One of ordinary skill in the art will be able to determine
whether an infectious agent naturally infects any particular host species and/or to
determine the species of origin of the agent either by review of the literature or in
accordance with methods that have been used for influenza A virus subtypes. It may
also be desirable to select variants that were isolated in different years and/or variants
that express different NA and HA subtypes. For example, the variants used to select
highly conserved sequences for duplex portions of siRNA/shRNA as described in
Example 1 included variants isolated from humans as well as a wide variety of
different animal source. The variants included viruses isolated in different years and
included viruses expressing almost all known HA and NA subtypes.

[00144] According to certain embodiments of the invention the infectious agent is

‘an agent whose genome comprises multiple independent nucleic acid segments, e.g.,

multiple independent RNA segments. Generally the duplex portion includes at least
10 consecutive nucleotides, more preferably 12 consecutive nucleotides, and more
preferably at least 15 consecutive nucleotides that are highly conserved among
multiple variants. Preferably the duplex portion includes at least 17 consecutive
nucleotides that are highly conserved among multiple variants. According to certain
embodiments of the invention the duplex portion includes 19 consecutive nucleotides
that are highly conserved among multiple variants. In addition to the duplex portion,
the siRNA may include a 3’ overhang on one or more strands. An overhang in the
sense strand of the siRNA may (but according to certain embodiments of the
invention need not) be identical to sequences present in the target transcript 3> of the
target region. An overhang in the antisense strand of the siRNA may (but according
to certain embodiments of the invention need not) be complementary to the
nucleotides immediately 5’ of the target portion of the target transcript. Overhangs

may be 1 nucleotide, 2 nucleotides, or more in length as described elsewhere herein.
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[00145]  One of ordinary skill in the art will appreciate that siRNAs may exhibit a
range of melting temperatures (Tm) and dissociation temperatures (Td) in accordance
with the foregoing principles. The Tm is defined as the temperature at which 50% of
a nucleic acid and its perfect complement are in duplex in solution while the Td,
defined as the temperature at a particular salt concentration, and total strand
concentration at which 50% of an oligonucleotide and its perfect filter-bound
complement are in duplex, relates to situations in which one molecule is 1mmoblhzed
on a filter. Representative examples of acceptable Tms may readily be determmed
using methods well known in the art, either experimentally or using appropriate
empirically or theoretically derived equations, based on the siRNA sequences
disclosed in the Examples herein.

[00146] One common way to determine the actual Tm is to use a thermostatted cell
in a UV spectrophotometer. If temperature is plotted vs. absorbance, an S-shaped
curve with two plateaus will be observed. The absorbance reading halfway between
the plateaus corresponds to Tm. The simplest equation for Td is the Wallace rule: Td
=2(A+T) + 4(G+C) Wallace, R.B.; Shaffer, J.; Murphy, R.F.; Bonner, J.; Hirose, T.;
Ttakura, K., Nucleic Acids Res. 6, 3543 (1979). The nature of the immobilized target
strand provides a net decrease in the Tm observed relative to the value when both
target and probe are free in solution. The magnitude of the decrease is approximately
7-8°C. Another useful equation for DNA which is valid for sequences longer than 50
nucleotides from pH 5 to 9 within appropriate values for concentration of monovalent
cations, is: Tm=81.5 + 16.6 log M + 41(XG+XC) - 500/ - 0.62F, where M is the
molar concentration of monovalent cations, XG and XC are the mole fractions of G
and C in the sequence, L is the length of the shortest strand in the duplex, and F is the
molar concentration of formamide (Howley, P.M; Israel, M.F.; Law, M-F.; Martin,
M.A., J. Biol. Chem. 254, 4876). Similar equations for RNA are: Tm = 79.8 +18.5
log M + 58.4 (XG+XC) + 11.8(XG+XC)2 - 820/L - 0.35F and for DNA-RNA
hybrids: Tm=79.8 +18.5 log M + 58.4 (XG+XC) + 11.8(XG+XC)2 - 820/L - 0.50F.
These equations are derived for immobilized target hybrids. Several studies have
derived accurate equations for Tm using thermodynamic basis sets for nearest
neighbor interactions. The equation for DNA and RNA is: Tm = (1000AH)Y/A + AS +
Rin(Ct/4) —273.15 + 16.6 In[Na'], where AH (Kcal/mol) is the sum of the nearest
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neighbor enthalpy changes for hybrids, A (eu) is a constant containing corrections for
helix initiation, AS (eu) is the sum of the nearest neighbor entropy changes, R is the
Gas Constant (1.987 cal deg™ mol™) and Ct is the total molar concentration of strands.
If the strand is self complementary, Ct/4 is replaced by Ct. Values for thermodynamic
parameters are available in the literature. For DNA see Breslauer, et al., Proc. Natl.
Acad. Sci. USA 83, 3746-3750, 1986. For RNA:DNA duplexes see Sugimoto, N., et
al, Biochemistry, 34(35): 11211-6, 1995. For RNA see Freier, S.M., et al., Proc. Natl.
Acad. Sci. 83, 9373-9377, 1986. Rychlik, W, et al., Nucl. Acids Res. 18(21), 6409-
6412, 1990. Various computer programs for calculating Tm are widely available.
See, e.g., the Web site having URL www.basic.nwu.edu/biotools/oligocalc.html.
[00147] Certain siRNAs hybridize to a target site that includes or consists entirely
of 3° UTR sequences. Such siRNAs may tolerate a larger number of mismatches in
the siRNA/template duplex, and particularly may tolerate mismatches within the
central region of the duplex. For example, one or both of the strands may include one
or more “extra” nucleotides that form a bulge as shown in Figure 6. Typically the
stretches of perfect complementarity are at least 5 nucleotides in length, e.g., 6, 7, or
more nucleotides in length, while the regions of mismatch may be, for example, 1, 2,
3, or 4 nucleotides in length. When hybridized with the target transcript such siRNAs
frequently include two stretches of perfect complementarity separated by a region of
mismatch. A variety of structures are possible. For example, the siRNA may include
multiple areas of nonidentity (mismatch). The areas of nonidentity (mismatch) need
not be symmetrical, i.e., it is not required that both the target and the siRNA include
nonpaired nucleotides.

[00148] Some mismatches may be desirable, as siRNA/template duplex formation
in the 3° UTR may inhibit expression of a protein encoded by the template transcript
by a mechanism related to but distinct from classic RNA inhibition. In particular,
there is evidence to suggest that siRNAs that bind to the 3° UTR of a template
transcript may reduce translation of the transcript rather than decreasing its stability.
Specifically, as shown in Figure 6, the DICER enzyme that generates siRNAs in the
Drosophila system discussed above and also in a variety of organisms, is known to
also be able to process a small, temporal RNA (stRNA) substrate into an inhibitory
agent that, when bound within the 3’ UTR of a target transcript, blocks translation of
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the transcript (see Grishok, A., et al., Cell 106, 23-24, 2001; Hutvagner, G., et al.,
Science, 293, 834-838, 2001; Ketting, R., et al., Genes Dev., 15, 2654-2659). For the
purposes of the present invention, any partly or fully double-stranded short RNA as
described herein, one strand of which binds to a target transcript and reduces its
expression (i.e., reduces the level of the transcript and/or reduces synthesis of the
polypeptide encoded by the transcript) is considered to be an siRNA, regardless of
whether the RNA acts by triggering degradation, by inhibiting translation, or by other
means. In certain preferred embodiments of the invention, reducing expression of the
transcript involves degradation of the transcript. In addition any precursor structure
(e.g., a short hairpin RNA, as described herein) that may be processed ix vivo (i.e.,
within a cell or organism) to generate such an siRNA is useful in the practice of the
present invention.

[00149] Those of ordinary skill in the art will readily appreciate that inventive
RNAi-inducing agents may be prepared according to any available technique
including, but not limited to chemical synthesis, enzymatic or chemical cleavage in
Vivo or in vitro, or template transcription in vivo or in vitro. As noted above,
inventive RNA-inducing agents may be delivered as a single RNA molecule including
self-complementary portions (i.e., an ShRNA that can be processed intracellularly to
yield an siRNA), or as two strands hybridized to one another. For instance, two
separate 21 nt RNA strands may be generated, each of which contains a 19 nt region
complementary to the other, and the individual strands may be hybridized together to
generate a structure such as that depicted in Figure 5A.

[00150]  Alternatively, each strand may be generated by transcription from a
promotet, either in vitro or in vivo. For instance, a construct may be provided
containing two separate transcribable regions, each of which generates a 21 nt
transcript containing a 19 nt region complementary with the other. Alternatively, a
single construct may be utilized that contains opposing promoters P1 and P2 and
terminators t1 and t2 positioned so that two different transcripts, each of which is at
least partly complementary to the other, are generated is indicated in Figure 7.
[00151] In another embodiment, an inventive RNA-inducing agent is generated as
a single transcript, for example by transcription of a single transcription unit encoding

self complementary regions. Figure 8 depicts one such embodiment of the present
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invention. As indicated, a template is employed that includes first and second
complementary regions, and optionally includes a loop region. Such a template may
be utilized for in vitro or in vivo transcription, with appropriate selection of promoter
(and optionally other regulatory elements, e.g., terminator). The present invention
encompasses constructs encoding one or more SiRNA strands.

[00152] In vitro transcription may be performed using a variety of available
systems including the T7, SP6, and T3 promoter/polymerase systems (e.g., those
available commercially from Promega, Clontech, New England Biolabs, etc.). As
will be appreciated by one of ordinary skill in the art, use of the T7 or T3 promoters
typically requires an siRNA sequence having two G residues at the 5° end while use
of the SP6 promoter typically requires an siRNA sequence having a GA sequence at
its 5’ end. Vectors including the T7, SP6, or T3 promoter are well known in the art
and can readily be modified to direct transcription of siRNAs. When siRNAs are
synthesized in vitro they may be allowed to hybridizé before transfection or delivery
to a subject. It is to be understood that inventive siRNA compositions need not
consist entirely of double-stranded (hybridized) molecules. For example, siRNA
compositions may include a smail i)ropoﬂion of single-stranded RNA. This may
occur, for example, as a result of the equilibrium between hybridized and
unhybridized molecules, because of unequal ratios of sense and antisense RNA
strands, because of transcriptional termination prior to synthesis of both portions of a
self-complementary RNA, etc. Generally, preferred compositions comprise at least
approximately 80% double-stranded RNA, at least approximately 90% double-
stranded RNA, at least approximately 95% double-stranded RNA, or even at least
approximately 99-100% double-stranded RNA. However, the siRNA compositions
may contain less than 80% hybidized RNA provided that they contain sufficient
double-stranded RNA to be effective.

[00153] Those of ordinary skill in the art will appreciate that, where inventive
siRNA or shRNA agents are to be generated in vivo, it is generally preferable that
they be produced via transcription of one or more transcription units. The primary
transcript may optionally be processed (e.g., by one or more cellular enzymes) in
order to generate the final agent that accomplishes gene inhibition. It will further be

appreciated that appropriate promoter and/or regulatory elements can readily be
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selected to allow expression of the relevant transcription units in mammalian cells. In
some embodiments of the invention, it may be desirable to utilize a regulatable
promoter; in other embodiments, constitutive expression may be desired. It is noted
that the term “expression” as used herein in reference to synthesis (transcription) of
siRNA or siRNA precursors does not imply translation of the transcribed RNA.
[00154] In certain preferred embodiments of the invention, the promoter utilized to
direct in vivo expression of one or more siRNA or shRNA transcription units is a
promoter for RNA polymerase III (Pol III). Pol III directs synthesis of small
transcripts that terminate upon encountering a stretch of 4-5 T residues in the
template. Certain Pol III promoters such as the U6 or H1 promoters do not require
cis-acting regulatory elements (other than the first transcribed nucleotide) within the
transcribed region and thus are preferred according to certain embodiments of the
invention since they readily permit the selection of desired siRNA sequences. In the
case of naturally occurring U6 promoters the first transcribed nucleotide is guanosine,
while in the case of naturally occurring H1 promoters the first transcribed nucleotide
is adenine. (See, e.g., Yu, I, et al., Proc. Natl. Acad. Sci., 99(9), 6047-6052 (2002);
Sui, G., et al., Proc. Natl. Acad. Sci., 99(8), 5515-5520 (2002); Paddison, P., et al.,
Genes and Dev., 16, 948-958 (2002); Brummelkamp, T., et al., Science, 296, 550-553
(2002); Miyagashi, M. and Taira, K., Nat. Biotech., 20, 497-500 (2002); Paul, C., et
al., Nat. Biotech., 20, 505-508 (2002); Tuschl, T., et al., Nat. Biotech., 20, 446-448
(2002). Thus in certain embodiments of the invention, e.g., where transcription is
driven by a U6 promoter, the 5- nucleotide of preferred siRNA sequences is G. In
certain other embodiments of the invention, e.g., where transcription is driven by an
H1 promoter, the 5’ nucleotide may be A.

[00155] According to certain embodiments of the invention promoters for Pol I
may also be used as described, for example, in Xia, H., et al., Nat. Biotechnol., 20, pp.
1006-1010, 2002. As described therein, constructs in which a hairpin sequence is
juxtaposed within close proximity to a transcription start site and followed by a polyA
cassette, resulting in minimal to no overhangs in the transcribed hairpin, may be
employed. In certain embodiments of the invention tissue-specific, cell-specific, or

inducible Pol II promoters may be used, provided the foregoing requirements are met.
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In addition, in certain embodiments of the invention promoters for Pol I may be used
as described, for example, in (McCown 2003).

[00156] It will be appreciated that in vivo expression of constructs that provide
templates for synthesis of siRNA or shRNA, such as those depicted in Figures 7 and 8
can desirably be accomplished by introducing the constructs into a vector, such as, for
example, a DNA plasmid or viral vector, and introducing the vector into mammalian
cells. Any of a variety of vectors may be selected, though in certain embodiments it
may be desirable to select a vector that can deliver the construct(s) to one or more
cells that are susceptible to influenza virus infection. The present invention
encompasses vectors containing siRNA and/or shRNA transcription units, as well as
cells containing such vectors or otherwise engineered to contain transcription units
encoding one or more siRNA or shRNA strands. In certain preferred embodiments of
the invention, inventive vectors are gene therapy vectors appropriate for the delivery
of an siRNA or shRNA expressing construct to mammalian cells (e.g., cells of a
domesticated mammal), and most preferably human cells. Such vectors may be
administered to a subject before or after exposure to an influenza virus, to provide
prophylaxis or treatment for diseases and conditions caused by infection with the
virus. The RNAi-inducing vectors of the invention may be delivered in a composition
comprising any of a variety of delivery agents as described further below.

[00157] The invention therefore provides a variety of viral and nonviral vectors
whose presence within a cell results in transcription of one or more RNAs that self-
hybridize or hybridize to each other to form an shRNA or siRNA that inhibits
expression of at least one influenza virus transcript in the cell. In certain embodiments
of the invention two separate, complementary siRNA strands are transcribed using a
single vector containing two promoters, each of which directs transcription of a single
siRNA strand, i.e., is operably linked to a template for the siRNA so that transcription
occurs. The two promoters may be in the same orientation, in which case each is
operably linked to a template for one of the siRNA strands. Alternately, the
promoters may be in opposite orientation flanking a single template so that
transcription from the promoters results in synthesis of two complementary RNA

strands.
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[00158] In other embodiments of the invention a vector containing a promoter that
drives transcription of a single RNA molecule comprising two complementary regions
(e.g., an shRNA) is employed. In certain embodiments of the invention a vector
containing multiple promoters, each of which drives transcription of a single RNA
molecule comprising two complementary regions is used. Alternately, multiple
different shRNAs may be transcribed, either from a single promoter or from multiple
promoters. A variety of configurations are possible. For example, a single promoter
may direct synthesis of a single RNA transcript containing multiple self-
complementary regions, each of which may hybridize to generate a plurality of stem-
loop structures. These structures may be cleaved in vivo, e.g., by DICER, to generate
multiple different ShRNAs. It will be appreciated that such transcripts preferably
contain a termination signal at the 3° end of the transcript but not between the
individual shRNA units. It will also be appreciated that single RNAs from which
multiple siRNAs can be generated need not be produced in vivo but may instead be
chemically synthesized or produced using in vitro transcription and provided
exogenously.

[00159] In another embodiment of the invention, the vector includes multiple
promoters, each of which directs synthesis of a self-complementary RNA molecule
that hybridizes to form an shRNA. The multiple shRNAs may all target the same
transcript, or they may target different transcripts. Any combination of viral
transcripts may be targeted. Example 11 provides details of the design and testing of
shRNAs transcribed from DNA vectors for inhibition of influenza virus infection
according to certain embodiments of the invention. See also Figure 21. In general,
according to certain embodiments of the invention the siRNAs and/or shRNAs
expressed in the cell comprise a base-paired (duplex) region approximately 19
nucleotides long.

[00160] Those of ordinary skill in the art will further appreciate that in vivo
expression of siRNAs or sShRNAs according to the present invention may allow the
production of cells that produce the siRNA or shRNA over long periods of time (e.g.,
greater than a few days, preferably at least several weeks to months, more preferably
at least a year or longer, possibly a lifetime). Such cells may be protected from

influenza virus indefinitely.
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[00161] Preferred viral vectors for use in the compositions to provide intracellular
expression of siRNAs and shRNAs include, for example, retroviral vectors and
lentiviral vectors. See, e.g., Kobinger, G.P., et al., Nat Biotechnol 19(3):225-30,
2001, describing a vector based on a Filovirus envelope protein-pseudotyped HIV
vector, which efficiently transduces intact airway epithelium from the apical surface.
See also Lois, C., et al., Science, 295: 868-872, Feb. 1, 2002, describing the FUGW
lentiviral vector; Somia, N., et al. J. Virol. 74(9): 4420-4424, 2000; Miyoshi, H., et
al., Science 283: 682-686, 1999; and US patent 6,013,516.

[00162] In certain embodiments of the invention the vector is a lentiviral vector
whose presence within a cell results in transcription of one or more RNAs that self-
hybridize or hybridize to each other to form an shRNA or siRNA that inhibits
expression of at least one transcript in the cell. For purposes of description it will be
assumed that the vector is a lentiviral vector such as those described in Rubinson, D.,
et al, Nature Genetics, Vol. 33, pp. 401-406, 2003. However, it is to be understood
that other retroviral or lentiviral vectors may also be used. According to various
embodiments of the invention the lentiviral vector may be either a lentiviral transfer
plasmid or a lentiviral particle, e.g., a lentivirus capable of infecting cells. In certain
embodiments of the invention the lentiviral vector comprises a nucleic acid segment
operably linked to a promoter, so that transcription from the promoter (i.e.,
transcription directed by the promoter) results in synthesis of an RNA comprising
complementary regions that hybridize to form an shRNA targeted to the target
transcript. According to certain embodiments of the invention the shRINA comprises
a base-paired region approximately 19 nucleotides long. According to certain
embodiments of the invention the RNA may comprise more than 2 complementary
regions, so that self-hybridization results in multiple base-paired regions, separated by
loops or single-stranded regions. The base-paired regions may have identical or
different sequences and thus may be targeted to the same or different regions of a
single transcript or to different transcripts.

[00163] In certain embodiments of the invention the lentiviral vector comprises a
nucleic acid segment flanked by two promoters in opposite orientation, wherein the
promoters are operably linked to the nucleic acid segment, so that transcription from

the promoters results in synthesis of two complementary RNAs that hybridize with
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each other to form an siRNA targeted to the target transcript. According to certain
embodiments of the invention the siRNA comprises a base-paired region
approximately 19 nucleotides long. In certain embodiments of the invention the
lentiviral vector comprises at least two promoters and at least two nucleic acid
segments, wherein each promoter is operably linked to a nucleic acid segment, so that
transcription from the promoters results in synthesis of two complementary RNAs
that hybridize with each other to form an siRNA targeted to the target transcript.
[00164] As mentioned above, the lentiviral vectors may be lentiviral transfer
plasmids or infectious lentiviral particles (e.g., a lentivirus or pseudotyped lentivirus).
See, e.g., U.S. Patent Number 6,013,516 and references 113-117 for further
discussion of lentiviral transfer plasmids, lentiviral particles, and lentiviral expression
systems. As is well known in the art, lentiviruses have an RNA genome. Therefore,
where the lentiviral vector is a lentiviral particle, e.g., an infectious lentivirus, the
viral genome must undergo reverse transcription and second strand synthesis to
produce DNA capable of directing RNA transcription. In addition, where reference is
made herein to elements such as promoters, regulatory elements, etc., it is to be
understood that the sequences of these elements are present in RNA form in the
lentiviral particles of the invention and are present in DNA form in the lentiviral
transfer plasmids of the invention. Furthermore, where a template for synthesis of an
RNA is “provided by” RNA present in a lentiviral particle, it is understood that the
RNA must undergo reverse transcription and second strand synthesis to produce DNA
that can serve as a template for synthesis of RNA (transcription). Vectors that
provide templates for synthesis of siRNA or shRNA are considered to provide the
siRNA or shRNA when introduced into cells in which such synthesis occurs.

[00165] Inventive siRNAs or shRNAs may be introduced into cells by any
available method. For instance, siRNAs, shRNAs, or vectors encoding them can be
introduced into cells via conventional transformation or transfection techniques. As
used herein, the terms "transformation" and "transfection" are intended to refer to a
variety of art-recognized techniques for introducing foreign nucleic acid (e.g., DNA
or RNA) into a cell, including calcium phosphate or calcium chloride co-precipitation,
DEAE-dextran-mediated transfection, lipofection, injection, or electroporation. As

described below, one aspect of the invention includes the use of a variety of delivery
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agents for introducing siRNAs, shRNAs, and or vectors (either DNA vectors or viral
vectors) that provide a template for synthesis of an siRNA or shRNA into cells
including, but not limited to, cationic polymers; various peptide molecular
transporters including arginine-rich peptides, histidine-rich peptides, and cationic and
neutral lipids; various non-cationic polymers; liposomes; carbohydrates; and
surfactant materials. The invention also encompasses the use of delivery agents that
have been modified in any of a variety of ways, €.g., by addition of a delivery-
enhancing moiety to the delivery agent, as described further below.

[00166] The present invention encompasses any cell manipulated to contain an
inventive siRNA, shRNA, or vector that provides a template for synthesis of an \
inventive siRNA or shRNA. Preferably, the cell is a mammalian cell, particularly
human. Most preferably the cell is a respiratory epithelial cell. Optionally, such cells
also contain influenza virus RNA. In some embodiments of the invention, the cells
are non-human cells within an organism. For example, the present invention
encompasses transgenic animals engineered to contain or express inventive siRNAs or
shRNAs. Such animals are useful for studying the function and/or activity of
inventive siRNAs and shRNAs, and/or for studying the influenza virus
infection/replication system. As used herein, a "transgenic animal" is a non-human
animal in which one or more of the cells of the animal includes a transgene. A
transgene is exogenous DNA or a rearrangement, e.g., a deletion of endogenous
chromosomal DNA, which preferably is integrated into or occurs in the genome of the
cells of a transgenic animal. A transgene can direct the expression of an encoded
siRNA product in one or more cell types or tissues of the transgenic animal. Preferred
transgenic animals are non-human mammals, more preferably rodents such as rats or
mice. Other examples of transgenic animals include non-human primates, sheep,
dogs, cows, goats, birds such as chickens, amph'ibians, and the like. According to
certain embodiments of the invention the transgenic animal is of a variety used as an
animal model (e.g., murine, ferret, or primate) for testing potential influenza
therapeutics.

[00167]  IIL Broad Inhibition of Viral RNA Accumulation

[00168] One general characteristic of RNAi-mediated inhibition of gene expression

is its specificity. In other words, siRNA targeted to a particular transcript sequence
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typically does not result in degradation of other transcripts. However, as described in
Example 6, the inventors have discovered that siRNAs targeted to NP, PA , or PB1
transcripts also result in reduced levels of other viral RNAs, including RNAs having
sequences unrelated to the NP or PA sequence. In addition, as shown in Example 5,
while it appears likely that the direct target of siRNA is viral mRNA, administration
of siRNAs targeted to NP, PA inhibited accumulation of the corresponding vRNA and
cRNA in addition to inhibiting accumulation of NP or PA mRNA. As shown in '
Example 7, these effects are not due to the interferon response or to virus-mediated

degradation of viral transcripts. Furthermore, the effect was specific to viral

transcripts since there was little or no effect on a variety of cellular transcripts.

Potential mechanisms that may mediate this effect are discussed in Example 6.
Regardless of the exact mechanism, these findings demonstrate that administration of
an siRNA targeted to a second transcript can, under certain conditions, also affect a
first transcript or transcripts to which the siRNA is not targeted, including, for
example, a first transcript that lacks significant identity or homology to the second
transcript. In particular, this may occur where the protein encoded by the second
transcript (or, potentially, the transcript itself) is involved in synthesis, processing, or
stability of the first transcript.

[00169] Thus the invention provides a method of inhibiting a first transcript
comprising administering an siRNA targeted to a second transcript, wherein inhibition
of the second transcript results in inhibition of the first transcript. In general, the first
and second transcripts are non-identical and non-homologous at least over the portion
of the second transcript that is targeted. However, in various embodiments of the
invention the first and second transcripts may share a region of homology or identity
over the portion of the second transcript that is targeted (e.g., a portion corresponding
to a 19 nucleotide duplex portion of the siRNA). If the siRNA does not include a
region of identity to the first transcript of at least 5 consecutive nucleotides, then the
siRNA is not targeted to the first transcript. In general, the siRNA targeted to the
second transcript is not targeted to the first transcript. If there is a shared region of
homology or identity, such region may, but need not, include part or all of the target
sequence. Appropriate second transcripts (target transcripts) include those that

encode proteins such as RNA-binding proteins or any other protein that plays a role in
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stabilizing RNA. In general, the word “inhibition” refers to a reduction in the level or
amount of the transcript. However, other mechanisms of inhibition are also included.
The method of inhibition may be either direct or indirect.

[00170]  As discussed further in Example 6, while not wishing to be bound by any
theory the inventors suggest that the ability of transcripts targeted to NP to cause
reduced levels of accumulation of mRNA, VRNA, and cRNA of the NS, M, NS, PB1,
PB2, and PA genes transcripts is probably a result of the importance of NP protein in
binding and stabilizing these transcripts, and not because NP-specific siRNA targets
RNA degradation non-specifically. In addition, while not wishing to be bound by any
theory the inventors suggest that the ability of transcripts targeted to PA to cause
reduced levels of accumulation of mRNA, vRNA, and ¢cRNA of the NS, M, NS, PB1,
PB2, and PA genes transcripts is probably a result of the importance of PA protein in
the synthesis of viral transcripts, and not because PA-specific siRNA targets RNA
degradation non-specifically. In the presence of PA-specific siRNA, newly
transcribed PA mRNA is degraded, resulting in inhibition of PA protein synthesis.
Despite the presence of approximately 30 — 60 copies of PA protein (RNA
transcriptase) per influenza virion (1), without newly synthesized PA protein, further
viral transcription and replication are likely inhibited. It is believed that the ability of
certain siRNAs to cause a reduction in levels of transcripts to which they are not
specifically targeted has not been demonstrated in other systems.

[00171] The inventors have recognized that target transcripts that encode proteins
that play a role in stabilizing other RNA molecules or in synthesizing RNA may be
preferred targets for inhibiting growth, replication, infectivity, etc., of an infectious
agent. Thus the invention provides a method of inhibiting the growth, infectivity, or
replication of an infectious agent comprising administering an siRNA targeted to a
target transcript, wherein inhibition of the target transcript results in inhibition of at
least one other transcript, wherein such other transcript is agent-specific. The target
transcript may, but need not be, an agent-specific transcript. The at least one other
transcript may, but need not, share a region of homology or identity with the target
transcript. If there is a shared region of homology or identity, such region may, but
need not, include part or all of the target sequence. Appropriate target transcripts

include those that encode proteins such as RNA-binding proteins or any other protein

Page 56 of 183

PCT/US2003/030502



10

15

20

25

30

WO 2004/028471 PCT/US2003/030502

that plays a role in stabilizing RNA. Appropriate target transcripts also include those
that play a role in RNA synthesis or processing, e.g., polymerases, reverse
transcriptases, etc.

[00172] The results described herein suggest that, in general, siRNAs targeted to
transcripts that encode RNA or DNA binding proteins that normally bind to agent-
specific nucleic acids (DNA or RNA) are likely to have broad effects (e.g., effects on
other agent-specific transcripts) rather than simply reducing the level of the targeted
RNA. Similarly, the results described herein suggest that, in general, siRNAs targeted
to the polymerase genes (RNA polymerase, DNA polymerase, Or reverse
transcriptase) of infectious agents are likely to have broad effects (e.g., effects on
other agent-specific transcripts) rather than simply reducing levels of polymerase
RNA.

[00173] Targeting transcripts that encode proteins that specifically stabilize RNAs
of the infectious agent rather than those of the host cell offers the opportunity for
selectively reducing the level of agent-specific transcripts while not affecting the level
of host cell transcripts. Thus delivery of such siRNAs would not be expected to
adversely affect cells of the host organism. This approach is not limited to transcripts
that encode proteins that specifically stabilize RNAs of the infectious agent rather
than those of the host cell but also applies to transcripts that encode proteins that are
specifically involved in any aspect of processing, synthesis, and/or translation of
agent-specific transcripts (i.e., transcripts whose template is part of the agent’s
genome rather than the host cell’s genome) rather than host cell transcripts. Such
proteins include, but are not limited to, proteins that are involved in synthesizing,
splicing, or capping agent-specific transcripts but not host cell transcripts.

[00174]  IV. Identification and Testing of siRNAs and shRNAs that Inhibit Influenza
Virus

[00175] As noted above, the present invention provides a system for identifying
siRNAs that are useful as inhibitors of influenza virus infection and/or replication.
Since, as noted above, sShRNAs are processed intracellularly to produce siRNAs
having duplex portions with the same sequence as the stem structure of the shRNA,
the system is equally useful for identifying ShRNAs that are useful as inhibitors of

influenza virus infection. For purposes of description this section will refer to
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siRNAs, but the system also encompasses corresponding shRNAs. Specifically, the
present invention demonstrates the successful preparation of siRNAs targeted to viral
genes to block or inhibit viral infection and/or replication. The techniques and
reagents described herein can readily be applied to design potential new siRNAs,
targeted to other genes or gene regions, and tested for their activity in inhibiting
influenza virus infection and/or replication as discussed herein. It is expected that
influenza viruses will continue to mutate and undergo reassortment and that it may be
desirable to continue to develop and test new, differently targeted siRNAs.

[00176] In various embodiments of the invention potential influenza virus
inhibitors can be tested by introducing candidate siRNA(s) into cells (e.g., by
exogenous administration or by introducing a vector or construct that directs
endogenous synthesis of siRNA into the cell) prior to, simultaneously with, or after
transfection with an influenza genome or portion thereof (e.g., within minutes, hours,
or at most a few days) or prior to, simultaneously with, or after infection with
influenza virus. Alternately, potential influenza virus inhibitors can be tested by
introducing candidate siRNA(s) into cells that are productively infected with
influenza virus (i.e., cells that are producing progeny virus). The ability of the
candidate siRNA(s) to reduce target transcript levels and/or to inhibit or suppress one
or more aspects or features of the viral life cycle such as viral replication,
pathogenicity, and/or infectivity is then assessed. For example, production of viral
particles and/or production of viral proteins, etc., can be assessed either directly or
indirectly using methods well known in the art.

[00177]  Cells to which inventive siRNA compositions have been delivered (test
cells) may be compared with similar or comparable cells that have not received the
inventive composition (control cells, e.g., cells that have received either no siRNA or
a control siRNA such as an siRNA targeted to a non-viral transcript such as GFP).
The susceptibility of the test cells to influenza virus infection can be compared with
the susceptibility of control cells to infection. Production of viral protein(s) and/or
progeny virus may be compared in the test cells relative to the control cells. Other
indicia of viral infectivity, replication, pathogenicity, etc., can be similarly compared.
Standard in vitro antiviral assays may utilize inhibition of viral plaques, viral

cytopathic effect (CPE), and viral hemagglutinin or other protein, inhibition of viral
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yield, etc. The CPE can be determined visually and by dye uptake. See, €.g., Sidwell,
R.W. and Smee, D.F, “In vitro and in vivo assay systems for study of influenza virus
inhibitors” Antiviral Res 2000 Oct;48(1):1-16, 2000. Generally, test cells and control
cells would be from the same species and of similar or identical cell type. For

example, cells from the same cell line could be compared. When the test cellisa

_primary cell, typically the control cell would also be a primary cell. Typically the

same influenza virus strain would be used to compare test cells and control cells.
[00178] For example, as described in Example 2, the ability of a candidate siRNA
to inhibit influenza virus production may conveniently be determined by (i) delivering
the candidate siRNA to cells (either prior to, at the same time as, or after exposure to
influenza virus); (ii) assessing the production of viral hemagglutinin using a
hemagglutinin assay, and (iii) comparing the amount of hemagglutinin produced in
the presence of the siRNA with the amount produced in the absence of the siRNA.
(The test need not include a control in which the siRNA is absent but may make use
of previous information regarding the amount of hemagglutinin produced in the
absence of inhibition.) A reduction in the amount of hemagglutinin strongly suggests
a reduction in virus production. This assay may be used to test siRNAs that target any
viral transcript and is not limited to siRNAs that target the transcript that encodes the
viral hemagglutinin.

[00179] The ability of a candidate siRNA to reduce the level of the target transcript
may also be assessed by measuring the amount of the target transcript using, for
example, Northern blots, nuclease protection assays, reverse transcription (RT)- PCR,
real-time RT-PCR, microarray analysis, etc. The ability of a candidate siRNA to
inhibit production of a polypeptide encoded by the target transcript (cither at the
transcriptional or post-transcriptional level) may be measured using a variety of
antibody-based approaches including, but not limited to, Western blots,
immunoassays, ELISA, flow cytometry, protein microarrays, etc. In general, any
method of measuring the amount of either the target transcript or a polypeptide
encoded by the target transcript may be used.

[00180] In general, certain preferred influenza virus inhibitors reduce the target
transcript level at least about 2 fold, preferably at least about 4 fold, more preferably

at least about 8 fold, at least about 16 fold, at least about 64 fold or to an even greater
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degree relative to the level that would be present in the absence of the inhibitor (e.g.,
in a comparable control cell lacking the inhibitor). In general, certain preferred
influenza virus inhibitors inhibit viral replication, so that the level of replication is
lower in a cell containing the inhibitor than in a control cell not containing the
inhibitor by at least about 2 fold, preferably at least about 4 fold, more preferably at
least about 8 fold, at least about 16 fold, at least about 64 fold, at least about 100 fold,
at least about 200 fold, or to an even greater degree. In particular, as described in
Example 2, the inventors have shown that viral titer, as measured by production of
hemagglutinin, was reduced by more than 256 fold in cells infected with influenza
virus strain A/PR/8/34 (HIN1) to which a single dose of siRNA (PB1-2257) was
administered and by more than 120 fold in cells infected with influenza virus strain
A/WSN/33 (HIN1) to which a single dose of siRNA (NP-1496 and others) was
administered. When measured by plaque assay at ann MOI of 0.001, the fold
inhibition was even gfeater, i.e., at least about 30,000 fold. Even at an MOI of 0.1,
NP-1496 inhibited virus production about 200-fold.

[00181]  Certain preferred influenza virus inhibitors inhibit viral replication so that
development of detectable viral titer is prevented for at least 24 hours, at least 36
hours, at least 48 hours, or at least 60 hours following administration of the siRNA
and infection of the cells. Certain preferred influenza virus inhibitors prevent (i.e.,
reduce to undetectable levels) or significantly reduce viral replication for at least 24
hours, at least 36 hours, at least 48 hours, or at least 60 hours following administration
of the siRNA. According to various embodiments of the invention a significant
reduction in viral replication is a reduction to less than approximately 90% of the
level that would occur in the absence of the siRNA, a reduction to less than
approximately 75% of the level that would occur in the absence of the siRNA, a
reduction to less than approximately 50% of the level that would occur in the absence
of the siRNA, a reduction to less than approximately 25% of the level that would
occur in the absence of the siRNA, or a reduction to less than approximately 10% of
the level that would occur in the absence of the siRNA. Reduction in viral replication
may be measured using any suitable method including, but not limited to,

measurement of HA titer.
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[00182] Potential influenza virus inhibitors can also be tested using any of variety
of animal models that have been developed. Compositions comprising candidate
siRNA(s), constructs or vectors capable of directing synthesis of such siRNAs within
a host cell, or cells engineered or manipulated to contain candidate siRNAs may be
administered to an animal prior to, simultaneously with, or following infection with
an influenza virus. The ability of the composition to prevent viral infection and/or to
delay or prevent appearance of influenza-related symptoms and/or lessen their
severity relative to influenza-infected animals that have not received the potential
influenza inhibitor is assessed. Such models include, but are not limited to, murine,
chicken, ferret, and non-human primate models for influenza infection, all of which
are known in the art and are used for testing the efficacy of potential influenza
therapeutics and vaccines. See, €.g, Sidwell, R.W. and Smee, D.F, referenced above.
Such models may involve use of naturally occurring influenza virus strains and/or
strains that have been modified or adapted to existence in a particular host (e.g., the
WSN or PRS strains, which are adapted for replication in mice). See Examples 6, 7,
8, 9, and 10 for further discussion of methods for testing siRNA compositions in vitro
and in vivo.

[00183] V. Compositions for Improved Delivery of siRNA, shRNA, and RNAi-
inducing Vectors

[00184] The inventors have recognized that effective RNAI therapy in general,
including prevention and therapy of influenza virus infection, will be enhanced by
efficient delivery of siRNAs, shRNAs, and/or RNAi-inducing vectors into cells in
intact organisms. In the case of influenza virus, such agents must be introduced into
cells in the respiratory tract, where influenza infection normally occurs. For use in
humans, it may be preferable to employ non-viral methods that facilitate intracellular
uptake of siRNA or shRNA. The invention therefore provides compositions
comprising any of a variety of non-viral delivery agents for enhanced delivery of
siRNA, shRNA, and/or RNAi-inducing vectors to cells in intact organisms, €.g.,
mammals and birds. As used herein, the concept of “delivery” includes transport of
an siRNA, shRNA, or RNAi-inducing vector from its site of entry into the body to the
location of the cells in which it is to function, in addition to cellular uptake of the
siRNA, shRNA, or vector and any subsequent steps involved in making siRNA or
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ShRNA available to the intracellular RNAi machinery (e.g., release or siRNA or
shRNA from endosomes).

[00185] The invention therefore encompasses compositions comprising an RNAi-
inducing agent such as an siRNA, shRNA, or an RNAi-inducing vector whose
presence within a cell results in production of of an siRNA or shRNA, wherein the
siRNA or shRNA is targeted to an influenza virus transcript, and any of a variety of
delivery agents including, but not limited to, cationic polymers, modified cationic
polymers, peptide molecular transporters (including arginine or histidine-rich
peptides), lipids (including cationic lipids, neutral lipids, and combinations thereof),
liposomes, lipopolyplexes, non-cationic polymers, surfactants suitable for
introduction into the lung, etc. (It is noted that the “wherein” clause in the foregoing
language and elsewhere is intended to refer to siRNAs or shRNAs in the composition
in addition to those produced as a result of the presence of a vector within a cell.)
Certain of the delivery agents are modified to incorporate a moiety that increases
delivery or increases the selective delivery of the siRNA, shRNA, or RNAi-inducing
vector to cells in which it is desired to inhibit an influenza virus transript. In certain
embodiments of the invention the delivery agent is biodegradable. Certain of the
delivery agents suitable for use in the present invention are described below and in co-
pending U.S. patent application entitled “Compositions and Methods for Delivery of
Short Interfering RNA and Short Hairpin RNA to Mammals”, filed on even date
herewith, which is herein incorporated by reference.

[00186] A. Cationic Polymers and Modified Cationic Polymers

[00187] Cationic polymer-based systems have been investigated as carriers for
DNA transfection (35). The ability of cationic polymers to promote intracellular
uptake of DNA is thought to arise partly from their ability to bind to DNA and
condense large plasmid DNA molecules into smaller DNA/polymer complexes for
more efficient endocytosis. The DNA/cationic polymer complexes also act as
bioadhesives because of their electrostatic interaction with negatively charged sialic
acid residues of cell surface glycoproteins (36). In addition, some cationic polymers
apparently promote disruption of the endosomal membrane and therefore release of
DNA into the cytosol (32). The invention therefore provides compositions

comprising (i) an RNAi-inducing entity targeted to an influenza virus transcript and
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(ii) a cationic polymer. The invention further provides methods of inhibiting target
gene expression comprising administering a composition comprising an RNA-
inducing entity targeted to an influenza virus transcript to a mammalian subject. In
particular, the invention provides methods of treating and/or preventing influenza
virus infection comprising administering a composition comprising an RNA-inducing
entity that targets an influenza virus transcript and a cationic polymer to a mammalian
subject. In various embodiments of the invention the RNAi-inducing entity is an
siRNA, shRNA, or RNAi-inducing vector.

[00188] In general, a cationic polymer is a polymer that is positively charged at
approximately physiological pH, e.g., 2 pH ranging from approximately 7.0 to 7.6,
preferably approximately 7.2 to 7.6, more preferably approximately 7.4. Such cationic
polymers include, but are not limited to, polylysine (PLL), polyarginine (PLA),
polyhistidine, polyethyleneimine (PEL) (37), including linear PEI and low molecular
weight PEI as described, for example, in (76), polyvinylpyrrolidone (PVP) (38), and
chitosan (39, 40). It will be appreciated that certain of these polymers comprise
primary amine groups, imine groups, guanidine groups, and/or imidazole groups.
Preferred cationic polymers have relatively low toxicity and high DNA transfection
efficiency.

[00189] Suitable cationic polymers also include copolymers comprising subunits of
any of the foregoing polymers, e.g., lysine-histidine copolymers, etc. The percentage
of the various subunits need not be equal in the copolymers but may be selected, e.g.,
to optimize such properties as ability to form complexes with nucleic acids while
minimizing cytotoxicity. Furthermore, the subunits need not alternate in a regular
fashion. Appropriate assays to evaluate various polymers with respect to desirable
properties are described in the Examples. Preferred cationic polymers also include
polymers such as the foregoing, further incorporating any of various modifications.
Appropriate modifications are discussed below and include, but are not limited to,
modification with acetyl, succinyl, acyl, or imidazole groups (32)-

[00190] While not wishing to be bound by any theory, it is believed that cationic
polymers such as PEI compact or condense DNA into positively charged particles
capable of interacting with anionic proteo glycans at the cell surface and entering cells

by endocytosis. Such polymers may possess the property of acting as a "proton
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sponge" that buffers the endosomal pH and protects DNA from degradation.
Continuous proton influx also induces endosome osmotic swelling and rupture, which
provides an escape mechanism for DNA particles to the cytoplasm. (See, e.g.,
references 85-87; U.S.S.N. 6,013,240; W09602655 for further information on PEI
and other cationic polymers useful in the practice of the invention) According to
certain embodiments of the invention the commercially available PEI reagent known
as jetPEI™ (Qbiogene, Carlsbad, CA), a linear form of PEI (U.S.S.N. 6,013,240) is
used.

[00191]  As described in Example 12, the inventors have shown that compositions
comprising PEL, PLL, or PLA and an siRNA that targets an influenza virus RNA
significantly inhibit production of influenza virus in mice when administered
intravenously either before or after influenza virus infection. The inhibition is dose-
dependent and exhibits additive effects when two siRNAs targeted to different
influenza virus RNAs were used. Thus siRNA, when combined with a cationic
polymer such as PEL PLL, or PLA, is able to reach the lung, to enter cells, and to
effectively inhibit the viral replication cycle. It is believed that these findings
represent the first report of efficacy in inhibiting production of infectious virus in a
mammal using siRNA (as opposed, for example, to inhibiting production of viral
transcripts or intermediates in a viral replicative cycle).

[00192] It is noted that other efforts to deliver siRNA intravenously to solid organs
and tissues within the body (see, e.g., McCaffrey 2002; McCaffrey 2003; Lewis, D.L.,
ef al.) have employed the technique known as hydrodynamic transfection, which
involves rapid delivery of large volumes of fluid into the tail vein of mice and has
been shown to result in accumulation of significant amounts of plasmid DNA in solid
organs, particularly the liver (Liu 1999; Zhang 1999; Zhang 2000). This technique
involves delivery of fluid volumes that are almost equivalent to the total blood
volume of the animal, e.g., 1.6 ml for mice with a body weight of 18-20 grams,
equivalent to approximately 8-12% of body weight, as opposed to conventional
techniques that involve injection of approximately 200 ul of fluid (Liu 1999). In
addition, injection using the hydrodynamic transfection approach takes place over a
short time interval (e.g., 5 seconds), which is necessary for efficient expression of

injected transgenes (Liu 1999).
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[00193] While the mechanism by which hydrodynamic transfection achieves
transfer and high level expression of injected transgenes in the liver is not entirely
clear, it is thought to be due to a reflux of DNA solution into the liver via the hepatic
vein due to a transient cardiac congestion (Zhang 2000). A comparable approach for
therapeutic purposes in humans seems unlikely to be feasible. The inventors, in
contrast, have used conventional volumes of fluid (e.g., 200 ul) and have
demonstrated effective delivery of siRNA to the lung under conditions that would be
expected to lead to minimal expression of injected transgenes even in the liver, the
site at which expression is most readily achieved using hydrodynamic transfection.
[00194]  The invention therefore provides a method of inhibiting expression of a
viral transcript, e.g., an influenza virus transcript, in a cell within a mammalian
subject comprising the step of introducing a composition comprising an RNAi-
inducing entity targeted to the target transcript into the vascular system of the subject
using a conventional injection technique, e.g., a technique using conventional
pressures and/or conventional volumes of fluid. The RNAi-inducing entity may be
an siRNA, shRNA, or RNAi-inducing vector. In certain preferred embodiments of
the invention the composition comprises a cationic polymer. In preferred
embodiments of the invention the composition is introduced in a fluid volume
equivalent to less than 10% of the subject’s body weight. In certain embodiments of
the invention the fluid volume is equivalent to less than 5%, less than 2%, less than
1%, or less than .1% of the subject’s body weight. In certain embodiments of the
invention the method achieves delivery of effective amounts of siRNA or shRNA in a
cell in a body tissue or organ other than the liver. In certain preferred embodiments
of the invention the composition is introduced into a vein, e.g., by intravenous
injection. However, the composition may also be administered into an artery,
delivered using a device such as a catheter, indwelling intravenous line, etc. In certain
preferred embodiments of the invention the RNAi-inducing entity inhibits production
of the virus.

[00195]  As described in Example 15, the inventors have also shown that the
cationic polymers PLL and PLA are able to form complexes with siRNAs and
promote uptake of functional siRNA in cultured cells. Transfection with complexes
of PLL and NP-1496 or complexes of PLA and NP-1496 siRNA inhibited production
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of influenza virus in cells. These results and the results in mice discussed above
demonstrate the feasibility of using mixtures of cationic polymers and siRNA for
delivery of siRNA to mammalian cells in the body of a subject. The approach
described in Example 15 may be employed to test additional polymers, particularly
polymers modified by addition of groups (e.g., acyl, succinyl, acetyl, or imidazole
groups) to reduce cytotoxicity, and to optimize those that are initially effective. In
general, certain preferred modifications result in a reduction in the positive charge of
the cationic polymer. Certain preferred modifications convert a primary amine into a
secondary amine. Methods for modifying cationic polymers to incorporate such
additional groups are well known in the art. (See, e.g., reference 32). For example,
the g-amino group of various residues may be substituted, e.g., by conjugation with a
desired modifying grou after synthesis of the polymer. In general, it is desirable to
select a %substitution sufficient to achieve an appropriate reduction in cytotoxicity
relative to the unsubstituted polymer while not causing too great a reduction in the
ability of the polymer to enhance delivery of the RNAi-inducing entity. Accordingly,
in certain embodiments of the invention between 25% and 75% of the residues in the
polymer are substituted. In certain embodiments of the invention approximately 50%
of the residues in the polymer are substituted. It is noted that similar effects may be
achieved by initially forming copolymers of appropriately selected monomeric
subunits, i.e., subunits some of which already incorporate the desired modification.
[00196] A variety of additional cationic polymers may also be used. Large
libraries of novel cationic polymers and oligomers from diacrylate and amine
monomers have been developed and tested in DNA transfection. These polymers are
referred to herein as poly(B-amino ester) (PAE) polymers. For example, a library of
140 polymers from 7 diacrylate monomers and 20 amine monomers has been
described (34) and larger libraries can be produced using similar or identical
methodology. Of the 140 members of this library, 70 were found sufﬁcigntly water-
soluble (2 mg/ml, 25 mM acetate buffer, pH = 5.0). Fifty-six of the 70 water-soluble
polymers interacted with DNA as shown by electrophoretic mobility shift. Most
importantly, two of the 56 polymers mediated DNA transfection into COS-7 cells.
Transfection efficiencies of the novel polymers were 4-8 times higher than PEI and

equal or better than Lipofectamine 2000. The invention therefore provides
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compositions comprising at least one siRNA molecule and a cationic polymer,
wherein the cationic polymer is a poly(B-amino ester), and methods of inhibiting
target gene expression by administering such compositions. Poly(beta-amino esters)
are further described in U.S. published patent application 20020131951, entitled
“Biodegradable poly(beta-amino esters) and uses thereof”, filed Sept. 19, 2002, by
Langer et al., and Anderson (2003). It is noted that the cationic polymers for use to
facilitate delivery of RNAi-inducing entities may be modified so that they incorporate
one or more residues other than the major monomeric subunit of which the polymer is
comprised. For example, one or more alternate residues may be added to the end of a
polymer, or polymers may be joined by a residue other than the major monomer of
which the polymer is comprised.

[00197] Additional cationic polymers that may also be used to enhance delivery of
inventive RNAi-inducing entities include polyamidoamine (PAMAM) dendrimers,
poly(2-dimethylamino)ethyl methacrylate (pDMAEMA), and its quaternary amine
analog poly(2-triemethylamino)ethyl methacrylate (pTMAEMA), poly [a-(4-
aminobutyl)-L-glycolic acid (PAGA), and poly (4-hydroxy-1-proline ester). See Han
(2000) for further description of these agents.

[00198]  B. Peptide Molecular Transporters

[00199] Studies have shown that a variety of peptides are able to act as delivery
agents for nucleic acids. (As used herein, a polypeptide is considered to be a
“peptide” if it shorter than approximately 50 amino acids in length.) For example,
transcription factors, including HIV Tat protein (42, 43), VP22 protein of herpes
simplex virus (44), and Antennapedia protein of Drosophila (45), can penetrate the
plasma membrane from the cell surface. The peptide segments responsible for
membrane penetration consist of 11-34 amino acid residues, are highly enriched for
arginine, and are often referred to as arginine rich peptides (ARPs) or penetratins.
When covalently linked with much larger polypeptides, the ARPs are capable of
transporting the fused polypeptide across the plasma membrane (46-48). Similarly,
when oligonucleotides were covalently linked to ARPs, they were much more rapidly
taken up by cells (49, 50). Recent studies have shown that a polymer of eight

arginines is sufficient for this transmembrane transport (51). Like cationic polymers,
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ARPs are also positively charged and likely capable of binding siRNA, suggesting
that it is probably not necessary to covalently link siRNA to ARPs.

[00200]  The invention therefore provides compositions comprising at least one
RNAi-inducing entity, wherein the RNAi-inducing entity is targeted to an influenza
virus transcript, and a peptide molecular transporter and methods of inhibiting target
gene expression by administering such compositions. The invention provides
methods of treating and/or preventing influenza virus infection comprising
administering such compositions to a subject at risk of or suffering from influenza.
Peptide molecular transporters include, but are not limited to, those described in
references 46 — k5 1, 120, and 134-136 and variations thereof evident to one of
ordinary skill in the art. Arginine-rich peptides include a peptide consisting of
arginine residues only.

[00201]  Generally, preferred peptide molecular transporters are less than
approximately 50 amino acids in length. According to certain embodiments of the
invention the peptide molecular transporter is a peptide having length between
approximately 7 and 34 amino acids. Many of the preferred peptides are arginine-
rich. According to certain embodiments of the invention a peptide is arginine-rich if
it includes at least 20%, at least 30%, or at least 40%, or at least 50%, or at least 60%
or at least 70%, or at least 80%, or at lgast 90% arginine. According to certain
embodiments of the invention the peptide molecular transporter is an arginine-rich
peptide that includes between 6 and 20 arginine residues. According to certain
embodiments of the invention the arginine-rich peptide consists of between 6 and 20
arginine residues. According to certain embodiments of the invention the siRNA and
the peptide molecular transporter are covalently bound, whereas in other
embodiments of the invention the siRNA and the peptide molecular transporter are
mixed together but are not covalently bound to one another. According to certain
embodiments of the invention a histidine-rich peptide is used (88). In accordance
with the invention histidine-rich peptides may exhibit lengths and percentage of
histidine residues as described for arginine-rich peptides. The invention therefore
provides compositions comprising at least one RNAi-inducing entity, wherein the
RNAi-inducing entity is targeted to an influenza virus transcript and a histidine-rich

peptide and methods of inhibiting target transcript expression by administering such
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compositions. The invention provides methods of treating and/or preventing
influenza virus infection comprising administering such compositions to a subject at
risk of or suffering from influenza.

[00202] Additional peptides or modified peptides that facilititate the delivery of
RNAi-inducing entities to cells in a subject may also be used in the inventive
compositions. For example, a family of lysine-rich peptides has been described,
generally containing between 8 and approximately 50 lysine residues (McKenzie
2000). While these peptides can enhance uptake of nucleic acids by cells in tissue
culture, they are less efficient delivery vehicles for nucleic acids in the body of a
subject than longer polypeptides, e.g., PLL comprising more than 50 lysine residues.
This may be due in part to insufficient stability of the nucleic acid/peptide complex
within the body. Insertion of multiple cysteines at various positions within the
peptides results in low molecular weight DNA condensing peptides that
spontaneously oxidize after binding plasmid DNA to form interpeptide disulfide
bonds. These cross-linked DNA delivery vehicles were more efficient inducers of
gene expression when used to deliver plasmids to cells relative to uncrosslinked
peptide DNA condensates (McKenzie 2002). In addition, peptides that comprise
sulfhydryl residues for formation of disulfide bonds may incorporate polyethylene
glycol (PEG), which is believed to reduce nonspecific binding to serum proteins (Park
2002).

[00203] Glycopeptides that include moieties such as galactose or mannose residues
may also be used to enhance the selective uptake of RNAi-inducing entities in
accordance with the present invention, as discussed further below. Such
glycopeptides may also include sulthydryl groups for formation of disulfide bonds
(Park 2002). The invention encompasses administration of various agents that
enhance exit of nucleic acids from endocytic vesicles. Such agents include
chloroquine (Zhang 2003) and bupivacaine (Satishchandran 2000). The exit-
enhancing agents may be administered systemically, orally, and/or locally (e.g. at or
in close proximity to the desired site of action). They may be delivered together with
inventive siRNA, shRNA, or RNAi-inducing vectors or separately.

[00204] C. Additional Polymeric Delivery Agents
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[00205]  The invention provides compositions comprising inventive RNAi-inducing
entities and any of a variety of polymeric delivery agents, including modified
polymers, in addition to those described above. The invention further provides
methods of inhibiting expression of an influenza virus transcript in a cell and methods
of treating or preventing influenza virus infection by administering the compositions.
Suitable delivery agents include various agents that have been shown to enhance
delivery of DNA to cells. These include modified versions of cationic polymers such
as those mentioned above, e.g., poly(L-histidine)-graft-poly(L-lysine) polymers
(Benns 2000), polyhistidine-PEG (Putnam 2003), folate-PEG-graft-polyethyleneimine
(Benns 2002), polyethylenimine-dextran sulfate (Tiyaboonchai 2003), etc. The
polymers may be branched or linear and may be grafted or ungrafted. According to
the invention the polymers form complexes with inventive RNAi-inducing entities,
which are then administered to a subject. The complexes may be referred to as
nanoparticles or nanocomposites. Any of the polymers may be modified to
incorporate PEG or other hydrophilic polymers, which is useful to reduce complement
activation and binding of other plasma proteins. Cationic polymers may be multiply
modified. For example, a cationic polymer may be modified to incorporate a moiety
that reduces the negative charge of the polymer (e.g., imidazole) and may be further
modified with a second moiety such as PEG.

[00206] In addition, a variety of polymers and polymer matrices distinct from the
cationic polymers described above may also be used. Such polymers include a
number of non-cationic polymers, i.e., polymers not having positive charge at
physiological pH. Such polymers may have certain advantages, e.g., reduced
cytotoxicity and, in some cases, FDA approval. A number of suitable polymers have
been shown to enhance drug and gene delivery in other contexts. Such polymers
include, for example, poly(lactide) (PLA), poly(glycolide) (PLG), and poly(DL-
lactide-co-glycolide) (PLGA) (Panyam 2002), which can be formulated into
nanoparticles for delivery of inventive RNAi-inducing entities. Copolymers and
combinations of the foregoing may also be used. In certain embodiments of the
invention a cationic polymer is used to condense the siRNA, shRNA, or vector, and
the condensed complex is protected by PLGA or another non-cationic polymer. Other

polymers that may be used include noncondensing polymers such as polyvinyl
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alcohol, or poly(N-ethyl-4-vinylpyridium bromide, which may be complexed with
Pluronic 85. Other polymers of use in the invention include combinations between
cationic and non-cationic polymers. For example, poly(lactic-co-glycolic acid)
(PLGA)-grafted poly(L-lysine) (Jeong 2002) and other combinations including PLA,
PLG, or PLGA and any of the cationic polymers or modified cationic polymers such
as those discussed above, may be used.

[00207]  D. Delivery Agents Incorporating Delivery-Enhancing Moieties

[00208]  The invention encompasses modification of any of the delivery agents to
incorporate a moiety that enhances delivery of the agent to cells and/or enhances the
selective delivery of the agent to cells in which it is desired to inhibit a target
transcript. Any of a variety of moieties may be used including, but not limited to, D
antibodies or antibody fragments that specifically bind to a molecule expressed by a
cell in which inhibition is desired, (e.g., a respiratory epithelial cell); (ii) ligands that
specifically bind to a molecule expressed by a cell in which inhibition is desired.
Preferably the molecule is expressed on the surface of the cell. Monoclonal
antibodies are generally preferred. In the case of respiratory epithelial cells, suitable
moieties include antibodies that specifically bind to receptors such as the p2Y2
purinoceptor, bradykinin receptor, urokinase plasminogen activator R, or serpin
enzyme complex may be conjugated to various of the delivery agents mentioned
above to increase delivery to and selectivity for, respiratory epithelial cells. Similarly,
ligands for these various molecules may be conjugated to the delivery agents to
increase delivery to and selectivity for respiratory epithelial cells. See, e. g., (Ferrari
2002). In certain preferred embodiments of the invention binding of the antibody or
ligand induces internalization of the bound complex. In certain embodiments of the
invention the delivery enhancing agent (e.g., antibody, antibody fragment, or ligand),
is conjugated to an RNAi-inducing vector (e.g., a DNA vector) to increase delivery or
enhance selectivity. Methods for conjugating antibodies or ligands to nucleic acids or
to the various delivery agents described herein are well known in the art. See e. 2.,
“Cross-Linking”, Pierce Chemical Technical Library, available at the Web site having
URL www.piercenet.com and originally published in the 1994-95 Pierce Catalog and
references cited therein and Wong SS, Chemistry of Protein Conjugation and
Crosslinking, CRC Press Publishers, Boca Raton, 1991,
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[00209] E. Surfactants Suitable for Introduction into the Lung

[00210] Natural, endogenous surfactant is a compound composed of phospholipids,
neutral lipids, and proteins (Surfactant proteins A, B, C, and D) that forms a layer
between the surfaces of alveoli in the lung and the alveolar gas and reduces alveolar
collapse by decreasing surface tension within the alveoli (77-84). Surfactant
molecules spread within the liquid film which bathes the entire cellular covering of
the alveolar walls, where they produce an essentially mono-molecular, all pervasive
layer thereon. Surfactant deficiency in premature infants frequently results in
respiratory distress syndrome (RDS). Accordingly, a variety of surfactant
preparations have been developed for the treatment and/or prevention of this
condition. Surfactant can be extracted from animal lung lavage and from human
amniotic fluid or produced from synthetic materials (see, e.g., U.S.S.N. 4,338,301;
4,397,839; 4,312,860; 4,826,821; 5,110,806). Various formulations of surfactant are
commercially available, including Infasurf ® (manufactured by ONY, Inc., Amherst,
NY); Survanta® (Ross Labs, Abbott Park, IL), and Exosurf Neonatal®
(GlaxoSmithKline, Research Triangle Park, NC).

[00211]  As used herein, the phrase “surfactant suitable for introduction into the
lung” includes the particular formulations used in the commercially available
surfactant products and the inventive compositions described and claimed in the
afore-mentioned patent applications and equivalents thereof. In certain embodiments
of the invention the phrase includes preparations comprising 10-20% protein and 80-
90% lipid both based on the whole surfactant, which lipid consists of about 10%
neutral lipid (e.g., triglyceride, cholesterol) and of about 90% phospholipid both based
on the same, while the phosphatidylcholine content based on the total phospholipid is
86%, where both "%" and "part" are on the dried matter basis (see U.S.S.N. 4,388,301
and 4,397,839).

[00212] In certain embodiments of the invention the phrase includes synthetic
compositions, which may be entirely or substantially free of protein, e.g.,
compositions comprising or consisting essentially of dipalmitoyl phosphatidylcholine
and fatty alcohols, wherein the dipalmitoyl phosphatidylcholine (DPPC) constitutes
the major component of the surfactant composition while the fatty alcohol comprises

a minor component thereof, optionally including a non-toxic nonionic surface active
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agent such as tyloxapol (see U.S.S.N. 4,312,860; 4,826,821; and 5,110,806). One of
ordinary skill in the art will be able to determine, by reference to the tests described in
the afore-mentioned patents and literature, whether any particular surfactant
composition is suitable for introduction into the lung. While not wishing to be bound
by any theory, it is possible that the ability of surfactant to spread and cover the
alveoli facilitates and the composition of surfactant itself, faciitate the uptake of
siRNA and/or vectors by cells within the lung.

[00213] Infasurf is a sterile, non-pyrogenic lung surfactant intended for
intratracheal instillation only. It is an extract of natural surfactant from calf lungs
which includes phospholipids, neutral lipids, and hydrophobic surfactant-associated
proteins B and C. Infasurf is approved by the U.S. Food and Drug Administration for
the treatment of respiratory distress syndrome and is thus a safe and tolerated vehicle
for administration into the respiratory tract and lung. Survanta is also an extract
derived from bovine lung, while Exosurf Neonatal is a protein-free synthetic lung
surfactant containing dipalmitoylphosphatidylcholine, cetyl alcohol, and tyloxapol.
Both of these surfactant formulations have also been approved by the U.S.F.D.A. for
treatment of respiratory distress syndrome.

[00214]  As described in Example 14, the inventors have shown that DNA vectors
that serve as templates for synthesis of sShRNAs targeted to influenza RNAs can
inhibit influenza virus production when mixed with Infasurf and administered to mice
by intranasal instillation. In addition, as described in Example 13, the inventors
showed that infection with lentiviruses expressing the same shRNAs inhibits
influenza virus production in cells in tissue culture. These results demonstrate that
shRNAs targeted to influenza virus RNAs can be delivered to cells and processed into
siRNAs that are effective in the treatment and/or prevention of influenza virus
infection. The results also demonstrate that surfacfant materials such as Infasurf, e.g.,
materials having a composition and/or properties similar to those of natural lung
surfactant, are appropriate vehicles for delivery of shRNAs to the lung. In addition,
the results strongly suggest that siRNAs targeted to influenza virus will also
effectively inhibit influenza virus production when delivered to the lung and/or
respiratory passages. The invention therefore provides a composition comprising (i)

at least one RNAi-inducing entity, wherein the RNAi-inducing entity is targeted to an
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influenza virus transcript and (ii) a surfactant material suitable for introduction into
the lung. Inventive compositions comprising surfactant and an RNAi-inducing entity
may be introduced into the lung in any of a variety of ways including instillation, by
inhalation, by aerosol spray, etc. It is noted that the comi;osition may contain less
than 100% surfactant. For example, the composition may contain between
approximately 10 and 25% surfactant by weight, between approximately 25 and 50%
surfactant by weight, between approximately 50 and 75% surfactant by weight,
between approximately 75 and 100% surfactant by weight. The invention provides
methods of treating or preventing influenza comprising administering the foregoing
compositions to a subject at risk of or suffering from influenza.

[00215] F. Additional Agents for Delivery of RNAi-inducing Entities to the Lung
[00216] The invention encompasses the use of a variety of additional agents and
methods to enhance delivery of inventive RNAi-inducing entities to pulmonary
epithelial cells. Methods include CaPOy precipitation of vectors prior to delivery or
administration together with EGTA to cause calcium chelation. Administration with
detergents and thixotrophic solutions may also be used. Perfluorochemical liquids
may also be used as delivery vehicles. See (Weiss 2002) for further discussion of
these methods and their applicability in gene transfer. In addition, the invention
encompasses the use of protein/polyethylenimine complexes incorporating inventive
RNAi-inducing entities for delivery to the lung. Such complexes comprise
polyethylenimine in combination with albumin (or other soluble proteins). Similar
complexes containing plasmids for gene transfer have been shown to result in delivery
to lung tissues after intravascular administration (Orson 2002). Protein/PEI
complexes comprising an inventive RNAi-inducing entity may also be used to
enhance delivery to cells not within the lung.

[00217] G. Lipids

[00218] As described in Example 3, the inventors have shown that administration
of siRNA targeted to an influenza virus transcript by injection into intact chicken
embryos in the presence of the lipid agent known as Oligofectamine™ effectively
inhibits influenza virus production while administration of the same siRNA in the
absence of Oligofectamine did not result in effective inhibition. These results

demonstrate the utility of lipid delivery agents for enhancing the efficacy of siRNA in
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intact organisms. The invention therefore provides a composition comprising (i) at
least one RNAi-inducing entity, wherein the RNAi-inducing entity is targeted to an
influenza virus transcript and (ii) a lipid. In addition, the invention provides methods
for inhibiting influenza virus production and methods for treating influenza infection
comprising administering the inventive composition to a subject.

[00219] VI Analysis of Influenza Virus Infection/Replication

[00220] Asnoted above, one use for the RNAi-inducing entities of the present
invention is in the analysis and characterization of the influenza virus
infection/replication cycle and of the effect of various viral proteins on host cells.
siRNAs and shRNAs may be designed that are targeted to any of a variety of viral
genes involved in one or more stages of the viral infection and/or replication cycle
and/or viral genes that affect host cell functions or activities such as metabolism,
biosynthesis, cytokine release, etc. siRNAs, shRNAs, or RNAi-inducing vectors may
be introduced into cells prior to, during, or after viral infection, and their effects on
various stages of the infection/replication cycle and on cellular activity and function
may be assessed as desired.

[00221]  VIL Therapeutic Applications

[00222] Asmentioned above, compositions comprising the RNAi-inducing entities
of the present invention may be used to inhibit or reduce influenza virus infection or
replication. In such applications, an effective amount of an inventive composition is
delivered to a cell or organism prior to, simultaneously with, or after exposure to
influenza virus. Preferably, the amount of the RNAi-inducing entity is sufficient to
reduce or delay one or more symptoms of influenza virus infection. For purposes of
description this section will refer to inventive siRNAs, but as will be evident the
invention encompasses similar applications for other RNAi-inducing entities targeted
to influenza virus transcripts.

[00223] Inventive siRNA-containing compositions may comprise a single siRNA
species, targeted to a single site in a single target transcript, or may comprise a
plurality of different siRNA species, targeted to one or more sites in one or more
target transcripts. Example 8 describes a general approach to the systematic
identification of siRNAs with superior ability to inhibit influenza virus production

either alone or in combination.
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[00224]  In some embodiments of the invention, it will be desirable to utilize
compositions containing collections of different siRNA species targeted to different
genes. For example, it may be desirable to attack the virus at multiple points in the
viral life cycle using a variety of siRNAs directed against different viral transcripts.
According to certain embodiments of the invention the siRNA composition contains
an siRNA targeted to each viral genome segment.

[00225]  According to certain embodiments of the invention, inventive siRNA
compositions may contain more than one siRNA species targeted to a single viral
transcript. To give but one example, it may be desirable to include at least one sSiRNA
targeted to coding regions of a target transcript and at least one siRNA targeted to the
3’ UTR. This strategy may provide extra aas'surance that products encoded by the
relevant transcript will not be generated because at least one siRNA in the
composition will target the transcript for degradation while at least one other inhibits
the translation of any transcripts that avoid degradation.

[00226] As described above, the invention encompasses “therapeutic cocktails”,
including, but not limited to, approaches in which multiple siRNA oligonucleotides
are administered and approaches in which a single vector directs synthesis of siRNAs
that inhibit multiple targets or of RNAs that may be processed to yield a plurality of
siRNAs. See Example 11 for further details. According to certain embodiments of
the invention the composition includes siRNAs targeted to at least one influenza virus
A transcript and at least one influenza virus B transcript. According to certain
embodiments of the invention the composition comprises multiple siRNAs having
different sequences that target the same portion of a particular segment. According to
certain embodiments of the invention the composition comprises multiple siRNAs
that inhibit different influenza virus strains or subtypes.

[00227] It is significant that the inventors have demonstrated effective siRNA-
mediated inhibition of influenza virus replication, as evidenced by greatly reduced
production of HA, using whole infectious virus as opposed, for example, to
transfected genes, integrated transgenes, integrated viral genomes, infectious
molecular clones, etc.

[00228] It will be appreciated that influenza viruses undergo both antigenic shift

and antigenic drift, as mentioned above. Therefore, the emergence of resistance to
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therapeutic agents may occur. Thus it may expected that, after an inventive
composition has been in use for some time, mutation and/or reassortment may occur
so that a variant that is not inhibited by the particular siRNA(s) provided may emerge.
The present invention therefore contemplates evolving therapeutic regimes. For
example, one or more new siRNAs can be selected in a particular case in response to
a particular mutation or reassortment. For instance, it would often be possible to
design a new siRNA identical to the original except incorporating whatever mutation
had occurred or targeting a newly acquired RNA segment; in other cases, it will be
desirable to target a new sequence within the same transcript; in yet other cases, it will
be desirable to target a new transcript entirely.

[00229] It will often be desirable to combine the administration of inventive
siRNAs with one or more other anti-viral agents in order to inhibit, reduce, or prevent
one or more symptoms or characteristics of infection. In certain preferred
embodiments of the invention, the inventive siRNAs are combined with one or more
other antiviral agents such as amantadine or rimantadine (both of which inhibit the ion
channel M2 protein involved in viral uncoating), and/or zanamivir, oseltamivir,
peramivir (BCX-1812, RWJ-270201) Ro64-0796 (GS 4104) or RWJ-270201 (all of
which are NA inhibitors and prevent the proper release of viral particles from the
plasma membrane). However, the administration of the inventive siRNA
compositions may also be combined with one or more of any of a variety of agents
including, for example, influenza vaccines (e.g., conventional vaccines employing
influenza viruses or viral antigens as well as DNA vaccines) of which a variety are
known. See Palese, P. and Garcia-Sastre, 2002; Cheung and Lieberman, 2002,
Léuscher-Mattli, 2000; and Stiver, 2003, for further information regarding various
agents in use or under study for influenza treatment or prevention. In different
embodiments of the invention the terms “combined with” or “in combination with”
may mean either that the siRNAs are present in the same mixture as the other agent(s)
or that the treatment regimen for an individual includes both siRNAs and the other
agent(s), not necessarily delivered in the same mixture or at the same time.
According to certain embodiments of the invention the antiviral agent is an agent
approved by the U.S. Food and Drug Administration such as amantadine,

rimantadine, Relenza, or Tamiflu.

Page 77 of 183



10

15

20

25

30

WO 2004/028471 PCT/US2003/030502

[00230]  The inventive siRNAs offer a complementary strategy to vaccination and
may be administered to individuals who have or have not been vaccinated with any of
the various vaccines currently available or under development (reviewed in Palese, P.
and Garcia-Sastre, A., J. Clin. Invest., 110( 1): 9-13,2002). Current vaccine
formulations in the United States contain inactivated virus and must be administered
by intramuscular injection. The vaccine is tripartite and contains representative
strains from both subtypes of influenza A that are presently circulating (H3N2 and
HIN1), in addition to an influenza B type. Each season specific recommendations
identify particular strains for use in that season’s vaccines. Other vaccine approaches
include cold-adapted live influenza virus, which can be administered by nasal spray;
genetically engineered live influenza virus vaccines containing deletions or other
mutations in the viral genome; replication-defective influenza viruses, and DNA
vaccines, in which plasmid DNA encoding one or more of the viral proteins is
administered either intramuscularly or topically (see, e.g., Macklin, M.D., et al., J
Virol, 72(2):1491-6, 1998; lllum, L., et al., Adv Drug Deliv Rev, 51(1-3):81-96, 2001;
Ulmer, J., Vaccine, 20:S74-S76, 2002). It is noted that immunocompromised patients
and elderly individuals may gain particular benefit from RNAij-based therapeutics
since the efficacy of such therapeutics does not require an effecdtive immune
response.

[00231]  In some embodiments of the invention, it may be desirable to target
administration of inventive siRNA compositions to cells infected with influenza virus,
or at least to cells susceptible of influenza virus infection (e. g., cells expressing sialic
acid-containing receptors). In other embodiments, it will be desirable to have
available the greatest breadth of delivery options.

[00232]  As noted above, inventive therapeutic protocols involve administering an
effective amount of an siRNA prior to, simultaneously with, or after exposure to
influenza virus. For example, uninfected individuals may be “immunized” with an
inventive composition prior to exposure to influenza; at risk individuals (e.g., the
elderly, immunocompromised individuals, persons who have recently been in contact
with someone who is suspected, likely, or known to be infected with influenza virus,
etc.) can be treated sublstantially contemporaneously with (e.g., within 48 hours,

preferably within 24 hours, and more preferably within 12 hours of) a suspected or
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known exposure. Of course individuals known to be infected may receive inventive
treatment at any time.

[00233] Gene therapy protocols may involve administering an effective amount of
a gene therapy vector capable of directing expression of an inhibitory siRNA to a
subject either before, substantially contemporaneously, with, or after influenza virus
infection. Another approach that may be used alternatively or in combination with the
foregoing is to isolate a population of cells, e.g., stem cells or immune system cells
from a subject, optionally expand the cells in tissue culture, and administer a gene
therapy vector capable of directing expression of an inhibitory siRNA to the cells in
vitro. The cells may then be returned to the subject. Optionally, cells expressing the
siRNA (which may thus become resistant to influenza virus infection) can be selected
in vitro prior to introducing them into the subject. In some embodiments of the
invention a population of cells, which may be cells from a cell line or from an
individual who is not the subject, can be used. Methods of isolating stem cells,
immune system cells, etc., from a subject and returning them to the subject are well
known in the art. Such methods are used, ¢.g., for bone marrow transplant, peripheral
blood stem cell transplant, etc., in patients undergoing chemotherapy.

[00234] In yet another approach, oral gene therapy may be used. For example, US
6,248,720 describes methods and compositions whereby genes under the control of
promoters are protectively contained in microparticles and delivered to cells in
operative form, thereby achieving noninvasive gene delivery. Following oral
administration of the microparticles, the genes are taken up into the epithelial cells,
including absorptive intestinal epithelial cells, taken up into gut associated lymphoid
tissue, and even transported to cells remote from the mucosal epithelium. As
described therein, the microparticles can deliver the genes to sites remote from the
mucosal epithelium, i.e. can cross the epithelial barrier and enter into general
circulation, thereby transfecting cells at other locations.

[00235] As mentioned above, influenza viruses infect a wide variety of species in
addition to humans. The present invention includes the use of inventive siRNA
compositions for the treatment of nonhuman species, particularly species such as
chickens, swine, and horses.

[00236] VIIL Pharmaceutical Formulations
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[00237]  Inventive compositions may be formulated for delivery by any available
route including, but not limited to parenteral (e.g., intravenous), intradermal,
subcutaneous, oral, nasal, bronchial, opthalmic, transdermal (topical), transmucosal,
rectal, and vaginal routes. Preferred routes of delivery include parenteral,
transmucosal, nasal, bronchial, and oral. Inventive pharmaceutical compositions
typically include an siRNA or other agent(s) such as vectors that will result in
production of an siRNA after delivery, in combination with a pharmaceutically
acceptable carrier. As used herein the language “pharmaceutically acceptable carrier”
includes solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like, compatible with pharmaceutical
administration. Supplementary active compounds can also be incorporated into the
compositions.

[00238] A pharmaceutical composition is formulated to be compatible with its
intended route of administration. Solutions or suspensions used for parenteral (e.g.,
intravenous), intramuscular, intradermal, or subcutaneous application can include the
following components: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic.

[00239]  Pharmaceutical compositions suitable for injectable use typically include
sterile aqueous solutions (where wéter soluble) or dispersions and sterile powders for
the extemporaneous preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition should be sterile and should be fluid to the
extent that easy syringability exists. Preferred pharmaceutical formulations are stable

under the conditions of manufacture and storage and must be preserved against the
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contaminating action of microorganisms such as bacteria and fungi. In general, the
relevant carrier can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyetheylene
glycol, and the like), and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in
the composition. Prolonged absorption of the injectable compositions can be brought
about by including in the composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

[00240]  Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination
of ingredients enumerated above, as required, followed by filtered sterilization.
Preferably solutions for injection are free of endotoxin. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle which contains a
basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum drying and freeze-drying which
yields a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

[00241]  Oral compositions generally include an inert diluent or an edible carrier.
For the purpose of oral therapeutic administration, the active compound can be
incorporated with excipients and used in the form of tablets, troches, or capsules, e.g.,
gelatin capsules. Oral compositions can also be prepared using a fluid carrier for use
as a mouthwash. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules,
troches and the like can contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin;

an excipient such as starch or lactose, a disintegrating agent such as alginic acid,

Page 81 of 183



10

15

20

25

30

WO 2004/028471 PCT/US2003/030502

Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant
such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methyl salicylate, or orange flavoring.
Formulations for oral delivery may advantageously incorporate agents to improve
stability within the gastrointestinal tract and/or to enhance absorption.

[00242] For administration by inhalation, the inventive siRNAs, shRNAs, or
vectors are preferably delivered in the form of an aerosol spray from a pressured
container or dispenser which contains a suitable propellant, e.g., a gas such as carbon
dioxide, or a nebulizer. The present invention particularly contemplates delivery of
siRNA compositions using a nasal spray. Intranasal administration of DNA vaccines
directed against influenza viruses has been shown to induce CD8 T cell responses,
indicating that at least some cells in the respiratory tract can take up DNA when
delivered by this route. (See, e.g., K. Okuda, A. Thata, S. Watabe, E. Okada, T.
Yamakawa, K. Hamajima, J. Yang, N. Ishii, M. Nakazawa, K. Okuda, K. Ohnari, K.
Nakajima, K.-Q. Xin, “Protective immunity against influenza A virus induced by
immunization with DNA plasmid containing influenza M gene”, Vaccine 19:3681-
3691, 2001). siRNAs are much smaller than plasmid DNA such as that used in the
vaccines, suggesting that even greater uptake of siRNA will occur. In addition,
according to certain embodiments of the invention delivery agents to facilitate nucleic
acid uptake by cells in the airway are included in the pharmaceutical composition.
(See, e.g., S.-O. Han, R. 1. Mahato, Y. K. Sung, S. W. Kim, “Development of
biomaterials for gene therapy”, Molecular Therapy 2:302317, 2000.) According to
certain embodiments of the invention the siRNAs compositions are formulated as
large porous particles for aerosol administration as described in more detail in
Example 10.

[00243] Systemic administration can also be by transmucosal or transdermal
means. For transmucosal or transdermal administration, penetrants appropriate to the
barrier to be permeated are used in the formulation. Such penetrants are generally
known in the art, and include, for example, for transmucosal administration,
detergents, bile salts, and fusidic acid derivatives. Transmucosal administration can

be accomplished through the use of nasal sprays or suppositories. For transdermal
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administration, the active compounds are formulated into ointments, salves, gels, or
creams as generally known in the art.

[00244] The compounds can also be prepared in the form of suppositories (e.g.,
with conventional suppository bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery.

[00245] In addition to the delivery agents described above, in certain embodiments
of the invention, the active compounds (siRNA, shRNA, or vectors) are prepared with
carriers that will protect the compound against rapid elimination from the body, such
as a controlled release formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Methods for preparation of such formulations will be apparent to
those skilled in the art. The materials can also be obtained commercially from Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can
also be used as pharmaceutically acceptable carriers. These can be prepared
according to methods known to those skilled in the art, for example, as described in
U.S. Patent No. 4,522,811.

[00246] It is advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the subject
to be treated; each unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier.

[00247] Toxicity and therapeutic efficacy of such compounds can be determined
by standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
for determining the LDs (the dose lethal to 50% of the population) and the EDsj (the
dose therapeutically effective in 50% of the population). The dose ratio between
toxic and therapeutic effects is the therapeutic index and it can be expressed as the
ratio LDsy/ EDsg. Compounds which exhibit high therapeutic indices are preferred.
While compounds that exhibit toxic side effects can be used, care should be taken to

design a delivery system that targets such compounds to the site of affected tissue in
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order to minimize potential damage to uninfected cells and, thereby, reduce side
effects.

[00248] The data obtained from cell culture assays and animal studies can be used
in formulating a range of dosage for use in humans. The dosage of such compounds
lies preferably within a range of circulating concentrations that include the EDso with
little or no toxicity. The dosage can vary within this range depending upon the
dosage form employed and the route of administration utilized. For any compound
used in the method of the invention, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose can be formulated in animal
models to achieve a circulating plasma concentration range that includes the ICso (i.e.,
the concentration of the test compound which achieves a half-maximal inhibition of
symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma can be measured, for
example, by high performance liquid chromatography.

[00249] A therapeutically effective amount of a pharmaceutical composition
typically ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to
25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body weight, and even
more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5
to 6 mg/kg body weight. The pharmaceutical composition can be administered at
various intervals and over different periods of time as required, e.g., multiple times
per day, daily, every other day, once a week for between about 1 to 10 weeks,
between 2 to 8 weeks, between about 3 to 7 weeks, about 4, 5, or 6 weeks, etc. The
skilled artisan will appreciate that certain factors can influence the dosage and timing
required to effectively treat a subject, including but not limited to the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject,
and other diseases present. Generally, treatment of a subject with an siRNA, shRNA,
or vector as described herein, can include a single treatment or, in many cases, can
include a series of treatments.

[00250] Exemplary doses include milligram or microgram amounts of the
inventive siRNA per kilogram of subject or sample weight (e.g., about 1 microgram
per kilogram to about 500 milligrams per kilogram, about 100 micrograms per

kilogram to about 5 milligrams per kilogram, or about 1 microgram per kilogram to
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about 50 micrograms per kilogram.) For local administration (e.g., intranasal), doses
much smaller than these may be used. It is furthermore understood that appropriate
doses of an siRNA depend upon the potency of the siRNA, and may optionally be
tailored to the particular recipient, for example, through administration of increasing
doses until a preselected desired response is achieved. It is understood that the
specific dose level for any particular animal subject may depend upon a variety of
factors including the activity of the specific compound employed, the age, body
weight, general health, gender, and diet of the subject, the time of administration, the
route of administration, the rate of excretion, any drug combination, and the degree of
expression or activity to be modulated.

[00251] As mentioned above, the present invention includes the use of inventive
siRNA compositions for treatment of nonhuman animals including, but not limited to,
horses, swine, and birds. Accordingly, doses and methods of administration may be
selected in accordance with known principles of veterinary pharmacology and
medicine. Guidance may be found, for example, in Adams, R. (ed.), Veterinary
Pharmacology and Therapeutics, 8™ edition, Iowa State University Press; ISBN:
0813817439; 2001.

[00252] As described above, nucleic acid molecules that serve as templates for
transcription of sSiRNA or shRNA can be inserted into vectors which can be used as
gene therapy vectors. In general, gene therapy vectors can be delivered to a subject
by, for example, intravenous injection, local administration, or by stereotactic
injection (see e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. USA 91:3054-3057). In
certain embodiments of the invention compositions comprising gene therapy vectors
and a delivery agent may be delivered orally or inhalationally and may be
encapsulated or otherwise manipulated to protect them from degradation, etc. The
pharmaceutical compositions comprising a gene therapy vector can include an
acceptable diluent, or can comprise a slow release matrix in which the gene delivery
vehicle is imbedded. Alternatively, where the complete gene delivery vector can be
produced intact from recombinant cells, e.g., retroviral or lentiviral vectors, the
pharmaceutical preparation can include one or more cells which produce the gene

delivery system.
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[00253] Inventive pharmaceutical compositions can be included in a container,

pack, or dispenser together with instructions for administration.

Additional Embodiments
[00254] It will be appreciated that many of the teachings provided herein can
readily be applied to infections with infectious agents other than influenza virus. The
present invention therefore provides methods and compositions for inhibiting
infection and/or replication by any infectious agent through administration of an
RNAi-inducing entity (e.g., an siRNA, shRNA, or RNAi-inducing vector) that
inhibits expression or activity of one or more agent-specific genes involved in the life
cycle of the infectious agent. In particular, the present invention provides methods
and compositions for inhibiting infection and/or replication by infectious agents that
infect cells that are readily accessible from the exterior of the body. Such cells
include skin cells and mucosal cells, e.g., cells of the respiratory tract, urogenital tract,
and eye.
[00255] These conditions include infections due to viral, protozoal, and/or fungal
agents. Respiratory tract infections suitable for treatment using inventive siRNA
compositions as described herein include, but are not limited to, hantavirus,
adenovirus, herpex simplex virus, and coccidiomycosis, and histoplasmosis infection.
Urogenital tract and skin infections suitable for treatment using RNAi-inducing
compositions include, but are not limited to, papilloma virus (that causes cervical
carcinomas among other conditions), and herpes viruses.
[00256] In particular, it is noted that RN Ai-based therapy may be particularly
appropriate for infections for which either (i) no effective vaccine exists; and/or (ii)
no other effective medication exists and/or existing therapeutic regimens are lengthy
or cumbersome; and/or (iii) the agent undergoes genetic changes that may render
older therapies or vaccines ineffective. These agents include many that are candidates
for use in biological weapons, and there is therefore great interest in developing
effective methods for prophylaxis and therapy. Trypanosomes change surface
antigens frequently via a genetic recombination event. The flexibility afforded by the
ability to rapidly design siRNAs and shRNAs targeted to the transcripts encoding the

new surface antigens suggests that RNAi-based therapies may be appropriate for
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diseases caused by organisms that can rapidly change surface antigens and thereby
elude immune system based approaches.

[00257] In each case, the skilled artisan will select one or more agent-specific
transcripts necessary or important for effective infection, survival, replication,
maturation, etc., of the agent. By agent-specific transcript is meant a transcript
having a sequence that differs from the sequence of transcripts normally found in an
uninfected host cell over a region sufficiently long to serve as a target for RNAi. In
general, such a region is at least 15 nucleotides in length. Note that influenza virus
mRNAs, which include sequences derived from host cell mRNAs, are considered
agent-specific transcripts. The agent—speciﬁc transcript may be present in the genome
of the infectious agent or produced subsequently during the infectious process. One
or more siRNAs will then be designed according to the criteria presented herein.
[00258]  The ability of candidate siRNAs to suppress expression of target
transcripts and/or the potential efficacy of the siRNA as a therapeutic agent may be
tested using appropriate in vitro and/or in vivo (e.g., animal) models to select those
siRNA capable of inhibiting expression of the target transcript(s) and/or reducing or
preventing infectivity, pathogenicity, replication, etc., of the infectious agent.
Appropriate models will vary depending on the infectious agent and can readily be
selected by one of ordinary skill in the art. For example, for certain infectious agents
and for certain purposes it will be necessary to provide host cells while in other cases
the effect of siRNA on the agent may be assessed in the absence of host cells. As
described above for influenza infection, siRNAs may be designed that are targeted to
any of a variety of agent-specific genes involved in one or more stages of the
infection and/or replication cycle. Such siRNAs may be introduced into cells prior to,
during, or after infection, and their effects on various stages of the
infection/replication cycle may be assessed as desired.

[00259] It is significant that the inventors have demonstrated effective RNAi-
mediated inhibition of target transcript expression and of entry and replication of an
infectious agent using whole infectious virus as opposed, for example, to transfected
genes, integrated transgenes, integrated viral genomes, infectious molecular clones,
etc. The invention encompasses an RNAi-inducing entity targeted to an agent-

specific transcript that is involved in replication, pathogenicity, or infection by an
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* infectious agent. Preferred agent-specific transcripts that may be targeted in

accordance with the invention include the agent’s g'énome and/or any other transcript
produced during the life cycle of the agent. Preferred targets include transcripts that
are specific for the infectious agent and are not found in the host cell. For example,
preferred targets may include agent-specific polymerases, sigma factors, transcription
factors, etc. Such molecules are well known in the art, and the skilled practitioner
will be able to select appropriate targets based on knowledge of the life cycle of the
agent. In this regard useful information may be found in, e.g., Fields’ Virology, 4™
ed., Knipe, D. et al. (eds.) Philadelphia, Lippincott Williams & Wilkins, 2001; Marr,
I., et al., Molecular Medical Parasitology; and Georgi’s Parasitology for
Veterinarians, Bowman, D., et al, W.B. Saunders, 2003.

[00260] In some embodiments of the invention a preferred transcript is one that is
particularly associated with the virulence of the infectious agent, e.g., an expression
product of a virulence gene. Various methods of identifying virulence genes are
known in the art, and a number of such genes have been identified. The availability
of genomic sequences for large numbers of pathogenic and nonpathogenic viruses,
bacteria, etc., facilitates the ideﬁtiﬁcation of virulence genes. Similarly, methods for
determining and comparing gene and protein expression profiles for pathogenic and
non-pathogenic strains and/or for a single strain at different stages in its life cycle
agents enable identification of genes whose expression is associated with virulence.
See, e.g., Winstanley, “Spot the difference: applications of subtractive hybridisation
to the study of bacterial pathogens™, J Med Microbiol 2002 Jun;51(6):459-67;
Schoolnik, G, “Functional and comparative genomics of pathogenic bacteria”, Curr
Opin Microbiél 2002 Feb;5(1):20-6. For example, agent genes that encode proteins
that are toxic to host cells would be considered virulence genes and may be preferred
targets for RNAi. Transcripts associated with agent resistance to conventional
therapies are also preferred targets in certain embodiments of the invention. In this
regard it is noted that in some embodiments of the invention the target transcript need
not be encoded by the agent genome but may instead be encoded by a plasmid or

other extrachromosomal element within the agent.
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[00261] In some embodiments of the invention the virus is a virus other than
respiratory syncytial virus. In some embodiments of the invention the virus is a virus
other than polio virus.

[00262] The RNAi-inducing entities may have any of a variety of structures as
described above (e.g., two complementary RNA strands, hairpin, structure, etc.).
They may be chemically synthesized, produced by in vitro transcription, or produced

within a host cell.
Exemplification

[00263] Example 1: Design of siRNAs to Inhibit Influenza A Virus

[00264] Genomic sequences from a set of influenza virus strains were compared,
and regions of each segment that were most conserved were identified. This group of
viruses included viruses derived from bird, swine, horse, and human. To perform the
comparison the sequences of individual segments from 12 to 15 strains of influenza A
virus from different animal (nonnhuman) species isolated in different years and from
12 to 15 strains from humans isolated in different years were aligned. The strains
were selected to encompass a wide variety of HA and NA subtypes. Regions that
differed either by 0, 1, or 2 nucleotides among the different strains were selected.

For example, the following strains were used for selection of siRNAs that target the
NP transcript, accession number before each strain name refers to the accession
number of the NP sequence and the portions of the sequence that were compared are
indicated by nucleotide number.

[00265] The order of the enﬁies in the following list is: accession number, strain
name, portion of sequence compared, year, subtype. Accession numbers for the other
genome segments differ but may be found readily in databases mentioned above.

Strains compared were:

[00266] NC_002019 A/Puerto Rico/8/34 1565 1934 HINI1
[00267] M30746 A/Wilson-Smith/33 1565 1933 HINI1
[00268] M81583 A/Leningrad/134/47/57 1566 1957 H2N2
[00269] AF348180  A/Hong Kong/1/68 1520 1968 H3N2
[00270] LO07345 A/Memphis/101/72 1565 1972 H3N2
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[00271]
[00272]
[00273]
[00274]
[00275]
[00276]
[00277]
[00278]
[00279]
[00280]
[00281]
[00282]
(00283]
[00284]
[00285]
[00286]
[00287]
[00288]
[00289]
[00290]
[00291]
[00292]

[00293]

D00051 A/Udorn/307/72

L07359 A/Guangdong/38/77
M59333 A/Ohio/201/83
L07364 A/Memphis/14/85
M76610 A/Wisconsin/3623/88

U71144 A/AKkita/1/94

AF084277  A/Hong Kong/483/97
AF036359  A/Hong Kong/156/97
AF250472 A/Aquatic bird/Hong Kong/M603/98
ISDN13443  A/Sydney/274/2000

M63773 A/Duck/Manitoba/1/53
M63775 A/Duck/Pennsylvania/1/69
M30750 A/Equine/London/1416/73
M63777 A/Gull/Maryland/5/77
M30756 A/gull/Maryland/1815/79
M63785 A/Mallard/Astrakhan(Gurjev)/263/82
M27520 A/whale/Maine/328/84
M63768 A/Swine/Towa/17672/88
726857 A/turkey/Germany/3/91
U49094 A/Duck/Nanchang/1749/92
AF156402  A/Chicken/Hong Kong/G9/97
AF285888 A/Swine/Ontario/01911-1/99

1565
1565
1565
1565
1565
1497
1497
1565
1497
1503
1565
1565
1565
1565
1565
1565
1565
1565
1554
1407
1536
1532

PCT/US2003/030502

1972
1977
1983
1985
1988
1994
1997
1997
1998
2000
1953
1969
1973
1977
1979
1982
1984
1988
1991
1992
1997
1999

H3N2
H3N2
HIN1
H3N2
HIN1
H3N2
H5N1
H5N1
H1IN1
H3N2
H10N7
H6N1
H7N7
H11IN9
H13N6
HI14NS5
H13N2
HIN1
HIN1
H1IN2
HON2
H4N6

Figure 9 shows an example of the selection of certain regions of the PA

transcript that are highly conserved among six influenza A variants (all of which have

a human host of origin), in which regions are considered highly conserved if they

differ by either 0, 1, or 2 nucleotides. (Note that the sequences are listed as DNA

rather than RNA and therefore contain T rather than U.) The sequence of strain

A/Puerto Rico/8/34 (HIN1) was selected as the base sequence, i.¢., the sequence with

which the other sequences were compared. The other members of the set were
A/WSN/33 (HIN1), A/Leningrad/134/17/57 (H2N2), A/Hong Kong/1/68 (H3N2),
A/Hong Kong/481/97 (H5N1), and A/Hong Kong/1073/99 (HIN2). The figure
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presents a multiple sequence alignment produced by the computer program
CLUSTAL W (1.4). Nucleotides that differ from the base sequence are shaded.
[00294] Figure 10 shows an example of the selection of certain regions of the PA
transcript that are highly conserved among five influenza A variants (all of which
have different animal hosts of origin) and also among two strains that have a human
host of origin, in which regions are considered highly conserved if they differ by
either 0, 1, or 2 nucleotides. (Note that the sequences are listed as DNA rather than
RNA and therefore contain T rather than U.) The sequence of strain A/Puerto
Rico/8/34 (HIN1) was selected as the base sequence, i.e., the sequence with which
the other sequences were compared. The other members of the set were A/WSN/33
(HIN1), A/chicken/FPV/Rostock/34 (H7N1), A/turkey/California/189/66 (HOM?2),
A/Equine/London/1416/73 (H7N7), A/gull/Maryland/704/77 (H13N6), and
A/swine/Hong Kong/9/98 (HON2). Nucleotides that differ from the base sequence are
shaded.

[00295] Note that in the sequence comparisons in Figures 9 and 10 many different
highly conserved regions can be selected since large portions of the sequence meet the
criteria for being highly conserved. However, sequences that have AA at the 5’ end
provide for a 19 nucleotide core sequence and a 2 nucleotide 3° UU overhang in the
complementary (antisense) siRNA strand. Therefore regions that were highly
conserved were scanned to identify 21 nucleotide portions that had AA at their 5’ end
so that the complementary nucleotides, which are present in the antisense strand of the
siRNA, are UU. For example, each of the shaded sequences has AA at its 5° end.
Note that the UU 3’ overhang in the antisense strand of the resulting siRNA molecule
may be replaced by TT or dTdT as shown in Table 2. However, it is not necessary
that the 2 nt 3’ overhang of the antisense strand is UU.

[00296] Further illustrating the method, Figure 12 shows a sequence comparison
between a portion of the 3 region of NP sequences among twelve influenza A virus
subtypes or isolates that have either a human or animal host of origin. The underlined
sequence and the corresponding portions of the sequences below the underlined
sequence were used to design siRNA NP-1496 (see below). These sequences are
indicated in Figure 12. The base sequence is the sequence of strain A/Puerto

Rico/8/34. Shaded letters indicate nucleotides that differ from the base sequence.
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[00297] Table 1 lists 21 nucleotide regions that are highly conserved among the set
of influenza virus sequences compared for the PA segment in addition to the seven
other viral gene segments. Many of the sequences meet the additional criterion that
they have AA at their 5° end so as to result in a 3’ UU overhang in the complementary
strand. For the PA segment, in cases where a one or two nucleotide difference
existed, the sequences of the siRNAs were based on the A/PR8/34 (H1N1) strain
except for sequence PA-2087/2107 AAGCAATTGAGGAGTGCCTGA (SEQ ID
NO: 30), which was based on the A/WSN/33(HIN1) strain. Note that at position 20
five of the six sequences contain a G while the base sequence contains an A. Thus in
th;js case the sequence of the base sequence was not used for siRNA design.

[00298] To design siRNAs based on the sequences listed in Table 1A, nucleotides
3-21 were selected as the core regions of siRNA sense strand sequences, and a two nt
3’ overhang consisting of dTdT was added to each resulting sequence. A sequence
complementary to nucleotides 1-21 of each sequence was selected as the
corresponding antisense strand. For example, to design an siRNA based on the highly
conserved sequence PA-44/64, i.e., AATGCTTCAATCCGATGATTG (SEQ ID NO:
22) a 19 nt core region having the sequence TGCTTCAATCCGATGATTG (SEQ ID
NO: 109) was selected. A two nt 3’ overhang consisting of dTdT was added,
resulting (after replacement of T by U) in the sequence 5° —
UGCUUCAAUCCGAUGAUUGATAT- 3’ (SEQ ID NO: 79), which was the sequence
of the siRNA sense strand. The sequence of the corresponding antisense siRNA
strand sequence is complementary to SEQ ID NO: 22, i.e.,
CAAUCAUCGGAUUGAAGCAJTAT (SEQ ID NO: 80) where T has been replaced
by U except for the 2 nt 3’ overhang, in which T is replaced by dT.

[00299] Table 1B lists siRNAs designed based on additional highly conserved ‘
regions of influenza virus transcripts. The first 19 nt sequences of the sequences
indicated as “sense strand” in Table 1B are sequences of highly conserved regions.
The sense strand siRNA sequences are shown with a dTdT overhang at the 3’ end,
which does not correspond to influenza virus sequences and is an optional feature of
the siRNA. Corresponding antisense strands are also shown, also incorporating a
dTdT overhang at the 3’ end as an optional feature. Nomenclature is as in Table 1B.

For example, PB2-4/22 sense indicates an siRNA whose sense strand has the
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sequence of nucleotides 4-22 of the PB2 transcript. PB2-4/22 antisense indicates the
complementary antisense strand corresponding to PB2-4/22 sense. For siRNA that
target sites in a transcript that span a splice site, the positions within the unspliced
transcript are indicated. For example, M-44-52/741-750 indicates that nucleotides
corresponding to 44-52 and 741-750 of the genomic sequences are targeted in the
spliced mRNA.

[00300] Shaded areas in Figures 9 and 10 indicate some of the 21 nucleotide
regions that meet the criteria for being highly conserved. siRNAs were designed
based on these sequences as described above. The actual siRNA sequences that were

tested are listed in Table 2.
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Table 1A. Conserved regions for design of siRNA to interfere with influenza A virus

infection

Segment 1: PB2
PB2-117/137
PB2-124/144
PB2-170/190
PB2-195/215
PB2-1614/1634
PB2-1942/1962
PB2-2151/2171
PB2-2210/2230
PB2-2240/2260
PB2-2283/2303

Segment 2: PB1
PB1-6/26
PB1-15/35
PB1-34/54
PB1-56/76
PB1-129/149
PB1-1050/1070
PB1-1242/1262
PB1-2257/2277

Segment 3: PA
PA-6/26
PA-24/44
PA-35/55
PA-44/64
PA-52/72
PA-121/141
PA-617/637
PA-711/731
PA-739/759
PA-995/1015
PA-2054/2074
PA-2087/2107
PA-2110/2130
PA-2131/2151

Segment 4: HA

HA-1119/1139
HA-1121/1141
HA-1571/1591

Segment 5: NP
NP-19/39
NP-42/62
NP-231/251
NP-390/410
NP-393/413
NP-708/728
NP-1492/1512

AATCAAGAAGTACACATCAGG
AAGTACACATCAGGAAGACAG
AATGGATGATGGCAATGAAAT
AATTACAGCAGACAAGAGGAT
AACTTACTCATCGTCAATGAT
AATGTGAGGGGATCAGGAATG
AAGCATCAATGAACTGAGCAA
AAGGAGACGTGGTGTTGGTAA
AACGGGACTCTAGCATACTTA
AAGAATTCGGATGGCCATCAA

AAGCAGGCAAACCATTTGAAT
AACCATTTGAATGGATGTCAA
AATCCGACCTTACTTTTCTTA
AAGTGCCAGCACAAAATGCTA
AACAGGATACACCATGGATAC
AATGTTCTCAAACAAAATGGC
AATGATGATGGGCATGTTCAA
AAGATCTGTTCCACCATTGAA

AAGCAGGTACTGATCCAAAAT
AATGGAAGATTTTGTGCGACA
TTGTGCGACAATGCTTCAATC
AATGCTTCAATCCGATGATTG
AATCCGATGATTGTCGAGCTT
AACAAATTTGCAGCAATATGC
AAGAGACAATTGAAGAAAGGT
TAGAGCCTATGTGGATGGATT
AACGGCTACATTGAGGGCAAG
AACCACACGAAAAGGGAATAA
AACCTGGGACCTTTGATCTTG
AAGCAATTGAGGAGTGCCTGA
AATGATCCCTGGGTTTTGCTT
AATGCTTCTTGGTTCAACTCC

TTGGAGCCATTGCCGGTTTTA
GGAGCCATTGCCGGTTTTATT
AATGGGACTTATGATTATCCC

AATCACTCACTGAGTGACATC
AATCATGGCGTCCCAAGGCAC
AATAGAGAGAATGGTGCTCTC
AATAAGGCGAATCTGGCGCCA
DAGGCGAATCTGGCGCCAAGC
AATGTGCAACATTCTCAAAGG
AATGAAGGATCTTATTTCTTC
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NP-1496/1516 AAGGATCTTATTTCTTCGGAG
NP-1519/1539 AATGCAGAGGAGTACGACAAT
Segment 6: NA

NA-20/40 AATGRATCCAAATCAGAARAAT
NA704/724 GAGGACACAAGAGTCTGAATG
NA-861/881 GAGGAATGTTCCTGTTACCCT
NA-901/921 GTGTGTGCAGAGACAATTGGC
Segment 7: M

M-156/176 BAATGGCTAAAGACAAGACCAA
M-175/195 AATCCTGTCACCTCTGACTAA
M-218/238 ACGCTCACCGTGCCCAGTGAG
M-244/264 ACTGCAGCGTAGACGCTTTGT
M-373/393 ACTCAGTTATTCTGCTGGTGC
M-377/397 AGTTATTCTGCTGGTGCACTT
M-480/500 AACAGATTGCTGACTCCCAGC
M-584/604 BAGGCTATGGAGCAAATGGCT
M-598/618 AATGGCTGGATCGAGTGAGCA
M-686/706 ACTCATCCTAGCTCCAGTGCT
M-731/751 AATTTGCAGGCCTATCAGAAA
M-816/836 ATTGTGGATTCTTGATCGTCT
M-934/954 AAGAATATCGAAAGGAACAGC
M-982/1002 ATTTTGTCAGCATAGAGCTGG

Segment 8: NS

NS-101/121 AAGAACTAGGTGATGCCCCAT
NS-104/124 AACTAGGTGATGCCCCATTCC
NS-128/148 ATCGGCTTCGCCGAGATCAGA
NS-137/157 GCCGAGATCAGAAATCCCTAA
NS-562/582 GGAGTCCTCATCGGAGGACTT
NS-589/609 AATGATAACACAGTTCGAGTC

Table 1B. Conserved regions for design of siRNA to interfere with influenza A virus

PCT/US2003/030502
(SEQ ID NO: 43)
(SEQ ID NO: 44)
(SEQ ID NO: 45)
(SEQ ID NO: 46)
(SEQ ID NO: 47)
(SEQ ID NO: 48)
(SEQ ID NO: 49)
(SEQ ID NO: 50)
(SEQ ID NO: 51)
(SEQ ID NO: 52)
(SEQ ID NO: 53)
(SEQ ID NO: 54)
{(SEQ ID NO: 55)
(SEQ ID NO: 56)
(SEQ ID NO: 57)
(SEQ ID NO: 58)
(SEQ ID NO: 59)
(SEQ ID NO: 60)
(SEQ ID NO: 61)
(SEQ ID NO: 62)
(SEQ ID NO: 63)
(SEQ ID NO: 64)
(SEQ ID NO: 65)
(SEQ ID NO: 66)
(SEQ ID NO: 67)
(SEQ ID NO: 68)

infection

Segment 1: PB2

PB2-4/22 sense
PB2-4/22 antisense
PB2-12/30 sense
PB2-12/30 antisense
PB2-68/86 sense
PB2-68/86 antisense
PBR2-115/133 sense
PB2-115/133 antisense
PB2-167/185 sense
PB2-167/185 antisense
PB2-473/491 sense
PB2-473/491 antisense
PB2-956/974 sense
PB2-956/974 antisense
PB2-1622/1640 sense
PB2-1622/1640 antisense

GARAGCAGGUCAAUUAUAUGTAT
AUAUAAUUGACCUGCUUUCATAT
GUCAAUUAUAUUCAAUAUGATAT
CAUAUUGAAUAUAAUUGACATAT
CUCGCACCCGCGAGAUACUJTAT

'AGUAUCUCGCGGGUGCGAGATAT

AUAAUCAAGAAGUACACAUATAT
AUGUGUACUUCUUGAUUAUdTJT
UGAAAUGGAUGAUGGCAAUATAT
AUUGCCAUCAUCCAUUUCAATAT
CUGGUCAUGCAGAUCUCAGATAT
CUGAGAUCUGCAUGACCAGATAT
UAUGCAAGGCUGCAAUGGGATAT
CCCAUUGCAGCCUUGCAUAdTAT
CAUCGUCAAUGAUGUGGGAATAT
UCCCACAUCAUUGACGAUGATAT
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Segment 2: PB1

PR1-1124/1142
PR1-1124/1142
PR1-1618/1636
PB1-1618/1636

Segment 3: PA
PA-3/21 sense

PA-3/21 antis

sense

antisense

sense

antisense

ense

PA-544/562 sense

PA-544/562 an

tisense

PA-587/605 sense

PA-587/605 an
PA-1438/1466
PA-1438/1466
PA-2175/2193
PA-2175/2193
PA-2188/2206
PA-2188/2206

Segment 5: NP
NP-14/32 sens

NP-14/32 anti
NP-50/68 sens
NP-50/68 anti
NP-1505/1523
NP-1505/1523
NP-1521/1539
NP-1521/1539

tisense
sense
antisense
sense
antisense
sense
antisense

e
sense

e

sense
sense
antisense
sense
antisense

NP-1488/1506 sense

NP-1488/1506

Segment 7: M

antisense

M~3/21 sense
M-3/21 antisense
M-13/31 sense
M-13/31 antisense

M-150/158
M-150/158
M-172/190
M-~172/190
M-211/229
M-~-211/229
M~232/250
M-232/250
M~255/273
M~255/273
M-645/663
M~645/663
M-723/741
M~723/741
M-808/826
M~808/826
M-832/850
M-832/850

sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense

AAAUACCUGCAGAAAUGCUATAT
AGCAUUUCUGCAGGUAUUUATAT
AACARAUAUGAUAAACAAUGATIT
CAUUGUUUAUCAUAUUGUUATAT

CGRAAAGCAGGUACUGAUCCATAT
GGAUCAGUACCUGCUUUCGITAT
AGGCUAUUCACCAUAAGACATAT
GUCUUAUGGUGAAUAGCCUATAT
GGGAUUCCUUUCGUCAGUCATAT
GACUGACGAAAGGAAUCCCATIT
GCAUCUUGUGCAGCAAUGGATAT
CCAUUGCUGCACAAGAUGCATAT
GUUGUGGCAGUGCUACUAUATAT
AUAGUAGCACUGCCACAACATAT
UACUAUUUGCUAUCCAUACATAT
GUAUGGAUAGCAAAUAGUAJTAT

UAGAUAAUCACUCACUGAGATAT
CUCAGUGAGUGAUUAUCUAATAT
CGUCCCAAGGCACCAAACGATIT
CGUUUGGUGCCUUGGGACGATAT
AUUUCUUCGGAGACAAUGCATAT
GCAUUGUCUCCGAAGAAAUATAT
UGCAGAGGAGUACGACAAUITAT
AUUGUCGUACUCCUCUGCAdTAT
GAGTAATGAAGGATCTTATATAT
ATAAGATCCTTCATTACTCATAT

CGAAAGCAGGUAGAUAUUGATAT
CAAUAUCUACCUGCUUUCGATAT
UAGAUAUUGAAAGAUGAGUATAT
ACUCAUCUUUCAAUAUCUAATAT
UCAUGGAAUGGCUAAAGACATAT
GUCUUUAGCCAUUCCAUGAATAT
ACCAAUCCUGUCACCUCUGATIT
CAGAGGUGACAGGAUUGGUATIT
UGUGUUCACGCUCACCGUGATAT
CACGGUGAGCGUGAACACAATAT
CAGUGAGCGAGGACUGCAGATAT
CUGCAGUCCUCGCUCACUGATAT
GACGCUUUGUCCAAAAUGCATAT
GCAUUUUGGACAAAGCGUCATAT
GUCAGGCUAGGCAAAUGGUATAT
ACCAUUUGCCUAGCCUGACATAT
UUCUUGAAAAUUUGCAGGCATAT
GCCUGCAAAUUUUCAAGAAATAT
UCAUUGGGAUCUUGCACUUATAT
AAGUGCAAGAUCCCAAUGAQTAT
UGUGGAUUCUUGAUCGUCUdTAT
AGACGAUCAAGAAUCCACACTAT
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M-986/1004 sense UGUCAGCAUAGAGCUGGAGATAT (SEQ ID NO: 254)
M-986/1004 antisense CUCCAGCUCUAUGCUGACAJTAT (SEQ ID NO: 255)
M-44-52/741-750 sense GTCGAAACGCCTATCAGAAATAT (SEQ ID NO: 256)

)

M-44-52/741-750 antisense UUCUGAUAGGCGUUUCGACATdT (SEQ ID NO: 257

Segment 8: NS

NS-5/23 sense AAAAGCAGGGUGACAAAGAATAT (SEQ ID NO: 258)
NS-5/23 antisense UCUUUGUCACCCUGCUUUUATAT (SEQ ID NO: 259)
NS-9/27 sense GCAGGGUGACAAAGACAUAATAT (SEQ ID NO: 260)
NS-9/27 antisense UAUGUCUUUGUCACCCUGCATAT (SEQ ID NO: 261)
NS-543/561 sense GGAUGUCAAARAUGCAGUUATAT (SEQ ID NO: 262)
NS-543/561 antisense AACUGCAUUUUUGACAUCCATAT (SEQ ID NO: 263)
NS-623/641 sense AGAGAUUCGCUUGGAGAAGATAT (SEQ ID NO: 264)
NS-623/641 antisense CUUCUCCAAGCGAAUCUCUATIT (SEQ ID NO: 265)
NS-642/660 sense CAGUAAUGAGAAUGGGAGAJTAT (SEQ ID NO: 266)
NS-642/660 antisense UCUCCCAUUCUCAUUACUGATAT (SEQ ID NO: 267)
NS-831/849 sense UUGUGGAUUCUUGAUCGUCATAT (SEQ ID NO: 268)
NS-831/839 antisense GACGAUCAAGAAUCCACAAATAT (SEQ ID NO: 269)

[00301]  Example 2: siRNAs that Target Viral RNA Polymerase or Nucleoprotein Inhibit
Influenza A Virus Production

[00302] Materials and Methods

[00303] Cell Culture. Madin-Darby canine kidney cells (MDCK), a kind gift from Dr.
Peter Palese, Mount Sinai School of Medicine, New York, NY, were grown in DMEM

medium containing 10% heat-inactivated FCS, 2 mM L-glutamine, 100 units/ml penicillin,
and 100 pg/ml streptomycin. Cells were grown at 37°C, 5% CO,. For electroporation, the
cells were kept in serum-free RPMI 1640 medium. Virus infections were done in infection
medium (DMEM, 0.3% bovine serum albumin (BSA, Sigma, St. Louis, MO), 10mM Hepes,
100 units/ml penicillin, and 100 pg/ml streptomycin).

[00304]  Viruses. Influenza viruses A/PR/8/34 (PR8) and A/WSN/33 (WSN), subtypes
HINT1, kind gifts from Dr. Peter Palese, Mount Sinai School of Medicine, were grown for 48
h in 10-day-embryonated chicken eggs (Charles River laboratories, MA) at 37°C. Allantoic
fluid was harvested 48 h after virus inoculation and stored at -80°C.

[00305] siRNAs. siRNAs were designed as described above. In addition to conforming
to the selection criteria described in Example 1, the siRNAs were generally designed in
accordance with principles described in Technical Bulletin # 003- Revision B, “siRNA
Oligonucleotides for RNAi Applications”, available from Dharmacon Research, Inc.,
Lafayette, CO 80026, a commercial supplier of RNA reagents. Technical Bulletins #003
(accessible on the World Wide Web at www.dharmacon.com/tech/tech003B.html) and #004

available at www.dharmacon.com/tech/tech004.htm] from Dharmacon contain a variety of
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information relevant to siRNA design parameters, synthesis, etc., and are incorporated

herein by reference. Sense and antisense sequences that were tested are listed in Table 2.
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[00306] Table 2. siRNA Sequences

Name

siRNA sequence (5’ —3°)

PB2-2210/2230 (sense)

GGAGACGUGGUGUUGGUAAJTAT (SEQ ID NO: 69)

PB2-2210/2230 (antisense)

UUACCAACACCACGUCUCCITAT _ (SEQ ID NO: 70)

PB2-2240/2260 (sense)

CGGGACUCUAGCAUACUUAJTAT _(SEQIDNO:71)

PB2-2240/2260 (antisense)

UAAGUAUGCUAGAGUCCCGATAT _(SEQ ID NO: 72)

PB1-6/26 (sense)

GCAGGCAAACCAUUUGAAUJTAT _(SEQ ID NO: 73)

PB1-6/26 (antisense)

AUUCAAAUGGUUUGCCUGCATAT (SEQ ID NO: 74)

PB1-129/149 (sense)

CAGGAUACACCAUGGAUACATAT (SEQ ID NO: 75)

PB1-129/149 (antisense)

GUAUCCAUGGUGUAUCCUGATAT (SEQ ID NO: 76)

PB1-2257/2277 (sense)

GAUCUGUUCCACCAUUGAAJTAT (SEQ ID NO: 77)

PB1-2257/2277 (antisense)

UUCAAUGGUGGAACAGAUCATAT (SEQ ID NO: 78)

PA-44/64 (sense) UGCUUCAAUCCGAUGAUUGATAT (SEQ ID NO: 79)
PA-44/64 (antisense) CAAUCAUCGGAUUGAAGCAJTAT (SEQ ID NO: 80)
PA-739/759 (sense) CGGCUACAUUGAGGGCAAGATAT (SEQ ID NO: 81)

PA-739/759 (antisense)

CUUGCCCUCAAUGUAGCCGATAT (SEQID NO: 82)

PA-2087/2107 (G) (sense)

GCAAUUGAGGAGUGCCUGAdTAT (SEQ ID NO: 83)

PA-2087/2107 (G) (antisense)

UCAGGCACUCCUCAAUUGCATAT (SEQ ID NO: 84)

PA-2110/2130 (sense)

UGAUCCCUGGGUUUUGCUUATAT (SEQ ID NO: 85)

PA-2110/2130 (antisense)

AAGCAAAACCCAGGGAUCAJTAT (SEQ ID NO: 86)

PA-2131/2151 (sense)

UGCUUCUUGGUUCAACUCCATAT (SEQ ID NO: 87)

PA-2131/2151 (antisense)

GGAGUUGAACCAAGAAGCAJTAT (SEQID NO: 88)

NP-231/251 (sense)

UAGAGAGAAUGGUGCUCUCTAT (SEQ ID NO: 89)

NP-231/251 (antisense)

GAGAGCACCAUUCUCUCUAATAT (SEQ ID NO: 90)

NP-390/410 (sense)

UAAGGCGAAUCUGGCGCCAATAT (SEQ ID NO:91)

NP-390/410 (antisense)

UGGCGCCAGAUUCGCCUUAJTAT (SEQ ID NO: 92)

NP-1496/1516 (sense)

GGAUCUUAUUUCUUCGGAGATAT (SEQ ID NO: 93)

NP-1496/1516 (antisense)

CUCCGAAGAAAUAAGAUCCATAT (SEQ ID NO: 94)

NP-1496/1516a (sense)

GGAUCUUAUUUCUUCGGAGAJTJT (SEQ ID NO: 188)

NP-1496/1516a (antisense)

UCUCCGAAGAAAUAAGAUCCATAT (SEQ ID NO: 189)

M-37/57 (sense) CCGAGGUCGAAACGUACGUATAT (SEQ ID NO: 95)
M-37/57 (antisense) ACGUACGUUUCGACCUCGGATAT (SEQ ID NO: 96)
M-480/500 (sense) CAGAUUGCUGACUCCCAGCATAT (SEQ ID NO: 97)
M-480/500 (antisense) GCUGGGAGUCAGCAAUCUGATdT (SEQ ID NO: 98)

M-598/618 (sense)

UGGCUGGAUCGAGUGAGCAJTAT (SEQ ID NO: 99)

M-598/618 (antisense)

UGCUCACUCGAUCCAGCCAJTAT (SEQ ID NO: 100)

M-934/954 (sense)

GAAUAUCGAAAGGAACAGCATAT (SEQ ID NO: 101)

M-934/954 (antisense)

GCUGUUCCUUUCGAUAUUCATAT (SEQ ID NO: 102)

NS-128/148 (sense)

CGGCUUCGCCGAGAUCAGAJAJT (SEQID NO: 103)

NS-128/148 (antisense)

UCUGAUCUCGGCGAAGCCGAAdT (SEQIDNO: 104

NS-562/582 (R ) (sense)

GUCCUCCGAUGAGGACUCCATAT (SEQ ID NO: 105)

NS-562/582 (R ) (antisense)

GGAGUCCUCAUCGGAGGACATJT (SEQ ID NO: 106)

NS-589/609 (sense)

UGAUAACACAGUUCGAGUCATAT (SEQ ID NO: 107)

NS-589/609 (antisense)

GACUCGAACUGUGUUAUCAJTAT (SEQ ID NO: 108) |
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[00307]  All siRNAs were synthesized by Dharmacon Research (Lafayette, CO) using

2° ACE protection chemistry. The siRNA strands were deprotected according to the
manufacturer’s instructions, mixed in equimolar ratios and annealed by heating to 95°C and
slowly reducing the temperature by 1°C every 30 s until 35°C and 1°C every min until 5°C.
[00308]  siRNA electroporation. Log-phase cultures of MDCK cells were trypsinized,
washed and resuspended in serum-free RPMI 1640 at 2x10 cells per ml. 0.5 ml of cells
were placed into a 0.4 cm cuvette and were electroporated using a Gene Pulser apparatus
(Bio-Rad) at 400 V, 975 pF with 2.5 nmol siRNAs. Electropocation efficiencies were
approximately 30-40% of viable cells. Electroporated cells were divided into 3 wells of a 6-
well plate in DMEM medium containing 10% FCS and incubated at 37°C, 5% CO,.
[00309]  Viral infection. Six to eight h following electroporation, the serum- containing
medium was washed away and 100 ul of PR8 or WSN virus at the appropriate multiplicity
of infection was inoculated into the wells, each of which contained approximately 108 cells.
Cells were infected with either 1,000 PFU (one virus per 1,000 cells; MOI = 0.001) or
10,000 PFU (one virus per 100 cells; MOI = 0.01) of virus. After 1 h incubation at room
temperature, 2 ml of infection medium with 4 pg/ml of trypsin was added to each well and
the cells were incubated at 37°C, 5% CO,. At indicated times, supernatants were harvested
from infected cultures and the titer of virus was determined by hemagglutination of chicken
erythrocytes (50 pl, 0.5%, Charles River laboratories, MA).

[00310] Measurement of Viral Titer. Supernatants were harvested at 24, 36, 48, and 60
hours after infection. Viral titer was measured using a standard hemagglutinin assay as
described in Knipe DM, Howley, PM, Fundamental Virology, 4th edition, p34-35. The
hemagglutination assay was done in V-bottomed 96-well plates. Serial 2-fold dilutions of
each sample were incubated for 1h on ice with an equal volume of a 0.5% suspension of
chicken erythrocytes (Charles River Laboratories). Wells containing an adherent,
homogeneous layer of erythrocytes were scored as positive. For plaque assays, serial 10-
fold dilutions of each sample were titered for virus as described in F: undamental Virology,
4% edition, p.32 (referenced elsewhere herein) and well known in the art.

[00311] Results

[00312] To investigate the feasibility of using siRNA to suppress influenza virus
replication, various influenza virus A RNAs were targeted. Specifically, the MDCK cell

line, which is readily infected and widely used to study influenza virus, was utilized.
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Bach siRNA was individually introduced into populations of MDCK cells by
electroporation. siRNA targeted to GFP (sense: 5’- GGCUACGUCCAGGAGCGCAUU -3’
(SEQ ID NO: 110); antisense: 5°- UGCGCUCCUGGACGUAGCCUU -3’ (SEQ ID NO:
111)) was used as control. This siRNA is referred to as GFP-949. In subsequent
experiments (described in examples below) the UU overhang at the 3’ end of both strands
was replaced by dTdT with no effect on results. A mock electroporation was also performed
as a control. Eight hours after electroporation cells were infected with either influenza A
virus PR8 or WSN at an MOI of either 0.1 or 0.01 and were analyzed for virus production at
various time points (24, 36, 48, 60 hours) thereafter using a standard hemagglutination
assay. GFP expression was assayed by flow cytometry using standard methods.

[00313] Figures 11A and 11B compare results of experiments in which the ability of
individual siRNAs to inhibit replication of influenza virus A strain A/Puerto Rico/8/34
(HIN1) (Figure 11A) or influenza virus A strain A/WSN/33 (HIN1) (Figure 11B) was
determined by measuring HA titer. Thus a high HA titer indicates a lack of inhibition while
a low HA titer indicates effective inhibition. MDCK cells were infected at an MOI of 0.01.
For these experiments one siRNA that targets the PB1 segment (PB1-2257/2277), one
siRNA that targets the PB2 segment (PB2-2240/2260), one siRNA that targets the PA
segment (PA-2087/2107 (G)), and three different siRNAs that target the NP genome and
transcript (NP-231/251, NP-390/410, and NP-1496/1516) were tested. Note that the legends
on Figures 11A and 11B list only the 5’ nucleotide of the siRNAs.

[00314] Symbols in Figures 11A and 11B are as follows: Filled squares represents control
cells that did not receive siRNA. Open squares represents cells that received the GFP
control siRNA. Filled circles represent cells that received siRNA PB1-2257/2277. Open
circles represent cells that received siRNA PB2-2240/2260. Open triangles represent cells
that received siRNA PA-2087/2107 (G). The X symbol represents cells that received
siRNA NP-231/251. The + symbol represents cells that received siRNA NP-390/410.
Closed triangles represent cells that received siRNA NP-1496/1516. Note that in the graphs
certain symbols are sometimes superimposed. For example, in Figure 11B the open and
closed triangles are superimposed. Tables 3 and 4, which list the numerical values for each
point, may be consulted for clarification.

[00315]  As shown in Figures 11A and 11B (Tables 3 and 4), in the absence of siRNA
(mock TF) or the presence of contrel (GFP) siRNA, the titer of virus increased over time,

reaching a peak at approximately 48-60 hours after infection. In contrast, at 60 hours the
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viral titer was significantly lower in the presence of any of the siRNAs. For example, in
strain WSN the HA titer (which reflects the level of &irus) was approximately half as great
in the presence of siRNAs PB2-2240 or NP-231 than in the controls. In particular, the level
of virus was below the detection limit (10,000 PFU/ml) in the presence of siRNA NP-1496
in both strains. This represents a decrease by a factor of more than 60-fold in the PR8 strain
and more than 120-fold in the WSN strain. The level of virus was also below the detection
limit (10,000 PFU/ml) in the presence of siRNA PA-2087(G) in strain WSN and was
extremely low in strain PR8. Suppression of virus production by siRNA was evident even
from the earliest time point measured. Effective suppression, including suppression of virus
production to undetectable levels (as determined by HA titer) has been observed at time
points as great as 72 hours post-infection.

[00316] Table 5 summarizes results of siRNA inhibition assays at 60 hours in MDCK
cells expressed in terms of fold inhibition. Thus a low value indicates lack of inhibition
while a high value indicates effective inhibition. The location of siRNAs within a viral gene
is indicated by the number that follows the name of the gene. As elsewhere herein, the
number represents the starting nucleotide of the siRNA in the gene. For example, NP-1496
indicates an siRNA specific for NP, the first nucleotide starting at nucleotide 1496 of the NP
sequence. Values shown (fold—inhibition) are calculated by dividing hemagglutinin units
from mock transfection by hemagglutinin units from transfection with the indicated siRNA;
a value of 1 means no inhibition.

[00317] A total of twenty siRNAs, targeted to 6 segments of the influenza virus genome
(PB2, PB1, PA, NP, M and NS), have been tested in the MDCK cell line system (Table 5).
About 15% of the siRNA (PB1-2257, PA-2087G and NP-1496) tested displayed a strong
effect, inhibiting viral production by more than 100 fold in most cases at MOI=0.001 and by
16 to 64 fold at MOI=0.01, regardless of whether PR8 or WSN virus was used. In
particular, when siRNA NP-1496 or PA-2087 was used, inhibition was so pronounced that
culture supernatants lacked detectable hemagglutinin activity. These potent siRNAs target 3
different viral gene segments: PB1 and PA, which are involved in the RNA transcriptase
complex, and NP which is a single-stranded RNA binding nucleoprotein. Consistent with
findings in other systems, the sequences targeted by these siRNAs are all positioned
relatively close to the 3-prime end of the coding region (Figure 13).

[00318] Approximately 40% of the siRNAs significantly inhibited virus production, but

the extent of inhibition varied depending on certain parameters. Approximately 15% of

Page 102 of 183



10

15

20

25

30

WO 2004/028471 PCT/US2003/030502

siRNAs potently inhibited virus prduction regardless of whether PR8 or WSN virus was
used. However, in the case of certain siRNAs, the extent of inhibition varied somewhat
depending on whether PR8 or WSN was used. Some siRNAs significantly inhibited virus
production only at early time points (24 to 36 hours after infection) or only at lower dosage
of infection (MOI=0.001), such as PB2-2240, PB1-129, NP-231 and M37. These siRNAs
target different viral gene segments, and the corresponding sequences are positioned either
close to 3-prime end or 5-prime end of the coding region (Figure 13 and Table 5).

[00319] Approximately 45% of the siRNAs had no discernible effect on the virus titer,
indicating that they were not effective in interfering with influenza virus production in
MDCK cells. In particular, none of the four siRNAs which target the NS gene segment
showed any inhibitory effect.

[00320] To estimate virus titers more precisely, plaque assays with culture supernatants
were performed (at 60 hrs) from culture supernatants obtained from virus-infected cells that
had undergone mock transfection or transfection with NP-1496. Approximately 6 x 10°
pfu/ml was detected in mock supernatant, whereas no plaques were detected in undiluted
NP-1496 supernatant (Figure 11C) . As the detection limit of the plaque assay is about 20
pfu (plaque forming unit)/ml, the inhibition of virus production by NP-1496 is at least about
30,000 fold. Even at an MOI of 0.1, NP-1496 inhibited virus production about 200-fold.
[00321] To determine the potency of siRNA, a graded amount of NP-1496 was
transfected into MDCK cells followed by infection with PRS8 virus. Virus titers in the
culture supematants were measured by hemagglutinin assay. As the amount of sSiRNA
decreased, virus titer increased in the culture supernatants as shown in Fig. 11D. However,
even when as little as 25 pmol of siRNA was used for transfection, approximately 4-fold
inhibition of virus production was detected as compared to mock transfection, indicating the
potency of NP-1496 siRNA in inhibiting influenza virus production.

[00322] For therapy, it is desirable for siRNA to be able to effectively inhibit an existing
virus infection. In a typical influenza virus infection, new virions are released beginning at
about 4 hours after infection. To determine whether siRNA could reduce or eliminate
infection by newly released virus in the face of an existing infection, MDCK cells were
infected with PR8 virus for 2 hours and then transfected with NP-1496 siRNA. As shown in
Fig. 11E, virus titer increased steadily over time following mock transfection, whereas virus
titer increased only slightly in NP-1496 transfected cells. Thus administration of sSIRNA

after virus infection is effective.
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[00323] Together, these results show that (i) certain siRNAs can potently inhibit
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influenza virus production; (ii) influenza virus production can be inhibited by siRNAs

specific for different viral genes, including those encoding NP, PA, and PB1 proteins; and

(iii) siRNA inhibition occurs in cells that were infected previously in addition to cells

5  infected simultaneously with or following administration of siRNAs.

[00324] Table 3. Inhibition of Virus Strain A/Puerto Rico/8/34 (HIN1) Production by
siRNAs
siRNA
Mock GFP PB1-2257 | PB2-2040 | PA-2087(G) | NP-231 NP-390 | NP-1496
24 hr 8 8 1 4 1 1 4 1
36 hr 16 8 4 8 1 4 8 1
48 hr 32 32 4 8 2 4 8 1
60 hr 64 64 8 8 4 8 32 1
10
Table 4. Inhibition of Virus Strain A/WSN/33 (H1N1) Production by siRNAs
siRNA
Mock GFP PB1-2257 | PB2-2040 | PA-2087(G) | NP-231 NP-390 | NP-1496
24 hr 32 32 1 8 1 8 16 1
36 hr 64 128 16 32 1 64 64 1
48 hr 128 128 16 64 1 64 64 1
60 hr 128 128 32 64 1 64 128 1
L
15
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Table 5. Effects of 20 siRNAs on influenza virus production in MDCK cells

Infecting virus (MOI)
siRNA  ppg PRS PRS WSN WSN
(0.001)  (0.01) 0.1) ©.001)  (0.01)
Exp.1  GFP-949 2 1
PB2.2210 16 g
PB22240 128 16
PB1-6 4 4
PBI.120 128 16
PB1.2257 256 64
Fxp.2  GEP-949 2 1
PA-44 2 i
PA-739 4 2
PA-2087 128 16
PA-2110 8 4
PA-2131 4 2
Exp. 3 NP-231 16 4 4
NP-390 4 2 2
NP-1496 16 64 128
M-37 2 2 128
Exp.4  M-37 2 1 128
M.480 5 1 4
M-598 2 1 128
M.034 1 1 4
NS-128 2 1 )
NS-562 1 1 1
NS-589 1 1 1
NP-1496 64 16 128
Exp.5  GFP-949 1 1
PB2-2240 8 2
PB1.2257 8 4
PA-2087 16 128
NP-1496 64 128
NP-231 8 2
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[00325]  Example 3: siRNAs that Target Viral RNA Polymerase or Nucleoprotein Inhibit
Influenza A Virus Production in Chicken Embryos.
[00326] Materials and Methods

[00327)  SiRNA-oligofectamine complex formation and chicken embryo inoculation.
SiRNAs were prepared as described above. Chicken eggs were maintained under standard
conditions. 30 pl of Oligofectamine (product number: 12252011 from Life Technologies,
now Invitrogen) was mixed with 30 pl of Opti-MEM I (Gibco) and incubated at RT for 5
min. 2.5 nmol (10 pl) of siRNA was mixed with 30 pl of Opti-MEM I and added into
diluted oligofectamine. The siRNA and oligofectamine was incubated at RT for 30 min. 10-
day old chicken eggs were inoculated with siRNA-oligofectamine complex together with
100 pl of PR8 virus (5000 pfu/ml). The eggs were incubated at 37°C for indicated time and
allantoic fluid was harvested. Viral titer in allantoic fluid was tested by HA assay as
described above.

[00328] Results

[00329]  To confirm the resulis in MDCK cells, the ability of siRNA to inhibit influenza
virus production in fertilized chicken eggs was also assayed. Because electroporation
carmot be used on eggs, Oligofectamine, a lipid-based agent that has been shown to facilitate
intracellular uptake of DNA oligonucleotides as well as siRNAs in vitro was used (25).
Briefly, PR8 virus alone (500 pfi) or virus plus siRNA-oligofectamine complex was
injected into the allantoic cavity of 10-day old chicken eggs as shown schematically in
Figure 14A. Allantoic fluids were collected 17 hours later for measuring virus titers by
hemagglutinin assay. As shown in Figure 14B, when virus was injected alone (in the
presence of Oligofectamine), high virus titers were readily detected. Co-injection of GFP-
949 did not significantly affect the virus titer. (No significant reduction in virus titer was
observed when Oligofectamine was omitted.)

[00330] The injection of siRNAs specific for influenza virus showed results consistent
with those observed in MDCK cells: The same siRNAs (NP-1496, PA2087 and PB1-2257)
that inhibited influenza virus production in MDCK cells also inhibited virus production in
chicken eggs, whereas the siRNAs (NP-231, M-37 and PB1-129) that were less effective in
MDCK cells were ineffective in fertilized chicken eggs. Thus, siRNAs are also effective in

interfering with influenza virus production in fertilized chicken eggs.
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[00331] Example 4: SiRNA inhibits influenza virus production at the mRNA level
[00332] Materials and Methods

[00333] SiRNA preparation was performed as described above.

[00334] RNA extraction, reverse transcription and real time PCR. 1x10" MDCK cells

were electroporated with 2.5 nmol of NP-1496 or mock electroporated (no siRNA). Eight
hours later, influenza A PR8 virus was inoculated into the cells at MOI=0.1. At times 1, 2,
and 3-hour post-infection, the supernatant was removed, and the cells were lysed with Trizol
reagent (Gibco). RNA was purified according to the manufacturer’s instructions. Reverse
transcription (RT) was carried out at 37°C for 1 hr, using 200 ng of total RNA, specific
primers (see below), and Omniscript Reverse transcriptase kit (Qiagen) in a 20-pl reaction
mixture according to the manufacturer’s instructions. Primers specific for either mRNA, NP
vRNA, NP cRNA, NS vRNA, or NS cRNA were as follows:

[00335] mRNA, dT1s=5-TTTTTTTTTITITTITLL -3’ (SEQ ID NO: 112)

[00336] NP vRNA, NP-367: 5. CTCGTCGCTTATGACAAAGAAG-3’ (SEQ ID NO:
113).

[00337] NP cRNA, NP-1565R:

[00338] 5 ATATCGTCTCGTATTAGTAGAAACAAGGGTATTTTT-3’ (SEQ ID NO:
114).

[00339] NS vRNA, NS-527: 5°.CAGGACATACTGATGAGGATG-3’ (SEQ ID NO:
115).

[00340] NS cRNA, NS-890R:

[00341] 5 > ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTTT-3’ (SEQ ID NO:
116).

[00342] 1 pl of RT reaction mixture (i.e., the sample obtained by performing reverse

transcription) and sequence-specific primers were used for real-time PCR using SYBR
Green PCR master mix (AB Applied Biosystems) including SYBR Green I double-stranded
DNA binding dye. PCRs were cycled in an ABI PRISM 7000 sequence detection system
(AB applied Biosystem) and analyzed with ABI PRISM 7000 SDS software (AB Applied
Biosystems). The PCR reaction was carried out at 50°C, 2 min, 95°C, 10 min, then 95°C, 15
sec and 60°C, 1 min for 50 cycles. Cycle times were analyzed at a reading of 0.2
fluorescence units. All reactions were done in duplicate. Cycle times that varied by more
than 1.0 between the duplicates were discarded. The duplicate cycle times were then

averaged and the cycle time of B-actin was subtracted from them for a normalized value.
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[00343] PCR primers were as follows.

[00344] For NP RNAs:

[00345] NP-367: 5 CTCGTCGCTTATGACAAAGAAG-3’ (SEQ ID NO: 117).

[00346] NP-460R: 5° AGATCATCATGTGAGTCAGAC-3’ (SEQ ID NO: 118).

[00347] For NS RNAs:

[00348] NS-527: 5. CAGGACATACTGATGAGGATG-3’ (SEQ ID NO: 119).

[00349] NS-617R:5  GTTTCAGAGACTCGAACTGTG-3’ (SEQ ID NO: 120).

[00350] Results

[00351] As described above, during replication of influenza virus, VRNA is transcribed to
produce cRNA, which serves as a template for more VRNA synthesis, and mRNA, which
serves as a template for protein synthesis (1). Although RNAi is known to target the
degradation of mRNA in a sequence-specific manner (16-18), there is a possibility that
VRNA and cRNA are also targets for siRNA since vVRNA of influenza A virus is sensitive to
nuclease (1). To investigate the effect of siRNA on the degradation of various RNA species,
reverse transcription using sequence-specific primers followed by real time PCR was used to
quantify the levels of VRNA, cRNA and mRNA. Figure 16 shows the relationship between
influenza virus VRNA, mRNA, anq cRNA. As shown in Figures 16A and 16B, cRNA is the
exact complement of VRNA, but mRNA contains a cap structure at the 5° end plus the
additional 10 to 13 nucleotides derived from host cell mRNA, and mRNA contains a polyA
sequence at the 3’ end, beginning at a site complementary to a site 15 —22 nucleotides

downstream from the 5° end of the VRNA segment. Thus compared to vRNA and cRNA,

. mRNA lacks 15 to 22 nucleotides at the 3” end. To distinguish among the three viral RNA

species, primers specific for VRNA, cRNA and mRNA were used in the first reverse
transcription reaction (Figure 16B). For mRNA, poly dT18 was used as primer. For cRNA, a
primer complementary to the 3’ end of the RNA that is missing from mRNA was used. For

'VRNA, the primer can be almost anywhere along the RNA as long as it is complementary to

vRNA and not too close to the 5° end. The resulting cDNA transcribed from only one of the
RNAs was amplified by real time PCR.

[00352] Following influenza virus infection, new virions are starting to be packaged and
released by about 4 hrs. To determine the effect of siRNA on the first wave of mRNA and
cRNA transcription, RNA was isolated early after infection. Briefly, NP-1496 was
electroporated into MDCK cells. A mock electroporation (no siRNA) was also performed).
Six to eight hours later, cells were infected with PR8 virus at MOI=0.1. The cells were then

Page 108 of 183



10

15

20

25

30

WO 2004/028471 PCT/US2003/030502

lysed at 1, 2 and 3 hours post-infection and RNA was isolated. The levels of mRNA, VRNA
and cRNA were assayed by reverse transcription using primers for each RNA species,
followed by real time PCR.

[00353] Figure 17 shows amounts of viral NP and NS RNA species at various times
following infection with virus, in cells that were mock transfected or transfected with siRNA
NP-1496 approximately 6-8 hours prior to infection. As shown in Figure 17, 1 hour after
infection, there was no significant difference in the amount of NP mRNA between samples
with or without NP siRNA transfection. As early as 2 hours post-infection, NP mRNA
increased by 38 fold in the mock transfection group, whereas the levels of NP mRNA did
not increase (or even slightly decreased) in cells transfected with siRNA. Thr"ee hours post-
infection, mRNA transcript levels continued to increase in the mock transfecﬁon whereas a
continuous decrease in the amount of NP mRNA was observed in the cells that received
siRNA treatment. NP vVRNA and cRNA displayed a similar pattern except that the increase
in the amount of vRNA and cRNA in the mock transfection was significant only at 3 hrs
post-infection. While not wishing to be bound by any theory, this is probably due to the life
cycle of the influenza virus, in which an initial round of mRNA transcription occurs before
cRNA and further VRNA synthesis.

[00354] These results indicate that, consistent with the results of measuring intact, live
virus by hemagglutinin assay or plaque assay, the amounts of all NP RNA species were also
significantly reduced by the treatment with NP siRNA. Although it is known that siRNA
mainly mediates degradation of mRNA, the data from this experiment does not exclude the
possibility of siRNA-mediated degradation of NP cRNA and vVRNA although the results
described below suggest that reduction in NP protein levels as a result of reduction in NP

mRNA results in decreased stability of NP cRNA and/or vRNA.

[00355] Example 5: Identification of the target of RNA interference

[00356] Materials and Methods

[00357] SiRNA preparation of unmodified siRNAs was performed as described above.
Modified RNA oligonucleotides, in which the 2’-hydroxyl group was substituted with a 2’-

O-methyl group at every nucleotide residue of either the sense or antisense strand, or both,
were also synthesized by Dharmacon. Modified oligonucleotides were deprotected and
annealed to the complementary strand.as described for unmodified oligonucleotides. siRNA

duplexes were analyzed for completion of duplex formation by gel electrophoresis.
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[00358]  Cell culture, transfection with siRNAs, and infection with virus. These were
performed essentially as described above. Briefly, for the experiment involving modified
NP-1496 siRNA, MDCK cells were first transfected with NP-1496 siRNAs (2.5 nmol)
formed from wild type (wt) and modified (m) strands and infected 8 hours later with PR8
virus at a MOI of 0.1. Virus titers in the culture supernatants were assayed 24 hours after
infection. For the experiment involving M-37 siRNA, MDCK cells were transfected with
M-37 siRNAs (2.5 nmol), infected with PR8 virus at an MOI of 0.01, and harvested for
RNA isolation 1, 2, and 3 hours after infection. See Table 2 for M-37 sense and antisense
sequences.

[00359] RNA extraétion, reverse transcription and real time PCR were performed
essentially as described above. Primers specific for either mRNA, M-specific VRNA, and M-

specific cRNA, used for reverse transcription, were as follows:

' [00360] mRNA, dTjg=5-TTTTTTTTTTTTTTTTTT-3’ (SEQID NO: 112)

[00361] M VRNA:5- CGCTCAGACAT GAGAACAGAATGG — 3’ (SEQ ID NO: 161)
[00362] M cRNA:5’- ATATCGTCTCGTATTAGTAGAAACAAGGTAGTTTTT-3
(SEQ ID NO: 162).

[00363] PCR primers for M RNAs were as follows:

[00364] M forward: 5’- CGCTCAGACATGAGAACAGAATGG — 3’ (SEQ ID NO: 163)
[00365] M reverse: 5" - TAACTAGCCTGACT. AGCAACCTC — 3’ (SEQID NO: 164)
[00366] Results

[00367] To investigate the possibility that siRNA might interfere with VRNA and/or
cRNA in addition to mRNA, NP-1496 siRNAs in which either the sense (Sor+)or
antisense (AS or -) strand was modified were synthesized. The modification, which
substitutes a 2°-O-methyl group for the 2°-hydroxyl group in every nucleotide residue, does
not affect base-pairing for duplex formation, but the modified RNA strand no longer
supports RNA interference. In other words, an siRNA in which the sense strand is modified
but the antisense strand is wild type (mS:wtAS) will support degradation of RNAs having a
sequence complementary to the antisense strand but not a sequence complementary to the
sense strand. Conversely, an siRNA in which the sense strand is wild type but the antisense
strand is modified (wtS:mAS) will support degradation of RNAs having a sequence
complementary to the sense strand but will not support degradation of RNAs having a

sequence complementary to the sense strand. This phenomenon is described in more detail
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in copending Provisional Patent application Ser. No. 60/446,387 entitled “Reducing RNAi
Background”.

[00368] MDCK cells were either mock transfected or transfected with NP-1496 siRNAs
in which either the sense strand (mS:wtAS) or the antisense strand (WtS:mAS), , was
modified while the other strand was wild type. Cells were also transfected with NP-1496
siRNA in which both strands were modified (mS:mAS). Cells were then infected with PR8
virus, and virus titer in supernatants was measured. As shown in Figure 18A, high virus
titers were detected in cultures subjected to mock transfection. As expected, very low virus
titers were detected in cultures transfected with wild type siRNA (wtS:wtAS), but high virus
titers were detected in cultures transfected with siRNA in which both strands were modified
(mS:mAS). Virus titers were high in cultures transfected with siRNA in which the antisense
strand was modified (wtAS:mAS), whereas the virus titers were low in cultures transfected
with siRNA in which the sense strand only was modified (mS:wtAS). While not wishing to
be bound by any theory, the inventors suggest that the requirement for a wild type antisense
(-) strand of siRNA duplex to inhibit influenza virus production suggests that the target of
RNA interference is either mRNA (+) or cRNA (+) or both.

[00369] To further distinguish these possibilities, the effect of siRNA on the
accumulation of corresponding mRNA, VRNA, and cRNA was examined. To follow
transcription in a cohort of simultaneously infected cells, siRNA-transfected MDCK cells
were harvested for RNA isolation 1, 2, and 3 hours after infection (before the release and re-
infection of new virions). The viral mRNA, VRNA, and cRNA were first independently
converted to cDNA by reverse transcription using specific primers. Then, the level of each
cDNA was quantified by real time PCR. As shown in Figure 18B, when M-specific siRNA
M-37 was used, little M-specific mRNA was detected one or two hours after infection.
Three hours after infection, M-specific mRNA was readily detected in the absence of M-37.
Tn cells transfected with M-37, the level of M-specific mRNA was reduced by
approximately 50%. In contrast, the levels of M-épeciﬁc vRNA and cRNA were not
inhibited by the presence of M-37. While not wishing to be bound by any theory, these
results indicate that viral mRNA is probably the target of siRNA-mediated interference.

[00370] Example 6: Broad effects of certain siRNAs on viral RNA accumulation

[00371] Results
[00372] SiRNA preparation was performed as described above.
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[00373] RNA extraction, reverse transcription and real time PCR were performed as
described in Example 3. Primers specific for either mRNA, NP vRNA, NP cRNA, NS
vRNA, NS cRNA, M vRNA, or M cRNA were as described in Examples 4 and 5. Primers
specific for PB1 vVRNA, PB1 cRNA, PB2 vRNA, PB2 cRNA, PA vVRNA, or PA cRNA, used
for reverse transcription, were as follows:

[00374] PBI1 vRNA: 5. GTGCAGAAATCAGCCCGAATGGTTC-3’ (SEQ ID NO: 165)
[00375] PB1 cRNA: 5 ATATCGTCTCGTATTAGTAGAAACAAGGCATTT-3’ (SEQ
ID NO: 166)

[00376] PB2 vRNA: 5. GCGAAAGGAGAGAAGGCTAATGTG-3' (SEQ ID NO: 167)
[00377] PB2cRNA: 5. ATATGGTCTCGTATTAGTAGAAACAAGGTCGTTT-3'
(SEQ ID NO: 168)

[00378] PA vRNA: 5. GCTTCTTATCGTTCAGGCTCTTAGG-3’ (SEQ ID NO: 169)
[00379] PA cRNA: 5 ATATCGTCTCGTATTAGTAGAAACAAGGTACTT-3’ (SEQ
ID NO: 170)

[00380] PCR primers for PB1, PB2, and PA RNAs were as follows:

[00381] PBI forward: 5. CGGATTGATGCACGGATTGATTTC-3’ (SEQ ID NO: 171)
[00382] PBI reverse: 5 _GACGTCTGAGCTCTTCAATGGTGGAAC-3’ (SEQ ID NO:
172)

[00383] PB2 forward: 5. GCGAAAGGAGAGAAGGCTAATGTG-3' (SEQ ID NO: 173)
[00384] PB2 reverse: 5 AATCGCTGTCTGGCTGTCAGTAAG-3' (SEQ ID NO: 174)
[00385] PA forward: 5 _GCTTCTTATCGTTCAGGCTCTTAGG-3’ (SEQ ID NO: 175)
[00386] PA reverse: 5’-CCGAGAAGCAT TAAGCAAAACCCAG-3’ (SEQ ID NO: 176)
[00387] Results

[00388] To determine whether NP-1496 targets the degradation of the NP gene segment
specifically or whether the levels of viral RNAs other than NP are also affected, primers
specific for NS were used for RT and real time PCR to measure the amount of different NS
RNA species (nRNA, VRNA, cRNA) as described above (Example 4). As shown in Figure
19, the changes in NS mRNA, vRNA and ¢RNA showed the same pattern as that observed
for NP RNAs. At 3 hours post-infection, a significant increase in all NS RNA species could
be seen in mock transfected cells, whereas no significant changes in NS RNA levels were
seen in the cells that received NP-1496 siRNA. This result indicates that the transcription
and replication of different viral RNAs are coordinately regulated, at least with respect to

NP RNAs. By coordinately regulated is meant that levels of one transcript affect levels of
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another transcript, either directly or indirectly. No particular mechanism is implied. When
NP transcripts are degraded by siRNA treatment the levels of other viral RNAs are also
reduced.

[00389] To further explore the offect of NP siRNAs on other viral RNAs, accumulation
of mMRNA, VRNA, and cRNA of all viral genes was measured in cells that had been treated
with NP-1496. As shown in Figure 19A (top panel), NP-specific mRNA was low one or
two hours after infection. Three hours after infection, NP mRNA was readily detected in the
absence of NP-1496, whereas in the presence of NP-1496, the level of NP mRNA remained
at the background level, indicating that siRNA inhibited the accumulation of specific
mRNA. As shown in Figure 19A (middle and bottom panels) levels of NP-specific and NS-
specific VRNA and cRNA were greatly inhibited by the presence of NP-1496. These results
confirm the results described in Example 4. In addition, in the NP-1496-treated cells, the
accumulation of mRNA, vRNA, and cRNA of the M, NS, PB1, PB2, and PA genes was also
inhibited (Figure 19B, 19C, and 19H). Furthermore, the broad inhibitory effect was also
observed for PA-2087. The top, middle, and bottom panels on the left side in Figures 19E,
19F, and 19G display the same resuits as presented in Figures 194, 19B, and 19C, showing
the inhibition of viral mRNA transcription and of viral VRNA and cRNA replication by NP-
1496 siRNA. The top, middle, and bottom panels on the right side in Figures 19E, 19F, and
19G present resulis of the same experiment performed with PA-2087 siRNA at the same
concentration. As shown in Figure 19E, right upper, middle, and lower panels respectively,
at three hours after infection PA, M, and NS mRNA were readily detected in the absence of
PA-2087, wheregs the presence of PA-2087 inhibited transcription of PA, M, and NS
mRNA. As shown in Figure 19F, right upper, middle, and lower panels respectively, at
three hours after infection PA, M, and NS vVRNA were readily detected in the absence of
PA-2087, whereas the presence of PA-2087 inhibited accumulation of PA, M, and NS
yRNA. As shown in Figure 19G, right upper, middle, and lower panels respectively, at
three hours after infection PA, M, and NS cRNA were readily detected in the absence of
PA-2087, whereas the presence of PA-2087 inhibited accumulation of PA, M, and NS
cRNA. In addition, Figure 19H shows that NP-specific siRNA inhibits the accumulation of
PB1- (top panel), PB2- (middle panel) and PA- (lower panel) specific mRNA.

[00390] While not wishing to be bound by any theory, the inventors suggest that the
broad effect of NP siRNA is probably a result of the importance of NP in binding and
stabilizing VRNA and cRNA, and not because NP-specific siRNA targets RNA degradation
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non-specifically. The NP gene segment in influenza virus encodes a single-stranded RNA-
binding nucleoprotein, which can bind to both VRNA and cRNA (see Figure 15). During the
viral life cycle, NP mRNA is first transcribed and translated. The primary function of the NP
protein is to encapsidate the virus genome for the purpose of RNA transcription, replication
and packaging. In the absence of NP protein, the full-length synthesis of both vVRNA and
cRNA is strongly impaired. When NP siRNA induces the degradation of NP RNA, NP
protein synthesis is impaired and the resulting lack of sufficient NP protein subsequently
affects the replication of other viral gene segments. In this way, NP siRNA could potently
inhibit virus production at a very early stage.

[00391] The number of NP protein molecules in infected cells has been hypothesized to
regulate the levels of mRNA synthesis versus genome RNA (VRNA and cRNA) replication
(1). Using a temperature-sensitive mutation in the NP protein, previous studies have shown
that cRNA, but not mRNA, synthesis was temperature sensitive both in vitro and in vivo (70,
71). NP protein was shown to be required for elongation and antitermination of the nascent
cRNA and vRNA transcripts (71, 72). The results presented above show that NP-specific
siRNA inhibited the accumulation of all viral RNAs in infected cells. While not wishing to
be bound by any theory, it appears probable that in the presence of NP-specific siRNA, the
newly transcribed NP mRNA is degraded, resulting in the inhibition of NP protein synthesis
following virus infection. Without newly synthesized NP, further viral transcription and
replication, and therefore new virion production is inhibited.

[00392] Similarly, in the presence of PA-specific, the newly transcribed PA mRNA is
degraded, resulting in the inhibition of PA protein synthesis. Despite the presence of 30-60
copies of RNA transcriptase per influenza virion (1), without newly synthesized RNA
transcriptase, further viral transcription and replication are likely inhibited. Similar results
were obtained using siRNA specific for PB1. In contrast, the matrix (M) protein is not
required until the late phase of virus infection (1). Thus, M-specific siRNA inhibits the
accumulation of M-specific mRNA but not vRNA, cRNA, or other viral RNAs. Taken
together, these findings demonstrate a critical requirement for newly synthesized
nucleoprotein and polymerase proteins in influenza viral RNA transcription and replication.
Both mRNA- and virus-specific mechanisms by which NP-, PA-, and PB1- specific siRNAs
interfere with mRNA accumulation and other viral RNA transcription suggest that these
siRNAs may be especially potent inhibitors of influenza virus infection. In particular, the

results described herein suggest that, in general, siRNAs targeted to transcripts that encode
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RNA or DNA binding proteins that normally bind to agent-specific nucleic acids (DNA or
RNA) are likely to have broad effects (e.g., effects on other agent-specific transcripts) rather
than simply reducing the level of the targeted RNA. Similarly, the results described herein
suggest that, in general, siRNAs targeted to the polymerase genes (RNA polymerase, DNA
polymerase, or reverse transcriptase) of infectious agents are likely to have broad effects
(e.g., effects on other agent-specific transcripts) rather than simply reducing levels of

polymerase RNA.

[00393]  Example 7: Broad inhibition of viral RNA accumulation by certain siRNAs is not
due to the interferon response or to virus-induced RNA degradation.

[00394] Materials and Methods

[00395] Measurement of RNA levels. RNA levels were measured using PCR under

standard conditions. The following PCR primers were used for measurement of y-actin
RNA.

[00396] y-actin forward: 5’-TCTGTCAGGGTTGGAAAGTC-3’ (SEQ ID NO: 177)
[00397] y-actinreverse: 5°-AAATGCAAACCGCTTCCAAC ~ 3’ (SEQ ID NO: 178)
[00398] Culture of Vero cells and measurements of phosphorylated PKR were performed
according to standard techniques described in the references cited below.

[00399] Results

[00400] One possible cause for the broad inhibition of viral RNA accumulation is an
interferon response of the infected cells in the presence of siRNA (23, 65, 66). Thus, the

above experiments were repeated in Vero cells in which the entire IFN locus, including all

a, B, and o genes, are deleted (67, 68) (Q.G. and J.C. unpublished data). Just as in MDCK

cells, the accumulation of NP-, M-, and NS-specific mRNAs were all inhibited by NP-1496
(Fig. 19D). In addition, the effect of siRNA on the levels of transcripts from cellular genes,
including B-actin, y-actin, and GAPDH, was assayed using PCR. No signiﬁcant difference
in the transcript levels was detected in the absence or presence of siRNA (Fig. 18C bottom
panel, showing lack of effect of M-37 siRNA on y-actin mRNA, and data not shown),
indicating that the inhibitory effect of siRNA is specific for viral RNAs. These results
suggest that the broad inhibition of viral RNA accumulation by certain siRNAs is not a
result of a cellular interferon response.

[00401] Following influenza virus infection, the presence of dsSRNA also activates a

cellular pathway that targets RNA for degradation (23). To examine the effect of siRNA on
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the activation of this pathway, we assayed the levels of phosphorylated protein kinase R
(PKR), the most ctitical component of the pathway (23). Transfection of MDCK cells with
NP-1496 in the absence of virus infection did not affect the levels of activated PKR (data
not shown). Infection by influenza virus resulted in an increased level of phosphorylated
PKR, consistent with previous studies (65, 66, 69). However, the increase was the same in
the presence or absence of NP-1496 (data not shown). Thus, the broad inhibition of viral
RNA accumulation is not a result of enhanced virus~inducc:d degradation in the presence of

siRNA.

[00402] Example 8: Systematic identification of siRNAs with superior ability to inhibit
influenza virus production either alone or in combination

[00403] This example describes a systematic approach to the identification of siRNAs
with superior ability to inhibit influenza virus production. Although the example refers to
siRNAs, it is to be understood that the same methodology may be employed for the
evaluation of sHRNAs whose duplex portion is identical to the duplex portion of the siRNAs
described below and which contain a loop whose sequence may vary, as described above.
[00404] Rationale: For both prophylactic and therapeutic purposes, it is desirable to
identify siRNAs that exhibit superior potency for inhibiting influenza virus infection. As
described above, 20 siRNAs, 19 of which were based on highly conserved sequences that
included AA di-nucleotides at the 5> end, have been designed and tested. Although the
presence of AA di-nucleotides at this position was initially considered important for siRNA
function, more recent findings indicate that they are not required because siRNAs based on
sequences containing other nucleotides at this position are just as effective (22, 28). Thus,
additional siRNAs designed based on sequences not beginning with AA will be designed
and tested so as to identify additional siRNAs that effectively inhibit influenza virus
production.

[00405] The availability of a few potent inhibitory siRNAs will enable their use in
combinations. A recent study on siRNA inhibition of poliovirus showed that the use of a
single siRNA resulted in the outgrowth of pre-existing variant poliovirus that cannot be
targeted by siRNA (24). Because influenza virus is known to mutate at a high rate (4), the
use of a single SIRNA could possibly promote the outgrowth of resistant viruses and thus
potentially render the siRNA ineffective after a period of time. On the other hand, the

likelihood that a resistant virus will emerge is reduced by orders of magnitude if two or
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more different siRNAs are used simultaneously, especially those siRNAs specific for
different viral RNAs. Thus, siRNAs will be tested in combinations of two or more so as to
find the most effective combinations.
[00406] This example describes a systematic approach to achieving the following goals:

1) To design and test additional siRNAs so that the entire conserved region of the
influenza virus genome is covered once by non-overlapping siRNAs.

2) To identify the most potent inhibitory siRNAs by screening them with
increasingly high multiplicity of infection (MOI).

3) To identify the most potent combinations of effective siRNAs to prevent the
emergence of resistant viruses.
[00407] Designing and testing additional siRNAs. Additional siRNAs specific for the
conserved regions of the viral genome that are not covered by the siRNAs described in
Example 1 will be designed. The object is to cover the conserved regions of the viral
genome once with non-overlapping siRNAs. Non-overlapping siRNAs are chosen for two
reasons. First, simultaneous application of overlapping siRNAs will probably not provide
the most effective combinations because some of the target sequences are shared. Mutation
in the overlapping region would likely render both siRNAs ineffective. Second, for an
extensive screen, the number of overlapping siRNAs may be too large to test within a
reasonable period of time. The aim is to obtain at least one potent siRNA for each of PA,
PB1, PB2, NP, M, and NS. (By RNA splicing, M and NS genes each encode two proteins.
If possible, siRNAs specific for both transcripts from the same gene are designed.) Potent
siRNAs specific to NP, PA, and PB1 have already been identified (Table 5) therefore the
focus will be on testing more siRNA candidates specific for PB2, M, and NS. If testing non-
overlapping siRNAs does not reveal potent siRNAs for these genes overlapping siRNA
candidates will be tested. Availability of potent inhibitory siRNA specific for each of the
six genes will facilitate the identification of most potent combinations.
[00408] To design the additional non-overlapping siRNAs, the same criteria as described
in Example 1 and in the detailed description will be used, except that the initial AA di-
nucleotides will not be required. Based on these criteria, it is estimated that it may be
desirable to test about 40 siRNAs. Single stranded RNA oligonucelotides will be
commercially synthesized and annealed to their complementary strands. The resulting
siRNA duplexes will be tested for their ability to interfere with influenza virus production

(PR8, WSN, or both) in MDCK cells as measured by hemagglutinin assay. Those siRNA
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that are effective in the cell line will be further evaluated in chicken embryos. SiRNAs that

show consistent inhibitory effects with both subtypes of virus and in both cells and embryos

- are preferred for further investigation.

[00409] Comparing the potencies of siRNAs. Once siRNAs that significantly inhibit
influenza virus production are identified, their potencies in the same assay will be compared
in order to identify the most potent ones. In most of the assays described above using
MDCK cells, virus was used at a MOI of either 0.001 or 0.01. It was found that the virus
titer in two samples (NP-1496 and PA-2087) was undetectable by hemagglutinin assay and
in one sample (NP-1496) undetectable by plaque assay. To distinguish the potencies of
these siRNAs, especially those specific for the same gene, the MOI used to infect MDCK
cells will be increased to 0.1 or higher. siRNAs will also be tested in chick embryos.
Plaque assays will be used to more precisely measure virus titers.

[00410] In addition, the potencies of siRNAs will be compared by titrating the amount of
SiRNA used for transfection. Briefly, different amounts of siRNA (such as 0.025, 0.05, 0.1,
and 0.25 nmol) will be electroporated into MDCK cells (1x 107). Cells will be infected
with PR8 or WSN virus at a fixed MOI (such as 0.01), and culture supernatants will be
harvested 60 hrs later to measure virus titers by hemagglutination. Results from these
experiments will help to determine not only the relative potencies of each siRNA but also
the minimal amount necessary for maximal inhibition. The latter will be useful for
determining how much of each siRNA should be used in combinations as described below.
[00411]  Identifying the most potent combinations of siRNAs. The use of two or more
different siRNAs simultaneously may be of considerable use in order to prevent the
emergence of variant viruses that can escape interference by a single siRNA. Once potent
siRNAs for a number of the eight virus genes are identified, their efficacies in combinations
will be examined. Preferably potent siRNAs targeted to at least 2 genes are identified.
More preferably potent siRNAs targeted to at least 3, 4, 5, 6,7, or even all 8 genes are
identified. However, it may be desirable to limit the testing initially to less than all 8 genes,
e.g., 5 or 6 genes. For these studies, the following considerations are important: i) numbers
of different siRNAs used in the same mixture, if) the minimal amount of each siRNA used in
the “cocktail”, and iii) the most efficient ways to identify the most potent combinations.
[00412] The mutation rate of influenza virus is estimated to be 1.5 x 107 per nucleotide
per infection cycle (4). If two siRNAs specific for different genes are used simultaneously,

the probability of emergence of resistant virus is 2.25 X 10'%. Considering that siRNAs can
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sometimes tolerate one nucleotide mismatch (26), especially at the ends (28) and in the 3’
half of the antisense strand, simultaneous use of two siRINAs should be quite effective in
preventing the emergence of resistant virus. To be conservative, three siRNAs used in
combination should be sufficient. This calculation assumes that each siRNA in a mixture
acts independently. Initially, the minimal amount of siRNA that is required for the maximal
inhibition of influenza virus production as determined above using that siRNA alone will be
used in the combinations. Some studies have shown that the RNAi machinery in
mammalian cells and Drosophila may be limiting (27, 29, 30). If this is appears to be the
case for RNA interference with influenza virus production, we will test reduced amounts for
each siRNA in the combinations, such as half~-maximal dose of each siRINA in combination
of two, will be tested.

[00413] First, test combinations of two siRNAs will be systematically tested. The
advantage of this strategy is that it will yield not only the most potent combinations of two
siRNAs but likely also potent components in combinations of three siRNAs. Although
combinations of two siRNAs specific for different genes or different steps of the virus life
cycle may be more desirable because of potential synergistic effects, it is worth testing
combinations of siRNAs specific for different components of the transcriptase because they
are non-abundant proteins and critical for virus production. Assuming that one potent
siRNA for each gene (PA, PB1, PB2, NP, M, and NS) is identified, it will be necessary to
test 15 combinations to cover all possible combinations of two siRNAs.

[00414] siRNAs will be introduced into MDCK cells by electroporation individually or in
combinations of two. Eight hrs later, cells will be infected with PR8 or WSN virus at a pre-
determined MOI and culture supernatants will be harvested 60 hrs later for assaying the
virus titer by hemagglutination. The precise titers in samples that have substantially lower
hemmagglutinin units will be determined by plaque assay. The combinations of siRNAs
will be assayed in chicken embryos to confirm the results from the cell line.

[00415] Results from this series of experiments will reveal the relative potencies of
combinations of two siRNAs, and whether a combination of two siRNAs has synergistic
effects. For example, if the combination of NP-1496 and PA-2087 is more than the additive
effect of NP-1496 plus PA-2087 individually, the combination would have a synergistic
effect. These results will provide an indication as to which combinations of three siRNAs
are likely to be optimally effective. For example, assuming that the combination of NP-
1496 and PA-2087 is more effective than NP-1496 or PA-2087 alone, and the combination
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of PA-2087 and PB1-2257 is more effective than PA-2087 or PB1-2257 alone, the three
siRNAs in a cocktail containing NP-1496, PA-2087, and PB1-2257 will be likely especially
effective. The potencies of at least three siRNA cocktails that are most likely to be effective
in MDCK cells and chicken embryos will be measured. If the results from the combination
of two siRNAs are not helpful, the potencies of three siRNA cocktails will be systematically
tested as described for testing two siRNA cocktails. To cover all possibilities, 10 different
combinations will need to be tested.

[00416] In summary, results obtained from the proposed experiments will likely identify

the most potent siRNAs from the conserved regions of a number of the eight influenza virus

genes and their most effective combinations in inhibiting influenza virus production.

[00417] Example 9: Evaluation of non-viral delivery agents that facilitate cellular uptake
of siRNA. This example describes testing a variety of non-viral delivery agents for their
ability to enhance cellular uptake of siRNA. Subsequent examples provide data showing
positive results with a number of the polymers that were tested as described below and in the
examples themselves. Other delivery agents may be similarly tested.

[00418] ' Cationic polymers. The ability of cationic polymers to promote intracellular
uptake of DNA is believed to result partly from their ability to bind to DNA and condense
large plasmid DNA molecules into smaller DNA/polymer complexes for more efficient
endocytosis. siRNA duplexes are short (e.g., only 21 nucleotides in length), suggesting that
they probably cannot be condensed much further. siRNA precursors such as shRNAs are
also relatively short. However, the ability of cationic polymers to bind negatively charged
siRNA and interact with the negatively charged cell surface may facilitate intracellular
uptake of siRNAs and shRNAs. Thus, known cationic polymers including, but not limited
to, PLL, modified PLL (e.g., modified with acyl, succinyl, acetyl, or imidazole groups (32)),
polyethyleneimine (PEI) (37), polyvinylpyrrolidone (PVP) (38), and chitosan (39, 40) are
promising candidates as delivery agents for siRNA and shRNA.

[00419] In addition, novel cationic polymers and oligomers developed in Robert Langer’s
laboratory are promising candidates as delivery agents. Efficient strategies to synthesize and
test large libraries of novel cationic polymers and oligomers from diacrylate and amine
monomers for their use in DNA transfection have been developed. These polymers are
referred to herein as poly(B-amino ester) (PAE) polymers. In a first study, a library of 140

polymers from 7 diacrylate monomers and 20 amine monomers was synthesized and tested
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(34). Of the 140 members, 70 were found sufficiently water-soluble (2 mg/ml, 25 mM
acetate buffer, pH = 5.0). Fifty-six of the 70 water-soluble polymers interacted with DNA
as shown by electrophoretic mobility shift. Most importantly, they found two of the 56
polymers mediated DNA transfection into COS-7 cells. Transfection efficiencies of the
novel polymers were 4-8 times higher than PEI and equal or better than Lipofectamine 2000.
[00420] Since the initial study, a library of 2,400 cationic polymers has been constructed
and screened, and another approximately 40 polymers that promote efficient DNA
transfection have been obtained (118). Because structural variations could have a significant
impact on DNA binding and transfection efficacies (33), it is preferable to test many
polymers for their ability to promote intracellular uptake of siRNA. Furthermore, it is
possible that in the transition to an in vivo system, i.e., in mammalian subjects, certain
polymers will likely be excluded as a result of studies of their in vivo performance,
absorption, distribution, metabolism, and excretion (ADME). Thus testing in intact
organisms is important.

[00421] Together, at least approximately 5 0 cationic polymers will be tested in siRNA
transfection experiments. Most of them will be PAE and imidazole group-modified PLL as
described above. PEL PVP, and chitosan will be purchased from commercial sources. To
screen these polymers rapidly and efficiently, the library of PAE polymers that successfully
transfects cells has already been moved into solution into a 96-well plate. Storage of the
polymers in this standard 96 well format allows for the straightforward development of a
semi-automated screen, using a sterile Labcyte EDR 384S/96S micropipettor robot. The
amount of polymer will be titrated (using a predetermined amount of siRNA) to define
proper polymer siRNA ratios and the most efficient delivery conditions. Depending on the
specific assay, the semi-automated screen will be slightly different as described below.
[00422] Characterization of siRNA/polymer complexes. For various cationic polymers to
facilitate intracellular uptake of siRNA, they should be able to form complexes with siRNA.
This issue will be examined this by electrophoretic mobility shift assay (EMSA) following a
similar protocol to that described in (34). Brietly, NP-1496 siRNA will be mixed with each
of the 50 or so polymers at the ratios of 1:0.1, 1:0.3, 1:0.9, 1:2.7, 1:8.1, and 1:24.3
(siRNA/polymer, w/w) in 96-well plates using micropipettor robot. The mixtures will be
loaded into 4% agarose gel slab capable of assaying up to 5 00 samples using a multichannel
pipettor. Migration patterns of siRNA will be visualized by ethidium bromide staining. If
the mobility of an siRNA is reduced in the presence of 2 polymer, the siRNA forms
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complexes with that polymer. Based on the ratios of siRNA to polymer, it may be possible
to identify the neutralizing ratio. Those polymers that do not bind siRNA will be less
preferred and further examination will focus on those polymers that do bind siRNA.
[00423] Cytotoxicity of imidazole group-modified PLL, PEL PVP, chitosan, and some
PAE polymers has been measured alone or in complexes with DNA in cell lines. Because
cytotoxicity changes depending on bound molecules, the cytotoxicity of various polymers
and modified polymers in complexes with siRNA will be measured in MDCK cells. Briefly,
NP-1496 will be mixed with different amounts of polymers as above, using the sterile
Labcyte micropipettor robot. The complexes will be applied to MDCK cells in 96-well
plates for 4 hrs. Then, the polymer-containing medium will be replaced with normal growth
medium. 24 hrs later, the metabolic activity of the cells will be measured in the 96-well
format using the MTT assay (41). Those polymers that kill 90% or more cells at the lowest
amount used will be less preferred, and the focus of further investigation will be polymers
that do not kill more than 90% of the cells at the lowest amount used.

[00424] While in some cases similar studies have been performed using DNA/polymer
compositions, it will be important to determine whether similar results (e.g., cytotoxicity,
promotion of cellular uptake) are obtained with RNA/polymer compositions.

[00425]  siRNA uptake by cultured cells. Once siRNA/polymer complexes have been
characterized, their ability to promote cellular uptake of siRNA will be tested, starting with
cultured cells using two different assay systems. In the first approach, a GFP-specific
siRNA (GFP-949) will be tested on GFP-expressing MDCK cells, because a decrease in
GFP expression is easily quantified by measuring fluorescent intensity. Briefly, GFP-
949/polymer at the same ratios as above will be applied to MDCK cells in 96-well plates.
As negative controls, NP-1496 or no siRNA will be used. As a positive control, GFP-949
will be introduced into cells by electroporation. 36 hrs later, cells will be lysed in 96-well
plates and fluorescent intensity of the lysates measured by a fluorescent plate reader. The
capacities of various polymers to promote cellular uptake of siRNA will be indicated by the
overall decrease of GFP intensity. Alternatively, cells will be analyzed for GFP expression
using a flow cytometer that is equipped to handle samples in the 96-well format. The
capacities of various polymers to promote cellular uptake of siRNA will be indicated by
percentage of cells with reduced GFP intensity and the extent of decrease in GFP intensity.
Results from these assays will also shed light on the optimal siRNA:polymer ratio for most

efficient transfection.
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[00426] In the second approach, inhibition of influenza virus production in MDCK cells
will be measured directly. As described above, NP-1496 siRNA/polymer at various ratios
will be applied to MDCK cells in 96-well plates. As a positive control, siRNA will be
introduced into MDCK cells by electroporation. As negative controls, GFP-949 orno -
siRNA will be used. Eight hrs later, cells will be infected with PR8 or WSN virus at a
predetermined MOI. Culture supernatants will be harvested 60 hrs later and assayed for
virus without dilution by hemagglutination in 96-well plates. Supernatants from wells that
have low virus titers in the initial assay will be diluted (thus indicating that the
siRNA/polymer composition inhibited virus production) and assayed by hemagglutination.
Alternatively, infected cultures at 60 hrs will be assayed for metabolic activity by the MTT
assay. Because infected cells eventually lyse, the relative level of metabolic activity should
also give an indication of inhibition of virus infection.

[00427]  If the virus titer or metabolic activity is substantially lower in cultures that are
treated with siRNA/polymer than those that are not treated, it will be concluded that the
polymer promotes siRNA transfection. By comparing the virus titers in cultures in which
siRNA is introduced by electroporation, the relative transfection efficiency of siRNAs and
siRNA/polymer compositions will be estimated.

[00428] A number of the most effective cationic polymers from the initial two screens
will be verified in the virus infectior assay in 96-well plates by titrating both siRNA and
polymers. Based on the results obtained, the capacity of the six polymers at the most
effective siRNA:polymer ratios will be further analyzed in MDCK cells in 24-well plates
and 6-well plates. A number of the most effective polymers will be selected for further
studies in mice as described in Example 10.

[00429]  Alternative approaches. As an alternative to cationic polymers for efficient
promotion of intracellular uptake of siRNA in cultured cells, arginine-rich peptides will be
investigated in siRNA transfection experiments. Because ARPs are thought to directly
penetrate the plasma membrane by interacting with the negatively charged phospholipids
(48), whereas most currently used cationic polymers are thought to promote cellular uptake
of DNA by endocytosis, the efficacy of ARPs in promoting intracellular uptake of siRNA
will be investigated. Like cationic polymers, ARPs and polyarginine (PLA) are also
positively charged and likely capable of binding siRNA, suggesting that it is probably not

" necessary to covalently link siRNA to ARPs or PLAs. Therefore, ARPs or PLAs will be

treated similarly to other cationic polymers. The ability of the ARP from Tat and different
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length of PLAs (available from Sigma) to promote cellular uptake of siRNA will be

determined as described above.

[00430]  Example 10: Testing of siRNAs and siRNA/delivery agent compositions in mice
[00431] Rationale: The ability of identified polymers to promote siRNA uptake by cells
in the respiratory tract in mice will be evaluated, and the efficacies of siRNAs in preventing
and treating influenza virus infection in mice will be examined. Demonstration of siRNA
inhibition of influenza virus infection in mice will provide evidence for their potential use in
humans to prevent or treat influenza virus infection, e.g., by intranasal or pulmonary
administration of siRNAs. Methodology for identifying siRNA-containing compositions
that effectively deliver siRNA to cells and effectively treat or prevent influenza virus
infection are described in this Example. For simplicity the Example describes testing of
siRNA/polymer compositions. Analogous methods may be used for testing of other
siRNA/delivery agent compositions such as siRNA/cationic polymer compositions,
siRNA/arginine-rich peptide compositions, etc.

[00432]  Routes of administration. Because influenza virus infects epithelial cells in the
upper airways and the lung, a focus will be on methods that deliver siRNAs into epithelial
cells in the respiratory tract. Many different methods have been used to deliver small
molecule drugs, proteins, and DNA/polymer complexes into the upper airways and/or lungs
of mice, including instillation, acrosol (both liquid and dry-powder) inhalation, intratracheal
administration, and intravenous injection. By instillation, mice are usually lightly
anesthetized and held vertically upright. Therapeutics (i.e. siRNA/polymer complexes) in a
small volume (usually 30-50 pl) are applied slowly to one nostril where the fluid is inhaled
(52). The animals are maintained in the upright position for a short period of time to allow
instilled fluid to reach the lungs (53). Instillation is effective to deliver therapeutics to both
the upper airways and the lungs and can be repeated multiple times on the same mouse.
[00433] By aerosol, liquid and dry-powder are usually applied differently. Liquid
aerosols are produced by a nebulizer into a sealed plastic cage, where the mice are placed
(52). Because aerosols are inhaled as animals breathe, the method may be inefficient and
imprecise. Dry-powder aerosols are usually administered by forced ventilation on
anesthetized mice. This method can be very effective as long as the aerosol particles are
large and porous (see below) (31). For intratracheal administration, a solution containing

therapeutics is injected via a tube into the lungs of anesthetized mice (54). Although it is
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quite efficient for delivery into the lungs, it misses the upper airways. Intravenous injection
of a small amount of DNA (~1 pg) in complexes with protein and polyethyleneimine has
been shown to transfect endothelial cells and cells in interstitial tissues of the lung (55).
Based on this consideration, siRNA/polymer complexes will first be administered to mice by
instillation. Intravenous delivery and aerosol delivery using large porous particles will also
be explored. In addition, other delivery methods including intravenous and intraperitoneal
injection will also be tested.

[00434]  siRNA uptake by cells in the respiratory tract. A number of the most effective
polymers identified as described in Example 9 will be tested for their ability to promote
intracellular uptake of siRNA in the respiratory tract in mice. To facilitate investigations,
inhibition of GFP expression by GFP-specific siRNA (GFP-949) in GFP-expressing
transgenic mice will be used. The advantage of using GFP-specific siRNA initially is that
the simplicity and accuracy of the assays may speed up the identification of effective
polymers in mice. In addition, the results obtained may shed light on the areas or types of
cells that take up siRNA in vivo. The latter information will be useful for modifying
delivery agents and methods of administration for optimal delivery of siRNA into the
epithelial cells in the respiratory tract.

[00435] Briefly, graded doses of GFP-949/polymer complexes (at the most effective ratio
as determined in Example 9) will be administered to GFP transgenic mice by instillation.
As controls, mice will be given siRNA alone, or polymers alone, or nothing, or non-specific
siRNA/polymer complexes. Tissues from the upper airways and the lung will be harvested
36 to 48 hrs after siIRNA administration, embedded in OCT, and frozen. Sections will be
visualized under a fluorescence microscope for the GFP intensity, and adjacent sections will
be stained with hematoxylin/eosin (H/E). Alternatively, tissues will be fixed in
paraformaldehyde and embedded in OCT. Some sections will be stained with H&E and
adjacent sections will be stained with HRP-conjugated anti-GFP antibodies. Overlay of
histology and GFP images (or anti-GFP staining) may be able to identify the areas or cell
types in which GFP expression is inhibited. For increased sensitivity, the tissues may be
examined by confocal microscopy to identify areas where GFP intensity is decreased.
[00436] Based on findings from DNA transfection by instillation (52, 56), it is expected
that siRNA will be most likely taken up by epithelial cells on the luminal surface of the
respiratory tract. If a significant decrease in GFP intensity is observed in GFP-949/polymer
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treated mice compared to control mice, this would indicate that the specific polymer
promotes cellular uptake of siRNA in vivo.

[00437] siRNA inhibition of influenza virus infection in mice. In addition to the above
GFP-949 study in GFP transgenic mice, a number of the most effective polymers in
promoting siRNA uptake in mice will be examined using siRNA specific for influenza virus,
such as NP-1496 or more likely two or three siRNA “cocktails”. For the initial study,
siRNA/polymer complexes and influenza virus will be introduced into mice at the same time
by mixing siRNA/polymer complexes and virus before instillation. Graded doses of
siRNA/polymer complexes and PR8 virus (at a predetermined dose) will be used. As
controls, mice will be given siRNA alone, or polymers alone, or nothing, or GFP-
949/polymer. At various times following infection (e.g., 2-3 days, or longer, €.g., several
days or a week or more) after infection, nasal lavage will be prepared and lungs Wi11 be

homogenized to elute virus by freeze and thaw. The virus titer in the lavage and the lungs

" will be measured by hemagglutination. If the titer turns out to be too low to detect by

hemagglutinin assay, virus will be amplified in MDCK cells before hemagglutinin assay.
For more accurate determination of virus titer, plaque assays will be performed on selected
samples.

[00438] If asingle dose of siRNA/polymer is not effective in inhibiting influenza
infection, multiple administrations of siRNA (at a relatively high dosage) will be
investigated to determine whether multiple administrations are more effective. For example,
following the initial siRNA/polymer and virus administration, mice will be given
siRNA/polymer every 12 hrs for 2 days (4 doses). The titer of virus in the lung and nasal
lavage will be measured at various times after the initial infection.

[00439] Results from these experiments should show whether siRNAs are effective in
inhibiting influenza virus infection in the upper airways and the lungs, and point to the most
effective single dose. It is expected that multiple administrations of siRNA/polymer are
Jikely to be more effective than a single administration in treating influenza virus infection.
Other polymers or delivery agents may also be explored as well as different approaches for
siRNA/polymer delivery, e.g., those described below.

[00440]  siRNA/polymer delivery using large porous particles. Another efficient delivery
method to the upper airway and the lungs is using large porous particles originally
developed by Robert Langer’s group. In contrast to instillation, which is liquid-based, the
latter method depends on inhalation of large porous particles (dry-powder) carrying
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therapeutics. In their initial studies, they showed that double-emulsion solvent evaporation
of therapeutics and poly(lactic acid-co-glycolic acid) (PLGA) or poly(lactic acid-co-lysine-
grafi-lysine) (PLAL-Lys) leads to the generation of large porous particles (31). These
particles have mass densities less than 0.4 gram/cm® and mean diameters exceeding 5 pm.
They can be efficiently inhaled deep into the lungs because of their low densities. They are
also less efficiently cleared by macrophages in the lungs (57). Inhalation of large porous
insulin-containing particles by rats results in elevated systemic levels of insulin and
suppression of systemic glucose levels for 96 hrs, as compared to 4 hrs by small nonporous
particles.

[00441] A procedure for producing large porous particles using excipients that are either
FDA-approved for inhalation or endogenous to the lungs (or both) has been developed (58).
In this procedure, water-soluble excipients (i.e. lactose, albumin, etc.) and therapeutics were
dissolved in distilled water. The solution was fed to a Niro Atomizer Portable Spray Dryer
(Niro, Inc., Colombus, MD) to produce the dry powders, which have a mean geometric
diameters ranged between 3 and 15 um and tap density between 0.04 and 0.6 g/cm’.
[00442]  The spray-dry method will be used to produce large porous low-density particles
carrying siRNA/polymer described by Langer except that the therapeutics are replaced with
siRNA/polymer. The resulting particles will be characterized for porosity, density, and size
as described in (31, 58). Those that reach the aforementioned criteria will be administered
to anesthetized mice by forced ventilation using a Harvard ventilator. Depending on
whether siRNA specific for either GFP or influenza virus is used, different assays will be
performed as described above. If GFP expression or the virus titer in mice that are given
specific siRNA/polymer in large porous particles is significantly lower than in control mice,
aerosol inhalation via large porous particles would appear to be an effective method for
siRNA delivery.

[00443]  Prophylactic and therapeutic application of siRNAs/polymer complexes. The
efficacy of siRNA/polymer complexes as prophylaxis or therapy for influenza virus
infection in mice will be examined. Assuming a single dose of siRNA/polymer complexes
is effective, the length of time after their administration over which the siRNAs remain
effective in interfering with influenza infection will be assessed. siRNA/polymer complexes
will be administered to mice by instillation or large porous aerosols (depending on which
one is more effective as determined above). Mice will be infected with influenza virus

immediately, or 1, 2, or 3 days later, and virus titer in the nasal lavage and the lung will be
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measured on 24 or 48 hrs after virus infection. If siRNA is found to be still effective after 3
days, mice will be infected 4, 5, 6, and 7 days after siRNA/polymer administration, and
tissues will be harvested for assaying virus titer 24 hrs after the infection. Results from
these experiments will likely reveal how long after administration, siRNAs remain effective
in interfering with virus production in mice and will guide use in humans.

[00444] To evaluate therapeutic efficacy of siRNAs, mice will be infected with influenza
virus and then given siRNA/polymer complexes at different times after infection.
Specifically, mice will be infected intranasally, and then given an effective dose (as
determined above) of siRNA/polymer immediately, or 1, 2, or 3 days later. As controls,
mice will be given GFP-949 or no siRNA at all immediately after infection. The virus titer
in the nasal lavage and the ung will be measured 24 or 48 hrs after siRNA administration.
[00445] In addition, mice will be infected with a lethal dose of influenza virus and into
five groups (5-8 mice per group). Group 1 will be giveﬁ an effective dose of
siRNA/poiymer complexes immediately. Groups 2 to 4 will be given an effective dose of
siRNA/polymer complexes on day 1 to 3 after infection, respectively. Groups 5 will be
given GFP-specific siRNA immediately after infection and used as controls. Survival of the
infected mice will be followed. Results from these experiments will likely reveal how long

after infection administration of siRNAs still exerts a therapeutic effect in mice.

[00446] Example 11: Inhibition of influenza virus infection by siRNAs transcribed from
templates provided by DNA vectors or lentiviruses

[00447]  Rationale: Effective siRNA therapy of influenza virus infection depends on the
ability to deliver a sufficient amount of siRNA into appropriate cells in vivo. To prevent the
emergence of resistant virus, it may be preferable to use two or three siRNAs together.
Simultaneous delivery of two or three siRNAs into the same cells will require an efficient
delivery system. As an alternative to the approaches described above, the use of DNA
vectors from which siRNA precursots can be transcribed and processed into effective
siRNAs will be explored.

[00448] We have previously shown that siRNA transcribed from a DNA vector can
inhibit CD8o, expression to the same extent as synthetic siRNA introduced into the same
cells. Specifically, we found that one of the five siRNAs designed to target the CD8a. gene,
referred to as CD8-61, inhibited CD8 but not CD4 expression in a mouse CD8 CD4" T cell
line (27). By testing various hairpin derivatives of CD8-61 siRNA, we found that CD8-61F
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had a similar inhibitory activity as CD8-61 (Figures 20A and 20B) (59). Because ofits
hairpin structure, CD8-61F was constructed into pSLOOP III, a DNA vector (Figure 20C) in
which CD8-61F was driven by the HI RNA promoter. The H1 RNA promoter is compact
(60) and transcribed by polymerase I1I (pol IIT). The Pol III promoter was used because it
normally transcribes short RNAs and has been used to generate siRNA-type silencing
previously (61). To test the DNA vector, we used HeLa cells that had been transfected with
a CD8a expressing vector. As shown in Figure 20D, transient transfection of the pSLOOP
TII-CD8-61F plasmid into CD8c-expressing HeLa cells resulted in reduction of CD8a
expression to the same extent as HeLa cells that were transfected with synthetic CD8-61
siRNA. In contrast, transfection of a promoter-less vector did not significantly reduce
CD8o. expression. These results show that a RNA hairpin can be transcribed from a DNA
vector and then processed into siRNA for RNA silencing. A similar approach will be used
to design DNA vectors that express siRNA precursors specific for the influenza virus.
[00449] Investigation of siRNA transcribed from DNA templates in cultured cells. To
express siRNA precursors from a DNA vector, hairpin derivatives of siRNA (specific for
influenza virus) that can be processed into siRNA duplexes will be designed. In addition,
vectors from which two or more siRNA precursors can be transcribed will be produced. To
speed up these investigations, GFP-949 and NP-1496 siRNAs will be used in MDCK cells
that express GFP. Following the CD8-61F design, hairpin derivatives of GFP-949 and NP-
1496, referred to as GFP-949H and NP-1496H, respectively will be synthesized (Figure
21A).

[00450] Both GFP-949 and GFP-949H will be electroporated into GFP-expressing
MDCK cells. NP-1496 or mock electroporation will be used as negative controls. 24 and
48 trs later, cells will be assayed for GFP expression by flow cytometry. If the percentage
of GFP-positive cells and the intensity of GFP level are significantly reduced in cultures that
are given GFP-949H, the hairpin derivative’s effectiveness will have been demonstrated. Its
efficacy will be indicated by comparing GFP intensity in cells given standard GFP-949.
[00451] Similarly, NP-1496 and NP-1496H will be electroporated into MDCK cells.
GFP-949 or mock electroporation will be used as negative controls. 8 hrs later after
transfection, cells will be infected with PR8 or WSN virus. The virus titers in the culture
supernatants will be measured by hemagglutination 60 hrs after the infection. If the virus
titer is significantly reduced in cultures given NP-1496H, the hairpin derivative inhibits

virus production. It is expected that the hairpin derivatives will be functional based on
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studies with CD8-61F. If not, different designs of hairpin derivatives similar to those
described in (59, 61, 62) will be synthesized and tested.

[00452]  Designing DNA vectors and testing them in cultured cells. Once GFP-949H and
NP-1496H are shown to be functional, the corresponding expression vectors will be
constructed. GFP-949H and NP-1496H will be cloned individually behind the H1 promoter
in the pSLOOP III vector (Figure 21C, top). The resulting vectors will be transiently
transfected into GFP-expressing MDCK cells by electroporation. Transfected cells will be
analyzed for GFP intensity or infected with virus and assayed for virus production. The U6
Pol III promoter, which has also been shown to drive high levels of siRNA precursor
expression will be tested this in addition to other promoters to identify a potent one for
siRNA precursor transcription.

[00453]  Once vectors that transcribe a single siRNA precursor are shown to be effective,
vectors that can transcribe two siRNA precursors will be constructed. For this purpose, both
GFP-949H and NP-1496H will be cloned into pSLOOP III vector in tandem, either GFP-
949 at the 5’ and NP-1496H at the 3°, or the other way around (Figure 21C, middle). In
the resulting vectors, the two siRNA precursors will be linked by extra nucleotides present
in the hairpin structure (Figure 21B). Because it is not known whether two siRNAs can be
processed from a single transcript, vectors in which both GFP-949H and NP-1496H are
transcribed by independent promoters will also be constructed (Figure 21C, bottom).
[00454] Because transfection efficiency in MDCK cells is about 50%, transient
transfection may not be ideal for evaluating vectors that encode two siRNA precursors.
Therefore, stable transfectants will be established by electroporating GFP-expressing
MDCK cells with linearized vectors plus a neo-resistant vector. DNA will be isolated from
multiple transfectants to confirm the presence of siRNA expressing vectors by Southern
blotting. Positive transfectants will be assayed for GFP expression to determine if GFP-
specific siRNA transcribed from the stably integrated vector can inhibit GFP expression.
Those transfectants in which GFP expression is inhibited will be infected with PR8 or WSN
virus and the virus titer will be measured by hemagglutination. The finding that both GFP
expression and virus production are inhibited in a significant fraction of transfectants would
establish that two siRNA precursors can be transcribed and processed from a single DNA
vector.

[00455] Constructing vectors from which a single siRNA precursor will be transcribed

should be straightforward because a similar approach has been successfully used in previous
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studies (59). Since many studies have shown that two genes can be transcribed
independently from the same vector using identical promoter and termination sequences, it
is likely that two siRNA precursors can be transcribed from the same vector. In the latter
approach, siRNA precursors are independently transcribed. The length of the resulting
dsRNA precursors is likely less than 50 nucleotides. In contrast, when two siRNA
precursors are transcribed in tandem (Figure 21B and C), fhe resulting dsRNA precursor
would be longer than 50 nucleotides. The presence of dsRNA longer than 50 nucleotides
activates an interferon response in mammalian cells (22, 23). Thus, another advantage of
independent transcription of two siRNA precursors from the same vector is that it would
avoid an interferon response. Interferon inhibits virus infection and therefore could be
useful, but the response also shuts down many metabolic pathways and therefore interferes
with cellular function (63).

[00456] To determine if an interferon response is induced in MDCK cells transfected
with various DNA vectors, the level of total and phosphorylated dsRNA-dependent protein
kinase (PKR) will be assayed since phosphorylation of PKR is required for the interferon
response (23). Cell lysates prepared from vector- and mock-transfected cells will be
fractionated on SDS-PAGE. Proteins will be transferred onto a membrane and the
membrane probed with antibodies specific to phosphorylated PKR or total PKR. If the
assay is not sufficiently sensitive, immunoprecipitation followed by Western blotting will be
performed. If no difference in the level of activated PKR is detected, dsRNA precursors
transcribed from the DNA vectors do not activate the interferon response. Preferred DNA
vectors for intracellular synthesis of siRNAs do not activate the interferon response, and the
invention thus provides such vectors.

[00457] Investigation of DNA vectors in mice. Once it is shown that siRNA transcribed
from DNA vectors can inhibit influenza virus production in MDCK cells, their efficacies in
mice will be investigated. To minimize the integration of introduced plasmid DNA into the
cellular genome, supercoiled DNA will be used for transient expression. The other
advantage of transient expression is that the level of expression tends to be high, probably
because the plasmid copy numbers per cell is high prior to integration. To facilitate DNA
transfection in mice, cationic polymers that have been developed for gene therapy, including
imidozole group-modified PLL, PEL PVP, and PAE as described in Example 8, will be

used.
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[00458] Specifically, DNA vectors expressing GFP-949H or NP-1496H alone or both
NP-1496H and GFP-949H will be mixed with specific polymers at a predetermined ratio.
Graded amounts of the complexes plus PR8 or WSN virus will be introduced into
anesthetized GFP transgenic mice by instillation. As controls, mice will be given DNA
alone, or polymers alone, or nothing. Two and three days after infection, nasal lavage and
Jungs will be harvested for assaying for virus titer as described in Example 10. In addition,
the upper airways and the lung sections will be examined for reduction in GFP expression.
[00459] DNA/polymer complexes will also be administered multiple times, e.g. together
with the virus initially and once a day for the following two days. The effect of multiple
administrations will be examined on day 3 after the infection. In addition, DNA vectors that
encode two or three influenza-specific siRNA precursors will be constructed and their
efficacies in inhibiting influenza infection in mice will be tested.

[00460] Lentiviruses. The constructs described above will be inserted into lentiviral
transfer plasmids and used for production of infectious lentivirus. The lentivirus thus
provides a template for synthesis of sSIRNA within cells infected with the virus. The ability
of lentiviral vectors to inthibit production of influenza virus will be tested in tissue culture
and in mice as described above for DNA vectors. The lentiviruses may be administered to
mice using any of the delivery agents of the invention or delivery agents previously used for

administration of lentivirus or other viral gene therapy vectors.

[00461] Example 12: Inhibition of influenza virus production in mice by siRNAs

[00462] This example describes experiments showing that administration of siRNAs
targeted to influenza virus NP or PA transcripts inhibit production of influenza virus in mice
when administered either prior to or following infection with influenza virus. The jnhibition
is dose-dependent and shows additive effects when two siRNAs targeted to transcripts
expressed from two different influenza virus genes were administered together.

[00463] Materials and Methods

[00464]  SiRNA preparation. This was performed as described above.

[00465] SiRNA delivery. siRNAs (30 or 60 pg of GFP-949, NP-1496, or PA-2087) were
incubated with jetPEI™ for oligonucleotides cationic polymer transfection reagent, N/P
ratio = 5 (Qbiogene, Inc., Carlsbad, CA; Cat. No. GDSP20130; N/P refers to the number of
nitrogen residues per nucleotide phosphate in the jetPEI reagent) or with poly-L-lysine (MW
(vis) 52,000; MW (LALLS) 41,800, Sigma Cat. No. P2636) for 20 min at room temperature
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in 5% glucose. The mixture was injected into mice intravenously, into the retro-orbital vein,
200 pl per mouse, 4 mice per group. 200 pl 5% glucose was injected into control (no
treatment) mice. The mice were anesthetized with 2.5% Avertin before siRNA injection or
intranasal infection.

[00466] Viral infection. B6 mice (maintained under standard laboratory conditions) were
intranasally infected with PR8 virus by dropping virus-containing buffer into the mouse's
nose with a pipeite, 30 ul (12,000 pfu) per mouse.

[00467] Determination of viral titer. Mice were sacrificed at various times following
infection, and lungs were harvested. Lungs were homogenized, and the homogenate was
frozen and thawed twice to release virus. PRS virus present in infected lungs was titered by
infection of MDCK cells. Flat-bottom 96-well plates were seeded with 3x10* MDCK cells
per well, and 24 hrs later the serum-containing medium was removed. 25 pl of lung
homogenate, either undiluted or diluted from 1x107 to 1x107, was inoculated into triplicate
wells. After 1h incubation, 175 ul of infection medium with 4 pg/ml of trypsin was added to
each well. Following a 48 h incubation at 37°C, the presence or absence of virus was
determined by hemagglutination of chicken RBC by supernatant from infected cells. The
hemagglutination assay was carried out in V-bottom 96-well plates. Serial 2-fold dilutions
of supernatant were mixed with an equal volume of a 0.5% suspension (vol/vol) of chicken
erythrocytes (Charles River Laboratories) and incubated on ice for 1 h. Wells containing an
aadherent, homogeneous layer of erythrocytes were scored as positive. The virus titers were
determined by interpolation of the dilution end point that infected 50% of wells by the
method of Reed and Muench (TCIDsg). The data from any two groups were compared by
Student t test, which was used throughout the experiments described herein to evaluate
significance.

[00468] Results

[00469] Figure 22A shows results of an experiment demonstrating that siRNA targeted to
viral NP transcripts inhibits influenza virus production in mice when administered prior to
infection. 30 or 60 pug of GFP-949 or NP-1496 siRNAs were incubated with jetPEI and
injected intravenously into mice as described above in Materials and Methods. Three hours
later mice were intranasally infected with PR8 virus, 12000 pfu per mouse. Lungs were
harvested 24 hours after infection. As shown in Figure 22A, the average log;oTCIDs of the
Jung homogenate for mice that received no siRNA treatment (NT; filled squares) or received

an siRNA targeted to GFP (GFP 60 pg; open squares) was 4.2. In mice that were pretreated
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with 30 pg siRNA targeted to NP (NP 30 pg; open circles) and jetPEI, the average
logioTCIDs of the lung homogenate was 3.9. In mice that were pretreated with 60 pg
SiRNA targeted to NP (NP 60 pg; filled circles) and jetPEL the average log1oTCIDsg of the
lung homogenate was 3.2. The difference in virus titer in the lung homogenate between the
group that received no treatment and the group that received 60 pg NP siRNA was
significant with P = 0.0002. Data for individual mice are presented in Table 6A (NT = no
treatment).

[00470] Figure 22B shows results of another experiment demonstrating that siRNA
targeted to viral NP transcripts inhibits influenza virus production in mice when
administered intravenously prior to infection in a composition containing the cationinc
polymer PLL. 30 or 60 pg of GFP-949 or NP-1496 siRNAs were incubated with PLL and
injected intravenously into mice as described above in Materials and Methods. Three hours
later mice were intranasally infected with PR8 virus, 12000 pfu per mouse. Lungs were
harvested 24 hours after infection. As shown in Figure 22B, the average logi0TCIDso of the
lung homogenate for mice that received no siRNA treatment (NT; filled squares) or received
an siRNA targeted to GFP (GFP 60 pg; open squares) was 4.1. In mice that were pretreated
with 60 pg siRNA targeted to NP (NP 60 pg; filled circles) and PLL, the average
1og10TCIDs of the lung homogenate was 3.0. The difference in virus titer in the lung
homogenate between the group that received 60 ug GFP and the group that received 60 pg
NP siRNA was significant with P = .001. Data for individual mice are presented in Table 6A
(NT = no treatment). These data indicate that siRNA targeted to the influenza NP transcript
reduced the virus titer in the lung when administered prior to virus infection. They also
indicate that mixtures of siRNAs with cationic polymers are effective agents for the
inhibition of influenza virus in the lung when administered by intravenous injection, not

requiring techniques such as hydrodynamic transfection.

[00471] Table 6A. Inhibition of influenza virus production in mice by siRNA with

cationic polymers

Treatment log1oTCIDS0
NT (jetPEI experiment) 4.3 4.3 4.0 4.0
GFP (60 ug) + jetPEI 4.3 4.3 4.3 4.0
NP (30 pg) + jetPEL 4.0 4.0 3.7 3.7
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NP (60 pg) + jetPEI 3.3 33 3.0 3.0
NT (PLL experiment) 4.0 4.3 4.0 4.0
GFP (60 pg) + PLL 4.3 4.0 4.0 (not done)
NP (60 pg) + PLL 3.3 3.0 3.0 2.7

[00472] Figure 22C shows results of a third experiment demonstrating that siRNA
targeted to viral NP transcripts inhibits influenza virus production in mice when
administered prior to infection and demonstrates that the presence of a cationic polymer
significantly increases the inhibitory efficacy of siRNA. 60 pg of GFP-949 or NP-1496
siRNAs were incubated with phosphate buffered saline (PBS) or jetPEI and injected
intravenously into mice as described above in Materials and Methods. Three hours later
mice were intranasally infected with PR8 virus, 12000 pfu per mouse. Lungs were
harvested 24 hours after infection. As shown in Figure 22C, the average log1oTCIDs of the
lung homogenate for mice that received no siRNA treatment (NT; open squares) was 4.1,
while the average log1oTCIDs of the lung homogenate for mice that received an siRNA
targeted to GFP in PBS (GFP PBS; open triangles) was 4.4. In mice that were pretreated
with 60 pg siRNA targeted to NP in PBS (NP PBS; open circles) the average 1og;oTCIDso of
the lung homogenate was 4.2, showing only a modest increase in efficacy relative to no
treatment or treatment with an siRNA targeted to GFP. In mice that were pretreated with 60
png siRNA targeted to GFP in jetPEI (GFP PEL open circles), the average log1oTCIDs of the
lung homogenate was 4.2. However, in mice that received 60 pg siRNA targeted to NP in
jetPEI (NP PEL closed circles), and jetPEI, the average logioTCIDso of the lung
homogenate was 3.9. In mice that were pretreated with 60 pg siRNA targeted to NP and
jetPEI (NP PEL filled circles), the average log;0TCIDs of the lung homogenate was 3.2.
The difference in virus titer in the lung homogenate between the group that received GFP
siRNA in PBS and the group that received NP siRNA in PBS was significant with P = 0.04,
while the difference in virus titer in the lung homogenate between the group that received
GFP siRNA with jetPEI and the group that received NP siRNA with jetPEI was highly
significant with P = 0.003. Data for individual mice are presented in Table 6B (NT =no
treatment).
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[00473] Table 6B. Inhibition of influenza virus production in mice by siRNA showing

increased efficacy with cationic polymer

Treatment log1oTCIDS0
NT 4.3 4.3 4.0 3.7
GFP (60 pg) + PBS 4.3 4.3 4.7 4.3
NP (60 pg) + PBS 3.7 43 4.0 4.0
GPP (60 pg) + jetPEI 4.3 43 4.0 3.0
NT (60 pg) + jetPEI 33 3.0 3.7 3.0

[00474] Figure 23 shows results of an experiment demonstrating that siRNAs targeted to
different influenza virus transcripts exhibit an additive effect. Sixty pg of NP-1496 siRNA,
| 60 pg PA-2087 siRNA, or 60 pg NP-1496 siRNA + 60 ug PA-2087 siRNA were incubated
with jetPEI and injected intravenously into mice as described above in Materials and
Methods. Three hours later mice were intranasally infected with PR8 virus, 12000 pfu per
mouse. Lungs were harvested 24 hours after infection. As shown in Figure 23, the average
log10TCIDs of the lung homogenate for mice that received no siRNA treatment (NT; filled
squares) was 4.2. In mice that received 60 ug siRNA targeted to NP (NP 60 pg; open
circles), the average logioTCIDso of the lung homogenate was 3.2. In mice that received 60
ng siRNA targeted to PA (PA 60 pg; open triangles), the average logioTCIDso of the lung
homogenate was 3.4. In mice that received 60 pg siRNA targeted to NP + 60 pg siRNA
targeted to PA (NP + PA,; filied circles), the average logoTCIDsp of the lung homogenate
was 2.4. The differences in virus titer in the lung homogenate between the group that
received no treatment and the groups that received 60 pg NP siRNA, 60 pg PA siRNA, or
60 pug NP siRNA + 60 ug PA siRNA were significant with P = 0.003, 0.01, and 0.0001,
respectively. The differences in lung homogenate between the groups that received 60 pg
NP siRNA or 60 pg NP siRNA and the group that received 60 pg NP siRNA + 60 pg PA
YsiRNA were significant with P = 0.01. Data for individual mice are presented in Table 7
(NT = no treatment). These data indicate that pretreatment with siRNA targeted to the
influenza NP or PA transcript reduced the virus titer in the lungs of mice subsequently
infected with influenza virus. The data further indicate that a combination of siRNA
targeted to different viral transcripts exhibit an additive effect, suggesting that therapy with a

combination of siRNAs targeted to different transcripts may allow a reduction in dose of
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each siRNA, relative to the amount of a single siRNA that would be needed to achieve equal
efficacy. It is possible that certain siRNAs targeted to different transcripts may exhibit
synergistic effects (i.e., effects that are greater than additive). The systematic approach to
identification of potent siRNAs and siRNA combinations may be used to identify siRNA

compositions in which siRNAs exhibit synergistic effects.

[00475] Table 7. Additive effect of siRNA against influenza virus in mice

Treatment logoTCIDS0
NT 4.3 4.3 4.0 4.0
NP (60 pg) 3.7 3.3 3.0 3.0
PA (60 pg) 3.7 3.7 3.0 3.0
NP+PAGOKE ], , 2.7 2.3 2.0
each)

[00476] Figure 24 shows results of an experiment demonstrating that siRNA targeted to
viral NP transcripts inhibits influenza virus production in mice when administered following
infection. Mice were intranasally infected with PR8 virus, 500 pfu. Sixty pg of GFP-949
siRNA, 60 pg PA-2087 siRNA, 60 pg NP-1496 siRNA, or 60 ug NP siRNA + 60 pg PA
siRNA were incubated with jetPEI and injected intravenously into mice 5 hours later as
described above in Materials and Methods. Lungs were harvested 28 hours after
administration of siRNA. As shown in Figure 24, the average logi¢TCIDs, of the lung
homogenate for mice that received no siRNA treatment (NT; filled squares) or received the
GFP-specific siRNA GFP-949 (GFP; open squares) was 3.0. In mice that received 60 pg
siRNA targeted to PA (PA 60 pg; open triangles), the average log;oTCIDso of the lung
homogenate was 2.2. In mice that received 60 pg siRNA targeted to NP (NP 60 pg; open
circles), the average log;¢TCIDs of the lung homogenate was 2.2. In mice that received 60
ng NP siRNA + 60 pug PA siRNA (PA + NP; filled circles), the average log1oTCIDs of the
lung homogenate was 1.8. The differences in virus titer in the lung homogenate between the
group that received no treatment and the groups that received 60 pg PA, NP siRNA, or 60
pg NP siRNA + 60 pg PA siRNA were significant with P = 0.09, 0.02, and 0.003,
respectively. The difference in virus titer in the lung homogenate between the group that
received NP siRNA and PA + NP siRNAs had a P value of 0.2. Data for individual mice are
presented in Table 8 (NT = no treatment). These data indicate that siRNA targeted to the
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influenza NP and/or PA transcripts reduced the virus titer in the lung when administered

following virus infection.

[00477] Table 8. Inhibition of influenza virus production in infected mice by siRNA

Treatment logoTCID50
NT 3.0 3.0 3.0 3.0
GFP (60 pg) 3.0 ' 3.0 3.0 2.7
PA (60 pg) 2.7 2.7 2.3 1.3
NP (60 pg) 2.7 2.3 2.3 1.7
NP+ PA (60 g 2.3 2.0 1.7 13
each)

[00478]  Example 13: Inhibition of influenza virus production in cells by administration of
a lentivirus that provides a template for production of shRNA

[00479] Materials and Methods

[00480]  Cell culture. Vero cells were seeded in 24-well plates at 4x1 0° cells per well in 1
ml of DMEM-10%FCS and were incubated at 37°C under 5% COs.

[00481]  Production of lentivirus that provides a template for shRNA production. An

oligonucleotide that serves as a template for synthesis of an NP-1496a shRNA (see Figure
25A) was cloned between the U6 promoter and termination sequence of lentiviral vector
pLL3.7 (Rubinson, D., et al, Nature Genetics, Vol. 33, pp. 401-406, 2003), as depicted
schematically in Figure 25A. The oligonucleotide was inserted between the Hpal and Xhol
restriction sites within the multiple cloning site of pLL3.7. This lentiviral vector also
expresses EGFP for easy monitoring of transfected/infected cells. Lentivirus was produced
by co-transfecting the DNA vector comprising a template for production of NP-1496a
shRNA and packaging vectors into 293T cells. Forty-cight h later, culture supernatant
containing lentivirus was collected, spun at 2000 rpm for 7 min at 4°C and then filtered
through a 0.45 um filter. Vero cells were seeded at 1 x 10° per well in 24-well plates. After
overnight culture, culture supernatants containing that contained the insert (either 0.25 ml or
1.0 ml) were added to wells in the presence of 8 ug/ml polybrene. The plates were then
centrifuged at 2500 rpm, room temperature for 1h and returned to culture. Twenty-four h
after infection, the resulting Vero cell lines (V ero-NP-0.25, and Vero-NP-1.0) were analyzed
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for GFP expression by flow cytometry along with parental (non-infected) Vero cells. Itis
noted that NP-1496a differs from NP-1496 due to the inadvertent inclusion of an additional
nucleotide (A) at the 3 end of the sense portion and a complementary nucleotide (U) at the
5° end of the antisense portion, resulting in a duplex portion that is 20 nt in length rather
than 19 as in NP-1496. (See Table 2). According to other embodiments of the invention
NP-1496 sequences rather than NP-1496a sequences are used. In addition, the loop portion
of NP-1496a shRNA differs from that of NP-1496 shRNA shown in Figure 21.

[00482]  Influenza virus infection and determination of viral titer. Control Vero cells and
Vero cells infected with lentivirus containing the insert (Vero-NP-0.25 and Vero-NP-1 .0)
were infected with PRS8 virus at MOI of 0.04, 0.2 and 1. Influenza virus titers in the
supernatants were determined by hemagglutination (HA) assay 48 hrs after infection as
described in Example 12.

[00483] Results

[00484] Lentivirus containing templates for production of NP-1496a shRNA were tested
for ability to inhibit influenza virus production in Vero cells. The NP-1496a shRNA

includes two complementary regions capable of forming a stem-loop structure containing a
double-stranded portion that has the same sequence as the NP-1496a siRNA described
above. As shown in Figure 25B, incubation of lentivirus-containing supernatants with Vero
cells overnight resulted in expression of EGFP, indicating infection of Vero cells by
lentivirus. The shaded curve represents mean fluorescence intensity in control cells
(uninfected). When 1 ml of supernatant was used, almost all cells became EGFP positive
and the mean fluorescence intensity was high (1818) (Vero-NP-1.0). When 0.25 ml of
supernatant was used, most cells (~95%) were EGFP positive and the mean fluorescence
intensity was lower (503) (Vero-NP-0.25).

[00485] Parental Vero cells and lentivirus-infected Vero cells were then infected with
influenza virus at MOI of 0.04, 0.2, and 0.1, and virus titers were assayed 48 hrs after
influenza virus infection. With increasing MO, the virus titers increased in the supernatants
of parental Vero cell cultures (Figure 25C). In contrast, the virus titers remained very low in
supernatants of Vero-NP-1.0 cell cultures, indicating influenza virus production was
inhibited in these cells. Similarly, influenza virus production in Vero-NP-0.25 cell cultures
was also partially inhibited. The viral titers are presented in Table 9. These results suggest
that NP-1496 shRNA expressed from lentivirus vectors can be processed into siRNA to
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inhibit influenza virus production in Vero cells. The extent of inhibition appears to be

proportional to the extent of virus infection per cell (indicated by EGFP level).

[00486] Table 9. Inhibition of influenza virus production by siRNA expressed in cells in

tissue culture

Cell Line ‘ Viral Titer
Vero 16 64 128
Vero-NP-0.25 |8 32 64
Vero-NP-1.0 1 4 8

[00487]  Example 14: Inhibition of influenza production in mice by intranasal
administration of a DNA vector from which siRNA precursors can be transcribed

[00488] Materials and Methods

[00489]  Construction of plasmids that serves as template for shRNA. Construction of a
plasmid from which NP-1496a shRNA is expressed is described in Example 13.
Oligonucleotides that serve as templates for synthesis of PB1-2257 shRNA or RSV-specific

shRNA were cloned between the U6 promoter and termination sequence of lentiviral vector
pLL3.7 as described in Example 13 and depicted schematically in Figure 25A for NP-1496a
shRNA. The sequences of the oligonucleotides were as follows:

[00490] NP-1496a sense:

5- TGGATCTTA’ITTCTTCGGAGATTCAAGAGATCTCCGAAGAAATAAGATCCTTTTTTC—3 ’
(SEQ ID NO: 179)

[00491] NP-1496a antisense:

5. TCGAGAAAAAAGGATCTTATTTCTTCGGAGATCTCTTGAATCTCCGAAGAAATAAGATCCA-3’
(SEQ ID NO: 180)

[00492] PB1-2257 sense:

5 TGATCTGTTCCACCATTGAATTCAAGAGATTCAATGGTGGAACAGATCTTTTTTC-3’ (SEQ ID
NO: 181)

[00493] PB1-2257 antisense

5. TCGAGAAAAAAGATCTGTTCCACCATTGAATCTCTTGAATTCAATGGTGGAACAGATCA-3’
(SEQ ID NO: 182)

[00494] RSV sense:

5. TGCGATAATATAACTGCAAGATTCAAGAGATCTTGCAGTTATATTATCGTTTTTTC-3’ (SEQ ID
NO: 183)

[00495] RSV antisense:
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5% TCGAGAAAAAACGATAATATAACTGCAAGATCTCTTGAATCTTGCAGTTATATTATCGCA—3 ’
(SEQ ID NO: 184)

[00496] The RSV shRNA expressed from the vector comprising the above
oligonucleotide is processed in vivo to generate an siRNA having sense and antisense
strands with the following sequences:

[00497] Sense: 5".CGATAATATAACTGCAAGA-3' (SEQ ID NO: 185)

[00498] Antisense: 5. TCTTGCAGTTATATTATCG-3' (SEQ ID NO: 186)

[00499] A PA-specific hairpin may be similarly constructed using the following
oligonucleotides:

[00500] PA-2087 sense:

5’-TGCAATTGAGGAGTGCCTGATTCAAGAGATCAGGCACTCCTCAATTGCTTTTTTC—3’ (SEQID
NO: 187)
[00501] PA-2087 antisense:

5. TCGAGAAAAAAGCAATTGAGGAGTGCCT! GATCTCTI‘GAATCAGGCACTCCTCAATTGCA-3 ’
(SEQ ID NO: 270)

[00502] Viral infection and determination of viral titer. These were performed as
described in Example 12.

[00503] DNA Delivery. Plasmid DNAs capable of serving as templates for expression of
NP-1496a ShRNA, PB1-2257 shRNA, or RSV-specific shRNA (60 pg each) were
individually mixed with 40 pl Infasurf ® (ONY, Inc., Amherst NY) and 20 pl of 5% glucose
and were administered intranasally to groups of mice, 4 mice each group, as described
above. A mixture of 40 pl Infasurf and 20 pl of 5% glucose was administered to mice in the
no treatment (NT) group. The mice were intranasally infected with PR8 virus, 12000 pfu
per mouse, 13 hours later, as described above. Lungs were harvested and viral titer
determined 24 hours after infection.

[00504] Resulis

[00505] The ability of sShRNAs expressed from DNA vectors to inhibit influenza virus
infection in mice was tested. For these experiments, plasmid DNA was mixed with Infasurf,
a natural surfactant extract from calf lung similar to vehicles previously shown to promote
gene transfer in the lung (74). The DNA/ Infasurf mixtures were instilled into mice by
dropping the mixture into the nose using a pipette. Mice were infected with PR8 virus,
12000 pfu per mouse, 13 hours later. Twenty-four hrs after influenza virus infection, lungs
were harvested and virus titers were measured by MDCK/hemagglutinin assay.

[00506] As shown in Figure 26, virus titers were high in mice that were not given any

plasmid DNA or were given a DNA vector eXpressing a respiratory syncytial virus (RSV)-
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specific SlRNA. Lower virus titers were observed when mice were given plasmid DNA that
expresses either NP-1496a shRNA or PB1-2257 shRNA. The virus titers were more
significantly decreased when mice were given both influenza-specific plasmid DNAs
together, one expressing NP-1496a shRNA and the other expressing PB1-2257 shRNA.

The average log1oTCIDsp of the lung homogenate for mice that received no treatment (NT;
open squares) or received a plasmid encoding an RSV-specific sShRNA (RSV; filled squares)
was 4.0 or 4.1, respectively. In mice that received plasmid capable of serving as a template
for NP-1496a shRNA (NP; open circles), the average 10g10TCIDso of the lung homogenate
was 3.4. In mice that received plasmid capable of ‘serving as a template for PB1-2257
shRNA (PB; open triangles), the average 10g10TCIDso of the lung homogenate was 3.8. In
mice that received plasmids capable of serving as templates for NP and PB shRNAs (NP +
PB1; filled circles), the average logi1oTCIDso of the lung homogenate was 3.2. The

differences in virus titer in the lung homogenate between the group that received no

‘treatment or RSV-specific ShRNA plasmid and the groups that received NP shRNA plasmid,

PB1 shRNA plasmid, or NP and PB1 shRNA plasmids had P values of 0.049, 0.124, and
0.004 respectively. Data for individual mice are presented in Table 10 (NT = no treatment).
Preliminary experiments involving intranasal administration of NP-1496 siRNA rather than
NP shRNA in the presence of PBS or jetPEI but in the absence of Infasurf did not result in,
offective inhibition of influenza virus. These results show that shRNA expressed from DNA
vectors can be processed into siRNA to inhibit influenza virus production in mice and
demonstrate that Infasurf is a suitable vehicle for the delivery of plasmids from which
shRNA can be expressed. In particular, these data indicate that shRNA targeted to the
influenza NP and/or PB1 transcripts reduced the virus titer in the lung when administered
following virus infection.

>>production.

[00507] Table 10. Inhibition of influenza virus production by shRNA expressed in mice

Treatment log;oTCIDS0

NT 4.3 4.0 4.0 4.3
RSV (60 pg) 4.3 4.0 4.0 4.0
NP (60 pg) 4.0 3.7 3.0 3.0
PB1 (60 pg) 4.0 4.0 3.7 33
NP + PB1 (60

3.7 33 3.0 3.0
pg each)
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[00508] Example 15: Cationic polymers promote cellular uptake of siRNA

[00509] Materials and Methods

[00510] Reagents. Poly-L-lysines of two different average molecular weights [poly-L-
lysine (MW (vis) 52,000; MW (LALLS) 41,800, Cat. No. P2636) and poly-L-lysine (MW
(vis) 9,400; MW (LALLS) 8,400, Cat. No. P2636], poly-L-arginine (MW 15,000-70,000
Cat. No. P7762) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

were purchased from Sigma. For purposes of description molecular weights obtained using
the LALLS method will be assumed, but it is to be understood that molecular weights are
approximate since the polymers display some heterogeneity in size.

[00511]  Gel retardation assay. sSiRNA-polymer complexes were formed by mixing 10 pl
of siRNA (10 pmol in 10 mM Hepes buffer, pH 7.2) with 10 pl of polymer solution
containing varying amounts of polymer. Complexes were allowed to form for 30 min at
room temperature, after which 20 pl was run on a 4% agarose gel. Bands were visualized
with ethidium-bromide staining.

[00512] Cytotoxicity assay. siRNA-polymer complexes were formed by mixing equal
amounts (50 pmol) of siRNA in 10 mM Hepes buffer, pH 7.2 with polymer solution
containing varying amounts of polymer for 30 min at room temperature. Cytotoxicity was
evaluated by MTT assay. Cells were seeded in 96-well plates at 30,000 cells per well in 0.2
ml of DMEM containing 10% fatal calf serum (FCS). After overnight incubation at 37°C,
the medium was removed and replaced with 0.18 ml OPTI-MEM (GIBCO/BRL). siRNA-
polymer complexes in 20 pl of Hepes buffer were added to the cells. After a 6-h incubation
at 37°C, the polymer-containing medium was removed and replaced with DMEM-10% FCS.
The metabolic activity of the cells was measured 24 h later using the MTT assay according
to the manufacturer’s instructions. Experiments were performed in triplicate, and the data
was averaged.

[00513]  Cell culture, transfection, siRNA-polymer complex formation, and viral titer
determination. Vero cells were grown in DMEM containing 10% heat-inactivated FCS, 2
mM L-glutamine, 100 units/m! penicillin, and 100 pg/ml streptomycin at 37°C under a 5%
CO2/95% air atmosphere. For transfection experiments, logarithmic-phase Vero cells were
seeded in 24-well plates at 4x10° cells per well in 1 ml of DMEM-10%FCS. After overnight
incubation at 37°C, siRNA-polymer complexes were formed by adding 50 pl of siRNA (400
pmol (about 700 ng) in 10 mM Hepes buffer, pH 7.2) to 50 pl of polymer vortexing.
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Different concentrations of polymer were used in order to achieve complete complex
formation between the siRNA and polymer. The mixture was incubated at room
temperature for 30 min to complete complex formation. The cell-growth medium was
removed and replaced with OPTI-MEM I (Life Technologies) just before the complexes
were added.

[00514]  After incubating the cells with the complexes for 6 h at 37°C under 5% CO,, the
complex-containing medium was removed and 200 pl of PR3 virus in infection medium,
MOI = 0.04, consisting of DMEM, 0.3% BSA (Sigma), 10 mM Hepes, 100 units/ml
penicillin, and 100 pg/ml streptomycin, was added to each well. After incubation for 1 h at
room temperature with constant rocking, 0.8 ml of infection medium containing 4 pg/ml
trypsin was added to each well and the cells were cultured at 37°C under 5% CO;. At
different times after infection, supernatants were harvested from infected cultures and the
virus titer was determined by hemagglutination (HA) assay as described above.

[00515] Transfection of siRNA by Lipofectamine 2000 (Life Technology) was carried
out according to the manufacturer’s instruction for adherent cell lines. Briefly, logarithmic-
phase Vero cells were seeded in 24-well plate at 4x10° cells per well in 1 ml of DMEM-
10%FCS and were incubated at 37°C under 5% CO,. On the next day, 50 ul of diluted
Lipofectamine 2000 in OPTI-MEM I were added to 5 0 ul of siRNA (400 pmol in OPTI-
MEM I) to form complexes. The cell were washed and incubated with serum-free medium.
The complexes were applied to the cells and the cells were incubated at 37°C for 6 h before
being washed and infected with influenza virus as described above. At different times after
infection, supernatants were harvested from infected cultures and the virus titer was
determined by hemagglutination (HA) assay as described above.

[00516] Resulis

[00517] The ability of poly-L-lysine (PLL) and poly-L-arginine (PLA) to form complexes
with siRNA and promote uptake of siRNA by cultured cells was tested. To determine
whether PLL and/or PLA form complexes with siRNA, a fixed amount of NP-1496 siRNA
was mixed with increasing amounts of polymer. Formation of polymer/siRNA complexes
was then visualized by electrophoresis in a 4% agarose gel. With increasing amounts of
polymer, electrophoretic mobility of siRNA was retarded (Figure 27A and 27B), indicating
complex formation. Figures 27A and 27B represent complex formation between siRNAs
and PLL (41.8K) or PLA, respectively. The amount of polymer used in each panel increases
from left to right. In Figures 27A and 27B in each panel, a band can be seen in the lanes on
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the left, indicating lack of complex formation and hence entry of the siRNA into the gel and
subsequent migration. As one moves {0 the right, the band disappears, indicating complex
formation and failure of the complex to enter the gel and migrate.

[00518] To investigate cytotoxicity of siRNA/polymer complexes, mixtures of siRNA
and PLL or PLA at different ratios were added to Vero cell cultures in 96-well plates. The
metabolic activity of the cells were measured by MTT assay (74). Experiments were
performed in triplicate, and data was averaged. Cell viability was significantly reduced with
increasing amounts of PLL (MW ~42K) whereas PLL (~8K) showed significantly lower
toxicity, exhibiting minimal or no toxicity at PLL/ siRNA ratios as high as 4:1 (Figure 28A;
circles = PLL (MW~ 8K); squares = PLL (MW ~ 42K)). Cell viability was reduced with
increasing PLA/siRNA ratios as shown in Figure 28B, but viability remained above éO% at
PLA/siRNA ratios as high as 4.5:1. The polymer/siRNA ratio is indicated on the x-axis in
Figures 28A and 28B. The data plotted in Figures 28A and 28B are presented in Tables 11
and 12. In Table 11 the numbers indicate % viability of cells following treatment with
polymer/siRNA complexes, relative to % viability of untreated cells. ND = Not done. In
Table 12 the numbers indicate PLA/siRNA ratio, % survival, and standard deviation as

shown.

[00519] Table 11. Cytotoxicity of PLI/siRNA complexes (% survival)

Treatment polymer/siRNA ratio
0.5 1.0 2.0 4.0 8.0 16.0
PLL ~8.4K 92.26 83.57 84.39 41.42 32.51 ND
PLL ~41.8K ND 100 100 100 82.55 69.63

[00520] Table 12. Cytotoxicity of PLA/sIRNA complexes (% survival)

polymer/siRNA ratio
0.17 0.5 1.5 4.5 135
% survival 94.61 100 92.33 83 39.19
Standard deviation | .74 1.91 2.92 1.51 4.12
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[00521] To determine whether PLL or PLA promotes cellular uptake of siRNA, various
amounts of polymer and NP-1496 were mixed at ratios at which all siRNA was complexed
with polymer. Equal amounts of siRNA were used in each case. A lower polymer/siRNA
ratio was used for ~42K PLL than for ~8K PLL since the former proved more toxic to cells.
The complexes were added to Vero cells, and 6 hrs later the cultures were infected with PR8
virus. At different times after infection, culture supernatants were harvested and assayed for
virus by HA assay. Figure 29A is a plot of virus titers over time in cells receiving various
transfection treatments (circles = no treatment; squares = Lipofectamine; filled triangles =
PLL (~42K at PLL/siRNA ratio = 2); open triangles = PLL (~8K at PLL/siRNA ratio = 8).
As shown in Figure 29A, virus titers increased with time in the non-transfected cultures.
Virus titers were significantly lower in cultures that were transfected with NP-
1496/Lipofectamine and were even lower in cultures treated with PLL/NP-1496 complexes.
The data plotted in Figure 29A are presented in Table 13 (NT = no treatment; LF2K =
Lipofectamine. The PLL:siRNA ratio is indicated in parentheses.

[00522] PLA was similarly tested over a range of polymer/siRNA ratios. Figure 29B is a
plot of virus titers over time in cells receiving various transfection treatments (filled squares
= mock transfection; filled circles = Lipofectamine; open squares = PLA at PLA/siRNA
ratio = 1; open circles = PLA at PLA/siRNA ratio = 2; open triangles = PLA at PLA/ siRNA
ratio = 4; filled triangles = PLA at PLA/siRNA ratio = 8). As shown in Figure 29B, virus
titers increased with time in the control (mock-transfected) culture and in the culture treated
with PLA/siRNA at a 1:1 ratio. Virus titers were significantly lower in cultures that were
transfected with NP-1496/Lipofectamine and were even lower in cultures treated with
PLA/siRNA complexes containing complexes at PLA/siRNA ratios of 4:1 or higher.
Increasing amounts of polymer resulted in greater reduction in viral titer. The data plotted in

Figure 29B are presented in Table 14.

[00523] Table 13. Inhibition of influenza virus production by polymer/siRNA complexes

Treatment Time (hours)
24 36 48 60
mock transfection | 16 64 64 64
LF2K 4 8 16 16
PLL ~42 K (2:1) 1 C 4 8 8
PLL ~8K (8:1) 1 2 4 8
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[00524] Table 14. Inhibition of influenza virus production by polymer/siRNA complexes

Treatment Time (hours)

24 36 48 60
mock transfection |8 64 128 256
LF2K 2 6 16 32
PLA (1:1) 4 16 128 256
PLA (2:1) 4 16 32 64
PLA (4:1) 1 4 8 16
PLA (8:1) 1 1 1 2

[00525] Thus, cationic polymers promote cellular uptake of siRNA and inhibit influenza
virus production in a cell line and are more effective than the widely used transfection
reagent Lipofectamine. These results also suggest that additional cationic polymers may
readily be identified to stimulate cellular uptake of siRNA and describe a method for their

identification. PLL and PLA can serve as positive controls for such efforts.

Equivalents
[00526] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the

above Description, but rather is as set forth in the appended claims.
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We claim:

1. A composition comprising:
an siRNA or shRNA targeted to a target transcript, wherein the target
transcript is an agent-specific transcript, which transcript is involved in infection by

or replication of an infectious agent.

2. The composition of claim 1, wherein:
the infectious agent is an agent whose genome comprises multiple

independent nucleic acid molecules.

3. The composition of claim 2, wherein:

the nucleic acid molecules are RNA.

{

4. The composition of claim 2, wherein:

the RNA molecules are single-stranded.

5. The composition of claim 1, wherein:
multiple variants of the infectious agent exist and wherein the agent is

capable of undergoing genetic reassortment.

6. The composition of claim 1, wherein:
multiple variants of the infectious agent exist and wherein the siRNA or
shRNA comprises a duplex region whose antisense strand or antisense portion is
perfectly complementary to a portion of a target mRNA, which portion is at least 10

nucleotides in length and is highly conserved among a plurality of variants.

7. The composition of claim 6, wherein:
multiple variants of the infectious agent exist and wherein the siRNA or
shRNA comprises a duplex region whose antisense strand or antisense portion is
perfectly complementary to a portion of a target mRNA, which portion is at least 12

nucleotides in length and is highly conserved among a plurality of variants.

8. The composition of claim 6, wherein:
multiple variants of the infectious agent exist and wherein the siRNA or

shRNA comprises a duplex region whose antisense strand or antisense portion is
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perfectly complementary to a portion of a target mRNA, which portion is at least 15

nucleotides in length and is highly conserved among a plurality of variants.

The composition of claim 6, wherein:

multiple variants of the infectious agent exist and wherein the siRNA or
shRNA comprises a duplex region whose antisense strand or antisense portion is
perfectly complementary to a portion of a target mRNA, which portion is at least 17

nucleotides in length and is highly conserved among a plurality of variants.

The composition of claim 6, wherein:

multiple variants of the infectious agent exist and wherein the siRNA or
shRNA comprises a duplex region whose antisense strand or antisense portion is
perfectly complementary to a portion of a target mRNA, which portion is at least 19

nucleotides in length and is highly conserved among a plurality of variants.

The composition of claim 8, wherein:
a portion is highly conserved among variants if it is identical among the

different variants.

The composition of claim 8, wherein
a portion is highly conserved among variants if it varies by at most one

nucleotide between different variants.

The composition of claim 8, wherein:
a portion is highly conserved among variants if it varies by at most two

nucleotides between different variants.

The composition of claim 8 wherein:

the portion is highly conserved among at least 5 variants.

The composition of claim 8, wherein:

the portion is highly conserved among at least 10 variants.

The composition of claim 8, wherein:

the portion is highly conserved among at least 15 variants.

The composition of claim 8, wherein:
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18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

the portion is highly conserved among at least 20 variants.

The composition of claim 1, wherein:

the infectious agent infects respiratory epithelial cells.

The composition of claim 1, wherein:

the infectious agent is an influenza virus.

The composition of claim 19, wherein:

the influenza virus is an influenza A virus.

The composition of claim 19, wherein:

the influenza virus is an influenza B virus.

The composition of claim 1, wherein:

the infectious agent inhibits host cell nRNA translation.

The composition of claim 1, wherein:

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by the host cell by at least about 2
fold.

The composition of claim 1, wherein:

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by a host cell by at least about 5
fold.

The composition of claim 1, wherein:

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by a host cell by at least about 10
fold.

The composition of claim 1, wherein:

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by a host cell by at least about 50
fold.

The composition of claim 1, wherein:
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28.

29.

30.

31.

32.

33.

34.

35.

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by a host cell by at least about 100
fold.

The composition of claim 1, wherein:

the infectious agent infects a host cell and the siRNA or shRNA is present at
a level sufficient to inhibit production of the agent by a host cell by at least about 200
fold.

The composition of claim 1, wherein:

the target transcript encodes a subunit of a viral RNA polymerase.

The composition of claim 1, wherein:

the target transcript encodes a hemagglutinin or a neuraminidase.

The composition of claim 1, wherein:

the infectious agent is an influenza virus and the target transcript encodes a
protein selected from the group consisting of hemagglutinin, neuraminidase,
membrane protein 1, membrane protein 2, nonstructural protein 1, nonstructural
protein 2, polymerase protein PB1, polymerase protein PB2, polymerase protein PA,
polymerase protein NP.

The composition of claim 1, wherein:
the siRNA or shRNA is present at a level sufficient to inhibit replication of

the infectious agent.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a base-paired region at least 15 nucleotides

long.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a base-paired region approximately 19

nucleotides long.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a base-paired region at least 15 nucleotides

long and at least one single-stranded 3 prime overhang.
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36.

37.

38.

39.

40.

41.

42,

The composition of claim 1, wherein:
the siRNA or shRNA comprises a portion that is perfectly complementary to

a region of the target transcript, wherein the portion is at least 15 nucleotides in

length.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a portion that is perfectly complementary to
a portion of the target transcript, with the exception of at most one nucleotide,

wherein the portion is at least 15 nucleotides in length.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a portion that is perfectly complementary
with a portion of the target transcript with the exception at most two nucleotides,

wherein the portion is at least 15 nucleotides in length.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 10
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 12 v
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 15
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence

presented in any of SEQ ID NOS: 1 through 68.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a core duplex region, wherein the sequence

of the sense strand or portion of the core duplex region comprises at least 17
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43.

44,

45.

46.

47.

consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence

presented in any of SEQ ID NOS: 1 through 68.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 19
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion: of the core duplex region comprises at least 10
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68, with the proviso that either one or
two nucleotides among the 10 consecutive nucleotides may differ from that

sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 12
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68, with the proviso that either one or
two nucleotides among the 12 consecutive nucleotides may differ from that

sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 15
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68, with the proviso that either one or
two nucleotides among the 15 consecutive nucleotides may differ from that

sequence.

The composition of claim 1, wherein:
the siRNA or shRNA comprises a core duplex region, wherein the sequence

of the sense strand or portion of the core duplex region comprises at least 17
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48.

49.

50.

51.

consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68, with the proviso that either one or
two nucleotides among the 17 consecutive nucleotides may differ from that

sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 19
consecutive nucleotides as set forth in nucleotides 3 through 21 of the sequence
presented in any of SEQ ID NOS: 1 through 68, with the proviso that either one or
two nucleotides among the 19 consecutive nucleotides may differ from that

sequence.

The composition of claim 1, wherein:

the SiRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 10
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 12
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 15
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
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52.

53.

54.

55.

210,212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 17
consecutive nucleotides as set forth in nucleotides 1 through 19/of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210,212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 19
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 10
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268, with the proviso
that either one or two nucleotides among the 10 consecutive nucleotides may differ

from that sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises acore duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 12
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
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244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268, with the proviso
that either one or two nucleotides among the 12 consecutive nucleotides may differ

from that sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 15
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210,212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268, with the proviso
that either one or two nucleotides among the 15 consecutive nucleotides may differ

from that sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 17
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210,212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268, with the proviso
that either one or two nucleotides among the 17 consecutive nucleotides may differ

from that sequence.

The composition of claim 1, wherein:

the siRNA or shRNA comprises a core duplex region, wherein the sequence
of the sense strand or portion of the core duplex region comprises at least 19
consecutive nucleotides as set forth in nucleotides 1 through 19 of the sequence
presented in any of SEQ ID NOS: 190, 192, 194, 196, 198, 200, 202, 204, 206, 208,
210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244,246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, or 268, with the proviso
that either one or two nucleotides among the 19 consecutive nucleotides may differ

from that sequence.
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60.

61.

62.

63.

64.

65.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense strands or portions whose sequences comprise sequences given by
nucleotides 1 — 19 of SEQ ID NOS: 77 and 78 respectively, with, optionally, a 3’

overhang on one or both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences Comprise sequences given by nucleotides 1 - 19
of SEQ ID NOS: 71 and 72 respectively, with, optionally, a 3’ overhang on one or

both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences comprise sequences given by nucleotides 1 — 19
of SEQ ID NOS: 83 and 84 respectively, with, optionally, a 3° overhang on one or

both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences comprise sequences given by nucleotides 1 — 19
of SEQ ID NOS: 89 and 90 respectively, with, optionally, a 3* overhang on one or

both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences comprise sequences given by nucleotides 1 — 19
of SEQ ID NOS: 91 and 92 respectively, with, optionally, a 3’ overhang on one or

both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences comprise sequences given by nucleotides 1 — 19
of SEQ ID NOS: 93 and 94 respectively, with, optionally, a 3’ overhang on one or

both sequences.

The composition of claim 1, wherein the siRNA or shRNA comprises sense and
antisense portions whose sequences comprise sequences given by nucleotides 1 —20
of SEQ ID NOS: 188 and 189 respectively, with, optionally, a 3’ overhang on one or

both sequences.
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69.
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71.
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74.

75.

The composition of claim 1, wherein the siRNA or shRNA comprises a duplex
portion selected from the group consisting of duplex portions of: NP-1496, NP-
1496a, PA-2087, PB1-2257, PB1-129, PB2-2240, M-37, or M-598 or a variant of
any of the foregoing, which variant differs by at most one nucleotide from the

corresponding siRNA.

The composition of claim 66, wherein the siRNA or shRNA duplex portion is
identical to the duplex portion of NP-1496.

The composition of claim 66, wherein the siRNA or shRNA duplex portion is
identical to the duplex portion of NP-1496a.

The composition of claim 1, wherein the sense strand or portion of the siRNA or
shRNA has a sequence selected from the group consisting of: the first 19 nucleotides
of SEQ ID NO: 71, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 83, SEQ ID NO:
93; SEQ ID NO: 95; SEQ ID NO: 99, and SEQ ID NO: 188, readingin a 5’ to 3°

direction.

An analog of the siRNA or shRNA of claim 1, wherein the analog differs from the

siRNA or shRNA in that it contains at least one modification.

The analog of claim 70, wherein:

the modification results in increased stability of the siRNA, enhances
absorption of the siRNA, enhances cellular entry of the siRNA, or any combination
of the foregoing.

The analog of claim 70, wherein:

the modification modifies a base, a sugar, or an internucleoside linkage.

The analog of claim 70, wherein:

the modification is not a nucleotide 2’ modification.

The analog of claim 70, wherein:

the modification is a nucleotide 2’ modification.

An analog of the siRNA or shRNA of claim 1, wherein:
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76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

the analog differs from the siRNA in that at least one ribonucleotide is

replaced by a deoxyribonucleotide.

A composition comprising a plurality of single-stranded RNAs which, when

hybridized to each other, form the composition of claim 1.

The composition of claim 76, wherein:
the single-stranded RNAs range in length between approximately 21 and 23

nucleotides, inclusive.
A composition comprising a plurality of the siRNAs or shRNAs of claim 1.

The composition of claim 78, wherein at least some of the siRNAs or shRNAs are

targeted to different influenza virus transcripts.

The composition of claim 78, wherein at least some of the siRNAs or shRNAs are

targeted to different regions of the same influenza virus transcript.

The siRNA or shRNA of claim 1, wherein:
presence of the siRNA or shRNA within a cell susceptible to influenza virus
infection reduces the susceptibility of the cell to infection by at least two influenza

strains.

The siRNA or shRNA of claim 1, wherein presence of the siRNA or shRNA within a
subject susceptible to infection with influenza virus reduces the susceptibility of the

subject to infection by at least two influenza strains.
A cell comprising the siRNA or shRNA of claim 1.
A vector that provides a template for synthesis of the siRNA or shRNA of claim 1.

The vector of claim 84, wherein the vector comprises a nucleic acid operably linked
to expression signals active in a host cell so that, when the construct is introduced

into the host cell, the siRNA or shRNA of claim 1 is produced inside the host cell

A vector comprising a nucleic acid operably linked to expression signals active in a
host cell so that, when the construct is introduced into the host cell, an siRNA or
shRNA is produced inside the host cell that is targeted to an transcript specific to an
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88.

89.

90.

9l.

92.

93.

94,

9s.

96.

97.

infectious agent, which transcript is involved in infection by or replication of the

agent.

The vector of claim 86, wherein the infectious agent is a virus and wherein multiple
variants of the virus exist and wherein the virus is capable of undergoing genetic

reassortment or mixing.
A cell comprising the vector of claim 87.
A transgenic animal comprising the vector of claim 87.

The vector of claim 87, wherein the virus is one whose genome comprises multiple

independent nucleic acid molecules.
The vector of claim 87, wherein the infectious agent is an influenza virus.

The vector of claim 91, wherein the vector provides a template for transcription of
one or more strands of an siRNA or an shRNA that reduces susceptibility of the cell

to infection by influenza virus or inhibits influenza virus production.

The vector of claim 91, wherein degradation of the target transcript delays, prevents,

or inhibits one or more aspects of influenza virus infection or replication.

The vector of claim 92, wherein the siRNA or shRNA duplex portion is selected
from the group consisting of duplex portions of: NP-1496, NP-1496a, PA-2087,
PB1-2257, PB1-129, PB2-2240, M-37, and M-598, or a variant of any of the
foregoing, wherein the variant differs by at most one nucleotide from the

corresponding siRNA in either its sense portion, antisense portion, or both.

The vector of claim 94, wherein the siRNA or shRNA duplex portion is identical to
the duplex portion of NP-1496.

The vector of claim 94, wherein the siRNA duplex portion is identical to the duplex
portion of NP-1496a.

The vector of claim 94, wherein the sense strand or portion of the siRNA or shRNA
has a sequence selected from the group consisting of: the first 19 nucleotides of any

of SEQ ID NOS: 71, 75, 77, 83, 93, 95, 99, and 188, reading in a 5’ to 3’ direction.
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110.
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112.

The vector of claim 86, wherein:

the nucleic acid is operably linked to a promoter for RNA polymerase III.

The vector of claim 98, wherein:

the promoter is a U6 or H1 promoter.

The vector of claim 86, wherein:
the vector is selected from the group consisting of retroviral vectors,

lentiviral vectors, adenovirus vectors, and adeno-associated virus vectors.
The vector of claim 86, wherein the vector is a lentiviral vector.

The vector of claim 86, wherein the vector is a DNA vector.

The vector of claim 86, wherein the vector is a virus.

The vector of claim 86, wherein the vector is a lentivirus.

A method of treating or preventing infection by an infectious agent, the method
comprising steps of: administering to a subject prior to, simultaneously with, or after
exposure of the subject to the infectious agent, a composition comprising the vector

of claim 86 or the cell of claim 88.
The method of claim 105, wherein the infectious agent is a virus.

The method of claim 105, wherein the infectious agent infects respiratory epithelial

cells.

The method of claim 105, wherein the infectious agent is an influenza virus.

The method of claim 105, wherein the composition is administered intravenously.
The method of claim 105, wherein the composition is administered intranasally.
The method of claim 105, wherein the composition is administered by inhalation.

A pharmaceutical composition comprising:
the composition of claim 1; and

a pharmaceutically acceptable carrier.
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The pharmaceutical composition of claim 112, wherein:

the composition is formulated as an aerosol.

The pharmaceutical composition of claim 112, wherein:

the composition is formulated as a nasal spray.

The pharmaceutical composition of claim 112, wherein:

the composition is formulated for intravenous administration.

The pharmaceutical composition of claim 112, wherein:
the infectious agent is an influenza virus and wherein the composition further

comprises a second anti-influenza agent.

The pharmaceutical composition of claim 116, wherein the second anti-influenza

agent is approved by the United States Food and Drug Administration.

A method for identifying viral inhibitors, the method comprising steps of:

providing a cell including a candidate siRNA or shRNA whose sequence
includes a region of complementarity with at least one transcript produced during
infection with a virus, which transcript is characterized in that its degradation delays,
prevents, or inhibits one or more aspects of viral infection or replication;

detecting infection by or replication of the virus in the cell; and

identifying an siRNA or shRNA that inhibits viral infectivity or replication,
which siRNA or shRNA is a viral inhibitor.

The method of claim 118, wherein:

the virus is an influenza virus.

The method of claim 118, wherein:
the cell is characterized in that in the absence of the siRNA or shRNA the cell

produces at least one viral transcript.

The method of claim 118, further comprising the step of:

transfecting the cell with a viral genome or infecting the cell with the virus.

A method of treating or preventing infection by a virus, the method comprising steps
of:
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124,

125.

126.

127.

128.

129.

130.

administering to a subject prior to, simultaneously with, or after exposure of
the subject to the virus, a composition comprising an effective amount of an RNAi-
inducing entity, wherein the RNAi-inducing entity is targeted to a transcript
produced during infection by the virus, which transeript is characterized in that
reduction in levels of the transcript delays, prevents, or inhibits one or more aspects

of infection by or replication of the virus.

The method of claim 122, wherein:

the virus infects respiratory epithelial cells.

The method of claim 122, wherein:

the virus is an influenza virus.

The method of claim 122, wherein the composition is administered into the

respiratory tract.

The method of claim 122, wherein the composition is administered by a conventional

intravenous delivery method.

The method of claim 122, wherein in the absence of the RNAi-inducing entity the
virus is able to undergo a complete life cycle leading to production of infectious
virus, and wherein the presence of the siRNA or shRNA inhibits production of the

virus.

The method of claim 122, wherein the RNAi-inducing entity comprises a duplex
portion selected from the group consisting of: duplex portions of: NP-1496, NP-
1496a, PA-2087, PB1-2257, PB1-129, PB2-2240, M-37, and M-598, or a variant of
any of the foregoing, wherein the variant differs by at most one nucleotide from the

corresponding siRNA in either its sense portion, antisense portion, or both.

The method of claim 128, wherein the duplex portion is identical to the duplex

portion of NP-1496.

The vector of claim 128, wherein the duplex portion is identical to the duplex portion

of NP-1496a.
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A method for designing an siRNA or shRNA having a duplex portion, the method
comprising steps of:

identifying a portion of a target transcript, which portion is highly conserved
among a plurality of variants of an infectious agent and comprises at least 15
consecutive nucleotides; and

selecting the sequence of the portion as the sequence for the duplex portion of

the siRNA or shRNA sense strand or portion.

The method of claim 131, further comprising:
selecting a sequence complementary to the portion as the sequence for the

duplex portion of the siRNA or shRNA antisense strand or portion.

The method of claim 132, further comprising:
adding a 3° overhang to either or both of the sense and antisense strands of
the siRNA duplex.

The method of claim 131, wherein:

the plurality of variants comprises at least 10 variants.

The method of claim 131, wherein:

the plurality of variants comprises at least 15 variants.

The method of claim 131, wherein:

the plurality of variants comprises at least 20 variants.

The method of claim 131, wherein:

the portion comprises approximately 19 nucleotides.

The method of claim 131, wherein:
a portion is considered highly conserved among a plurality of variants if it

differs by at most one nucleotide between the variants.

The method of claim 131, wherein:

the infectious agent is an influenza virus.

The method of claim 131, wherein:

the infectious agent is capable of undergoing reassortment.
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The method of claim 131, wherein:
the variants include at least two variants, each of which naturally infects a

host of a different species.

The method of claim 141, wherein:
the species include at least two species selected from the group consisting of

humans, swine, horse, and bird species.

The method of claim 131, wherein:
the variants include at least two variants, each of which arose in ahost of a

different species.

The method of claim 143, wherein:
the species include at least two species selected from the group consisting of

humans, swine, horse, and bird species.

A composition comprising an siRNA or shRNA designed in accordance with the

method of claim 131.

A method of reducing or lowering levels of a transcript, which transcript is a VRNA
or cRNA, comprising administering an RNAi-inducing entity targeted to an mRNA
transcript having a sequence at least a portion of which is complementary to or

identical to the VRNA or cRNA transcript.

A method of inhibiting a first transcript comprising administering an RNAi-inducing
entity targeted to a second transcript, wherein inhibition of the second transcript

results in inhibition of the first transcript.

The method of claim 147, wherein the level of the first transcript is reduced relative

to its level in the absence of the RNAi-inducing entity.

The method of claim 147, wherein the level of the second transcript is reduced

relative to its level in the absence of the RNAi-inducing entity.

The method of claim 147, wherein the levels of the first and second transcript are

reduced relative to their levels in the absence of the RNAi-inducing entity.
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The method of claim 147, wherein the RNAi-inducing entity is not specifically
targeted to the first transcript. ‘

The method of claim 147, wherein the second transcript encodes a protein that

functions in maintaining RNA stability.
The method of claim 147, wherein the protein is a nucleic acid binding protein.

The method of claim 153, wherein the nucleic acid binding protein is an RNA

binding protein.

The method of claim 147, wherein the second transcript encodes a polymerase.
The method of claim 155, wherein the polymerase is an RNA polymerase.

The method of claim 155, wherein the polymerase is a DNA polymerase.

The method of claim 155, wherein the polymerase is a reverse transcriptase.

The method of claim 147, wherein either of both of the first and second transcripts

are agent-specific transcripts, wherein the agent is an infectious agent.

The method of claim 147, wherein the first and second transcripts are agent-specific

transcripts, wherein the agent is an infectious agent.
The method of claim 160, wherein the infectious agent is a virus.
The method of claim 161, wherein the virus is an influenza virus.

The method of claim 162, wherein the second transcript encodes either viral NP

protein or viral PA protein.

The method of claim 163, wherein the first transcript encodes a protein selected from
the group consisting of: M protein, HA protein, PB1 protein, PB2 protein, or NS

protein.

A composition comprising:
an RNAi-inducing entity, wherein the RNAi-inducing entity is targeted to an

influenza virus transcript; and
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a delivery agent selected from the group consisting of: cationic polymers,
modified cationic polymers, peptide molecular transporters, surfactants suitable for
introduction into the lung, neutral or cationic lipids, liposomes, non-cationic

polymers, modified non-cationic polymers, bupivacaine, and chloroquine.

The composition of claim 165, wherein the delivery agent comprises a delivery-

enhancing moiety to enhance delivery to a cell of interest.

The composition of claim 165, wherein the delivery-enhancing moiety comprises an
antibody, antibody fragment, or ligand that specifically binds to a molecule

expressed by the cell of interest.

The composition of claim 167, wherein the cell of interest is a respiratory epithelial

cell.

The composition of claim 165, wherein the delivery-enhancing moiety comprises a
moiety selected to reduce degradation, clearance, or nonspecific binding of the

delivery agent.

The composition of claim 165, wherein the RNAi-inducing entity comprises a viral

vector.
The composition of claim 170, wherein the viral vector comprises a lentiviral vector.

The composition of claim 165, wherein the RNAi-inducing entity comprises a DNA

vector.
The composition of claim 165, wherein the RNAi-inducing entity comprises a virus.

The composition of claim 173, wherein the RNAi-inducing entity comprises a

lentivirus.

The composition of claim 165, wherein the RNAi-inducing entity comprises an
siRNA.

The composition of claim 165, wherein the RNAi-inducing entity comprises an
shRNA.
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The composition of claim 165, wherein the RNAi-inducing entity comprises an
RNAi-inducing vector whose presence within a cell results in production of an

siRNA or shRNA targeted to an influenza virus transcript.

The composition of claim 165, wherein:

the RNAi-inducing entity comprises an siRNA or shRNA or an RNAi-
inducing vector whose presence within a cell results in production of an siRNA or
shRNA, wherein the siRNA or shRNA comprises a portion that is perfectly
complementary to a region of the target transcript, wherein the portion is at least 15

nucleotides in length.

The composition of claim 165, wherein:

the RNAi-inducing entity comprises an siRNA or shRNA or an RNAi-
inducing vector whose presence within a cell results in production of an siRNA or
shRNA, wherein the siRNA or shRNA comprises a duplex portion selected from the
group consisting of duplex portions of: NP-1496, NP-1496a, PA-2087, PB1-2257,
PB1-129, PB2-2240, M-37, and M-598, or a variant of any of the foregoing, wherein
the variant differs by at most one nucleotide from the corresponding siRNA or

shRNA in either its sense portion, antisense portion, or both.

The composition of claim 179, wherein the siRNA or shRNA duplex portion
comprises the duplex portion of NP-1496.

The composition of claim 179, wherein the siRNA or shRNA. duplex portion
comprises the duplex portion of NP-1496a.

The composition of claim 165, wherein:

the RNAi-inducing entity comprises an siRNA or shRNA or an RNAj-
inducing vector whose presence within a cell results in production of an siRNA or
shRNA, wherein the siRNA or shRNA, wherein the sequence of the sense strand or
portion of the siRNA or shRNA comprises a sequence selected from the group
consisting of: the first 19 nucleotides of, SEQ ID NO: 71, SEQ ID NO: 75, SEQ ID
NO: 77, SEQ ID NO: 83, SEQ ID NO: 93; SEQ ID NO: 95; SEQ ID NO: 99, and
SEQ ID NO: 188 reading in a 5° to 3’ direction.
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The composition of claim 182, wherein the sequence of the sense strand or portion of
the siRNA or shRNA comprises the sequence of SEQ ID NO: 93.

The composition of claim 182, wherein the sequence of the sense strand or portion of

the siRNA or shRNA comprises the sequence of SEQ ID NO: 188.

The composition of claim 165, wherein the delivery agent is selected from the group
consisting of cationic polymers, modified cationic polymers, and surfactants suitable

for introduction into the lung.

The composition of claim 185, wherein the cationic polymer is selected from the
group consisting of polylysine, polyarginine, polyethyleneimine,
polyvinylpyrrolidone, chitosan, and poly(B-amino ester) polymers.

The composition of claim 186, wherein the cationic polymer is polyethyleneimine.

The composition of claim 185, wherein the modified cationic polymer incorporates a

modification selected to reduce the cationic nature of the polymer.

The composition of claim 188, wherein the modification comprises substitution with

a group selected from the list consisting of: acetyl, imidazole, succinyl, and acyl.

The composition of claim 185, wherein between 25% and 75% of the residues of the

modified cationic polymer are modified.

The composition of claim 190, wherein approximately 50% of the residues of the

modified cationic polymer are modified.

The composition of claim 185, wherein the delivery agent comprises a surfactant

suitable for introduction into the lung.

The composition of claim 192, wherein the surfactant is Infasurf®, Survanta®, or
Exosurf®.

A method of treating or preventing influenza virus replication, pathogenicity, or
infectivity comprising administering the composition of claim 165 to a subject at risk

of or suffering from influenza virus infection.

Page 181 of 133



10

WO 2004/028471 PCT/US2003/030502

195.

196.

197.
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199.

200.

The method of claim 194, wherein the composition is administered by a route
selected from the group consisting of: intravenous injection, inhalation, intranasally,

and as an aerosol.
The method of claim 194, wherein the composition is administered intravenously.

The method of claim 196, wherein the composition is administered using a

conventional intravenous administration technique.
The method of claim 194, wherein the composition is administered by inhalation.
The method of claim 194, wherein the composition is administered intranasally.

The method of claim 194, wherein the composition is administered as an aerosol.
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CLUSTAL W(1.4) multiple sequence alignment

Shaded area: Highly conserved regions selected as siRNA sequences.

Genbank Acc. No. Strain Length
NC_002022 A/Puerto Rico/8/34 HIN1 1934 2233 nt
X17336 A/WSN/33 HIN1 1933 2233 nt
M81579 A/Leningrad/134/17/57 H2N2 1957 2233 nt
AF348174 A/Hong Kong/l/68 H3N2 1968 2209 nt
AF257193 A/Hong Kong/481/97 H5N1 1997 2233 nt
AF257191 A/Hong Keng/1073/99 HON2 1999 2233 nt
NC_002022/- AGCGAAAGCAGGTACTGATCCAAAATGGAAGATTTTGTGCGACERTEENT
X17336/- AGCGAAAGCAGGTACTGATTCAAAATGGAAGAT TTTGTGCGACAATGCTT
M81579/- AGC@AAAGCAGGTACTGAT@C@AAATGGAAGA@TTTGTGCGACAATGCTT
AF348174/- el T --ATGGARGATTTTGTECGACAATGCTT
AF257193/~ AGCAAAAGCAGGTACTGATCCAAAATGGAAGAQTTTGTGCGACAATGCTT
AF257191/- AGCAAAAGCAGGTACTGATCCQAAATGGAAGAQTTTGTGCGACAATGCTT
NC_002022/ - ¢ & fECGAGCTTGCGGAAAAAACAATGAAAGAGTATGGGG
X17336/~ CAATCCGATGATTGTCGAGCTTGCGGAAAA AATGAAAGAGTA‘I‘GGAG
M81579/- CAATCCGATGATTGTCGAGCTTCCHGAARAAGCAATGARAGAGTATGGAG
AF348174/- BAATCCGATGATTGTCGARCTTGCGGAAAAGECARTGAAAGAGTATGGAG
AF257193/- CAATCCAATGATTGTCGAGCTTGCGGAAAAGACAATGAAGGAGTATGGGG
AF257191/- CAATCCHATGATTGTCCAGCTTGCGGAAAAGACAATGAAGGAATATCGGE
NC_002022/ - AGEACCTGAAAATCGAAACARACAAATTTGCAGCAATATGCACTCACTTG
X17336/~ AGGACCTGAAAATCGAAACAAACAAATTTGCAGCAATATGCACTCACTTG
M81579/- AGGATCGGARAATCGARACAAACAAATTTGCAGCAATATGCACTCACTTG
AF348174/- AGGATC FAAAATCGAAACAAACAAATTTGCAGCAATATGCACTCACTTG
AF257193/- AZGATCEGAABATTGAAACAAACAAGTTCGCIGCAATATGCACACACTTA
AF257191/- AAGACCCGAAAATTGAAACAAAEAAGTTCGCTGCAATATGCACPCACTTA
NC_002022/- GAAG’I‘ATGC TTCATGTATTCAGATTTCCACTTCATCAATGAGCAAGGCGA
X17336/~- GAAGTETGCTTCATGTATTCAGATTTECACTTCATCHATCAGCAAGGCGA
M81579/- GAAGTATGCTTCATGTATTCAGATTTTCATTTCATCAATGAGCAAGGCGA
AF348174/- GAAGTATGCTTCATGTATTCAGATTTTCATTTCATCAATGAGCAAGGCGA
AF257193/~- GAAGTCTGCTTCATGTATTCAGAGTTCCATTTCATEGACGASCEAGGCGA
AF257191/- GAAGTETGCTTCATGTATTCAGAGTTCCATTTCATTGACGAACGAGGCGA
f
NC_002022/- GTCAATAATCGTAGAACTTGGTGATCCTAATGCACTTTTGAAGCACAGAT
X17336/- GTCAATAETCGTAGAACTTGGEGATCCHAATGCACTTTTGAAGCACAGAT
M81579/~ GTCAATAATAGTAGAQCTTGR GATCCEAATGCACTTTTGAAGCACAGAT
AF348174/- GTCAATAETEGTAGAACTTGATGATCCEAATGCACTTTTGAAGCACAGAT
AF257193/- HTCAATAATTGTHGAAL TTGAARCACHGET
AF257191/- ATCAATAATIGTGGANTE GGTGATCCAAATGCAE GTTGAAGCACAGGT
NC_002022/- TTGAAATAATCGAGGGAAGAGATCGCACAATGGCCTGGACAGTAGTARAC
X17336/- TTGAAATAATCGAGGGAAGAGATCGCACAATAGCCTGGACAGTAATAAAC
M81579/- TTGAAATAATEGACGGAAGAGATCGCACAATGGECTGGACAGTAGTAAAC
AF348174/~ TTGAAATAATAGAGGGAAGAGAGCGCACAATGGC CTGGACAGTAGTAAAC
AF257193/- TGAAGGAAGAGAGCGAGCAATGGCCTGGACAGTGGTEAAT
AF257191/- TTGAAATAATTGAAGGAAGAGACCGAGCAATGGCCTGGACACTEGTCAAT
NC_002022/- AGTATTTGCAACACTACAGGGGCTGAGAAACCAAAGTTTCTACCAGATTT
X17336/- AGTATTTGCAACACTACAGGGGCTGAGAAACCAAAGTTTCTACCAGATTT
M81579/- AGTATTTGCAACACTACAGGAGCTGAGAAACCGAAGTTTCTGCCAGATTT
AF348174/- AGTATTTGCAACACCACAGGAGCTGAGAAACCGAAGTTTCTGCCAGATTT
AF257193/- TNCCEGATET
AF257191/- A.QAACCCAAATTTCTIC GGATET
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NC_002022/- GTATGATTACAAGGAAAATAGATTCATCGAAATTGGAGTAACAAGGAGAG
X17336/- GTATGATTACAAGAAGAATAGATTCATCGAAATTGGAGTAACAAGGAGAG
M81579/- GTATGATTACAAGGAGAATAGATTCATCGABATTGCAGTEACAAGGAGEG
AF348174/- GTATGATTACAAGGAGRATAGATTCATCGAGATTGGAGTEACAAGGAGAG
AF257193/- BTAEGAETACARGGAAARIEGATTCA AAATTGGQGTGACACGGAGGG
AF257191/- ATAGGACTACAAGGAAAAGGGATTCACTGAAATTGGLGTGACACGCAGEG
NC_002022/- AAGTTCACATATACTATCTGGAAAAGGCCAATAAAATTAAATCTGAGARA
X17336/- : AAGTTCACATATACTATCTGGAAAAGGCCAATAAAATTAAATCTGAGAA@
M81579/~
AF348174/-
AF257193/~-
AF257191/-
NC_002022/- ACACACATCCACATTTTCTCCTTCACTGGGGAAGARATGGCCACARAGGC
X17336/- ACACACATCCACATTTTCTCATTCACTGGGGAGGARATGCCCACARAGGC
MB81579/- ACACACATCCACATTTTCTCATTCACTGGGGAAGARATGGCCACAARGGT
AF348174/- ACACACATCCACATTTTCTCATTCACTGGGGAAGAAATGGCCACARAGRC
AF257193/- ACACATATCCACATETTCTCATTCACTGGAGAAGAAATGGCCACTARAGC
AF257191/- ACACATATCCACATETTHTCATTCACTGCAGAAGARATGGCCACTAALGC
NC_002022/- CGACTACACTCTCGATGAAGAAAGCAGGGCTAGEATCAAAACCAGGCTAT
X17336/- CGACTACACTCTCGATGAAGAAAGCAGGGCTAGGATCAARACCAGGCTAT
M81579/- CGACTACACTCTCGATGAGCAAAGCAGGCCTAGGATCAAGFACCAGACTAT
AF348174/- CGACTACACTCTCGATGAGGAAAGCAGGGCTAGGATCAAARCCAGACTAT
AF257193/- TGACTACACECTTGATCAAGAGAGCAGGGCAAGAATCARAACCAGACTAT
AF257191/- TGACTACACCCTTGATGAAGAGAGCAGGGCEAGAATAARRACCAGACTAT
NC_002022/- TCACCATAAGACAAGAAATGGCCAGCAGAGGCCTCTGEGATTCCTTTCCT
X17336/- TCACCATAAGACAAGAAATGGCTAGCAGAGGCCTCTGEGATTCCTTTCGT
M81579/- TCACCATAAGACAAGAAATGGCTAGCAGAGGCCTCTGGGATTCCTTTCGT
AF348174/- TCACCATAAGACAAGAGATGGCCAECAGAGGCCTCTGGGATTCCTTTCGT
AF257193/- TCACCATAAGACAGCAAATGGCHAGCAGEGGTCTATGGGARTCCTTTCGT
AF257191/- TCACCATAAGACAGGARATGGCAAGCAGGGGTCTATGGGATTCCTTTCGT
NC_002022/- \ CAGTCCGAGAGAGGAGAAGAGACAATTGAAGAAAGGTTTGARATCACAGG
X17336/- CAGTCCGAGAGAGGGGAAGAGACAATTGAAGAAAGATTTGAAATCACAGG
M81579/- :
AF348174/-
AF257193/- CAGTCCGAGAGAGGGGAAGAGACAATTGAAGAAAG TGAAATCACAGG
AF257191/- CAGTCCGAGAGAGGEGAAGAGACAATTGAAGARAGATTTGARATCACAGG
NC_002022/- AACAATGCGCAAGCTTGCCGACCAAAGTCTCCCGCCGAACTTCTCCAGCT
X17336/~ AACAATGCGCAAGCTTGCCGACCAAAGTCTCCCGCCEAACTTCTCCAGCC
M81579/- GACAATCCGCAGGCTEGCCGACCARAGTCTCCCGCCGAACTTCTCCEGCC
AF348174/- GACAATGCGCAGGCTTGCCGACCAAAGTCTCCCGCCGAACTTCTCCHGCC
AF257193/- G
AF257191/-
NC_002022/- RRCC g
X17336/- TTGAAAATTTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTACATT
MB81579/- TTCAGAATTTTAGAGCCTATGTGGATGGATTCGAACCCAACGEC TACATT
AF348174/- TTGAGAATTTTAGAGCCTATGTGGATGGATTCGAACCGARCGGCTACATT
AF257193/- " TTGAAAAGTTTAGAGCCTATGTGGATGGATTIHAACCGAACGGCTECATT
AF257191/- TTGAARAFTTTAGAGCCTATGTGGATGGATTCHAACCGAACGGCTGCATT

\ e l .
NC_002022/- S EC TGTCTCAAATGTCCARAGAAGTAAATGC TAGAATTGAACC
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X17336/~
M81578/-
AF348174/~
AF257193/~
AF257181/-

NC_002022/-
X17336/~
M81579/-
AF348174/-
AF257193/-
AF257191/-

NC_002022/-
X17336/-
M81579/-
AF348174/~
AF257193/-
AF257191/-

NC_002022/-
X17336/-
MB81579/-
AF348174/-
AF257193/-
AF257191/-

NC_002022/-
X17336/-
M81579/-
AF348174/-
AF257193/-
AF257191/-

NC_002022/-
X17336/-
M81579/~
AF348174/-
AF257103/~
AF257191/-

NC_002022/-
X17336/-
M81579/-
AF348174/-
AF257193/-
AF257191/-

NC_002022/~-
X17336/-
M81579/-
AF348174/~-
AF257193/-
AF257191/-

NC_002022/-
X17336/-
MB81579/-
AF348174/-

PCT/US2003/030502
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GAGGGCAAGCTTTCTCAAATGTCCAAAGAAGTAAATGCTAGAATTGRACC
GAGGGCAAGCTTTCTCAAATGTCCAAAGAAGTAAATGCTARAATTGALCC
GAGGGCAAGCTTTCTCAAATGTCCAAAGAAGTEARTGCARANATTGRAACC
GAGGGCAAGCTTTCTCARATGTCEAAAGAAGTEAAEGCHAGAATTGALCC
GAGEGCAAGCTTTCTCAAATGTCEAAAGAAGTE GAGAATTGAGCC

TP PGAAAACAACACCACGACCACTTAGACTTCCGAATGGGCCTCCCT
TTTT?TGAAA%CAACACCACGACCACTTAGACTTCCGGATGGGCCTCCCT
TTTTQTGAAAACAACACCAAGACCAATTAEACTTCCGGATGGGCCTCCTT

.....

TTT GAAAACAACACCAAGACCAA TAGACTTCCGGATGGGCCTCCTT

ATTTCTGAAGACAACACCACGTCCECTCAGATTGCCTGATGGHCCTCCCT

GTTCTCAGCGGTCCAAATTCCTGCTGATGGATGCCTTAAAATTAAGCATT
CTTCTCAGCCETCCAARTTCCTGCTGATGGATGCCTTAANATTAAGCATT
GQTCTCAGCGGTCCAAATTCCTGCTGATGGATGC@TTAAAATTAAGCATT

GFTCCCAGCGGTCGAAATTCﬂTGCTGATGGATGCMW SAAATTAAGCATT

GAGGACCCAAGTCATGAAGGAGAGGGAATACCGCTATATGATGCAATCAA
GAGGACCCAAGTCATGAQGGAGAGGGﬁATACCGCTATATGATGCAATCAA
GAGGACCCAAGTCACGAAGGAGAGGGAATACCACTATATGATGCGATCAA

ATGCATGAGAACATTCTTTGGATGGAAGGAACCCAATGTTGTTAAACCAC
ATGCATGAGAACATTCTTTGGATGGAAGGAACCCAATGTTGTTAAACCAC
éTGTATGAGAACATTCTTTGGATGGAA#GAACCCIATGTTGTTAAACCAC
ATGCATGAGAACATTQTTTGGATGGAAAGAACCCTATATTGTTAAACCAC
ATGCATGAAAACATTCTTTGGCTGGAG«GAGCCCAACATC%TCAAACCAC
ATGCATGAAAACATTCTTCGGCTGGAGAGAGCCCAAL%TCATCAAGCCAC

t

ACGAAAAGGGAATAAATCCAAATTATCTTCTGTCATGGAAGCAAGTACTG
ACGAAARGGGAATAAATCCAAATTATCTTCTGTCATGGAAGCAAGTACTG
ACGAHANGGGARTAAATCCAAATTATCTECTGTCATGCAAGCAALTACTG
ACGABAAGGGEATAAATCCAAATTATCTECTGTCATGCGAAGCAAGTACTG
ACGAAAARGGEATAAATCCAAATTATCTCCTGECHTGCAAGCAGCTELTG
AcGAEAAGGGGATAAATCCﬁAATTATcTTCTGGCTTGGAAGCAGGTGCTG

GCAGAACTGCAGGACATTGAGAATGAGGAGAARATTCCAAAGACTARAAA
GCAGAACTGCAGGACATTGAGAATGAGGAGAAAATTCCAAGGACTAARAA
GCAGAACTGCAGGACATTGAGAATGAGGAGAAGATTCCAAGAAC@AAAAA
GCAGAACTGCAGGACATTGAAAATGAGGAGAAAATTCCAAGAACTAAAAA

GCAGAACTCCAGGATATTGAnAATGAGGAEAAAATCCCAAAAACAAAGAA
GCAGAACTCCAGGAT%ETGAAAATGAGGATAAAATCCCAAAAACKAAGAA

TATGAAAAAAACAAGTCAGCTAAAGTGGGCACTTGGTGAGAACATGGCAC
TATGAAGAAAACGAGTCAGWTAAAGTGGGCACTTGGTGAGAACATGGCAC
”ATGAAGAAAAC@AGTCAGCTAAAGTGGGCACTTGGTGAGAACATGGCAC

GAAGAAAACAAGCCAAETAAmGTGGGCAcTQGGAGAGAATATGGCAC
QATGAAGAAAACAAGECAATTAATGTGGGCACTCGGGGAGAATATGGCAC

CAGAAAAGGTAGACTTTGACGACTGTAAAGATGTAGGTGATTTGAAGCAA
CAGAAAAGGTAGACTTTGACGAETGTAAAGAT%TAGGQGATTTGAAGCAA
CAGAQAAGGTAGACTTTGACGACTGTA@AGA?A A%GQGATTTGAAGCAA
CAGAGAAGGTAGACTTTGACRACTGTAGAGAL TAAGQGATTTGAAGCAA

3o0f6



WO 2004/028471 PCT/US2003/030502

14/56
AF257193/- CHearAASGTEGACTTTGAEGATTGEAAAGAR
AF257191/~ CHEARAARTTGGACTTTGAGGACTGEAAA
NC_002022/- TATGATAGTGATGAACCAGAATTGAGGTCGCTTGCAAGT TGGATTCAGAA
X17335/ - ‘ TATGATAGTGATGAACCAGAATTGAGGTCGCTTGCAAGTTGGATTCAGAA
M81579/- TATGATAGTGATGAACCEGRAATTAAGGTCACTTH
AF348174/- TAT ATAGTGA&GAACCTGAATT% GGTC% TTE
AF257193/- TACEAGAGTGATCAGCCAGA Garcee
AF257191/- CALAGTGATGAGCCAGRAGETEAGATCGETA
NC_002022/- TGAGTTCAACAAGGCATGCGAACTGACAGATTCAAGCTGGATAGAGCTTG
X17336/~ TGAGTTCAACAAGGCATGﬁGAACTGACCGATTCAAGCTGGATAGAGCT“
M81579/-
AF348174/- ( ;
AF257193/- TGAGTTCAACAAGGCATGEGAAITGAC, ATTCHAGCTGGATAGARCTTG
AF257191/- TGAGTTCAACAAGGCATGTGAAETGACCGATTCGAGCTGGATAGA@CTCG
NC_002022/- ATGAGATTGGAGAAGATGTGGCTCCAATTGAACACATTGCAAGCATGAGA
X17336/- ATGAGATTGGAGAAGATGEGGCTCCAATTGAACACATTGCAAGCATGAGA
MB1579/- ATGAGATTGGAGAAGATGTGGCTCCAATTGAACACATTGCAAGCATGAGA
AF348174/~ ATGAGATTGGAGAAGAQGTGGCTCCAATTGAA;ACATTGCAAGCATGAGA
AF257193/~ ATGAGATAGGGGAAGATGTTGCCCCAATTGAGCACATTGCAAG@ATGAGA
AF257191/- ATGAGATAGGEGAAGATGTTGCCCCAATTGAGCACATTGCAAGCATGAGA
NC_002022/- AGGAATTATTTCACATCAGAGGTGTCTCACTGCAGAGCCACAGAATACAT
X17336/- AGGAATTATTTCACAGCAGAGGTGTCTCATTGCAGAGCCACAGAATACAT
M81579/ - AGGAATTACTTCACAGCAGAGGTGTCTCAGTGCAGAGCCACAGAATATAT
AF348174/~ AGGAATTACTTCACAGCAGAGGTGTCQCATTGCAGAGCCACAGAATAIAT
AF257193/- g GAQGTGTC@CATTGCAGGGCTACTGAGTACAT
AF257191/~ AGGAACT CGTTCACAGCEG ﬁGTGTCTCATTGCAGGGCCACTGAGTACAT
NC_002022/- AATGAAGGGGGTGTACATCAATACTGCCTTACTTAATGCATCTTGTGCAG
X17336/- AATGAAGGGGGTGTACATCAATACTGCCTTGCTTAATGCATCCTGTGCAG
M81579/~ AATGAAGGGGGTATACATTAATACTGCCTTPCTTAATGCATCCTGTGCAG
AF348174/- AATGAAGGGGGTATACAT! AATACTGCCTTGCTTAATGCATCCTGTGCAG
AF257193/- AATGAAGGGGGT"ACATAAATACAGCTTTGCTCAATGCATCTTGTGCAG
AF257191/- AATGAAGGGGGTTTACATAAATACA TTTGCTQAATGCATCTTGTGCAG
NC_002022/- CAATGGATGATTTCCAATTAATTCCAATGATAAGCAAGTGTAGAACTAAG
X17336/- CAATGGATGATTTCCAATTAATTCCAATGATAAGCAAGTGTAGAACTAAG
M81579/- CAATGGAQGATTTCCAACTAATTCC@ATGATAAGCAAATGTAGAACTAAA
AF348174/- CAATGGACGATTTCCAAGTAATTCCGATGATAAGCAAGTGTAGAACTAA}
AF257193/- CEATGGATGACTTCCAAGTEATTCCAATGATAAGCAARTGEAGAACAAAL
AF257191/- CCATGGATGACTTCCAA@T@ATTCCAATGATAAGCAAPTGCAGAAC.AAA
NC_002022/~ GAGGGAAGGCGAAAGACCAACTTGTAEGGTTTCATCATAAAAGGAAGATC
X17336/~ GAGGGAAGGCGAAAGACCAATTTGTAﬁGGTTTCATCATAAAAGGAAGATC
M81579/- GAGGGAAGGCGAAAGACCAATTTATATGGTTTCATCATAAAAGGAAGATC
AF348174/- GAAGGAAGGCGAAAGACCAATTTRTATGGCTTCATCATAAAAGGAAGATC
AF257193/- GAAGCAAGGAGEABGACAAACETGTATGGETTCATTHTAAAAGGAAGETC
AF257191/- ; i GTATGGETTCATTATAAAAGGAAGGTC
NC_002022/~ CCACTTAAGGAATGACACCCACGTGGTAAACTTTGTGAGCATGGAGTTTT
X17336/~- CCACTTAAGGAATGACACCGATGTGGTAAACTTTGTGAGCATGGAGTTTT
M81579/- TCACTTAAGGAATGACACCGACGTGGTAAACTTTGTGAGCATGGAGTTTT
AF348174/- TCACTTAAGGAATGACACCGACGTGGTAAACTTTGTGAGCATGGAGTTTT
AF257193/- CCATTTQAGAAATGA@ACTGACGTGGTGAACTTTGTGAGTATGGAPTTCT
AF257191/~ CCATTTGAGAAATGATACTGACGTGGTEAACTTTGTGAGHATCEARTTAT
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NC_002022/- CTCTCACTGACCCAAGACTTGAACCACACAAATGGGAGAAGTACTGTCTT
X17336/- CHCTCACTGACCCAAGACTTGAACCACACARATGGGAGAAGTACTGTGTT
M81579/- CTCTCACTGACCCAAGACTTGAECCACACAAATGGGAGAAGTACTGTGTT
AF348174/- CTCTCACTGACCCQAGACTTGAGCCACACAAATGGGAGAAEEACTGTGTC
AF257193/- CGCT@%CTGACCCAAGGCT@GAGCCACACAAATGGGAAAAGTACTGTGTT
AF257191/- CCCTQacTGACCCAAG@CTGGAGﬂcAcACAAATGGGAAAAGTACTGTGTT
NC_002022/- CTTGAGATAGGAGATATGCTTCTAAGAAGTGCCATAGGCCAGGTTTCAAG
X17336/- CTTGAGETAGGAGATATGCTTCTAAGAAGTGCCATAGGCCAEG CAAG
M81578/- CAAG
AF348174/- CAAG
AF257193/- _ CAAG
AF257191/- CGEAl TGC;ATAGGCCAGGT&TCAAG
NC_002022/~ GCCCATGITCTTGTATGTGAGGACAAATGGAACCTCAAAAATTAAAATGA
X17336/~ GCCHEATGTTCTTGTATGTGAGGACAAATGGAACCTCARAAATTAAAATGA
M81579/- GCCQATGTTCTTGTATGTGAGGACAAATGGAACATCAAAGATTAAAATGA
AF348174/- GCCHATGTTCTTGTATGTGAGAACAAATGGAACKTCARAGATTAAAATGA
AF257193/- GCCCATGTTCCTGTATGTGAGAACGAREGGAACCTCAARAATTAAGATGA
AF257191/- GCCCATGTTCCTGTATGTCAGRACTAACGGAACCTCHAAAATTAAGATGA
NC_002022/~ AATGGGGAATGGAGATGAGGCGTTGTCTCCTQCAGTCACTTCAACAAATT
X17336/- i
M81579/-
AF348174/- i o]
AF257193/- AATGGGGGATGGAAATGAGGCGQTG_CTTCTTCAﬁTCTCTTCAACAGATT
AF257191/- AATGGGGGATGGAAATGAG&CGCTGCCTECTTCAATCTCTTCAACAGATT
NC_002022/- GAGAGTATGATTGAAGCTGAGTCCTCTGTCAAAGAGAAAGACATGACCAA
X17336/- . GAGAGTATGATTGAAGCTGAGTCCTCTGTCAAGGAGAAAGACATGACCAA
M81579/- GAGAGTATGATTGARGCEGAGTCCTCTGTCAAGCAGAAAGACATGACCAA
AF348174/- GAGAGTATGATTGAAGCAGAGTCATCTGTCAAAGAGAAAGACATGACCAA
AF257193/- GAGAGEATGATUGAGGC TGAGTCTTCTATCAAAGAGAAAGACATGACCAA
AF257191/- GAGAGCATGATCGAGGCTGAGTCTTCTnTCAAAGAGAAAGACATGACCAA

{
NC_002022/~ AGAGTTCTTTGAGAACAAATCAGAAACATGGCCCATTGGAGAGTCTCCCA
X17336/- AGAGTTCTTTGARAACAAATCAGAAACATGGCCCGTTGGAGAGTCECCCA
M81579/- AGAGTTTTTE¢CAGAATAAATCAGAAACATGGCCCATTGGAGAGTCECCCA
AF348174/- AGAGTTTTTTGAGAATAAATCAGAAACA’I‘GGC CCATTGGE%GAGTCCCCCA
AF257193/- AGAATTC TTTGAAAACAGATCGGAGACATGGCCAATTGGAGAGTCAC C'IA
AF257191/- AGAETTCTTTGABAACAGATCUGAGACATGGCCAATTGGAGAGTCACCTA

l
NC_002022/~ AAGGAGTGGAGGAAAGTTCCATTGGGAAGGTCTGCAGGACTTTATTAGCA
X17336/- AAGGAGTGGAGGAAGGTTCCATTGGGAAGGTCTCCAGEACTTTATTEGCA
M81579/- AAGGAGTGGAAGAACGTTCCATTGGGAAGGTCTGCAGGACTTTATTAGCC
AF348174/- ABGGAGTCGARGATE 'TCCATTGGGAARGGTCTGCAGGACTTTATTEGCE
AF257193/- AGGGAGTGGAGGAAG TCCATEGGGAAGGTETGCAGEACCTTAETAGCA
AF257191/- AGGGAGTGGAGGAAG NTCAATCGGGAAGGTGTGCAGAACCTTAQTAGCA
NC_002022/- AAGTCGGTATTTAACAGCTTGTATGCATCTCCACAACTAGAAGGATTTTC
X17336/- AAGTCGETATTCAACAGCTTGTATGCATCTCCACAACTEGAAGGATTTTC
M81579/- AAGTCGGTATTCAAEAGC¢TGTATGCATCTCCACAAmTAGAAGGATTTTc
AF348174/- ARGTCGGTATTCAATAGCETGTATGCATCECCECAATTEGAAGGETTTTC
AF257193/- TATECATCTCCACAACTEGAAGGATTTTC
AF257191/- TATTCATCTCCACAACTCGAAGGATTTTC
NC_002022/- AGCTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGACAATC
X17336/- AGCTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGACAARC
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MB81579/~ AGCTGAATCAAGAAAACTGCTTCTTGTCGTTCAGGCTCTTAGGGACAATC
AF348174/-
AF257193/-
AF257191/-
NC_002022/-
X17336/-
M81578/-
AF348174/-
AF257193/-~
AF257191/-
NC_002022/-
X17336/-
M81578/-
AF348174/- TGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCGTCQ?GGTTCAACTC
AF257193/- TGCCTbATTAATGATCCCTGGGTTTTGCTTAATGCATCTTGGTTCAACTC
AF257191/- TGCCTGATTAATGATCCCTGEGTTTTGCTTAATGCATCTTGGTTCAACTC
NC_002022/- CTTCCTTACACATGCATTGAGTTAGTTGTGGCAGTGCTACTATTTGCTAT
X17336/- CTTCCTCACACATGCATTGAG?TAGTTGTGGCAATGCTACTATTTGCTAT
M81578/ - : CTTCCTA%CACATGCATTAAGKTAGTTGTGGCAATGCTACTATTTGCTAT
AF348174/- CTTCCTHACACATGCATTAAGATAGTTGTGGCAATGC TACTATTTGCTAT
AF257193/- CTTCCTCACACATGCAC AAGZ
AF257191/- CTTCCTCACACATGCACTAAAPTAGTTGTGGCAATGCTACTATTTGCTAT
NC_002022/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT -~ (SEQ ID NO: 121)
X17336/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT -- (SEQ ID NO: 122)
M81578/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT -~ (SEQ ID NO: 123)
AF348174/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT-- (SEQ ID NO: 124)
AF257193/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT-- (SEQ ID NO: 125)

(SEQ ID NO: 126)

AF257191/- CCATACTGTCCAAAAAAGTACFTTGTTTCTACT——
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CLUSTAL W(l.4) multiple sequence alignment

Shaded area: selected =iRNA sequence.

NC_002022 A/Puerto Rico/8/34 HIN1 1934 2233 nt
X17336 A/WSN/33 HINL 1933 2233 nt
M21850 2A/chicken/FPV/Rostock/34 H7N1 1934 2233 nt
AF156457 A/turkey/California/189/66 HOM2 1966 2140 nt
M26087 A/Equine/London/1416/73 HTN7 1973 2233 nt
M26088 A/gull/Maryland/704/77 H13N6 1977 2233 nt
AF222820 A/swine/Hong Kong/9/98 HON2 1998 1635 nt
NC_002022/- AGCGAAAGCAGGTACTGATCCAAAATGGAAGATTTTGTGCGACKE
X17336/- AGCGAAAGCAGGTACTGATXCAAAATGGAAGATTTTGTGCGACAATGCTT
M21850/- AGCGAAAGCAGGTACTGATCCAAAATGGAAGARTTTGTGCGACAATGCTT
AF156457/- ATGGAAGAETTECTGCGACAATGCTT
M26087/- AGCAAAAGCAGGTACTGATCCAAAATGGAAGA£TTTGTGCGACAATGCTT
M26088/- AGCEAAAGCAGGTACTGATECAAAATGGAAGAETTTGTGCGACAATGCTT *
AF222820/-
NC_002022/-
X17336/-
M21850/-
AF156457/- CAATCCAATGATTGTCGAGCTTGCGGAAAAG%CAATGAAAGAATATGGAG
M26087/- CAATCCAATGAT{GTCGAGCTTGCGGAAAAGECHATCAAAGAATATGGAG
M26088/- CAATCCEATGATEGTCGAGC TTGCGGAAARAGHCAATGAAAGAATATGGEG
AF222820/~ e o
NC_002022/- AGGACCTGAAAATCGAAACAAACAAATTTGCAGCAATATGCACTCACTTG
X17336/- AGGACCTGAAAATCGAAACAAACAAATTTGCAGCAATATGCACTCACTTG
M21850/-
AF156457/~
M26087/- AGGAC GAAAAT@GAAACAAACAAATTTGCAGCAATATGCACTCACTTG
M26088/- AGGATCCHAAAATCCABACAAACAAATTECCHGCAATATGCACKCACCTG
AF222820/= e S
NC_002022/- GAAGTATGCTTCATGTATTCAGATTTCCACTTCATCAATGAGCAAGGCGA
X17336/- GAAGTGTGCTTCATGTATTCAGATTTECACTTCATCuATGAgCAAGGCGA
M21850/- GAAGTGTGTTTCATGTATTCAGATTTCCACTT@ATTGATGA@CGEGG%GA
AF156457/- GAAGTGTGTTTCATGTATTCAGA;TT@CACTTCATCGATGAGC GGCGA
M26087/- GAAGTCTGCTTCATGTAﬂTC&GATTTcCACTTﬁATTAATGAe /
M26088/- GAAGTﬁTGTTTCATGTATTCAGA@TTCCATTTCATw
AF222820/- e

i
NC_002022/- GTCAATAATCGTAGAACTTGGTGATCCTAATGCACTTTTGAAGCACAGAT
X17336/- GTCAATABTCGTAGARCTTCCEGATCCAAATCCACTTTTGAAGCACAGAT
M21850/- GTCAA&GATTGTAGAATCTGG@GAﬁtCAAATGCACTCTTGAAGCAC@GAT
AF156457/~ ATCAATAATTIGTAGAA ]
M26087/- GTCAGTEATCATAGA C
M26088/- GTCGATAATTGTTGAGT GGTGATCCAAATGCACT@T HAAACATEGAT
AF222820/- T T e e e
NC_002022/- TTGAAATAATCGAGGGAAGAGATCGCACAATGGCCTGGACAGTAGTAAAC
X17336/- TTGAAATAATCGAGGGAAGAGATCGCACAATAGCCTGGACAGTA%EAAAC
M21850/- TTGA%ATAATTGARGGAAGAGATCGCACQATGGCCTGGAC*GTGGTGAA@
AF156457/-
M26087/-
M26088/-
AF222820/-
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NC_002022/- AGTATTTGCAACACTACAGGGECTGAGARACCARAGTTTCTACCAGATTT
X17336/- AGTATTTGCAACACTACAGGGGCTGAGAAACCAAAGTTTCTACCAGATTT
M21850/~ AGGATTTGCAAﬁACTACAGGGG@TGAGAAACCQAAGTT@CTgCCiGATTT
AF156457/- AG&ATQ@GTAACACTACAGGQ xTGAGAA@CCAA@CTTT TCCCAGATET
126087/~ AGTATETGCAACACEACAH CCTGAiAAAcccAAGTT@ ‘
M26088/-
AF222820/-
NC_002022/- GTATGATTACAAGGAAAATAGATTCATCGAAATTGGAGTAACAAGGAGAG
X17336/- GTATGATTACAAGHACAATAGATTCATCGAAATTGGAGTARCAAGGAGAG
M21850/~ GTATGAT‘I‘A@AAGGAA AATECATTCATE AAATTGGAGTGACAAG@AGGG
AF156457/~ KTATGACTACAAGG ’AA' GCTTCA GABATTGGAGTEACAAGGAGAG
M26087 /- GTAE & ST TICAAATTGOTGTEACAAGGAGAG
M26088/- gmATGATTAmAAA AAAATCGQTTCAT& AAATTGGAGTGACAAGGAREG
AF222820/- e
NC_002022/- AAGTTCACATATACTATCTGGAAAAGGCCAATAAAATTAAATCTGAGAAA
X17336/~ AAGTTCACATATACTATCTGGAAAAGGCCAATAAAATTAAATCTGAGAAL
M21850/- A@GTCCACATATACTAangGAAAAchCAATAA@ATAAAATCTGAGAAG
AF156457/- AAGTCCACATATACTALCTGGAAAAGGCCAATAAAATRAAGTCTGAGAAG
M26087/- TGGAEAAEGCCARE
M26088/- BCTEHCABATATACTATCTEGAZAAGGCCAATAAATAANGTCTGAGAAE
AF222820/- e
X17336/- ACACACATCCACATTTTCTCATTCACTGGGGAGGAAATGGCCACARAGGC
M21850/- ACACACATCCACATETTCTCATTCACTGGGGAL
NC_002022/~- ACACACATCCACATTTTCTCGTTCACTGGGGARGARATGGCCACARAGGT
AF156457/- ACACATATCCACATHTTCTCGTTCACAGGRGAZGAMATGECCACARAGGT
M26087/- ACACATATWCACATTTTCTCATTTAC ZCGACAGGAAATGCCEACAARKGC
M26088/- ACACACATCCA@AT&TT@TCATTCACTGG&GAAGAAATGGCCACAAAAGC
AF222820/= e
NC_002022/- CGACTACACTCTCGATGAAGAAAGCAGGGCTAGGATCAAAACCAGGCTAT
X17336/~ CGACTACACTCTCGATGAAGAAAGCAGGGCTAGGATCAABACCAGGCTAT
M21850/- GCGACTACACTCTTGATCAAGAHAGCAGEGCAAGGATCAAAACCAGGCTAT
AF156457/- TﬁAcTACACTCTTGATGAAGAAAGTAGGGCCAGAATCAAAACEAG%CTGT
M26087/- GGAH"TA‘;E‘AC C‘CT‘I‘GATGAAGAAAG‘I‘AGAGC CAGGATCAAAACC zkGACTAT
M26088/-
AF222820/-
NC_002022/- TCACCATAAGACAAGAAATGGCCAGCAGAGGCCTCTGGGATTCCTTTCGT
X17336/- TCACCATAAGACAAGAAATGGCHAGCAGAGGCCTCTGGGATTCCTTTCGT
M21850/~ TCACCATAAGACAAGAAATGGCCAGHAGAGGCCTCTGGGATTCCTTTCGT
AF156457/- TCACCATAAG@CA@GAAATGGCCAGTAGAGGTCTCTGGGATTCCTTTCGT
M26087/~ TCACCATARGACAAGAAATGGCCAGCAGAGGCC HTGGEAETCCTTTCGT
M26088/~
AF222820/-
NC_002022/- CAGTCCGAGAGAGGAGAAGAGACAATTGAAGAAAGGTTTGAAATCACAGE
X17336/- CAGTCCGAGAGAGGEGAAGAGACAATTGAAGAAAGATTTGAAATCACAGG
M21850/- CAGTCCGAGAGAGGECGAAGAGACAATTGAAGAAAGATTTGAAATCACAGE
AF156457/- CAGTCCGAGAGAGGEGAAGAGACAATTGAAGAAAGRTTTGAAATCACAGG
M26087/- CAGTCCGAGAGAGGEGAAGAGACAATTGAAGAAAGATTTGAAATCACAGG
M26088/~ CAGTCCGAGAGAGGE GAAGAGACAATTGAAGAAAGAT’I‘TGAAATjACAGG
AF222820/- CAGTCCGAGAGAGGCGAAGAGACAATTGAAGAAAGETTTGAAATCACAGG
NC_002022/- AACAATGCGCAAGCTTGCCGACCAAAGTCTCCCGCCGAACTTCTCCAGCC
X17336/- AACAATGCGCAAGCTTGCCGACCAAAGTCTCCCGCCEAACTTCTCCAGCC
M21850/- AACHATGCGCABGCTTGCCGARCARAGTCTCCCACCGAACTTCTCCAGCC
AF156457/- AACAATGCGCAbGCTTGCCGACCAAAGTCTCCCACLGAACTTCTCCAGCC
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M26087/- BACAATGCGCABGCTTGCCCARABAGTC TCCCECCGARACTTCTCCAGCE
M26088/- AACQATGCGCA “GCTCGCCGACCAAAGTCTCCCACCGAACTTCTCCAGCT
AF222820/- AACAATGCGCAEGCTTGCCGACCAAAGTCTCCCACCGAANTTCTCCAGES
NC_002022/- TTGAAAATTTTAGAGCCTATGTGGATGGATTCGAACCGRE] i
X17336/- TTGAAAA?TTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTACATT
M21850/- TTGAAAARTTTAGAGCCTATGTGGATGGATTCHAACCGARCGGCTECATT
AF156457/- TTGAAAAGTTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTECATT
M26087/- TTGAAAATTTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTECATT
M26088/- TTGAAAAYTTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTGCATT
AF222820/- TTGAAAATTTTAGAGCCTATGTGGATGCATTCGAACCGAACGGCTGCATT
NC_002022/-
X17336/-
M21850/- %
AF156457/- TCTCAAATGTCCAAAGAAGTGAATGC\AGAATTGAACC
M26087/- GAGEGCAAGCTHTCTCARATGTCEAAAGAAGTAAATECCAGAATHGARCC
M26088/- GAGGGCARGCTTTCTCAAATGTCCAAAGAAGTAAATGCEAGAATTGAACC
AF222820/~- GAGGGCAAGCTTETCTCABATCTCEAAAGAAGTAARKGCCAGAATTGARCT
NC_002022/- TTTTTTCGAAAACAACACCACGACCACTTAGACTTCCGAATGGGCCTCCCT
X17336/- TTTTTTGAAAﬁCAACACCACGACCACTTAGACTTCCGGATGGGCCTCCCT
M21850/- b HeTe
AF156457/- s
M26087/- b
M26088/ - b
AF222820/- QTTTéTmAAAACAACACCACGTCCTCTAAGACTGCCGGGTGGACCTCCCT
NC_002022/- GTTCTCAGCGGTCCAAATTCCTGCTGATGGATGCCTTAAAATTAAGCATT
X17336/- GTTCTCAGCGGTCCAAATTCCTGCTCATCGATGCCTTAAAATTAAGCATT
M21850/- TEAAATTAAGCATT
AF156457/- :
M26087/- %
M26088/ - GCTCTCAGCGGTCAAAAT;
AF222820/- crrcicaiic
NC_002022/- GAGGACCCAAGTCATGAAGGAGAGGGAATACCCCTATATGATGCAATCAA
X17336/- GAGGACCCAAGTCATGAGCCAGACECEATACCCCTATATGATGCAATCAA
M21850/~ GAEGACCCAAGTCATGAGGGEGAGGGGATACCHEC TAGATGATGCAATCAA
AF156457/- GAGGACCCAAGQCATGAAGGAGAAGGGATACCGCTATATGATGCAATCAA
M26087/- GAGGAmCCAAGTCA@GAGGGAGAGGGAATACCGCT@TATGATGCQATCAA
M26088/- GA?CACCCGAGTCATGAGGG%GAGGGAATACC&ﬁTGTATGATGCTATCAA
AF222820/~- GAGGACCCHAGTCATGAGGGAGAGESGGATACCGCTGTATGATGCEATCAA
NC_002022/~ ATGCATGAGAACATTCTTTGGATGGAAGGAACCCAATGTTGTTAAACCAC
X17336/- ATGCATGAGAACATTCTTTGGATGCAAGGAACCCAATGTTCTTAAACCAC
M21850/- ATGCATGARBACATTCTTTCCETGCAARGAECCCANTATTCTERAACCEL
AF156457/- ATGCATGAHAACATTCTTTGGGTGGAAAGAACCCAAT TGTTAAACCAC
M26087/-
M26088/- i ¢ ‘
AF222820/- ATGCATGAAAACATTTTT@GGCTGGAAAGAGccCAAAA TETEAAGHCAC
NC_002022/- ACGAAAAGGGAATAAATCCAAATTATCTTCTGTCA’I‘GGAAGCAAGTAC‘I‘G
X17336/- ACGAAAAGGGAATAAATCCAAATTATCTTCTGTCATGGAAGCAAGTACTG
M21850/ - ASGAERAGGGEATAAATCCEANE
AF156457/- AT &
M26087/-
M26088/ -
AF222820/-
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NC_002022/~ GCAGAACTGCAGGACATTGAGAATGAGGAGAAAATTCCAAAGACTAAAAA
X17336/- GCAGAACTGCAGGACATTGAGAATGAGGAGAAAATTCCAA@GACTAAAAA
M21850/- GCAGAACTGHAGGATATTGAGAATGAGGAGAAAATTCCAARAACKARAAL
AF156457/- i B it TGAEAATGAHGAGAAAATTCCAAAGACTAAAAA
M26087/- y ECANAREGALGAR TQCCsAAGAchAﬁAA
M26088/- GCAGAACTGCAGGAEATTGAAAATGAE AL AA@ATTCCAAAGACAAAAAA
AF222820/- GCAGAECTECAGGACATTGARAATGATGANAAGATCCARANACAARNGAA
NC_002022/- TATGARAAAAACAAGTCAGCTAAAGTGGGCACTTGGTGAGAACATGGCAC
X17336/- TATGARGAAAACEAGTCAGTTAAAGTGGGCACTTGGTGAGAACATGGCAC
M21850/- TATGAAGAAAACAAGCCA@TTAAAGTGGGCACTTGGTGAGAACATGGCAC
AF156457/- BATGAAGEAAACAAGECAR TAAAGTGGGCACTTGGTGAGAATATGGCAC
M26087/~ TATGAAAAAAACAAGTCAATTEAARTGGGCACTTGGTGAGAATATGGCHC
M26088/- CATGAAGARAACAAGECARTTAAAGTGGGCACTTGGTGAGAACATGECAC
AF222820/- CATGAAEAARACAAGECAATTAAAGTGGGCATTAGGTGAGAACATGGCAC
NC_002022/- TATGATAGTGATGAACCAGAATTGAGGTCGCTTGCAAGTTGGATTCAGAA
X17336/- ) ]
M21850/-
NC_002022/-
AF156457/-
M26087/-
M26088/-
AF222820/-
NC_002022/- TATGATAGTGATGAACCAGAATTGAGGTCGCTTGCAAGT TGGATTCAGAA
X17336/- TATGATAGTGATGAACCAGAATTGAGGTCGCTTGCAAGTTGGATTCAGAA
M21850/- TATGAGAGTGATGAHCCAGAREAG
AF156457/- TATGAGAGTGATGAACCGGAA
M26087/~
M26088/- TATGAGAGGGATGAGCCAGAA
AF222820/- TATGATAGTGATGAACCAGAG
NC_002022/- TGAGTTCAACAAGGCATGCGAACTGACAGATTCAAGCTGGATAGAGCTTG
X17336/- TGAGTTCAACAAGGCATGTGAACTGACCGATTCAAGCTGGATAGAGCTCG
M21850/-
AF156457/- e 1
M26087/- 2 AGCTGACAGATTCAAGCTGGATAGAGCTCG
M26088/- AAPTGACTGATTCAAGCTGGATAGAACTEG
AF222820/- TGAATTK&ACAAGGCATGTGAG} GACEGATTCAAGCTGGHTAGARCTTG
NC_002022/- ATGAGATTGGAGAAGATGTGGCTCCAATTGAACACATTGCAAGCATGAGA
X17336/- ATGAGATTGGAGAAGATGCGGCTCCAATTGAACACATTGCAAGCATGAGA
M21850/~ ATGAEATHGGAGAAGATGTAGCECCAATEGABCACATTGCAAGTATCAGE
AF156457/- AQGAGATTGGGGAAGATGT@G “CCAATTGAGCACATTGCAAGCATGACE
M26087/- ATGAEATTGG%GA@GATGT@G CAATAQAACACATTGc@aGCATGAGq
M26088/- ATGAAATAGG (GAABATGTE ECCAATEGABCATATTGCAAGCATGAGE
AF222820/- ATGAAATAGGAGAAGATGTﬁGCTcCAAquAECACATTGCGAGQATGAGA
NC_002022/- AGGAATTATTTCACATCAGAGGTGTCTCACTGCAGAGCCACAGAATACAT
X17336/-
M21850/-
AF156457/-
M26087/-
M26088/- T 2
AF222820/- AGGAATTA@¢T@ACAQCAGAAGTGTcaCACTGCQGGGcmAcTGAGTAEAT

(
NC_002022/- ARTGAAGGGGGTGTACATCAATACTGCCTTACTTAATGCATCTTGTGCAG

X17336/-~ AATGAAGGGGGTGTACATCAATACTGCCTT&CTTAATGCATCCTGTGCAG
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M21850/- AATGAAAGGGGT@TACAT&AAQACQGCcTTGCT@AATGCATCTTGTGCAG
AF156457/- AATGAAPGGGGTATACATCAATACTGCCTTGCTCAATGCATCGTGTGCGG
M26087/- (
M26088/-
AF222820/-
NC_002022/- CAATGGATGATTTCCAATTAATTCCAATGATAAGCAAGTGTAGAACTAAG
X17336/- CAATGGATGATTTCCAA! TAATTCCAATGATAAGCAAGTGTAGAACTAAG
421850/~ { Gl !
AF156457/~
M26087/-
M26088/-
AF222820/-
NC_002022/~
X17336/-
M21850/-
AF156457/-
M26087/-
M26088/-
AF222820/-
NC_002022/- CCACTTAAGGAATGACACCGACGTGGTAAACTTTGTGAGCATGGAGTTTT
X17336/- CCACTTAAGGAATGACACCGATGTGGTAARC TTTGTGAGCATGGAGTTTT
M21850/ - HCACTTEAGGAATGATACEGATGTGGTEAMIT T TGTGAGCATGGAGTTET
AF156457/- CCACETGAGGAAEGACACCGATGTGGTARACTTTGTGAGCATGGAGTTTT
M26087/- CCATTTAAGAAATGACACTGACGTGGTAAACTTTGT%AGCATGGAGTTTT
M26088/- TCATTTGAGGAATGA CTCATGTCCTEAANT TTGTCAGCATGGAATTTT
AF222820/~ CCATTTGAGGAATGATACTCAIGTGETAAACTTTGTGACCATGGAATTTT
NC_002022/- CTCTCACTGACCCAAGACTTGAACCACACAAATGGGAGAAGTACTGTGTT
X17336/- . CBCTCACTGACCCAAGACTTGAACCACACAAATGGGAGAAGTACTGTGTT
M21850/- CTCTCACTGACCCEAGECTTGAGCCACACAABTGGGAGAAGTARTGTGTT
AF156457/- CECTCACTGACCCHAGECTTCGARACCECACARATGGGAGARGTACTGTGTT
M26087/- CTCTCACQGA@CCAAGACTTGAﬁcCACACAATTGGGAGAAGTACTGTGTT
M26088/~ CTCT/EACTGACCCTAGARTEGAACCACACAAGTGGGAGAAGTAHTCTGTE
AF222820/- CTCTHACAGACCCEAAACTGGAACCACACAAGTGGGAGAAGTACTGTGTT
NC_002022/- CTTGAGATAGGAGATATGCTTCTAAGAAGTGCCATAGGCCAGGTTTCAAG
X17336/- CTTGAGHTAGGAGATATGCTTCTAAGAAGTGCCATAGGCCA! T
M21850/- CTTGAﬁATAGGAGAcATGCTgQT 1GGATL
AF156457/- cTTGA@ATAGGGGACATGCTTCTAAGAA
M26087/ - CTEGARATECGAGACATGCTEC TAAGAA
M26088/- CTTG GCTABGAACTCC
AF222820/- CTTGANETAGGECABATCCTEC TEAGAACTECAATAGGCCAGETHTCAAG
NC_002022/~ GCCCATGTTCTTGTATGTCAGGACAAATEGAACCTCAAAAATTAAAATGA
X17336/- GCCEATGTTCTTGTATGTGAGGACAAATGGAACCTCAAAAATTARAATGA
M21850/- GCCCATGTTCGTGTATGTGAGAACEAATGGAACCTCEAAAATEAABATCA
AF156457/- GCCCATGTTC TGTATGTGAGAAC AATGGBACCTCCAAAATCARAATGA
M26087/- TTTGTATGTAAGGAC AATGGG,CCTCIAAAATTAAAATGA
M26088/- !
AF222820/~
NC_002022/- AATGGGGAATGGAGATGAGGCGTTGTCTCCTCCAGTCACTTCAACARATT
X17336/- AATGGGG@ATGGA%ATGAGGCGTTGQCTCCTﬁCAGTCACTTCAACAAATG
M21850/- ¢
AF156457/-
M26087/-
M26088/-
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AF222820/- AATGGGGAATGGAGATGAGGCETTGECTCCTHRCARTCECTTCAACARATT
NC_002022/- GPRGAGTATGATTGAAGCTGAGTCCTCTGTCAAAGAGAAAGACATGACCAA
X17336/- GAGAGTATGATTGAAGCTGAGTCCTC TGTCAA.C{GAGAAAGACATGAC CAA
M21850/- GA%AGﬁATGGTTGAﬁGCTGAGTCCTCTGTCAAGGAGAAAGACATGAC&AA
AF156457/- GAGAGTATGATTGAAGC&GAGTCCTCTGTCAAAGAGAAGGACATGACCAA
M26087/- AZAGEATGABTGAAGCTGAGTCCTCAGTCAAAGARAAGGACATGACCAA
M26088/- g
AF222820/- GAGAGEATGATTGACGCAGAGTCETCTATCAAAGAGAAGGACATGACCAA
NC_002022/- AGAGTTCTTTGAGAACAAATCAGAAACATGGCCCATTGGAGAGTCTCCCA
X17336/- . AGAGTTCTTTG CARATCAGRAACATGGCCCETTGGAGAGTCECCCA
M21850/- BeARTTCTTTG CAAGTCARABACETGGCCCATTGGAGAATCACCHA
AF156457/- AGAGTTICTTTG CAAATCAGAAACATGGCCTATTGGEGAATCTCCCA
M26087/- AGAATTCTTTGAGAACAAATCGGAGACATGGCCTAT%GGAGAGTCGCCCA
M26088/- AGAATTCTTTGAAAACAAUTCGGAGACATGGCCCATTGGAGAATCACCCA
AF222820/- : AGAATTHTTTCARAACAAGTCECAGACETCGCCEATTGGAGAGTCACCHA
NC_002022/- AAGGAGTGGAGGAA%GTTCCATTGGGAAGGTCTGCAGGACTTTATTAGCA
X17336/- ‘
M21850/~
AF156457/-
M26087/- AAGGAGTGGAAGAA
M26088/- AAGGAGT@..GAA:GAA
AF222820/- AEGGAGTGGAGGAAGG!
NC_002022/-
X17336/~
M21850/-
AF156457/-
M26087/-
M26088/-
AF222820/ -
NC_002022/- AGCTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGACARTC
X17336/- AGCTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGAC AAC}C
M21850/ - AGCEGAATCTAGAARACTGCTCCTEATHGT TCAGGCTCTTAGEGACAACC
AF156457/- AGCTGAATCAAGGAAA GCTTCTTATCGTTCAGGCTCTTAGGGACAACC
M26087/- %
M26088/-
AF222820/-
NC_002022/- TGGAACCTGGGACCTTTGATCTTGGGGGGCTATATGAAGC
X17336/- TGGAACCTGGGACCTTTGATCTTCGGGGECTATAT
M21850/- TGGAACCTGGAACCTT@GATCTTGGAGGGCTA@AT,
AF156457/- TGGAACCTGGEACCTTTGATCTTGGAGGHT T
M26087/~ TGGAACCTGGAACCTTTGATATTGGGGGGCTATATGAATCAATTGAGGAG
M26088/- TGGAACCTEGEACCTTEGATCTTGGEGGGCTATATGAAGCAATTGAGGAG
AF222820/- TGGAACCTGGAACCTTEGACATTGARGGHCTETATGAAGCAATTGAGGAG
NC_002022/~- HEE
X17336/- : *@TAATGATCCCTGGGTTTTGCTTAATGC CTTGGTTCAACTC
M21850/- TGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCA?CTTGGTTCAACTC
AF156457/- TGCCTEATTAATGAECCCTGGETTTTGCTTAATGCATC TTGGTTTAACTC
M26087 /- TGTCTGATTAATGATCCCTGGETTTTGCTEAATGCATCTTGGTTCAACTC
M26088/~ : TGCCTGATTAATGATCCCTGEETTTTGCTTAATGCATC TTGGTTCAACTC
AF222820/- TGCCTEATTAATGATCCCTGGETTTTGCTTAATGCATCTTGGTTCAACTC

NC_002022/-~ §TTCCTTACACATGCATTGAGT TAGTTGTGGCAGTGCTACTATTTGCTAT

.
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X17336/- CTTCCTEACACATGCATTGA AGTTGTGGCAATGCTACTATTTGCTAT
M21850/- CTTCCTQACACATGCA@TG AGTTGTGGCAATCCTACTATTTGCTAT
AF156457/- CTTCCTEACACATG — - === = = m e e m i —
M26087/~ CTTCCTTACACATGC AGTTGTGGCAATGCTACTATT'I‘GCTAT
M26088/ - CTTCCTEACACATGCA AGTTGTGGCAATGCTACTATTTGCTAT
AF222820/- G e L e e
NC_002022/- CCATACTGTCCAAAAAAGTACCTTGITTCTACT-- (SEQ ID NO: 127)
X17336/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT-- (SEQ ID NO: 128)
M21850/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT-~ (SEQ ID NO: 129)
AF156457/~ 0000 e e o (SEQ ID NO: 130)
M26087/- CCATACTGTCCAAAAAAGTACCTTGTTTCTACT-- (SEQ ID NO: 131)
M26088/~ BCATECTGTCCAAAAAAGTACCTTGTTTCTACT-~ (SEQ ID NO: 132)

AF222820/- = mmmmmemeemoommmooo—omeeoo—oooooooes (SEQ ID NO: 133)
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Figure 12

PR8 (H1N1)
WSN (HIN1)
Lenn. (H2N2)

HK (H3N2)
Memphis (H3N2)
HK (H5N1)
Duck (H10N7)
Equine (H7N7)
Whale (HL13N2)
Chicken (HSN2)
Swine (H4ANG)

PR8 (HINL)
NO: 134)

WSN (HINL)
NO: 135)

Lenn. (H2N2)
NO: 136)

HK (H3N2)

NO: 137)
Menphis (H3N2)
NO: 138)

HK (H5N1)

NO: 139)

Duck (H10N7)
NO: 140)
Equine (H7N7)
NO: 141)

Whale (H13N2)
NO: 142)
Chicken (HO9N2)
NO: 143)

Swine (HAN6)
NO: 144)
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TCTCGGACGAAAAGGCAGCEAGCCCRATCETECCTTCCTTTGACATGAGT
TCTCEGACCAAAAGGCACCGAGCCCEATCGTGCCHTCCTTTGACATGAGT
TCTCGGACHARAAGGCARCGAACCCEATCGTGC FTTTGACATCAGT
TCTCGGACGAAAAGGCAGCGAACCCGATCGTGC TTGACATGAGT
TCTCAGACGARAAGGCAACGAACCCGATCGTGCCHTCTTTTCACATGAGT
TCTC:&GACGAAAAGGC \ GAJ?,CCCGATCGTGCCTTCCTTTGACATGAGT
TCTCGGACGAAAAGGCHACGAACCCGATCGTGCCTTCCTTTGACATCAGT
TCTCGGACGAAAAGGCAACGAACCCGATCGTGCCTTCCTTTGACATGAGE
TCTCEGACGAAAAGGCAACGAACCCGATCGTGCCTTCCTTTGACATCAGT
TCTCGGACGAAAAGGCAACGAACCCGATCETGCCTTCOTTTCACATCAGT
TCTCGGACGAAAAGGCAACGAACCCGATCGTGCCTTCCTTTGACATGAGT

AATGRAGGATC I T AT T IU I GEAGACAATGCAGACGAGTACGACAATTA

AATGRAMIAT PATTTCET . GEAGACRATGCAGAGGAGTACGACAATTA
AATGHA SAGACAATGCAGAGGAGTACGACAATTA
AATGAAGGATIT Y A TT T TCGGAGACAATGCAGAGGAGTACGACARTTA

AATGAAGGATCT TATEICTTCN 5(?:«(11ACAATGCAGAGGAGTACGACAATTA

AATGAAGGATCTTATTTCTTCGE -hACAATGCAGAGGAATAE‘GACAATT@

A ACAATGC'EGAGGAGTTQGACA@TTA

IO AT UGG A GACAATGC] gGAGGAGTA’PGACAATTQ

ARTEEAGON s oy TR O

GACAATGCAFAGGAGTATGACAATTA

AafGanG BT TR DT T OGGAL ACAATGCAGAGGA;&TATGACAATTA

(SEQID
(SEQID
(SEQID
(SEQ ID
(SEQID
(SEQ ID
(SEQ ID
(SEQID
(SEQ ID
(SEQID

(SEQID



PCT/US2003/030502

WO 2004/028471

UOMQIYUI BUONS  wen el 29m)1d

uoniqiyul [eled  gee< @ouenbes bulpo) [
uoniqiyui ON - =—
VNUH!S s B
T 77 SN
: ] = W
F —
o = ———— T3 _dN
= = Vd
A% sl -
| 1 1dd
A
= 5] ¢dd
g RS

uollonpouad snliA y ezuanjjul uo
SYNH!S Jo 198}j8 uollgiyui ayj jo Arewwns



PCT/US2003/030502

WO 2004/028471

29/56

M Hhl 239714

66o uaxoIyd pPazi|ia} plo Aep-0L
VNY!S

Alneo olojue|ly

SNJIIA eZzuanjjuj

2BS Y|OA



PCT/US2003/030502

WO 2004/028471

30/56

Thl 2991

(9)2802-Vd
/G22-Lad

i

&E

| 96Y71-dN

iz

(suun wH) 18 [esiA

soAiquia ua)o1yd ul uonesijda.l sniiA
Y ezuanjjul jo uorpqiyul ay |



PCT/US2003/030502

WO 2004/028471

Sl 2§91 4

(dN) uieloid pisdeoosjonN

31/56

uoijeoaijdal sniia o} jejoald uisload Bulpulg-yNY

uiajoud pisdesosjonN



WO 2004/028471

PCT/US2003/030502
32/56
Figurc, 1A
, RNA (- :
5 c T i (+) <.
. RNA (-
3’ _»V l' (=) 5
5. mMRNA (+) 7\?;) 5
15-22

Nucleotides



PCT/US2003/030502

WO 2004/028471

33/56

q9 29914

b-bl-o0t al ©3AS Aol 41 ©3%
> v
NDYADNNNDANID y OOYIOVYYHIDvAdd
€ VNY erejdwe) A
SapIosjoNN Lh1,oN 41935 mmm_u%mmhozz
le——— 322 - GI M v ooh ,
By DDYIOYVYDIDY ™ AuXddds , ur
© > yNyw =
ghjoN d1 ©AS
Sh] 0N ¢l ©35 | 4t N
%@Qd@b@@%@ﬁww y 20NHONNNDDIN
: £

VNHA

VNY 91ejdwial 1o YNHO yibusj-|nj pue yNHW
‘(WNYA) YNY UOUIA SnJIA ezuan|jul Jo welibelq



PCT/US2003/030502

WO 2004/028471

Ll FdrHi-d

(4) uonosyu

e ¢ F & c r -1sod aui |
+ -+ - ] -+ - VNHIS dN
e 0 _0
02 0z
o (op VYNHO
09 | 09
— -0 — M
2 02 0z 2
v Q A
3 L oy YNEA
LOY B L
09 0 |
I —s . 0 0 w
000} (0001
0002 L0002 VNYW
000€ 0008
000t L000Y
HOd-14H SN HOd-14 dN

abels Apjea Aion e je
uoneoijdal sniIA yum saltaudiul YNYIS dN



PCT/US2003/030502

35/56

WO 2004/028471

-+

+

i ] Syurgw :
_ : )
[ SYW:iSIm B O g = —
Csvmisw ﬁ m g
SYImgIm- - « fi i e £
— o0 € = |3 e —
L etk E T T g
$F & - _ ° "
r5) al — [=1 = o o o < T T L ¥
(syun yH) Jew sniA - e 8RR ° 8 § °x -~ o

(20usleyp ploy) one) VNH @Aejoy

< e

Flgwee lé(

M-37
Time (hr) 1



WO 2004/028471 PCT/US2003/030502
36/56
A B C D

~ 4] NPmRNA 1 11 mRNA . 501 NS mRNA Y NP mRNA

§ 401 40- {

0] 40

g 201 201

g 0 =1 s} 0 ] ko | (e} _ s r M 0 - e B K i

5 . )

S ] NPVRNA O MvANA 7 NS VRNA “1 MmRNA

b 204 20+

o 20

3 101 104 104

§ ommﬂr—! ol o= e T e B T ™~ 0-—-1‘---‘[_]‘#-" ‘l"l 0 P - . ﬁ

5 | .

2 12] NPCANA 1 mMeaNA 5 ™' NScRNA o] NSmANA

© 60+ < 401

© 81

=l r“l 30 20 20

ol & | ™. g i P 0 e T = I B e 1= o 3

NP-1498 - + - + + L T -+ -+ + -+ .+ +
Time (hre) ~ 1 2 3 1 2 3 1 2 1 2




PCT/US2003/030502

WO 2004/028471

() uonosju

e A L e 4 b sod e
'+ - + - 4+ -VYd + - + =-_ + - dN:VUNUIS
T 0 O
0l 02
0z L ov
SN 0g =2 SN 09
x o1 R Y -
" ”om ov W
o€ ke 09 &
N 0l
0Z
g 0¢
vd ) dN 07

uonduasues] YNHW
[EJIA YLIM Sa.9)191Ul YNYHIS Vd Pue dN



PCT/US2003/030502

WO 2004/028471

38/56

— bl eI
(4) uonosjul

e ¢ _, & ¢ b 4sod swig
+ - + - + + = + = n—z u<7_m_m
01
| 02
SN SN [ oe
. I 0ol o
0z Q.
W [oe 8
O
- =t 0 @
] (/2]
r O—.
i _ vd dan_ |

uonesijdal YNHA
JeJIA UM S3J3LI9MUI YNH!IS Vd Pue dN



PCT/US2003/030502

WO 2004/028471

39/56

(4) uonoayul

¢ r -}sod awl |
+ -+ - n_oz ‘VN4!s
| 02
O
SN 09
-
- — 0 S
[ o
' 0€ o
1 -0
= 09 D
- -}
N 06 Q
w
= O
By
[ 8
dN ¥4t

uoiljeoljdas yNYH2
[eJIA UUM S3I9L131Ul YNHIS Vd pue dN



PCT/US2003/030502

WO 2004/028471

40/56

Hyl by

4 l

+ -+ -

VYNHW 1gd ¢

(4) uoposyuy
<3sod awi)

dN YNuls




WO 2004/028471

PCT/US2003/030502

41/56

A SEQ. (b Net[So

fELassncuacuacaygacdtar 2

T-dtdtcéauéuugaugausuacus-P

SEG.IDMeY [S]

ggsee
Y
uccee

Cbg-81

' C

v
&

ERIDNe. L2

gCag
uacaacuacuacaugac
élllllll SR

co8-61F ° ) )
3 uguugaugauguﬁcugac U

g
4

-
..é
uy

PSLOOP IIT

~
d ‘.

H1 promoter » Terminator
UG promoter

ige

CD8-61F
N

£p8.61 ][:t

8e

68

40

,[J‘..-untransrec:ea

tbg
SYRHA

H1pro nairpin

ﬁﬁ‘]ﬁ%& -“S"ﬂ\e promoterlass

% nairpin
i

Flgure. 20



471 PCT/US2003/030502
WO 2004/028

42/56

A ujauruutzuvu(‘uuc <

seuue paadeds BB Mo IS3
NP-1496 dtdtccungaauaaaquagcr‘UP ‘56 O IbNes 2y

. g€
9999 'mw}cuu-muwum Ay’ s
- 11t
NP-14s6H chCcuﬁ.c.l'z\aga\muela:\gf'mén.-:'\‘)r g SE@ ID Na ! ISE

atat SEQ (D N0t ISh

GFP-849 UFNFUCtUggacgurgen
&l '
dtatacy ,} Ig'o‘ra":'&;g}c;\:t'mlt}g; ‘Sg& ID Mo V187

gaacgnanesd 2
GFP-843H T s g SEQ (D Mo! (gg
)

guccqnf cacCyaggacaugean edd

B NP-1496H ea " GFP-049H o

c feran ”_‘ :1 vicyers Q’c Bgogrucnugyacaingos g

TR WNTRINERY Toases nsmemavecaagecd | SERDN0IIZY
guece cc_uag'mudaagaug: o, FegCdAgEACCUGCaUCHg,

C

GFP 949H g NP-1498H gCa
ot gCag PTG g '
cugracgiago cgggg e R Lf,’."?,? g SE& 1Dijat o)
cclt

s
ue]tudl.ea'a'_);.af‘c'i.c

~ |

H1 promoter NP-1496H term
or GFP-949H i

r—ub

st TITTT—
H1 promoter  NP-149gH GFP-945H term;

o~ o~

) TTTTT. T T—
H1 promoter NP-1495H term H1 promoter GFP-248H  term
|

Flgue Al



PCT/US2003/030502

43/56

WO 2004/028471

¥y T 29mMma

Aesse yH oleusBowoy  esnowynyd Xz ‘ALY Jelle)
VOaW € Bunipigz Yyyz ‘sdd  Tue +VUNYS
b6rigg B og
dN dN d49 IN |
(ebeione)  zg0F ee0F z+0b  z+0b 7 ¢ _
o0 . € mm
ONe —_—
00 O N Ly O
O oo | m
Gy
|
¢000°0=d

921w ul uonanpoud
SnJIA ezuanjjul Juaaald YNYIS



PCT/US2003/030502

WO 2004/028471

Aesse yH  oyeusbowoy  asnow/nid yzZ| AT
AOAdN Bunjmgz g3z ul‘gdd “ue + VNYIS

61 o9 6109
~dN  d4d9 1IN

(oBeIoAB) oc0F  1v0F  1+0) ¢
SZ &
% o Qe
: oo  le 3
S
J ST O
00 ®AEE Ly O
_ O n oy O
1000
(N2)2uisA1-1-Ajog

JO $92}J3 UOI4I2)SUDJ OAIA Ul Y|



PCT/US2003/030502

45/56

WO 2004/028471

Aesse yH ojeusbowoy asnow/nyd Yz} ‘A 13d
-—

MOaW © Bunjigz Yypz ut‘@dd YUe +- YNYIS

I3d sdd

dN d49 dN d49 1N
Ammm._m>& z¢0l Nir:. v0l v.qm._. vyl ¢
. GC
oo 600°0 ¢ 9
® .0 . —
L G'C (-
© \ 4 1 —]
00 VvV 0 L b )
_ OO0 Y VVV OO |gyp O
€000 | v <
.. 070 - g

OAIA U] UOLLONPOJ
SNJIA DZUaN|JUT LU2A3dd YNAIS



PCT/US2003/030502

WO 2004/028471

46/56

Aesse vH a)euabowoy
MOAW ¥ Bunji gz

asnowy/nyd 3z ‘Al ‘] Jaien

uypz  8dd "¢+ VYNYIS

Brl g9+09 b7 g9 BT 09

Vd+dN Vd dN 1N F
yz0L 0L z¢0L  240L . —
o 00| z 8
-9 100 — | -3
o 0 —
VYV 00 ¢ Q0
0 . W,
vV V 0 3
N Ly O
| HE N |
_ €000
100
10000

931W Ul SNIIA

ezuanjjui Jsuiebe

VNUIS JO }08)j0 o13sIBIauAs/aAIppY



PCT/US2003/030502

WO 2004/028471

NC aInNn9od

Aesse yYH aleuabowoy ‘ALY JsuIe)  esnow/nyd 00S
MOQW ™ Bunipicz “ygz +VNMIS “Tg  ‘sdd

dN+¥d dN Vd dd49 AN

ei0F 70 7200 00  0r T
® ‘ v
o)
@ O —
. 'z S
Al o
® ONO \Y4 ll_
: L G20
¢0 vV O O
(@)
_ Oooo EmmEm | ¢ O
60°0
¢00 : L g'¢
€000

9snow pajoajul ul uoldNpo.d
SNUIIA BZusanjjul Jiqiyul YNyIs®



WO 2004/028471

Lentivirus
vector

NP-14863shRNA

vy CCUAGAAUARAGRAGCCUCU

€8 1P No- 21|

B
Vero
m= Vero-NP

503 A |
Vero-NP-0.25 @
P

SIN-LTR v cPPT Us

I — e

Loop ‘ Terminator

Vero-NP-1.0 @ 1816

EGFP

PCT/US2003/030502

48/56

CMV, EGFP WRE SIN-LTR

"

‘ c
5 -GGAUCUVAUUUCUUCEGAGA U0 A

A
2 G
i
:C Vero
! Vero-NP-0.25
.Ta‘ O Vero-NP-1.0
£120
£ 80
& 40
2
A
=




WO 2004/028471 PCT/US2003/030502

49/56
P=0.004
P=0.124
45 =0.049 :
(] ™ |
o 4 OO0 Mmm Q A A
3 . o o A ®
5 35 . '
F ®
&
g 3 oo o®
05 10* 10" 10 10°° 10%2 (average)
NT RSV NPy PBI NP
! +PB1



PCT/US2003/030502

WO 2004/028471

50/56

vie T4

b b E T h UNYIS
wﬁwvm.ow.c_..oc._m:.;_om

auisA|-1-Ajod y4m
VNS JO uoiiopuviad di4adoydouyoa



WO 2004/028471 PCT/US2003/030502

51/56

: *ﬁ %f@%”

7o)
< Q -
Z 0
1d 2 _
n — o
N
(P 0
o o <
c O

 — lo
:,g.E ‘_: b
59
o @® ) —
cu_', o
- = -
© > = -
O o

288 g _
is
& S N _
) =
-
‘s o
(¢})
LLl & <ZE

~

o O

Elcule 2B



PCT/US2003/030502

WO 2004/028471

52/56

Ye amod

oljel VNdIS-T1d

ol 4} g b o 3
: : ' ! 0 m
48T 1d o 0z $

NZPT1d-= oy o
R

09 &

D

@/@/@i& 08 <
00l &

Lozl <

Jybiom Jejndajowl JudidpIp
yum auisAj-1-Ajod jo uosuedwo?)



PCT/US2003/030502

WO 2004/028471

53/56

a3C darr)id |

| L L L L VNJIS
g€l GV Sl GOLL Vd
| _ _ —0
tz o
o
or 8
09 A
08 2
I =
®
00l <
=
Lozt &
<

auluibie-1-Ajod jo A3101x030)A0 oA U]



PCT/US2003/030502

WO 2004/028471

54/56

Nl 01-0LXLS - T111d M¥’'8
Nl 01-01X6°C T111d M2V

W oi-01Xy  VNYIS
(4) uonosjur-jsod swi|
09 0§ oP 0¢ 0¢

o

o
v k
(spun wH) Jayy [esip

1818
L:gMey

Acd1
1N

T
o
™

bW p ot

| Jyb1am Jenosjow jJusiayip
Uam auish-1-Ajod jo uosriedwon



PCT/US2003/030502

WO 2004/028471

e TIn9ld

(s1y) uonoasyul-ysod aiui

0¢
L OA
1. —— o=
Ly =
| 1 —o— i oonﬂw_”
2 (VNYISUY)L) - o
) MZAT —e— =
HOON —=— - 00
-on..mv
- oﬁw_..
)

OJ}IA Ul YNYIS jo
9yejdn Jejnjj@o sdjay autuibie-1-Ajod



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

