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o0 (57) Abstract: The present invention provides agents, compositions, constructs and methods for silencing HCV polynucleotides, as
v={ well as methods and compositions for treating or preventing HCV infection in a mammalian cell. In one aspect, the present invention

provides an agent or composition comprising at least one double-stranded RNA effector molecule or complex. The double-stranded
RNA effector molecule or complex comprises: (1) a sequence of at least 19 nucleotides having at least 90% identity with a nucleotide
sequence within HCV Conserved Region 1 (SEQ ID NO: 2), HCV Conserved Region 2 (SEQ ID NO: 3), HCV Conserved Region
5 (SEQ ID NO: 4), (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); and
(2) its complementary sequence. In another aspect, the present invention provides a construct suitable for replication in a host cell,
and/or suitable for expression of an RNA molecule or complex of the invention in vitro or in vivo. In a third aspect, the present
invention provides a method for silencing HCV RNA in a mammalian cell, which comprises administering to the mammalian cell
an agent, composition, or construct of the invention in a manner and amount effective to silence HCV RNA in the cell. In a related
aspect, the invention provides a method for treating or preventing HCV infection in a patient, comprising administering to the patient
an effective amount of an agent, composition, or construct of the invention as described herein.
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HEPATITIS C dsRNA EFFECTOR MOLECULES, EXPRESSION
CONSTRUCTS, COMPOSITIONS, AND METHODS OF USE

PRIORITY

This application claims priority to US Provisional Application No.
60/929,335, filed June 22, 2007, which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

The present invention relates to nucleic acid-based therapeutics for
treating or preventing Hepatitis C Virus (HCV) infection, and particularly RNAi-

based therapeutics.

BACKGROUND OF THE INVENTION

Hepatitis C is an RNA virus containing a single-stranded positive-sense
RNA genome of about 9,600 nts. The genes for the viral structural and non-
structural proteins are flanked by 5 and 3’ untranslated regions (UTRs), which
are essential for genome replication. For example, the 5 UTR contains an
internal ribosome entry site (IRES) which is indispensable for the initiation of HCV
polyprotein translation. HCV has been classified into six major genotypes, each
comprising further subgroups, which differ in their sequence homology by more
than 30%. The distribution of these genotypes differs geographically. For
example, genotypes 1a and 1b are the most prevalent genotypes found within the

U.S., while genotypes 2 and 3 are more prevalent in other countries.

Because of the sequence variability of HCV, the development of vaccines
and therapeutic drugs, including RNAi-based therapeutics, that would be active
against the majority of viruses, must take advantage of the rare conserved
epitopes and sequences found among the viral genotypes and quasispecies. In
fact, the mutability of HCV is such that even within an infected individual, the HCV
virus exists as a swarm of variants or “quasispecies” of a predominant type rather

than as a single entity.
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Thus, to apply a gene-silencing-based strategy to the treatment or
prevention of HCV infection, it is necessary to identify sufficiently conserved
stretches of nucleotide sequence in this highly mutable virus. That is, since RNA
interference is a sequence-specific effect, therapeutic or prophylactic RNAI
molecules must be specific for HCV target sequences, despite the fact that
hepatitis C viral genomes are highly variable. While HCV target sequence
conservation is an important consideration in the design of sequence-specific
anti-HCV prophylactic or therapeutic modalities such as RNAi or antisense, e.g.,
some of the highly conserved regions of the HCV genome such as the 5’ UTR are
known to be highly structured, while some regions of the viral genome are
present in the infected cell in association with proteins which make them largely
inaccessible to antisense or RNAi. The lack of a readily available HCV animal
model and problems with various HCV cell culture models, e.g., the absence or
deficiencies in viral infection or replication models, have hindered the

development of anti-HCV pharmaceuticals of all types.

Despite well over a decade of research efforts, there are no vaccines
available for HCV. As a consequence, the rate of new HCV infections around the
world is extremely high. The WHO estimates that globally 170 million individuals
carry chronic HCV infections and that new infections are established at a rate of 3

to 4 million annually.

Chronic HCV infection induces liver inflammation, causing progressive
liver disease that can lead to cirrhosis and hepatocellular carcinoma (liver
cancer). Chronic HCV infection becomes established in 75%-85% of individuals
experiencing an initial infection, and HCV-related liver failure is the most common
indication cited for liver transplantation in the U.S. Chronic HCV infection in its
early stages may cause only mild non-specific symptoms, such as fatigue, or be
completely asymptomatic, leaving many infected individuals unaware that they

carry a dangerous chronic infection.

Current therapies for HCV infection, which may include a 6 to 12 month
regimen of pegylated interferon and ribavirin, can lead to a cure in a minority of
patients. Response rates vary by HCV genotype, with genotype 2 and 3 patients
exhibiting a 76% response rate to the current standard therapy while patients
infected with genotype 1a and 1b having only a 46% response rate.

Unfortunately, genotype 1 accounts for 60% of global infections and is the

2
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dominant strain in the U.S., Japan, and Western Europe. Complicating genotype
1 resistance to ribavarin and interferon is the fact that both drugs have side effect
profiles that can require dose reduction or discontinuance of therapy when
patients experience side effects. Further complicating patient outcomes is the
fact that patients who fail an initial treatment regimen rarely respond favorably to

a subsequent round of treatment with interferon and ribavarin.

Clinicians who treat HCV patients are hopeful that current and future
research programs will yield options that improve the response rate for genotype
1 patients, which is currently less than 50% using ribavarin and interferon. New
treatment options that have a more tolerable side effect profile would improve
patient compliance and enable more patients to complete a full course of

therapeutic intervention.

There remains a need for treatment options for HCV-exposed or infected
patients, including for highly conserved nucleic acid-based molecules, including
double-stranded RNAs and constructs encoding dsRNAs, capable of inhibiting
the replication of HCV in mammalian cells. Such nucleic acid based anti-HCV
therapeutic agents have the potential to improve patient response rates to
therapy, improve adverse event profile, and eliminate or significantly delay the

development of drug resistant escape mutant virus.
SUMMARY OF THE INVENTION

The present invention provides agents, compositions, constructs, and
methods for silencing HCV polynucleotides, as well as methods and compositions
capable of inhibiting HCV replication and for treating or preventing HCV infection

in a mammalian cell.

In one aspect, the present invention provides an agent or composition for
silencing HCV RNA in a cell. In one aspect, the agent or composition inhibits
HCV viral replication and antigen expression in a mammalian cell, preferably a
human cell. In this aspect, the agent or composition comprises at least one
double-stranded RNA effector molecule or complex. The double-stranded RNA
effector molecule or complex comprises: (1) a sequence of at least 19, 20, or 21
consecutive nucleotides having at least 90%, 95%, or 100% identity with a
nucleotide sequence within HCV Conserved Region 1 (SEQ ID NO: 2), HCV
Conserved Region 2 (SEQ ID NO: 3), HCV Conserved Region 5 (SEQ ID NO: 4),
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active target region (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3
(SEQ ID NO: 88), or ATR-4 (SEQ ID NO: 89); and (2) its complementary
sequence. Preferably the dsRNA effector molecule will include (1) a sequence of
19 to 29, 19 to 25, 20 to 25, 21 to 25, or 21 to 23 consecutive nucleotides within
HCV Conserved Region 1 (SEQ ID NO: 2), HCV Conserved Region 2 (SEQ ID
NO: 3), HCV Conserved Region 5 (SEQ ID NO: 4), active target region (ATR)-1
(SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4
(SEQ ID NO: 89); and (2) its complementary sequence. The effector molecule
may optionally form a stem-loop structure, with the sequence of at least 19
nucleotides and its complementary sequence being connected via a loop
sequence, thereby providing, for example, short-hairpin RNAs (shRNAs) suitable
for RNAi-based HCV therapeutics. In one aspect, multiple different of such
dsRNA effector molecules of the invention, e.g., two, three, four, five or more, are
administered to or expressed concomitantly in a mammalian cell, to eliminate or

substantially delay the emergence of drug resistant viral escape mutants.

In another aspect, the present invention provides a construct suitable for
replication in a host cell, and/or suitable for expression of an RNA molecule of the
invention in vitro or in vivo. The construct of the invention encodes at least one
RNA effector molecule of the invention, which may be operably linked to a
promoter sequence, such as an RNA Polymerase |, RNA polymerase Il, or RNA
polymerase Il promoter sequence as described herein. In one aspect, multiple
such dsRNA effector molecules of the invention, e.g., hairpin dsRNA molecules,
are encoded by a single expression construct under the control of one or more of

such promoters.

In a third aspect, the present invention provides a method for silencing or
inhibiting the replication of HCV, including inhibition of HCV RNA and/or HCV
antigen expression, in a mammalian cell. In this aspect, the method of the
invention comprises administering to the mammalian cell an agent, composition,
or construct of the invention in a manner and amount effective to inhibit HCV
replication and/or HCV RNA or antigen expression in the cell. In a related aspect,
the present invention provides a method for treating or preventing HCV infection
in a patient, comprising administering to the patient an effective amount and
regimen of an agent, composition, or construct of the invention as described

herein.
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effector molecules, compositions, and constructs of the invention.

DESCRIPTION OF THE DRAWINGS

Figure 1 shows a number of highly active shRNAs which map to four
active target regions (ATR-1, ATR-2, ATR-3, and ATR-4) within the HCV & UTR.

Figure 2 is a plasmid diagram of the multi-cistronic plasmid QJ, which
expresses four different active shRNAs, HCV 5-21-61, HCV 5’-21-94, HCV 5’-21-
124, and HCV 5'-21-135.

Figure 3 is a plasmid diagram of a mono-cistronic plasmid HCV 5" 21-61,
which expresses the shRNA HCV 5’ 21-61 from the 7SK 4A promoter.

DETAILED DESCRIPTION OF THE INVENTION

To identify sequences that are most conserved among HCV genomes
worldwide, a bioinformatic analysis was conducted. There are 93 complete
genomes published in GenBank version 134.0 and these were compared for the
identification of sequences of 19 nts or greater that are >95% conserved, and
which could potentially serve as target sites for small inhibitory RNAs (siRNAs)
and short-hairpin RNAs (shRNAs). The following sequences were identified
within the HCV 5'UTR, and are shown with respect to GenBank Accession ID
AB047639 (SEQ ID NO: 1).

HCV Conserved region 1: nts 35-102 of AB047639 (SEQ ID NO: 2).

5’- atcactcccctgtgaggaactactgtcticacgcagaaagcegectagcecatggegttagtatgagtgt-3°

HCV Conserved region 2: nts 119-176 of AB047639 (SEQ ID NO: 3).

5’-cccecccteccgggagagecatagtggtetgeggaaccggtgagtacaccggaattge-3°

HCV Conserved region 5: nts 270-338 of AB047639 (SEQ ID NO: 4).
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5’-gcgaaaggccttgtggtactgectgatagggegcetigegagtgeccecgggaggtctegtagacegtgea-3°

Four highly conserved and highly active target regions (ATR), preferred

for some applications, were identified:

ATR-1: 5-CCCTGTGAGGAACTACTGTCTTCACGCAGAA-3’ (SEQ ID NO: 86),
mapping to nucleotide coordinates 42 to 76 of GenBank Accession No.
AB047639, found within Conserved Region 1 (SEQ ID NO: 2).

ATR-2: 5-TCCCGGGAGAGCCATAGTGGTCTGCGGAA-3' (SEQ ID NO: 87),
mapping to nucleotide coordinates 126 to 154 of GenBank Accession No.
AB047639, found within Conserved Region 2 (SEQ ID NO: 3).

ATR-3: 5-CGAAAGGCCTTGTGGTACTGC-3, (SEQ ID NO: 88) mapping to
nucleotide coordinates 271 to 297 of GenBank Accession No. AB047639, found
within Conserved Region 5 (SEQ ID NO: 4).

ATR-4: 5-TGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCA-3, (SEQ ID
NO: 89) mapping to nucleotide coordinates 305 to 338 of GenBank Accession
No. AB047639, found within Conserved Region 5 (SEQ ID NO: 4).

In this context, the present invention provides agents, compositions,
constructs and methods for silencing HCV polynucleotides, as well as for treating

or preventing HCV infection in a mammalian cell.

Effector RNA Molecules and Complexes

In one aspect, the present invention provides an agent for silencing HCV
RNA in a cell. The agent comprises at least one double-stranded RNA effector
molecule or complex, which comprises: (1) a sequence of at least 19, 20, or 21
consecutive nucleotides having at least about 90% identity with a nucleotide
sequence within HCV Conserved Region 1 (SEQ ID NO: 2), HCV Conserved
Region 2 (SEQ ID NO: 3), HCV Conserved Region 5 (SEQ ID NO: 4), ATR-1
(SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4
(SEQ ID NO: 89) and (2) its complementary sequence.

In this context, the nucleotide “t” in SEQ ID NOS: 1, 2, 3, 4, efc. is
considered to be identical with “u,” which would take the place of “t” in the

corresponding RNA sequence. Thus, throughout this application it will be



WO 2009/002918 PCT/US2008/067871

10

15

20

25

30

understood that where RNA sequences are described for convenience with
respect to encoding or corresponding DNA sequences, “t” will be replaced by “u”

in the RNA sequence.

In certain embodiments, the at least 19 nucleotides of the dsRNA effector
molecule or complex has at least about 95% identity with a nucleotide sequence
within HCV Conserved Region 1 (SEQ ID NO: 2), HCV Conserved Region 2
(SEQ ID NO: 3), HCV Conserved Region 5 (SEQ ID NO: 4), ATR-1 (SEQ ID NO:
86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO:
89), such as at least about 96%, 97%, 98%, 99%, or about 100% identity.
Identity between two nucleotide sequences may be determined using any

suitable algorithm known in the art, such as Tatusova et al., Blast 2 sequences -

a new tool for comparing protein and nucleotide sequences, FEMS Microbiol Lett.
174:247-250 (1999).

In some embodiments, the at least 19 nucleotides of the dsRNA effector
molecule or complex has a sequence selected from within nucleotides 42-76
(ATR-1), 126-154 (ATR-2), 271 to 297 (ATR-3), 305 to 338 (ATR-4) or 271-338 of
SEQ ID NO: 1 (GenBank Accession ID AB047639). For example, the dsRNA
effector molecule or complex may comprise at least 19 nucleotides selected from
within nucleotides 305-338 of SEQ ID NO: 1.

The dsRNA effector molecules and complexes may have double-stranded
regions that vary somewhat in length, so long as the effector molecule or complex
is effective for silencing the target polynucleotide, that is, the length of the double-
stranded region is generally sufficient to trigger RNAi-mediated degradation of the
target sequence. For example, the agent or composition of the invention may
comprise at least one double-stranded RNA effector molecule or complex
containing a double-stranded region of from 19 or 21 base pairs to about 30 or 40
base pairs, or from 21 base pairs to about 27 base pairs. In certain
embodiments, the double-stranded RNA effector molecule or complex contains a

double-stranded region of about 21 or about 27 base pairs.

In accordance with the invention, the double-stranded RNA molecules and
complexes of the invention may exist in a denatured or substantially denatured
form. Alternatively, the double-stranded RNA molecules and complexes may

exist in a double-stranded conformation, or a substantially double-stranded
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conformation, or a partially double-stranded conformation, at least with respect to
the regions of complementarity. Generally, the RNA molecules and complexes of
the invention are capable of forming double-stranded structures under
physiological conditions (e.g., intracellular conditions), where these structures are

sufficient to trigger RNAi-mediated gene silencing.

In some embodiments, the double-stranded RNA effector molecule or
complex has a double-stranded region that comprises, or consists essentially of
(or consists of) in one strand, a sequence selected from SEQ ID NOS: 5-42 as
disclosed herein. Such sequences, which correspond to HCV Conserved

Regions 1, 2, and 5, are listed in Table 3.

The double-stranded RNA effector molecules of the invention comprise a
region of self-complementarity such that nucleotides in one segment of the
molecule base pair with nucleotides in another segment of the molecule (e.g.,
stem-loop or hairpin structure as described herein). In contrast, the double-
stranded RNA effector duplexes or complexes of the invention include at least
two separate polynucleotide strands that have a region of complementarity to
each other. The double-stranded RNA complexes (i.e., duplexes) may be fully
complementary, that is, may contain no single stranded regions, such as single
stranded ends. In other embodiments, the double-stranded RNA complex
contains short single-stranded ends, such as single-stranded 5’ or 3’ ends of from

about 1 to about 5 nucleotides (e.g., 1, 2, or 3 nucleotides).

In certain embodiments, the effector molecule is a short hairpin dsRNA
(shRNA) or a microRNA. A “shRNA” (short-hairpin RNA) is an RNA molecule of
less than approximately 200 or 100 nucleotides, such as about 70 nucleotides or
less, in which at least one stretch of nucleotides (e.g., at least about 19
nucleotides) is base paired with a complementary sequence located on the same
RNA molecule and separated from the complementary sequence by an unpaired
region. These single-stranded hairpin regions form a single-stranded loop
between the stem structure created by the two regions of base complementarity.
The length and nucleotide sequence of the loop sequence is not narrowly critical,
and may range, for example, from about 4 to 5 to about 20 nucleotides in length,
or from about 7 to about 10 nucleotides in length. For example, the loop
sequence may be about 9 nucleotides in length. An exemplary loop sequence is

5’- agagaactt — 3’ (SEQ ID NO: 43). The loop may vary considerably in length
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and sequence, although loop sequences which assume significant secondary
structure are to be avoided, as are poly T (e.g., T4 to Ts or more) sequences,
which might trigger premature termination of transcription for effector molecules
expressed by polymerase Il promoters. In addition to a “stem” region which
comprises the identified homologous and complementary HCV sequences, in
certain embodiments the hairpin molecule and/or the expression vector encoding
the hairpin RNA will include additional 5’ and/or 3’ sequences, including in some
embodiments 5" and/or 3’ flanking sequences as well as loop sequences derived
from miRNAs. See e.g., US 2004/0053411, the teaching of which is hereby

incorporated by reference.

Exemplary shRNAs in accordance with the invention have a sequence
selected from SEQ ID NOS: 44-81. The complementary strand may also,
optionally, have from one to five uracil nucleotides at its 3’-end, which may

correspond to transcribed transcription termination sequences.

In addition to single shRNAs, the invention includes dual or bi-finger and
multi-finger hairpin dsRNAs, in which the RNA molecule comprises two or more
of such stem-loop structures, each separated by a single-stranded spacer region.
In some embodiments such two or more stem-loop structures may be encoded by
an expression construct and operably linked to a single promoter. Thus, the
hairpin dsRNA may be a single hairpin dsRNA or a bi-fingered, or multi-fingered
dsRNA hairpin as described in PCT/US03/033466 or WO 04/035766, or a partial
or forced hairpin structure as described in WO 2004/011624, the disclosures of
which are hereby incorporated by reference. In these embodiments, the multi-
finger hairpin RNA contains two, three, or four double stranded regions, each
corresponding to an HCV target sequence independently selected from SEQ ID
NOS: 5-42, such as SEQ ID NOS: 11, 19, 22, and 33. In these multi-finger
hairpin RNAs the stem loop sequences may be independently selected from SEQ
ID NOS: 44-81.

HCV target sequences (as described above) may also be combined into
other RNA structures suitable for RNAi-based therapeutics, including a single
stem loop structure with multiple double-stranded regions separated by mismatch
region(s). Such RNA structures are disclosed in US Application No. 10/531,349,
which was published as US 2006/0035344 on February 16, 2006, which is

hereby incorporated by reference. In these embodiments, the multi-target

9
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effector molecule may comprise two, three, or four double-stranded regions each
corresponding to an HCV target sequence (as described herein) independently
selected from SEQ ID NOS: 5-42, such as SEQ ID NO: 11, 19, 22, and 33.

The RNA molecules and complexes of the invention may be composed
purely or predominately of ribonucleotides found naturally in RNA (A, U, C, G), or
may contain chemically modified nucleotides. Exemplary chemically modified
nucleotides  include  phosphorothioate  internucleotide  linkages, 2'-
deoxyribonucleotides, 2'-O-methyl ribonucleotides, 2'-deoxy-2'-fluoro
ribonucleotides, "universal base" nucleotides, "acyclic" nucleotides, 5-C-methyl
nucleotides, and terminal glyceryl and/or inverted deoxy abasic residue
incorporation. These, as well as other chemical modifications, support RNAI-

mediated gene silencing while having superior serum stability.

RNA Compositions

The invention further provides compositions containing from two to five
double-stranded RNA effector molecules or complexes, such as from two to five
double-stranded RNA effector molecules or complexes as described above. For
example, the two to five double-stranded RNA effector molecules (e.g., sShRNAs)
or complexes may each comprise: (1) a sequence of at least 19 nucleotides
having at least 90% identity with a nucleotide sequence within Conserved Region
1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), Conserved Region 5
(SEQ ID NO: 4); ATR-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ
ID NO: 88), or ATR-4 (SEQ ID NO: 89), and (2) its complementary sequence.
Where the two to five double-stranded RNAs are each shRNAs, the shRNAs

each further comprise a loop sequence as described above.

Thus, the composition of the invention may contain a plurality of double-
stranded RNA effector molecules, each having a double-stranded region that
comprises (or consists essentially of) a sequence independently selected from
SEQ ID NOS: 5-42, and its complementary sequence. An exemplary
composition may have: a first dsSRNA effector molecule comprising SEQ ID NO:
11 and its complementary sequence; a second dsRNA effector molecule
comprising SEQ ID NO: 19 and its complementary sequence; a third dsRNA
effector molecule comprising SEQ ID NO: 22 and its complementary sequence;
and a fourth dsRNA effector molecule comprising SEQ ID NO: 33 and its

10
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complementary sequence. One, two, three, or four of these double stranded
RNA effector molecules may be in the form of short-hairpin RNAs, that is, the
sense and anti-sense strands may be connected by a short loop sequence as
described herein. Thus, in these embodiments, the composition of the invention
may comprise from two to five (e.g., four) double-stranded RNA effector
molecules independently selected from SEQ ID NOS: 44-81. For example, the
composition may comprise the four shRNAs represented by the sequences: SEQ
ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 61, and SEQ ID NO: 72. In some
embodiments the plurality of anti-HCV RNA effector molecules are expressed

from a plasmid or viral vector within a human cell.

Alternatively still, the composition of the invention may contain a plurality
of double-stranded RNA effector duplexes or complexes, each having a double-
stranded region that comprises (or consists essentially of) a sequence
independently selected from SEQ ID NOS: 5-42, and its complementary
sequence. For example: a first RNA effector complex may comprise, in one RNA
strand, the nucleotide sequence of SEQ ID NO: 11; a second RNA effector
complex may comprise, in one strand, the nucleotide sequence of SEQ ID NO:
19; a third RNA effector complex may comprise, in one strand, the nucleotide
sequence of SEQ ID NO: 22; and a fourth RNA effector complex may comprise,
in one strand, the nucleotide sequence of SEQ ID NO: 33. Such RNA molecules
are base-paired in the complex with (or are capable of base-pairing with) a
complementary or partially complementary RNA molecule in the complex, that is
an RNA molecule having a sequence complementary to SEQ ID NOS: 11, 19, 22,

and 33, respectively.

Constructs

In another aspect, the present invention provides a construct encoding at
least one RNA molecule or complex of the invention. The construct may be, for
example, a plasmid or viral vector. Such constructs may be expression
constructs suitable for expression of the encoded RNA in vitro or in vivo, or may
otherwise be suitable for replication of the construct in a host cell, such as a
prokaryotic or eukaryotic host cell, including bacteria, yeast, and mammalian
including human host cells. The construct may include an origin of replication,

mechanism for selection (e.g., antibiotic resistance gene) as well as elements to

11
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facilitate removal of the RNA-encoding sequence for sub-cloning into additional
constructs or vectors as may be desired, such as conveniently placed restriction

endonuclease cleavage sites (e.g., flanking the RNA-encoding sequence(s)).

In some embodiments, the construct is an expression construct containing
a DNA segment that encodes an RNA molecule of the invention, with the DNA
segment being operably linked to a promoter to drive expression of the RNA
molecule. An “expression construct” is any double-stranded DNA or double-
stranded RNA designed to produce an RNA of interest. The invention includes
expression constructs in which one or more of the promoters is not in fact
operably linked to a polynucleotide sequence to be transcribed, but instead is
designed for efficient insertion of an operably-linked polynucleotide sequence to
be transcribed by the promoter, for instance by way of one or more restriction

cloning sites in operative association with the one or more promoters.

Transfection or transformation of the expression construct into a recipient
cell allows the cell to express an RNA effector molecule encoded by the
expression construct. An expression construct may be a genetically engineered
plasmid, virus, recombinant virus, or an artificial chromosome derived from, for
example, a bacteriophage, adenovirus, adeno-associated virus, retrovirus,
lentivirus, poxvirus, or herpesvirus. Expression vectors for use with the invention
contain sequences from bacteria, viruses or phages. Such vectors include
chromosomal, episomal and virus-derived vectors, e.g., vectors derived from
bacterial plasmids, bacteriophages, yeast episomes, yeast chromosomal
elements, and viruses; as well as vectors derived from combinations thereof,
such as those derived from plasmid and bacteriophage genetic elements,
cosmids and phagemids. Exemplary vectors are double-stranded DNA phage

vectors and double-stranded DNA viral vectors.

In certain embodiments, the expression construct of the invention is a
plasmid, such as a plasmid suitable for delivery to and/or for RNA expression in a

mammalian cell.

The construct of the invention encodes at least one double-stranded RNA
effector molecule, which comprises: (1) a sequence of at least 19 nucleotides
having at least about 90% identity with a nucleotide sequence within HCV
Conserved Region 1 (SEQ ID NO: 2), HCV Conserved Region 2 (SEQ ID NO: 3),
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HCV Conserved Region 5 (SEQ ID NO: 4); ATR-1 (SEQ ID NO: 86), ATR-2 (SEQ
ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO: 89), and (2) its

complementary sequence.

In certain embodiments, the at least 19 nucleotides have at least about
95% identity with a nucleotide sequence within HCV Conserved Region 1 (SEQ
ID NO: 2), HCV Conserved Region 2 (SEQ ID NO: 3), HCV Conserved Region 5
(SEQ ID NO: 4), ATR-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ
ID NO: 88), or ATR-4 (SEQ ID NO: 89), such as at least about 96%, 97%, 98%,
99%, or about 100% identity. Identity between two nucleotide sequences may be
determined using any suitable algorithm known in the art, such as Tatusova et al.,

Blast 2 sequences - a new tool for comparing protein and nucleotide sequences,

FEMS Microbiol Lett. 174:247-250 (1999).

In some embodiments, the at least one RNA effector molecule encoded
by the construct or vector has a sequence selected from within nucleotides 42-76,
126-154, or 271-338 of SEQ ID NO: 1 (GenBank Accession ID AB047639). For
example, the construct may encode an RNA effector molecule comprising at least
19 nucleotides selected from within nucleotides 305-338 of SEQ ID NO: 1.

The expression construct of the invention may encode RNA effector
molecules having double-stranded regions that vary somewhat in length, so long
as the effector molecule is effective for silencing the target polynucleotide. For
example, the expression construct may encode at least one double-stranded
RNA effector molecule containing a double-stranded region of from 19 or 21 base
pairs to about 30 or 40 base pairs, or from 21 to about 27 base pairs. In certain
embodiments, the double-stranded RNA effector molecule contains a double-

stranded region of about 21 or about 27 base pairs.

In some embodiments, the construct (e.g., expression vector) encodesone
or more double-stranded RNA effector molecules, each having a double-stranded
region that comprises, or consists essentially of (or consists of) in one strand, a
sequence selected from SEQ ID NOS: 5-42. Such sequences are listed in Table
3. In some embodiments, the expression vector encodes at least one double
stranded RNA effector molecule that comprises: 1) a sequence selected from
SEQ ID NO: 9, 11, 19, 22, 26, 31, 32, and 33; 2) the complement of said

sequence, and optionally, 3) a sequence linking 1) and 2). In some
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embodiments, the expression vector will encode at least two, three, four, or more
of such dsRNA effector molecules. In some embodiments the expression vector
will encode at least four different dsRNA effector molecules comprising, in double
stranded conformation, SEQ ID NOS: 11, 19, 22, and 33; SEQ ID NOS: 9, 11, 31,
and 33; SEQ ID NOS: 11, 19, 31, and 33; SEQ ID NOS: 19, 22, 32, and 33; SEQ
ID NOS: 11, 19, 22, and 33; or SEQ ID NOS: 26, 31, 32, and 33.

The encoded double stranded RNA effector molecule(s) may be
composed of two separate complementary, or partially complementary RNA
molecules (e.g., expressed from separate expression cassettes on the same or
different vectors), or may alternatively be in the form of a single RNA molecule,
such as a short-hairpin RNA. In the latter embodiment, the sense and anti-sense
polynucleotides are connected via a loop sequence, which is generally single-
stranded. The length of the loop sequence is not narrowly critical, and may
range, for example, from 4 to 20 nucleotides in length, or from 7 to 10 nucleotides
in length, or longer if desired, e.g., 30nt, 40nt, etc. For example, the loop
sequence may be about 9 nucleotides in length. An exemplary loop sequence is
5- agagaactt — 3 (SEQ ID NO: 43). The loop sequence may also vary
considerably, so long as structure-forming complementarity is avoided, and, in
the case of RNA polymerase Il promoter transcribed sequences, poly T

termination sequences are avoided.

In accordance with this aspect of the invention, exemplary expression
constructs encode double-stranded RNA effector molecule(s) having a sequence
selected from SEQ ID NOS: 44-81. The complementary strand may also,
optionally have from 1 to 5 uracil nucleotides at its 3’-end, representing
transcribed RNA pol Il termination signal nucleotides. The expressed dsRNA
effector molecule may also optionally include one to five or more additional 5’

nucleotides, which may vary depending on the transcription start site.

The expression construct may be engineered to encode multiple, e.g.,
three, four, five or more RNA molecules, such as the RNA molecules described
herein, including short hairpin dsRNAs. The expression construct may include a
plurality of promoters, e.g., RNA polymerase |, Il or Il promoters, mitochondrial
promoters, etc., operable in the host mammalian cell. Each promoter may be
operably linked to a sequence encoding one or more RNA molecules of the

invention, followed by an appropriate termination sequence. In addition to
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targeting highly conserved HCV sequences, the ability to co-deliver two, three,
four, five or more different RNA effector molecules radically reduces the ability of
the virus to develop escape mutants.  While “cocktail” pharmaceutical
preparations including multiple active components can be formulated, dsRNA
expression constructs provide an attractive delivery vehicle for accomplishing
such co-delivery of a plurality of different antiviral effector molecules by a single
pharmaceutical entity. The manufacturing and regulatory advantages of such an

approach are readily apparent.

In certain embodiments, the expression construct encodes two or more
RNAs of the invention, such as 2, 3, 4, 5, or more double stranded RNA
molecules, such as shRNAs. Thus, the expression construct may encode double
stranded RNAs, such as shRNA hairpins, specific for one or more of HCV
Conserved Regions 1, 2 or 5, or ATR-1, ATR-2, ATR,-3, or ATR-4.

In these embodiments, the invention provides one or more expression
constructs, which collectively encode from two to five or more double-stranded
RNA effector molecules, such as from two to five or more double-stranded RNA
effector molecules as described herein. In certain embodiments, each
expression construct encodes two, three, or four double-stranded RNA effector
molecules, and preferably shRNAs. The encoding sequences, which may each
be operably linked to a promoter, may each encode: (1) a sequence of at least 19
nucleotides having at least 90% identity with a nucleotide sequence within HCV
Conserved Region 1 (SEQ ID NO: 2), HCV Conserved Region 2 (SEQ ID NO: 3),
or HCV Conserved Region 5 (SEQ ID NO: 4), ATR-1 (SEQ ID NO: 86), ATR-2
(SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO: 89); (2) its

complementary sequence; and optionally (3) a loop sequence.

For example, the expression construct of the invention may encode a
plurality of double-stranded RNA effector molecules having double-stranded
regions comprising (or consisting essentially of) a sequence independently
selected from SEQ ID NOS: 5-42 and its complementary sequence. In one
embodiment, the construct encodes: a first effector molecule comprising or
consisting essentially of (or consisting of) the nucleotide sequence of SEQ ID NO:
11, a second effector molecule comprising or consisting essentially of (or
consisting of) the nucleotide sequence of SEQ ID NO: 19, a third effector

molecule comprising or consisting essentially of (or consisting of) the nucleotide
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sequence of SEQ ID NO: 22, and a fourth effector molecule comprising or
consisting essentially of (or consisting of) the nucleotide sequence of SEQ ID NO:
33. One, two, three, or four of these double stranded RNA effector molecules
may be in the form of short-hairpin RNAs, that is, having sense and anti-sense
strands connected by a short loop sequence as described herein. Thus, in these
embodiments, the expression construct of the invention may encode a plurality of
dsRNA effector molecules independently selected from SEQ ID NOS: 44-81. The
construct may encode two, three, or four double-stranded RNA effector
molecules represented by the sequences: SEQ ID NO: 50, SEQ ID NO: 58, SEQ
ID NO: 61, and SEQ ID NO: 72.

The expression construct may encode an RNA molecule of the invention
and its complementary stand separately, that is from separate promoters (e.g.,
separate expression cassettes). In this embodiment, the double-stranded
molecule is produced intracellularly upon expression of the RNAs and
subsequent hybridization. Typically, with expressed interfering RNA (eiRNA), the
dsRNA is expressed in the first transfected cell from an expression vector. In
such a vector, the sense strand and the antisense strand of the dsRNA may be
transcribed from the same nucleic acid sequence using e.g., two convergent
promoters at either end of the nucleic acid sequence or separate promoters
transcribing either a sense or antisense sequence. Alternatively, two plasmids
can be cotransfected, with one of the plasmids designed to transcribe one strand

of the dsRNA while the other is designed to transcribe the other strand.

In certain embodiments, the construct is an expression construct suitable
for expression (e.g., transcription) of the encoded RNA in vitro or in vivo. In these
embodiments, the construct encodes an RNA molecule of the invention operably
linked to a promoter sequence. Suitable promoter sequences suitable for run-off
transcription in vitro are known, and include T3 and T7 promoters. In other
embodiments, the expression construct encodes an RNA molecule of the
invention operably linked to a promoter suitable for expression (e.g., transcription)
of the RNA in a mammalian cell. The mammalian cell may be in culture, or may
be a patient’s cell, e.g., a patient afflicted with or at risk of acquiring HCV.
Promoters suitable for RNA expression in a mammalian cell are known, and
include those described in WO 2006/033756, which is hereby incorporated by

reference. For example, the construct of the invention may contain a DNA
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sequence encoding an RNA molecule of the invention operably linked to an RNA
polymerase Ill promoter, a 7SK promoter, an H1 promoter, or a U6 promoter.
Further, where the construct encodes a plurality of RNA molecules, each
independently controlled by its own promoter, the promoters may be the same or
different. In one aspect, an expression construct may comprise two, three, four
or more 7SK 4A promoters as described in WO 2006/033756. Additional
promoters may be selected from an RNA polymerase | promoter, an RNA
polymerase Il promoter, a T7 polymerase promoter, an SP6 polymerase

promoter, a tRNA promoter, and a mitochondrial promoter.

Generally, vector-directed expression of short RNA effector molecules
including short hairpin dsRNAs is most efficient when under the control of a
mammalian promoter that the host cell naturally employs for expression of small
RNA molecules. These promoters comprise the family of RNA Polymerase Il
promoters, including Type 1, Type 2, and Type 3 RNA Polymerase Il promoters.
Prototypical examples of promoters in each class are found in genes encoding 5s
RNA (Type 1), various transfer RNAs (Type 2) and U6 small nuclear RNA (Type
3). Another promoter family (transcribed by RNA Polymerase |) is also dedicated
in the cell to transcription of small structural RNAs; however, this family may be
less diverse in sequence than the RNA Polymerase Il promoters. Finally, RNA
Polymerase Il promoters are used in the transcription of the protein-coding
messenger RNA molecules, as distinguished from the small structural and
regulatory RNA mentioned above. The majority of promoter systems known in
the art utilize RNA Polymerase Il promoters, which may not be preferred for
production of small RNAs. An exception may be shRNAs expressed by RNA
polymerase Il or Il promoters in a miRNA context as taught in e.g. USSN
10/429,249 and PCT/US2007/81103, which is hereby incorporated by reference.
RNA polymerase IIl promoter-based vectors containing one promoter have been
described in the art (see, e.g., U.S. Patent No. 5,624,803, Noonberg et al., "In
vivo oligonucleotide generator, and methods of testing the binding affinity of
triplex forming oligonucleotides derived therefrom"), and a description of UG-
based vector systems can be found in Lee et al., Nat. Biotechnol. 20:500-05
(2002). Yu et al., Proc. Natl. Acad. Sci. USA 99:6047-52 (2002), describe an
expression system for short duplex siRNAs comprising a T7 and U6 promoter.
Miyagishi and Taira, Nat. Biotechnol. 20:497-500 (2002), describe expression
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plasmids for short duplex siRNAs comprising expression cassettes containing
tandem U6 promoters, each transcribing either the sense or the antisense strand

of an siRNA, which are then annealed to form duplex siRNAs.

Where it is desired to deliver short dsRNAs, multiple RNA polymerase |l
promoter expression constructs (as taught in WO 06/033756, which is hereby
incorporated by reference), may be used in accordance with the invention. The
multiple RNA polymerase |l promoters may be utilized in conjunction with
promoters of other classes, including RNA polymerase | promoters, RNA
polymerase Il promoters, etc. Preferred in some applications are the Type Il
RNA pol Il promoters including U6, H1, and 7SK, which exist in the 5' flanking
region, include TATA boxes, and lack internal promoter sequences. A preferred
7SK promoter is the 7SK 4A promoter variant taught in WO 06/033756, the
nucleotide sequence of which is hereby incorporated by reference. In such
expression constructs each promoter may be designed to control expression of
an independent RNA expression cassette, e.g., a shRNA expression cassette.
Such multiple RNA polymerase Il promoter expression constructs are suitable for
expression of multiple, e.g., three, four, five, or more anti-HCV shRNA effector
molecules of the invention. Each dsRNA effector molecule, e.g., hairpin dsRNA,
may be transcribed from its own promoter or one or more promoters may be
engineered to each transcribe a single RNA strand encoding a series or “gang” of
two, three or more shRNA molecules separated by single-stranded regions. RNA
Pol Il promoters may be especially beneficial for expression of small engineered
RNA transcripts, because RNA Pol Il termination occurs efficiently and precisely
at a short run of thymine residues in the DNA coding strand, without other protein
factors. T4 and Ts are the shortest Pol Il termination signals in yeast and
mammals, with oligo (dT) terminators longer than Ts being rare in mammals.
Accordingly, the multiple polymerase Ill promoter expression constructs of the
invention may also include an appropriate oligo (dT) termination signal, i.e., a
sequence of 4, 5, 6 or more Ts, operably linked 3' to each RNA Pol Ill promoter
cassette in the DNA coding strand. That is, a DNA sequence encoding one or
more RNA effector molecules, e.g., a dsRNA hairpin or RNA stem-loop structure
to be transcribed, is inserted between the Pol Ill promoter and the termination

signal.
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The invention provides means for delivering to a host cell sustained
amounts of 2, 3, 4, 5, or more different antiviral dsRNA hairpin molecules (e.g.,
specific for 2, 3, 4, 5, or more different viral sequences or elements), in a
genetically stable mode, so as to inhibit viral replication while preventing,
decreasing, or delaying generation of viral escape mutants, and without evoking
a dsRNA stress response. In accordance with this aspect, each dsRNA hairpin
may be expressed from an expression construct, and controlled by e.g. an RNA
polymerase Ill promoter. In some such embodiments a single RNA polymerase
promoter, e.g. a pol Il or pol lll promoter, may express a plurality of dsRNA
hairpins. In some such embodiments the dsRNA hairpins will be present within &’

and 3’ flanking miRNA sequences.

Thus, the expression constructs of the invention provide a convenient
means for delivering a multi-drug regimen comprising several different RNAs of
the invention to a cell or tissue of a host vertebrate organism, thereby potentiating
the anti-viral activity, and reducing the likelihood that multiple independent
mutational events will produce resistant virus. This provides an important
advantage in countering viral variation both within human and animal host

populations and temporally within a host due to mutation events.

In certain embodiments, the expression construct contains at least two
expression cassettes, each expression cassette directing the expression of a
shRNA independently selected from SEQ ID NOS: 44-81, such as SEQ ID NOS:
50, 58, 61, and 72. Each expression cassette may independently comprise at
least one promoter, e.g., an RNA polymerase lll promoter selected from a U6
promoter, a 7SK promoter, an H1 promoter, and an MRP promoter. For example,
each expression cassette may comprise a 7SK promoter driving the expression
of at least one double-stranded RNA effector molecule, and an RNA pol Il

termination signal.

Pharmaceutical Compositions

The RNAs and constructs of the invention may be formulated as
pharmaceutical compositions, comprising, in addition to effective amounts of the
RNA(s) or construct(s) necessary to produce the desired biological effect,
pharmaceutically acceptable carriers. Such carriers may comprise, for example,

agents for facilitating the transfection of mammalian cells, which are well known.

19



WO 2009/002918 PCT/US2008/067871

10

15

20

25

30

Exemplary transfection agents and compositions, which may be used in
accordance with the present invention, are Lipofectamine2000™
Carlsbad, Cal.), as well as those reviewed and described in US 2006/0084617

published April 20, 2006, which is hereby incorporated by reference in its entirety.

(Invitrogen,

See also, the methods and compositions for delivery of nucleic acids as taught in
in WO 2006/033756, the teaching of which is hereby incorporated herein in its
entirety. Nucleic acids such as shRNAs may also be delivered to distal organs
such as the liver by transfecting skeletal muscle cells (e.g., injection,
injection/electroporation, or hydrodynamic vessel delivery) with an expression
vector as taught in USSN 11/935,925 (PCT/US2007/83805), the teaching of

which is hereby incorporated by reference in its entirely.

In various embodiments, the pharmaceutical composition includes about 1
ng to about 20 mg of nucleic acid, e.g., RNA, DNA, plasmids, viral vectors,
recombinant viruses, or mixtures thereof (as described above), which provide the
desired amounts of the nucleic acid molecules. In some embodiments, the
composition contains about 10 ng to about 10 mg of nucleic acid, about 0.1 mg to
about 500 mg, about 1 mg to about 350 mg, about 25 mg to about 250 mg, or
about 100 mg of nucleic acid. Those of skill in the art of clinical pharmacology

can readily arrive at appropriate dosing schedules with routine experimentation.

Other suitable carriers include, but are not limited to, saline, buffered
saline, dextrose, water, glycerol, ethanol, and combinations thereof. The
pharmaceutical composition generally contains one or more pharmaceutically
acceptable additives suitable for the selected route and mode of administration.
These compositions may be administered by, without limitation, any parenteral
route including intravenous (IV) or intra-arterial (IA) (including hydrodynamic
delivery methods in which increasing intravessel pressure increases transfection
of the surrounding cells), intramuscular (IM), intramuscular/electroporation,
subcutaneous (SC), intradermal, intraperitoneal, intrathecal, as well as topically,
orally, and by mucosal routes of delivery such as intranasal, inhalation, rectal,
vaginal, buccal, and sublingual. Generally, the pharmaceutical compositions of
the invention are prepared for administration to mammalian subjects including
primates and humans, and are in the form of liquids, including sterile, non-
pyrogenic liquids for injection, emulsions, powders, aerosols, tablets, capsules,

enteric coated tablets, or suppositories.
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Methods for Inhibiting Expression of Target Polynucleotides

The invention further provides a method for silencing an HCV RNA in a
mammalian cell. As used herein, the term silencing of an HCV RNA refers to
reducing the abundance of the target polynucleotide in the cell, or in a patient
treated with a sequence-specific anti-HCV agent of the invention, whether via
RNA stability and/or via replication rate of the HCV polynucleotide, including
inhibitory effects on production, levels or persistence of positive and/or negative
strand HCV RNA, including various qualitative and quantitative measures of HCV
viral load, e.g., quantitative PCR, transcription-mediated amplification (TMA), and
branched DNA assay (bDNA). HCV RNA silencing also includes inhibitory effects
on viral protein expression. The target polynucleotide (e.g., HCV RNA) may be
reduced by about 1/2, 1/5, 1/10, 1/100 as compared to a positive control cell
(e.g., a cell infected with HCV). In some embodiments, the target polynucleotide
is undetectable in cells transfected or patients treated with an agent, composition

(including pharmaceutical composition), or construct of the invention).

In this aspect, the invention comprises administering to a mammalian cell,
such as a primate or human cell infected with HCV, at least one agent,
composition, or construct of the invention, as described previously herein,
including small-hairpin RNAs and including the encoding expression constructs.
The cell in such embodiments may be a cell culture, or may be an animal model
or patient. In these embodiments, the invention provides a method of reducing
levels of HCV RNA in a cell either in vitro or in vivo, as well as methods for
reducing an HCV titer in vitro or in vivo. In a preferred aspect, the agent is
capable of reducing HCV replication in a human hepatocyte in an in vitro HCV
infection/replication model such as the recently developed infectious cell culture
systems, which more closely reflect actual human HCV infection. The JFH-1
HCV clone, utilized in the Examples below, which is able to replicate efficiently in
Huh7 cells and can secrete infectious viral particles, represents one such
improved model. See e.g., Zhong et al., Robust hepatitis C virus infection in vitro,
PNAS,102, No. 26, pp 9294-9299, (2005). See also Yi M, Villanueva RA,

Thomas DL, Wakita T, Lemon SM. Production of infectious genotype 1a hepatitis

C virus (Hutchinson strain) in cultured human hepatoma cells. Proc Natl Acad Sci
USA 2006; 103(7): 2310-2315. In accordance with these embodiments, the

double-stranded RNA effector molecules may be introduced into the cell by
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transforming or transfecting a cell with an expression construct of the invention,

or alternatively by directly introducing the double stranded RNA.

The present invention further provides a method for treating, ameliorating
or preventing HCV infection in a patient (e.g., a patient having, or at risk of
acquiring an HCV infection), comprising administering to said patient, including
primates such as humans, an effective amount of an agent, composition, or
construct of the invention, suitable for triggering RNAi-mediated degradation of
the patient. Thus, the method of the invention reduces viral replication in infected
cells, and in certain embodiments, eliminated the infection. The presence of HCV
RNA in the blood is considered to be an indication that the virus is actively
replicating (reproducing and infecting new cells). In some embodiments, HCV
viral load is reduced (by 10%, 20%, 50%, 75%, 90% or more) in an infected
individual administered a sequence-specific dsSRNA of the invention. In some
aspects, viral load will be reduced from high to low levels (less than 2 million
copies/mL), desirably to undetectable levels. It is thought that individuals with
viral load below 400,000 IU/mL respond better to therapeutic agents that those

with higher levels of virus.

The present invention may, in certain embodiments, employ the methods
disclosed in USSN 11/935,925 (PCT/US2007/83805), “In Vivo Delivery of Double
Stranded RNA to a Target Cell”, which is hereby incorporated by reference in its
entirety. Specifically, delivery into skeletal muscle cells of expression constructs
encoding dsRNA(s) may result in targeted inhibition of gene expression in other
organs and tissues of the body such as liver. The intramuscular delivery may be
achieved in a variety of ways, including needle or needleless IM injection, IM
injection/electroporation, and intravascular/hydrodynamic delivery. Without being
bound by any particular theory, delivery of dsRNA to distal tissues such as liver
cells, for example, may be mediated by extracellular vesicles (exovesicles)
containing expressed dsRNA or injected siRNA or shRNA that bud from the

surface of transfected muscle cells.

The HCV treated by the method of the invention (e.g., targeted by the
agents, compositions, and constructs described herein) may be any genotype,
subtype, or gquasispecies, including genotypes 1a, 1b, 2a, 2b, 3a, 4 and 5, and
combinations thereof. In certain embodiments, the HCV infection is non-

responsive to interferon-based therapy, and/or other nucleoside analogs such as
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ribavirin, or other antivirals, making the methods of the invention particularly
desirable. In other embodiments, the agents, compositions, and constructs are
administered before, during, or after interferon therapy, where necessary to

control or eliminate infection.

In certain embodiments, the agents, compositions, and constructs of the
invention are administered so as to inhibit viral replication without evoking a
dsRNA stress response. Further, unlike traditional antiviral agents, the method of
the present invention may reduce the likelihood that multiple independent
mutational events will produce resistant virus, thereby providing an important
advantage in countering viral variation both within human and animal host

populations and temporally within a host due to mutation events.

Some dsRNA sequences, possibly in certain cell types and through
certain delivery methods, may result in an interferon response. The methods of
the invention may be performed so as not to trigger an interferon/PKR response,
for instance by using shorter dsSRNA molecules between 20 to 25 base pairs, by
expressing dsRNA molecules intracellularly, or by using other methods known in
the art. See US Published Application 20040152117, which is herein
incorporated by reference. For instance, one of the components of an interferon
response is the induction of the interferon-induced protein kinase PKR. To
prevent an interferon response, interferon and PKR responses may be silenced
in the transfected and target cells using a dsRNA species directed against the
mRNAs that encode proteins involved in the response. Alternatively, interferon
response promoters are silenced using dsRNA, or the expression of proteins or
transcription factors that bind interferon response element (IRE) sequences is

abolished using dsRNA or other known techniques.

By "under conditions that inhibit or prevent an interferon response or a
dsRNA stress response” is meant conditions that prevent or inhibit one or more
interferon responses or cellular RNA stress responses involving cell toxicity, cell
death, an anti-proliferative response, or a decreased ability of a dsRNA to carry
out a PTGS event. These responses include, but are not limited to, interferon
induction (both Type 1 and Type Il), induction of one or more interferon
stimulated genes, PKR activation, 2'5'-OAS activation, and any downstream
cellular and/or organismal sequelae that result from the activation/induction of

one or more of these responses. By "organismal sequelae" is meant any
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effect(s) in a whole animal, organ, or more locally (e.g., at a site of injection)
caused by the stress response. Exemplary manifestations include elevated
cytokine production, local inflammation, and necrosis. Desirably the conditions
that inhibit these responses are such that not more than 95%, 90%, 80%, 75%,
60%, 40%, or 25%, and most desirably not more than 10% of the cells undergo
cell toxicity, cell death, or a decreased ability to carry out a PTGS event,
compared to a cell not exposed to such interferon response inhibiting conditions,
all other conditions being equal (e.g., same cell type, same transformation with
the same dsRNA).

Apoptosis, interferon induction, 2'5'-OAS activation/induction, PKR
induction/activation, anti-proliferative responses, and cytopathic effects are all
indicators for the RNA stress response pathway. Exemplary assays that can be
used to measure the induction of an RNA stress response as described herein
include a TUNEL assay to detect apoptotic cells, ELISA assays to detect the
induction of alpha, beta and gamma interferon, ribosomal RNA fragmentation
analysis to detect activation of 2'5-OAS, measurement of phosphorylated elF2a
as an indicator of PKR (protein kinase RNA inducible) activation, proliferation
assays to detect changes in cellular proliferation, and microscopic analysis of
cells to identify cellular cytopathic effects. See, e.g., US Published Application
20040152117, which is herein incorporated by reference.

Methods for Making Agents and Compositions

The dsRNA molecules and constructs of the invention may be made using
conventional molecular biology techniques, including standard gene cloning and
in vitro RNA synthesis protocols. Such methods are well known, and are

described in Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd

edition, Cold Spring Harbor Laboratory Press (1989); and Ausubel et al., ed.
Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (1987)). See
also the methods taught in US 6,143,527, “Chain reaction cloning using a
bridging oligonucleotide and DNA ligase”.

The following examples are provided to describe and illustrate the present
invention. As such, they should not be construed to limit the scope of the

invention. Those in the art will well appreciate that many other embodiments also
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fall within the scope of the invention, as it is described hereinabove and in the

claims.

EXAMPLES
The following Examples are provided for illustration only.

All possible 21-mer and 27-mer expressed shRNAs were constructed
based on HCV Conserved Regions 1 (SEQ ID NO: 2), 2 (SEQ ID NO: 3) and 5
(SEQ ID NO: 4). Thus, for shRNAs targeting Conserved Region 1, twenty-six 21-
mers and sixteen 27-mers were constructed; for Conserved Region 2, thirty-nine
21-mers and thirty-three 27-mers were constructed; and for Conserved Region 5,

twenty-eight 21-mers and sixteen 27-mers were constructed.

Example 1: Silencing HCV replication in a viral infection cell culture model

A human liver-derived cell line such as the Huh7 cell line is transfected
with an eiRNA plasmid expressing short-hairpin RNA (shRNA) molecules that
comprise sequences homologous and complementary to the identified conserved
sequences in the HCV genome. Following internalization of the plasmid into
hepatocytes and nuclear localization, transcription of the eiRNA plasmid from one

or more RNA pol Il promoters results in production of the HCV-specific shRNAs.

The transfected cells are then infected with HCV JFH-1 virus. The JFH-1
clone is able to replicate efficiently in Huh7 cells and can secrete infectious viral
particles. See e.g., Zhong et al., Robust hepatitis C virus infection in_vitro,
PNAS,102, No. 26, pp 9294-9299, (2005).

Using this model, cells were transfected with various eiRNA constructs
and then infected with HCV virus. The cells were then monitored for loss of HCV

replication as described below.

The following is an example of an experiment that was performed using
eiRNA vectors encoding HCV sequences derived from GenBank accession
number ABO47639. HCV sequences in these described eiRNA vectors were
highly conserved sequences identified as described elsewhere herein. The
particular eiRNA backbone vector used for this experiment contained a 7SK
promoter to drive expression of the encoded RNAs. Each vector encoded only

one shRNA. The shRNA coding sequence was followed by an RNA pol Il
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termination sequence. Sequences of the 7SK promoter, RNA pol Il termination
signal, and encoded shRNAs are all shown at the end of the example. Similar
vectors containing U6 promoters (another RNA pol lll type 3 promoter) and RNA
pol 1l termination signals are commercially available such as the “siLentGene-2
Cloning Systems” vector from Promega, Inc., Madison, Wis. One of ordinary skill

in the art can also create them according to the information provided herein.

Experimental Procedure: Transfection.

Huh7 cells cultured in DMEM medium were seeded into 96-well plates at
a density of 4x10° cells/well. All transfections were performed the day after cell

seeding using Lipofectamine2000™

(Invitrogen, Carlsbad, Cal.) according to the
manufacturer’s directions. In this experiment, cells were transfected with 200 ng
of the eiRNA plasmids and were infected 12 hours later with HCV infectious viral
clone JFH-1 at a multiplicity of infection (MOI) of 0.1ffu/cell. DNA was held
constant/transfection at 200 ng. In experiments where less than 200 ng of the
eiRNA plasmid was transfected, the remainder of the DNA is made up by
including an inert plasmid DNA, pGL2-Basic (Promega, Madison Wis.) in
amounts that brought the total DNA in the transfection to 200 ng. Prior to
transfection, medium was removed from the cells and the cells washed with
phosphate-buffered saline (PBS), followed by addition of 100 uL of DMEM
containing 10% Fetal Bovine Serum (FBS). The DNA/Lipofectamine2000
transfection mix was added to the cells and these were incubated at 37°C for 12
hours. The medium containing the transfection mix was then removed and the
cells were washed once with PBS. At this point, 100 uL of DMEM containing
10% FBS was added to the cells. Infection with JFH-1 then commenced with the
addition of the virus at a MOI of 0.1 ffu/cell. All transfections were carried out in
triplicate. Control groups were pGL2-basic alone (200 ng of pGL2-basic), a green
fluorescent protein (GFP) plasmid instead of the eiRNA plasmid (200ng pGFP),
and a group that was untransfected but was infected with JFH-1 at the same
MOI.

Monitoring cells for loss of HCV replication.

At 48 hours following transfection, cells were monitored for the loss or
reduction in HCV replication by measuring viral RNA by quantitative reverse-
transcription PCR (qRT-PCR). The cells were lysed using Total RNA Lysis Buffer
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(Applied Biosystems, Foster City, CA) and the RNA was harvested using an ABI
Prism 6100 Nucleic Acid Prep Station (Applied Biosystems). HCV RNA was
guantified by qRT-PCR using a SYBR-green labeled probe. The PCR primers
used to amplify a 75 bp product corresponding the 5° UTR of the genotype 2a
HCV genome (GenBank AB047639) were 5-TCTGCGGAACCGGTGAGTA-3'
(sense) (SEQ ID NO: 82) and 5-TCAGGCAGTACCACAAGGC-3' (antisense)
(SEQ ID NO: 83). The PCR primers used to amplify a 225 bp product of the
human GAPDH coding sequence (GenBank NM002046) were 5'-
GAAGGTGAAGGTCGGAGTC -3' (sense) (SEQ ID NO: 84) and 5'-
GAAGATGGTGATGGGATTTC -3' (antisense) (SEQ ID NO: 85). HCV and
GAPDH transcript levels were determined relative to a standard curve comprised
of serial dilutions of plasmid containing the HCV c¢DNA or the human GAPDH
gene. HCV copies per ug of total cellular RNA were normalized to GAPDH
transcript levels using a modified comparative threshold cycle method ddCt (2
(@dChy. where ddCt is the difference between the Average GAPDH and the GAPDH
of the individual sample. Fold reduction in HCV copy numbers was calculated as:
(average number of HCV copies per ug total cellular RNA in control transfected
samples) + (average number of HCV copies per ug total cellular RNA in eiRNA

transfected samples).
Results:

A number of the shRNA plasmids transfected led to a decrease in HCV
replication as compared to negative controls. The results in Table 1 are
presented as the average of three plates and are shown as both fold-inhibition

and the equivalent percent reduction.

A total of 135 eiRNAs (plasmid expressed shRNAs) containing 21-mer
double-stranded stem sequences and 118 eiRNAs containing 27-mer double-
stranded stem sequences were tested in the assay. The eiRNAs showing a 4-
fold or greater inhibition are listed in Table 1 along with a representative selection
of eiRNAs showing less than 4-fold inhibition. The eiRNA vectors encode the
HCV sequences listed in Table 2. The sequences of the shRNAs are shown as
well as the map coordinates of the sense sequence (found 3’ to the underlined 9
nt loop sequence) relative to the HCV JFH-1 clone, GenBank accession number
ABO47639 (SEQ ID NO: 1). The sequences of the encoded shRNAs include an

antisense HCV sequence followed by the loop sequence (underlined in Table 1)
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followed by a second HCV sequence, which is the complement to the first HCV
sequence. (It will be understood that either the antisense or sense sequence
may be located 5 to the loop sequence, i.e., 5-antisense-loop-sense-3’ or 5'-
sense-loop-antisense-3’.) The loop structure does not need to be a fixed
sequence or length, and several loop sequences were used with no significant
impact on the functioning of the eiRNA construct. The second HCV sequence is
followed by a series of T residues, e.g., 1, 2, 3, or more Ts, preferably at least 4
or 5 Ts, that function as the termination signal for RNA pol Ill. These T

nucleotides are not included in Table 2.

Table 1.

Fold Percent
eiRNA inhibition  reduction
HCV 5' 21-2 1 0
HCV 5' 21-18 1 0
HCV 5' 21-50 1 0
HCV 5'-21-55 5 80
HCV 5'-21-56 5 80
HCV 5'-21-57 5 80
HCV 5'-21-61 7 85.7
HCV 5' 21-63 4 75
HCV 5' 21-70 1 0
HCV 5' 21-73 1 0
HCV 5' 21-88 5 80
HCV 5' 21-89 5 80
HCV 5' 21-90 4 75
HCV 5' 21-92 7 85.7
HCV 5' 21-94 9 88.9
HCV 5'-21-122 4 75
HCV 5'-21-123 4 75
HCV 5'-21-124 7 85.7
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Fold Percent
eiRNA inhibition  reduction
HCV 5'-21-125 5 80
HCV 5'-21-126 8 87.5
HCV 5'-21-127 7 85.7
HCV 5'-21-128 8 87.5
HCV 5'-21-129 4 75
HCV 5'-21-130 6 83.3
HCV 5'-21-131 3 67
HCV 5'-21-133 12 91.7
HCV 5'-21-134 9 88.9
HCV 5'-21-135 10 90
HCV 5' 271 1 0
HCV 5' 27-8 4 75
HCV 5' 27-9 4 75
HCV 5' 27-12 1 0
HCV 5'-27-16 8 87.5
HCV 5' 27-45 1 0
HCV 5'-27-53 4 75
HCV5'-27-73 1 0
HCV 5' 27-111 1 0
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nucleotide coordinates

sense sequence relative

Sequence (5’ antisense-loop-sense 3') GenBank No. AB047639
TAGTTCCTCACAGGGGAGTGAagagaactTCACTCCCCTGTGAGGAACTA 36-56
CCGGTTCCGCAGACCACTATGagagaacttCATAGTGGTCTGCGGAACCGG 50-70
TATGGCTCTCCCGGGAGGGGGagagaacttCCCCCTCCCGGGAGAGCCATA 121-141
ACCACTATGGCTCTCCCGGGAagagaacttTCCCGGGAGAGCCATAGTGGT 126-146
GACCACTATGGCTCTCCCGGGagagaacttCCCGGGAGAGCCATAGTGGTC 127-147
AGACCACTATGGCTCTCCCGGagagaacttCCGGGAGAGCCATAGTGGTCT 128-148
CCGCAGACCACTATGGCTCTCagagaacttGAGAGCCATAGTGGTCTGCGG 132-152

30



WO 2009/002918 PCT/US2008/067871

NUCL-029/01WO

nucleotide coordinates

sense sequence relative

Sequence (5’ antisense-loop-sense 3') GenBank No. AB047639
TTCCGCAGACCACTATGGCTCagagaacttGAGCCATAGTGGTCTGCGGAA 134-154
TCACCGGTTCCGCAGACCACTagagaacttAGTGGTCTGCGGAACCGGTGA 141-161
TACTCACCGGTTCCGCAGACCagagaacttGGTCTGCGGAACCGGTGAGTA 144-164
GCAGTACCACAAGGCCTTTCGagagaactCGAAAGGCCTTGTGGTACTGC 271-291
GGCAGTACCACAAGGCCTTTCagagaacttGAAAGGCCTTGTGGTACTGCC 272-292
AGGCAGTACCACAAGGCCTTTagagaacttAAAGGCCTTGTGGTACTGCCT 274-294
TCAGGCAGTACCACAAGGCCTagagaacttAGGCCTTGTGGTACTGCCTGA 275-295
TATCAGGCAGTACCACAAGGCagagaacttGCCTTGTGGTACTGCCTGATA 277-297
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nucleotide coordinates

sense sequence relative

Sequence (5’ antisense-loop-sense 3') GenBank No. AB047639
AGACCTCCCGGGGCACTCGCAagagaacttTGCGAGTGCCCCGGGAGGTCT 305-325
GAGACCTCCCGGGGCACTCGCagagaacttGCGAGTGCCCCGGGAGGTCTC 306-326
CGAGACCTCCCGGGGCACTCGagagaacttCGAGTGCCCCGGGAGGTCTCG 307-327
ACGAGACCTCCCGGGGCACTCagagaacttGAGTGCCCCGGGAGGTCTCGT 308-328
TACGAGACCTCCCGGGGCACTagagaacttAGTGCCCCGGGAGGTCTCGTA 309-329
CTACGAGACCTCCCGGGGCACagagaacttGTGCCCCGGGAGGTCTCGTAG 310-330
TCTACGAGACCTCCCGGGGCAagagaacttTGCCCCGGGAGGTCTCGTAGA 311-331
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nucleotide coordinates

sense sequence relative

Sequence (5’ antisense-loop-sense 3') GenBank No. AB047639
GTCTACGAGACCTCCCGGGGCagagaacttGCCCCGGGAGGTCTCGTAGAC 312-332
GGTCTACGAGACCTCCCGGGGagagaacttCCCCGGGAGGTCTCGTAGACC 313-333
CGGTCTACGAGACCTCCCGGGagagaacttCCCGGGAGGTCTCGTAGACCG 314-334
ACGGTCTACGAGACCTCCCGGagagaacttCCGGGAGGTCTCGTAGACCGT 315-335
CACGGTCTACGAGACCTCCCGagagaacttCGGGAGGTCTCGTAGACCGTG 316-336
GCACGGTCTACGAGACCTCCCagagaacttGGGAGGTCTCGTAGACCGTGC 317-337
TGCACGGTCTACGAGACCTCCagagaacttGGAGGTCTCGTAGACCGTGCA 318-338
GACAGTAGTTCCTCACAGGGGAGTGATagagaactATCACTCCCCTGTGAGGAACTACTGTC 35-61
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Sequence (5’ antisense-loop-sense 3’)

nucleotide coordinates

sense sequence relative

GenBank No. AB047639

GCGTGAAGACAGTAGTTCCTCACAGGGagagaacttCCCTGTGAGGAACTACTGTCTTCACGC 42-68
TGCGTGAAGACAGTAGTTCCT CACAGGagagaacttCCTGTGAGGAACTACTGTCTTCACGCA 43-69
TTCTGCGTGAAGACAGTAGTTCCTCACagagaacttGTGAGGAACTACTGTCTTCACGCAGAA 46-72
CGCTTTCTGCGTGAAGACAGTAGTTCCagagaacttGGAACTACTGTCTTCACGCAGAAAGCG 50-76
GACCACTATGGCTCTCCCGGGAGGGGGagagaacttCCCCCTCCCGGGAGAGCCATAGTGGTC 122-148
GTTCCGCAGACCACTATGGCTCTCCCGagagaacttCGGGAGAGCCATAGTGGTCTGCGGAAC 129-155
CAATTCCGGTGTACTCACCGGTTCCGCagagaacttGCGGAACCGGTGAGTACACCGGAATTG 149-175
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Sequence (5’ antisense-loop-sense 3’)

nucleotide coordinates

sense sequence relative

GenBank No. AB047639

TCTACGAGACCTCCCGGGGCACTCGCAagagaacttTGCGAGTGCCCCGGGAGGTCTCGTAGA

305-331
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Table 3.

eiRNA Sense sequence
HCV5'-21-2 tcactccectgtgaggaacta
(SEQ ID NO: 5)
HCV5'-21-16 ggaactactgtcttcacgcag
(SEQ ID NO: 6)
HCV5'-21-50 cccecteccgggagagecata
(SEQ ID NO: 7)
HCV5'-21-55 tccegggagagcecatagtggt
(SEQ ID NO: 8)
HCV5'-21-56 cccgggagagcecatagtggte
(SEQ ID NO: 9)
HCV5'-21-57 ccgggagagccatagtggtet
(SEQ ID NO: 10)
HCV5'-21-61 gagagccatagtggtctgcgg
(SEQ ID NO: 11)
HCV5'-21-63 gagccatagtggtctgcggaa
(SEQ ID NO: 12)
HCV5'-21-70 agtggtctgcggaaccggtga
(SEQ ID NO: 13)
HCV5'-21-73 ggtctgcggaaccggtgagta
(SEQ ID NO: 14)
HCV5'-21-88 cgaaaggccttgtggtactge
(SEQ ID NO: 15)
HCV5'-21-89 gaaaggccttgtggtactgcc
(SEQ ID NO: 16)
HCV5'-21-90 aaaggccttgtggtactgect
(SEQ ID NO: 17)
HCV5'-21-92 aggccttgtggtactgectga
(SEQ ID NO: 18)
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eiRNA Sense sequence
HCV5'-21-94 gccttgtggtactgectgata

(SEQ ID NO: 19)

HCV5'-21-122

(SEQ ID NO: 20)

tgcgagtgccecegggaggtct

HCV5'-21-123

(SEQ ID NO: 21)

gcgagtgcceccgggaggtcte

HCV5'-21-124

(SEQ ID NO: 22)

cgagtgccccgggaggtetcg

HCV5'-21-125

(SEQ ID NO: 23)

gagtgcccegggaggtcetegt

HCV5'-21-126

(SEQ ID NO: 24)

agtgccececgggaggtcetegta

HCV5'-21-127

(SEQ ID NO: 25)

gtgcceecgggaggtcetegtag

HCV5'-21-128

(SEQ ID NO: 26)

tgcceegggaggtetecgtaga

HCV5'-21-129

(SEQ ID NO: 27)

gccccgggaggtetegtagac

HCV5'-21-130

(SEQ ID NO: 28)

cceegggaggtetegtagace

HCV5'-21-131

(SEQ ID NO: 29)

ccegggaggtetegtagaccg

HCV5'-21-132

(SEQ ID NO: 30)

ccgggaggtctcgtagaccegt

HCV5'-21-133

(SEQ ID NO: 31)

cgggaggtctcgtagaccgtg

HCV5'-21-134

(SEQ ID NO: 32)

gggaggtctcgtagaccgtge

HCV5'-21-135

ggaggtctcgtagaccgtgca
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eiRNA Sense sequence

(SEQ ID NO: 33)

HCV5'-27-1 atcactccectgtgaggaactactgte
SEQ ID NO: 34)
HCV5'-27-8 ccctgtgaggaactactgtcttcacge

(SEQ ID NO 35)

HCV5'-27-9 cctgtgaggaactactgtcttcacgea

(SEQ ID NO: 36)

HCV5'-27-12 gtgaggaactactgtcttcacgcagaa

(SEQ ID NO: 37)

HCV5'-27-16 ggaactactgtcttcacgcagaaagcg

(SEQ ID NO: 38)

HCV5'-27-45 cccecteccgggagagecatagtggte

(SEQ ID NO: 39)

HCV5'-27-53 cgggagagccatagtggtctgcggaac

(SEQ ID NO: 40)

HCV5'-27-73 gcggaaccggtgagtacaccggaattg

(SEQ ID NO: 41)

HCV5'-27-111 tgcgagtgcccegggaggtcetegtaga

(SEQ ID NO: 42)

Preferred for use in anti-HCV dsRNA effector molecules of the invention

are the following conserved and actively inhibitory HCV sequences:

HCV-5-21-56, SEQ ID NO: 9, and its complement, which may be utilized as a
5  duplex dsRNA, or as an shRNA, such as that of SEQ. ID. NO: 48;

HCV-5-21-61, SEQ. ID NO: 11, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO: 50;

HCV-5-21-90, SEQ. ID NO: 17, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO: 56;
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HCV-5-21-94, SEQ. ID NO: 19, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO: 58;

HCV-5-21-124, SEQ. ID NO:22, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO: 61;

HCV-5-21-128, SEQ. ID NO: 26, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO: 65;

HCV-5-21-133, SEQ. ID NO:31, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO:70;

HCV-5-21-134, SEQ. ID NO: 32, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO:71;

HCV-5-21-135, SEQ. ID NO:33, and its complement, which may be utilized as a
duplex dsRNA, or as an shRNA, such as that of SEQ. ID NO:72;

In preferred embodiments, two, three, four, five or more of the above-
identified anti-HCV dsRNA effector molecules are administered concomitantly to
a human cell infected with HCV. In some aspects, an expression construct or
constructs encoding such a plurality of dsRNA effector molecules is/are
administered concomitantly to a human cell infected with HCV. In some aspects
said two or more dsRNA effector molecules will comprise in double-stranded
conformation two or more sequences selected from SEQ ID NOS: 9, 11, 17, 19,
22, 26, 31, 32, and 33. In some aspects said two or more dsRNA effector
molecules will comprise two or more sequences selected from SEQ ID NOS: 48,
50, 56, 58, 61, 65, 70, 71, and 72.

The actively inhibitory HCV sequences map to four conserved and highly

active target regions (ATR) (see Figure 1):

ATR-1: 5-CCCTGTGAGGAACTACTGTCTTCACGCAGAA-3' (SEQ ID NO: 86),
mapping to nucleotide coordinates 42 to 76 of GenBank Accession No.
AB047639, found within Conserved Region 1 (SEQ ID NO: 2).

ATR-2: 5-TCCCGGGAGAGCCATAGTGGTCTGCGGAA-3' (SEQ ID NO: 87),
mapping to nucleotide coordinates 126 to 154 of GenBank Accession No.
AB047639, found within Conserved Region 2 (SEQ ID NO: 3).
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ATR-3: 5-CGAAAGGCCTTGTGGTACTGC-3' (SEQ ID NO: 88), mapping to
nucleotide coordinates 271 to 297 of GenBank Accession No. AB047639, found
within Conserved Region 5 (SEQ ID NO: 4).

ATR-4: 5-TGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCAS’ (SEQ ID NO:
89), mapping to nucleotide coordinates 305 to 338 of GenBank Accession No.
AB047639, found within Conserved Region 5 (SEQ ID NO: 4).

Example 2: Silencing HCV replication using a plasmid expressing multiple eiRNA

molecules.

Plasmids expressing multiple eiRNAs (shRNAs) (known as multi-cistronic
plasmids) can be used to inhibit HCV replication in a cell culture model (as
described in Example 1). In this example, sequences encoding four different
shRNA molecules were sequentially cloned into a single plasmid expression
vector, each operably linked to an individual RNA polymerase Ill promoter and
terminator. Each shRNA contained a different sequence homologous and
complementary to the HCV genome that was previously shown to inhibit HCV
replication. By expressing several different dsRNA molecules within an HCV
infected cell or a human cell capable of HCV infection, the eiRNA expression
vector represents a multi-drug regimen having an enhanced ability to inhibit HCV
replication and to prevent the development during therapy of HCV escape

mutants.

We cloned the genes for four HCV-suppressive shRNAs into a single
plasmid, each operably linked to a different RNA polymerase Il promoter and
terminator. The four shRNAs were 1) shRNA SEQ ID NO: 50, which includes
HCV 5-21-61 (SEQ ID NO: 11) and its complement; 2) shRNA SEQ ID NO: 58,
which includes HCV-5-21-94 (SEQ. ID NO: 19) and its complement; 3) shRNA
SEQ. ID NO: 61, which includes HCV 5-21-124 (SEQ. ID NO: 22) and its
complement; and 4) shRNA SEQ. ID NO: 72, which includes HCV 521-135
(SEQ. ID NO: 33) and its complement. (See HCV multi-cistronic plasmid HCV-
QJ, Figure 2). Each shRNA sequence was expressed from a different copy of
the RNA pol lll promoter 7SK 4A, although one or more other RNA pol Il type 3
promoters such as 7SK, H1 and/or U6 could also be used. It may be desirable in

some circumstances to select two, three, four or more different promoters to
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express two, three, four or more different dsRNAs of the invention. The quad-
cistron plasmid was constructed essentially as described in WO 2006/0033756
and the 7SK 4A promoter utilized is also described therein. The eiRNAs were

transcribed following intracellular uptake of the plasmid.

In the same manner as HCV-QJ (described above), other multi-cistronic
plasmids (e.g., including quad-cistron plasmids HVC-QF, HCV-QG, HCV-QH, and
HCV-QK), were constructed using different combinations of eiRNAs (anti-HCV
shRNAs described herein) that had each been shown to be suppressive of HCV

replication in their original mono-cistronic forms (see Table 4 below).

Such a mono-cistronic HCV eiRNA expression plasmid (HCV 5 21-61
eiRNA plasmid, which expresses shRNA SEQ ID NO: 50, which includes HCV 5'-
21-61 (SEQ ID NO: 11) and its complement) is illustrated in Figure 3.

Note that any number of combinations, e.g., two, three, four, five or more
different suppressive eiRNAs, can constitute the multi-cistronic eiRNA plasmids
of the invention. While a combination of two, three, four or more of such different
dsRNA effector molecules (e.g., duplex and/or hairpin dsRNAs) may be
administered concomitantly to a mammalian cell as a “cocktail” of exogenously
generated RNAs, it is desirable in some aspects to express them within a target

mammalian cell from a multi-cistronic plasmid as described herein.

Table 4.
Multi-
cistronic
plasmid shRNA sequence and corresponding HCV sequence
HCV 5' 21-56 (SED. ID. NO: 9) and its complement, expressed
HCV-QF as shRNA SEQ ID NO: 48

HCV 5 21-135 (SEQ. ID NO:33) and its complement,
expressed as shRNA SEQ. ID NO:72

HCV 5 21-133 (SEQ. ID NO:31) and its complement,
expressed as shRNA SEQ. ID NO:70

HCV 5' 21-61 (SEQ. ID NO: 11) and its complement, expressed
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as shRNA SEQ. ID NO: 50

HCV-5-21-94 (SEQ. ID NO: 19) and its complement, expressed
as shRNA SEQ. ID NO: 58

HCV 5 21-135 (SEQ. ID NO:33) and its complement,
expressed as shRNA SEQ. ID NO:72

HCV 5 21-133 (SEQ. ID NO:31) and its complement,
expressed as shRNA SEQ. ID NO:70

HCV 5' 21-61 (SEQ. ID NO: 11) and its complement, expressed
as shRNA SEQ. ID NO: 50

HCV-5-21-94 (SEQ. ID NO: 19) and its complement, expressed
as shRNA SEQ. ID NO: 58

HCV-5-21-134 (SEQ. ID NO: 32) and its complement,
expressed as shRNA SEQ. ID NO:71

HCV-5-21-124 (SEQ. ID NO:22) and its complement, expressed
as shRNA, SEQ. ID NO: 61

HCV 5 21-135 (SEQ. ID NO:33) and its complement,
expressed as shRNA SEQ. ID NO:72

HCV-5-21-94 (SEQ. ID NO: 19) and its complement, expressed
as shRNA SEQ. ID NO: 58

HCV 5' 21-61 (SEQ. ID NO: 11) and its complement, expressed
as shRNA SEQ. ID NO: 50

HCV-5-21-124 (SEQ. ID NO:22)and its complement, expressed
as shRNA, SEQ. ID NO: 61

HCV 5" 21135 (SEQ. ID NO: 33) and its complement,
expressed as shRNA SEQ. ID NO:72
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HCV-5-21-128 (SEQ. ID NO: 26) and its complement,
HCV-QK expressed as shRNA SEQ. ID NO: 65

HCV-5-21-134 (SEQ. ID NO: 32) and its complement,
expressed as shRNA SEQ. ID NO:71

HCV 5" 21133 (SEQ. ID NO: 31) and its complement,
expressed as shRNA SEQ. ID NO: 70

HCV 5" 21135 (SEQ. ID NO: 33) and its complement,
expressed as shRNA SEQ. ID NO:72

The methods that were utilized for transfection of the multi-cistronic
plasmids into Huh7 cells, the subsequent infection of these cells with HCV and
the quantification of HCV mRNA (as a measure of the suppression of HCV

5  replication) were carried out as described in Example 1 above.
Results.

The suppressive activities that were observed for each of the multi-
cistronic plasmids are shown in Table 5. Not only did the use of multiple different
dsRNA effector molecules produce a very high level of inhibition of HCV
10 replication, we expect that use of such combinations of different sequence-
specific inhibitors will have enhanced ability to prevent the development of HCV

escape mutants during therapy.

Table 5.

Multi-cistronic ~ Fold- Percent
plasmid inhibition  reduction
HCV-QF 12 91.7
HCV-QG 11 90.9
HCV-QH 20 95
HCV-QJ 28 96.4
HCV-QK 25 96

43



WO 2009/002918 PCT/US2008/067871

All publications, patents and patent applications discussed herein are
incorporated herein by reference. While in the foregoing specification this
invention has been described in relation to certain preferred embodiments

5 thereof, and many details have been set forth for purposes of illustration, it will be
apparent to those skilled in the art that the invention is susceptible to additional
embodiments and that certain of the details described herein may be varied

considerably without departing from the basic principles of the invention.
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WHAT IS CLAIMED IS:

1. A method for silencing an hepatitis C virus (HCV) RNA in a mammalian
cell comprising administering to said cell at least one double-stranded RNA
effector molecule or complex, comprising: (1) a sequence of at least 19
consecutive nucleotides having at least 90% identity with a nucleotide sequence
within Conserved Region 1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO:
3), or Conserved Region 5 (SEQ ID NO: 4); active target region (ATR)-1 (SEQ ID
NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID

NO: 89);and (2) its complementary sequence.

2. The method of claim 1, wherein the sequence of at least 19 consecutive
nucleotides has at least 95% or 100% identity with a nucleotide sequence within
Conserved Region 1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), or
Conserved Region 5 (SEQ ID NO: 4), active target region (ATR)-1 (SEQ ID NO:
86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO:
89).

3. The method of claim 1 or 2, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 42-76, 126-154, or 271-297 of
SEQ ID NO: 1 (GenBank accession number AB047639).

4, The method of claim 1, 2, or 3, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 305-338 of SEQ ID NO: 1
(GenBank accession number AB047639).

5. The method of any one of claims 1-4, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of from 19 to 30

base pairs.

6. The method of any one of claims 1-4, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of from 21 to 27

base pairs.

7. The method of any one of claims 1-4, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of about 21 or

about 27 base pairs.

8. The method of any one of claims 1-7, wherein the sequence of at least 19

nucleotides comprises or consists essentially of a sequence selected from SEQ
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ID NOS: 5-42, more preferably from SEQ ID NOS. 9, 11, 17, 19, 22, 26, 31, 32,
and 33.

9. The method of any one of claims 1-8, wherein the sequence of at least 19

nucleotides and its complementary sequence are connected via a loop sequence.

10. The method of claim 9, wherein the loop sequence is from 5 to 20

nucleotides in length.

11. The method of claim 9, wherein the loop sequence is from 7 to 10

nucleotides in length.

12. The method of claim 9, wherein the loop sequence is about 9 nucleotides
in length.

13. The method of claim 1, wherein at least one double-stranded RNA
effector molecule has a sequence selected from SEQ ID NOS: 44-81, more
preferably from SEQ ID NOS: 48, 50, 56, 58, 61, 65, 70, 71, and 72.

14. The method of any one of claims 1-13, wherein from two to five double-

stranded RNA effector molecules or complexes are administered.

15. The method of claim 14, wherein the two to five double-stranded RNA
effector molecules each comprise: (1) a sequence of at least 19 nucleotides
having at least 90% to 100% identity with a nucleotide sequence within
Conserved Region 1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3),
Conserved Region 5 (SEQ ID NO: 4); (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID
NO: 87), ATR-3 (SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); SEQ ID NO: 9; SEQ,
ID NO: 11; SEQ ID NO: 19; SEQ ID NO: 22; SEQ ID NO: 26; SEQ ID NO: 31;
SEQ ID NO: 32; or SEQ ID NO: 33; and (2) its complementary sequence; and (3)

a loop sequence.

16. The method of claim 15, wherein at least four double-stranded RNA
effector molecules are administered, wherein: 1) a first effector molecule
comprises the nucleotide sequence of SEQ ID 11, a second effector molecule
comprises the nucleotide sequence of SEQ ID NO: 19, a third effector molecule
comprises the nucleotide sequence of SEQ ID NO: 22, and a fourth effector
molecule comprises the nucleotide sequence of SEQ ID NO: 33; or 2) a first
effector molecule comprises the nucleotide sequence of SEQ ID 9, a second

effector molecule comprises the nucleotide sequence of SEQ ID NO: 11, a third
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effector molecule comprises the nucleotide sequence of SEQ ID NO: 31, and a
fourth effector molecule comprises the nucleotide sequence of SEQ ID NO: 33, or
3) a first effector molecule comprises the nucleotide sequence of SEQ ID 11, a
second effector molecule comprises the nucleotide sequence of SEQ ID NO: 19,
a third effector molecule comprises the nucleotide sequence of SEQ ID NO: 31,
and a fourth effector molecule comprises the nucleotide sequence of SEQ ID NO:
33; or 4) a first effector molecule comprises the nucleotide sequence of SEQ ID
19, a second effector molecule comprises the nucleotide sequence of SEQ ID
NO: 22, a third effector molecule comprises the nucleotide sequence of SEQ ID
NO: 32, and a fourth effector molecule comprises the nucleotide sequence of
SEQ ID NO: 33; or 5) a first effector molecule comprises the nucleotide sequence
of SEQ ID 26, a second effector molecule comprises the nucleotide sequence of
SEQ ID NO: 31, a third effector molecule comprises the nucleotide sequence of
SEQ ID NO: 32, and a fourth effector molecule comprises the nucleotide
sequence of SEQ ID NO: 33.

17. The method of claim 16, wherein the four double-stranded RNA effector
molecules are selected from SEQ. ID. NOS: 48, 50, 56, 58, 61, 65, 70, 71, and
72; or more preferably comprise the sequences: SEQ ID NO: 50, SEQ ID NO: 58,
SEQ ID NO: 61, and SEQ ID NO: 72; or sequences: SEQ ID NO: 48, SEQ ID NO:
50, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 50, SEQ ID
NO: 58, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 58,
SEQ ID NO: 61, SEQ ID NO: 71, and SEQ ID NO: 72; or SEQ ID NO: 65, SEQ ID
NO: 70, SEQ ID NO: 71, and SEQ ID NO: 72.18 The method of any one of
claims 1-17, wherein said administering is accomplished by providing to the
mammalian cell at least one expression construct capable of expressing the

double-stranded RNA effector molecule(s).

19. The method of claim 18, wherein the expression construct contains at
least two expression cassettes, each expression cassette directing the

expression of at least one double-stranded RNA effector molecule.

20. The method of claim 19, wherein each expression cassette independently
comprises at least one RNA polymerase Il promoter selected from a U6

promoter, a 7SK promoter, an H1 promoter, and an MRP promoter.
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21. The method of claim 19, wherein each expression cassette comprises a
7SK promoter driving the expression of one double-stranded RNA effector

molecule, and an RNA pol Ill termination signal.

22. The method of any one of claims 1-21, wherein the mammalian cell is a

human cell.

23. An agent for silencing hepatitis C Virus (HCV) RNA, comprising at least
one double-stranded RNA effector molecule or complex that comprises: (1) a
sequence of at least 19 nucleotides having at least 90% identity with a nucleotide
sequence within Conserved Region 1 (SEQ ID NO: 2), Conserved Region 2
(SEQ ID NO: 3), Conserved Region 5 (SEQ ID NO: 4); (ATR)-1 (SEQ ID NO: 86),
ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); SEQ
ID NO: 9; SEQ, ID NO: 11; SEQ ID NO: 19; SEQ ID NO: 22; SEQ ID NO: 26;
SEQ ID NO: 31; SEQ ID NO: 32; or SEQ ID NO: 33; and (2) its complementary

sequence.

24, The agent of claim 23, wherein the sequence of at least 19 nucleotides
has at least 95% identity with a nucleotide sequence within Conserved Region 1
(SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), Conserved Region 5
(SEQ ID NO: 4); (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3
(SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); SEQ ID NO: 9; SEQ, ID NO: 11; SEQ
ID NO: 19; SEQ ID NO: 22; SEQ ID NO: 26; SEQ ID NO: 31; SEQ ID NO: 32; or
SEQ ID NO: 33.

25. The agent of claim 23 or 24, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 42-76, 126-154, or 271-297 of
SEQ ID NO: 1 (GenBank accession number AB047639).

26. The agent of claim 23, 24, or 25, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 305-338 of SEQ ID NO: 1
(GenBank accession number AB047639).

27. The agent of any one of claims 23-26, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of from 19 to 30

base pairs.
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28. The agent of any one of claims 23-26, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of from 21 to 27

base pairs.

29. The agent of any one of claims 23-26, wherein the double-stranded RNA
effector molecule or complex contains a double-stranded region of about 21 or

about 27 base pairs.

30. The agent of any one of claims 23-29, wherein the sequence of at least 19
nucleotides comprises a sequence selected from SEQ ID NOS: 5-42, more
preferably a sequence selected from SEQ ID NOS. 9, 11, 19, 22, 26, 31, 32, or
33.

31. The agent of any one of claims 23-30, wherein the sequence of at least 19

nucleotides and its complementary sequence are connected via a loop sequence.

32. The agent of claim 31, wherein the loop sequence is from 5 to 20

nucleotides in length.

33. The agent of claim 32, wherein the loop sequence is from 7 to 10

nucleotides in length.

34. The agent of claim 33, wherein the loop sequence is about 9 nucleotides

in length.

35. The agent of claim 23, wherein at least one double-stranded RNA effector
molecule has a sequence selected from SEQ ID NOS: 44-81, more preferably a
sequence selected from SEQ ID NOS: 48, 50, 56, 58, 61, 65, 70, 71, and 72.

36. The agent of any one of claims 23-35, comprising from two to five double-

stranded RNA effector molecules.

37. The agent of claim 36, wherein the two to five double-stranded RNA
effector molecules each comprise: (1) a sequence of at least 19 nucleotides
having at least 90% identity with a nucleotide sequence within Conserved Region
1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), Conserved Region 5
(SEQ ID NO: 4); (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3
(SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); SEQ ID NO: 9; SEQ, ID NO: 11; SEQ
ID NO: 19; SEQ ID NO: 22; SEQ ID NO: 26; SEQ ID NO: 31; SEQ ID NO: 32; or
SEQ ID NO: 33; and (2) its complementary sequence; and (3) a loop sequence.
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38. The agent of claim 36 or 37, wherein at least four double-stranded RNA
effector molecules are administered, wherein: 1) a first effector molecule
comprises the nucleotide sequence of SEQ ID 11, a second effector molecule
comprises the nucleotide sequence of SEQ ID NO: 19, a third effector molecule
comprises the nucleotide sequence of SEQ ID NO: 22, and a fourth effector
molecule comprises the nucleotide sequence of SEQ ID NO: 33; or 2) a first
effector molecule comprises the nucleotide sequence of SEQ ID 9, a second
effector molecule comprises the nucleotide sequence of SEQ ID NO: 11, a third
effector molecule comprises the nucleotide sequence of SEQ ID NO: 31, and a
fourth effector molecule comprises the nucleotide sequence of SEQ ID NO: 33, or
3) a first effector molecule comprises the nucleotide sequence of SEQ ID 11, a
second effector molecule comprises the nucleotide sequence of SEQ ID NO: 19,
a third effector molecule comprises the nucleotide sequence of SEQ ID NO: 31,
and a fourth effector molecule comprises the nucleotide sequence of SEQ ID NO:
33; or 4) a first effector molecule comprises the nucleotide sequence of SEQ ID
19, a second effector molecule comprises the nucleotide sequence of SEQ ID
NO: 22, a third effector molecule comprises the nucleotide sequence of SEQ ID
NO: 32, and a fourth effector molecule comprises the nucleotide sequence of
SEQ ID NO: 33; or 5) a first effector molecule comprises the nucleotide sequence
of SEQ ID 26, a second effector molecule comprises the nucleotide sequence of
SEQ ID NO: 31, a third effector molecule comprises the nucleotide sequence of
SEQ ID NO: 32, and a fourth effector molecule comprises the nucleotide
sequence of SEQ ID NO: 33..

39. The agent of claim 38, wherein the four double-stranded RNA effector
molecules are selected from SEQ. ID. NOS: 48, 50, 56, 58, 61, 65, 70, 71, and
72; or more preferably comprise the sequences: SEQ ID NO: 50, SEQ ID NO: 58,
SEQ ID NO: 61, and SEQ ID NO: 72; or sequences: SEQ ID NO: 48, SEQ ID NO:
50, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 50, SEQ ID
NO: 58, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 58,
SEQ ID NO: 61, SEQ ID NO: 71, and SEQ ID NO: 72; or SEQ ID NO: 65, SEQ ID
NO: 70, SEQ ID NO: 71, and SEQ ID NO: 72.

40. A construct for silencing a hepatitis C virus (HCV) RNA, the construct
encoding at least one double-stranded RNA effector molecule or complex

wherein the effector molecule or complex comprises: (1) a sequence of at least
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19 nucleotides having at least 90% identity with a nucleotide sequence within
Conserved Region 1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3),
Conserved Region 5 (SEQ ID NO: 4); active target region (ATR)-1 (SEQ ID NO:
86), ATR-2 (SEQ ID NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO:

89); and (2) its complementary sequence.

41. The construct of claim 40, wherein the sequence of at least 19 nucleotides
has at least 95% identity with a nucleotide sequence within Conserved Region 1
(SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), Conserved Region 5
(SEQ ID NO: 4), active target region (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID
NO: 87), ATR-3 (SEQ ID NO: 88), or ATR-4 (SEQ ID NO: 89);.

42. The construct of claim 40 or 41, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 42-76, 126-154, or 271-297 of
SEQ ID NO: 1 (GenBank accession number AB047639).

43. The construct of claim 40, 41, or 42, wherein the sequence of at least 19
nucleotides is selected from within nucleotides 305-338 of SEQ ID NO: 1
(GenBank accession number AB047639).

44, The construct of any one of claims 40-43, wherein the double-stranded
RNA effector molecule contains a double-stranded region of from 19 to 30 base

pairs.

45. The construct of any one of claims 40-43, wherein the double-stranded
RNA effector molecule contains a double-stranded region of from 21 to 27 base

pairs.

46. The construct of any one of claims 40-43, wherein the double-stranded
RNA effector molecule contains a double-stranded region of about 21 or about 27

base pairs.

47. The construct of any one of claims 40-46, wherein the sequence of at
least 19 nucleotides comprises a sequence selected from SEQ ID NOS: 5-42,
more preferably a sequence selected from SEQ ID NOS. 9, 11, 19, 22, 26, 31,
32, or 33.
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48. The construct of any one of claims 40-47, wherein the sequence of at
least 19 nucleotides and its complementary sequence are connected via a loop

sequence.

49. The construct of claim 48, wherein the loop sequence is from 5 to 20

nucleotides in length.

50. The construct of claim 48, wherein the loop sequence is from 7 to 10

nucleotides in length.

51. The construct of claim 48, wherein the loop sequence is about 9

nucleotides in length.

52. The construct of claim 40, wherein at least one double-stranded RNA
effector molecule has a sequence selected from SEQ ID NOS: 44-81, more
preferably a sequence selected from SEQ ID NOS: 48, 50, 56, 58, 61, 65, 70, 71,
and 72.

53. The construct of any one of claims 40-52, wherein the expression

construct encodes from two to five double-stranded RNA effector molecules.

54. The construct of claim 53, wherein the two to five double-stranded RNA
effector molecules each comprise: (1) a sequence of at least 19 nucleotides
having at least 90% identity with a nucleotide sequence within Conserved Region
1 (SEQ ID NO: 2), Conserved Region 2 (SEQ ID NO: 3), Conserved Region 5
(SEQ ID NO: 4); (ATR)-1 (SEQ ID NO: 86), ATR-2 (SEQ ID NO: 87), ATR-3
(SEQ ID NO: 88), ATR-4 (SEQ ID NO: 89); SEQ ID NO: 9; SEQ, ID NO: 11; SEQ
ID NO: 19; SEQ ID NO: 22; SEQ ID NO: 26; SEQ ID NO: 31; SEQ ID NO: 32; or

SEQ ID NO: 33; (2) its complementary sequence; and (3) a loop sequence.

55. The construct of claim 54, wherein the expression construct encodes at
least four double-stranded RNA effector molecules, wherein: 1) a first effector
molecule comprises the nucleotide sequence of SEQ ID 11, a second effector
molecule comprises the nucleotide sequence of SEQ ID NO: 19, a third effector
molecule comprises the nucleotide sequence of SEQ ID NO: 22, and a fourth
effector molecule comprises the nucleotide sequence of SEQ ID NO: 33; or 2) a
first effector molecule comprises the nucleotide sequence of SEQ ID 9, a second
effector molecule comprises the nucleotide sequence of SEQ ID NO: 11, a third

effector molecule comprises the nucleotide sequence of SEQ ID NO: 31, and a
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fourth effector molecule comprises the nucleotide sequence of SEQ ID NO: 33, or
3) a first effector molecule comprises the nucleotide sequence of SEQ ID 11, a
second effector molecule comprises the nucleotide sequence of SEQ ID NO: 19,
a third effector molecule comprises the nucleotide sequence of SEQ ID NO: 31,
and a fourth effector molecule comprises the nucleotide sequence of SEQ ID NO:
33; or 4) a first effector molecule comprises the nucleotide sequence of SEQ ID
19, a second effector molecule comprises the nucleotide sequence of SEQ ID
NO: 22, a third effector molecule comprises the nucleotide sequence of SEQ ID
NO: 32, and a fourth effector molecule comprises the nucleotide sequence of
SEQ ID NO: 33; or 5) a first effector molecule comprises the nucleotide sequence
of SEQ ID 26, a second effector molecule comprises the nucleotide sequence of
SEQ ID NO: 31, a third effector molecule comprises the nucleotide sequence of
SEQ ID NO: 32, and a fourth effector molecule comprises the nucleotide
sequence of SEQ ID NO: 33.

56. The construct of claim 55, wherein the four double-stranded RNA effector
molecules are selected from SEQ. ID. NOS: 48, 50, 56, 58, 61, 65, 70, 71, and
72; or more preferably comprise the sequences: SEQ ID NO: 50, SEQ ID NO: 58,
SEQ ID NO: 61, and SEQ ID NO: 72; or sequences: SEQ ID NO: 48, SEQ ID NO:
50, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 50, SEQ ID
NO: 58, SEQ ID NO: 70, and SEQ ID NO: 72; or sequences SEQ ID NO: 58,
SEQ ID NO: 61, SEQ ID NO: 71, and SEQ ID NO: 72; or sequences SEQ ID NO:
65, SEQ ID NO: 70, SEQ ID NO: 71, and SEQ ID NO: 72.57. The construct
of claim 40, wherein the expression construct contains at least two expression
cassettes, each expression cassette directing the expression of at least one

double-stranded RNA effector molecule.

58. The construct of claim 57, wherein each expression cassette
independently comprises at least one RNA polymerase Il promoter selected from

a U6 promoter, a 7SK promoter, an H1 promoter, and an MRP promoter.

59. The construct of claim 58, wherein each expression cassette comprises a
7SK promoter driving the expression of one double-stranded RNA effector

molecule, and an RNA pol Ill termination signal.
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60. A method of treating or preventing HCV infection in a patient, comprising
administering to said patient, an effective amount of an agent of composition

according to any one of claims 23-59 to said patient.
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